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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




LENESAS

The revision list can be viewed directly by
clicking the title page.

The revision list summarizes the locations of
revisions and additions. Details should always
be checked by referring to the relevant text.

-
»
)
ﬁ\
»
<
)
>
-
=

H8S5/2168Group

Hardware Manual

—
(@)

Renesas 16-Bit Single-Chip Microcomputer

H8S Family / H8S/2100 Series

H8S/2168 HD64F2168
H8S/2167 HDG64F2167
H8S/2166 HDG64F2166

Renesas Electronics Rev.3.00 2004.03


tdi
The revision list can be viewed directly by 
clicking the title page.

The revision list summarizes the locations of 
revisions and additions. Details should always 
be checked by referring to the relevant text.


Rev. 3.00, 03/04, page ii of xI
RENESANS



Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product’s state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
* CPU and System-Control Modules
*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

This LSI is a microcomputer (MCU) made up of the H8S/2000 CPU with Renesas Technology's
original architecture as its core, and the peripheral functions required to configure a system, eg PC
Server.

The H8S/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2000 CPU can handle a
16-Mbyte linear address space. The instruction set of the H8S/2000 CPU maintains upward
compatibility at the object level with the H8/300 and H8/300H CPUs. This allows the transition
from the H8/300, H8/300L, or H8/300H to the H8S/2000 CPU.

This LSI is equipped with ROM, RAM, two kinds of PWM timers (PWM and PWMX), a 16-bit
free running timer (FRT), an 8-bit timer (TMR), a watchdog timer (WDT), a serial communication
interface (SCI), an I'C bus interface (IIC), an LPC interface (LPC), a D/A converter, an A/D
converter, and I/O ports as on-chip peripheral modules required for system configuration.

A data transfer controller (DTC) is included as a bus master.

A flash memory (F-ZTAT™%) version is available for this LSI’s 256, 384, and 5 12-kbyte ROM.
The CPU and ROM are connected to a 16-bit bus, enabling byte data and word data to be accessed
in a single state. This improves the instruction fetch and process speeds.

Two operating modes are provided, offering a choice of address space and single chip
mode/external extended mode. Boot programming into a flash memory, on-chip emulation, and
boundary scan can be selected as special operating modes.

Note: * F-ZTAT™ is a trademark of Renesas Technology Corp.

Target Users: This manual was written for users who use this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical
circuits, logic circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read this manual in the order of the table of contents. This manual can be roughly categorized
into the descriptions on the CPU, system control functions, peripheral functions and electrical
characteristics.
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e In order to understand the details of the CPU's functions

Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

e In order to understand the detailed function of a register whose name is known

Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 24,

List of Registers.

Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g., serial communication interface, is
implemented on more than one channel:

XXX_N (XXX is the register name and N is the channel
number)
Bit order: The MSB is on the left and the LSB is on the right.

Number notation: ~ Binary is B’xxxx, hexadecimal is H xxxx, decimal is XxxxX.

Signal notation: An overbar is added to a low-active signal: Xxxxx

Related Manuals: ~ The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/eng/

H8S/2168 Group manuals:

Document Title Document No.
H8S/2168 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083

User's manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ ADE-702-247
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-282
H8S, H8/300 Series High-performance Embedded Workshop, High- ADE-702-231
performance Debugging Interface Tutorial

High-performance Embedded Workshop User's Manual ADE-702-201
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Section 1 Overview

11 Overview

e High-speed H8S/2000 central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 and H8/300H CPUs on an object level
Sixteen 16-bit general registers
65 basic instructions

e Various peripheral functions
Data transfer controller (DTC)
8-bit PWM timer (PWM)
14-bit PWM timer (PWMX)
16-bit free-running timer (FRT)
8-bit timer (TMR)

Watchdog timer (WDT)

Asynchronous or clocked synchronous serial communication interface (SCI)
CRC operation circuit (CRC)

I’C bus interface (IIC)

LPC interface (LPC)

8-bit D/A converter

10-bit A/D converter

Boundary scan JTAG)

Clock pulse generator

e  On-chip memory

ROM Type Model ROM RAM Remarks
Flash memory HD64F2168 256 kbytes 40 kbytes

Version

Flash memory HD64F2167 384 kbytes 40 kbytes

Version

Flash memory HD64F2166 512 kbytes 40 kbytes

Version

e General I/O ports
I/O pins: 106
Input-only pins: 9
e Supports various power-down states

e Compact package
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Package

Code

Body Size

Pin Pitch

TQFP-144

TFP-144

16.0 x 16.0 mm

0.4 mm

12

Internal Block Diagram
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D6/KING/FTOB/P66
D7/KIN7/P67

TMIO/IRQO/P40
TMI/IRQ1/P41
TMOO/IRQ2/P42
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TMIX/IRQ4/P44
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TMOX/IRQ6/P46
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Figurel.1l Internal Block Diagram
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Pin Description

Pin Arrangement
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WUE9/D9/P31
WUET0/D10/P32
WUET1/D11/P33
WUE12/D12/P34
WUET3/D13/P35.
WUET4/D14/P36
WUET5/D15/P37
TMIOIRQO/P40
TMITARQT/PA1
TMOO/IRQ2/P42
TMO1/IRQa/P43
IFTXD/TXD1/IRQTO/PS2
IRXD/RXD1/IRQT1/PS3
FWE

TxD2/IRQT2/P54
RxD2/IRQ13/P55.
TMIXIRQA/P44

TMIVARQBIP4S [ |~
TMOX/TRQBIP46 [«
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P24/A12/PW12/AD12
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53 PES/LRESET
52 PE6/LCLK
51 PE7/SERIRQ
50 PBO/EXIRQB/SCLO
49 PB1/EXIRQG/SDAD
48 PB2/EXIRQT0/SCL1
a7 PBI/EXIRQT1/SDA1
46 PB4/EXIRQT2/SCKO/EXTMIO
45 PBS/EXIRQTS/SCK1/EXTMI1
a4 P86/EXIRQT4/SCK2/EXTMIX
43 P87/EXIRQTS/ADTRG/EXTMIY
42 vss
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40| PA1/A17/KING/SSE2VEVENTH
30f ] PA2/A18/KINTO/EVENT2
38 PA3/A19/KINTI/EVENT3
37| ] PA4/A20/KINTZ/EVENT4
33 34 35 36
° w0
-
gz
¢
IR
B
< I
2L
zz
i
s =
oo

Figure1.2 Pin Arrangement (TFP-144)
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132 Pin Arrangement in Each Operating Mode

Tablel.1 Pin Arrangement in Each Operating Mode

Pin

No. Pin Name

TEP- Extended Mode Single-Chip Mode Flash Memory
144 (EXPE =1) (EXPE = 0) Programmer Mode
1 vCcC vCcC VCC
2 P45/IRQ5/TMIY P45/IRQ5/TMIY NC

3 P46/IRQ6/TMOX P46/IRQ6/TMOX NC

4 P47/IRQ7/TMOY P47/IRQ7/TMOY NC

5 P56/IRQ14/PWXO0 P56/IRQ14/PWX0 NC

6 P57/1RQ15/PWX1 P57/IRQ15/PWX1 NC

7 VSS VSS VSS
8 RES RES RES
9 MD1 MD1 VSS
10 MDO MDO VSS
11 NMI NMI FA9
12 STBY STBY VCC
13 VCL VCL VCL
14 MD2 MD2 VCC
15 P51/IRQ9/RxD0 P51/IRQ9/RxDO0 FA17
16 P50/IRQ8/TxD0 P50/IRQ8/TxDO0 NC
17 P97/WAIT/CS256 P97 VCC
18 P96/¢/EXCL P96/¢/EXCL NC
19 AS/10S P95 FA16
20 HWR P94 FA15
21 RD P93 WE
22 P92/ CPCST1 P92 VSS
23 P91/AH P91 VCC
24 P90/ LWR P90 VCC
25 PC7/PWX3 PC7/PWX3 NC
26 PC6/PWX2 PC6/PWX2 NC
27 PC5/SDA4 PC5/SDA4 NC
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Pin

No. Pin Name

TEP- Extended Mode Single-Chip Mode Flash Memory
144 (EXPE = 1) (EXPE = 0) Programmer Mode
28 PC4/SCL4 PC4/SCL4 NC
29 PC3/SDA3 PC3/SDA3 NC
30 PC2/SCL3 PC2/SCL3 NC
31 PC1/SDA2 PC1/SDA2 NC
32 PC0/SCL2 PC0/SCL2 NC
33 PA7/A23/KINT5/EVENT7 PA7/KIN15/EVENT7 NC
34 PAB/A22/KINT4/EVENT6 PAG/KINT4/EVENT6 NC
35 PA5/A21/KINT3/EVENTS PA5/KIN13/EVENT5 NC
36 vCcC VCC vCcC
37 PA4/A20/KIN12/EVENT4 PA4/KIN12/EVENT4 NC
38 PA3/A19/KINT1/EVENT3 PA3/KINT1/EVENT3 NC
39 PA2/A18/KINTO/EVENT2 PA2/KINTO/EVENT2 NC
40 PA1/A17/KINO/EVENT1/SSE2l  PA1/KIN9/EVENT1/SSE2I NC
41 PAO/A16/KINS/EVENTO/SSEOl  PAO/KINS/EVENTO/SSEOI NC
42 VSS VSS VSS
43 P87/ExIRQ15/ADTRG/ExTMIY  P87/EXIRQ15/ADTRG/EXTMIY  NC
44 P86/ExIRQ14/SCK2/EXTMIX P86/ExIRQ14/SCK2/EXTMIX NC
45 P85/ExIRQ13/SCK1/ExTMIA P85/ExIRQ13/SCK1/ExTMI1 NC
46 P84/ExIRQ12/SCKO/EXTMIO P84/ExIRQ12/SCKO/EXTMIO NC
47 P83/ExIRQ11/SDA1 P83/ExIRQ11/SDA1 NC
48 P82/ExIRQ10/SCL1 P82/ExIRQ10/SCL1 NC
49 P81/ExIRQ9/SDA0 P81/ExIRQ9/SDAO NC
50 P80/ExIRQ8/SCLO P80/ExIRQ8/SCLO NC
51 PE7/SERIRQ PE7/SERIRQ NC
52 PE6/LCLK PE6/LCLK NC
53 PE5/LRESET PE5/LRESET NC
54 PE4/LFRAME PE4/LFRAME NC
55 PE3/LAD3 PE3/LAD3 NC
56 PE2/LAD2 PE2/LAD2 NC
57 PE1/LAD1 PE1/LAD1 NC
58 PEO/LADO PEO/LADO NC
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Pin

No. Pin Name

TEP- Extended Mode Single-Chip Mode Flash Memory
144 (EXPE =1) (EXPE = 0) Programmer Mode
59 PD7/SDA5 PD7/SDA5 NC
60 PD6/SCL5 PD6/SCL5 NC
61 PD5/LPCPD PD5/LPCPD NC
62 PD4/CLKRUN PD4/CLKRUN NC
63 PD3/GA20 PD3/GA20 NC
64 PD2/PME PD2/PME NC
65 PD1/LSMI PD1/LSMI NC
66 PDO/LSCI PDO/LSCI NC
67 AVSS AVSS VSS
68 P70/ANO P70/ANO NC
69 P71/AN1 P71/AN1 NC
70 P72/ExIRQ2/AN2 P72/ExIRQ2/AN2 NC
71 P73/ExIRQ3/AN3 P73/ExIRQ3/AN3 NC
72 P74/ExIRQ4/AN4 P74/ExIRQ4/AN4 NC
73 P75/ExIRQ5/AN5 P75/ExIRQ5/AN5 NC
74 P76/ExIRQ6/ANG/DAO P76/ExIRQ6/AN6/DAQ NC
75 P77/ExXIRQ7/AN7/DA1 P77/ExIRQ7/AN7/DA1 NC
76 AVCC AVCC vcC
77 AVref AVref VCC
78 P60/FTCI/KINO/DO P60/FTCI/KINO NC
79 P61/FTOA/KIN1/D1 P61/FTOA/KINT NC
80 P62/FTIA/KIN2/D2 P62/FTIA/KIN2 NC
81 P63/FTIB/KIN3/D3 P63/FTIB/KIN3 NC
82 P64/FTIC/KIN4/D4 P64/FTIC/KIN4 NC
83 P65/FTID/KIN5/D5 P65/FTID/KINS NC
84 P66/FTOB/KING/D6 P66/FTOB/KING NC
85 P67/KIN7/D7 P67/KIN7 VSS
86 vCC vVCC vCcC
87 ETMS ETMS NC
88 ETDO ETDO NC
89 ETDI ETDI NC
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Pin

No. Pin Name

TEP- Extended Mode Single-Chip Mode Flash Memory
144 (EXPE = 1) (EXPE = 0) Programmer Mode
90 ETCK ETCK NC
91 ETRST ETRST RES
92 PF2/ExPW2 PF2/ExPW2 NC
93 PF1/ExPW1 PF1/ExPW1 NC
94 PFO/ExPWO PFO/ExPWO NC
95 VSS VSS VSS
96 P27/A15/AD15 P27/PW15 CE
97 P26/A14/AD14 P26/PW14 FA14
98 P25/A13/AD13 P25/PW13 FA13
99 P24/A12/AD12 P24/PW12 FA12
100 P23/A11/AD11 P23/PW11 FA11
101 P22/A10/AD10 P22/PW10 FA10
102 P21/A9/AD9 P21/PW9 OE
103 P20/A8/AD8 P20/PW8 FA8
104 P17/A7/AD7 P17/PW7 FA7
105 P16/A6/AD6 P16/PW6 FA6
106 P15/A5/AD5 P15/PW5 FA5
107 P14/A4/AD4 P14/PW4 FA4
108 P13/A3/AD3 P13/PW3 FA3
109 P12/A2/AD2 P12/PW2 FA2
110 P11/A1/AD1 P11/PWH FA1
111 VSS VSS VSS
112 P10/A0/ADO P10/PWO FAO
113 PB7/EVENT15 PB7/EVENT15 NC
114 PB6/EVENT14 PB6/EVENT14 NC
115 PB5/EVENT13 PB5/EVENT13 NC
116 PB4/EVENT12 PB4/EVENT12 NC
117 PB3/EVENT 11 PB3/EVENT11 NC
118 PB2/EVENT10 PB2/EVENT10 NC
119 PB1/EVENT9 PB1/EVENT9 NC
120 PBO/EVENT8 PBO/EVENT8 NC
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Pin

No. Pin Name

TFP- Flash Memory
144 Extended Mode Single-Chip Mode Programmer Mode
121 P30/D8/WUES8 P30/WUES FOO
122 P31/D9/WUE9 P31/ WUE9 FO1
123  P32/D10/WUE10 P32/WUE10 FO2
124  P33/D11/WUETT P33/WUETT FO3
125  P34/D12/WUE12 P34/WUE12 FO4
126  P35/D13/WUE13 P35/WUE13 FO5
127  P36/D14/WUE14 P36/WUE14 FO6
128  P37/D15/WUE15 P37/WUE15 FO7
129  P40/1RQO/TMIO P40/IRQO/TMIO NC
130  P41/IRQ1/TMN P41/IRQ1/TMIA NC
131 P42/IRQ2/TMO0 P42/IRQ2/TMO0 NC
132 P43/IRQ3/TMOT P43/IRQ3/TMO1 NC
133 P52/IRQ10/TxD1/IrTxD P52/IRQ10/TxD1/IFrTxD FA18
134  P53/IRQ11/RxD1/IrRxD P53/IRQ11/RxD1/IrRxD NC
135  FWE FWE FWE
136 P54/IRQ12/TxD2 P54/IRQ12/TxD2 NC
137  P55/IRQ13/RxD2 P55/IRQ13/RxD2 NC
138  P44/IRQ4/TMIX P44/IRQ4/TMIX NC
139  VSS VSS VSS
140 NC NC NC
141 PFSEL PFSEL VCC
142  RESO RESO NC
143  XTAL XTAL XTAL
144  EXTAL EXTAL EXTAL

Rev. 3.00, 03/04, page 8 of 830

RENESAS



1.3.3 Pin Functions

Tablel.2 Pin Functions
Type Symbol Pin No. 110 Name and Function
Power VCC 1, 36 Input Power supply pins. Connect all these pins to the
supply 86 system power supply. Connect the bypass
capacitor between VCC and VSS (near VCC).
VCL 13 Input External capacitance pin for internal step-down
power. Connect this pin to Vss through an
external capacitor (that is located near this pin) to
stabilize internal step-down power.
VSS 7,42, Input Ground pins. Connect all these pins to the system
95, 111 power supply (OV).
139
Clock XTAL 143 Input For connection to a crystal resonator. An external
EXTAL 144 Input clock can be supplied from the EXTA_L pin. For an
example of crystal resonator connection, see
section 22, Clock Pulse Generator.
o 18 Output  Supplies the system clock to external devices.
EXCL 18 Input 32.768-kHz external clock for sub clock should be
supplied.
PFSEL 141 Input Pin for use by PLL. For an example of PLL
connection, see section 22, Clock Pulse
Generator.
Operating MD2 14 Input These pins set the operating mode. Inputs at
mode MD1 9 these pins should not be changed during
control MDO 10 operation.
System RES 8 Input Reset pin. When this pin is low, the chip is reset.
control RESO 142 Output  Outputs a reset signal to an external device.
STBY 12 Input When this pin is low, a transition is made to
hardware standby mode.
FWE 135 Input Pin for use by flash memory.
Address A23to A16 33 to 35 Output  Address output pins
bus 37 to 41
A15t0 AO 961to 110
112
Data bus D15to D8 128to 121 Input/ Upper bidirectional data bus
Output
D7toD0 85to78 Lower bidirectional data bus
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Type Symbol Pin No. /0 Name and Function

Address/ AD15 to 96to 103  Input/ 8-bit, upper 16-bit bus

data ADS8 Output

bm“"'p'ex AD7to 104 to 110, Lower 16-bit bus

us ADO 112

Bus control WAIT 17 Input Requests insertion of a wait state in the bus cycle
when accessing an external 3-state address
space.

RD 21 Output  This pin is low when the external address space
is being read.

HWR 20 Output  This pin is low when the external address space
is to be written to, and the upper half of the data
bus is enabled.

LWR 24 Output  This pin is low when the external address space
is to be written to, and the lower half of the data
bus is enabled.

AS/10S 19 Output  This pin is low when address output on the
address bus is valid.

CS256 17 Output  Indicates that the 256k-byte area from H'F80000
to H'FBFFFF is accessed.

CPCSH 22 Output Indicates that the CP extended area is accessed.

AH 23 Output  Address latch signal for address/data multiplex
bus.

Interrupts ~ NMI 11 Input Nonmaskable interrupt request input pin

IRQ15t0 6,5,137, Input These pins request a maskable interrupt.

IRQO 136, 134, Selectable to which pin of IRQn or ExIRQn to

133, 15, insert IRQ15 to IRQ2 interrupts.
16, 4 to 2,
138, 132 to
129
ExIRQ15 43to 50
to ExXIRQ2 75to 70
Boundary ETRST 91 Input Boundary scan interface pins
scan ETMS 87 Input

ETDO 88 Output

ETDI 89 Input

ETCK 90 Input
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Type Symbol Pin No. I/O Name and Function
PWM timer PW15to 96to 110 Output PWM timer pulse output pins.
(PWM) PWO 112 Selectable from which pin of PWn or ExXPWn to
ExPW21to 92 to 94 output PW2 to PWO.
ExPWO
14-bit PWM PWXO0 5 Output PWM D/A pulse output pins
timer PWX1 6
(PWMX) PWX2 26
PWX3 25
16-bit free  FTCI 78 Input External event input pin
r}Jnning FTOA 79 Output  Output compare output pins
timer (FRT) FTOB 84
FTIA to 80 to 83 Input Input capture input pins
FTID
8-bit timer  TMOO 131 Output  Waveform output pins with output compare
(TMR_O, TMO1 132 function
TMR_1, TMOX 3
TMR_X, TMOY 4
TMR_Y) ; - .
TMIO 129 Input External event input pins and counter reset input
T™NH 130 pins. Selectable to which pin of TMIn or EXTMIn
TMIX 138 to insert external event and counter reset.
T™MIY 2
ExTMIO 46
ExTMIA 45
ExTMIX 44
ExTMIY 43
Serial TxDO to 16, 133 Output  Transmit data output pins
communi-  TxD2 136
cation - - .
RxDO to 15, 134 Input Receive data input pins
Interface RxD2 137
(SCI_o,
SCI_1, SCKO to 46, 45 Input/ Clock input/output pins. Output format is NMOS
SCL_2) SCK2 44 Output  push-pull output.
SSEOI 41 Input Input pin to halt SCI_0
SSE2| 40 Input Input pin to halt SCI_2
SCI with IrTxD 133 Output  Encoded data output pin for IrDA
IrDA (SC1) IrBxD 134 Input Encoded data input pin for IrDA
I’C bus SCLOto 50, 48,32, Input/ IIC clock input/output pins. These pins can drive a
interface SCL5 30,28,60 Output bus directly with the NMOS open drain output.
(I1C) SDAOto  49,47,31, Input/ IIC data input/output pins. These pins can drive a
SDA5 29,27,59 Output bus directly with the NMOS open drain output.
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Type Symbol Pin No. Ie] Name and Function
Keyboard KIN15to 33 to 35 Input Matrix keyboard input pins. All pins have a wake-
control KIN13 up function. Normally, KIN15 to KINO function as
KINT2to 37 to 41 Input key span inputs, and P17 to P10 and P27 to P20
KIN8 function as key scan outputs. Thus, at a
maximum of 16 outputs x 16 inputs, 256-key
KIN7to  85t078  Input matrix can be configured.
KINO
WUE15to 128to 121 Input Wake-up event input pins. Same wake up as key
WUES wake up can be performed with various sources.
A/D AN7 to 75 to 68 Input Analog input pins
converter  ANO
(ADC) ADTRG 43 Input External trigger input pin to start A/D conversion
D/A DAO 74 Output  Analog output pins
converter  DA1 75
(DAC)
A/D AVCC 76 Input Analog power supply pins for the A/D converter
converter and D/A converter. When the A/D converter and
(ADC) D/A converter are not used, these pins should be
D/A connected to the system power supply (+3.3 V).
converter  AVref 77 Input Reference voltage input pin for the A/D converter
(DAC) and D/A converter. When the A/D converter and
D/A converter are not used, this pin should be
connected to the system power supply (+3.3 V).
AVSS 67 Input Ground pins for the A/D converter and D/A

converter. These pins should be connected to the
system power supply (0 V).
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Type Symbol Pin No. I/O Name and Function
LPC LADS to 55 to 58 Input/ Transfer cycle type/address/data 1/0 pins
Interface LADO Output
(LPC) LFRAME 54 Input Input pin indicating transfer cycle start and forced
termination
LRESET 53 Input LPC reset pin. When this pin is low, a reset state
is entered.
LCLK 52 Input PCI clock input pin
SERIRQ 51 Input/ LPC serialized host interrupt request signal
Output
LSCI, 66 Input/ General input/output ports of LSCI, LSMI, and
LSMI, 65 Output PME
PME 64
GA20 63 Input/ GATE A20 control signal output pin. The monitor
Output  input of an output state is enabled.
CLKRUN 62 Input/ LCLK restart request I/0 pin
Output
LPCPD 61 Input LPC module shutdown control input pin
Event EVENT15 11310 120, Input Event counter input pins.
Counter to EVENTO 33 to 35,
37 to 41
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Type Symbol Pin No. 1/0 Name and Function

I/O ports P17 to P10 104 to 110, Input/ Eight input/output pins
112 Output
P27 to P20 96 to 103  Input/ Eight input/output pins
Output
P37 to P30 128t0 121 Input/ Eight input/output pins
Output
P47 to P40 4102, 138, Input/ Eight input/output pins
132to 129 Output
P57 to P50 6,5 Input/ Eight input/output pins
137,136  Output
134, 133
15,16
P67 to P60 85t0 78 Input/ Eight input/output pins
Output
P77 to P70 75 to 68 Input Eight input pins
P87 to P80 43 to 50 Input/ Eight input/output pins
Output
P97 to P90 17 to 24 Input/ Eight input/output pins (P96 input pin)
Output

PA7 to PAO 33 to 35, Input/ Eight input/output pins
37 to 41 Output

PB7 to PBO 11310 120 Input/ Eight input/output pins
Output

PC7 to PCO 2510 32 Input/ Eight input/output pins
Output

PD7 to PDO 59 to 66 Input/ Eight input/output pins
Output

PE7 to PEO 51to 58 Input/ Eight input/output pins
Output

PF2 to PFO 92 t0 94 Input/ Three input/output pins
Output
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Section 2 CPU

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16 Mbytes linear address space, and is ideal for realtime control.

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, see section 3, MCU Operating Modes.

2.1 Features

e Upward-compatibility with H8/300 and H8/300H CPUs
— Can execute H8/300 CPU and H8/300H CPU object programs
e General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e Fight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ ERn+ or @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8§]
e 16 Mbytes address space
— Program: 16 Mbytes
— Data: 16 Mbytes
e High-speed operation
— All frequently-used instructions are executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state
— 8 x 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
— 16 + 8-bit register-register divide: 12 states (DIVXU.B)
— 16 X 16-bit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
— 32 + 16-bit register-register divide: 20 states (DIVXU.W)
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e Two CPU operating modes
— Normal mode*
— Advanced mode
Note: * Not available in this LSI.
e Power-down state
— Transition to power-down state by SLEEP instruction
— Selectable CPU clock speed

211 Differ ences between H85/2600 CPU and H8S/2000 CPU
The differences between the H8§S/2600 CPU and the H8S/2000 CPU are as shown below.

e Register configuration
The MAC register is supported only by the H8S/2600 CPU.
e Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e The number of execution states of the MULXU and MULXS instructions
Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

e More general registers and control registers
— Eight 16-bit extended registers and one 8-bit control register have been added.
e Extended address space
— Normal mode* supports the same 64 kbytes address space as the H8/300 CPU.
— Advanced mode supports a maximum 16 Mbytes address space.
Note: * Not available in this LSI.
e Enhanced addressing
— The addressing modes have been enhanced to make effective use of the 16 Mbytes address
space.
e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.
— Two-bit shift and two-bit rotate instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.
e Higher speed
— Basic instructions are executed twice as fast.

213 Differencesfrom H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

e Additional control register
— One 8-bit control register has been added.

e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift and two-bit rotate instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

e Higher speed

— Basic instructions are executed twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal* and advanced. Normal mode* supports a
maximum 64 kbytes address space. Advanced mode supports a maximum 16 Mbytes address
space. The mode is selected by the LSI's mode pins.

Note: * Not available in this LSI.

221 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU in normal
mode.

e Address space
Linear access to a maximum address space of 64 kbytes is possible.
e Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers.

When extended register En is used as a 16-bit register it can contain any value, even when the
corresponding general register (Rn) is used as an address register. (If general register Rn is
referenced in the register indirect addressing mode with pre-decrement (@—-Rn) or post-
increment (@Rn+) and a carry or borrow occurs, the value in the corresponding extended
register (En) will be affected.)

e Instruction set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

e Exception vector table and memory indirect branch addresses
In normal mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table in normal mode is shown in
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.
The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In normal mode, the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'0000
to H'OOFF. Note that this area is also used for the exception vector table.

e Stack structure
In normal mode, when the program counter (PC) is pushed onto the stack in a subroutine call
in normal mode, and the PC and condition-code register (CCR) are pushed onto the stack in
exception handling, they are stored as shown in figure 2.2. The extended control register
(EXR) is not pushed onto the stack. For details, see section 4, Exception Handling.

Note: Normal mode is not available in this LSI.
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H'0000 | _
H'0001
H0002 |
H'0003
H'0004 | _
H'0005 | _
H'0006 | _
H'0007
H'0008 | _
H'0009
H'000A | _
H'0008

Reset exception vector --

(Reserved for system use) --

(Reserved for system use) --

--| > Exception
vector table

Exception vector 1 --

Exception vector 2 --

N

Figure2.1 Exception Vector Table (Normal Mode)

\/_\J\

sP-[ PC SP CCR
(16 bits) CCR*
PC

\_/—\ (16 bits)

(a) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure2.2 Stack Structurein Normal Mode
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222

e Address space

Advanced Mode

Linear access to a maximum address space of 16 Mbytes is possible.

e Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers. They can also be used as the
upper 16-bit segments of 32-bit registers or address registers.

e Instruction set

All instructions and addressing modes can be used.

e Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table in 32-bit units. In each 32 bits, the upper eight bits are ignored and a branch address is
stored in the lower 24 bits (see figure 2.3). For details of the exception vector table, see section

4, Exception Handling.

H'00000000

H'00000003 |

H'00000004

H'00000007 |

H'00000008

H'0000000B

H0000000C |

H'00000010

Reserved

Exception vector 1

> Exception vector table

Figure2.3 Exception Vector Table (Advanced Mode)
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The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper eight bits of these 32 bits are a reserved area that
is regarded as H'00. Branch addresses can be stored in the area from H'00000000 to
H'000000FF. Note that the top area of this range is also used for the exception vector table.

Stack structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC and condition-code register (CCR) are pushed onto the stack in exception
handling, they are stored as shown in figure 2.4. The extended control register (EXR) is not
pushed onto the stack. For details, see section 4, Exception Handling.

\_/_\ \_/_\

SP—~ ] Reserved sp— SR
B Pe PC :
(24-bi1) (24-bit)

\_/_\ \_/—\

(a) Subroutine Branch (b) Exception Handling

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64 kbytes address space in normal mode, and a maximum 16 Mbytes
(architecturally 4 Gbytes) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, see section 3, MCU Operating
Modes.

H'0000 H'00000000
64 kbytes 16 Mbytes
H'FFFF Program area
HOOFFFFFF | ____ __________ Data area
Not available
in this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Not: * Not available in this LSI.

Figure2.5 Memory Map
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2.4 Register Configuration

The H8S/2000 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-bit
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
23 0
PC |
76543210
ExRe[T]-[-[-]-i2]i1]i0
76543210
coRr [1 uH[u[n|z]v|c]
[Legend]
SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zeroflag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit
ul: User bit or interrupt mask bit

Note: * Does not affect operation in this LSI.

Figure2.6 CPU Internal Registers

RENESAS
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241 General Registers

The H8S/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

When the general registers are used as 16-bit registers, the ER registers are divided into 16-bit
general registers designated by the letters E (EO to E7) and R (RO to R7). These registers are
functionally equivalent, providing sixteen 16-bit registers at the maximum. The E registers (EO to
E7) are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided into 8-bit general
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These registers are
functionally equivalent, providing sixteen 8-bit registers at the maximum.

The usage of each register can be selected independently.

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

* Address registers * 16-bit registers * 8-bit registers
* 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.7 Usage of General Registers
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.8 Stack

24.2 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched for read, the least significant PC bit is regarded as 0.)

24.3 Extended Control Register (EXR)
EXR does not affect operation in this LSIL.

Bit  Bit Name Initial Value R/W  Description

7 T 0 R/W  Trace Bit
Does not affect operation in this LSI.
6t03 — All 1 R Reserved
These bits are always read as 1.
2to0 I2 1 R/W  Interrupt Mask Bits 2 to 0
I 1 Do not affect operation in this LSI.
[0] 1
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24.4 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch

(Bcc) instructions.

Bit Bit Name Initial Value

R/W

Description

7 | 1

R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set to 1
at the start of an exception-handling sequence. For details,
see section 5, Interrupt Controller.

6 ul Undefined

R/W

User Bit or Interrupt Mask Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

5 H Undefined

R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or
NEG.B instruction is executed, this flag is set to 1 if there is
a carry or borrow at bit 3, and cleared to 0 otherwise. When
the ADD.W, SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if there is a carry or borrow
at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag
is set to 1 if there is a carry or borrow at bit 27, and cleared
to 0 otherwise.

4 U Undefined

R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

3 N Undefined

R/W

Negative Flag

Stores the value of the most significant bit of data as a sign
bit.

2 Z Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to indicate
non-zero data.

1 \ Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and cleared to
0 otherwise.
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Bit Bit Name |Initial Value R/W Description

0 C Undefined R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0 otherwise.
Used by:

e Add instructions, to indicate a carry

e Subtract instructions, to indicate a borrow
¢ Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.

245 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace (T) bit in EXR to 0, and sets the interrupt mask (I) bits in CCR and EXR to 1. The other
CCR bits and the general registers are not initialized. Note that the stack pointer (ER7) is
undefined. The stack pointer should therefore be initialized by an MOV.L instruction executed
immediately after a reset.
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25 Data Formats

The H8S/2000 CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

251 General Register Data Formats

Figure 2.9 shows the data formats of general registers.

Data Type Register Number Data Image
7 0
1 1 1 1 1 1 1 0
1-bit data RnH 7:6:5:4:3:2:1:°|______Df’_”_t_c_a.“_e ......
___________________ 7 0
bt data AL | Dorteare  [7i6i5i4[32} 10
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care ,
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL Don't care | Upper | Lower |
7 0
Byte data RnH BEEEREE Dontcare !
MSB s
___________________ 7 0
Byte data At \  Dontcare | i i} il
"""""""""" MSB LSB

Figure2.9 General Register Data Formats (1)
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Data Type Register Number Data Image
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15 0
MSB En Rn LSB
[Legend]
ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.9 General Register Data Formats (2)

RENESAS
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252 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword data in memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This
also applies to instruction fetches.

When SP (ER7) is used as an address register to access the stack, the operand size should be word
size or longword size.

Data Type Address Data Image
7 0
1-bit data Address L 7|6 |5|4|3|2|1 |0
Byte data Address L MSBE ; ; ; ; ; ELSB
Word data Address 2M B : : : : :
Address2M+1| & &+ 1 1 1 i ILSB
Longword data  Address 2N MSBE : : : : : :
Address 2N + 1 A
Address 2N + 2 E E E E E E E

Address 2N + 3 E'—SB

/\/

Figure2.10 Memory Data Formats
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2.6 Instruction Set

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function as

shown in table 2.1.

Table2.1 Instruction Classification
Function Instructions Size Types
Data transfer MOV B/W/L 5
POP*', PUSH*’ Wi/L
LDM, STM** L
MOVFPE*’, MOVTPE*° B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS B
Logic operations ~ AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation =~ BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch B..*, JMP, BSR, JSR, RTS -
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, -
NOP
Block data transfer EEPMOV - 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn, @-
SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,

@-SP.

2. Since register ER7 functions as the stack pointer in an STM/LDM instruction, it cannot
be used as an STM/LDM register.

3. Cannot be used in this LSI.
4. B, is the general name for conditional branch instructions.
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26.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table2.2 Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand
(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR
V4 Z (zero) flag in CCR

\ V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

® Logical exclusive OR

- Move

~ NOT (logical complement)

:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.3

Data Transfer Instructions

Instruction Size**

Function

MOV B/W/L  (EAs) — Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH Wi/L Rn —» @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM#*? L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) — @-SP
Pushes two or more general registers onto the stack.
Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

Since register ER7 functions as the stack pointer in an STM/LDM instruction, it cannot
be used as an STM/LDM register.
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Table2.4 Arithmetic OperationsInstructions (1)

Instruction Size* Function
ADD B/W/L Rd + Rs — Rd, Rd + #lIMM — Rd
SuB Performs addition or subtraction on data in two general registers, or on

immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd +Rs + C —» Rd, Rd + #IMM + C — Rd

SUBX Performs addition or subtraction with carry on data in two general
registers, or on immediate data and data in a general register.

INC B/W/L Rd+1—Rd,Rd+2— Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

ADDS L Rd+1—Rd,Rd+2— Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) —» Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs — Rd

Performs unsigned multiplication on data in two general registers: either
8-bit x 8-bit — 16-bit or 16-bit x 16-bit — 32-bit.

MULXS B/W Rd x Rs — Rd

Performs signed multiplication on data in two general registers: either 8-
bit x 8-bit — 16-bit or 16-bit x 16-bit — 32-bit.

DIVXU B/W Rd + Rs — Rd
Performs unsigned division on data in two general registers: either 16-bit
+ 8-bit — 8-bit quotient and 8-bit remainder or 32-bit + 16-bit — 16-bit
quotient and 16-bit remainder.

[Legend]

*; Size refers to the operand size.
B: Byte

W: Word

L: Longword
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Table2.4

Arithmetic Operations I nstructions (2)

Instruction Size* Function

DIVXS B/W Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/W/L Rd - Rs, Rd — #IMM
Compares data in a general register with data in another general register
or with immediate data, and sets the CCR bits according to the result.

NEG B/WI/L 0-Rd —» Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU WI/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS WI/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

TAS B @ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

[Legend]

*; Size refers to the operand size.

B: Byte

W: Word

L: Longword
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Table2.5

Instruction Size*

L ogic Operations I nstructions

Function

AND B/W/L Rd A Rs — Rd, Rd A #IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WI/L Rd v Rs — Rd, Rd v #IMM — Rd
Performs a logical OR operation on a general register and another
general register or imnmediate data.

XOR B/WI/L Rd @ Rs — Rd, Rd @ #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L ~Rd - Rd
Takes the one's complement (logical complement) of data in a general
register.

[Legend]

*; Size refers to the operand size.

B: Byte

W: Word

L: Longword

Table2.6  Shift Instructions

Instruction Size*

Function

SHAL B/WI/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.

SHLL B/WI/L Rd (shift) -» Rd

SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift is
possible.

ROTL B/W/L Rd (rotate) — Rd

ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.

ROTXL B/W/L Rd (rotate) — Rd

ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit
rotation is possible.

[Legend]

*: Size refers to the operand size.

B: Byte

W: Word

L: Longword
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Table2.7 Bit Manipulation Instructions (1)

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) - C

Logically ANDs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIAND B C A (<bit-No.> of <EAd>) —» C

Logically ANDs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.

The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) —» C

Logically ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIOR B C v (~ <bit-No.> of <EAd>) —» C

Logically ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry

flag.

The bit number is specified by 3-bit immediate data.
[Legend]
*: Size refers to the operand size.
B: Byte
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Table2.7

Bit Manipulation Instructions (2)

Instruction  Size* Function

BXOR B C @ (<bit-No.> of <EAd>) — C
Logically exclusive-ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the carry flag.

BIXOR B C @ ~ (<bit-No.> of <EAd>) —» C
Logically exclusive-ORs the carry flag with the inverse of a specified bit
in a general register or memory operand and stores the result in the
carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B ~ (<bit-No.> of <EAd>) — C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B ~ C — (<bit-No.>. of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

[Legend]

*; Size refers to the operand size.

B: Byte
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Table2.8

Branch Instructions

Instruction  Size Function
Bcc - Branches to a specified address if a specified condition is true. The

branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High CvZ=0

BLS Low or same CvZ=1

BCC (BHS) Carry clear C=0

(high or same)

BCS (BLO) Carry set (low) C=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greaterorequal N®V =0

BLT Less than NeV=1

BGT Greater than Zv(NeV)=0

BLE Less or equal Zv(N®V)=1
JMP - Branches unconditionally to a specified address.
BSR - Branches to a subroutine at a specified address
JSR - Branches to a subroutine at a specified address
RTS - Returns from a subroutine

RENESAS
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Table2.9 System Control Instructions

Instruction  Size* Function

TRAPA - Starts trap-instruction exception handling.
RTE - Returns from an exception-handling routine.
SLEEP - Causes a transition to a power-down state.
LDC B/W (EAs) — CCR, (EAs) —» EXR

Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper eight bits are
valid.

sTC B/W CCR — (EAd), EXR — (EAd)

Transfers CCR or EXR contents to a general register or memory
operand. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper eight

bits are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR

Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR

Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR ® #IMM — EXR

Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP - PC+2—>PC

Only increments the program counter.
[Legend]
*; Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction

Size

Function

EEPMOV.B -

if R4L = 0 then
Repeat @ ER5+ — @ERG6+
R4L-1 — R4L
UntilR4L =0
else next:

EEPMOV.W -

if R4 # 0 then
Repeat @ER5+ —» @ER6+
R4-1 — R4
UntiilR4 =0
else next:

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.

26.2

Basic I nstruction Formats

The H8S/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (r), an effective address extension (EA), and a condition field

(cc).

Figure 2.11 shows examples of instruction formats.

Operation field

Indicates the function of the instruction, the addressing mode, and the operation to be carried
out on the operand. The operation field always includes the first four bits of the instruction.
Some instructions have two operation fields.

Register field

Specifies a general register. Address registers are specified by 3-bit, and data registers by 3-bit
or 4-bit. Some instructions have two register fields, and some have no register field.

Effective address extension

8-, 16-, or 32-bit specifying immediate data, an absolute address, or a displacement.

Condition field

Specifies the branching condition of Bcce instructions.
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Mo

peration field only

op

(20

peration field and register fields

op

@0

op

n

rm

EA (disp)

(ORS)

peration field, effective address extension, and condition fi

e

op

cc

EA (disp)

NOP, RTS

ADD.B Rn, Rm

peration field, register fields, and effective address extension

MOV.B @(d:16, Rn), Rm

d

BRA d:16
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2.7 Addressing M odes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressing
modes. Data transfer instructions can use all addressing modes except program-counter relative
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2  Register indirect @ERN
3  Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xx:8/#xx:16/#xx:32
7  Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8

271 Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-bit general register which
contains the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7
and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

Rev. 3.00, 03/04, page 43 of 830
RENESAS



2.7.2 Register Indirect—@ERnN

The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. If the address is a program instruction address, the lower 24 bits are
valid and the upper eight bits are all assumed to be 0 (H'00).

273 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction code is added to an address register
(ERn) specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

Register Indirect with Post-1ncrement—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand is accessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
address register. The value added is 1 for byte access, 2 for word access, and 4 for longword
access. For word or longword transfer instructions, the register value should be even.

Register Indirect with Pre-Decrement—@-ERn: The value 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result
becomes the address of a memory operand. The result is also stored in the address register. The
value subtracted is 1 for byte access, 2 for word access, and 4 for longword access. For word or
longword transfer instructions, the register value should be even.

275 Absolute Address—@aa: 8, @aa: 16, @aa; 24, or @aa: 32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address, the upper 16 bits are a sign extension. For a 32-bit absolute address,
the entire address space is accessed.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper eight
bits are all assumed to be 0 (H00).
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Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

Note: * Not available in this LSI.

2.7.6 Immediate—#xx: 8, #xx:16, or #xx:32

The 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data contained in a instruction
code can be used directly as an operand.

The ADDS, SUBS, INC, and DEC instructions implicitly contain immediate data in their
instruction codes. Some bit manipulation instructions contain 3-bit immediate data in the
instruction code, specifying a bit number. The TRAPA instruction contains 2-bit immediate data
in its instruction code, specifying a vector address.

277 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

This mode can be used by the Bcc and BSR instructions. An 8-bit or 16-bit displacement
contained in the instruction code is sign-extended to 24-bit and added to the 24-bit address
indicated by the PC value to generate a 24-bit branch address. Only the lower 24-bit of this branch
address are valid; the upper eight bits are all assumed to be 0 (H’00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128-byte (63 to +64 words) or —32766 to +32768-byte (-16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.
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2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand which contains a branch address. The upper bits of
the 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255 (H'0000 to
H'00FF in normal mode*, H'000000 to H'O0O0OOFF in advanced mode).

In normal mode*, the memory operand is a word operand and the branch address is 16 bits long.
In advanced mode, the memory operand is a longword operand, the first byte of which is assumed
to be 0 (H'00).

Note that the top area of the address range in which the branch address is stored is also used for
the exception vector area. For further details, see section 4, Exception Handling.

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or the instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

Note: * Not available in this LSI.

\_/\\_/-\

Specified — Specified ~| Reserved ______
by @aa:8 [~ " Branch address - - - - by @aa:8

Branch address

\/—\

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in this LSI.

Figure2.12 Branch Address Specification in Memory Indirect Addressing Mode
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279

Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode*, the upper eight bits of the effective address are ignored in order to generate a 16-bit
address.

Note

* Not available in this LSI.

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct (Rn)
Operand is general register contents.
(& [m[n]
2 Register indirect (@ ERn) 31 0 31 2423 0
I General register contents |——>|D°""t carel
Lo [r] |
3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0
[ I General register contents
31 2423 0
R I I | f
Don't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 31 2423 0
* Register indirect with post-increment @ ERn+ [ - -
| General register contents ——lDonl carel
[
Lo ] ]
* Register indirect with pre-decrement @-ERn 31

Lo [r] ]

| General register contents 31 2423 )
[ ——lDon'l carel
Operand Size Offset
Byte 1
Word 2
Longword 4

RENESAS
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

@aa:8

31 2423 87
o] ]
@aa:16 31 2423 16 15
| op | abs | |Don'l carel Sign extensionl
@aa:24 31 24 23
| op | abs | |Don'l carel
@aa:32
op 31 2423
abs |Don'l carel
6 | Immediate
B/ 16/xx:32 Operand is immediate data.
op IMM
7| Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp t
o]
extension 31 2423
|Don't carel
8 Memory indirect @ @aa:8
« Normal mode*
‘ - i
“m H'000000 | abs |
15 0 31 2423 16 15
Memory contents | |Don't carel H'00 |
* Advanced mode
‘ - I
31 0 |Don't carel
Memory contents | T
T
Note: * Not available in this LSI.
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2.8 Processing States

The H8S/2000 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.13 indicates the state
transitions.

e Reset state
In this state the CPU and on-chip peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 4, Exception Handling.
The reset state can also be entered by a watchdog timer overflow.

e Exception-handling state
The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, a reset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, see section 4, Exception Handling.

e Program execution state
In this state the CPU executes program instructions in sequence.

e Bus-released state
In a product which has a bus master other than the CPU, such as a data transfer controller
(DTC), the bus-released state occurs when the bus has been released in response to a bus
request from a bus master other than the CPU. While the bus is released, the CPU halts
operations.

e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
see section 23, Power-Down Modes.
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End of bus request

Bus request
Program execution
state SLEEP
End of bus instruction
request Bus SLEEP with
request instruction \_ LSON =0,
with SSBY =0
A LSON =0,
PSS =0,
Bus-released state SSBY =
Request for
E)r(]geg{ion exception —
handiing handling Sleep mode
Interrupt
request
Exception-handling state
A External interrupt Software standby mode

RES = high
. T~ STBY=high RES = low -
Reset state™’ - Hardware standby mode"?

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 23, Power-Down Modes.

request ;

Figure2.13 State Transitions
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2.9 Usage Notes

291 Noteon TAS Instruction Usage

The TAS instruction is not generated by the Renesas H8S and H8/300 series C/C++ compilers.
The TAS instruction can be used as a user-defined intrinsic function.

292 Note on Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read data in byte units, manipulate the
data of the target bit, and write data in byte units. Special care is required when using these
instructions in cases where a register containing a write-only bit is used or a bit is directly
manipulated for a port.

In addition, the BCLR instruction can be used to clear the flag of the internal I/O register. In this
case, if the flag to be cleared has been set to 1 by an interrupt processing routine, the flag need not
be read before executing the BCLR instruction.
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2.9.3 EEPMOV Instruction

1. EEPMOV is a block-transfer instruction and transfers the byte size of data indicated by R4*,
which starts from the address indicated by ERS, to the address indicated by ER6.

ER5 —»

ERS5 + R4* —

\

\

-«— ER6

-a— ERG6 + R4*

2. Set R4* and ERG6 so that the end address of the destination address (value of ER6 + R4*) does
not exceed H'OOFFFFFF (the value of ER6 must not change from H'OOFFFFFF to H'01000000

during execution).

ER5 —»

ER5 + R4* —» 7

\

HFFFFFFF

Invalid

-+—ER6

-—ER6 + R4*

Note: * For byte transfer R4L is used.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LSI supports one operating mode (mode 2). The operating mode is determined by the setting
of the mode pins (MD2, MD1, and MDO0). Table 3.1 shows the MCU operating mode selection.

Table3.1 MCU Operating Mode Selection

MCU Operating CPU Operating
Mode MD2 MD1 MDO Mode Description
2 1 1 0 Advanced Extended mode with on-chip ROM

Single-chip mode

Mode 2 is single-chip mode after a reset. The CPU can switch to extended mode by setting bit
EXPE in MDCR to 1.

Modes 0, 1, 3, 5, and 7 are not available in this LSI. Modes 4 and 6 are operating mode for a
special purpose. Thus, mode pins should be set to enable mode 2 in normal program execution
state. Mode pins should not be changed during operation.
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3.2 Register Descriptions

The following registers are related to the operating mode. For details on the bus control register
(BCR), see section 6.3.1, Bus Control Register (BCR), and for details on bus control register 2
(BCR?2), see section 6.3.2, Bus Control Register 2 (BCR2).

e Mode control register (MDCR)
e System control register (SYSCR)
e Serial timer control register (STCR)

321 Moaode Control Register (MDCR)

MDCR is used to set an operating mode and to monitor the current operating mode.

Bit Bit Name Initial Value R/W  Description

7 EXPE 0 R/W  Extended Mode Enable
Specifies extended mode.
0: Single-chip mode
1: Extended mode

6 — AllO R Reserved

to

3

2 MDS2 —* R Mode Select 2 to 0

1 MDS1 — R These bits indicate the input levels at mode pins (MD2,
0 MDSO0 —* R

MD1, and MDO) (the current operating mode). Bits
MDS2, MDS1, and MDSO correspond to MD2, MD1,
and MDO, respectively. MDS2 to MDSO0 are read-only
bits and they cannot be written to. The mode pin (MD2,
MD1, and MDO) input levels are latched into these bits
when MDCR is read. These latches are canceled by a
reset.

Note: * The initial values are determined by the settings of the MD2, MD1, and MDO pins.
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322 System Control Register (SYSCR)

SYSCR selects a system pin function, monitors a reset source, selects the interrupt control mode
and the detection edge for NMI, enables or disables register access to the on-chip peripheral
modules, and enables or disables on-chip RAM address space.

Bit Bit Name Initial Value R/W  Description
7 CS256E R/W  Chip Select 256 Enable
Enables or disables P97/WAIT/CS256 pin function in
extended mode.
0: P97/WAIT pin
WAIT pin function is selected by the settings of
WSCR and WSCR2.
1: CS256 pin
Outputs low when a 256-kbyte expansion area of
addresses H'F80000 to H'FBFFFF is accessed.
6 IOSE R/W  10S Enable
Enables or disables AS/IOS pin function in extended
mode.
0: AS pin
Outputs low when an external area is accessed.
1:10S pin
Outputs low when an 10S expansion area of
addresses H'FFF000 to H'FFF7FF is accessed.
5 INTM1 R These bits select the control mode of the interrupt
4 INTMO R/W  controller. For details on the interrupt control modes,
see section 5.6, Interrupt Control Modes and Interrupt
Operation.
00: Interrupt control mode O
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited
3 XRST R External Reset
This bit indicates the reset source. A reset is caused
by an external reset input, or when the watchdog timer
overflows.
0: A reset is caused when the watchdog timer
overflows.
1: A reset is caused by an external reset.
2 NMIEG R/W  NMI Edge Select

Selects the valid edge of the NMI interrupt input.

0: An interrupt is requested at the falling edge of NMI
input

1: An interrupt is requested at the rising edge of NMI
input
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Bit Bit Name Initial Value R/W  Description

1 KINWUE 0 R/W  Keyboard Control Register Access Enable

Enables or disables CPU access for input control

registers (KMIMRA, KMIMR6, WUEMR3) of KINn and

WUERn pins, input pull-up MOS control register

(KMPCRS®) of the KINn pin, and registers

(TCR_X/TCR_Y, TCSR_X/TCSR_Y,

TICRR/TCORA_Y, TICRF/TCORB._Y,

TCNT_X/TCNT_Y, TCORC/TISR, TCORA_X,

TCORB_X) of 8-bit timers (TMR_X, TMR_Y),

0: Enables CPU access for registers of TMR_X and
TMR_Y in an area from H'FFFFFO to H'FFFFF7 and
from H'FFFFFC to H'FFFFFF.

1: Enables CPU access for input control registers of
the KINn and WUER pins and the input pull-up MOS
control register of the KINn pin in an area from
H'FFFFFO to H'FFFFF7 and from H'FFFFFC to
H'FFFFFF.

0 RAME 1 R/W  RAM Enable
Enables or disables on-chip RAM. The RAME bit is
initialized when the reset state is released.
0: On-chip RAM is disabled
1: On-chip RAM is enabled

323 Serial Timer Control Register (STCR)

STCR enables or disables register access, IIC operating mode, and on-chip flash memory, and
selects the input clock of the timer counter.

Bit Bit Name Initial Value R/W Description

7 lICX2 0 R/W IIC Transfer Rate Select 2, 1 and 0
6 lICX1 0 R/W These bits control the 1IC operation. These bits
5 IICX0 0 R/W select a transfer rate in master mode together with

bits CKS2 to CKSO0 in the I°C bus mode register
(ICMR). For details on the transfer rate, see table
15.3. The IICXn bit controls [IC_n. (n = 0 to 2)
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Bit

Bit Name

Initial Value

R/W

Description

4

IICE

0

R/W

IIC Master Enable

Enables or disables CPU access for IIC registers

(ICCR, ICSR, ICDR/SARX, ICMR/SAR), PWMX

registers (DADRAH/DACR, DADRAL,

DADRBH/DACNTH, DADRBL/DACNTL), and SCI

registers (SMR, BRR, SCMR).

0: SCI_1 registers are accessed in an area from
H'FFFF88 to H'FFFF89 and from H'FFFF8E to
H'FFFF8F.

SCI_2 registers are accessed in an area from
H'FFFFAO to H'FFFFA1 and from H'FFFFAG to
H'FFFFA7.

SCI_0 registers are accessed in an area from
H'FFFFD8 to H'FFFFD9 and from H'FFFFDE to
H'FFFFDF.

1: [IC_1 registers are accessed in an area from
H'FFFF88 to H'FFFF89 and from H'FFFF8E to
H'FFFF8F.

PWMX registers are accessed in an area from
H'FFFFAO to H'FFFFA1 and from H'FFFFAG to
H'FFFFA7.

IIC_O registers are accessed in an area from
H'FFFFD8 to H'FFFFD9 and from H'FFFFDE to
H'FFFFDF.

3

FLSHE

0

R/W

Flash Memory Control Register Enable

Enables or disables CPU access for flash memory

registers (FCCS, FPCS, FECS, FKEY, FMATS,

FTDAR), control registers of power-down states

(SBYCR, LPWRCR, MSTPCRH, MSTPCRL), and

control registers of on-chip peripheral modules

(BCR2, WSCR2, PCSR, SYSCR2).

0: Area from H'FFFE88 to H'FFFESF is reserved.
Control registers of power-down states and on-
chip peripheral modules are accessed in an area
from H'FFFF80 to H'FFFF87.

1: Control registers of flash memory are accessed in
an area from H'FFFE88 to H'FFFES8F.

Area from H'FFFF80 to H'FFFF87 is reserved.

R/W

Reserved
The initial value should not be changed.

1
0

ICKS1
ICKSO0

0

R/W
R/W

Internal Clock Source Select 1, 0

These bits select a clock to be input to the timer
counter (TCNT) and a count condition together with
bits CKS2 to CKSO0 in the timer control register
(TCR). For detalils, see section 12.3.4, Timer Control
Register (TCR).
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3.3 Operating Mode Descriptions

331 Mode 2
The CPU can access a 16 Mbytes address space in advanced mode. The on-chip ROM is enabled.

After a reset, the LSI is set to single-chip mode. To access an external address space, bit EXPE in
MDCR should be set to 1.

Normal extended mode:

In extended modes, ports 1 and 2 function as input ports after a reset.

Ports 1 and 2 function as an address bus by setting 1 to the corresponding port data direction
register (DDR). Port 3 functions as a data bus port, and parts of port 9 carry bus control signals.
Port 6 functions as a data bus port when the ABW bit in WSCR is cleared to 0.

Multiplex extended mode:

When 8-bit bus is specified, port 2 functions as the port for address output and data input/output
regardless of the setting of the data direction register (DDR). Port 1 can be used as a general port.
When 16-bit bus is specified, ports 1 and 2 function as the port for address output and data
input/output regardless of the setting of the data direction register (DDR).

332 Pin Functionsin Each Operating Mode

Pin functions of ports 1 to 3, 6, 9, and A depend on the extended mode. Table 3.2 shows pin
functions in each operating mode.
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Table3.2

Pin Functionsin Each Mode

Mode 2
Port Normal extension Multiplex extension
Port 1 1/0O port* or Address bus output I/O port* or Address/Data multiplex
I/0
Port 2 1/0O port* or Address bus output I/0O port* or Address/Data multiplex
I/O
Port 3 1/0 port* or Data bus 1/0 1/0 port*
Port 6 1/0 port* or Data bus 1/0 1/0O port*
Port9  1/O port97 1/0 port* or Control signal output I/0 port* or Control signal output
1/0O port96 Input port* or Clock 1/0 Input port* or Clock 1/0
I/0 port95 to I/O port* or Control signal output I/0 port* or Control signal output
1/0 port93
1/0O port92 1/O port* or Control signal output I/O port* or Control signal output
1/0 port91 1/0 port* or Control signal output I/0 port* or Control signal output
1/0 port90 1/0O port* or Control signal output 1/0 port* or Control signal output
Port A 1/0O port* or Address bus output I/O port*
[Legend]
*; After reset

RENESAS
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34 AddressMap

Figures 3.1 to 3.3 show memory maps in operating mode.

ROM: 256 kbytes, RAM: 40 kbytes ROM: 256 kbytes, RAM: 40 kbytes
Mode 2 (EXPE = 1) Mode 2 (EXPE = 0)
Advanced mode Advanced mode
Extended mode with Single-chip mode
on-chip ROM
H'000000 H'000000
On-chip ROM On-chip ROM
H'03FFFF H'03FFFF
Reserved area Reserved area
H'07FFFF H'07FFFF
H'080000 L. External address J~
HF7FFFFT space T
H'F80000 256 kbytes

H'FBFFFF extended area
H'FC0000 | External address

H'FEFFFF space
H'FF0000 Reserved ar H'FF0000 Reserved area
HFFo7FF | eservedarea H'FFO7FF
H'FF0800 H'FF0800

On-chip RAM * On-chip RAM

(36 ktr))ytes) (36 kbytes)

H'FF97FF H'FF97FF
H'FF9800 H'FF9800

Reserved area™ Reserved area
H'FFBFFF H'FFBFFF
H'FFC000 CP extended
H'FFDFFF area
H'FFEQ000 | External address
H'FFEO7F space
H'FFE080 On-chip RAM H'FFE080 On-chip RAM
H'FFEFFF (3,968 bytes) H'FFEFFF (3,968 bytes)

H'FFF000 External address
space
H'FFF7FF |_(IOS exiended area)

HFFF800 Tr——e H'FFF800 Internal 1/0
HEFFESE registors 3 H'FFFESF registers 3

' nt T H'FFFE40 Internal 1/0
HEFFERE | regsterss HFFFEFF | reasters 2
HFFFFo0 [ Onchip RART HFFFFO0 n-chip
HEFFEOP | (128 bytes) HFFFF7F L (128 bytes)
H'FFFF80 Internal 1/0 H'FFFF80 Internal /O
H'FFFFFF registers 1 H'FFFFFF registers 1

Notes: * These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure3.1 H8S/2168 Address Map
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ROM: 384 kbytes, RAM: 40 kbytes
Mode 2 (EXPE = 1)
Advanced mode
Extended mode with

))

on-chip ROM

H'000000

On-chip ROM
H'05FFFF

Reserved area
H'07FFFF
H'080000 ). External address J
HF7FFFF ] space ]
H'F80000 256 kbytes
H'FBFFFF extended area
H'FCO000 | External address
H'FEFFFF space
H'FF0000 R d
HEFO7FF eserved area
H'FF0800

On-chip RAM*

(36 kbytes)

H'FF97FF
H'FF9800

Reserved area™
H'FFBFFF
H'FFC000 CP extended
H'FFDFFF area
H'FFEQQ0O | External address
H'FFEO7F space
H'FFE080 On-chip RAM:
H'FFEFFF (3,968 bytes)
H'FFFO00 External address
H'FFF7FF |_(10S ext%nded area)
H'FFF800 Internal 1/0
H'FEFE3F registers 3
H'FFFE40 Internal 1/0
H'FFFEFF registers 2
H'FFFF00 [ On-chip RAM*
H'FFFF7F (128 bytes)
H'FFFF80 Internal 1/0
HFFFFFF registers 1

ROM: 384 kbytes, RAM: 40 kbytes
Mode 2 (EXPE = 0)

Advanced mode

Single-chip mode

H'000000

On-chip ROM
H'05FFFF

Reserved area
H'O7FFFF
HFF0000 Reserved area
H'FFO7FF
H'FF0800

On-chip RAM

(36 kbytes)

H'FF97FF
H'FF9800

Reserved area
H'FFBFFF
H'FFE080 hip
HFFEFFF [___(3,968 bytes)
H'FFF800 Internal 1/0
H'FFFE3F registers 3
H'FFFE40 Internal 1/0
H'FEFEFF registers 2
H'FFFF00 On-chip RAM
H'FFFF7F (128 bytes)
H'FFFF80 Internal 1/0
H'FFFFFF registers 1

Notes: * These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure3.2 H8S/2167 Address Map
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ROM: 512 kbytes, RAM: 40 kbytes ROM: 512 kbytes, RAM: 40 kbytes

Mode 2 (EXPE = 1) Mode 2 (EXPE = 0)
Advanced mode Advanced mode
Extended mode with Single-chip mode
on-chip ROM
H'000000 H'000000
On-chip ROM On-chip ROM
H'07FFFF H'O7FFFF
H'080000 | External address J
H'F7FFFF] space ]
H'F80000 256 kbytes

H'FBFFFF extended area
H'FC0000 | External address
space

H'FEFFFF
H'FF0000 R d H'FF0000 Reserved area
HFFO7FF eserved area HFFO7FF
H'FF0800 H'FF0800

On-chip RAM* On-chip RAM

(36 kt?ytes) (36 kbytes)

H'FF97FF H'FF97FF
H'FF9800 H'FF9800

Reserved area* Reserved area
H'FFBFFF H'FFBFFF
H'FFC000 CP extended
H'FFDFFF area
H'FFEQQ0O | External address
H'FFEO7F space
H'FFE080 On-chip RAM: H'FFE080 On-chip RAM
H'FFEEEF (3,968 bytes) H'EFEFFE (3,968 bytes)

H'FFF000 Extergagggdress
H'FFF7FF |_(10S ext%nded area)

H'FEES00 Internal /0 H'FFF800 Internal 1/0
HFFFE3F registers 3 H'FFFESF feg'Stefs/g

[ Int [Ie) H'FFFE40 Internal |
aeercso [ emals feeeery | aamad

! ~chip RANF H'FFFF00 n-chip
HEFFEoR | T2 Bries) HEFFF7E | (126 bytes)
H'FFFF80 Tntermal 70 H'FFFF80 Internal 1/0
H'FFFFFF |__redisters 1 HFFFFFF registers 1

Notes: * These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure3.3 H8S/2166 Address Map
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

As table 4.1 indicates, exception handling may be caused by a reset, interrupt, direct transition, or
trap instruction. Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority.

Table4.1 Exception Typesand Priority

Priority Exception Type

Start of Exception Handling

High Reset
A

Starts immediately after a low-to-high transition of the RES
pin, or when the watchdog timer overflows.

Interrupt

Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.
Interrupt detection is not performed on completion of ANDC,
ORC, XORC, or LDC instruction execution, or on
completion of reset exception handling.

Direct transition

Starts when a direct transition occurs as the result of
SLEEP instruction execution.

Trap instruction

Low

Started by execution of a trap (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in program execution state.
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4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses.

Table4.2 Exception Handling Vector Table

Vector Address

Exception Source Vector Number Advanced Mode
Reset 0 H'000000 to H'000003
Reserved for system use 1| H'000004 to H'000007
5 H'000014| to H'000017
Direct transition 6 H'000018 to H'00001B
External interrupt (NMI) 7 H'00001C to H'00001F
Trap instruction (four sources) 8 H'000020 to H'000023
9 H'000024 to H'000027
10 H'000028 to H'00002B
11 H'00002C to H'00002F
Direct transition (clock switchover) 12 H'000030 to H'000033
Reserved for system use 1|3 H'000034 to H'000037
15 H'00003C|J to H'00003F
External interrupt IRQO 16 H'000040 to H'000043
IRQ1 17 H'000044 to H'000047
IRQ2 18 H'000048 to H'00004B
IRQ3 19 H'00004C to H'00004F
IRQ4 20 H'000050 to H'000053
IRQ5 21 H'000054 to H'000057
IRQ6 22 H'000058 to H'00005B
IRQ7 23 H'00005C to H'00005F
Internal interrupt* 2|4 H'OOOOGO| to H'000063
29 H'000074 to H'000077
External interrupt KIN7 to KINO 30 H'000078 to H'00007B
KIN15 to KIN8 31 H'00007C to H'00007F
Reserved 32 H'000080 to H'000083
WUE15 to WUE8 33 H'000084 to H'000087
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Table4.2 Exception Handling Vector Table (cont)

Vector Address

Exception Source Vector Number Advanced Mode
Internal interrupt* 3|4 H'000085|5 to H'00008B
55 H'0000DC to H'0000DF
External interrupt IRQ8 56 H'0000EOQ to H'0000E3
IRQ9 57 H'0000E4 to H'0000E7
IRQ10 58 H'0000E8 to H'0000EB
IRQ11 59 H'0000EC to H'0000EF
IRQ12 60 H'0000FO0 to H'0000F3
IRQ13 61 H'0000F4 to H'0000F7
IRQ14 62 H'0000F8 to H'0000FB
IRQ15 63 H'0000FC to H'0000FF
Internal interrupt* 6|4 H'000100 to H'000103
119 H'0001DC to H'0001DF

Note: * For details on the internal interrupt vector table, see section 5.5, Interrupt Exception
Handling Vector Table.
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4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LSI enters the reset. To ensure that this LSI is reset, hold the RES pin low for at least 20 ms at
power-on. To reset the chip during operation, hold the RES pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules. The chip
can also be reset by overflow of the watchdog timer. For details, see section 13, Watchdog Timer
(WDT).

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are initialized
and the I bit in CCR is set to 1.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figure 4.1 shows an example of the reset sequence.
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Vector Internal Prefetch of first
fetch processing program instruction

ns]
m
(2]

S
Internal address bus EX (v X (1):|- EX © X:

Internal read signal

Internal write signal E E High E E E
Internal data bus i {© u) o)L ' 4
' \QU)I—— QL) . @)

(1) Reset exception handling vector address (1) U = H'000000 (1) L = H'000002
(2) Start address (contents of reset exception handling vector address)

(3) Start address ((3) = (2)U + (2)L)

(4) First program instruction

Figure4.1 Reset Sequence

432 Interrupts after Reset

If an interrupt is accepted after a reset and before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

433 On-Chip Peripheral Modules after Reset is Cancelled

After a reset is cancelled, the module stop control registers (MSTPCR, MSTPCRA, SUBMSTPB,
and SUBMSTPA) are initialized, and all modules except the DTC operate in module stop mode.
Therefore, the registers of on-chip peripheral modules cannot be read from or written to. To read
from and write to these registers, clear module stop mode.
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4.4 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sources to start interrupt exception
handling are external interrupt sources (NMI, IRQ15 to IRQO, KIN15 to KINO, and WUEIS5 to
WUES) and internal interrupt sources from the on-chip peripheral modules. NMI is an interrupt
with the highest priority. For details, see section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. The values in the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution begins from that address.

45 Trap Instruction Exception Handling

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state.

Trap instruction exception handling is conducted as follows:

1. The values in the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from O to 3, as specified in the instruction code.

Table 4.3 shows the status of CCR after execution of trap instruction exception handling.

Table4.3 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode | ul
0 Setto 1 Retains value prior to
execution
1 Setto 1 Setto 1
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4.6 Stack Status after Exception Handling

Figure 4.2 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

Advanced mode

N——

SP —» CCR

Figure4.2 Stack Statusafter Exception Handling

RENESAS
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4.7 Usage Note

When accessing word data or longword data, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed in words or longwords, and the value of the stack pointer (SP:
ER?7) should always be kept even.

Use the following instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an example of what
happens when the SP value is odd.

N———" N—— N—__—_ _ Address
CCR SP —= R1L H'FFFEFA
SP —» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
T e e e R HFFFEFF

N — N—— N— N\
TRAPA instruction executed MOV.B R1L, @-ER7 executed
SP set to HFFFEFF Data saved above SP Contents of CCR lost
[Legend]

CCR: Condition code register
PC:  Program counter

R1L: General register R1L
SP:  Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0.

Figure4.3 Operation when SP Value Is Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in the
system control register (SYSCR).

Priorities settable with ICR

An interrupt control register (ICR) is provided for setting interrupt priorities. Priority levels
can be set for each module for all interrupts except NMI, KIN, and WUE.

Three-level interrupt mask control

By means of the interrupt control mode, I and UI bits in CCR, and ICR, 3-level interrupt mask
control is performed.

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

Forty-one external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or level
sensing, can be selected for IRQ15 to IRQO. An interrupt is requested at the falling edge for
KIN15 to KINO and WUE15 to WUES.

DTC control

The DTC can be activated by an interrupt request.
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INTM1, INTMO CPU

SYSCR|
NMIEG *
NMI input > NMI input > Interrupt
request
. — IRQ input ——
IR
Q input — ISR ——

Vector number
ISCR Priority level
determination
KMIMR | WUEMR

KIN input KIN, WUE LUl
WUE input ———— input E

Internal interrupt sources
SWDTEND to IBFI3

ICR

Interrupt controller

[Legend]

ICR: Interrupt control register
ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

KMIMR:  Keyboard matrix interrupt mask register
WUEMR: Wake-up event interrupt mask register
SYSCR:  System control register

Figure5.1 Block Diagram of Interrupt Controller
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5.2 I nput/Output Pins

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration

Symbol 1/0 Function
NMI Input Nonmaskable external interrupt

Rising edge or falling edge can be selected
IRQ15 to IRQO Input Maskable external interrupts

ExIRQ15 to ExIRQ2

Rising edge, falling edge, or both edges, or level sensing, can
be selected individually for each pin. Pin of IRQn or ExIRQn to
input IRQ15 to IRQ2 interrupts can be selected.

KIN15 to KINO Input Maskable external interrupts
An interrupt is requested at falling edge.
WUE15 to WUES8 Input Maskable external interrupts

An interrupt is requested at falling edge.
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5.3 Register Descriptions

The interrupt controller has the following registers. For details on the system control register
(SYSCR), see section 3.2.2, System Control Register (SYSCR), and for details on the IRQ sense
port select registers (ISSR16, ISSR), see section 8.16.1, IRQ Sense Port Select Register 16
(ISSR16), IRQ Sense Port Select Register (ISSR).

e Interrupt control registers A to D (ICRA to ICRD)

e Address break control register (ABRKCR)

e Break address registers A to C (BARA to BARC)

e JRQ sense control registers (ISCR16H, ISCR16L, ISCRH, ISCRL)
¢ IRQ enable registers (IER16, IER)

e ]RQ status registers (ISR16, ISR)

e Keyboard matrix interrupt mask registers (KMIMRA, KMIMRG6)
e Wake-up event interrupt mask register (WUEMR3)

531 Interrupt Control Registers A toD (ICRA to ICRD)
The ICR registers set interrupt control levels for interrupts other than NMI.
The correspondence between interrupt sources and ICRA to ICRD settings is shown in table 5.2.

Bit Bit Name Initial Value R/W Description

7t00 ICRn7to IRCnO All0 R/W Interrupt Control Level

0: Corresponding interrupt source is interrupt
control level 0 (no priority)

1: Corresponding interrupt source is interrupt
control level 1 (priority)

[Legend]
n: AtoD
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Table5.2 Correspondence between Interrupt Sourceand ICR

Register
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRn7 IRQO A/D converter SCI_0 IRQ8 to IRQ11
6 ICRn6 IRQ1 FRT SCI_1 IRQ12 to IRQ15
5 ICRn5 IRQ2, IRQ3 — SCI_2 —
4 ICRn4 IRQ4, IRQ5 TMR_X IIC_0 —
3 ICRn3 IRQS6, IRQ7 TMR_O0 IC_1 —
2 ICRn2 DTC TMR_1 IC_2,11C_3 —
1 ICRn1 WDT_0 TMR_Y LPC —
0 ICRNnO WDT_1 lIC_4,1IC_5 — —
[Legend]]
n: AtoD

— Reserved. The write value should always be 0.

532 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE flag are set to 1, an
address break is requested.

Bit Bit Name Initial Value R/W  Description
7 CMF Undefined R Condition Match Flag

Address break source flag. Indicates that an
address specified by BARA to BARC is prefetched.

[Clearing condition]

When an exception handling is executed for an
address break interrupt.

[Setting condition]

When an address specified by BARA to BARC is
prefetched while the BIE flag is set to 1.

6to1 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.

0 BIE 0 R/W  Break Interrupt Enable
Enables or disables address break.
0: Disabled
1: Enabled
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533 Break Address Registers A to C (BARA to BARC)

The BAR registers specify an address that is to be a break address. An address in which the first
byte of an instruction exists should be set as a break address. In normal mode, addresses A23 to
A16 are not compared.

e BARA

Bit Bit Name Initial Value R/W Description

7t0o0 A23to A16 AllO R/W Addresses 23 to 16
The A23 to A16 bits are compared with A23 to
A16 in the internal address bus.

e BARB

Bit Bit Name Initial Value R/W Description

7t00 A15t0 A8 All O R/W Addresses 15 to 8
The A15 to A8 bits are compared with A15 to
A8 in the internal address bus.

e BARC

Bit Bit Name Initial Value R/W Description

7to1 A7to Al AllO R/W Addresses 7 to 1
The A7 to A1 bits are compared with A7 to A1
in the internal address bus.

0 — 0 R Reserved

This bit is always read as 0 and cannot be
modified.
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534 IRQ Sense Control Registers (ISCR16H, ISCR16L, | SCRH, ISCRL)

The ISCR registers select the source that generates an interrupt request at pins IRQ15 to IRQO or

pins EXIRQ15 to EXIRQ2.
e ISCRI16H
Bit Bit Name Initial Value R/W Description
7 IRQ15SCB 0 R/W IRQn Sense Control B
6 IRQ15SCA 0 R/W IRQn Sense Control A
5 IRQ14SCB 0 R/W 00: Interrupt request generated at low level of
4 IRQ14SCA 0 R/W IRQn or ExIRQnN input
3 IRQ13SCB 0 R/W 01: Interrupt request generated at falling edge
2 IRQ13SCA 0 R/W of IRQn or ExIRQnN input
1 IRQ12SCB 0 R/W 10: Interrupt request generated at rising edge of
0 IRQ12SCA 0 R/W IRQn or ExIRQn input
11: Interrupt request generated at both falling
and rising edges of IRQn or ExIRQn input
(n=151t012)
e ISCRI6L
Bit Bit Name Initial Value R/W Description
7 IRQ11SCB 0 R/W IRQn Sense Control B
6 IRQ11SCA 0 R/W IRQn Sense Control A
5 IRQ10SCB 0 R/W 00: Interrupt request generated at low level of
4 IRQ10SCA 0 R/W IRQn or ExIRQn input
3 IRQ9SCB 0 R/W 01: Interrupt request generated at falling edge
2 IRQ9SCA 0 R/W of IRQN or ExIRQnN input
1 IRQ8SCB 0 R/W 10: Interrupt request generated at rising edge of
0 IRQ8SCA 0 R/W IRQnN or ExIRQnN input

11: Interrupt request generated at both falling
and rising edges of IRQn or ExIRQn input

(n=111t08)
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e ISCRH

Bit Bit Name Initial Value R/W Description
7 IRQ7SCB 0 R/W IRQnN Sense Control B
6 IRQ7SCA 0 R/W IRQnN Sense Control A
5 IRQ6SCB 0 R/W 00: Interrupt request generated at low level of
4 IRQ6SCA 0 R/W IRQnN or ExIRQnN input
3 IRQ5SCB 0 R/W 01: Interrupt request generated at falling edge
2 IRQ5SCA 0 R/W of IRQn or ExIRQnN input
1 IRQ4SCB 0 R/W 10: Interrupt request generated at rising edge of
0 IRQ4SCA 0 R/W IRQn or ExIRQn input

11: Interrupt request generated at both falling

and rising edges of IRQn or ExIRQn input

(n=71t04)
e ISCRL
Bit Bit Name Initial Value R/W Description
7 IRQ3SCB 0 R/W IRQnN Sense Control B
6 IRQ3SCA 0 R/W IRQnN Sense Control A
5 IRQ2SCB 0 R/W 00: Interrupt request generated at low level of
4 IRQ2SCA 0 R/W IRQnN or ExIRQN* input
3 IRQ1SCB 0 R/W 01: Interrupt request generated at falling edge
2 IRQISCA 0 R/W of IRQn or ExIRQN* input
1 IRQOSCB 0 R/W 10: Interrupt request generated at rising edge of
0 IRQOSCA 0 R/W IRQn or ExIRQN* input

11: Interrupt request generated at both falling
and rising edges of IRQn or ExIRQNn* input

(n=31t00)

Note: * ExIRQn stands for ExXIRQ3 or ExIRQ2.
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535  IRQ Enable Registers (IER16, IER)

The IER registers control the enabling and disabling of interrupt requests IRQ15 to IRQO.

e [ERI6
Bit Bit Name Initial Value R/W Description
7t00 IRQ15Eto AllO R/W IRQnN Enable (n = 15 to 8)
IRQSE The IRQn interrupt request is enabled when this
bitis 1.
e [ER
Bit Bit Name Initial Value R/W Description
7t00 IRQ7E to All O R/W IRQn Enable (n =7 to 0)
IRQOE

The IRQn interrupt request is enabled when this
bit is 1.
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536  IRQ StatusRegisters (ISR16, ISR)

The ISR registers are flag registers that indicate the status of IRQ15 to IRQO interrupt requests.

e ISRI16
Bit Bit Name Initial Value R/W Description
7t00 IRQ15Fto AllO R/W [Setting condition]
IRQ8F ¢ When the interrupt source selected by the
ISCR16 registers occurs
[Clearing conditions]
e When reading IRQnF flag when IRQnF =1,
then writing 0 to IRQNF flag
e When interrupt exception handling is
executed when low-level detection is set
and IRQn or ExIRQn input is high
¢ When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set
(n=15108)
e ISR
Bit Bit Name Initial Value R/W Description
7100 IRQ7F to AllO R/W [Setting condition]
IRQOF

¢ When the interrupt source selected by the
ISCR registers occurs
[Clearing conditions]

e When reading IRQnF flag when IRQnF =1,
then writing 0 to IRQNF flag

e When interrupt exception handling is
executed when low-level detection is set
and IRQn or ExIRQn* input is high

e When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set
(n=7100)

Note: * ExIRQn stands for ExIRQ7 to ExIRQ2.
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537 Keyboard Matrix Interrupt Mask Registers (KMIMRA, KMIMR®6)
Wake-Up Event Interrupt Mask Register (WUEMR3)

The KMIMR and WUEMR registers enable or disable key-sensing interrupt inputs (KIN15 to
KINO), and wake-up event interrupt inputs (WUE15 to WUES). The KMIMRA, KMIMRS6, and
WUEMR3 registers can be accessed when the KINWUE bit in SYSCR is set to 1. See section
3.2.2, System Control Register (SYSCR).

¢ KMIMRA
Bit Bit Name Initial Value R/W Description
7t00 KMIM15to All1 R/W Keyboard Matrix Interrupt Mask
KMIM8 These bits enable or disable a key-sensing
input interrupt request (KIN15 to KINS).
0: Enables a key-sensing input interrupt request
1: Disables a key-sensing input interrupt
request
e KMIMRG6
Bit Bit Name Initial Value R/W Description
7100 KMIM7 to All 1 R/W Keyboard Matrix Interrupt Mask
KMIMO These bits enable or disable a key-sensing
input interrupt request (KIN7 to KINO).
0: Enables a key-sensing input interrupt request
1: Disables a key-sensing input interrupt
request
e WUEMR3
Bit Bit Name Initial Value R/W Description
7to0 WUEM15to All1 R/W Wake-Up Event Interrupt Mask

WUEMS8

These bits enable or disable a wake-up event
input interrupt request (WUE15 to WUES).

0: Enables a wake-up event input interrupt
request

1: Disables a wake-up event input interrupt
request

Rev. 3.00, 03/04, page 81 of 830

RENESAS



54 Interrupt Sources

541 External Interrupts

There are four external interrupts: NMI, IRQ15 to IRQO, KIN15 to KINO and WUE15 to WUES.
These interrupts can be used to restore this LSI from software standby mode.

NMI Interrupt: NMI is the highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SYSCR can be used to select whether an interrupt is requested at a rising edge or a falling
edge on the NMI pin.

IRQ15to IRQO Interrupts: Interrupts IRQ15 to IRQO are requested by an input signal at pins
IRQ15 to IRQO or pins ExIRQ15 to ExIRQ2. Interrupts IRQ15 to IRQO have the following
features:

e The interrupt exception handling for interrupt requests IRQ15 to IRQO can be started at an
independent vector address.

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pins IRQ15 to IRQO or pins EXIRQ15 to EXIRQ2.

e Enabling or disabling of interrupt requests IRQ15 to IRQO can be selected with IER.

e The status of interrupt requests IRQ15 to IRQO is indicated in ISR. ISR flags can be cleared to
0 by software.

The detection of IRQ15 to IRQO interrupts does not depend on whether the relevant pin has been
set for input or output. However, when a pin is used as an external interrupt input pin, clear the
corresponding port DDR to 0 so that it is not used as an I/O pin for another function.

A block diagram of interrupts IRQ15 to IRQO is shown in figure 5.2.

IRQnE
IRQNSCA, IRQnSCB

* IRQNnF
IRQn interrupt

Edge/level »|s Q request
detection circuit

IRQn input or R
ExIRQn* input

Clear signal

n=15t00
Note: * ExIRQn stands for ExXIRQ15 to ExIRQ2.

Figure5.2 Block Diagram of Interrupts IRQ15 to IRQO
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KIN15to KINO I nterrupts, WUE15 to WUES Interrupts:. Interrupts KIN15 to KINO and
WUEIS5 to WUES are requested by an input signal at pins KIN15 to KINO and WUE15 to WUES.
Interrupts KIN15 to KINO and WUEI1S5 to WUES have the following features:

e Interrupts KIN15 and KINS8, KIN7 to KINO and WUE15 to WUES each form a group. The
interrupt exception handling for an interrupt request from the same group is started at the same
vector address.

¢ Enabling or disabling of interrupt requests can be selected with the I bit in CCR.
e An interrupt is generated by a falling edge at pins KIN15 to KINO and WUE15 to WUES.

e Enabling or disabling of interrupt requests KIN15 to KINO and WUE15 to WUES can be
selected using KMIMRA, KMIMR6, and WUEMR3.

e The status of interrupt requests KIN15 to KINO and WUE15 to WUES are not indicated.

The detection of KIN15 to KINO and WUELS5 to WUES interrupts does not depend on whether the
relevant pin has been set for input or output. However, when a pin is used as an external interrupt
input pin, clear the corresponding port DDR to 0 so that it is not used as an I/O pin for another
function.

A block diagram of interrupts KIN15 to KINO and WUE15 to WUES is shown in figure 5.3.

KMIMn

& Falling-edge 1S Q[——® KINn interrupt request
KINn input

detection circuit
’—> R

Clear signal

n=15t0 0

Figure5.3 Block Diagram of Interrupts KIN15 to KINO and WUE15 to WUES8
(Example of KIN15 to KINO)
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54.2 Internal Interrupts
Internal interrupts issued from the on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that individually select enabling or disabling of these interrupts. When the
enable bit for a particular interrupt source is set to 1, an interrupt request is sent to the interrupt
controller.

e The control level for each interrupt can be set by ICR.

e The DTC can be activated by an interrupt request from an on-chip peripheral module.

¢ An interrupt request that activates the DTC is not affected by the interrupt control mode or the
status of the CPU interrupt mask bits.

Rev. 3.00, 03/04, page 84 of 830
RENESAS



55

Interrupt Exception Handling Vector Table

Table 5.3 lists interrupt exception handling sources, vector addresses, and interrupt priorities. For
default priorities, the lower the vector number, the higher the priority. Modules set at the same

priority will conform to their default priorities. Priorities within a module are fixed.

An interrupt control level can be specified for a module to which an ICR bit is assigned. Interrupt
requests from modules that are set to interrupt control level 1 (priority) by the ICR bit setting are
given priority and processed before interrupt requests from modules that are set to interrupt control
level O (no priority).

Table5.3 Interrupt Sources, Vector Addresses, and Interrupt Priorities
Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
External pin ~ NMI 7 H'00001C — High
IRQO 16 H'000040 ICRA7 A
IRQ1 17 H'000044 ICRA6
IRQ2 18 H'000048 ICRA5
IRQ3 19 H'00004C
IRQ4 20 H'000050 ICRA4
IRQ5 21 H'000054
IRQ6 22 H'000058 ICRA3
IRQ7 23 H'00005C
DTC SWDTEND (Software activation 24 H'000060 ICRA2
data transfer end)
WDT_0 WOVIO (Interval timer) 25 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'000068 ICRAO
— Address break 27 H'00006C —
A/D converter ADI (A/D conversion end) 28 H'000070 ICRB7
EVC EVENTI 29 H'000074 —
External pin KIN7 to KINO 30 H'000078 —
KIN15 and KIN8 31 H'00007C
WUE15 to WUES8 33 H'000084
TMR_X CMIAX (Compare match A) 44 H'0000B0 ICRB4
CMIBX (Compare match B) 45 H'0000B4
OVIX (Overflow) 46 H'0000B8
ICIX (Input capture) 47 H'0000BC Low
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Tableb5.3

Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
FRT ICIA (Input capture A) 48 H'0000C0O ICRB6 High
ICIB (Input capture B) 49 H'0000C4 A
ICIC (Input capture C) 50 H'0000C8
ICID (Input capture D) 51 )
OCIA (QOutput compare A) 52 E,gggggg
OCIB (Output compare B) 53 ,
FOVI (Overflow) 54 H'0000D4
H'0000D8
External pin IRQ8 56 H'0000E0 ICRD7
IRQ9 57 H'0000E4
IRQ10 58 H'0000E8
IRQ11 59 H'0000EC
IRQ12 60 H'0000F0 ICRD6
IRQ13 61 H'0000F4
IRQ14 62 H'0000F8
IRQ15 63 H'0000FC
TMR_O CMIAOQ (Compare match A) 64 H'000100 ICRB3
CMIBO (Compare match B) 65 H'000104
TMR_1 CMIA1 (Compare match A) 68 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'000114
OVI1 (Overflow) 70 H'000118
TMR_Y CMIAY (Compare match A) 72 H'000120 ICRB1
CMIBY (Compare match B) 73 H'000124
IIC_2 lICI2 76 H'000130 ICRC2
IIC_3 IICI3 78 H'000138
SCI_0 ERIO (Reception error 0) 80 H'000140 ICRC7
RXI0 (Reception completion 0) 81 H'000144
TXIO (Transmission data empty 0) 82 H'000148
TEIO (Transmission end 0) 83 H'00014C
SCI_1 ERI1 (Reception error 1) 84 H'000150 ICRC6
RXI1 (Reception completion 1) 85 H'000154
TXI1 (Transmission data empty 1) 86 H'000158
TEI1 (Transmission end 1) 87 H'00015C
SCI_2 ERI2 (Reception error 2) 88 H'000160 ICRC5
RXI2 (Reception completion 2) 89 H'000164
TXI2 (Transmission data empty 2) 90 H'000168
TEI2 (Transmission end 2) 91 H'00016C Low
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Tableb5.3

Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
lIC_0 lICIO 94 H'000178 ICRC4 High
IIC_1 IICH 98 H'000188 ICRC3 A
IIC_4 lICI4 100 H'000190 ICRBO
IIC_5 1ICI5 102 H'000198
LPC ERR1(transfer error, etc.) 104 H'0001A0 ICRCA1

IBFI1 (IDR1 reception completion) 105 H'0001A4

IBFI2 (IDR2 reception completion) 106 H'0001A8

IBFI3 (IDR3 reception completion) 107 H’0001AC Low
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5.6 Interrupt Control Modes and I nterrupt Operation

The interrupt controller has two modes: Interrupt control mode 0 and interrupt control mode 1.
Interrupt operations differ depending on the interrupt control mode. NMI interrupts and address
break interrupts are always accepted except for in reset state or in hardware standby mode. The
interrupt control mode is selected by SYSCR. Table 5.4 shows the interrupt control modes.

Table5.4 Interrupt Control Modes

Interrupt SYSCR Priority

Control Setting Interrupt

Mode INTM1 INTMO  Registers Mask Bits Description

0 0 0 ICR | Interrupt mask control is performed by
the | bit. Priority levels can be set with
ICR.

1 1 ICR I, Ul 3-level interrupt mask control is

performed by the | and Ul bits. Priority
levels can be set with ICR.

Figure 5.4 shows a block diagram of the priority decision circuit.

| Ul
ICR
Interrupt
Interrupt ——_| acceptance control |——._| Default priority > Vector
source —| and 3-level mask || determination number
control

Interrupt control modes
Oand 1

Figure5.4 Block Diagram of Interrupt Control Operation
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Interrupt Acceptance Control and 3-Level Control: In interrupt control modes 0 and 1,
interrupt acceptance control and 3-level mask control is performed by means of the I and UI bits in
CCR and ICR (control level).

Table 5.5 shows the interrupts selected in each interrupt control mode.

Table5.5 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (interrupt control level 1 has
priority)
* NMI and address break interrupts
1 0 * All interrupts (interrupt control level 1 has
priority)
1 0 NMI, address break, and interrupt control level 1
interrupts
1 NMI and address break interrupts
[Legend]
*; Don’t care

Default Priority Determination: The priority is determined for the selected interrupt, and a
vector number is generated.

If the same value is set for ICR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.

Table 5.6 shows operations and control signal functions in each interrupt control mode.
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Table5.6 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance Control

Interrupt Setting 3-Level Control Default Priority

Control Mode INTM1 INTMO | Ul ICR Determination T (Trace)
0 0 0 O M — PR e} _

1 1 o M IM PR 0 _
[Legend]

O: Interrupt operation control performed

IM: Used as an interrupt mask bit

PR: Sets priority

Not used

5.6.1 Interrupt Control Mode 0

In interrupt control mode 0, interrupts other than NMI are masked by ICR and the I bit of the CCR
in the CPU. Figure 5.5 shows a flowchart of the interrupt acceptance operation.

1.

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

According to the interrupt control level specified in ICR, the interrupt controller accepts an
interrupt request with interrupt control level 1 (priority), and holds pending an interrupt request
with interrupt control level 0 (no priority). If several interrupt requests are issued, an interrupt
request with the highest priority is accepted according to the priority order, an interrupt
handling is requested to the CPU, and other interrupt requests are held pending.

If the I bit in CCR is set to 1, only NMI and address break interrupt requests are accepted by
the interrupt controller, and other interrupt requests are held pending. If the I bit is cleared to O,
any interrupt request is accepted. KIN, WUE, and EVENTI interrupts are enabled or disabled
by the I bit.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Next, the I bit in CCR is set to 1. This masks all interrupts except for NMI and address break
interrupts.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.
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Program execution state
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Interrupt generated?
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ending |
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Read vector address

| Branch to interrupt handling routine |

Figure5.5

Flowchart of Procedure up to Interrupt Acceptancein Interrupt Control Mode O

RENESAS

Rev. 3.00, 03/04, page 91 of 830




5.6.2 Interrupt Control Mode 1

In interrupt control mode 1, mask control is applied to three levels for IRQ and on-chip peripheral
module interrupt requests by comparing the I and UI bits in CCR in the CPU, and the ICR setting.

1. An interrupt request with interrupt control level 0 is accepted when the I bit in CCR is cleared

to 0. When the I bit is set to 1, the interrupt request is held pending.
EVENTI, KIN, and WUE interrupts are enabled or disabled by the I bit.

2. An interrupt request with interrupt control level 1 is accepted when the I bit or UI bit in CCR is

cleared to 0. When both I and UI bits are set to 1, the interrupt request is held pending.

For instance, the state when the interrupt enable bit corresponding to each interrupt is set to 1, and

ICRA to ICRD are set to H20, H'00, H'00, and H'00, respectively (IRQ2 and IRQ3 interrupts are
set to interrupt control level 1, and other interrupts are set to interrupt control level 0) is shown
below. Figure 5.6 shows a state transition diagram.

1. All interrupt requests are accepted when I = 0. (Priority order: NMI > IRQ2 > IRQ3 > IRQO >

IRQ1 > address break ...)

2. Only NMI, IRQ2, IRQ3, and address break interrupt requests are accepted when I = 1 and Ul =

0.
3. Only NMI and address break interrupt requests are accepted when I =1 and Ul = 1.

Only NMI, address break, and
interrupt control level 1 interrupt
requests are accepted

1+<0
All interrupt requests l<1,Ul<0
are accepted -

I+0 Ul+=0

Exception handling execution
orl+ 1, Ul+1

Exception handling
execution or Ul <1

Only NMI and address break
interrupt requests are accepted

Figure5.6 State Transition in Interrupt Control Mode 1

Figure 5.7 shows a flowchart of the interrupt acceptance operation.
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. If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

. According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level O (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

. An interrupt request with interrupt control level 1 is accepted when the I bit is cleared to 0, or
when the I bit is set to 1 while the UI bit is cleared to 0.

An interrupt request with interrupt control level O is accepted when the I bit is cleared to 0.
When both the I and UI bits are set to 1, only NMI and address break interrupt requests are
accepted, and other interrupts are held pending.

When the I bit is cleared to 0, the Ul bit is not affected.

. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

. The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

. The I and UI bits in CCR are set to 1. This masks all interrupts except for NMI and address
break interrupts.

. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.
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1

Program execution state

No

Interrupt generated?

| Hold pending I

|

An interrupt with interrupt
ontrol level 12
Yes

Yes A

Save PC and CCR |

'

| 11, Ul <1 |

1

| Read vector address |

1

| Branch to interrupt handling routine |

Figure5.7 Flowchart of Procedure Up to Interrupt Acceptancein Interrupt
Control Mode 1

5.6.3 Interrupt Exception Handling Sequence

Figure 5.8 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.8 Interrupt Exception Handling
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5.6.4 Interrupt Response Times

Table 5.7 shows interrupt response times — the intervals between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.7 are explained in table 5.8.

Table5.7 Interrupt Response Times

No. Execution Status Advanced Mode
1 Interrupt priority determination*’ 3
2 Number of wait states until executing instruction ends** 1to (19 +2-S)
3 PC, CCR stack save 2-Sk
4 Vector fetch 2-Si
5 Instruction fetch*® 2.8
6 Internal processing** 2
Total (using on-chip memory) 12t0 32
Notes: 1. Two states in case of internal interrupt.

1
2. Refers to MULXS and DIVXS instructions.

3. Prefetch after interrupt acceptance and prefetch of interrupt handling routine.

4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table5.8 Number of Statesin Interrupt Handling Routine Execution Status

Object of Access

External Device

8-Bit Bus 16-Bit Bus

Internal 2-State 3-State 2-State 3-State

Symbol Memory Access Access Access Access
Instruction fetch Si 1 4 6 +2m 2 3+m

Branch address read Sy

Stack manipulation Sk

[Legend]
m: Number of wait states in external device access.
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5.6.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU
e Activation request to DTC
e Both of the above

For details of interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller (DTC). Figure 5.9 shows a block diagram of the DTC and interrupt controller.

1
DTC activation

Interrupt request vector
request Selection [ nuqmber
circuit
IRQ
interrupt ﬂ Select
signal .
9 Clear signal Control logic DTC
| Interrupt source DTCER
On-chip clear signal Clear signal
peripheral — ]
module 4L
DTVECR
‘ I
SWDTE .
clear signal CPU interrupt
request vector
R number
Determlnghon of CPU
priority
Interrupt controller 1, Ul

Figure5.9 Interrupt Control for DTC
The interrupt controller has three main functions in DTC control.

Selection of Interrupt Source: It is possible to select DTC activation request or CPU interrupt
request with the DTCE bit of DTCERA to DTCERE in the DTC. After a DTC data transfer, the
DTCE bit can be cleared to 0 and an interrupt request sent to the CPU in accordance with the
specification of the DISEL bit of MRB in the DTC. When the DTC performs the specified number
of data transfers and the transfer counter reaches 0, following the DTC data transfer the DTCE bit
is cleared to 0 and an interrupt request is sent to the CPU.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 7.5, Location of Register
Information and DTC Vector Table, for the respective priorities.
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Operation Order: If the same interrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.9 summarizes interrupt source selection and interrupt source clearing control according to
the settings of the DTCE bit of DTCERA to DTCERE in the DTC and the DISEL bit of MRB in

the DTC.

Table5.9 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control

DTCE DISEL DTC CPU
0 * X A
1 0

1
[Legend]
A: The relevant interrupt is used. Interrupt source clearing is performed.

(The CPU should clear the source flag in the interrupt handling routine.)

C: The relevant interrupt is used. The interrupt source is not cleared.
X: The relevant interrupt cannot be used.
*: Don’t care
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5.7 Usage Notes

571 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupt requests, the disabling becomes
effective after execution of the instruction. When an interrupt enable bit is cleared to O by an
instruction such as BCLR or MOV, and if an interrupt is generated during execution of the
instruction, the interrupt concerned will still be enabled on completion of the instruction, so
interrupt exception handling for that interrupt will be executed on completion of the instruction.
However, if there is an interrupt request of higher priority than that interrupt, interrupt exception
handling will be executed for the higher-priority interrupt, and the lower-priority interrupt will be
ignored. The same rule is also applied when an interrupt source flag is cleared to 0. Figure 5.10
shows an example in which the CMIEA bit in the TMR's TCR register is cleared to 0.

The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while the
interrupt is masked.

TCR write cycle . .
by CPU CMIA exception handling

address bus

Internal X TCR address X

Internal
write signal

CMIEA : | :

I

CMIA
interrupt signal

W

Figure5.10 Conflict between Interrupt Generation and Disabling
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5.7.2 Instructionsthat Disable Interrupts

The instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions are executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the I bit or UI bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

573 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPMOV B instruction and the EEPMOV.W instruction.

With the EEPMOV.B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4,R4
BNE Ll

574 IRQ Status Registers (ISR16, | SR)

Since IRQnF may be set to 1 according to the pin status after a reset, the ISR16 and the ISR
should be read after a reset, and then write 0 in IRQnF (n = 15 to 0).
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the bus width and the number of
access states of the external address space. The BSC also has a bus arbitration function, and
controls the operation of the internal bus masters — CPU and data transfer controller (DTC).

6.1 Features

Extended modes
Two modes for external extension
Normal extended mode: Normal extension (when the ADMXE bit in SYSCR2 is 0)

Address-data multiplex extended mode: Multiplex extension (when the ADMXE bit in
SYSCR2is 1)

Extended area division

Possible in normal extended mode

The external address space can be accessed as basic extended areas.

A 256-kbyte extended area can be set and controlled independently of basic extended areas.
A CP extended area can be set and controlled independently of basic extended areas.
Address pin reduction

In normal extended mode:

A 256-kbyte extended area from H'F80000 to H'FBFFFF can be selected using 18 address pins
and the CS256 signal.

A CP extended area (8 kbytes, basic mode) from H'FFC000 to HFFDFFF can be selected
using 13 address pins and the CPCS1 signal.

A 2-kbyte area from H'FFF000 to HFFF7FF can be selected using six to eleven address pins
and the IOS signal.

In address-data multiplex extended mode:

The external address space can be accessed as the following three extended areas.

H'F80000 to H'F8FFFF 64 kbytes 256-kbyte extended area
H'FFCO000 to HFFDFFF 8 kbytes CP extended area
H'FFF000 to HFFF7FF 2 kbytes IOS extended area

These areas can be selected using 8 pins or 16 pins, which is a total of address pins and data
input/output pins.

Control address hold signal and aria select signal polarity

The output polarity of I0S, CS256, CPCS1, and AH can be inverted by the PNCCS and
PNCAH bits in LPWRCR

BSCS200A_000220030700 Rev. 3.00, 03/04, page 101 of 830

RENESAS



Multiplex bus interface

No Wait Inserted Wait Inserted
Address Data Address Data
256-kbyte 2 states * 2 states 2 states * (3 + wait) states
extended area
CP extended area 2 states * 2 states 2 states * (3 + wait) states
IOS extended area 2 states * 2 states 2 states * (3 + wait) states

Note: * A wait cycle is inserted by the setting of the WC22 bit.

Basic bus interface

2-state access or 3-state access can be selected for each area.

Program wait states can be inserted for each area.

Burst ROM interface

In normal extended mode

A burst ROM interface can be set for basic extended areas.

1-state access or 2-state access can be selected for burst access.

Idle cycle insertion

In normal extended mode

An idle cycle can be inserted for external write cycles immediately after external read cycles.
Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership between the CPU and DTC.

Rev. 3.00, 03/04, page 102 of 830

RENESAS



External bus control signals

Bus
controller

Internal control signals

Bus mode signal

BCR BCR2

WSCR | WSCR2

Internal data bus

-— CPU bus request signal
-«— DTC bus request signal
— CPU bus acknowledge signal
[— DTC bus acknowledge signal

W Wait
controller
Bus arbiter
[Legend]
BCR: Bus control register

BCR2:  Bus control register 2
WSCR: Wait state control register
WSCR2: Wait state control register 2

Figure6.1 Block Diagram of Bus Controller
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6.2 I nput/Output Pins

Table 6.1 summarizes the pin configuration of the bus controller.

Table6.1 Pin Configuration

Symbol 1/0 Function

AS Output Strobe signal indicating that address output on the address
bus is enabled (when the IOSE bit in SYSCR is cleared to 0).
Note that this signal is not output when the 256-kbyte
extended area is accessed (the CS256E bit in SYSCR is 1)
or when the CP extended area is accessed (the CPCSE bit
in BCR2 is 1).

10S Output Chip select signal indicating that the IOS extended area is
being accessed (when the IOSE bit in SYSCR is 1).

CPCSH Output Chip select signal indicating that the CP extended area is
being accessed (when the CPCSE bit in BCR2 is 1).

CS256 Output Chip select signal indicating that the 256-kbyte extended
area is being accessed (when the CS256E bit in SYSCR is
1).

RD Output Strobe signal indicating that the external address space is
being read.

HWR Output Strobe signal indicating that the external address space is
being written to, and the upper half (D15 to D8, AD15 to
ADB8) of the data bus is enabled.

LWR Output Strobe signal indicating that the external address space is
being written to, and the lower half (D7 to DO, AD7 to ADO) of
the data bus is enabled.

WAIT Input Wait request signal when accessing the external space.

AH Output Signal indicating address fetch timing when the bus is in
address-data multiplex bus state.

AD15 to ADO Input/Output  Address output and data input/output pins for address-data

multiplex extension.
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6.3 Register Descriptions

The following registers are provided for the bus controller. For the system control register
(SYSCR), see section 3.2.2, System Control Register (SYSCR). For system control register 2
(SYSCR?2), see section 8.6.4, System Control Register 2 (SYSCR2).

e Bus control register (BCR)

e Bus control register 2 (BCR2)

e Wait state control register (WSCR)

e Wait state control register 2 (WSCR2)

6.3.1 Bus Control Register (BCR)

BCR is used to specify the access mode for the external address space and the I/O area range when
the AS/IOS pin is specified as an I/O strobe pin.

Initial
Bit BitName Value R/W Description
7 — 1 R/W  Reserved
The initial value should not be changed.
6 ICIS 1 R/W Idle Cycle Insertion

Selects whether or not to insert 1-state of the idle cycle
between successive external read and external write cycles.

0: Idle cycle not inserted

1: 1-state idle cycle inserted

5 BRSTRM 0 R/W  Valid only in the normal extended mode.
Burst ROM Enable
Selects the bus interface for the external address space.
0: Basic bus interface
1: Burst ROM interface

When the CS256E bit in SYSCR and the CPCSE bit in BCR2
are set to 1, burst ROM interface cannot be selected for the
256 -kbyte extended area and CP extended area.

4 BRSTS1 1 R/W  Valid only in the normal extended mode.
Burst Cycle Select 1

Selects the number of states in the burst cycle of the burst
ROM interface.

0: 1 state
1: 2 states
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Initial

Bit Bit Name Value R/W Description
3 BRSTSO O R/W  Valid only in the normal extended mode.
Burst Cycle Select 0
Selects the number of words that can be accessed by burst
access via the burst ROM interface.
0: Max, 4 words
1: Max, 8 words
2 — 0 R/W  Reserved
The initial value should not be changed.
1 10S1 1 R/W I10S Select 1 and 0
0 10S0 1 R/W

Select the address range where the 1OS signal is output.
See table 6.15.

6.3.2 Bus Control Register 2 (BCR2)

BCR2 is used to specify the access mode for the CP extended area.

Initial
Bit Bit Name Value

R/W

Description

7,6 — AllO

R/W

Reserved
The initial value should not be changed.

5 ABWCP 1

R/W

CP Extended Area Bus Width Control

Selects the bus width for access to the CP extended area
when the CPCSE bit is set to 1

0: 16-bit bus
1: 8-bit bus

4 ASTCP 1

R/W

CP Extended Area Access State Control

Selects the number of states for access to the CP extended
area when the CPCSE bit is set to 1. This bit also enables or
disables wait-state insertion.

[ADMXE = 0] Normal extension

0: 2-state access space. Wait state insertion disabled

1: 3-state access space. Wait state insertion enabled
[ADMXE = 1] Address-data multiplex extension

0: 2-state data access space. Wait state insertion disabled

1: 3-state data access space. Wait state insertion enabled
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Initial
Bit Bit Name Value R/W Description

3 ADFULLE O R/W  Address Output Full Enable

Controls the address output in access to the I0S extended
area, 256-kbyte extended area, or CP extended area. See
section 8, 1/0 Ports. This is not supported while ADMXE = 1.

2 EXCKS 0 R/W  External Extension Clock Select

Selects the operating clock used in external extended area
access.

0: Medium-speed clock is selected as the operating clock
1: System clock (¢) is selected as the operating clock.

The operating clock is switched in the bus cycle prior to
external extended area access.

1 — 1 R/W  Reserved
The initial value should not be changed.
0 CPCSE 0 R/W  CP Extended Area Enable

Selects the extended area to be accessed.
0: External address space
1: CP extended area
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6.3.3 Wait State Control Register (WSCR)

WSCR is used to specify the data bus width, the number of access states, the wait mode, and the
number of wait states for access to external address spaces (basic extended area and 256-kbyte
extended area). The bus width and the number of access states for internal memory and internal
I/O registers are fixed regardless of the WSCR settings.

Initial
Bit Bit Name Value R/W

Description

7 ABW256 1 R/W

256-kbyte Extended Area Bus Width Control

Selects the bus width for access to the 256-kbyte extended
area when the CS256E bit in SYSCR is set to 1.

0: 16-bit bus
1: 8-bit bus

6 AST256 1 RW

256-kbyte Extended Area Access State Control

Selects the number of states for access to the 256-kbyte
extended area when the CS256E bit in SYSCR is set to 1.
This bit also enables or disables wait-state insertion.

[ADMXE = 0] Normal extension

0: 2-state access space. Wait state insertion disabled

1: 3-state access space. Wait state insertion enabled
[ADMXE = 1] Address-data multiplex extension

0: 2-state data access space. Wait state insertion disabled
1: 3-state data access space. Wait state insertion enabled

5 ABW 1 RW

Basic Extended Area Bus Width Control

Selects the bus width for access to the basic extended area.
0: 16-bit bus

1: 8-bit bus

When the CS256E bit in SYSCR and the CPCSE bit in BCR2
are set to 1, this bit setting is ignored in 256-kbyte extended
area access and CP extended area access.
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Initial

Bit Bit Name Value R/W Description

4 AST 1 R/W  Basic Extended Area Access State Control
Selects the number of states for access to the basic extended
area. This bit also enables or disables wait-state insertion.
[ADMXE = 0] Normal extension
0: 2-state access space. Wait state insertion disabled
1: 3-state access space. Wait state insertion enabled
[ADMXE = 1] Address-data multiplex extension
0: 2-state data access space. Wait state insertion disabled
1: 3-state data access space. Wait state insertion enabled
When the CS256E bit in SYSCR and the CPCSE bit in BCR2
are set to 1, this bit setting is ignored in 256-kbyte extended
area access and CP extended area access.

3 WMS1 0 R/W  Basic Extended Area Wait Mode Select 1 and 0

2 WMS0 0 R/W Selects the wait mode for access to the basic extended area
when the AST bit is set to 1.
00: Program wait mode
01: Wait disabled mode
10: Pin wait mode
11: Pin auto-wait mode
When the CS256E bit in SYSCR and the CPCSE bit in BCR2
are set to 1, this bit setting is ignored in 256-kbyte extended
area access and CP extended area access.

1 WCH1 1 R/W  Basic Extended Area Wait Count 1 and 0

0 WCo 1 R/W

Selects the number of program wait states to be inserted
when the basic extended area is accessed when the AST bit
is set

to 1. The program wait state is only inserted into data cycles.

00: Program wait state is not inserted
01: 1 program wait state is inserted

10: 2 program wait states are inserted
11: 3 program wait states are inserted

When the CS256E bit in SYSCR and the CPCSE bit in BCR2
are set to 1, this bit setting is ignored in 256-kbyte extended
area access and CP extended area access.

Rev. 3.00, 03/04, page 109 of 830
RENESAS



6.34 Wait State Control Register 2 (WSCR2)

WSCR2 is used to specify the wait mode and number of wait states in access to the 256-kbyte
extended area and CP extended area.

Bit Bit Name

Initial
Value

R/W

Description

7 WMS10

0

R/W

256-kbyte Extended Area Wait Mode Select 0

Selects the wait mode for access to the 256-kbyte extended
area when the CS256E bit in SYSCR and the AST256 bit in
WSCR are set to 1.

0: Program wait mode
1: Wait disabled mode

6 WC11
5 WC10

R/W
R/W

256-kbyte Extended Area Wait Count 1 and 0

Selects the number of program wait states to be inserted into
the data cycle for access to the 256-kbyte extended area
when the CS256E bit in SYSCR and the AST256 bit in WSCR
are setto 1.

00: Program wait state is not inserted
01: 1 program wait state is inserted

10: 2 program wait states are inserted
11: 3 program wait states are inserted

4 WMS21
3 WMS20

R/W
R/W

CP Extended Area Wait Mode Select 1 and O

Selects the wait mode for access to the CP extended area
when the CPCSE and ASTCP bits in BCR2 are set to 1.

00: Program wait mode
01: Wait disabled mode
10: Pin wait mode

11: Pin auto-wait mode
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e When ADMXE =0

Initial
Bit Bit Name Value R/W Description
2 WC22 1 R/W  CP Extended Area Wait Count21to 0
1 we21 1 R/W " select the number of program wait states to be inserted for
0 WC20 1 R/W

access to the CP extended area when the CPCSE and
ASTCP bits in BCR2 are set to 1.

If the CP extended area is selected, the WC22 bit must be
cleared to 0.

000: Program wait state is not inserted
001: 1 program wait state is inserted
010: 2 program wait states are inserted
011: 3 program wait states are inserted
100: (Setting prohibited)

101: (Setting prohibited)

110: (Setting prohibited)

111: (Setting prohibited)

o When ADMXE =1

Initial

Bit Bit Name Value R/W Description

2 WC22 1 R/W  Address-Data Multiplex Extended Area Address Cycle Wait
Count 2
Selects the number of program wait states to be inserted
into the address cycle for access to the address-data
multiplex extended area.
0: Program wait state is not inserted
1: 1 program wait state is inserted in the address cycle

1 wcC21 1 R/W  CP Extended Area Data Cycle Wait Count 1 and 0

0 WC20 1 R/W

Selects the number of program wait states to be inserted in
the data cycle for access to the CP extended area when the
CPCSE and ASTCP bits in BCR2 are set to 1.

00: Program wait state is not inserted in the data cycle
01: 1 program wait state is inserted in the data cycle

10: 2 program wait states are inserted in the data cycle
11: 3 program wait states are inserted in the data cycle
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6.4 Bus Control

6.4.1 Bus Specifications

The external address space bus specifications consist of three elements: bus width, the number of
access states, and the wait mode and the number of program wait states. The bus width and the
number of access states for on-chip memory and internal I/O registers are fixed, and are not
affected by the bus controller settings.

(1) In Normal Extended Mode

(a) BusWidth: A bus width of 8 or 16 bits can be selected via the ABW and ABW256 bits in
WSCR, and the ABWCP bit in BCR2.

(b) Number of Access States: Two or three access states can be selected via the AST and
AST256 bits in WSCR, and the ASTCP bit in BCR2. When the 2-state access space is designated,
wait-state insertion is disabled.

In the burst ROM interface, the number of access states for the basic extended area is determined
regardless of the AST bit setting.

(c) Wait Mode and Number of Program Wait States: When the basic extended area is specified
as a 3-state access space by the AST bit in WSCR, the wait mode and the number of program wait
states to be inserted automatically is selected by the WMS1, WMS0, WC1, and WCO bits in
WSCR. From 0 to 3 program wait states can be selected.

When the 256-kbyte extended area is specified as a 3-state access space by the AST256 bit in
WSCR, the wait mode and the number of program wait states to be inserted automatically is
selected by the WMS10, WC11, and WC10 bits in WSCR2. From 0 to 3 program wait states can
be selected.

When the CP extended area is specified as a 3-state access space by the ASTCP bit in BCR2, the
wait mode and the number of program wait states to be inserted automatically is selected by the
WMS21, WMS20, WC21, and WC20 bits in WSCR2. From 0 to 3 program wait states can be
selected.

The wait function for external extension is effective for connecting low-speed devices to the
external address space. However, this wait function may cause some problems when the operation
of bus masters other than the CPU, such as the DTC are to be delayed.

Tables 6.2 to 6.6 show each bit setting and external address space division in the address ranges of
the external address space, and the bus specifications for the basic bus interface of each area.
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Table6.2

Address Range

Address Ranges and External Address Spaces

Areas

Basic Extended Area

256-kbyte Extended Area, CP
Extended Area (Basic Mode)

H'080000 to H'F7FFFF
(15 Mbytes)

O No condition

H'F80000 to H'FBFFFF
(256 kbytes)
256-kbyte extended area

A When CS256E = 0, used as
basic extended area.

When WAIT pin function is not
selected while CS256E = 1,
CS256 is output and address
pins A17 to AO are used.

H'FC0000 to H'FEFFFF
(192 kbytes)

O No condition

H'FF0800 to H'FFBFFF
(46 kbytes)

A When RAME = 0, used as
basic extended area.

H'FFCO000 to H'FFDFFF
(8 kbytes)
CP extended area

A When CPCSE =0, used as
basic extended area.

When CPCSE = 1, CPCS1 is
output in the CP extended area
and address pins A12 to AO are
used.

H'FFEO000 to H'FFEQ7F
(128 bytes)

O No condition

H'FFEO080 to HFFEFFF
(3968 bytes)

A When RAME = 0, used as
basic extended area.

H'FFF000 to H'FFF7FF
(2 kbytes)

O No condition
When IOSE = 1,10S is
output and address pins A10
to AO are used.

H'FFFFOO0 to H'FFFF7F
(128 bytes)

A When RAME = 0, used as
basic extended area.

[Legend]
O This address range unconditionally accessed as the basic extended area.
A: Condition for making this address range accessed as the basic extended area.

— This address range cannot be used as a 256-kbyte extended area or CP extended area.
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Table6.3 Bit Settingsand Bus Specifications of Basic Bus I nterface

Areas
Basic Extended  256-kbyte CP Extended Area (Basic
BRSTRM CS256E CPCSE Area Extended Area Mode)
0 0 0 Basic extended Used as basic Used as basic extended
area extended area area
1 Cv?\AVéHAsle\’A <o ABWCP, ASTCP, WMS21,
WC1, WCO WMS20, WC21, WC20
1 0 ABW256, AST256, Same as when CS256E =0
—1 WMS10, WC11,
WC10
1 0 0 Burst ROM Used as burst Used as burst ROM
interface* ROM interface interface
1 ABW, AST, ABWCP, ASTCP, WMS21,
WMSO0, WCH1, WMS20, WC21, WC20
WCO0, BRSTSH,
BRSTSO
1 0 ABW256, AST256, Same as when CS256E =0
1 WMS10, WC11,
WC10

Note: * Inthe burst ROM interface, the bus width is specified by the ABW bit in WSCR, the
number of full access states (wait can be inserted) is specified by the AST bit in WSCR,
and the number of access cycles in burst access is specified regardless of the AST bit
setting.
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Table6.4 Bus Specificationsfor Basic Extended Area/Basic Bus Interface

Bus Specifications

Number of
Number of  Program
Access Wait
ABW AST WMS1 WMS0 WC1 WCO Bus Width  States States
0 0 * * * * 16 2 0
1 0 1 * * 16 3 0
Other than 0 0 3 0
WMS1 =0and 1 1
WMSO0 =1
1 0 2
1 3
1 0 1 * * 0
Other than 0 0 0
WMS1 =0 and 1 1
WMSO = 1
1 0 2
1 3
[Legend]
K Don’t care
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Table6.5 Bus Specificationsfor 256-kbyte Extended Area/Basic BusInterface

Bus Specifications

Number of
Number of Program Wait
ABW256 AST256 WMS10 WC11 WC10 Bus Width Access States States
0 0 & * & 16 2 0
1 1 * * 16 3 0
0 0 0 3 0
1 1
1 0 2
1 3
1 * & 0
0 0 0 0
1 1
1 0 2
1 3
[Legend]
*: Don’t care
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Table6.6 Bus Specificationsfor CP Extended Area (Basic M ode)/Basic Bus I nterface

Bus Specifications

Number of
Number of Program
Access Wait
ABWCP ASTCP WMS21 WMS20 WC21 WC20 Bus Width States States
0 0 * * * * 16 2 0
1 0 1 * * 16 3 0
Other than 0 0 3 0
WMS21 =0 and 1 1
WMS20 =1 -
1 0 2
1 3
1 0 1 * * 0
Other than 0 0 0
WMS21 =0 and 1 1
WMS20 = 1 -
1 0 2
1 3
[Legend]
K Don’t care
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(2) In Address-Data M ultiplex Extended M ode

(a) BusWidth: A bus width of 8 or 16 bits can be selected via the ABW and ABW256 bits in
WSCR, and the ABWCP bit in BCR2.

(b) Number of Access States: Two or three states can be selected for data access via the AST and
AST256 bits in WSCR, and the ASTCP bit in BCR2. When the 2-state access space is designated,
wait-state insertion is disabled.

(c) Wait Mode and Number of Program Wait States:
i) |OS Extended Area

When the IOS extended area is specified as a 3-state access space by the AST bit in WSCR, the
wait mode and the number of program wait states to be inserted automatically is selected by the
WMSI1, WMSO0, WC1, and WCO bits in WSCR. Zero or one program wait state can be inserted
into address cycle. From zero to three program wait states can be selected for data cycle.

i) 256-kbyte Extended Area

When the 256-kbyte extended area is specified as a 3-state access space by the AST256 bit in
WSCR, the wait mode and the number of program wait states to be inserted automatically is
selected by the WMS10, WC11, and WC10 bits in WSCR2. Zero or one program wait state can be
inserted into address cycle. From zero to three program wait states can be selected for data cycle.

iii) CP Extended Area

When the CP extended area is specified as a 3-state access space by the ASTCP bit in BCR2, the
wait mode and the number of program wait states to be inserted automatically is selected by the
WMS21, WMS20, WC22, WC21, and WC20 bits in WSCR2. Zero or one program wait state can
be inserted into address cycle. From zero to three program wait states can be selected for data
cycle.

The wait function for external extension is effective for connecting low-speed devices to the
external address space. However, this wait function may cause some problems when the operation
of bus masters other than the CPU, such as the DTC, are to be delayed.

Tables 6.7 to 6.14 show address-data multiplex address space and the bus specifications for the
basic bus interface of each area.
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Table6.7 Address-Data Multiplex Address Spaces

Address Range

Address-Data Multiplex Area

H'080000 to H'F7FFFF
(15 Mbytes)

— No condition

256-kbyte extended area
H'F80000 to H'F8FFFF

(64 kbytes)

o When the WAIT pin function is not selected and CS256E
=1, CS256 is output and address AD15 to ADO or AD7 to
ADO are used.

256-kbyte extended area
H'F90000 to H'FOFFFF

(64 kbytes)

— No condition

256-kbyte extended area
H'FA0000 to H'FAFFFF

(64 kbytes)

— No condition

256-kbyte extended area
H'FB0O000 to H'FBFFFF

(64 kbytes)

— No condition

H'FC0000 to H'FFBFFF
(240 kbytes)

— No condition

CP extended area
H'FFCO000 to H'FFDFFF
(8 kbytes)

0] When CPCSE = 1, CPCS1 is output, and address pins
AD15 to ADO or AD7 to ADO are used.

H'FFEO00 to H'FFEFFF
(4 kbytes)

— No condition

I0S extended area
H'FFFO000 to H'FFF7FF

O  When IOSE =1, 10S is output and address pins AD15 to
ADO or AD7 to ADO are used.

(2 kbytes)

H'FFFFOO0 to H'FFFF7F —  No condition

(128 bytes)

[Legend]

— This address range cannot be used as the address-data multiplex address space.

O: Condition for making this address range accessed as the address-data multiplex address
space.
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Table 6.8

Area

Bit Settings and Bus Specifications of Basic Bus Interface

I0S Extended 256-kbyte

IOSE CS256E CPCSE Area Extended Area CP Extended Area
1 0 0 ABW, AST, WMS1, — —
1 WMS0, WC1, WCO ABWCP, ASTCP,
WMS21, WMS20, WC21,
WC20
1 0 ABW256, AST256, Same as when CS256E
WMS10, WC11, =0
1 WC10
0 0 0 — — —
ABWCP, ASTCP,
WMS21, WMS20, WC21,
WC20
1 0 ABW256, AST256, Same as when CS256E
WMS10, WC11, =0
1 WC10
Table6.9 Bus Specificationsfor |0S Extended Area/M ultiplex Bus I nterface (Address
Cycle)
Number of Number of
Access Program
AST WMS1 WMSO0 WC22 WC1 WCO States Wait States
— — — 0 — — 0

1

Table6.10 Bus Specificationsfor |0S Extended Area/Multiplex Bus I nterface (Data Cycle)

Number of Number of
Access Program
AST WMS1 WMSO0 WC1 WCO States Wait States
0 — — — 0
1 0 — — 0
Other than WMS1 =0and 0 0 0
WMSO =1
1 1
1 0 2
1 3
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Table6.11 Bus Specificationsfor 256-kbyte Extended Area/Multiplex Bus I nterface

(Address Cycle)
Number of  Number of
Access Program
AST256 WMS10 WC22 WC11 WC10 States Wait States
— — 0 — — 2 0

1 — — 1

Table6.12 Bus Specificationsfor 256-kbyte Extended Area/Multiplex Bus Interface

(Data Cycle)
Number of
Number of Program Wait

AST256 WMS1 WC1 WCO Access States States
0 — — — 2 0
1 1 — — 3 0
0 0 0 3 0
1 1
1 0 2
1 3

Table6.13 Bus Specificationsfor CP Extended Area/Multiplex Bus Interface

(Address Cycle)
Number of
Number of Program
Access Wait
ASTCP WMS21 WMS20 WC22 wceC21 WC20 States States

— — — 0 — — 2 0
1 — — 1
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Table6.14 Bus Specificationsfor CP Extended Area/Multiplex Bus I nterface (Data Cycle)

Number of
Number of Program
Access Wait

ASTCP WMS21 WMS20 WC22 wcC21 WC20 States States
0 — — — — — 2 0
1 0 1 — — — 3 0
Other than WMS21 =0 — 0 0 3 0
and WMS20 = 1 1 1
1 0 2
1 3

6.4.2 Advanced Mode

The external address space (H'FFF000 to HFFF7FF) can be accessed by specifying the AS/IOS
pin as an I/O strobe pin. The 256-kbyte extended area (H'FS80000 to HFBFFFF) and CP extended
area (H'FFCO000 to HFFDFFF) can be accessed by the CS256 pin and CPCS1 pin functions,
respectively.

The external address space is initialized as the basic bus interface and a 3-state access space. In
mode 2, the address space other than on-chip ROM, on-chip RAM, internal I/O registers, and their
reserved areas is specified as the external address space. The on-chip RAM and its reserved area
are enabled when the RAME bit in SYSCR is set to 1, and disabled when the RAME bit is cleared
to 0. Addresses H'FF0800 to H'FFBFFF, HFFE080 to H'FFEFFF, and H'FFFF00 to HFFFF7F in
the on-chip RAM area and its reserved area are always specified as the external address space.

Rev. 3.00, 03/04, page 122 of 830
RENESAS



6.4.3 I/O Select Signals

The LSI can output I/O select signals (IOS); the signal is driven low when the corresponding
external address space is accessed. Figure 6.2 shows an example of I0S signal output timing.

Bus cycle ]

T T, Ts |

N N S R D
Address bus :x External addresses selected by 10S :x
s !\ /

Figure6.2 IOS Signal Output Timing

Enabling or dlsabhng I0S signal output is performed by the IOSE bit in SYSCR. In the extended
mode, the TOS pin functions as an AS pin by a reset. To use this pin as an IOS pin, set the IOSE
bit to 1. For details, see section 8, I/O Ports.

The address ranges of the TOS signal output can be specified by the I0S1 and IOSO bits in BCR,
as shown in table 6.15.

Table6.15 AddressRange for IOS Signal Output

10S1 10S0 10S Signal Output Range
0 0 H'FFFO00 to H'FFFO3F
1 H'FFF000 to H'FFFOFF
1 0 H'FFFO00 to H'FFF3FF
1 H'FFF000 to HFFF7FF (Initial value)
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6.5 BusInterface

The normal extended bus interface enables direct connection to ROM and SRAM. For details on
selection of the bus specifications for the basic extended area, 256-kbyte extended area, and CP
extended area, see tables 6.4 to 6.6.

The address-data multiplex extended bus interface enables direct connection to products that
supports this bus interface. For details on selection of the bus specifications for the IOS extended
area, 256-kbyte extended area, and CP extended area, see tables 6.9 to 6.14.

6.5.1 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The BSC has
a data alignment function, and controls whether the upper data bus (D15 to D8/AD15 to ADS) or
lower data bus (D7 to DO/AD7 to ADO) is used when the external address space is accessed,
according to the bus specifications for the area being accessed (8-bit access space or 16-bit access
space) and the data size.

(1) 8-Bit Access Space: Figure 6.3 illustrates data alignment control for the 8-bit access space.
With the 8-bit access space, the upper data bus (D15 to D8/AD15 to ADS) is always used for
accesses. The amount of data that can be accessed at one time is one byte: a word access is
performed as two byte accesses, and a longword access, as four byte accesses.

Upper data bus Lower data bus
L5  Db§br DY

Byte size

Word sl [ 1st bus cycle 15 8

orasee | 2nd bus cycle

[ 1st bus cycle 31, . ., P4

Longword 2nd bus cycle b3 ' 16
size

3rd bus cycle 15 8

L 4th bus cycle

Figure6.3 Access Sizesand Data Alignment Control (8-bit Access Space)
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(2) 16-Bit Access Space: Figure 6.4 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8/AD15 to ADS) and lower data bus
(D7 to DO/AD7 to ADO) are used for accesses. The amount of data that can be accessed at one
time is one byte or one word, and a longword access is executed as two word accesses.

In byte access, whether the upper or lower data bus is used is determined by whether the address is
even or odd. The upper data bus is used for even addresses, and the lower data bus for odd

addresses.

Byte size
Byte size

Word size

Longword
size

Upper data bus

Lower data bus

D15 D8, D7 DO,
- Even address
- 0dd address
s . . .. 8l7 .. . .. 0]
st bus oycl NN 2 SN
2nd bus cycle i5 . .. 8lz. 0

[

Figure6.4 Access Sizesand Data Alignment Control (16-bit Access Space)
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652

Valid Strobes

Table 6.16 shows the data buses used and valid strobes for each access space.

In a read, the RD signal is valid for both the upper and lower halves of the data bus. In a write, the
HWR signal is valid for the upper half of the data bus, and the LWR signal for the lower half.

Table6.16 Data Buses Used and Valid Strobes

Lower Data
Upper Data Bus Bus (D7 to
Access Read/ Valid (D15 to D8/ DO/AD7 to
Area Size Write Address  Strobe AD15 to AD8) ADO)
8-bit access  Byte Read — RD Valid Ports or others
space Write — — HWR Ports or others
16-bit access Byte Read  Even RD Valid Invalid
space P E— . .
Odd Invalid Valid
Write Even HWR Valid Undefined
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid
[Legend]
Undefined: Undefined data is output.
Invalid: Input state with the input value ignored.

Ports or others:
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6.5.3 Basic Operation Timing in Normal Extended Maode

(2) 8-Bit, 2-State Access Space: Figure 6.5 shows the bus timing for an 8-bit, 2-state access
space. When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.
Wait states cannot be inserted.

+—————— Buscycle —————————

E T1 : T2

C

Address bus x

1OS (I0SE = 1)
C5256 (CS256E = 1)
CPCS1 (CPCSE = 1)

T

AS+ (IOSE = 0)

——

Read { D15to D8 Valid

D7 to DO

Invalid

——

HWR

Write 4

Valid

D15 to D8 —‘—(

Il

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.5 BusTimingfor 8-Bit, 2-State Access Space
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(2) 8-Bit, 3-State Access Space: Figure 6.6 shows the bus timing for an 8-bit, 3-state access
space. When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.
Wait states can be inserted.

Bus cycle

T, T,

e I S B
Address bus :X

1OS (I0SE = 1)
CS256 (CS256E = 1)
CPCST (CPCSE = 1)

AS* (IOSE = 0) |

—
w

N

Read { D15to D8

Valid

D7 to DO

Invalid

HWR

Write

Valid

D15to D8 —v—(

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.6 BusTimingfor 8-Bit, 3-State Access Space
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(3) 16-Bit, 2-State Access Space: Figures 6.7 to 6.9 show bus timings for a 16-bit, 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to DS) of the data bus is used
for even addresses, and the lower half (D7 to DO) for odd addresses. Wait states cannot be
inserted.

+~————— Buscycle ————————

E T

C

Address bus :x

10S (IOSE = 1)
CS256 (CS256E = 1)
CPCST (CPCSE = 1)

T,

AS* (IOSE = 0)

Read § D15to D8

Vali

D7 to DO

Invalid

WR High level

Write

D15 to D8 Valid

D7 to DO Undefined

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.7 BusTimingfor 16-Bit, 2-State Access Space (Even Byte Access)
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+—————— Buscycle —————————

T, T,

Address bus

TOS (I0SE = 1)
CS5256 (CS256E = 1)
CPCST (CPCSE = 1)

AS* (IOSE = 0) :
o
Read | D15to D8 E < Invalid ;’—
[ HWR Highflevel é
w T [
Write 4 i E i
D15 to D8 ——( ' Undefined )—
D7 to DO 54( E Valid ;}—

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.8 BusTimingfor 16-Bit, 2-State Access Space (Odd Byte Access)

Rev. 3.00, 03/04, page 130 of 830
RENESAS




————— Buscycle ———————
: H
\

: T, : T,

Address bus

AS* (IOSE = 0)

Valid

Read < D15to D8

D7 to DO

Valid

|

T
=
T

LWR
Write
D15 to D8 Valid
D7 to DO Valid

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.9 BusTimingfor 16-Bit, 2-State Access Space (Word Access)
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(4) 16-Bit, 3-State Access Space: Figures 6.10 to 6.12 show bus timings for a 16-bit, 3-state
access space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data bus is
used for even addresses, and the lower half (D7 to DO) for odd addresses. Wait states can be
inserted.

Bus cycle
TZ

I e

Address bus

10S (IOSE = 1)
CS5256 (CS256E = 1)
CPCST (CPCSE = 1)

L
<y

AS* (IOSE = 0) |

D ' ' '

Read { D15t0 D8 Valid !

D7 to DO Invalid !

TWR i High level

Write

D15 to D8 !

Valid

D7 to DO E Undefined

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.10 BusTimingfor 16-Bit, 3-State Access Space (Even Byte Access)
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Bus cycle
T1 E T2 E Ta

Address bus

[0S (I0SE = 1)
CS256 (CS256E = 1)
CPCST (CPCSE = 1)

AS* (IOSE = 0)

Read { D15to D8 Invalid

ol Ul

D7 to DO Valid

High level

Write

D15 to D8 Undefined

D7 to DO Valid

LTS

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.11 BusTimingfor 16-Bit, 3-State Access Space (Odd Byte Access)
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Bus cycle
T, ]

N e e

-
—
©

Read < D15to D8 Valid

Vali

LWR
Write |
D15 to D8 Valid
D7 to DO Valid

Note: * For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.12 BusTimingfor 16-Bit, 3-State Access Space (Word Access)
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6.5.4 Basic Operation Timing in Address-Data M ultiplex Extended M ode

(2) 8-Bit, 2-State Data Access Space: Figures 6.13 and 6.14 show the bus timing for an 8-bit, 2-
state access space. When an 8-bit access space is accessed, the upper half (AD15 to ADS) of the
data bus is used. Wait states cannot be inserted.

Read Cycle Write Cycle

Address Data Address Data
TI TAW T2 T3 T4 T1 TAW T2 T3 T4

QNSRS REREREREREREN

|
P

CPCS1
CS256

2 9
[

3
lw]
|

H

Yy

L

AD15 to AD8 —4<_'ldre’ss_(74@a?—< Address Data
T

Figure6.13 BusTiming for 8-Bit, 2-State Access Space

Read Cycle Write Cycle
Address Data Address Data
Ty T, Ts Ty Ty T, T3 Ty
o LT L L
CPCSH — —
Cs256
10S
i\ R
RD \
HWR \_J

AD15t0o AD8 ~ ———— Address ) /_,Dat;\, ( Address Data —

Figure6.14 BusTimingfor 8-Bit, 2-State Access Space
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(2) 8-Bit, 3-State Data Access Space: Figure 6.15 shows the bus timing for an 8-bit, 3-state
access space. When an 8-bit access space is accessed, the upper half (AD15 to AD8) of the data
bus is used. Wait states can be inserted.

Read Cycle Write Cycle

Address Data Address Data
T Taw, T2 Ts , Ta  Tosw, Ts | T1  Taw , T2 Ts | Ta Tosw , Ts

Uy Yy gy

CPCS1 |
CS256
10S A

4
I

3
O
—

Y

HWR /__

Address ata) Address Data
T

AD15 to AD8

Figure6.15 BusTimingfor 8-Bit, 3-State Access Space

(3) 16-Bit, 2-State Data Access Space: Figures 6.16 to 6.21 show bus timings for a 16-bit, 2-state
access space. When a 16-bit access space is accessed, the upper half (AD15 to AD8) of the data
bus is used for even addresses, and the lower half (AD7 to ADO) for odd addresses. Wait states
cannot be inserted.
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Read Cycle Write Cycle
Address Data Address Data
T Taw, T2 Ts Ta T Taw, T2 Ts Ty
oL
CPCST —
Cs256
10S
AH
RD \
HWR \_ [
LWR
AD15t0 AD8  — Address Data>—< Address Data
AD7t0o ADO  — Address { Address }

Figure6.16 BusTiming for 16-Bit, 2-State Access Space (1) (Even Byte Access)

Read Cycle Write Cycle
Address Data Address Data
Ty T, Ts Ty Ty T, Ts T,
an B
CPCSH
CS256
10S
AH
RD \
HWR \_J
LWR
AD15t0 AD8  — Address —<[Ela)——< Address Data
AD7t0 ADO  — Address { Address )

Figure6.17 BusTiming for 16-Bit, 2-State Access Space (2) (Even Byte Access)
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Figure6.18 BusTiming for 16-Bit, 2-State Access Space (3) (Odd Byte Access)
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Address Data Address Data
T, T, T Ty Ty T, Ts T,

JEININENINEEI .

L L

CK2s

il

CPCS1
Cs

N
a1
[+

2 3

=)

lw)
—

wn L/
[

{ Address )
—< Address >—< Data
T T

I
Py

,_
X

AD15 to AD8 _—

AD7 to ADO o

Figure6.19 BusTiming for 16-Bit, 2-State Access Space (4) (Odd Byte Access)
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Read Cycle Write Cycle
Address Data Address Data
T Taw | T2 Ts Ty T Taw, T2 T3 Ty
0 —|_ N
CPCS2 —
Cs256
10S
AH
RD \
HWR \_J
LWR \_ ,
AD15t0 AD8  —— Address Data Address Data
[ [ ] [ [ \ [ |
AD7t0 ADO  —— Address @ Address H Data >—

Figure6.20 BusTiming for 16-Bit, 2-State Access Space (5) (Word Access)

Read Cycle Write Cycle
Address Data Address Data
T, T, T3 T, T, T, Ts T,
oL L L L B
CPCS1 — —
CP256
108
AH /
RD \

HWR \_J
LWR \_ [
AD15 to AD8 — Address Data —< Address Data >—

[ \ [ [
AD7 to ADO e Address Data —< Address >—< Data >—

Figure6.21 BusTiming for 16-Bit, 2-State Access Space (6) (Word Access)
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(4) 16-Bit, 3-State Data Access Space: Figures 6.22 to 6.24 show bus timings for a 16-bit, 3-state
access space. When a 16-bit access space is accessed, the upper half (AD15 to AD8) of the data
bus is used for even addresses, and the lower half (AD7 to ADO) for odd addresses. Wait states

can be inserted.

AD15 to AD8

AD7 to ADO

Read Cycle

Write Cycle

Address

Data

Address

Data

T

Taw

T2

T3

T4

Tosw

Ts

Ti  Taw , T2 T3

T4

Tosw

Ts

|

JERSRERERE

JEREERE

L

Address

Address

]

Address

Data

|

Address

1

Figure6.22 BusTiming for 16-Bit, 3-State Access Space (1) (Even Byte Access)

Read Cycle Write Cycle
Address Data Address Data
Ti Taw, T2 Ts  Ta Tosw, Ts | T1  Taw , T2 Ts  Ta Tosw , Ts

U L L L T e L
CPCS1 —
Cs256 A

10S

AH

RD \

HWR

LWR /_ —

AD15 to AD8

——j Address Z I, Address s
AD7 to ADO Address

@_?—( Address )—( Data
T T

Figure6.23 BusTiming for 16-Bit, 3-State Access Space (2) (Odd Byte Access)
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Read Cycle Write Cycle

Address Data Address Data
T| TAW T2 T3 T4 TDSW TS T1 TAW T2 TS T4 TDSW T5

SRR R RN NN NN NN

AD15t0 AD8 = e Address

ga ( Address Data

ata ( | Addrelss |)—( | |Data | |)—

AD7to ADO  —x Address

Figure6.24 BusTiming for 16-Bit, 3-State Access Space (3) (Word Access)

6.5.5 Wait Control

When accessing the external address space, this LSI can extend the bus cycle by inserting one or
more wait states (T, ). There are three ways of inserting wait states: Program wait insertion, pin
wait insertion using the WAIT pin, and the combination of program wait and the WAIT pin.

(1) In Normal Extended Mode

(a) Program Wait Mode: A specified number of wait states T,, are always inserted between the
T, state and T, state when accessing the external address space. The number of wait states T,, is
specified by the settings of the WC1 and WCO bits in WSCR (the WC11 and WCI10 bits in
WSCR?2 for the 256-kbyte extended area, and the WC21 and WC20 bits in WSCR2 for the CP
extended area).

(b) Pin Wait Mode: A specified number of wait states T,, are always inserted between the T, state
and T, state when accessing the external address space. The number of wait states T, is specified
by the settings of the WC1 and WCO bits (the WC21 and WC20 bits for the CP extended area). If
the WAIT pin is low at the falling edge of ¢ in the last T, or T, state, another T,, state is inserted.
If the WAIT pin is held low, T,, states are inserted until it goes high.

Pin wait mode is useful when inserting four or more T, states, or when changing the number of T,
states to be inserted for each external device.
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(c) Pin Auto-Wait Mode: A specified number of wait states T, are inserted between the T, state
and T, state when accessing the external address space if the WAIT pin is low at the falling edge
of ¢ in the last T, state. The number of wait states T, is specified by the settings of the WCI and
WCO bits (the WC21 and WC20 bits for the CP extended area). Even if the WAIT pin is held low,
T, states are inserted only up to the specified number of states.

Pin auto-wait mode enables the low-speed memory interface only by inputting the chip select
signal to the WAIT pin.

Figure 6.25 shows an example of wait state insertion timing in pin wait mode.

The settings after a reset are: 3-state access, 3 program wait insertion, and WAIT pin input
disabled.

By program wait By WAIT pin
T, . T, | Tw | Tw | Tw | T,
I I I I I

L
—

LJ
=

Address bus
1OS (I0SE = 1) _l |_
CPCS1 CPCSE =1)
AS «(IOSE = 0)
RD |_
Read
Data bus < Read data >—
WR
Write
Data bus —( Write data )—

Note: | shown in ¢ clock indicates the WAIT pin sampling timing.

* For external address space access, this signal is not output when the 256-kbyte expansion area
is accessed with CS256E = 1 and when the CP expansion area is accessed with CPCSE = 1.

Figure6.25 Example of Wait State I nsertion Timing (Pin Wait M ode)
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(2) In Address-Data M ultiplex Extended M ode
(a) Program Wait Mode: Program wait mode includes address wait and data wait.
256-kbyte extended area and IOS extended area:

Zero or one state of address wait T,,, is inserted between T, and T, states. Zero to three states of
data wait T, is inserted between T, and T, states.

CP extended area:

Zero or one state of address wait T, is inserted between T, and T, states. Zero to three states of

data wait T, is inserted between T, and T, states.

(b) Pin Wait Mode: When accessing the external address space, a specified number of wait states
T, can be inserted between the T, state and T, state of data state. The number of wait states T
is specified by the settings of the WC1 and WCO bits (the WC21 and WC20 bits for the CP
extended area). If the WAIT pin is low at the falling edge of ¢ in the last T,, T, or T, state,
another T, state is inserted. If the WAIT pin is held low, T, ,, states are inserted until it goes
high.

DSW

DOW DOW

Pin wait mode is useful when inserting four or more T,
T, .., states to be inserted for each external device.

bow States, or when changing the number of

DOW

(c) Pin Auto-Wait Mode: A specified number of wait states T, are inserted between the T, state
and T, state when accessing the external address space if the WAIT pin is low at the falling edge
of ¢ in the last T, state. The number of wait states T, is specified by the settings of the WC1 and
WCO bits (the WC21 and WC20 bits for the CP extended area). Even if the WAIT pin is held low,
T, States are inserted only up to the specified number of states.

Pin auto-wait mode enables the low-speed memory interface only by inputting the chip select
signal to the WAIT pin.

Figure 6.26 shows an example of wait state insertion timing in pin wait mode.
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Figure6.26 Example of Wait State Insertion Timing
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6.6 Burst ROM Interface

In this LSI, the external address space can be designated as the burst ROM space by the BRSTRM
bit in BCR, and the burst ROM interface enabled. Consecutive burst accesses of a maximum four
or eight words can be performed only during CPU instruction fetch. 1 or 2 states can be selected
for burst ROM access.

6.6.1 Basic Operation Timing

The number of access states in the initial cycle (full access) of the burst ROM interface is
determined by the AST bit in WSCR. When the AST bit is set to 1, wait states can be inserted. 1
or 2 states can be selected for burst access according to the setting of the BRSTS1 bit in BCR.
Wait states cannot be inserted in a burst cycle. Burst accesses of a maximum four words is
performed when the BRSTSO bit in BCR is cleared to 0, and burst accesses of a maximum eight
words is performed when the BRSTSO bit in BCR is set to 1.

The basic access timing for the burst ROM space is shown in figures 6.27 and 6.28.

Full access Burst access
| T, | T, | Ty T, | T, T, | T, |
[ [ [ [ [ I I |
] I
\/
Address bus X Only lower adld\ress changes

AS/I0S
(I0SE = 0)

RD |_
Data bus 4( Read data )—( Read data )—( Read data )—

Figure6.27 Access Timing Examplein Burst ROM Space (AST =BRSTS1=1)
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Full access Burst access

T1 T2 T1 T1
o
Only lower\/
Address bus addreﬁ changes
AS/IOS
(IOSE =0)
RD

Data bus 4( Read data XRead dataXRead data)—

Figure6.28 Access Timing Examplein Burst ROM Space (AST = BRSTS1=0)

6.6.2 Wait Control

As with the basic bus interface, program wait insertion or pin wait insertion using the WAIT pin is
possible in the initial cycle (full access) of the burst ROM interface. For details, see section 6.5.5,
Wait Control. Wait states cannot be inserted in a burst cycle.
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6.7 Idle Cycle

When this LSI accesses the external address space, it can insert a 1-state idle cycle (T,) between
bus cycles when a write cycle occurs immediately after a read cycle. By inserting an idle cycle it is
possible, for example, to avoid data collisions between ROM with a long output floating time, and
high-speed memory and I/O interfaces.

If an external write occurs after an external read while the ICIS bit is set to 1 in BCR, an idle cycle
is inserted at the start of the write cycle.

Figure 6.29 shows examples of idle cycle operation. In these examples, bus cycle A is a read cycle
for ROM with a long output floating time, and bus cycle B is a CPU write cycle. In figure 6.29 (a),
with no idle cycle inserted, a collision occurs in bus cycle B between the read data from ROM and
the CPU write data. In figure 6.29 (b), an idle cycle is inserted, thus preventing data collision.

Bus cycle A Bus cycle BI . Bus cycle A . Bus cycle B

LT, T, Tl Ty T, T, T, T,0 T, T, T,

1 2 3
o LML Lo ol |
x: Address bus :x X

\_/_E_ WR é

WR
1

Data bus j—m Data bus j—(
! RN !
! 1
- Data collision

Long output f]oating time

<7

1
Address bus :x
1

lw]
O

S

(a) No idle cycle insertion (b) Idle cycle insertion

Figure6.29 Examplesof Idle Cycle Operation
Table 6.17 shows the pin states in an idle cycle.

Table6.17 Pin Statesin Idle Cycle

Pins Pin State

A23 to AO Contents of immediately following bus cycle
D15 to DO High impedance

AS, 10S, CS256, CPCST1 High

RD High

HWR, LWR High
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6.8 Bus Arbitration

6.8.1 Overview

The BSC has a bus arbiter that arbitrates bus master operations. There are two bus masters — the
CPU and DTC - that perform read/write operations while they have bus mastership.

6.8.2 Operation

Each bus master requests the bus mastership by means of a bus mastership request signal. The bus
arbiter detects the bus mastership request signal from the bus masters, and if a bus request occurs,
it sends a bus mastership request acknowledge signal to the bus master that made the request at the
designated timing. If there are bus requests from more than one bus master, the bus mastership
request acknowledge signal is sent to the one with the highest priority. When a bus master receives
the bus mastership request acknowledge signal, it takes the bus mastership until that signal is
canceled. The order of bus master priority is as follows:

(High) DTC > CPU (Low)

6.8.3 Bus Mastership Transfer Timing

When a bus request is received from a bus master with a higher priority than that of the bus master
that has acquired the bus mastership and is currently operating, the bus mastership is not
necessarily transferred immediately. Each bus master can relinquish the bus mastership at the
timings given below.

CPU: The CPU is the lowest-priority bus master, and if a bus mastership request is received from
the DTC, the bus arbiter transfers the bus mastership to the DTC. The timing for transferring the
bus mastership is as follows:

e Bus mastership is transferred at a break between bus cycles. However, if bus cycle is executed
in discrete operations, as in the case of a long-word size access, the bus is not transferred at a
break between the operations. For details see section 2.7, Bus States During Instruction
Execution in the H8S/2600 Series, H8S/2000 Series Programming Manual.

e If the CPU is in sleep mode, it transfers the bus mastership immediately.

DTC: The DTC sends the bus arbiter a request for the bus mastership when a request for DTC
activation occurs. The DTC releases the bus mastership after a series of processes has completed.
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Section 7 Data Transfer Controller (DTC)

This LSI includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

Figure 7.1 shows a block diagram of the DTC. The DTC's register information is stored in the on-
chip RAM. When the DTC is used, the RAME bit in SYSCR must be set to 1. A 32-bit bus
connects the DTC to addresses HFFEC00 to H'FFEFFF in on-chip RAM (1 kbyte), enabling 32-
bit/1-state reading and writing of the DTC register information.

7.1 Features

Transfer is possible over any number of channels

Three transfer modes
— Normal, repeat, and block transfer modes are available
e One activation source can trigger a number of data transfers (chain transfer)
e Direct specification of 16 Mbytes address space is possible
e Activation by software is possible
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
e Module stop mode can be set

e  DTC operates in high-speed mode even when the LSI is in medium-speed mode
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CPU interrupt Internal data bus
request
[Legend]
MRA, MRB: DTC mode register A, B
CRA, CRB: DTC transfer count register A, B
SAR: DTC source address register
DAR: DTC destination address register
DTCERA to DTCERE: DTC enable registers A to E
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC

Rev. 3.00, 03/04, page 150 of 830

RENESAS




7.2 Register Descriptions
The DTC has the following registers.

e  DTC mode register A (MRA)

e  DTC mode register B (MRB)

e  DTC source address register (SAR)

e  DTC destination address register (DAR)
e DTC transfer count register A (CRA)

e DTC transfer count register B (CRB)

These six registers cannot be directly accessed from the CPU. When a DTC activation interrupt
source occurs, the DTC reads a set of register information that is stored in on-chip RAM to the
corresponding DTC registers and transfers data. After the data transfer, it writes a set of updated
register information back to on-chip RAM.

e DTC enable registers (DTCER)

e DTC vector register (DTVECR)

e Keyboard comparator control register (KBCOMP)
e  Event counter control register (ECCR)

e Event counter status register (ECS)
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721  DTC ModeRegister A (MRA)

MRA selects the DTC operating mode.

Initial
Bit Bit Name Value R/W  Description
7 SM1 Undefined — Source Address Mode 1 and 0
6 SMo These bits specify an SAR operation after a data
transfer.
0*: SAR is fixed
10: SAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)
11: SAR is decremented after a transfer
(by —1 when Sz = 0, by -2 when Sz = 1)
5 DMA1 Undefined — Destination Address Mode 1 and 0
4 DMO These bits specify a DAR operation after a data
transfer.
0*: DAR is fixed
10: DAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)
11: DAR is decremented after a transfer
(by —1 when Sz = 0, by -2 when Sz = 1)
3 MD1 Undefined — DTC Mode
2 MDO

These bits specify the DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

1 DTS Undefined — DTC Transfer Mode Select

Specifies whether the source side or the destination
side is set to be a repeat area or block area in repeat
mode or block transfer mode.

0: Destination side is repeat area or block area

1: Source side is repeat area or block area

0 Sz Undefined — DTC Data Transfer Size
Specifies the size of data to be transferred.
0: Byte-size transfer
1: Word-size transfer

[Legend]
*; Don't care
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722  DTC ModeRegister B (MRB)

MRB selects the DTC operating mode.

Initial
Bit Bit Name Value R/W  Description
7 CHNE Undefined — DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed. For details, see section 7.6.4, Chain
Transfer.

In data transfer with CHNE set to 1, determination of
the end of the specified number of data transfers,
clearing of the interrupt source flag, and clearing of
DTCER are not performed.

6 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time data transfer ends. When this bit
is cleared to 0, a CPU interrupt request is generated
only when the specified number of data transfer ends.

5to0 — Undefined — Reserved

These bits have no effect on DTC operation. The write
value should always be 0.

7.2.3 DTC Source Address Register (SAR)

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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7.25 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts; the upper eight bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time data is
transferred, and the contents of CRAH are sent when the count reaches H'00.

7.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time data is transferred, and transfer ends when the count reaches H'0000.

7.2.7 DTC Enable Registers (DTCER)

DTCER specifies DTC activation interrupt sources. DTCER is comprised of five registers:
DTCERA to DTCERE. The correspondence between interrupt sources and DTCE bits is shown in
tables 7.1 and 7.4. For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking all interrupts and writing data after executing a dummy read on the relevant register.

Initial
Bit Bit Name Value R/W  Description
7to0 DTCE7to AlO R/W  DTC Activation Enable

DTCEO Setting this bit to 1 specifies a relevant interrupt source

as a DTC activation source.

[Clearing conditions]

e When data transfer has ended with the DISEL bit in
MRB set to 1

¢ When the specified number of transfers have ended

These bits are not cleared when the DISEL bit is 0 and
the specified number of transfers have not been
completed
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Table7.1 Correspondence between Interrupt Sourcesand DTCER

Register
Bit Bit Name DTCERA DTCERB DTCERC DTCERD DTCERE
7 DTCEn7 (16)IRQO (53)0CIB (69)CMIBH (86)TXIH —
6 DTCEn6 (17)IRQ1 (76)lICI2 (72)CMIAY (89)RXI2 —
5 DTCEn5 (18)IRQ2 (94)liCio (73)CMIBY (90)TXI2 —
4 DTCEn4 (19)IRQ3 — (29)EVENTI  (78)IICI3 —
3 DTCEn3 (28)ADI — (44)CMIAX (98)l1ICI1 (104)ERR1
2 DTCEN2 (48)ICIA (64)CMIAO (81)RXI0 — (105)IBFI1
1 DTCEn1 (49)ICIB (65)CMIBO (82)TXI0 — (106)IBFI2
0 DTCENO (52)OCIA (68)CMIAT (85)RXI1 (45)CMIBX (107)IBFI3
[Legend]
n: AtoE

( ) Vector number
— Reserved. The write value should always be 0.

7.2.8 DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the

software activation interrupt.
Initial
Bit Bit Name Value R/W  Description
7 SWDTE 0 R/W  DTC Software Activation Enable

Setting this bit to 1 activates DTC. Only 1 can be written

to this bit.

[Clearing conditions]

e When the DISEL bit is 0 and the specified number
of transfers have not ended

e When 0 is written to the DISEL bit after a software-
activated data transfer end interrupt (SWDTEND)
request has been sent to the CPU.

This bit will not be cleared when the DISEL bitis 1 and
data transfer has ended or when the specified number
of transfers has ended.
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Initial

Bit Bit Name Value R/W  Description
6to0 DTVEC6to AllO R/W  DTC Software Activation Vectors 6 to O
DTVECO

These bits specify a vector number for DTC software
activation.

The vector address is expressed as H'0400 + (vector
number x 2). For example, when DTVEC6 to DTVECO
= H'10, the vector address is H'0420. When the
SWDTE bit is 0, these bits can be written to.

7.29 Keyboard Comparator Control Register (KBCOMP)

KBCOMP enables or disables the comparator scan function of event counter.

Initial
Bit Bit Name Value R/W  Description
7 EVENTE O R/W  Event Count Enable
0: Disables event count function
1: Enables event count function
6,5 — All O R Reserved
These bits are always read as 0 and cannot be
modified.
4t00 — AllO R/W  Reserved

The initial value should not be changed.
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7.210 Event Counter Control Register (ECCR)

ECCR selects the event counter channels for use and the detection edge.

Initial
Bit Bit Name Value R/W  Description
7 EDSB 0 R/W  Event Counter Edge Select
Selects the detection edge for the event counter.
0: Counts the rising edges
1: Counts the falling edges
6to4 — AllO R Reserved
These bits are always read as 0 and cannot be
modified.
3to0 ECSB3to AlO R/W  Event Counter Channel Select 3 to 0

ECSBO These bits select pins for event counter input. A series

of pins are selected starting from EVENTO0. When
PANDDR is set to 1, inputting events to EVENTO to
EVENT?7 is ignored.

0000: EVENTO is used

0001: EVENTO to EVENT1 are used
0010: EVENTO to EVENT2 are used
0011: EVENTO to EVENT3 are used
0100: EVENTO to EVENT4 are used
0101: EVENTO to EVENTS5 are used
0110: EVENTO to EVENT®6 are used
0111: EVENTO to EVENT?7 are used
1000: EVENTO to EVENTS8 are used
1001: EVENTO to EVENT9 are used
1010: EVENTO to EVENT10 are used
1011: EVENTO to EVENT11 are used
1100: EVENTO to EVENT12 are used
1101: EVENTO to EVENT13 are used
1110: EVENTO to EVENT14 are used
1111: EVENTO to EVENT15 are used
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7.211 Event Counter Status Register (ECS)

ECS is a 16-bit register that holds events temporarily. The DTC decides the counter to be
incremented according to the state of this register. Reading this register allows the monitoring of
events that are not yet counted by the event counter. Access in 8-bit unit is not allowed.

Initial
Bit Bit Name Value R/W  Description
15to0 E15toEO0 O R Event Monitor 15 to 0

These bits indicate processed/unprocessed states of
the events that are input to EVENT15 to EVENTO.

0: The corresponding event is already processed
1: The corresponding event is not yet processed
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7.3 DTC Event Counter
To count events of EVENT 0 to EVENT15 by the DTC event counter function, set DTC as below.

Table7.2 DTC Event Counter Conditions

Register Bit Bit Name Description
MRA 7,6 SM1, SMO 00: SAR is fixed.
5,4 DM1, DMO 00: DAR is fixed.
3,2 MD1, MDO 01: Repeat mode
1 DTS 0: Destination is repeat area
0 Sz 1: Word size transfer
MRB 7 CHNE 0: Chain transfer is disabled
6 DISEL 0: Interrupt request is generated when data is transferred by
the number of specified times
5t00 — B'000000
SAR 23to0 — Identical optional RAM address. Its lower five bits are B'00000.
DAR 23to0 — The start address of 16 words is this address. They are
incremented every time an event is detected in EVENTO to
EVENT15.
CRAH 7t00 — H'FF
CRAL 7t00 — H'FF
CRBH 7t00 — H'FF
CRBL 7t00 — H'FF
DTCERC 4 DTCEC4 1: DTC function of the event counter is enabled
KBCOMP 7 EVENTE 1: Event counter enable
RAM — — (SAR, DAR) : Result of EVENTO count

(SAR, DAR) + 2: Result of EVENT 1 count
(SAR, DAR) + 4: Result of EVENT 2 count

2
(SAR, DAR) + 30: Result of EVENT 15 count

The corresponding flag to ECS input pin is set to 1 when the event pins that are specified by the
ECSB3 to ECSBO0 in ECCR detect the edge events specified by the EDSB in ECCR. For this flag
state, status/address codes are generated.

An EVENTI interrupt request is generated even if only one bit in ECS is set to 1.

The EVENTI interrupt request activates the DTC and transfers data from RAM to RAM in the
same address. Data is incremented in the DTC. The lower five bits of SAR and DAR are replaced
with address code that is generated by the ECS flag status.
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When the DTC transfer is completed, the ECS flag for transfer is cleared.

Table7.3 Flag Statug/Address Code

ECS Address
15 (14 |13 |12 |11 (10 |9 (8 |7 |6 |5 |4 [3 |2 |1 Code

B'00000

B'00010

B'00100

B'00110

B'01000

B'01010

B'01100

B'01110

B'10000

B'10010

B'10100

B'10110

B'11000

B'11010

B'11100

[«lNelNeolNeolNolNolNeolNol ol Nol ol Nol ol NeolNol i Ne]

-
o|Oo|O| =

o|Oo|Oo|O| =

oO|O|OC|OC|Of =

o|Oo|Oo|O|OC|O| =
o|o|Oo|Oo|OC|O|O| =
o|o|Oo|Oo|O|OC|OC|O| =
oO|Oo|Oo|O0O|O0O|O|OC|OC|O| =
oO|Oo|O0O|O|O|OC|OC|O|OC|O| =
oO|Oo|Oo|O0O|O0O|O|O|O|OC|O|O| =
oO|Oo|O0O|O|O|O|O|O|OC|O|OC|O| =
oO|O0O|O0O|O0O|O0O|O|O|O|OC|OC|OC|OC|O| =
oO|o|O0O|O0O|O0O|O|O|O|O|O|O|O|OC|O| =

B'11110

7.3.1 Event Counter Handling Priority
EVENTO to EVENT15 count handling is operated in the priority shown as below.
High Low

EVENTO >EVENT] -« -+ .- EVENTI14 > EVENT15
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7.3.2 UsageNotes

There are following usage notes for this event counter because it uses the DTC. If these usage
notes are not permitted in some applications, use functions such as 8-bit timer event count.

1. Continuous events that are input from the same pin and out of DTC handling are ignored
because the count up is operated by means of the DTC.

2. If some events are generated in short intervals, the priority of event counter handling is not
ordered and events are not handled in order of arrival.

3. If the counter overflows, this event counter counts from H'0000 without generating an
interrupt.

7.4 Activation Sour ces

The DTC is activated by an interrupt request or by a write to DTVECR by software. The interrupt
request source to activate the DTC is selected by DTCER. At the end of a data transfer (or the last
consecutive transfer in the case of chain transfer), the interrupt flag that became the activation
source or the corresponding DTCER bit is cleared. The activation source flag, in the case of
RXI0, for example, is the RDRF flag in SCI_0.

When an interrupt has been designated as a DTC activation source, the existing CPU mask level
and interrupt controller priorities have no effect. If there is more than one activation source at the
same time, the DTC operates in accordance with the default priorities. Figure 7.2 shows a block
diagram of DTC activation source control. For details on the interrupt controller, see section 5,
Interrupt Controller.

Source flag cleared

Clear
controller
Clear
4
DTCER
Select Clear request
¥ ¥
On-chip
peripheral - g DTC
module 3
S
i - &
IRQ interrupt Interrupt 2
request 2 -
(7]
DTVECR *! Interrupt controller CPU
‘Interrupt mask

Figure7.2 Block Diagram of DTC Activation Source Control
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75 L ocation of Register Information and DTC Vector Table

Locate the register information in the on-chip RAM (addresses: HFFECO00 to HFFEFFF).
Register information should be located at an address that is a multiple of four within the range.
The method for locating the register information in address space is shown in figure 7.3. Locate
MRA, SAR, MRB, DAR, CRA, and CRB, in that order, from the start address of the register
information. In the case of chain transfer, register information should be located in consecutive
areas as shown in figure 7.3, and the register information start address should be located at the
vector address corresponding to the interrupt source in the DTC vector table. The DTC reads the
start address of the register information from the vector table set for each activation source, and
then reads the register information from that start address.

When the DTC is activated by software, the vector address is obtained from: H'0400 +
(DTVECR[6:0] x 2). For example, if DTVECR is H'10, the vector address is H'0420.

The configuration of the vector address is a 2-byte unit. Specify the lower two bytes of the register
information start address.

Lower address

r N\
0 1 2 3
Register T T -
information — MRA SAR
start address
MRB DAR Register information
) CRA CRB
Chain J
t f -
ransfer MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
N L y
4 bytes

/\/

Figure7.3 DTC Register Information Location in Address Space

Rev. 3.00, 03/04, page 162 of 830
RENESAS




Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Activation Vector DTC Vector
Source Origin Activation Source Number  Address DTCE* Priority
Software Write to DTVECR DTVECR H'0400 + (vector — High
number x 2) A
External pins IRQO 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
A/D converter ADI 28 H'0438 DTCEA3
EVC EVENTI 29 H'043A DTCEC4
TMR_X CMIAX 44 H'0458 DTCEC3
CMIBX 45 H'045A DTCEDO
FRT ICIA 48 H'0460 DTCEA2
ICIB 49 H'0462 DTCEA1
OCIA 52 H'0468 DTCEAO
OCIB 53 H'046A DTCEB7
TMR_O CMIAO 64 H'0480 DTCEB2
CMIBO 65 H'0482 DTCEBH1
TMR_1 CMIA1 68 H'0488 DTCEBO
CMIB1 69 H'048A DTCEC?7
TMR_Y CMIAY 72 H'0490 DTCECS6
CMIBY 73 H'0492 DTCECS5
lIC_2 1ICI2 76 H'0498 DTCEB6
IIC_3 lCI3 78 H'049C DTCED4
SCI_0 RXI0 81 H'04A2 DTCEC2
TXIO 82 H'04A4 DTCECH1
SCI_1 RXI1 85 H'04AA DTCECO
TXI1 86 H'04AC DTCED7
SCI_2 RXI2 89 H'04B2 DTCED®6
TXI2 90 H'04B4 DTCEDS5
IIC_0 lIClo 94 H'04BC DTCEB5 Low
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Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs (cont)

Activation Vector DTC Vector
Source Origin Activation Source Number  Address DTCE* Priority
IIC_1 IICIH 98 H'04C4 DTCEDS3 High
LPC ERRI 104 H'04D0 DTCEES3

IBFI1 105 H'04D2 DTCEE2

IBFI2 106 H'04D4 DTCEE1

IBFI3 107 H'04D6 DTCEEO Low

Note: * DTCE bits with no corresponding interrupt are reserved, and the write value should

always be 0.
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7.6 Operation

The DTC stores register information in on-chip RAM. When activated, the DTC reads register
information in on-chip RAM and transfers data. After the data transfer, the DTC writes updated
register information back to on-chip RAM. The pre-storage of register information in memory
makes it possible to transfer data over any required number of channels. The transfer mode can be
specified as normal, repeat, or block transfer mode. Setting the CHNE bit in MRB to 1 makes it
possible to perform a number of transfers with a single activation source (chain transfer).

The 24-bit SAR designates the DTC transfer source address, and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed depending on its register information.

Read DTC vector

Next transfer

Read register information

1

Data transfer

i

Write register information

Yes

No

Transfer counter = 0

or DISEL =1 Yes

Clear an activation flag Clear DTCER

End Interrupt e>.(ception
handling

Figure7.4 DTC Operation Flowchart
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7.6.1 Normal Mode

In normal mode, one activation source transfers one byte or one word of data. Table 7.5 lists the
register functions in normal mode. From 1 to 65,536 transfers can be specified. Once the specified
number of transfers has been completed, a CPU interrupt can be requested.

Table7.5 Register Functionsin Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register ~ DAR Transfer destination address
DTC transfer count register A CRA Transfer counter
DTC transfer count register B CRB Not used

e N e N

SAR —» > -+— DAR
Transfer

~—_ — N s~

Figure7.5 Memory Mappingin Normal Mode
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7.6.2 Repeat Mode

In repeat mode, one activation source transfers one byte or one word of data. Table 7.6 lists the
register functions in repeat mode. From 1 to 256 transfers can be specified. Once the specified
number of transfers has been completed, the initial states of the transfer counter and the address
register that is specified as the repeat area is restored, and transfer is repeated. In repeat mode, the
transfer counter value does not reach H'00, and therefore CPU interrupts cannot be requested when
the DISEL bit in MRB is cleared to 0.

Table7.6 Register Functionsin Repeat Mode

Name

Abbreviation

Function

DTC source address register SAR

Transfer source address

DTC destination address register DAR

Transfer destination address

DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer Count
DTC transfer count register B CRB Not used
N— N—
SAR DAR
or —» Repeat area <:> --— or
DAR Transfer SAR
A
N~ — N~ —

Figure7.6 Memory Mappingin Repeat Mode

Rev. 3.00, 03/04, page 167 of 830

RENESAS




7.6.3 Block Transfer Mode

In block transfer mode, one activation source transfers one block of data. Either the transfer source
or the transfer destination is designated as a block area. Table 7.7 lists the register functions in
block transfer mode. The block size can be between 1 and 256. When the transfer of one block
ends, the initial state of the block size counter and the address register that is specified as the block
area is restored. The other address register is then incremented, decremented, or left fixed
according to the register information. From 1 to 65,536 transfers can be specified. Once the
specified number of transfers has been completed, a CPU interrupt is requested.

Table7.7 Register Functionsin Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size counter

DTC transfer count register B CRB Transfer counter

H 1st block

] N—
SAR B . n B n DAR
or —» o <:> Block area -— or
DAR B . -1 Transfer B 1 SAR

B 7 N~

N th block
\)
N~

Figure7.7 Memory Mapping in Block Transfer Mode
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7.6.4 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB,
which define data transfers, can be set independently.

Figure 7.8 shows the overview of chain transfer operation. When activated, the DTC reads the
register information start address stored at the DTC vector address, and then reads the first register
information at that start address. After the data transfer, the CHNE bit will be tested. When it has
been set to 1, DTC reads the next register information located in a consecutive area and performs
the data transfer. These sequences are repeated until the CHNE bit is cleared to 0.

In the case of transfer with the CHNE bit set to 1, an interrupt request to the CPU is not generated
at the end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.

/_\_/
Source
T S~—— T S~——
Register information Destination
— - CHNE =1
DTC vector Register information I;
address -
| startaddress Register information
CHNE =0
I Source
) ~—_ T o ~—
L Destination
L~

Figure7.8 Chain Transfer Operation
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7.6.5 Interrupt Sources

An interrupt request is issued to the CPU when the DTC has completed the specified number of
data transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interrupts to the CPU are
subject to CPU mask level and priority level control by the interrupt controller.

In the case of software activation, a software-activated data transfer end interrupt (SWDTEND) is
generated.

When the DISEL bit is 1 and one data transfer has been completed, or the specified number of
transfers have been completed, after data transfer ends, the SWDTE bit is held at 1 and an
SWDTEND interrupt is generated. The interrupt handling routine will then clear the SWDTE bit
to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.6.6 Operation Timing

; JUUuUUUUUrU UL
DTC activation \
request /

DTC request / \

Data transfer

Vector read -
pcrss O OOOEE0O00
g

Transfer information Transfer information
read write

Figure7.9 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)
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DTC activation
request /

\

DTC request [

Vector read

Address D ...

| W

Data transfer

e e -
Transfer information Transfer information
read write

Figure7.10 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)

‘ Juriuiydyirrrrrruuuuyye

DTC activation
request /

|

DTC request /

Data transfer
Vector read -

Address

Data transfer
-

Transfer information
read

Transfer Transfer Transfer information
information information write
write read

Figure7.11 DTC Operation Timing (Example of Chain Transfer)

7.6.7 Number of DTC Execution States

Table 7.8 lists the execution status for a single DTC data transfer, and table 7.9 shows the number

of states required for each execution status.

Table7.8 DTC Execution Status

Register
Information Internal
Vector Read Read/Write Data Read Data Write  Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

[Legend]
N: Block size (initial setting of CRAH and CRAL)
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Table7.9

Number of States Required for Each Execution Status

On-Chip RAM
On-Chip RAM (On-chip RAM area On- On-Chip
(H'FFECO0 to other than HFFEC00to  Chip 110
Object to be Accessed H'FFEFFF) H'FFEFFF) ROM  Registers  External Devices
Bus width 32 16 16 8 16 8 8 16 16
Access states 1 1 1 2 2 2 3 2 3
Execution Vectorread S — — 1 — — 4 6 +2m 2 3+m
status
Register 1 — —_ —_ - —_ — - —_
information
read/write S,
Byte dataread S, 1 1 1 2 2 2 3+m 2 3+m
Word dataread 1 1 1 4 2 4 6 +2m 2 3+m
SK
Byte data write S 1 1 1 2 2 2 3+m 2 3+m
Word data write 1 1 1 4 2 4 6 +2m 2 3+m

S

L

Internal operation
S,

M

The number of execution states is calculated from using the formula below. Note that X is the sum
of all transfers activated by one activation source (the number in which the CHNE bit is set to 1,

plus 1).

Number of execution states=1-S +X(J-S,+K-S, +L-S)+M-S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and data is transferred from on-chip ROM to an internal I/O register, then the time required for the
DTC operation is 13 states. The time from activation to the end of data write is 10 states.
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1.7 Proceduresfor Usng DTC

7.7.1 Activation by Interrupt
The procedure for using the DTC with interrupt activation is as follows:

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sources to 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After one data transfer has been completed, or after the specified number of data transfers have
been completed, the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to
continue transferring data, set the DTCE bit to 1.

7.7.2 Activation by Software
The procedure for using the DTC with software activation is as follows:

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is 0.

[4] Write 1 to the SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After one data transfer has been completed, if the DISEL bit is 0 and a CPU interrupt is not
requested, the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the
SWDTE bit to 1. When the DISEL bit is 1 or after the specified number of data transfers have
been completed, the SWDTE bit is held at 1 and a CPU interrupt is requested.
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7.8 Examples of Use of the DTC

7.81 Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

[1] Set MRA to a fixed source address (SM1 = SMO = 0), incrementing destination address (DM1
=1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI, RDR address in SAR, the start address of the RAM area where the data will be received
in DAR, and 128 (H’0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RXI) interrupt. Since the generation of a receive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

[5] Each time the reception of one byte of data has been completed on the SCI, the RDRF flag in
SSRis set to 1, an RXI interrupt is generated, and the DTC is activated. The receive data is
transferred from RDR to RAM by the DTC. DAR is incremented and CRA is decremented.
The RDREF flag is automatically cleared to O.

[6] When CRA becomes 0 after 128 data transfers have been completed, the RDREF flag is held at
1, the DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine will perform wrap-up processing.

7.8.2 Softwar e Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the transfer destination address is
H'2000. The vector number is H’60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the transfer destination address (H2000)
in DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'EO.
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[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. This is presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of data is transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform wrap-up processing.
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7.9 Usage Notes

79.1 Module Stop M ode Setting

DTC operation can be enabled or disabled by the module stop control register (MSTPCR). In the
initial state, DTC operation is enabled. Access to DTC registers are disabled when module stop
mode is set. Note that when the DTC is being activated, module stop mode can not be specified.
For details, refer to section 23, Power-Down Modes.

7.9.2 On-Chip RAM

MRA, MRB, SAR, DAR, CRA, and CRB are all located in on-chip RAM. When the DTC is used,
the RAME bit in SYSCR should not be cleared to 0.

7.9.3 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR, for reading and
writing. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking all interrupts and writing data after executing a dummy read on the relevant register.

794 Setting Required on Entering Subactive M ode or Watch Mode

Set the MSTP14 bit in MSTPCRH to 1 to make the DTC enter module stop mode, then confirm
that is set to 1 before making a transition to subactive mode or watch mode.

795 DTC Activation by Interrupt Sourcesof SCI, I1C, or A/D Converter

Interrupt sources of the SCI, IIC, or A/D converter which activate the DTC are cleared when DTC
reads from or writes to the respective registers, and they cannot be cleared by the DISEL bit in
MRB.
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Section 8 1/0 Ports

Table 8.1 is a summary of the port functions. The pins of each port also function as input/output
pins of peripheral modules and interrupt input pins. Each input/output port includes a data
direction register (DDR) that controls input/output and a data register (DR) that stores output data.
DDR and DR are not provided for an input-only port.

Ports 1 to 3, 6, A, and DO to D5 have built-in input pull-up MOSs. For port A and DO to D5, the
on/off status of the input pull-up MOS is controlled by DDR and ODR. Ports 1 to 3 and 6 have an
input pull-up MOS control register (PCR), in addition to DDR and DR, to control the on/off status

of the input pull-up MOSs.

Ports 1 to 6, and 8 to F can drive a single TTL load and 30 pF capacitive load. All the I/O ports
can drive a Darlington transistor in output mode. Ports 8, CO to C5 and D6 to D7 are NMOS push-
pull output.

Table8.1 Port Functions
Extended Mode Single-Chip Mode
Port Description (EXPE =1) (EXPE =0) I/O Status
Port 1  General I/O port also P17/A7/AD7 P17/PW7 Built-in input
functioning as PWM P16/A6/AD6 P16/PW6 pull-up MOSs
output, address :
outgut, and P15/A5/AD5 P15/PW5 taEF‘;glrl'l‘t’;
address/data P14/A4/AD4 P14/PW4 (sink t5
multiplex input/output Sink curren
pIexinputiolPUt p13/a3/AD3 P13/PW3 mA)
P12/A2/AD2 P12/PW2
P11/A1/AD1 P11/PWA1
P10/A0/ADO P10/PWO
Port2 General I/O port also P27/A15/AD15 P27/PW15 Built-in input
functioning as PWM  poa/a14/AD14 P26/PW14 pull-up MOSs
output, address :

P P25/A13/AD13 P25/PW13 LED drive
output, and capability
address/data P24/A12/AD12 P24/PW12 (sink t5

. . sink curren
multiplex input/output  p53/414/aAD11 P23/PW11 mA)
P22/A10/AD10 P22/PW10
P21/A9/AD9 P21/PW9
P20/A8/ADS8 P20/PW8
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Table8.1

Port Functions (cont)

Extended Mode

Single-Chip Mode

Port Description (EXPE =1) (EXPE =0) 1/0 Status
Port 3 General I/O port P37/D15/WVEI5 P37/WUE15 Built-in input
also functioning “pae 14 WUET4 P36/WUET4 pull-up MOSs
as bidirectional LED drive
data bUS, and P35/D13/WUEI3 P35/WUE13 capablllty
wake-up event  p34/D12/WUEI2 P34/WUE12 .
input (sink current 5
P33/D11/WUEN P33/WUE11 mA)
P32/D10/WUEIO P32/WUE10
P31/D9/WUEI9 P31/WUE9
P30/D8/WUEI8 P30/WUES8

Port4 General I/O port P47/IRQ7/TMOY

als_o functioning P46/IRQB/TMOX

as interrupt _

input, and P45/IRQ5/TMIY

TMR_O, P44/IRQ4/TMIX

TMR_1, TEAA

TMR_X, P43/IRQ3/TMO1

TMR_Y input ~ P42/IRQ2/TMOO0
P41/IRQ1/TMI1
P40/IRQ0/TMIO

Port5 General I/O port P57/IRQ15/PWX1

also functioning - psgTRQT4/PWX0

as interrupt

input, PWMX P55/IRQ13/RxD2

output, and P54/IRQ12/TxD2

SCI_0, SCI_1, TRATT

SCI_2 /O pins P53/IRQ11/RxD1/IrRxD
P52/IRQ10/TxD1/IrTxD
P51/IRQ9/RxD0
P50/IRQ8/TxD0
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Table8.1

Port Functions (cont)

Extended Mode

Single-Chip Mode

Port Description (EXPE=1) (EXPE =0) I/O Status
Port 6 General I/0 port P67/KIN7*' D7+ P67//KIN7 Built-in
also functioning “pgg FTOR/KING* D6*  P66/FTOB/KING input pull-
as bidirectional up MOSs
data bus, FRT  P65/FTID/KING*' D5#2 P65/FTID/KING
input/output,  pe4/FTIC/KIN4*' D4+ P64/FTIC/KIN
keyboard input — 5 ——
P63/FTIB/KIN3* D3* P63/FTIB/KIN3
P62/FTIA/KIN2*' D2 P62/FTIA/KIN2
P61/FTOA/KINT*' D1+ P61/FTOA/KINA
P60/FTCI/KINO*' DO** P60/FTCI/KINO
Port 7 General I/O port P77/ExIRQ7/AN7/DA1

also functioning
as A/D
converter
analog input,
D/A converter
analog output,
and interrupt
input

P76/ExIRQ6/AN6/DAO

P75/ExIRQ5/ANS
P74/ExIRQ4/AN4
P73/ExIRQ3/AN3
P72/ExIRQ2/AN2
P71/AN1
P70/ANO
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Table8.1 Port Functions (cont)

Extended Mode Single-Chip Mode

Port Description (EXPE =1) (EXPE = 0) I/0O Status
Port 8 General I/O port also P87/ExIRQ15/ADTRG/EXTMIY NMOS push-

functioning as A/D P86/EXIRQ14/SCK2/EXTMIX pull outputs.

converter external

trigger input pin, P85/ExIRQ13/SCK1/ExTMI1

SCI_0, SCI_1,and  P84/ExIRQ12/SCKO/EXTMIO

SCI_2 clock P83/ExXIRQTT/SDAT

inputs/outputs,

TMR_0, TMR_1, P82/ExIRQ10/SCLA1
TMR_X, TMR_Y P81/ExIRQY/SDAO

inputs, and IIC_0 _

and IIC_1 P80/ExIRQ8/SCLO

inputs/outputs

Port9 General I/O port also P97/WAIT/CS256 P97

function_ing as bus P96/O/EXCL
control input/output,

system clock output, AS/I0S3 P95
and external sub- OWR P94
clock input —
RD P93
P92/CPCS1 P92
P91/AH P91
P90/LWR P90
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Table81 Port Functions (cont)
Extended Mode Single-Chip Mode
Port Description (EXPE =1) (EXPE = 0) I/O Status
Port A General I/O port PA7/KIN15/ PA7/KIN15/ Built-in input
also functioning  A23/EVENT7 EVENT7 pull-up
oot ot PAGKINTA7 PAG/KIN14/ MOSs
address output, A22/EVENT6 EVENT6
keyboard input,  PA5/KIN13/ PA5/KIN13/
grg SZCI_O ancll A21/EVENT5 EVENT5
coniiolome e PA&KINTZ/ PA4/KINT2/
A20/EVENT4 EVENT4
PA3/KIN11/ PAS3/KIN11/
A19/EVENT3 EVENT3
PA2/KIN10/ PA2/KIN10/
A18/EVENT2 EVENT2
PA1/KIN9/ PA1/KIN9/
A17/SSE2l/ SSE2l/
EVENT1 EVENTA1
PAO/KINS/ PAO/KINS/
A16/SSEQl/ SSEOI/
EVENTO EVENTO
Port B General I/O port PB7/EVENT15
also functioning PB6/EVENT14
as DTC event PB5/EVENT13
counter input PB4/EVENT12
PB3/EVENT11
PB2/EVENT10
PB1/EVENT9
PBO/EVENT8
Port C General /O port PC7/PWX3 NMOS push-
also functioning PC6/PWX2 pull outputs
as PWMX output PC5/SDA4 (PCO to
and lIC_2, 1IC_3, PC4/SCL4 PC5)
and lIC_4 1/0 PC3/SDA3
pins PC2/SCL3
PC1/SDA2
PC0/SCL2
Port D General I/O port PD7/SDA5 Built-in input
also functioning PD6/SCL5 pull-up
as LPC1/0,and PD5/LPCPD MOSs
IIC_51/0O pins PD4/CLKRUN (PDO to
PD3/GA20 PD5)
PD2/PME NMOS push-
PD1/LSMI pull outputs
PDO/LSCI (PD6 to
PD7)
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Table8.1 Port Functions (cont)

Extended Mode

Single-Chip Mode

Port Description (EXPE =1) (EXPE =0) I/O Status
Port E  General I/O port also PE7/SERIRQ
functioning as LPC ~ PE6/LCLK
I/0 PE5/LRESET
PE4/LFRAME
PE3/LAD3
PE2/LAD2
PE1/LAD1
PEO/LADO
Port F General I/O port also PF2/ExPW2
functioning as PWM PF1/ExPW1
output pin PFO/ExPWO

Notes: 1. 8-bit data bus is selected.
2. 16-bit data bus is selected.
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8.1 Port 1

Port 1 is an 8-bit I/O port. Port 1 pins also function as an address bus, PWM output pins, and
address/data multiplex bus. Port 1 functions change according to the operating mode. Port 1 has
the following registers.

e Port 1 data direction register (PIDDR)
e Port 1 data register (PIDR)
e Port 1 pull-up MOS control register (P1PCR)

811 Port 1 Data Direction Register (P1DDR)

The individual bits of PIDDR specify input or output for the pins of port 1.

Bit Bit Name Initial Value R/W Description

7 P17DDR 0 w In normal extended mode (ADMXE = 0):

6 P16DDR 0 w The corresponding port 1 pins are address output

5 P15DDR 0 W when P1DDR bits are set to 1, and input ports when
cleared to 0.

4 P14DDR 0 w In address/data multiplex extended mode (ADMXE =

3 P13DDR 0 w 1):

2 P12DDR 0 w When the bus width is 16 bits, lower 8 bits of

1 P11DDR 0 W address/data multiplex bus. When the bus width is 8
bits, this register is used in the same way as in single

0 P10DDR 0 w

chip mode.
In single-chip mode:

The corresponding port 1 pins are output ports or
PWM outputs when the P1DDR bits are set to 1, and
input ports when cleared to 0.
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8.1.2 Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

Bit Bit Name |Initial Value R/W Description
7 P17DR 0 R/W P1DR stores output data for the port 1 pins that are
6 P16DR 0 RIW used as the general output port.

If a port 1 read is performed while the P1DDR bits are
5 P15DR 0 RW set to 1, the P1DR values are read. If a port 1 read is
4 P14DR 0 R/W  performed while the P1DDR bits are cleared to 0, the
3 P13DR 0 R/W pin states are read.
2 P12DR 0 R/W
1 P11DR 0 R/W
0 P10DR 0 R/W

8.1.3  Port1Pull-Up MOS Control Register (PLPCR)

P1PCR controls the port 1 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W  Description

7 P17PCR 0 R/W  When the pins are in input state, the corresponding

6 P16PCR 0 R/W input pull-up MOS is turned on when a P1PCR bit is
setto 1.

5 P15PCR 0 R/wW In address-data multiplex extended bus mode is

4 P14PCR 0 R/W  used, the initial value should not be changed.

3 P13PCR 0 R/W

2 P12PCR 0 R/W

1 P11PCR 0 R/W

0 P10PCR 0 R/W
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814

Pin Functions

The relationship between register setting values and pin functions are as follows in each operating

mode.

Extended Mode (EXPE = 1):

The function of port 1 pins is switched as shown below according to the PInDDR bit.

P1nDDR 0 1
ADMXE 0 1 0 1
ABW, — Either bitis 0 All1 — Either bitis O All1
ABW256, (8/16 bit bus) | (8 bit bus) (8 bit bus)
ABWCP
Pin function |P1ninput pin| AD7 to ADO | P1n input A7 to AO Setting P1n output
input/output pin output pin prohibited pin
pin
[Legend]
n=7t0

Single-Chip Mode (EXPE = 0):

The function of port 1 pins is switched as shown below according to the combination of the OEn
bit and P1nDDR bit in PWOERA of PWM and the PWMS bit in PTCNTO.

P1nDDR

0

1

PWMS

1

OEn

Pin function

P1n input pin

P1n output pin

PWn

output pin

[Legend]
n=7t0
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8.15 Port 1 Input Pull-Up MOS

Port 1 has a built-in input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used regardless of the operating mode. Table 8.2 summarizes the input pull-up MOS
states.

Table8.2 Port 1Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when P1DDR = 0 and P1PCR = 1; otherwise off.
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8.2 Port 2

Port 2 is an 8-bit I/O port. Port 2 pins also function as an address bus, PWM output pins, and
address-data multiplex bus. Port 2 functions change according to the operating mode. Port 2 has
the following registers.

e Port 2 data direction register (P2DDR)
e Port 2 data register (P2DR)
e Port 2 pull-up MOS control register (P2PCR)

821 Port 2 Data Direction Register (P2DDR)

The individual bits of P2DDR specify input or output for the pins of port 2.

Bit Bit Name Initial Value R/W Description

7 P27DDR 0 w In normal extended mode (ADMXE = 0):

6 P26DDR 0 W The corresponding port 2 pins are address output
5 P25DDR 0 W gggz x:gz LT:;:(?E)%P“S are set to 1, and input
4 P24DDR 0 w Pins function as the address output port depending
3 P23DDR 0 w on the setting of bits IOSE and CS256E in SYSCR.
2 P22DDR 0 W Address/data multiplex extended mode (ADMXE =
1 P2IDDR 0 w 1)

0 P20DDR 0 W The upper 8-bit of address/data multiplex bus.

In single-chip mode:

The corresponding port 2 pins are output ports or
PWM outputs when the P2DDR bits are set to 1,
and input ports when cleared to 0.
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8.2.2 Port 2 Data Register (P2DR)
P2DR stores output data for the port 2 pins.

Bit Bit Name Initial Value R/W Description

7 P27DR 0 R/W P2DR stores output data for the port 2 pins that are
6 P26DR 0 RIW used as the general output port.

If a port 2 read is performed while the P2DDR bits
5 P25DR 0 RW are set to 1, the P2DR values are read. If a port 2
4 P24DR 0 R/W read is performed while the P2DDR bits are
3 P23DR 0 R/W cleared to 0, the pin states are read.
2 P22DR 0 R/W
1 P21DR 0 R/W
0 P20DR 0 R/W

823  Port 2 Pull-Up MOS Control Register (P2PCR)

P2PCR controls the port 2 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P27PCR 0 R/W When the pins are in input state, the corresponding

6 P26PCR 0 R/W input pull-up MOS is turned on when a P2PCR bit
is setto 1.

5 P25PCR 0 R/W

4 P24PCR 0 R/W

3 P23PCR 0 R/W

2 P22PCR 0 R/W

1 P21PCR 0 R/W

0 P20PCR 0 R/W
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8.24 Pin Functions

The relationship between register setting values and pin functions are as follows in each operating
mode.

Extended Mode (EXPE = 1):

The function of port 2 pins is switched as shown below according to the combination of the
CS256E and IOSE bits in SYSCR, the ADFULLE and CPCSE bits in BCR2 of BSC, and the
P2nDDR bit.

Addresses 13 and 11 in the following table are expressed by the following logical expressions:

Address 13 = 1:ADFULLE « CS256E « (CPCSE | IOSE)
Address 11 = 1: ADFULLE « CS256E « CPCSE « IOSE

P2nDDR 0
ADMXE 0 1 1
Address 13 — — 0 1 —
Pin function P27 to P25 AD15 to A15to A13 | P27 to P25 AD15 to AD13
input pins AD13 output pins | output pins input/output pins
input/output
pins
[Legend]
n=7t5
P24DDR 0
ADMXE 0 1 1
Address 11 — — 0 1 —
Pin function  |P24 input pin AD12 A12 output | P24 output AD12 input/output pin
input/output pin pin
pin
P23DDR 0
ADMXE 0 1 1
Address 11 — — 0 1 —
Pin function  |P23 input pin AD11 A11 output | P23 output AD11 input/output pin
input/output pin pin
pin

RENESAS

Rev. 3.00, 03/04, page 189 of 830




P2nDDR 0 1

ADMXE 0 1 0 1

Pin function P2n input pins AD10 to AD8 A10 to A8 output AD10 to AD8
input/output pins pins input/output pins

[Legend]

n=7t0

Single-Chip Mode (EXPE = 0):

The function of port 2 pins is switched as shown below according to the combination of the OEm
bit in PWOERB of PWR and the P2nDDR bit.

P2nDDR 0 1

OEm J— 0 1

Pin function P27 to P20 input pins P27 to P20 output pins PW15 to PW8 output pins

[Legend]
n=7t0
m=151t08

8.25 Port 2 Input Pull-Up MOS

Port 2 has a built-in input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used regardless of the operating mode. Table 8.3 summarizes the input pull-up MOS

states.

Table8.3 Port 2 Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when P2DDR = 0 and P2PCR = 1; otherwise off.
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8.3 Port 3

Port 3 is an 8-bit I/O port. Port 3 pins also function as a bidirectional data bus, wake-up event
input pins. Port 3 functions change according to the operating mode. Port 3 has the following
registers.

e Port 3 data direction register (P3DDR)
e Port 3 data register (P3DR)
e Port 3 pull-up MOS control register (P3PCR)

831 Port 3 Data Direction Register (P3DDR)

The individual bits of P3ADDR specify input or output for the pins of port 3.

Bit Bit Name Initial Value R/W Description

7 P37DDR 0 W  In normal extended mode:

6 P36DDR 0 W  Bidirectional data bus

5 P35DDR 0 W  In other mode:

4 P34DDR 0 W  The corresponding port 3 pins are output ports when
3 P33DDR 0 ™ :;TsafsdDgF({)_blts are set to 1, and input ports when

2 P32DDR 0 W

1 P31DDR 0 W

0 P30DDR 0 W

8.3.2 Port 3 Data Register (P3DR)

P3DR stores output data for the port 3 pins.

Bit Bit Name Initial Value R/W Description

7 P37DR 0 R/W  In normal extended mode (ADMXE = 0):

6 P36DR 0 R/W If a port 3 read is performed while the P3DDR bits are

5 P35DR 0 RIW sgt to 1, the P3DR valu.es are read. When the P3DDR
bits are cleared to 0, 1 is read.

4 P34DR 0 R/W .
In other mode:

3 P33DR 0 RIW If a port 3 read is performed while the P3DDR bits are

2 P32DR 0 R/W set to 1, the P3DR values are read. If a port 3 read is

1 P31DR 0 R/W performed while the P3DDR bits are cleared to 0, the
pin states are read.

0 P30DR 0 R/W
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8.3.3 Port 3 Pull-Up MOS Control Register (P3PCR)
P3PCR controls the port 3 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P37PCR 0 R/W In normal extended mode:

6 P36PCR 0 R/W Operation is not affected.

5 P35PCR 0 R/W In other mode:

4 P34PCR 0 R/W When the pins are in input state, the corresponding
input pull-up MOS is turned on when a P3PCR bit is set

3 P33PCR 0 RW 4o 1.

2 P32PCR 0 R/W

1 P31PCR 0 R/W

0 P30PCR 0 R/W

834 Pin Functions

Normal Extended M ode:

Port 3 pins automatically function as the bidirectional data bus.
Address/Data Multiplex M ode:

Same operation as the single-chip mode.

Single-Chip Mode:

e P37/WUEIS
The pin function is switched as shown below according to the P37DDR bit.
When the WUEM 15 bit in WUEMR3 of the interrupt controller is cleared to 0, this pin can be
used as the WUELS5 input pin. To use this pin as the WUELS input pin, clear the P37DDR bit
to 0.

P37DDR 0 1
WUEM15 0 1 —
Pin Function WUEI15 input pin P37 input pin P37 output pin
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P36/WUE14
The pin function is switched as shown below according to the P36DDR bit.

When the WUEM 14 bit in WUEMR3 of the interrupt controller is cleared to 0, this pin can be
used as the WUE14 input pin. To use this pin as the WUE14 input pin, clear the P36DDR bit

to 0.

P36DDR

1

WUEM14

0

1

Pin function

WUE14 input pin

P36 input pin

P36 output pin

e P35/WUEI3

The pin function is switched as shown below according to the P35DDR bit.

When the WUEM 13 bit in WUEMR3 of the interrupt controller is cleared to O, this pin can be
used as the WUE13 input pin. To use this pin as the WUE13 input pin, clear the P35SDDR bit

to 0.

P35DDR

1

WUEM13

0

1

Pin function

WUE13 input pin

P35 input pin

P35 output pin

P34/WUE12
The pin function is switched as shown below according to the P34DDR bits.
When the WUEM12 bit in WUEMR3 of the interrupt controller is cleared to 0, this pin can be

used as the WUEI12 input pin. To use this pin as the WUE12 input pin, clear the P34DDR bit
to 0.

P34DDR

1

WUEM12

0

1

Pin function

WUE12 input pin

P34 input pin

P34 output pin

P33/WUE11
The pin function is switched as shown below according to the P33DDR bits.

When the WUEMI11 bit in WUEMR3 of the interrupt controller is cleared to O, this pin can be
used as the WUEL11 input pin. To use this pin as the WUE11 input pin, clear the P33DDR bit

to 0.

P33DDR

1

WUEM11

0

1

Pin function

WUE11 input pin

P33 input pin

P33 output pin

RENESAS

Rev. 3.00, 03/04, page 193 of 830




e P32/WUE10
The pin function is switched as shown below according to the P32DDR bits.

When the WUEMI10 bit in WUEMR3 of the interrupt controller is cleared to 0, this pin can be
used as the WUEIO input pin. To use this pin as the WUE10 input pin, clear the P32DDR bit

to 0.

P32DDR

1

WUEM10

0

1

Pin function

WUE10 input pin

P32 input pin

P32 output pin

e P31/WUE9

The pin function is switched as shown below according to the P31DDR bits.

When the WUEMO bit in WUEMR3 of the interrupt controller is cleared to 0, this pin can be
used as the WUED9 input pin. To use this pin as the WUED9 input pin, clear the P31DDR bit to

0.
P31DDR 1
WUEM9 0 1 —
Pin function WUES9 input pin P31 input pin P31 output pin
e P30/WUES

The pin function is switched as shown below according to the P30DDR bits.

When the WUEMS bit in WUEMR3 of the interrupt controller is cleared to 0, this pin can be
used as the WUES input pin. To use this pin as the WUES input pin, clear the P30DDR bit to

0.
P30DDR 1
WUEMS8 0 1 —
Pin function WUES input pin P30 input pin P30 output pin
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8.35 Port 3 Input Pull-Up MOS

Port 3 has a built-in input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used in single-chip mode. Table 8.4 summarizes the input pull-up MOS states.

Table8.4 Port 3Input Pull-Up MOS States

Hardware Standby Software

Mode Reset Mode Standby Mode In Other Operations
Normal extended Off Off Off Off

mode (EXPE =1,

ADMXE = 0)

Single-chip mode  Off Off On/Off On/Off

(EXPE = 0)

Address-data
multiplex extended
mode (EXPE =1,
ADMXE = 1)

[Legend]
Off : Always off.
On/Off : On when input state and P3PCR = 1; otherwise off.
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8.4 Port 4

Port 4 is an 8-bit I/O port. Port 4 pins also function as external interrupt input, and TMR_0,
TMR_1, TMR_X, and TMR_Y input/output pins. Port 4 has the following registers.

e Port 4 data direction register (P4ADDR)

e Port 4 data register (P4ADR)

84.1 Port 4 Data Direction Register (PADDR)

The individual bits of PADDR specify input or output for the pins of port 4.

Bit Bit Name Initial Value R/W Description

7 P47DDR 0 W  If port 4 pins are specified for use as the general /O

6 P4DDR 0 W e the PADDR bis are set o 1, and mput pors hen
5 P45DDR 0 W cleared to 0.

4 P44DDR 0 w

3 P43DDR 0 w

2 P42DDR 0 w

1 P41DDR 0 w

0 P40DDR 0 w

84.2 Port 4 Data Register (P4DR)

P4DR stores output data for the port 4 pins.

Bit Bit Name Initial Value R/W Description

7 P47DR 0 R/W P4DR stores output data for the port 4 pins that are

6 P46DR 0 R/W used as the general output port.

s Peon o A 13 por 4 a1 prmed unl e PADDR i v
4 P44DR 0 R/W performed while the PADDR bits are cleared to 0, the
3 P43DR 0 R/W Pin states are read.

2 P42DR 0 R/W

1 P41DR 0 R/W

0 P40DR 0 R/W
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8.4.3 Pin Functions

The relationship between register setting values and pin functions are as follows.

e P47/IRQ7/TMOY

The pin function is switched as shown below according to the combination of the OS3 to OSO
bits in TCSR of TMR_Y and the P47DDR bit.

When the ISS7 bit in ISSR is cleared to 0 and the IRQ7E bit in IER of the interrupt controller
is set to 1, this pin can be used as the IRQ7 input pin. To use this pin as the IRQ7 input pin,

clear the P47DDR bit to 0.
0OS3to OS0O AllO One bit is set as 1
P47DDR 0 1 —
Pin function P47 input pin P47 output pin TMOY output pin
IRQ7 input pin

e P46/IRQ6/TMOX

The pin function is switched as shown below according to the combination of the OS3 to OS0
bits in TCSR of TMR_X and the P46DDR bit.

When the ISS6 bit in ISSR is cleared to 0 and the IRQGE bit in IER of the interrupt controller
is set to 1, this pin can be used as the IRQ6 input pin. To use this pin as the IRQ6 input pin,

clear the PA6DDR bit to 0.
0S3 to OS0 AllO One bit is set as 1
P46DDR 0 1 —
Pin function P46 input pin P46 output pin TMOX output pin
IRQ6 input pin
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o P45/IRQ5/TMIY
The pin function is switched as shown below according to the PASDDR bit.
When the TMIYS bit in PTCNTO is cleared to 0 and the external clock is selected by the CKS2
to CKSO bits in TCR of TMR_Y, this bit is used as the TMCIY input pin. When the CCLR1
and CCLRO bits in TCR of TMR_Y are set to 1, this pin is used as the TMRIY input pin.
When the ISS5 bit in ISSR is cleared to 0 and the IRQSE bit in IER of the interrupt controller
is set to 1, this pin can be used as the IRQ5 input pin. To use this pin as the IRQ5 input pin,
clear the PASDDR bit to 0.

P45DDR 0 1
Pin function P45 input pin P45 output pin
TMIY (TMCIY/TMRIY) input pin
TRQ5 input pin

o P44/IRQ4/TMIX
The pin function is switched as shown below according to the P44DDR bits.
When the TMIXS bit in PTCNTO is cleared to 0 and the external clock is selected by the CKS2
to CKSO bits in TCR of TMR_X, this bit is used as the TMCIX input pin. When the CCLR1
and CCLRO bits in TCR of TMR_X are set to 1, this pin is used as the TMRIX input pin.
When the ISS4 bit in ISSR is cleared to 0 and the IRQ4E bit in IER of the interrupt controller
is set to 1, this pin can be used as the IRQ4 input pin. To use this pin as the IRQ4 input pin,
clear the P4A4DDR bit to 0.

P44DDR 0 1
Pin function P44 input pin P44 output pin
TMIY (TMCIY/TMRIY) input pin
TRQ4 input pin

e P43/IRQ3/TMOI
The pin function is switched as shown below according to the OS3 to OS0 bits in TCSR of
TMR_1 and the P43DDR bit. When the ISS3 bit in ISSR is cleared to 0 and the IRQ3E bit in
IER of the interrupt controller is set to 1, this pin can be used as the IRQ3 input pin. To use
this pin as the IRQ3 input pin, clear the P43DDR bit to 0.

0S3 to OS0 AllO One bit is set as 1

P43DDR 0 1 —

Pin function P43 input pin P43 output pin TMO1 output pin
IRQ3 input pin
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e P42/IRQ2/TMO0

The pin function is switched as shown below according to the OS3 to OS0 bits in TCSR of
TMR_O0 and the P42DDR bit.

When the ISS2 bit in ISSR is cleared to 0 and the IRQ2E bit in IER of the interrupt controller
is set to 1, this pin can be used as the IRQ2 input pin. To use this pin as the IRQ2 input pin,
clear the PA2DDR bit to 0.

0OS3 to OS0 AllO One bit is setas 1

P42DDR 0 1 —

Pin function P42 input pin P42 output pin TMOO output pin
IRQ2 input pin

e P41/IRQI/TMIL
The pin function is switched as shown below according to the PAIDDR bits.
When the TMIL1S bit in PTCNTO is cleared to 0 and the external clock is selected by the CKS2
to CKSO bits in TCR of TMR_1, this bit is used as the TMCI1 input pin. When the CCLR1
and CCLRO bits in TCR of TMR_1 are set to 1, this pin is used as the TMRI1 input pin. When
the ISS1 bit in ISSR is cleared to 0 and the IRQI1E bit in IER of the interrupt controller is set to
1, this pin can be used as the IRQI input pin. To use this pin as the IRQ1 input pin, clear the
P41DDR bit to 0.

P41DDR 0 1

Pin function P41 input pin P41 output pin

TMI1(TMCI1/TMRIT) input pin
IRQT input pins

o P40/IRQO/TMIO
The pin function is switched as shown below according to the PAODDR bits.
When the TMIOS bit in PTCNTO is cleared to 0 and the external clock is selected by the CKS2
to CKSO bits in TCR of TMR_O0, this bit is used as the TMCIO input pin. When the CCLR1
and CCLRO bits in TCR of TMR_0 are set to 1, this pin is used as the TMRIO input pin. When
the ISSO bit in ISSR is cleared to 0 and the IRQOE bit in IER of the interrupt controller is set to
1, this pin can be used as the IRQO input pin. To use this pin as the IRQO input pin, clear the
P40DDR bit to 0.

P40DDR 0 1
Pin function P40 input pin P40 output pin
TMIO(TMCIO/TMRIO) input pin
TRQO input pin
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8.5 Port 5

Port 5 is an 8-bit I/O port. Port 5 pins also function as interrupt input pins, the PWMX output pin,
SCI_0, SCI_1, and SCI_2 input/output pins. Port 5 has the following registers.

e Port 5 data direction register (PSDDR)
e Port 5 data register (PSDR)

851 Port 5 Data Direction Register (PSDDR)

The individual bits of PSDDR specify input or output for the pins of port 5.

Bit Bit Name Initial Value R/W Description

7 P57DDR 0 w If port 5 pins are specified for use as the general I/O
o _PeoDn o S b o
5 P55DDR 0 W when cleared to 0.

4 P54DDR 0 W

3 P53DDR 0 W

2 P52DDR 0 W

1 P51DDR 0 W

0 P50DDR 0 W

852 Port 5 Data Register (P5DR)

P5DR stores output data for the port 5 pins.

Bit Bit Name Initial Value R/W Description

7 P57DR 0 R/W  P5DR stores output data for the port 5 pins that are

6 P56DR 0 R/W used as the general output port.

s w0 o 3508 e s prored e PADDR bt
4 P54DR 0 R/W  performed while the PSDDR bits are cleared to 0, the
3 P53DR 0 R/W Pin states are read.

2 P52DR 0 R/W

1 P51DR 0 R/W

0 P50DR 0 R/W
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8.5.3 Pin Functions

The relationship between register setting values and pin functions are as follows.

e P57/IRQI5/PWX1

The pin function is switched as shown below according to the combination of the OEB bit in
DACR of PWMX and the PS7TDDR bit.
When the ISS15 bit in ISSR16 is cleared to 0 and the IRQ15E bit in IER16 of the interrupt

controller is set to 1, this pin can be used as the IRQ15 input pin. To use this pin as the IRQ15
input pin, clear the PS7DDR bit to 0.

IRQ15 input pin

OEB 0 1
P57DDR 0 1 —
Pin function P57 input pin P57 output pin PWX1 output pin

e P56/IRQ14/PWXO0

The pin function is switched as shown below according to the combination of the OEA bit in
DACR of PWMX and the PS6DDR bit.
When the ISS14 bit in ISSR16 is cleared to 0 and the IRQ14E bit in IER16 of the interrupt

controller is set to 1, this pin can be used as the IRQ14 input pin. To use this pin as the IRQ14
input pin, clear the PS6DDR bit to 0.

OEA 0 1
P56DDR 0 1 _
Pin function P56 input pin P56 output pin PWXO output pin

IRQ14 input pin

e P55/IRQ13/RxD2

The pin function is switched as shown below according to the combination of the RE bit in

SCR of SCI_2 and the PS5DDR bit.

When the ISS13 bit in ISSR16 is cleared to 0 and the IRQ13E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ13 input pin. To use this pin as the IRQ13
input pin, clear the PSSDDR bit to 0.

RE 0 1
P55DDR 0 1 —
Pin function P55 input pin P55 output pin RxD2 input pin

IRQ13 input pin
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P54/IRQ12/TxD2

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_2 and the P5S4DDR bit.

When the ISS12 bit in ISSR16 is cleared to 0 and the IRQ12E bit in IER16 of the interrupt
controller is set to 1 this pin can be used as the IRQ12 input pin. To use this pin as the IRQ12
input pin, clear the P5S4DDR bit to 0.

TE 0 1

P54DDR 0 1 —

Pin function P54 input pin P54 output pin TxD2 output pin
IRQ12 input pin

e P53/IRQ11/RxD1/IrRxD

The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_1 and the PS3DDR bit.

When the ISS11 bit in ISSR16 is cleared to 0 and the IRQ11E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ11 input pin. To use this pin as the IRQ11
input pin, clear the PS3DDR bit to 0.

RE 0 1

P53DDR 0 1 -

Pin function P53 input pin P53 output pin RxD1/IrRxD input pin
IRQ11 input pin

e P52/IRQ10/TxD1/IrTxD

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_1 and the P52DDR bit.

When the ISS10 bit in ISSR16 is cleared to 0 and the IRQ10E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ10 input pin. To use this pin as the IRQ10
input pin, clear the P52DDR bit to 0.

TE 0 1

P52DDR 0 1 —

Pin function P52 input pin P52 output pin TxD1/IrTxD output pin
TRQ10 input pin
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e P51/IRQ9/RxD0

The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_0 and the PS1DDR bit.

When the ISS9 bit in ISSR16 is cleared to 0 and the IRQ9E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQO input pin. To use this pin as the IRQ9
input pin, clear the PSIDDR bit to 0.

RE 0 1

P51DDR 0 1 —

Pin function P51 input pin P51 output pin RxDO input pin
TRQ9 input pin

e P50/IRQ8/TxDO

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_0 and the PSODDR bit.

When the ISS8 bit in ISSR16 is cleared to 0 and the IRQSE bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ8 input pin. To use this pin as the IRQ8
input pin, clear the PSODDR bit to 0.

TE 0 1

P50DDR 0 1 —

Pin function P50 input pin P50 output pin TxDO output pin
IRQ8 input pin

Rev. 3.00, 03/04, page 203 of 830
RENESAS



8.6 Port 6

Port 6 is an 8-bit I/O port. Port 6 pins also function as the FRT input/output pin, keyboard input
pin, and noise cancel input pin. Port 6 functions change according to the operating mode. The port
can be used as the extended data bus (lower eight bits). Port 6 has the following registers.

e Port 6 data direction register (P6DDR)

e Port 6 data register (P6DR)

e Port 6 pull-up MOS control register (KMPCRO6)

e System control register 2 (SYSCR2)

e Noise canceler enable register (PONCE)

e Noise canceler decision control register (PONCMC)

e Noise cancel cycle setting register (PONCCS)

8.6.1 Port 6 Data Direction Register (P6DDR)

The individual bits of PODDR specify input or output for the pins of port 6.

Bit Bit Name Initial Value R/W Description
7 P67DDR 0 w Normal extended mode (16-bit data bus):
6 P66DDR 0 w The port functions as the data bus regardless of the
5 PG5DDR 0 W values in these bits.
Other mode:
4 P64DDR 0 w ) -
If port 6 pins are specified for use as the general I/O
3 P63DDR 0 W port, the corresponding port 6 pins are output ports
2 P62DDR 0 w when the P6DDR bits are set to 1, and input ports
when cleared to 0.
P61DDR 0 w
0 P60DDR 0 W
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8.6.2 Port 6 Data Register (P6DR)

P6DR stores output data for the port 6 pins.

Bit Bit Name Initial Value R/W Description

7 P67DR 0 R/W  Normal extended mode (16-bit data bus):

6 P66DR 0 R/W If a port 6 read is performed while the P6DDR bits are
set to 1, the P6DR values are read. If a port 6 read is

5 P6SDR 0 R/W performed while the P6DDR bits are cleared to 0, 1 is

4 P64DR 0 R/W  read.

3 P63DR 0 R/W  Other mode:

2 P62DR 0 R/W  P6DR stores output data for the port 6 pins that are

1 P61DR 0 R/W used as the general output port.

0 P6ODR 0 RIW If a port 6 read is performed while the P6DDR bits are

set to 1, the P6DR values are read. If a port 6 read is
performed while the P6DDR bits are cleared to 0, the
pin states are read.

8.6.3 Port 6 Pull-Up MOS Control Register (KMPCR®6)

KMPCRG6 controls the port 6 built-in input pull-up MOSs. This register is accessible when SYSCR
KINWUE is 1. See section 3.2.2, System Control Register (SYSCR).

Bit Bit Name Initial Value R/W Description

7 KM7PCR 0 R/W  Normal extended mode (16-bit data bus):

6 KM6PCR 0 R/W  Operation is not affected.

5 KM5PCR 0 R/W  Other mode:

4 KM4PCR 0 R/W When the pins are in input state, the corresponding

3 KM3PCR 0 R/W ;nepf[L:Lﬂu.ll-up MOS is turned on when a KMPCRE® bit is
2 KM2PCR 0 R/W

1 KM1PCR 0 R/W

0 KMOPCR 0 R/W
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8.6.4 System Control Register 2 (SYSCR2)

SYSCR?2 controls the current specifications for the port 6 input pull-up MOSs and address data

multiplex operation.

Bit Bit Name

Initial Value

R/W

Description

7,6 —

AllO

R/W

Reserved
The initial value should not be changed.

5 PEPUE

R/W

Port 6 Input Pull-Up Extra

Selects the current specification for the input pull-up
MOS connected by means of KMPCR settings.

0: Standard current specification is selected
1: Current-limit specification is selected

R/W

Reserved
The initial value should not be changed.

3 ADMXE

R/W

Address data multiplex bus interface enable
0: Normal extended bus interface

1: Address data multiplex extended bus interface

2to0 —

AllO

R/W

Reserved
The initial value should not be changed.

8.6.5 Noise Canceler Enable Register (P6NCE)

P6NCE enables or disables the noise canceler circuit at port 6.

Bit Bit Name Initial Value R/W Description

7 P67NCE 0 R/W In 16 bit bus mode in extended mode:

6 P66NCE 0 R/W Port 6 operates as the data pin (D7 to DO).

5 P65NCE 0 R/W In other mode:

4 P64NCE 0 R/w Noise canceler circuit is enabled and the pin state is
fetched in the P6DR in the sampling cycle set by the

3 P63NCE 0 R/W PGNCCS.

2 P62NCE 0 R/W The operating state changes according to the other

1 P61NCE 0 R/W control bits. Check the pin functions.

0 P60NCE 0 R/W

Rev. 3.00, 03/04, page 206 of 830

RENESAS



8.6.6 Noise Canceler Mode Control Register (P6NCMC)

PO6NCMC controls whether 1 or 0 is expected for the input signal to port 6 in bit units.

Bit Bit Name Initial Value R/W Description

7 P67NCMC 1 R/W  In 16 bit bus mode in extended mode:

6 P6ENCMC 1 R/W Port 6 operates as the data pin (D7 to DO).

5 P65NCMC 1 R/W In other mode:

4 P64NCMC 1 R/W 1 expected: 1 is stored in the port data register while 1
is input stably

3 P63NCMC 1 R/W
0 expected: 0 is stored in the port data register while 0

2 P62NCMC 1 RW s input stably

1 P6INCMC 1 R/W

0 PBONCMC 1 R/W

8.6.7 Noise Canceler Cycle Setting Register (PBNCCS)

PO6NCCS controls the sampling cycles of the noise canceler.

Bit Bit Name Initial Value

R/W

Description

7t03 — All undefined

R/W

Reserved. The read data is undefined. The initial
value should not be changed.

2 NCCK2 0 R/W
1 NCCK1 0 R/W
0 NCCKO 0 R/W

These bits set the sampling cycles of the noise

canceler.
000:
001:
010:
011:
100:
101:
110:
111:

0.06 us
0.97 us
15.5 us
248.2 s
993.0 us
2.0 ms
4.0ms
7.9 ms

/2

/32
/512
/8192
/32768
/65536
/131072
/262144
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8.6.8 Pin Functions

Normal Extended Mode: Port 6 automatically become the bidirectional data bus in 16-bit bus
mode. The port 6 pins function the same as in shingle chip mode in 8-bit bus mode.

Address-Data M ultiplex Extended M ode: The port 6 pins function the same as in shingle chip

mode.

Single Chip Mode: The relationship between the register setting values and pin functions are as

follows.

Port 6 pins also function as the FRT input/output pin, keyboard input pin, noise cancel input pin,

or I/O port.

e P67/ KIN7

The function of port 6 pins is switched as shown below according to the P67DDR bit.

When the KMIM7 bit in KMIMRG6 of the interrupt controller is cleared to O, this pin can be
used as the KIN7 input pin. To use this pin as the KIN7 input pin, clear the P67DDR bit to 0.

Mode Port

P67DDR 0 0 1

P67NCE 0 1 -

Pin function P67 input pin P67 input pin P67 output pin
(noise canceling)

KIN7 input pin

e P66/FTOB/KING

The function of port 6 pins is switched as shown below according to the combination of the
OEB bit in TOCR of FRT and the P66DDR bit.
When the KMIM6 bit in KMIMRG6 of the interrupt controller is cleared to 0, this pin can be

used as the KING input pin. To use this pin as the KIN6 input pin, clear the P66DDR bit to 0.

Mode Port FRT
OEB 0 0 1
P66DDR 0 —
P66NCE 0 1 — —
Pin function P66 input pin | P66 input pin P66 output pin FTOB output pin
(noise
canceling)
KING input pin

RENESAS
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 P65/FTID/KINS
The function of port 6 pins is switched as shown below according to the P65DDR bit.
When the ICIDE bit in TIER of FRT is set to 1, this pin can be used as the FTID input pin.
When the KMIMS bit in KMIMRG6 of the interrupt controller is cleared to O, this pin can be
used as the KINS input pin. To use this pin as the KINS5 input pin, clear the P65DDR bit to 0.

Mode Port FRT
P65DDR 0 0 1 0
P65NCE 0 1 — 0
Pin function P65 input pin | P65 input pin | P65 output pin FTID input pin
(noise
canceling)
KIN5 input pin

o PG64/FTIC/KIN4
The function of port 6 pins is switched as shown below according to the P64DDR bit.
When the ICICE bit in TIER of FRT is set to 1, this pin can be used as the FTIC input pin.
When the KMIM4 bit in KMIMRG6 of the interrupt controller is cleared to 0, this pin can be
used as the KIN4 input pin. To use this pin as the KIN4 input pin, clear the P64DDR bit to 0.

Mode Port FRT
P64DDR 0 0 1 0
P64NCE 0 1 — 0
Pin function P64 input pin | P64 input pin | P64 output pin FTIC input pin
(noise
canceling)
KIN4 input pin
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e P63/FTIB/KIN3
The function of port 6 pins is switched as shown below according to the P63DDR bit.
When the ICIBE bit in TIER of FRT is set to 1, this pin can be used as the FTIB input pin.

When the KMIM3 bit in KMIMRG6 of the interrupt controller is cleared to 0, this pin can be
used as the KIN3 input pin. To use this pin as the KIN3 input pin, clear the P63DDR bit to 0.

Mode Port FRT
P63DDR 0 0 1 0
P63NCE 0 1 — 0
Pin function P63 input pin | P63 input pin | P63 output pin FTIB input pin
(noise
canceling)
KIN3 input pin

e P62/FTIA/KIN2
The function of port 6 pins is switched as shown below according to the P62DDR bit.
When the ICIAE bit in TIER of FRT is set to 1, this pin can be used as the FTIA input pin.

When the KMIM?2 bit in KMIMRG6 of the interrupt controller is cleared to 0O, this pin can be
used as the KIN2 input pin. To use this pin as the KIN2 input pin, clear the P62DDR bit to 0.

Mode Port FRT
P62DDR 0 0 1 0
P62NCE 0 1 — 0
Pin function P62 input pin | P62 input pin | P62 output pin FTIA input pin
(noise
canceling)
KIN2 input pin
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e P61/FTOA/KINT
The function of port 6 pins is switched as shown below according to the combination of the
OEA bit in TOCR of FRT, and the P61DDR bit.
When the KMIM1 bit in KMIMRG6 of the interrupt controller is cleared to 0O, this pin can be
used as the KIN1 input pin. To use this pin as the KIN1 input pin, clear the P61DDR bit to 0.

Mode Port FRT
OEA 0 0 0 1
P61DDR 0 0 1 —
P61NCE 0 1 — —

Pin function P61 input pin | P61 input pin | P61 output pin FTOA output pin

(noise
canceling)
KIN1 input pin

» P60O/FTCI/KINO
The function of port 6 pins is switched as shown below according to the PGODDR bit.
When the CKS1 and CKSO bits in TCR of FRT are both set to 1, this pin can be used as the
FTCI input pin. When the KMIMO bit in KMIMRG6 of the interrupt controller is cleared to 0,

this pin can be used as the KINO input pin. To use this pin as the KINO input pin, clear the
P60DDR bit to 0.

Mode Port FRT
P60DDR 0 0 1 0
P6ONCE 0 1 — 0
Pin function P60 input pin | P60 input pin | P60 output pin FTCI input pin
(noise
canceling)
KINO input pin
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8.6.9 Port 6 Input Pull-Up MOS

Port 6 has a built-in input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used regardless of the operating mode. Table 8.5 summarizes the input pull-up MOS
states.

Table85 Port 6 Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off : Always off.
On/Off : On when input state and KMPCR = 1; otherwise off.

8.7 Port 7

Port 7 is an 8-bit input port. Port 7 pins also function as the A/D converter analog input pins, D/A
converter analog output pins, and interrupt input pins. Port 7 has the following register.

e Port 7 input data register (P7PIN)

8.7.1 Port 7 Input Data Register (P7PIN)

P7PIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

7 P77PIN Undefined* R When a P7PIN read is performed, the pin states are
o PPN Unseines Syt o, T g g o e s

5 P75PIN Undefined* R programmed, data is programmed in the PBDDR and
4 P74PIN Undefined* R the setting of port B is changed.

3 P73PIN Undefined* R

2 P72PIN Undefined* R

1 P71PIN Undefined* R

0 P70PIN Undefined* R

Note: The initial value is determined in accordance with the pin states of P77 to P70.
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8.7.2

Pin Functions

Each pin of port 7 can also be used as the interrupt input pins (ExIRQ2 to ExIRQ7), analog input
pin of the A/D converter (ANO to AN7), and analog output pin (DAO, DA1) of the D/A converter.
By setting the ISS bit of the ISSR to 1, the pins can also be used as the interrupt input pin

(EXIRQ2 to EXIRQ7).

When the interrupt input pin is set, do not use the pins for the A/D or D/A converter.

P77/ExIRQ7/ANT/DA1

The port 7 function changes as shown in the following table, depending on the combination of
the CH2 to CHO bits of ADCSR of the A/D converter, the DAOEI bit of DACR of the D/A
converter, and the ISS7 bit of ISSR of the interrupt controller. Do not set these bits to other
values than those shown in the following table.

CH2 to CHO B'111 Other than B'111

DAOE1 0 1

ISS7 0 0 1 0

Pin function AN7 input pin P77 input pin ExIRQ7 input pin DA1 output pin
e P76/EXIRQ6/AN6/DAO

The port 7 function changes as shown in the following table, depending on the combination of
the SCAN bit and the CH2 to CHO bits of ADCSR of the A/D converter, the DAOEQ bit of
DACR of the D/A converter, and the ISS6 bit of ISSR of the interrupt controller. Do not set
these bits to other values than those shown in the following table.

SCAN 0 1

CH2 to CHO B'110 Other than B'110 B'11* Other than B'11*

DAOEO 0 0 1 0 0 1

ISS6 0 0 1 0 0 0 1 0

Pin function ANG P76 | EXIRQ6 | DAO AN6 P76 | EXIRQ6 | DAO
input | input pin | input pin | output | input pin | input pin | input pin | output
pin pin pin

[Legend]

*: Don’t care

Rev. 3.00, 03/04, page 214 of 830

RENESAS




e P75/EXIRQ5/ANS
The port 7 function changes as shown in the following table, depending on the combination of
the SCAN bit and the CH2 to CHO bits of ADCSR of the A/D converter and the ISS5 bit of
ISSR of the interrupt controller. Do not set these bits to other values than those shown in the

following table.

SCAN 0 1
CH2 to CHO B'101 Other than B'101 B'101, B'11*| Other than B'101 and
B'11*

ISS5 0 0 1 0 0 1

Pin function AN5 P75 ExIRQ5 AN5 P75 ExIRQ5
input pin input pin input pin input pin input pin input pin

[Legend]

*: Don’t care

e P74/ExIRQ4/AN4
The port 7 function changes as shown in the following table, depending on the combination of
the SCAN bit and the CH2 to CHO bits of ADCSR of the A/D converter and the ISS4 bit of
ISSR of the interrupt controller. Do not set these bits to other values than those shown in the

following table.

SCAN 0 1

CH2 to CHO B'100 Other than B'100 B'1** Other than B'1**

1ISS4 0 0 1 0 0 1

Pin function AN4 P74 ExIRQ4 AN4 P74 ExIRQ4
input pin input pin input pin input pin input pin input pin

[Legend]

*: Don’t care

e P73/ExIRQ3/AN3
The port 7 function changes as shown in the following table, depending on the combination of
the CH2 to CHO bits of ADCSR of the A/D converter and the ISS3 bit of ISSR of the interrupt
controller. Do not set these bits to other values than those shown in the following table.

CH2 to CHO B'011 Other than B'011

ISS3 0 1

Pin function AN3 P73 ExIRQ3
input pin input pin input pin
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e P72/ExIRQ2/AN2
The port 7 function changes as shown in the following table, depending on the combination of
the SCAN bit and the CH2 to CHO bits of ADCSR of the A/D converter and the ISS2 bit of
ISSR of the interrupt controller. Do not set these bits to other values than those shown in the

following table.

SCAN 0 1

CH2 to CHO B'010 Other than B'010 B'01* Other than B'01*

ISS2 0 0 1 0 0 1

Pin function AN2 P72 ExIRQ2 AN2 P72 ExIRQ2
input pin input pin input pin input pin input pin input pin

[Legend]

*; Don’t care

e P71/ANI1

The port 7 function changes as shown in the following table, depending on the combination of
the SCAN bit and the CH2 to CHO bits of ADCSR of the A/D converter. Do not set these bits
to other values than those shown in the following table.

SCAN 0 1
CH2 to CHO B'001 Other than B'001, B'01+* Other than B'001
B'001 and B'01*

Pin function AN1 P71 input pin AN1 P71 input pin
input pin input pin

[Legend]

*: Don’t care

e P70/ANO

The port 7 function changes as shown in the following table, depending on the combination of
the SCAN bit and the CH2 to CHO bits of ADCSR of the A/D converter. Do not set these bits

to other values than those shown in the following table.

SCAN 0 1
CH2 to CHO B'000 Other than B'Q** Other than B'0**
B'000
Pin function ANO P70 input pin ANO P70 input pin
input pin input pin
[Legend]
*: Don’t care
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8.8 Port 8

Port 8 is an 8-bit I/O port. Port § pins also function as the A/D converter external trigger input pin,
SCI_0, SCI_1, and SCI_2 clock input/output pins, IIC_0 and IIC_1 input/output pins, TMR_0,
TMR_1, TMR_X, and TMR_Y input pins, and interrupt input pins. Port 8 is an NMOS push-pull
output. Port 8 has the following registers.

e Port 8 data direction register (PSDDR)
e Port 8 data register (P8DR)

8.8.1 Port 8 Data Direction Register (P8DDR)

The individual bits of PSDDR specify input or output for the pins of port 8.

Bit Bit Name Initial Value R/W Description

7 P87DDR 0 w This register is assigned to the same address as that

6 P86DDR 0 W of PBPIN. When this register is read, the port B states
are read.

5 P8SDDR 0 w If port 8 pins are specified for use as the general I/O

4 P84DDR 0 w port, the corresponding port 8 pins are output ports

3 P83DDR 0 w when the P8DDR bits are set to 1, and input ports
when cleared to 0.

2 P82DDR 0 w

1 P81DDR 0 w

0 P8ODDR 0 W

8.8.2 Port 8 Data Register (PS8DR)

P8DR stores output data for the port 8 pins.

Bit Bit Name |Initial Value R/W Description
7 P87DR 0 R/W  P8DR stores output data for the port 8 pins that are
6 PS86DR 0 R/W used as the general output port.

If a port 8 read is performed while the P8DDR bits are
S P8SDR 0 RW set to 1, the P8DR values are read. If a port 8 read is
4 P84DR 0 R/W  performed while the PBDDR bits are cleared to 0, the
3 P83DR 0 R/w Pin states are read.
2 P82DR 0 R/W
1 P81DR 0 R/W
0 P80DR 0 R/W
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8.8.3 Pin Functions

The relationship between register setting values and pin functions are as follows.

P87/ExIRQ15/ADTRG/EXxTMIY

The pin function is switched as shown below according to the P§7DDR bit.

When the TRGS1 and TRGSO bits in ADCR of the A/D converter are both set to 1, this pin
can be used as the ADTRG input pin.

When the ISS15 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQ15 input pin. When the TMIYS bit in PTCNTO is set to 1, this pin can be used as the
TMIY (TMCIX/TMRIY) input pin. To use this pin as the EXIRQIS5 input pin, clear the
P87DDR bit to 0.

When this pin is used as the P87 output pin, the output format is NMOS push-pull output.

P87DDR 0 1

Pin function P87 input pin P87 output pin

ExIRQ15 input pin
/ADTRG input pin
/EXTMIY input pin

P86/ExIRQ14/SCK2/ExTMIX

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_2, the CKE1 and CKEO bits in SCR, and the PS6DDR bit.

When the ISS14 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQ14 input pin. When the TMIXS bit in PTCNTO is set to 1, this pin can be used as the
TMIX (TMCIX/TMRIX) input pin. To use this pin as the ExXIRQ14 input pin, clear the
P86DDR bit to 0.

When this pin is used as the P86 output pin, the output format is NMOS push-pull output.

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P86DDR 0 1 — — —
Pin function P86 input pin P86 output SCK2 output | SCK2 output |SCK2 input pin
ExIRQ14 input pin pin pin pin
/EXTMIX input pin
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e P85/ExIRQ13/SCKI1/ExTMII
The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_1, the CKE1 and CKEQ bits in SCR, and the P§5DDR bit.
When the ISS13 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQ13 input pin. When the TMI1S bit in PTCNTO is set to 1, this pin can be used as the
TMI1 (TMI1/TMRI1) input pin. To use this pin as the ExXIRQ13 input pin, clear the PSSDDR
bit to 0.

When this pin is used as the P85 output pin, the output format is NMOS push-pull output.

CKET1 0 ]
C/A 0 1 _
CKEO 0 1 — —
P85DDR 0 1 — — —
Pin function P85 input pin P85 output | SCK1 output | SCK1 output | SCK1 input
pin pin pin pin
ExIRQ13 input pin
/EXTMIT input pin

e P84/ExIRQ12/SCKO/ExTMIO
The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_0, the CKE1 and CKEO bits in SCR, and the P84DDR bit.
When the ISS12 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQ12 input pin. When the TMIOS bit in PTCNTO is set to 1, this pin can be used as the
TMIO (TMIO/TMRIO) input pin. To use this pin as the ExXIRQ12 input pin, clear the PS4DDR
bit to 0.

When this pin is used as the P84 output pin, the output format is NMOS push-pull output.

CKE1 0 1

C/A 0 1 —

CKEO 0 1 — —

P84DDR 0 1 — — —

Pin function P84 input pin P84 output | SCKO output | SCKO output SCKO input
ExIRQ12 input pin pin pin pin pin
/EXTMIO input pin
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e P83/ExIRQI1/SDA1
The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_1 and the PS3DDR bit.
When the ISS11 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQI11 input pin. To use this pin as the ExXIRQ11 input pin, clear the P83DDR bit to 0.
When this pin is used as the P83 output pin, the output format is NMOS push-pull output. The
output format for SDA1 is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1

P83DDR 0 1 —

Pin function P83 input pin P83 output pin SDA1 input/output pin
ExIRQ11 input pin

e P82/ExIRQI0/SCLI
The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_1 and the P§2DDR bit.
When the ISS10 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQ10 input pin. To use this pin as the EXIRQ10 input pin, clear the P§2DDR bit to 0.
When this pin is used as the P82 output pin, the output format is NMOS push-pull output. The
output format for SCL1 is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1

P82DDR 0 1 —

Pin function P82 input pin P82 output pin SCL1 input/output pin
ExIRQ10 input pin

e P81/EXIRQY/SDAO
The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_0 and the P§1DDR bit.
When the ISS9 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQO9 input pin. To use this pin as the EXIRQ9 input pin, clear the P§1DDR bit to 0.
When this pin is used as the P81 output pin, the output format is NMOS push-pull output. The
output format for SDAO is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1

P81DDR 0 1 —

Pin function P81 input pin P81 output pin SDAQO input/output pin
ExIRQ9 input pin
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e P8O/EXIRQ8/SCLO
The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_0 and the PSODDR bit.
When the ISS8 bit in ISSR16 of the interrupt controller is set to 1, this pin can be used as the
ExIRQS8 input pin. To use this pin as the ExXIRQS input pin, clear the PSODDR bit to O.
When this pin is used as the P80 output pin, the output format is NMOS push-pull output. The
output format for SCLO is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1

P80ODDR 0 1 —

Pin function P80 input pin P80 output pin SCLO input/output pin
ExIRQ8 input pin
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8.9 Port 9

Port 9 is an 8-bit I/O port. Port 9 pins also function as the bus control I/O pins or the system clock
output pin. Pin functions are switched depending on the operating mode. Port 9 has the following
registers.

e Port 9 data direction register (PODDR)

e Port 9 data register (P9DR)

8.9.1 Port 9 Data Direction Register (P9DDR)

The individual bits of PODDR specify input or output for the pins of port 9.

Bit Bit Name Initial Value R/W Description

7 P97DDR 0 w If port 9 pins are specified for use as the general I/O
port, the corresponding port 9 pins are output ports
when the PODDR bits are set to 1, and input ports
when cleared to 0.

6 P96DDR 0 w When this bit is set to 1, the corresponding port 96 pin
is the system clock output pin (¢), and as a general
input port when cleared to 0.

5 P95DDR 0 w If port 9 pins are specified for use as the general I/O

4 P94DDR 0 W port, the corresponding port 9 pins are output ports
when the PODDR bits are set to 1, and input ports

3 P93DDR 0 W when cleared to 0.

2 P92DDR 0 w

1 P91DDR 0 w

0 P90DDR 0 w
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8.9.2

PODR stores output data for the port 9 pins.

Port 9 Data Register (PODR)

Bit Bit Name Initial Value R/W Description
7 P97DR 0 R/W  P9DR stores output data for the port 9 pins that are
6 P96DR Undefined* R used as the general output port except for bit 6.

If a port 9 read is performed while the PODDR bits are
5 P9SDR 0 R/W set to 1, the P9DR values are read. If a port 9 read is
4 P94DR 0 R/W  performed while the P9DDR bits are cleared to 0, the
3 P93DR 0 R/W Pin states are read.
2 P92DR 0 R/wW
1 P91DR 0 R/W
0 P90DR 0 R/W

Note: The initial value of bit 6 is determined in accordance with the P96 pin state.

8.9.3

Pin Functions

The relationship between the operating mode, register setting values, and pin functions are as

follows.

e P97/WAIT/CS256
The pin function is switched as shown below according to the combination of the operating
mode, the CS256E bit in SYSCR, the WMS1 bit in WSCR, the WMS21 bit in WSCR2, and
the P97DDR bit.

Operating
Mode

Extended Mode

Single-Chip Mode

WMSH,
WMS21

AllO

One bit is set as
1

CS256E

1 —

P97DDR

0

1

0

1

Pin function

P97 input
pin

P97 output
pin

CS256 output

WAIT input pin
pin

P97 input
pin

P97output
pin
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e PY6/O/EXCL

The pin function is switched as shown below according to the combination of the EXCLE bit
in LPWRCR and the P96DDR bit.

P96DDR 0 1
EXCLE 0 1 —
Pin function P96 input pin EXCL input pin ¢ output pin

e P95/AS/10S

The pin function is switched as shown below according to the combination of the operating
mode, the IOSE bit in SYSCR, and the P95SDDR bit.

Operating Extended Mode Single-Chip Mode
Mode
P95DDR — | 1
IOSE 0 1 —
Pin function AS output pin 10S output pin P95 input pin ‘ P95 output pin
e P94/HWR
The pin function is switched as shown below according to the combination of the operating
mode and the P94DDR bit.
Operating Extended Mode Single-Chip Mode
Mode
P94DDR — 0 1
Pin function HWR output pin P94 input pin P94 output pin
e P93/RD
The pin function is switched as shown below according to the combination of the operating
mode and the P93DDR bit.
Operating Extended Mode Single-Chip Mode
Mode
P93DDR — 0 1
Pin function RD output pin P93 input pin P93 output pin
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e P92/CPCS1

The pin function is switched as shown below according to the combination of the operating
mode, the CPCSE bit in BCR2 of BSC, and the P92DDR bit.

Operating Extended Mode Single-Chip Mode
Mode

CPCSE 0 1 —

P92DDR 0 1 — 0 1

Pin function P92 input pin | P92 output pin | CPCS1 output pin | P92 input pin | P92 output pin

e P91/AH

The pin function is switched as shown below according to the combination of the operating
mode, the ADMXE bit of SYSCR2, and the PO1DDR bit.

Operating Extended Mode Single-Chip Mode
Mode

ADMXE 0 1 —

P91DDR 0 1 — 0 1

Pin function P91 input pin | P91 output pin | AH output pin | P91 input pin | P91 output pin

e P90/LWR

The pin function is switched as shown below according to the combination of the operating
mode, the ABW and ABW256 bits in WSCR, the ABWCP bit in BCR2, and the P9ODDR bit.

Operating Extended Mode Single-Chip Mode
Mode

ABW, All 1 One bit is set as —
ABW256, 0
ABWCP

PO90DDR 0 1 — 0 1

Pin function P90 input pin | P90 output pin | LWR output pin | P90 input pin | P90 output pin
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8.10 Port A

Port A is an 8-bit I/O port. Port A pins also function as the address output, event counter input,
keyboard input, and SCI_0 and SCI_2 external control pins. Pin functions are switched depending
on the operating mode. Port A has the following registers. PADDR and PAPIN have the same
address.

e Port A data direction register (PADDR)
e Port A output data register (PAODR)
e Port A input data register (PAPIN)

8.10.1 Port A Data Direction Register (PADDR)

The individual bits of PADDR specify input or output for the pins of port A.

Bit Bit Name Initial Value R/W Description

7 PA7DDR 0 w In normal extended mode:

6 PA6DDR 0 W The corresponding port A pins are address output
PASDDR W ports when the PADDR blt_s are set. to 1, and input

5 5 0 ports when cleared to 0. Pins function as the address

4 PA4DDR 0 W output port depending on the setting of bits IOSE,

3 PA3DDR 0 W CS256E, CPCSE, ADFULLE in bus controller.

2 PA2DDR 0 w In other mode:

1 PA1DDR 0 w The corresporjding port A pins are output ports when

the PADDR bits are set to 1, and input ports when
0 PAODDR 0 W cleared to 0.
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8.10.2 Port A Output Data Register (PAODR)

PAODR stores output data for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA7ODR 0 R/W  PAODR stores output data for the port A pins that are
6 PAGODR 0 RIW used as the general output port.

5 PA50DR 0 R/W

4 PA40DR 0 R/W

3 PA3ODR 0 R/W

2 PA20ODR 0 R/W

1 PA10DR 0 R/W

0 PAOODR 0 R/W

8.10.3 Port A Input Data Register (PAPIN)

PAPIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

7 PA7PIN Undefined* R When a PAPIN read is performed, the pin states are
6  PA6PIN  Undefined* R  awaysread

5 PA5PIN Undefined* R

4 PA4PIN Undefined* R

3 PA3PIN Undefined* R

2 PA2PIN Undefined* R

1 PA1PIN Undefined* R

0 PAOPIN Undefined* R

Note: The initial values are determined in accordance with the pin states of PA7 to PAOQ.
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8.10.4 Pin Functions

The relationship between the operating mode, register setting values, and pin functions are as
follows.

Normal Extended Mode: Port A functions as address output, keyboard input, external control
input of SCI_0 and SCI_2, and also as an I/O port, and input or output can be specified in bit units.

Address 18 and 13 in the following table are expressed by the following logical expressions:
Address 18 = I:ADFULLE
Address 13 = 1:ADFULLE » CS256E « (CPCSE | I0SE)
PA7/KIN15/EVENT7/A23, PA6/KIN14/EVENT6/A22, PAS/KIN13/EVENTS/A21,
PA4/KIN12/EVENT4/A20, PA3/KIN11/EVENT3/A19, PA2/KIN10/EVENT2/A18
The function of port A pins is switched according to the combination of address 18 setting and
the PAnDDR bit. When the KMIM bit in KMIMRA of the interrupt controller is cleared to 0,
this pin can be used as the KIN input pin. To use this pin as the KIN input pin, clear the
PAnDDR bit to 0. When this pin is used as EVENT input pin according to bits ECSB3 to
ECSBO0 in ECCR of the data transfer controller settings, clear the PAnDDR bit to 0. Though
this pin has been set to the EVENT input pin, to use as the PAn or A1 output pin, set the
PAnDDR bit to 1.

PANDDR 0 1 1
Address 18 1 1 0
Pin function PAn input pins PAn output pin Al output pin
KINm input pin
EVENTnN input pin
[Legend]
n=7to2
m=15t0 10
|=23t0 18

PA1/KIN9/EVENT1/A17/SSE2I

The function of port A pins is switched as shown below according to the combination of the
SSE bit in SEMR of SCI_2, the C/A bit in SMR, the CKE]1 bit in SCR, address 13 setting, and
the PA1DDR bit.

When the KMIM9 bit in KMIMRA of the interrupt controller is cleared to 0, this pin can be
used as the KINO input pin. To use this pin as the KINO input pin, clear the PAIDDR bit to 0.
When this pin is used as EVENT1 input pin according to bits ECSB3 to ECSBO in ECCR of
the data transfer controller settings, clear the PAIDDR bit to 0. Though this pin has been set to
the EVENT input pin, to use as the PA1 or A17 output pin, set the PAIDDR bit to 1.
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SSE 0 1
C/A — 1
CEK1 — 1
PA1DDR 0 1 1 —
Address 13 1 0 —
Pin function PA1 input pin PA1 output pin A17 output pin SSE2I input pin
KING input pin
/EVENT1 input pin

e PAO /KIN8/EVENT0/A16/SSEOI
The function of port A pins is switched as shown below according to the combination of the
SSE bit in SEMR of SCI_0, the C/A bit in SMR, the CKEI1 bit in SCR, address 13 setting, and
the PAODDR bit.
When the KMIMS bit in KMIMRA of the interrupt controller is cleared to 0, this pin can be
used as the KINS input pin. To use this pin as the KINS input pin, clear the PAODDR bit to 0.
When this pin is used as EVENTO input pin according to bits ECSB3 to ECSBO in ECCR of
the data transfer controller settings, clear the PAODDR bit to 0. Though this pin has been set to
the EVENTO input pin, to use as the PAO or A16 output pin, set the PAODDR bit to 1.

SSE 0 1

C/A — 1

CKE1 — 1
PAODDR 0 1 1 —
Address 13 1 0 —

Pin function PAO input pin PAO output pin A16 output pin SSEOI input pin

KINS input pin
/EVENTO input pin

Single-Chip Mode and Address-Data M ultiplex Extended M ode: Port A functions as keyboard
input, external control input of SCI_0 and SCI_2, and also as an I/O port, and input or output can
be specified in bit units.

e PA7/KIN15/EVENT7, PA6/KIN14/EVENT6, PAS/KIN13/EVENTS, PA4/KIN12/EVENT4,
PA3/KIN11/EVENTS3, PA2/KIN10/EVENT2
When the KMIM bit in KMIMRA of the interrupt controller is cleared to 0, this pin can be
used as the KIN input pin. To use this pin as the KIN input pin, clear the PAnDDR bit to 0.
When this pin is used as the EVENT input pin according to bits ECSB3 to ECSBO0 in ECCR of
the data transfer controller settings, clear the PAnDDR bit to 0. Though this pin has been set to
the EVENT input pin, to use as the PAn output pins, set the PAnDDR bit to 1.
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PANDDR 0 1

Pin function PAn input pins PAn output pins
KINm input pin/EVENTR input pins

[Legend]

n=7t2

m=15to0 10

e PAI/KIN9/EVENT1/SSE2I

The function of port A pins is switched as shown below according to the combination of the
SSE bit in SEMR of SCI_2, the C/A bit in SMR, the CKE1 bit in SCR, and the PAIDDR bit.
When the KMIM9 bit in KMIMRA of the interrupt controller is cleared to 0, this pin can be
used as the KINO input pin. To use this pin as the KINO input pin, clear the PAIDDR bit to 0.
When this pin is used as the EVENT]1 input pin according to bits ECSB3 to ECSBO0 in ECCR
of the data transfer controller settings, clear the PAIDDR bit to 0. Though this pin has been set
to the EVENT! input pin, to use as the PA1 output pin, set the PAIDDR bit tol.

SSE 0 1
C/A — 1
CKE1 — 1
PA1DDR 0 1 —
Pin function PA1 input pin PA1 output pin SSE2I input pin
KIN9 input pin
/EVENT1 input pin

PAO/KINS/EVENTO0/SSEOI

The function of port A pins is switched as shown below according to the combination of the
SSE bit in SEMR of SCI_0, the C/A bit in SMR, the CKE1 bit in SCR, and the PAODDR bit.
When the KMIMS bit in KMIMRA of the interrupt controller is cleared to 0, this pin can be
used as the KINS input pin. To use this pin as the KINS input pin, clear the PAODDR bit to 0.
When this pin is used as the EVENTO input pin according to bits ECSB3 to ECSB0 in ECCR
of the data transfer controller settings, clear the PAODDR bit to 0. Though this pin has been set
to the EVENTO input pin, to use as the PAO output pin, set the PAODDR bit tol.
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SSE 0 1
C/A — 1
CKE1 _ 1
PAODDR 0 1 —
Pin function PAO input pin PAO output pin SSEO0I
KINS input pin
/EVENTO input pin

8.10.5 Input Pull-Up MOS

Port A has a built-in input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used in any operating mode, and can be specified as on or off on a bit-by-bit basis.

PANDDR 0 1
PANODR 1 0 —
PAn pull-up MOS ON OFF OFF
[Legend]

n=7t0

The input pull-up MOS is in the off state after a reset and in hardware standby mode. The prior
state is retained in software standby mode.

Table 8.6 summarizes the input pull-up MOS states.

Table8.6 Port A Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when PADDR = 0 and PAODR = 1; otherwise off.
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8.11 Port B

Port B is an 8-bit multi-function input/output port that can also be used event counter input pin.
Port B has the following registers.

e Port B data direction register (PBDDR)
e Port B output data register (PBODR)
e Port B input data register (PBPIN)

8.11.1 Port B Data Direction Register (PBDDR)

PBDDR is used to specify the input/output attribute of each pin of port B.

@
P
=

Bit Name Initial Value Description

PB7DDR
PB6DDR
PB5DDR
PB4DDR
PB3DDR
PB2DDR
PB1DDR
PBODDR

The corresponding port B pins are output ports when
the PBDDR bits are set to 1, and input ports when
cleared to 0.

o|l=|Nv|w|r|o|o|~N
olo|lo|o|o|o|o|o
=3 - R R I -

8.11.2 Port B Output Data Register (PBODR)

PBODR stores output data for the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB70ODR 0 R/W  The PBODR register stores the output data for the
6 PB60ODR 0 R/W pins that are used a general output port.

5 PB50ODR 0 R/W

4 PB40ODR 0 R/W

3 PB3ODR 0 R/W

2 PB20ODR 0 R/W

1 PB10ODR 0 R/W

0 PBOODR 0 R/W
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8.11.3 Port B Input Data Register (PBPIN)

PBPIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

7 PB7PIN Undefined* R Pin states can be read by performing a read cycle on
6 PB6PIN  Undefined* R  isregister.

S POSTIN Unainesr e e e s e v
4 PB4PIN Undefined* R written to PSDDR and the port 8 setting is then

3 PB3PIN Undefined* R changed.

2 PB2PIN Undefined* R

1 PB1PIN Undefined* R

0 PBOPIN Undefined* R

Note: The initial value of these pins is determined in accordance with the state of pins PB7 to

PBO.

8.11.4 Pin Functions

Port B is a multi-function port that can function as an event counter input pin. The relationship
between the operating mode setup and pin functions is described below.

When this pin is used as the EVENT input pin according to bits ECSB3 to ECSBO in ECCR of the
data transfer controller settings, clear the PBnDDR bit to 0. m=7t00)

e PB7/EVENTIS

PB7DDR 0 1

Event counter™ Disable Enable —

Pin function PB7 input pin EVENT15 input pin PB7 output pin
e PB6/EVENT14

PBEDDR 0 1

Event counter™ Disable Enable —

Pin function PB6 input pin EVENT14 input pin PB6 output pin
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e PB5/EVENTI3

PB5DDR 0 1
Event counter*' Disable Enable
Pin function PB5 input pin EVENT13 input pin PB5 output pin
e PB4/EVENTI2
PB4DDR 0 1
Event counter*' Disable Enable
Pin function PB4 input pin EVENT12 input pin PB4 output pin
e PB3/EVENTI1I
PB3DDR 0 1
Event counter*’ Disable Enable —
Pin function PB3 input pin EVENT11 input pin PB3 output pin
e PB2/EVENTI0
PB2DDR 0 1
Event counter*' Disable Enable
Pin function PB2 input pin EVENT10 input pin PB2 output pin
e PBI/EVENT9
PB1DDR 0 1
Event counter*' Disable Enable
Pin function PB1 input pin EVENTY input pin PB1 output pin
e PBO/EVENTS
PBODDR 0 1
Event counter*' Disable Enable —
Pin function PBO input pin EVENTS8 input pin PBO output pin
Note: For event counter setting, refer to section 7, Data Transfer Controller (DTC).
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8.12 Port C

Port C is an 8-bit multi-function I/O port that functions as PWMX output pins or input/output pins
of IIC_2, 3, 4. The output format of ports CO to C5 is NMOS push-pull output.

Port C has the following registers.

e Port C data direction register (PCDDR)
e Port C output data register (PCODR)
e Port C input data register (PCPIN)

8.12.1 Port C Data Direction Register (PCDDR)

PCDDR is used to specify the input/output attribute of each pin of port C.

Bit Bit Name Initial Value R/W Description

7 PC7DDR 0 w When a given bit is set to 1, the corresponding pin will

6 PC6DDR 0 W funct?on as an oytput port, and when cleared to 0, it
functions as an input port.

5 PCSDDR 0 w This register is assigned to the same address as that

4 PC4DDR 0 w of PCPIN. When this address is read, the port C

3 PC3DDR 0 W states are returned.

2 PC2DDR 0 W

1 PC1DDR 0 W

0 PCODDR 0 w

8.12.2 Port C Output Data Register (PCODR)

PCODR stores output data for port C.

Bit Bit Name Initial Value R/W Description

7 PC70DR 0 R/W The PCODR register stores the output data for the
6 PC60DR 0 R/W pins that are used as a general output port.

5 PC50DR 0 R/W

4 PC40DR O R/W

3 PC30DR 0 R/W

2 PC20DR 0 R/W

1 PC1IODR 0 R/W

0 PCOODR 0 R/W
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8.12.3 Port C Input Data Register (PCPIN)

PCPIN indicates the pin states of port C.

Bit Bit Name Initial Value R/W Description

7 PC7PIN Undefined*' R When this register is read, the pin state is read.

6 PC6 PIN Undefined*' R This register is assigned to the same address as that
A of PCDDR. When this register is written to, data is

5 PCS PIN Undefined R written to PCDDR and the port C setting is then

4 PC4 PIN Undefined*' R changed.

3 PC3 PIN Undefined*' R

2 PC2 PIN Undefined*' R

1 PC1 PIN Undefined*' R

0 PCO PIN Undefined*' R

Note: The initial values are determined in accordance with the states of PC7 to PCO pins.

8.12.4 Pin Functions

Port C is capable of functioning as the input and output of IIC_2, IIC_3, and IIC_4, and the
PWMX output. The relationship between the register settings and pin function is described below.

e PC7/PWX3

The pin function is switched as shown below according to the combination of the OEB bit of
the 14-bit PWMX DACR and the PC7DDR.

OEB 0 1
PC7DDR 0 1 —

Pin Function PC7 input pin PC7 output pin PWXS3 output pin
e PC6/PWX2

The pin function is switched as shown below according to the combination of the OEA bit of
the 14-bit PWMX DACR and the PC6DDR.

OEA 0 1
PC6DDR 0 1 —
Pin Function PC6 input pin PC6 output pin PWX2 output pin
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e PC5/SDA4

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_4 ICCR and the PC5DDR.

ICE 0 1

PC5DDR 0 1 —

Pin Function PC5 input pin PC5 output pin SDA4 input/output pin
e PC4/SCL4

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_4 ICCR and the PC4DDR.

ICE 0 1

PC4DDR 0 1 —

Pin Function PC4 input pin PC4 output pin SCL4 input/output pin
e PC3/SDA3

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_3 ICCR and the PC3DDR.

ICE 0 1

PC3DDR 0 1 —

Pin Function PC3 input pin PC3 output pin SDAS input/output pin
e PC2/SCL3

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_3 ICCR and the PC2DDR.

ICE 0 1

PC2DDR 0 1 —

Pin Function PC2 input pin PC2 output pin SCL3 input/output pin
e PCI1/SDA2

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_2 ICCR and the PC1DDR.

ICE 0 1
PC1DDR 0 1 —
Pin Function PC1 input pin PC1 output pin SDAZ2 input/output pin
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e PCO0/SCL2

The pin function is switched as shown below according to the combination of the ICE bit of
the IIC_2 ICCR and the PCODDR.

ICE 0 1

PCODDR 0 1 —

Pin Function PCO input pin PCO output pin SCL2 input/output pin
813 PortD

Port D is an 8-bit multi-function I/O port that supports the following register set. Port D functions
as both the IIC_5 I/O pin, and the LPC I/O pin. Ports D7 and D6 are NMOS push-pull outputs.

e Port D data direction register (PDDDR)
e Port D output data register (PDODR)
e Port D input data register (PDPIN)

8.13.1 Port D Data Direction Register (PDDDR)

PDDDR is used to specify the input/output attribute of each pin of port D.

Bit Bit Name Initial Value R/W Description

7 PD7DDR 0 w When the general input/output port function is

6 PD6DDR 0 W selected, and the given bit is set to 1, the
corresponding pin will function as an output port, and

5 PDSDDR 0 w when the bit is cleared to 0, the pin will function as an

4 PD4DDR 0 w input port.

3 PD3DDR O W This register is assigned to the same address as that
of PDPIN. When this address is read, the port D

2 PD2DDR 0 w states are returned.

1 PD1DDR 0 w

0 PDODDR 0 W
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8.13.2 Port D Output Data Register (PDODR)

PDODR stores output data for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD70DR 0 R/W The PDODR register stores the output data for the
6 PD6ODR 0 R/W pins that are used a general output port.

5 PD5ODR 0 R/W

4 PD4ODR 0 R/W

3 PD3ODR 0 R/W

2 PD20ODR 0 R/W

1 PD1IODR 0 R/W

0 PDOODR 0 R/W

8.13.3 Port D Input Data Register (PDPIN)

PDPIN indicates the pin states of port D.

Bit Bit Name Initial Value R/W Description

7 PD7PIN Undefined* R Pin states can be read by performing a read cycle on
6  PD6PIN  Undefined* R  [isregister

S POSPIN Uneines R b S et e e e e
4 PD4PIN Undefined* R written to PDDDR and the port D setting is then

3 PD3PIN Undefined* R changed.

2 PD2PIN Undefined* R

1 PD1PIN Undefined* R

0 PDOPIN Undefined* R

Note: The initial value of these pins is determined in accordance with the state of pins PD7 to

PDO.
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8.13.4 Pin Functions

Port D is a multi-function port that functions as an LPC input/output and IIC_5 input/output. The
relationship between the register settings and pin functions is described below.

The LPC module is disabled when the LPC1E, LPC2E, and LPC3E bits in HICRO of LPC are all

cleared to a 0.

e PD7/SDAS

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_5 ICCR and the PD7DDR.

ICE 0 1
PD7DDR 0 1 —

Pin Function PD7 input pin PD7 output pin SDAG5 input/output pin
e PDG6/SCL5S

The pin function is switched as shown below according to the combination of the ICE bit of

the IIC_5 ICCR and the PD6DDR.

ICE 0 1

PD6DDR 0 1 —

Pin Function PD6 input pin PD6 output pin SCL5 input/output pin
e PD5/LPCPD

The pin function is switched as shown below according to the combination of LPC

enabled/disabled and the PDSDDR.

LPC Disabled Enabled
PD5DDR 0 1 0
Pin Function PD5 input pin PD5 output pin LPCPD input pin

e PD4/CLKRUN

The pin function is switched as shown below according to the combination of LPC

enabled/disabled and the PD4DDR.

LPC Disabled Enabled
PD4DDR 0 1 0
Pin Function PD4 input pin PD4 output pin CLKRUN input/output pin
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e PD3/GA20

The pin function is switched as shown below according to the combination of the FGA20E bit

of LPC HICRO and the PD3DDR.

FGA20E 0 1

PD3DDR 0 1 0

Pin Function PD83 input pin PD3 output pin GA20 output pin

e PD2/PME
The pin function is switched as shown below according to the combination of the PMEE bit of
LPC HICRO and the PD2DDR.

PMEE 0 1

PD2DDR 0 1 0

Pin Function PD2 input pin PD2 output pin PME output pin

e PDI/LSMI
The pin function is switched as shown below according to the combination of the LSMIE bit of
LPC HICRO and the PDIDDR.

LSMIE 0 1

PD1DDR 0 1 0

Pin Function PD1 input pin PD1 output pin LSMI output pin

e PDO/LSCI
The pin function is switched as shown below according to the combination of the LSCIE bit of
LPC HICRO and the PDODDR.

LSCIE 0 1

PDODDR 0 1 0

Pin Function PDO input pin PDO output pin LSCI output pin
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8.135 Input Pull-Up MOS

Ports D5 to DO have a built-in input pull-up MOS that can be controlled by software. This input
pull-up MOS can be used in any operating mode, and can be specified as on or off on a bit-by-bit

basis.

PDnDDR 0 1

PDnODR 1 0 —

PDn pull-up ON OFF OFF
MOS

[Legend]
n=5t00

The input pull-up MOS is in the off state after a reset and in hardware standby mode. The prior
state is retained in software standby mode.

Table 8.7 summarizes the input pull-up MOS states.

Table8.7 Port D Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when PDDDR = 0 and PDODR = 1; otherwise off.

Rev. 3.00, 03/04, page 242 of 830
RENESAS



8.14 Port E

Port E functions as an 8-bit input/output port and also as an LPC input/output. Port E provides the

following register set.

e Port E data direction register (PEDDR)
e Port E output data register (PEODR)

e Port E input data register (PEPIN)

8.14.1 Port E Data Direction Register (PEDDR)

PEDDR is used to specify the input/output attribute of each pin of port E.

Bit Bit Name Initial Value R/W Description

7 PE7DDR 0 w When a given bit of PEDDR is set to 1, the

6 PE6DDR 0 W corresponding pin will function as an output port, and

when cleared to 0, it will function as an input port.

PESDDR w . . . .

5 0 This register is assigned to the same address as that

4 PE4DDR 0 W of PEPIN. When this address is read, the port E

3 PE3DDR 0 W states are returned.

2 PE2DDR 0 w

1 PE1DDR 0 w

0 PEODDR 0 w

8.14.2 Port E Output Data Register (PEODR)

PEODR stores output data for the port E pins.

Bit Bit Name Initial Value R/W Description

7 PE7ODR 0 R/W The PEODR register stores the output data for the
6 PEGODR 0 R/W pins that are used a general output port.

5 PE50ODR 0 R/W

4 PE4ODR 0 R/W

3 PE3ODR 0 R/W

2 PE20ODR 0 R/W

1 PE10DR 0 R/W

0 PEOODR 0 R/W
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8.14.3 Port E Input Data Register (PEPIN)

PEPIN indicates the pin states of port E.

Bit Bit Name Initial Value R/W Description

7 PE7PIN Undefined* R Pin states can be read by performing a read cycle on
6 PEGPIN  Undefined* R s register.

S PPN neines R [ILg e e s s
4 PE4PIN Undefined* R written to PEDDR and the port E setting is then

3 PE3PIN Undefined* R changed.

2 PE2PIN Undefined* R

1 PE1PIN Undefined* R

0 PEOPIN Undefined* R

Note: The initial value of these pins is determined in accordance with the state of pins PE7 to
PEO.

8.14.4 Pin Functions

Port E also functions as an LPC input/output. The pin function is switched with LPC enabled or
disabled. The LPC module is disabled when the LPC1E, LPC2E, and LPC3E bits in HICRO of
LPC are all 0.

e PE7/SERIRQ

The pin function is switched as shown below according to the LPC enabled/disabled and the
PE7DDR.

LPC Disabled Enabled
PE7DDR 0 1 —

Pin Function PE7 input pin PE7 output pin SERIRQ input/output pin
e PEO6/LCLK

The pin function is switched as shown below according to the LPC enabled/disabled and the
PE6DDR.

LPC Disabled Enabled
PE6DDR 0 1 —
Pin Function PES6 input pin PEG6 output pin LCLK input pin
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e PES/LRESET

The pin function is switched as shown below according to the LPC enabled/disabled and the

PESDDR.
LPC Disabled Enabled
PE5SDDR 0 1 —
Pin Function PES5 input pin PE5 output pin LRESET input pin

e PE4/LFRAME

The pin function is switched as shown below according to the LPC enabled/disabled and the

PE4DDR.
LPC Disabled Enabled
PE4DDR 0 1 —
Pin Function PE4 input pin PE4 output pin LFRAME input pin
e PE3/LAD3
The pin function is switched as shown below according to the LPC enabled/disabled and the
PE3DDR.
LPC Disabled Enabled
PE3DDR 0 1 —
Pin Function PES input pin PES3 output pin LAD3 input/output pin
e PE2/LAD2
The pin function is switched as shown below according to the LPC enabled/disabled and the
PE2DDR.
LPC Disabled Enabled
PE2DDR 0 1 —
Pin Function PE2 input pin PE2 output pin LAD2 input/output pin
e PEI/LADI
The pin function is switched as shown below according to the LPC enabled/disabled and the
PEIDDR.
LPC Disabled Enabled
PE1DDR 0 1 —
Pin Function PE1 input pin PE1 output pin LAD1 input/output pin
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e PEO/LADO

The pin function is switched as shown below according to the LPC enabled/disabled and the
PEODDR.

LPC Disabled Enabled
PEODDR 0 1 —

Pin Function PEO input pin PEO output pin LADO input/output pin
815 PortF

Port F is a 3-bit multi-function input/output port supporting the following register set.

e Port F data direction register (PFDDR)

e Port F output data register (PFODR)

e Port F input data register (PFPIN)

8.15.1 Port F Data Direction Register (PFDDR)

PFDDR is used to specify the input/output attribute of each pin of port F.

Bit Bit Name Initial Value R/W Description

7t03 — — — Reserved

2 PF2DDR O w When the given bit of PFDDR is set to 1, the

1 PFIDDR 0 W corresponding pin of_p_ort F will function as an o_utpu_t
port, and when the bit is cleared to 0, the port pin will

0 PFODDR O w

function as an input port.

This register is assigned to the same address as that
of PFPIN. When this address is read, the port F states
are returned.

8.15.2 Port F Output Data Register (PFODR)
PFODR stores output data for the port F pins.

Bit Bit Name Initial Value = R/W Description

7t03 — — — Reserved. When this bit is read, an undefined value is
returned.

2 PF20DR O R/W  The PFODR register stores the output data for the

1 PFIODR 0 R/W pins that are used a general output port.

0 PFOODR 0 R/W
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8.15.3 Port F Input Data Register (PFPIN)

PFPIN indicates the pin states of port F.

Bit Bit Name Initial Value R/W Description
7t03 — — — Reserved. When this bit is read, an undefined value is
returned.
2 PF2PIN  Undefined* R When PFPIN is read, the pin states are returned.
PF1PIN  Undefined* R This register is assigned to the same address as that
0 PFOPIN _ Undefined* R of PFDDR. When this register is written to, data is

written to PFDDR and the port F setting is then
changed.

Note: The initial value of these pins is determined in accordance with the state of pins PF2 to
PFO.

8.15.4 Pin Functions

Port F is a 3-bit input/output port that functions as a PWM output. The relationship between the
register settings and pin functions is depicted below.

e PF2/ExPW2, PF1/ExPW1, PFO/ExPWO

The pin function is switched as shown below according to the combination of the OEn bit in
PWOERA of PWM, the PWMS bit in PTCNTO, and PFnDDR bit.

PFnDDR 0 1 —
PWMS 0 1 0 1 1

OEn — 0 — 0 1

Pin Function PFn input pin PFn output pin PWn output pin
[Legend]

n=2t0
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8.16 Changeof Peripheral Function Pins

I/O ports that also function as peripheral modules, such as the external interrupts, 8-bit timer input,
and 8-bit PWM timer output, can be changed.

I/O ports that also function as the external interrupt pins are changed according to the setting of
ISSR16 and ISSR. I/O ports that also function as the 8-bit timer input pins and the 8-bit PWM
timer output pins are changed according to the setting of PTCNTO. The pin name of the peripheral
function is indicated by adding ‘Ex’ at the head of the original pin name. In each peripheral
function description, the original pin name is used.

8.16.1 IRQ SensePort Select Register 16 (1SSR16), IRQ Sense Port Select Register (1SSR)

ISSR16 and ISSR select ports that also function as IRQ15 to IRQO input pins.

e [SSR16
Bit Bit Name Initial Value R/W Description
15 ISS15 0 R/W 0: P57/IRQ15 is selected

1: P87/ExIRQ15 is selected
14 ISS14 0 R/W 0: P56/IRQ14 is selected

1: P86/ExIRQ14 is selected
13 ISS13 0 R/W 0: P55/IRQ13 is selected

1: P85/ExIRQ13 is selected
12 ISS12 0 R/W 0: P54/IRQ12 is selected

1: P84/ExIRQ12 is selected
11 ISS11 0 R/W 0: P53/IRQ11 is selected

1: P83/ExIRQ11 is selected
10 ISS10 0 R/W 0: P52/IRQ10 is selected

1: P82/ExIRQ10 is selected
9 ISS9 0 R/W 0: P51/IRQ9 is selected

1: P81/ExIRQQ is selected
8 ISS8 0 R/W 0: P50/IRQ8 is selected

1: P8O/ExIRQS is selected
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ISSR

Bit Bit Name Initial Value R/W Description
7 ISS7 0 R/W 0: P47/IRQ7 is selected
1: P77/EXIRQY is selected
6 ISS6 0 R/W 0: P46/IRQ6 is selected
1: P76/ExIRQ6 is selected
5 ISS5 0 R/W 0: P45/IRQ5 is selected
1: P75/ExIRQ5 is selected
4 ISS4 0 R/W 0: P44/IRQ4 is selected
1: P74/ExIRQ4 is selected
3 ISS3 0 R/W 0: P43/IRQS is selected
1: P73/ExIRQS is selected
2 ISS2 0 R/W 0: P42/IRQ2 is selected
1: P72/ExIRQ2 is selected
ISST R/W P41/IRQ1 is always selected
0 ISS0 R/W P40/IRQO is always selected
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8.16.2 Port Control Register 0 (PTCNTO)

PTCNTO selects ports that also function as 8-bit timer input pins, and 8-bit PWM timer output

pins.

Bit Bit Name Initial Value R/W Description

7 TMIOS 0 R/W 0: P40/TMIO is selected
1: P84/ExTMIO is selected

6 TMI1S 0 R/W 0: P41/TMI1 is selected
1: P85/ExTMI1 is selected

5 TMIXS 0 R/W 0: P44/TMIX is selected
1: P86/EXTMIX is selected

4 TMIYS 0 R/W 0: P45/TMIY is selected
1: P87/ExXTMIY is selected

3 — 0 R/W Reserved
The initial values should not be changed.

2 PWMS 0 R/W 0: P10/PWO0, P11/PW1, P12/PW2 are selected
1: PFO/ExPWO, PF1/ExPW1, and PF2/ExPW2 are
selected

1,0 — All O R/W Reserved

The initial values should not be changed.
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Section 9 8-Bit PWM Timer (PWM)

This LSI has an on-chip pulse width modulation (PWM) timer with sixteen outputs. Sixteen output
waveforms are generated from a common time base, enabling PWM output with a high carrier
frequency to be produced using pulse division.

9.1 Features

e Operable at a maximum carrier frequency of 2.06 kHz using pulse division (at 33 MHz

operation)

e Duty cycles from 0 to 100% with 1/256 resolution (100% duty realized by port output)
e Direct or inverted PWM output, and PWM output enable/disable control

Figure 9.1 shows a block diagram of the PWM timer.

P10/PWO <~ | Comparator 0 PWDRO f— |
: Module I
P11/PW1 <— [«— | Comparator 1 PWDR1 [ databus |
I
P12/PW2 ~— < | Comparator 2 PWDR2 |—— |
I
P13/PW3 ~—] | comparator 3 PWDR3 f——— _—
I
P14/PW4 <— [«<—— | Comparator 4 PWDR4 3
P1sPWs «<—| B |« [Comparator5 PWDR5 |—— 1
=4 I
= —
P16/PW6 ~— g % Comparator 6 PWDR6 8 : Internal
P17/PW7 ~— & [~ | Comparator7 PWDR7 [—— £ | databus
3 i (e Y em——
P20/PW8 <— < [~ | Comparator8 PWDR8 - |
I =
P21/PW9 ~— § < | comparator9 PWDR9 [~ @ ;
P22PW10~—| S | [Comparator 10 PWDR10 !
! I
P23/PW11~— <! |Comy 11 PWDR11 !
P24/PW12<— [« [ comparator 12 PWDR12 [~ —
I
P25/PW13<— <« | Comparator 13 PWDR13 [ !
I
P26/PW14~— < |comparator 14 PWDR14 f——— |
I
P27/PW15<— < [comparator 15 PWDR15 f[——— !
! I
o e el L A J
Clock |_ I pwsL I
PWDPRB PWDPRA | counter Select
PWOERB PWOERA clock PCSR
P2DDR P1DDR 1 1
P2DR P1DR o116
/8
PTCNTO o/
/2
[Legend] Internal clock
PWSL: PWM register select PCSR: Peripheral clock select register
PWDR: PWM data register P1DDR: Port 1 data direction register
PWDPRA: PWM data polarity register A P2DDR:  Port 2 data direction register
PWDPRB: PWM data polarity register B P1DR: Port 1 data register
PWOERA: PWM output enable register A P2DR: Port 2 data register
PWOERB: PWM output enable register B PTCNTO: Port control register 0

PWMO0802A_000020021100

Figure9.1 Block Diagram of PWM Timer
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9.2 I nput/Output Pins
Table 9.1 shows the PWM output pins.

Table9.1 Pin Configuration

Name Abbreviation 110 Function

PWM output 1510 0 PW15 to PWO Output PWM timer pulse output 15to 0

9.3 Register Descriptions

The PWM has the following registers. To access PCSR, the FLSHE bit in the serial timer control
register (STCR) must be cleared to 0. For details on the serial timer control register (STCR), see
section 3.2.3, Serial Timer Control Register (STCR).

e PWM register select (PWSL)

e PWM data registers 15 to 0 (PWDR15 to PWDRO)
e PWM data polarity register A (PWDPRA)

e PWM data polarity register B (PWDPRB)

e PWM output enable register A (PWOERA)

e PWM output enable register B (PWOERB)

e Peripheral clock select register (PCSR)
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931

PWM Register Select (PWSL)

PWSL is used to select the input clock and the PWM data register.

Initial

Bit Bit Name Value R/W Description

7 PWCKE 0 R/W PWM Clock Enable

6 PWCKS 0 PWM Clock Select
These bits, together with bits PWCKB and PWCKA in PCSR,
select the internal clock input to TCNT in the PWM. For
details, see table 9.2.
The resolution, PWM conversion period, and carrier frequency
depend on the selected internal clock, and can be obtained
from the following equations.
Resolution (minimum pulse width) = 1/internal clock frequency
PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period
With a 33 MHz system clock (¢), the resolution, PWM
conversion period, and carrier frequency are as shown in table
9.3.

5 — 1 Reserved
This bit is always read as 1 and cannot be modified.

4 — 0 Reserved

This bit is always read as 0 and cannot be modified.
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Initial
Bit  Bit Name Value R/W Description

3to 0 RS3to RSO All0 R/W Register Select

These bits select the PWM data register.
0000: PWDRO selected
0001: PWDR1 selected
0010: PWDR2 selected
0011: PWDRS selected
0100: PWDR4 selected
0101: PWDRS5 selected
0110: PWDRE6 selected
0111: PWDRY7 selected
1000: PWDRS selected
1001: PWDR9 selected
1010: PWDR10 selected
1011: PWDR11 selected
1100: PWDR12 selected
1101: PWDR13 selected
1110: PWDR14 selected
1111: PWDR15 selected

Table9.2 Internal Clock Selection

PWSL PCSR
PWCKE PWCKS PWCKB PWCKA Description
0 — — — Clock input is disabled (Initial value)
1 0 — — o (system clock) is selected
1 0 0 ¢/2 is selected
1 ¢/4 is selected
1 0 /8 is selected
1 0/16 is selected
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Table9.3 Resolution, PWM Conversion Period, and Carrier Frequency when ¢ =33 MHz

Internal Clock PWM Conversion

Frequency Resolution Period Carrier Frequency
[0} 30 ns 7.76 us 2063 kHz

0/2 61 ns 15.52 us 1031 kHz

o/4 121 ns 31.03 us 515.6 kHz

/8 242 ns 62.06 us 257.8 kHz

/16 485 ns 124.12 us 128.9 kHz

9.3.2 PWM Data Registers 15 to 0 (PWDR15 to PWDRO)

PWDR are 8-bit readable/writable registers. The PWM has sixteen PWM data registers. Each
PWDR specifies the duty cycle of the basic pulse to be output, and the number of additional
pulses. The value set in PWDR corresponds to a 0 or 1 ratio in the conversion period. The upper
four bits specify the duty cycle of the basic pulse as 0/16 to 15/16 with a resolution of 1/16. The
lower four bits specify how many extra pulses are to be added within the conversion period
comprising 16 basic pulses. Thus, a specification of 0/256 to 255/256 is possible for 0/1 ratios
within the conversion period. For 256/256 (100%) output, port output should be used.

933 PWM Data Polarity Registers A and B (PWDPRA and PWDPRB)
Each PWDPR selects the PWM output phase.

e PWDPRA

Initial
Bit Bit Name Value R/W Description
7t00 OS7t0 OS0 Al O R/W  Output Select 7to0 0

These bits select the PWM output phase. Bits OS7 to OS0
correspond to outputs PW7 to PWO.

0: PWM direct output (PWDR value corresponds to high width
of output)

1: PWM inverted output (PWDR value corresponds to low
width of output)
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e PWDPRB
Initial
Bit Bit Name Value R/W Description

7t00 OS15t0 0S8 All0  R/W Output Select 15 to 8

These bits select the PWM output phase. Bits 0S15 to OS8
correspond to outputs PW15 to PW8.

0: PWM direct output (PWDR value corresponds to high width
of output)

1: PWM inverted output (PWDR value corresponds to low
width of output)

9.34 PWM Output Enable Registers A and B (PWOERA and PWOERB)
Each PWOER switches between PWM output and port output.
e PWOERA

Initial
Bit  Bit Name Value R/W Description

7t00 OE7to OEO A0 R/W Output Enable 7to 0

These bits, together with P1DDR, specify the P1n/PWn pin
state. Bits OE7 to OEO correspond to outputs PW7 to PWO.

P1nDDR OEn: Pin state

0*: Port input

10: Port output or PWM 256/256 output
11: PWM output (0 to 255/256 output)

[Legend]
n=0to7
*; Don't care
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e PWOERB
Initial
Bit  Bit Name Value R/W Description
7t00 OE15t0 OE8 AIl0 R/W Output Enable 15to 8

These bits, together with P2DDR, specify the P2n/PWm pin
state. Bits OE15 to OES8 correspond to outputs PW15 to PW8.

P2nDDR OEm: Pin state

0*: Port input

10: Port output or PWM 256/256 output
11: PWM output (0 to 255/256 output)

[Legend]
n=0to7
m=38to 15

*; Don't care

To perform PWM 256/256 output when DDR = 1 and OE = 0, the corresponding pin should be set
to port output. The corresponding pin can be set as port output in single-chip mode or when IOSE
=1 and CS256E = 0 in SYSCR in extended mode with on-chip ROM. Otherwise, it should be
noted that an address bus is output to the corresponding pin.

DR data is output when the corresponding pin is used as port output. A value corresponding to
PWM 256/256 output is determined by the OS bit, so the value should have been set to DR
beforehand.

9.35 Peripheral Clock Select Register (PCSR)
PCSR selects the PWM input clock.

Bit Bit Name Initial Value R/W Description

7 PWCKX1B 0 R/W See section 10.3.4, Peripheral Clock Select Register

6 PWCKX1A 0 R/W (PCSR).

5 PWCKX0B 0 R/W

4 PWCKX0A O R/W

3 PWCKX1C 0 R/W

2 PWCKB 0 R/W PWM Clock Select B and A

1 PWCKA 0 R/W' Together with bits PWCKE and PWCKS in PWSL, these
bits select the internal clock input to TCNT in the PWM. For
details, see table 9.2.

0 PWCKX0C O R/W See section 10.3.4, Peripheral Clock Select Register

(PCSR).
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94 Operation

The upper four bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16. Table 9.4 shows the duty cycles of the basic pulse.

Table9.4 Duty Cycleof Basic Pulse

Upper 4 Bits Basic Pulse Waveform (Internal)

H/0123456789ABCDEFO
B'0000 L:

B'0001

B'0010

B'0011

B'0100

B'0101

B'0110

B'0111

B'1000

B'1001

B'1010

B'1011

B'1100

B'1101

B'1110

T

:E[[[[[________

B'1111
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The lower four bits of PWDR specify the position of pulses added to the 16 basic pulses. An
additional pulse adds a high period (when OS = 0) with a width equal to the resolution before the
rising edge of a basic pulse. When the upper four bits of PWDR are B'0000, there is no rising edge
of the basic pulse, but the timing for adding pulses is the same. Table 9.5 shows the positions of
the additional pulses added to the basic pulses, and figure 9.2 shows an example of additional
pulse timing.

Table9.5 Position of Pulses Added to Basic Pulses

Basic Pulse No.
Lower 4 Bits 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B'0000

B'0001 Yes
B'0010 Yes Yes
B'0011 Yes Yes Yes
B'0100 Yes Yes Yes Yes
B'0101 Yes Yes Yes Yes Yes
B'0110 Yes Yes Yes Yes Yes Yes
B'0111 Yes Yes Yes Yes Yes Yes Yes
B'1000 Yes Yes Yes Yes Yes Yes Yes Yes
B'1001 Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'1010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'1011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'1100 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'1101 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'1110 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'1111 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No additional pulse | |

— ] }« Resolution width

With additional pulse | |

g

Additional pulse

Figure9.2 Example of Additional Pulse Timing (When Upper 4 Bits of PWDR = B'1000)
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9.4.1 PWM Setting Example

L 1-conversion cycle O

|‘ |

PWDR Basic Additiona

setting example Duty cycle waveform pulse

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7F | | ': | ': | ': | ': | ': | ': | !: | 1: | !: | 1: | |: | ': | ': | ': | ': | 127/256 112 pulse 15 pulse

80 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 128/256 128 pulse 0 pulse

81 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ': | 129/256 128 pulse 1 pulse

82 ! ! 130/256 128 pulse 2 pulse

f : Pulse added
Combination of the basic pulse and added pulse outputs 0/256 to 255/256 of duty cycle as low ripple waveform.
Figure9.3 Example of PWM Setting
9.4.2 Diagram of PWM Used as D/A Converter

Figure 9.4 shows the diagram example when using the PWM pulse as the D/A converter. Analog

signal with low ripple can be generated by connecting the low pass filter.

A
Yyv

Resistor : 120 kQ

Capacitor : 0.1 uF
This LSI

Figure9.4 Examplewhen PWM isUsed as D/A Converter
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Section 10 14-Bit PWM Timer (PWMX)

This LSI has an on-chip 14-bit pulse-width modulator (PWM) timer with four output channels. It
can be connected to an external low-pass filter to operate as a 14-bit D/A converter.

10.1 Features

e Division of pulse into multiple base cycles to reduce ripple
e FEight resolution settings

The resolution can be set to 1, 2, 64, 128, 256, 1024, 4096, or 16384 system clock cycles.
e Two base cycle settings

The base cycle can be set equal to T X 64 or T x 256, where T is the resolution.

¢ Sixteen operation clocks (by combination of eight resolution settings and two base cycle
settings)

Figure 10.1 shows a block diagram of the PWM (D/A) module.

Internal clock

Internal data bus

o

0/2, 0/64, $/128, $/256,

/1024, /4096, ¢/16384 ‘
Base cycle compare match A

PWX0 <— Fine-adjustment pulse addition A Comparator AK_—] DADRA K
PWX1 =—f Base cycle compare match B

Fine-adjustment pulse addition B Comparator BK__| DADRB

Control
logic ﬂ

Base cycle overflow DACNT

DACR

[Legend] Module data bus

DACR:  PWMX D/A control register (6 bits)
DADRA: PWMX D/A data register A (15 bits)
DADRB: PWMX D/A data register B (15 bits)
DACNT: PWMX D/A counter (14 bits)

Figure10.1 PWMX (D/A) Block Diagram
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10.2  Input/Output Pins

Table 10.1 lists the PWMX (D/A) module input and output pins.

Table10.1 Pin Configuration

Name Abbreviation /O Function

PWMX output pin 0  PWXO0 Output  PWM timer pulse output of PWMX_0 channel A
PWMX output pin 1 PWX1 Output  PWM timer pulse output of PWMX_0 channel B
PWMX outputpin2 ~ PWX2 Output  PWM timer pulse output of PWMX_1 channel A
PWMX output pin 3 ~ PWX3 Output ~ PWM timer pulse output of PWMX_1 channel B

10.3 Register Descriptions

The PWMX (D/A) module has the following registers. The PWMX (D/A) registers are assigned to
the same addresses with other registers. The registers are selected by the IICE bit in the serial
timer control register (STCR). For details on the module stop control register, see section 23.1.3,
Module Stop Control Register H, L, and A (MSTPCRH, MSTPCRL, MSTPCRA).

o PWMX (D/A) counter (DACNT)
e PWMX (D/A) data register A (DADRA)
e PWMX (D/A) data register B (DADRB)
e PWMX (D/A) control register (DACR)
e Peripheral clock select register (PCSR)

Note: The same addresses are shared by DADRA and DACR, and by DADRB and DACNT.
Switching is performed by the REGS bit in DACNT or DADRB.
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1031 PWMX (D/A) Counter (DACNT)

DACNT is a 14-bit readable/writable up-counter. The input clock is selected by the clock select bit
(CKS) in DACR. DACNT functions as the time base for both PWMX (D/A) channels. When a
channel operates with 14-bit precision, it uses all DACNT bits. When a channel operates with 12-
bit precision, it uses the lower 12 bits and ignores the upper two bits. DACNT cannot be accessed
in 8-bit units. DACNT should always be accessed in 16-bit units. For details, see section 10.4, Bus
Master Interface.

e DACNT

Initial
Bit Bit Name Value R/W  Description

15t08 UC7toUCO AllO R/W  Lower Up-Counter
7102 UC8to UC13 AllO R/W  Upper Up-Counter

1 — 1 R Reserved
This bit is always read as 1 and cannot be modified.
0 REGS 1 R/W  Register Select

DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies
which registers can be accessed. When changing the
register to be accessed, set this bit in advance.

0: DADRA and DADRB can be accessed
1: DACR and DACNT can be accessed
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1032 PWMX (D/A) Data RegistersA and B (DADRA and DADRB)

DADRA corresponds to PWMX (D/A) channel A, and DADRB to PWMX (D/A) channel B. The
DADR registers cannot be accessed in 8-bit units. The DADR registers should always be accessed
in 16-bit units. For details, see section 10.4, Bus Master Interface.

e DADRA
Initial
Bit Bit Name Value

R/W

Description

15t02 DA13to DAO All1

R/W

D/A Data 13to 0

These bits set a digital value to be converted to an
analog value.

In each base cycle, the DACNT value is continually
compared with the DADR value to determine the duty
cycle of the output waveform, and to decide whether to
output a fine-adjustment pulse equal in width to the
resolution. To enable this operation, this register must
be set within a range that depends on the CFS bit. If the
DADR value is outside this range, the PWM output is
held constant.

A channel can be operated with 12-bit precision by
fixing DAO and DA1 to 0. The two data bits are not
compared with UC12 and UC13 of DACNT.

1 CFS 1

R/W

Carrier Frequency Select

0: Base cycle = resolution (T) x 64
The range of DA13 to DAO: H'0100 to H'3FFF

1: Base cycle = resolution (T) x 256
The range of DA13 to DAO: H'0040 to H'3FFF

Reserved
This bit is always read as 1 and cannot be modified.
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DADRB

Initial
Bit Bit Name Value R/W  Description
15to 2 DA13to DAO All1 R/W  D/A Data 13to 0

These bits set a digital value to be converted to an
analog value.

In each base cycle, the DACNT value is continually
compared with the DADR value to determine the duty
cycle of the output waveform, and to decide whether to
output a fine-adjustment pulse equal in width to the
resolution. To enable this operation, this register must
be set within a range that depends on the CFS bit. If the
DADR value is outside this range, the PWM output is
held constant.

A channel can be operated with 12-bit precision by
fixing DAO and DA1 to 0. The two data bits are not
compared with UC12 and UC13 of DACNT.

CFS

R/wW

Carrier Frequency Select

0: Base cycle = resolution (T) x 64
DA13 to DAO range = H'0100 to H'3FFF

1: Base cycle = resolution (T) x 256
DA13 to DAO range = H'0040 to H'3FFF

0

REGS

R/W

Register Select

DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies
which registers can be accessed. When changing the
register to be accessed, set this bit in advance.

0: DADRA and DADRB can be accessed
1: DACR and DACNT can be accessed
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1033 PWMX (D/A) Control Register (DACR)

DACR enables the PWM outputs, and selects the output phase and operating speed.

Bit Bit Name

Initial Value

R/W

Description

7 J—

0

R/W

Reserved
The initial value should not be changed.

6 PWME

R/W

PWMX Enable

Starts or stops the PWM D/A counter (DACNT).
0: DACNT operates as a 14-bit up-counter

1: DACNT halts at H'0003

54 —

All 1

Reserved

These bits are always read as 1 and cannot be
modified.

3 OEB

R/W

Output Enable B
Enables or disables output on PWMX (D/A) channel B.

0: PWMX (D/A) channel B output (at the PWX1, PWX3
pins) is disabled

1: PWMX (D/A) channel B output (at the PWX1, PWX3
pins) is enabled

2 OEA

R/W

Output Enable A
Enables or disables output on PWMX (D/A) channel A.

0: PWMX (D/A) channel A output (at the PWX0, PWX2
pin) is disabled

1: PWMX (D/A) channel A output (at the PWX0, PWX2
pins) is enabled

R/wW

Output Select

Selects the phase of the PWMX (D/A) output.
0: Direct PWMX (D/A) output

1: Inverted PWMX (D/A) output

0 CKS

R/W

Clock Select

Selects the PWMX (D/A) resolution. Eight kinds of
resolution can be selected.

0: Operates at resolution (T) = system clock cycle time
(t.o)

1: Operates at resolution (T) = system clock cycle time
(tcyc) X 2, x 64, x 128, x 256, x 1024, x 4096, and x
16384.
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10.34

Peripheral Clock Select Register (PCSR)

PCSR and the CKS bit of DACR select the operating speed.

Bit Bit Name |Initial Value R/W  Description

7 PWCKX1B 0 R/W  PWMX_1 Clock Select

6 PWCKX1A 0 R/W These bits select a clock cycle with the CKS bit of
DACR of PWMX_1 being 1.
See table 10.2.

5 PWCKX0B 0 R/W  PWMX_0 Clock Select

4 PWCKXO0A 0 RW " These bits select a clock cycle with the CKS bit of
DACR of PWMX_0 being 1.
See table 10.2.

3 PWCKX1C 0 R/W  PWMX_1 Clock Select
This bit selects a clock cycle with the CKS bit of DACR
of PWMX_1 being 1.
See table 10.2.

2 PWCKB 0 R/W  PWM Clock Select B and A

1 PWCKA 0 R/W See section 9.3.5, Peripheral Clock Select Register
(PCSR).

0 PWCKX0C 0 R/W  PWMX_0 Clock Select

This bit selects a clock cycle with the CKS bit of DACR
of PWMX_0 being 1.

See table 10.2.

Table10.2 Clock Select of PWMX_1 and PWMX_0

PWCKXO0C PWCKX0B PWCKXO0A

PWCKX1C PWCKX1B PWCKX1A Resolution (T)

0 0 0 Operates on the system clock cycle (t,) x 2

0 0 1 Operates on the system clock cycle (t, ) x 64

0 1 0 Operates on the system clock cycle (t,, ) x 128

0 1 1 Operates on the system clock cycle (t,) x 256

1 0 0 Operates on the system clock cycle (t, ) x 1024
1 0 1 Operates on the system clock cycle (t,,) x 4096
1 1 0 Operates on the system clock cycle (t,) x 16384
1 1 1 Setting prohibited
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104 BusMaster Interface

DACNT, DADRA, and DADRB are 16-bit registers. The data bus linking the bus master and the
on-chip peripheral modules, however, is only 8 bits wide. When the bus master accesses these
registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written to and read from as follows.

o  Write

When the upper byte is written to, the upper-byte write data is stored in TEMP. Next, when the
lower byte is written to, the lower-byte write data and TEMP value are combined, and the
combined 16-bit value is written in the register.

e Read

When the upper byte is read from, the upper-byte value is transferred to the CPU and the
lower-byte value is transferred to TEMP. Next, when the lower byte is read from, the lower-
byte value in TEMP is transferred to the CPU.

These registers should always be accessed 16 bits at a time with a MOV instruction, and the upper
byte should always be accessed before the lower byte. Correct data will not be transferred if only
the upper byte or only the lower byte is accessed. Also note that a bit manipulation instruction
cannot be used to access these registers.

Example 1: Write to DACNT
MOV.W RO, @DACNT ; Write RO contents to DACNT
Example 2: Read DADRA

MOV.W @DADRA, RO ; Copy contents of DADRA to RO
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10.5 Operation

A PWM waveform like the one shown in figure 10.2 is output from the PWX pin. DA13 to DAO
in DADR corresponds to the total width (T,) of the low (0) pulses output in one conversion cycle
(256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 0, this waveform is directly
output. When OS = 1, the output waveform is inverted, and DA13 to DAO in DADR value
corresponds to the total width (T,)) of the high (1) output pulses. Figures 10.3 and 10.4 show the
types of waveform output available.

1 conversion cycle
(T x 214 (= 16384))

t

Base cycle

(T x 64 orT x 256)

e re e e L
S

t
T: Resolution
T = Zt,_n(OS 0)

(When CFS =0, m =256
When CFS =1, m = 64)

Figure10.2 PWMX (D/A) Operation

Table 10.3 summarizes the relationships between the CKS and CFS bit settings and the resolution,
base cycle, and conversion cycle. The PWM output remains fixed unless DA13 to DAO in DADR
contain at least a certain minimum value. The relationship between the OS bit and the output

waveform is shown in figures 10.3 and 10.4.
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Table10.3 Settingsand Operation (Exampleswhen ¢ = 33 MH2)

PCSR Fixed DADR Bits
PWCKX0 Reso-
lution Conver- .
PWCKX1 Bit Data )
—_— T Base sion TL/TH Accuracy —_— Conversion
C B A (KS (us) CFS Cycle Cycle  (0S=0/0S=1) (Bits) 2 S 2 2 cyclemsy
[a) [a) [a) [a)
— — — 0 003 0 194 496.48  Always low/high output 14 0.50
DA13 to 0 = H'0000 to H'OOFF
(us) (us) 12 0 o0 0.12
(Data value) x T
/515.6kHz DA13t0 0= H0100 to H3FFF 10 0 0 0 o0 003
1776 496.48  Always low/high output 14 0.50
DA13to 0 = H'0000 to H'003F
(us) (us) 12 0 0 012
(Data value) x T
@ /128.9kHz DA131t0 0 = H0040 to H3FFF 10 0 0 0 o0 00
00 0 1 006 0 3.88 0.99 Always low/high output 14 0.99
DA13 to 0 = H'0000 to HOOFF
(us) (ms) 12 0 0 025
(Data value) x T
/257 8kHz DA13t0 0= H0100 to H3FFF 10 0 0 0 o0 006
1 1552 0.99 Always low/high output 14 0.99
DA13to 0 = H'0000 to H'003F
(us) (ms) 12 0 0 025
(Data value) x T
(¢/2) /64.5kHz DA13 to 0 = H'0040 to H'3FFF 10 0O 0O O 0 o0.06
00 1 1 194 0 12412 31.78 Always low/high output 14 31.78
DA13 to 0 = H'0000 to HOOFF
(us) (ms) 12 0 0 794
(Data value) x T
/8.1kHz DA13t0 0= H0100 to H3FFF 10 0 0 0 0 19
1 496.48 31.78 Always low/high output 14 31.78
DA13to 0 = H'0000 to H'003F
(us) (ms) 12 0 0 794
(Data value) x T
(¢/64) /2.0kHz DA13 10 0 = H'0040 to H'3FFF 10 0 0 0 0 19
01 0 1 388 0 24824 63.55 Always low/high output 14 63.55
DA13 to 0 = H'0000 to HOOFF
(us) (ms) 12 0 0 1589
(Data value) x T
/4.0kHz DA131to 0 = H0100 to H3FFF 10 0 0 o0 o0 397
1 992.97 63.55 Always low/high output 14 63.55
DA13to 0 = H'0000 to H'003F
(us) (ms) ° ° 12 0 0 1589
(Data value) x T
(¢/128) /1.0kHz DA13to 0 = H'0040 to H3FFF 10 0 0 o0 0 397
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PCSR

Fixed DADR Bits

Reso-
PWCKX0
lution Conver- . .
PWCKX1 Bit Data Conversion
T Base sion TL/TH Accuracy
C B A CKS (us) CFS Cycle  Cycle (0S=0/0S=1) (Bits) @ g g g Cycle(msy
[a) [a) [a) [a)
o 1 1 1 7.76 0 496.48 127.10 Always low/high output 14 127.10
DA13 to 0 = H'0000 to H'00OFF
(us) (ms) ° ° 12 0 o 3178
(Data value) x T
/2.0kHz DA13 to 0 = H'0100 to H'3FFF 10 o 0 0 0 794
1 1985.94 127.10 Always low/high output 14 127.10
DA13 to 0 = H'0000 to H'003F
(us) (ms) ° ° 12 0 o 3178
(Data value) x T
(¢/256) 10.5kHz DA13 to 0 = H'0040 to H'3FFF 10 0 0 0 0 794
i 0 0 1 31.03 0 1.99 508.40 Always low/high output 14 508.40
DA13 to 0 = H'0000 to H'0OFF
(ms) (ms) ° ° 12 0 o 12710
(Data value) x T
/503.5Hz DA13 to 0 = H'0100 to H'3FFF 10 o 0 0 0 3178
1 7.94 508.40 Always low/high output 14 508.40
DA13 to 0 = H'0000 to H'003F
(ms) (ms) ° © 12 0 0 12710
(Data value) x T
(¢/1024) /125.9Hz DA13 to 0 = H'0040 to H'3FFF 10 o 0 0 O 31.78
1 0 1 1 12412 0 7.94 2.03 Always low/high output 14 2033.60
DA13 to 0 = H'0000 to H'00FF
(ms) (s) 12 0o o0 508.40
(Data value) x T
/125.9Hz DA13 to 0 = H'0100 to H'3FFF 10 0O 0 0 O 127.10
1 31.78 2.03 Always low/high output 14 2033.60
DA13 to 0 = H'0000 to H'003F
(ms) (s) 12 0o o0 508.40
(Data value) x T
(¢/4096) /31.5Hz DA13 to 0 = H'0040 to H'3FFF 10 0O 0 0 O 127.10
i1 0 1 496.48 0 31.78 8.13 Always low/high output 14 8134.41
DA13 to 0 = H'0000 to H'00FF
(ms) (s) 12 0 0 2033.60
(Data value) x T
/31.5Hz DA13 to 0 = H0100 to H'3FFF 10 0 0 0 0 50840
1 127.10 8.13 Always low/high output 14 8134.41
DA13 to 0 = H'0000 to H'003F
(ms) (s) 12 0 0 2033.60
(Data value) x T
(¢/16384) /7.9Hz DA13 to 0 = H'0040 to H'3FFF 10 0O 0 0 O 508.40
11 1 1 Setting — — — — — _ = = = —
prohibited
Note: * Indicates the conversion cycle when specific DA3 to DAO bits are fixed.
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1 conversion cycle

it | tio i ] tioss i tose
T T T 1 T 1 T 1
tq to ] tLoss tLose
t=tp=t= " =tpss = tse = Tx 64
g+ to+tigt o+ tioss+ tose=TL
a. CFS = 0 [base cycle = resolution (T) x 64]
1 conversion cycle
t | tio | o tiea | tieq
| | K |
T T T 1 1 T
tq to ] tie3 tiea
i =to=tg= " =tig3 = trgg = T 256

ty+ to+tig+ - +leg+tiga=TL

b. CFS =1 [base cycle = resolution (T) x 256]

Figure 10.3 Output Waveform (OS =0, DADR correspondsto T,)
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1 conversion cycle

t ) to ) - tros5 i tios6

the tho ths thoss those

ti =t =tz =+ = tip55 = tros6 = Tx 64
thr+ o+ tg + - + toss + tose = Ty

a. CFS = 0 [base cycle = resolution (T) x 64]

1 conversion cycle

ti | t | « i tiea | tieq

T 1 T
ths tho tha thes thes

=t =t =" =tgz=tigy = Tx 256
the+ o+ tyg + - + tyeg + thea = Th

b. CFS = 1 [base cycle = resolution (T) x 256]

Figure10.4 Output Waveform (OS=1, DADR correspondstoT,)

An example of the additional pulses when CFS =1 (base cycle = resolution (T) x 256) and OS =1
(inverted PWM output) is described below. When CFS = 1, the upper eight bits (DA13 to DA6) in
DADR determine the duty cycle of the base pulse while the subsequent six bits (DAS to DAO)
determine the locations of the additional pulses as shown in figure 10.5.

Table 10.4 lists the locations of the additional pulses.

DA13| DA12|DA11 |DA10|DA9 |DA8 | DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DA1 | DAO | CFS| —|

Duty cycle of base pulse =~ ——— N Location of additional pulses 1 !

Figure10.5 D/A Data Register Configuration when CFS=1

In this example, DADR = H'0207 (B'0000 0010 0000 0111). The output waveform is shown in
figure 10.6. Since CFS =1 and the value of the upper eight bits is B'0000 0010, the high width of
the base pulse duty cycle is 2/256 x (T).

Since the value of the subsequent six bits is B'0000 01, an additional pulse is output only at the
location of base pulse No. 63 according to table 10.4. Thus, an additional pulse of 1/256 X (T) is to
be added to the base pulse.
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1 conversion cycle

|

High width: 2/256 x (T)

Base cycle | Basecycle , Base cycle
No. 0 No. 1 |_| /I:l_l No. 63
Base pulse f/

Additional pulse output location

. Additional pulse

Base pulse
2/256 x (T)

1/256 x (T)

Figure10.6 Output Waveform when DADR = H'0207 (OS=1)

However, when CFS = 0 (base cycle = resolution (T) x 64), the duty cycle of the base pulse is
determined by the upper six bits and the locations of the additional pulses by the subsequent eight
bits with a method similar to as above.
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1
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Section 11 16-Bit Free-Running Timer (FRT)

This LSI has an on-chip 16-bit free-running timer (FRT). The FRT operates on the basis of the 16-
bit free-running counter (FRC), and outputs two independent waveforms, and measures the input
pulse width and external clock periods.

11.1 Features

e Selection of four clock sources

— One of the three internal clocks (¢/2, ¢/8, or ¢/32), or an external clock input can be
selected (enabling use as an external event counter).

e Two independent comparators
— Two independent waveforms can be output.
e Four independent input capture channels
— The rising or falling edge can be selected.
— Buffer modes can be specified.
e Counter clearing
— The free-running counters can be cleared on compare-match A.
e Seven independent interrupts

— Two compare-match interrupts, four input capture interrupts, and one overflow interrupt
can be requested independently.

e Special functions provided by automatic addition function

— The contents of OCRAR and OCRAF can be added to the contents of OCRA
automatically, enabling a periodic waveform to be generated without software intervention.
The contents of ICRD can be added automatically to the contents of OCRDM X 2, enabling
input capture operations in this interval to be restricted.

Figure 11.1 shows a block diagram of the FRT.
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Figure11.1 Block Diagram of 16-Bit Free-Running Timer
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11.2  Input/Output Pins

Table 11.1 lists the FRT input and output pins.

Table11.1 Pin Configuration

Name Abbreviation  1/0 Function

Counter clock input pin FTCI Input FRC counter clock input
Output compare A output pin  FTOA Output Output compare A output
Qutput compare B output pin  FTOB Output Output compare B output
Input capture A input pin FTIA Input Input capture A input
Input capture B input pin FTIB Input Input capture B input
Input capture C input pin FTIC Input Input capture C input
Input capture D input pin FTID Input Input capture D input

11.3 Register Descriptions

The FRT has the following registers.

Note:

Free-running counter (FRC)

Output compare register A (OCRA)
Output compare register B (OCRB)
Input capture register A (ICRA)

Input capture register B (ICRB)

Input capture register C (ICRC)

Input capture register D (ICRD)

Output compare register AR (OCRAR)
Output compare register AF (OCRAF)
Output compare register DM (OCRDM)
Timer interrupt enable register (TIER)
Timer control/status register (TCSR)
Timer control register (TCR)

Timer output compare control register (TOCR)

OCRA and OCRB share the same address. Register selection is controlled by the OCRS

bit in TOCR. ICRA, ICRB, and ICRC share the same addresses with OCRAR, OCRAF,
and OCRDM. Register selection is controlled by the ICRS bit in TOCR.

RENESAS
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11.31 Free-Running Counter (FRC)

FRC is a 16-bit readable/writable up-counter. The clock source is selected by bits CKS1 and
CKSO0 in TCR. FRC can be cleared by compare-match A. When FRC overflows from H'FFFF to
H'0000, the overflow flag bit (OVF) in TCSR is set to 1. FRC should always be accessed in 16-bit
units; cannot be accessed in 8-bit units. FRC is initialized to H'0000.

11.3.2  Output Compare Registers A and B (OCRA and OCRB)

The FRT has two output compare registers, OCRA and OCRB, each of which is a 16-bit
readable/writable register whose contents are continually compared with the value in FRC. When
a match is detected (compare-match), the corresponding output compare flag (OCFA or OCFB) is
set to 1 in TCSR. If the OEA or OEB bit in TOCR is set to 1, when the OCR and FRC values
match, the output level selected by the OLVLA or OLVLB bit in TOCR is output at the output
compare output pin (FTOA or FTOB). Following a reset, the FTOA and FTOB output levels are 0
until the first compare-match. OCR should always be accessed in 16-bit units; cannot be accessed
in 8-bit units. OCR is initialized to H'FFFF.

11.3.3 Input Capture Registers A to D (ICRA to ICRD)

The FRT has four input capture registers, ICRA to ICRD, each of which is a 16-bit read-only
register. When the rising or falling edge of the signal at an input capture input pin (FTIA to FTID)
is detected, the current FRC value is transferred to the corresponding input capture register (ICRA
to ICRD). At the same time, the corresponding input capture flag (ICFA to ICFD) in TCSR is set
to 1. The FRC contents are transferred to ICR regardless of the value of ICF. The input capture
edge is selected by the input edge select bits IEDGA to IEDGD) in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, by means of buffer
enable bits A and B (BUFEA and BUFEB) in TCR. For example, if an input capture occurs when
ICRC is specified as the ICRA buffer register, the FRC contents are transferred to ICRA, and then
transferred to the buffer register ICRC. When IEDGA and IEDGC bits in TCR are set to different
values, both rising and falling edges can be specified as the change of the external input signal.

To ensure input capture, the input capture pulse width should be at least 1.5 system clocks (¢) for
a single edge. When triggering is enabled on both edges, the input capture pulse width should be at
least 2.5 system clocks (0).

ICRA to ICRD should always be accessed in 16-bit units; cannot be accessed in 8-bit units. ICR is
initialized to H'0000.
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11.34  Output Compare Registers AR and AF (OCRAR and OCRAF)

OCRAR and OCRAF are 16-bit readable/writable registers. When the OCRAMS bit in TOCR is
set to 1, the operation of OCRA is changed to include the use of OCRAR and OCRAF. The
contents of OCRAR and OCRAF are automatically added alternately to OCRA, and the result is
written to OCRA. The write operation is performed on the occurrence of compare-match A. In the
1st compare-match A after setting the OCRAMS bit to 1, OCRAF is added. The operation due to
compare-match A varies according to whether the compare-match follows addition of OCRAR or
OCRAF. The value of the OLVLA bit in TOCR is ignored, and 1 is output on a compare-match A
following addition of OCRAF, while 0 is output on a compare-match A following addition of
OCRAR.

When using the OCRA automatic addition function, do not select internal clock ¢/2 as the FRC
input clock together with a set value of H'0001 or less for OCRAR (or OCRAF).

OCRAR and OCRAF should always be accessed in 16-bit units; cannot be accessed in 8-bit units.
OCRAR and OCRAF are initialized to H'FFFF.

11.35 Output Compare Register DM (OCRDM)

OCRDM is a 16-bit readable/writable register in which the upper eight bits are fixed at H'00.
When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000,
the operation of ICRD is changed to include the use of OCRDM. The point at which input capture
D occurs is taken as the start of a mask interval. Next, twice the contents of OCRDM is added to
the contents of ICRD, and the result is compared with the FRC value. The point at which the
values match is taken as the end of the mask interval. New input capture D events are disabled
during the mask interval. A mask interval is not generated when the contents of OCRDM are
H'0000 while the ICRDMS bit is set to 1.

OCRDM should always be accessed in 16-bit units; cannot be accessed in 8-bit units. OCRDM is
initialized to H'0000.
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11.3.6 Timer Interrupt Enable Register (TIER)

TIER enables and disables interrupt requests.

Bit Bit Name

Initial Value

R/W

Description

7 ICIAE

0

R/W

Input Capture Interrupt A Enable

Selects whether to enable input capture interrupt A
request (ICIA) when input capture flag A (ICFA) in
TCSRis set to 1.

0: ICIA requested by ICFA is disabled
1: ICIA requested by ICFA is enabled

6 ICIBE

R/W

Input Capture Interrupt B Enable

Selects whether to enable input capture interrupt B
request (ICIB) when input capture flag B (ICFB) in
TCSRis set to 1.

0: ICIB requested by ICFB is disabled
1: ICIB requested by ICFB is enabled

5 ICICE

R/W

Input Capture Interrupt C Enable

Selects whether to enable input capture interrupt C
request (ICIC) when input capture flag C (ICFC) in
TCSRis setto 1.

0: ICIC requested by ICFC is disabled
1: ICIC requested by ICFC is enabled

4 ICIDE

R/W

Input Capture Interrupt D Enable

Selects whether to enable input capture interrupt D
request (ICID) when input capture flag D (ICFD) in
TCSRis set to 1.

0: ICID requested by ICFD is disabled
1: ICID requested by ICFD is enabled

3  OCIAE

R/W

Output Compare Interrupt A Enable

Selects whether to enable output compare interrupt A
request (OCIA) when output compare flag A (OCFA) in
TCSRis set to 1.

0: OCIA requested by OCFA is disabled
1: OCIA requested by OCFA is enabled
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Bit Bit Name Initial Value R/W  Description
2 OCIBE 0 R/W  Output Compare Interrupt B Enable

Selects whether to enable output compare interrupt B
request (OCIB) when output compare flag B (OCFB) in
TCSRis setto 1.

0: OCIB requested by OCFB is disabled
1: OCIB requested by OCFB is enabled
1 OVIE 0 R/W  Timer Overflow Interrupt Enable

Selects whether to enable a free-running timer overflow
request interrupt (FOVI) when the timer overflow flag
(OVF) in TCSR is set to 1.

0: FOVI requested by OVF is disabled
1: FOVI requested by OVF is enabled
0o — 0 R Reserved
This bit is always read as 1 and cannot be modified.

11.3.7 Timer Control/Status Register (TCSR)
TCSR is used for counter clear selection and control of interrupt request signals.

Bit Bit Name |Initial Value R/W  Description

7 ICFA 0 R/(W)* Input Capture Flag A

This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture
signal. When BUFEA = 1, ICFA indicates that the old
ICRA value has been moved into ICRC and the new
FRC value has been transferred to ICRA.

[Setting condition]

When an input capture signal causes the FRC value to
be transferred to ICRA

[Clearing condition]
Read ICFA when ICFA = 1, then write 0 to ICFA
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Bit

Bit Name

Initial Value

R/W

Description

6

ICFB

0

R/(W)*

Input Capture Flag B

This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture
signal. When BUFEB = 1, ICFB indicates that the old
ICRB value has been moved into ICRD and the new
FRC value has been transferred to ICRB.

[Setting condition]

When an input capture signal causes the FRC value to
be transferred to ICRB

[Clearing condition]

Read ICFB when ICFB = 1, then write 0 to ICFB

5

ICFC

0

R/(W)*

Input Capture Flag C

This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture
signal. When BUFEA = 1, on occurrence of an input
capture signal specified by the IEDGC bit at the FTIC
input pin, ICFC is set but data is not transferred to
ICRC. In buffer operation, ICFC can be used as an
external interrupt signal by setting the ICICE bit to 1.

[Setting condition]

When an input capture signal is received
[Clearing condition]

Read ICFC when ICFC = 1, then write 0 to ICFC

4

ICFD

0

R/(W)*

Input Capture Flag D

This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture
signal. When BUFEB = 1, on occurrence of an input
capture signal specified by the IEDGD bit at the FTID
input pin, ICFD is set but data is not transferred to
ICRD. In buffer operation, ICFD can be used as an
external interrupt signal by setting the ICIDE bit to 1.

[Setting condition]

When an input capture signal is received
[Clearing condition]

Read ICFD when ICFD = 1, then write 0 to ICFD
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Bit Bit Name |Initial Value R/W  Description
3 OCFA 0 R/(W)* Output Compare Flag A

This status flag indicates that the FRC value matches
the OCRA value.

[Setting condition]

When FRC = OCRA

[Clearing condition]

Read OCFA when OCFA = 1, then write 0 to OCFA
2 OCFB 0 R/(W)* Output Compare Flag B

This status flag indicates that the FRC value matches
the OCRB value.

[Setting condition]
When FRC = OCRB
[Clearing condition]
Read OCFB when OCFB = 1, then write 0 to OCFB
1 OVF 0 R/(W)* Overflow Flag
This status flag indicates that the FRC has overflowed.

[Setting condition]

When FRC overflows (changes from H'FFFF to
H'0000)

[Clearing condition]
Read OVF when OVF = 1, then write 0 to OVF

0 CCLRA 0 R/W Counter Clear A

This bit selects whether the FRC is to be cleared at
compare-match A (when the FRC and OCRA values
match).

0: FRC clearing is disabled
1: FRC is cleared at compare-match A

Note: * Only 0 can be written to clear the flag.
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11.3.8 Timer Control Register (TCR)

TCR selects the rising or falling edge of the input capture signals, enables the input capture buffer
mode, and selects the FRC clock source.

Bit Bit Name |Initial Value R/W Description

7 IEDGA 0 R/W  Input Edge Select A

Selects the rising or falling edge of the input capture A
signal (FTIA).

0: Capture on the falling edge of FTIA
1: Capture on the rising edge of FTIA

6 IEDGB 0 R/W  Input Edge Select B

Selects the rising or falling edge of the input capture B
signal (FTIB).

0: Capture on the falling edge of FTIB
1: Capture on the rising edge of FTIB

5 IEDGC 0 R/W  Input Edge Select C

Selects the rising or falling edge of the input capture C
signal (FTIC).

0: Capture on the falling edge of FTIC
1: Capture on the rising edge of FTIC

4 IEDGD 0 R/W  Input Edge Select D

Selects the rising or falling edge of the input capture D
signal (FTID).

0: Capture on the falling edge of FTID
1: Capture on the rising edge of FTID

3 BUFEA 0 R/W  Buffer Enable A

Selects whether ICRC is to be used as a buffer register
for ICRA.

0: ICRC is not used as a buffer register for ICRA
1: ICRC is used as a buffer register for ICRA

2 BUFEB 0 R/W  Buffer Enable B

Selects whether ICRD is to be used as a buffer register
for ICRB.

0: ICRD is not used as a buffer register for ICRB
1: ICRD is used as a buffer register for ICRB
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Bit Bit Name |Initial Value R/W  Description

CKSH1 0 R/W  Clock Select 1 and 0
CKSO0 0 R/W

o —

Select clock source for FRC.

00: ¢/2 internal clock source

01: ¢/8 internal clock source

10: ¢/32 internal clock source

11: External clock source (counting at FTCI rising edge)

11.3.9 Timer Output Compare Control Register (TOCR)

TOCR enables output from the output compare pins, selects the output levels, switches access
between output compare registers A and B, controls the ICRD and OCRA operating modes, and
switches access to input capture registers A, B, and C.

Bit Bit Name |Initial Value R/W  Description
7 ICRDMS 0 R/W  Input Capture D Mode Select

Specifies whether ICRD is used in the normal operating
mode or in the operating mode using OCRDM.

0: The normal operating mode is specified for ICRD

1: The operating mode using OCRDM is specified for
ICRD

6 OCRAMS 0 R/W  Output Compare A Mode Select

Specifies whether OCRA is used in the normal
operating mode or in the operating mode using OCRAR
and OCRAF.

0: The normal operating mode is specified for OCRA

1: The operating mode using OCRAR and OCRAF is
specified for OCRA
5 ICRS 0 R/W  Input Capture Register Select

The same addresses are shared by ICRA and OCRAR,
by ICRB and OCRAF, and by ICRC and OCRDM. The
ICRS bit determines which registers are selected when
the shared addresses are read from or written to. The
operation of ICRA, ICRB, and ICRC is not affected.

0: ICRA, ICRB, and ICRC are selected
1: OCRAR, OCRAF, and OCRDM are selected
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Bit Bit Name Initial Value

Description

4 OCRS 0 R/W  Output Compare Register Select
OCRA and OCRB share the same address. When this
address is accessed, the OCRS bit selects which
register is accessed. The operation of OCRA or OCRB
is not affected.
0: OCRA is selected
1: OCRB is selected

3 OEA 0 R/W  Output Enable A
Enables or disables output of the output compare A
output pin (FTOA).
0: Output compare A output is disabled
1: Output compare A output is enabled

2 OEB 0 R/W  Output Enable B
Enables or disables output of the output compare B
output pin (FTOB).
0: Output compare B output is disabled
1: Output compare B output is enabled

1 OLVLA 0 R/W  Output Level A
Selects the level to be output at the output compare A
output pin (FTOA) in response to compare-match A
(signal indicating a match between the FRC and OCRA
values). When the OCRAMS bit is 1, this bit is ignored.
0: 0 is output at compare-match A
1: 1 is output at compare-match A

0 OLVLB 0 R/W  Output Level B

Selects the level to be output at the output compare B
output pin (FTOB) in response to compare-match B
(signal indicating a match between the FRC and OCRB
values).

0: 0 is output at compare-match B
1: 1 is output at compare-match B
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114 Operation

1141  Pulse Output

Figure 11.2 shows an example of 50%-duty pulses output with an arbitrary phase difference.
When a compare match occurs while the CCLRA bit in TCSR s set to 1, the OLVLA and
OLVLB bits are inverted by software.

FRC

——— Counter clear ———————

'
'
qemmmmmaa
'
'
T

Figure11.2 Example of Pulse Output
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115 Operation Timing

1151 FRC Increment Timing

Figure 11.3 shows the FRC increment timing with an internal clock source. Figure 11.4 shows the
increment timing with an external clock source. The pulse width of the external clock signal must
be at least 1.5 system clocks (¢). The counter will not increment correctly if the pulse width is

shorter than 1.5 system clocks (¢).

(XS e Y o B o

Internal clock —l | i |\

FRC input I_l I_l

clock 4 4

FRC N-1 X N X N+t

Figure11.3 Increment Timing with Internal Clock Source

’ [ Y Y I
| | — L

FRC input
clock

FRC N X Nt

Figure11.4 Increment Timing with External Clock Source
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11.5.2  Output Compare Output Timing

A compare-match signal occurs at the last state when the FRC and OCR values match (at the
timing when the FRC updates the counter value). When a compare-match signal occurs, the level
selected by the OLVL bit in TOCR is output at the output compare pin (FTOA or FTOB). Figure
11.5 shows the timing of this operation for compare-match A.

FRC N X N+t y ; N X N+t
OCRA N ’ ) N
Compare-match |_| I_l
A signal

# Clear*

OLVLA \& ) |
Output compare A 4 (s \*\

output pin FTOA |

Note : * Indicates instruction execution by software.

Figure11.5 Timing of Output Compare A Output

11.5.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 11.6 shows the timing of this
operation.

0 A N I O O B I
Compare-match I_l
A signal 1

FRC N X H'0000

Figure11.6 Clearing of FRC by Compare-Match A Signal
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11.54 Input Capturelnput Timing

The rising or falling edge can be selected for the input capture input timing by the IEDGA to
IEDGD bits in TCR. Figure 11.7 shows the usual input capture timing when the rising edge is

selected.

’ LML
Input capture | |

input pin 4 \‘

Input capture signal | |

Figure11.7 Input Capturelnput Signal Timing (Usual Case)

If ICRA to ICRD are read when the corresponding input capture signal arrives, the internal input
capture signal is delayed by one system clock (¢). Figure 11.8 shows the timing for this case.

Read cycle of ICRA to ICRD

Input capture | |

input pin 4 \\‘
Input capture signal | |

Figure11.8 Input Capturelnput Signal Timing (When ICRA to ICRD is Read)
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1155 Buffered Input Capturelnput Timing

ICRC and ICRD can operate as buffers for ICRA and ICRB, respectively. Figure 11.9 shows how
input capture operates when ICRC is used as ICRA's buffer register (BUFEA = 1) and IEDGA and
IEDGC are set to different values (IEDGA = 0 and IEDGC = 1, or IEDGA = 1 and IEDGC = 0),
so that input capture is performed on both the rising and falling edges of FTIA.

FTIA _| |

Input capture \\‘ \\‘
signal I | . | |

FRC n X nst N X N+t
ICRA M_ X n n X N
ICRC m X M MX n

Figure11.9 Buffered Input Capture Timing

Even when ICRC or ICRD is used as a buffer register, its input capture flag is set by the selected
transition of its input capture signal. For example, if ICRC is used to buffer ICRA, when the edge
transition selected by the IEDGC bit occurs on the FTIC input capture line, ICFC will be set, and
if the ICICE bit is set at this time, an interrupt will be requested. The FRC value will not be
transferred to ICRC, however. In buffered input capture, if either set of two registers to which data
will be transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input capture
input signal arrives, input capture is delayed by one system clock (¢). Figure 11.10 shows the
timing when BUFEA = 1.
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CPU read cycle of ICRA or ICRC

FTIA

Input capture
signal

Figure11.10 Buffered Input Capture Timing (BUFEA = 1)

11.5.6 Timing of Input Capture Flag (ICF) Setting

The input capture flag, ICFA to ICFD, is set to 1 by the input capture signal. The FRC value is
simultaneously transferred to the corresponding input capture register (ICRA to ICRD). Figure
11.11 shows the timing of setting the ICFA to ICFD flag.

¢ A b b b L L
Isrll g:; Icapture I_l

ICFA to ICFD |

-
X~ «

FRC

ICRA to ICRD

Figure11.11 Timing of Input Capture Flag (ICFA to ICFD) Setting
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11.5.7 Timing of Output Compare Flag (OCF) setting

The output compare flag, OCFA or OCFB, is set to 1 by a compare-match signal generated when
the FRC value matches the OCRA or OCRB value. This compare-match signal is generated at the
last state in which the two values match, just before FRC increments to a new value. When the
FRC and OCRA or OCRB value match, the compare-match signal is not generated until the next
cycle of the clock source. Figure 11.12 shows the timing of setting the OCFA or OCFB flag.

; S L

FRC N X N+1

OCRA, OCRB N

Compare-match | |
signal \

Figure11.12 Timing of Output Compare Flag (OCFA or OCFB) Setting

OCFA, OCFB

11.5.8 Timing of FRC Overflow Flag (OVF) Setting

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 11.13 shows the timing of setting the OVF flag.

: 4o b B B B L

FRC HFFFF X H'0000

Overflow signal |

OVF

Figure11.13 Timing of Overflow Flag (OVF) Setting
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11.5.9 Automatic Addition Timing

When the OCRAMS bit in TOCR is set to 1, the contents of OCRAR and OCRAF are
automatically added to OCRA alternately, and when an OCRA compare-match occurs a write to
OCRA is performed. Figure 11.14 shows the OCRA write timing.

¢ 4o o bbb

FRC N X N +1
OCRA N X N+A
OCRAR, OCRAF A

Compare-match
signal | |

Figure11.14 OCRA Automatic Addition Timing

11.5.10 Mask Signal Generation Timing

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000, a
signal that masks the ICRD input capture signal is generated. The mask signal is set by the input
capture signal. The mask signal is cleared by the sum of the ICRD contents and twice the
OCRDM contents, and an FRC compare-match. Figure 11.15 shows the timing of setting the mask
signal. Figure 11.16 shows the timing of clearing the mask signal.

‘ Jo L b o b L L L
Input capture
signal | |

Input capture
mask signal

Figure11.15 Timing of Input Capture Mask Signal Setting
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FRC

ICRD + OCRDM x 2

Compare-match
signal

Input capture
mask signal

N+ 1

[ ]

\

Figure11.16 Timing of Input Capture Mask Signal Clearing
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11.6  Interrupt Sources

The free-running timer can request seven interrupts: ICIA to ICID, OCIA, OCIB, and FOVI. Each
interrupt can be enabled or disabled by an enable bit in TIER. Independent signals are sent to the
interrupt controller for each interrupt. Table 11.2 lists the sources and priorities of these interrupts.

The ICIA, ICIB, OCIA, and OCIB interrupts can be used as the on-chip DTC activation sources.

Table11.2 FRT Interrupt Sources

Interrupt Interrupt Source Interrupt Flag DTC Activation Priority
ICIA Input capture of ICRA ICFA Possible High
ICIB Input capture of ICRB ICFB Possible

ICIC Input capture of ICRC ICFC Not possible

ICID Input capture of ICRD ICFD Not possible

OCIA Compare match of OCRA OCFA Possible

OCIB Compare match of OCRB OCFB Possible

FOVI Overflow of FRC OVF Not possible Low
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11.7 Usage Notes

11.7.1  Conflict between FRC Write and Clear

If an internal counter clear signal is generated during the state after an FRC write cycle, the clear
signal takes priority and the write is not performed. Figure 11.17 shows the timing for this type of
conflict.

Write cycle of FRC
Tq To

1
|
Address x FRC address X

Internal write
signal

Counter clear
signal

FRC N X H'0000

Figure11.17 Conflict between FRC Write and Clear
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11.7.2  Conflict between FRC Write and I ncrement

If an FRC increment pulse is generated during the state after an FRC write cycle, the write takes
priority and FRC is not incremented. Figure 11.18 shows the timing for this type of conflict.

Write cycle of FRC
T4 To

1
|
Address x FRC address X

Internal write
signal

FRC input
clock

FRC N X M
A

Write data

Figure11.18 Conflict between FRC Writeand I ncrement
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11.7.3  Conflict between OCR Write and Compare-Match

If a compare-match occurs during the state after an OCRA or OCRB write cycle, the write takes
priority and the compare-match signal is disabled. Figure 11.19 shows the timing for this type of
conflict.

If automatic addition of OCRAR and OCRAF to OCRA is selected, and a compare-match occurs
in the cycle following the OCRA, OCRAR, and OCRAF write cycle, the OCRA, OCRAR and
OCRAF write takes priority and the compare-match signal is disabled. Consequently, the result of
the automatic addition is not written to OCRA. Figure 11.20 shows the timing for this type of
conflict.

Write cycle of OCR
T T2

1
|
Address x OCR address X

Internal write

signal
FRC N X N+ 1
OCR N X M
£
Write data
Compare-match T '
signal ; BN

Disabled

Figure11.19 Conflict between OCR Write and Compare-Match
(When Automatic Addition Function is Not Used)

Rev. 3.00, 03/04, page 301 of 830
RENESAS




L L L L

x OCRAR (OCRAF
Address add( )

ress

Internal write signal | |

OCRAR (OCRAF) Old data X New data
Compare-match signal Disabled —5: o 7‘5
FRC N X N+1
OCR N

Automatic addition is not performed
because compare-match signals are disabled.

Figure11.20 Conflict between OCR Write and Compare-Match
(When Automatic Addition Function is Used)

11.7.4  Switching of Internal Clock and FRC Operation

When the internal clock is changed, the changeover may source FRC to increment. This depends
on the time at which the clock is switched (bits CKS1 and CKSO are rewritten), as shown in table
11.3.

When an internal clock is used, the FRC clock is generated on detection of the falling edge of the
internal clock scaled from the system clock (). If the clock is changed when the old source is high
and the new source is low, as in case no. 3 in table 11.3, the changeover is regarded as a falling
edge that triggers the FRC clock, and FRC is incremented. Switching between an internal clock
and external clock can also source FRC to increment.
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Table11.3 Switching of Internal Clock and FRC Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits FRC Operation

1 Switching from Clock before J_l___l
low to low switchover ;

Clock after
switchover

FRC clock

FRC N Xi N+ 1 X

2 Switching from Clock before _I_I_l
low to hlgh switchover | ' | |

Clock after
switchover

FRC clock

FRC N X N+ 1 X Na+o

CKS bit rewrite

3 Switching from Clock before J_l_l
high to low switchover s

Clock after
switchover

FRC clock

FRC N X neri X N+2 X

CKS bit rewrite
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Table11.3 Switching of Internal Clock and FRC Operation (cont)

Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
4 Switching from Clock before | l ’—‘—|:
high to h?gh switchover J I ;

Clock after
switchover

FRC clock |_| |_| |_|
FRC N X N+ 1 X N+2 X

CKS bit rewrite

Note: * Generated on the assumption that the switchover is a falling edge; FRC is incremented.
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Section 12 8-Bit Timer (TMR)

This LSI has an on-chip 8-bit timer module (TMR_0 and TMR_1) with two channels operating on
the basis of an 8-bit counter. The 8-bit timer module can be used as a multifunction timer in a
variety of applications, such as generation of counter reset, interrupt requests, and pulse output
with an arbitrary duty cycle using a compare-match signal with two registers.

This LSI also has a similar on-chip 8-bit timer module (TMR_Y and TMR_X) with two channels.

12.1 Features

e Selection of clock sources
— TMR_0, TMR_1: The counter input clock can be selected from six internal clocks and an
external clock
— TMR_Y, TMR_X: The counter input clock can be selected from three internal clocks and
an external clock
e Selection of three ways to clear the counters
— The counters can be cleared on compare-match A, compare-match B, or by an external
reset signal.
e Timer output controlled by two compare-match signals
— The timer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to be used for various applications, such as the generation of
pulse output or PWM output with an arbitrary duty cycle.
e (Cascading of TMR_0 and TMR_1
(Cascading of TMR_Y and TMR_X is not allowed)
— Operation as a 16-bit timer can be performed using TMR_O as the upper half and TMR_1
as the lower half (16-bit count mode). TMR_1 can be used to count TMR_0 compare
match occurrences (compare-match count mode).

e Multiple interrupt sources for each channel

— TMR_0, TMR_1,
and TMR_Y: Three types of interrupts: Compare-match A,
compare-match B, and overflow
— TMR_X: Four types of interrupts: Compare-match A, compare-

match B, overflow, and input capture
Figures 12.1 and 12.2 show block diagrams of 8-bit timers.

An input capture function is added to TMR_X.
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External clock

Internal clock
R_O

TCSR1 K

TCR1 K

TMCIO —
T™MCH /2, 0/8, 0/32, 4/64, $/256, $/1024
TMR_1
/2, 0/8, 0/64, /128, ¢/1024, /2048
Clock 1
Clock 0
Select clock
il TCORA_O TCORA_1
Compare match A1, k) k)
Compare match AO__| Comparator A_0 Comparator A_1 |
TMOOQ ~—] Overflow 1 r (\ 2 (\ 4
TMRIO — Overflow 0 | TONT.O TCNT_1
Clear 0
/ Clear 1 / ‘ ’
Compare match B1 |
Control logic Compare match BO | Comparator B_0 I:' Comparator B_1 |
TMO1 ~=—
TMRI1 ——»] (ﬁ (
[ TcorB o [ TCORB 1 K
——————— Tcsro A
S tcrRo H
L Interrupt signals
CMIAO
— CMIBO
— OVI0
—— CMIA1
—— CMIB1
——_ OL T/}
[Legend]

TCORA_O: Time constant register A_0
TCORB_0: Time constant register B_0
TCNT_O: Timer counter_0

TCSR_0: Timer control/status register_0
TCR_O: Timer control register_0

TCORA_1: Time constant register A_1
TCORB_1: Time constant register B_1
TCNT_1:  Timer counter_1

TCSR_1:  Timer control/status register_1
TCR_1: Timer control register_1

Internal bus

Figure12.1 Block Diagram of 8-Bit Timer (TMR_Oand TMR_1)
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External clock Internal clock

TMCIY TMR_X
TMCIX 0, 0/2, o4
TMR_Y
0/4, /256, (/2048
Clock X
Clock Y
Select clock
TCORA Y TCORA1 X
Compare match AX
Compare match AY IComparatorA Y ComparatorA XI
| .. Overflow X
Overflow Y | TonTY | TONT X
Clear Y
/ Clear X /
TMOY ~—o| Compare match BX
TMRIY ——a] Compare match BY | Comparator B_Y I:' Comparator B_X I
»
| rcomey | tcomx kT3
g
IS
=
Control logic
TMOX ~—] Input capture p——
TMRIX ——=
TICRF
TICR
Compare match C Comparator C ‘e
> TcorRyY | TosRX KT
| TRy | TorRx K
| TISR F
Interrupt signals
CMIAX
CMIBX
OVIX
CMIAY
CMIBY
oviy
ICIX
[Legend]
TCORA_Y: Time constant register A_Y TCORA_X: Time constant register A_X
TCORB_Y: Time constant register B_Y TCORB_X: Time constant register B_X
TCNT_Y: Timer counter_Y TCNT_X: Timer counter_X
TCSR_Y:  Timer control / status register_Y TCSR_X:  Timer control / status register_X
TCR_Y: Timer control register_Y TCR_X: Timer control register_X
TISR: Timer input select register TICR: Input capture register
TCORC: Tme constant registerC
TICRR: Input capture register R
TICRF: Input capture register F

Figure12.2 Block Diagram of 8-Bit Timer (TMR_Y and TMR_X)
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12.2  Input/Output Pins

Table 12.1 summarizes the input and output pins of the TMR.

Table12.1 Pin Configuration

Channel Name Symbol 110 Function

TMR_O0 Timer output TMOO0 Output  Output controlled by compare-match
Timer clock/reset  TMIO/ExTMIO  Input External clock input (TMCIO)/external
input reset input (TMRIO) for the counter

TMR_A1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock/reset  TMI1/ExTMIA Input External clock input (TMCI1)/external
input reset input (TMRI1) for the counter

TMR_Y Timer output TMOY Output  Output controlled by compare-match
Timer clock/reset  TMIY/ExTMIY  Input External clock input (TMCIY)/external
input reset input (TMRIY) for the counter

TMR_X Timer output TMOX Output  Output controlled by compare-match
Timer clock/reset  TMIX/EXTMIX  Input External clock input (TMCIX)/external

input

reset input (TMRIX) for the counter
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12.3  Register Descriptions

The TMR has the following registers for each channel. For details on the serial timer control
register, see section 3.2.3, Serial Timer Control Register (STCR).

o Timer counter (TCNT)

e Time constant register A (TCORA)

e Time constant register B (TCORB)

e Timer control register (TCR)

e Timer control/status register (TCSR)

o Input capture register (TICR)*'

e Time constant register C (TCORC)*'

o Input capture register R (TICRR)*'

e Input capture register F (TICRF)*'

e Timer input select register (TISR)**

e Timer connection register I (TCONRI)*'
o Timer connection register S (TCONRS)*'

Notes: Some of the registers of TMR_X and TMR_Y use the same address. The registers can
be switched by the TMRX/Y bit in TCONRS.

1. Only for the TMR_X
2. Only for the TMR_Y

1231 Timer Counter (TCNT)

Each TCNT is an 8-bit readable/writable up-counter. TCNT_0 and TCNT_1 comprise a single 16-
bit register, so they can be accessed together by word access. The clock source is selected by the
CKS2 to CKSO bits in TCR. TCNT can be cleared by an external reset input signal, compare-
match A signal or compare-match B signal. The method of clearing can be selected by the CCLR1
and CCLRO bits in TCR. When TCNT overflows (changes from H'FF to H'00), the OVF bit in
TCSR is set to 1. TCNT is initialized to H'00.

TCNT_Y can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in
TCONRS is 1. TCNT_X can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y
bit in TCONRS is 0. See section 3.2.2, System Control Register (SYSCR), and section 12.3.11,
Timer Connection Register S (TCONRS).
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12.3.2 TimeConstant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise a single 16-bit
register, so they can be accessed together by word access. TCORA is continually compared with
the value in TCNT. When a match is detected, the corresponding compare-match flag A (CMFA)
in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a TCORA
write cycle. The timer output from the TMO pin can be freely controlled by these compare-match
A signals and the settings of output select bits OS1 and OSO in TCSR. TCORA is initialized to
H'FF.

TCORALY can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in
TCONRS is 1. TCORA_X can be accessed when the KINWUE bit in SYSCR is 0 and the
TMRX/Y bit in TCONRS is 0. See section 3.2.2, System Control Register (SYSCR), and section
12.3.11, Timer Connection Register S (TCONRS).

12.3.3 TimeConstant Register B (TCORB)

TCORB is an 8-bit readable/writable register. TCORB_0 and TCORB_ comprise a single 16-bit
register, so they can be accessed together by word access. TCORB is continually compared with
the value in TCNT. When a match is detected, the corresponding compare-match flag B (CMFB)
in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a TCORB
write cycle. The timer output from the TMO pin can be freely controlled by these compare-match
B signals and the settings of output select bits OS3 and OS2 in TCSR. TCORB is initialized to
H'FF.

TCORB_Y can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in
TCONRS is 1. TCORB_X can be accessed when the KINWUE bit in SYSCR is 0 and the
TMRX/Y bit in TCONRS is 0. See section 3.2.2, System Control Register (SYSCR), and section
12.3.11, Timer Connection Register S (TCONRS).
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1234 Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition by which TCNT is cleared, and
enables/disables interrupt requests.

TCR_Y can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in TCONRS
is 1. TCR_X can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in
TCONRS is 0. See section 3.2.2, System Control Register (SYSCR), and section 12.3.11, Timer
Connection Register S (TCONRS).

Bit Bit Name Initial Value R/W Description
7 CMIEB 0 R/W Compare-Match Interrupt Enable B

Selects whether the CMFB interrupt request (CMIB) is
enabled or disabled when the CMFB flag in TCSR is
setto 1.

0: CMFB interrupt request (CMIB) is disabled
1: CMFB interrupt request (CMIB) is enabled

6 CMIEA O R/W Compare-Match Interrupt Enable A

Selects whether the CMFA interrupt request (CMIA) is
enabled or disabled when the CMFA flag in TCSR is
setto 1.

0: CMFA interrupt request (CMIA) is disabled
1: CMFA interrupt request (CMIA) is enabled
5 OVIE 0 R/W Timer Overflow Interrupt Enable

Selects whether the OVF interrupt request (OVI) is
enabled or disabled when the OVF flag in TCSR is set
to 1.

0: OVF interrupt request (OVI) is disabled
1: OVF interrupt request (OVI) is enabled

4 CCLR1 0 R/W Counter Clear 1 and 0
3 CCLRO 0 R/W These bits select the method by which the timer
counter is cleared.
00: Clearing is disabled
01: Cleared on compare-match A
10: Cleared on compare-match B
11: Cleared on rising edge of external reset input
2t00 CKS2to AllO R/W Clock Select2to 0
CKSO0

These bits select the clock input to TCNT and count
condition, together with the ICKS1 and ICKSO bits in
STCR. For details, see table 12.2.
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Table12.2 Clock Input to TCNT and Count Condition

TCR STCR
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
TMR_O0 0 0 0 — — Disables clock input
0 0 1 — 0 Increments at falling edge of internal
clock ¢/8
0 0 1 — 1 Increments at falling edge of internal
clock ¢/2
0 1 0 — 0 Increments at falling edge of internal
clock ¢/64
0 1 0 — 1 Increments at falling edge of internal
clock /32
0 1 1 — 0 Increments at falling edge of internal
clock ¢/1024
0 1 1 — 1 Increments at falling edge of internal
clock ¢/256
1 0 0 — — Increments at overflow signal from
TCNT_1*
TMR_1 0 0 — — Disables clock input
1 0 — Increments at falling edge of internal
clock ¢/8
0 0 1 1 — Increments at falling edge of internal
clock ¢/2
0 1 0 0 — Increments at falling edge of internal
clock ¢/64
0 1 0 1 — Increments at falling edge of internal
clock ¢/128
0 1 1 0 — Increments at falling edge of internal
clock ¢/1024
0 1 1 1 — Increments at falling edge of internal
clock /2048
1 0 0 — — Increments at compare-match A from
TCNT_O*
TMR_Y 0 0 — — Disables clock input
1 — — Increments at falling edge of internal
clock ¢/4
0 1 0 — — Increments at falling edge of internal

clock ¢/256
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Table12.2 Clock Input to TCNT and Count Condition (cont)

TCR STCR
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
TMR_Y 0 1 1 — — Increments at falling edge of internal
clock ¢/2048

— — Setting prohibited

TMR_X 0 — — Disables clock input
1 — — Increments at falling edge of internal
clock ¢
0 1 0 — — Increments at falling edge of internal
clock ¢/2
0 1 1 — — Increments at falling edge of internal
clock ¢o/4
1 0 0 — — Setting prohibited
Common 1 0 1 — — Increments at rising edge of external
clock
1 1 0 — — Increments at falling edge of external
clock
1 1 1 — — Increments at both rising and falling

edges of external clock.

Note: * If the TMR_O clock input is set as the TCNT_1 overflow signal and the TMR_1 clock
input is set as the TCNT_O compare-match signal simultaneously, a count-up clock
cannot be generated. Simultaneous setting of these conditions should therefore be
avoided.
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1235 Timer Control/Status Register (TCSR)

TCSR indicates the status flags and controls compare-match output. About the TCSR_Y and
TCSR_X accesses see section 3.2.2, System Control Register (SYSCR).

e TCSR_ O

Bit Bit Name Initial Value R/W

Description

7 CMFB 0

R/(W)*

Compare-Match Flag B

[Setting condition]

When the values of TCNT_0 and TCORB_0 match
[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

6 CMFA 0

R/(W)*

Compare-Match Flag A

[Setting condition]

When the values of TCNT_0 and TCORA_0 match
[Clearing condition]

Read CMFA when CMFA = 1, then write 0 in CMFA

5 OVF 0

R/(W)*

Timer Overflow Flag

[Setting condition]

When TCNT_O overflows from H’FF to H'00
[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

4 ADTE 0

R/W

A/D Trigger Enable

Enables or disables A/D converter start requests by
compare-maich A.

0: A/D converter start requests by compare-match A
are disabled

1: A/D converter start requests by compare-match A
are enabled

3 083 0
2 0S2 0

R/W
R/W

Output Select 3 and 2

These bits specify how the TMOO pin output level is
to be changed by compare-match B of TCORB_0
and TCNT_O.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)
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Bit Bit Name Initial Value R/W  Description

1 0OS1 0 R/W  Output Select 1 and 0
0Sso 0 R/W

These bits specify how the TMOO pin output level is
to be changed by compare-match A of TCORA_O
and TCNT_O.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Note: * Only 0 can be written, for flag clearing.

e TCSR_1
Bit Bit Name Initial Value R/W  Description
7 CMFB 0 R/(W)* Compare-Match Flag B

[Setting condition]

When the values of TCNT_1 and TCORB_1 match

[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB
6 CMFA 0 R/(W)* Compare-Match Flag A

[Setting condition]

When the values of TCNT_1 and TCORA_1 match

[Clearing condition]

Read CMFA when CMFA = 1, then write 0 in CMFA
5 OVF 0 R/(W)* Timer Overflow Flag

[Setting condition]

When TCNT_1 overflows from H’FF to H'00

[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF
4 — 1 R Reserved

This bit is always read as 1 and cannot be modified.
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Bit Bit Name Initial Value R/W  Description

3 0S3 0 R/W  Output Select 3 and 2

2 082 0 R/W These bits specify how the TMO1 pin output level is
to be changed by compare-match B of TCORB_1
and TCNT_1.
00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

1 0OS1 0 R/W  Output Select 1 and 0

0 0S0 0 R/W

These bits specify how the TMO1 pin output level is
to be changed by compare-match A of TCORA_1
and TCNT_1.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Note: * Only 0 can be written, for flag clearing.

e TCSRLY
This register can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in
TCONRS is 1.
Bit Bit Name Initial Value R/W  Description
7 CMFB 0 R/(W)* Compare-Match Flag B
[Setting condition]
When the values of TCNT_Y and TCORB_Y match
[Clearing condition]
Read CMFB when CMFB = 1, then write 0 in CMFB
6 CMFA 0 R/(W)* Compare-Match Flag A

[Setting condition]

When the values of TCNT_Y and TCORA_Y match
[Clearing condition]

Read CMFA when CMFA = 1, then write 0 in CMFA
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Bit

Bit Name Initial Value R/W

Description

OVF

0

R/(W)*

Timer Overflow Flag

[Setting condition]

When TCNT_Y overflows from H'FF to H'00
[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

ICIE

R/W

Input Capture Interrupt Enable
[Setting condition]

Enables or disables the ICF interrupt request (ICIX)
when the ICF bitin TCSR_Xis set to 1.

0: ICF interrupt request (ICIX) is disabled
1: ICF interrupt request (ICIX) is enabled

083
082

R/W
R/W

Output Select 3 and 2

These bits specify how the TMOY pin output level is
to be changed by compare-match B of TCORB_Y
and TCNT_Y.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

0OS1
0S80

R/W
R/W

Output Select 1 and 0

These bits specify how the TMOY pin output level is
to be changed by compare-match A of TCORA_Y
and TCNT_Y.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Table:

*

Only 0 can be written, for flag clearing.
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e TCSR_X

This register can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in

TCONRS is 0.

Bit Bit Name Initial Value R/W

Description

7 CMFB

0

R/(W)*

Compare-Match Flag B

[Setting condition]

When the values of TCNT_X and TCORB_X match
[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

6 CMFA

R/(W)*

Compare-Match Flag A

[Setting condition]

When the values of TCNT_X and TCORA_X match
[Clearing condition]

Read CMFA when CMFA = 1, then write 0 in CMFA

5 OVF

R/(W)*

Timer Overflow Flag

[Setting condition]

When TCNT_X overflows from H'FF to H'00
[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

4 ICF

R/(W)*

Input Capture Flag
[Setting condition]

When a rising edge and falling edge is detected in
the external reset signal in that order.

[Clearing condition]
Read ICF when ICF = 1, then write 0 in ICF

3 0S3
2 082

[eNe)

R/W
R/W

Output Select 3 and 2

These bits specify how the TMOX pin output level is
to be changed by compare-match B of TCORB_X
and TCNT_X.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)
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Bit Bit Name Initial Value R/W  Description

1 0OS1 0 R/W  Output Select 1 and 0

0 0s0 0 RW " These bits specify how the TMOX pin output level is
to be changed by compare-match A of TCORA_X
and TCNT_X.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Note: * Only 0 can be written, for flag clearing.

12.3.6  Input Capture Register (TICR)

TICR is an 8-bit register. The contents of TCNT are transferred to TICR at the rising edge of the
external reset input. TICR cannot be directly accessed by the CPU.

12.3.7 TimeConstant Register C (TCORC)

TCORC is an 8-bit readable/writable register. The sum of contents of TCORC and TICR is always
compared with TCNT. When a match is detected, a compare-match C signal is generated.
However, comparison at the T2 state in the write cycle to TCORC and at the input capture cycle of
TICR is disabled. TCORC is initialized to H'FF.

12.3.8 Input Capture RegistersR and F (TICRR and TICRF)

TICRR and TICREF are 8-bit read-only registers. While the ICST bit in TCONRI is set to 1, the
contents of TCNT are transferred at the rising edge and falling edge of the external reset input in
that order. The ICST bit is cleared to 0 when one capture operation ends. TICRR and TICRF are
initialized to H'00.

TICRR and TICRF can be accessed when the KINWUE bit in SYSCR is 0 and the TMRX/Y bit in
TCONRS is 0. See section 3.2.2, System Control Register (SYSCR).
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12.3.9 Timer Input Select Register (T1SR)

TISR selects a signal source of external clock/reset input for the counter.

Bit Bit Name Initial Value R/W  Description
7to1 — All 1 R/W  Reserved

The initial values should not be modified.
0 IS 0 R/W  Input Select

Selects TMIY or EXTMIY as the signal source of
external clock/reset input for the TMR_Y counter.
When external reset input is selected for the CCLRO
and CCLR1 in TCR_Y or external clock is selected
for the CKS2 to CKSO0 in TCR_Y, set this bit to1.

0: TMIY or EXTMIY (TMCIY/TMRIY) is not selected
1: TMIY or ExTMIY (TMCIY/TMRIY) is selected

12.3.10 Timer Connection Register | (TCONRI)

TCONRI controls TMR_X input capture.

Bit Bit Name Initial Value R/W  Description
7t05 — All O R/W  Reserved

The initial values should not be modified.
4 ICST 0 R/W  Input Capture Start Bit

TMR_X has input capture registers (TICR,
TICRR, and TICRF). TICRR and TICRF can
measure the width of a pulse by means of a
single capture operation under the control of the
ICST bit. When a rising edge followed by a falling
edge is detected on TMRIX after the ICST bit is
set to 1, the contents of TCNT at those points are
captured into TICRR and TICRF, respectively,
and the ICST bit is cleared to 0.

[Clearing condition]

When a rising edge followed by a falling edge is
detected on TMRIX

[Setting condition]
When 1 is written in ICST after reading ICST =0

3to0 — AllO R/W  Reserved
The initial values should not be modified.
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12.311 Timer Connection Register S(TCONRYS)
TCONRS selects whether to access TMR_X or TMR_Y registers.

Bit Bit Name Initial Value R/W  Description
7 TMRX/Y 0 R/W  TMR_X/TMR_Y Access Select
For details, see table 12.3.

0: The TMR_X registers are accessed at
addresses H'FFFFFO to H'FFFFF5

1: The TMRLY registers are accessed at
addresses H'FFFFFO to H'FFFFF5

6to0 AllO R/W  Reserved
The initial values should not be modified.

Table12.3 RegistersAccessibleby TMR_X/TMR_Y

TMRX/Y  HFFFFFO HFFFFF1 HFFFFF2 HFFFFF3 HFFFFF4 HFFFFF5 HFFFFF6 H'FFFFF7

0 TMR_X TMR_X TMR_X TMR_X TMR_X TMR_X TMR_X TMR_X
TCR_X TCSR_X TICRR TICRF TCNT_X TCORC TCORA_X TCORB_X
1 TMR_Y TMR_Y TMR_Y TMR_Y TMR_Y TMR_Y

TCR_Y TCSR_LY TCORA_Y TCORB_Y TCNT_.Y TISR
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124  Operation

1241  Pulse Output
Figure 12.3 shows an example for outputting an arbitrary duty pulse.

1. Clear the CCLRI1 bit to 0 and set the CCLRO bit to lin TCR so that TCNT is cleared according
to the compare match of TCORA.

2. Set the OS3 to OSO0 bits in TCSR to B'0110 so that 1 is output according to the compare match
of TCORA and 0 is output according to the compare match of TCORB.

According to the above settings, the waveforms with the TCORA cycle and TCORB pulse width
can be output without the intervention of software.

Figure12.3 Pulse Output Example
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125 Operation Timing

1251 TCNT Count Timing

Figure 12.4 shows the TCNT count timing with an internal clock source. Figure 12.5 shows the
TCNT count timing with an external clock source. The pulse width of the external clock signal
must be at least 1.5 system clocks (¢) for a single edge and at least 2.5 system clocks (¢) for both
edges. The counter will not increment correctly if the pulse width is less than these values.

4 e O e O O Y A

((
)
Internal clock —l (« | |

)
TCNT input \_‘ \_‘
clock ( (C

)) )

—( ((
) )

TCNT N1 X N . X N+t

)) )

Figure12.4 Count Timing for Internal Clock Input

‘ I rmrerererri

((

External clock _l )]
input pin (( | I_

))
TCNT input \’_‘
clock (C (d

)) ))

—55 —5
TCNT N-1 X . N X . N+i
) )

Figure12.5 Count Timing for External Clock Input

125.2 Timing of CMFA and CMFB Setting at Compare-Match

The CMFA and CMFB flags in TCSR are set to 1 by a compare-match signal generated when the
TCNT and TCOR values match. The compare-match signal is generated at the last state in which
the match is true, just when the timer counter is updated. Therefore, when TCNT and TCOR
match, the compare-match signal is not generated until the next TCNT input clock. Figure 12.6
shows the timing of CMF flag setting.
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TCNT N X N+ 1

TCOR N

Compare-match | |

signal \

CMF |

Figure12.6 Timing of CMF Setting at Compare-Match

1253 Timingof Timer Output at Compare-Match

When a compare-match signal occurs, the timer output changes as specified by the OS3 to OSO
bits in TCSR. Figure 12.7 shows the timing of timer output when the output is set to toggle by a
compare-match A signal.

¢ e e e e o 6 o e
Compare-match A
((

signal |\| 3 |\|
Timer output pin I (){) |

Figure12.7 Timing of Toggled Timer Output by Compare-Match A Signal

1254 Timing of Counter Clear at Compare-Match

TCNT is cleared when compare-match A or compare-match B occurs, depending on the setting of
the CCLR1 and CCLRO bits in TCR. Figure 12.8 shows the timing of clearing the counter by a
compare-match.

¢ S [ [ A
Compare-match | |

signal \

TCNT N X H00

Figure12.8 Timing of Counter Clear by Compare-Match
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1255 TCNT External Reset Timing

TCNT is cleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bits in TCR. The width of the clearing pulse must be at least 1.5 states. Figure
12.9 shows the timing of clearing the counter by an external reset input.

¢ S I I I

External reset |

input pin

Clear signal \’_|—
TCNT N-1 X N X H'00

Figure12.9 Timing of Counter Clear by External Reset Input

125.6 Timing of Overflow Flag (OVF) Setting

The OVF bit in TCSR is set to 1 when the TCNT overflows (changes from H'FF to H'00). Figure
12.10 shows the timing of OVF flag setting.

¢ S I [ I

TCNT H'FF H'00

X
Overflow signal | |

OVF |

Figure12.10 Timing of OVF Flag Setting
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126 TMR_0Oand TMR_1 Cascaded Connection

If bits CKS2 to CKSO in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, 16-bit count mode or compare-match count mode
can be selected.

12.6.1 16-Bit Count Mode

When bits CKS2 to CKS0 in TCR_O are set to B'100, the timer functions as a single 16-bit timer
with TMR_0 occupying the upper eight bits and TMR_1 occupying the lower eight bits.

e Setting of compare-match flags
— The CMF flag in TCSR_O is set to 1 when a 16-bit compare-match occurs.
— The CMF flag in TCSR_1 is set to 1 when a lower 8-bit compare-match occurs.
e Counter clear specification
— If the CCLR1 and CCLRO bits in TCR_0 have been set for counter clear at compare-match,
the 16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare-
match occurs. The 16-bit counter (TCNT_0 and TCNT_1 together) is also cleared when
counter clear by the TMIO pin has been set.
— The settings of the CCLR1 and CCLRO bits in TCR_1 are ignored. The lower 8 bits cannot
be cleared independently.
e Pin output
— Control of output from the TMOO pin by bits OS3 to OSO0 in TCSR_O is in accordance with
the 16-bit compare-match conditions.
— Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR_1 is in accordance with
the lower 8-bit compare-match conditions.

12.6.2 Compare-Match Count Mode

When bits CKS2 to CKS0 in TCR_1 are B’100, TCNT_1 counts the occurrence of compare-match
A for TMR_0. TMR_0 and TMR_1 are controlled independently. Conditions such as setting of the
CMF flag, generation of interrupts, output from the TMO pin, and counter clearing are in
accordance with the settings for each channel.
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12.7  Input Capture Operation

TMR_X has input capture registers (TICR, TICRR and TICRF). A narrow pulse width can be
measured with TICRR and TICRF, using a single capture. If the falling edge of TMRIX (TMR_X
input capture input signal) is detected after its rising edge has been detected, the value of TCNT_X
at that time is transferred to both TICRR and TICRF.

Input Capture Signal Input Timing: Figure 12.11 shows the timing of the input capture
operation.

: p e e
TMRIX ] S—‘

N N

Input capture _—_,—l
signal

TCNT_X n X n+1 N X N+1

TICRR M X “n n

\

TICRF m m ><7 N

Figure12.11 Timing of Input Capture Operation

If the input capture signal is input while TICRR and TICRF are being read, the input capture
signal is delayed by one system clock (¢) cycle. Figure 12.12 shows the timing of this operation.
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TICRR, TICRF read cycle

TMRIX |

Input capture \\

signal

Figure12.12 Timing of Input Capture Signal
(Input capture signal isinput during TICRR and TICRF read)

Selection of Input Capture Signal Input: TMRIX (input capture input signal of TMR_X) is
switched according to the setting of the ICST bits in TCONRI1. Input capture signal selections are
shown in table 12.4.

Table12.4 Input Capture Signal Selection

TCONRI

Bita

ICST Description

0 Input capture function not used
1 TMIX pin input selection
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12.8

Interrupt Sources

TMR_0, TMR_1, and TMR_Y can generate three types of interrupts: CMIA, CMIB, and OVIL.
TMR_X can generate four types of interrupts: CMIA, CMIB, OVI, and ICIX.

Table 12.5 shows the interrupt sources and priorities. Each interrupt source can be enabled or
disabled independently by interrupt enable bits in TCR or TCSR. Independent signals are sent to
the interrupt controller for each interrupt.

The CMIA and CMIB interrupts can be used as DTC activation interrupt sources.

Table12.5 Interrupt Sourcesof 8-Bit TimersTMR_0, TMR_1, TMR_Y,and TMR_X
Interrupt DTC Interrupt
Channel Name Interrupt Source Flag Activation Priority
TMR_X CMIAX  TCORA_X compare-match CMFA Possible High
CMIBX TCORB_X compare-match CMFB Possible A
OVIX TCNT_X overflow OVF Not possible
ICIX Input capture ICF Not possible
TMR_0 CMIA0O TCORA_0 compare-match CMFA Possible
CMIBO TCORB_0 compare-match CMFB Possible
(0)V/[0] TCNT_O overflow OVF Not possible
TMR_1 CMIA1  TCORA_1 compare-match CMFA Possible
CMIB1  TCORB_1 compare-match CMFB Possible
OV TCNT_1 overflow OVF Not possible
TMR_Y CMIAY TCORAL_Y compare-match CMFA Possible
CMIBY TCORB_Y compare-match CMFB Possible
ovIY TCNT_Y overflow OVF Not possible  Low

RENESAS
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129 Usage Notes

12.9.1 Conflict between TCNT Write and Counter Clear

If a counter clear signal is generated during the T, state of a TCNT write cycle as shown in
figure 12.13, the counter clear takes priority and the write is not performed.

TCNT write cycle by CPU
| T1 | T2 |

; A I S R e
Address x TCNT address X

Internal write signal | |
Counter clear signal | |

TCNT N X H'00

Figure12.13 Conflict between TCNT Writeand Counter Clear
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129.2

Conflict between TCNT Write and Increment

If a TCNT input clock is generated during the T, state of a TCNT write cycle as shown in figure
12.14, the write takes priority and the counter is not incremented.

TCNT write cycle by CPU
]
¢ I N R e e
Address x TCNT address X

Internal write signal | |
TCNT input clock | |

TCNT N X P M

/

Counter write data

Figure12.14 Conflict between TCNT Write and I ncrement
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12.9.3 Conflict between TCOR Write and Compare-Match

If a compare-match occurs during the T, state of a TCOR write cycle as shown in figure 12.15, the
TCOR write takes priority and the compare-match signal is disabled. With TMR_X, a TICR input
capture conflicts with a compare-match in the same way as with a write to TCORC. In this case
also, the input capture takes priority and the compare-match signal is disabled.

TCOR write cycle by CPU
T4 T2

: B I R I I B
Address x TCOR address X
Internal write signal | |

TCNT N X N+t
TCOR N X // M
TCOR write data
Compare-match signal E E\
Disabled

Figure12.15 Conflict between TCOR Write and Compare-Match
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1294  Conflict between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance with
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 12.6.

Table12.6 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output

No change Low

1295  Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 12.7 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CKSO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulse is detected. If clock switching causes a change from high to low level, as shown in no. 3 in
table 12.7, a TCNT clock pulse is generated on the assumption that the switchover is a falling
edge, and TCNT is incremented.

Erroneous incrementation can also happen when switching between internal and external clocks.
Table12.7 Switching of Internal Clocksand TCNT Operation
Timing of Switchover

by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Clock switching from low
to low level*'

Clock before |
switchover J I E I I I I

Clock after
switchover

TCNT
clock

TCNT NX N+ 1 X

CKS bit rewrite
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Table12.7 Switching of Internal Clocksand TCNT Operation (cont)

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

2 Clock switching from low

to high levels*

Clock before
switchover J I I I

Clock after
switchover

TCNT
clock

TCNT NoOX N+t XE N+2 X

3 Clock switching from high

to low levels® Clock before J I |

switchover

Clock after
switchover

TCNT
clock

TCNT

4 Clock switching from high

to high level Clock before J I I I I

switchover

Clock after
switchover

TCNT
clock

!

TCNT NoX N+1 o X N2 X

CKS bit rewrite

Notes: 1.
2.
3.
4.

Includes switching from low to stop, and from stop to low.
Includes switching from stop to high.
Includes switching from high to stop.

Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.
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12.9.6 Mode Setting with Cascaded Connection

If the 16-bit count mode and compare-match count mode are set simultaneously, the input clock
pulses for TCNT_0 and TCNT_1 are not generated, and thus the counters will stop operating.
Simultaneous setting of these two modes should therefore be avoided.
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Section 13 Watchdog Timer (WDT)

This LSI incorporates two watchdog timer channels (WDT_0 and WDT_1). The watchdog timer
can output an overflow signal (RESO) externally if a system crash prevents the CPU from writing
to the timer counter, thus allowing it to overflow. Simultaneously, it can generate an internal reset
signal or an internal NMI interrupt signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer operation, an interval timer interrupt is generated each time the counter overflows. A block
diagram of the WDT_0 and WDT_1 are shown in figure 13.1.

13.1 Features

e Selectable from eight (WDT_0) or 16 (WDT_1) counter input clocks.
e Switchable between watchdog timer mode and interval timer mode

Watchdog Timer Mode:

e If the counter overflows, an internal reset or an internal NMI interrupt is generated.

e  When the LSI is selected to be internally reset at counter overflow, a low level signal is output
from the RESO pin if the counter overflows.

Internal Timer Mode:

e If the counter overflows, an internal timer interrupt (WOVI) is generated.
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WOVI0o 7

(Interrupt request signal) Interrupt ~——¢/128

E control Overflow Clock CIocI_( - 0/512
Internal NMI -] selection [=——¢/2048
Reset (/8192
control . (/32768

RESO signal* - - /131072 ,

(Interrupt request signal*2) |

Internal reset signal*!  «——] Internal clock

[ TonT 0 f+| TCSRLO |

Internal bus

Bus
Module bus interface '

0
WOV ] 964 4sup/a
(Interrupt request signal) Interrupt T— 0128 $SUB/8
Internal NMI | oeontol toveriow  clock | SOk E=9512 sup/ie
. | selection  |«—0¢/2048
(Interrupt request signal*2) . 0SUB/32
p | Reset 08192 i5p/e4

RESO signal*" < control 092768 suBrr2g |
: 0131072 (oipong |

Internal reset signal*1  «—— Internal clock

| TCNT_1 |«»| TCSR_1 |

Internal bus

Bus
Module bus interface

[Legend]

TCSR_0: Timer control/status register_0
TCNT_O: Timer counter_0

TCSR_1: Timer control/status register_1
TCNT_1: Timer counter_1

Notes: 1. The RESO signal outputs the low level signal when the internal reset signal is
generated due to a TCNT overflow of either WDT_0 or WDT_1. The internal reset signal
first resets the WDT in which the overflow has occurred first.
2. The internal NMI interrupt signal can be independently output from either WDT_0 or WDT_1.
The interrupt controller does not distinguish the NMI interrupt request from WDT_0 from
that from WDT_1.

Figure13.1 Block Diagram of WDT
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13.2  Input/Output Pins

The WDT has the pins listed in table 13.1.

Table13.1 Pin Configuration

Name Symbol I/0 Function

Reset output pin RESO Output Outputs the counter overflow signal in
watchdog timer mode

External sub-clock input EXCL Input Inputs the clock pulses to the WDT_1

pin

prescaler counter
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13.3 Register Descriptions

The WDT has the following registers. To prevent accidental overwriting, TCSR and TCNT have
to be written to in a method different from normal registers. For details, see section 13.6.1, Notes
on Register Access. For details on the system control register, see section 3.2.2, System Control
Register (SYSCR).

e Timer counter (TCNT)

e Timer control/status register (TCSR)
1331 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter.

TCNT is initialized to H'00 when the TME bit in timer control/status register (TCSR) is cleared
to 0.

13.3.2 Timer Control/Status Register (TCSR)
TCSR selects the clock source to be input to TCNT, and the timer mode.

e TCSR_O
Bit Bit Name Initial Value R/W  Description

7 OVF 0 R/(W)* Overflow Flag

Indicates that TCNT has overflowed (changes from H'FF
to H'00).

[Setting conditions]

e When TCNT overflows (changes from H'FF to H'00)

e When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically
by the internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1, then 0 is written
to OVF

e When 0 is written to TME

6 WTAT 0 R/W  Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode

1: Watchdog timer mode
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Bit Bit Name Initial Value R/W  Description
5 TME 0 R/W  Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

4 — 0 R/W  Reserved
The initial value should not be changed.
3 RST/NMI 0 R/W  Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMl interrupt is requested
1: An internal reset is requested

2to0 CKS2to AllO R/W  Clock Select2to 0

CKS0 Select the clock source to be input to TCNT. The

overflow frequency for ¢ = 33 MHz is enclosed in
parentheses.

000: ¢/2 (frequency: 15.5 us)

001: ¢/64 (frequency: 496.5 us)
010: ¢/128 (frequency: 993.0 us)
011: ¢/512 (frequency: 4.0 ms)

100: ¢/2048 (frequency: 15.9 ms)
101: ¢/8192 (frequency: 63.6 ms)
110: ¢/32768 (frequency: 254.2 ms)
111: ¢/131072 (frequency: 1.02 s)

Note: * Only 0 can be written, to clear the flag.
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e TCSR_1

Bit Bit Name Initial Value R/W

Description

7 OVF 0

R/(W)*"

Overflow Flag

Indicates that TCNT has overflowed (changes from H'FF
to H'00).

[Setting conditions]
e When TCNT overflows (changes from H'FF to H'00)
e When internal reset request generation is selected in

watchdog timer mode, OVF is cleared automatically
by the internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1%, then 0 is
written to OVF

e When 0 is written to TME

6 WTAT 0

R/W

Timer Mode Select

Selects whether the WDT is used as a watchdog timer
or interval timer.

0: Interval timer mode

1: Watchdog timer mode

5 TME 0

R/W

Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

4 PSS 0

R/W

Prescaler Select
Selects the clock source to be input to TCNT.
0: Counts the divided cycle of ¢—based prescaler (PSM)

1: Counts the divided cycle of §SUB—based prescaler
(PSS)

3 RST/N

<

I 0

R/W

Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMI interrupt is requested
1: An internal reset is requested
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Bit Bit Name Initial Value R/W

Description

2to0 CKS2to AllO
CKS0

R/W

Clock Select2t0 0

Select the clock source to be input to TCNT. The
overflow cycle for ¢ = 33 MHz and ¢SUB = 32.768 kHz
is enclosed in parentheses.

When PSS = 0:

000: ¢/2 (frequency: 15.5 us)

001: ¢/64 (frequency: 496.5 us)
010: ¢/128 (frequency: 993.0 us)
011: ¢/512 (frequency: 4.0 ms)

100: ¢/2048 (frequency: 15.9 ms)
101: ¢/8192 (frequency: 63.6 ms)
110: ¢/32768 (frequency: 254.2 ms)
111: ¢/131072 (frequency: 1.02 s)

When PSS = 1:

000: ¢SUB/2 (cycle: 15.6 ms)
001: ¢SUB/4 (cycle: 31.3 ms)
010: ¢SUB/8 (cycle: 62.5 ms)
011: ¢SUB/16 (cycle: 125 ms)
100: 6SUB/32 (cycle: 250 ms)
101: 6SUB/64 (cycle: 500 ms)
110: 6SUB/128 (cycle: 1 s)

111: ¢SUB/256 (cycle: 2 s)

Notes: 1. Only 0 can be written, to clear the flag.
2. When OVF is polled with the interval timer interrupt disabled, OVF = 1 must be read at

least twice.

RENESAS
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134  Operation

1341 Watchdog Timer Mode

To use the WDT as a watchdog timer, set the WTT bit and the TME bit in TCSR to 1. While the
WDT is used as a watchdog timer, if TCNT overflows without being rewritten because of a
system malfunction or another error, an internal reset or NMI interrupt request is generated. TCNT
does not overflow while the system is operating normally. Software must prevent TCNT
overflows by rewriting the TCNT value (normally be writing H'00) before overflows occurs.

If the RST/NMI bit of TCSR is set to 1, when the TCNT overflows, an internal reset signal for this
LSI is issued for 518 system clocks, and the low level signal is simultaneously output from the
RESO pin for 132 states, as shown in figure 13.2. If the RST/NMI bit is cleared to 0, when the
TCNT overflows, an NMI interrupt request is generated. Here, the output from the RESO pin
remains high.

An internal reset request from the watchdog timer and a reset input from the RES pin are
processed in the same vector. Reset source can be identified by the XRST bit status in SYSCR.
If a reset caused by a signal input to the RES pin occurs at the same time as a reset caused by a
WDT overflow, the RES pin reset has priority and the XRST bit in SYSCR is set to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
processed in the same vector. Do not handle an NMI interrupt request from the watchdog timer
and an interrupt request from the NMI pin at the same time.

TCNT value
Overflow

O
J/ i
e N A SN B
WT/AT =1 Write H00 to OVF=1* | WT/IT=1 Write H'00 to
TME =1 TCNT y TME=1 TCNT
Internal reset signal | ‘
f——»]

518 system clocks

WT/T: Timer mode select bit
TME: Timer enable bit
OVF:  Overflow flag

Note: * After the OVF bit becomes 1, it is cleared to 0 by an internal reset.
The XRST bit is also cleared to 0.

Figure13.2 Watchdog Timer Mode (RST/NMI = 1) Operation
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13.4.2 Interval Timer Mode

When the WDT is used as an interval timer, an interval timer interrupt (WOVI) is generated each
time the TCNT overflows, as shown in figure 13.3. Therefore, an interrupt can be generated at
intervals. When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is
requested at the same time the OVF bit of TCSR is set to 1. The timing is shown figure 13.4.

TCNT value
Overflow Overflow Overflow Overflow
e i e i e ey e
H'00 f Time
WTAT =0 WOVI WOVI WOVI WOVI
TME =1

WOVI : Interval timer interrupt request occurrence

Figure13.3 Interval Timer Mode Operation

TCNT

Overflow signal
(internal signal)

OVF

InFinEnlnEaln

\\  HFF

X

H'00

(( | |

\‘

Figure13.4 OVF Flag Set Timing
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13.4.3 RESO Signal Output Timing

When TCNT overflows in watchdog timer mode, the OVF bit in TCSR is set to 1. When the
RST/NMI bit is 1 here, the internal reset signal is generated for the entire LSI. At the same time,
the low level signal is output from the RESO pin. The timing is shown in figure 13.5.

o LML

TCNT % HFF X H'00 % 5
Overflow signal I_l E
(internal signal) (( (2
) T

G i

OVF (« | | :

) T
:

_— . ((

RESO signal )] ri 132 states |
(
)é
((
))

Internal reset ( 518 states ———

))

signal

Figure 13.5 Output Timing of RESO signal

Rev. 3.00, 03/04, page 346 of 830
RENESAS




13,5 Interrupt Sources

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.

When the NMI interrupt request is selected in watchdog timer mode, an NMI interrupt request is
generated by an overflow

Table13.2 WDT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation
WOVI TCNT overflow OVF Not possible
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13.6  Usage Notes

13.6.1 Noteson Register Access

The watchdog timer’s registers, TCNT and TCSR differ from other registers in being more
difficult to write to. The procedures for writing to and reading from these registers are given
below.

Writingto TCNT and TCSR (Example of WDT_0):

These registers must be written to by a word transfer instruction. They cannot be written to by a
byte transfer instruction.

TCNT and TCSR both have the same write address. Therefore, satisfy the relative condition
shown in figure 13.6 to write to TCNT or TCSR. To write to TCNT, the higher bytes must contain
the value H'SA and the lower bytes must contain the write data. To write to TCSR, the higher
bytes must contain the value H'AS and the lower bytes must contain the write data.

<TCNT write>
15 8 7 0
Address : HFFA8 H'SA Write data
<TCSR write>
15 8 7 0
Address : H'FFA8 | H'AS | Write data

Figure13.6 Writingto TCNT and TCSR (WDT_0)
Reading from TCNT and TCSR (Example of WDT_0):

These registers are read in the same way as other registers. The read address is HFFAS8 for TCSR
and HFFAO for TCNT.
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13.6.2 Conflict between Timer Counter (TCNT) Writeand I ncrement

If a timer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 13.7 shows this operation.

TCNT write cycle
Tq To

|

Address X X

Internal write signal

TCNT input clock | |

TCNT N X - M

(

Counter write data

Figure13.7 Conflict between TCNT Write and I ncrement

13.6.3 Changing Values of CKS2 to CK S0 Bits

If CKS2 to CKSO bits in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the values of CKS2 to CKSO bits.

13.6.4 Changing Value of PSS Bit

If the PSS bit in TCSR_1 is written to while the WDT is operating, errors could occur in the
operation. Stop the watchdog timer (by clearing the TME bit to 0) before changing the values of
PSS bit.
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13.6.5 Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from/to watchdog timer to/from interval timer, while the WDT is
operating, errors could occur in the operation. Software must stop the watchdog timer (by clearing
the TME bit to 0) before switching the mode.

1366  System Reset by RESO Signal

Inputting the RESO output signal to the RES pin of this LSI prevents the LSI from being
initialized correctly; the RESO signal must not be logically connected to the RES pin of the LSI.
To reset the entire system by the RESO signal, use the circuit as shown in figure 13.8.

This LSI
Reset input 1 ES
Reset signal for entire system «——— RESO

Figure13.8 Sample Circuit for Resetting the System by the RESO Signal
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Section 14 Serial Communication Interface
(SCI, IrDA, and CRC)

This LSI has three independent serial communication interface (SCI) channels. The SCI can
handle both asynchronous and clock synchronous serial communication. Asynchronous serial data
communication can be carried out with standard asynchronous communication chips such as a
Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication
Interface Adapter (ACIA). A function is also provided for serial communication between
processors (multiprocessor communication function). The SCI also supports the smart card (IC
card) interface based on ISO/IEC 7816-3 (Identification Card) as an enhanced asynchronous
communication function.

SCI_1 can handle communication using the waveform based on the Infrared Data Association
(IrDA) standard version 1.0. SCI_0 and SCI_2 provide high-speed communication at an average
transfer rate of a specific system clock frequency. Reliable fast data transfers are secured using the
internal cyclic redundancy check (CRC) operation circuit. Since the CRC operation circuit is not
connected to the SCI, data is transferred to the circuit using the MOV instruction to be operated
there.

14.1 Features

e Choice of asynchronous or clock synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously. Double-buffering is used in both the transmitter and the receiver,
enabling continuous transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

The external clock can be selected as a transfer clock source (except for the smart card
interface).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
¢ Four interrupt sources

Four interrupt sources — transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests.

The transmit-data-empty and receive-data-full interrupt sources can activate DTC.

e Module stop mode availability

SCI0022A_000120020900 Rev. 3.00, 03/04, page 351 of 830
RENESAS



Asynchronous M ode:

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

e Average transfer rate generator (SCI_0 and SCI_2): 460.606 kbps or 115.152 kbps selectable
at 10.667-MHz operation; 720 kbps, 460.784 kbps, 230.392 kbps, or 115.196 kbps selectable
at 16- or 24-MHz operation; 230.392 kbps or 115.196 kbps selectable at 20-MHz operation;
and 720 kbps selectable at 32-MHz operation

Clock Synchronous M ode:

e Data length: 8 bits
e Receive error detection: Overrun errors

e SCI channel selectable (SCI_0 and SCI_2): When SSEOI = 1, TxDO = high-impedance state
and SCKO = fixed to high input; when SSE2I = 1, TxD2 = high-impedance state and SCK2 =
fixed to high input

Smart Card Interface:

e An error signal can be automatically transmitted on detection of a parity error during reception
e Data can be automatically re-transmitted on detection of a error signal during transmission

e Both direct convention and inverse convention are supported

Figure 14.1 shows a block diagram of SCI_1, and figure 14.2 shows a block diagram of SCI_0 and
SCI_2.
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Module data bus

Bus interface
Internal data bus

[ ror | | TOR SCMR [ 8RR —
e UT | =
~—0
SCR Baud rate
RxD1 || RSR | || TSR SMR generator /4
—0/16
Transmission/
T*D1 reception control 964
X
Parity generation t Clock
Parity check
External clock
SCK1
TEI
TXI
RXI
ERI
[Legend]
RSR:  Receive shift register SCR: Serial control register
RDR: Receive data register SSR: Serial status register
TSR:  Transmit shift register SCMR: Smart card mode register
TDR:  Transmit data register BRR: Bit rate register
SMR:  Serial mode register

Figure14.1 Block Diagram of SCI_1
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i Module data bus 2 H §
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H 1
SCKo/ ! :
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[Legend]

RSR: Receive shift register SCR: Serial control register

RDR: Receive data register SSR: Serial status register

TSR: Transmit shift register SCMR: Smart card mode register
TDR: Transmit data register BRR: Bit rate register

SMR: Serial mode register SEMR: Serial enhanced mode register

Figure 14.2 Block Diagram of SCI_0and SCI_2

Rev. 3.00, 03/04, page 354 of 830
RENESAS




14.2  Input/Output Pins
Table 14.1 shows the input/output pins for each SCI channel.

Table14.1 Pin Configuration

Channel Symbol* Input/Output  Function
0 SCKO Input/Output Channel 0 clock input/output
RxDO Input Channel 0 receive data input
TxDO Output Channel 0 transmit data output
SSEOI Input Channel 0 stop input
1 SCK1 Input/Output Channel 1 clock input/output
RxD1/IrRxD  Input Channel 1 receive data input (normal/IrDA)
TxD1/IrTxD  Output Channel 1 transmit data output (normal/IrDA)
2 SCK2 Input/Output Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output
SSE2| Input Channel 2 stop input

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.
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14.3 Register Descriptions

The SCI has the following registers for each channel. Some bits in the serial mode register (SMR),
serial status register (SSR), and serial control register (SCR) have different functions in different
modes—normal serial communication interface mode and smart card interface mode; therefore,
the bits are described separately for each mode in the corresponding register sections. . The SCI
registers are allocated to the same address. Selecting register is carried out by means of the IICE
bit in the serial timer control register (STCR).

e Receive shift register (RSR)

e Receive data register (RDR)

e Transmit data register (TDR)

e Transmit shift register (TSR)

e Serial mode register (SMR)

e Serial control register (SCR)

e Serial status register (SSR)

e Smart card mode register (SCMR)

e Bit rate register (BRR)

e Serial interface control register (SCICR)*'
o Serial enhanced mode register (SEMR)**

Notes: 1. SCICR is not available in SCI_0 or SCI_2.
2. SEMR is not available in SCI_1.

1431 Receive Shift Register (RSR)

RSR is a shift register used to receive serial data that converts it into parallel data. When one
frame of data has been received, it is transferred to RDR automatically. RSR cannot be directly
accessed by the CPU.

14.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one frame of serial
data, it transfers the received serial data from RSR to RDR where it is stored. After this, RSR can
receive the next data. Since RSR and RDR function as a double buffer in this way, continuous
receive operations be performed. After confirming that the RDRF bit in SSR is set to 1, read RDR
for only once. RDR cannot be written to by the CPU.
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14.3.3 Transmit Data Register (TDR)

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR when one frame of data is transmitted, the SCI transfers the written
data to TSR to continue transmission. Although TDR can be read from or written to by the CPU at
all times, to achieve reliable serial transmission, write transmit data to TDR for only once after
confirming that the TDRE bit in SSR is set to 1.

14.34  Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI first
transfers transmit data from TDR to TSR, then sends the data to the TxD pin. TSR cannot be
directly accessed by the CPU.

1435 Serial Mode Register (SMR)

SMR is used to set the SCI’s serial transfer format and select the baud rate generator clock source.
Some bits in SMR have different functions in normal mode and smart card interface mode.
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e Bit Functions in Normal Serial Communication Interface Mode (when SMIF in SCMR = 0)

Bit Bit Name Initial Value

R/W

Description

7 C/A 0

R/W

Communication Mode
0: Asynchronous mode
1: Clock synchronous mode

6 CHR 0

R/W

Character Length (enabled only in asynchronous
mode)

0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first is fixed
and the MSB of TDR is not transmitted in
transmission.

In clock synchronous mode, a fixed data length of 8
bits is used.

R/W

Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. For a multiprocessor format,
parity bit addition and checking are not performed
regardless of the PE bit setting.

4 O/E 0

R/W

Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

3 STOP 0

R/W

Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

In reception, only the first stop bit is checked. If the
second stop bit is 0, it is treated as the start bit of the
next transmit frame.

R/W

Multiprocessor Mode (enabled only in asynchronous
mode)

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit and
O/E bit settings are invalid in multiprocessor mode.
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Bit Bit Name Initial Value R/W Description
1 CKS1 0 R/W  Clock Select 1 and 0
0 CKSO0 0 R/W

These bits select the clock source for the baud rate
generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relation between the bit rate register setting
and the baud rate, see section 14.3.9, Bit Rate
Register (BRR). n is the decimal display of the value
of nin BRR (see section 14.3.9, Bit Rate Register
(BRR)).

Bit

Bit Functions in Smart Card Interface Mode (when SMIF in SCMR = 1)

Bit Name

Initial Value

R/W

Description

7

GM

0

R/W

GSM Mode

Setting this bit to 1 allows GSM mode operation. In
GSM mode, the TEND set timing is put forward to
11.0 etu* from the start and the clock output control
function is appended. For details, see section 14.7.8,
Clock Output Control.

BLK

R/W

Setting this bit to 1 allows block transfer mode
operation. For details, see section 14.7.3, Block
Transfer Mode.

PE

R/W

Parity Enable (valid only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. Set this bit to 1 in smart card
interface mode.

O/E

R/W

Parity Mode (valid only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity

For details on the usage of this bit in smart card
interface mode, see section 14.7.2, Data Format
(Except in Block Transfer Mode).

Rev. 3.00, 03/04, page 359 of 830

RENESAS



Bit Bit Name Initial Value

R/W

Description

3 BCP1 0
2 BCPO 0

R/W
R/W

Basic Clock Pulse 1 and 0

These bits select the number of basic clock cycles in
a 1-bit data transfer time in smart card interface
mode.

00: 32 clock cycles (S = 32)
01: 64 clock cycles (S = 64)
10: 372 clock cycles (S = 372)
11: 256 clock cycles (S = 256)

For details, see section 14.7.4, Receive Data
Sampling Timing and Reception Margin. S is
described in section 14.3.9, Bit Rate Register (BRR).

1 CKS1
0 CKS0 0

o

R/W
R/W

Clock Select 1 and 0

These bits select the clock source for the baud rate
generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relation between the bit rate register setting
and the baud rate, see section 14.3.9, Bit Rate
Register (BRR). n is the decimal display of the value
of n in BRR (see section 14.3.9, Bit Rate Register
(BRR)).

Note: * etu: Element Time Unit (time taken to transfer one bit)
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14.3.6

Serial Control Register (SCR)

SCR is a register that performs enabling or disabling of SCI transfer operations and interrupt
requests, and selection of the transfer clock source. For details on interrupt requests, see section
14.9, Interrupt Sources. Some bits in SCR have different functions in normal mode and smart card

interface mode.

Bit

Initial Value

R/W

Bit Functions in Normal Serial Communication Interface Mode (when SMIF in SCMR = 0)
Bit Name

Description

7

TIE

0

R/W

Transmit Interrupt Enable

When this bit is set to 1, a TXI interrupt request is
enabled.

RIE

R/W

Receive Interrupt Enable

When this bit is set to 1, RXIl and ERI interrupt
requests are enabled.

TE

R/W

Transmit Enable
When this bit is set to 1, transmission is enabled.

RE

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

MPIE

R/W

Multiprocessor Interrupt Enable (enabled only when
the MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and ORER status flags in SSR is
disabled. On receiving data in which the
multiprocessor bit is 1, this bit is automatically cleared
and normal reception is resumed. For details, see
section 14.5, Multiprocessor Communication
Function.

2

TEIE

R/W

Transmit End Interrupt Enable

When this bit is set to 1, a TEl interrupt request is
enabled.
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Bit Bit Name Initial Value R/W Description
1 CKEA1 0 R/W Clock Enable 1 and 0
0 CKEO 0 R/W These bits select the clock source and SCK pin
function.
Asynchronous mode:
00: Internal clock
(SCK pin functions as 1/O port.)
01: Internal clock
(Outputs a clock of the same frequency as the bit
rate from the SCK pin.)
1#: External clock
(Inputs a clock with a frequency 16 times the bit
rate from the SCK pin.)
Clock synchronous mode:
0*: Internal clock (SCK pin functions as clock output.)
1*: External clock (SCK pin functions as clock input.)
[Legend]
*: Don’t care
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Bit

Bit Functions in Smart Card Interface Mode (when SMIF in SCMR = 1)

Bit Name

Initial Value

R/W

Description

7

TIE

0

R/W

Transmit Interrupt Enable

When this bit is set to 1,a TXI interrupt request is
enabled.

RIE

R/W

Receive Interrupt Enable

When this bit is set to 1, RXl and ERI interrupt requests
are enabled.

TE

R/W

Transmit Enable
When this bit is set to 1, transmission is enabled.

RE

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

MPIE

R/W

Multiprocessor Interrupt Enable (enabled only when the
MP bit in SMR is 1 in asynchronous mode)
Write 0 to this bit in smart card interface mode.

TEIE

R/W

Transmit End Interrupt Enable
Write 0 to this bit in smart card interface mode.

o —

CKEH1
CKEO

o

R/W
R/W

Clock Enable 1 and 0

These bits control the clock output from the SCK pin. In
GSM mode, clock output can be dynamically switched.
For details, see section 14.7.8, Clock Output Control.

When GM in SMR =0

00: Output disabled (SCK pin functions as I/O port.)
01: Clock output

1*: Reserved

When GM in SMR = 1
00: Output fixed to low
01: Clock output

10: Output fixed to high
11: Clock output

[Legend]

*;

Don’t care.
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14.3.7 Serial StatusRegister (SSR)

SSR is a register containing status flags of the SCI and multiprocessor bits for transfer. TDRE,
RDRF, ORER, PER, and FER can only be cleared. Some bits in SSR have different functions in
normal mode and smart card interface mode.

e Bit Functions in Normal Serial Communication Interface Mode (when SMIF in SCMR = 0)
Bit Bit Name Initial Value R/W Description

7 TDRE 1 R/(W)* Transmit Data Register Empty

Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR and
TDR is ready for data write

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE =
1

e When a TXI interrupt request is issued allowing
DTC to write data to TDR

6 RDRF 0 R/(W)* Receive Data Register Full

Indicates that receive data is stored in RDR.

[Setting condition]

o When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF
=1

o When an RXI interrupt request is issued allowing
DTC to read data from RDR

The RDREF flag is not affected and retains its
previous value when the RE bit in SCR is cleared to
0.
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Bit

Bit Name

Initial Value

R/W

Description

ORER

0

R/(W)*

Overrun Error
[Setting condition]

When the next serial reception is completed while
RDRF =1

[Clearing condition]
When 0 is written to ORER after reading ORER = 1

FER

R/(W)*

Framing Error

[Setting condition]

When the stop bit is 0

[Clearing condition]

When 0 is written to FER after reading FER = 1

In 2-stop-bit mode, only the first stop bit is checked.

PER

R/(W)*

Parity Error

[Setting condition]

When a parity error is detected during reception
[Clearing condition]

When 0 is written to PER after reading PER = 1

TEND

Transmit End

[Setting conditions]

e When the TE bitin SCRis 0

e When TDRE = 1 at transmission of the last bit of
a 1-byte serial transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE =
1

e When a TXI interrupt request is issued allowing
DTC to write data to TDR

MPB

Multiprocessor Bit

MPB stores the multiprocessor bit in the receive
frame. When the RE bit in SCR is cleared to 0 its
previous state is retained.

0

MPBT

R/W

Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to
the transmit frame.

Note:

*

Only 0 can be written, to clear the flag.
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e Bit Functions in Smart Card Interface Mode (when SMIF in SCMR = 1)
Bit Bit Name |Initial Value R/W  Description

7 TDRE 1 R/(W)* Transmit Data Register Empty

Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR, and
TDR can be written to.

[Clearing conditions]

¢ When 0 is written to TDRE after reading TDRE =
1

e When a TXI interrupt request is issued allowing
DTC to write data to TDR

6 RDRF 0 R/(W)*' Receive Data Register Full

Indicates that receive data is stored in RDR.

[Setting condition]

e When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF
=1

o When an RXI interrupt request is issued
allowing DTC to read data from RDR

The RDREF flag is not affected and retains its
previous value when the RE bit in SCR is cleared
to 0.

5 ORER 0 R/(W)*' Overrun Error
[Setting condition]

When the next serial reception is completed while
RDRF =1

[Clearing condition]
When 0 is written to ORER after reading ORER = 1

4 ERS 0 R/(W)*' Error Signal Status
[Setting condition]
When a low error signal is sampled
[Clearing condition]
When 0 is written to ERS after reading ERS =1
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Bit Bit Name Initial Value R/W Description
3 PER 0 R/(W)*' Parity Error
[Setting condition]
When a parity error is detected during reception
[Clearing condition]
When 0 is written to PER after reading PER = 1
2 TEND 1 R Transmit End
TEND is set to 1 when the receiving end
acknowledges no error signal and the next transmit
data is ready to be transferred to TDR.
[Setting conditions]
e When both TE in SCR and ERS are 0
e When ERS = 0 and TDRE = 1 after a specified
time passed after the start of 1-byte data
transfer. The set timing depends on the register
setting as follows.
When GM = 0 and BLK = 0, 2.5 etu*® after
transmission start
When GM = 0 and BLK = 1, 1.5 etu** after
transmission start
When GM =1 and BLK = 0, 1.0 etu** after
transmission start
When GM =1 and BLK = 1, 1.0 etu*® after
transmission start
[Clearing conditions]
e When 0 is written to TDRE after reading
TDRE =1
e When a TXl interrupt request is issued allowing
DTC to write the next data to TDR
1 MPB 0 R Multiprocessor Bit
Not used in smart card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer

Write 0 to this bit in smart card interface mode.

Notes: 1. Only 0 can be written, to clear the flag.

2. etu: Element Time Unit (time taken to transfer one bit)
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14.3.8 Smart Card Mode Register (SCMR)

SCMR selects smart card interface mode and its format.

Bit Bit Name Initial Value

R/W

Description

7t04 — All 1

R

Reserved

These bits are always read as 1 and cannot be
modified.

3 SDIR 0

R/W

Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.

0: TDR contents are transmitted with LSB-first.
Stores receive data as LSB first in RDR.

1: TDR contents are transmitted with MSB-first.
Stores receive data as MSB first in RDR.

The SDIR bit is valid only when the 8-bit data format
is used for transmission/reception; when the 7-bit
data format is used, data is always
transmitted/received with LSB-first.

2 SINV 0

R/W

Smart Card Data Invert

Specifies inversion of the data logic level. The SINV
bit does not affect the logic level of the parity bit.
When the parity bit is inverted, invert the O/E bit in
SMR.

0: TDR contents are transmitted as they are.
Receive data is stored as it is in RDR.

1: TDR contents are inverted before being
transmitted. Receive data is stored in inverted
form in RDR.

Reserved
This bit is always read as 1 and cannot be modified.

0 SMIF 0

R/W

Smart Card Interface Mode Select

When this bit is set to 1, smart card interface mode
is selected.

0: Normal asynchronous or clock synchronous
mode

1: Smart card interface mode
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1439 Bit RateRRegister (BRR)

BRR is an 8-bit register that adjusts the bit rate. As the SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 14.2 shows
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode and
clock synchronous mode, and smart card interface mode. The initial value of BRR is H’FF, and it
can be read from or written to by the CPU at all times.

Table14.2 Relationshipsbetween N Setting in BRR and Bit Rate B

Mode Bit Rate Error
Asynchronous mode
go _ ox10° Error(%):{q)xz—mi—ﬂxwo
64><22n_1><(N+1) Bx64x2°" "X (N+1)
Clock synchronous mode s —
B o x 10
8x 2% % (N + 1)
Smart card interface mode . s
o x 10 ¢x10
B — — Error (%)= { ——————7——— -1} x100
SX22n+1X(N+1) BxSx2 x (N+1)
[Legend]
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
o: Operating frequency (MHz)

nand S: Determined by the SMR settings shown in the following table.

SMR Setting SMR Setting
CKs1 CKSO0 n BCP1 BCPO S
0 0 0 0 0 32
0 1 1 0 1 64
1 0 2 1 0 372
1 1 3 1 1 256

Table 14.3 shows sample N settings in BRR in normal asynchronous mode. Table 14.4 shows the
maximum bit rate settable for each frequency. Table 14.6 and 14.8 show sample N settings in
BRR in clock synchronous mode and smart card interface mode, respectively. In smart card
interface mode, the number of basic clock cycles S in a 1-bit data transfer time can be selected.
For details, see section 14.7.4, Receive Data Sampling Timing and Reception Margin. Tables 14.5
and 14.7 show the maximum bit rates with external clock input.
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Table 14.3

Operating Frequency ¢ (MHz)

Examples of BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

5 6 6.144 7.3728 8
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 2 8 -025 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 64 0.16 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 129 0.16 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 64 0.16 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 129 0.16 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 64 0.16 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 32 -136 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 15 1.73 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 O 1.73 0 -234 0 9 0.00 0 11 0.00 0 12 0.16
31250 O 0.00 0 0.00 0 5 240 _ — — 0 7 0.00
38400 O 1.73 0 -234 0 4 0.00 0 5 0.00 _ — —
Operating Frequency ¢ (MHz)
9.8304 10 12 12.288

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 0.00 0 32 -1.36 0 38 0.16 0 39 0.00
19200 O 15 0.00 0 15 1.73 0 19 234 0 19 0.00
31250 O 9 -1.70 0 9 0.00 0 11 0.00 0 11 2.40
38400 O 7 0.00 0 7 1.73 0 9 -2.34 0 9 0.00
[Legend]

— Can be set, but there will be a degree of error.

Note: *
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Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Made) (2)

Operating Frequency ¢ (MHz)

14 14.7456 16 17.2032
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111 0.00
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 223 0.00
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 111 0.00
9600 0 45 -0.93 0 47  0.00 0 51 0.16 0 55 0.00
19200 0 22 -0.93 0 23 0.00 0 25 0.16 0 27  0.00
31250 0 13 0.00 0 14 -1.70 0 15 0.00 0 16 1.20
38400 _ = = 0 11 0.00 0 12 0.16 0 16 0.00
Operating Frequency ¢ (MHz)
18 19.6608 20 25 33

Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 3 79 012 3 86 0.31 3 8 -025 3 110 -0.02 3 145 0.33
150 2 233 0.16 2 255 0.00 3 64 0.16 3 80 -047 3 106 0.39
300 2 116 0.16 2 127 0.00 2 129 0.16 2 162 0.15 2 214 -0.07
600 1 233 0.16 1 255 0.00 2 64 0.16 2 8 -047 2 106 0.39
1200 1 116 0.16 1 127 0.00 1 129 0.16 1 162 0.15 1 214 -0.07
2400 0 233 0.16 0 255 0.00 1 64 0.16 1 80 -047 1 106 0.39
4800 0 116 0.16 0 127 0.00 0 129 0.16 0 162 0.15 0 214 -0.07
9600 0 58 069 0 63 0.00 0 64 0.16 0O 80 -047 0 106 0.39
19200 0 28 1.02 0 31 0.00 0 32 -136 0 40 076 0 53 -0.54
31250 0 17 0.00 0 19 170 0 19 0.00 0 24 0.00 0 32 0.00
38400 0 14 234 0 15 0.00 0 15 1.73 0 19 1.73 0 26 -0.54
[Legend]

— Can be set, but there will be a degree of error.

Note: *
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Table14.4 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Maximum
Bit Rate Bit Rate
6 (MHz) (bit/s) n N o (MHz) (bit/s) n N
5 156250 0 0 14 437500 0 0
6 187500 0 0 14.7456 460800 0 0
6.144 192000 0 0 16 500000 0 0
7.3728 230400 0 0 17.2032 537600 0 0
8 250000 0 0 18 562500 0 0
9.8304 307200 0 0 19.6608 614400 0 0
10 312500 0 0 20 625000 0 0
12 375000 0 0 25 781250 0 0
12.288 384000 0 0 33 1031250 0 0
Table14.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)
External Input  Maximum Bit External Input Maximum Bit

6 (MHz) Clock (MHz) Rate (bit/s) o (MHz) Clock (MHz) Rate (bit/s)
5 1.2500 78125 14 3.5000 218750
6 15.000 93750 14.7456  3.6864 230400
6.144 1.5360 96000 16 4.0000 250000
7.3728 1.8432 115200 17.2032  4.3008 268800
8 2.0000 125000 18 4.5000 281250
9.8304 2.4576 153600 19.6608  4.9152 307200
10 2.5000 156250 20 5.0000 312500
12 3.0000 187500 25 6.2500 390625
12.288 3.0720 192000 33 8.2500 515625
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Table14.6 BRR Settingsfor Various Bit Rates (Clock Synchronous M ode)

Operating Frequency ¢ (MHz)

Bit 8 10 16 20 24 32
Rate

(bit/s) N N n N n N n N n N n N
110

250 3 124 — — 3 249

500 2 249 — — 3 124 — — — — 3 249
1k 2 124 — — 2 249 — — — — 3 124
2.5k 1 199 1 249 2 99 2 124 2 149 2 199
5k 1 99 1 124 1 199 1 249 2 74 2 99
10k 0 199 0 249 1 99 1 124 1 149 1 199
25k 0 79 0 929 0 159 O 199 O 239 0 179
50k 0 39 0 49 0 79 0 99 0 119 O 159
100k O 19 0 24 0 39 0 49 0 59 0 79
250k O 0 0 15 0 19 0 23 0 31
500k O 0 0 7 0 9 0 11 0 15
1M 0 0 3 0 0 5 0 7
2.5M 0 0* 0

5M 0 0*
[Legend]

L Setting prohibited.
— Can be set, but there will be a degree of error.
*: Continuous transfer or reception is not possible.

Table14.7 Maximum Bit Rate with External Clock Input (Clock Synchronous M ode)

External Input  Maximum Bit External Input Maximum Bit
& (MHz) Clock (MHz) Rate (bit/s) ¢ (MHz) Clock (MHz) Rate (bit/s)
6 1.0000 1000000.0 16 2.6667 2666666.7
8 1.3333 1333333.3 18 3.0000 3000000.0
10 1.6667 1666666.7 20 3.3333 3333333.3
12 2.0000 2000000.0 25 4.1667 4166666.7
14 2.3333 2333333.3 33 5.5000 5500000.0
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Table14.8 BRR Settingsfor Various Bit Rates (Smart Card Interface Mode, n =0, s= 372)

Operating Frequency ¢ (MHz)

Bit Rate 7.1424 10.00 13.00 14.2848 16.00
(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%) n N Error (%)
9600 0 0 0.00 0 1 30 0 1 -8.99 0 1 0.00 0 1 12.01

Operating Frequency ¢ (MHz)

Bit Rate 18.00 20.00 21.4272 25 33
(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%) n N Error (%)

9600 0 2 -15.99 0 2 -6.65 0 2 0.00 0 3 -12.49 0 4 -7.59

Table14.9 Maximum Bit Ratefor Each Frequency (Smart Card Interface Mode, S = 372)

Maximum Bit Maximum Bit

Rate Rate
o6 (MHz) (bit/s) n N o (MHz) (bit/s) n N
7.1424 9600 0 0 18.00 24194 0 0
10.00 13441 0 0 20.00 26882 0 0
13.00 17473 0 0 21.4272 28800 0 0
14.2848 19200 0 0 25.00 33602 0 0
16.00 21505 0 0 33.00 44355 0 0
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14.3.10 Serial Interface Control Register (SCICR)

SCICR controls IrDA operation of SCI_1.

Bit

Bit Name

Initial Value

R/W

Description

7

IrE

0

R/W

IrDA Enable

Specifies SCI_1 I/O pins for either normal SCI or IrDA.

0: TxD1/IrTxD and RxD1/IrRxD pins function as TxD1
and RxD1 pins, respectively

1: TxD1/IrTxD and RxD1/IrRxD pins function as IrTxD
and IrRxD pins, respectively

OO

IrCKS2
IrCKSH1
IrCKSO0

[eNeNe)

R/W
R/W
R/W

IrDA Clock Select 2 to 0

These bits specify the high-level width of the clock
pulse during IrTxD output pulse encoding when the
IrDA function is enabled.

000: B x 3/16 (three sixteenths of the bit rate)
001: ¢/2

010: ¢/4

011: ¢/8

100: ¢/16

101: ¢/32

110: ¢/64

111: ¢/128

3,2

AllO

R/W

Reserved
The initial value should no be changed.

1,0

AllO

Reserved

These bits are always read as 0 and cannot be
modified.
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14.3.11 Serial Enhanced Mode Register_0and 2 (SEMR_0and SEMR_2)

SEMR_0 and SEMR_2 select the SCI_0 and SCI_2 functions, respectively, and the clock source
in asynchronous mode. The basic clock is automatically specified when the average transfer rate
operation is selected.

Bit Bit Name |Initial Value R/W Description
7 SSE 0 R/W SCI Select Enable
Enables/disables the external pins to select the SCI
functions when the external clock is supplied in clock
synchronous mode.
0: Disables the external pins to select the SCI functions
(normal)
1: Enables the external pins to select the SCI functions
e SCIO
SSEOI pin input = 0 (selected state): SCI_0 operates
normally
SSEOI pin input = 1 (non-selected state): SCI_0 halts
operation
(TxDO = high-impedance state, SCKO = fixed to high)
e SCI_2
SSE2I pin input = 0 (selected state): SCI_2 operates
normally
SSEZ2I pin input = 1 (non-selected state): SCI_2 halts
operation
(TxD2 = high-impedance state, SCK2 = fixed to high)
6,5 — AllO R Reserved
These bits are always read as 0 and cannot be
modified.
3 ABCS 0 R/W  Asynchronous Mode Basic Clock Select

Specifies the basic clock for a 1-bit cycle in
asynchronous mode.

This bit is valid only in asynchronous mode (C/A bit in

SMR is 0).

0: The basic clock has a frequency 16 times the transfer
clock frequency (normal operation)

1: The basic clock has a frequency 8 times the transfer
clock frequency (double-speed operation)
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Bit Bit Name |Initial Value R/W Description

4 ACS4 0 R/W  Asynchronous Mode Clock Source Select

2 ACS2 0 R/W Specify the clock source and the average transfer rate
1 ACS1 0 R/W in asynchronous mode. These bits are valid only when
0 ACSO0 0 R/W

external clock is supplied in asynchronous mode.

0000: Normal operation with external clock input and
average transfer rate operation not used
(operated using the basic clock with a frequency
16 or 8 times the transfer clock frequency)

0001: Average transfer rate operation at 115.152 kbps
when the system clock frequency is 10.667 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

0010: Average transfer rate operation at 460.606 kbps
when the system clock frequency is 10.667 MHz
(operated using the basic clock with a frequency
8 times the transfer clock frequency)

0011: Average transfer rate operation at 720 kbps when
the system clock frequency is 32 MHz (operated
using the basic clock with a frequency 16 times
the transfer clock frequency)

0100: Reserved

0101: Average transfer rate operation at 115.196 kbps
when the system clock frequency is 16 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

0110: Average transfer rate operation at 460.784 kbps
when the system clock frequency is 16 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

0111: Average transfer rate operation at 720 kbps when
the system clock frequency is 16 MHz (operated
using the basic clock with a frequency 8 times the
transfer clock frequency)

1000: Average transfer rate operation at 115.196 kbps
when the system clock frequency is 16 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

1001: Average transfer rate operation at 230.392 kbps
when the system clock frequency is 16 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)
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Bit Bit Name |Initial Value R/W Description

4 ACS4 0 R/W 1010: Average transfer rate operation at 115.196 kbps
2 ACS2 0 R/W when the system clock frequency is 20 MHz

1 ACS1 0 R/W (operated using the basic clock with a frequency
0 ACSO0 0 R/W 16 times the transfer clock frequency)

1011: Average transfer rate operation at 230.392 kbps
when the system clock frequency is 20 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

1100: Average transfer rate operation at 115.196 kbps
when the system clock frequency is 24 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

1101: Average transfer rate operation at 230.392 kbps
when the system clock frequency is 24 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

1110: Average transfer rate operation at 460.784 kbps
when the system clock frequency is 24 MHz
(operated using the basic clock with a frequency
16 times the transfer clock frequency)

1111: Average transfer rate operation at 720 kbps when
the system clock frequency is 24 MHz (operated
using the basic clock with a frequency 8 times the
transfer clock frequency)

Table 14.10 Asynchronous Mode Clock Source Select

Average

ACS4 ACS2 ACS1 ACSO0 Transfer Rate System Clock (¢) Operating Clock
0 0 0 0 None External clock input, Transfer rate x 16 or

normal operation Transfer rate x 8
0 0 0 1 115.152 kbps 10.667 MHz Transfer rate x 16
0 0 1 0 460.606 kbps 10.667 MHz Transfer rate x 8
0 0 1 1 Reserved Reserved Reserved
0 1 0 0 Reserved Reserved Reserved
0 1 0 1 115.196 kbps 16 MHz Transfer rate x 16
0 1 1 0 460.784 kbps 16 MHz Transfer rate x 16
0 1 1 1 720 kbps 16 MHz Transfer rate x 8
1 0 0 0 115.196 kbps 16 MHz Transfer rate x 16
1 0 0 1 230.392 kbps 16 MHz Transfer rate x 16
1 0 1 0 115.196 kbps 20 MHz Transfer rate x 16
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ACS4 ACS2 ACS1 ACSO

Average
Transfer Rate

System Clock (¢)

Operating Clock

1 0 1 1 230.392 kbps 20 MHz Transfer rate x 16
1 1 0 0 115.196 kbps 24 MHz Transfer rate x 16
1 1 0 1 230.392 kbps 24 MHz Transfer rate x 16
1 1 1 0 460.784 kbps 24 MHz Transfer rate x 16
1 1 1 1 720 kbps 24 MHz Transfer rate x 8

RENESAS
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144  Operation in Asynchronous Mode

Figure 14.3 shows the general format for asynchronous serial communication. One frame consists
of a start bit (low level), followed by transmit/receive data, a parity bit, and finally stop bits (high
level). In asynchronous serial communication, the transmission line is usually held in the mark
state (high level). The SCI monitors the transmission line, and when it goes to the space state (low
level), recognizes a start bit and starts serial communication. Inside the SCI, the transmitter and
receiver are independent units, enabling full-duplex communication. Both the transmitter and the
receiver also have a double-buffered structure, so that data can be read or written during
transmission or reception, enabling continuous data transfer and reception.

Idle state
(mark state)

1

Serial
data

LSB MSB
0 DO D1 D2 D3 D4 D5 D6 D7 01 1 1
Start Parity | Stop bit
Et up Transmit/receive data _ Et up _
1 bit 7 or 8 bits 1 bitor 1 or2 bits

—

One unit of transfer data (character or frame)

none

Figure 14.3 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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1441 DataTransfer Format

Table 14.11 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, see section 14.5, Multiprocessor Communication Function.

Table14.11 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP I1|2|3|4|5|6|7|8|9|1O|11|12I
0 0 0 o ||s]| 8-bit data |stop
0 0 0 1 || s ] 8-bit data |sTor|sTop
0 1 0 0 | S | 8-bit data | P |STOP
0 1 0 1 | S | 8-bit data | P |STOP|STOP
1 0 0 o ||s| 7-bit data |stop
1 0 0 1] s | 7-bit data |sTop|sTop
1 1 0 o ||s] 7-bit data | P |stor
1 1 0 1] s | 7-bit data | P |sto[srop
0 — 1 0 | S | 8-bit data | MPB|STOP
0 — 1 1 | S | 8-bit data | MPB|STOP|STOP
1 — 1 0 | S | 7-bit data | MPB|STOP
1 - 1 1 || s ] 7-bit data | wes|sTor[sTOP
[Legend]
S: Start bit
STOP: Stop bit
P: Parity bit

MPB:  Multiprocessor bit
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14.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI operates on a basic clock with a frequency of 16 times the bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Since receive data is latched internally at the rising edge of the 8th pulse
of the basic clock, data is latched at the middle of each bit, as shown in figure 14.4. Thus the
reception margin in asynchronous mode is determined by formula (1) below.

1 D-0.5

M:{(O.S—W )— N

(1+F)—(L-0.5)F}x 100 [%] - Formula (1)

M: Reception margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D =0.5t0 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock rate deviation

Assuming values of F =0 and D = 0.5 in formula (1), the reception margin is determined by the
formula below.

M={0.5-1/(2x 16) } x 100 [%] = 46.875 %

However, this is only the computed value, and a margin of 20% to 30% should be allowed in
system design.

16 clocks |

8 clocks
0 7 15| 0 7 15 0
Internal m||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
basic clock

Receive data —:I: ! Start bit " | DO " |D1
(RxD) e — =

Synchronization i [] ' "
sampling timing __:

Data sampling M n
timing n n

Figure14.4 Receive Data Sampling Timing in Asynchronous Mode
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14.4.3 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s transfer clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEQ bits in SCR. When an external clock is input at the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 14.5.

o LYY LU U

TXD 0 | Do | Dl [D2| D3| D4|D5|D6| D7 |0t | 1 1

1 frame

-

-
|

Figure14.5 Relation between Output Clock and Transmit Data Phase
(Asynchronous M ode)

1444  Serial Enhanced Mode Clock

SCI_0 and SCI_2 can be operated not only based on the clocks described in section 14.4.3, Clock,
but based on the following clocks, which are specified by the serial enhanced mode registers,
SEMR_0 and SEMR_2.

Double-Speed Operation: Operations that are usually achieved using the clock with frequency 16
times the normal bit rate can be achieved using the clock with frequency 8 times the bit rate in this
mode. That is, double transfer rate can be achieved using a single basic clock.

Double-speed operation can be specified by the ABCS bit in SEMR and is available for both clock
sources of an internal clock generated by the on-chip baud rate generator and an external clock
input at the SCK pin. However, double-speed operation cannot be specified when the average
transfer rate operation is selected.

Average Transfer Rate Operation: The SCI can be operated based on the clock with an average
transfer rate generated from the system clock instead of the external clock input at the SCK pin. In
this case, the SCK pin is fixed to input.

Average transfer rate operation can be specified by the ACS4 and ACS2 to ACSO bits in SEMR.
Double-speed operation may be selected by clearing the ACS4 and ACS2 to ACSO0 bits to 0.

Figures 14.6 and 14.7 show some examples of internal basic clock operations when average
transfer rate operation is selected.
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Figure14.7 Basic Clock Examples When Average Transfer Rateis Selected (2)
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14.4.5

SCI Initialization (Asynchronous M ode)

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0, then
initialize the SCI as shown in figure 14.8. When the operating mode, transfer format, etc., is
changed, the TE and RE bits must be cleared to O before making the change using the following
procedure. When the TE bit is cleared to 0, the TDRE flag in SSR is set to 1. Note that clearing
the RE bit to 0 does not initialize the contents of the RDRF, PER, FER, and ORER flags in SSR,
or the contents of RDR. When the external clock is used in asynchronous mode, the clock must be

supplied even during initialization.

( Start initialization )

| Clear TE and RE bits in SCR to 0 |
|

Set CKE1 and CKEQ bits in SCR
(TE and RE bits are 0)

Set data transfer format in 2]
SMR and SCMR

|
Set value in BRR [3]

1

Wait

No
1-bit interval elapsed?

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<lInitialization completion>

(1]

(2]

(3]

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
TEIE, and MPIE, and bits TE and
RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the
bit rate to BRR. Not necessary if
an external clock is used.

Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Figure14.8 Sample SCI Initialization Flowchart
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14.4.6 Serial Data Transmission (Asynchronous Mode)

Figure 14.9 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1. The SCI monitors the TDRE flag in SSR, and if it is cleared to O, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

2. After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a transmit data empty interrupt
request (TXI) is generated. Because the TXI interrupt routine writes the next transmit data to
TDR before transmission of the current transmit data has finished, continuous transmission can
be enabled.

3. Data is sent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

4. The SCI checks the TDRE flag at the timing for sending the stop bit.

5. If the TDRE flag is 0, the data is transferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frame is started.

6. If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark
state” is entered in which 1 is output. If the TEIE bit in SCR 1is set to 1 at this time, a TEI
interrupt request is generated.

Figure 14.10 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bt B bit  bit bt B bit  bit 1
? ’ Idle state
0 DO | D1 D7 | o1 1 0 DO | D1 D7 | o1 1
(« ( (mark state)
] )) ' )]
: i {
TDRE_ E (« E
1 ) 1
TEND : (( : ((
: 1) : 1)
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag clearedto 0in  request generated TEl interrupt
h TXI interrupt service routine . request generated
; 1 frame E

Figure14.9 Example of Operation in Transmission in Asynchronous Mode (Example with
8-Bit Data, Parity, One Stop Bit)
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| Initialization

( Start transmission

| Read TDRE flag in SSR

Yes

No

Write transmit data to TDR
and clear TDRE flag in SSR to 0

All data transmitted?

Read TEND flag in SSR

Break output?

Clear DR to 0 and
set DDR to 1

Clear TE bit in SCR to 0

<End>

(2

(3]

[4]

(1]

[4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bit is set to 1, a frame
of 1s is output, and transmission is
enabled.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR, and clear
the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DTC is
initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Figure14.10 Sample Serial Transmission Flowchart
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14.4.7 Serial Data Reception (Asynchronous M ode)

Figure 14.11 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1.

The SCI monitors the communication line, and if a start bit is detected, performs internal
synchronization, receives receive data in RSR, and checks the parity bit and stop bit.

If an overrun error (when reception of the next data is completed while the RDRF flag in SSR
is still set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF
flag remains to be set to 1.

If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferred to
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt request is generated.

If a framing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt
request is generated.

If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. Because the RXI interrupt routine reads the receive data transferred to RDR before
reception of the next receive data has finished, continuous reception can be enabled.

Start Data Parity Stop Start Data Parity Stop
1 bit ( bit bit bit % bit bit 1
)) ))
o | o | b1 o7 ot | 1| o | bo| bt p7 | o1 | o | |destate
(« (« (mark state)

)) f ))
'

RDRF (« : .
[ ) ] )
FER ' (« ' .
T ) " ) ﬂ
! RXI'interrupt ! RDR data read and RDRF |
. request ' flag cleared to 0 in RXI ERl interrupt request
j generated | interrupt service routine generated by framing

error

1 frame

Figure14.11 Example of SCI Operation in Reception (Example with 8-Bit Data, Parity,
One Stop Bit)
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Table 14.12 shows the states of the SSR status flags and receive data handling when a receive
error is detected. If a receive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the
ORER, FER, PER, and RDREF bits to 0 before resuming reception. Figure 14.12 shows a sample

flowchart for serial data reception.

Table 14.12 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF* ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains the state it had before data reception.
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| Initialization | 1]
|

( Start reception )

|

Read ORER, PER, and
FER flags in SSR

(2]

(3]

Error processing

| Read RDRF flag in SSR | [4]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

[5]

| Clear RE bitin SCRto 0 |

<End>

[2]

(Continued on next page)

[4]

(5]

SCl initialization:

The RxD pin is automatically
designated as the receive data input
pin.

[3] Receive error processing and break
detection:

If a receive error occurs, read the
ORER, PER, and FER flags in SSR to
identify the error. After performing the
appropriate error processing, ensure
that the ORER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

SCl status check and receive data read:
Read SSR and check that RDRF = 1,
then read the receive data in RDR and
clear the RDRF flag to 0. Transition of
the RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag, read
RDR, and clear the RDRF flag to 0.
However, the RDRF flag is cleared
automatically when the DTC is initiated
by an RXI interrupt and reads data from
RDR.

Legend
v : Logical add (OR)

Figure14.12 Sample Serial Reception Flowchart (1)
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[3]
C Error processing )

No

Yes

Overrun error processing

-

Yes
Break?

No

Y

Framing error processing | |

Clear RE bitin SCR to 0

No
PER =1

Yes

Parity error processing

o

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.12 Sample Serial Reception Flowchart (2)
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145 Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed among a
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by a unique ID code. The serial communication cycle consists of two component cycles:
an ID transmission cycle which specifies the receiving station, and a data transmission cycle for
the specified receiving station. The multiprocessor bit is used to differentiate between the ID
transmission cycle and the data transmission cycle. If the multiprocessor bit is 1, the cycle is an ID
transmission cycle, and if the multiprocessor bit is O, the cycle is a data transmission cycle. Figure
14.13 shows an example of inter-processor communication using the multiprocessor format. The
transmitting station first sends the ID code of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a 0 multiprocessor bit added. When data with a 1 multiprocessor bit is received, the receiving
station compares that data with its own ID. The station whose ID matches then receives the data
sent next. Stations whose ID does not match continue to skip data until data with a 1
multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set to 1,
transfer of receive data from RSR to RDR, error flag detection, and setting the RDRF, FER, and
ORER status flags in SSR to 1 are prohibited until data with a 1 multiprocessor bit is received. On
reception of a receive character with a 1 multiprocessor bit, the MPB bit in SSR is set to 1 and the
MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in SCR is set to
1 at this time, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is invalid. All other bit settings
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
Serial communication line
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID =04)
Serial - -
data /\ [ Ho1 [ \ [ HAA '\ /\ /
1 (MPB=1). (MPB =0) .
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

Legend
MPB: Multiprocessor bit

Figure14.13 Example of Communication Using Multiprocessor Format (Transmission of
Data H'AA to Receiving Station A)
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1451

Multiprocessor Serial Data Transmission

Figure 14.14 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the same

as those in asynchronous mode.

| Initialization |
|
( Start transmission )

|
| Read TDRE flag in SSR |

Yes

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to 0

All data transmitted?

Yes

Yes

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRto 0

<End>

(1]

(2]

(3]

(4]

[1]1 SCl initialization:
The TxD pin is automatically
designated as the transmit data
output pin.
After the TE bitis setto 1, a
frame of 1s is output, and
transmission is enabled.

[2] SCI status check and transmit
data write:
Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

[3] Serial transmission continuation
procedure:
To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to 0.
However, the TDRE flag is
checked and cleared
automatically when the DTC is
initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set port DDR to 1,
clear DR to 0, and then clear the
TE bit in SCR to 0.

Figure14.14 Sample Multiprocessor Serial Transmission Flowchart
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145.2 Multiprocessor Serial Data Reception

Figure 14.16 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCRis set to 1, data is skipped until data with a 1 multiprocessor bit is sent. On receiving data
with a 1 multiprocessor bit, the receive data is transferred to RDR. An RXI interrupt request is
generated at this time. All other SCI operations are the same as in asynchronous mode. Figure
14.15 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop  Start Data (Data 1) Stop
1 bit y MPB  bit  bit . MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
( 5 (mark state)

MPIE

RDRF ( | | s('
ol /

RDR
value X o1
MPIE =0 RXI interrupt RDR data read If not this station’s ID,  RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated service routine

(a) Data does not match station’s ID

Start Data (ID2) Stop  Start Data (Data 2) Stop
1 bit (« MPB bit  bit (« MPB bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
45 45 (mark state)
MPIE | .

S 1

RDRF
) / / )
RDR
ID1 ID2 Data 2
value X X a8
MPIE =0 RXI interrupt RDR data read and  Matches this station’s ID, MPIE bit set to 1

request RDRF flag cleared so reception continues, and  again

(multiprocessor  to 0 in RXl interrupt  data is received in RXI

interrupt) service routine interrupt service routine

generated

(b) Data matches station’s ID

Figure14.15 Example of SCI Operation in Reception (Example with 8-Bit Data,
Multiprocessor Bit, One Stop Bit)
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Initialization

[ o
)

| @

|
(

| Set MPIE bit in SCR to 1

Start reception

| Read ORER and FER flags in SSR |

FER v ORER =1
No

Read RDRF flag in SSR

No
Yes

Read receive data in RDR

This station’s ID?

Yes

—

Read ORER and FER flags in SSR

Yes
FER v ORER =1
No

Read RDRF flag in SSR

*

Read receive data in RDR

All data received?  J

Clear RE bitin SCR to 0 |

[
<End>

5]

{ Error processing )

(Continued on
next page)

[1] SCl initialization:
The RxD pin is automatically designated
as the receive data input pin.

[2] ID reception cycle:

Set the MPIE bitin SCR to 1.

[38] SCI status check, ID reception and
comparison:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and compare it with this
station’s ID.

If the data is not this station’s ID, set the
MPIE bit to 1 again, and clear the RDRF
flag to 0.

If the data is this station’s ID, clear the
RDRF flag to 0.

[4] SCI status check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in

RDR.

[5] Receive error processing and break
detection:

If a receive error occurs, read the ORER
and FER flags in SSR to identify the
error. After performing the appropriate
error processing, ensure that the ORER
and FER flags are all cleared to 0.
Reception cannot be resumed if either
of these flags is set to 1.

In the case of a framing error, a break
can be detected by reading the RxD pin
value.

Legend
v : Logical add (OR)

Figure14.16 Sample Multiprocessor Serial Reception Flowchart (1)

Rev. 3.00, 03/04, page 397 of 830

RENESAS




[5] ( Error processing )

No

Yes

Overrun error processing

Yes

Break?

No

Y
Framing error processing | | Clear RE bitin SCRto 0

o |

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.16 Sample Multiprocessor Serial Reception Flowchart (2)
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14.6  Operation in Clock Synchronous Mode

Figure 14.17 shows the general format for clock synchronous communication. In clock
synchronous mode, data is transmitted or received in synchronization with clock pulses. One
character in transfer data consists of 8-bit data. In data transmission, the SCI outputs data from one
falling edge of the synchronization clock to the next. In data reception, the SCI receives data in
synchronization with the rising edge of the synchronization clock. After 8-bit data is output, the
transmission line holds the MSB state. In clock synchronous mode, no parity or multiprocessor bit
is added. Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of a common clock. Both the transmitter and the receiver also have a
double-buffered structure, so that the next transmit data can be written during transmission or the
previous receive data can be read during reception, enabling continuous data transfer.

One unit of transfer data (character or frame)

Synchronization | | | | | | | | | | I | I | | | | l |
clock f .
| LSB MSB |
Serial data A XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
I ' Co
Don’t care Don’t care

Note: * High except in continuous transfer

Figure14.17 Data Format in Synchronous Communication (L SB-First)

14.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of the CKE1
and CKEQO bits in SCR. When the SCI is operated on an internal clock, the synchronization clock
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer of one
character, and when no transfer is performed the clock is fixed high.
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14.6.2 SCI Initialization (Clock Synchronous M ode)

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0, then
initialize the SCI as described in a sample flowchart in figure 14.18. When the operating mode,
transfer format, etc., is changed, the TE and RE bits must be cleared to O before making the
change using the following procedure. When the TE bit is cleared to 0, the TDRE flag in SSR is
set to 1. However, clearing the RE bit to 0 does not initialize the RDRF, PER, FER, and ORER
flags in SSR, or RDR.

( Start initialization ) [1] Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE to 0.

| Clear TE and RE bits in SCR to 0 | [2] Set the data transfer format in SMR and

| SCMR.

Set CKE1 and CKEQ bits in SCR 1] [3] Write a value corresponding to the bit
(TE and RE bits are 0) rate to BRR. This step is not necessary
T if an external clock is used.

Set data transfer format in 2 [4] Wait at least one bit interval, then set
SMR and SCMR the TE bit or RE bit in SCR to 1.
T Also set the RIE, TIE TEIE, and MPIE
Set value in BRR 3] bits. _
Setting the TE and RE bits enables the
Wait TxD and RxD pins to be used.

No

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and [4]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should both be cleared
to 0 or set to 1 simultaneously.

Figure 14.18 Sample SCI Initialization Flowchart
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14.6.3 Serial Data Transmission (Clock Synchronous Mode)

Figure 14.19 shows an example of SCI operation for transmission in clock synchronous mode. In
serial transmission, the SCI operates as described below.

1. The SCI monitors the TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

2. After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a TXI interrupt request is generated.
Because the TXI interrupt routine writes the next transmit data to TDR before transmission of
the current transmit data has finished, continuous transmission can be enabled.

3. 8-bit data is sent from the TxD pin synchronized with the output clock when output clock
mode has been specified and synchronized with the input clock when use of an external clock
has been specified.

4. The SCI checks the TDRE flag at the timing for sending the last bit.

5. If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial transmission
of the next frame is started.

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TxD pin maintains the
output state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI interrupt request
is generated. The SCK pin is fixed high.

Figure 14.20 shows a sample flowchart for serial data transmission. Even if the TDRE flag is
cleared to O, transmission will not start while a receive error flag (ORER, FER, or PER) is set to 1.
Make sure to clear the receive error flags to O before starting transmission. Note that clearing the
RE bit to 0 does not clear the receive error flags.

Transfer direction

Synchronization | | | | | | | | I | | | | | % | | | |
clock f '
Serial data X Bit 0 X Bit 1 )C; X Bit 7 X Bit 0 X Bit 1 X:: >-< Bit 7
: : ‘
T )

TDRE ! !
{(

A [—

TEND
( (
)T T T

TXI interrupt . Data written to TDR TXI iﬁterrupt TEI interrupt request
request generated . and TDRE flag cleared request generated generated
+ to 0 in TXI interrupt

| service routine

1 frame

Figure14.19 Sample SCI Transmission Operation in Clock Synchronous Mode
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Initialization

"

Start transmission

|

1

| Read TDRE flag in SSR

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

No

(3]

Read TEND flag in SSR

Yes

Clear TE bitin SCRto 0

<End>

No

(1

[2]

(3]

SCl initialization:
The TxD pin is automatically
designated as the transmit data output

pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

However, the TDRE flag is checked
and cleared automatically when the
DTC is initiated by a transmit data
empty interrupt (TXI) request and
writes data to TDR.

Figure 14.20 Sample Serial Transmission Flowchart
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14.6.4 Serial Data Reception (Clock Synchronous M ode)

Figure 14.21 shows an example of SCI operation for reception in clock synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performs internal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the receive data in RSR.

2. If an overrun error (when reception of the next data is completed while the RDRF flag is still
set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this time,
an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDREF flag
remains to be set to 1.

3. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. Because the RXI interrupt routine reads the receive data transferred to RDR before
reception of the next receive data has finished, continuous reception can be enabled.

Synchronization | | | | | | | | | I | I | I % | I | I

clock

Serial data X Bit 7 X Bit0 )C: X Bit 7 X Bit0 X Bit 1 )C: X Bite X Bit7 X_
RDRF g g

ORER ; ;

f

RXI interrupt  RDR data read and RXl interrupt ERI interrupt request

request - RDREF flag cleared ! request generated generated by overrun
generated . to 0in RXlinterrupt | error

1 service routine

1 frame

Figure14.21 Example of SCI Receive Operation in Clock Synchronous Maode

Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDREF bits to 0 before resuming reception. Figure 14.22 shows a sample flowchart
for serial data reception.
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| Initialization | [1]

Start reception

| ®©

[3]

Error processing

(Continued below)

Read RDRF flag in SSR | [4]
No
Yes
Read receive data in RDR and
clear RDRF flag in SSR to 0
All data received? [5]

Clear RE bitin SCR to 0

<End>

[3] Error processing

| Overrun error processing |

| Clear ORER flag in SSR to 0 |

<End>

(1]

[2]

[4]

(5]

SCl initialization:

The RxD pin is automatically
designated as the receive data input
pin.

[38] Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transfer cannot be resumed if the
ORER flag is set to 1.

SCI status check and receive data
read:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and clear the RDRF flag
to 0.

Transition of the RDRF flag from 0 to 1
can also be identified by an RXI
interrupt.

Serial reception continuation
procedure:

To continue serial reception, before
the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
reading RDR, and clearing the RDRF
flag to 0 should be finished.

However, the RDRF flag is cleared
automatically when the DTC is
initiated by a receive data full interrupt
(RXI) and reads data from RDR.

Figure14.22 Sample Serial Reception Flowchart
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14.6.5 Simultaneous Serial Data Transmission and Reception (Clock Synchronous M ode)

Figure 14.23 shows a sample flowchart for simultaneous serial transmit and receive operations.
After initializing the SCI, the following procedure should be used for simultaneous serial data
transmit and receive operations. To switch from transmit mode to simultaneous transmit and
receive mode, after checking that the SCI has finished transmission and the TDRE and TEND
flags in SSR are set to 1, clear the TE bit in SCR to 0. Then simultaneously set the TE and RE bits
to 1 with a single instruction. To switch from receive mode to simultaneous transmit and receive
mode, after checking that the SCI has finished reception, clear the RE bit to 0. Then after checking
that the RDRF bit in SSR and receive error flags (ORER, FER, and PER) are cleared to 0,
simultaneously set the TE and RE bits to 1 with a single instruction.

14.6.6  SCI Selection in Serial Enhanced M ode

SCI_0 and SCI_2 provide the following capability according to the serial enhanced mode registers
(SEMR_0 and SEMR_2) settings.

If the SCI is used in clock synchronous mode with clock input, the SCI channel can be
enabled/disabled using the input at the external pins. The external pins include PAO/SSEOI
(SCI_0) and PA1/SSE2I (SCI_2); therefore, this capability is not available in modes where the
PAO and PAT1 pins are automatically set for address output.

When the SCI operation is disabled (not selected) by input at the external pins, TxD output is
fixed to the high-impedance state and SCK input is internally fixed to high. One-to-multipoint
communication is possible if the master device, which outputs SCK, controls these external pins
for chip selection. SCI selection capability is selected using the SSE bits in SEMR.
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| Initialization

| o

( Start transmission/reception )

|

| Read TDRE flag in SSR

| @

No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

Read ORER flag in SSR

(3]

Error processing

Read RDRF flag in SSR

No

Yes

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous

transmit and receive operations, first clear the TE bit and RE bit to 0,

then set both these bits to 1 simultaneously.

[4]

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the RxD
pin is designated as the receive data
input pin, enabling simultaneous
transmit and receive operations.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit
data to TDR and clear the TDRE flag
to 0.

Transition of the TDRE flag from 0 to
1 can also be identified by a TXI
interrupt.

Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transmission/reception cannot be
resumed if the ORER flag is set to 1.

SCI status check and receive data
read:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and clear the RDRF flag
to 0. Transition of the RDRF flag from
0 to 1 can also be identified by an RXI
interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading RDR,
and clearing the RDRF flag to 0. Also,
before the MSB (bit 7) of the current
frame is transmitted, read 1 from the
TDRE flag to confirm that writing is
possible. Then write data to TDR and
clear the TDRE flag to 0.

However, the TDRE flag is checked
and cleared automatically when the
DTC is initiated by a transmit data
empty interrupt (TXI) request and
writes data to TDR. Similarly, the
RDREF flag is cleared automatically
when the DTC is initiated by a receive
data full interrupt (RXI) and reads
data from RDR.

Figure 14.23 Sample Flowchart of Simultaneous Serial Transmission and Reception
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14.7  Smart Card Interface Description

The SCI supports the IC card (smart card) interface based on the ISO/IEC 7816-3 (Identification
Card) standard as an enhanced serial communication interface function. Smart card interface mode
can be selected using the appropriate register.

1471  Sample Connection

Figure 14.24 shows a sample connection between the smart card and this LSI. As in the figure,
since this LSI communicates with the IC card using a single transmission line, interconnect the
TxD and RxD pins and pull up the data transmission line to VCC using a resistor. Setting the RE
and TE bits in SCR to 1 with the IC card not connected enables closed transmission/reception
allowing self diagnosis. To supply the IC card with the clock pulses generated by the SCI, input
the SCK pin output to the CLK pin of the IC card. A reset signal can be supplied via the output
port of this LSL.

VCC
TxD l ;
1 — 110
RxD Data line
SCK Clock line CLK
Rx (port) Rosoll RST
This LSI esetiine IC card
Main unit of the device
to be connected

Figure 14.24 Pin Connection for Smart Card Interface

14.7.2 Data Format (Except in Block Transfer M ode)
Figure 14.25 shows the data transfer formats in smart card interface mode.

e One frame contains 8-bit data and a parity bit in asynchronous mode.

e During transmission, at least 2 etu (elementary time unit: time required for transferring one bit)
is secured as a guard time after the end of the parity bit before the start of the next frame.

e If a parity error is detected during reception, a low error signal is output for 1 etu after 10.5 etu
has passed from the start bit.

e If an error signal is sampled during transmission, the same data is automatically re-transmitted
after two or more etu.
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In normal transmission/reception

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

Output from the transmitting station

When a parity error is generated

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE

Output from the transmitting station

Output from
[Legend] the receiving station
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 14.25 Data Formatsin Normal Smart Card I nterface Mode

For communication with the IC cards of the direct convention and inverse convention types,
follow the procedure below.

@) A Z Z A Z Z Z A A Z (2) state

Ds [ DO . D1 | D2 | D3 . D4 . D5 | D6 | D7 | Dp

Figure 14.26 Direct Convention (SDIR = SINV = O/E = 0)

For the direct convention type, logic levels 1 and O correspond to states Z and A, respectively, and
data is transferred with LSB-first as the start character, as shown in figure 14.26. Therefore, data
in the start character in the figure is H'3B. When using the direct convention type, write 0 to both
the SDIR and SINV bits in SCMR. Write 0 to the O/E bit in SMR in order to use even parity,
which is prescribed by the smart card standard.

(2) A z z A A A A A A z (Z) state

Ds [ D7 1 D6 | D5 | D4 . D3 | D2 ; D1 | DO | Dp

Figure 14.27 Inverse Convention (SDIR = SINV = O/E = 1)

For the inverse convention type, logic levels 1 and 0 correspond to states A and Z, respectively
and data is transferred with MSB-first as the start character, as shown in figure 14.27. Therefore,
data in the start character in the figure is H'3F. When using the inverse convention type, write 1 to
both the SDIR and SINV bits in SCMR. The parity bit is logic level O to produce even parity,
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which is prescribed by the smart card standard, and corresponds to state Z. Since the SINV bit of
this LSI only inverts data bits D7 to DO, write 1 to the O/E bit in SMR to invert the parity bit in
both transmission and reception.

14.7.3  Block Transfer Mode
Block transfer mode is different from normal smart card interface mode in the following respects.

e If a parity error is detected during reception, no error signal is output. Since the PER bit in SSR
is set by error detection, clear the bit before receiving the parity bit of the next frame.

e During transmission, at least 1 etu is secured as a guard time after the end of the parity bit
before the start of the next frame.

e Since the same data is not re-transmitted during transmission, the TEND flag in SSR is set 11.5
etu after transmission start.

e Although the ERS flag in block transfer mode displays the error signal status as in normal
smart card interface mode, the flag is always read as 0 because no error signal is transferred.

14.74 Receive Data Sampling Timing and Reception Margin

Only the internal clock generated by the internal baud rate generator can be used as a
communication clock in smart card interface mode. In this mode, the SCI can operate using a basic
clock with a frequency of 32, 64, 372, or 256 times the bit rate according to the BCP1 and BCPO
settings (the frequency is always 16 times the bit rate in normal asynchronous mode). At
reception, the falling edge of the start bit is sampled using the internal basic clock in order to
perform internal synchronization. Receive data is sampled at the 16th, 32nd, 186th and 128th
rising edges of the basic clock pulses so that it can be latched at the center of each bit as shown in
figure 14.28. The reception margin here is determined by the following formula.

M= | (05- 21T1 )—(L-0.5)F - % (1+F) | x100[%] - Formula (1)
M: Reception margin (%)
N: Ratio of bit rate to clock (N = 32, 64, 372, 256)
D: Clock duty (D =0to 1.0)
L: Frame length (L = 10)
F: Absolute value of clock rate deviation

Assuming values of F =0, D = 0.5, and N = 372 in formula (1), the reception margin is
determined by the formula below.

M = (0.5 — 1/2 x 372) x 100 [%] = 49.866%
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372 clock cycles |
186 clock

cycles
0 18;' 3710
Internal
basic clock s

Receive data H
(RxD) R
Synchronization b i
sampling timing ( (
T 7 L
Data sampling M 1
fiming ( (( (( (
) )] )] ]

WU

185 3710
N

7

(

)

| o1

((
o )]
Start bit DO ("
[ 1 )]

Figure 14.28 Receive Data Sampling Timingin Smart Card Interface Mode (When Clock
Frequency is 372 Timesthe Bit Rate)

1475 Initialization

Before starting transmitting and receiving data, initialize the SCI using the following procedure.
Initialization is also necessary before switching from transmission to reception and vice versa.

1. Clear the TE and RE bits in SCR to 0.

2. Clear the error flags ORER, ERS, and PER in SSR to 0.

3. Set the GM, BLK, O/E, BCP1, BCPO, CKS1, and CKSO bits in SMR appropriately. Also set
the PE bit to 1.

4. Set the SMIF, SDIR, and SINV bits in SCMR appropriately. When the SMIF bit is set to 1, the
TxD and RxD pins are changed from port pins to SCI pins, placing the pins into high
impedance state.

5. Set the value corresponding to the bit rate in BRR.

6. Set the CKE1 and CKEOQ bits in SCR appropriately. Clear the TIE, RIE, TE, RE, MPIE, and
TEIE bits to 0 simultaneously. When the CKEQ bit is set to 1, the SCK pin is allowed to output
clock pulses.

7. Set the TIE, RIE, TE, and RE bits in SCR appropriately after waiting for at least 1 bit interval.
Setting prohibited the TE and RE bits to 1 simultaneously except for self diagnosis.

To switch from reception to transmission, first verify that reception has completed, and initialize
the SCI. At the end of initialization, RE and TE should be set to 0 and 1, respectively. Reception
completion can be verified by reading the RDRF flag or PER and ORER flags. To switch from

transmission to reception, first verify that transmission has completed, and initialize the SCI. At
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the end of initialization, TE and RE should be set to 0 and 1, respectively. Transmission
completion can be verified by reading the TEND flag.

14.7.6  Serial Data Transmission (Except in Block Transfer Mode)

Data transmission in smart card interface mode (except in block transfer mode) is different from
that in normal serial communication interface mode in that an error signal is sampled and data is
re-transmitted. Figure 14.29 shows the data re-transfer operation during transmission.

1. If an error signal from the receiving end is sampled after one frame of data has been
transmitted, the ERS bit in SSR is set to 1. Here, an ERI interrupt request is generated if the
RIE bit in SCR is set to 1. Clear the ERS bit to 0 before the next parity bit is sampled.

2. For the frame in which an error signal is received, the TEND bit in SSR is not set to 1. Data is
re-transferred from TDR to TSR allowing automatic data retransmission.

3. If no error signal is returned from the receiving end, the ERS bit in SSR is not set to 1. In this
case, one frame of data is determined to have been transmitted including re-transfer, and the
TEND bit in SSR is set to 1. Here, a TXI interrupt request is generated if the TIE bit in SCR is
set to 1. Writing transmit data to TDR starts transmission of the next data.

Figure 14.31 shows a sample flowchart for transmission. All the processing steps are
automatically performed using a TXI interrupt request to activate the DTC. In transmission, the
TEND and TDRE flags in SSR are simultaneously set to 1, thus generating a TXI interrupt request
when TIE in SCR is set. This activates the DTC by a TXI request thus allowing transfer of
transmit data if the TXI interrupt request is specified as a source of DTC activation beforehand.
The TDRE and TEND flags are automatically cleared to O at data transfer by the DTC. If an error
occurs, the SCI automatically re-transmits the same data. During re-transmission, TEND remains
as 0, thus not activating the DTC. Therefore, the SCI and DTC automatically transmit the
specified number of bytes, including re-transmission in the case of error occurrence. However, the
ERS flag is not automatically cleared; the ERS flag must be cleared by previously setting the RIE
bit to 1 to enable an ERI interrupt request to be generated at error occurrence.

When transmitting/receiving data using the DTC, be sure to set and enable it prior to making SCI
settings. For DTC settings, see section 7, Data Transfer Controller (DTC).
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n+1)th
|<— nth transfer frame —>|<— Retransfer frame —+_tra(nsferframe

-|Ds|Do|D1|Dz|Ds|D4|Ds|De|D7|DpHE>E|—|Ds|Do|D1 |D2|D3|D4|D5|D6|D7|Dp|—|DleOlD1 |D2|D3|D4|

TDRE J 5 |_|
*Transfer from TDR to TSR : +Transfer from TDR to TSR *Transfer from TDR to TSR
TEND :
Lo G
FER/ERS | |

b

Figure14.29 Data Re-transfer Operation in SCI Transmission Mode

Note that the TEND flag is set in different timings depending on the GM bit setting in SMR,

which is shown in figure 14.30.

1/0O data Ds | DO

D1

D2

D3 | D4

D5

D6

D7

Dp

VDEL

TXI
(TEND interrupt)

12.5 etu

Guard timei
4—»:

GM=0

11.0 etu

—_—

GM =1

[Legend]

Ds: Start bit

DO to D7:Data bits
Dp: Parity bit
DE: Error signal

etu: Element Time Unit (time taken to transfer one bit)

Figure14.30 TEND Flag Set Timingsduring Transmission

Rev. 3.00, 03/04, page 412 of 830

RENESAS




( Stlan )

| Initialization

( Start transmission )

I
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ERS =0?
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Error processing )
No
Write data to TDR and clear
TDRE flag in SSR to 0
All data transmitted?
Error processing )

Yes
No
ERS =0?
Yes Ve
A\
T
Yes

Clear TE bitin SCRto0 |

|
( End )

Figure14.31 Sample Transmission Flowchart
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14.7.7  Serial Data Reception (Except in Block Transfer Mode)

Data reception in smart card interface mode is identical to that in normal serial communication
interface mode. Figure 14.32 shows the data re-transfer operation during reception.

1. If a parity error is detected in receive data, the PER bit in SSR is set to 1. Here, an ERI
interrupt request is generated if the RIE bit in SCR is set to 1. Clear the PER bit to 0 before the
next parity bit is sampled.

2. For the frame in which a parity error is detected, the RDRF bit in SSR is not set to 1.

3. If no parity error is detected, the PER bit in SSR is not set to 1. In this case, data is determined
to have been received successfully, and the RDRF bit in SSR is set to 1. Here, an RXIT interrupt
request is generated if the RIE bit in SCR is set.

Figure 14.33 shows a sample flowchart for reception. All the processing steps are automatically
performed using an RXT interrupt request to activate the DTC. In reception, setting the RIE bit to 1
allows an RXI interrupt request to be generated when the RDRF flag is set to 1. This activates
DTC by an RXI request thus allowing transfer of receive data if the RXI interrupt request is
specified as a source of DTC activate beforehand. The RDRF flag is automatically cleared to O at
data transfer by DTC. If an error occurs during reception, i.e., either the ORER or PER flag is set
to 1, a transmit/receive error interrupt (ERI) request is generated and the error flag must be
cleared. If an error occurs, DTC is not activated and receive data is skipped, therefore, the number
of bytes of receive data specified in DTC are transferred. Even if a parity error occurs and PER is
set to 1 in reception, receive data is transferred to RDR, thus allowing the data to be read.

Note: For operations in block transfer mode, see section 14.4, Operation in Asynchronous Mode.

n+ 1) th
‘47 n th transfer frame H‘H Retransfer frame 4+7 ( )

transfer frame

-|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|-|%—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|DpIE=Ds|D0|D1 [p2]palo4|
RDRF | |

by b
PER

A N

Figure14.32 Data Re-transfer Operation in SCI Reception Mode
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( Stlart )

| Initialization |

( Start reception )

ORER =0
and PER = 07?

No

)

Error processing )

Read data from RDR and
clear RDRF flag in SSR to 0

All data received?

Yes

| Clear RE bit in SCR to 0 |

Figure 14.33 Sample Reception Flowchart

14.7.8  Clock Output Control

Clock output can be fixed using the CKE1 and CKEO bits in SCR when the GM bit in SMR s set
to 1. Specifically, the minimum width of a clock pulse can be specified.

Figure 14.34 shows an example of clock output fixing timing when the CKEO bit is controlled
with GM =1 and CKE1 = 0.

CKEO

J—
—

SCK —|

=
~

Specified pulse width Specified pulse width

Figure 14.34 Clock Output Fixing Timing
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At power-on and transitions to/from software standby mode, use the following procedure to secure
the appropriate clock duty ratio.

At Power-On:

To secure the appropriate clock duty ratio simultaneously with power-on, use the following
procedure.

1. Initially, port input is enabled in the high-impedance state. To fix the potential level, use a
pull-up or pull-down resistor.

2. Fix the SCK pin to the specified output using the CKE1 bit in SCR.
3. Set SMR and SCMR to enable smart card interface mode.
4. Set the CKEO bit in SCR to 1 to start clock output.

At Transition from Smart Card I nterface M ode to Softwar e Standby M ode:

1. Set the port data register (DR) and data direction register (DDR) corresponding to the SCK
pins to the values for the output fixed state in software standby mode.

2. Write O to the TE and RE bits in SCR to stop transmission/reception. Simultaneously, set the
CKEI bit to the value for the output fixed state in software standby mode.

3. Write 0 to the CKEO bit in SCR to stop the clock.

4. Wait for one cycle of the serial clock. In the mean time, the clock output is fixed to the
specified level with the duty ratio retained.

5. Make the transition to software standby mode.
At Transition from Software Standby Mode to Smart Card Interface M ode;

1. Cancel software standby mode.

2. Write 1 to the CKEOQ bit in SCR to start clock output. A clock signal with the appropriate duty
ratio is then generated.

. Software .
Normal operation standby Normal operation

- |- .

T bttt

(12113] 41 [8] 11 2]

Figure14.35 Clock Stop and Restart Procedure
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14.8  IrDA Operation
IrDA operation can be used with SCI_1. Figure 14.36 shows an IrDA block diagram.

If the IrDA function is enabled using the IrE bit in SCICR, the TxD1 and RxD1 signals for SCI_1
are allowed to encode and decode the waveform based on the IrDA standard version 1.0 (function
as the IrTxD and IrRxD pins). Connecting these pins to the infrared data transceiver achieves
infrared data communication based on the system defined by the IrDA standard version 1.0.

In the system defined by the IrDA standard version 1.0, communication is started at a transfer rate
of 9600 bps, which can be modified as required. The IrDA interface provided by this LSI does not
incorporate the capability of automatic modification of the transfer rate; the transfer rate must be
modified through programming.

IrDA SCI_1
TxD1/IrTxD -«———— - Pulse encoder 47ﬂ
RxD1
RxD1/IrRxD | Pulse decoder Lt

Figure14.36 IrDA Block Diagram

Transmission: During transmission, the output signals from the SCI (UART frames) are
converted to IR frames using the IrDA interface (see figure 14.37).

For serial data of level 0, a high-level pulse having a width of 3/16 of the bit rate (1-bit interval) is
output (initial setting). The high-level pulse can be selected using the IrCKS2 to IrCKSO bits in
SCICR.

The high-level pulse width is defined to be 1.41 pus at minimum and (3/16 + 2.5%) X bit rate or
(3/16 x bit rate) +1.08 us at maximum. For example, when the frequency of system clock ¢ is 20
MHz, a high-level pulse width of at least 1.41 ps to 1.6 us can be specified.

For serial data of level 1, no pulses are output.
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|-———— UART frame -

Start [ Data & Stop
bit bit
0 1 0 1 0 0 1 1 0 1
Transmission ‘ T Reception
- IR frame >
Start |- Data | Stop
bit bit
| |0 1 ” o 1 ” 0 of 1 1 ”O 1

Bit » . Pulse width is 1.6 us to
cycle 3/16 bit cycle

Figure14.37 IrDA Transmission and Reception

Reception: During reception, IR frames are converted to UART frames using the IrDA interface
before inputting to SCI_1.

Data of level 0 is output each time a high-level pulse is detected and data of level 1 is output when
no pulse is detected in a bit cycle. If a pulse has a high-level width of less than 1.41 us, the
minimum width allowed, the pulse is recognized as level 0.

High-Level Pulse Width Selection: Table 14.13 shows possible settings for bits IrCKS?2 to
IrCKSO (minimum pulse width), and this LSI's operating frequencies and bit rates, for making the
pulse width shorter than 3/16 times the bit rate in transmission.
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Table 14.13 IrCKS2to IrCK S0 Bit Settings

Operating Bit Rate (bps) (Upper Row) / Bit Interval x 3/16 (us) (Lower Row)
Frequency 2400 9600 19200 38400 57600 115200
¢ (MHz) 78.13 19.53 9.77 4.88 3.26 1.63
5 011 011 011 011 011 011
6 100 100 100 100 100 100
6.144 100 100 100 100 100 100
7.3728 100 100 100 100 100 100
8 100 100 100 100 100 100
9.8304 100 100 100 100 100 100
10 100 100 100 100 100 100
12 101 101 101 101 101 101
12.288 101 101 101 101 101 101
14 101 101 101 101 101 101
14.7456 101 101 101 101 101 101
16 101 101 101 101 101 101
16.9344 101 101 101 101 101 101
17.2032 101 101 101 101 101 101
18 101 101 101 101 101 101
19.6608 101 101 101 101 101 101
20 101 101 101 101 101 101
25 110 110 110 110 110 110
33 110 110 110 110 110 110
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149 Interrupt Sources

149.1 Interruptsin Normal Serial Communication Interface M ode

Table 14.13 shows the interrupt sources in normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bits in SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSR is set to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DTC to
allow data transfer. The TDRE flag is automatically cleared to O at data transfer by the DTC.

When the RDRF flag in SSRis set to 1, an RXT interrupt request is generated. When the ORER,
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RXI interrupt can
activate the DTC to allow data transfer. The RDREF flag is automatically cleared to O at data
transfer by the DTC.

A TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit is set to 1. If a TEI
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared simultaneously by the
TXIT interrupt routine, the SCI cannot branch to the TEI interrupt routine later.

Table 14.14 SCI Interrupt Sources

Channel Name Interrupt Source Interrupt Flag DTC Activation  Priority
0 ERIO Receive error ORER, FER, PER Not possible High
RXI0 Receive data full RDRF Possible A
TXIO Transmit data empty TDRE Possible
TEIO Transmit end TEND Not possible
1 ERI1 Receive error ORER, FER, PER Not possible
RXI1 Receive data full RDRF Possible
XN Transmit data empty ~ TDRE Possible
TEN Transmit end TEND Not possible
2 ERI2 Receive error ORER, FER, PER Not possible
RXI2 Receive data full RDRF Possible
TXI2 Transmit data empty =~ TDRE Possible
TEI2 Transmit end TEND Not possible Low
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14.9.2 Interruptsin Smart Card Interface M ode

Table 14.15 shows the interrupt sources in smart card interface mode. A TEI interrupt request
cannot be used in this mode.

Table 14.15 SCI Interrupt Sources

Channel Name Interrupt Source Interrupt Flag DTC Activation  Priority
0 ERIO Receive error, error ORER, PER, ERS Not possible High
signal detection
RXI0 Receive data full RDRF Possible A
TXIO Transmit data empty TEND Possible
1 ERI1 Receive error, error ORER, PER, ERS Not possible
signal detection
RXI1 Receive data full RDRF Possible
XN Transmit data empty TEND Possible
2 ERI2 Receive error, error ORER, PER, ERS Not possible
signal detection
RXI2 Receive data full RDRF Possible
TXI2 Transmit data empty TEND Possible Low

Data transmission/reception using the DTC is also possible in smart card interface mode, similar
to in the normal SCI mode. In transmission, the TEND and TDRE flags in SSR are simultaneously
set to 1, thus generating a TXI interrupt request. This activates the DTC by a TXI interrupt request
thus allowing transfer of transmit data if the TXI interrupt request is specified as a source of DTC
activation beforehand. The TDRE and TEND flags are automatically cleared to O at data transfer
by the DTC. If an error occurs, the SCI automatically re-transmits the same data. During re-
transmission, the TEND flag remains as 0, thus not activating the DTC. Therefore, the SCI and
DTC automatically transmit the specified number of bytes, including re-transmission in the case of
error occurrence. However, the ERS flag in SSR, which is set at error occurrence, is not
automatically cleared; the ERS flag must be cleared by previously setting the RIE bit in SCR to 1
to enable an ERI interrupt request to be generated at error occurrence.

When transmitting/receiving data using the DTC, be sure to set and enable the DTC prior to
making SCI settings. For DTC settings, see section 7, Data Transfer Controller (DTC).

In reception, an RXI interrupt request is generated when the RDREF flag in SSR is set to 1. This
activates the DTC by an RXI interrupt request thus allowing transfer of receive data if the RXI
interrupt request is specified as a source of DTC activation beforehand. The RDREF flag is
automatically cleared to O at data transfer by the DTC. If an error occurs, the RDRF flag is not set
but the error flag is set. Therefore, the DTC is not activated and an ERI interrupt request is issued
to the CPU instead; the error flag must be cleared.
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14.10 Usage Notes

14.10.1 Module Stop M ode Setting

SCI operation can be disabled or enabled using the module stop control register. The initial setting
is for SCI operation to be halted. Register access is enabled by clearing module stop mode. For
details, see section 23, Power-Down Modes.

14.10.2 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In a break, the input from the RxD pin becomes all Os, and so the FER flag in SSR is set,
and the PER flag may also be set. Note that, since the SCI continues the receive operation even
after receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again.

14.10.3 Mark Stateand Break Sending

When the TE bit in SCR is 0, the TxD pin is used as an I/O port whose direction (input or output)
and level are determined by DR and DDR of the port. This can be used to set the TxD pin to mark
state (high level) or send a break during serial data transmission. To maintain the communication
line at mark state until TE is set to 1, set both DDR and DR to 1. Since the TE bit is cleared to O at
this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin. To send a break
during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE bit to 0. When the
TE bit is cleared to O, the transmitter is initialized regardless of the current transmission state, the
TxD pin becomes an I/O port, and O is output from the TxD pin.

14.10.4 Receive Error Flagsand Transmit Operations (Clock Synchronous M ode Only)

Transmission cannot be started when a receive error flag (ORER, FER, or RER) in SSR is set to 1,
even if the TDRE flag in SSR is cleared to 0. Be sure to clear the receive error flags to O before
starting transmission. Note also that the receive error flags cannot be cleared to 0 even if the RE
bit in SCR is cleared to 0.

14.10.5 Relation between Writingto TDR and TDRE Flag

Data can be written to TDR irrespective of the TDRE flag status in SSR. However, if the new data
is written to TDR when the TDRE flag is 0, that is, when the previous data has not been
transferred to TSR yet, the previous data in TDR is lost. Be sure to write transmit data to TDR
after verifying that the TDRE flag is set to 1.
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14.10.6 Restrictionson Using DTC

When the external clock source is used as a synchronization clock, update TDR by the DTC and
wait for at least five ¢ clock cycles before allowing the transmit clock to be input. If the transmit
clock is input within four clock cycles after TDR modification, the SCI may malfunction (figure
14.38).

When using the DTC to read RDR, be sure to set the receive end interrupt source (RXI) as a DTC
activation source.

TDRE | E I
_ . i1LsB
Serial data : X DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 )C

Note: When external clock is supplied, t must be more than four clock cycles.

Figure 14.38 Sample Transmission using DTC in Clock Synchronous Mode

14.10.7 SCI Operationsduring Mode Transitions

Transmission: Before making the transition to module stop, software standby, or sub-sleep mode,
stop all transmit operations (TE = TIE = TEIE = 0). TSR, TDR, and SSR are reset. The states of
the output pins during each mode depend on the port settings, and the pins output a high-level
signal after mode cancellation. If the transition is made during data transmission, the data being
transmitted will be undefined.

To transmit data in the same transmission mode after mode cancellation, set TE to 1, read SSR,
write to TDR, clear TDRE in this order, and then start transmission. To transmit data in a different
transmission mode, initialize the SCI first.

Figure 14.39 shows a sample flowchart for mode transition during transmission. Figures 14.40 and
14.41 show the pin states during transmission.

Before making the transition from the transmission mode using DTC transfer to module stop,
software standby, or sub-sleep mode, stop all transmit operations (TE = TIE = TEIE = 0). Setting
TE and TIE to 1 after mode cancellation generates a TXI interrupt request to start transmission
using the DTC.
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Reception: Before making the transition to module stop, software standby, watch, sub-active, or
sub-sleep mode, stop reception (RE = 0). RSR, RDR, and SSR are reset. If transition is made
during data reception, the data being received will be invalid.

To receive data in the same reception mode after mode cancellation, set RE to 1, and then start
reception. To receive data in a different reception mode, initialize the SCI first.

Figure 14.42 shows a sample flowchart for mode transition during reception.

Transmission
|

[1] Data being transmitted is lost
halfway. Data can be normally
transmitted from the CPU by
setting TE to 1, reading SSR,
writing to TDR, and clearing
TDRE to 0 after mode
cancellation; however, if the DTC
has been initiated, the data
remaining in DTC RAM will be
transmitted when TE and TIE are
setto 1.

All data transmitted?

Yes|=

Read TEND flag in SSR

[2] Also clear TIE and TEIE to O
when they are 1.

| Make transition to software standby mode etc. | [3] [3] Module stop, watch, sub-active,
[ and sub-sleep modes are
included.

| Cancel software standby mode etc. |

Change operating mode?

TE=1

Initialization

Start transmission

Figure 14.39 Sample Flowchart for Mode Transition during Transmission
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Transition to
o . software standb Software standby
Transmission start Transmission end Yy mode cancelled

: i i e P
TE bit | J

SCK
output pin SI | I | I |‘>

1 {(
ou;l;-))ij?pin inELf{}g;gtEm T High output | Start £ X Y Stop Port input/output ¥’ High output

Port | SCI TxD output | Port _><_T DSCIt t
xD outpu

Figure14.40 Pin Statesduring Transmission in Asynchronous Mode (I nternal Clock)

. . Transition to Software standby
Transmission start Transmission end  software standby mode cancelled

- i { mode. .
TE bit | J

]
'
(( B
|

)
| I | I | SSJ < ingft%rﬂtguo
XD a i

outp)in pin ineft%fngut T Marking output \< X X 'Last TxD bit retainedﬂ( Port input/output ¥ High output*

SCI
SCI TxD output —-—
Port ! P f Port TxD output

SCK
output pin

Note: Initialized in software standby mode

Figure14.41 Pin Statesduring Transmission in Clock Synchronous Mode
(Internal Clock)

Rev. 3.00, 03/04, page 425 of 830
RENESAS




Reception

Read RDREF flag in SSR

No [1] [1] Data being received will be invalid.

Yes

Read receive data in RDR

[2] Module stop, watch, sub-active, and sub-
sleep modes are included.

| Make transition to software standby mode etc. | [2]

| Cancel software standby mode etc. |

Change operating mode?

Initialization RE =1

Start reception

Figure 14.42 Sample Flowchart for Mode Transition during Reception
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14.10.8 Noteson Switching from SCK Pinsto Port Pins

When SCK pins are switched to port pins after transmission has completed, pins are enabled for
port output after outputting a low pulse of half a cycle as shown in figure 14.43.

/:«\/ Low pulse of half a cycle

SCK/Port I | I

1. Transmission end

Data Bit6 X Bit7

.Llj 4. Low pulse output
X £

TE

C/A

2.TE=0 ! /

l 7
1 3.C/A=0

CKE1

CKEO

Figure 14.43 Switching from SCK Pinsto Port Pins

To prevent the low pulse output that is generated when switching the SCK pins to the port pins,
specify the SCK pins for input (pull up the SCK/port pins externally), and follow the procedure
below with DDR =1,DR =1, C/A =1, CKEl =0, CKE1 =0, and TE = 1.

End serial data transmission
TE bit =0
CKEl bit=1

A

CKE1 bit=0

C/A bit = 0 (switch to port output)

High output

SCK/Port I | I

1. Transmission end

h/
D

Data Bite X Bit7
2.TE=0 ;
TE -
C/A 14.C/A=0
3. CKE1 =1 ;
CKET ; K CKE1=0
CKEO '

Figure 14.44 Prevention of Low Pulse Output at Switching from SCK Pinsto Port Pins
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14.11 CRC Operation Circuit

The cyclic redundancy check (CRC) operation circuit detects errors in data blocks.

14.11.1 Features
The features of the CRC operation circuit are listed below.

e CRC code generated for any desired data length in an 8-bit unit
e CRC operation executed on eight bits in parallel
¢ One of three generating polynomials selectable

e CRC code generation for LSB-first or MSB-first communication selectable

Figure 14.45 shows a block diagram of the CRC operation circuit.

AN
Control

) CRCCR signal
é CRC code
| G CRCDIR — | generation
£ | circuit

(9]
=

) CRCDOR

[Legend]

CRCCR: CRC control register
CRCDIR: CRC data input register
CRCDOR: CRC data output register

Figure 14.45 Block Diagram of CRC Operation Circuit

14.11.2 Register Descriptions
The CRC operation circuit has the following registers.

e CRC control register (CRCCR)
e CRC data input register (CRCDIR)
e CRC data output register (CRCDOR)

Rev. 3.00, 03/04, page 428 of 830
RENESAS




CRC Control Register (CRCCR): CRCCR initializes the CRC operation circuit, switches the
operation mode, and selects the generating polynomial.

Bit Bit Name

Initial Value

R/W

Description

7 DORCLR

0

W

CRCDOR Clear
Setting this bit to 1 clears CRCDOR to H’0000.

6to3 —

AllO

Reserved
The initial value should not be changed.

2 LMS

R/W

CRC Operation Switch

Selects CRC code generation for LSB-first or MSB-
first communication.

0: Performs CRC operation for LSB-first
communication. The lower byte (bits 7 to 0) is first
transmitted when CRCDOR contents (CRC code)
are divided into two bytes to be transmitted in two
parts.

1: Performs CRC operation for MSB-first
communication. The upper byte (bits 15 to 8) is
first transmitted when CRCDOR contents (CRC
code) are divided into two bytes to be transmitted
in two parts.

R/W
R/W

CRC Generating Polynomial Select
These bits select the polynomial.
00: Reserved

01: X+ X+ X +1

10: X" + X® 4+ X2+ 1
11X+ X%+ X+ 1

CRC Data Input Register (CRCDIR): CRCDIR is an 8-bit readable/writable register, to which
the bytes to be CRC-operated are written. The result is obtained in CRCDOR.

CRC Data Output Register (CRCDOR): CRCDOR is a 16-bit readable/writable register that
contains the result of CRC operation when the bytes to be CRC-operated are written to CRCDIR
after CRCDOR is cleared. When the CRC operation result is additionally written to the bytes to
which CRC operation is to be performed, the CRC operation result will be H'0000 if the data
contains no CRC error. When bits 1 and 0 in CRCCR (G1 and GO bits) are set to 0 and 1,
respectively, the lower byte of this register contains the result.
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14.11.3 CRC Operation Circuit Operation

The CRC operation circuit generates a CRC code for LSB-first/MSB-first communications. An
example in which a CRC code for hexadecimal data HFO is generated using the X" + X" + X + 1
polynomial with the G1 and GO bits in CRCCR set to B'11 is shown below.

1. Write H'83 to CRCCR 2. Write H'FO to CRCDIR
7 0 7 0
crRecr | 1]olololo]of 1]1] crepR | 11 1]1]o]of ofo]
\U/ CRCDOR clearing \U/ CRC code generation
7 0 7 0
CRCDORH | O|O| O[O0 O| OO CRCDORH | 1| 1| 11O 1| 1|1
CRCDORL | 0|lO0|O|O0]O 0|0 CRCDORL | 10| O0|Of1] 1| 1A
3. Read from CRCDOR
CRC code = H'F78F
4. Serial transmission (LSB first)
< CRC code ala Data -
7 07 0l 0
(1] 1]l a1l 1]1]ololols] 1]t 1]1]1]1]0] o]o]o]|=boupu
F 7 8 F F 0

Figure14.46 L SB-First Data Transmission

1. Write H'87 to CRCCR 2. Write H'FO to CRCDIR
7 0 7 0
crecr | 1]ofofolo] 1] 1]1] crepR | 1] 1] 1]1]o]ofo]o]
\U/ CRCDOR clearing \U/ CRC code generation
7 0 7 0
CRCDORH| O| 0| O|O| 0| O] OO CRCDORH | 1| 1| 1O 1] 1] 1|1
CRCDORL | o 0| O|O|O| O] 0|0 CRCDORL [ o[ O O|1[1]| 1] 1][H1

3. Read from CRCDOR
CRC code = HEF1F

4. Serial transmission (MSB first)

< Data »le CRC code >

7 0l7 07 0

Output == [ 1 [ 1 [ 1[40 oo o] 1|1 1]o[1[1]1][1]o]o]o]1|1]1]1]1]
F 0 E F 1 F

Figure 14.47 MSB-First Data Transmission
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1. Serial reception (LSB first)

< CRC code wla Data

»
r|~ »
0

7 0 7
(1] 1] 1]+l 1] 1[1]o]lolo[a]1[1]1[1]1]1]1]0]0ofo]0]|==dinput

F 7 8 F F 0
2. Write H'83 to CRCCR 3. Write H'FO to CRCDIR
7 0 7 0
creer [ 1]ofofolof o] 1]1] creoR [ 1] 1] 1]1]o]of0]0]
\U/ CRCDOR clearing \U/ CRC code generation
7 0 7 0
CRCDORH| O[O O|O|O]| O]|OfO CRCDORH | 1| 1| 11O 1] 1]1
CRCDORL | 0| 0| O|O|O|Of|O|O CRCDORL [ 1[0 O|O| 1] 1] 1]1
4. Write H'8F to CRCDIR 5. Write H'F7 to CRCDIR
7 0 7 0
crepiR | 1]ofofof1]1]1]1] crRepiR [ 11 1][1]o]1]1]1]
\U/ CRC code generation \U/ CRC code generation
7 0 7 0
CRCDORH| O[O O|O|O| O|OfO CRCDORH| O[O O|O|O]| O|O]|O
CRCDORL [ 11| 1]|1]|0]| 1] 1][1 CRCDORL [ 0| 0| O0|O|Of[O|O]|O

6. Read from CRCDOR
CRC code = H'0000 — No error

Figure 14.48 L SB-First Data Reception
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1. Serial reception (MSB first)

< Data %1 CRC code >
7 0
nput==| 1| 1| 1[ 1[0 0] o] o] 1[1[1]o[1[ 1] 1]t][o]ooft][1]1]1]1]
F 0 E F 1 F
2. Write H'87 to CRCCR 3. Write H'FO to CRCDIR
7 0 7
crecr [ 1]ofololof1]1]1] crepR [ 1] 1] 1] 1]o]o]o]o]
\U/ CRCDOR clearing \U/ CRC code generation
7 0 7 0
CRCDORH | O O| O|O|O| O|O0O]O CRCDORH | 1| 1| 1[0} 1 11111
CRCDORL | ol 0| O|O|O0O]| O]|O]|O CRCDORL | ol 0| O 1|1 11111
4. Write H'EF to CRCDIR 5. Write H'1F to CRCDIR
7 0 7
crepR [ 1] 1] 1]ol1][1]1]1] crepR [ ofofol 11 1]1]1]
\U/ CRC code generation \U/ CRC code generation
7 0 7 0
CRCDORH | O O] O| 1|1 1111 CRCDORH | O O| O|O|O| O|O0]O
CRCDORL | 0ol 0| O|O|O|Of|O]|O CRCDORL [ 0| 0| O|O|O|O|O]|O

6. Read from CRCDOR
CRC code = H'0000 — No error

Figure14.49 M SB-First Data Reception
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14.11.4 Note on CRC Operation Circuit

Note that the sequence to transmit the CRC code differs between LSB-first transmission and
MSB-first transmission.

1. CRC code generation

After specifying the operation method, write data to CRCDIR in the sequence of (1) — (2) — (3) — (4).
7 0

CRCDR | () - @ > @ @ |
\U/CRC code generation
7 0
CRCDORH (5)
CRCDORL (6)

2. Transmission data

(i) LSB-first transmission
| ‘ CRCcode
7 07 07 07 07 07 (0]
Le [ © | @ ® | @ | (1) |=—oupu

(if) MSB-first transmission

|. CRC code >
7 07 07 07 0'7 07 0

Output<—| 1) | @) | ) | (4) | (5) | (6) |

Figure14.50 L SB-First and M SB-First Transmit Data
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Section 15 I’C Bus Interface (IIC)

This LSI has a six-channel I’C bus interface (IIC). The I°C bus interface conforms to and provides
a subset of the Philips I’C bus (inter-IC bus) interface functions. The register configuration that
controls the I°C bus differs partly from the Philips configuration, however.

15.1 Features

Selection of addressing format or non-addressing format
— I°C bus format: addressing format with acknowledge bit, for master/slave operation

— Clocked synchronous serial format: non-addressing format without acknowledge bit, for
master operation only

Conforms to Philips I'C bus interface (I'C bus format)

Two ways of setting slave address (I’C bus format)

Start and stop conditions generated automatically in master mode (I’C bus format)
Selection of acknowledge output levels when receiving (I’C bus format)
Automatic loading of acknowledge bit when transmitting (I°C bus format)

Wait function in master mode (I°C bus format)

— A wait can be inserted by driving the SCL pin low after data transfer, excluding
acknowledgement.

— The wait can be cleared by clearing the interrupt flag.

Wait function (I’C bus format)

— A wait request can be generated by driving the SCL pin low after data transfer.
— The wait request is cleared when the next transfer becomes possible.

Interrupt sources

— Data transfer end (including when a transition to transmit mode with I°C bus format occurs,
when ICDR data is transferred, or during a wait state)

— Address match: when any slave address matches or the general call address is received in
slave receive mode with I°C bus format (including address reception after loss of master
arbitration)

— Arbitration loss

— Start condition detection (in master mode)
— Stop condition detection (in slave mode)
Selection of 32 internal clocks (in master mode)
Direct bus drive

— Pins—SCLO to SCLS5 and SDAO to SDAS5 —(normally NMOS push-pull outputs) function
as NMOS open-drain outputs when the bus drive function is selected.
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Figure 15.1 shows a block diagram of the I’C bus interface. Figure 15.2 shows an example of I/O
pin connections to external circuits. Since I’C bus interface I/O pins are different in structure from
normal port pins, they have different specifications for permissible applied voltages. For details,

see section 25, Electrical Characteristics.

N
ICXR
[0 PS II ICCR
SCL 0~—9 Clock
L Noise control
canceler ICMR
Bus state
decision [ ICSR l:j’
circuit |
£
Arbitration || °
decision g
circuit ICDRT °
©
Output data g
SDA© control €
circuit ICDRS -
4—' ICDRR
Noise
canceler
[ Address comparator |
Address comparator
(e o
SAR, SARX
N
Interrupt Interrupt
[Legend] generator generator
ICCR: 12C bus control register
ICMR: 12C bus mode register
ICSR: 12C bus status register
ICDR: 12C bus data register
ICXR: 12C bus extended control register
SAR: Slave address register
SARX: Slave address register X
PS:  Prescaler

Figure15.1 Block Diagram of 1°C Bus Interface
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Vee Vob

T

Vee
SCL SCL
SCL;, —< -
SCL out _”ii
SDA SDA
SDA, —< R
Sy i |
3 (3 3 (3
(Master) SCL, SCL i,
This LSI SCL ot — SCL oy —
v
SDA SDA
SDA out _| SDA out _|
(Slave 1) (Slave 2)

Figure15.2 1°C BusInterface Connections (Example: ThisL Sl asMaster)
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15.2  Input/Output Pins

Table 15.1 summarizes the input/output pins used by the I’C bus interface.

Table15.1 Pin Configuration

Channel Symbol* Input/Output Function
0 SCLO Input/Output Clock input/output pin of channel 1IC_0O
SDAO Input/Output Data input/output pin of channel IIC_0
1 SCL1 Input/Output Clock input/output pin of channel 1IC_1
SDA1 Input/Output Data input/output pin of channel 1IC_1
2 SCL2 Input/Output Clock input/output pin of channel 1IC_2
SDA2 Input/Output Data input/output pin of channel IIC_2
3 SCL3 Input/Output Clock input/output pin of channel 1IC_3
SDAS3 Input/Output Data input/output pin of channel IIC_3
4 SCL4 Input/Output Clock input/output pin of channel 1IC_4
SDA4 Input/Output Data input/output pin of channel IIC_4
5 SCL5 Input/Output Clock input/output pin of channel IC_5
SDA5 Input/Output Data input/output pin of channel IIC_5
Note: * Inthe text, the channel subscript is omitted, and only SCL and SDA are used.
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15.3 Register Descriptions

The I’C bus interface has the following registers. Registers ICDR and SARX and registers ICMR
and SAR are allocated to the same addresses. Accessible registers differ depending on the ICE bit
in ICCR. When the ICE bit is cleared to 0, SAR and SARX can be accessed, and when the ICE bit
is set to 1, ICMR and ICDR can be accessed. The IIC registers are allocated to the same address.
Selecting register is carried out by means of the IICE bit in the serial timer control register
(STCR).

e I’C bus data register (ICDR)

e Slave address register (SAR)

e Second slave address register (SARX)

e I’C bus mode register (ICMR)

e I’C bus transfer rate select register (IICX3)
e I’C bus control register (ICCR)

e I’C bus status register (ICSR)

e I’C bus extended control register (ICXR)

e I’C SMbus control register ICSMBCR)

15.3.1 I°C BusData Register (ICDR)

ICDR is an 8-bit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. ICDR is divided internally into a shift
register (ICDRS), receive buffer (ICDRR), and transmit buffer (ICDRT). Data transfers among the
three registers are performed automatically in accordance with changes in the bus state, and they
affect the status of internal flags such as ICDRE and ICDRF.

In master transmit mode with the I’C bus format, writing transmit data to ICDR should be
performed after start condition detection. When the start condition is detected, previous write data
is ignored. In slave transmit mode, writing should be performed after the slave addresses match
and the TRS bit is automatically changed to 1.

If IIC is in transmit mode (TRS=1) and the next data is in ICDRT (the ICDRE flag is 0), data is
transferred automatically from ICDRT to ICDRS, following transmission of one frame of data
using ICDRS. When the ICDRE flag is 1 and the next transmit data writing is waited, data is
transferred automatically from ICDRT to ICDRS by writing to ICDR. If IIC is in receive mode
(TRS=0), no data is transferred from ICDRT to ICDRS. Note that data should not be written to
ICDR in receive mode.

Reading receive data from ICDR is performed after data is transferred from ICDRS to ICDRR.
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If IIC is in receive mode and no previous data remains in ICDRR (the ICDRF flag is 0), data is
transferred automatically from ICDRS to ICDRR, following reception of one frame of data using
ICDRS. If additional data is received while the ICDREF flag is 1, data is transferred automatically
from ICDRS to ICDRR by reading from ICDR. In transmit mode, no data is transferred from
ICDRS to ICDRR. Always set IIC to receive mode before reading from ICDR.

If the number of bits in a frame, excluding the acknowledge bit, is less than eight, transmit data
and receive data are stored differently. Transmit data should be written justified toward the MSB
side when MLS = 0 in ICMR, and toward the LSB side when MLS = 1. Receive data bits should
be read from the LSB side when MLS = 0, and from the MSB side when MLS = 1.

ICDR can be written to and read from only when the ICE bit is set to 1 in ICCR. The initial value
of ICDR is undefined.

15.3.2 Slave Address Register (SAR)

SAR sets the slave address and selects the communication format. When the LSI is in slave mode
with the IC bus format selected, if the FS bit is set to 0 and the upper 7 bits of SAR match the
upper 7 bits of the first frame received after a start condition, the LSI operates as the slave device
specified by the master device. SAR can be accessed only when the ICE bit in ICCR is cleared to
0.

Initial
Bit Name Value R/W  Description

o]
=

SVA6 All O R/W  Slave Address
SVA5
SVA4
SVA3
SVA2
SVA1
SVAO

Set a slave address.

O|l=NwWwhouo N

FS 0 R/W  Format Select

Selects the communication format together with the FSX
bit in SARX. Refer to table 15.2.

This bit should be set to 0 when general call address
recognition is performed.
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15.3.3  Second Slave Address Register (SARX)

SARX sets the second slave address and selects the communication format. In slave mode,
transmit/receive operations by the DTC are possible when the received address matches the
second slave address. When the LSI is in slave mode with the I'C bus format selected, if the FSX
bit is set to 0 and the upper 7 bits of SARX match the upper 7 bits of the first frame received after
a start condition, the LSI operates as the slave device specified by the master device. SARX can be
accessed only when the ICE bit in ICCR is cleared to O.

Initial
Bit Name Value R/W Description

SVAX6 All O R/W Second Slave Address
SVAX5
SVAX4
SVAX3
SVAX2
SVAX1
SVAXO0

FSX 1 R/W Format Select X

Selects the communication format together with the FS bit
in SAR. Refer to table 15.2.

o]
=

Set the second slave address.

oOl=DNDwWwhruo N

Table15.2 Transfer Format

SAR SARX
FS FSX Operating Mode
0 0 I’C bus format
e SAR and SARX slave addresses recognized
e General call address recognized
1 I’C bus format

e SAR slave address recognized

e SARX slave address ignored

e General call address recognized
1 0 I’C bus format

e SAR slave address ignored

e SARX slave address recognized
e General call address ignored

1 Clocked synchronous serial format
e SAR and SARX slave addresses ignored
e General call address ignored
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e I’C bus format: addressing format with acknowledge bit
e Clocked synchronous serial format: non-addressing format without acknowledge bit, for
master mode only

15.3.4 I°C BusMode Register (ICMR)

ICMR sets the communication format and transfer rate. It can only be accessed when the ICE bit
in ICCR is set to 1.

Initial
Bit Bit Name Value R/W Description
7 MLS 0 R/W MSB-First/LSB-First Select
0: MSB-first
1: LSB-first
Set this bit to 0 when the I°C bus format is used.
6 WAIT 0 R/W Wait Insertion Bit
This bit is valid only in master mode with the I°C bus
format.
0: Data and the acknowledge bit are transferred
consecutively with no wait inserted.
1: After the fall of the clock for the final data bit (8th clock),
the IRIC flag is set to 1 in ICCR, and a wait state begins
(with SCL at the low level). When the IRIC flag is
cleared to 0 in ICCR, the wait ends and the
acknowledge bit is transferred.
For details, refer to section 15.4.7, IRC Setting Timing and
SCL Control.
5 CKS2 All O R/W Transfer Clock Select
4 CKS1 These bits are used only in master mode.
3 CKSO0

These bits select the required transfer rate, together with
the IICX5 (channel 5), IICX4 (channel 4), and 1ICX3
(channel 3) bits in [ICX3, and the IICX2 (channel 2), 1ICX1
(channel 1), and IICX0 (channel 0) bits in STCR. Refer to
table 15.3.
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Initial

Bit Bit Name Value R/W  Description
2 BC2 All O R/W  Bit Counter
(1) BC1 These bits specify the number of bits to be transferred

BCO next. Bit BC2 to BCO settings should be made during an
interval between transfer frames. If bits BC2 to BCO are
set to a value other than B'000, the setting should be
made while the SCL line is low.

The bit counter is initialized to B'000 when a start condition
is detected. The value returns to B'000 at the end of a data

transfer.

I°C Bus Format Clocked Synchronous Serial Mode
B'000: 9 bits B'000: 8 bits

B'001: 2 bits B'001: 1 bits

B'010: 3 bits B'010: 2 bits

B'011: 4 bits B'011: 3 bits

B'100: 5 bits B'100: 4 bits

B'101: 6 bits B'101: 5 bits

B'110: 7 bits B'110: 6 bits

B'111: 8 bits B'111: 7 bits

1535 I°C BusTransfer Rate Select Register (11CX3)
IICX3 selects the IIC transfer rate clock and sets the transfer rate of IIC channels 3 to 5.

Initial
Bit Bit Name Value R/W  Description

7t04 — — — Reserved
These bits cannot be modified.
3 TCSS 0 R/W  Transfer Rate Clock Source Select

This bit selects a clock rate to be applied to the I°C bus
transfer rate.

0: ¢/2

1: 0/4
2 1IICX5 All O R/W  1IC Transfer Rate Select
1 lICX4 These bits are used to control IIC operation.
0 IICX3

These bits select the transfer rate in master mode,
together with the CKS2 to CKSO bits in ICMR. For the
transfer rate, see table 15.3. IICX5, [ICX4, and [ICX3
control 1IC_5, 1IC_4, and IIC_3, respectively
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Table15.3 1°C bus Transfer Rate (1)

e TCSS=0
STCR/ ICMR
IICX3 Bit5 Bit4 Bit3 Transfer Rate (MHz)
6=5 6=8 =10 ¢=16 $=20 ¢=25 $=33
ICXn CKS2 CKS1 CcKso Clock  muz MHz MHz MHz MHz MHz MHz
0 0 0 0 /28 1786 2857 3571  571.4*% 714.3* 8929+ 1178.6*'
1 $/40 125.0 200.0 250.0 400.0 500.0%" 625.0%' 825.0%'
1 0 $/48 104.2 166.7 208.3 333.3 416.7+' 520.8%' 687.5*
1 ¢/64 78.1 125.0 156.3 250.0 3125 390.6 515.6*'
1 0 0 ¢/80 62.5 100.0 125.0 200.0 250.0 312.5 412.5%'
1 ¢/100 50.0 80.0 100.0 160.0 200.0 250.0 330.0%
1 0 o112 446 71.4 89.3 1429 1786 2232  294.6%
1 ¢/128 39.1 62.5 78.1 125.0 156.3 195.3 257.8%
1 0 0 0 ¢/56 89.3 142.9 178.6 285.7 357.1 446.4%' 589.3+
1 ¢/80 62.5 100.0 125.0 200.0 250.0 312.5 412.5%'
1 0 $/96 52.1 83.3 104.2 166.7 208.3 260.4 343.8
1 ¢/128 39.1 62.5 78.1 125.0 156.3 195.3 257.8
1 0 0 ¢/160 31.3 50.0 62.5 100.0 125.0 156.3 206.3
1 $/200 25.0 40.0 50.0 80.0 100.0 125.0 165.0
1 0 o224 223 35.7 44.6 71.4 89.3 111.6 1473
1 $/256 19.5 31.3 39.1 62.5 78.1 97.7 128.9
Notes: 1. The correct operation cannot be guaranteed since the value is outside the I°C bus
interface specifications (high-speed mode: max. 400 kHz)
2. When operate IIC in this setting, see 5 in section 15.6, Usage Notes.
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Table15.3 1°C bus Transfer Rate (2)

e TCSS=1
STCR/ ICMR
IICX3 Bit5 Bit 4 Bit 3 Transfer Rate (MHz)
0=5  ¢=8 0=10 ¢=16 ¢=20 $=25 $=33
lICXn CKS2 CKS1 Ckso Clock myz MHz MHz MHz MHz MHz MHz
0 0 0 0 /56  89.3 142.9 1786 2857 3571  446.4* 589.3*
1 0/80 62.5 100.0 125.0 200.0 2500 3125 4125*
1 0 0/96  52.1 83.3 1042 1667 208.3 260.4 3438
1 0/128 39.1 62.5 78.1 1250 156.3 1953 257.8
1 0 0 /160 31.3 50.0 62.5 1000 1250 156.3  206.3
1 /200 25.0 40.0 50.0 80.0 100.0 125.0 165.0
1 0 0/224 22.3 357 446 71.4 89.3 1116 147.3
1 0/256 19.5 31.3 39.1 62.5 78.1 97.7 128.9
1 0 0 0 o/112 44.6 71.4 89.3 1429 1786 2232 294.6
1 0/160 31.3 50.0 62.5 1000 1250 156.3  206.3
1 0 0/190 26.0 417 52.1 83.3 1042 1302 171.9
1 0/256 19.5 31.3 39.1 62.5 78.1 97.7 128.9
1 0 0 /320 15.6 25.0 31.3 500 625 78.1 103.1
1 /400 12.5 200 250 40.0 50.0 62.5 82.5
1 0 0/448 11.2 17.9 22.3 357 446 55.8 73.7
1 0/512 9.8 15.6 19.5 31.3 39.1 48.8 64.5

Note: * The correct operation cannot be guaranteed since the value is outside the I°C bus
interface specifications (high-speed mode: max. 400 kHz)
(n=0to5)
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15.3.6 1°C BusControl Register (ICCR)

ICCR controls the I’C bus interface and performs interrupt flag confirmation.

Initial
Bit Bit Name Value R/W  Description
7 ICE 0 R/W  I°C Bus Interface Enable

0: I’C bus interface modules are stopped and I°C bus
interface module internal state is initialized. SAR and
SARX can be accessed.

1: I°C bus interface modules can perform transfer and
reception, they are connected to the SCL and SDA pins,
and the I°C bus can be driven. ICMR and ICDR can be
accessed.

6 IEIC 0 R/W  I’C Bus Interface Interrupt Enable
0: Disables interrupts from the I°C bus interface to the CPU
1: Enables interrupts from the I°C bus interface to the CPU.
5 MST 0 R/W  Master/Slave Select
4 TRS 0 R/W

Transmit/Receive Select
00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

Both these bits will be cleared by hardware when they lose
in a bus contention in master mode of the I°C bus format.
In slave receive mode with I°C bus format, the R/W bit in
the first frame immediately after the start condition
automatically sets these bits in receive mode or transmit
mode by hardware.

Modification of the TRS bit during transfer is deferred until
transfer is completed, and the changeover is made after
completion of the transfer.
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Initial

Bit Bit Name Value R/W  Description
5 MST 0 R/W  [MST clearing conditions]
4 TRS 0 R/W

(1) When 0 is written by software

(2) When lost in bus contention in I’C bus format master
mode

[MST setting conditions]

(1) When 1 is written by software (for MST clearing
condition 1)

(2) When 1 is written in MST after reading MST = 0 (for
MST clearing condition 2)

[TRS clearing conditions]

(1) When 0 is written by software (except for TRS setting
condition 3)

(2) When 0 is written in TRS after reading TRS = 1 (for
TRS setting condition 3)

(8) When lost in bus contention in I°C bus format master
mode

[TRS setting conditions]

(1) When 1 is written by software (except for TRS clearing
condition 3)

(2) When 1 is written in TRS after reading TRS = 0 (for
TRS clearing condition 3)

(8) When 1 is received as the R/W bit after the first frame
address matching in I°C bus format slave mode

3 ACKE 0 R/W  Acknowledge Bit Decision Selection

0: The value of the acknowledge bit is ignored, and
continuous transfer is performed. The value of the
received acknowledge bit is not indicated by the ACKB
bit in ICSR, which is always 0.

1: If the acknowledge bit is 1, continuous transfer is
halted.

Depending on the receiving device, the acknowledge bit
may be significant, in indicating completion of processing
of the received data, for instance, or may be fixed at 1 and
have no significance.
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Initial

Bit Bit Name Value R/W  Description
2 BBSY 0 R/W#*° Bus Busy
0 SCP 1 W

Start Condition/Stop Condition Prohibit

In master mode

e Writing 0 in BBSY and 0 in SCP: A stop condition is
issued

e Writing 1 in BBSY and 0 in SCP: A start condition and
a restart condition are issued

In slave mode

e Writing to the BBSY flag is disabled.

[BBSY setting condition]

e When the SDA level changes from high to low under
the condition of SCL = high, assuming that the start
condition has been issued.

[BBSY clearing conditions]

e When the SDA level changes from low to high under
the condition of SCL = high, assuming that the stop
condition has been issued.

To issue a start/stop condition, use the MOV instruction.

The I’C bus interface must be set in master transmit mode
before the issue of a start condition. Set MST to 1 and
TRS to 1 before writing 1 in BBSY and 0 in SCP.

The BBSY flag can be read to check whether the I’C bus
(SCL, SDA) is busy or free.
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Bit

Bit Name Value

Initial

R/W

Description

1

IRIC

0

R/(W)*'

I°C Bus Interface Interrupt Request Flag

Indicates that the I°C bus interface has issued an interrupt
request to the CPU.

IRIC is set at different times depending on the FS bit in
SAR and the WAIT bit in ICMR. See section 15.4.7, IRIC
Setting Timing and SCL Control. The conditions under
which IRIC is set also differ depending on the setting of the
ACKE bit in ICCR.

[Setting conditions]

I°C bus format master mode:

When a start condition is detected in the bus line state
after a start condition is issued (when the ICDRE flag is
set to 1 because of first frame transmission)

When a wait is inserted between the data and
acknowledge bit when the WAIT bit is 1 (fall of the 8th
transmit/receive clock)

At the end of data transfer (rise of the 9th
transmit/receive clock)

When a slave address is received after bus mastership
is lost

If 1 is received as the acknowledge bit (when the ACKB
bit in ICSR is set to 1) when the ACKE bit is 1

When the AL flag is set to 1 after bus mastership is lost
while the ALIE bit is 1

I°C bus format slave mode:

When the slave address (SVA or SVAX) matches (when
the AAS or AASX flag in ICSR is set to 1) and at the
end of data transfer up to the subsequent
retransmission start condition or stop condition detection
(rise of the 9th clock)

When the general call address is detected (when the 0
is received for R/W bit, and ADZ flag in ICSR is set to 1)
and at the end of data reception up to the subsequent
retransmission start condition or stop condition detection
(rise of the 9th receive clock)

When 1 is received as an acknowledge bit while the
ACKE bit is 1 (when the ACKB bit is set to 1)

When a stop condition is detected while the STOPIM bit
is 0 (when the STOP or ESTP flag in ICSR is set to 1)
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Initial
Bit Bit Name Value R/W

Description

1 IRIC 0 R/(W)*'

At the end of data transfer in clock synchronous serial
format (rise of the 8th transmit/receive clock)

When a start condition is detected with serial format
selected

When a condition occurs in which the ICDRE or ICDRF
flag is setto 1.

When a start condition is detected in transmit mode
(when a start condition is detected and the ICDRE flag
is set to 1)

When transmitting the data in the ICDR register buffer
(when data is transferred from ICDRT to ICDRS in
transmit mode and the ICDRE flag is set to 1, or data
is transferred from ICDRS to ICDRR in receive mode
and the ICDREF flag is set to 1.)

[Clearing conditions]

When 0 is written in IRIC after reading IRIC = 1

When ICDR is accessed by DTC ** (This may not be a
clearing condition. For details, see the description of
the DTC operation on the next page.

Notes: 1. Only 0 can be written to clear the flag to 0.
2. The DTC does not support [IC_4 and IIC_5.
3. If the BBSY bit is written to, the value of the flag is not changed.

Rev. 3.00, 03/04, page 450 of 830

RENESAS



When the DTC is used, IRIC is cleared automatically and transfer can be performed continuously
without CPU intervention. The DTC does not support IIC_4 and IIC_S.

When, with the IC bus format selected, IRIC is set to 1 and an interrupt is generated, other flags
must be checked in order to identify the source that set IRIC to 1. Although each source has a
corresponding flag, caution is needed at the end of a transfer.

When the ICDRE or ICDREF flag is set, the IRTR flag may or may not be set. The IRTR flag (the
DTC start request flag) is not set at the end of a data transfer up to detection of a retransmission
start condition or stop condition after a slave address (SVA) or general call address match in I’C
bus format slave mode.

Even when the IRIC flag and IRTR flag are set, the ICDRE or ICDRF flag may not be set. The
IRIC and IRTR flags are not cleared at the end of the specified number of transfers in continuous
transfer using the DTC. The ICDRE or ICDREF flag is cleared, however, since the specified
number of ICDR reads or writes have been completed.

Tables 15.4 and 15.5 show the relationship between the flags and the transfer states.
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Table15.4 Flagsand Transfer States (Master Mode)

MST TRS BBSY ESTP STOP IRTR aasx AL AAS ADZ  Acke ICDRF  ICDRE  State

1 1 0 0 0 0 ol 0 ol ol 0 - 0 Idle state (flag
clearing
required)

1 1 17 0 0 17 0 0 0 0 0 — 17 Start condition
detected

1 — 1 0 0 — 0 0 0 0 — — — Wait state

1 1 1 0 0 - 0 0 0 0 17 - - Transmission
end (ACKE=1
and ACKB=1)

1 1 1 0 0 17T 0 0 0 0 0 - 17 Transmission
end with
ICDRE=0

1 1 1 0 0 — 0 0 0 0 0 — ol ICDR write with
the above state

1 1 1 0 0 — 0 0 0 0 0 — 1 Transmission
end with
ICDRE=1

1 1 1 0 0 — 0 0 0 0 0 — ol ICDR write with

the above state
or after start
condition
detected

1 1 1 0 0 17T 0 0 0 0 0 - 17 Automatic data
transfer from
ICDRT to ICDRS
with the above

state

1 0 1 0 0 17 0 0 0 0 — 17T — Reception end
with ICDRF=0

1 0 1 0 0 — 0 0 0 0 — ol — ICDR read with
the above state

1 0 1 0 0 — 0 0 0 0 — 1 — Reception end
with ICDRF=1

1 0 1 0 0 — 0 0 0 0 — ol — ICDR read with
the above state

1 0 1 0 0 17 0 0 0 0 — 17 — Automatic data
transfer from
ICDRS to
ICDRR with the
above state

ol ol 1 0 0 — 0 17 0 0 — — — Arbitration lost

1 — ol 0 0 — 0 0 0 0 — — ol Stop condition
detected

[Legend]

0: O-state retained 1: 1-state retained —: Previous state retained

0l: Cleared to 0 17: Setto 1
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Table15.5 Flagsand Transfer States (Slave M ode)

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ  AckB ICDRF  ICDRE  State

0 0 0 0 0 0 0 0 0 0 0 — 0 Idle state (flag
clearing
required)

0 0 17 0 0 0 ol 0 0 0 0 — 17 Start condition
detected

0 110 1 0 0 0 0 — 17 0 0 17 1 SAR match in
! first frame
(SARX£SAR)

0 0 1 0 0 0 0 - 17 17 0 17 1 General call
address
match in first
frame
(SARX%H'00)

0 170 1 0 0 17 17 — 0 0 0 17 1 SAR match in
! first frame
(SAR=SARX)

0 1 1 0 0 — — — — 0 17 — — Transmission
end (ACKE=1
and ACKB=1)

0 1 1 0 0 1m0 — — — 0 0 — 17 Transmission
! end with
ICDRE=0

0 1 1 0 0 — — ol ol 0 0 — ol ICDR write
with the above
state

0 1 1 0 0 — — — — 0 0 — 1 Transmission
end with
ICDRE=1

0 1 1 0 0 — — ol ol 0 0 — ol ICDR write
with the above
state

0 1 1 0 0 1m0 — 0 0 0 0 — 17 Automatic
#* data transfer
from ICDRT to
ICDRS with
the above
state

0 0 1 0 0 1m0 — — — — — 17 — Reception end
#2 with ICDRF=0

0 0 1 0 0 — — ol ol ol — ol — ICDR read
with the above
state
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MST TRS BBSY ESTP

STOP

IRTR

AASX AL AAS

ADZ ACKB

ICDRF

ICDRE

State

1

Reception
end with
ICDRF=1

ol —

ol

ICDR read
with the
above state

11/0

52

17

Automatic
data transfer
from ICDRS
to ICDRR
with the
above state

0 — ol 11/0

53

o7

53

ol

Stop
condition
detected

[Legend]

0: O-state retained 1: 1-state retained
17: Set to 1
Notes: 1. Setto 1 when 1 is received as a R/W bit following an address.

0!: Cleared to O

—: Previous state retained

2. Setto 1 when the AASX bit is setto 1.
3. When ESTP=1, STOP is 0, or when STOP=1, ESTP is 0.
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15.3.7

I’C Bus Status Register (ICSR)

ICSR consists of status flags. Also see tables 15.4 and 15.5.

Bit

Bit Name

Initial
Value

R/W

Description

7

ESTP

0

R/(W)*

Error Stop Condition Detection Flag

This bit is valid in IC bus format slave mode.

[Setting condition]

When a stop condition is detected during frame transfer.
[Clearing conditions]

e When 0 is written in ESTP after reading ESTP = 1

e When the IRIC flag in ICCR is cleared to 0

6

STOP

0

R/(W)*

Normal Stop Condition Detection Flag
This bit is valid in I°C bus format slave mode.
[Setting condition]

When a stop condition is detected after frame transfer is
completed.

[Clearing conditions]
e When 0 is written in STOP after reading STOP = 1
e When the IRIC flag is cleared to 0

5

IRTR

0

R/(W)*

I°C Bus Interface Continuous Transfer Interrupt Request
Flag

Indicates that the I°C bus interface has issued an interrupt
request to the CPU, and the source is completion of
reception/transmission of one frame in continuous
transmission/reception for which DTC activation is
possible. When the IRTR flag is set to 1, the IRIC flag is
also set to 1 at the same time.

[Setting conditions]
I’C bus format slave mode:

e When the ICDRE or ICDRF flag in ICDR is set to 1
when AASX = 1

I’C bus format master mode or clocked synchronous serial
format mode:

¢ When the ICDRE or ICDRF flag is set to 1
[Clearing conditions]

e When 0 is written after reading IRTR = 1

e When the IRIC flag is cleared to 0 while ICE is 1
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Bit

Bit Name Value

Initial

R/W

Description

4

AASX

0

R/(W)*

Second Slave Address Recognition Flag

In I°C bus format slave receive mode, this flag is set to 1 if
the first frame following a start condition matches bits
SVAX6 to SVAXO0 in SARX.

[Setting condition]

When the second slave address is detected in slave receive
mode and FSX = 0 in SARX

[Clearing conditions]
e When 0 is written in AASX after reading AASX = 1
e When a start condition is detected

¢ In master mode

AL

0

R/(W)*

Arbitration Lost Flag

Indicates that arbitration was lost in master mode.

[Setting conditions]

When ALSL=0

e [f the internal SDA and SDA pin disagree at the rise of
SCL in master transmit mode

e If the internal SCL line is high at the fall of SCL in
master mode

When ALSL=1

e If the internal SDA and SDA pin disagree at the rise of
SCL in master transmit mode

o If the SDA pin is driven low by another device before the
I’C bus interface drives the SDA pin low, after the start
condition instruction was executed in master transmit
mode

[Clearing conditions]

e When ICDR is written to (transmit mode) or read from
(receive mode)

e When 0 is written in AL after reading AL = 1
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Initial

Bit Bit Name Value R/W Description

2 AAS 0 R/(W)* Slave Address Recognition Flag
In I°C bus format slave receive mode, this flag is set to 1 if
the first frame following a start condition matches bits
SVAG to SVAO in SAR, or if the general call address (H'00)
is detected.
[Setting condition]
When the slave address or general call address (one
frame including a R/W bit is H'00) is detected in slave
receive mode and FS = 0 in SAR
[Clearing conditions]
e When ICDR is written to (transmit mode) or read from

(receive mode)

e When 0 is written in AAS after reading AAS =1
e In master mode

1 ADZ 0 R/(W)* General Call Address Recognition Flag

In I°C bus format slave receive mode, this flag is set to 1 if
the first frame following a start condition is the general call
address (H'00).

[Setting condition]

When the general call address (one frame including a R/W
bit is H'00) is detected in slave receive mode and FS =0
or FSX =0

[Clearing conditions]

e When ICDR is written to (transmit mode) or read from
(receive mode)

e When 0 is written in ADZ after reading ADZ = 1

e In master mode

If a general call address is detected while FS=1 and
FSX=0, the ADZ flag is set to 1; however, the general call
address is not recognized (AAS flag is not set to 1).
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Bit

Bit Name Value

Initial

R/W

Description

0

ACKB

0

R/W

Acknowledge Bit

Stores acknowledge data.

Transmit mode:

[Setting condition]

When 1 is received as the acknowledge bit when ACKE=1

in transmit mode

[Clearing conditions]

e When 0 is received as the acknowledge bit when
ACKE=1 in transmit mode

e When 0 is written to the ACKE bit

Receive mode:

0: Returns 0 as acknowledge data after data reception

1: Returns 1 as acknowledge data after data reception

When this bit is read, the value loaded from the bus line

(returned by the receiving device) is read in transmission
(when TRS = 1). In reception (when TRS = 0), the value

set by internal software is read.

When this bit is written, acknowledge data that is returned
after receiving is rewritten regardless of the TRS value. If
the ICSR register bit is written using bit-manipulation
instructions, the acknowledge data should be re-set since
the acknowledge data setting is rewritten by the ACKB bit
reading value.

Write the ACKE bit to 0 to clear the ACKB flag to 0, before
transmission is ended and a stop condition is issued in
master mode, or before transmission is ended and SDA is
released to issue a stop condition by a master device.

Note:

* Only 0 can be written to clear the flag.

Rev. 3.00, 03/04, page 458 of 830

RENESAS



15.3.8

I’C Bus Extended Control Register (ICXR)

ICXR enables or disables the I°C bus interface interrupt generation and continuous receive
operation, and indicates the status of receive/transmit operations.

Bit

Bit Name

Initial
Value

R/W

Description

7

STOPIM

0

R/W

Stop Condition Interrupt Source Mask
Enables or disables the interrupt generation when the stop
condition is detected in slave mode.

0: Enables IRIC flag setting and interrupt generation when
the stop condition is detected (STOP =1 or ESTP = 1)
in slave mode.

1: Disables IRIC flag setting and interrupt generation when
the stop condition is detected.

6

HNDS

0

R/W

Handshake Receive Operation Select

Enables or disables continuous receive operation in
receive mode.

0: Enables continuous receive operation
1: Disables continuous receive operation

When the HNDS bit is cleared to 0, receive operation is
performed continuously after data has been received
successfully while ICDRF flag is 0.

When the HNDS bit is set to 1, SCL is fixed to the low
level after data has been received successfully while
ICDRF flag is 0; thus disabling the next data to be
transferred. The bus line is released and next receive
operation is enabled by reading the receive data in ICDR.
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Initial
Bit Bit Name Value R/W

Description

5 ICDRF 0 R

Receive Data Read Request Flag
Indicates the ICDR (ICDRR) status in receive mode.

0: Indicates that the data has been already read from
ICDR (ICDRR) or ICDR is initialized.

1: Indicates that data has been received successfully and
transferred from ICDRS to ICDRR, and the data is ready
to be read out.

[Setting conditions]
e When data is received successfully and transferred
from ICDRS to ICDRR.

(1) When data is received successfully while ICDRF = 0
(at the rise of the 9th clock pulse).

(2) When ICDR is read successfully in receive mode after
data was received while ICDRF = 1.

[Clearing conditions]
e When ICDR (ICDRR) is read.
e When 0 is written to the ICE bit.

When ICDREF is set due to the condition (2) above, ICDRF
is temporarily cleared to 0 when ICDR (ICDRR) is read;
however, since data is transferred from ICDRS to ICDRR
immediately, ICDRF is set to 1 again.

Note that ICDR cannot be read successfully in transmit
mode (TRS = 1) because data is not transferred from
ICDRS to ICDRR. Be sure to read data from ICDR in
receive mode (TRS = 0).
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Bit

Bit Name

Initial
Value

R/W

Description

4

ICDRE

0

R

Transmit Data Write Request Flag
Indicates the ICDR (ICDRT) status in transmit mode.

0: Indicates that the data has been already written to ICDR
(ICDRT) or ICDR is initialized.

1: Indicates that data has been transferred from ICDRT to
ICDRS and is being transmitted, or the start condition
has been detected or transmission has been complete,
thus allowing the next data to be written to.

[Setting conditions]

e When the start condition is detected from the bus line
state in I°C bus format or serial format.
e When data is transferred from ICDRT to ICDRS.
1. When data is transmitted completely while ICDRE
= 0 (at the rise of the 9th clock pulse).
2. When data is written to ICDR completely in transmit
mode after data was transmitted while ICDRE = 1.
[Clearing conditions]
e When data is written to ICDR (ICDRT).
e When the stop condition is detected in I°C bus format
or serial format.
¢ When 0 is written to the ICE bit.

Note that if the ACKE bit is set to 1 in I°C bus format thus
enabling acknowledge bit decision, ICDRE is not set when
data is transmitted completely while the acknowledge bit is
1.

When ICDRE is set due to the condition (2) above, ICDRE
is temporarily cleared to 0 when data is written to ICDR
(ICDRT); however, since data is transferred from ICDRT to
ICDRS immediately, ICDRF is set to 1 again. Do not write
data to ICDR when TRS = 0 because the ICDRE flag
value is invalid during the time.
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Initial

Bit Bit Name Value R/W Description
3 ALIE 0 R/W Arbitration Lost Interrupt Enable

Enables or disables IRIC flag setting and interrupt request

when arbitration is lost.

0: Disables interrupt request when arbitration is lost.

1: Enables interrupt request when arbitration is lost.

2 ALSL 0 R/W Arbitration Lost Condition Select

Selects the condition under which arbitration is lost.

0: If the SDA pin state disagrees with the data that I°C bus
interface outputs at the rise of SCL and the SCL pin is
driven low by another device.

1: If the SDA pin state disagrees with the data that I°C bus
interface outputs at the rise of SCL and the SDA line is
driven low by another device in idle state or after the
start condition instruction was executed.

1 FNC1 0 R/W Function Bit
0 FNCO 0 R/W

These bits cancel some restrictions on usage. For details,
refer to section 15.6, Usage Notes.

00: Restrictions on operation remaining in effect
01: Setting prohibited

10: Setting prohibited

11: Restrictions on operation canceled
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15.3.9 1°C SMBusControl Register (ICSMBCR)

ICSMBCR is used to support the System Management Bus (SMBus) specifications. To support
the SMBus specification, SDA output data hold time should be specified in the range of 300 ns to
1000 ns. Table 15.6 shows the relationship between the ICSMBCR setting and output data hold

time.

When the SMBus is not supported, the initial value should not be changed. ICSMBCR is enabled
to access when bit MSTP4 is cleared to 0.

Initial
Bit Bit Name Value R/W

Description

7 SMB5E All O R/W SMBus Enable
6 SMB4E These bits enable/disable to support the SMBus,
5 SMB3E combining with bits FSEL1 and FSELO. The SMB5E bit
4 SMB2E controls IIC_5, the SMBA4E bit controls IIC_4, the SMB3E
3 SMB1E bit controls IIC_3, the SMB2E bit controls IIC_2, the
2 SMBOE SMB1E bit controls IIC_1, the SMBOE bit controls IIC_0.
0: Disables to support the SMBus
1: Enables to support the SMBus
1 FSEL1 0 R/W Frequency Selection
0 FSELO 0O RIW

These bits must be specified to match the system clock
frequency in order to support the SMBus. For details of the
setting, see table 15.7.
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Table15.6 Output DataHold Time

Output Data Hold Time (ns)

Min/ ¢=5 ¢=66 ¢=8 ¢=10 ¢=133 ¢=16 ¢=20 ¢=25 ¢=33
SMBNE FSEL1 FSELO Max. MHz MHz MHz MHz MHz  MHz MHz MHz MHz

0 — — Min. 400 303 250*  200*  150% 125 100* 80* 61*

Max. 600 455 375 300 226* 188* 150* 120*  91*

1 0 0 Min. 600 455 375 300 226* 188* 150* 120* 91*

Max. 1000* 758 625 500 376 313 250% 200*  152%

1 Min. 800 606 500 400 301 250* 200* 160*  121*

Max. 1400* 1061* 875 700 526 438 350 280* 212*

1 0 Min.  1200* 909 750 600 451 375 300 240  182*

Max. 2200* 1667* 1375* 1100* 827 688 550 440 333

1 Min.  2000* 1515%* 1250* 1000* 752 625 500 400 303

Max. 3800* 2879* 2375* 1900* 1429* 1188* 950 760 576

Notes: n=0to5
*  Since the value is outside the SMBus specification, it should not be set.

Table15.7 ISCMBCR Setting

System Clock SMBnE FSEL1 FSELO
510 6.6 MHz 0 0 0

6.6 to 10 MHz 1 0 0

10 to 13.3 MHz 1 0 1

13.3 to 20 MHz 1 1 0

20 to 33 MHz 1 1 1
n=0to5
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154 Operation

154.1 1°C BusData Format
The I’C bus interface has an I'C bus format and a serial format.

The I’C bus formats are addressing formats with an acknowledge bit. These are shown in figures
15.3 (a) and (b). The first frame following a start condition always consists of 9 bits.

The serial format is a non-addressing format with no acknowledge bit. This is shown in figure
15.4.

Figure 15.5 shows the I’C bus timing.

The symbols used in figures 15.3 to 15.5 are explained in table 15.8.

(@) FS=00rFSX=0
[si sia [rw]| A | pata | A ] |AA| P | Transferbit count
1 7 1 1 1, 1 1, (n=1t08)
} } } n } | e Transfer frame count
1 m (m =from 1)

(b) Start condition retransmission FS = 0 or FSX =0

[s] sia [rw[a [ oata | [AA] s sia [rw][ A ] pata | [a&] P ]
B I n I"I 1 R n2 I"I1 T
1 m1i 1 m2

Upper row: Transfer bit count (n1, n2 = 1 to 8)
Lower row: Transfer frame count (m1, m2 = from 1)

Figure15.3 1°C Bus Data Formats (1°C Bus Formats)

FS=1 and FSX=1

S . DATA DATA | P |
[P 8 n | | Transfer bit count
(n=1t08)
1 m Transfer frame count
(m =from 1)

Figure15.4 1°C BusData Formats (Serial Formats)
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DG G VYA WD G WVA WD Gl b WY 2

S] SLA R/W A DATA A DATA A/A P

Figure15.5 I°C BusTiming

Table15.8 1°C BusData Format Symbols

Symbol Description

S Start condition. The master device drives SDA from high to low while SCL is high
SLA Slave address. The master device selects the slave device.
RW Indicates the direction of data transfer: from the slave device to the master device

when R/W is 1, or from the master device to the slave device when R/W is 0

A Acknowledge. The receiving device drives SDA low to acknowledge a transfer. (The
slave device returns acknowledge in master transmit mode, and the master device
returns acknowledge in master receive mode.)

DATA Transferred data. The bit length of transferred data is set with the BC2 to BCO bits in
ICMR. The MSB first or LSB first is switched with the MLS bit in ICMR.

P Stop condition. The master device drives SDA from low to high while SCL is high
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154.2

Initialization

Initialize the IIC by the procedure shown in figure 15.6 before starting transmission/reception of

data.
Set MSTP4 = 0 (IIC_0)
MSTP3 =0 (IIC_1)
MSTP2 =0 (lIC_2, IIC_3) Cancel module stop mode
MSTPO = 0 (IIC_4, lIC_5)
(MSTPCRL)
|
Set lICE =1in STCR Enable the CPU accessing to the IIC control register and data register
\
Set ICE =0in ICCR Enable SAR and SARX to be accessed
Set the first and second slave addresses and [IC communication format
Set SAR a‘”d SARX (SVAG to SVAQ, FS, SVAX6 to SVAX0, and FSX)
- Enable ICMR and ICDR to be accessed
Set ICE = ‘1 in ICCR Use SCL/SDA pin as an IIC port
Set ICSR Set acknowledge bit (ACKB)
|
Set STCR and ICX3 Set transfer rate (IICX and TCSS)
|
Set ICMR Set communication format, wait insertion, and transfer rate
7 (MLS, WAIT, CKS2 to CKS0)
Enable interrupt
Set "CXR (STOPIM, HNDS, ALIE, ALSL, FNC1, and FNCO)
Set ICCR Set interrupt enable, transfer mode, and acknowledge decision
‘ (IEIC, MST, TRS, and ACKE)
<< Start transmit/receive operation >>
Figure15.6 Sample Flowchart for I1C Initialization
Note: Be sure to modify the ICMR register after transmit/receive operation has been completed.
y g p p
If the ICMR register is modified during transmit/receive operation, bit counter BC2 to
BCO will be modified erroneously, thus causing incorrect operation.
15.4.3 Master Transmit Operation

In I’C bus format master transmit mode, the master device outputs the transmit clock and transmit
data, and the slave device returns an acknowledge signal.
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Figure 15.7 shows the sample flowchart for the operations in master transmit mode.

I Initialize IIC I :l [1] Initialization

[2] Test the status of the SCL and SDA lines.

TRS = 1in ICCR
|

Set BBSY =1 and
SCP =0in ICCR

Set MST =1 and | :I [3] Select master transmit mode.

] [4] Start condition issuance

Read IRIC in ICCR

[5] Wait for a start condition generation

I Write transmit data in ICDR I ] [6] Set transmit data for the first byte
| (slave address + R/W).
| Clear IRIC in ICCR | (Atter writing to ICDR, clear IRIC

continuously.)

Read IRIC in ICCR

I [7] Wait for 1 byte to be transmitted.

[8] Test the acknowledge bit
transferred from the slave device.

Tastor receive moe ||

I Write transmit data in ICDR I N [9] Set transmit data for the second and
I subsequent bytes.
I Clear IRIC in ICCR I (After writing to ICDR, clear IRIC

immediately.)

Read IRIC in ICCR

[10] Wait for 1 byte to be transmitted.

| Read ACKBinICSR |

[11] Determine end of transfer

nd of transmission?
ACKB =17,

Yes .
| Clear IRIC in ICCR ] ]
| Sot BBS\I( —oand | [12] Stop condition issuance
SCP =0inICCR
End -

Figure15.7 Sample Flowchart for Operationsin Master Transmit Mode

The transmission procedure and operations by which data is sequentially transmitted in
synchronization with ICDR (ICDRT) write operations, are described below.
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(1]
(2]
(3]
(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

Initialize the IIC as described in section 15.4.2, Initialization.

Read the BBSY flag in ICCR to confirm that the bus is free.

Set bits MST and TRS to 1 in ICCR to select master transmit mode.

Write 1 to BBSY and 0 to SCP in ICCR. This changes SDA from high to low when SCL is
high, and generates the start condition.

Then the IRIC and IRTR flags are set to 1. If the IEIC bit in ICCR has been set to 1, an
interrupt request is sent to the CPU.

Write the data (slave address + R/W) to ICDR.

With the I°C bus format (when the FS bit in SAR or the FSX bit in SARX is 0), the first
frame data following the start condition indicates the 7-bit slave address and transmit/receive
direction (R/W).

To determine the end of the transfer, the IRIC flag is cleared to 0. After writing to ICDR,
clear IRIC continuously so no other interrupt handling routine is executed. If the time for
transmission of one frame of data has passed before the IRIC clearing, the end of
transmission cannot be determined. The master device sequentially sends the transmission
clock and the data written to ICDR. The selected slave device (i.e. the slave device with the
matching slave address) drives SDA low at the 9th transmit clock pulse and returns an
acknowledge signal.

When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th
transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

Read the ACKB bit in ICSR to confirm that ACKB is cleared to 0. When the slave device
has not acknowledged (ACKB bit is 1), operate step [12] to end transmission, and retry the
transmit operation.

Write the transmit data to I[CDR.

As indicating the end of the transfer, the IRIC flag is cleared to 0. Perform the ICDR write
and the IRIC flag clearing sequentially, just as in step [6]. Transmission of the next frame is
performed in synchronization with the internal clock.

When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th
transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

Read the ACKB bit in ICSR.

Confirm that the slave device has been acknowledged (ACKB bit is 0). When there is still
data to be transmitted, go to step [9] to continue the next transmission operation. When the
slave device has not acknowledged (ACKB bit is set to 1), operate step [12] to end
transmission.

Clear the IRIC flag to 0.

Write O to ACKE in ICCR, to clear received ACKB contents to 0. Write O to BBSY and SCP
in ICCR. This changes SDA from low to high when SCL is high, and generates the stop
condition.
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Start condition generation

SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2
SDA —  \ " -
(master output) —
<«——— Slave address — BRW [[7] <+—Data1 —
SDA A
(slave output) [5] \-—/
ICDRE |_| L|
IRIC Interrupt Interrupt
request request
IRTR \
ICDRT X A#dress + RIW / X_Dita 1
ICDRS WAddress + RIW X_Data 1
Note: Do not set ICDR
during this period.
User processing [4] BBSY setto 1 and [6] ICDR write [6] IRIC clear [9] ICDR write [9] IRIC clear

SCP cleared to 0
(start condition issuance)

Figure15.8 Operation Timing Examplein Master Transmit Mode (MLS=WAIT =0)

SCL

(master output) ﬁ\_ 9 1 2 3 4 5 6 7

Stop condition issuance

AV

SDA
(master output)
—Data1l —=|[7] Data 2 [10] \
SDA 1A 7
(slave output) \-L/ pN \
ICDRE ‘
IRIC / |
IRTR ' |\
ICOR Datai [ X \ Data 2 \

User processing [9] ICDR write [9] IRIC clear

[12] BBSY setto 1 and
SCP cleared to 0
(Stop condition issuance)

[11] ACKB read

[12] IRIC clear

Figure15.9 Stop Condition Issuance Operation Timing Examplein Master Transmit Mode

(MLS=WAIT =0)
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1544 Master Receive Operation

In I’C bus format master receive mode, the master device outputs the receive clock, receives data,
and returns an acknowledge signal. The slave device transmits data.

The master device transmits data containing the slave address and R/W (1: read) in the first frame
following the start condition issuance in master transmit mode, selects the slave device, and then
switches the mode for receive operation.

Receive Operation Using the HNDS Function (HNDS = 1):

Figure 15.10 shows the sample flowchart for the operations in master receive mode (HNDS = 1).

" Master receive mode "
I

| SetTRS=0inICCR
Il

| SetACKB=0inICSR
1

[1] Select receive mode.

|
|
| SetHNDS=1inICXR |
|

|
| Clear IRIC in ICCR

Last receive? Yes [2] Start receiving. The first read is a dummy read.
ve? [5] Read the receive data (for the second and subsequent read)
No
| Read ICDR |
T [3] Wait for 1 byte to be received.
I Read IRIC in ICCR I (Set IRIC at the rise of the 9th clock for the receive frame)

Yes -
[ cearmiciniccR ] | ] ClearlRic.
|
|_SetACKB=1inICSR | :l [6] Set acknowledge data for the last reception.
T
| Read ICDR | :|[7] Read the receive data.
44 _ Dummy read to start receiving if the first frame is

I Road IRIC InICCR I the last receive data.

No @ [8] Wait for 1 byte to be received.

Yes Z

Clear IRIC in ICCR 191 clear IRIC.
I

Sel TRS = 1.n ICCR
1

[10] Read the receive data.

Set BBSY =0 and
SCP =0inICCR

[11] Set stop condition issuance.
m Generate stop condition.

[ |
[ |
| Read ICDR |

End

Figure15.10 Sample Flowchart for Operationsin Master Receive Mode (HNDS = 1)
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The reception procedure and operations by which the data reception process is provided in 1-byte
units with SCL fixed low at each data reception are described below.

(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]
(9]

[10]
[11]

Clear the TRS bit in ICCR to 0 to switch from transmit mode to receive mode.
Clear the ACKB bit in ICSR to 0 (acknowledge data setting).

Set the HNDS bit in ICXR to 1.

Clear the IRIC flag to 0 to determine the end of reception.

Go to step [6] to halt reception operation if the first frame is the last receive data.

When ICDR is read (dummy data read), reception is started, and the receive clock is output,
and data received, in synchronization with the internal clock. (Data from the SDA pin is
sequentially transferred to ICDRS in synchronization with the rise of the receive clock
pulses.)

The master device drives SDA low to return the acknowledge data at the 9th receive clock
pulse. The receive data is transferred to ICDRR from ICDRS at the rise of the 9th clock
pulse, setting the ICDRF, IRIC, and IRTR flags to 1. If the IEIC bit has been set to 1, an
interrupt request is sent to the CPU.

The master device drives SCL low from the fall of the 9th receive clock pulse to the ICDR
data reading.

Clear the IRIC flag to determine the next interrupt.
Go to step [6] to halt reception operation if the next frame is the last receive data.

Read ICDR receive data. This clears the ICDRF flag to 0. The master device outputs the
receive clock continuously to receive the next data.

Data can be received continuously by repeating steps [3] to [5].

Set the ACKB bit to 1 so as to return the acknowledge data for the last reception.

Read ICDR receive data. This clears the ICDRF flag to 0. The master device outputs the
receive clock to receive data.

When one frame of data has been received, the ICDRF, IRIC, and IRTR flags are set to 1 at
the rise of the 9th receive clock pulse.

Clear the IRIC flag to 0.
Read ICDR receive data after setting the TRS bit. This clears the ICDREF flag to 0.

Clear the BBSY bit and SCP bit to 0 in ICCR. This changes SDA from low to high when
SCL is high, and generates the stop condition.
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Master transmit mode,

Master receive mode

-

| SCLis fixed low until ICDR is read

SCL is fixed low until ICDR is read

'
SCL 9\ | / ™N\_/2\ /3\ /4\ /5\ /6\ /7\ [\ /° / N\ /2
(master output) =~
SDA A A Bit7 XBit6 XBit5 X Bit4 X Bit3 X Bit2 XBit 1 XBit0)
(slave output) =
SDA ' Data 1 [3] <«—Data2 —
(master output) E A/
IRIC J ' l |
IRTR | \
'
ICDRF ,
ICDRR 0 \ Undefined value / Data 1
User processing  [1] TRS clearedt&\O [2] ICDR read [4] IRIC clear [6] ICDR read

1] IRIC clear (Dummy read)

(Data 1)

Figure15.11 Master Receive Mode Operation Timing Example

(MLS=WAIT =0, HNDS = 1)

SCL is fixed low until ICDR is read

SCL is fixed low until ICDR is read

Stop condition generation

SCL
(master output) 7 8
SDA (Bit0)
(slave output)
Data2 —| [3] Data 3 [8]
SDA
) .
(master output) \ A / A \ /
IRIC | | | |
IRTR
ICDRF
ICDRR Data 1 X/ Data 2 X/ Data 3

User processing [4] IRIC clear

[7] ICDR read
Data 2)

(
[6] ACKB set to 1

[9] IRIC clear

[10] ICDR read
(Data 3)
[11] BBSY cleared to 0 and
SCP cleared to 0
(Stop condition instruction issuance)

Figure15.12 Stop Condition I ssuance Timing Examplein Master Receive Mode

(MLS=WAIT =0, HNDS=1)
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Receive Operation Using the Wait Function:

Figures 15.13 and 15.14 show the sample flowcharts for the operations in master receive mode
(WAIT =1).

1 [1] Select receive mode.

Set WAIT = 1in ICMR i
Read ICDR ] [2] Start receiving. The first read

is a dummy read.

Read IRIC in ICCR 7131 Wait for a receive wait

(Set IRIC at the fall of the 8th clock) or,
Wait for 1 byte to be received
(Set IRIC at the rise of the 9th clock)

[4] Determine end of reception

<>
Yes
- >
Yes
Yes
No

Read ICDR
Clear IRIC in ICCR

:l [5] Read the receive data.

T 161 clear RiC.
(to end the wait insertion)

:l [7] Setacknowledge data for the last reception.
781 Wait for TRS setting

] [9] Set TRS for stop condition issuance

:I [10] Read the receive data.

T Clear RIC.

Read IRIC in ICCR [12] Wait for a receive wait

(Set IRIC at the fall of the 8th clock) or,
N Wait for 1 byte to be received
(Set IRIC at the rise of the 9th clock)

- g
Yes
@ Yes ] [13] Determine end of reception
No

Clear IRIC in ICCR :I [14] Clear IRIC.

(to end the wait insertion)

[15] Clear wait mode.
Clear IRIC.
] (IRIC should be cleared to 0
after setting WAIT = 0.)
[16] Read the last receive data.

Set BBSY=0 and SCP=0
in ICCR [17] Generate stop condition

Figure15.13 Sample Flowchart for Operationsin Master Receive M ode
(receiving multiple bytes) (WAIT =1)
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” Master receive mode ”
I

Set TRS = 0 in ICCR |
|
SetACKB=0inICSR |
|
Set HNDS =0 in ICXR I [1] Select receive mode.

|
Clear IRIC in ICCR
|
Set WAIT =0 in ICMR
Read ICDR I :I [2] Start receiving. The first read
is a dummy read.

.

[ Read IRIC in ICCR |

[3] Wait for a receive wait

No @ (Set IRIC at the fall of the 8 th clock)

Yes

I Set ACKB =1in ICSR I :I [7] Set acknowledge data for
| the last reception.

I Set TRS = 1in ICCR I :I [9] Set TRS for stop condition issuance
|
| Clear IRIC in ICCR | :| [14] Clear IRIC.
(to end the wait insertion)
| Read IRIC in ICCR | [12] Wait for 1 byte to be received.
(Set IRIC at the rise of the 9th clock)
e
Yes -
I Set WAIT = 0 in ICMR I 7 [15] Clear wait mode.
[ Clear IRIC.
- IRIC should be cleared to 0
Cl IRIC in ICCR (
I o | after setting WAIT =0.)
I Read ICDR I :I [16] Read the last receive data
|
Set BBSY =0 and [17] Generate stop condition
SCP =0inICCR
End

Figure15.14 Sample Flowchart for Operationsin Master Receive M ode
(receiving asingle byte) (WAIT =1)

The reception procedure and operations using the wait function (WAIT bit), by which data is
sequentially received in synchronization with [CDR (ICDRR) read operations, are described
below.

The following describes the multiple-byte reception procedure. In single-byte reception, some
steps of the following procedure are omitted. At this time, follow the procedure shown in figure
15.14
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(1]

(2]

(3]

[4]

(5]
(6]

(7]
(8]

[9]
[10]

(11]
[12]

Clear the TRS bit in ICCR to 0 to switch from transmit mode to receive mode.
Clear the ACKB bit in ICSR to 0 to set the acknowledge data.

Clear the HNDS bit in ICXR to 0 to cancel the handshake function.

Clear the IRIC flag to 0, and then set the WAIT bit in ICMR to 1.

When ICDR is read (dummy data is read), reception is started, and the receive clock is
output, and data received, in synchronization with the internal clock.

The IRIC flag is set to 1 in either of the following cases. If the IEIC bit in ICCR has been
set to 1, an interrupt request is sent to the CPU.
(1) At the fall of the 8th receive clock pulse for one frame
SCL is automatically fixed low in synchronization with the internal clock until the IRIC
flag clearing.
(2) At the rise of the 9th receive clock pulse for one frame

The IRTR and ICDREF flags are set to 1, indicating that one frame of data has been
received. The master device outputs the receive clock continuously to receive the next
data.

Read the IRTR flag in ICSR.

If the IRTR flag is 0, execute step [6] to clear the IRIC flag to O to release the wait state.
If the IRTR flag is 1 and the next data is the last receive data, execute step [7] to halt
reception.

If IRTR flag is 1, read ICDR receive data.

Clear the IRIC flag. When the flag is set as (1) in step [3], the master device outputs the 9th
clock and drives SDA low at the 9th receive clock pulse to return an acknowledge signal.

Data can be received continuously by repeating steps [3] to [6].

Set the ACKB bit in ICSR to 1 so as to return the acknowledge data for the last reception.

After the IRIC flag is set to 1, wait for at least one clock pulse until the rise of the first
clock pulse for the next receive data.

Set the TRS bit in ICCR to 1 to switch from receive mode to transmit mode. The TRS bit
value becomes valid when the rising edge of the next 9th clock pulse is input.

Read the ICDR receive data.

Clear the IRIC flag to 0.

The IRIC flag is set to 1 in either of the following cases.

(1) At the fall of the 8th receive clock pulse for one frame
SCL is automatically fixed low in synchronization with the internal clock until the IRIC
flag is cleared.

(2) At the rise of the 9th receive clock pulse for one frame
The IRTR and ICDREF flags are set to 1, indicating that one frame of data has been
received.
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[13] Read the IRTR flag in ICSR.
If the IRTR flag is 0, execute step [14] to clear the IRIC flag to O to release the wait state.
If the IRTR flag is 1 and data reception is complete, execute step [15] to issue the stop
condition.

[14] IfIRTR flag is O, clear the IRIC flag to O to release the wait state.
Execute step [12] to read the IRIC flag to detect the end of reception.

[15] Clear the WAIT bit in ICMR to cancel the wait mode.
Clearing of the IRIC flag should be done while WAIT = 0. (If the WAIT bit is cleared to 0
after clearing the IRIC flag and then an instruction to issue a stop condition is executed, the
stop condition may not be issued correctly.)

[16] Read the last ICDR receive data.

[17] Clear the BBSY bit and SCP bit to 0 in ICCR. This changes SDA from low to high when
SCL is high, and generates the stop condition.

Master transmit mode; Master receive mode

L
(master output)

sDA
(slave output) =
- Data 1 — |3 B Data 2
SDA
(master output) E \ A /

y : ' '

IRIC J I |
IRTR ; | [4)RTR=0 |[41 IRTR=1 |\

ICDR d Datai  \
User processing [1] TRS cleared to 0 [2] ICDR read [6] IRICclear (5] |CDR read [6] IRIC clear
IRIC clear to 0 (dummy read) (to end wait insertion) (Data 1)

Figure15.15 Master Receive Mode Operation Timing Example
(MLS=ACKB=0,WAIT =1)
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[8] Wait for one clock pulse
'

T Stop condition generation
SCL | H
(master output) 8 9 1 2 3 4 5 6 7 8 9 /
SDA Bit 0 Bit 0
(slave output) D T I
Data2 —|[3] 3] * Data 3 [12] [12]
SDA T A g
(master output) _A_/: Veme .A.‘ o
IRIC ' |
IRTR :[4] IRTR=0 I [4] IRTRE I\ | [13] IRTR=0 |[13] RTR-1]|
ICDR Data 1 [ X ! Data 2 X | Data 3
' 0
[15] WAIT cleared to 0,
User processing [6] IRIC clear [11] IRIC clear IRIC clear
(to end wait [10] ICDR read (Data 2)
insertion) [14] IRIC clear [17] Stop condition issuance
[9] Set TRS=1 (to end wait
insertion) [16] ICDR read
[7] Set ACKB=1 (Data 3)

Figure15.16 Stop Condition Issuance Timing Examplein Master Receive Mode
(MLS=ACKB =0, WAIT =1)

1545 Slave Receive Operation

In I’C bus format slave receive mode, the master device outputs the transmit clock and transmit
data, and the slave device returns an acknowledge signal.

The slave device operates as the device specified by the master device when the slave address in
the first frame following the start condition that is issued by the master device matches its own
address.
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Receive Operation Using the HNDS Function (HNDS = 1):

Figure 15.17 shows the sample flowchart for the operations in slave receive mode (HNDS = 1).

Slave receive mode

Initialize 11IC
[1] Initialization. Select slave receive mode.

Set MST =0
and TRS =0in ICCR
Set ACKB = 01n ICSR
and HNDS = 1 in ICXR

Clear IRIC in ICCR
1

<ore -

Yes

ReadICDR, clear IRIC
Read IRIC in ICCR

[2] Read the receive data remaining unread.

[3] to [7] Wait for one byte to be received (slave address + R/W)

7181 Clear IRIC

1 |Read AASX, AAS and ADZ in ICSR |

- Yes
né'\ﬁgz_l 12 | General call address processing ||

# Description omitted

Slave transmit mode ||

][10] Read the receive data. The first read is a dummy read.

[5] to [7] Wait for the reception to end.

Yes
Clear IRIC in ICCR 7 181 Clear IRIC

] [9] Set acknowledge data for the last reception.

] [10] Read the receive data.

[5] to [7] Wait for the reception to end.
or
[11] Detect stop condition

[12] Check STOP
ESTP =1or
STOP =12

o
Clear IRIC in ICCR

] 8] Clear IRIC

] [12] Clear IRIC

Clear IRIC in ICCR

Figure15.17 Sample Flowchart for Operationsin Slave Receive Mode (HNDS = 1)
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The reception procedure and operations using the HNDS bit function by which data reception

process is provided in 1-byte unit with SCL being fixed low at every data reception, are described

below.

[1] Initialize the IIC as described in section 15.4.2, Initialization.

Clear the MST and TRS bits to O to set slave receive mode, and set the HNDS bit to 1 and
the ACKB bit to 0. Clear the IRIC flag in ICCR to O to see the end of reception.

[2] Confirm that the ICDREF flag is 0. If the ICDREF flag is set to 1, read the ICDR and then clear

the IRIC flag to 0.

[3] When the start condition output by the master device is detected, the BBSY flag in ICCR is

set to 1. The master device then outputs the 7-bit slave address, and transmit/receive
direction (R/W), in synchronization with the transmit clock pulses.

[4] When the slave address matches in the first frame following the start condition, the device

operates as the slave device specified by the master device. If the 8th data bit (R/W) is 0, the

TRS bit remains cleared to 0, and slave receive operation is performed. If the 8th data bit

(R/W) is 1, the TRS bit is set to 1, and slave transmit operation is performed. When the slave

address does not match, receive operation is halted until the next start condition is detected.

[5] At the 9th clock pulse of the receive frame, the slave device returns the data in the ACKB bit

as the acknowledge data.

[6] At the rise of the 9th clock pulse, the IRIC flag is set to 1. If the IEIC bit has been set to 1, an

interrupt request is sent to the CPU.
If the AASX bit has been set to 1, IRTR flag is also set to 1.
[71 At the rise of the 9th clock pulse, the receive data is transferred from ICDRS to ICDRR,

setting the ICDREF flag to 1. The slave device drives SCL low from the fall of the 9th receive

clock pulse until data is read from ICDR.
[8] Confirm that the STOP bit is cleared to 0, and clear the IRIC flag to 0.
[9] If the next frame is the last receive frame, set the ACKB bit to 1.

[10] If ICDR is read, the ICDREF flag is cleared to 0O, releasing the SCL bus line. This enables the

master device to transfer the next data.
Receive operations can be performed continuously by repeating steps [5] to [10].

[11] When the stop condition is detected (SDA is changed from low to high when SCL is high),
the BBSY flag is cleared to 0 and the STOP bit is set to 1. If the STOPIM bit has been
cleared to 0, the IRIC flag is set to 1.

[12] Confirm that the STOP bit is set to 1, and clear the IRIC flag to 0.
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Start condition generation

[7] SCL is fixed low until ICDR is read
SCL
(Pin waveform)

SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2
SCL —_—
(slave output) \ A
SDA Bit 7
(master output) -« Slave address————» RW | [g] - Datal —
SDA
(slave output) \ A/
Interrupt
IRIC requeus’:
VOCCUFI'G e
ICDRF E
A t
ICDRS X Address+rw | K
ICDRR Undefined value XAddress+H/W\
User processing 2] ICDR read

[8] IRIC clear [10] ICDR read (dummy read)

Figure15.18 Slave Receive Mode Operation Timing Example (1)
(MLS=0,HNDS=1)

[7] SCL s fixed low until ICDR is read

o i i Stop condition generation
[7]1 SCL is fixed low until ICDR is read
SCL

(master output)

SCL
(slave output)

SDA
(master output
Data (n-1) —»

SDA
(slave output) \
y

1]

IRIC

|

icors __X_Dbaa ()| X\ X /patam) | /
NN N[

\ Data (n-1) X ]

N

[8] IRIC clear [10] ICDR read (Data (n-1)) [8] IRIC clear [10] ICDR read
[9] Set ACKB=1

(Data (n))

Figure15.19 Slave Receive M ode Operation Timing Example (2)
(MLS=0,HNDS=1)

ICDRF [ ] \ l
\

ICDRR  Data (-2))

User processing

[12] IRIC clear
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Continuous Receive Oper ation:

Figure 15.20 shows the sample flowchart for the operations in slave receive mode (HNDS = 0).

Set MST =0 ]
and TRS =0in ICCR
Set ACKB =0in ICSR
Set HNDS = 0 in ICXR
Clear IRIC in ICCR i

[1] Select slave receive mode.

[2] Read the receive data remaining unread.

Read ICDR

Clear IRIC in ICCR

1310 [7] Wait for one byte to be received (slave address + R/W)
(Set IRIC at the rise of the 9th clock)

7] 8] Clear IRIC

I Read AASX, AAS and ADZ in ICSR_|

and ADZ =17 General call address processing

i
i
i
* Description omitted .
i
i
i
i

@«
5
<
5
S
=
7]
3
3
o
a
[
=

No

*n: Address + total number of bytes received
n-2)th-byte
reception?

7 [9] Wait for ACKB setting and set acknowledge data
- for the last reception
SetACKB ~ 1inICSR (after the rise of the 9th clock of (n-1)th byte data)

L

[10] Read the receive data. The first read is a dummy read.

7 111] Wait for one byte to be received
(Set IRIC at the rise of the 9th clock)

ESTP =107 [12] Detect stop condition
STOP =12

7 113] Clear IRIC

[14] Read the last receive data

j [15] Clear IRIC

Figure15.20 Sample Flowchart for Operationsin Slave Receive Mode (HNDS = 0)
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The reception procedure and operations in slave receive are described below.

[1] Initialize the IIC as described in section 15.4.2, Initialization.

Clear the MST and TRS bits to O to set slave receive mode, and set the HNDS and ACKB
bits to 0. Clear the IRIC flag in ICCR to O to see the end of reception.

[2] Confirm that the ICDREF flag is 0. If the ICDRF flag is set to 1, read the ICDR and then clear
the IRIC flag to O.

[3] When the start condition output by the master device is detected, the BBSY flag in ICCR is
set to 1. The master device then outputs the 7-bit slave address, and transmit/receive
direction (R/W) in synchronization with the transmit clock pulses.

[4] When the slave address matches in the first frame following the start condition, the device
operates as the slave device specified by the master device. If the 8th data bit (R/W) is 0, the
TRS bit remains cleared to 0, and slave receive operation is performed. If the 8th data bit
(W) is 1, the TRS bit is set to 1, and slave transmit operation is performed. When the slave
address does not match, receive operation is halted until the next start condition is detected.

[51 At the 9th clock pulse of the receive frame, the slave device returns the data in the ACKB bit
as the acknowledge data.

[6] At the rise of the 9th clock pulse, the IRIC flag is set to 1. If the IEIC bit has been set to 1, an
interrupt request is sent to the CPU.

If the AASX bit has been set to 1, the IRTR flag is also set to 1.

[71 At the rise of the 9th clock pulse, the receive data is transferred from ICDRS to ICDRR,
setting the ICDREF flag to 1.

[8] Confirm that the STOP bit is cleared to 0 and clear the IRIC flag to O.

[9] If the next read data is the third last receive frame, wait for at least one frame time to set the
ACKB bit. Set the ACKB bit after the rise of the 9th clock pulse of the second last receive
frame.

[10] Confirm that the ICDRF flag is set to 1 and read ICDR. This clears the ICDRF flag to 0.

[11] At the rise of the 9th clock pulse or when the receive data is transferred from IRDRS to
ICDRR due to ICDR read operation, The IRIC and ICDREF flags are set to 1.

[12] When the stop condition is detected (SDA is changed from low to high when SCL is high),
the BBSY flag is cleared to 0 and the STOP or ESTP flag is set to 1. If the STOPIM bit has
been cleared to 0, the IRIC flag is set to 1. In this case, execute step [14] to read the last
receive data.

[13] Clear the IRIC flag to 0.

Receive operations can be performed continuously by repeating steps [9] to [13].

[14] Confirm that the ICDREF flag is set to 1, and read ICDR.
[15] Clear the IRIC flag.
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Start condition issuance

SCL
(master output)

-\

SDA [sit7 X(aits Xits Xeit4 XBita a2 )(Bitt Xaio )| Bz Xsite XBits XBia }_
(master output) «—— Slaveaddress——m» RW | [6] <«—Datal——MM
SDA

(slave output)

A/

IRIC
Y 1
ICDRF
A
ICDRS X Address+R/W X  Datat
N 7]
ICDRR

X Address+R/W

User processing

[8] IRIC clear
[10] ICDR read

Figure15.21 Slave Receive Mode Operation Timing Example (1)
(MLS=ACKB =0,HNDS=0)

SCL
(master output) /8\ /9\ /1 2\ /3\ /4\ /5\ /6 7

Stop condition detection

8\ /9 1 2\ /3\ f4\ /5 6\ /7\ /8\ /9
SDA
(master output) {BTL 0 (Bit 3)(Bit 2)Bit Yt 0) Bit 7YBit 6)Bit 5 \Bit 4YBit 3YBit 2Y(Bit 1YBit 0
Data (n-2) ml Data (n) 1) (2]
SDA
(slave output) Ly YAS
IRIC [)
ICDRF I I
ICDRS  Data (n-2) X Data (n{1) X Data (n)
ICDRR x Data (n-2) Data (n-1) X Data (n)
[9] Wait for one frame
User processing
[13] IRIC clear [13] IRIC clear [10] ICDR read [13] IRIC clear
[10] ICDR read (Data (n-1)) [14] ICDR read
(Data (n-2)) (Data (n))
[9] Set ACKB = 1 [15] IRIC clear

Figure15.22 Slave Receive Mode Operation Timing Example (2)
(MLS=ACKB =0,HNDS=0)
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15.4.6 Slave Transmit Operation

If the slave address matches to the address in the first frame (address reception frame) following
the start condition detection when the 8th bit data (R/W) is 1 (read), the TRS bit in ICCR is
automatically set to 1 and the mode changes to slave transmit mode.

Figure 15.23 shows the sample flowchart for the operations in slave transmit mode.

|| Slave transmit mode || :| [1], [2] If the slave address matches to the address in the first frame
L - following the start condition detection and the R/W bit is 1
| Clear IRICin ICCR | in slave receive mode, the mode changes to slave transmit mode.

[3], [5] Set transmit data for the second and subsequent bytes.

| Write transmit data in ICDR |
I
| Clear IRICin ICCR |

Read IRIC in ICCR [3], [4] Wait for 1 byte to be transmitted.

|

| Read ACKBinICSR |

o End
of transmission
ACKB = 1)?
Yes

[4] Determine end of transfer.

| Clear IRIC in ICCR | :| [6] Clear IRIC in ICCR

I
Clear ACKE to 0in ICCR [7] Clear acknowledge bit data
(ACKB=0 clear) |

|

| Set TRS = 0in ICCR | ][8] Set slave receive mode.
|

| Read ICDR | ] [9] Dummy read (to release the SCL line).

Read IRIC in ICCR [10] Wait for stop condition

Clear IRIC in ICCR

Figure 15.23 Sample Flowchart for Slave Transmit Mode

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. The transmission procedure and operations in
slave transmit mode are described below.
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(1]
(2]

(3]

[4]

(5]

(6]
(7]

(8]
(9]
[10]

Rev.

Initialize slave receive mode and wait for slave address reception.

When the slave address matches in the first frame following detection of the start condition,
the slave device drives SDA low at the 9th clock pulse and returns an acknowledge signal. If
the 8th data bit (R/W) is 1, the TRS bit in ICCR is set to 1, and the mode changes to slave
transmit mode automatically. The IRIC flag is set to 1 at the rise of the 9th clock. If the IEIC
bit in ICCR has been set to 1, an interrupt request is sent to the CPU. At the same time, the
ICDRE flag is set to 1. The slave device drives SCL low from the fall of the 9th transmit
clock until ICDR data is written, to disable the master device to output the next transfer
clock.

After clearing the IRIC flag to 0, write data to ICDR. At this time, the ICDRE flag is cleared
to 0. The written data is transferred to ICDRS, and the ICDRE and IRIC flags are set to 1
again. The slave device sequentially sends the data written into ICDRS in accordance with
the clock output by the master device.

The IRIC flag is cleared to O to detect the end of transmission. Processing from the ICDR
register writing to the IRIC flag clearing should be performed continuously. Prevent any
other interrupt processing from being inserted.

The master device drives SDA low at the 9th clock pulse, and returns an acknowledge signal.
As this acknowledge signal is stored in the ACKB bit in ICSR, this bit can be used to
determine whether the transfer operation was performed successfully. When one frame of
data has been transmitted, the IRIC flag in ICCR is set to 1 at the rise of the 9th transmit
clock pulse. When the ICDRE flag is 0, the data written into ICDR is transferred to ICDRS
and the ICDRE and IRIC flags are set to 1 again. If the ICDRE flag has been set to 1, this
slave device drives SCL low from the fall of the 9th transmit clock until data is written to
ICDR.

To continue transmission, write the next data to be transmitted into ICDR. The ICDRE flag is
cleared to 0. The IRIC flag is cleared to O to detect the end of transmission. Processing from
the ICDR register writing to the IRIC flag clearing should be performed continuously.
Prevent any other interrupt processing from being inserted.

Transmit operations can be performed continuously by repeating steps [4] and [5].

Clear the IRIC flag to 0.

To end transmission, clear the ACKE bit in the ICCR register to 0, to clear the acknowledge
bit stored in the ACKB bit to 0.

Clear the TRS bit to O for the next address reception, to set slave receive mode.
Dummy-read ICDR to release SCL on the slave side.

When the stop condition is detected, that is, when SDA is changed from low to high when
SCL is high, the BBSY flag in ICCR is cleared to 0 and the STOP flag in ICSR is set to 1.
When the STOPIM bit in ICXR is 0, the IRIC flag is set to 1. If the IRIC flag has been set, it
is cleared to 0.
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Slave receive mode s Slave transmit mode

-t

SCL
(master output) / 8

Bit4 X Bit3 X anX Bit 1 X Bit0

Data 1 >

\ sit7 X Bite X Bits X

SDA ;
(master output) RAW/ /

IRIC
A /

ICDRE |_| /

ICDR X/ Data 1 X| pata2
User processing \/ [3] IRIC clear \/ [S]IRIC clear
[3] ICDR write [5] ICDR write
[3] IRIC clear

Figure15.24 Save Transmit Mode Operation Timing Example
(MLS=0)
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15.4.7 IRIC Setting Timing and SCL Control

The interrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR, the
FS bit in SAR, and the FSX bit in SARX. If the ICDRE or ICDREF flag is set to 1, SCL is
automatically held low after one frame has been transferred; this timing is synchronized with the
internal clock. Figures 15.25 to 15.27 show the IRIC set timing and SCL control.

When WAIT =0, and FS = 0 or FSX = 0 (I2C bus format, no wait)

N e S N\ s

SDA 7 X 8 >\ A /< 1 X 2 X 3 ><:

IRIC |
User processing /

Clear IRIC

(a) Data transfer ends with ICDRE=0 at transmission, or ICDRF=0 at reception.

SDA . X 8

IRIC

User processing
Clear IRIC Write to ICDR (transmit) Clear IRIC
or read from ICDR (receive)

(b) Data transfer ends with ICDRE=1 at transmission, or ICDRF=1 at reception.

Figure15.25 IRIC Setting Timing and SCL Control (1)
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When WAIT =1, and FS = 0 or FSX = 0 (I2C bus format, wait inserted)

SCL RERES
/8 \ kK 9 1 2 3

IRIC

User processing
Clear IRIC Clear IRIC

(a) Data transfer ends with ICDRE=0 at transmission, or ICDRF=0 at reception.

IRIC

User processing [ \

Clear IRIC Write to ICDR (transmit) Clear IRIC
or read from ICDR (receive)

(b) Data transfer ends with ICDRE=1 at transmission, or ICDRF=1 at reception.

Figure15.26 IRIC Setting Timing and SCL Control (2)
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When FS = 1 and FSX = 1 (clocked synchronous serial format)

TN \/8\ /N s\

SD’*7><\\8><1X2X3>(4><_

IRIC

User processing
Clear IRIC

(a) Data transfer ends with ICDRE=0 at transmission, or ICDRF=0 at reception.

SDA . X

IRIC

|
)
707

User processing T
Clear IRIC Write to ICDR (transmit) Clear IRIC
or read from ICDR (receive)

(b) Data transfer ends with ICDRE=1 at transmission, or ICDRF=1 at reception.

Figure15.27 IRIC Setting Timing and SCL Controal (3)

15.4.8 Operation UsingtheDTC

This LSI provides the DTC to allow continuous data transfer. [IC_4 and IIC_5 cannot use the
DTC. The DTC is initiated when the IRTR flag is set to 1, which is one of the two interrupt flags
(IRTR and IRIC). When the ACKE bit is 0, the ICDRE, IRIC, and IRTR flags are set at the end of
data transmission regardless of the acknowledge bit value. When the ACKE bit is 1, the ICDRE,
IRIC, and IRTR flags are set if data transmission is completed with the acknowledge bit value of
0, and when the ACKE bit is 1, only the IRIC flag is set if data transmission is completed with the
acknowledge bit value of 1.

When initiated, DTC transfers specified number of bytes, clears the ICDRE, IRIC, and IRTR flags
to 0. Therefore, no interrupt is generated during continuous data transfer; however, if data
transmission is completed with the acknowledge bit value of 1 when the ACKE bit is 1, DTC is
not initiated, thus allowing an interrupt to be generated if enabled.
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The acknowledge bit may indicate specific events such as completion of receive data processing
for some receiving devices, and for other receiving devices, the acknowledge bit may be held to 1,

indicating no specific events.

The I’C bus format provides for selection of the slave device and transfer direction by means of
the slave address and the R/W bit, confirmation of reception with the acknowledge bit, indication
of the last frame, and so on. Therefore, continuous data transfer using the DTC must be carried out
in conjunction with CPU processing by means of interrupts.

Table 15.9 shows some examples of processing using the DTC. These examples assume that the
number of transfer data bytes is known in slave mode.

Table15.9 Examplesof Operation UsingtheDTC

Master Transmit

Master Receive

Slave Transmit Slave Receive

Item Mode Mode Mode Mode

Slave address + Transmission by ~ Transmission by  Reception by Reception by CPU
R/W bit DTC (ICDR write) CPU (ICDR write) CPU (ICDR read) (ICDR read)
transmission/

reception

Dummy data — Processing by — —

read CPU (ICDR read)

Actual data Transmission by  Reception by Transmission by ~ Reception by DTC
transmission/ DTC (ICDR write) DTC (ICDR read) DTC (ICDR write) (ICDR read)
reception

Dummy data — — Processing by —

(H'FF) write DTC (ICDR write)

Last frame Not necessary Reception by Not necessary Reception by CPU
processing CPU (ICDR read) (ICDR read)

Transfer request
processing after

1st time: Clearing
by CPU

Not necessary

Automatic clearing Not necessary
on detection of

last frame 2nd time: Stop stop condition
processing condition issuance during
by CPU transmission of
dummy data (H'FF)
Setting of Transmission: Reception: Actual Transmission: Reception: Actual

number of DTC
transfer data
frames

Actual data count

+ 1 (+1 equivalent
to slave address +
R/W bits)

data count

Actual data count data count
+ 1 (+1 equivalent
to dummy data

(HFF)
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15.4.9 Noise Canceler

The logic levels at the SCL and SDA pins are routed through noise cancelers before being latched
internally. Figure 15.28 shows a block diagram of the noise canceler.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA) pin
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

C (¢}
SCL or
SDA input —=D Q D Q Match Internal
signal — SCL or
9 Latch Latch detector SDA
signal

System clock
cycle

.-
i 1

Sampina 7] i [ [T

Figure 15.28 Block Diagram of Noise Canceler

15.4.10 |Initialization of Internal State

The IIC has a function for forcible initialization of its internal state if a deadlock occurs during
communication.

Initialization is executed in accordance with clearing ICE bit.
Scope of I nitialization: The initialization executed by this function covers the following items:

e ICDRE and ICDRF internal flags
e Transmit/receive sequencer and internal operating clock counter

e Internal latches for retaining the output state of the SCL and SDA pins (wait, clock, data
output, etc.)

The following items are not initialized:

e Actual register values (ICDR, SAR, SARX, ICMR, ICCR, ICSR, ICXR(other than ICDRE and
ICDRF))

o Internal latches used to retain register read information for setting/clearing flags in the ICMR,
ICCR, and ICSR registers
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e The value of the ICMR register bit counter (BC2 to BCO)

e Generated interrupt sources (interrupt sources transferred to the interrupt controller)
Notes on Initialization:

e Interrupt flags and interrupt sources are not cleared, and so flag clearing measures must be
taken as necessary.

e Basically, other register flags are not cleared either, and so flag clearing measures must be
taken as necessary.

e If a flag clearing setting is made during transmission/reception, the IIC module will stop
transmitting/receiving at that point and the SCL and SDA pins will be released. When
transmission/reception is started again, register initialization, etc., must be carried out as
necessary to enable correct communication as a system.

The value of the BBSY bit cannot be modified directly by this module clear function, but since the
stop condition pin waveform is generated according to the state and release timing of the SCL and
SDA pins, the BBSY bit may be cleared as a result. Similarly, state switching of other bits and
flags may also have an effect.

To prevent problems caused by these factors, the following procedure should be used when
initializing the IIC state.

1. Execute initialization of the internal state according to the ICE bit clearing.

2. Execute a stop condition issuance instruction (write 0 to BBSY and SCP) to clear the BBSY
bit to 0, and wait for two transfer rate clock cycles.

3. Re-execute initialization of the internal state according to the ICE bit clearing.

4. Initialize (re-set) the IIC registers.
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155 Interrupt Source

The IIC interrupt source is IICI. The IIC interrupt sources and their priority order are shown in
table 15.10. Each interrupt source is enabled or disabled by the ICCR interrupt enable bit and
transferred to the interrupt controller independently.

The IICIO to IICI3 interrupts can be used as sources of activating the on-chip DTC.

Table 15.10 11C Interrupt Source

Bit Enable Interrupt
Channel Name Bit Interrupt Source Flag DTC Activation Priority
2 lICI2 IEIC I’C bus interface interrupt IRIC Possible High
request A
3 IICI3 IEIC I’C bus interface interrupt IRIC Possible
request
0 lICIO IEIC I’C bus interface interrupt IRIC Possible
request
1 lIci IEIC I’C bus interface interrupt IRIC Possible
request
4 lICl4 IEIC I’C bus interface interrupt IRIC Not possible
request
5 IICI5 IEIC I’C bus interface interrupt IRIC Not possible  Low

request
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156  Usage Notes

1. In master mode, if an instruction to generate a start condition is immediately followed by an
instruction to generate a stop condition, neither condition will be output correctly. To output
consecutive start and stop conditions*, after issuing the instruction that generates the start
condition, read the relevant DR registers of I°C bus output pins, check that SCL and SDA are
both low. If the ICE bit is set to 1, pin state can be monitored by reading DR register. Then
issue the instruction that generates the stop condition. Note that SCL may not yet have gone
low when BBSY is cleared to 0.

Note: * An illegal procedure in the I°C bus specification.
2. Either of the following two conditions will start the next transfer. Pay attention to these
conditions when accessing to ICDR.
— Write to ICDR when ICE = 1 and TRS = 1 (including automatic transfer from ICDRT to
ICDRS)
— Read from ICDR when ICE = 1 and TRS = 0 (including automatic transfer from ICDRS to
ICDRR)
3. Table 15.11 shows the timing of SCL and SDA outputs in synchronization with the internal
clock. Timings on the bus are determined by the rise and fall times of signals affected by the
bus load capacitance, series resistance, and parallel resistance.

Table 15.11 1°C Bus Timing (SCL and SDA Outputs)

Item Symbol Output Timing Unit  Notes
SCL output cycle time oo 28t to 512t ns See figure
SCL output high pulse width tseno 0.5t ns 25.30

SCL output low pulse width oo 0.5t o ns (eference)
SDA output bus free time touro 0.5t — 1t ns

Start condition output hold time tsrano 0.5t , — 1t ns

Retransmission start condition output  t 1.0 ns

setup time

Stop condition output setup time tsroso 0.5t , + 2t ns

Data output setup time (master) teonso Moo = 3ty ns

Data output setup time (slave) g0 — (6L, OF 12t %)

Data output hold time toonro 3t,,, ns

Note: * 6t whenlICXnisO, 12t when lICXnis 1 (n=0to 5).

Rev. 3.00, 03/04, page 495 of 830
RENESAS



4. SCL and SDA input is sampled in synchronization with the internal clock. The AC timing
therefore depends on the system clock cycle t, as shown in section 25, Electrical
Characteristics. Note that the I’C bus interface AC timing specification will not be met with a
system clock frequency of less than 5 MHz.

5. The I’C bus interface specification for the SCL rise time t, is 1000 ns or less (300 ns for high-
speed mode). In master mode, the I’C bus interface monitors the SCL line and synchronizes
one bit at a time during communication. If t_(the time for SCL to go from low to V) exceeds
the time determined by the input clock of the IC bus interface, the high period of SCL is
extended. The SCL rise time is determined by the pull-up resistance and load capacitance of
the SCL line. To insure proper operation at the set transfer rate, adjust the pull-up resistance
and load capacitance so that the SCL rise time does not exceed the values given in table 15.12.

Table 15.12 Permissible SCL Rise Time (t,) Values

Time Indication [ns]

I°’C Bus
Spe-
Loy cifica-
Indi- tion 60=5 6=8 6=10 ¢=16 ¢=20 ¢=25 ¢=33
TCSS 1ICXn cation (Max.) MHz MHz MHz MHz MHz MHz MHz
0 0 7.5t, Standard 1000 1000 937 750 468 375 300 227

mode

High- 300 300 300 300 300 300 300 227
speed
mode

1 17.5t,, Standard 1000 1000 1000 1000 1000 875 700 530
mode

1 0 High- 300 300 300 300 300 300 300 300
speed
mode

1 1 37.5t,, Standard 1000 1000 1000 1000 1000 1000 1000 1000
mode

High- 300 300 300 300 300 300 300 300
speed
mode

Note: n=0to5

6. The I'C bus interface specifications for the SCL and SDA rise and fall times are under 1000 ns
and 300 ns. The IC bus interface SCL and SDA output timing is prescribed by t_, as shown in
table 15.11. However, because of the rise and fall times, the I’C bus interface specifications
may not be satisfied at the maximum transfer rate. Table 15.13 shows output timing
calculations for different operating frequencies, including the worst-case influence of rise and
fall times.
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t,uro fails to meet the I’C bus interface specifications at any frequency. The solution is either (a)
to provide coding to secure the necessary interval (approximately 1 ps) between issuance of a
stop condition and issuance of a start condition, or (b) to select devices whose input timing
permits this output timing for use as slave devices connected to the I'C bus.

ts,,o in high-speed mode and t,,, in standard mode fail to satisfy the I'C bus interface
specifications for worst-case calculations of t./t,. Possible solutions that should be investigated
include (a) adjusting the rise and fall times by means of a pull-up resistor and capacitive load,
(b) reducing the transfer rate to meet the specifications, or (c) selecting devices whose input
timing permits this output timing for use as slave devices connected to the I'C bus.
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Table 15.13 1°C Bus Timing (with Maximum Influence of t_/t)

Time Indication (at Maximum Transfer Rate) [ns]

I’C Bus
t t/tg Specifi- ¢=  ¢= 0= 9= = 6=  ¢=
Indi- Influence cation 5MHz 8MHz 10 16 20 25 33
Item cation (Max.) (Min.) MHz MHz MHz MHz MHz
oo 05t,, Standard -1000 4000 4000 4000 4000 4000 4000 4000 4000%'
(-ts) mode
High-speed  —-300 600 2500 1450 1100 950 950 950 950
mode
tsoo 0.5t,, Standard —250 4700 4750 4750 4750 4750 4750 4750 4750%"
(—t) mode
High-speed = —250 1300 2550 1500 1150*'  1000*' 1000%*' 1000* 1000%*'
mode
tauro 0.5t,, Standard —-1000 4700 3800+ 3875* 3900* 3938* 3950*' 3960* 3970*
-1, mode
(%) High-speed  -300 1300 2300 1325 1000+ 888*  900*  910%'  920%
mode
torano 05t,, Standard —250 4000 4550 4625 4650 4688 4700 4710 4720%
-1, mode
) High-speed —250 600 2350 1375 1050 938 950 960 970
mode
toraso 1t Standard -1000 4700 9000 9000 9000 9000 9000 9000 9000
(-t,) mode
High-speed  -300 600 5300 3200 2500 2200 2200 2200 2200
mode
teros0 05t,, Standard -1000 4000 4400 4250 4200 4125 4100 4080 4061*'
+21, mode
) High-speed  —-300 600 2900 1700 1300 1075 1050 1030 1011
mode
teonso 11,  Standard -1000 250 3150 3375 3450 3563 3600 3630 3659
(master) -3t mode
) High-speed  —-300 100 1650 825 550 513 550 580 609
mode
teonso 1ty * Standard -1000 250 1300 2200 2500 2950 3100 3220 3336
(slave) ; mode
121t
(-t,) High-speed  -300 100 -1400%' -500%' —200%' 250 400 520 636
mode
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Time Indication (at Maximum Transfer Rate) [ns]

I’C Bus
t. t /g, Specifi- 0= o= 6= o= o=
Indi- Influence cation ¢= 0= 10 16 20 25 33
Item cation (Max.) (Min.) 5MHz 8MHz MHz MHz MHz MHz MHz
tomo 3t Standard 0 0 600 375 300 188 150 120 91
mode
High-speed 0 0 600 375 300 188 150 120 91
mode

Notes: 1. Does not meet the I°C bus interface specification. Remedial action such as the following
is necessary: (a) secure a start/stop condition issuance interval; (b) adjust the rise and
fall times by means of a pull-up resistor and capacitive load; (c) reduce the transfer rate;
(d) select slave devices whose input timing permits this output timing.

The values in the above table will vary depending on the settings of the bits TCSS,
IICX5 to IICX0 and CKSO0 to CKS2. Depending on the frequency it may not be possible
to achieve the maximum transfer rate; therefore, whether or not the I°C bus interface
specifications are met must be determined in accordance with the actual setting
conditions.

2. Value when the IICXn bit is set to 1. When the IICXn bit is cleared to 0, the value is
(—6t,) (n=0t05).

3. Calculated using the I°C bus specification values (standard mode: 4700 ns min.; high-

speed mode: 1300 ns min.).

7. Notes on ICDR register read at end of master reception

To halt reception at the end of a receive operation in master receive mode, set the TRS bit to 1
and write 0 to BBSY and SCP in ICCR. This changes SDA from low to high when SCL is
high, and generates the stop condition. After this, receive data can be read by means of an
ICDR read, but if data remains in the buffer the ICDRS receive data will not be transferred to
ICDR, and so it will not be possible to read the second byte of data.

If it is necessary to read the second byte of data, issue the stop condition in master receive
mode (i.e. with the TRS bit cleared to 0). When reading the receive data, first confirm that the
BBSY bit in the ICCR register is cleared to 0, the stop condition has been generated, and the
bus has been released, then read the ICDR register with TRS cleared to 0.

Note that if the receive data (ICDR data) is read in the interval between execution of the
instruction for issuance of the stop condition (writing of 0 to BBSY and SCP in ICCR) and the
actual generation of the stop condition, the clock may not be output correctly in subsequent
master transmission.

Clearing of the MST bit after completion of master transmission/reception, or other
modifications of IIC control bits to change the transmit/receive operating mode or settings,
must be carried out during interval (a) in figure 15.29 (after confirming that the BBSY bit has
been cleared to 0 in the ICCR register).
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, Stop condition condition

! . Start
/\)/ @ ] }\)/
SDA Bit0 | A | | | ? L
SsCL | 8 | I

(

E : )
| 9 | |
Internal clock J | | | | 1 (

| L ]
BBSY bit |
' (
)

I_I_‘

b

Master receive mode

N‘—N
+ ICDR read :
. disabled period

S \

Execution of instruction Confirmation of stop Start condition
for issuing stop condition condition issuance issuance
(write 0 to BBSY and SCP) (read BBSY = 0)

Figure15.29 Noteson Reading Master Receive Data

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to B’11 in
ICXR.

8. Notes on start condition issuance for retransmission
Figure 15.30 shows the timing of start condition issuance for retransmission, and the timing for
subsequently writing data to ICDR, together with the corresponding flowchart. Write the
transmit data to ICDR after the start condition for retransmission is issued and then the start
condition is actually generated.
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%
No ] [1] Wait for end of 1-byte transfer
Yes

- [2] Determine whether SCL is low
| Clear IRIC in ICCR |
e
| [3] Issue start condition instruction for retransmission
I Read SCL pin I

No 2l [4] Determine whether start condition is generated or not

Yes [5] Set transmit data (slave address + R/W)
Set BBSY =1, 3]
SCP =0 (ICCR)
No (4] Note: Program so that processing from [3] to [5]
is executed continuously.
Yes
I Write transmit data to ICDR I [5]

L

Start condition generation
(retransmission)

L .

SDA ACK | | Bit7 |

? [5] ICDR write (transmit data)

SCL

L

IRIC

[4] IRIC determination

[3] (Retransmission) Start condition instruction issuance

-

[2] Determination of SCL = Low

[1] IRIC determination

Figure15.30 Flowchart for Start Condition Issuance I nstruction for Retransmission and
Timing

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to B'11 in
ICXR.
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9. Note on when I’C bus interface stop condition instruction is issued
In a situation where the rise time of the 9th clock of SCL exceeds the stipulated value because
of a large bus load capacity or where a slave device in which a wait can be inserted by driving
the SCL pin low is used, the stop condition instruction should be issued after reading SCL after
the rise of the 9th clock pulse and determining that it is low.

9th clock Secures a high period

SCL _V'H;Z‘_/v’ ______ 1 |_|

' —
| SCL is detected as low A

! because the rise of the

| waveform is delayed

spA _| |

Stop condition generation

IRIC _,_|

[1] SCL = low determination  [2] Stop condition instruction issuance

Figure15.31 Stop Condition Issuance Timing

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to B’11 in
ICXR.

10. Note on IRIC flag clear when the wait function is used

When the wait function is used in I’C bus interface master mode and in a situation where the
rise time of SCL exceeds the stipulated value or where a slave device in which a wait can be
inserted by driving the SCL pin low is used, the IRIC flag should be cleared after determining
that the SCL is low.

If the IRIC flag is cleared to 0 when WAIT = 1 while the SCL is extending the high level time,
the SDA level may change before the SCL goes low, which may generate a start or stop
condition erroneously.

Secures a high period

scL VIH ?‘:—/( | I
SCL % low detected

SDA:X //X
o -

[1] SCL = low determination :
[2] IRIC clear

Figure15.32 IRIC Flag Clearing Timing When WAIT =1
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Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to B'11 in
ICXR.

11. Note on ICDR register read and ICCR register access in slave transmit mode

In I’C bus interface slave transmit mode, do not read ICDR or do not read/write from/to ICCR

during the time shaded in figure 15.33. However, such read and write operations source no

problem in interrupt handling processing that is generated in synchronization with the rising

edge of the 9th clock pulse because the shaded time has passed before making the transition to

interrupt handling.

To handle interrupts securely, be sure to keep either of the following conditions.

— Read ICDR data that has been received so far or read/write from/to ICCR before starting
the receive operation of the next slave address.

— Monitor the BC2 to BCO counter in ICMR; when the count is B'000 (8th or 9th clock
pulse), wait for at least two transfer clock times in order to read ICDR or read/write from/to
ICCR during the time other than the shaded time.

Waveform at problem occurrence |

SDA RW LA '/\ Bit7
scL 8 I 19 ; b

i i
Address reception . | 1 . Data transmission
i i

TRS bit

ICDR read and ICCR read/write are disabled .
ICDR write

(6 system clock period)

;

The rise of the 9th clock is detected

Figure15.33 ICDR Register Read and | CCR Register Access Timing in Slave Transmit
Mode

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to B'11 in
ICXR.
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12. Note on TRS bit setting in slave mode

In I’C bus interface slave mode, if the TRS bit value in ICCR is set after detecting the rising
edge of the 9th clock pulse or the stop condition before detecting the next rising edge on the
SCL pin (the time indicated as (a) in figure 15.34), the bit value becomes valid immediately
when it is set. However, if the TRS bit is set during the other time (the time indicated as (b) in
figure 15.34), the bit value is suspended and remains invalid until the rising edge of the 9th
clock pulse or the stop condition is detected. Therefore, when the address is received after the
restart condition is input without the stop condition, the effective TRS bit value remains 1
(transmit mode) internally and thus the acknowledge bit is not transmitted after the address has
been received at the 9th clock pulse.

To receive the address in slave mode, clear the TRS bit to 0 during the time indicated as (a) in
figure 15.34. To release the SCL low level that is held by means of the wait function in slave
mode, clear the TRS bit to and then dummy-read ICDR.

Restart condition

TRS Data | : Address reception
transmission i

[ o -
. -t ! ot

TRS bit setting is suspended in this period

T ICDR dummy read T
TRS bit setting The rise of the 9th clock is detected
The rise of the 9th clock is detected

Figure15.34 TRSBIt Set Timingin Slave Mode

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to B’11 in
ICXR.

13. Note on ICDR read in transmit mode and ICDR write in receive mode
When ICDR is read in transmit mode (TRS = 1) or ICDR is written to in receive mode (TRS =
0), the SCL pin may not be held low in some cases after transmit/receive operation has been
completed, thus inconveniently allowing clock pulses to be output on the SCL bus line before
ICDR is accessed correctly. To access ICDR correctly, read the ICDR after setting receive
mode or write to the ICDR after setting transmit mode.
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14. Note on ACKE and TRS bits in slave mode

15.

In the I’C bus interface, if 1 is received as the acknowledge bit value (ACKB = 1) in transmit
mode (TRS = 1) and then the address is received in slave mode without performing appropriate
processing, interrupt handling may start at the rising edge of the 9th clock pulse even when the
address does not match. Similarly, if the start condition and address are transmitted from the
master device in slave transmit mode (TRS = 1), the ICDRE flag is set, and 1 is received as the
acknowledge bit value (ACKB = 1), the IRIC flag may be set thus causing an interrupt source
even when the address does not match.

To use the I'C bus interface module in slave mode, be sure to follow the procedures below.

— When having received 1 as the acknowledge bit value for the last transmit data at the end
of a series of transmit operation, clear the ACKE bit in ICCR once to initialize the ACKB
bit to 0.

— Set receive mode (TRS = 0) before the next start condition is input in slave mode.
Complete transmit operation by the procedure shown in figure 15.23, in order to switch
from slave transmit mode to slave receive mode.

Notes on Arbitration Lost in Master Mode Operation

The I’C bus interface recognizes the data in transmit/receive frame as an address when
arbitration is lost in master mode and a transition to slave receive mode is automatically
carried out.

When arbitration is lost not in the first frame but in the second frame or subsequent frame,
transmit/receive data that is not an address is compared with the value set in the SAR or SARX
register as an address. If the receive data matches with the address in the SAR or SARX
register, the I’C bus interface erroneously recognizes that the address call has occurred. (See
figure 15.35.)

In multi-master mode, a bus conflict could happen. When the I’C bus interface is operated in
master mode, check the state of the AL bit in the ICSR register every time after one frame of
data has been transmitted or received.

When arbitration is lost during transmitting the second frame or subsequent frame, take
avoidance measures.
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o Arbitration is lost
e The AL flag in ICSR is set to 1

12C bus interface |

(Master transmit mode) S | SLA |R/W| A | | DATA1 |

Transmit data match

Transmit timing match Transmit data does not match

Other device —
(Master transmit mode) | S | SLA |R/W| A | | DATA2 | A | | DATA3 | A |

E Data contention

12C bus interface |

Y
(Slave receive mode) S | SLA |R/W| A | | SLA |R/W| A | | DATA4 | A |

* Receive address is ignored « Automatically transferred to slave

receive mode

 Receive data is recognized as an
address

* When the receive data matches to
the address set in the SAR or SARX
register, the 12C bus interface operates
as a slave device.

Figure 15.35 Diagram of Erroneous Operation when Arbitration L ost

Though it is prohibited in the normal I’C protocol, the same problem may occur when the MST

bit is erroneously set to 1 and a transition to master mode is occurred during data transmission

or reception in slave mode.

When the MST bit is set to 1 during data transmission or reception in slave mode, the

arbitration decision circuit is enabled and arbitration is lost if conditions are satisfied. In this

case, the transmit/receive data which is not an address may be erroneously recognized as an

address.

In multi-master mode, pay attention to the setting of the MST bit when a bus conflict may

occur. In this case, the MST bit in the ICCR register should be set to 1 according to the order

below.

A. Make sure that the BBSY flag in the ICCR register is 0 and the bus is free before setting
the MST bit.

B. Set the MST bit to 1.

C. To confirm that the bus was not entered to the busy state while the MST bit is being set,
check that the BBSY flag in the ICCR register is 0 immediately after the MST bit has been
set.

Note: Above restrictions can be released by setting the bits FNC1 and FNC2 in ICXR to B'11.
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Section 16 LPC Interface (LPC)

This LSI has an on-chip LPC interface.

The LPC performs serial transfer of cycle type, address, and data, synchronized with the 33 MHz
PCI clock. It uses four signal lines for address/data, and one for host interrupt requests. The LPC
interface operates as a slave and supports only I/O read cycle and I/O write cycle transfer.

It is also provided with power-down functions that can control the PCI clock and shut down the
LPC interface.

16.1 Features

e Supports LPC interface I/O read cycles and I/O write cycles
Uses four signal lines (LAD3 to LADO) to transfer the cycle type, address, and data.
Uses three control signals: clock (LCLK), reset (LRESET), and frame (LFRAME).
e Has three register sets comprising data and status registers

The basic register set comprises three bytes: an input register (IDR), output register (ODR),
and status register (STR).

Channels 1 to 3 have fixed I/O addresses of H'0000 to H'FFFF, respectively.
A fast A20 gate function is also provided.
Sixteen bidirectional data register bytes can be manipulated in addition to the basic register set.
e Supports SERIRQ
Host interrupt requests are transferred serially on a single signal line (SERIRQ).
On channel 1, HIRQ1 and HIRQ12 can be generated.
On channels 2 and 3, SMI, HIRQ6, and HIRQ9 to HIRQ11 can be generated.
Operation can be switched between quiet mode and continuous mode.
The CLKRUN signal can be manipulated to restart the PCI clock (LCLK).
e Power-down functions, interrupts, etc.
The LPC module can be shut down by inputting the LPCPD signal.
Three pins, PME, LSMI, and LSCI, are provided for general input/output.

e Supports version 1.5 of the Intelligent Platform Management Interface (IPMI)
Channel 3 supports the SMIC interface, KCS interface, and BT interface.
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Figure 16.1 shows a block diagram of the LPC.

Module data bus

TWROMW

IDR3

HICRO to HICR4:
LADR12H, 12L:
LADR3H, 3L:
IDR1 to IDR3:
ODR1 to ODR3:
STR1 to STR3:
TWROMW:
TWROSW:

TWR1 to TWR15:

BTDTR o I Parallel — serial conversion o]
FIFO [TWR1 to 15 [
(IN) E - IDR1 @]
SIRQCRO
|Cyc|e detectionl SIRQCR1
SIRQCR2
—=|Serial — parallel conversion E Control logic -0
[ HISEL E
: :-—O
Address match | ,
H ~—=©
E B —O)]
LADO to LADR12 | LSCIE :
O = ! LSCIB '
LAD3 -
TADRT ! LSClinput &~ ' ]
L —roms : PDO 1/0———0
! LSMIE i
LADR3 k= | LSMIB ;
' LSMlinput L~
: : E PD1 I/
-<-| Serial « parallel conversion | PMEE H
PMEB NG
! PME input L~
[[SYNC output | | PD2 /IO——0
| HICRO 1
‘[ HICR1
| HICR2 :
BTDTR TWROSW ODR3 :
FIFO [TwR1 0151 ODR2 | __HicRs !
(oum) E = ODR1 L__HICR4 :
STR3 REEEEEE l -------------- :
STR2 - IBFI
STR1 Internal interrupt |—— IBFI2
control —— IBFI3
L~ ERRI
[Legend]

Host interface control register 0 to 4

LPC channel 1, 2 address register 12H, 12L
LPC channel 3 address register 3H, 3L
Input data register 1 to 3

Output data register 1 to 3

Status register 1 to 3

Bidirectional data register OMW
Bidirectional data register OSW

Bidirectional data registers 1 to 15

SIRQCRO to SIRQCR2: SERIRQ control registers 0 to 2

HISEL:

Host interface select register

SERIRQ

CLKRUN

LSCI

LSMI

T
m

GA20

Figure16.1 Block Diagram of LPC
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16.2  Input/Output Pins
Table 16.1 lists the input and output pins of the LPC.

Table16.1 Pin Configuration

Name Abbreviation Port I} Function

LPC address/ LAD3 to LADO PES3to /0 Serial (4-signal-line) transfer cycle

data3to 0 PEO type/address/data signals,
synchronized with LCLK

LPC frame LFRAME PE4 Input*’ Transfer cycle start and forced
termination signal

LPC reset LRESET PE5 Input*' LPC interface reset signal

LPC clock LCLK PE6 Input 33 MHz PCI clock signal

Serialized SERIRQ PE7 I/O%' Serialized host interrupt request

interrupt request signal, synchronized with LCLK
(SMI, HIRQ1, HIRQ6, HIRQ9 to
HIRQ12)

LSCI general LSCI PDO Output*"**  General output

output

LSMI general LSMI PD1 Output*"**  General output

output

PME general PME PD2 Output*"**  General output

output

GATE A20 GA20 PD3 Output*"**  A20 gate control signal output

LPC clock run CLKRUN PD4 I/O*" LCLK restart request signal in case
of serial host interrupt request

LPC power-down LPCPD PD5 Input*' LPC module shutdown signal

Notes: 1. Pin state monitoring input is possible in addition to the LPC interface control
input/output function.

2. Only 0 can be output. If 1 is output, the pin goes to the high-impedance state, so an
external resistor is necessary to pull the signal up to VCC.
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16.3 Register Descriptions

The LPC registers are listed in the following. Though this LSI accesses these registers as a slave,
some of them can be accessed from the host. For details, see each register description.

e Host interface control register 0 (HICRO)

e Host interface control register 1 (HICR1)

e Host interface control register 2 (HICR2)

e Host interface control register 3 (HICR3)

e Host interface control register 4 (HICR4)

e LPC channel 3 Address register H, L (LADR3H, LADR3L)
e LPC channel 1, 2 address register H, L (LADR12H, LADRI12L)
e Input data register 1 (IDR1I)

e Input data register 2 (IDR2)

e Input data register 3 (IDR3)

e Qutput data register 1 (ODR1)

e Output data register 2 (ODR2)

e Qutput data register 3 (ODR3)

e Bidirectional data registers 0 to 15 (TWRO to TWRI15)
e Status register 1 (STR1)

e Status register 2 (STR2)

e Status register 3 (STR3)

e SERIRQ control register 0 (SIRQCRO)

e SERIRQ control register 1 (SIRQCR1)

e SERIRQ control register 2 (SIRQCR?2)

e Host interface select register (HISEL)

SMIC mode:

The following registers are required when SMIC mode is used.
e SMIC flag register (SMICFLG)

e SMIC control status register (SMICCSR)

e SMIC data register (SMICDTR)

e  SMIC interrupt register 0 (SMICIRO)

e SMIC interrupt register 1 (SMICIR1)
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BT mode:

The following registers are required when BT mode is used.

BT status register 0 (BTSRO)

BT status register 1 (BTSR1)

BT control status register 0 (BTCSRO)
BT control status register 1 (BTCSR1)
BT control register (BTCR)

BT data buffer (BTDTR)

BT interrupt mask register (BTIMSR)

BT FIFO valid size register 0 (BTFVSRO)
BT FIFO valid size register 1 (BTFVSR1)

RENESAS
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16.3.1 Host Interface Control Registers0and 1 (HICRO, HICR1)

HICRO and HICR1 contain control bits that enable or disable LPC interface functions, control bits
that determine pin output and the internal state of the LPC interface, and status flags that monitor
the internal state of the LPC interface.

HICRO and HICR1 are initialized to H'0O by a reset or in hardware standby mode.

e HICRO
R/W
Bit Bit Name Initial Value Slave Host Description
7 LPC3E 0 RW —  LPCEnable 3to 1
6 LPC2E 0 RW  — Enables or disables the LPC interface function.
5 LPC1E 0 RW —

When the host interface is enabled (at least one of
the three bits is set to 1), processing for data transfer
between the slave processor and the host processor
is performed using pins LAD3 to LADO, LFRAME,
LRESET, LCLK, SERIRQ, CLKRUN, and LPCPD.

e LPC3E
0: LPC channel 3 operation is disabled

No address (LADR3) matches for IDR3, ODR3,
STR3, TWRO0 to TWR15, SMIC, KCS, or BT

1: LPC channel 3 operation is enabled
e LPC2E
0: LPC channel 2 operation is disabled

No address (LADR2) matches for IDR2, ODR2, or
STR2

1: LPC channel 2 operation is enabled
e LPC1E
0: LPC channel 1 operation is disabled

No address (LADR1) matches for IDR1, ODR1, or
STR1

1: LPC channel 1 operation is enabled
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Bit

Bit Name

R/W

Initial Value Slave Host Description

4

FGA20E O

RW

Fast A20 Gate Function Enable

Enables or disables the fast A20 gate function. When
the fast A20 gate is disabled, the normal A20 gate
can be implemented by firmware operation of the
PD3 output.

When the fast A20 gate function is enabled, the DDR
bit for PD3 must not be set to 1.

0: Fast A20 gate function disabled

e Other function of the pin is enabled

o GA20 output internal state is initialized to 1
1: Fast A20 gate function enabled

GAZ20 pin output is open-drain (external VCC
pull-up resistor required)

3

SDWNE

0

R/W

LPC Software Shutdown Enable

Controls LPC interface shutdown. For details of the
LPC shutdown function, and the scope of
initialization by an LPC reset and an LPC shutdown,
see section 16.4.6, LPC Interface Shutdown
Function (LPCPD).

0: Normal state, LPC software shutdown setting
enabled

[Clearing conditions]

e Writing O

e LPC hardware reset or LPC software reset

e LPC hardware shutdown release (rising edge of
LPCPD signal)

1: LPC hardware shutdown state setting enabled

e Hardware shutdown state when LPCPD signal is
low

[Setting condition]

e Writing 1 after reading SDWNE =0
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Initial ___R/W

Bit Bit Name Value Slave Host Description

2 PMEE 0 R/W —  PME Output Enable

Controls PME output in combination with the PMEB bit in
HICR1. PME pin output is open-drain, and an external pull-up
resistor is needed to pull the output up to VCC

When the PME output function is used, the DDR bit for PD2
must not be set to 1.

PMEE PMEB

0 * : PME output disabled, other function of pin is
enabled

1 0 : PME output enabled, PME pin output goes to 0 level

1 1 : PME output enabled, PME pin output is high-
impedance

1 LSMIE 0 RW —  LSMI Output Enable

Controls LSMI output in combination with the LSMIB bit in
HICR1. LSMI pin output is open-drain, and an external pull-up
resistor is needed to pull the output up to VCC

When the LSMI output function is used, the DDR bit for PD1
must not be setto 1.

LSMIE LSMIB

0 * : LSMI output disabled, other function of pin is
enabled

1 0 : LSMI output enabled, LSMI pin output goes to 0
level

1 1 : LSMI output enabled, LSMI pin output is high-
impedance

0 LSCIE 0 R/W —  LSCI Output Enable

Controls LSCI output in combination with the LSCIB bit in
HICR1. LSCI pin output is open-drain, and an external pull-up
resistor is needed to pull the output up to VCC

When the LSCI output function is used, the DDR bit for PDO
must not be setto 1.

LSCIE LSCIB

0 & : LSCI output disabled, other function of pin is
enabled

1 0 : LSCI output enabled, LSCI pin output goes to 0
level

1 1 : LSCI output enabled, LSCI pin output is high-
impedance

Note: * Don't care
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HICRI1

R/W
Bit Bit Name Initial Value Slave Host Description
7 LPCBSY 0 R —  LPC Busy
Indicates that the LPC interface is processing a
transfer cycle.
0: LPC interface is in transfer cycle wait state
e Bus idle, or transfer cycle not subject to
processing is in progress
e Cycle type or address indeterminate during
transfer cycle
[Clearing conditions]
e LPC hardware reset or LPC software reset
e LPC hardware shutdown or LPC software
shutdown
e Forced termination (abort) of transfer cycle
subject to processing
¢ Normal termination of transfer cycle subject to
processing
1: LPC interface is performing transfer cycle
processing
[Setting condition]
¢ Match of cycle type and address
6 CLKREQ 0 R —  LCLK Request

Indicates that the LPC interface's SERIRQ output is
requesting a restart of LCLK.

0: No LCLK restart request

[Clearing conditions]
e LPC hardware reset or LPC software reset

e LPC hardware shutdown or LPC software
shutdown

¢ SERIRQ is set to continuous mode

e There are no further interrupts for transfer to the
host in quiet mode

1: LCLK restart request issued
[Setting condition]

¢ In quiet mode, SERIRQ interrupt output becomes
necessary while LCLK is stopped
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R/W

Bit Bit Name Initial Value Slave Host Description

5 IRQBSY 0 R

SERIRQ Busy

Indicates that the LPC interface's SERIRQ signal is
engaged in transfer processing.

0: SERIRQ transfer frame wait state
[Clearing conditions]
e LPC hardware reset or LPC software reset

e LPC hardware shutdown or LPC software
shutdown

¢ End of SERIRQ transfer frame

1: SERIRQ transfer processing in progress
[Setting condition]

e Start of SERIRQ transfer frame

4 LRSTB 0 R/W

LPC Software Reset Bit

Resets the LPC interface. For the scope of
initialization by an LPC reset, see section 16.4.6,
LPC Interface Shutdown Function (LPCPD).

0: Normal state

[Clearing conditions]

e Writing O

e LPC hardware reset

1: LPC software reset state

[Setting condition]

e Writing 1 after reading LRSTB =0

Rev. 3.00, 03/04, page 516 of 830

RENESAS



R/W

Bit Bit Name Initial Value Slave Host Description
3 SDWNB 0 R/W —  LPC Software Shutdown Bit
Controls LPC interface shutdown. For details of the
LPC shutdown function, and the scope of
initialization by an LPC reset and an LPC shutdown,
see section 16.4.6, LPC Interface Shutdown
Function (LPCPD).
0: Normal state
[Clearing conditions]
e Writing 0
e LPC hardware reset or LPC software reset
e LPC hardware shutdown
(falling edge of LPCPD signal when SDWNE = 1)
e LPC hardware shutdown release
(rising edge of LPCPD signal when SDWNE = 0)
1: LPC software shutdown state
[Setting condition]
e Writing 1 after reading SDWNB = 0
2 PMEB 0 R/W —  PME Output Bit
Controls PME output by the combination with the
PMEE bit.
For details, see the PMEE bit in HICRO.
1 LSMIB 0 RW —  LSMI Output Bit
Controls LSMI output by the combination with the
LSMIE bit.
For details, see the LSMIE bit in HICRO.
0 LSCIB 0 RW —  LSCI Output Bit

Controls LSCI output by the combination with the
LSCIE bit.

For details, see the LSCIE bit in HICRO.
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16.3.2 Host Interface Control Registers2 and 3 (HICR2, HICRS3)

The bits 6 to 0 in HICR2 control interrupts from the LPC interface module to the slave processor
(this LSI). HICR3 and the bit 7 of HICR2 monitor the LPC interface pin states.

Bits 6 to 0 in HICR?2 are initialized to H'00 by a reset or in hardware standby mode. The states of
the other bits are determined by the pin states.

The pin states can be monitored regardless of the LPC interface operating state or the operating
state of the functions that use pin multiplexing.

e HICR2
R/IW
Bit Bit Name Initial Value Slave Host Description
7 GA20 Undefined R —  GA20 Pin Monitor
6 LRST 0 R/((W)* —  LPC Reset Interrupt Flag

Interrupt flag that generates an ERRI interrupt when
an LPC hardware reset occurs.

0: [Clearing condition]
Writing O after reading LRST = 1
: [Setting condition]
LRESET pin falling edge detection

—_ °

5 SDWN 0 R/(W)* —  LPC Shutdown Interrupt Flag

Interrupt flag that generates an ERRI interrupt when
an LPC hardware shutdown request is generated.

0: [Clearing conditions]
Writing 0 after reading SDWN = 1

LPC hardware reset

LPC software reset

—

: [Setting condition]

LPCPD pin falling edge detection

Rev. 3.00, 03/04, page 518 of 830
RENESAS



R/W

Bit Bit Name Initial Value Slave Host Description

4 ABRT 0 R/(W)* —  LPC Abort Interrupt Flag

Interrupt flag that generates an ERRI interrupt when
a forced termination (abort) of an LPC transfer cycle
occurs.

0: [Clearing conditions]

e Writing O after reading ABRT = 1

e LPC hardware reset

e LPC software reset

e LPC hardware shutdown

e LPC software shutdown

1: [Setting condition]

LFRAME pin falling edge detection during LPC
transfer cycle

3 IBFIE3 0 R/W —  IBFI3 Interrupt Enable

Enables or disables IBFI3 interrupt to the slave
processor (this LSI).

0: Input data register IDR3 and TWR receive
completed interrupt requests and SMIC mode and
BT mode interrupt requests are disabled

1: [When TWRE in LADRS = 0]

Input data register IDR3 receive completed
interrupt request and SMIC mode and BT mode
interrupt requests are enabled

[When TWRE in LADRS = 1]

Input data register IDR3 and TWR receive
completed interrupt requests and SMIC mode and
BT mode interrupt requests are enabled

2 IBFIE2 0 R/W —  IDR2 Receive Completion Interrupt Enable

Enables or disables IBFI2 interrupt to the slave
processor (this LSI).

0: Input data register IDR2 receive completed
interrupt requests disabled

1: Input data register IDR2 receive completed
interrupt requests enabled

Rev. 3.00, 03/04, page 519 of 830
RENESAS



R/W

Bit Bit Name Initial Value Slave Host Description

1 IBFIE1 0

R/W

IDR1 Receive Completion Interrupt Enable

Enables or disables IBFI1 interrupt to the slave
processor (this LSI).

0: Input data register IDR1 receive completed
interrupt requests disabled

1: Input data register IDR1 receive completed
interrupt requests enabled

0 ERRIE 0

R/W

Error Interrupt Enable

Enables or disables ERRI interrupt to the slave
processor (this LSI).

0: Error interrupt requests disabled
1: Error interrupt requests enabled

Note: * Only 0 can be written to clear bits 6 to 4.

e HICR3

R/IW
Bit Bit Name Initial Value Slave Host Description
7  LFRAME Undefined R —  LFRAME Pin Monitor
6 CLKRUN Undefined R —  CLKRUN Pin Monitor
5 SERIRQ Undefined R —  SERIRQ Pin Monitor
4 LRESET Undefined R —  LRESET Pin Monitor
3 LPCPD Undefined R —  LPCPD Pin Monitor
2 PME Undefined R —  PME Pin Monitor
1 LSMI Undefined R —  LSMI Pin Monitor
0 LSCI Undefined R —  LSCI Pin Monitor
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16.3.3 Host Interface Control Register 4 (HICR4)

HICRA4 controls the selection of access channel when setting addresses for LPC channels 1 and 2,
and the operation of KCS, SMIC, and BT interfaces included in channel 3.

R/W
Bit  Bit Name Initial Value Slave Host Description
7 LADR12SEL 0 RW — Switches the access channel of LADR12H,
LAD12L.
0: LADRH1 is selected
1: LADR2 is selected
6to4 — AllO RW — Reserved
The initial value should not be changed.
3 SWENBL 0 R/W —  In BT mode, H'5 (short wait) or H'6 (long wait) is

returned to the host in the synchronized return
cycle from slave, thus can make the host wait.

0: Short wait is issued
1: Long wait is issued

2 KCSENBL 0 RW — Enables or disables the use of the KCS interface
included in channel 3. When the LPC3E bit in
HICRO is 0, this bit is valid.

0: KCS interface operation is disabled

No address (LADR3) matches for IDR3, ODR3,
or STR3 in KCS mode

1: KCS interface operation is enabled

1 SMICENBL 0 RW — Enables or disables the use of the SMIC interface
included in channel 3. When the LPC3E bit in
HICRO is 0, this bit is valid.

0: SMIC interface operation is disabled

No address (LADR3) matches for SMICFLG,
SSMICCSR, or SMICDTR

1: SMIC interface operation is enabled

0 BTENBL 0 RW — Enables or disables the use of the BT interface
included in channel 3. When the LPC3E bit in
HICRO is 0, this bit is valid.

0: BT interface operation is disabled

No address (LADR3) matches for BTIMSR,
BTCR, or BTDTR

1: BT interface operation is enabled
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16.34 LPC Channel 3 Address Register H, L (LADR3H, LADR3L)

LADR3 comprises two 8-bit readable/writable registers that perform LPC channel 3 host address
setting and control the operation of the bidirectional data registers. The contents of the address
field in LADR3 must not be changed while channel 3 is operating (while LPC3E is set to 1).

e LADR3H
R/W
Bit Bit Name Initial Value Slave Host Description
7 Bit 15 AllO RW — Channel 3 Address Bits 15 to 8
6 B!t 14 The host address of LPC channel 3 is set.
5 Bit 13
4 Bit 12
3 Bit 11
2 Bit 10
1 Bit 9
0 Bit 8
e LADR3L
R/W
Bit Bit Name Initial Value Slave Host Description
7 Bit 7 All O RW — Channel 3 Address Bits 7 to 3
6 B!t 6 The host address of LPC channel 3 is set.
5 Bit 5
4 Bit 4
3 Bit 3
2 — 0 RW — Reserved
The initial value should not be changed.
1 Bit 1 0 RW — Channel 3 Address Bit 1
The host address of LPC channel 3 is set.
0 TWRE 0 RW — Bidirectional data Register Enable
Enables or disables bidirectional data register
operation.

Clear this bit to 0 in KCS mode.
0: TWR operation is disabled

TWR-related address (LADR3) match does not
occur.

1: TWR operation is enabled
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When LPC3E = 1, an I/O address received in an LPC I/O cycle is compared with the contents of
LADR3. When determining an IDR3, ODR3, or STR3 address match, bit 0 in LADR3 is regarded
as 0, and the value of bit 2 is ignored. When determining a TWRO to TWRI15 address match, bit 4
of LADR3 is inverted, and the values of bits 3 to 0 are ignored. When determining an IDR3,
ODR3, or STR3 address match in KCS mode, an SMICFLG, SMICCSR, SMICDTR address
match in SMIC mode, and a BTDTR, BTCR, BTIMSR address match in BT mode, the values of
bits 3 to 0 are ignored.

Register selection according to the bits ignored in address match determination is as shown in the
following table.

/O Address Transfer Host Register
Bits 15to5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Cycle Selection

Bits 15t05 Bit4 Bit 3 0 Bit 1 0 I/O write  IDR3 write, C/D3 « 0
Bits 15to5 Bit4 Bit 3 1 Bit 1 0 I/O write  IDR3 write, C/D3 « 1
Bits 15to5 Bit4 Bit 3 0 Bit 1 0 I/Oread ODRS3 read
Bits 15to5 Bit4 Bit 3 1 Bit 1 0 I/Oread STRS3read
Bits 15to5 Bit4 0 0 0 0 I/O write  TWROMW write
Bits 15to5 Bit4 0 0 0 1 I/O write  TWR1 to TWR15
write
[ ] [ ] [ ) [ ]
[ ] [ ]
[ ] [ ]
1 1 1 1
Bits 15t05 Bit4 0 0 0 0 I/Oread TWROSW read
Bits 15t05 Bit4 0 0 0 1 I/Oread TWR1to TWR15
read
[ ] [ ] [ ]
[ ] [ ] [ ] [
[ ] [ ] [ ]
1 1 1 1
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e KCS mode

I/0O Address Transfer
Bits 15to5 Bit4 Bit3 Bit2 Bitl Bit0 Cycle Host Register Selection
Bits 15t05 Bit4 0 0 1 0 /O write IDR3 write, C/D3 « 0
Bits 15to5 Bit4 0 0 1 1 I/O write IDR3 write, C/D3 « 1
Bits 1I5to5 Bit4 0 0 1 0 I/O read ODRS read
Bits 15to5 Bit4 0 0 1 1 I/O read STR3 read
e BT mode
I/O Address Transfer
Bits 15to5 Bit4 Bit3 Bit2 Bitl Bit0 Cycle Host Register Selection
Bits 15to5 Bit4 0 1 0 0 I/O write BTCR write
Bits 15to5 Bit4 0 1 0 1 I/O write BTDTR write
Bits 15to5 Bit4 0 1 1 0 I/O write BTIMSR write
Bits 15to5 Bit4 0 1 0 0 I/O read BTCR read
Bits 15to5 Bit4 0 1 0 1 I/O read BTDTR read
Bits 15t05 Bit4 0 1 1 0 I/O read BTIMSR read
e  SMIC mode
I/0O Address Transfer
Bits 15to5 Bit4 Bit3 Bit2 Bitl Bit0 Cycle Host Register Selection
Bits 15to5 Bit4 1 0 0 1 1/O write SMICDTR write
Bits 15to5 Bit4 1 0 1 0 I/O write SMICCSR write
Bits 15t05 Bit4 1 0 1 1 I/O write SMICFLG write
Bits 1I5to5 Bit4 1 0 0 1 I/O read SMICDTR read
Bits 15to5 Bit4 1 0 1 0 I/O read SMICCSR read
Bits 1I5to5 Bit4 1 0 1 1 I/O read SMICFLG read
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e Notes on determining address match

The IDR3/ODR3/STR3 addresses depend on mode.

LPC3 SELS KCSE SMIC BTEN IDR3/ODR3/STR3  STR3:TWR

E TR3 NBL TWRE ENBL BL Accessible Mode Host Addresses Related Bit

0 —* —% % % %  Channel 3 access Access disabled Access disabled
disabled

1 0 0 0 0 0 Normal mode LADR3+0/+4 TWR flag bit

1 0 0 0 0 1 BT mode Access disabled  Access disabled

1 0 0 0 1 0 SMIC mode Access disabled  Access disabled

1 0 0 0 1 1 SMIC/BT mode  Access disabled  Access disabled

1 0 0 1 0 0 TWR mode LADR3+0/+4 TWR flag bit

1 0 0 1 0 1 TWR/BT mode LADR3+2/+3 TWR flag bit

1 0 0 1 1 0 TWR/SMIC mode LADR3+2/+3 TWR flag bit

1 0 0 1 1 1 TWR/SMIC/BT  LADR3+2/+3 TWR flag bit
mode

1 0 1 0 0 0 KCS mode LADR3+2/+3 TWR flag bit

1 0 1 0 0 1 KCS/BT mode LADR3+2/+3 TWR flag bit

1 0 1 0 1 0 KCS/SMIC mode LADR3+2/+3 TWR flag bit

1 0 1 0 1 1 KCS/SMIC/BT LADR3+2/+3 TWR flag bit
mode

1 1 0 0 0 0 Normal mode LADR3+0/+4 User definition bit

1 1 0 0 0 1 BT mode Access disabled  Access disabled

1 1 0 0 1 0 SMIC mode Access disabled  Access disabled

1 1 0 0 1 1 SMIC/BT mode  Access disabled  Access disabled

1 1 0 1 0 0 TWR mode LADR3+0/+4 TWR flag bit

1 1 0 1 0 1 TWR/BT mode LADR3+2/+3 TWR flag bit

1 1 0 1 1 0 TWR/SMIC mode LADR3+2/+3 TWR flag bit

1 1 0 1 1 1 TWR/SMIC/BT  LADR3+2/+3 TWR flag bit
mode

1 1 1 0 0 0 KCS mode LADRS3+2/+3 User definition bit

1 1 1 0 0 1 KCS/BT mode LADR3+2/+3 User definition bit

1 1 1 0 1 0 KCS/SMIC mode LADR3+2/+3 User definition bit

1 1 1 0 1 1 KCS/SMIC/BT LADR3+2/+3 User definition bit
mode

1 —* 1 1 —#* —*  Setting prohibited Setting prohibited Setting prohibited

Note: * Don't care

RENESAS
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16.35 LPC Channedl 1, 2 Address Register H, L (LADR12H, LADR12L)

LADRI12H and LADRI12L are temporary registers for accessing internal registers LADR1H,
LADRI1L, LADR2H, and LADR2L.

When the LADRI12SEL bit in HICR4 is 0, LPC channel 1 host addresses (LADR1H, LADRIL)
are set through LADR12. The contents of the address field in LADR1 must not be changed while
channel 1 is operating (while LPCI1E is set to 1).

When the LADRI12SEL bit is 1, LPC channel 2 host addresses (LADR2H, LADR2L) are set
through LADR12. The contents of the address field in LADR2 must not be changed while channel
2 is operating (while LPC2E is set to 1).

Table 16.2 shows the initial value of each register. Table 16.3 shows the host register selection in
address match determination. Table 16.4 shows the slave selection internal registers in slave (this
LSI) access.

Table16.2 LADR1, LADR2 Initial Values

Register Name Initial Value Description
LADR1 H'0060 1/0 address of channel 1
LADR2 H'0062 1/0O address of channel 2

Table16.3 Host Register Selection

I/O Address

Transfer

Bits 15t0 3 Bit2 Bit1l Bit 0 Cycle Host Register Selection

LADR1 (bits 15t0 3) 0 LADR1 (bit 1) LADR1 (bit 0) 1/O write IDR1 write (data),
C/D1 <0

LADR1 (bits 15t0 3) 1 LADR1 (bit 1) LADR1 (bit 0) I/O write IDR1 write (command),
C/D1 «1

LADR1 (bits 15t0 3) 0 LADR1 (bit 1) LADR1 (bit0) I/Oread ORD1 read

LADR1 (bits 15 to 3) LADR1 (bit 1) LADR1 (bit0) I/Oread STR1 read

LADR2 (bits 15t0 3) 0 LADR2 (bit 1) LADR2 (bit 0) I/O write IDR2 write (data),
C/D2 « 0

LADR2 (bits 15t0 3) 1 LADR2 (bit 1) LADR2 (bit 0) 1/O write IDR2 write (command),
C/D2 « 1

LADR2 (bits 15t0 3) 0 LADR2 (bit 1) LADR2 (bit0) 1/Oread ODR2 read

LADR?2 (bits 15 to 3) LADR2 (bit 1) LADR2 (bit0) I/Oread STR2 read
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Table16.4 Slave Selection Internal Registers

Slave (R/W) Bus Width (B/W) LADRI12SEL LADR12 Internal Register
R/W B 0 LADR12H LADR1H

R/W B 1 LADR12H LADR2H

R/W B 0 LADR12L LADR1L
R/W B 1 LADR12L LADR2L
R/W W 0 LADR12H LADR12L LADR1H LADRIL
R/W W 1 LADR12H LADR12L LADR2H LADR2L

16.3.6 Input Data Registers1to 3 (IDR1to IDR3)

The IDR registers are 8-bit read-only registers to the slave processor (this LSI), and 8-bit write-
only registers to the host processor. The registers selected from the host according to the I/O
address are described in the following sections: for information on IDR1 and IDR2 selection, see
section 16.3.5, LPC Channel 1, 2 Address Register H, L (LADR12H, LADR12L), and for
information on IDR3 selection, see section 16.3.4, LPC Channel 3 Address Register H, L
(LADR3H, LADR3L). Data transferred in an LPC I/O write cycle is written to the selected
register. The state of bit 2 of the I/O address is latched into the C/D bit in STR, to indicate whether
the written information is a command or data.

The initial values of the IDR registers are undefined.

16.3.7 Output Data Registers0to 3 (ODR1 to ODR3)

The ODR registers are 8-bit readable/writable registers to the slave processor (this LSI), and 8-bit
read-only registers to the host processor. The registers selected from the host according to the I/O
address are described in the following sections: for information on ODR1 and ODR?2 selection, see
section 16.3.5, LPC Channel 1, 2 Address Register H, L (LADR12H, LADR12L), and for
information on ODR3 selection, see section 16.3.4, LPC Channel 3 Address Register H, L.
(LADR3H, LADR3L). In an LPC I/O read cycle, the data in the selected register is transferred to
the host.

The initial values of the ODR registers are undefined.
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16.3.8 Bidirectional Data Registers0to 15 (TWRO0to TWR15)

TWRO to TWRI1S5 are sixteen 8-bit readable/writable registers to both the slave processor (this
LSI) and the host processor. In TWRO, however, two registers (TWROMW and TWROSW) are
allocated to the same address for both the host address and the slave address. TWROMW is a
write-only register to the host processor, and a read-only register to the slave processor, while
TWROSW is a write-only register to the slave processor and a read-only register to the host
processor. When the host and slave processors begin a write, after the respective TWRO registers
have been written to, access right arbitration for simultaneous access is performed by checking the
status flags to see if those writes were valid. For the registers selected from the host according to
the I/O address, see section 16.3.4, LPC Channel 3 Address Register H, L (LADR3H, LADR3L).

Data transferred in an LPC I/O write cycle is written to the selected register; in an LPC I/O read
cycle, the data in the selected register is transferred to the host.

The initial values of TWRO to TWR15 are undefined.
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16.3.9 StatusRegisters1to3(STR1to STR3)

The STR registers are 8-bit registers that indicate status information during LPC interface
processing. Bits 3, 1, and 0 in STR1 to STR3 are read-only bits to both the host processor and the
slave processor (this LSI). However, 0 only can be written from the slave processor (this LSI) to
bit 0 in STR1 to STR3, and bits 6 and 4 in STR3, in order to clear the flags to 0. The functions for
bits 7 to 4 in STR3 differ according to the settings of bit SELSTR3 in HISEL and the TWRE bit in
LADRS3L. For details, see section 16.3.13, Host Interface Select Register (HISEL). The registers
selected from the host processor according to the I/O address are described in the following
sections. For information on STR1 and STR2 selection, see section 16.3.5, LPC Channel 1,2
Address Register H, L (LADR12H, LADRI12L), and information on STR3 selection, see section
16.3.4, LPC Channel 3 Address Register H, L (LADR3H, LADR3L). In an LPC I/O read cycle,
the data in the selected register is transferred to the host processor.

The STR registers are initialized to H'0O0 by a reset or in hardware standby mode.

e STRI1
R/W

Bit Bit Name Initial Value Slave Host Description

7 DBU17  AlO RW R Defined by User

6 DBU16 The user can use these bits as necessary.

5 DBU15

4 DBU14

3 C/D1 0 R R  Command/Data
When the host processor writes to an IDR1 register,
bit 2 of the 1/0 address is written into this bit to
indicate whether IDR1 contains data or a command.
0: Content of input data register (IDR1) is data
1: Content of input data register (IDR1) is a

command
2 DBU12 0 RW R Defined by User

The user can use this bit as necessary.
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R/W

Bit Bit Name Initial Value Slave Host Description

1 IBF1 0 R R Input Data Register Full
Indicates whether or not there is receive data in
IDR1. This bit is an internal interrupt source to the
slave processor (this LSI).
The IBF1 flag setting and clearing conditions are
different when the fast A20 gate is used. For details
see table 16.7.
0: There is not receive data in IDR1
[Clearing condition]
When the slave processor reads IDR
1: There is receive data in IDR1
[Setting condition]
When the host processor writes to IDR using 1/0
write cycle

0 OBF1 0 R/(W)* R Output Data Register Full

Indicates whether or not there is transmit data in
ODRA1.

0: There is not transmit data in ODR1
[Clearing condition]

When the host processor reads ODR1 using /O
read cycle, or the slave processor writes 0 to the
OBF1 bit

1: There is transmit data in ODR1
[Setting condition]
When the slave processor writes to ODR1

Note: * Only 0 can be written to clear the flag.
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e STR2

Bit

R/W

Bit Name Initial Value Slave Host Description

DBU27
DBU26
DBU25
DBU24

AllO

RW R

Defined by User
The user can use these bits as necessary.

WO O N

C/D2

Command/Data

When the host processor writes to an IDR2 register,
bit 2 of the I/O address is written into this bit to
indicate whether IDR2 contains data or a command.

0: Content of input data register (IDR2) is data
1: Content of input data register (IDR2) is a command

DBU22

RW R

Defined by User
The user can use this bit as necessary.

IBF2

Input Data Register Full

Indicates whether or not there is receive data in IDR2.
This bit is an internal interrupt source to the slave
processor (this LSI).

0: There is not receive data in IDR2
[Clearing condition]

When the slave processor reads IDR2
1: There is receive data in IDR2
[Setting condition]

When the host processor writes to IDR2 using I/O
write cycle

0

OBF2

0

R/(W) R

Output Data Register Full

Indicates whether or not there is transmit data in
ODR2.

0: There is not transmit data in ODR2
[Clearing condition]

When the host processor reads ODR2 using I/O read
cycle, or the slave processor writes 0 to the OBF2 bit

1: There is transmit data in ODR2
[Setting condition]
When the slave processor writes to ODR2

Note:

*  Only O can be written to clear the flag.
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e STR3
(When TWRE = 1 or SELSTR3 =0)
R/W

Bit Bit Name Initial Value Slave Host Description

7 IBF3B 0 R R Bidirectional Data Register Input Data Full

Indicates whether or not there is receive data in
TWRO to TWR15. This is an internal interrupt source
to the slave processor (this LSI).

0: There is not receive data in TWR15
[Clearing condition]

When the slave processor reads TWR15

1: There is receive data in TWRO to TWR15
[Setting condition]

When the host processor writes to TWR15 using I/O
write cycle

6 OBF3B 0 R/(W)* R Bidirectional Data Register Output Data Full

Indicates whether or not there is transmit data in
TWRO to TWR15.

0: There is not transmit data in TWR15
[Clearing condition]

When the host processor reads TWR15 using I/O
read cycle, or the slave processor writes 0 to the
OBF3B bit

1: There is transmit data in TWRO to TWR15
[Setting condition]
When the slave processor writes to TWR15

5 MWMF 0 R R Master Write Mode Flag

Indicates that master write mode is entered by
writing to TWRO from the host processor.

0: [Clearing condition]
When the slave processor reads TWR15
1: [Setting condition]

When the host processor writes to TWRO using /O
write cycle while SWMF =0
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Bit

R/W

Bit Name Initial Value Slave Host Description

4

SWMF

0

R/(W)* R

Slave Write Mode Flag

Indicates that slave write mode is entered by writing
to TWRO from the slave processor (this LSI). In the
event of simultaneous writes by the master and the
slave, the master write has priority.

0: [Clearing condition]

When the host processor reads TWR15 using 1/0
read cycle, or the slave processor writes 0 to the
SWMF bit

1: [Setting condition]

When the slave processor writes to TWRO while
MWMF = 0

3

C/D3

0

Command/Data

When the host processor writes to an IDR3 register,
bit 2 of the I/0O address is written into this bit to
indicate whether IDR3 contains data or a command.

0: Content of input data register (IDR3) is data

1: Content of input data register (IDR3) is a
command

2

DBU32

0

RW R

Defined by User
The user can use this bit as necessary.

1

IBF3A

0

Input Data Register Full

Indicates whether or not there is receive data in
IDRS3. This is an internal interrupt source to the slave
processor (this LSI).

0: There is not receive data in IDR3
[Clearing condition]

When the slave processor reads IDR3
1: There is receive data in IDR3
[Setting condition]

When the host processor writes to IDR3 using 1/0
write cycle
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R/W

Bit Bit Name Initial Value Slave Host Description

0 OBF3A 0 R/(W)* R Output Data Register Full

Indicates whether or not there is transmit data in
ODRS.

0: There is not transmit data in ODR3
[Clearing condition]

When the host processor reads ODR3 using 1/0O
read cycle, or the slave processor writes 0 to the
OBF3A bit

1: There is transmit data in ODR3
[Setting condition]
When the slave processor writes to ODR3

Note: * Only 0 can be written to clear the flag.

e STR3

(When TWRE = 0 and SELSTR3 = 1)

R/W

Bit Bit Name |Initial Value Slave Host Description
7 DBU37  AlO R/W R Defined by User
6 DBU36 The user can use these bits as necessary.
5 DBU35
4 DBU34
3 C/D3 0 R R  Command/Data

When the host processor writes to an IDR3 register,
bit 2 of the I/O address is written into this bit to
indicate whether IDR3 contains data or a command.

0: Content of input data register (IDR3) is data
1: Content of input data register (IDR3) is a command

2 DBU32 O RW R Defined by User
The user can use this bit as necessary.
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R/W
Bit Bit Name Initial Value Slave Host Description
1 IBF3A 0 R R Input Data Register Full

Indicates whether or not there is receive data in
IDR3. This bit is an internal interrupt source to the
slave processor (this LSI).

0: There is not receive data in IDR3
[Clearing condition]

When the slave processor reads IDR3
1: There is receive data in IDR3
[Setting condition]

When the host processor writes to IDR3 using I/0
write cycle

0 OBF3A 0 R/(W)* R Output Data Register Full

Indicates whether or not there is transmit data in
ODRS.

0: There is not receive data in ODR3

[Clearing condition]

When the host processor reads ODR3 using /O
read cycle, or the slave processor writes 0 to the
OBF3A bit

1: There is receive data in ODR3
[Setting condition]
When the slave processor writes to ODR3

Note: * Only 0 can be written to clear the flag.
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16.3.10 SERIRQ Control Register 0 (SIRQCRO)

The SIRQCRO register contains status bits that indicate the SERIRQ operating mode and status
bits that specify SERIRQO interrupt sources.

The SIRQCRO register is initialized to H'0O by a reset or in hardware standby mode.

R/W

Bit Bit Name Initial Value Slave Host Description

7 Q/C 0 R —  Quiet/Continuous Mode Flag

Indicates the mode specified by the host at the end
of an SERIRQ transfer cycle (stop frame).

0: Continuous mode

[Clearing conditions]

e LPC hardware reset, LPC software reset

¢ Specification by the stop frame of the SERIRQ
transfer cycle

1: Quiet mode

[Setting condition]

e Specification by the stop frame of the SERIRQ
transfer cycle

6 SELREQ O R/W —  Start Frame Initiation Request Select

Specifies the condition of start frame activation when
the host interrupt request is cleared in quiet mode.

0: When all host interrupt requests are cleared in
quiet mode, start frame initiation is requested

1: When at least one host interrupt request is
cleared in quiet mode, start frame initiation is
requested

5 IEDIR 0 RW — Interrupt Enable Direct Mode

Specifies whether LPC channel 2 SERIRQ interrupt
source (SMI, HIRQ6, HIRQ9 to HIRQ11) generation
is conditional upon OBF, or is controlled only by the
host interrupt enable bit.

0: Host interrupt is requested when host interrupt
enable bit and corresponding OBF are both set to
1

1: Host interrupt is requested when host interrupt
enable bit is set to 1
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Bit

R/W

Bit Name Initial Value Slave Host Description

4

SMIESB 0

R/W

Host SMI Interrupt Enable 3B

Enables or disables a host SMI interrupt request
when OBF3B is set by a TWR15 write.

0: Host SMI interrupt request by OBF3B and
SMIE3B is disabled

[Clearing conditions]

e Writing 0 to SMIE3B

e LPC hardware reset, LPC software reset
e Clearing OBF3B to 0 (when IEDIR3 = 0)
1: [When IEDIR3 = 0]

Host SMI interrupt request by setting OBF3B to 1
is enabled

[When IEDIRS3 = 1]

Host SMI interrupt is requested
[Setting condition]
e Writing 1 after reading SMIE3B = 0

3

SMIE3A 0

R/W

Host SMI Interrupt Enable 3A

Enables or disables a host SMI interrupt request
when OBF3A is set by an ODR3 write.

0: Host SMI interrupt request by OBF3A and
SMIE3A is disabled

[Clearing conditions]

e Writing 0 to SMIE3A

e LPC hardware reset, LPC software reset
e Clearing OBF3A to 0 (when IEDIR3 = 0)
1: [When IEDIR3 = 0]

Host SMI interrupt request by setting OBF3A to 1
is enabled

[When IEDIR3 = 1]

Host SMI interrupt is requested
[Setting condition]
e Writing 1 after reading SMIE3A =0
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R/W

Bit Bit Name Initial Value Slave Host Description

2 SMIE2 0 R/W —  Host SMI Interrupt Enable 2

Enables or disables a host SMI interrupt request
when OBF2 is set by an ODR2 write.

0: Host SMI interrupt request by OBF2 and SMIE2 is
disabled

[Clearing conditions]

e Writing 0 to SMIE2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

Host SMI interrupt request by setting OBF2 to 1 is
enabled
[When IEDIR = 1]

Host SMI interrupt is requested
[Setting condition]
e Writing 1 after reading SMIE2 = 0

1 IRQ12E1 0O RW —  Host IRQ12 Interrupt Enable 1

Enables or disables a HIRQ12 interrupt request
when OBF1 is set by an ODR1 write.

0: HIRQ12 interrupt request by OBF1 and IRQ12E1
is disabled

[Clearing conditions]

Writing 0 to IRQ12E1

LPC hardware reset, LPC software reset
Clearing OBF1 to 0

1: HIRQ12 interrupt request by setting OBF1 to 1 is
enabled

[Setting condition]
e Writing 1 after reading IRQ12E1 =0
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R/W
Bit Bit Name Initial Value Slave Host Description

0 IRQ1E1 O R/W —  Host IRQ1 Interrupt Enable 1

Enables or disables a HIRQ1 interrupt request when
OBF1 is set by an ODR1 write.

0: HIRQ1 interrupt request by OBF1 and IRQ1E1 is
disabled

[Clearing conditions]

e Writing 0 to IRQ1E1

e LPC hardware reset, LPC software reset
e Clearing OBF1t0 0

1: HIRQ1 interrupt request by setting OBF1 to 1 is
enabled

[Setting condition]
e Writing 1 after reading IRQ1E1 =0

16.3.11 SERIRQ Control Register 1 (SIRQCR1)
The SIRQCRI register contains status bits that enable or disable an SERIRQ interrupt request.

The SIRQCRI register is initialized to H'0O by a reset or in hardware standby mode.

Rev. 3.00, 03/04, page 539 of 830
RENESAS



R/W

Bit Bit Name Initial Value Slave Host Description

7 IRQ11E3 0 R/W —  Host IRQ11 Interrupt Enable 3

Enables or disables a HIRQ11 interrupt request
when OBF3A is set by an ODR3 write.

0: HIRQ11 interrupt request by OBF3A and
IRQ11E3 is disabled

[Clearing conditions]

e Writing O to IRQ11E3

e LPC hardware reset, LPC software reset
e Clearing OBF3A to 0 (when IEDIR3 = 0)
1: [When IEDIR3 = 0]

HIRQ11 interrupt request by setting OBF3A to 1
is enabled

[When IEDIRS3 = 1]

HIRQ11 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ11E3 =0

6 IRQ10E3 0 RW —  Host IRQ10 Interrupt Enable 3

Enables or disables a HIRQ10 interrupt request
when OBF3A is set by an ODRS write.

0: HIRQ10 interrupt request by OBF3A and
IRQ10E3 is disabled

[Clearing conditions]

e Writing 0 to IRQ10E3

e LPC hardware reset, LPC software reset
e Clearing OB3FA to 0 (when IEDIR3 = 0)
1: [When IEDIR3 = 0]

HIRQ10 interrupt request by setting OBF3A to 1
is enabled

[When IEDIR3 = 1]

HIRQ10 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ10E3 = 0
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Bit

R/W

Bit Name Initial Value Slave Host Description

5

IRQ9E3

0

R/W

Host IRQ9 Interrupt Enable 3

Enables or disables a HIRQ9 interrupt request when
OBF3A is set by an ODRS write.

0: HIRQS9 interrupt request by OBF3A and IRQ9ES3
is disabled

[Clearing conditions]

e Writing O to IRQ9E3

e LPC hardware reset, LPC software reset
e Clearing OBF3A to 0 (when IEDIR3 = 0)
1: [When IEDIR3 = 0]

HIRQQ interrupt request by setting OBF3A to 1 is
enabled

[When IEDIRS3 = 1]

HIRQQ interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ9E3 = 0

4

IRQ6E3

0

R/W

Host IRQ6 Interrupt Enable 3

Enables or disables a HIRQ6 interrupt request when
OBF3A is set by an ODRS3 write.

0: HIRQ®6 interrupt request by OBF3A and IRQ6E3
is disabled

[Clearing conditions]

e Writing O to IRQ6E3

e LPC hardware reset, LPC software reset
e Clearing OBF3A to 0 (when IEDIR3 = 0)
1: [When IEDIR3 = 0]

HIRQ#6 interrupt request by setting OBF3A to 1 is
enabled

[When IEDIR3 = 1]

HIRQS interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ6E3 = 0
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Bit

R/W

Bit Name Initial Value Slave Host Description

3

IRQ11E2 0

RW

Host IRQ11 Interrupt Enable 2

Enables or disables a HIRQ11 interrupt request
when OBF2 is set by an ODR2 write.

0: HIRQ11 interrupt request by OBF2 and IRQ11E2
is disabled

[Clearing conditions]

e Writing 0 to IRQ11E2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

HIRQ11 interrupt request by setting OBF2 to 1 is
enabled

[When IEDIR = 1]

HIRQ11 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ11E2 = 0

2

IRQ10E2 0

R/W

Host IRQ10 Interrupt Enable 2

Enables or disables a HIRQ10 interrupt request
when OBF2 is set by an ODR2 write.

0: HIRQ10 interrupt request by OBF2 and IRQ10E2
is disabled

[Clearing conditions]

e Writing O to IRQ10E2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

HIRQ10 interrupt request by setting OBF2 to 1 is
enabled

[When IEDIR = 1]

HIRQ10 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ10E2 = 0
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Bit

R/W

Bit Name Initial Value Slave Host Description

1

IRQ9E2

0

R/W

Host IRQ9 Interrupt Enable 2

Enables or disables a HIRQ9 interrupt request when
OBF2 is set by an ODR2 write.

0: HIRQS9 interrupt request by OBF2 and IRQ9E2 is
disabled

[Clearing conditions]

e Writing O to IRQ9E2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

HIRQQ interrupt request by setting OBF2 to 1 is
enabled

[When IEDIR = 1]

HIRQQ interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ9E2 = 0

0

IRQ6E2

0

R/W

Host IRQ6 Interrupt Enable 2

Enables or disables a HIRQ6 interrupt request when
OBF2 is set by an ODR2 write.

0: HIRQ®6 interrupt request by OBF2 and IRQ6E2 is
disabled

[Clearing conditions]

e Writing O to IRQ6E2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

HIRQ® interrupt request by setting OBF2 to 1 is
enabled

[When IEDIR = 1]

HIRQ® interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ6E2 = 0
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16.3.12 SERIRQ Control Register 2 (SIRQCR2)
The SIRQCR?2 register contains status bits that specify an SERIRQ interrupt source.

The SIRQCR?2 register is initialized to H'00 by a reset or in hardware standby mode.

R/W

Bit Bit Name Initial Value Slave Host Description

7 IEDIRS 0 R/W —  Interrupt Enable Direct Mode 3

Specifies whether SERIRQ interrupt sources (SMI,
HIRQ6, and HIRQ9 to HIRQ11) of LPC channel 3
are generated in relation to OBF or only by the host
interrupt enable bit.

0: The host interrupt is requested when both the
host interrupt enable bit and corresponding OBF
are setto 1

1: The host interrupt is requested when the host
interrupt enable bit is set to 1

6to0 — AllO RW —  Reserved

The initial value should not be changed.
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16.3.13 Host Interface Select Register (HISEL)

HISEL selects the function of bits 7 to 4 in the STR3 register. In addition, this register selects the
output of host interrupt request signal of each frame.

R/W
Bit Bit Name Initial Value Slave Host Description
7 SELSTR3 0 R/W —  STRS3 Register Function Select 3
Sets the functions of bits 7 to 4 in STR3 together
with the TWRE bit in LADR3L. For details see
section 16.3.9, Status Register 1 to 3 (STR1 to
STR3).
0: Bits 7 to 4 in STR3 is the LPC interface status bits
1: [When TWRE = 0]
Bits 7 to 4 in STR3 are defined by user.
[When TWRE = 1]
Bits 7 to 4 in STRS3 are the LPC interface status
bits.
6 SELIRQ11 AllO R/W —  Selects the SERIRQ Output
i ggt:ggéo These bits select the output status for LPC host
3 SELIRQ6 interrupt request (HIRQ11, HIRQ10, HIRQ9, HIRQS6,
2 SELSMI SMI, HIRQ12, and HIRQ1).
1 SELIRQ12 0: [When host interrupt request has been cleared]
0 SELIRQ1

The SERIRQ output is high impedance.
[When host interrupt request has been set]
The SERIRQ output is O level.

1: [When host interrupt request has been cleared]
The SERIRQ output is O level.
[When host interrupt request has been set]
The SERIRQ output is high impedance.
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16.3.14 SMIC Flag Register (SMICFLG)

SMICFLG is one of the registers used to implement SMIC mode. This register includes bits that
indicate whether or not the system is ready to data transfer and those that are used for handshake
of the transfer cycles.

R/W

Bit Bit Name Initial Value Slave Host Description

7 RX_DATA_ 0 RW R Read Transfer Ready
RDY Indicates whether or not the slave is ready for the

host read transfer.

0: Slave waits for ready status

1: Slave is ready for the host read transfer

6 TX_DATA_ O RW R Write Transfer Ready
RDY Indicates whether or not the slave is ready for the

host next write transfer.

0: The slave waits for ready status

1: The slave is ready for the host write transfer.

5 — 0 RW R Reserved
The initial value should not be changed.

4 SMI 0 RW R SMI Flag
This bit indicates that the SMI is asserted.
0: Indicates waiting for SMI assertion
1: Indicates SMI assertion
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Bit

R/W

Bit Name Initial Value Slave Host Description

SEVT_ O RW R Event Flag
ATN

is set.

When the slave detects an event for the host, this bit

0: Indicates waiting for event detection

1: Indicates event detection

SMS_ 0 RW R  SMSFlag
ATN

When there is a message to be transmitted from the

slave to the host, this bit is set.

0: There is not a message

1: There is a message

— 0 RW R Reserved

The initial value should not be changed.

BUSY O R/(W)* W  SMIC Busy

This bit indicates that the slave is now transferring
data. This bit can be cleared only by the slave and
set only by the host.

The rising edge of this bit is a source of internal
interrupt to the slave.

0: Transfer cycle wait state

[Clearing conditions]
After the slave reads BUSY = 1, writes 0 to this bit.
1: Transfer cycle in progress

[Setting condition]

When the host writes 1 to this bit.

Note:

Only 0 can be written to clear the flag.

RENESAS
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16.3.15 SMIC Control Status Register (SMICCSR)

SMICCSR is one of the registers used to implement SMIC mode. This is an 8-bit
readable/writable register that stores a control code issued from the host and a status code that is
returned from the slave.

The control code is written to this register accompanied by the transfer between the host and slave.
The status code is returned to this register to indicate that the slave has recognized the control
code, and a specified transfer cycle has been completed.

16.3.16 SMIC Data Register (SMICDTR)

SMICDTR is one of the registers used to implement SMIC mode. This is an 8-bit register that is
accessible (readable/writable) from both the slave processor (this LSI) and host processor. This is
used for data transfer between the host and slave.

16.3.17 SMIC Interrupt Register 0 (SMICIRO)

SMICIRO is one of the registers used to implement SMIC mode. This register includes the bits that
indicate the source of interrupt to the slave.
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R/W

Bit  Bit Name Initial Value Slave Host Description

7t05 — AllO RW —  Reserved
The initial value should not be changed.
4 HDTWI 0 R/(W)* —  Transfer Data Transmission End Interrupt

This is a status flag that indicates that the host has
finished transmitting the transfer data to SMICDTR.
When the IBFIE3 bit and HDTWIE bit are set to 1,
the IBFI3 interrupt is requested to the slave.

0: Transfer data transmission wait state

[Clearing condition]

After the slave reads HDTWI = 1, writes 0 to this bit.
1: Transfer data transmission end

[Setting condition]

The transfer cycle is write transfer and the host
writes the transfer data to SMICDTR.

3 HDTRI 0 R/(W)* —  Transfer Data Receive End Interrupt

This is a status flag that indicates that the host has
finished receiving the transfer data from SMICDTR.
When the IBFIE3 bit and HDTRIE bit are set to 1,
the IBFI3 interrupt is requested to the slave.

0: Transfer data receive wait state

[Clearing condition]

After the slave reads HDTRI = 1, writes 0 to this bit.
1: Transfer data receive end

[Setting condition]

The transfer cycle is read transfer and the host
reads the transfer data from SMICDTR.

2 STARI 0 R/(W)* —  Status Code Receive End Interrupt

This is a status flag that indicates that the host has
finished receiving the status code from SMICCSR.
When the IBFIE3 bit and STARIE bit are set to 1, the
IBFI3 interrupt is requested to the slave.

0: Status code receive wait state

[Clearing condition]

After the slave reads STARI = 1, writes 0 to this bit.
1: Status code receive end

[Setting condition]

When the host reads the status code of SMICCSR.

Rev. 3.00, 03/04, page 549 of 830
RENESAS



R/W

Bit Bit Name Initial Value Slave Host Description

1 CTLWI 0 R/(W)* —

Control Code Transmission End Interrupt

This is a status flag that indicates that the host has
finished transmitting the control code to SMICCSR.
When the IBFIE3 bit and CTLWIE bit are set to1, the
IBFI3 interrupt is requested to the slave.

0: Control code transmission wait state

[Clearing condition]

After the slave reads CTLWI = 1, writes 0 to this bit.
1: Control code transmission end

[Setting condition]

When the host writes the status code to SMICCSR.

0  BUSYI R/(W)* —

Transfer Start Interrupt

This is a status flag that indicates that the host starts
transferring. When the IBFIE3 bit and BUSYIE bit
are set to 1, the IBFI3 interrupt is requested to the
slave.

0: Transfer start wait state

[Clearing condition]

After the slave reads BUSYI = 1, writes 0 to this bit.
1: Transfer start

[Setting condition]

When the rising edge of the BUSY bit in SMICFLG is
detected.

Note: * Only 0 can be written to clear the flag.
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16.3.18 SMIC Interrupt Register 1 (SMICIRY)

SMICIR]1 is one of the registers used to implement SMIC mode. This register includes the bits that
enables/disables an interrupt to the slave. The IBFI3 interrupt is enabled by setting the IBFIE3 bit
in HICR2 to 1.

R/W
Bit  Bit Name Initial Value Slave Host Description
7t05 — AllO R/W —  Reserved
The initial value should not be changed.
4 HDTWIE 0 RW —  Transfer Data Transmission End Interrupt Enable

Enables or disables HDTWI interrupt that is IBFI3
interrupt source to the slave.

0: Disables transfer data transmission end interrupt
1: Enables transfer data transmission end interrupt
3 HDTRIE 0 R/W —  Transfer Data Receive End Interrupt Enable

Enables or disables HDTRI interrupt that is IBFI3
interrupt source to the slave.

0: Disables transfer data receive end interrupt
1: Enables transfer data receive end interrupt
2 STARIE 0 R/W —  Status Code Receive End Interrupt Enable

Enables or disables STARI interrupt that is IBFI3
interrupt source to the slave.

0: Disables status code receive end interrupt
1: Enables status code receive end interrupt
1 CTLWIE 0 R/W —  Control Code Transmission End Interrupt Enable

Enables or disables CTLWI interrupt that is IBFI3
interrupt source to the slave.

0: Disables control code transmission end interrupt
1: Enables control code transmission end interrupt
0 BUSYIE 0 R/W —  Transfer Start Interrupt Enable

Enables or disables BUSYI interrupt that is IBFI3
interrupt source to the slave.

0: Disables transfer start interrupt
1: Enables transfer start interrupt
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16.3.19 BT Status Register 0 (BTSRO0)

BTSRO is one of the registers used to implement BT mode. This register includes flags that control
interrupts to the slave (this LSI).

R/W
Bit  Bit Name Initial Value Slave Host Description
7t05 — AllO RW —  Reserved
The initial value should not be changed.
4 FRDI 0 R/(W)* —  FIFO Read Request Interrupt

This status flag indicates that host writes the data to
BTDTR buffer with FIFO full state at the host write
transfer. When the IBFIE3 bit and FRDIE bit are set
to 1, IBFI3 interrupt is requested to the slave. The
slave must clear the flag after creating an unused
area by reading the data in FIFO.

0: FIFO read is not requested

[Clearing condition]

After the slave reads FRDI = 1, writes 0 to this bit.
1: FIFO read is requested

[Setting condition]

After the host processor transfers data, the host
writes the data with FIFO Full state.

3 HRDI 0 R/(W)* — BT Host Read Interrupt

This status flag indicates that the host reads 1 byte
from BTDTR buffer. When the IBFIE3 bit and HRDIE
bit are set to 1, IBFI3 interrupt is requested to the
slave.

0: Host BTDTR read wait state

[Clearing condition]

After the slave reads HRDI = 1, writes 0 to this bit.
1: The host reads from BTDTR

[Setting condition]

The host reads one byte from BTDTR.
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R/W
Bit Bit Name Initial Value Slave Host Description

2 HWRI 0 R/(W)* — BT Host Write Interrupt

This status flag indicates that the host writes 1byte
to BTDTR buffer. When the IBFIE3 bit and HWRIE
bit are set to 1, IBFI3 interrupt is requested to the
slave.

0: Host BTDTR write wait state

[Clearing condition]

After the slave reads HWRI = 1, writes 0 to this bit.
1: The host writes to BTDTR

[Setting condition]

The host writes one byte to BTDTR.

1 HBTWI 0 R/(W)* —  BTDTR Host Write Start Interrupt

This status flag indicates that the host writes the first
byte of valid data to BTDTR buffer. When the IBFIE3
bit and HBTWIE bit are set to 1, IBFI3 interrupt is
requested to the slave.

0: BTDTR host write start wait state
[Clearing condition]
After the slave reads HBTWI = 1 and writes 0 to this
bit.
1: BTDTR host write start
[Setting condition]
The host starts writing valid data to BTDTR.
0 HBTRI 0 R/(W)* —  BTDTR Host Read End Interrupt

This status flag indicates that the host reads all valid
data from BTDTR buffer. When the BFIES3 bit and
HBTRIE bit are set to 1, IBFI3 interrupt is requested
to the slave.

0: BTDTR host read end wait state
[Clearing condition]

After the slave reads HBTRI = 1 and writes 0 to this
bit.

1: BTDTR host read end
[Setting condition]

When the host finished reading the valid data from
BTDTR.

Note: * Only 0 can be written to clear the flag.
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16.3.20 BT StatusRegister 1 (BTSR1)

BTSR1 is one of the registers used to implement the BT mode. This register includes a flag that
controls an interrupt to the slave (this LSI).

R/W

Bit Bit Name Initial Value Slave Host Description

7 — 0 RW —  Reserved
The initial value should not be changed.

6 HRSTI 0 R/(W)* — BT Reset Interrupt

This status flag indicates that the BMC_HWRST bit
in BTIMSR is set to 1 by the host. When the IBFIE3
bit and HRSTIE bit are set to 1, IBFI3 interrupt is
requested to the slave.
0: [Clearing condition]
When the slave reads HRSTI = 1 and writes 0 to
this bit.
1: [Setting condition]

When the slave detects the rising edge of
BMC_HWRST.

5 IRQCRI 0 R/(W)* —  B2H_IRQ Clear Interrupt

This status flag indicates that the B2H_IRQ bit in
BTIMSR is cleared by the host. When the IBFIE3 bit
and IRQCRIE bit are set to 1, IBFI3 interrupt is
requested to the slave.
0: [Clearing condition]
When the slave reads IRQCRI = 1 and writes 0 to
this bit.
1: [Setting condition]

When the slave detects the falling edge of
B2H_IRQ.
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Bit

R/W

Bit Name Initial Value Slave Host Description

4

BEVTI

0

R/(W)* —

BEVT_ATN Clear Interrupt

This status flag indicates that the BEVT_ATN bit in
BTCR is cleared by the host. When the IBFIE3 bit
and BEVTIE bit are set to 1, IBFI3 interrupt is
requested to the slave.
0: [Clearing condition]
When the slave reads BEVTI = 1 and writes 0 to
this bit.
1: [Setting condition]

When the slave detects the falling edge of
BEVT_ATN.

3

B2HI

0

R/(W)* —

Read End Interrupt

This status flag indicates that the host has finished
reading all data from the BTDTR buffer. When the
IBFIES bit and B2HIE bit are set to 1, the IBFI3
interrupt is requested to the slave.
0: [Clearing condition]
When the slave reads B2H| = 1 and writes 0 to
this bit.
1: [Setting conditions]
ATNSW = 0: When the slave detects the falling
edge of B2H_ATN.

ATNSW = 1: When the slave detects the falling
edge of H_BUSY.

2

H2BlI

0

R/(W)* —

Write End Interrupt

This status flag indicates that the host has finished
writing all data to the BTDTR buffer. When the
IBFIE3 bit and H2BIE bit are set to 1, the IBFI3
interrupt is requested to the slave.

0: [Clearing condition]
After the slave reads H2BI = 1, writes 0 to this bit.
1: [Setting condition]

When the slave detects the falling edge of
H2B_ATN.
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R/W

Bit Bit Name Initial Value Slave Host Description

1  CRRPI 0 R/(W)* —

Read Pointer Clear Interrupt

This status flag indicates that the CLR_RD_PTR bit
in BTCR is set to 1 by the host. When the IBFIE3 bit
and CRRPIE bit are set to 1, the IBFI3 interrupt is
requested to the slave.
0: [Clearing condition]
After the slave reads CRRPI = 1, writes 0 to this
bit.
1: [Setting condition]
When the slave detects the rising edge of
CLR_RD_PTR.

0 CRWPI 0 R/(W)* —

Write Pointer Clear Interrupt

This status flag indicates that the CLR_WR_PTR bit
in BTCR is set to 1 by the host. When the IBFIE3 bit
and CRWPIE bit are set to 1, the IBFI3 interrupt is
requested to the slave.
0: [Clearing condition]
After the slave reads CRWPI = 1, writes 0 to this
bit.
1: [Setting condition]
When the slave detects the rising edge of
CLR_WR_PTR.

Note: * Only 0 can be written to clear the flag.
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16.3.21 BT Control Status Register 0 (BT CSRO0)

BTCSRO is one of the registers used to implement the BT mode. The BTCSRO register contains
the bits used to switch FIFOs in BT transfer, and enable or disable the interrupts to the slave (this
LSI). The IBFI3 interrupt is enabled by setting the IBFIE3 bit in HICR2 to 1.

R/W
Bit Bit Name Initial Value Slave Host Description
7 — 0 RW — Reserved
The initial value should not be changed.

6 FSEL1 0 RW — These bits select either FIFO during BT transfer
5 FSELO 0 RW — FSEL1 FSELO

0 *  :FIFO disabled

1 * :FIFO enabled

The FIFO size: 64 bytes (for host write transfer),
additional 64 bytes (for host read transfer).

4 FRDIE 0 RW — FIFO Read Request Interrupt Enable

Enables or disables the FRDI interrupt which is an
IBFI3 interrupt source to the slave.

0: FIFO read request interrupt is disabled.
1: FIFO read request interrupt is enabled.
3 HRDIE 0 RW — BT Host Read Interrupt Enable

Enables or disables the HRDI interrupt which is an
IBFI3 interrupt source to the slave.

When using FIFO, the HRDIE bit must not be set to 1.
0: BT host read interrupt is disabled.

1: BT host read interrupt is enabled.
2 HWRIE 0 RW — BT Host Write Interrupt Enable

Enables or disables the HWRI interrupt which is an
IBFI3 interrupt source to the slave.

When using FIFO, the HWRIE bit must not be set to
1.

0: BT host write interrupt is disabled.

1: BT host write interrupt is enabled.
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R/W

Bit Bit Name Initial Value Slave Host Description

1 HBTWIE 0 RW — BTDTR Host Write Start Interrupt Enable

Enables or disables the HBTWI interrupt which is an
IBFI3 interrupt source to the slave.

0: BTDTR host write start interrupt is disabled.
1: BTDTR host write start interrupt is enabled.

0 HBTRIE 0 RW — BTDTR Host Read End Interrupt Enable

Enables or disables the HBTRI interrupt which is an
IBFI3 interrupt source to the slave.

0: BTDTR host read end interrupt is disabled.
1: BTDTR host read end interrupt is enabled.

Note: * Don't care.

16.3.22 BT Control Status Register 1 (BTCSR1)

BTCSRI1 is one of the registers used to implement the BT mode. The BTCSR1 register contains
the bits used to enable or disable interrupts to the slave (this LSI). The IBFI3 interrupt is enabled
by setting the IBFIE3 bit in HICR2 to 1.

R/W

Bit Bit Name Initial Value Slave Host Description

7 RSTRENBL 0 RW — Slave Reset Read Enable

The host reads 0 from the BMC_HWRST bit in
BTIMSR. When this bit is set to 1, the host can read
1 from the BMC_HWRST bit.

0: Host always reads 0 from BMC_HWRST
1: Host can reads 0 from BMC_HWRST

6 HRSTIE 0 RW — BT Reset Interrupt Enable

Enables or disables the HRSTI interrupt which is an
IBFI3 interrupt source to the slave.

0: BT reset interrupt is disabled.
1: BT reset interrupt is enabled.

5 IRQCRIE 0 RW — B2H_IRQ Clear Interrupt Enable

Enables or disables the IRQCRI interrupt which is
an IBFI3 interrupt source to the slave.

0: B2H_IRQ clear interrupt is disabled.
1: B2H_IRQ clear interrupt is enabled.
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Bit Bit Name

Initial Value Slave

R/W

Host

Description

4

BEVTIE

0

R/W

BEVT_ATN Clear Interrupt Enable

Enables or disables the BEVTI interrupt which is an
IBFI3 interrupt source to the slave.

0: BEVT_ATN clear interrupt is disabled.
1: BEVT_ATN clear interrupt is enabled.

B2HIE

R/W

Read End Interrupt Enable

Enables or disables the B2HI interrupt which is an
IBFI3 interrupt source to the slave.

0: Read end interrupt is disabled.
1: Read end interrupt is enabled.

H2BIE

R/W

Write End Interrupt Enable

Enables or disables the H2BI interrupt which is an
IBFI3 interrupt source to the slave.

0: Write end interrupt is disabled.
1: Write end interrupt is enabled.

CRRPIE

R/W

Read Pointer Clear Interrupt Enable

Enables or disables the CRRPI interrupt which is an
IBFI3 interrupt source to the slave.

0: Read pointer clear interrupt is disabled.
1: Read pointer clear interrupt is enabled.

CRWPIE

R/W

Write Pointer Clear Interrupt Enable

Enables or disables the CRWPI interrupt which is an
IBFI3 interrupt source to the slave.

0: Write pointer clear interrupt is disabled.
1: Write pointer clear interrupt is enabled.
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16.3.23 BT Control Register (BTCR)

BTCR is one of the registers used to implement BT mode. The BTCR register contains bits used
in transfer cycle handshaking, and those indicating the completion of data transfer to the buffer.

R/W

Bit Bit Name Initial Value Slave Host

Description

7 B_BUSY 1 RW R

BT Write Transfer Busy Flag

Read-only bit from the host. Indicates that the
BTDTR buffer is being used for BT write transfer
(write transfer is in progress.)

0: Indicates waiting for BT write transfer
1: Indicates that the BTDTR buffer is being used

6 H_BUSY 0 R (W)

BT Read Transfer Busy Flag

This is a set/clear bit from the host. Indicates that
the BTDTR buffer is being used for BT read
transfer (read transfer is in progress.)

0: Indicates waiting for BT read transfer
[Clearing condition]

When the host writes a 1 while H_BUSY is set to
1.

1: Indicates that the BTDTR buffer is being used
[Setting condition]

When the host writes a 1 while H_BUSY s set to
0.

5 OEMO 0 RW  R/(W)**

User defined bit

This bit is defined by the user, and validated only
when set to 1 by a 0 written from the host.

0: [Clearing condition]
When the slave writes a 0 after a 1 has been
read from OEMO.

1: [Setting condition]
When the slave writes a 1, after a 0 has been
read from OEMO, or when the host writes a 0.
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Bit Bit Name |Initial Value Slave Host

R/W

Description

4 BEVT_ATNO

RAW)*' R/(W)#*

Event Interrupt

Sets when the slave detects an event to the host.
Setting the B2H_IRQ_EN bit in the BTIMSR
register enables the BEVT_ATN bit to be used as
an interrupt source to the host.

0: No event interrupt request is available
[Clearing condition]

When the host writes a 1 to the bit.

1: An event interrupt request is available

[Setting condition]

When the slave writes a 1 after a 0 has been read
from BEVT_ATN.

3 B2H_ATN O

RI(W)* R/(W)*°

Slave Buffer Write End Indication Flag

This status flag indicates that the slave has finished
writing all data to the BTDTR buffer. Setting the
B2H_IRQ_EN bit in the BTIMSR register enables
the B2H_ATN bit to be used as an interrupt source
to the host.

0: Host has completed reading the BTDTR buffer
[Clearing condition]
When the host writes a 1

1: Slave has completed writing to the BTDTR buffer
[Setting condition]

When the slave writes a 1 after a 0 has been read
from B2N_ATN.

2 H2B_ATN O

RI(W)* R/(W)*'

Host Buffer Write End Indication Flag

This status flag indicates that the host has finished
writing all data to the BTDTR buffer.

0: Slave has completed reading the BTDTR buffer
[Clearing condition]

When the slave writes a 0 after a 1 has been read
from H2B_ATN.

1: Host has completed writing to the BTDTR buffer
[Setting condition]
When the host writes a 1
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Bit Bit Name Initial Value Slave Host

R/W

Description

1 CLR_RD_ 0 R/(W)* (W)*'

PTR

Read Pointer Clear

This bit is used by the host to clear the read
pointer during read transfer. A host read operation
always yields 0 on readout.

0: Read pointer clear wait
[Clearing condition]

When the slave writes a 0 after a 1 has been read
from CLR_RD_PTR.

1: Read pointer clear
[Setting condition]
When the host writes a 1.

0 CLR_WR_ O R/(W)** (W)*'

PTR

Write Pointer Clear

This bit is used by the host to clear the write
pointer during write transfer. A host read
operation always yields 0 on readout.

0: Write pointer clear wait
[Clearing condition]

When the slave writes a 0 after a 1 has been read
from CLR_WR_PTR.

1: Write pointer clear
[Setting condition]
When the host writes a 1.

Notes: 1.

ok

Only 1 can be written to set this flag.

Only 0 can be written to clear this flag.
Only 1 can be written to toggle this flag.

Only 0 can be written to set this flag.

Only 1 can be written to clear this flag.
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16.3.24 BT Data Buffer (BTDTR)

BTDTR is used to implement the BT mode. BTDTR consists of two FIFOs: the host write transfer
FIFO and the host read transfer FIFO. Their capacities are 64 bytes each. When using BTDTR,
enable FIFO by means of the bits FSELO and FSEL1.

R/W
Bit Bit Name Initial Value Slave Host Description

7 to bit7tobit0 Undefined R/W R/W  The data written by the host is stored in FIFO (64

0 bytes) for host write transfer and read out by the
slave in order of host writing. The data written by
the slave is stored in FIFO (64 bytes) for host read
transfer and read out by the host in order of slave
writing.
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16.3.25 BT Interrupt Mask Register (BTIMSR)

BTIMSR is one of the registers used to implement BT mode.

The BTIMSR register contains the bits used to control the interrupts to the host.

R/W
Bit Bit Name Initial Value Slave Host  Description
7 BMC_ 0 R/(W)** R/(W)*' Slave Reset
HWRST Performs a reset from the host to the slave. The

host can only write a 1. Writing a 0 to this bit is
invalid. The host will always return a 0 on read
out. Setting the RSTRENBL bit enables a 1 to be
read from the host.
0: The reset is cancelled
[Clearing condition]
When the slave writes a 0, after a 1 has been
read from BMC_HWRST.
1: The reset is in progress.
[Setting condition]
When the host writes a 1.

6 — 0 R/W R/W Reserved

5 — 0 R/W R/W

4 OEMS3 0 R/W  R/(W)** User defined bit

4
2 8Em5 8 gm Eﬁiw;:“ These bits are defined by the user and are valid

only when set to 1 by a 0 written from the host.

0: [Clearing condition]
When the slave writes a 0, after a 1 has been
read from OEM.

1: [Setting condition]
When the slave writes a 1, after a 0 has been
read from OEM, or when the host writes a 0.

Rev. 3.00, 03/04, page 564 of 830

RENESAS



R/W
Bit Bit Name Initial Value Slave Host Description

1 B2H_IRQ 0 R/(W)*' R/(W)** BMC to HOST interrupt

Informs the host that an interrupt has been
requested when the BEVT_ATN or B2H_ATN bit
has been set. The SERIRQ is not issued. To
generate the SERIRQ, it should be issued by the
program.

0: B2H_IRQ interrupt is not requested
[Clearing condition]

When the host writes a 1.

1: B2H_IRQ interrupt is requested
[Setting condition]

When the slave writes a 1, after a 0 has been
read from B2H_IRQ

0 B2H_IRQ_ 0 R R/W BMC to HOST interrupt enable
EN Enables or disables the B2H_IRQ interrupt which
is an the interrupt source from the slave to the
host.

0: B2H_IRQ interrupt is disabled
[Clearing condition]

When a 0 is written by the host.

1: B2H_IRQ interrupt is enabled
[Setting condition]

When a 1 is written by the host.

Notes: 1. Only 1 can be written to set this flag.
2. Only 0 can be written to clear this flag.
3. Only 1 can be written to clear this flag.
4. Only 0 can be written to set this flag.
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16.3.26 BT FIFO Valid Size Register 0 (BTFVSR0)

BTFVSRO is one of the registers used to implement BT mode. BTFVSRO indicates a valid data

size in the FIFO for host write transfer.

These bits indicate the number of valid bytes in the

R/W
Bit Bit Name Initial Value Slave Host Description
7to N7toNO AIO R —
0

FIFO (the number of bytes which the slave can read)
for host write transfer. When data is written from the
host, the value in BTFVSRO is incremented by the
number of bytes that have been written to. Further,
when data is read from the slave, the value is
decremented by only the number of bytes that have
been read.

16.3.27 BT FIFO Valid Size Register 1 (BTFVSR1)

BTFVSRI1 is one of the registers used to implement BT mode. BTFVSRI1 indicates a valid data

size in the FIFO for host read transfer.

These bits indicate the number of valid bytes in the

R/W
Bit Bit Name Initial Value Slave Host Description
7to N7toNO AlO R —
0

FIFO (the number of bytes which the host can read)
for host read transfer. When data is written from the
slave, the value in BTFVSR1 is incremented by the
number of bytes that have been written to. Further,
when data is read from the host, the value is
decremented by only the number of bytes that have
been read.
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164 Operation

16.4.1 LPC Interface Activation

The LPC interface is activated by setting at least one of bits LPC3E to LPCI1E (bits 7 to 5) in

HICRO to 1. When the LPC interface is activated, the related I/O ports (PE7 to PEO, PD5, and
PD4) function as dedicated LPC interface input/output pins. In addition, setting the FGA20E,
PMEE, LSMIE, and LSCIE bits to 1 adds the related I/O ports (ports PD3 to PDO) to the LPC
interface's input/output pins.

Use the following procedure to activate the LPC interface after a reset release.

1. Read the signal line status and confirm that the LPC module can be connected. Also check that
the LPC module is initialized internally.

2. Set the I/O addresses of the channels to be used (LADR1 to LADR3) and whether or not the
bidirectional registers, KCS interface, SMIC interface, and BT interface are to be used.

3. Set the enable bit (LPC3E to LPC1E) for the channel to be used.

4. Set the enable bits (FGA20E, PMEE, LSMIE, and LSCIE) for the additional functions to be
used.

5. Set the selection bits for other functions (SDWNE, IEDIR).

6. As a precaution, clear the interrupt flags (LRST, SDWN, ABRT, and OBF). Read IDR or
TWRI15 to clear IBF.

7. Set interrupt enable bits (IBFIE3 to IBFIE1, ERRIE) as necessary.

16.42 LPCI1/O Cycles

There are ten kinds of LPC transfer cycle: memory read, memory write, I/O read, I/O write, DMA
read, DMA write, bus mastership memory read, bus mastership memory write, bus mastership I/O
read, and bus mastership I/O write. Of these, the chip's LPC supports only I/O read and I/O write
cycles.

An LPC transfer cycle is started when the LFRAME signal goes low in the bus idle state. If the
LFRAME signal goes low when the bus is not idle, this means that a forced termination (abort) of
the LPC transfer cycle has been requested.

In an I/O read cycle or I/O write cycle, transfer is carried out using LAD3 to LADO in the
following order, in synchronization with LCLK. The host can be made to wait by sending back a
value other than B'0000 in the slave's synchronization return cycle. However, the LPC in this LSI
always returns a value of B'0000 if the BT interface is not used.
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If the received address matches the host address in an LPC register, the LPC interface enters the
busy state; it returns to the idle state by output of a state #12 turnaround. Register (IDR, etc.) and
flag (IBF, etc.) changes are made at this timing, so in the event of a transfer cycle forced
termination (abort) before state #12, registers and flags are not changed.

Table16.5 1/0O Read and Write Cycles

I/O Read Cycle I/O Write Cycle

State Drive Value Drive Value

Count Contents Source (3to0) Contents Source (3to0)

1 Start Host B'0000 Start Host B'0000

2 Cycle type/direction Host B'0000 Cycle type/direction Host B'0010

3 Address 1 Host Bits 15 to Address 1 Host Bits 15 to

12 12

4 Address 2 Host Bits 11to 8 Address 2 Host Bits 1110 8

5 Address 3 Host Bits 7to 4 Address 3 Host Bits 7t0 4

6 Address 4 Host Bits 3to 0 Address 4 Host Bits 3to 0

7 Turnaround Host B'1111 Data 1 Host Bits 3to O
(recovery)

8 Turnaround None B'zZzz7Z Data 2 Host Bits 7to 4
Synchronization Slave B'0000 Turnaround Host B'1111

(recovery)

10 Data 1 Slave Bits 3to 0 Turnaround None B'zZzz7Z

11 Data 2 Slave Bits 7to 4 Synchronization Slave B'0000

12 Turnaround Slave B'1111 Turnaround Slave B'1111
(recovery) (recovery)

13 Turnaround None B'zz72z7 Turnaround None B'Z7277Z
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The timing of the LFRAME, LCLK, and LAD signals is shown in figures 16.2 and 16.3.

Lowk 1 O U
W—SS—\—/ S

LADS3 to LADéS_\ Start / ><ADDR>< TAR ><Sync>< Data/ TAR |\ Start /

Cycle type,
direction,
and size

Number of clocks 1 1 4 2 1 2 2 1

Figure16.2 Typical LFRAME Timing

LCLK
RERNRNR NN NRNRNEN
e i [

((
LAD3 to LADESS_\ start /  XADDRY TAR ) SyncX / Master wil

Cycle type, Slave must stop driving drive high
direction,
and size

Too many Syncs
cause timeout

Figure16.3 Abort Mechanism

16.4.3 SMIC Mode Transfer Flow

Figure 16.4 shows the write transfer flow and figure 16.5 shows the read transfer flow in SMIC
mode.
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Slave

Bit that indicates slave is ready for write transfer.
Issues when slave is ready for the next write transfer.

Slave confirms that control code is written to SMICCSR
by host.
The CTLWI bit in SMICIRO is set.

Slave waits for the BUSY bit in SMICFLG is set.
Slave confirms that valid data is written to SMICDTR

by host.
The HDTWI bit in SMICIRO is set.

Slave confirms the rising edge of the BUSY bit in SMICFLG.

The BUSY!I bit in SMICIRO is set.

Slave clears the TX_DATA_RDY bit in SMICFLG.

Slave reads the control code in SMICCSR.

Slave reads transfer data in SMICDTR according to
Write control code.

Slave writes the status code to SMICCSR to notify
the processing completion status.

Slave clears the BUSY bit in SMICFLG to indicate
transfer completion.

Slave confirms that status code is read from SMICCSR
by host.
The STARI bit in SMICIRO is set.

Abnormal

Wait for BUSY =0

Wait for
TX_DATA_RDY =1

Write control code
Generate slave
interrupt

Write transfer data

Generate slave
interrupt

Generate slave
interrupt

TX_DATA_RDY =0

Read control code
Read transfer data
Write status code

Generate host
interrupt

Read status code

Normal

Generate slave
interrupt

Host

Host confirms the BUSY bit in SMICFLG.
The bit indicates slave (this LSI) is ready for receiving a new control code.
When BUSY = 1, access from host is disabled.

Host confirms the TX_DATA_RDY bit in SMICFLG.
The confirmation is unnecessary when Write Start control is issued.

Host writes the Write control code in SMICCSR.

Host writes transfer data in SMICDTR.

Host sets the BUSY bit in SMICFLG.

Host confirms the falling edge of the BUSY bit in SMICFLG.
An interrupt is generated.

Host confirms the status code in SMICCSR.

In the case of normal completion, the status code is reflected to the next step.
In the case of abnormal completion, the status code is READY and an error
is kept.

Figure16.4 SMIC Write Transfer Flow
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Slave

Bit that indicates slave is ready for read transfer.
Issues when slave is ready for the next read transfer.

Slave waits for the BUSY bit in SMICFLG is set.

Slave confirms that control code is written to SMICCSR
by host.
The CTLWI bit in SMICIRO is set.

Slave confirms the rising edge of the BUSY bit in SMICFLG.

The BUSY! bit in SMICIRO is set.

Slave clears the RX_DATA_RDY bit in SMICFLG.

Slave reads the control code in SMICCSR.

Slave writes transfer data to SMICDTR according to
Read control code.

Slave writes the status code to SMICCSR to notify the
processing completion status.

Slave clears the BUSY bit in SMICFLG to indicate transfer
completion.

Slave confirms that valid data is read from SMICDTR
by host.
The HDTRI bit in SMICIRO is set.

Slave confirms that status code is read from SMICCSR
by host.
The STARI bit in SMICIRO is set.

Abnormal

Waits for
RX_DATA_RDY =1

Write control code
Generate slave
interrupt

Generate slave
interrupt

RX_DATA_RDY =0

Read control code
Write transfer data
Write status code

Generate host
interrupt

Read transfer data

Generate slave
interrupt

Read status code

Normal

Generate slave
interrupt

Host

Host confirms the BUSY bit in SMICFLG.
The bit indicates slave (this LSI) is ready for receiving a new control code.
When BUSY = 1, access from host is disabled.

Host confirms the RX_DATA_RDY bit in SMICFLG.

Host writes the Read control code to SMICCSR.

Host sets the BUSY bit in SMICFLG.

Host confirms the falling edge of the BUSY bit in SMICFLG.
An interrupt is generated.

Host reads transfer data in SMICDTR.

Host confirms the status code in SMICCSR.

In the case of normal completion, the status code is reflected to the next step.
In the case of abnormal completion, the status code is READY and an error
is kept.

Figure16.5 SMIC Read Transfer Flow
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16.4.4 BT Mode Transfer Flow

Figure 16.6 shows the write transfer flow and figure 16.7 shows the read transfer flow in BT
mode.

Slave Host
Wait for Host confirms the B_BUSY bit in BTCR.
B_BUSY =0
Slave waits for the H2B_ATN bit (interrupt from Wait for X -
host) is set. H2B ATN =0 Host confirms the H2B_ATN bit in BTCR.

'

Clear write pointer Host clears write pointer by setting the CLR_WR_PTR
bit in BTCR.

Confirms the CLR_WR_PTR bit.

- ) . . Generate slave
The CRWPI bit in BTSR1 is set to notify write II

pointer clearing as an interrupt to slave.

Write BTDTR buffer|  Host writes data of 1 to n bytes to the BTDTR buffer.

Confirms hostl write is starlted. Generate slave
The HBTWI bit in BTSRO is set. interrupt
H2B ATN = 1 Host sets the H2B_ATN bit in BTCR to indicate data write
- B completion to the buffer for the BT interface.

Confirms the H2B_ATN bit is set.

ey Generate slave
The H2BI bit in BTSR1 is set. II
Slave sets the B_BUSY bit in BTCR. B_BUSY =1
Slave reads data from the BTDTR buffer. Read BTDTR buffer

Slave clears the H2B_ATN bit in BTCR.

H2B_ATN =0
Slave clears the B_BUSY bit in BTCR to indicate _
transfer completion. B_BUSY=0

Figure16.6 BT Write Transfer Flow
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Slave

Slave confirms the H_BUSY bit in BTCR.

Slave writes data of 1 to n bytes to the BTDTR
buffer.

Slave sets the B2H_ATN bit in BTCR to indicate
data write completion to the BTDTR buffer.

Confirms the CLR_RD_PTR bit.
The CRRPI bit in BTSR1 is set to notify read
pointer clearing as an interrupt source to slave.

The HBTRI bit in BTSRO is set to notify host reads
all data through the BTDTR buffer.

Confirms the B2H_ATN bit.
The B2HI bit in BTSR1 is set to notify host data
read completion as an interrupt source to slave.

Wait for
H_BUSY =0

v

Write BTDTR buffer|

B2H_ATN =1

Generate host
interrupt

H_BUSY =1

'

Clear read pointer

Generate slave
interrupt

Read BTDTR buffer|

Generate slave

interrupt

B2H_ATN =0
Generate slave
interrupt
H_BUSY =0

Host

Host waits for the B2H_ATN bit (interrupt from
slave) is set by slave.

Host confirms the B2H_ATN bit in BTCR.
The slave data write completion interrupt is notified to host.

Host sets the H_BUSY bit in BTCR.

Host clears read pointer by setting the CLR_RD_PTR
bit in BTCR.

Host reads data from the BTDTR buffer.

Host clears the B2H_ATN bit in BTCR.

Host clears the H_BUSY bit in BTCR to indicate
transfer completion.

Figure16.7 BT Read Transfer Flow

Rev. 3.00, 03/04, page 573 of 830

RENESAS




1645 A20Gate

The A20 gate signal can mask address A20 to emulate an addressing mode used by personal
computers with an 8086-family CPU*. A regular-speed A20 gate signal can be output under
firmware control. The fast A20 gate function that is speeded up by the hardware is enabled by
setting the FGA20E bit to 1 in HICRO.

Note: * An Intel microcomputer

Regular A20 Gate Operation: Output of the A20 gate signal can be controlled by an HD1
command followed by data. When the slave processor (this LSI) receives data, it normally uses an
interrupt routine activated by the IBFII interrupt to read IDR1. If the data follows an H'D1
command, firmware copies bit 1 of the data and outputs it at the gate A20 pin.

Fast A20 Gate Operation: The internal state of GA20 output is initialized to 1 when FGA20E =
0. When the FGA20E bit is set to 1, PD3/GA20 is used for output of a fast A20 gate signal. The
state of the PD3/GA20 pin can be monitored by reading the GA20 bit in HICR2.

The initial output from this pin will be a logic 1, which is the initial value. Afterward, the host
processor can manipulate the output from this pin by sending commands and data. This function is
only available via the IDR1 register. The LPC interface decodes commands input from the host.
When an H'D1 host command is detected, bit 1 of the data following the host command is output
from the GA20 output pin. This operation does not depend on firmware or interrupts, and is faster
than the regular processing using interrupts. Table 16.6 shows the conditions that set and clear
GA20 (PD3). Figure 16.8 shows the GA20 output in flowchart form. Table 16.7 indicates the
GA20 output signal values.

Table16.6 GAZ20 (PD3) Set/Clear Conditions

Pin Name Setting Condition Clearing Condition
GA20 (PD3) When bit 1 of the data that follows an When bit 1 of the data follows an H'D1
H'D1 host command is 1 host command is 0
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-t
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) Host write

H'D1 command
received?

Yes

Wait for next byte

No

Host write

Data byte?

Yes

to DR bit of

Write bit 1 of data byte

PD3/GA20

Figure16.8 GA20 Output
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Table16.7 Fast A20 Gate Output Signals

Internal CPU

_ Interrupt Flag GA20
C/D1 Data/Command (IBF) (PD3) Remarks
1 H'D1 command 0 Q Turn-on sequence
0 1 data*’ 0 1
1 H'FF command 0 Q(1)
1 H'D1 command 0 Q Turn-off sequence
0 0 data** 0 0
1 H'FF command 0 Q (0)
1 H'D1 command 0 Q Turn-on sequence
0 1 data*' 0 1 (abbreviated form)
1/0 Command other than H'FF and 1 Q(1)

H'D1
1 H'D1 command Q Turn-off sequence
0 0 data** 0 (abbreviated form)
1/0 Command other than H'FF and 1 Q (0)
H'D1

1 H'D1 command 0 Q Cancelled sequence
1 Command other than H'D1 1 Q
1 H'D1 command 0 Q Retriggered sequence
1 H'D1 command 0 Q
1 H'D1 command 0 Q Consecutively executed
0 Any data 0 1/0 sequences
1 H'D1 command 0 Q (1/0)

Notes: 1. Arbitrary data with bit 1 set to 1.

Rev. 3.00, 03/04, page 576 of 830

2. Arbitrary data with bit 1 cleared to 0.

RENESAS



16.4.6 LPC Interface Shutdown Function (L PCPD)

The LPC interface can be placed in the shutdown state according to the state of the LPCPD pin.
There are two kinds of LPC interface shutdown state: LPC hardware shutdown and LPC software
shutdown. The LPC hardware shutdown state is controlled by the LPCPD pin, while the LPC
software shutdown state is controlled by the SDWNB bit. In both states, a part of the LPC
interface enters the reset state by itself, and is no longer affected by external signals other than the
LRESET and LPCPD signals.

Placing the slave processor in sleep mode or software standby mode is effective in reducing
current dissipation in the shutdown state. If software standby mode is set, some means must be
provided for exiting software standby mode before clearing the shutdown state with the LPCPD
signal.

If the SDWNE bit has been set to 1 beforehand, the LPC hardware shutdown state is entered at the
same time as the LPCPD signal falls, and prior preparation is not possible. If the LPC software
shutdown state is set by means of the SDWNB bit, on the other hand, the LPC software shutdown
state cannot be cleared at the same time as the rise of the LPCPD signal. Taking these points into
consideration, the following operating procedure uses a combination of LPC software shutdown
and LPC hardware shutdown.

1. Clear the SDWNE bit to 0.
2. Set the ERRIE bit to 1 and wait for an interrupt by the SDWN flag.

3. When an ERRI interrupt is generated by the SDWN flag, check the LPC interface internal
status flags and perform any necessary processing.

4. Set the SDWNB bit to 1 to set LPC software shutdown mode.

5. Set the SDWNE bit to 1 and make a transition to LPC hardware shutdown mode. The SDWNB
bit is cleared automatically.

6. Check the state of the LPCPD signal to make sure that the LPCPD signal has not risen during
steps 3 to 5. If the signal has risen, clear the SDWNE bit to O to return to the state in step 1.

7. Place the slave processor in sleep mode or software standby mode as necessary.

8. If software standby mode has been set, exit software standby mode by some means
independent of the LPC.

9. When arising edge is detected in the LPCPD signal, the SDWNE bit is automatically cleared
to 0. If the slave processor has been placed in sleep mode, the mode is exited by means of
LRESET signal input, on completion of the LPC transfer cycle, or by some other means.

Table 16.8 shows the scope of LPC interface pin shutdown.
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Table16.8 Scope of LPC Interface Pin Shutdown

Scope of
Abbreviation  Port Shutdown 110 Notes
LAD3to LADO PE3to PEO O I/0 Hi-Z
LFRAME PE4 o Input Hi-Z
LRESET PE5 X Input LPC hardware reset function is active
LCLK PE6 (0] Input Hi-Z
SERIRQ PE7 0] I/0 Hi-Z
LSCI PDO A 110 Hi-Z, only when LSCIE =1
LSMI PD1 A 110 Hi-Z, only when LSMIE =1
PME PD2 A 1/0 Hi-Z, only when PMEE = 1
GA20 PD3 A 110 Hi-Z, only when FGA20E = 1
CLKRUN PD4 o) /0 Hi-Z
LPCPD PD5 X Input Needed to clear shutdown state

Notes: O: Pins shut down by the shutdown function
A: Pins shut down only when the LPC function is selected by register setting
X: Pins not shut down

In the LPC shutdown state, the LPC's internal state and some register bits are initialized. The order
of priority of LPC shutdown and reset states is as follows.

1. System reset (reset by STBY or RES pin input, or WDTO overflow)
— All register bits, including bits LPC3E to LPCI1E, are initialized.
2. LPC hardware reset (reset by LRESET pin input)
— LRSTB, SDWNE, and SDWNB bits are cleared to 0.
3. LPC software reset (reset by LRSTB)
— SDWNE and SDWNB bits are cleared to O.
4. LPC hardware shutdown
— SDWNB bit is cleared to 0.
5. LPC software shutdown

The scope of the initialization in each mode is shown in table 16.9.
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Table16.9 Scope of Initialization in Each LPC Interface Mode

System LPC
Items Initialized Reset LPC Reset Shutdown
LPC transfer cycle sequencer (internal state), Initialized Initialized Initialized
LPCBSY and ABRT flags
SERIRQ transfer cycle sequencer (internal state), Initialized Initialized Initialized
CLKREQ and IRQBSY flags
LPC interface flags _ _ Initialized Initialized Retained
(IBF1, IBF2, IBF3A, IBF3B, MWMF, C/D1, C/D2,
C/D3, OBF1, OBF2, OBF3A, OBF3B, SWMF, DBU,
SMICFLG, SMICIRO0, BTSR0, BTSR1, BTCR,
BTIMSR, BTFVSRO, BTFVSR1), GA20 (internal
state)
Host interrupt enable bits Initialized Initialized Retained
(IRQ1E1, IRQ12E1, SMIE2, IRQ6E2,
IRQ9E2 to IRQ11E2, SMIE3B, SMIE3A, IRQ6ES3,
IRQ9ES to IRQ11E3, SELREQ, IEDIR, IEDIRS,
SMICIR1), Q/C flag
LRST flag Initialized Can be Can be
0) set/cleared set/cleared
SDWN flag Initialized Initialized Can be
(0) (0) set/cleared
LRSTB bit Initialized HR: 0 0 (can be set)
(0) SR: 1
SDWNB bit Initialized Initialized HS: 0
(0) (0) SS:1
SDWNE bit Initialized Initialized HS: 1
(0) (0) SS:0or1
LPC interface operation control bits Initialized Retained Retained
(LPC3E to LPC1E, FGA20E, LADR12, LADRS,
IBFIE1 to IBFIE3, PMEE, PMEB, LSMIE, LSMIB,
LSCIE, LSCIB, TWRE, SELSTRS, SELIRQ1,
SELSMI, SELIRQ6, SELIRQ9, SELIRQ10,
SELIRQ11, SELIRQ12, HICR4, HISEL, BTCSRO,
BTCSR1)
LRESET signal Input (port  Input Input
LPCPD signal function) Input Input
LADS to LADO, LFRAME, LCLK, SERIRQ, Input Hi-Z
CLKRUN signals
PME, LSMI, LSCI, GA20 signals (when function Output Hi-Z
is selected)
PME, LSMI, LSCI, GA20 signals (when function Port function  Port function

is not selected)
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Notes: System reset: Reset by STBY input, RES input, or WDT overflow
LPC reset: Reset by LPC hardware reset (HR) or LPC software reset (SR)
LPC shutdown: Reset by LPC hardware shutdown (HS) or LPC software shutdown (SS)

Figure 16.9 shows the timing of the LPCPD and LRESET signals.

( 1
LAD3 to LADO _g) ! \
LFRAME

| At least 100 ps |
rtlf——————

| At least 60 s |

LRESET g | \ }' ’3/_

Figure16.9 Power-Down State Termination Timing
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16.4.7 LPC Interface Serialized Interrupt Operation (SERIRQ)

A host interrupt request can be issued from the LPC interface by means of the SERIRQ pin. In a
host interrupt request via the SERIRQ pin, LCLK cycles are counted from the start frame of the
serialized interrupt transfer cycle generated by the host or a supporting function, and a request
signal is generated by the frame corresponding to that interrupt. The timing is shown in figure
16.10.

IRQO frame
s|R|T

IRQ1 frame
s|R|T

IRQ2 frame
s|R|T

SL Start frame
H | H R|T

LCLK
SERIRQ START | ]

Drive source ‘IRQ1‘ Host controller ‘ None ‘ IRQ1 ‘ None
IRQ14 frame | IRQ15 frame [IOCHCK frame Stop frame Next cycle
s|/R|T|s|R|[T|s|R[T|1]| H |R|T

LCLK
SERIRQ STOP START

Drive source None ‘ IRQ15 ‘ None ‘ Host controller ‘

H = Host control, SL = Slave control, R = Recovery, T = Turnaround, S = Sample, | = Idle

Figure16.10 SERIRQ Timing

The serialized interrupt transfer cycle frame configuration is as follows. Two of the states
comprising each frame are the recover state in which the SERIRQ signal is returned to the 1-level
at the end of the frame, and the turnaround state in which the SERIRQ signal is not driven. The
recover state must be driven by the host or slave processor that was driving the preceding state.
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Table 16.10 Serial Interrupt Transfer Cycle Frame Configuration

Serial Interrupt Transfer Cycle

Frame Drive Number

Count  Contents Source of States Notes

0 Start Slave 6 In quiet mode only, slave drive possible in first
Host state, then next 3 states 0-driven by host

1 IRQO Slave 3

2 IRQ1 Slave 3 Drive possible in LPC channel 1

3 SMI Slave 3 Drive possible in LPC channels 2 and 3

4 IRQ3 Slave 3

5 IRQ4 Slave 3

6 IRQ5 Slave 3

7 IRQ6 Slave 3 Drive possible in LPC channels 2 and 3

8 IRQ7 Slave 3

9 IRQ8 Slave 3

10 IRQ9 Slave 3 Drive possible in LPC channels 2 and 3

11 IRQ10 Slave 3 Drive possible in LPC channels 2 and 3

12 IRQ11 Slave 3 Drive possible in LPC channels 2 and 3

13 IRQ12 Slave 3 Drive possible in LPC channel 1

14 IRQ13 Slave 3

15 IRQ14 Slave 3

16 IRQ15 Slave 3

17 IOCHCK Slave 3

18 Stop Host Undefined  First, 1 or more idle states, then 2 or 3 states

0-driven by host

2 states: Quiet mode next
3 states: Continuous mode next

There are two modes—continuous mode and quiet mode—for serialized interrupts. The mode
initiated in the next transfer cycle is selected by the stop frame of the serialized interrupt transfer
cycle that ended before that cycle.

In continuous mode, the host initiates host interrupt transfer cycles at regular intervals. In quiet
mode, the slave processor with interrupt sources requiring a request can also initiate an interrupt
transfer cycle, in addition to the host. In quiet mode, since the host does not necessarily initiate
interrupt transfer cycles, it is possible to suspend the clock (LCLK) supply and enter the power-
down state. In order for a slave to transfer an interrupt request in this case, a request to restart the
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clock must first be issued to the host. For details see section 16.4.8, LPC Interface Clock Start
Request.

16.4.8 LPC Interface Clock Start Request

A request to restart the clock (LCLK) can be sent to the host processor by means of the CLKRUN
pin. With LPC data transfer and SERIRQ in continuous mode, a clock restart is never requested
since the transfer cycles are initiated by the host. With SERIRQ in quiet mode, when a host
interrupt request is generated the CLKRUN signal is driven and a clock (LCLK) restart request is
sent to the host. The timing for this operation is shown in figure 16.11.

CLK

CIKRUN o _____

=
S~

()

Pull-up enable Drive by the host processor

Drive by the slave processor

Figure16.11 Clock Start or Speed-Up

Cases other than SERIRQ in quiet mode when clock restart is required must be handled with a
different protocol, using the PME signal, etc.
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16.5 Interrupt Sources

1651 IBFI1, IBFI2, IBFI3, ERRI

The LPC interface has four interrupt requests to the slave processor: IBFI1, IBFI2, IBFI3, and
ERRI. IBFI1 and IBFI2 are receive complete interrupts for IDR1 and IDR2 respectively. IBFI3 is
a receive complete interrupt for IDR3 and TWR, and the interrupt in SMIC mode and BT mode.
The ERRI interrupt indicates the occurrence of a special state, such as an LPC reset, LPC
shutdown, or transfer cycle abort. An interrupt request is enabled by setting the corresponding
enable bit.

Table 16.11 Receive Complete Interruptsand Error Interrupt

Interrupt Description

IBFI1 Requested when IBFIE1 is set to 1 and IDR1 reception is completed

IBFI2 Requested when IBFIE2 is set to 1 and IDR2 reception is completed

IBFI3 Requested when IBFIES is set to 1 and IDR3 reception is completed, or when

TWRE and IBFIES3 are set to 1 and reception is completed up to TWR15
Interrupts by HDTWI, HDTRI, STARI, CTLWI, and BUSYI of SMIC mode

Interrupts by FRDI, HRDI, HWRI, HBTWI, HBTRI, HRSTI, IRQCRI, BEVTI, B2H],
H2BI, CRRPI, and CRWPI of BT mode

ERRI Requested when ERRIE is set to 1 and LRST, SDWN, or ABRT is set to 1

1652  SMI, HIRQL, HIRQ6, HIRQY, HIRQ10, HIRQ11, HIRQ12

The LPC interface can request seven kinds of host interrupt by means of SERIRQ. HIRQ1 and
HIRQ12 are used on LPC channel 1 only, while SMI, HIRQ6, HIRQ9, HIRQ10, and HIRQ11 can
be requested from LPC channel 2 or 3.

There are two ways of clearing a host interrupt request.

When the IEDIR bit in SIRQCRO and the IEDIR3 bit in SIRQCR?2 are cleared to Os, host interrupt
sources and LPC channels are all linked to the host interrupt request enable bits. When the OBF
flag is cleared to O by a read by the host of ODR or TWR15 in the corresponding LPC channel, the
corresponding host interrupt enable bit is automatically cleared to 0, and the host interrupt request
is cleared.

‘When the IEDIR bit in SIRQCRO and the IEDIR3 bit in SIRQCR?2 are set to 1s, LPC channel 2
and 3 interrupt requests are dependent only upon the host interrupt enable bits. The host interrupt
enable bit is not cleared when OBF for channel 2 or 3 is cleared. Therefore, SMIE2, SMIE3A and
SMIE3B, IRQ6E2 and IRQ6E3, IRQIE2 and IRQYE3, IRQ10E2 and IRQ10E3, and IRQ11E2
and IRQ11E3 lose their respective functional differences when both bits IEDIR and IEDIR3 are
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set to 1. In order to clear a host interrupt request, it is necessary to clear the host interrupt enable

bit.

Table 16.12 summarizes the methods of setting and clearing these bits, and figure 16.12 shows the
processing flowchart.

Table 16.12 HIRQ Setting and Clearing Conditions

Host Interrupt

Setting Condition

Clearing Condition

HIRQ1

Slave writes to ODR1, then reads 0 from

Slave writes 0 to bit IRQ1E1, or host

bit IRQ1E1, and writes 1 reads ODR1
HIRQ12 Slave writes to ODR1, then reads 0 from Slave writes 0 to bit IRQ12E1, or host
bit IRQ12E1, and writes 1 reads ODR1
SMI Slave Slave
(IEDIR =0) e writes to ODR2, then reads 0 from bit e writes 0 to bit SMIE2, or host
SMIE2, and writes 1 reads ODR2
SMI Slave Slave
(IEDIR3 = 0) e writes to ODR3, then reads O from bit e writes 0 to bit SMIE3A, or host
SMIE3A, and writes 1 reads ODR3
e writes to TWR15, then reads 0 from e writes O to bit SMIE3B, or host
bit SMIE3B, and writes 1 reads TWR15
SMI Slave
(IEDIR =1) e reads 0 from bit SMIE2, then writes 1 e Slave writes 0 to bit SMIE2
SMI Slave Slave
(IEDIRS=1) o reads 0 from bit SMIE3A, then writes o writes O to bit SMIE3A
1 e writes 0 to bit SMIE3B
e reads O from bit SMIE3B, then writes
1
HIRQiI Slave Slave
E:IE:DE?R9= 10(;’ ) e writes to ODR2, then reads 0 from bit e writes 0 to bit IRQIE2, or host
IRQIE2, and writes 1 reads ODR2
HIRQi Slave Slave
EllEsz;R% l%’)1 1) e writes to ODR3, then reads 0 from bit e writes 0 to bit IRQIE3, or host
IRQIE3 and writes 1 reads ODR3
HIRQiI Slave Slave
E:EDelhgé 11(;’ M)« reads 0 from bit IRQIE2, then writes 1 o  writes 0 to bit IRQIE2
HIRQiI Slave Slave
E:IE:DEHR% lg’; 1) e reads 0 from bit IRQIES, then writes 1 ¢ writes 0 to bit IRQIE3

RENESAS
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Slave CPU Master CPU

O

| ODR1 write |
| Write 1 to IRQ1E1 ;SERIRQ IRQ1 output ——»* Interrupt initiation
: SERIRQIRQ1 _| ODR1 read ‘

source clearance

.............................

OBF1 =07

All bytes
transferred?

| Software operation

Figure16.12 HIRQ Flowchart (Example of Channel 1)
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16.6 Usage Notes

16.6.1 Module Stop Setting

The LPC operation stop or enable can be specified by the module stop control register. With the
initial value, LPC operation will stop. Releasing module stop mode enables access to the register.
For details see section 23, Power-Down Modes.

16.6.2 Usage Note of LPC Interface

The LPC interface provides buffering of asynchronous data from the host processor and slave
processor (this LSI), but an interface protocol that uses the flags in STR is required to avoid data
contention. For example, if the host and slave processor both try to access IDR or ODR at the
same time, the data will be corrupted. To prevent simultaneous accesses, IBF and OBF must be
used to allow access only to data for which writing has finished.

Unlike the IDR and ODR registers, the transfer direction is not fixed for the bidirectional data
registers (TWR). MWMF and SWMF are provided in STR to handle this situation. After writing
to TWRO, MWMF and SWMF must be used to confirm that the right to access TWRI1 to TWR15
has been obtained.

Table 16.13 shows the host address example of registers LADR3, IDR3, ODR3, STR3,
TWROMW, TWROSW, and TWR1 to TWRI15.
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Table 16.13 Host Addresses Example

Register Host Address When LADR3 = H'A24F Host Address When LADR3 = H'3FDO
IDR3 H'A24A and H'A24E H'3FDO and H'3FD4
ODRS3 H'A24A H'3FDO
STR3 H'A24E H'3FD4
TWROMW H'A250 H'3FCO
TWROSW H'A250 H'3FCO
TWR1 H'A251 H'3FC1
TWR2 H'A252 H'3FC2
TWR3 H'A253 H'3FC3
TWR4 H'A254 H'3FC4
TWR5 H'A255 H'3FC5
TWR6 H'A256 H'3FC6
TWR7 H'A257 H'3FC7
TWR8 H'A258 H'3FC8
TWR9 H'A259 H'3FC9
TWR10 H'A25A H'3FCA
TWR11 H'A25B H'3FCB
TWR12 H'A25C H'3FCC
TWR13 H'A25D H'3FCD
TWR14 H'A25E H'3FCE
TWR15 H'A25F H'3FCF
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Section 17 D/A Converter

17.1 Features

e 8-bit resolution

e Two output channels

e Conversion time: Max. 10 ps (when load capacitance is 20 pF)
e OQutput voltage: 0 V to AVref

e D/A output retaining function in software standby mode

Module data bus Internal data bus

Bus interface

AVref ——m|

AVCC ——»

DA1 . 8-bit D/A

oxVO>»0
-DVO>»0
IO>0

DA0 -—

AVSS ——»

A H

Control circuit

[Legend]

DACR: D/A control register
DADRO: D/A data register 0
DADR1: D/A data register 1

Figure17.1 Block Diagram of D/A Converter

IFHSTL1A_010020030700 Rev. 3.00, 03/04, page 589 of 830
RENESAS




17.2  Input/Output Pins

Table 17.1 summarizes the input/output pins used by the D/A converter.

Table17.1 Pin Configuration

Pin Name Symbol 110 Function

Analog power supply pin AVCC Input Analog block power supply

Analog ground pin AVSS Input Analog block ground and reference voltage
Analog output pin 0 DAO Output Channel 0 analog output

Analog output pin 1 DA1 Output Channel 1 analog output

Reference power supply pin AVref Input Analog block reference voltage
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17.3 Register Descriptions
The D/A converter has the following registers.

e D/A data register 0 (DADRO)
e D/A dataregister 1 (DADRI1)
e D/A control register (DACR)

17.3.1 DIA DataRegisters0and 1 (DADRO, DADR1)

DADRO and DADRI1 are 8-bit readable/writable registers that store data for D/A conversion.
When analog output is permitted, D/A data register contents are converted and output to analog
output pins.

17.3.2 D/A Control Register (DACR)
DACR controls D/A converter operation.

Bit Bit Name Initial Value R/W Description

7 DAOE1 0 R/W  D/A Output Enable 1
Controls D/A conversion and analog output.
0: Analog output DAT1 is disabled

1: D/A conversion for channel 1 and analog output DA1
are enabled

6 DAOCEO O R/W  D/A Output Enable 0
Controls D/A conversion and analog output.
0: Analog output DAO is disabled

1: D/A conversion for channel 0 and analog output DAO
are enabled

5 DAE 0 R/W D/A Enable

Controls D/A conversion in conjunction with the DAOEO
and DAOET1 bits. When the DAE bit is cleared to 0, D/A
conversion for channels 0 and 1 are controlled
individually. When the DAE bit is set to 1, D/A conversion
for channels 0 and 1 are controlled as one. Conversion
result output is controlled by the DAOEO and DAOE1
bits. For details, see table 17.2 below.

4t00 — All 1 R Reserved
The initial value should not be changed.
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Table17.2 D/A Channel Enable

Bit 7 Bit 6 Bit 5
DAOE1 DAOEO DAE Description
0 0 * Disables D/A conversion
1 0 Enables D/A conversion for channel 0
Disables D/A conversion for channel 1
1 Enables D/A conversion for channels 0 and 1
1 0 0 Disables D/A conversion for channel 0
Enables D/A conversion for channel 1
1 Enables D/A conversion for channels 0 and 1
1 * Enables D/A conversion for channels 0 and 1
[Legend]
*: Don't care
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174  Operation

The D/A converter incorporates two channels of the D/A circuits and can be converted

individually.

When the DAOE bit in DACR is set to 1, D/A conversion is enabled and conversion results are

output.

An example of D/A conversion of channel 0 is shown below. The operation timing is shown in

figure 17.2.

1. Write conversion data to DADRO.
2. When the DAOEQ bit in DACR is set to 1, D/A conversion starts. After the interval of t ...
conversion results are output from the analog output pin DAQ. The conversion results are

output continuously until DADRO is modified or the DAOEQ bit is cleared to 0. The output
value is calculated by the following formula:
DADR contents/256 x AVref
3. Conversion starts immediately after DADRO is modified. After the interval of t ...
conversion results are output.
4. When the DAOE bit is cleared to 0, analog output is disabled.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
L L
: L
Address
DADRO X Conversion data (1) Conversion data (2)
DAOEO |
- R Conversion
DA I Conversion result (1) AL result (2) ——
- N —
High impedance state
tDCON\/ tDCONV
[Legend]

tocony : D/A conversion time

Figure17.2 D/A Converter Operation Example
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175 Usage Note

When this LSI enters software standby mode with D/A conversion enabled, the D/A output is
retained, and the analog power supply current is equal to as during D/A conversion. If the analog
power supply current needs to be reduced in software standby mode, clear the DAOE1, DAOEQ,

and DAE bits all to O to disable D/A output.
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Section 18 A/D Converter

This LSI includes a successive-approximation-type 10-bit A/D converter that allows up to eight
analog input channels to be selected.

18.1 Features

10-bit resolution

Input channels: eight analog input channels

e Analog conversion voltage range can be specified using the reference power supply voltage
pin (AVref) as an analog reference voltage.

e Conversion time: 8.06 ps per channel (at 33-MHz operation)

Two kinds of operating modes
Single mode: Single-channel A/D conversion

Scan mode: Continuous A/D conversion on 1 to 4 channels

Four data registers
Conversion results are held in a 16-bit data register for each channel
e Sample and hold function

Three kinds of conversion start

Software, 8-bit timer (TMR) conversion start trigger, or external trigger signal.
e Interrupt request

A/D conversion end interrupt (ADI) request can be generated

Module stop mode can be set
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18.1.1 Block Diagram

A block diagram of the A/D converter is shown in figure 18.1.

Module data bus

Internal data bus

A0

00

AVCC —

AVref —»]

AVSS —»

10-bit D/A _a

Successive approximations

register

>TVO0O>
WIDVOO>
OITOO>
Onoo>»

TOHOO>»
DTOO>

ANO —>
AN1 —]
AN2 —]
AN3 —]
AN4 —»]
AN5 —»]
AN6 —»]
AN7 —»

Multiplexer

Sample-and-hold
circuit

ADTRG

Bus interface

Control circuit

l«—— 0/8

la«—— 0/16

[Legend]

ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

\—> ADI interrupt signal

Conversion start trigger from 8-bit timer

Figure18.1 Block Diagram of A/D Converter
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18.2  Input/Output Pins

Table 18.1 summarizes the pins used by the A/D converter. The 8 analog input pins are divided
into two groups consisting of four channels. Analog input pins O to 3 (ANO to AN3) comprising
group 0 and analog input pins 4 to 7 (AN4 to AN7) comprising groupl.

The AVCC and AVSS pins are the power supply pins for the analog block in the A/D converter.

Table18.1 Pin Configuration

Pin Name Symbol 110 Function

Analog power supply AVCC Input Analog block power supply

pin

Analog ground pin  AVSS Input Analog block ground and reference voltage
Reference power AVref Input Reference voltage for A/D conversion
supply pin

Analog input pin 0 ANO Input Group 0 analog input pins

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog input pins

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger ADTRG Input External trigger input pin for starting A/D

input pin

conversion
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18.3 Register Descriptions
The A/D converter has the following registers.

e A/D dataregister A (ADDRA)

e A/D data register B (ADDRB)

e A/D data register C (ADDRC)

e A/D data register D (ADDRD)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)

18.3.1 A/D Data RegistersA to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion. The ADDR registers, which store a conversion result for each channel, are shown
in table 18.2.

The converted 10-bit data is stored to bits 15 to 6. The lower 6-bit data is always read as 0.

The data bus between the CPU and the A/D converter is 8-bit width. The upper byte can be read
directly from the CPU, but the lower byte should be read via a temporary register. The temporary
register contents are transferred from the ADDR when the upper byte data is read. When reading
the ADDR, read only the upper byte in byte units or read in word units.

Table18.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel A/D Data Register to Store A/D Conversion

Group O Group 1 Results
ANO AN4 ADDRA
ANA1 AN5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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18.3.2 A/D Control/Status Register (ADCSR)

ADCSR controls A/D conversion operations.

Bit Bit Name |Initial Value R/W Description
7 ADF 0 R/(W)*  A/D End Flag
A status flag that indicates the end of A/D conversion.
[Setting conditions]
e When A/D conversion ends in single mode
e When A/D conversion ends on all channels
specified in scan mode
[Clearing conditions]
e When 0 is written after reading ADF = 1
e When DTC starts by an ADI interrupt and ADDR is
read
6 ADIE 0 R/W A/D Interrupt Enable
Enables ADI interrupt by ADF when this bit is set to 1
5 ADST 0 R/W A/D Start
Setting this bit to 1 starts A/D conversion. In single
mode, this bit is cleared to 0 automatically when
conversion on the specified channel ends. In scan
mode, conversion continues sequentially on the
specified channels until this bit is cleared to 0 by
software, a reset, or a transition to standby mode or
module stop mode.
4 SCAN 0 R/W Scan Mode
Selects the A/D conversion operating mode.
0: Single mode
1: Scan mode
3 CKS 0 R/W Clock Select

Sets A/D conversion time.
0: Conversion time is 266 states (max)

1: Conversion time is 134 states (max)
(when the system clock (¢) is 16 MHz or lower)

Switch conversion time while ADST is 0.

Rev. 3.00, 03/04, page 599 of 830

RENESAS



Bit Bit Name |Initial Value R/W Description

2 CH2 AllO R/W Channel Select 2 to 0

1 CH1 Select analog input channels.
0 CHoO

When SCAN =0 When SCAN =1
000: ANO 000: ANO

001: ANA1 001: ANO and AN1
010: AN2 010: ANO to AN2
011: AN3 011: ANO to AN3
100: AN4 100: AN4

101: AN5 101: AN4 and AN5
110: AN6 110: AN4 to AN6
111: AN7 111: AN4 to AN7

Note: * Only 0 can be written for clearing the flag.

18.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion started by an external trigger signal.

Bit Bit Name |Initial Value R/W Description

7 TRGS1 0 R/W Timer Trigger Select 1 and 0

6 TRGSO0 0 R/W Enable the start of A/D conversion by a trigger signal.
Only set bits TRGS1 and TRGSO while A/D
conversion is stopped (ADST = 0).
00: A/D conversion start by external trigger is disabled
01: A/D conversion start by external trigger is disabled
10: A/D conversion start by conversion trigger from

TMR

11: A/D conversion start by ADTRG pin

5t0 — All 1 R/W Reserved

0

The initial values should not be changed.
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184  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode. When changing the operating mode or analog input
channel, to prevent incorrect operation, first clear the ADST bit to O in ADCSR to halt A/D
conversion. The ADST bit can be set at the same time as the operating mode or analog input
channel is changed.

184.1 SingleMode

In single mode, A/D conversion is to be performed only once on the specified single channel.
Operations are as follows.

1. A/D conversion on the specified channel is started when the ADST bit in ADCSR is set to 1,
by software or an external trigger input.

2. When A/D conversion is completed, the result is transferred to the A/D data register
corresponding to the channel.

3. On completion of A/D conversion, the ADF bit in ADCSR is set to 1. If the ADIE bit is set to
1 at this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion. When conversion ends, the ADST bit is
automatically cleared to 0, and the A/D converter enters wait state.

18.4.2 Scan Mode

In scan mode, A/D conversion is to be performed sequentially on the specified channels (four
channels max.). Operations are as follows.

1. When the ADST bit in ADCSR is set to 1 by software or an external trigger input, A/D
conversion starts on the first channel in the group (ANO when the CH2 bit in ADCSR is 0, or
AN4 when the CH2 bit in ADCSR is 1).

2. When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D data register corresponding to each channel.

3. When conversion of all the selected channels is completed, the ADF bit in ADCSR is set to 1.
If the ADIE bit is set to 1 at this time, an ADI interrupt is requested after A/D conversion ends.
Conversion of the first channel in the group starts again.

4. The ADST bit is not automatically cleared to O so steps [2] to [3] are repeated as long as the
ADST bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stops.
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18.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input when the A/D conversion start delay time (t,) passes after the ADST bit in ADCSR is set to
1, then starts A/D conversion. Figure 18.2 shows the A/D conversion timing. Table 18.3 indicates
the A/D conversion time.

As indicated in figure 18.2, the A/D conversion time (t_,,) includes t; and the input sampling time
(ts)- The length of t; varies depending on the timing of the write access to ADCSR. The total
conversion time therefore varies within the ranges indicated in table 18.3.

In scan mode, the values given in table 18.3 apply to the first conversion time. In the second and
subsequent conversions, the conversion time is 266 states (fixed) when CKS = 0 and 134 states
(fixed) when CKS = 1.

Use the conversion time of 134 state only when the system clock (¢) is 16 MHz or lower.

Address

Write signal | |

Input sampling
timing 0

P~
)

ADF

o tspL

tcony
[Legend]

(1):  ADCSR write cycle

(2): ADCSR address

tp:  A/D conversion start delay

tspL:  Input sampling time

tcony: A/D conversion time

Figure18.2 A/D Conversion Timing
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Table18.3 A/D Conversion Time (Single Mode)

CKs=0 CKs =1*
Item Symbol  min typ max min typ max
A/D conversion start delay time 10 — 17 6 — 9
Input sampling time [ — 63 — — 31 —
A/D conversion time toon 259 — 266 131 — 134

Notes: Values in the table indicate the number of states.
* in the table indicates that the system clock (¢) is 16 MHz or lower.

18.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bits are set to B'11 in
ADCR, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTRG pin sets
the ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as when the ADST bit has been set to 1 by software. Figure 18.3 shows the
timing.

ADTRG |_\

Internal trigger
signal

ADST |
| A/D conversion

Figure18.3 External Trigger Input Timing
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185 Interrupt Source

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
Setting the ADIE bit to 1 enables ADI interrupt requests while the ADF bit in ADCSR is set to 1
after A/D conversion ends.

The ADI interrupt can be used as a DTC activation interrupt source.

Table18.4 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation

ADI A/D conversion end ADF Possible

186  A/D Conversion Accuracy Definitions
This LSI’s A/D conversion accuracy definitions are given below.

e Resolution
The number of A/D converter digital output codes

e (Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 18.4).

e  Offset error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'00 0000 0000 (H'000) to
B'00 0000 0001 (H'001) (see figure 18.5).

e  Full-scale error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'11 1111 1110 (H'3FE) to B'11 1111 1111 (H'3FF) (see
figure 18.5).

e Nonlinearity error
The error with respect to the ideal A/D conversion characteristics between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error
(see figure 18.5).

e Absolute accuracy
The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —»=
111 | characteristic
110 |
101 |-
100 [~
011 |-
010 - L Quantization error
001 |-
000 | | | ( | | |

1 2 10221023 FS
1024 1024 1024 1024
Analog

input voltage

Figure18.4 A/D Conversion Accuracy Definitions

Full-scale error

Ry

Digital output

Ideal A/D conversion K
characteristic 7

4
g

Nonlinearity
/! error

’
’
’
/
’

<~ Actual A/D conversion
J/ characteristic

FS

Analog
Offset error input voltage

Figure18.5 A/D Conversion Accuracy Definitions
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18.7 Usage Notes

18.7.1 Permissible Signal Source Impedance

This LSI’s analog input is designed so that the conversion accuracy is guaranteed for an input
signal for which the signal source impedance is 5 k€ or less. This specification is provided to
enable the A/D converter’s sample-and-hold circuit input capacitance to be charged within the
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it
may not be possible to guarantee the A/D conversion accuracy. However, if a large capacitance is
provided externally in single mode, the input load will essentially comprise only the internal input
resistance of 10 k€, and the signal source impedance is ignored. However, since a low-pass filter
effect is obtained in this case, it may not be possible to follow an analog signal with a large
differential coefficient (e.g., voltage fluctuation ratio of 5 mV/us or greater) (see figure 18.6).
When converting a high-speed analog signal or converting in scan mode, a low-impedance buffer
should be inserted.

18.7.2  Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect the absolute accuracy. Be sure to make the connection to an electrically stable GND such as
AVSS.

Care is also required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

This LSI - —
A/D converter equivalent circuit
Sensor output
impedance
up to 5 kQ 10 kQ

i A A
Sensor |nput‘M _L M J_
! Low-pass : %”;F
+ filter C l ' l I
rupto 0.1 pF !

20 pF

Figure18.6 Example of Analog Input Circuit
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18.7.3  Setting Range of Analog Power Supply and Other Pins
If conditions shown below are not met, the reliability of this LSI may be adversely affected.

e Analog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVSS < ANn<AVref (n=0to 7).

e Relation between AVCC, AVSS and VCC, VSS
For the relationship between AVCC, AVSS and VCC, VSS, set AVSS = VSS, and AVCC =
VCC is not always necessary. If the A/D converter is not used, the AVCC and AVSS pins
must on no account be left open.

e AVref pin reference voltage specification range
The reference voltage of the AVref pin should be in the range AVref < AVCC.

18.7.4 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or are in close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values. Also, digital
circuitry must be isolated from the analog input signals (ANO to AN7), and analog power supply
(AVCC) by the analog ground (AVSS). Also, the analog ground (AVSS) should be connected at
one point to a stable digital ground (VSS) on the board.

18.7.5 Noteson Noise Counter measures

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (ANO to AN7) should be connected between AVCC and AVSS as
shown in figure 18.7. Also, the bypass capacitors connected to AVCC and AVref, and the filter
capacitors connected to ANO to AN7 must be connected to AVSS.

If a filter capacitor is connected, the input currents at the analog input pins (ANO to AN7) are
averaged, and so an error may arise. Also, when A/D conversion is performed frequently, as in
scan mode, if the current charged and discharged by the capacitance of the sample-and-hold circuit
in the A/D converter exceeds the current input via the input impedance (R, ), an error will arise in
the analog input pin voltage. Careful consideration is therefore required when deciding the circuit
constants.
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1

10 pF

0.01 pF

*2 Rjn: Input impedance

Figure 18.7 Example of Analog Input Protection Cir cuit

10 kQ

ANO to AN7 o—\j\N\l—s To A/D converter

20 pF

i

Note: Values are reference values.

Figure18.8 Analog Input Pin Equivalent Cir cuit
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Section 19 RAM

This LSI has 40 kbytes of on-chip high-speed static RAM. The RAM is connected to the CPU by a
16-bit data bus, enabling one-state access by the CPU to both byte data and word data.

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SYSCR). For details on SYSCR, see section 3.2.2, System Control Register (SYSCR).
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Section 20 Flash Memory (0.18-um F-ZTAT Version)

The flash memory has the following features. Figure 20.1 shows a block diagram of the flash

memory.

20.1 Features

e Size

Product Classification ROM Size ROM Address
H8S/2168 HD64F2168 256 kbytes H'000000 to H'03FFFF
H8S/2167 HD64F2167 384 kbytes H'000000 to H'05FFFF
H8S/2166 HD64F2166 512 kbytes H'000000 to H'07FFFF

e Two flash-memory MATSs according to LSI initiation mode
The on-chip flash memory has two memory spaces in the same address space (hereafter

referred to as memory MATSs). The mode setting in the initiation determines which memory
MAT is initiated first. The MAT can be switched by using the bank-switching method after

initiation.

— The user memory MAT is initiated at a power-on reset in user mode: 256 kbytes
(H8S/2168), 384 kbytes (H8S/2167), 512 kbytes (H8S/2166)

— The user boot memory MAT is initiated at a power-on reset in user boot mode: 8 kbytes

e Programming/erasing interface by the download of on-chip program

This LSI has a dedicated programming/erasing program. After downloading this program to
the on-chip RAM, programming/erasing can be performed by setting the argument parameter.

e Programming/erasing time

The flash memory programming time is 3 ms (typ) in 128-byte simultaneous programming and
approximately 25 ps per byte. The erasing time is 1000 ms (typ) per 64-kbyte block.

e Number of programming

The number of flash memory programming can be up to 100 times at the minimum. (The value

ranged from 1 to 100 is guaranteed.)

e Three on-board programming modes

— Boot mode

This mode is a program mode that uses an on-chip SCI interface. The user MAT and user
boot MAT can be programmed. This mode can automatically adjust the bit rate between

host and this LSI.

— User program mode

The user MAT can be programmed by using the optional interface.

ROM1250A_000020030700
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— User boot mode

The user boot program of the optional interface can be made and the user MAT can be
programmed.

e Programming/erasing protection

Sets protection against flash memory programming/erasing via hardware, software, or error
protection.

e Programmer mode

This mode uses the PROM programmer. The user MAT and user boot MAT can be
programmed.

Internal address bus

Internal data bus (16 bits)

FCCS " VAT uni
emory unit
" FPCS
2 FECS User I\/IkﬁT: . |
Q| — . 256 kbytes (H8S/2168
3 FKEY Control unit 384 kbytes (H8S/2167)
= FMATS 512 kbytes (H8S/2166)
FTDAR User boot MAT: 8 kbytes
Flash memory
FWE pin ; Operating
Mode pin mode
[Legend]

FCCS: Flash code control status register

FPCS:  Flash program code select register

FECS: Flash erase code select register

FKEY: Flash key code register

FMATS: Flash MAT select register

FTDAR: Flash transfer destination address register

Note: To read from or write to the registers, the FLSHE bit in the serial timer control
register (STCR) must be set to 1.

Figure20.1 Block Diagram of Flash Memory
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20.1.1 Operating Mode

When each mode pin and the FWE pin are set in the reset state and reset start is performed, this
LSI enters each operating mode as shown in figure 20.2.

¢ Flash memory can be read in user mode, but cannot be programmed or erased.

e Flash memory can be read, programmed, or erased on the board only in boot mode, user
program mode, and user boot mode.

¢ Flash memory can be read, programmed, or erased by means of the PROM programmer in
programmer mode.

RES=0

P
-

Programmer
mode

Reset state Programmer mode setting

(7]
((\ o
% o
FLSHE =0 | A
—FWE=0| [~
dl
User mode | User program User boot Boot mode
FWE =1 - mode mode
FLSHE =1
On-board programming mode

Figure20.2 Mode Transition of Flash Memory
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20.1.2

Mode Comparison

The comparison table of programming and erasing related items about boot mode, user program
mode, user boot mode, and programmer mode is shown in table 20.1.

Table20.1 Comparison of Programming Modes

User program Programmer

Boot mode mode User boot mode mode
Programming/ On-board On-board On-board PROM
erasing programmer
environment
Programming/ User MAT User MAT User MAT User MAT
erasing enable User boot MAT User boot MAT
MAT
All erasure O (Automatic) @) @) O (Automatic)
Block division O @) O X

erasure

Program data
transfer

From host via SCI

Via optional device Via optional device Via programmer

Reset initiation
MAT

Embedded
program storage
MAT

User MAT User boot MAT*?

Transition to user

mode

Changing mode

setting and reset

Changing FLSHE Changing mode  —
bit and FWE pin  setting and reset

Notes: 1. All-erasure is performed. After that, the specified block can be erased.
2. Firstly, the reset vector is fetched from the embedded program storage MAT. After the
flash memory related registers are checked, the reset vector is fetched from the user
boot MAT.

e The user boot MAT can be programmed or erased only in boot mode and programmer mode.

o The user MAT and user boot MAT are erased in boot mode. Then, the user MAT and user boot
MAT can be programmed by means of the command method. However, the contents of the

MAT cannot be read until this state.

Only user boot MAT is programmed and the user MAT is programmed in user boot mode or
only user MAT is programmed because user boot mode is not used.

e The boot operation of the optional interface can be performed by the mode pin setting different
from user program mode in user boot mode.
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20.1.3 Flash Memory MAT Configuration

This LSI’s flash memory is configured by the 8-kbyte user boot MAT and 256-kbyte (H8S/2168),
384-kbyte (H8S/2167), or 512-kbytes (H8S/2166) user MAT.

The start address is allocated to the same address in the user MAT and user boot MAT. Therefore,
when the program execution or data access is performed between two MATS, the MAT must be
switched by using FMATS.

The user MAT or user boot MAT can be read in all modes. However, the user boot MAT can be
programmed only in boot mode and programmer mode.

<User MAT> <User Boot MAT>
Address H'000000 Address H000000
IS kbytes
Address H'001FFF
256 kbytes
(H8S/2168)
384 kbytes
(H8S/2167)
Address H'03FFFF 512 kbytes

(H8S/2166)

Address H'05FFFF

Address H'07FFFF

Figure20.3 Flash Memory Configuration

The size of the user MAT is different from that of the user boot MAT. An address which exceeds
the size of the 8-kbyte user boot MAT should not be accessed. If the attempt is made, data is read
as undefined value.
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20.1.4 Block Division

The user MAT is divided into 64 kbytes (three blocks for H8S/2168, five blocks for H8S/2167,
seven blocks for H8S/2166), 32 kbytes (one block), and 4 kbytes (eight blocks) as shown in figure
20.4. The user MAT can be erased in this divided-block units and the erase-block number of EBO
to EB15 is specified when erasing.
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EBO H'000000 : H'000001 : H'000002 : «Programming unit: 128 bytes— : H'00007F
Erase unit: 4 kbytes A= ' ' ! i ~
HO0OF80 ' HO0OF81 ' HOOOF82 ' — — — — — — — — — — — — — _ ' HOOOFFF
EB1 H001000 : H001001 i H001002 i  « Programming unit: 128 bytes— 1 H00107F
Erase unit: 4 kbytes <L ' ' ! ) iy
HO01F80 | HOO1F81 | HOO1F82 !  — —— ——— —— — — — — — " HOO1FFF
EB2 H'002000 : H'002001 : H'002002 :  «Programming unit: 128 bytes—> . H'00207F
Erase unit: 4 kbytes =L ' ' ' ' o
HO02F80 | H002F81 | HO02F82 1  — — ————————— — — — | HOO2FFF
EB3 H003000 | H003001 | H003002 !  «Programming unit: 128 bytes— | H00307F
Erase unit: 4 kbytes A= E E E E L
H'003F80 i H'003F81 i H003F82 1  —————————————— | HO03FFF
EB4 H'004000 | H'004001 ! H'004002 !  «Programming unit: 128 bytes— ! H'00407F
Erase unit: 32 kbytes U T T ! H L
H'00BF80; H00BF81, HO00BF82, - - ———————————— | HO00BFFF
EB5 H'00C000 ; H'00C001 ; H'00C002 | «Programming unit: 128 bytes— : H'00C07F
Erase unit: 4 kbytes ~= 1 | | . N
H'00CF80; H00CF81, HO00CF82,  ———-—-——-———-————— \ HOOCFFF
EB6 H00D000 ' H00D001 ! HO0DO002 ' «Programming unit: 128 bytes— ' H00DO7F
Erase unit: 4 kbytes ~L . H H , ~
HOODF80! HOODFS1! HOODF82' - —— —— —— — — — — — — ' HOODFFF
EB7 HOOE000 | HOOE00T ! HOOEQD2 : <« Programming unit: 128 bytes—> 1 HO0EO7F
Erase unit: 4 kbytes ~= ' ' ' ' ~N=
HOOEFS0! HOOEFS1 ' HOOEF82!  —----—--—---—-—-—- | HOOEFFF
EB8 H'00F000 1 H'OOF001 | HOOFO02 | «Programming unit: 128 bytes— 1 H'00FO7F
Erase unit: 4 kbytes =~ ! ! ! ! N
HOOFF80 ' HOOFF81 ' HOOFF82 |  —— - ———————— - — ' HOOFFFF
EB9 H'010000 1 H'010001 : H010002 +  «Programming unit: 128 bytes—> 1 H01007F
Erase unit: 64 kbytes = i i i i N=
HO1FF80 1 HOFF81 | HOIFF82: - —————-——-—-—-—— i HOIFFFF
EB10 H'020000 ; H'020001 ; H'020002 ;  «Programming unit: 128 bytes— | H02007F
Erase unit: 64 kbytes = E E E E L
HO2FF80 1 HO2FF81 | HO2FFB2:1 - — ———————---—- | HO2FFFF
EB11 H'030000 |} H'030001 | H'030002 | «Programming unit: 128 bytes— 1 H'03007F
Erase unit: 64 kbytes == : : : : Ao
HO3FF80 | H'O3FF8T | HO3FF82,  ——— - - ———————— - | HO3FFFF
EB12+" HO040000 ' HO4F001 ! HO4FO02 ' «Programming unit: 128 bytes—> ' HO4FO7F
Erase unit: 64 kbytes A H 1 1 ] =
HO04FF80 | HO4FF81 | HO4FF82, - - - - - - - — - - — — - — | HO4FFFF
EB13+! H050000 : H050001 ! HO050002 |  «Programming unit: 128 bytes— 1 H05007F
Erase unit: 64 kbytes == \ \ \ \ ~
HOSFF80 ' HOSFF81 | HOSFF82 ! - — - ——————--—— - ' HOSFFFF
EB14#1%2 H060000 : H080001 : H080002 +  «Programming unit: 128 bytes—> 1 H06007F
Erase unit: 64 kbytes == i i i i N
HOGFF80 | HOGFF81 | HOBFFE2 |  — — — — - ——— — — — — — | HOGFFFF
EB15%1:2 H'070000 ; H'070001 : H'070002 ;  «Programming unit: 128 bytes— | H'07007F
Erase unit: 64 kbytes == : : : : s
HO7FF80 1 HO7FF81 | HO7FF82:1 - ——— - ———— - — - — - | HO7FFFF

Notes: 1. EB12 to EB15 are not available in the H8S/2168.
2. EB14 and EB15 are not available in the H8S5/2167.

Figure20.4 Block Division of User MAT
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20.1.5 Programming/Erasing Interface

Programming/erasing is executed by downloading the on-chip program to the on-chip RAM and
specifying the program address/data and erase block by using the interface register/parameter.

The procedure program is made by the user in user program mode and user boot mode. An
overview of the procedure is given as follows. For details, see section 20.4.2, User Program Mode.

Start user procedure
program for programming/erasing.
\

Select on-chip program to be
downloaded and
specify the destination.

Download on-chip program
by setting FKEY and SCO bits.

Initialization execution
(downloaded program execution)

—>

Programming (in 128-byte units)
or erasing (in one-block units)
(downloaded program execution)

Programming/erasing
completed?

End user procedure
program

No

Figure20.5 Overview of User Procedure Program

1. Selection of on-chip program to be downloaded
For programming/erasing execution, the FLSHE bit in STCR must be set to 1 to transition to
user program mode.
This LSI has programming/erasing programs which can be downloaded to the on-chip RAM.
The on-chip program to be downloaded is selected by setting the corresponding bits in the
programming/erasing interface register. The address of the programming destination is
specified by the flash transfer destination address register (FTDAR).
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2. Download of on-chip program

5.

The on-chip program is automatically downloaded by setting the flash key code register
(FKEY) and the SCO bit in the flash code control status register (FCCS), which are
programming/erasing interface registers.

The flash memory is replaced to the embedded program storage area when downloading. Since
the flash memory cannot be read when programming/erasing, the procedure program, which is
working from download to completion of programming/erasing, must be executed in the space
other than the flash memory to be programmed/erased (for example, on-chip RAM).

Since the result of download is returned to the programming/erasing interface parameter,
whether the normal download is executed or not can be confirmed.

Initialization of programming/erasing

The operating frequency is set before execution of programming/erasing. This setting is
performed by using the programming/erasing interface parameter.

Programming/erasing execution

For programming/erasing execution, the FLSHE bit in STCR and the FWE pin must be set to 1
to transition to user program mode.

The program data/programming destination address is specified in 128-byte units when
programming.

The block to be erased is specified in erase-block units when erasing.

These specifications are set by using the programming/erasing interface parameter and the on-
chip program is initiated. The on-chip program is executed by using the JSR or BSR
instruction and performing the subroutine call of the specified address in the on-chip RAM.
The execution result is returned to the programming/erasing interface parameter.

The area to be programmed must be erased in advance when programming flash memory.

All interrupts are prohibited during programming and erasing. Interrupts must be masked
within the user system.

When programming/erasing is executed consecutively

When the processing is not ended by the 128-byte programming or one-block erasure, the
program address/data and erase-block number must be updated and consecutive
programming/erasing is required.

Since the downloaded on-chip program is left in the on-chip RAM after the processing,
download and initialization are not required when the same processing is executed
consecutively.
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20.2  Input/Output Pins
Table 20.2 shows the flash memory pin configuration.

Table20.2 Pin Configuration

Pin Name Input/Output Function

RES Input Reset

FWE Input Flash memory programming/erasing enable pin
MD2 Input Sets operating mode of this LSI

MD1 Input Sets operating mode of this LSI

MDO Input Sets operating mode of this LSI

TxDA1 Output Serial transmit data output (used in boot mode)
RxD1 Input Serial receive data input (used in boot mode)

20.3  Register Descriptions

The registers/parameters which control flash memory are shown in the following. To read from or
write to these registers/parameters, the FLSHE bit in the serial timer control register (STCR) must
be set to 1. For details on STCR, see section 3.2.3, Serial Timer Control Register (STCR).

e Flash code control status register (FCCS)

e Flash program code select register (FPCS)

e Flash erase code select register (FECS)

e Flash key code register (FKEY)

e Flash MAT select register (FMATS)

e Flash transfer destination address register (FTDAR)
e Download pass/fail result (DPFR)

e Flash pass/fail result (FPFR)

e Flash multipurpose address area (FMPAR)

e Flash multipurpose data destination area (FMPDR)
o Flash erase Block select (FEBS)

e Flash programming/erasing frequency control (FPEFEQ)

There are several operating modes for accessing flash memory, for example, read mode/program
mode.

There are two memory MATSs: user MAT and user boot MAT. The dedicated registers/parameters
are allocated for each operating mode and MAT selection. The correspondence of operating modes
and registers/parameters for use is shown in table 20.3.
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Table20.3 Register/Parameter and Target Mode

Initiali- Program-
Download zation ming Erasure Read

Programming/ FCCS O — — — —
Erasflng Interface FPCS o — — — —
Register

FECS O — — — —

FKEY O — O O —

FMATS — — O *' O ! O #2

FTDAR O — — — —
Programming/  DPFR O — — — —
Erasing Interface cprp _ o o o _
Parameter

FPEFEQ — O — — —

FMPAR — — O — —

FMPDR — — O — —

FEBS — — — O —

Notes: 1. The setting is required when programming or erasing user MAT in user boot mode.
2. The setting may be required according to the combination of initiation mode and read

target MAT.

20.3.1  Programming/Erasing I nterface Register

The programming/erasing interface registers are as described below. They are all 8-bit registers
that can be accessed in byte. These registers are initialized at a reset or in hardware standby mode.
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e Flash Code Control Status Register (FCCS)

FCCS is configured by bits which request the monitor of the FWE pin state and error occurrence
during programming or erasing flash memory and the download of on-chip program.

Initial

Bit Bit Name Value R/W Description

7 FWE 1/0 R Flash Program Enable
Monitors the signal level input to the FWE pin and
enables or disables programming/erasing flash memory.
0: Programming/erasing disabled
1: Programming/erasing enabled

6,5 — All O R/W Reserved
The initial value should not be changed.

4 FLER 0 R Flash Memory Error

Indicates an error occurs during programming and
erasing flash memory. When FLER is set to 1, flash
memory enters the error protection state.

When FLER is set to 1, high voltage is applied to the
internal flash memory. To reduce the damage to flash
memory, the reset must be released after the reset
period of 100 us which is longer than normal.

0: Flash memory operates normally.
Programming/erasing protection for flash memory
(error protection) is invalid.

[Clearing condition]

e Atareset orin hardware standby mode

1: An error occurs during programming/erasing flash
memory.

Programming/erasing protection for flash memory
(error protection) is valid.

[Setting conditions]

e When an interrupt, such as NMI, occurs during
programming/erasing flash memory.

e When the flash memory is read during
programming/erasing flash memory (including a
vector read or an instruction fetch).

e When the SLEEP instruction is executed during
programming/erasing flash memory (including
software-standby mode)

e When a bus master other than the CPU, such as the
DTC, gets bus mastership during
programming/erasing flash memory.
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Bit

Bit Name Value

Initial

R/W

Description

WEINTE O

R/W

Program/Erase Enable

Modifies the space for the interrupt vector table, when
interrupt vector data is not read successfully during
programming/erasing flash memory or switching between
a user MAT and a user boot MAT. When this bit is set to
1, interrupt vector data is read from address spaces
H'FFE080 to H'FFEOFF (on-chip RAM space), instead of
from address spaces H'000000 to H'00007F (up to vector
number 31). Therefore, make sure to set the vector table
in the on-chip RAM space before setting this bit to 1.

The interrupt exception handling on and after vector
number 32 should not be used because the correct
vector is not read, resulting in the CPU runaway.

0: The space for the interrupt vector table is not
modified.
When interrupt vector data is not read successfully,
the operation for the interrupt exception handling
cannot be guaranteed. An occurrence of any
interrupts should be masked.

1: The space for the interrupt vector table is modified.
Even when interrupt vector data is not read
successfully, the interrupt exception handling up to
vector number 31 is enabled.

2,1

AllO

R/W

Reserved
The initial value should not be changed.

SCO

(R)W

Source Program Copy Operation

Requests the on-chip programming/erasing program to
be downloaded to the on-chip RAM.

When this bit is set to 1, the on-chip program which is
selected by FPCS/FECS is automatically downloaded in
the on-chip RAM specified by FTDAR.

In order to set this bit to 1, H’A5 must be written to FKEY
and this operation must be executed in the on-chip RAM.

Four NOP instructions must be executed immediately
after setting this bit to 1.

Since this bit is cleared to 0 when download is
completed, this bit cannot be read as 1.

All interrupts must be disabled. This should be made in
the user system.

0: Download of the on-chip programming/erasing
program to the on-chip RAM is not executed.
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Initial
Bit Bit Name Value R/W Description

0 SCO 0 (R)/W=*  [Clearing condition]

When download is completed

1: Request that the on-chip programming/erasing
program is downloaded to the on-chip RAM is
occurred.

[Setting conditions]

When all of the following conditions are satisfied and 1 is

set to this bit

e H'A5 is written to FKEY

e During execution in the on-chip RAM

Note: * This bit is a write only bit. This bit is always read as 0.

e Flash Program Code Select Register (FPCS)

FPCS selects the on-chip programming program to be downloaded.

Initial
Bit Bit Name Value R/W Description
7t01 — All O R/W Reserved
The initial value should not be changed.
0 PPVS 0 R/W Program Pulse Verify

Selects the programming program.
0: On-chip programming program is not selected.
[Clearing condition] When transfer is completed

1: On-chip programming program is selected.

e Flash Erase Code Select Register (FECS)

FECS selects download of the on-chip erasing program.

Initial
Bit Bit Name Value R/W Description
7to1 — AllO R/W Reserved
The initial value should not be changed.
0 EPVB 0 R/W Erase Pulse Verify Block

Selects the erasing program.

0: On-chip erasing program is not selected.
[Clearing condition] When transfer is completed
1: On-chip erasing program is selected.
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e Flash Key Code Register (FKEY)

FKEY is a register for software protection that enables download of on-chip program and
programming/erasing of flash memory. Before setting the SCO bit to 1 in order to download on-
chip program or executing the downloaded programming/erasing program, these processing
cannot be executed if the key code is not written.

Initial
Bit Bit Name Value R/W Description
7 K7 0 R/W Key Code
6 K6 0 R/W Only when H'A5 is written, writing to the SCO bit is valid.
5 K5 0 R/W When the value other than H'A5 is written to FKEY, 1
4 K4 0 R/W cannot be set to the SCO bit. Therefore downloading to
3 K3 0 R/W the on-chip RAM cannot be executed.
2 K2 0 R/W
1 KA1 0 R/W Only when H'5A is written, programming/erasing can be
0 KO 0 R/W executed. Even if the on-chip programming/erasing

program is executed, the flash memory cannot be
programmed or erased when the value other than H'5A
is written to FKEY.

H'A5: Writing to the SCO bit is enabled. (The SCO bit
cannot be set by the value other than H'A5.)

H'5A: Programming/erasing is enabled. (The value other
than H'A5 is in software protection state.)

H'00: Initial value
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e Flash MAT Select Register (FMATS)
FMATS specifies whether user MAT or user boot MAT is selected.

Initial
Bit Bit Name Value R/W Description
7 MS7 0o/1* R/W MAT Select
6 MS6 0 « R/W These bits are in user-MAT selection state when the
5 MS5 o R/W value other than H'AA is written and in user-boot-MAT
4 MS4 0 R/W selection state when H'AA is written.
3 MS3 0/1* R/W
) MS2 0 R/W The MAT is switched by writing the value in FMATS.
1 MSH1 0/1* R/W When the MAT is switched, follow section 20.6,
0 MS0 0 R/W Switching between User MAT and User Boot MAT. (The

user boot MAT cannot be programmed in user program
mode if user boot MAT is selected by FMATS. The user
boot MAT must be programmed in boot mode or in
programmer mode.)

H'AA: The user boot MAT is selected (in user-MAT
selection state when the value of these bits are
other than H'AA)

Initial value when these bits are initiated in user
boot mode.

H'00: Initial value when these bits are initiated in a mode
except for user boot mode (in user-MAT selection
state)

[Programmable condition]
These bits are in the execution state in the on-chip RAM.

Note: * Setto 1 when in user boot mode, otherwise set to 0.
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e Flash Transfer Destination Address Register (FTDAR)

FTDAR is a register that specifies the address to download an on-chip program. This register must
be specified before setting the SCO bit in FCCS to 1.

Initial

Bit Bit Name Value R/W Description

7 TDER 0 R/W Transfer Destination Address Setting Error
This bit is set to 1 when the address specified by bits
TDAG to TDAO, which is the start address to download an
on-chip program, is over the range. Whether or not the
range specified by bits TDA6 to TDAO is within the range
of H'00 to H'03 is determined when an on-chip program is
downloaded by setting the SCO bit in FCCS to 1. Make
sure that this bit is cleared to 0 before setting the SCO bit
to 1 and the value specified by TDA6 to TDAO is within
the range of H'00 to H'03.
0: The value specified by bits TDA6 to TDAO is within the

range.
1: The value specified by is TDA6 to TDAO is over the
range (H'04 to H'FF) and the download is stopped.

6 TDA6 0 R/W Transfer Destination Address

5 TDAS 0 R/W Specifies the start address to download an on-chip

4 TDA4 0 R/W program. H'00 to H'03 can be specified as the start

3 TDA3 0 R/W address in the on-chip RAM space.

2 TDA2 0 R/W ) -

1 TDA1 0 R/W H'00: H'FFEO8O is specified as a start address to

0 TDAO 0 R/W download an on-chip program.

H'01: H'FFO0800 is specified as a start address to
download an on-chip program.

H'02: H'FF1800 is specified as a start address to
download an on-chip program.

H'03: H'FF8800 is specified as a start address to
download an on-chip program.
H'04 to H'FF: Setting prohibited. Specifying this value
sets the TDER bit to 1 and stops the
download.
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20.3.2  Programming/Erasing I nterface Parameter

The programming/erasing interface parameter specifies the operating frequency, storage place for
program data, programming destination address, and erase block and exchanges the processing
result for the downloaded on-chip program. This parameter uses the general registers of the CPU
(ERO and ER1) or the on-chip RAM area. The initial value is undefined at a reset or in hardware
standby mode.

When download, initialization, or on-chip program is executed, registers of the CPU except for
ROL are stored. The return value of the processing result is written in ROL. Since the stack area is
used for storing the registers except for ROL, the stack area must be saved at the processing start.
(A maximum size of a stack area to be used is 128 bytes.)

The programming/erasing interface parameter is used in the following four items.

1. Download control

2. Initialization before programming or erasing

3. Programming

4. Frasing

These items use different parameters. The correspondence table is shown in table 20.4. The

meaning of the bits in FPFR varies in each processing program: initialization, programming, or
erasure. For details, see descriptions of FPFR for each process.
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Table20.4 Parametersand Target M odes

Name of Abbrevia- Down Initializa- Program- Initial Alloca-
Parameter tion Load tion ming Erasure R/W  Value tion
Download pass/fail DPFR O — — — R/W  Undefined  On-chip
result RAM*
Flash pass/fail FPFR — O O O R/W  Undefined ROL of
result CPU
Flash FPEFEQ — O — — R/W Undefined  ERO of
programming/ CPU
erasing frequency
control
Flash multipurpose FMPAR — — O — R/W Undefined ER1 of
address area CPU
Flash multipurpose FMPDR — — O — R/W Undefined  ERO of
data destination CPU
area
Flash erase block FEBS — — — O R/W Undefined  ROL of
select CPU
Note: * A single byte of the start address to download an on-chip program, which is specified by
FTDAR
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(1) Download Control

The on-chip program is automatically downloaded by setting the SCO bit to 1. The on-chip RAM
area to be downloaded is the 2-kbyte area starting from the address specified by FTDAR.

Download control is set by the program/erase interface registers, and the DPFR parameter
indicates the return value.

(a) Download pass/fail result parameter (DPFR: single byte of start address specified by FTDAR)

This parameter indicates the return value of the download result. The value of this parameter can
be used to determine if downloading is executed or not. Since the confirmation whether the SCO
bit is set to 1 is difficult, the certain determination must be performed by writing the single byte of
the start address specified by FTDAR to the value other than the return value of download (for
example, H'FF) before the download start (before setting the SCO bit to 1).

Initial
Bit Bit Name Value R/W Description

7t03 — — — Unused
Return O

2 SS — R/W Source Select Error Detect

Only one type for the on-chip program which can be
downloaded can be specified. When more than two
types of the program are selected, the program is not
selected, or the program is selected without mapping,
error is occurred.

0: Download program can be selected normally

1: Download error is occurred (multi-selection or
program which is not mapped is selected)

1 FK — R/W Flash Key Register Error Detect

Returns the check result whether the value of FKEY is
set to H’A5.

0: KEY setting is normal (FKEY = H'A5)

1: Setting value of FKEY becomes error (FKEY = value
other than H'A5)

0 SF — R/W Success/Fail

Returns the result whether download is ended normally
or not. The determination result whether program that is
downloaded to the on-chip RAM is read back and then
transferred to the on-chip RAM is returned.

0: Downloading on-chip program is ended normally (no
error)

1: Downloading on-chip program is ended abnormally
(error occurs)
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(2) Programming/Erasing I nitialization
The on-chip programming/erasing program to be downloaded includes the initialization program.

The specified period pulse must be applied when programming or erasing. The specified pulse
width is made by the method in which wait loop is configured by the CPU instruction. The
operating frequency of the CPU must be set.

The initial program is set as a parameter of the programming/erasing program which has
downloaded these settings.

(a) Flash programming/erasing frequency parameter (FPEFEQ: general register ERO of CPU)

This parameter sets the operating frequency of the CPU. The settable range of the operating
frequency in this LSIis 5 to 33 MHz.

Initial
Bit Bit Name Value R/W Description
31to 16 — — — Unused
This bit should be cleared to 0.
15to0 F15t0o FO — R/W Frequency Set

Set the operating frequency of the CPU. With the PLL
multiplication function, set the frequency multiplied. The
setting value must be calculated as the following
methods.

1. The operating frequency which is shown in MHz units
must be rounded in a number to three decimal places
and be shown in a number of two decimal places.

2. The value multiplied by 100 is converted to the binary
digit and is written to the FPEFEQ parameter
(general register ERO).

For example, when the operating frequency of the CPU
is 33.000 MHz, the value is as follows.

1. The number to three decimal places of 33.000 is
rounded and the value is thus 33.00.

2. The formula that 33.00 x 100 = 3300 is converted to
the binary digit and B'0000,1100,1110,0100
(H'OCE4) is set to ERO.
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(b) Flash pass/fail parameter (FPFR: general register ROL of CPU)

This parameter indicates the return value of the initialization result.

Bit

Initial
Bit Name Value R/W Description

7t0o2 — — — Unused

Return O

FQ — R/W Frequency Error Detect

Returns the check result whether the specified operating
frequency of the CPU is in the range of the supported
operating frequency.

0: Setting of operating frequency is normal
1: Setting of operating frequency is abnormal

SF — R/W Success/Fall
Indicates whether initialization is completed normally.
0: Initialization is ended normally (no error)
1: Initialization is ended abnormally (error occurs)

3

Programming Execution

When flash memory is programmed, the programming destination address on the user MAT must
be passed to the programming program in which the program data is downloaded.

1.

The start address of the programming destination on the user MAT must be stored in a general
register ER1. This parameter is called as flash multipurpose address area parameter (FMPAR).
Since the program data is always in units of 128 bytes, the lower eight bits (A7 to A0) must be
H'00 or H'80 as the boundary of the programming start address on the user MAT.

The program data for the user MAT must be prepared in the consecutive area. The program
data must be in the consecutive space which can be accessed by using the MOV.B instruction
of the CPU and in other than the flash memory space.

When data to be programmed does not satisfy 128 bytes, the 128-byte program data must be
prepared by filling with the dummy code H'FF.

The start address of the area in which the prepared program data is stored must be stored in a
general register ERQ. This parameter is called as flash multipurpose data destination area
parameter (FMPDR).

For details on the program processing procedure, see section 20.4.2, User Program Mode.
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(a) Flash multipurpose address area parameter (FMPAR: general register ER1 of CPU)
This parameter stores the start address of the programming destination on the user MAT.
When the address in the area other than flash memory space is set, an error occurs.

The start address of the programming destination must be at the 128-byte boundary. If this
boundary condition is not satisfied, an error occurs. The error occurrence is indicated by the WA
bit (bit 1) in FPFR.

Initial
Bit Bit Name Value R/W Description
31to0 MOAS31to — R/W Store the start address of the programming destination
MOAO on the user MAT. The consecutive 128-byte

programming is executed starting from the specified start
address of the user MAT. Therefore, the specified
programming start address becomes a 128-byte
boundary and MOA6 to MOAO are always 0.

(b) Flash multipurpose data destination parameter (FMPDR: general register ERO of CPU):

This parameter stores the start address in the area which stores the data to be programmed in the
user MAT. When the storage destination of the program data is in flash memory, an error occurs.
The error occurrence is indicated by the WD bit in FPFR.

Initial
Bit Bit Name Value R/W Description
31to0 MOD31to — R/W Store the start address of the area which stores the
MODO program data for the user MAT. The consecutive 128-

byte data is programmed to the user MAT starting from
the specified start address.

(c) Flash pass/fail parameter (FPFR: general register ROL of CPU)
This parameter indicates the return value of the program processing result.

Initial
Bit Bit Name Value R/W Description

7 — — — Unused
Return 0.
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Initial
Bit Bit Name Value R/W

Description

6 MD — R/W

Programming Mode Related Setting Error Detect

Returns the check result that a high level signal is input
to the FWE pin and the error protection state is not
entered. When the low level signal is input to the FWE
pin or the error protection state is entered, 1 is written to
this bit. The state can be confirmed with the FWE and
FLER bits in FCCS. For conditions to enter the error
protection state, see section 20.5.3, Error Protection.

0: FWE and FLER settings are normal (FWE = 1, FLER

1: Programming cannot be performed (FWE = 0 or
FLER = 1)

Programming Execution Error Detect

1 is returned to this bit when the specified data could not
be written because the user MAT was not erased. If this
bit is set to 1, there is a high possibility that the user MAT
is partially rewritten. In this case, after removing the error
factor, erase the user MAT.

If FMATS is set to H'AA and the user boot MAT is
selected, an error occurs when programming is
performed. In this case, both the user MAT and user boot
MAT are not rewritten. Programming of the user boot
MAT should be performed in boot mode or programmer
mode.

0: Programming has ended normally

1: Programming has ended abnormally (programming
result is not guaranteed)

4 FK — R/W

Flash Key Register Error Detect

Returns the check result of the value of FKEY before the
start of the programming processing.

0: FKEY setting is normal (FKEY = H'5A)
1: FKEY setting is error (FKEY = value other than H'5A)

Unused
Returns 0.

2 WD — R/W

Write Data Address Detect

When the address in the flash memory area is specified
as the start address of the storage destination of the
program data, an error occurs.

0: Setting of write data address is normal
1: Setting of write data address is abnormal
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Bit

Bit Name Value

Initial

R/W

Description

WA

R/W

Write Address Error Detect

When the following items are specified as the start

address of the programming destination, an error occurs.

o When the programming destination address in the
area other than flash memory is specified

e When the specified address is not in a 128-byte
boundary. (The lower eight bits of the address are
other than H'00 and H'80.)

0: Setting of programming destination address is normal

1: Setting of programming destination address is
abnormal

SF

R/W

Success/Fail

Indicates whether the program processing is ended
normally or not.

0: Programming is ended normally (no error)

1: Programming is ended abnormally (error occurs)
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(4) Erasure Execution

When flash memory is erased, the erase-block number on the user MAT must be passed to the
erasing program which is downloaded. This is set to the FEBS parameter (general register ERO).

One block is specified from the block number O to 15.
For details on the erasing processing procedure, see section 20.4.2, User Program Mode.
(a) Flash erase block select parameter (FEBS: general register ERO of CPU)

This parameter specifies the erase-block number. The several block numbers cannot be specified.

Initial
Bit Bit Name Value R/W Description
31to8 — — — Unused

These bits should be cleared to H’0.

7 EB7 — R/W Erase Block
6 EB6 T R/W Set the erase-block number in the range from 0 to 15. 0
5 EBS5 T R/W corresponds to the EBO block and 15 corresponds to the
4 EB4 — RW EB15 block. The number other than 0 to 11, 0 to 13, and
3 EB3 — RW " 00 15 should not be set in the H85/2168, H85/2167,
2 EB2 - R/W and H8S/2166, respectively.
1 EB1 — R/W
0 EBO — R/W
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(b) Flash pass/fail parameter (FPFR: general register ROL of CPU)

This parameter returns value of the erasing processing result.

Bit Bit Name

Initial
Value R/W

Description

7 J—

Unused
Return 0.

6 MD

— R/W

Programming Mode Related Setting Error Detect

Returns the check result that a high level signal is input
to the FWE pin and the error protection state is not
entered. When the low level signal is input to the FWE
pin or the error protection state is entered, 1 is written to
this bit. The state can be confirmed with the FWE and
FLER bits in FCCS. For conditions to enter the error
protection state, see section 20.5.3, Error Protection.

0: FWE and FLER settings are normal (FWE =1,
FLER = 0)

1: Programming cannot be performed (FWE = 0 or
FLER = 1)

Erasure Execution Error Detect

1 is returned to this bit when the user MAT could not be
erased or when flash-memory related register settings
are partially changed. If this bit is set to 1, there is a high
possibility that the user MAT is partially erased. In this
case, after removing the error factor, erase the user
MAT. If FMATS is set to H'AA and the user boot MAT is
selected, an error occurs when erasure is performed. In
this case, both the user MAT and user boot MAT are not
erased. Erasing of the user boot MAT should be
performed in boot mode or programmer mode.

0: Erasure has ended normally

1: Erasure has ended abnormally (erasure result is not
guaranteed)

— R/W

Flash Key Register Error Detect

Returns the check result of FKEY value before start of
the erasing processing.

0: FKEY setting is normal (FKEY = H'5A)
1: FKEY setting is error (FKEY = value other than H'5A)

— R/W

Erase Block Select Error Detect

Returns the check result whether the specified erase-
block number is in the block range of the user MAT.

0: Setting of erase-block number is normal
1: Setting of erase-block number is abnormal
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Initial

Bit Bit Name Value R/W Description

2,1 — — — Unused
Return 0.

0 SF — R/W Success/Fail

Indicates whether the erasing processing is ended
normally or not.

0: Erasure is ended normally (no error)
1: Erasure is ended abnormally (error occurs)

20.4  On-Board Programming Mode

When the pin is set in on-board programming mode and the reset start is executed, the on-board
programming state that can program/erase the on-chip flash memory is entered. On-board
programming mode has three operating modes: boot mode, user program mode, and user boot
mode.

For details of the pin setting for entering each mode, see table 20.5. For details of the state
transition of each mode for flash memory, see figure 20.2.

Table20.5 Setting On-Board Programming M ode

Mode Setting FWE MD2 MD1 MDO NMI
Boot mode 1 0 0 0 1
User program mode 1% 1 1 0 0/1
User boot mode 1 0 0 0 0

Note: * Before downloading the programming/erasing programs, the FLSHE bit must be set to
1 to transition to user program mode.

20.4.1 Boot Mode

Boot mode executes programming/erasing user MAT and user boot MAT by means of the control
command and program data transmitted from the host using the on-chip SCI. The tool for
transmitting the control command and program data must be prepared in the host. The SCI
communication mode is set to asynchronous mode. When reset start is executed after this LSI’s
pin is set in boot mode, the boot program in the microcomputer is initiated. After the SCI bit rate
is automatically adjusted, the communication with the host is executed by means of the control
command method.
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The system configuration diagram in boot mode is shown in figure 20.6. For details on the pin
setting in boot mode, see table 20.5. The NMI and other interrupts are ignored in boot mode.
However, the NMI and other interrupts should be disabled in the user system.

This LSI

Control command, > Flash
analysis execution memory
Host software (on-chip)

Boot # f

programming Control command, program data

tool and program > RxD1 L »
data On-chip SCI_1 On-chip RAM
TxD1

Reply response

Figure20.6 System Configuration in Boot Mode
(1) SCI Interface Setting by Host

When boot mode is initiated, this LSI measures the low period of asynchronous SCI-communica-
tion data (H'00), which is transmitted consecutively by the host. The SCI transmit/receive format
is set to 8-bit data, 1 stop bit, and no parity. This LSI calculates the bit rate of transmission by the
host by means of the measured low period and transmits the bit adjustment end sign (1 byte of
H'00) to the host. The host must confirm that this bit adjustment end sign (H'00) has been received
normally and transmits 1 byte of H'SS to this LSI. When reception is not executed normally, boot
mode is initiated again (reset) and the operation described above must be executed. The bit rate
between the host and this LSI is not matched by the bit rate of transmission by the host and system
clock frequency of this LSI. To operate the SCI normally, the transfer bit rate of the host must be
set to 4,800 bps, 9,600 bps, or 19,200 bps.

The system clock frequency, which can automatically adjust the transfer bit rate of the host and
the bit rate of this LSI, is shown in table 20.6. Boot mode must be initiated in the range of this
system clock.

Start Stop bit
bt | DO | DI | D2 D3 | D4 | D5 | De | D7 | P
<« >«
Measure low period (9 bits) (data is H'00) High period of
at least 1 bit

Figure20.7 Automatic-Bit-Rate Adjustment Operation of SCI

Rev. 3.00, 03/04, page 639 of 830
RENESAS




Table20.6 System Clock Frequency for Automatic-Bit-Rate Adjustment by ThisL S|

Bit Rate of Host System Clock Frequency
4,800 bps 510 33 MHz
9,600 bps 5to 33 MHz
19,200 bps 8 to 33 MHz
(2) StateTransition Diagram

The overview of the state transition diagram after boot mode is initiated is shown in figure 20.8.

1.

Bit rate adjustment
After boot mode is initiated, the bit rate of the SCI interface is adjusted with that of the host.

Waiting for inquiry set command

For inquiries about user-MAT size and configuration, MAT start address, and support state, the

required information is transmitted to the host.

Automatic erasure of all user MAT and user boot MAT

After inquiries have finished, all user MAT and user boot MAT are automatically erased.
Waiting for programming/erasing command

— When the program preparation notice is received, the state for waiting program data is
entered. The programming start address and program data must be transmitted following

the programming command. When programming is finished, the programming start address

must be set to HFFFFFFFF and transmitted. Then the state for waiting program data is
returned to the state of programming/erasing command wait.

— When the erasure preparation notice is received, the state for waiting erase-block data is
entered. The erase-block number must be transmitted following the erasing command.
When the erasure is finished, the erase-block number must be set to H'FF and transmitted.
Then the state for waiting erase-block data is returned to the state for waiting
programming/erasing command. The erasure must be used when the specified block is
programmed without a reset start after programming is executed in boot mode. When
programming can be executed by only one operation, all blocks are erased before the state
for waiting programming/erasing/other command is entered. The erasing operation is not
required.

— There are many commands other than programming/erasing. Examples are sum check,
blank check (erasure check), and memory read of the user MAT/user boot MAT and
acquisition of current status information.

Note that memory read of the user MAT/user boot MAT can only read the programmed data after
all user MAT/user boot MAT has automatically been erased.
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(Bit rate adjustment)
H'00....... H'00 reception

H'00 transmission
(adjustment completed

)

Boot mode initiation
(reset by boot mode)

Bit rate adjustment

Inquiry command reception

)

Inquiry command response

Processing of
inquiry setting
command

Wait for inquiry
setting command

All user MAT and
user boot MAT erasure

Read/check command
reception

Wait for Processing of
programming/erasing ). { read/check command

commaV Command response

(Erasure selection command reception)

Erasure end notice I
( ) (Erase-block specification)

(Program end notice)

(Program command reception)

Wait for erase-block
data

(Program data transmission)

Wait for program data

Figure20.8 Overview of Boot Mode State Transition Diagram
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20.4.2  User Program Mode

The user MAT can be programmed/erased in user program mode. (The user boot MAT cannot be
programmed/erased.)

Programming/erasing is executed by downloading the program in the microcomputer.
The overview flow is shown in figure 20.9.

High voltage is applied to internal flash memory during the programming/erasing processing.
Therefore, transition to reset or hardware standby must not be executed. Doing so may damage or
destroy flash memory. If reset is executed accidentally, reset must be released after the reset input
period of 100 ps which is longer than normal.

Programming/erasing 1. Make sure that the program data will not overlap the download
start destination specified by FTDAR.

When programming, 2. The FWE bit is set to 1 by inputting a high level signal to the FWE
program data is prepared pin.
Programming/erasing 3. Programming/erasing is executed only in the on-chip RAM.
procedure program is However, if program data is in a consecutive area and can be
transferred to the on-chip accessed by the MOV.B instruction of the CPU like RAM or
RAM and executed ROM, the program data can be in an external space.

Programming/erasing 4. After programming/erasing is finished, input a low level signal to
end the FWE pin and transfer to the hardware protection state.

Figure20.9 Programming/Erasing Overview Flow
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(1) On-chip RAM Address Map when Programming/Erasing is Executed

Parts of the procedure program that are made by the user, like download request,
programming/erasing procedure, and determination of the result, must be executed in the on-chip
RAM. The on-chip program that is to be downloaded is all in the on-chip RAM. Note that area in
the on-chip RAM must be controlled so that these parts do not overlap.

Figure 20.10 shows the program area to be downloaded.

Area to be
downloaded
(Size : 2 kbytes)

Unusable area in
programming/erasing
processing period

<On-chip RAM>

Address

Area that can be used by user*

RAMTOP

DPFR
(Return value: 1 byte)

FTDAR setting

System use area
(15 bytes)

Programming/erasing program entry

FTDAR setting + 16

Initialization program entry

FTDAR setting + 32

Initialization + programming program
or
Initialization + erasing program

Area that can be used by user*

FTDAR setting + 2 kbytes
RAMEND

Note: * The on-chip RAM area in this LSl is split into H'FF0800 to H'FF97FF,
H'FFEO080 to H'FFEFFF, and H'FFFFOO to H'FFFF7F.
The area that can be used by the user is specified by FTDAR.

Figure20.10 RAM Map When Programming/Erasing is Executed
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(2) Programming Procedurein User Program Mode

The procedures for download, initialization, and programming are shown in figure 20.11.

Start programming
procedure program @

A Select on-chip program A
to be downloaded and 1 Disable interrupts and bus
specify download . master operation 9.
destination by FTDAR other than CPU
[
‘ Set FKEY to H'A5 2. Set FKEY to H'5A ‘ 10.
Set SCO to 1 and 3 Set parameters to ER1
g execute download : and ERO
ko) [ o (FMPAR and FMPDR) 11.
c c
2 Clear FKEY to 0 4. '€ = —
rogramming
a £ JSR FTDAR setting + 16| 12.
s
()]
o 13.
o
Clear FKEY and
X ‘ Set the FPEFEQ ‘ efrr;’rggf$2;2?ng
c parameter Required data
S programming is
= Initialization 7 completed? 14.
N JSR FTDAR setting + 32 ’
I= Yes
IS ‘ Clear FKEY to 0 ‘ i15.
v
Yes ‘Initialization error processing‘ End programming
\ 4 0 procedure program

Figure20.11 Programming Procedure

The procedure program must be executed in an area other than the flash memory to be
programmed. Especially the part where the SCO bit in FCCS is set to 1 for downloading must be
executed in the on-chip RAM.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Procedure Program and Storable Area for
Programming Data.

The following description assumes the area to be programmed on the user MAT is erased and
program data is prepared in the consecutive area. When erasing is not executed, erasing is
executed before writing.
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128-byte programming is performed in one program processing. When more than 128-byte
programming is performed, programming destination address/program data parameter is updated
in 128-byte units and programming is repeated.

When less than 128-byte programming is performed, data must total 128 bytes by adding the
invalid data. If the dummy data to be added is H'FF, the program processing period can be
shortened.

1.

Select the on-chip program to be downloaded and specify a download destination

When the PPVS bit of FPCS is set to 1, the programming program is selected. Several
programming/erasing programs cannot be selected at one time. If several programs are set,
download is not performed and a download error is returned to the SS bit in DPFR. The start
address of a download destination is specified by FTDAR.

Program H'AS5 in FKEY
If H'AS is not written to FKEY for protection, 1 cannot be set to the SCO bit for download
request.

1 is set to the SCO bit of FCCS and then download is executed.

To set 1 to the SCO bit, the following conditions must be satisfied.

— H'AS is written to FKEY.

— The SCO bit writing is executed in the on-chip RAM.

When the SCO bit is set to 1, download is started automatically. When the SCO bit is returned
to the user procedure program, the SCO is cleared to 0. Therefore, the SCO bit cannot be
confirmed to be 1 in the user procedure program.

The download result can be confirmed only by the return value of DPFR. Before the SCO bit is
set to 1, incorrect determination must be prevented by setting the one byte of the start address
(to be used as DPFR) specified by FTDAR to a value other than the return value (e.g. HFF).

When download is executed, particular interrupt processing, which is accompanied by the bank
switch as described below, is performed as an internal microcomputer processing. Four NOP
instructions are executed immediately after the instructions that set the SCO bit to 1.

— The user-MAT space is switched to the on-chip program storage area.

— After the selection condition of the download program and the FTDAR setting are checked,
the transfer processing to the on-chip RAM specified by FTDAR is executed.

— The SCO bit in FCCS is cleared to 0.
— The return value is set to the DPFR parameter.

— After the on-chip program storage area is returned to the user-MAT space, the user
procedure program is returned.

— In the download processing, the values of general registers of the CPU are held.
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— In the download processing, any interrupts are not accepted. However, interrupt requests
are held. Therefore, when the user procedure program is returned, the interrupts occur.

— When the level-detection interrupt requests are to be held, interrupts must be input until the
download is ended.

— When hardware standby mode is entered during download processing, the normal
download cannot be guaranteed in the on-chip RAM. Therefore, download must be
executed again.

— Since a stack area of 128 bytes at the maximum is used, the area must be allocated before
setting the SCO bit to 1.

— If a flash memory access by the DTC signal is requested during downloading, the operation
cannot be guaranteed. Therefore, an access request by the DTC signal must not be
generated.

4. FKEY is cleared to H'00 for protection.

5. The value of the DPFR parameter must be checked and the download result must be
confirmed.

— Check the value of the DPFR parameter (one byte of start address of the download
destination specified by FTDAR). If the value is H'00, download has been performed
normally. If the value is not H'00, the source that caused download to fail can be
investigated by the description below.

— If the value of the DPFR parameter is the same as before downloading (e.g. H'FF), the
address setting of the download destination in FTDAR may be abnormal. In this case,
confirm the setting of the TDER bit (bit 7) in FTDAR.

— If the value of the DPFR parameter is different from before downloading, check the SS bit
(bit 2) and the FK bit (bit 1) in the DPFR parameter to ensure that the download program
selection and FKEY setting were normal, respectively.

6. The operating frequency are set to the FPEFEQ parameters for initialization.

— The current frequency of the CPU clock is set to the FPEFEQ parameter (general register
ERO).
The settable range of the FPEFEQ parameter is 5 to 33 MHz. When the frequency is set to
out of this range, an error is returned to the FPFR parameter of the initialization program
and initialization is not performed. For details on the frequency setting, see the description
in 20.3.2 (2) (a), Flash programming/erasing frequency parameter (FPEFEQ).
7. Initialization

When a programming program is downloaded, the initialization program is also downloaded to
the on-chip RAM. There is an entry point of the initialization program in the area from the start
address specified by FTDAR + 32 bytes of the on-chip RAM. The subroutine is called and
initialization is executed by using the following steps.

Rev. 3.00, 03/04, page 646 of 830
RENESAS



MOV.L  #DLTOP+32,ER2 ; Set entry address to ER2
JSR @ER2 ; Call initialization routine
NOP

— The general registers other than ROL are held in the initialization program.

— ROL is a return value of the FPFR parameter.

— Since the stack area is used in the initialization program, 128-byte stack area at the
maximum must be allocated in RAM.

— Interrupts can be accepted during the execution of the initialization program. The program
storage area and stack area in the on-chip RAM and register values must not be destroyed.

8. The return value in the initialization program, FPFR (general register ROL) is determined.

9. All interrupts and the use of a bus master other than the CPU are prohibited.
The specified voltage is applied for the specified time when programming or erasing. If
interrupts occur or the bus mastership is moved to other than the CPU during this time, the
voltage for more than the specified time will be applied and flash memory may be damaged.
Therefore, interrupts and bus mastership to other than the CPU, such as to the DTC, are
prohibited.

To disable interrupts, bit 7 (I) in the condition code register (CCR) of the CPU should be set to
B'l in interrupt control mode O or bits 7 and 6 (I and UI) should be set to B'11 in interrupt
control mode 1. Interrupts other than NMI are held and not executed.

The NMI interrupts must be masked within the user system.
The interrupts that are held must be executed after all program processing.

When the bus mastership is moved to other than the CPU, such as to the DTC, the error
protection state is entered. Therefore, taking bus mastership by the DTC is prohibited.

10. FKEY must be set to H'5A and the user MAT must be prepared for programming.

11. The parameter which is required for programming is set.

The start address of the programming destination of the user MAT (FMPAR) is set to general
register ER1. The start address of the program data area (FMPDR) is set to general register
ERO.

— Example of the FMPAR setting

FMPAR specifies the programming destination address. When an address other than one in
the user MAT area is specified, even if the programming program is executed,
programming is not executed and an error is returned to the return value parameter FPFR.
Since the unit is 128 bytes, the lower eight bits of the address must be H'00 or H'80 as the
boundary of 128 bytes.
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— Example of the FMPDR setting
When the storage destination of the program data is flash memory, even if the program
execution routine is executed, programming is not executed and an error is returned to the
FPFR parameter. In this case, the program data must be transferred to the on-chip RAM
and then programming must be executed.

12. Programming

There is an entry point of the programming program in the area from the start address specified

by FTDAR + 16 bytes of the on-chip RAM. The subroutine is called and programming is

executed by using the following steps.

MOV.L  #DLTOP+16,ER2 ; Set entry address to ER2
JSR @ER2 ; Call programming routine
NOP

— The general registers other than ROL are held in the programming program.
— ROL is a return value of the FPFR parameter.
— Since the stack area is used in the programming program, a stack area of 128 bytes at the
maximum must be allocated in RAM.
13. The return value in the programming program, FPFR (general register ROL) is determined.

14. Determine whether programming of the necessary data has finished.
If more than 128 bytes of data are to be programmed, specify FMPAR and FMPDR in 128-
byte units, and repeat steps 12 to 14. Increment the programming destination address by 128
bytes and update the programming data pointer correctly. If an address which has already been
programmed is written to again, not only will a programming error occur, but also flash
memory will be damaged.

15. After programming finishes, clear FKEY and specify software protection.
If this LSI is restarted by a reset immediately after user MAT programming has finished,
secure the reset period (period of RES = 0) of 100 us which is longer than normal.

Rev. 3.00, 03/04, page 648 of 830
RENESAS



(3) Erasing Procedurein User Program Mode

The procedures for download, initialization, and erasing are shown in figure 20.12.

Start erasing procedure
program

A | select on-chip program
to be downloaded and
specify download
destination by FTDAR

‘ Set FKEY to H'A5 ‘

Set SCO to 1 and
execute download

Clear FKEY to 0

Download

Yes

‘ Download error processing

Set the FPEFEQ

parameter
c \
o o
'4(—6 Initialization
N JSR FTDAR setting + 32
S
=
A A

Yes‘ Initialization error processing ‘

Erasing

0

Disable interrupts and
bus master operation
other than CPU

[

‘ Set FKEY to H'5A ‘

¥

‘ Set FEBS parameter ‘ 2.

Erasing 3
JSR FTDAR setting + 16 )

Clear FKEY and erasing
error processing

equired block

erasing is
completed? 5.

Yes
‘ Clear FKEY to 0 ‘ 6.

End erasing
procedure program

Figure20.12 Erasing Procedure

The procedure program must be executed in an area other than the user MAT to be erased.
Especially the part where the SCO bit in FCCS is set to 1 for downloading must be executed in the

on-chip RAM.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Procedure Program and Storable Area for

Programming Data.

For the downloaded on-chip program area, refer to the RAM map for programming/erasing in

figure 20.10.

A single divided block is erased by one erasing processing. For block divisions, refer to figure
20.4. To erase two or more blocks, update the erase block number and perform the erasing

processing for each block.
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. Select the on-chip program to be downloaded

Set the EPVB bit in FECS to 1.

Several programming/erasing programs cannot be selected at one time. If several programs are
set, download is not performed and a download error is reported to the SS bit in the DPFR
parameter.

Specify the start address of a download destination by FTDAR.

The procedures to be carried out after setting FKEY, e.g. download and initialization, are the
same as those in the programming procedure. For details, refer to Programming Procedure in
User Program Mode in section 20.4.2, sub-section (2).

The procedures after setting parameters for erasing programs are as follows:

. Set the FEBS parameter necessary for erasure

Set the erase block number of the user MAT in the flash erase block select parameter FEBS
(general register ERO). If a value other than an erase block number of the user MAT is set, no
block is erased even though the erasing program is executed, and an error is returned to the
return value parameter FPFR.

. Erasure

Similar to as in programming, there is an entry point of the erasing program in the area from
the start address of a download destination specified by FTDAR + 16 bytes of on-chip RAM.
The subroutine is called and erasing is executed by using the following steps.

MOV.L  #DLTOP+16,ER2 ; Set entry address to ER2
JSR @ER2 ; Call erasing routine
NOP

* The general registers other than ROL are held in the erasing program.
* ROL is a return value of the FPFR parameter.

* Since the stack area is used in the erasing program, a stack area of 128 bytes at the
maximum must be allocated in RAM.

. The return value in the erasing program, FPFR (general register ROL) is determined.

. Determine whether erasure of the necessary blocks has completed.

If more than one block is to be erased, update the FEBS parameter and repeat steps 2 to 5.
Blocks that have already been erased can be erased again.

. After erasure completes, clear FKEY and specify software protection.

If this LSI is restarted by a reset immediately after user MAT erasure has completed, secure
the reset period (period of RES = 0) of 100 us which is longer than normal.

Rev. 3.00, 03/04, page 650 of 830

RENESAS




(4) Erasing and Programming Procedurein User Program Mode

By changing the on-chip RAM address of the download destination in FTDAR, the erasing
program and programming program can be downloaded to separate on-chip RAM areas.

Figure 20.13 shows a repeating procedure of erasing and programming.

CStart procedure program)

A Specify a download
% destination of erasing 1
50 by FTDAR
8) S program by <
2o \
ec A
o2 Download erasing program ‘ Erase relevant block
£ .8 (execute erasing program)
2 \
© \
I o
e Initialize erasing program c Set FMPDR to
% = program relevant block
‘ e (execute programming
Specify a download ] program)
destination of programming 87 ‘
program by FTDAR E
‘ ~ Confirm operation

= e
© Download programming ‘B
87 program ©
5% | w
g,(_é Initialize programming N
£ rogram o
= g prog
% 3 v Yes
IS} [ End procedure program }
&

«

Figure20.13 Repeating Procedure of Erasing and Programming
In the above procedure, download and initialization are performed only once at the beginning.
In this kind of operation, note the following:

e Be careful not to damage on-chip RAM with overlapped settings.
In addition to the erasing program area and programming program area, areas for the user
procedure programs, work area, and stack area are reserved in on-chip RAM. Do not make
settings that will overwrite data in these areas.

e Be sure to initialize both the erasing program and programming program.
Initialization by setting the FPEFEQ parameter must be performed for both the erasing
program and the programming program. Initialization must be executed for both entry
addresses: (download start address for erasing program) + 32 bytes and (download start
address for programming program) + 32 bytes.
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20.4.3 User Boot Mode

This LSI has user boot mode which is initiated with different mode pin settings than those in boot
mode or user program mode. User boot mode is a user-arbitrary boot mode, unlike boot mode that
uses the on-chip SCL

Only the user MAT can be programmed/erased in user boot mode. Programming/erasing of the
user boot MAT is only enabled in boot mode or programmer mode.

(1) User Boot Mode Initiation
For the mode pin settings to start up user boot mode, see table 20.5.

When the reset start is executed in user boot mode, the built-in check routine runs. The user MAT
and user boot MAT states are checked by this check routine.

While the check routine is running, NMI and all other interrupts cannot be accepted.

Next, processing starts from the execution start address of the reset vector in the user boot MAT.
At this point, H’AA is set to FMATS because the execution MAT is the user boot MAT.

(2) User MAT Programming in User Boot Mode

For programming the user MAT in user boot mode, additional processing made by setting FMATS
are required: switching from user-boot-MAT selection state to user-MAT selection state, and
switching back to user-boot-MAT selection state after programming completes.

Figure 20.14 shows the procedure for programming the user MAT in user boot mode.
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Start programming
procedure program

Select on-chip program

to be downloaded and —

specify download K

destination by FTDAR Set FMATS to value other than
[ H'AA to select user MAT

‘ Set FKEY to H'A5 ‘

[
Set SCO to 1 and ‘ Set FKEY to H'A5 ‘

execute download 4*

‘ Set parameter to ERO and
‘ Clear FKEY to 0 ‘ ER1 (FMPAR and FMPDR)

I
Programming

Download

2
S
»n
c
i) o g
5 < JSR FTDAR setting + 16
o €
Yes : 3 €
\Download error processmg\ N I
— = No
‘ Set the FPEFEQ ‘ < =3 Yes| Clear FKEY and programming
parameters EI & error processing
Initialization o Required data
3 programming is

JSR FTDAR setting + 32

completed?

User-boot-MAT selection state

Yes
‘ Clear FKEY to 0 ‘

Initialization

Set FMATS to H'AA to
select user boot MAT

Disable interrupts
and bus master operation E
other than CPU %
v User-boot-MAT

selection state Note: The MAT must be switched by FMATS
to perform the programming error
processing in the user boot MAT.

End programming
procedure program

Figure20.14 Procedurefor Programming User MAT in User Boot Mode

The difference between the programming procedures in user program mode and user boot mode is
whether the MAT is switched or not as shown in figure 20.14.

In user boot mode, the user boot MAT can be seen in the flash memory space with the user MAT
hidden in the background. The user MAT and user boot MAT are switched only while the user
MAT is being programmed. Because the user boot MAT is hidden while the user MAT is being
programmed, the procedure program must be located in an area other than flash memory. After
programming completes, switch the MATSs again to return to the first state.

MAT switching is enabled by writing a specific value to FMATS. However note that while the
MATSs are being switched, the LSI is in an unstable state, e.g. access to a MAT is not allowed until
MAT switching is completed, and if an interrupt occurs, from which MAT the interrupt vector is
read is undetermined. Perform MAT switching in accordance with the description in section 20.6,
Switching between User MAT and User Boot MAT.
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Except for MAT switching, the programming procedure is the same as that in user program mode.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Procedure Program and Storable Area for
Programming Data.

(3) User MAT Erasingin User Boot Mode

For erasing the user MAT in user boot mode, additional processing made by setting FMATS are
required: switching from user-boot-MAT selection state to user-MAT selection state, and
switching back to user-boot-MAT selection state after erasing completes.

Figure 20.15 shows the procedure for erasing the user MAT in user boot mode.

Start erasing
procedure program

Select on-chip program
to be downloaded and
specify download A
destination by FTDAR Set FMATS to value other
[ than H'AA to select user MAT
Set FKEY to H'A5
\
2l s SetSCO to 1 and | SetFKEY®oHAS |
b g execute download >
c | 2
Rl g | % ‘ Set FEBS parameter ‘
© o ‘ Clear FKEY to 0 ‘ s ‘
[0}
© o c Programming
7] S -
— DPEFR=0 ? 5 o JSR FTDAR setting + 16
< No D g
% Download error processing % LU
8 ‘ Set the FPEFEQ ‘ ':: es | Clear FKEY and erasing
Q parameters s error processing
L < I
o | .2 initializati L
1) - nitialization [0 oo
S | 8 | |JSRFTDAR setting + 32 2 G
®©
Z*E es
- ‘ Clear FKEY to 0 ‘
Yes [ nitialization error processing |
Set FMATS to H'AA to
Disable interrupts select user boot MAT
and bus master operation {
other than CPU % End erasing
procedure program
A A @ User-boot-MAT
selection state  Note: The MAT must be switched by FMATS to perform

the erasing error processing in the user boot MAT.

Figure20.15 Procedurefor Erasing User MAT in User Boot Mode
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The difference between the erasing procedures in user program mode and user boot mode depends
on whether the MAT is switched or not as shown in figure 20.15.

MAT switching is enabled by writing a specific value to FMATS. However note that while the
MATSs are being switched, the LSI is in an unstable state, e.g. access to a MAT is not allowed until
MAT switching is completed, and if an interrupt occurs, from which MAT the interrupt vector is
read is undetermined. Perform MAT switching in accordance with the description in section 20.6,
Switching between User MAT and User Boot MAT.

Except for MAT switching, the erasing procedure is the same as that in user program mode.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Procedure Program and Storable Area for
Programming Data.

20.4.4  Procedure Program and Storable Areafor Programming Data

In the descriptions in the previous section, the programming/erasing procedure programs and
storable areas for program data are assumed to be in the on-chip RAM. However, the program and
the data can be stored in and executed from other areas, such as part of flash memory which is not
to be programmed or erased, or somewhere in the external address space.

(1) Conditionsthat Apply to Programming/Erasing

1. The on-chip programming/erasing program is downloaded from the address in the on-chip
RAM specified by FTDAR, therefore, this area is not available for use.

2. The on-chip programming/erasing program will use 128 bytes at the maximum as a stack. So,
make sure that this area is secured.

3. Download by setting the SCO bit to 1 will lead to switching of the MAT. If, therefore, this
operation is used, it should be executed from the on-chip RAM.

4. The flash memory is accessible until the start of programming or erasing, that is, until the
result of downloading has been determined. When in a mode in which the external address
space is not accessible, such as single-chip mode, the required procedure programs, NMI
handling vector and NMI handler should be transferred to the on-chip RAM before
programming/erasing of the flash memory starts.

5. The flash memory is not accessible during programming/erasing operations, therefore, the
operation program is downloaded to the on-chip RAM to be executed. The NMI-handling
vector and programs such as that which activate the operation program, and NMI handler
should thus be stored in on-chip memory other than flash memory or the external address
space.

6. After programming/erasing, the flash memory should be inhibited until FKEY is cleared.

The reset state (RES = 0) must be in place for more than 100 us when the LSI mode is changed
to reset on completion of a programming/erasing operation.
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Transitions to the reset state, and hardware standby mode are inhibited during
programming/erasing. When the reset signal is accidentally input to the chip, a longer period in
the reset state than usual (100 ps) is needed before the reset signal is released.

7. Switching of the MATs by FMATS should be needed when programming/erasing of the user
boot MAT is operated in user-boot mode. The program which switches the MATSs should be
executed from the on-chip RAM. See section 20.6, Switching between User MAT and User
Boot MAT. Please make sure you know which MAT is selected when switching between
them.

8. When the data storable area indicated by programming parameter FMPDR is within the flash
memory area, an error will occur even when the data stored is normal. Therefore, the data
should be transferred to the on-chip RAM to place the address that FMPDR indicates in an
area other than the flash memory.

In consideration of these conditions, there are three factors; operating mode, the bank structure of
the user MAT, and operations.

The areas in which the programming data can be stored for execution are shown in tables.

Table20.7 Executable MAT

Initiated Mode

Operation User Program Mode User Boot Mode*
Programming Table 20.8 (1) Table 20.8 (3)
Erasing Table 20.8 (2) Table 20.8 (4)

Note: * Programming/Erasing is possible to user MATs.
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Table20.8(1) UseableAreafor Programmingin User Program Mode

Storable /Executable Area

Selected MAT

Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Storage Area for @) x* ©) — —
Program Data
Operation for @) O ©) @)
Selection of On-chip
Program to be
Downloaded
Operation for Writing O @) O O
H'A5 to FKEY
Execution of Writing O X X O
SCO =1to FCCS
(Download)
Operation for FKEY @) @) @) @)
Clear
Determination of @) @) ©) @)
Download Result
Operation for @) @) @) @)
Download Error
Operation for Settings @) O ©) @)
of Initial Parameter
Execution of @) X X @)
Initialization
Determination of @) O @) @)
Initialization Result
Operation for @) O O @)
Initialization Error
NMI Handling Routine @) X ©) @)
Operation for Inhibit of @) O @)
Interrupt
Operation for Writing @) O ©) @)
H'5A to FKEY
Operation for Settings O X O O

of Program Parameter

RENESAS
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Storable /Executable Area Selected MAT

Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Execution of @) X X @)
Programming
Determination of @) X @) @)
Program Result
Operation for Program @) X O @)
Error
Operation for FKEY @) X O @)
Clear

Note: * Transferring the data to the on-chip RAM enables this area to be used.
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Table20.8(2) UseableAreafor Erasurein User Program Mode

Storable /Executable Area

Selected MAT

Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Operation for @) @) @) @)
Selection of On-chip
Program to be
Downloaded
Operation for Writing @) ©) @) @)
H'A5 to FKEY
Execution of Writing @) X X O
SCO =1to FCCS
(Download)
Operation for FKEY @) @) @) @)
Clear
Determination of @) @) @) @)
Download Result
Operation for @) O @) @)
Download Error
Operation for Settings @) ©) @) @)
of Initial Parameter
Execution of @) X X @)
Initialization
Determination of @) @) @) @)
Initialization Result
Operation for @) @) O @)
Initialization Error
NMI Handling Routine @) X @) @)
Operation for Inhibit of @) @) @)
Interrupt
Operation for Writing O O O O
H'5A to FKEY
Operation for Settings @) X @) @)
of Erasure Parameter
Execution of Erasure O X X O
Determination of @) X @)

Erasure Result

RENESAS
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Storable /Executable Area Selected MAT

Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Operation for Erasure @) X O @)
Error
Operation for FKEY @) X @) @)
Clear
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Table20.8(3) Useable Areafor Programmingin User Boot Mode

Storable/Executable Area Selected MAT

User Embedded
On-chip User Boot External Space User Boot Program

Item RAM MAT (Expanded Mode) MAT  MAT  Storage Area
Storage Area for O xH! O — — _
Program Data

Operation for ©) O @) @)

Selection of On-chip
Program to be
Downloaded

Operation for Writing O @) O O
H'A5 to FKEY

Execution of Writing O X X O
SCO =11to FCCS
(Download)

Operation for FKEY @) @) @) @)
Clear

Determination of O O @) O
Download Result

Operation for @) @) @) @)
Download Error

Operation for ©) O @) @)
Settings of Initial
Parameter

Execution of O X X @)
Initialization

Determination of O O O O
Initialization Result

Operation for O O @) @)
Initialization Error

NMI Handling ©) X @) @)
Routine

Operation for ©) O @) @)
Interrupt Inhibit

Switching MATSs by O X X O
FMATS

Operation for Writing ©) X @) O
H'5A to FKEY
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Storable/Executable Area

Selected MAT

User Embedded
On-chip User Boot External Space User Boot Program
Item RAM MAT (Expanded Mode) MAT  MAT  Storage Area
Operation for O X O @)
Settings of Program
Parameter
Execution of O X X O
Programming
Determination of O X O O
Program Result
Operation for O X O O
Program Error
Operation for FKEY O X O O
Clear
Switching MATSs by O X X @)
FMATS

Notes: 1. Transferring the data to the on-chip RAM enables this area to be used.
2. Switching FMATS by a program in the on-chip RAM enables this area to be used.
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Table20.8(4) UseableAreafor Erasurein User Boot Mode

Storable/Executable Area Selected MAT

User Embedded
On-chip User Boot External Space User Boot Program
Item RAM MAT (Expanded Mode) MAT  MAT  Storage Area

Operation for @) @) @) @)
Selection of On-chip

Program to be

Downloaded

Operation for Writing ©) O O O
H'A5 to FKEY

Execution of Writing ©) X X O
SCO =1to FCCS
(Download)

Operation for FKEY @) @) @) @)
Clear

Determination of O O O @)
Download Result

Operation for O O O O
Download Error

Operation for @) @) @) @)
Settings of Initial
Parameter

Execution of O X X O
Initialization

Determination of O O O O
Initialization Result

Operation for @) @) @) @)
Initialization Error

NMI Handling ©) X @) @)
Routine

Operation for @) @) @) @)
Interrupt Inhibit

Switching MATSs by ©) X X O
FMATS

Operation for Writing O X O O
H'5A to FKEY

Operation for @) X @) @)
Settings of Erasure
Parameter
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Storable/Executable Area Selected MAT

User Embedded
On-chip User Boot External Space User Boot Program

Item RAM MAT (Expanded Mode) MAT  MAT  Storage Area
Execution of Erasure O X X O

Determination of O X O O

Erasure Result

Operation for O X O O

Erasure Error

Operation for FKEY @) X @) O

Clear

Switching MATSs by ©) X X @)

FMATS

Note: * Switching FMATS by a program in the on-chip RAM enables this area to be used.
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20.5 Protection

There are three kinds of flash memory program/erase protection: hardware, software, and error
protection.

20.5.1 Hardware Protection

Programming and erasing of flash memory is forcibly disabled or suspended by hardware
protection. In this state, the downloading of an on-chip program and initialization are possible.
However, an activated program for programming or erasure cannot program or erase locations in a
user MAT, and the error in programming/erasing is reported in the parameter FPFR.

Table20.9 Hardware Protection

Function to be Protected

Item Description Download Program/Erase

FWE pin protection e When a low level signal is input to the — O
FWE pin, the FWE bit in FCCS is
cleared and the program/erase-
protected state is entered.

Reset/standby e The program/erase interface registers O O
protection are initialized in the reset state

(including a reset by the WDT) and

standby mode and the program/erase-

protected state is entered.

e The reset state will not be entered by
a reset using the RES pin unless the
RES pin is held low until oscillation
has stabilized after power is initially
supplied. In the case of a reset during
operation, hold the RES pin low for the
RES pulse width that is specified in
the section on AC characteristics
section. If a reset is input during
programming or erasure, data values
in the flash memory are not
guaranteed. In this case, execute
erasure and then execute program
again.
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20.5.2 Software Protection

Software protection is set up in any of two ways: by disabling the downloading of on-chip
programs for programming and erasing and by means of a key code.

Table 20.10 Softwar e Protection

Function to be Protected

Item Description Download Program/Erase
Protection by the e The program/erase-protected state is O O
SCO bit entered by clearing the SCO bit in

FCCS which disables the downloading
of the programming/erasing programs.

Protection by the e Downloading and @) )
FKEY register programming/erasing are disabled

unless the required key code is written

in FKEY. Different key codes are used

for downloading and for

programming/erasing.

20.5.3 Error Protection

Error protection is a mechanism for aborting programming or erasure when an error occurs, in the
form of the microcomputer entering runaway during programming/erasing of the flash memory or
operations that are not according to the established procedures for programming/erasing. Aborting
programming or erasure in such cases prevents damage to the flash memory due to excessive
programming or erasing.

If the microcomputer malfunctions during programming/erasing of the flash memory, the FLER
bit in the FCCS register is set to 1 and the error-protection state is entered, and this aborts the
programming or erasure.

The FLER bit is set in the following conditions:

1. When an interrupt such as NMI occurs during programming/erasing.

2. When the flash memory is read during programming/erasing (including a vector read or an
instruction fetch).

3. When a SLEEP instruction (including software-standby mode) is executed during
programming/erasing.

4. When a bus master other than the CPU, such as the DTC, gets bus mastership during
programming/erasing.
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Error protection is cancelled only by a reset or by hardware-standby mode. Note that the reset
should be released after the reset period of 100 us which is longer than normal. Since high
voltages are applied during programming/erasing of the flash memory, some voltage may remain
after the error-protection state has been entered. For this reason, it is necessary to reduce the risk
of damage to the flash memory by extending the reset period so that the charge is released.

The state-transition diagram in figure 20.16 shows transitions to and from the error-protection
state.

Reset or hardware
standby

Program mode
RES =0or STBY =0 » . (Hardware protection)

Erase mode

Read disabled
Programming/erasing
enabled FLER =0

Read disabled
Programming/erasing disabled

Program/erase interface
RES =0 or register is in its initial state.

Error occurrence STBY =0

Error-protection mode

Error protection mode (Software standby)

Software-standby mode
—

Read enabled
Programming/erasing disabled

«——
Cancel

software-standby mode

Read disabled
programming/erasing disabled
FLE

Program/erase interface
register is in its initial state.

Figure20.16 Transitionsto Error-Protection State
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20.6  Switching between User MAT and User Boot MAT

It is possible to alternate between the user MAT and user boot MAT. However, the following
procedure is required because these MATs are allocated to address 0.

(Switching to the user boot MAT disables programming and erasing. Programming of the user
boot MAT should take place in boot mode or programmer mode.)

1. MAT switching by FMATS should always be executed from the on-chip RAM.

2. To ensure that the MAT that has been switched to is accessible, execute four NOP instructions
in the on-chip RAM immediately after writing to FMATS of the on-chip RAM (this prevents
access to the flash memory during MAT switching).

3. If an interrupt has occurred during switching, there is no guarantee of which memory MAT is
being accessed. Always mask the maskable interrupts before switching between MATSs. In
addition, configure the system so that NMI interrupts do not occur during MAT switching.

4. After the MATSs have been switched, take care because the interrupt vector table will also have
been switched. If interrupt processing is to be the same before and after MAT switching,
transfer the interrupt-processing routines to the on-chip RAM and set the WEINTE bit in
FCCS to place the interrupt-vector table in the on-chip RAM.

5. Memory sizes of the user MAT and user boot MAT are different. When accessing the user
boot MAT, do not access addresses above the top of its §-kbyte memory space. If access goes
beyond the 8-kbyte space, the values read are undefined.

<User MAT> <On-chip RAM> <User boot MAT>
Procedure for
— | switching to the | ————»
user boot MAT

Procedure for /
<4—| switching to
the user MAT

Procedure for switching to the user boot MAT

(1) Mask interrupts

(2) Write H'AA to FMATS.

(3) Execute four NOP instructions before
accessing the user boot MAT.

Procedure for switching to the user MAT

(1) Mask interrupts

(2) Write a value other than H'AA to FMATS.

(3) Execute four NOP instructions before accessing
the user MAT.

Figure20.17 Switching between the User MAT and User Boot MAT
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20.7  Programmer Mode

Along with its on-board programming mode, this LSI also has a programmer mode as a further
mode for the programming and erasing of programs and data. In the programmer mode, a general-
purpose PROM programmer can freely be used to write programs to the on-chip ROM.
Program/erase is possible on the user MAT and user boot MAT*'. The PROM programmer must
support microcomputers with 256 or 512-kbyte flash memory as a device type*”. Figure 20.18
shows a memory map in programmer mode.

A status-polling system is adopted for operation in automatic program, automatic erase, and
status-read modes. In the status-read mode, details of the system’s internal signals are output after
execution of automatic programming or automatic erasure. In programmer mode, provide a 12-
MHz input-clock signal.

Notes: 1. For the PROM programmer and the version of its program, see the instruction manuals
for socket adapter.

2. In this LSI, set the programming voltage of the PROM programmer to 3.3 V.

MCU mode H8S/2168+1 Programmer mode ~ MCU mode H8S/2167+2 Programmer mode ~ MCU mode H8S/2166+3 Programmer mode

H'000000 H'00000 H'000000 H'00000 H'000000 H'00000
On-chip .
On-chip
ROM area ROM area
On-chip

H'03FFFF H'3FFFF ROM area

H'05FFFF H'5FFFF

H'FF output*3
H'O7FFFF H7FFFF HO7FFFF H7FFFF

Notes: 1. Use the PROM programmer which supports microcomputers with 256-kbyte flash memory as a device type.
2. Use the PROM programmer which supports microcomputers with 512-kbyte flash memory as a device type.
3. When programming, fill with H'FF.

Figure20.18 Memory Map in Programmer Mode
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20.8  Serial Communication I nterface Specification for Boot Mode

Initiating boot mode enables the boot program to communicate with the host by using the internal
SCI. The serial communication interface specification is shown below.

D

Status

The boot program has three states.

1.

Bit-Rate-Adjustment State

In this state, the boot program adjusts the bit rate to communicate with the host. Initiating boot
mode enables starting of the boot program and entry to the bit-rate-adjustment state. The
program receives the command from the host to adjust the bit rate. After adjusting the bit rate,
the program enters the inquiry/selection state.

Inquiry/Selection State

In this state, the boot program responds to inquiry commands from the host. The device name,
clock mode, and bit rate are selected. After selection of these settings, the program is made to
enter the programming/erasing state by the command for a transition to the
programming/erasing state. The program transfers the libraries required for erasure to the on-
chip RAM and erases the user MATSs and user boot MATs before the transition.

Programming/erasing state

Programming and erasure by the boot program take place in this state. The boot program is
made to transfer the programming/erasing programs to the RAM by commands from the host.
Sum checks and blank checks are executed by sending these commands from the host.

These boot program states are shown in figure 20.19.
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‘ ‘ checking

. Response
Inquiry/response
wait Inquiry * *
. Operations for Operations for
Transition to , inquiry and selection response
programming/erasing

L e e — e e e e e e e e e e e e e e e e e e e e e e e e = 1
e 275 1
: Operations for erasing :
I user MATs and user I
1 boot MATs I
1 1
1 1
1 1
: Programming/erasing :
I wait |
1

" Programming Erasing Checking :
1 1
I Operations for Operations for I
1 programming erasing 1
1 Operations for I
| 1
1 1
1 1
1 1
1 1

Figure20.19 Boot Program States
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(2) Bit-Rate-Adjustment State

The bit rate is calculated by measuring the period of transfer of a low-level byte (H'00) from the
host. The bit rate can be changed by the command for a new bit rate selection. After the bit rate
has been adjusted, the boot program enters the inquiry and selection state. The bit-rate-adjustment
sequence is shown in figure 20.20.

Host Boot Program

>

H'00 (30 times maximum) Measuring the

1-bit length

<
H'00 (Completion of adjustment)

H'55

H'E6 (Boot response)

(H'FF (error))

Figure20.20 Bit-Rate-Adjustment Sequence
(3) Communications Protocol

After adjustment of the bit rate, the protocol for communications between the host and the boot
program is as shown below.

1. 1-byte commands and 1-byte responses

These commands and responses are comprised of a single byte. These are consists of the
inquiries and the ACK for successful completion.

2. n-byte commands or n-byte responses
These commands and responses are comprised of n bytes of data. These are selections and
responses to inquiries.
The amount of programming data is not included under this heading because it is determined
in another command.

3. Error response
The error response is a response to inquiries. It consists of an error response and an error code
and comes two bytes.

4. Programming of 128 bytes
The size is not specified in commands. The size of n is indicated in response to the
programming unit inquiry.

5. Memory read response
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This response consists of 4 bytes of data.

1-byte command I:I Command or response
or 1-byte response
n-byte Command or | | | Data | |
n-byte response
y P L Size Checksum —

Command or response

Error response ,___l:l

L Error code

Error response

128-byte programming | |Address | Data (n bytes) | |
Command Checksum ]
Memory read | |Size | Data | |
response
P L— Response Checksum ]

Figure20.21 Communication Protocol For mat

e Command (1 byte): Commands including inquiries, selection, programming, erasing, and
checking

e Response (1 byte): Response to an inquiry

e Size (1 byte): The amount of data for transmission excluding the command, amount of data,
and checksum

e Checksum (1 byte): The checksum is calculated so that the total of all values from the
command byte to the SUM byte becomes H'00.

e Data (n bytes): Detailed data of a command or response

e Error response (1 byte): Error response to a command

e Error code (1 byte): Type of the error

e Address (4 bytes): Address for programming

e Data (n bytes): Data to be programmed (the size is indicated in the response to the
programming unit inquiry.)

e Size (4 bytes): 4-byte response to a memory read
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(4) Inquiry and Selection States

The boot program returns information from the flash memory in response to the host’s inquiry
commands and sets the device code, clock mode, and bit rate in response to the host’s selection
command.

Inquiry and selection commands are listed below.

Table20.11 Inquiry and Selection Commands

Command Command Name Description

H'20 Supported Device Inquiry Inquiry regarding device codes

H'10 Device Selection Selection of device code

H'21 Clock Mode Inquiry Inquiry regarding numbers of clock modes and
values of each mode

H'11 Clock Mode Selection Indication of the selected clock mode

H'22 Multiplication Ratio Inquiry Inquiry regarding the number of frequency-

multiplied clock types, the number of
multiplication ratios, and the values of each

multiple
H'23 Operating Clock Frequency Inquiry Inquiry regarding the maximum and minimum
values of the main clock and peripheral clocks
H'24 User Boot MAT Information Inquiry Inquiry regarding the number of user boot
MATSs and the start and last addresses of
each MAT
H'25 User MAT Information Inquiry Inquiry regarding the a number of user MATs
and the start and last addresses of each MAT
H'26 Block for Erasing Information Inquiry regarding the number of blocks and
Inquiry the start and last addresses of each block
H'27 Programming Unit Inquiry Inquiry regarding the unit of programming data
H'3F New Bit Rate Selection Selection of new bit rate
H'40 Transition to Programming/Erasing Erasing of user MAT and user boot MAT, and
State entry to programming/erasing state
H'4F Boot Program Status Inquiry Inquiry into the operated status of the boot
program

The selection commands, which are device selection (H'10), clock mode selection (H'11), and new
bit rate selection (H'3F), should be sent from the host in that order. These commands will certainly
be needed. When two or more selection commands are sent at once, the last command will be
valid.

All of these commands, except for the boot program status inquiry command (H'4F), will be valid
until the boot program receives the programming/erasing transition (H'40). The host can choose
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the needed commands out of the commands and inquiries listed above. The boot program status
inquiry command (H'4F) is valid after the boot program has received the programming/erasing
transition command (H'40).

(a) Supported Device Inquiry

The boot program will return the device codes of supported devices and the product code in
response to the supported device inquiry.

Command

e Command, H20, (1 byte): Inquiry regarding supported devices

Response |H'30 Size |[Number of devices
Number of Device code Product name
characters
SUM

e Response, H'30, (1 byte): Response to the supported device inquiry

e Size (1 byte): Number of bytes to be transmitted, excluding the command, size, and checksum,
that is, the amount of data contributes by the number of devices, characters, device codes and
product names

e Number of devices (1 byte): The number of device types supported by the boot program

e Number of characters (1 byte): The number of characters in the device codes and boot
program’s name

e Device code (4 bytes): ASCII code of the supporting product
e Product name (n bytes): Type name of the boot program in ASCII-coded characters
e SUM (1 byte): Checksum

The checksum is calculated so that the total number of all values from the command byte to
the SUM byte becomes H'00.

(b) Device Selection

The boot program will set the supported device to the specified device code. The program will
return the selected device code in response to the inquiry after this setting has been made.

Command ‘H'10 |Size Device code ‘SUM \

e Command, H'10, (1 byte): Device selection

e Size (1 byte): Amount of device-code data
This is fixed at 2

e Device code (4 bytes): Device code (ASCII code) returned in response to the supported device
inquiry
e SUM (1 byte): Checksum
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Response

e Response, H'06, (1 byte): Response to the device selection command
ACK will be returned when the device code matches.

Error response ‘H'QO ‘ERROR
e Error response, H'90, (1 byte): Error response to the device selection command
ERROR : (1 byte): Error code

H'11: Sum check error

H'21: Device code error, that is, the device code does not match
(c) Clock Mode Inquiry

The boot program will return the supported clock modes in response to the clock mode inquiry.

Command

e Command, H'21, (1 byte): Inquiry regarding clock mode

Response ‘H'31 ‘Size ‘Numberofmodes ‘Mode ‘ ‘SUM ‘

e Response, H'31, (1 byte): Response to the clock-mode inquiry
e Size (1 byte): Amount of data that represents the number of modes and modes

e Number of clock modes (1 byte): The number of supported clock modes
H'00 indicates no clock mode or the device allows to read the clock mode.

e Mode (1 byte): Values of the supported clock modes (i.e. H01 means clock mode 1.)
e SUM (1 byte): Checksum

(d) Clock Mode Selection

The boot program will set the specified clock mode. The program will return the selected clock-
mode information after this setting has been made.

The clock-mode selection command should be sent after the device-selection commands.

Command ‘H'11 ‘Size ‘Mode ‘SUM \
e Command, H'11, (1 byte): Selection of clock mode

e Size (1 byte): Amount of data that represents the modes
e Mode (1 byte): A clock mode returned in reply to the supported clock mode inquiry.
e SUM (1 byte): Checksum

Response

e Response, H'06, (1 byte): Response to the clock mode selection command
ACK will be returned when the clock mode matches.
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Error Response ‘ H'91 ‘ ERROR
e Error response, H91, (1 byte) : Error response to the clock mode selection command
o ERROR : (1 byte): Error code

H'11: Checksum error
H'22: Clock mode error, that is, the clock mode does not match.

Even if the clock mode numbers are H'00 and H'01 by a clock mode inquiry, the clock mode must
be selected using these respective values.

(e) Multiplication Ratio Inquiry

The boot program will return the supported multiplication and division ratios.

Command

e Command, H22, (1 byte): Inquiry regarding multiplication ratio

Response  |H'32 Size Number
of types

Number of Multiplica-
multiplication ratios |tion ratio

SUM

e Response, H'32, (1 byte): Response to the multiplication ratio inquiry

e Size (1 byte): The amount of data that represents the number of clock sources and
multiplication ratios and the multiplication ratios

e Number of types (1 byte): The number of supported multiplied clock types
(e.g. when there are two multiplied clock types, which are the main and peripheral clocks, the
number of types will be H'02.)

e Number of multiplication ratios (1 byte): The number of multiplication ratios for each type
(e.g. the number of multiplication ratios to which the main clock can be set and the peripheral
clock can be set.)

e Multiplication ratio (1 byte)

Multiplication ratio: The value of the multiplication ratio (e.g. when the clock-frequency
multiplier is four, the value of multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, i.e. a negative number (e.g. when the clock is
divided by two, the value of division ratio will be HFE. HFE = D'-2)

The number of multiplication ratios returned is the same as the number of multiplication ratios
and as many groups of data are returned as there are types.

e SUM (1 byte): Checksum
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(f) Operating Clock Frequency Inquiry

The boot program will return the number of operating clock frequencies, and the maximum and
minimum values.

Command

e Command, H'23, (1 byte): Inquiry regarding operating clock frequencies

Response  |H'33 Size Number of operating clock
frequencies

Minimum value of operating |Maximum value of operating clock
clock frequency frequency
SUM

e Response, H'33, (1 byte): Response to operating clock frequency inquiry

e Size (1 byte): The number of bytes that represents the minimum values, maximum values, and
the number of frequencies.

e Number of operating clock frequencies (1 byte): The number of supported operating clock
frequency types
(e.g. when there are two operating clock frequency types, which are the main and peripheral
clocks, the number of types will be H'02.)

e Minimum value of operating clock frequency (2 bytes): The minimum value of the multiplied
or divided clock frequency.
The minimum and maximum values represent the values in MHz, valid to the hundredths place
of MHz, and multiplied by 100. (e.g. when the value is 20.00 MHz, it will be 2000, which is
H'07D0.)

e Maximum value (2 bytes): Maximum value among the multiplied or divided clock frequencies.

There are as many pairs of minimum and maximum values as there are operating clock
frequencies.

e SUM (1 byte): Checksum
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(g) User Boot MAT Information Inquiry

The boot program will return the number of user boot MATSs and their addresses.

Command

e Command, H'24, (1 byte): Inquiry regarding user boot MAT information

Response |H'34 ‘ Size | Number of areas
Area-start address Area-last address
SUM

e Response, H'34, (1 byte): Response to user boot MAT information inquiry

e Size (1 byte): The number of bytes that represents the number of areas, area-start addresses,
and area-last address

e Number of Areas (1 byte): The number of consecutive user boot MAT areas
When user boot MAT areas are consecutive, the number of areas returned is H'O1.

e Area-start address (4 byte): Start address of the area

e Area-last address (4 byte): Last address of the area
There are as many groups of data representing the start and last addresses as there are areas.

e SUM (1 byte): Checksum
(h) User MAT Information Inquiry

The boot program will return the number of user MATSs and their addresses.

Command

e Command, H25, (1 byte): Inquiry regarding user MAT information

Response |H'35 ‘Size ‘Numberofareas
Start address area Last address area
SUM

e Response, H'35, (1 byte): Response to the user MAT information inquiry

e Size (1 byte): The number of bytes that represents the number of areas, area-start address and
area-last address

e Number of areas (1 byte): The number of consecutive user MAT areas
‘When the user MAT areas are consecutive, the number of areas is H'O1.

e Area-start address (4 bytes): Start address of the area
e Area-last address (4 bytes): Last address of the area

There are as many groups of data representing the start and last addresses as there are areas.
e SUM (1 byte): Checksum
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(i) Erased Block Information Inquiry

The boot program will return the number of erased blocks and their addresses.

Command

e Command, H'26, (1 byte): Inquiry regarding erased block information

Response |H'36 |Size ‘Numberofblocks
Block start address Block last address
SUM

e Response, H'36, (1 byte): Response to the number of erased blocks and addresses

e Size (three bytes): The number of bytes that represents the number of blocks, block-start
addresses, and block-last addresses.

e Number of blocks (1 byte): The number of erased blocks
e Block start address (4 bytes): Start address of a block

e Block last Address (4 bytes): Last address of a block
There are as many groups of data representing the start and last addresses as there are areas.

e SUM (1 byte): Checksum
(j) Programming Unit Inquiry

The boot program will return the programming unit used to program data.

Command

e Command, H27, (1 byte): Inquiry regarding programming unit

Response ‘H'S? |Size ‘Programming unit |SUM ‘

e Response, H'37, (1 byte): Response to programming unit inquiry
e Size (1 byte): The number of bytes that indicate the programming unit, which is fixed to 2
e Programming unit (2 bytes): A unit for programming
This is the unit for reception of programming.
e SUM (1 byte): Checksum
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(k) New Bit-Rate Selection

The boot program will set a new bit rate and return the new bit rate.

This selection should be sent after sending the clock mode selection command.

Command |H'3SF Size Bit rate Input frequency
Number of Multiplication |Multiplication
multiplication ratios  |ratio 1 ratio 2
SUM

Command, H'3F, (1 byte): Selection of new bit rate

Size (1 byte): The number of bytes that represents the bit rate, input frequency, number of
multiplication ratios, and multiplication ratio

Bit rate (2 bytes): New bit rate
One hundredth of the value (e.g. when the value is 19200 bps, it will be 192, which is
H’00CO0.)

Input frequency (2 bytes): Frequency of the clock input to the boot program
This is valid to the hundredths place and represents the value in MHz multiplied by 100. (E.g.
when the value is 20.00 MHz, it will be 2000, which is H'07D0.)

Number of multiplication ratios (1 byte): The number of multiplication ratios to which the
device can be set.

Multiplication ratio 1 (1 byte) : The value of multiplication or division ratios for the main
operating frequency

Multiplication ratio (1 byte): The value of the multiplication ratio (e.g. when the clock
frequency is multiplied by four, the multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, as a negative number (e.g. when the clock
frequency is divided by two, the value of division ratio will be HFE. HFE = D'-2)

Multiplication ratio 2 (1 byte): The value of multiplication or division ratios for the peripheral
frequency

Multiplication ratio (1 byte): The value of the multiplication ratio (e.g. when the clock
frequency is multiplied by four, the multiplication ratio will be H'04.)

(Division ratio: The inverse of the division ratio, as a negative number (E.g. when the clock is
divided by two, the value of division ratio will be HFE. HFE = D'-2)

SUM (1 byte): Checksum

Response

Response, H'06, (1 byte): Response to selection of a new bit rate
When it is possible to set the bit rate, the response will be ACK.

Error Response |H'BF ‘ERROR ‘

Error response, H'BF, (1 byte): Error response to selection of new bit rate
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e ERROR: (1 byte): Error code

H'11: Sum checking error
H'24: Bit-rate selection error
The rate is not available.
H'25: Error in input frequency
This input frequency is not within the specified range.
H'26: Multiplication-ratio error

The ratio does not match an available ratio.
H'27: Operating frequency error
The frequency is not within the specified range.

(5) Received Data Check
The methods for checking of received data are listed below.
1. Input frequency

The received value of the input frequency is checked to ensure that it is within the range of
minimum to maximum frequencies which matches the clock modes of the specified device. When
the value is out of this range, an input-frequency error is generated.

2. Multiplication ratio

The received value of the multiplication ratio or division ratio is checked to ensure that it matches
the clock modes of the specified device. When the value is out of this range, an multiplication-
ratio error is generated.

3. Operating frequency

Operating frequency is calculated from the received value of the input frequency and the
multiplication or division ratio. The input frequency is input to the LSI and the LSI is operated at
the operating frequency. The expression is given below.

Operating frequency = Input frequency x Multiplication ratio, or
Operating frequency = Input frequency + Division ratio

The calculated operating frequency should be checked to ensure that it is within the range of
minimum to maximum frequencies which are available with the clock modes of the specified
device. When it is out of this range, an operating frequency error is generated.

4. Bit rate

To facilitate error checking, the value (n) of clock select (CKS) in the serial mode register (SMR),
and the value (N) in the bit rate register (BRR), which are found from the peripheral operating
clock frequency (¢) and bit rate (B), are used to calculate the error rate to ensure that it is less than

Rev. 3.00, 03/04, page 682 of 830
RENESAS



4%. If the error is more than 4%, a bit rate error is generated. The error is calculated using the
following expression:

o x 108
Error (%) = -1} x100
(%) {[(N+1)><B><64><2(2X““)] }

When the new bit rate is selectable, the rate will be set in the register after sending ACK in
response. The host will send an ACK with the new bit rate for confirmation and the boot program
will response with that rate.

Confirmation

e Confirmation, H'06, (1 byte): Confirmation of a new bit rate

Response

e Response, H'06, (1 byte): Response to confirmation of a new bit rate

The sequence of new bit-rate selection is shown in figure 20.22.

Host Boot program
>
< Setting a new bit rate
— — H'06 (ACK)

Waiting for one-bit period

at the specified bit rate

|

Setting a new bit rate Setting a new bit rate

H'06 (ACK) with the new bit rate

H'06 (ACK) with the new bit rate

Figure20.22 New Bit-Rate Selection Sequence
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(6) Transition to Programming/Erasing State

The boot program will transfer the erasing program, and erase the user MATs and user boot MATSs
in that order. On completion of this erasure, ACK will be returned and will enter the
programming/erasing state.

The host should select the device code, clock mode, and new bit rate with device selection, clock-
mode selection, and new bit-rate selection commands, and then send the command for the
transition to programming/erasing state. These procedures should be carried out before sending of
the programming selection command or program data.

Command

e Command, H'40, (1 byte): Transition to programming/erasing state

Response

e Response, H'06, (1 byte): Response to transition to programming/erasing state
The boot program will send ACK when the user MAT and user boot MAT have been erased
by the transferred erasing program.

Error Response

e Error response, H'CO, (1 byte): Error response for user boot MAT blank check

e Error code, H'51, (1 byte): Erasing error
An error occurred and erasure was not completed.

(7) Command Error

A command error will occur when a command is undefined, the order of commands is incorrect,
or a command is unacceptable. Issuing a clock-mode selection command before a device selection
or an inquiry command after the transition to programming/erasing state command, are examples.

Error Response

e Error response, H'80, (1 byte): Command error

e Command, H'xx, (1 byte): Received command
(88 Command Order
The order for commands in the inquiry selection state is shown below.

1. A supported device inquiry (H20) should be made to inquire about the supported devices.

2. The device should be selected from among those described by the returned information and set
with a device-selection (H'10) command.

3. A clock-mode inquiry (H21) should be made to inquire about the supported clock modes.

4. The clock mode should be selected from among those described by the returned information
and set.
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5. After selection of the device and clock mode, inquiries for other required information should
be made, such as the multiplication-ratio inquiry (H'22) or operating frequency inquiry (H'23),
which are needed for a new bit-rate selection.

6. A new bit rate should be selected with the new bit-rate selection (H'3F) command, according
to the returned information on multiplication ratios and operating frequencies.

7. After selection of the device and clock mode, the information of the user boot MAT and user
MAT should be made to inquire about the user boot MATSs information inquiry (H'24), user
MATS information inquiry (H'25), erased block information inquiry (H'26), and programming
unit inquiry (H'27).

8. After making inquiries and selecting a new bit rate, issue the transition to programming/erasing
state command (H'40). The boot program will then enter the programming/erasing state.

9)

Programming/Erasing State

A programming selection command makes the boot program select the programming method, a
128-byte programming command makes it program the memory with data, and an erasing
selection command and block erasing command make it erase the block. The
programming/erasing commands are listed below.

Table 20.12 Programming/Erasing Command

Command Command Name Description

H'42 User boot MAT programming selection Transfers the user boot MAT programming
program

H'43 User MAT programming selection Transfers the user MAT programming
program

H'50 128-byte programming Programs 128 bytes of data

H'48 Erasing selection Transfers the erasing program

H'58 Block erasing Erases a block of data

H'52 Memory read Reads the contents of memory

H'4A User boot MAT sum check Checks the checksum of the user boot MAT

H'4B User MAT sum check Checks the checksum of the user MAT

H'4C User boot MAT blank check Checks whether the contents of the user
boot MAT are blank

H'4D User MAT blank check Checks whether the contents of the user
MAT are blank

H'4F Boot program status inquiry Inquires into the boot program’s status
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Programming

Programming is executed by a programming-selection command and a 128-byte programming
command.

Firstly, the host should send the programming-selection command and select the programming
method and programming MATS. There are two programming selection commands, and
selection is according to the area and method for programming.

1. User boot MAT programming selection
2. User MAT programming selection

After issuing the programming selection command, the host should send the 128-byte
programming command. The 128-byte programming command that follows the selection
command represents the data programmed according to the method specified by the selection
command. When more than 128-byte data is programmed, 128-byte commands should
repeatedly be executed. Sending a 128-byte programming command with H'FFFFFFFF as the
address will stop the programming. On completion of programming, the boot program will
wait for selection of programming or erasing.

Where the sequence of programming operations that is executed includes programming with
another method or of another MAT, the procedure must be repeated from the programming
selection command.

The sequence for programming-selection and 128-byte programming commands is shown in
figure 20.23.

Host Boot program
>
Programming selection (H'42, H'43) Transter of the
programming
program
<
ACK
>
128-byte programming (address, data)
[ Programming |
<
ACK
>
< 128-byte programming (H'FFFFFFFF)
-
ACK

Figure20.23 Programming Sequence
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(a) User boot MAT programming selection

The boot program will transfer a programming program. The data is programmed to the user boot
MATS by the transferred programming program.

Command

e Command, H'42, (1 byte): User boot MAT programming selection

Response

e Response, H'06, (1 byte): Response to user boot MAT programming selection
When the programming program has been transferred, the boot program will return ACK.

Error Response |H'02 ‘ERROR
e Error response : H'C2 (1 byte): Error response to user boot MAT programming selection
e ERROR: (1 byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not completed)

e User MAT programming selection

The boot program will transfer a program for programming. The data is programmed to the
user MATSs by the transferred program for programming.

Command

e Command, H'43, (1 byte): User MAT programming selection

Response

e Response, H'06, (1 byte): Response to user MAT programming selection
When the programming program has been transferred, the boot program will return ACK.

Error Response |H'CS ‘ERROR
e Error response : H'C3 (1 byte): Error response to user MAT programming selection
e ERROR : (1 byte): Error code
H'54: Selection processing error (transfer error occurs and processing is not completed)

(b) 128-byte programming

The boot program will use the programming program transferred by the programming selection to
program the user boot MATs or user MATS in response to 128-byte programming.

Command |H'50 Address
Data

SUM
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e Command, H'50, (1 byte): 128-byte programming

e Programming Address (4 bytes): Start address for programming
Multiple of the size specified in response to the programming unit inquiry
(i.e. H'00, H'01, H'00, H'00 : H'010000)

e Programming Data (128 bytes): Data to be programmed
The size is specified in the response to the programming unit inquiry.

e SUM (1 byte): Checksum

Response

e Response, H'06, (1 byte): Response to 128-byte programming
On completion of programming, the boot program will return ACK.

Error Response |H'D0 ‘ERROR

e Error response, HDO, (1 byte): Error response for 128-byte programming
e ERROR: (1 byte): Error code

H'11: Checksum Error

H'2A: Address Error

H'53: Programming error
A programming error has occurred and programming cannot be continued.

The specified address should match the unit for programming of data. For example, when the
programming is in 128-byte units, the lower 8 bits of the address should be H'00 or H'S0.
When there are less than 128 bytes of data to be programmed, the host should fill the rest with
H'FF.

Sending the 128-byte programming command with the address of H'FFFFFFFF will stop the
programming operation. The boot program will interpret this as the end of the programming and
wait for selection of programming or erasing.

Command ‘H'SO |Address ‘SUM ‘

e Command, H'50, (1 byte): 128-byte programming

e Programming Address (4 bytes): End code is H'FF, HFF, HFF, HFF.
e SUM (1 byte): Checksum

Response

e Response, H'06, (1 byte): Response to 128-byte programming
On completion of programming, the boot program will return ACK.

Error Response |H'D0 ‘ERROR

e Error Response, H'DO, (1 byte): Error response for 128-byte programming
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e ERROR: (1 byte): Error code
H'11: Checksum error
H'2A: Address error
H'53: Programming error
An error has occurred in programming and programming cannot be continued.

(10) Erasure
Erasure is performed with the erasure selection and block erasure command.

Firstly, erasure is selected by the erasure selection command and the boot program then erases the
specified block. The command should be repeatedly executed if two or more blocks are to be
erased. Sending a block-erasure command from the host with the block number H'FF will stop the
erasure operating. On completion of erasing, the boot program will wait for selection of
programming or erasing.

The sequences of issuing the erasure selection command and block-erasure command are shown in
figure 20.24.

Host Boot program
>
Preparation for erasure (H'48)
Transfer of erasure
program
<
ACK
>
Erasure (Erasure block number)
< ACK
>
Erasure (H'FF)
<
ACK

Figure20.24 Erasure Sequence
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(a) Erasure Selection

The boot program will transfer the erasure program. User MAT data is erased by the transferred
erasure program.

Command

e Command, H'48, (1 byte): Erasure selection

Response

e Response, H'06, (1 byte): Response for erasure selection
After the erasure program has been transferred, the boot program will return ACK.

Error Response |H'08 ‘ERROR
e Error Response, H'CS, (1 byte): Error response to erasure selection
e ERROR: (1 byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not completed)

(b) Block Erasure

The boot program will erase the contents of the specified block.

Command ‘H'58 |Size ‘Blocknumber |SUM ‘
e Command, H'S8, (1 byte): Erasure

e Size (1 byte): The number of bytes that represents the erasure block number
This is fixed to 1.

e Block number (1 byte): Number of the block to be erased
e SUM (1 byte): Checksum

Response

e Response, H'06, (1 byte): Response to Erasure
After erasure has been completed, the boot program will return ACK.

Error Response |H'D8 ‘ERROR
e Error Response, HDS, (1 byte): Response to Erasure
e ERROR (1 byte): Error code
H'11: Sum check error
H'29: Block number error
Block number is incorrect.
H'S1: Erasure error
An error has occurred during erasure.

On receiving block number H'FF, the boot program will stop erasure and wait for a selection
command.
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Command

e Command, H'S8, (1 byte): Erasure

‘H'58 |Size |Blocknumber ‘SUM ‘

e Size, (1 byte): The number of bytes that represents the block number
This is fixed to 1.

e Block number (1 byte): HFF

Stop code for erasure
e SUM (1 byte): Checksum

Response

e Response, H'06, (1 byte): Response to end of erasure (ACK)

When erasure is to be performed after the block number H'FF has been sent, the procedure

should be executed from the erasure selection command.

(11) Memory read

The boot program will return the data in the specified address.

Command

H'52 |Size

‘Area ‘ Read address

Read size

|SUM \

e Command: H'52 (1 byte): Memory read
e Size (1 byte): Amount of data that represents the area, read address, and read size (fixed at 9)
e Area (1 byte)

H'00: User boot MAT

H'01:

User MAT

An address error occurs when the area setting is incorrect.
e Read address (4 bytes): Start address to be read from

e Read size (4 bytes): Size of data to be read
e SUM (1 byte): Checksum

Response

H'52

Read size

Data

SUM

e Response: H'52 (1 byte): Response to memory read
e Read size (4 bytes): Size of data to be read

e Data (n bytes): Data for the read size from the read address

e SUM (1 byte): Checksum

Error Response |H'D2 ‘ERROR

e Error response: H'D2 (1 byte): Error response to memory read

RENESAS

Rev. 3.00, 03/04, page 691 of 830



e ERROR: (1 byte): Error code
H'11: Sum check error
H'2A: Address error
The read address is not in the MAT.
H"2B: Size error
The read size exceeds the MAT.

(12) User Boot MAT Sum Check

The boot program will return the byte-by-byte total of the contents of the bytes of the user boot
MAT, as a 4-byte value.

Command

e Command, H'4A, (1 byte): Sum check for user-boot MAT

Response ‘H'SA |Size |Checksum of user boot program |SUM ‘

e Response, H'5A, (1 byte): Response to the sum check of user-boot MAT

e Size (1 byte): The number of bytes that represents the checksum
This is fixed to 4.

e Checksum of user boot program (4 bytes): Checksum of user boot MATs
The total of the data is obtained in byte units.

e SUM (1 byte): Sum check for data being transmitted
(13) User MAT Sum Check

The boot program will return the byte-by-byte total of the contents of the bytes of the user MAT.

Command

e Command, H'4B, (1 byte): Sum check for user MAT

Response ‘H'SB |Size ‘Checksum of user program ‘SUM ‘

e Response, H'5B, (1 byte): Response to the sum check of the user MAT

e Size (1 byte): The number of bytes that represents the checksum
This is fixed to 4.

e Checksum of user boot program (4 bytes): Checksum of user MATSs
The total of the data is obtained in byte units.

e SUM (1 byte): Sum check for data being transmitted
(14) User Boot MAT Blank Check

The boot program will check whether or not all user boot MATS are blank and return the result.
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Command

e Command, H'4C, (1 byte): Blank check for user boot MAT

Response

e Response, H'06, (1 byte): Response to the blank check of user boot MAT
If all user MATs are blank (H'FF), the boot program will return ACK.

Error Response

e Error Response, H'CC, (1 byte): Response to blank check for user boot MAT
e Error Code, H'52, (1 byte): Erasure has not been completed.

(15) User MAT Blank Check

The boot program will check whether or not all user MATS are blank and return the result.

Command

e Command, H'4D, (1 byte): Blank check for user MATSs

Response

e Response, H'06, (1 byte): Response to the blank check for user boot MATSs
If the contents of all user MATs are blank (H'FF), the boot program will return ACK.

Error Response

e Error Response, H'CD, (1 byte): Error response to the blank check of user MATS.
e Error code, H'52, (1 byte): Erasure has not been completed.

(16) Boot Program State I nquiry

The boot program will return indications of its present state and error condition. This inquiry can
be made in the inquiry/selection state or the programming/erasing state.

Command

e Command, H'4F, (1 byte): Inquiry regarding boot program’s state

Response ‘H'SF |Size |Status ERROR ‘SUM \

e Response, H'SF, (1 byte): Response to boot program state inquiry
e Size (1 byte): The number of bytes. This is fixed to 2.

e Status (1 byte): State of the boot program

e ERROR (1 byte): Error status

ERROR = 0 indicates normal operation.
ERROR =1 indicates error has occurred.

e SUM (1 byte): Sum check
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Table 20.13 Status Code

Code Description

H'11 Device Selection Wait

H'12 Clock Mode Selection Wait

H'13 Bit Rate Selection Wait

H1F Programming/Erasing State Transition Wait (Bit rate selection is completed)
H'31 Programming State for Erasure

H'3F Programming/Erasing Selection Wait (Erasure is completed)

H'4F Programming Data Receive Wait (Programming is completed)

H'5F Erasure Block Specification Wait (Erasure is completed)

Table20.14 Error Code

Code Description

H'00 No Error

H'11 Sum Check Error

H'12 Program Size Error

H'21 Device Code Mismatch Error
H'22 Clock Mode Mismatch Error
H'24 Bit Rate Selection Error

H'25 Input Frequency Error

H'26 Multiplication Ratio Error
H'27 Operating Frequency Error
H'29 Block Number Error

H'2A Address Error

H'2B Data Length Error

H'51 Erasure Error

H'52 Erasure Incomplete Error
H'53 Programming Error

H'54 Selection Processing Error
H'80 Command Error

H'FF Bit-Rate-Adjustment Confirmation Error
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209 Usage Notes

1.

The initial state of the product at its shipment is in the erased state. For the product whose
revision of erasing is undefined, we recommend to execute automatic erasure for checking the
initial state (erased state) and compensating.

For the PROM programmer suitable for programmer mode in this LSI and its program version,
refer to the instruction manual of the socket adapter.

If the socket, socket adapter, or product index does not match the specifications, too much
current flows and the product may be damaged.

If a voltage higher than the rated voltage is applied, the product may be fatally damaged. Use a
PROM programmer that supports the 256 or 512-kbyte flash memory on-chip MCU device at
3.3 V. Do not set the programmer to HN28F101 or the programming voltage to 5.0 V. Use
only the specified socket adapter. If other adapters are used, the product may be damaged.

Do not remove the chip from the PROM programmer nor input a reset signal during
programming/erasing. As a high voltage is applied to the flash memory during
programming/erasing, doing so may damage or destroy flash memory permanently. If reset is
executed accidentally, reset must be released after the reset input period of 100 us which is
longer than normal.

The flash memory is not accessible until FKEY is cleared after programming/erasing
completes. If this LSI is restarted by a reset immediately after programming/erasing has
finished, secure the reset period (period of RES = 0) of more than 100 ps. Though transition to
the reset state or hardware standby state during programming/erasing is prohibited, if reset is
executed accidentally, reset must be released after the reset input period of 100 pus which is
longer than normal.

At powering on or off the Vcc power supply, fix the RES pin to low and set the flash memory
to hardware protection state. This power on/off timing must also be satisfied at a power-off and
power-on caused by a power failure and other factors.

Program the area with 128-byte programming-unit blocks in on-board programming or
programmer mode only once. Perform programming in the state where the programming-unit
block is fully erased.

When the chip is to be reprogrammed with the programmer after execution of programming or
erasure in on-board programming mode, it is recommend that automatic programming is
performed after execution of automatic erasure.

10. To write data or programs to the flash memory, data or programs must be allocated to

addresses higher than that of the external interrupt vector table (H'000040) and H'FF must be
written to the areas that are reserved for the system in the exception handling vector table.

11.If data other than H'FFFFFFFF is written to the key code area (H'00003C to H'00003F) of

flash memory, only H'00 can be read in programmer mode. (In this case, data is read as H'00.
Rewrite is possible after erasing the data.) For reading in programmer mode, make sure to
write H'FFFFFFFF to the entire key code area. If data other than H'FF is to be written to the
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key code area in programmer mode, a verification error will occur unless a software
countermeasure is taken for the PROM programmer and the version of its program.

12. The programming program that includes the initialization routine and the erasing program that
includes the initialization routine are each 2 kbytes or less. Accordingly, when the CPU clock
frequency is 33 MHz, the download for each program takes approximately 120 us at the
maximum.

13. While an instruction in on-chip RAM is being executed, the DTC can write to the SCO bit in
FCCS that is used for a download request or FMATS that is used for MAT switching. Make
sure that these registers are not accidentally written to, otherwise an on-chip program may be
downloaded and damage RAM or a MAT switchover may occur and the CPU get out of
control. Do not use DTC to program flash related registers.

14. A programming/erasing program for flash memory used in the conventional H8S F-ZTAT
microcomputer which does not support download of the on-chip program by a SCO transfer
request cannot run in this LSI. Be sure to download the on-chip program to execute
programming/erasing of flash memory in this LSL.

15. Unlike the conventional H8S F-ZTAT microcomputer, no countermeasures are available for a
runaway by WDT during programming/erasing. Prepare countermeasures (e.g. use of the
periodic timer interrupts) for WDT with taking the programming/erasing time into
consideration as required.
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Section 21 Boundary Scan JTAG)

The JTAG (Joint Test Action Group) is standardized as an international standard, IEEE Standard
1149.1, and is open to the public as IEEE Standard Test Access Port and Boundary-Scan
Architecture. Although the name of the function is boundary scan and the name of the group who
worked on standardization is the JTAG, the JTAG is commonly used as the name of a boundary
scan architecture and a serial interface to access the devices having the architecture.

This LSI has a boundary scan function (JTAG). Using this function along with other LSIs
facilitates testing a printed-circuit board.

21.1 Features

e Five test pins (ETCK, ETDI, ETDO, ETMS, and ETRST)
e TAP controller
e Six instructions

BYPASS mode

EXTEST mode

SAMPLE/PRELOAD mode

CLAMP mode

HIGHZ mode

IDCODE mode

(These instructions are test modes corresponding to IEEE 1149.1.)
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ETCK

ETMS

TAP
D—> controller Decoder

A

ETRST

ETDI

L]
s
-

<—>| SDIR |

SDBSR
Shift register

ETDO

[Legend]

SDIR: Instruction register
SDBPR: Bypass register
SDBSR: Boundary scan register
SDIDR: ID code register

Figure21.1 JTAG Block Diagram
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21.2  Input/Output Pins

Table 21.1 shows the JTAG pin configuration.

Table21.1 Pin Configuration

Pin Name

Abbreviation

I/0

Function

Test clock

ETCK

Input

Test clock input

Provides an independent clock supply to the
JTAG. As the clock input to the ETCK pin is
supplied directly to the JTAG, a clock waveform
with a duty cycle close to 50% should be input.
For details, see section 25, Electrical
Characteristics. If there is no input, the ETCK pin
is fixed to 1 by an internal pull-up.

Test mode select

ETMS

Input

Test mode select input

Sampled on the rise of the ETCK pin. The ETMS
pin controls the internal state of the TAP
controller. If there is no input, the ETMS pin is
fixed to 1 by an internal pull-up.

Test data input

ETDI

Input

Serial data input

Performs serial input of instructions and data for
JTAG registers. ETDI is sampled on the rise of
the ETCK pin. If there is no input, the ETDI pin is
fixed to 1 by an internal pull-up.

Test data output

ETDO

Output

Serial data output

Performs serial output of instructions and data
from JTAG registers. Transfer is performed in
synchronization with the ETCK pin. If there is no
output, the ETDO pin goes to the high-
impedance state.

Test reset

ETRST

Input

Test reset input signal

Initializes the JTAG asynchronously. If there is
no input, the ETRST pin is fixed to 1 by an
internal pull-up.
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21.3 Register Descriptions
The JTAG has the following registers.

e Instruction register (SDIR)

e Bypass register (SDBPR)

e Boundary scan register (SDBSR)
e ID code register (SDIDR)

Instructions can be input to the instruction register (SDIR) by serial transfer from the test data
input pin (ETDI). Data from SDIR can be output via the test data output pin (ETDO). The bypass
register (SDBPR) is a 1-bit register to which the ETDI and ETDO pins are connected in BYPASS,
CLAMP, or HIGHZ mode. The boundary scan register (SDBSR) is a 334-bit register to which the
ETDI and ETDO pins are connected in SAMPLE/PRELOAD or EXTEST mode. The ID code
register (SDIDR) is a 32-bit register; a fixed code can be output via the ETDO pin in IDCODE
mode. All registers cannot be accessed directly by the CPU.

Table 21.2 shows the kinds of serial transfer possible with each JTAG register.

Table21.2 JTAG Register Serial Transfer

Register Serial Input Serial Output
SDIR Possible Possible
SDBPR Possible Possible
SDBSR Possible Possible
SDIDR Impossible Possible
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21.3.1 Instruction Register (SDIR)

SDIR is a 32-bit register. JTAG instructions can be transferred to SDIR by serial input from the
ETDI pin. SDIR can be initialized when the ETRST pin is low or the TAP controller is in the
Test-Logic-Reset state, but is not initialized by a reset or in standby mode.

Only 4-bit instructions can be transferred to SDIR. If an instruction exceeding 4 bits is input, the
last 4 bits of the serial data will be stored in SDIR.

e HB8S5/2168
Bit Bit Name Initial Value R/W Description
31 TS3 1 R/W  Test Set Bits
80 Ts2 ! R/W 5000: EXTEST mode
29 TS1 1 R/W
o8 TS0 0 R/w 0001: Setting prohibited
0010: CLAMP mode
0011: HIGHZ mode
0100: SAMPLE/PRELOAD mode
0101: Setting prohibited
1101: Setting prohibited
1110: IDCODE mode (Initial value)
1111: BYPASS mode
27t014 — All O R Reserved
These bits are always read as 0 and cannot be
modified.
13 — 1 R Reserved
This bit is always read as 1 and cannot be modified.
12 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
11 — 1 R Reserved
This bit is always read as 1 and cannot be modified.
10to1 — All O R Reserved
These bits are always read as 0 and cannot be
modified.
0 — 1 R Reserved

This bit is always read as 1 and cannot be modified.
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e HS8S/2167, H8S/2166

Bit Bit Name

Initial Value

R/W

Description

31 TS3
30 TS2
29 TS1
28 TSO

1

1
1
0

R/W
R/W
R/W
R/W

Test Set Bits

0000: EXTEST mode

0001: Setting prohibited

0010: CLAMP mode

0011: HIGHZ mode

0100: SAMPLE/PRELOAD mode
0101: Setting prohibited

1101: Setting prohibited
1110: IDCODE mode (Initial value)
1111: BYPASS mode

27t0o 14 —

AllO

Reserved

These bits are always read as 0 and cannot be
modified.

13 —

Reserved
This bit is always read as 1 and cannot be modified.

12 —

Reserved
This bit is always read as 0 and cannot be modified.

1,10 —

All1

Reserved

These bits are always read as 1 and cannot be
modified.

Reserved
This bit is always read as 0 and cannot be modified.

Reserved
This bit is always read as 1 and cannot be modified.

7101 —

AllO

Reserved

These bits are always read as 0 and cannot be
modified.

Reserved
This bit is always read as 1 and cannot be modified.
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2132 BypassRegister (SDBPR)

SDBPR is a 1-bit shift register. In BYPASS, CLAMP, or HIGHZ mode, SDBPR is connected
between the ETDI and ETDO pins.

21.3.3 Boundary Scan Register (SDBSR)
SDBSR is a shift register provided on the PAD for controlling the I/O terminals of this LSI.

Using EXTEST mode or SAMPLE/PRELOAD mode, a boundary scan test conforming to the
IEEE1149.1 standard can be performed.

Table 21.3 shows the relationship between the terminals of this LSI and the boundary scan
register.
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Table21.3 Correspondence between Pinsand Boundary Scan Register

Pin No. Pin Name Input/Output Bit No.
from ETDI
2 P45 Input 333
Enable 332
Output 331
3 P46 Input 330
Enable 329
Output 328
4 P47 Input 327
Enable 326
Output 325
5 P56 Input 324
Enable 323
Output 322
6 P57 Input 321
Enable 320
Output 319
9 MD1 Input 318
10 MDO Input 317
11 NMI Input 316
14 MD2 Input 315
15 P51 Input 314
Enable 313
Output 312
16 P50 Input 311
Enable 310
Output 309
17 P97 Input 308
Enable 307
Output 306
18 P96 Input 305
Enable 304
Output 303
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Pin No. Pin Name Input/Output Bit No.

19 P95 Input 302
Enable 301
Output 300
20 P94 Input 299
Enable 298
Output 297
21 P93 Input 296
Enable 295
Output 294
22 P92 Input 293
Enable 292
Output 291
23 P91 Input 290
Enable 289
Output 288
24 P90 Input 287
Enable 286
Output 285
25 PC7 Input 284
Enable 283
Output 282
26 PC6 Input 281
Enable 280
Output 279
27 PC5 Input 278
Enable 277
Output 276
28 PC4 Input 275
Enable 274
Output 273
29 PC3 Input 272
Enable 271
Output 270
30 PC2 Input 269
Enable 268
Output 267
31 PC1 Input 266
Enable 265
Output 264
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Pin No. Pin Name Input/Output Bit No.

32 PCO Input 263
Enable 262
Output 261
33 PA7 Input 260
Enable 259
Output 258
34 PA6 Input 257
Enable 256
Output 255
35 PA5 Input 254
Enable 253
Output 252
37 PA4 Input 251
Enable 250
Output 249
38 PA3 Input 248
Enable 247
Output 246
39 PA2 Input 245
Enable 244
Output 243
40 PA1 Input 242
Enable 241
Output 240
41 PAO Input 239
Enable 238
Output 237
43 P87 Input 236
Enable 235
Output 234
44 P86 Input 233
Enable 232
Output 231
45 P85 Input 230
Enable 229
Output 228
46 P84 Input 227
Enable 226
Output 225
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Pin No. Pin Name Input/Output Bit No.

47 P83 Input 224
Enable 223
Output 222
48 P82 Input 221
Enable 220
Output 219
49 P81 Input 218
Enable 217
Output 216
50 P80 Input 215
Enable 214
Output 213
51 PE7 Input 212
Enable 211
Output 210
52 PE6 Input 209
Enable 208
Output 207
53 PE5 Input 206
Enable 205
Output 204
54 PE4 Input 203
Enable 202
Output 201
55 PE3 Input 200
Enable 199
Output 198
56 PE2 Input 197
Enable 196
Output 195
57 PE1 Input 194
Enable 193
Output 192
58 PEO Input 191
Enable 190
Output 189
59 PD7 Input 188
Enable 187
Output 186
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Pin No. Pin Name Input/Output Bit No.

60 PD6 Input 185
Enable 184
Output 183
61 PD5 Input 182
Enable 181
Output 180
62 PD4 Input 179
Enable 178
Output 177
63 PD3 Input 176
Enable 175
Output 174
64 PD2 Input 173
Enable 172
Output 171
65 PD1 Input 170
Enable 169
Output 168
66 PDO Input 167
Enable 166
Output 165
68 P70 Input 164
69 P71 Input 163
70 P72 Input 162
71 P73 Input 161
72 P74 Input 160
73 P75 Input 159
74 P76 Input 158
75 P77 Input 157
78 P60 Input 156
Enable 155
Output 154
79 P61 Input 153
Enable 152
Output 151
80 P62 Input 150
Enable 149
Output 148
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Pin No. Pin Name Input/Output Bit No.

81 P63 Input 147
Enable 146
Output 145
82 P64 Input 144
Enable 143
Output 142
83 P65 Input 141
Enable 140
Output 139
84 P66 Input 138
Enable 137
Output 136
85 P67 Input 135
Enable 134
Output 133
92 PF2 Input 132
Enable 131
Output 130
93 PF1 Input 129
Enable 128
Output 127
94 PFO Input 126
Enable 125
Output 124
96 P27 Input 123
Enable 122
Output 121
97 P26 Input 120
Enable 119
Output 118
98 P25 Input 117
Enable 116
Output 115
99 P24 Input 114
Enable 113
Output 112
100 P23 Input 111
Enable 110
Output 109
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Pin No. Pin Name Input/Output Bit No.

101 p22 Input 108
Enable 107
Output 106
102 P21 Input 105
Enable 104
Output 103
103 P20 Input 102
Enable 101
Output 100
104 P17 Input 99
Enable 98
Output 97
105 P16 Input 96
Enable 95
Output 94
106 P15 Input 93
Enable 92
Output 91
107 P14 Input 90
Enable 89
Output 88
108 P13 Input 87
Enable 86
Output 85
109 P12 Input 84
Enable 83
Output 82
110 P11 Input 81
Enable 80
Output 79
112 P10 Input 78
Enable 77
Output 76
113 PB7 Input 75
Enable 74
Output 73
114 PB6 Input 72
Enable 71
Output 70
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Pin No. Pin Name Input/Output Bit No.

115 PB5 Input 69
Enable 68
Output 67
116 PB4 Input 66
Enable 65
Output 64
117 PB3 Input 63
Enable 62
Output 61
118 PB2 Input 60
Enable 59
Output 58
119 PB1 Input 57
Enable 56
Output 55
120 PBO Input 54
Enable 53
Output 52
121 P30 Input 51
Enable 50
Output 49
122 P31 Input 48
Enable 47
Output 46
123 P32 Input 45
Enable 44
Output 43
124 P33 Input 42
Enable 41
Output 40
125 P34 Input 39
Enable 38
Output 37
126 P35 Input 36
Enable 35
Output 34
127 P36 Input 33
Enable 32
Output 31
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Pin No. Pin Name Input/Output Bit No.
128 P37 Input 30
Enable 29
Output 28
129 P40 Input 27
Enable 26
Output 25
130 P41 Input 24
Enable 23
Output 22
131 P42 Input 21
Enable 20
Output 19
132 P43 Input 18
Enable 17
Output 16
133 P52 Input 15
Enable 14
Output 13
134 P53 Input 12
Enable 11
Output 10
135 FWE Input 9
136 P54 Input 8
Enable 7
Output 6
137 P55 Input 5
Enable 4
Output 3
138 P44 Input 2
Enable 1
Output 0
to ETDO

Note: The enable signals are active-high. When an enable signal is driven high, the
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2134 ID Code Register (SDIDR)

SDIDR is a 32-bit register. In IDCODE mode, SDIDR can output H'0026200F (H8S/2168) or
H'0030200F (H8S/2167 or H8S/2166), that are fixed codes, from ETDO. However, no serial data
can be written to SDIDR via ETDI.

e HS8S/2168
31 28 27 12 11 1 0
0000 0000 0010 0110 0010 0000 0000 111 1
Version Part Number Manufacture ldentify Fixed Code
(4 bits) (16 bits) (11 bits) (1 bit)

e HS8S/2167, H8S/2166

31 28 27 12 11 1 0
0000 0000 0011 0000 0010 0000 0000 111 1
Version Part Number Manufacture Identify Fixed Code
(4 bits) (16 bits) (11 bits) (1 bit)
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21.4  Operation

21.41 TAPController State Transitions

Figure 21.2 shows the internal states of the TAP controller. State transitions basically conform to
the IEEE1149.1 standard.

(14 Test-logic-reset %

oy
1
Run-test/idle j Select-DR-scan Select-IR-scan

i

/

/
Update-DR =— ( Update-IR )=—
0 0
Y

—

W 1‘7

Figure21.2 TAP Controller State Transitions
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2142 JTAG Reset
The JTAG can be reset in two ways.

e The JTAG is reset when the ETRST pin is held at O.

e When ETRST = 1, the JTAG can be reset by inputting at least five ETCK clock cycles while
ETMS = 1.

21.5 Boundary Scan

The JTAG pins can be placed in the boundary scan mode stipulated by the IEEE1149.1 standard
by setting a command in SDIR.

2151 Supported Instructions

This LSI supports the three essential instructions defined in the IEEE1149.1 standard (BYPASS,
SAMPLE/PRELOAD, and EXTEST) and optional instructions (CLAMP, HIGHZ, and IDCODE).

BYPASS: Instruction code: B'1111

The BYPASS instruction is an instruction that operates the bypass register. This instruction
shortens the shift path to speed up serial data transfer involving other chips on the printed circuit
board. While this instruction is being executed, the test circuit has no effect on the system
circuits.

SAMPL E/PREL OAD: Instruction code: B'0100

The SAMPLE/PRELOAD instruction inputs values from this LSI internal circuitry to the
boundary scan register, outputs values from the scan path, and loads data onto the scan path.
When this instruction is being executed, this LSI's input pin signals are transmitted directly to the
internal circuitry, and internal circuit values are directly output externally from the output pins.
This LSI system circuits are not affected by execution of this instruction.

In a SAMPLE operation, a snapshot of a value to be transferred from an input pin to the internal
circuitry, or a value to be transferred from the internal circuitry to an output pin, is latched into the
boundary scan register and read from the scan path. Snapshot latching does not affect normal
operation of this LSI.

In a PRELOAD operation, an initial value is set in the parallel output latch of the boundary scan
register from the scan path prior to the EXTEST instruction. Without a PRELOAD operation,
when the EXTEST instruction was executed an undefined value would be output from the output
pin until completion of the initial scan sequence (transfer to the output latch) (with the EXTEST
instruction, the parallel output latch value is constantly output to the output pin).
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EXTEST: Instruction code: B'0000

The EXTEST instruction is provided to test external circuitry when this LSI is mounted on a
printed circuit board. When this instruction is executed, output pins are used to output test data
(previously set by the SAMPLE/PRELOAD instruction) from the boundary scan register to the
printed circuit board, and input pins are used to latch test results into the boundary scan register
from the printed circuit board. If testing is carried out by using the EXTEST instruction N times,
the Nth test data is scanned in when test data (N-1) is scanned out.

Data loaded into the output pin boundary scan register in the Capture-DR state is not used for
external circuit testing (it is replaced by a shift operation).

CLAMP: Instruction code: B'0010

When the CLAMP instruction is enabled, the output pin outputs the value of the boundary scan
register that has been previously set by the SAMPLE/PRELOAD instruction. While the CLAMP
instruction is enabled, the state of the boundary scan register maintains the previous state
regardless of the state of the TAP controller.

A bypass register is connected between the ETDI and ETDO pins. The related circuit operates in
the same way when the BYPASS instruction is enabled.

HIGHZ: Instruction code: B'0011

When the HIGHZ instruction is enabled, all output pins enter a high-impedance state. While the
HIGHZ instruction is enabled, the state of the boundary scan register maintains the previous state
regardless of the state of the TAP controller.

A bypass register is connected between the ETDI and ETDO pins. The related circuit operates in
the same way when the BYPASS instruction is enabled.

IDCODE: Instruction code: B'1110

When the IDCODE instruction is enabled, the value of the ID code register is output from the
ETDO pin with LSB first when the TAP controller is in the Shift-DR state. While the IDCODE
instruction is being executed, the test circuit does not affect the system circuit.

When the TAP controller is in the Test-Logic-Reset state, the instruction register is initialized to
the IDCODE instruction.
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Notes: 1. Boundary scan mode does not cover power-supply-related pins (VCC, VCL, VSS,
AVCC, AVSS, and AVref).
2. Boundary scan mode does not cover clock-related pins (EXTAL, XTAL, and PFSEL).

3. Boundary scan mode does not cover reset- and standby-related pins (RES, STBY, and
RESO).

4. Boundary scan mode does not cover JTAG-related pins (ETCK, ETDI, ETDO, ETMS,
and ETRST).

5. Fix the MD2 pin high.
6. Use the STBY pin in high state.
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21.6  Usage Notes

1.

A reset must always be executed by driving the ETRST pin to O, regardless of whether or not
the JTAG is to be activated. The ETRST pin must be held low for 20 ETCK clock cycles. For
details, see section 25, Electrical Characteristics. To activate the JTAG after a reset, drive the
ETRST pin to 1 and specify the ETCK, ETMS, and ETDI pins to any value. If the JTAG is not
to be activated, drive the ETRST, ETCK, ETMS, and ETDI pins to 1 or the high-impedance
state. These pins are internally pulled up and are noted in standby mode.

The following must be considered when the power-on reset signal is applied to the ETRST pin.

— The reset signal must be applied at power-on.

— To prevent the LSI system operation from being affected by the ETRST pin of the board
tester, circuits must be separated .

— Alternatively, to prevent the ETRST pin of the board tester from being affected by the LSI
system reset, circuits must be separated.

Figure 21.3 shows a design example of the reset signal circuit wherein no reset signal

interference occurs.

Board edge pin

This LSI
System reset |'
RES
Power-on
reset circuit
ETRST
ETRST |'

Figure21.3 Reset Signal Circuit Without Reset Signal Interference

The registers are not initialized in standby mode. If the ETRST pin is set to O in standby mode,
IDCODE mode will be entered.

The frequency of the ETCK pin must be lower than that of the system clock. For details, see
section 25, Electrical Characteristics.

Data input/output in serial data transfer starts from the LSB. Figure 21.4 and 21.5 shows
examples of serial data input/output.

When data that exceeds the number of bits of the register connected between the ETDI and
ETDO pins is serially transferred, the serial data that exceeds the number of register bits and
output from the ETDO pin is the same as that input from the ETDI pin.

If the JTAG serial transfer sequence is disrupted, the ETRST pin must be reset. Transfer
should then be retried, regardless of the transfer operation.

If a pin with a pull-up function is sampled while its pull-up function is enabled, 1 can be
detected at the corresponding input scan register. In this case, the corresponding enable scan
register should be cleared to 0.
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If a pin with an open-drain function is sampled while its open-drain function is enabled and its
corresponding output scan register is 1, O can be detected at the corresponding enable scan

register.

SDIR serial data input/output
SDIR is captured into the shift register in Capture-IR, and bits 0 to 31 of SDIR are output in that order
from the ETDO pin in Shift-IR.
Data input from the ETDI pin is written to SDIR in Update-IR.

ETDI ————— ETDI

Bit 31 Bit 31 Bit 31 Bit 31

N , |Bit2s : Bit2s

8 s >~

2 %)

g SDIR g SDIR

£ £

(4] : (4]
BitO - BitO

ETDO = — ETDO
Capture-IR Update-IR

Figure21.4 Serial Data Input/Output (1)
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SDIDR serial data input/output
SDIDR is captured into the shift register in Capture-DR in IDCODE mode, and bits 0

to 31 of SDIDR are output in that order from the ETDO pin in Shift-DR.
Data input from the ETDI pin is not written to any register in Update-DR.

ETDI
Y
Bit 31 Bit 31
8
R
E,’ SDIDR
%
(2]
Bit0 Bit 0

ETDO +————
© Capture-DR

Figure21.5 Serial Data |lnput/Output (2)
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Section 22 Clock Pulse Generator

This LSI incorporates a clock pulse generator which generates the system clock (¢), internal clock,
bus master clock, and subclock (¢SUB). The clock pulse generator consists of an oscillator, PLL
multiplier circuit, system clock select circuit, medium-speed clock divider, bus master clock select
circuit, subclock input circuit, and subclock waveform forming circuit. Figure 22.1 shows a block
diagram of the clock pulse generator.

EXTAL —] | P o _ Medium-
Oscillator | multiplier - —m=| Speed clock
XTAL — rcui divider |¢/2
circuit
System clock to ¢/32 | Bus master
i select circuit o | clock select
circuit
PFSEL ¢
Subclock
SUB
oL — Subclock »-| Waveform ¢ X .
EXCL input circuit forming
circuit
\j
COW,E:TCTgck System clock Internal clock Bus master clock
u to ¢ pin to peripheral to CPU and DTC

modules

Figure22.1 Block Diagram of Clock Pulse Generator

The bus master clock is selected as either high-speed mode or medium-speed mode by software
according to the settings of the SCK2 to SCKO bits in the standby control register. Use of the
medium-speed clock (¢/2 to ¢/32) may be limited during CPU operation and when accessing the
internal memory of the CPU. The operation speed of the DTC and the external space access cycle
are thus stabilized regardless of the setting of medium-speed mode. For details on the standby
control register, see section 23.1.1, Standby Control Register (SBYCR).

The subclock input is controlled by software according to the EXCLE bit setting in the low power
control register. For details on the low power control register, see section 23.1.2, Low-Power
Control Register (LPWRCR).
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221 Oscillator

Clock pulses can be supplied either by connecting a crystal resonator or by providing external
clock input.

2211 Connecting Crystal Resonator

Figure 22.2 shows a typical method of connecting a crystal resonator. An appropriate damping
resistance R, given in table 22.1, should be used. An AT-cut parallel-resonance crystal resonator
should be used.

Figure 22.3 shows the equivalent circuit of a crystal resonator. A crystal resonator having the
characteristics given in table 22.2 should be used.

When PFSEL is high, the system clock (¢) frequency should be no more than 25 MHz and a
crystal resonator with frequency identical to that of the system clock (¢) should be used. When
PFSEL is low, a crystal resonator with % times the frequency of the system clock (¢) should be
used.

CL1
EXTAL ﬁ_—| I—Th'
=
XTAL —Mh—T——
— | Rq Crz

CL1=Cp,=10t0 22 pF

Figure22.2 Typical Connection to Crystal Resonator

Table22.1 Damping Resistance Values

Frequency (MHz) 5 8 10 12 16 20 25
R, (©) 300 200 0 0 0 0 0
CL
L R
XTAL EXTAL

AT-cut parallel-resonance crystal resonator

Figure22.3 Equivalent Circuit of Crystal Resonator
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Table22.2 Crystal Resonator Parameters

Frequency(MHz) 5 8 10 12 16 20 25
R, (max) () 100 80 70 60 50 40 30
C, (max) (pF) 7 7 7 7 7 7 7

22.1.2 External Clock Input Method

Figure 22.4 shows a typical method of connecting an external clock signal. To leave the XTAL pin
open, incidental capacitance should be 10 pF or less.

To input an inverted clock to the XTAL pin, the external clock should be set to high in standby
mode, subactive mode, subsleep mode, and watch mode. The frequency of the external clock
should be the same as that of the system clock (¢) when PFSEL is high. When PFSEL is low, an
external clock of 1/4 times the frequency of the system clock (¢) should be used.

EXTAL J-I_n_l-l_ External clock input

XTAL Open

(a) Example of external clock input when XTAL pin left open

EXTAL ;
XTAL

(b) Example of external clock input when an inverted clock is input to XTAL pin

J-I_l-l_l-l_ External clock input

Figure22.4 Example of External Clock Input

When a specified clock signal is input to the EXTAL pin, internal clock signal output is

exr) Das passed. As the clock
signal output is not determined during the t ., cycle, a reset signal should be set to low to hold it
in reset state. For the external clock output stabilization delay time, refer to table 25.5 and figure
25.8.

determined after the external clock output stabilization delay time (t
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22.2  PLL Multiplier Circuit

The PLL multiplier circuit generates a clock of 1 or 4 times the frequency of its input clock. The
PFSEL states and corresponding multiplier values are shown in table 22.5.

Table22.3 PFSEL and Multipliers

System Clock

Input Clock (MHz) PFSEL Multiplier (MHz)
Crystal Resonator 5 to 25 1 1 51025

5t0 8.25 0 4 20 to 33
External Clock 51033 1 1 510 33

5108.25 0 4 20 to 33

22.3  Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock (¢), and generates ¢/2, ¢/4, ¢/8, 0/16,
and ¢/32 clocks.

224 BusMaster Clock Select Circuit

The bus master clock select circuit selects a clock to supply the bus master with either the system
clock (¢) or medium-speed clock (¢/2, ¢/4, /8, ¢/16, or ¢/32) by the SCK?2 to SCKO bits in
SBYCR.

22,5  Subclock Input Circuit

The subclock input circuit controls subclock input from the EXCL pin. To use the subclock, a
32.768-kHz external clock should be input from the EXCL pin. At this time, the P96DDR bit in
PI9DDR should be cleared to 0, and the EXCLE bit in LPWRCR should be set to 1.

When the subclock is not used, subclock input should not be enabled.

22.6  Subclock Waveform Forming Cir cuit

To remove noise from the subclock input at the EXCL pin, the subclock is sampled by a divided ¢
clock. The sampling frequency is set by the NESEL bit in LPWRCR.

The subclock is not sampled in subactive mode, subsleep mode, or watch mode.
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227 Clock Select Circuit

The clock select circuit selects the system clock that is used in this LSI.

A clock generated by the oscillator, to which the EXTAL and XTAL pins are input, and multiplied
by the PLL circuit is selected as a system clock when returning from high-speed mode, medium-
speed mode, sleep mode, the reset state, or standby mode.

In subactive mode, subsleep mode, or watch mode, a subclock input from the EXCL pin is
selected as a system clock when the EXCLE bit in LPWRCR is 1. At this time, modules such as
the CPU, TMR_0, TMR_1, WDT_0, WDT_1, ports, and interrupt controller and their functions
operate on the SUB. The count clock and sampling clock for each timer are divided ¢SUB
clocks.

22.8 Usage Notes

22.8.1 Noteon Resonator

Since all kinds of characteristics of the resonator are closely related to the board design by the
user, use the example of resonator connection in this document for only reference; be sure to use
an resonator that has been sufficiently evaluated by the user. Consult with the resonator
manufacturer about the resonator circuit ratings which vary depending on the stray capacitances of
the resonator and installation circuit. Make sure the voltage applied to the oscillation pins do not
exceed the maximum rating.

22.8.2 Noteson Board Design

When using a crystal resonator, the crystal resonator and its load capacitors should be placed as
close as possible to the EXTAL and XTAL pins. Other signal lines should be routed away from
the oscillation circuit to prevent inductive interference with the correct oscillation as shown in
figure 22.5.

Prohibited ——Signal A Signal B

Cio : : This LSI
Th'—” T XTAL
= :
Th'—” T EXTAL
Cui ; ;

Figure22.5 Note on Board Design of Oscillation Circuit Section
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22.8.3 Noteon Operation Check

This LSI may oscillate at several kHz of frequency even when a crystal resonator is not connected
to the EXTAL and XTAL pins or an external clock is not input. Use this LSI after confirming that
the LSI operates with appropriate frequency.
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Section 23 Power-Down Modes

For operating modes after the reset state is cancelled, this LSI has not only the normal program
execution state but also seven power-down modes in which power consumption is significantly
reduced. In addition, there is also module stop mode in which reduced power consumption can be
achieved by individually stopping on-chip peripheral modules.

Medium-speed mode

System clock frequency for the CPU operation can be selected as ¢/2, ¢/4, ¢/8, ¢/16,0r ¢/32.
Subactive mode

The CPU operates based on the subclock and on-chip peripheral modules other than TMR_0,
TMR_1, WDT_0, and WDT_1 stop operating.

Sleep mode

The CPU stops but on-chip peripheral modules continue operating.

Subsleep mode

The CPU and on-chip peripheral modules other than TMR_0, TMR_1, WDT_0, and WDT _1
stop operating.

Watch mode

The CPU and on-chip peripheral modules other than WDT_1 stop operating.

Software standby mode

Clock oscillation stops, and the CPU and on-chip peripheral modules stop operating.
Hardware standby mode

Clock oscillation stops, and the CPU and on-chip peripheral modules enter reset state.
Module stop mode

Independently of above operating modes, on-chip peripheral modules that are not used can be
stopped individually.
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23.

1 Register Descriptions

Power-down modes are controlled by the following registers. To access SBYCR, LPWRCR,
MSTPCRH, and MSTPCRL, the FLSHE bit in the serial timer control register (STCR) must be
cleared to 0. For details on STCR, see section 3.2.3, Serial Timer Control Register (STCR).

Standby control register (SBYCR)

Low power control register (LPWRCR)

Module stop control register H (MSTPCRH)

Module stop control register L (MSTPCRL)

Module stop control register A (MSTPCRA)

Sub-chip module stop control register BH, BL (SUBMSTPBH, SUBMSTPBL)
Sub-chip module stop control register AH, AL (SUBMSTPAH, SUBMSTPAL)

2311 Standby Control Register (SBYCR)

SBYCR controls power-down modes.

Bit

Bit Name Initial Value R/W  Description

7

SSBY 0 R/W  Software Standby

Specifies the operating mode to be entered after executing
the SLEEP instruction.

When the SLEEP instruction is executed in high-speed
mode or medium-speed mode:

0: Shifts to sleep mode
1: Shifts to software standby mode, subactive mode, or
watch mode

When the SLEEP instruction is executed in subactive
mode:

0: Shifts to subsleep mode
1: Shifts to watch mode or high-speed mode

Note that the SSBY bit is not changed even if a mode
transition occurs by an interrupt.
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Bit Bit Name Initial Value R/W

Description

STS2 0
STS1 0
STSO 0

OO

R/W
R/W
R/W

Standby Timer Select 210 0

Select the wait time for clock settling from clock oscillation
start when canceling software standby mode, watch mode,
or subactive mode. Select a wait time of 8 ms (oscillation
settling time) or more, depending on the operating
frequency.

With an external clock, select a wait time of 500 pus
(external clock output settling delay time) or more,
depending on the operating frequency.

Table 23.1 shows the relationship between the STS2 to
STSO0 values and wait time.

3 DTSPEED 0

R/W

DTC Speed

Specifies the operating clock for the bus masters (DTC)

other than the CPU in medium-speed mode.

0: All bus masters operate based on the medium-speed
clock.

1: The DTC operates based on the system clock.

The operating clock is changed when a DTC transfer is
requested even if the CPU operates based on the medium-
speed clock.

2 SCK2 0
1 SCK1 0
0 SCKO 0

R/W
R/W
R/W

System Clock Select2t0 0

Select a clock for the bus master in high-speed mode or
medium-speed mode.

When making a transition to subactive mode or watch
mode, SCK2 to SCKO must be cleared to 0.

000: High-speed mode (Initial value)
001: Medium-speed clock: ¢/2

010: Medium-speed clock: ¢/4

011: Medium-speed clock: ¢/8

100: Medium-speed clock: ¢/16
101: Medium-speed clock: ¢/32

11*: Must not be set.

[Legend]
*; Don't care
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Table23.1 Operating Frequency and Wait Time

STS2 STS1 STSO Wait Time 33M Hz 25M Hz 20 MHz 10 MHz 8 MHz 6 MHz Unit
0 0 0 8192 states 0.2 0.3 0.4 0.8 1.0 1.3 ms
0 0 1 16384 states 0.5 0.7 0.8 1.6 2.0 2.7

0 1 0 32768 states 1.0 1.3 1.6 3.3 4.1 5.5

0 1 1 65536 states 2.0 2.6 3.3 6.6 8.2 10.9

1 0 0 131072 states 4.0 5.2 6.6 13.1 16.4 21.8

1 0 1 262144 states 8.0 10.5 131 26.2 32.8 43.7

1 1 0 Reserved — — — — — —

1 1 1 16 states* 0.5 0.7 0.8 1.6 2.0 2.7 us

[ ] Recommended specification
Note: Setting prohibited.

23.1.2 Low-Power Control Register (LPWRCR)

LPWRCR controls power-down modes and signals in the multiplex bus extended mode.

Initial
Bit Bit Name Value R/W Description
7 DTON 0 R/W Direct Transfer On Flag

Specifies the operating mode to be entered after executing the
SLEEP instruction.

When the SLEEP instruction is executed in high-speed mode or
medium-speed mode:

0: Shifts to sleep mode, software standby mode, or watch mode

1: Shifts directly to subactive mode, or shifts to sleep mode or
software standby mode

When the SLEEP instruction is executed in subactive mode:

0: Shifts to subsleep mode or watch mode

1: Shifts directly to high-speed mode, or shifts to subsleep mode

Rev. 3.00, 03/04, page 730 of 830
RENESAS



Bit Bit Name

R/W Description

6 LSON

R/W Low-Speed On Flag

Specifies the operating mode to be entered after executing the
SLEEP instruction. This bit also controls whether to shift to high-
speed mode or subactive mode when watch mode is cancelled.

When the SLEEP instruction is executed in high-speed mode or
medium-speed mode:

0: Shifts to sleep mode, software standby mode, or watch mode
1: Shifts to watch mode or subactive mode

When the SLEEP instruction is executed in subactive mode:

0: Shifts directly to watch mode or high-speed mode

1: Shifts to subsleep mode or watch mode

When watch mode is cancelled:

0: Shifts to high-speed mode

1: Shifts to subactive mode

5 NESEL

R/W Noise Elimination Sampling Frequency Select

Selects the frequency by which the subclock (¢SUB) input from
the EXCL pin is sampled using the clock (¢) generated by the
system clock pulse generator.

0: Sampling using ¢/32 clock
1: Sampling using ¢/4 clock

4 EXCLE

R/W Subclock Input Enable
Enables/disables subclock input from the EXCL pin.
0: Disables subclock input from the EXCL pin
1: Enables subclock input from the EXCL pin

R/W Reserved

The initial value should not be changed.

2 PNCCS

R/W Address Multiplex Chip Select

Controls the output polarity of chip select signals (CS256, CPCS,
I0S) in the address multiplex extended mode.

0: Outputs CS256, CPCS, and 1I0S
1: Outputs CS256, CPCS, and 10S

1 PNCAH

R/W Address Multiplex Address Hold

Controls the output polarity of the address hold signal (AH) in the
address multiplex extended mode.

0: Outputs AH
1: Outputs AH
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Bit Bit Name

Initial

Value R/W Description

0 —

0 R/W Reserved
The initial value should not be changed.

23.1.3 Module Stop Control RegistersH, L, and A (MSTPCRH, MSTPCRL, MSTPCRA)

MSTPCR specifies on-chip peripheral modules to shift to module stop mode in module units.
Each module can enter module stop mode by setting the corresponding bit to 1.

e MSTPCRH
Bit Bit Name Initial Value R/W  Corresponding Module
7 MSTP15 0 R/W  Reserved
The initial value should not be changed.
6 MSTP14 O R/W  Data transfer controller (DTC)
5 MSTP13 1 R/W  16-bit free-running timer (FRT)
4 MSTP12 1 R/W  8-bit timers (TMR_0, TMR_1)
3 MSTP11 1 R/W  8-bit PWM timer (PWM), 14-bit PWM timer (PWMX)
2 MSTP10 1 R/W  D/A converter
1 MSTP9 1 R/W  A/D converter
0 MSTP8 1 R/W  8-bit timers (TMR_X, TMR_Y)
e MSTPCRL
Bit Bit Name Initial Value R/W  Corresponding Module
7 MSTP7 1 R/W  Serial communication interface 0 (SCI_0)
6 MSTP6 1 R/W  Serial communication interface 1 (SCI_1)
5 MSTP5 1 R/W  Serial communication interface 2 (SCI_2)
4 MSTP4 1 R/W  I’C bus interface channel 0 (IIC_0)
3 MSTP3 1 R/W  I°C bus interface channel 1 (IIC_1)
2 MSTP2 1 R/W  I’C bus interface channel 2, 3 (IIC_2, lIC_3)
1 MSTP1 1 R/W  CRC operation circuit
0 MSTPO 1 R/W  I°C bus interface channel 4, 5 (IIC_4, IIC_5)
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e MSTPCRA

Initial
Bit Bit Name Value R/W  Corresponding Module
7t03 MSTPA7to AllO R/W  Reserved

MSTPA3 The initial values should not be changed.
2 MSTPA2 0 R/W  14-bit PWM timer (PWMX_1)
1 MSTPA1 0 R/W  14-bit PWM timer (PWMX_0)
0 MSTPAO 0 R/W  8-bit PWM timer (PWM)

MSTPCR sets operation and stop by the combination of bits as follows:

MSTPCRH (bit 3) MSTPCRA (bit 2)

MSTP11 MSTPA2 Function

0 0 14-bit PWM timer (PWMX_1) operates.
0 1 14-bit PWM timer (PWMX_1) stops.

1 0 14-bit PWM timer (PWMX_1) stops.

1 1 14-bit PWM timer (PWMX_1) stops.

MSTPCRH (bit 3) MSTPCRA (bit 1)

MSTP11 MSTPA1 Function

0 0 14-bit PWM timer (PWMX_0) operates.
0 1 14-bit PWM timer (PWMX_0) stops.

1 0 14-bit PWM timer (PWMX_0) stops.

1 1 14-bit PWM timer (PWMX_0) stops.

MSTPCRH (bit 3) MSTPCRA (bit 0)

MSTP11 MSTPAO Function

0 0 8-bit PWM timer (PWM) operates.
0 1 8-bit PWM timer (PWM) stops.

1 0 8-bit PWM timer (PWM) stops.

1 1 8-bit PWM timer (PWM) stops.

Note: Bit 3 of MSTPCRH is the module stop bit of PWM, PWMX_0, and PWMX_1.
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23.1.4  Sub-Chip Module Stop Control RegistersBH, BL (SUBMSTPBH, SUBMSTPBL)

SUBMSTPB specifies on-chip peripheral modules to shift to module stop mode in module units.
Each module can enter module stop mode by setting the corresponding bit to 1.

e SUBMSTPBH

Bit Bit Name {;‘;Iua; R/W  Corresponding Module
7t0o 0 SMSTPB15 All1 R/W  Reserved

to SMSTPB8 The initial values should not be changed.
e SUBMSTPBL

Initial

Bit Bit Name Value R/W  Corresponding Module
7to1 SMSTPB7  All1 R/W  Reserved

to SMSTPB1 The initial values should not be changed.
0 SMSTPBO 1 R/W  LPC interface (LPC)

23.1.5 Sub-Chip Module Stop Control RegistersAH, AL (SUBMSTPAH, SUBM STPAL)
Set the values in SUBMSTPAH and SUBMSTPAL same as in SUBMSTPBH and SUBMSTPBL.

e SUBMSTPAH

Bit Bit Name l\glua; R/W  Corresponding Module
7100 SMSTPA15 All1 w Reserved

to SMSTPA8 The initial values should not be changed.
e SUBMSTPAL

Initial

Bit Bit Name Value R/W  Corresponding Module
7to1 SMSTPA7 All 1 w Reserved

to SMSTPAT The initial values should not be changed.
0 SMSTPAO 1 w LPC interface (LPC)
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23.2 ModeTransitionsand LS| States

Figure 23.1 shows the enabled mode transition diagram. The mode transition from program
execution state to program halt state is performed by the SLEEP instruction. The mode transition
from program halt state to program execution state is performed by an interrupt. The STBY input
causes a mode transition from any state to hardware standby mode. The RES input causes a mode
transition from a state other than hardware standby mode to the reset state. Table 23.2 shows the
LSI internal states in each operating mode.
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Program halt state

Hardware
standby mode

Reset state -
STBY pin = High
RES pin = Low

. RES pin = High
Program execution state

Sleep mode
(main clock)

High-speed mode

(main clock)

'
|
|
|
|
|
I
|
|
I
|

SLEEP SSBY =1,
'SCKOare | | SCKO are \%‘ PSS =0,LSON =0
10 not 0 \\ Software
External

| Medium-speed
! mode

interrupt *3

'SCK2to | | SCK2to |
(main clock) 1

SSBY =1
Interrupt *1 :
mermip PSS =1,DTON =0

LSON bit =0
' SLEEP instruction SLEEP instruction Watch mode
' SSBY =1,PSS=1, SSBY =1,PSS=1, (subclock)
DTON=1,LSON =0 DTON=1,LSON =1 SLEEP
| After the oscillation Clock switching
| stabilization time exception processing

1 (STS2 to STS0), clock
' switching exception

> SSBY = 0,
| processing

PSS =1, LSON = 1

Interrupt *1
LSON bit = 1

SLEEP instruction

Subactive mode

» | Subsleep mode

(subclock)

standby mode i
Interrupt *2 3

f (subclock)

— : Transition after exception processing @: Power-down mode

Notes: ¢ When a transition is made between modes by means of an interrupt, the transition cannot be made
on interrupt source generation alone. Ensure that interrupt handling is performed after accepting the
interrupt request.

* Always select high-speed mode before making a transition to watch mode or sub-active mode.

1. NMI, IRQO to IRQ15, KINO to KIN15, WUE8 to WUE15, and WDT_1 interrupts

2. NMI, IRQO to IRQ15, KINO to KIN15, WUES8 to WUE15, WDT_0, WDT_1, TMR_O,
and TMR_1 interrupts

3. NMI, IRQO to IRQ15, KINO to KIN15, and WUE8 to WUE15 interrupts

Figure23.1 Mode Transition Diagram
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Table23.2 LSl Internal Statesin Each M ode

High- Medium- Module Sub- Sub- Software Hardware
Function Speed  Speed Sleep Stop Watch Active Sleep Standby  Standby
System clock pulse Function- Function- Function- Function- Halted Halted Halted Halted Halted
generator ing ing ing ing
Subclock pulse generator Function- Function- Function-  Function- Function-  Function-  Function- Halted Halted
ing ing ing ing ing ing ing
CPU Instruction Function- Function- Halted Function- Halted Subclock  Halted Halted Halted
execution ing ing in ing operation
R medium- R - - R )
Registers speed Retained Retained Retained  Retained Undefined
mode
External  NMI Function- Function- Function- Function- Function- Function- Function- Function-  Halted
interrupts ———— i i i i i i i
IRQO 1o ing ing ing ing ing ing ing ing
IRQ15
KINO to
KIN15
WUES to
WUE15
Peripheral DTC Function- Function- Function- Function- Halted Halted Halted Halted Halted
modules ing ing in ing ing/Halted (retained) (retained) (retained) (retained) (reset)
medium- (retained)
speed
mode/
Function-
ing
WDT_1 Function- Function- Subclock  Subclock  Subclock
ing ing operation operation operation
WDT_0 Halted
(retained)
TMR_O, Function-
TMR_1 ing/Halted
LPC (retained) Halted  Halted
FRT (retained) (retained)
TMR_X,
TMR_Y
IIC_0to lIC_5
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High- Medium Module Sub- Sub- Software Hardware

Function Speed -Speed  Sleep Stop Watch Active Sleep Standby  Standby
Peripheral CRC Function- Function- Function- Function- Halted Halted Halted Halted Halted
modules D/A converter ing ing ing |ng/HaIted (retained) (retained) (retained) (retained) (reset)
(retained)
SCI_Oto Function- Halted Halted Halted Halted
SCI_2 ing/Halted (retained/ (retained/ (retained/ (retained/
(retained/ reset) reset) reset) reset)
reset)
PWM Function- Halted Halted Halted Halted
- ing/Halted (reset reset reset reset
PWMX_0, 9 (reset) (reset) (reset) (reset)
(reset)
PWMX_1
A/D converter
RAM Function- Function- Retained Function- Retained Retained Retained
ing (DTC) ing ing
/0 Function- Function- High
ing ing impedance

Notes: Halted (retained) means that internal register values are retained. The internal state is
operation suspended.

Halted (reset) means that internal register values and internal states are initialized.

In module stop mode, only modules for which a stop setting has been made are halted
(reset or retained).
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23.3 Medium-Speed Mode

The CPU makes a transition to medium-speed mode as soon as the current bus cycle ends
according to the setting of the SCK2 to SCKO bits in SBYCR. In medium-speed mode, the CPU
operates on the operating clock (¢/2, ¢/4, ¢/8, 0/16, or ¢/32) specified by the SCK2 to SCKO bits.
The bus masters other than the CPU (DTC) also operate in medium-speed mode when the
DTSPEED bit in SBYCR is cleared to 0. On-chip peripheral modules other than the bus masters
always operate on the system clock (¢).

When the DTSPEED bit in SBYCR or the EXCKS bit in BCR2 is set to 1, the ¢ clock can be used
as the DTC operating clock or external extended area bus cycle clock.

In medium-speed mode, a bus access is executed in the specified number of states with respect to
the bus master operating clock. For example, if ¢/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal I/O registers in 8 states.

By clearing all of bits SCK2 to SCKO to 0, a transition is made to high-speed mode at the end of
the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBYCR is cleared to 0, and the LSON
bit in LPWRCR is cleared to 0, a transition is made to sleep mode. When sleep mode is cleared by
an interrupt, medium-speed mode is restored. When the SLEEP instruction is executed with the
SSBY bit set to 1, the LSON bit cleared to 0, and the PSS bit in TCSR (WDT_1) cleared to 0,
operation shifts to software standby mode. When software standby mode is cleared by an external
interrupt, medium-speed mode is restored.

When the RES pin is set low, medium-speed mode is cancelled and operation shifts to the reset
state. The same applies in the case of a reset caused by overflow of the watchdog timer.

When the STBY pin is driven low, a transition is made to hardware standby mode.

Figure 23.2 shows an example of medium-speed mode timing.
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Medium-speed mode

e it
1

Bus master clock

Internal address bus < SBYCR >< >< ><

won )

Internal write signal

.

Figure23.2 Medium-Speed Mode Timing

234  Sleep Mode

The CPU makes a transition to sleep mode if the SLEEP instruction is executed when the SSBY
bit in SBYCR is cleared to O and the LSON bit in LPWRCR is cleared to 0. In sleep mode, CPU
operation stops but the peripheral modules do not stop. The contents of the CPU’s internal

registers are retained.

Sleep mode is exited by any interrupt, the RES pin, or the STBY pin.

When an interrupt occurs, sleep mode is exited and interrupt exception handling starts. Sleep mode
is not exited if the interrupt is disabled, or interrupts other than NMI are masked by the CPU.

Setting the RES pin level low cancels sleep mode and selects the reset state. After the oscillation
settling time has passed, driving the RES pin high causes the CPU to start reset exception

handling.

When the STBY pin level is driven low, a transition is made to hardware standby mode.
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235  Software Standby Mode

The CPU makes a transition to software standby mode when the SLEEP instruction is executed
with the SSBY bit in SBYCR set to 1, the LSON bit in LPWRCR cleared to 0, and the PSS bit in
TCSR (WDT_1) cleared to 0.

In software standby mode, the CPU, on-chip peripheral modules, and clock pulse generator all
stop. However, the contents of the CPU registers, on-chip RAM data, I/O ports, and the states of
on-chip peripheral modules other than the PWM, PWMX, A/D converter, and part of the SCI are
retained as long as the prescribed voltage is supplied.

Software standby mode is cleared by an external interrupt (NMI, IRQO to IRQ15, KINO to KIN15,
or WUES to WUELS5), the RES pin input, or STBY pin input.

When an external interrupt request signal is input, system clock oscillation starts, and after the
elapse of the time set in bits STS2 to STSO in SBYCR, software standby mode is cleared, and
interrupt exception handling is started. When exiting software standby mode with an IRQO to
IRQ15 interrupt, set the corresponding enable bit to 1. When exiting software standby mode with a
KINO to KIN15 or WUES to WUEIS5 interrupt, enable the input. In these cases, ensure that no
interrupt with a higher priority than interrupts IRQO to IRQ15 is generated. In the case of an IRQO
to IRQ15 interrupt, software standby mode is not exited if the corresponding enable bit is cleared
to O or if the interrupt has been masked by the CPU. In the case of a KINO to KIN15 or WUES to
WUEIS interrupt, software standby mode is not exited if input is disabled or if the interrupt has
been masked by the CPU.

When the RES pin is driven low, system clock oscillation is started. At the same time as system
clock oscillation starts, the system clock is supplied to the entire LSI. Note that the RES pin must
be held low until clock oscillation settles. When the RES pin goes high after clock oscillation
settles, the CPU begins reset exception handling.

When the STBY pin is driven low, software standby mode is cancelled and a transition is made to
hardware standby mode.

Figure 23.3 shows an example in which a transition is made to software standby mode at the
falling edge of the NMI pin, and software standby mode is cleared at the rising edge of the NMI
pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SYSCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge of the NMI pin.
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NMI exception Software standby mode e NMI exception

handling (power-down mode) Oscillation handling
NMIEG = 1 stabilization
SSBY =1 time tosco

SLEEP instruction

Figure23.3 Software Standby Mode Application Example
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23.6 Hardware Standby Mode

The CPU makes a transition to hardware standby mode from any mode when the STBY pin is
driven low.

In hardware standby mode, all functions enter the reset state. As long as the prescribed voltage is
supplied, on-chip RAM data is retained. The I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SYSCR should be cleared to 0 before
driving the STBY pin low. Do not change the state of the mode pins (MD2, MD1, and MDO)
while this LSI is in hardware standby mode.

Hardware standby mode is cleared by the STBY pin input or the RES pin input.

When the STBY pin is driven high while the RES pin is low, clock oscillation is started. Ensure
that the RES pin is held low until system clock oscillation settles. When the RES pin is
subsequently driven high after the clock oscillation settling time has passed, reset exception
handling starts.

Figure 23.4 shows an example of hardware standby mode timing.

osaiaror [ | [ [[[[[[][]] e
RES } {

STBY * +
Oscillation Reset
stabilization exception
time handling

Figure23.4 Hardware Standby Mode Timing

Rev. 3.00, 03/04, page 743 of 830
RENESAS




23.7 Watch Mode

The CPU makes a transition to watch mode when the SLEEP instruction is executed in high-speed
mode or subactive mode with the SSBY bit in SBYCR set to 1, the DTON bit in LPWRCR
cleared to 0, and the PSS bit in TCSR (WDT _1) set to 1.

In watch mode, the CPU is stopped and peripheral modules other than WDT_1 are also stopped.
The contents of the CPU’s internal registers, several on-chip peripheral module registers, and on-
chip RAM data are retained and the I/O ports retain their values before transition as long as the
prescribed voltage is supplied.

Watch mode is exited by an interrupt (WOVI1, NMI, IRQO to IRQ15, KINO to KIN15, or WUES
to WUEI1S5), RES pin input, or STBY pin input.

When an interrupt occurs, watch mode is exited and a transition is made to high-speed mode or
medium-speed mode when the LSON bit in LPWRCR cleared to O or to subactive mode when the
LSON bit is set to 1. When a transition is made to high-speed mode, a stable clock is supplied to
the entire LSI and interrupt exception handling starts after the time set in the STS2 to STSO bits in
SBYCR has elapsed.

In the case of an IRQO to IRQ15 interrupt, watch mode is not exited if the corresponding enable
bit has been cleared to O or the interrupt is masked by the CPU. In the case of a KINO to KIN15 or
WUES to WUEIS interrupt, watch mode is not exited if input is disabled or the interrupt is
masked by the CPU. In the case of an interrupt from the on-chip peripheral modules, watch mode
is not exited if the interrupt enable register has been set to disable the reception of that interrupt or
the interrupt is masked by the CPU.

When the RES pin is driven low, system clock oscillation starts. Simultaneously with the start of
system clock oscillation, the system clock is supplied to the entire LSI. Note that the RES pin
must be held low until clock oscillation is settled. If the RES pin is driven high after the clock
oscillation settling time has passed, the CPU begins reset exception handling.

If the STBY pin is driven low, the LSI enters hardware standby mode.
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23.8  Subsleep Mode

The CPU makes a transition to subsleep mode when the SLEEP instruction is executed in
subactive mode with the SSBY bit in SBYCR cleared to 0, the LSON bit in LPWRCR setto 1,
and the PSS bit in TCSR (WDT_1) set to 1.

In subsleep mode, the CPU is stopped. Peripheral modules other than TMR_0, TMR_1, WDT_0,
and WDT_1 are also stopped. The contents of the CPU’s internal registers, several on-chip
peripheral module registers, and on-chip RAM data are retained and the I/O ports retain their
values before transition as long as the prescribed voltage is supplied.

Subsleep mode is exited by an interrupt (interrupts by on-chip peripheral modules, NMI, IRQO to
IRQ15, KINO to KIN15, or WUES to WUELS), the RES pin input, or the STBY pin input.

When an interrupt occurs, subsleep mode is exited and interrupt exception handling starts.

In the case of an IRQO to IRQ1S5 interrupt, subsleep mode is not exited if the corresponding enable
bit has been cleared to O or the interrupt is masked by the CPU. In the case of a KINO to KIN15 or
WUES to WUEIS interrupt, subsleep mode is not exited if input is disabled or the interrupt is
masked by the CPU. In the case of an interrupt from the on-chip peripheral modules, subsleep
mode is not exited if the interrupt enable register has been set to disable the reception of that
interrupt or the interrupt is masked by the CPU.

When the RES pin is driven low, system clock oscillation starts. Simultaneously with the start of
system clock oscillation, the system clock is supplied to the entire LSI. Note that the RES pin
must be held low until clock oscillation is settled. If the RES pin is driven high after the clock
oscillation settling time has passed, the CPU begins reset exception handling.

If the STBY pin is driven low, the LSI enters hardware standby mode.
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239 Subactive Mode

The CPU makes a transition to subactive mode when the SLEEP instruction is executed in high-
speed mode with the SSBY bit in SBYCR set to 1, the DTON bit and LSON bit in LPWRCR set
to 1, and the PSS bit in TCSR (WDT_1) set to 1. When an interrupt occurs in watch mode, and if
the LSON bit in LPWRCR is 1, a direct transition is made to subactive mode. Similarly, if an
interrupt occurs in subsleep mode, a transition is made to subactive mode.

In subactive mode, the CPU operates at a low speed based on the subclock and sequentially
executes programs. Peripheral modules other than TMR_0, TMR_1, WDT_0, and WDT_1 are
also stopped.

When operating the CPU in subactive mode, the SCK2 to SCKO bits in SBYCR must be cleared to
0.

Subactive mode is exited by the SLEEP instruction, RES pin input, or STBY pin input.

When the SLEEP instruction is executed with the SSBY bit in SBYCR set to 1, the DTON bit in
LPWRCR cleared to 0, and the PSS bit in TCSR (WDT_1) set to 1, the CPU exits subactive mode
and a transition is made to watch mode. When the SLEEP instruction is executed with the SSBY
bit in SBYCR cleared to 0, the LSON bit in LPWRCR set to 1, and the PSS bit in TCSR (WDT_1)
set to 1, a transition is made to subsleep mode. When the SLEEP instruction is executed with the
SSBY bit in SBYCR set to 1, the DTON bit and LSON bit in LPWRCR set to 10, and the PSS bit
in TCSR (WDT_1) set to 1, a direct transition is made to high-speed mode.

For details of direct transitions, see section 23.11, Direct Transitions.

When the RES pin is driven low, system clock oscillation starts. Simultaneously with the start of
system clock oscillation, the system clock is supplied to the entire LSI. Note that the RES pin
must be held low until the clock oscillation is settled. If the RES pin is driven high after the clock
oscillation settling time has passed, the CPU begins reset exception handling.

If the STBY pin is driven low, the LSI enters hardware standby mode.
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23.10 Module Stop Mode
Module stop mode can be individually set for each on-chip peripheral module.

When the corresponding MSTP bit in MSTPCR and SUBMSTP is set to 1, module operation
stops at the end of the bus cycle and a transition is made to module stop mode. In turn, when the
corresponding MSTP bit is cleared to 0, module stop mode is cancelled and the module operation
resumes at the end of the bus cycle. In module stop mode, the internal states of on-chip peripheral
modules other than the PWM, PWMX, A/D converter, and part of the SCI are retained.

After the reset state is cancelled, all modules other than DTC are in module stop mode.

While an on-chip peripheral module is in module stop mode, read/write access to its registers is
disabled.

23.11 Direct Transitions

The CPU executes programs in three modes: high-speed, medium-speed, and subactive. When a
direct transition is made from high-speed mode to subactive mode, there is no interruption of
program execution. A direct transition is enabled by setting the DTON bit in LPWRCR to 1 and
then executing the SLEEP instruction. After a transition, direct transition exception handling
starts.

The CPU makes a transition to subactive mode when the SLEEP instruction is executed in high-
speed mode with the SSBY bit in SBYCR set to 1, the LSON bit and DTON bit in LPWRCR set
to 11, and the PSS bit in TCSR (WDT_1) set to 1.

To make a direct transition to high-speed mode after the time set in the STS2 to STSO bits in
SBYCR has elapsed, execute the SLEEP instruction in subactive mode with the SSBY bit in
SBYCR set to 1, the LSON bit and DTON bit in LPWRCR set to 01, and the PSS bit in TCSR
(WDT_1) setto 1.
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23.12 Usage Notes

23121 1/O Port Status

The status of the I/O ports is retained in software standby mode. Therefore, when a high level is
output, the current consumption is not reduced by the amount of current to support the high level
output.

23.12.2 Current Consumption when Waiting for Oscillation Settling

The current consumption increases during oscillation settling.

23.12.3 DTC Module Stop Mode

If the DTC module stop mode specification and DTC bus request occur simultaneously, the bus is
released to the DTC and the MSTP bit cannot be set to 1. After completing the DTC bus cycle, set
the MSTP bit to 1 again.

23.12.4 Noteson Subclock Usage

When using the subclock, make a transition to power-down mode after setting the EXCLE bit in
LPWRCR to 1 and loading the subclock two or more cycles. When not using the sublock, the
EXCLE bit should not be set to 1.

Rev. 3.00, 03/04, page 748 of 830
RENESAS



Section 24 List of Registers

The register list gives information on the on-chip I/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register Addresses (address order)
e Registers are listed from the lower allocation addresses.
e The MSB-side address is indicated for 16-bit addresses.
e Registers are classified by functional modules.

The access size is indicated.
2. Register Bits

e Bit configurations of the registers are described in the same order as the Register Addresses
(address order) above.

e Reserved bits are indicated by — in the bit name column.

e The bit number in the bit-name column indicates that the whole register is allocated as a
counter or for holding data.

e 16-bit registers are indicated from the bit on the MSB side.
3. Register States in Each Operating Mode

e Register states are described in the same order as the Register Addresses (address order)
above.

e The register states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.

24.1 Register Addresses (Address Order)
The data bus width indicates the numbers of bits by which the register is accessed.
The number of access states indicates the number of states based on the specified reference clock.

Note: Access to undefined or reserved addresses is prohibited. Since operation or continued
operation is not guaranteed when these registers are accessed, do not attempt such access.
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Data Number

Number Bus of Access
Register Name Abbreviation of Bits  Address Module Width  States
Host interface control register_4 HICR4 8 H'FEOO LPC 16 2
BT status register_0 BTSRO 8 HFEO2 LPC 16 2
BT status register_1 BTSR1 8 H'FEO3 LPC 16 2
BT control status register_0 BTCSRO 8 H'FEO4 LPC 16 2
BT control status register_1 BTCSR1 8 H'FEO5 LPC 16 2
BT control register BTCR 8 H'FEO6 LPC 16 2
BT interrupt mask register 0 BTIMSR 8 H'FEO7 LPC 16 2
SMIC flag register SMICFLG 8 H'FEO8 LPC 16 2
SMIC control status register 1 SMICCSR 8 H'FEOA LPC 16 2
SMIC data register SMICDTR 8 H'FEOB LPC 16 2
SMIC interrupt register_0 SMICIRO 8 H'FEOC LPC 16 2
SMIC interrupt register_1 SMICIR1 8 H'FEOE LPC 16 2
Two-way data register OMW TWROMW 8 H'FE10 LPC 16 2
Two-way data register 0OSW TWROSW 8 H'FE10 LPC 16 2
Two-way data register 1 TWR1 8 H'FE11 LPC 16 2
Two-way data register 2 TWR2 8 H'FE12 LPC 16 2
Two-way data register 3 TWRS3 8 HFE13 LPC 16 2
Two-way data register 4 TWR4 8 H'FE14 LPC 16 2
Two-way data register 5 TWR5 8 H'FE15 LPC 16 2
Two-way data register 6 TWR6 8 H'FE16 LPC 16 2
Two-way data register 7 TWR7 8 HFE17 LPC 16 2
Two-way data register 8 TWRS8 8 H'FE18 LPC 16 2
Two-way data register 9 TWR9 8 H'FE19 LPC 16 2
Two-way data register 10 TWR10 8 HFE1A LPC 16 2
Two-way data register 11 TWRI11 8 HFE1B LPC 16 2
Two-way data register 12 TWR12 8 HFE1C LPC 16 2
Two-way data register 13 TWR13 8 H'FE1D LPC 16 2
Two-way data register 14 TWR14 8 HFE1E LPC 16 2
Two-way data register 15 TWR15 8 HFE1F LPC 16 2
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Data Number

Number Bus of Access
Register Name Abbreviation of Bits  Address Module Width  States
Input data register 3 IDR3 8 H'FE20 LPC 16 2
Output data register 3 ODR3 8 H'FE21 LPC 16 2
Status register 3 STR3 8 H'FE22 LPC 16 2
LPC channel 3 address register H LADR3H 8 H'FE24 LPC 16 2
LPC channel 3 address register L LADR3L 8 HFE25 LPC 16 2
SERIRQ control register 0 SIRQCRO 8 H'FE26 LPC 16 2
SERIRQ control register 1 SIRQCR1 8 H'FE27 LPC 16 2
Input data register 1 IDR1 8 H'FE28 LPC 16 2
Output data register 1 ODR1 8 HFE29 LPC 16 2
Status register 1 STR1 8 H'FE2A LPC 16 2
Input data register 2 IDR2 8 H'FE2C LPC 16 2
Output data register 2 ODR2 8 HFE2D LPC 16 2
Status register 2 STR2 8 HFE2E LPC 16 2
Host interface select register HISEL 8 HFE2F LPC 16 2
Host interface control register 0 HICRO 8 H'FE30 LPC 16 2
Host interface control register 1 HICR1 8 H'FE31 LPC 16 2
Host interface control register 2 HICR2 8 HFE32 LPC 16 2
Host interface control register 3 HICR3 8 H'FE33 LPC 16 2
SERIRQ control register 2 SIRQCR2 8 H'FE34 LPC 16 2
BT data buffer BTDTR 8 HFE35 LPC 16 2
BT FIFO enable size register 0 BTFVSRO 8 HFE36 LPC 16 2
BT FIFO enable size register 1 BTFVSR1 8 H'FE37 LPC 16 2
LPC channel 1, 2 address register H LADR12H 8 H'FE38 LPC 16 2
LPC channel 1, 2 address register L LADR12L 8 H'FE39 LPC 16 2
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Data Number
Number Bus of Access

Register Name Abbreviation of Bits = Address Module Width  States

Sub-chip module stop control register SUBMSTPAH 8 H'FE3C SYSTEM 8 2

AH

Sub-chip module stop control register SUBMSTPAL 8 H'FE3D SYSTEM 8 2

AL

Sub-chip module stop control register SUBMSTPBH 8 H'FE3E SYSTEM 8 2

BH

Sub-chip module stop control register SUBMSTPBL 8 H'FE3F SYSTEM 8 2

BL

Event count status register ECS 16 HFE40 EVC 16 2

Event count control register ECCR 8 H'FE42 EVC 8 2

Module stop control register A MSTPCRA 8 H'FE43 SYSTEM 8 2

Noise canceler enable register P6NCE 8 H'FE44 PORT 8 2

Noise canceler decision control register PBNCMC 8 H'FE45 PORT 8 2

Noise canceler cycle setting register PBNCCS 8 H'FE46 PORT 8 2

Port E output data register PEODR 8 H'FE48 PORT 8 2

Port F output data register PFODR 8 H'FE49 PORT 8 2

Port E input data register PEPIN 8 H'FE4A PORT 8 2
(Read)

Port E data direction register PEDDR 8 H'FE4A PORT 8 2
(Write)

Port F input data register PFPIN 8 H'FE4B PORT 8 2
(Read)

Port F data direction register PFDDR 8 H'FE4B PORT 8 2
(Write)

Port C output data register PCODR 8 H'FE4C PORT 8 2

Port D output data register PDODR 8 HFE4D PORT 8 2

Port C input data register PCPIN 8 H'FE4E PORT 8 2
(Read)

Port C data direction register PCDDR 8 H'FE4E PORT 8 2
(Write)

Port D input data register PDPIN 8 H'FE4F PORT 8 2
(Read)
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Data Number

Number Bus of Access
Register Name Abbreviation of Bits  Address Module Width  States
Port D data direction register PDDDR 8 H'FE4F PORT 8 2
(Write)

Flash code control status register FCCS 8 H'FE88 FLASH 8 2
Flash program code select register FPCS 8 H'FE89 FLASH 8 2
Flash erase code select register FECS 8 H'FE8SA FLASH 8 2
Flash key code register FKEY 8 H'FE8C FLASH 8 2
Flash MAT select register FMATS 8 H'FE8D FLASH 8 2
Flash transfer destination address FTDAR 8 H'FE8SE FLASH 8 2
register

I’C bus control register_4 ICCR_4 8 H'FEBO IIC_4 8 2
I’C bus status register_4 ICSR_4 8 HFEB1 IIC_4 8 2
I°C bus data register_4 ICDR_4 8 HFEB2 IIC_4 8 2
Second slave address register_4 SARX_4 8 H'FEB2 IIC_4 8 2
I’C bus mode register_4 ICMR_4 8 H'FEB3 lIIC_4 8 2
Slave address register_4 SAR_4 8 H'FEB3 IIC_4 8 2
I°C bus control register_5 ICCR_5 8 H'FEB4 IIC_5 8 2
I’C bus status register_5 ICSR_5 8 H'FEB5 IIC_5 8 2
I’C bus data register_5 ICDR_5 8 H'FEB6 IIC_5 8 2
Second slave address register_5 SARX_5 8 H'FEB6 IIC_5 8 2
I°C bus mode register_5 ICMR_5 8 HFEB7 IIC5 8 2
Slave address register_5 SAR_5 8 H'FEB7 IIC_5 8 2
I’C bus control register_3 ICCR_3 8 H'FECO IIC_3 8 2
I’C bus status register_3 ICSR_3 8 HFEC1 IlIC_.3 8 2
I°C bus data register_3 ICDR_3 8 HFEC2 IlIC_.3 8 2
Second slave address register_3 SARX_3 8 H'FEC2 IIC_3 8 2
I’C bus mode register_3 ICMR_3 8 H'FEC3 IIC_3 8 2
Slave address register_3 SAR_3 8 H'FEC3 IIC_3 8 2
I°C bus control register_2 ICCR_2 8 HFEC8 liC_2 8 2
I’C bus status register_2 ICSR_2 8 H'FEC9 lIC_2 8 2
I’C bus data register_2 ICDR_2 8 HFECA lIC_2 8 2
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Data Number

Number Bus of Access
Register Name Abbreviation of Bits = Address Module Width  States
Second slave address register_2 SARX_2 8 H'FECA 1IC_2 8 2
I’C bus mode register_2 ICMR_2 8 HFECB IIC_2 8 2
Slave address register_2 SAR_2 8 H'FECB 1IC_2 8 2
PWMX (D/A) data register A_1 DADRA_1 16 HFECC PWMX_1 8 4
PWMX (D/A) control register_1 DACR_1 8 H'FECC PWMX_1 8 2
PWMX (D/A) data register B_1 DADRB_1 16 HFECE PWMX_1 8 4
PWMX (D/A) counter_1 DACNT_1 16 HFECE PWMX_1 8 4
Serial extended mode register_0 SEMR_0 8 H'FEDO SCI_0 8 2
Serial extended mode register_2 SEMR_2 8 H'FED2 SCI_2 8 2
CRC control register CRCCR 8 H'FED4 CRC 16 2
CRC data input register CRCDIR 8 H'FED5 CRC 16 2
CRC data output register CRCDOR 16 H'FED6 CRC 16 2
I’C bus control extended register_0 ICXR_0 8 H'FED8 1IC_0 8 2
I°C bus control extended register_1 ICXR_1 8 H'FED9 IIC_1 8 2
I*C SMBus control register ICSMBCR 8 H'FEDB IIC 8 2
I’C bus control extended register_2 ICXR_2 8 H'FEDC I1IC_2 8 2
I’C bus control extended register_3 ICXR_3 8 H'FEDD 1IC_3 8 2
I’C bus transfer select register 1ICX3 8 H'FEDF 1IC 8 2
I’C bus control extended register_4 ICXR_4 8 H'FEEO 1IC_4 8 2
I’C bus control extended register_5 ICXR_5 8 H'FEE1 1IC_5 8 2
Keyboard comparator control register ~ KBCOMP 8 H'FEE4 EVC 8 2
Serial interface control register SCICR 8 H'FEE5 SCI_1 8 2
Interrupt control register D ICRD 8 H'FEE7 INT 8 2
Interrupt control register A ICRA 8 H'FEE8 INT 8 2
Interrupt control register B ICRB 8 H'FEE9 INT 8 2
Interrupt control register C ICRC 8 HFEEA INT 8 2
IRQ status register ISR 8 H'FEEB INT 8 2
IRQ sense control register H ISCRH 8 H'FEEC INT 8 2
IRQ sense control register L ISCRL 8 H'FEED INT 8 2
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Data Number

Number Bus of Access
Register Name Abbreviation of Bits  Address Module Width  States
DTC enable register A DTCERA 8 H'FEEE DTD 8 2
DTC enable register B DTCERB 8 H'FEEF DTC 8 2
DTC enable register C DTCERC 8 H'FEFO DTC 8 2
DTC enable register D DTCERD 8 H'FEF1 DTC 8 2
DTC enable register E DTCERE 8 H'FEF2 DTC 8 2
DTC vector register DTVECR 8 H'FEF3 DTC 8 2
Address break control register ABRKCR 8 HFEF4 INT 8 2
Break address register A BARA 8 H'FEF5 INT 8 2
Break address register B BARB 8 H'FEF6 INT 8 2
Break address register C BARC 8 H'FEF7 INT 8 2
IRQ enable register 16 IER16 8 HFEF8 INT 8 2
IRQ status register 16 ISR16 8 H'FEF9 INT 8 2
IRQ sense control register 16H ISCR16H 8 H'FEEA INT 8 2
IRQ sense control register 16L ISCR16L 8 H'FEFB INT 8 2
IRQ sense port select register 16 ISSR16 8 H'FEFC PORT 8 2
IRQ sense port select register ISSR 8 H'FEFD PORT 8 2
Port control register 0 PTCNTO 8 H'FEFE PORT 8 2
Bus control register 2 BCR2 8 H'FF80 BSC 8 2
Wait state control register 2 WSCR2 8 H'FF81 BSC 8 2
Peripheral clock select register PCSR 8 HFF82 PWM 8 2
System control register 2 SYSCR2 8 H'FF83 SYSTEM 8 2
Standby control register SBYCR 8 H'FF84 SYSTEM 8 2
Low power control register LPWRCR 8 H'FF85 SYSTEM 8 2
Module stop control register H MSTPCRH 8 HFF86 SYSTEM 8 2
Module stop control register L MSTPCRL 8 H'FF87 SYSTEM 8 2
Serial mode register_1 SMR_1 8 H'FF88 SCI_1 8 2
I°C bus control register_1 ICCR_1 8 H'FF88 1IC_1 8 2
Bit rate register_1 BRR_1 8 H'FF89 SCI_1 8 2
I’C bus status register_1 ICSR_1 8 H'FF89 IIC_1 8 2
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Data Number
Number Bus of Access
Register Name Abbreviation of Bits = Address Module Width  States
Serial control register_1 SCR_1 8 H'FF8A SCI_1 8 2
Transmit data register_1 TDR_1 8 H'FF8B SCI_1 8 2
Serial status register_1 SSR_1 8 H'FF8C SCI_1 8 2
Receive data register_1 RDR_1 8 H'FF8D SCI_1 8 2
Smart card mode register_1 SCMR_1 8 H'FF8E SCI_1 8 2
I°C bus data register_1 ICDR_1 8 H'FF8E IIC_1 8 2
Second slave address register_1 SARX_1 8 H'FF8E 1IC_1 8 2
I’C bus mode register_1 ICMR_1 8 H'FF8F 1IC_1 8 2
Slave address register_1 SAR_1 8 H'FF8F 1IC_1 8 2
Timer interrupt enable register TIER 8 H'FF90 FRT 8 2
Timer control/status register TCSR 8 H'FF91 FRT 8 2
Free-running counter FRC 16 H'FF92 FRT 16 2
Output Compare register A OCRA 16 H'FF94 FRT 16 2
Output Compare register B OCRB 16 H'FF94 FRT 16 2
Timer control register TCR 8 H'FF96 FRT 16 2
Timer output compare control register TOCR 8 H'FF97 FRT 16 2
Input capture register A ICRA 16 H'FF98 FRT 16 2
Output Compare register AR OCRAR 16 H'FF98 FRT 16 2
Input capture register B ICRB 16 H'FFOA FRT 16 2
Output Compare register AF OCRAF 16 H'FFOA FRT 16 2
Input capture register C ICRC 16 H'FFOC FRT 16 2
Output compare register DM OCRDM 16 H'FFOC FRT 16 2
Input capture register D ICRD 16 H'FFOE FRT 16 2
Serial mode register_2 SMR_2 8 H'FFAO0 SCI_2 8 2
PWMX (D/A) control register_0 DACR_0 8 H'FFAO PWMX_0 8 2
PWMX (D/A) data register A_0 DADRA_O 16 HFFAO PWMX 0 8 4
Bit rate register_2 BRR_2 8 H'FFA1 SCI_2 8 2
Serial control register_2 SCR_2 8 H'FFA2 SCI_2 8 2
Transmit data register_2 TDR_2 8 HFFA3 SCI_2 8 2
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Data Number of
Number Bus Access
Register Name Abbreviation of Bits  Address Module Width  States
Serial status register_2 SSR_2 8 H'FFA4 SCI_2 8 2
Receive data register_2 RDR_2 8 H'FFA5 SCI_2 8 2
Smart card mode register_2 SCMR_2 8 H'FFA6 SCI_2 8 2
PWMX (D/A) counter _0 DACNT_0 16 H'FFA6 PWMX_0 8 4
PWMX (D/A) data register B_0 DADRB_0 16 HFFA6 PWMX 0 8 4
Timer control/status register_0 TCSR_0 8 H'FFA8 WDT_0 16 2
(read)
Timer control/status register_0 TCSR_0 16 HFFA8 WDT_0 16 2
(write)
Timer counter_0 TCNT_O 8 H'FFA9 WDT_0 16 2
(read)
Timer counter_0 TCNT_O 16 H'FFA8 WDT_ 0 16 2
(write)
Port A output data register PAODR 8 H'FFAA PORT 8 2
Port A input data register PAPIN 8 H'FFAB PORT 8 2
(read)
Port A data direction register PADDR 8 H'FFAB PORT 8 2
(write)
Port 1 pull-up MOS control register P1PCR 8 H'FFAC PORT 8 2
Port 2 pull-up MOS control register P2PCR 8 H'FFAD PORT 8 2
Port 3 pull-up MOS control register P3PCR 8 H'FFAE PORT 8 2
Port 1 data direction register P1DDR 8 H'FFBO PORT 8 2
Port 2 data direction register P2DDR 8 HFFB1 PORT 8 2
Port 1 data register P1DR 8 H'FFB2 PORT 8 2
Port 2 data register P2DR 8 H'FFB3 PORT 8 2
Port 3 data direction register P3DDR 8 H'FFB4 PORT 8 2
Port 4 data direction register P4DDR 8 H'FFB5 PORT 8 2
Port 3 data register P3DR 8 H'FFB6 PORT 8 2
Port 4 data register P4DR 8 H'FFB7 PORT 8 2
Port 5 data direction register P5DDR 8 H'FFB8 PORT 8 2
Port 6 data direction register P6DDR 8 HFFB9 PORT 8 2
Port 5 data register P5DR 8 H'FFBA PORT 8 2
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Data Number
Number Bus of Access
Register Name Abbreviation of Bits = Address Module Width  States
Port 6 data register P6DR 8 H'FFBB PORT 8 2
Port B output data register PBODR 8 HFFBC PORT 8 2
Port B input data register PBPIN 8 H'FFBD PORT 8 2
(Read)
Port 8 data direction register P8DDR 8 H'FFBD PORT 8 2
(Write)
Port 7 input data register P7PIN 8 H'FFBE PORT 8 2
(Read)
Port B data direction register PBDDR 8 H'FFBE PORT 8 2
(Write)
Port 8 data register P8DR 8 H'FFBF PORT 8 2
Port 9 data direction register PO9DDR 8 H'FFCO PORT 8 2
Port 9 data register PIODR 8 HFFC1 PORT 8 2
Interrupt enable register IER 8 H'FFC2 INT 8 2
Serial timer control register STCR 8 H'FFC3 SYSTEM 8 2
System control register SYSCR 8 H'FFC4 SYSTEM 8 2
Mode control register MDCR 8 HFFC5 SYSTEM 8 2
Bus control register BCR 8 H'FFC6 BSC 8 2
Wait state control register WSCR 8 H'FFC7 BSC 8 2
Timer control register_0 TCR_O 8 HFFC8 TMR_O0 16 2
Timer control register_1 TCR_1 8 HFFC9 TMR_1 16 2
Timer control/status register_0 TCSR_0 8 HFFCA TMR_O0 16 2
Timer control/status register_1 TCSR_A1 8 HFFCB TMR_1 16 2
Time constant register A_0 TCORA_O 8 HFFCC TMR_O0 16 2
Time constant register A_1 TCORA_1 8 H'FFCD TMR_1 16 2
Time constant register B_0 TCORB_0 8 HFFCE TMR_O0 16 2
Time constant register B_1 TCORB_A1 8 H'FFCF TMR_1 16 2
Timer counter_0 TCNT_O 8 H'FFDO TMR_O0 16 2
Timer counter_1 TCNT_1 8 H'FFD1 TMR_1 16 2
PWM output enable register B PWOERB 8 HFFD2 PWM 8 2
PWM output enable register A PWOERA 8 H'FFD3 PWM 8 2

Rev. 3.00, 03/04, page 758 of 830

RENESAS



Data Number of
Number Bus Access
Register Name Abbreviation of Bits = Address Module Width  States
PWM data polarity register B PWDPRB 8 H'FFD4 PWM 8 2
PWM data polarity register A PWDPRA 8 HFFD5 PWM 8 2
PWM register select PWSL 8 H'FFD6 PWM 8 2
PWM data registers 15 to 0 PWDR15-0 8 H'FFD7 PWM 8 2
Serial mode register_0 SMR_0 8 H'FFD8 SCI_0 8 2
I°C bus control register_0 ICCR_0 8 H'FFD8 1IC_0 8 2
Bit rate register_0 BRR_0 8 H'FFD9 SCI_0 8 2
I’C bus status register_0 ICSR_0 8 H'FFD9 1IC_0 8 2
Serial control register_0 SCR_0 8 H'FFDA SCI_0 8 2
Transmit data register_0 TDR_O 8 HFFDB SCI_0 8 2
Serial status register_0 SSR_0 8 H'FFDC SCI_0 8 2
Receive data register_0 RDR_0 8 H'FFDD SCI_0 8 2
Smart card mode register_0 SCMR_0 8 H'FFDE SCI_0 8 2
I’C bus data register_0 ICDR_0 8 H'FFDE 1IC_0 8 2
Second slave address register_0 SARX_0 8 H'FFDE 1IC_0 8 2
I’C bus mode register_0 ICMR_0O 8 H'FFDF 1IC_0 8 2
Slave address register_0 SAR_O 8 H'FFDF 1IC_0 8 2
A/D data register AH ADDRAH 8 H'FFEO A/D 8 2
converter
A/D data register AL ADDRAL 8 H'FFE1 A/D 8 2
converter
A/D data register BH ADDRBH 8 HFFE2 A/D 8 2
converter
A/D data register BL ADDRBL 8 HFFE3 A/D 8 2
converter
A/D data register CH ADDRCH 8 H'FFE4 A/D 8 2
converter
A/D data register CL ADDRCL 8 H'FFE5 A/D 8 2
converter

RENESAS
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Data Number of
Number Bus Access
Register Name Abbreviation of Bits  Address Module Width  States
A/D data register DH ADDRDH 8 H'FFE6 A/D 8 2
converter
A/D data register DL ADDRDL 8 H'FFE7 A/D 8 2
converter
A/D control/status register ADCSR 8 HFFE8 A/D 8 2
converter
A/D control register ADCR 8 H'FFE9 A/D 8 2
converter
Timer control/status register_1 TCSR_1 8 HFFEA WDT_1 16 2
(read)
Timer control/status register_1 TCSR_1 16 HFFEA WDT_1 16 2
(write)
Timer counter_1 TCNT_1 8 HFFEB WDT_1 16 2
(read)
Timer counter_1 TCNT_1 16 HFFEA WDT_1 16 2
(write)
Timer control register_X TCR_X 8 HFFFO TMR_X 8 2
Timer control register_Y TCR_Y 8 HFFFO TMR.Y 8 2
Keyboard matrix interrupt mask register KMIMR6 8 HFFF1  INT 8 2
6
Timer control/status register_X TCSR_X 8 HFFF1  TMR_X 8 2
Timer control/status register_Y TCSR_Y 8 HFFF1  TMR_.Y 8 2
Port 6 pull-up MOS control register KMPCR6 8 HFFF2 PORT 8 2
Input capture register R TICRR 8 HFFF2 TMR_X 8 2
Time constant register A_Y TCORA_Y 8 HFFF2 TMR_.Y 8 2
Keyboard matrix interrupt mask register KMIMRA 8 H'FFF3 INT 8 2
A
Input capture register F TICRF 8 HFFF3 TMR_X 8 2
Time constant register B_Y TCORB_Y 8 HFFF3 TMR_Y 8 2
Wakeup event interrupt mask register 3 WUEMR3 8 H'FFF4 INT 8 2
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Number Bus Access
Register Name Abbreviation of Bits  Address Module Width  States
Timer counter_X TCNT_X 8 HFFF4 TMR_X 8 2
Timer counter_Y TCNT_Y 8 HFFF4 TMRLY 8 2
Time constant register C TCORC 8 HFFF5 TMR_X 8 2
Timer input select register TISR 8 HFFF5 TMR.Y 8 2
Time constant register A_X TCORA_X 8 HFFF6 TMR_X 8 2
Time constant register B_X TCORB_X 8 HFFF7 TMR_X 8 2
D/A data register 0 DADRO 8 H'FFF8 D/A 8 2
converter
D/A data register 1 DADR1 8 H'FFF9 D/A 8 2
converter
D/A control register DACR 8 H'FFFA D/A 8 2
converter
Timer connection register | TCONRI 8 H'FFFC TMR 8 2
Timer connection register S TCONRS 8 H'FFFE TMR 8 2
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24.2

Register Bits

Register addresses and bit names of the on-chip peripheral modules are described below.

Each line covers eight bits, so 16-bit registers are shown as 2 lines.

Register
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
HICR4 LADR12SEL — — — SWENBL KCSENBL SMICENBL BTENBL LPC
BTSRO — — — FRDI HRDI HWRI HBTWI HBTRI
BTSR1 — HRSTI IRQCRI  BEVTI B2HI H2BI CRRPI CRWPI
BTCSRO — FSEL1 FSELO FRDIE HRDIE HWRIE HBTWIE HBTRIE
BTCSR1 RSTRENBL HRSTIE IRQCRIE BEVTIE B2HIE H2BIE CRRPIE CRWPIE
BTCR B_BUSY H_BUSY OEMO BEVT_ATN B2H_ATN H2B_ATN  CLR_RD_PTR CLR_WR_PTR
BTIMSR BMC_HWRST — — OME3 OME2 OMET1 B2H_IRQ  B2H_IRQ_EN
SMICFLG RX_DATA_  TX_DATA_ — SMI SEVT_ATN SMS_ATN — BUSY

RDY RDY
SMICCSR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMICDTR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMICIRO — — — HDTWI  HDTRI STARI CTLWI BUSYI
SMICIR1 — — — HDTWIE HDTRIE STARIE CTLWIE BUSYIE
TWROMW Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWROSW Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWRA1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR3 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR4 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR5 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR6 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR7 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR9 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR10 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR11 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR12 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR13 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Register

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TWR14 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 LPC
TWR15 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IDR3 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ODR3 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STR3*' IBF3B OBF3B  MWMF SWMF C/D3 DBU32 IBF3A OBF3A
STR3** DBU37 DBU36 DBU35 DBU34 C/D3 DBU32 IBF3A OBF3A
LADR3H Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
LADRS3L Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 — Bit 1 TWRE
SIRQCRO Q/C SELREO IEDIR SMIE3B  SMIE3A  SMIE2 IRQ12E1 IRQ1EA
SIRQCR1 IRQ11E3 IRQ10E3 IRQ9E3 IRQ6E3 IRQ11E2 IRQ10E2 IRQ9E2 IRQ6E2
IDR1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ODR1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STR1 DBU17 DBU16 DBU15 DBU14 C/D1 DBU12 IBF1 OBF1
IDR2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ODR2 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STR2 DBU27 DBU26 DBU25 DBU24 C/D2 DBU22 IBF2 OBF2
HISEL SELSTR3  SELIRQ11 SELIRQ10  SELIRQ9  SELIRQ6  SELSMI SELIRQ12 SELIRQ1
HICRO LPC3E LPC2E LPC1E FGA20E SDWNE PMEE LSMIE LSCIE
HICR1 LPCBSY CLKREQ IRQBSY LRSTB SDWNB  PMEB LSMIB LSCIB
HICR2 GA20 LRST SDWN ABRT IBFIE3 IBFIE2 IBFIE1 ERRIE
HICR3 LFRAME CLKRUN SERIRQ LRESET LPCPD PME LSMI LSCI
SIRQCR2 IEDIR3  — — — — — — —
BTDTR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
BTFVSRO N7 N6 N5 N4 N3 N2 N1 NO
BTFVSR1 N7 N6 N5 N4 N3 N2 N1 NO
LADR12H Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
LADR12L Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 — Bit 1 Bit 0

SUBMSTPAH SMSTPA15 SMSTPA14 SMSTPA13 SMSTPA12 SMSTPA11 SMSTPA10 SMSTPA9 SMSTPA8 SYSTEM

SUBMSTPAL SMSTPA7 SMSTPA6 SMSTPA5 SMSTPA4  SMSTPA3  SMSTPA2 SMSTPA1 SMSTPAO

SUBMSTPBH SMSTPB15 SMSTPB14 SMSTPB13 SMSTPB12 SMSTPB11 SMSTPB10 SMSTPB9 SMSTPB8

SUBMSTPBL SMSTPB7 SMSTPB6 SMSTPB5 SMSTPB4 SMSTPB3  SMSTPB2 SMSTPB1 SMSTPBO

Rev. 3.00, 03/04, page 763 of 830
RENESAS



Register

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

ECS E15 E14 E13 E12 E11 E10 E9 E8 EVC
E7 E6 E5 E4 E3 E2 E1 EO

ECCR EDSB — — — ECSB3 ECSB2 ECSB{ ECSBO

MSTPCRA MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPA1 MSTPAO SYSTEM

P6NCE P67NCE P66NCE  P65NCE P64NCE P63NCE P62NCE P61NCE P60NCE PORT

PBNCMC P67NCMC P66NCMC  P65NCMC P64NCMC P63NCMC P62NCMC P61NCMC P60NCMC

P6NCCS — — — — — NCCK2  NCCK1 NCCKO

PEODR PE7ODR PE60ODR PE50DR PE4ODR PE3ODR PE20DR PE10ODR PEOODR

PFODR — — — — — PF20DR PF1ODR PFOODR

PEPIN PE7PIN PE6PIN  PE5PIN PE4PIN PE3PIN PE2PIN PE1PIN PEOPIN

PEDDR PE7DDR PE6DDR PE5SDDR PE4ADDR PE3DDR PE2DDR PE1DDR PEODDR

PFPIN — — — — — PF2PIN  PF1PIN  PFOPIN

PFDDR — — — — — PF2DDR PF1DDR PFODDR

PCODR PC7ODR PC60ODR PC50DR PC4ODR PC30ODR PC20DR PC1ODR PCOODR

PDODR PD7ODR PD60ODR PD50ODR PD40ODR PD3ODR PD20DR PD10ODR PDOODR

PCPIN PC7PIN PC6PIN  PC5PIN PC4PIN PC3PIN PC2PIN PC1PIN PCOPIN

PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR

PDPIN PD7PIN PD6PIN  PD5PIN PD4PIN PD3PIN PD2PIN PD1PIN PDOPIN

PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR

FCCS FWE — — FLER WEINTE — — SCO FLASH

FPCS — — — — — — — PPVS

FECS — — — — — — — EPVB

FKEY K7 K6 K5 K4 K3 K2 K1 KO

FMATS MS7 MS6 MS5 MS4 MS3 MS2 MS1 MSO0

FTDAR TDER TDA6 TDA5 TDA4 TDA3 TDA2 TDA1 TDAO

ICCR_4 ICE IEIC MST TRS ACKE BBSY IRIC SCP IC_4

ICSR_4 ESTP STOP IRTR AASX AL AAS ADZ ACKB

ICDR-4 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SARX_4 SVAX6  SVAX5 SVAX4 SVAX3  SVAX2  SVAX1 SVAXO0 FSX

ICMR_4 MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO

SAR_4 SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS
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Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ICCR_5 ICE IEIC MST TRS ACKE BBSY IRIC SCP IIC_5
ICSR_5 ESTP STOP IRTR AASX AL AAS ADZ ACKB
ICDR_5 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SARX_5 SVAX6  SVAX5 SVAX4 SVAX3  SVAX2  SVAX1 SVAX0  FSX
ICMR_5 MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO
SAR_5 SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO0 FS
ICCR_3 ICE IEIC MST TRS ACKE BBSY IRIC SCP IC_3
ICSR_3 ESTP STOP IRTR AASX AL AAS ADZ ACKB
ICDR_3 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SARX_3 SVAX6  SVAX5 SVAX4 SVAX3  SVAX2  SVAXi SVAX0  FSX
ICMR_3 MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO
SAR_3 SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS
ICCR_2 ICE IEIC MST TRS ACKE BBSY IRIC SCP lc_2
ICSR_2 ESTP STOP IRTR AASX AL AAS ADZ ACKB
ICDR_2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SARX_2 SVAX6  SVAX5 SVAX4 SVAX3  SVAX2  SVAX1 SVAX0  FSX
ICMR_2 MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO
SAR_2 SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO0 FS
DADRA_1 DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6 PWMX_1
DA5 DA4 DA3 DA2 DA1 DAO CFS —
DACR_1 — PWME — — OEB OEA os CKS
DADRB_1 DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6
DA5 DA4 DA3 DA2 DA1 DAO CFS REGS
DACNT_1 ucz uce ucs uc4 uc3 uc2 UcC1 uco
ucs uco uc1o UC11 uc12 uc13 — REGS
SEMR_0 SSE — — ACS4 ABCS ACS2 ACS1 ACS0 SCI_0
SEMR_2 SSE — — ACS4 ABCS ACS2 ACS1 ACSO SCI_2
CRCCR DORCLR — — — — LMS G1 GO CRC
CRCDIR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CRCDOR Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ICXR_0 STOPIM  HNDS ICDRF ICDRE ALIE ALSL FNC1 FNCO IIC_0
ICXR_1 STOPIM HNDS ICDRF ICDRE ALIE ALSL FNCA FNCO IIC_1
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Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ICSMBCR SMB5E  SMB4E  SME3E SMB2E SMB1E SMBOE  FSEL1 FSELO Ic
ICXR_2 STOPIM HNDS ICDRF ICDRE ALIE ALSL FNCA FNCO lIC_2
ICXR_3 STOPIM  HNDS ICDRF ICDRE ALIE ALSL FNC1 FNCO IIC_3
IICX3 — — — — TCSS 1ICX5 1ICX4 1ICX3 1[e]
ICXR_4 STOPIM  HNDS ICDRF ICDRE ALIE ALSL FNC1 FNCO IIC_4
ICXR_5 STOPIM HNDS ICDRF ICDRE ALIE ALSL FNCA FNCO IIC_5
KBCOMP EVENTE — — — — — — — EVC
SCICR IrE IrCKS2 IrCKS1 IrCKSO  — — — — SCI_1
ICRD ICRD7 ICRD7 — — — — — — INT
ICRA ICRA7 ICRAG ICRA5 ICRA4 ICRA3 ICRA2 ICRA1 ICRAO

ICRB ICRB7 ICRB6 — ICRB4 ICRB3 ICRB2 ICRB1 ICRBO

ICRC ICRC7 ICRC6 ICRC5 ICRC4 ICRC3 ICRC2 ICRC1 —

ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF

ISCRH IRQ7SCB  IRQ7SCA  IRQ6SCB IRQ6SCA  IRQ5SCB  IRQ5SCA  IRQ4SCB  IRQ4SCA

ISCRL IRQ3SCB  IRQ3SCA  IRQ2SCB IRQ2SCA IRQ1SCB IRQ1SCA IRQOSCB IRQOSCA

DTCERA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEA1 DTCEAO DTC
DTCERB DTCEB7 DTCEB6 DTCEBS — — DTCEB2 DTCEB1 DTCEBO

DTCERC DTCEC7 DTCEC6 DTCEC5 DTCEC4 DTCEC3 DTCEC2 DTCEC1 DTCECO

DTCERD DTCED7 DTCED6 DTCED5S DTCED4 DTCED3 — — DTCEDO

DTCERE — — — — DTCEE3 DTCEE2 DTCEE1 DTCEEO

DTVECR SWDTE DTVEC6 DTVECS DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO

ABRKCR CMF — — — — — — BIE INT
BARA A23 A22 A21 A20 A19 A18 A17 A16

BARB A15 Al4 A13 A12 A1 A10 A9 A8

BARC A7 A6 A5 A4 A3 A2 Al —

IER16 IRQ15E IRQ14E  IRQ13E IRQ12E  IRQ11E IRQ10E IRQ9E IRQ8E

ISR16 IRQ15F IRQ14F  IRQ13F IRQ12F IRQ11F IRQ10F IRQ9F IRQ8F

ISCR16H IRQ15SCB IRQ15SCA IRQ14SCB IRQ14SCA IRQ13SCB IRQ13SCA IRQ12SCB IRQ12SCA

ISCR16L IRQ11SCB IRQ11SCA IRQ10SCB IRQ10SCA IRQ9SCB IRQ9SCA IRQ8SCB  IRQ8SCA

ISSR16 ISS15 ISS14 1SS13 1SS12 1SS11 1SS0 1SS9 1SS8 PORT
ISSR I1SS7 1SS6 1SS5 1SS4 1SS3 1SS2 1SS1 1SS0

PTCNTO TMIOS TMI1S TMIXS TMIYS — PWMS  — —
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Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
BCR2 — — ABWCP ASTCP  ADFULLE EXCKS — CPCSE BSC
WSCR2 WMS10 WC11 WC10 WMS21  WMS20 WC22 wcC21 WC20
PCSR PWCKX1B PWCKX1A PWCKX0B PWCKX0A PWCKX1C PWCKB PWCKA PWCKX0C PWM
SYSCR2 — — P6PUE — ADMXE — — — SYSTEM
SBYCR SSBY STS2 STS1 STSO DTSPEED SCK2 SCK1 SCKO
LPWRCR DTON LSON NESEL EXCLE — PNCCS PNCAH —
MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP11 MSTP10 MSTP9 MSTP8
MSTPCRL MSTP7  MSTP6  MSTP5 MSTP4  MSTP3  MSTP2  MSTP1  MSTPO
SMR_1#° C/A CHR PE O/E STOP MP CKs1 CKSO0 SCI_1
(GM) (BLK) (PE) (O/E) (BCP1)  (BCPO)  (CKS1)  (CKS0)
ICCR_1 ICE IEIC MST TRS ACKE BBSY IRIC SCP IC_1
BRR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 SCI_1
ICSR_1 ESTP STOP IRTR AASX AL AAS ADZ ACKB lIC_1
SCR_1 TIE RIE TE RE MPIE TEIE CKEH1 CKEO SCI_1
TDR_1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
SSR_1# TDRE RDRF ORER FER PER TEND MPB MPBT
(TDRE) (RDRF)  (ORER) (ERS) (PER) (TEND)  (MPB)  (MPBT)
RDR_1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
SCMR_1 — — — — SDIR SINV — SMIF
ICDR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 IIC_1
SARX_1 SVAX6  SVAX5  SVAX4 SVAX3  SVAX2  SVAX1  SVAX0O  FSX
ICMR_1 MLS WAIT CKS2 CKSH1 CKS0 BC2 BC1 BCO
SAR_1 SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS
TIER ICIAE ICIBE ICICE ICIDE OCIAE OCIBE OVIE — FRT
TCSR ICFA ICFB ICFC ICFD OCFA OCFB OVF CCLRA
FRC Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OCRA Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OCRB Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCR IEDGA IEDGB IEDGC IEDGD BUFEA BUFEB  CKS1 CKS0
TOCR ICRDMS OCRAMS ICRS OCRS OEA OEB OLVLA  OLVLB
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Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ICRA Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 FRT
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OCRAR Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ICRB Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OCRAF Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ICRC Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OCRDM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ICRD Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR_2+° C/A CHR PE OE STOP MP CKS1 CKSO0 SCI_2
(GM) (BLK) (PE) (O/E) (BCP1)  (BCPO) (CKS1)  (CKS0)
DACR_0 — PWME — — OEB OEA [oF] CKS PWMX_0
DADRA_O DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6
DA5 DA4 DA3 DA2 DA1 DAO CFS —
BRR_2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SCI_2
SCR_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SSR_2#° TDRE RDRF ORER FER PER TEND MPB MPBT
(TDRE)  (RDRF) (ORER) (ERS) (PER) (TEND)  (MPB) (MPBT)
RDR_2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCMR_2 — — — — SDIR SINV — SMIF
DADRB_0 DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6 PWMX_0
DA5 DA4 DA3 DA2 DA1 DAO CFS REGS
DACNT_0O ucz uce ucs uc4 ucs uc2 UcC1 uco
ucs uco uci1o UC11 uci12 UC13 — REGS
TCSR_0 OVF WTAT TME — RST/NMI CKS2 CKS1 CKSO0 WDT_0
TCNT_O Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
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Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
PAODR PA7ODR PA6ODR PA50DR PA40ODR PA30ODR PA20DR PA10DR PAOODR PORT
PAPIN PA7PIN  PAG6PIN  PAS5PIN PA4PIN  PA3PIN PA2PIN PA1PIN  PAOPIN

PADDR PA7DDR PA6DDR PA5DDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR

P1PCR P17PCR P16PCR P15PCR P14PCR P13PCR P12PCR P11PCR P10PCR

P2PCR P27PCR P26PCR P25PCR P24PCR P23PCR P22PCR P21PCR P20PCR

P3PCR P37PCR P36PCR P35PCR P34PCR P33PCR P32PCR P31PCR P30PCR

P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR

P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR

P1DR P17DR P16DR P15DR P14DR P13DR P12DR  P11DR P10DR

P2DR P27DR P26DR P25DR P24DR  P23DR  P22DR P21DR P20DR

P3DDR P37DDR P36DDR P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR

P4DDR P47DDR P46DDR P45DDR P44DDR P43DDR P42DDR P41DDR P40DDR

P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR

P4DR P47DR P46DR P45DR P44DR  P43DR  P42DR  P41DR P40DR

P5DDR P57DDR P56DDR P55DDR P54DDR P53DDR P52DDR P51DDR P50DDR

P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR

P5DR P57DR P56DR P55DR P54DR  P53DR  P52DR P51DR P50DR

P6DR P67DR P66DR P65DR P64DR P63DR P62DR P61DR P60DR

PBODR PB7ODR PB60ODR PB50DR PB4ODR PB30ODR P820DR PB10ODR PBOODR

PBPIN PB7PIN  PB6PIN  PB5PIN PB4PIN  PB3PIN PB2PIN PB1PIN  PBOPIN

P8DDR P87DDR P86DDR P85DDR P84DDR P83DDR P82DDR P81DDR P80DDR

P7PIN P77PIN  P76PIN  P75PIN P74PIN  P73PIN  P72PIN  P71PIN  P70PIN

PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR P82DDR PB1DDR PBODDR

P8DR P87DR P86DR P85DR P84DR  P83DR  P82DR P81DR P80ODR

P9DDR P97DDR P96DDR P95DDR P94DDR P93DDR P92DDR P91DDR P90DDR

PI9DR P97DR P96DR P95DR P94DR  P93DR  P92DR  P91DR P90ODR

IER IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE INT
STCR lICX2 1ICX1 1ICX0 IICE FLSHE — ICKS1 ICKSO0 SYSTEM
SYSCR CS256E IOSE INTM1 INTMO XRST NMIEG ~ KINWUE RAME

MDCR EXPE — — — — MDS2 MDS1 MDSO0

BCR — ICIS BRSTRM BRSTS1 BRSTS0 — 1081 1080 BSC
WSCR ABW256 AST256 ABW AST WMS1 WMSO0 WC1 WCO0

RENESAS
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Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCR_O CMIEB  CMIEA OVIE CCLR1 CCLRO  CKS2 CKs1 CKS0 TMR_O,
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 TMR_1
TCSR_0 CMFB CMFA OVF ADTE 0s3 0s2 0s1 0s0
TCSR_1 CMFB CMFA OVF — 083 082 0OS1 0S80
TCORA_O Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
TCORA_1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
TCORB_0 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
TCORB_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCNT_O Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
TCNT_1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
PWOERB OE15 OE14 OE13 OE12 OE11 OE10 OE9 OES8 PWM
PWOERA OE7 OE6 OE5 OE4 OE3 OE2 OE1 OEO
PWDPRB 0S15 0Ss14 0s13 0s12 0OS11 0s10 0s9 0s8
PWDPRA 0os7 0s6 0s5 0s4 0s3 0s2 0Os1 0s0
PWSL PWCKE PWCKS — — RS3 RS2 RS1 RSO
PWDR15-0 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR_0+° C/A CHR PE O/E STOP MP CKS1 CKSO0 SCI_0
(GM) (BLK) (PE) (O/E) (BCP1)  (BCPO)  (CKS1)  (CKS0)
ICCR_O ICE IEIC MST TRS ACKE BBSY IRIC SCP IIC_0
BRR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SCI_0
ICSR_0 ESTP STOP IRTR AASX AL AAS ADZ ACKB IIC_0
SCR_0 TIE RIE TE RE MPIE TEIE CKE1 CKEO SCI_0
TDR_O Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SSR_0** TDRE RDRF ORER FER PER TEND MPB MPBT
(TDRE) (RDRF)  (ORER) (ERS) (PER) (TEND)  (MPB)  (MPBT)
RDR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCMR_0 — — — — SDIR SINV — SMIF
ICDR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 IIC_0
SARX_0 SVAX6 SVAX5 SVAX4 SVAX3 SVAX2 SVAX1 SVAX0 FSX
ICMR_0 MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO
SAR_O SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS
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Register

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD
ADDRAL AD1 ADO — — — — — — converter
ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

ADDRBL AD1 ADO — — — _ _ _

ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

ADDRCL AD1 ADO — — — — — —

ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

ADDRDL AD1 ADO - - - - - -

ADCSR ADF ADIE ADST SCAN  CKS CH2 CH1 CHO

ADCR TRGS1 TRGSO — — — — — —

TCSR_1 OVF WTAT  TME PSS RSTANMI CKS2  CKS1  CKSO WDT_1
TCNT_1 Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCR_X CMIEB CMIEA  OVIE CCLR1 CCLRO CKS2  CKS1  CKSO TMR_X
TCR_Y CMIEB CMIEA  OVIE CCLR1 CCLRO CKS2  CKS1  CKSO TMR_Y
KMIMR6 KMIM7 ~ KMIM6  KMIM5 KMIM4  KMIM3 ~ KMIM2 ~ KMIM1  KMIMO INT
TCSR_X CMFB CMFA  OVF ICF 0s3 0s2 0s1 050 TMR_X
TCSR_Y CMFB  CMFA  OVF ICIE 0s3 0s2 0s1 0s0 TMR_Y
KMPCR6 KM7PCR KM6PCR KMSPCR  KM4PCR KM3PCR KM2PCR KM1PCR KMOPCR  PORT
TICRR Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCORA_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y
KMIMRA KMIM15  KMIMi4  KMIM13  KMIMi2  KMIMi1  KMIM10 KMIM9  KMIM8 INT
TICRF Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCORB_Y Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y
WUEMRS3 WUEM15 WUEM14 WUEM13 WUEM12 WUEM11 WUEM10 WUEM9 WUEMS8 INT
TCNT_X Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCNT_Y Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y
TCORC Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TISR — — — — — — — IS TMR_Y
TCORA_X Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 TMR_X
TCORB_X Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

DADRO Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 D/A
DADR1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 converter
DACR DAOE! DAOEO DAE — — — — —
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Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCONRI — — — ICST — — — — TMR
TCONRS TMRXY — — — — — — —

Notes: 1. When TWRE =1 or SELSTR3 =0

2.

3.

When TWRE = 0 and SELSTR3 =1

Some Bits have different names in normal mode and smart card interface mode. The
Bit name in smart card interface mode is enclosed in parentheses.
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24.3 Register Statesin Each Operating M ode

Register High-Speed/
Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module

HICR4 Initialized — — — — — — — Initialized LPC

BTSRO Initialized — — — — — — — Initialized

BTSR1 Initialized — — — — — — — Initialized

BTCSRO Initialized —— — — — — — — Initialized

BTCSR1 Initialized — — — — — — — Initialized

BTCR Initialized —— — — — — — — Initialized

BTIMSR Initialized — — — — — — — Initialized

SMICFLG Initialized — — — — — — — Initialized

SMICCSR — — — — — — — — —

SMICDTR — — — — — — — — —

SMICIRO Initialized —— — — — — — — Initialized

SMICIR1 Initialized — — — — — — — Initialized

TWROMW — — — — — — — — —

TWROSW — — — — — — — — —

TWR1 — — — — — — — — —

TWR2 — — — — — — — — —

TWR3 — — — — — — — — —

TWR4 — — — — — — — — —

TWR5 — — — — — — — — —

TWR6 — — — — — — — — —

TWR7 — — — — — — — — —

TWR8 — — — — — — — — —

TWR9 — — — — — — — — —

TWR10 — — — — — — — — —

TWR11 — — — — — — — — —

TWR12 — — — — — — — — —

TWR13 — — — — — — — — —

TWR14 — — — — — — — — —

TWR15 — — — — — — — — —

IDR3 — — — — — — — — —

ODR3 — — — — — — — — —
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
STR3 Initialized — — — — — — — Initialized LPC
LADR3H Initialized — — — — — — — Initialized
LADR3L Initialized — — — — — — — Initialized
SIRQCRO Initialized — — — — — — — Initialized
SIRQCR1 Initialized — — — — — — — Initialized

IDR1 — — — — — — — — —

ODR1 — — — — — — — — _

STR1 Initialized —— — — — — — — Initialized

IDR2 — — — — — — — — _

ODR2 — — — — — — — — _

STR2 Initialized —— — — — — — — Initialized

HISEL Initialized — — — — — — — Initialized

HICRO Initialized —— — — — — — — Initialized

HICR1 Initialized —— — — — — — — Initialized

HICR2 Initialized — — — — — — — Initialized

HICR3 — — — — — — — — —

SIRQCR2 Initialized — — — — — — — Initialized

BTDTR — — — — — — — — —

BTFVSRO Initialized — — — — — — — Initialized
BTFVSR1 Initialized —— — — — — — — Initialized
LADR12H Initialized —— — — — — — — Initialized
LADR12L Initialized — — — — — — — Initialized
SUBMSTPAH Initialized — — — — — — — Initialized ~ SYSTEM
SUBMSTPAL Initialized — — — — — — — Initialized
SUBMSTPBH Initialized — — — — — — — Initialized
SUBMSTPBL Initialized — — — — — — — Initialized

ECS Initialized — — — — — — — Initialized EVC
ECCR Initialized —— — — — — — — Initialized
MSTPCRA Initialized — — — — — — — Initialized ~ SYSTEM
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
P6NCE Initialized — — — — — — — Initialized PORT
P6NCMC Initialized —— — — — — — — Initialized
P6NCCS Initialized — — — — — — — Initialized

PEODR Initialized — — — — — — — Initialized

PFODR Initialized — — — — — — — Initialized

PEPIN — — — — — — — — —

PEDDR Initialized —— — — — — — — Initialized

PFPIN — — — — — — — — —

PFDDR Initialized — — — — — — — Initialized

PCODR Initialized — — — — — — — Initialized

PDODR Initialized — — — — — — — Initialized

PCPIN — — — — — — — — —

PCDDR Initialized —— — — — — — — Initialized

PDPIN — — — — — — — — —

PDDDR Initialized — — — — — — — Initialized

FCCS Initialized — — — — — — — Initialized ~ FLASH
FPCS Initialized — — — — — — — Initialized

FECS Initialized — — — — — — — Initialized

FKEY Initialized — — — — — — — Initialized

FMATS Initialized —— — — — — — — Initialized

FTDAR Initialized — — — — — — — Initialized

ICCR_4 Initialized — — — — — — — Initialized IIC_4
ICSR_4 Initialized — — — — — — — Initialized

ICDR_4 — — — — — — — — —

SARX_4 Initialized — — — — — — — Initialized

ICMR_4 Initialized —— — — — — — — Initialized

SAR_4 Initialized — — — — — — — Initialized

ICCR_5 Initialized — — — — — — — Initialized  IIC_5
ICSR_5 Initialized — — — — — — — Initialized

ICDR_5 — — — — — — — — _

SARX_5 Initialized —— — — — — — — Initialized

ICMR_5 Initialized — — — — — — — Initialized

SAR_5 Initialized —— — — — — — — Initialized
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
ICCR_3 Initialized — — — — — — — Initialized IIC_3
ICSR_3 Initialized — — — — — — — Initialized

ICDR_3 — — — — — — — — —

SARX_3 Initialized — — — — — — — Initialized

ICMR_3 Initialized — — — — — — — Initialized

SAR_3 Initialized — — — — — — — Initialized

ICCR_2 Initialized —— — — — — — — Initialized  1IC_2
ICSR_2 Initialized — — — — — — — Initialized

ICDR_2 — — — — — — — — _

SARX_2 Initialized — — — — — — — Initialized

ICMR_2 Initialized — — — — — — — Initialized

SAR_2 Initialized  — — — — — — — Initialized

DADRA_1 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized PWMX_1
DACR_1 Initialized  — Initialized — — Initialized Initialized Initialized Initialized Initialized
DADRB_1 Initialized — Initialized — — Initialized Initialized Initialized Initialized Initialized
DACNT_1 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

SEMR_0 Initialized — — — — — — — Initialized ~ SCI_0
SEMR_2 Initialized — — — — — — — Initialized SCI_2
CRCCR Initialized —— — — — — — — Initialized ~ CRC
CRCDIR Initialized —— — — — — — — Initialized
CRCDOR Initialized — — — — — — — Initialized

ICXR_0 Initialized — — — — — — — Initialized lIC_0
ICXR_1 Initialized — — — — — — — Initialized  [1C_1
ICSMBCR initialized —— — — — — — — Initialized  IIC
ICXR_2 Initialized — — — — — — — Initialized 1IC_2
ICXR_3 Initialized —— — — — — — — Initialized  11IC_3
1ICX3 Initialized — — — — — — — Initialized lic
ICXR_4 Initialized — — — — — — — Initialized  1IC_4
ICXR_5 Initialized — — — — — — — Initialized IIC_5
KBCOMP Initialized — — — — — — — Initialized ~ EVC
SCICR Initialized —— — — — — — — Initialized ~ SCI_1
ICRD Initialized —— — — — — — — Initialized INT
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
ICRA Initialized — — — — — — — Initialized INT
ICRB Initialized  — — — — — — — Initialized

ICRC Initialized — — — — — — — Initialized

ISR Initialized —— — — — — — — Initialized

ISCRH Initialized — — — — — — — Initialized

ISCRL Initialized — — — — — — — Initialized
DTCERA Initialized —— — — — — — — Initialized ~ DTC
DTCERB Initialized —— — — — — — — Initialized

DTCERC Initialized — — — — — — — Initialized

DTCERD Initialized — — — — — — — Initialized
DTCERE Initialized —— — — — — — — Initialized

DTVECR Initialized —— — — — — — — Initialized
ABRKCR Initialized — — — — — — — Initialized  INT
BARA Initialized —— — — — — — — Initialized

BARB Initialized — — — — — — — Initialized

BARC Initialized — — — — — — — Initialized

IER16 Initialized — — — — — — — Initialized

ISR16 Initialized —— — — — — — — Initialized

ISCR16H Initialized —— — — — — — — Initialized
ISCR16L Initialized —— — — — — — — Initialized

ISSR16 Initialized — — — — — — — Initialized

ISSR Initialized — — — — — — — Initialized

PTCNTO Initialized — — — — — — — Initialized ~ PORT
BCR2 Initialized — — — — — — — Initialized ~ BSC
WSCR2 Initialized —— — — — — — — Initialized

PCSR Initialized  — Initialized — — Initialized Initialized Initialized Initialized Initialized PWM
SYSCR2 Initialized — — — — — — — Initialized ~ SYSTEM
SBYCR Initialized — — — — — — — Initialized
LPWRCR Initialized — — — — — — — Initialized
MSTPCRH Initialized —— — — — — — — Initialized
MSTPCRL Initialized — — — — — — — Initialized

SMR_1 Initialized — — — — — — — Initialized SCI_1
ICCR_1 Initialized — — — — — — — Initialized  1C_1
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
BRR_1 Initialized — — — — — — — Initialized ~ SCI_1
ISCR_1 Initialized — — — — — — — Initialized  1C_1
SCR_1 Initialized — — — — — — — Initialized ~ SCI_1
TDR_1 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

SSR_1 Initialized — Initialized — — Initialized Initialized Initialized Initialized Initialized

RDR_1 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

SCMR_1 Initialized —— — — — — — — Initialized

ICDR_1 — — — — — — — — — IC_1
SARX_1 Initialized — — — — — — — Initialized

ICMR_1 Initialized — — — — — — — Initialized

SAR_1 Initialized — — — — — — — Initialized

TIER Initialized —— — — — — — — Initialized ~ FRT
TCSR Initialized —— — — — — — — Initialized

FRC Initialized  — — — — — — — Initialized

OCRA Initialized — — — — — — — Initialized

OCRB Initialized — — — — — — — Initialized

TCR Initialized — — — — — — — Initialized

TOCR Initialized —— — — — — — — Initialized

ICRA Initialized  — — — — — — — Initialized

OCRAR Initialized —— — — — — — — Initialized

ICRB Initialized — — — — — — — Initialized

OCRAF Initialized — — — — — — — Initialized

ICRC Initialized — — — — — — — Initialized

OCRDM Initialized —— — — — — — — Initialized

ICRD Initialized —— — — — — — — Initialized

SMR_2 Initialized — — — — — — — Initialized ~ SCI_2
DACR_0 Initialized — Initialized — — Initialized Initialized Initialized Initialized Initialized PWMX_0
DADRA_O Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

BRR_2 Initialized — — — — — — — Initialized ~ SCI_2
SCR_2 Initialized — — — — — — — Initialized

TDR_2 Initialized  — Initialized — — Initialized Initialized Initialized Initialized Initialized

SSR_2 Initialized —— Initialized — — Initialized Initialized Initialized Initialized Initialized

RDR_2 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
SCMR_2 Initialized — — — — — — — Initialized ~ SCI_2
DADRB_0 Initialized — Initialized ~ — Initialized  Initialized  Initialized  Initialized  Initialized ~ PWMX_0
DACNT_O Initialized — Initialized  — Initialized Initialized Initialized Initialized Initialized

TCSR_0 Initialized —— — — — — — — Initialized ~ WDT_0
TCNT_O Initialized — — — — — — — Initialized

PAODR Initialized — — — — — — — Initialized ~ PORT
PAPIN — — — — — — — — —

PADDR Initialized —— — — — — — — Initialized

P1PCR Initialized — — — — — — — Initialized

P2PCR Initialized — — — — — — — Initialized

P3PCR Initialized — — — — — — — Initialized

P1DDR Initialized — — — — — — — Initialized

P2DDR Initialized —— — — — — — — Initialized

P1DR Initialized — — — — — — — Initialized

P2DR Initialized — — — — — — — Initialized

P3DDR Initialized — — — — — — — Initialized

P4DDR Initialized — — — — — — — Initialized

P3DR Initialized —— — — — — — — Initialized

P4DR Initialized — — — — — — — Initialized

P5DDR Initialized —— — — — — — — Initialized

P6DDR Initialized — — — — — — — Initialized

P5DR Initialized — — — — — — — Initialized

P6DR Initialized — — — — — — — Initialized

PBODR Initialized —— — — — — — — Initialized

PBPIN — — — — — — — — —

P8DDR Initialized — — — — — — — Initialized

P7PIN — — — — — — — — —

PBDDR Initialized — — — — — — — Initialized

P8DR Initialized — — — — — — — Initialized

P9DDR Initialized —— — — — — — — Initialized

P9DR Initialized —— — — — — — — Initialized

IER Initialized —— — — — — — — Initialized  INT
STCR Initialized — — — — — — — Initialized ~ SYSTEM
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Register High-Speed/

Abbrevia- Medium- Module Software Hardware

tion Reset Speed Watch Sleep Sub-Active Sub-Sleep Stop Standby Standby Module
SYSCR Initialized —— — — — — — — Initialized ~ SYSTEM
MDCR Initialized —— — — — — — — Initialized

BCR Initialized — — — — — — — Initialized BSC
WSCR Initialized — — — — — — — Initialized

TCR_O Initialized — — — — — — — Initialized  TMR_O,
TCR_1 Initialized  — — — — — — — Initialized TMR1
TCSR_0 Initialized — — — — — — — Initialized

TCSR_1 Initialized —— — — — — — — Initialized
TCORA_O Initialized —— — — — — — — Initialized

TCORA_1 Initialized — — — — — — — Initialized
TCORB_0 Initialized —— — — — — — — Initialized

TCORB_1 Initialized — — — — — — — Initialized

TCNT_O Initialized —— — — — — — — Initialized

TCNT_1 Initialized — — — — — — — Initialized

PWOERB Initialized — Initialized — — Initialized Initialized Initialized Initialized Initialized PWM
PWOERA Initialized — Initialized —— Initialized Initialized Initialized Initialized Initialized

PWDPRB Initialized — Initialized  — Initialized Initialized Initialized Initialized Initialized

PWDPRA Initialized  — Initialized — — Initialized Initialized Initialized Initialized Initialized

PWSL Initialized —— Initialized —— Initialized Initialized Initialized Initialized Initialized
PWDR15t0 0 Initialized —— Initialized — — Initialized Initialized Initialized Initialized Initialized

SMR_0 Initialized — — — — — — — Initialized ~ SCI_0
ICCR_0 Initialized — — — — — — — Initialized IIC_0
BRR_O Initialized — — — — — — — Initialized ~ SCI_0
ICSR_0 Initialized — — — — — — — Initialized 1IC_0
SCR_0 Initialized —— — — — — — — Initialized ~ SCI_0
TDR_O Initialized  — Initialized — — Initialized Initialized Initialized Initialized Initialized

SSR_0 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

RDR_0 Initialized  — Initialized — — Initialized Initialized Initialized Initialized Initialized

SCMR_0 Initialized — — — — — — — Initialized

ICDR_0 — — — — — — — — — lIc_o
SARX_0 Initialized — — — — — — — Initialized

ICMR_0 Initialized — — — — — — — Initialized

SAR_O Initialized  — — — — — — — Initialized

ADDRAH Initialized —— Initialized —— Initialized Initialized Initialized Initialized Initialized A/D
ADDRAL Initialized — — Initialized  — Initialized  Initialized  Initialized  Initialized  Initialized Vo

Rev. 3.00, 03/04, page 780 of 830

RENESAS



High-

Register Speed/

Abbrevia- Medium- Sub- Module Software  Hardware

tion Reset Speed Watch Sleep Active Sub-Sleep Stop Standby Standby Module
ADDRBH Initialized — Initialized — Initialized  Initialized  Initialized  Initialized  Initialized ~ A/D
ADDRBL Initialized — — Initialized — Inifialized  Initialized  Initialized  Initialized  Initialized 0"
ADDRCH Initialized — Initialized — Initialized  Initialized  Initialized  Initialized  Initialized

ADDRCL Initialized —— Initialized — Initialized  Initialized  Initialized  Initialized  Initialized

ADDRDH Initialized  — Initialized — Initialized  Initialized  Initialized  Initialized  Initialized

ADDRDL Initialized —— Initialized — Initialized  Initialized  Initialized  Initialized  Initialized

ADCSR Initialized —— Initialized — Initialized  Initialized  Initialized Initialized  Initialized

ADCR Initialized — Initialized — Initialized  Initialized  Initialized  Initialized  Initialized

TCSR_1 Initialized — — — — — — — Initialized ~ WDT_1
TCNT_1 Initialized —— — — — — — — Initialized

TCR_X Initialized — — — — — — — Initialized TMR_X
TCY_Y Initialized — — — — — — — Initialized  TMR_Y
KMIMR6 Initialized — — — — — — — Initialized  INT
TCSR_X Initialized — — — — — — — Initialized ~ TMR_X
TCSR_Y Initialized — — — — — — — Initialized  TMR_Y
KMPCR6 Initialized — — — — — — — Initialized ~ PORT
TICRR Initialized — — — — — — — Initialized ~ TMR_X
TCORA_Y Initialized — — — — — — — Initialized ~ TMR_Y
KMIMRA Initialized —— — — — — — — Initialized  INT
TICRF Initialized — — — — — — — Initialized ~ TMR_X
TCORB_Y Initialized —— — — — — — — Initialized  TMR_Y
WUEMRS3 Initialized —— — — — — — — Initialized  INT
TCNT_X Initialized — — — — — — — Initialized ~ TMR_X
TCNT_Y Initialized —— — — — — — — Initialized  TMR_Y
TCORC Initialized — — — — — — — Initialized ~ TMR_X
TISR Initialized  — — — — — — — Initialized  TMR_Y
TCORA_X Initialized — — — — — — — Initialized ~ TMR_X
TCORB_X Initialized — — — — — — — Initialized

DADRO Initialized — — — — — — — Initialized  D/A
DADR1 Initialized ~ — — - - — — — Initiaized """
DACR Initialized — — — — — — — Initialized

TCONRI Initialized — — — — — — — Initialized ~ TMR
TCONRS Initialized — — — — — — — Initialized
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Section 25 Electrical Characteristics

25.1 Absolute Maximum Ratings

Table 25.1 lists the absolute maximum r.

atings.

Table25.1 Absolute Maximum Ratings

Item Symbol Value Unit

Power supply voltage* VCC -0.31t0 +4.3 \Y

Input voltage (exceptport7,8, V_ -0.3t0 VCC +0.3

CO0 to C5, D6, and D7)

Input voltage (port 7) 'S —0.3to AVCC +0.3

Input voltage (port 8, COto C5, V_ -0.31t0 +7.0

D6, and D7)

Reference power supply voltage AVref —0.3to AVCC +0.3

Analog power supply voltage AVCC -0.3t0 +4.3

Analog input voltage Vo —-0.3to AVCC +0.3

Operating temperature T oo Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85

Operating temperature T, Oto+75

(when flash memory is

programmed or erased)

Storage temperature T -55to +125

stg

Caution: Permanent damage to this LSI may result if absolute maximum ratings are exceeded.
Note: * Voltage applied to the VCC pin.
Make sure power is not applied to the VCL pin.
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25.2 DC Characteristics

Table 25.2 lists the DC characteristics. Table 25.3 lists the permissible output currents. Table 25.4

lists the bus drive characteristics.

Table25.2 DC Characteristics (1)

Conditions: VCC=3.0V1t03.6V,AVCC*' =3.0V1t03.6V,
AVref¥' =3.0 Vto AVCC, VSS = AVSS*' =0 V

Test
Iltem Symbol Min. Typ. Max. Unit Conditions
Schmitt P67 to P60*, EVENT15 to A VCCx02 — — \%
trigger EVENTO, (EX)TMIY, (EX)TMIX, " — —
nput (EX)TMI1, (EXTMIO, Vr Vee <07
voltage (EX)IRQT5 to (EIRQ2, IRQT, V'-V, VCCx005 — —
IRQO, KIN15 to KINO, WUE15
to WUES8, ETRST,XTAL,
EXCL, ADTRG
SCL5 to SCLO, SDAS5 to SDAO A VCCx03 — —
v, — —  VCCx0.7
V-V, VCCx0.05 — —
Input RES, STBY, NMI, FWE, MD2, (2) V, VCCx09 — VCC+0.3
high MD1 MDO
voltage "L VCCx07 — VCC+03
Port 7 2.2 — AVCC+0.3
SCL5 to SCLO, SDAS5 to SDAO — — 55
CLKRUN, GA20, PME, LSMI, VCCx05 — VCC+0.3
LSCI, SERIRQ, LAD3 to LADO,
LPCPD, LCLK,
LRESET,LFRAME
Input pins other than (1) and (2) 2.2 — VCC+0.3
above
Input  RES, STBY, NMI, FWE, MD2, (3) V, -0.3 —  VCCx0.1
low MD1, MDO
voltage “px A -0.3 — VCCxO.1 f> 25 MHz
-0.3 — VCCx0.2 f<25 MHz
Port 7 -0.3 — AVCCx0.2
CLKRUN, GA20, PME, LSMI, -0.3 — VCCx0.3
LSCI, SERIRQ, LAD3 to LADO,
LPCPD, LCLK,
LRESET,LFRAME
Input pins other than (1) and (3) -0.3 — VCCx0.2
above
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Test

Item Symbol Min. Typ. Max. Unit Conditions
Output  SCL5 to SCLO, SDAS to 4) Vo, — — —
high SDA0*
voltage "pqrt g G0 to C5, D6, D7, 05 - l,,= —200
SCK2 to SCKO** pA
CLKRUN, GA20, PME, LSMI, VCCx09 — — loy=-0.5
LSCI, SERIRQ, LADS to LADO mA
Output pins other than (4) above vcC-05 — — loy=—200
HA
vcc-10 — — loy=—1 mMA
Output SCL5 to SCLO, SDAS5 to (5) Vg — — 05 lo,=8 mA
i — — 04 lo.=3MA
voltage —
CLKRUN, GA20, PME, LSMI, — — VCCx0.1 loo=1.5mA
LSCI, SERIRQ, LADS to LADO
Output pins other than (5) — — 04 lo,=1.6 MA
above
Ports 1, 2, and 3 — — 1.0 lo.=5mA

Table25.2 DC Characteristics (2)

Conditions: VCC=3.0V1t03.6V,AVCC*' =3.0V1t03.6V,
AVref*' =3.0 Vto AVCC, VSS = AVSS*' =0V

Test

Iltem Symbol Min. Typ. Max. Unit Conditions
Input leakage RES, STBY, NMI, FWE, 1,1 — — 10 pA V,=05t0VCC-05V
current MD2, MD1, MDO, PFSEL

Port 7 — — 10 V,,= 0.5 to AVCC—0.5V
Three-state  Ports 1 to 6 ] — — 10 V,=0.510 VCC-0.5V
leakage Ports 8 to F
current
(off state)
Input pull-up  Ports 1 to 3 -, 5 — 150 V=0V
MOS current "5 6 (P6PUE=0), A, D 30 — 300

Port 6 (P6PUE=1) 3 — 100
Current Normal operation cc — 43 55 mA f=33 MHz, high-speed mode,
consumption All modules operating

5

* Sleep mode — 30 40 f = 33 MHz

Standby mode** — 38 90 pA Ta<50°C

—_ — 120 50°C < Ta
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Test

Item Symbol Min. Typ. Max. Unit Conditions
Analog During A/D, D/A conversion Al — 1.0 20 mA
powe;r A/D, D/A conversion — 25 50 pA
Supply standby
current
Reference  During A/D conversion Al — 01 10 mA
power During A/D, D/A conversion — 05 50
supply
current
A/D, D/A conversion — 05 50 A
standby
Input All input pin C., — — 10 pF V,=0V,f=1MHz
capacitance T,=25°C
RAM standby voltage Veam 30 — — V
VCC start voltage VCCopr — O 08 V
VCC rising edge svcC — — 20 ms/V
Notes: 1. Do not leave the AVCC, AVref, and AVSS pins open even if the A/D converter or D/A converter is

not used.

Even if the A/D converter or D/A converter is not used, apply a value in the range from 3.0 V to 3.6
V to the AVCC and AVref pins by connecting them to the power supply (VCC). The relationship
between these two pins should be AVref < AVCC.

When noise cancel has been enabled.

An external pull-up resistor is necessary to provide high-level output from SCL5 to SCLO and
SDAS5 to SDAO (ICE bitin ICCR is 1).

Port 8, CO to C5, D6, and D7 are NMOS push-pull outputs.

Port 8, CO to C5, D6, D7, and SCKO to SCK2 (ICE bit in ICCR = 0) high levels are driven by
NMOS. An external pull-up resistor is necessary to provide high-level output from these pins when
they are used as an output.

Current consumption values are for V,, min = VCC — 0.2 V and V, max = 0.2 V with all output pins
unloaded and the on-chip pull-up MOSs in the off state.

WhenVCC=3.0V,V,, mn=VCC-0.2V,andV, max=0.2 V.
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Table25.3 Permissible Output Currents

Conditions: VCC=3.0V1t03.6 V,AVCC=30Vto3.6V,
AVref =3.0 Vto AVCC, VSS=AVSS=0V

Iltem Symbol Min. Typ. Max. Unit
Permissible output low current SCL5 to SCLO, SDA5 to SDAO |, — — 10 mA
(per pin) Ports 1, 2, and 3 — — 5

Other output pins — — 1.6
Permissible output low current Total of ports 1, 2, and 3 Zlo — — 80
(total) Total of all output pins, — — 90

including the above

Permissible output high All output pins o — — 2
current (per pin)

Permissible output high Total of all output pins 2o — — 60
current (total)

Notes: 1. To protect LSI reliability, do not exceed the output current values in table 25.3.
2. When driving a Darlington transistor or LED, always insert a current-limiting resistor in the output
line, as show in figures 25.1 and 25.2.

This LSI

Port

Darlington transistor

Figure25.1 Darlington Transistor Drive Circuit (Example)

This LSI

600 Q
ANAN

Ports 1to 3

LED

Figure25.2 LED DriveCircuit (Example)
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25.3 AC Characteristics

Figure 25.3 shows the test conditions for the AC characteristics.

3V

C = 30pF : All ports

R =2.4 kQ

Ry = 12 kQ

LSI output pin 1/0 timing test levels
c eLowlevel :0.8V

Ry
l «Highlevel :1.5V

Re

Figure25.3 Output Load Circuit

2531 Clock Timing

Table 25.4 shows the clock timing. The clock timing specified here covers clock output (¢) and
clock pulse generator (crystal) and external clock input (EXTAL pin) oscillation stabilization
times. For details of external clock input (EXTAL pin and EXCL pin) timing, see table 25.5 and

25.6.

Table25.4 Clock Timing

Condition: VCC=3.0Vt03.6 V,VSS =0V, 6 =5 MHz to 33 MHz

Item Symbol Min. Max. Unit Reference
Clock cycle time t,. 30 200 ns Figure 25.4
Clock high level pulse te, 10 —

width

Clock low level pulse width t_ 10 —

Clock rise time t., — 5

Clock fall time te, — 5

Reset oscillation toscr 10 — ms Figure 25.5
stabilization (crystal)

Software standby toscs 8 — Figure 25.6
oscillation stabilization time

(crystal)

Rev. 3.00, 03/04, page 788 of 830
RENESAS




Table25.5 External Clock Input Conditions

Condition: VCC=3.0Vt03.6 V,VSS=0V, 6 =5 MHz to 33 MHz

Test
Item Symbol Min. Max. Unit Conditions
External clock input low level t_ 10 — ns Figure 25.7
pulse width
External clock input high level t_, 10 — ns
pulse width
External clock input rising time t_ — 5 ns
External clock input falling time t,, — 5 ns
Clock low level pulse width o 0.4 0.6 - Figure 25.4
Clock high level pulse width ~ t_, 0.4 0.6 o
External clock output toer™ 500 — us Figure 25.8
stabilization delay time
Note: * t, includes a RES pulse width (t_,).

Table25.6 Subclock Input Conditions

Condition: VCC=3.0Vt0 3.6 V,VSS=0V, ¢ SUB =32.768 kHz, 5 MHz to 33 MHz

Measureme
Item Symbol Min. Typ. Max. Unit nt Condition
Subclock input low level pulse t_ ., — 15.26 — us Figure 25.9
width
Subclock input high level pulse t_,,, — 15.26 — us
width
Subclock input rising time S, — — 10 ns
Subclock input falling time Yol — — 10 ns
Clock low level pulse width t 0.4 — 0.6 t. Figure 25.4
Clock high level pulse width to 0.4 — 0.6 t

cyc

0 _/z—aI\

g -

ter

Figure25.4 System Clock Timing
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il | .|

tosct tosct

£C £C

FEs —s;—} - “ \ ’\ 45 /
111/ AVAVAVAVAVAVAV R i/ AVAV)

Figure25.5 Oscillation Stabilization Timing

S AVAVAVAVAVAVAR VAVAVAY]

NMI '_)
G -

(i=0to15)
KINi ;
(i=0to15) 0SC2
WUEI

(i=8t015)

Figure25.6 Oscillation Stabilization Timing (Exiting Softwar e Standby Mode)

texH texL

EXTAL

.
e e

texr

Figure25.7 External Clock Input Timing

Rev. 3.00, 03/04, page 790 of 830
RENESAS




VCC 2.7V 7

STBY Vi

SR AVAVAVAVAVAVAVAVAVAVAVAN
¢ IAVAVAVAVAVAVAVAR

(Internal and external)

3
m
0
~

toExT*

Note: The external clock output stabilization delay time (toext) includes a RES pulse width (tresw).

Figure25.8 Timing of External Clock Output Stabilization Delay Time

texcLH texcLL

EXCL

' '
- = = texou

i
texor™

Figure25.9 Subclock Input Timing
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25.3.2 Control Signal Timing

Table 25.7 shows the control signal timing. Only external interrupts NMI, IRQO to IRQ15, KINO
to KIN15, and WUES to WUE15 can be operated based on the subclock (¢SUB = 32.768 kHz).

Table25.7 Control Signal Timing

Condition: VCC=3.0Vt03.6 V,VSS=0V, ¢ =5MHz to 33 MHz

Item Symbol

Min.

Max.

Unit Test Conditions

RES setup time toess

200

ns Figure 25.10

RES pulse width t

RESW

20

cyc

NMI setup time taws

150

ns Figure 25.11

NMI hold time tom

10

NMI pulse width b
(exiting software standby
mode)

200

IRQ setup time t
(IRQ15 to IRQO, KIN15

to KINO, WUE15 to

WUES)

IRQS

150

IRQ hold time t
(IRQ15 to IRQO, KIN15
to KINO, WUE15 to

WUES)

IRQH

10

IRQ pulse width t
(IRQ15 to IRQO, KIN15
to KINO, WUE15 to

WUES) (exiting software
standby mode)

IRQW

200

tress

|

uy]
m
2]

tress

e

tresw

Figure25.10 Reset Input Timing
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NMI

RQi
(i=0to15)

IRQ
Edge input

RQ
Level input

KINi
(i=0to 15)

WUEi
(i=8to15)

KIN, WUE
Edge input

ANV A
><‘ ‘K
Po——

Figure25.11 Interrupt Input Timing

RENESAS
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25.3.3 BusTiming

Table 25.8 shows the bus timing. In subclock (¢SUB = 32.768 kHz) operation, external expansion
mode operation cannot be guaranteed.

Table25.8 BusTiming

Condition: VCC=3.0Vt03.6 V,VSS=0V, ¢ =5MHz to 33 MHz

Item Symbol Min. Max. Unit Test Conditions
Address delay time to — 15 ns Figures 25.12t0 25.16
Address setup time te 0.5xt, —-15 —
Address hold time e 05xt, - —
10
CS delay time (10S, toeo — 15
CS256, CPCS1)
AS delay time teo — 15
RD delay time 1 tco, — 15
RD delay time 2 teeo, — 15
Read data setup time toos 15 —
Read data hold time teon 0 —
Read data access time 1 t,_, — 1.0xt,—30
Read data access time 2 t,_, — 1.5xt, —-25
Read data access time 3 t, ., — 20xt, —30
Read data access time 4 t,_, — 25xt, —25
Read data access time 5 t, — 3.0xt,—30
WR delay time 1 turo: — 15
WR delay time 2 troe — 15
WR pulse width 1 tsws 1.0xt, - —
20
WR pulse width 2 tews 15xt, - —
20
Write data delay time twoo — 25
Write data setup time tos 0 —
Write data hold time ton 05xt,-5 —
WAIT setup time tyrs 25 —
WAIT hold time t 5 —

WTH
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T1 T2

! N /S N\ N\

A23 to A0, [0S*
CS256, CPCS1 >§ ><

tcsp tas tan
tasp tasp

trsD1 tacce tlnsoz
RD \
(Read) tas
taccs tros | tRoH
] ]
D15 to DO / ’>
(Read) \
twrp2 twrp2
HWR, LWR \ o
(Write) tas / taH
twop twsw twoH
R - -

D15 to DO F
(Write) _< >7

Note: * AS is multiplexed with 1OS. Either the AS or IOS function can be selected by the IOSE bit of SYSCR.

Figure25.12 Basic Bus Timing/2-State Access
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T1 To T3

tap
A23 to AO, I0S*
CS256, CPCS1

tas tan

tcsp

tasp tasp

trsp1 tacca tRspe
RD ;I‘
(Read) _ - \(
t
AS taccs tros <_t£DH
D15 to DO 7 ’E
(Read) X 7
twrDp1 twrpz2
HWR, LWR \ 4
(Write) j H
|
1
twop  twos twswz twoH

D15 to DO f
(Write) < >

Note: * AS is multiplexed with I10S. Either the AS or IOS function can be selected by the IOSE bit of SYSCR.

Figure25.13 Basic Bus Timing/3-State Access
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A23 to A0, IOS*
CS256, CPCS1

RD
(Read)

D15 to DO
(Read)

HWR, LWR
(Write)

D15 to DO
(Write)

T2

Tw

T3

A/ \
X
—

—
—

/7
>_

twrs | | twrh

twrs| | twrh

N

[
/N

Note: * AS is multiplexed with 1OS. Either the AS or 1OS function can be selected by the IOSE bit of SYSCR.

Figure25.14 Basic Bus Timing/3-State Access with One Wait State
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T1 ToorTg T1 T2

; NS S /L

A23 to A0, 10S* X e >< ><
CS256, CPCS1

tas tan

tasp tasp

AS* \ / \ 4
~
trsp2
(Read) Iqe

e

taces tros | |tRoH

>_

D15 to DO I / \
(Read) ” \ /

N

Note: * AS is multiplexed with IOS. Either the AS or IOS function can be selected by the IOSE bit of SYSCR.

Figure25.15 Burst ROM Access Timing/2-State Access
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T4 _ ToorTg T4

— <C

A23 to A0, IOS* s
CS256, CPCS1 .

)

trsp2

RD \ ;I‘
(Read) I

tacct  tros| |tmoH

D15 to DO

(Read) s <_>_< —

Note: * AS is multiplexed with I10S. Either the AS or IOS function can be selected by the IOSE bit of SYSCR.

Figure25.16 Burst ROM Access Timing/1-State Access
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25.3.4 Multiplex Bus Timing

Table 25.9 shows the Multiplex bus interface timing. In subclock (¢SUB = 32.768 kHz) operation,
external expansion mode operation cannot be guaranteed.

Table25.9 Multiplex Bus Timing

Condition: VCC=3.0Vt03.6 V,VSS=0V, ¢ =5MHz to 33 MHz

Item Symbol Min.. Max. Unit Test Conditions
Address delay time to — 15 ns Figures 25.17,
Address setup time 2 b 0.5xt, 15 — 25.18
Address hold time 2 the 1.0xt, —-10 —

CS delay time (10S, too — 15

CS256, CPCS1)

AH delay time to — 15

RD delay time 1 tco, — 15

RD delay time 2 te, — 15

Read data setup time tos 15 —

Read data hold time ton 0 —

Read data access time 2 t,_, — 1.5xt, -25

Read data access time 4 t,, — 2.5xt,-25

Read data access time 6 t, — 3.5xt, -25

Read data access time 7 t, ., — 45xt, —25

WR delay time 1 tyro: — 15

WR delay time 2 turoe — 15

WR pulse width time 1t 1.0xt, -20 —

WR pulse width time 2 t,,,, 1.5xt, -20 —

Write data delay time Yoo — 25

Write data setup time tos 0 —

Write data hold time on 05xt, -5 —
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T1 To T3 T4

tcsp
|-cSD,

10S, CS256, \
CPCS1

tanp
-AHD)

17r

trsp; tacce trspe
RD \
(Read)
tacce tros| [tRoH
AD15 to ADO 7 \ } X
D15 to DO
(Read) \ A15to AO 4 \ 7/
tao’  tase tamz
WRD2 twrD2
TOWE TWR t y —_—
HWR, LWR e
(Write)
tan twop, twon

AD15 to ADO < > <
(Write) A15 to AO D15 to DO

|

Figure25.17 Multiplex Bus Timing/Data 2-State Access

T1 T2 T3 T4 T5

) T\

tCSI:

.
|

~
~

J
11r

tAHD

tF\SD tACCd tRS 2
RD
(Read)
tACC7 tRDS 1@&

AD15 to ADO { Al5t0A0 ) D15 to DOY——
(Read)

tap tas2 tanz

tWRD1 t‘WRDZ

HWR, LWR \ twswe
(Write) \

_tﬁi’_ tWDg twos
AD15 10 AD0  ————— A15to AD ) { D15 to DO —
(Write)

Figure25.18 Multiplex Bus Timing/Data 3-State Access
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25.3.5 Timing of On-Chip Peripheral Modules

Tables 25.10 to 25.13 show the on-chip peripheral module timing. The on-chip peripheral modules
that can be operated by the subclock (¢SUB = 32.768 kHz) are I/O ports, external interrupts (NMI,
IRQO to IRQ15, KINO to KIN15, and WUES to WUEL15), watchdog timer, and 8-bit timer
(channels 0 and 1) only.
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Table 25.10 Timing of On-Chip Peripheral Modules
Condition: VCC=3.0V t03.6 V,VSS =0V, ¢ SUB =32.768 kHz*, ¢ =5 MHz to 33 MHz

Item Symbol Min. Max. Unit Test Conditions
I/0 ports  Output data delay time tows — 30 ns Figure 25.19
Input data setup time tons 20 —
Input data hold time torn 20 —
FRT Timer output delay time toon — 30 ns Figure 25.20
Timer input setup time tns 20 —
Timer clock input setup time tros 20 — Figure 25.21
Timer clock Single edge  t ... 15 — e
pulse width Both edges terom 25 —
TMR Timer output delay time tvon — 30 ns Figure 25.22
Timer reset input setup time toms 20 — Figure 25.24
Timer clock input setup time tves 20 — Figure 25.23
Timer clock Single edge  t,,cum 16 — e
pulse width Both edges  t,... 25 —
PWM, Timer output delay time towon — 30 ns Figure 25.25
PWMX
SCI Input clock cycle Asynchronous tg 4 — i Figure 25.26
Synchronous 6 —
Input clock pulse width tsow 04 06 t .
Input clock rise time teoke — 1.5 t,
Input clock fall time b — 1.5
Transmit data delay time tho — 30 ns Figure 25.27
(synchronous)
Receive data setup time tos 20 —
(synchronous)
Receive data hold time ton 20 —
(synchronous)
A/D Trigger input setup time [ S, 20 — ns Figure 25.28
converter
WDT RESO output delay time te — 200 ns  Figure 25.29
RESO output pulse width tesow 182 — ot

Note: * Only the peripheral modules that can be used in subclock operation.
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T T2

tprs | | trRH

Ports 1 to 9

and A to F (read) ){ I(

tewp

Ports 1106, 8,9
and A to F (write) >§

Figure25.19 1/0O Port Input/Output Timing

; SRV

trrop

FTOA, FTOB >< £
LC
trmis
t—
FTIA, FTIB, 3
FTIC, FTID ) ){

N TN\ S

D)
FTCI \ N / N\

trrowe trrown

Figure25.21 FRT Clock Input Timing

; /o S S

trmop

TMO_0, TMO_1 X
TMO_X, TMO_Y

Figure25.22 8-Bit Timer Output Timing

Rev. 3.00, 03/04, page 804 of 830
RENESAS



N T

trmes trmes

(C

TMI_0, TMI_1 \ B 1/ \
|

TMI_X, TMI_Y | 37
: trmewL

trmewn

Figure25.23 8-Bit Timer Clock Input Timing

: /N Y L

trMRs

TMI_O, TMI_1 /
TMIX, TMLY

Figure25.24 8-Bit Timer Reset Input Timing

; /N /o

tPWOD

PW15 to PWO, >§
PWX3 to PWX0

Figure25.25 PWM, PWMX Output Timing

 tsckw tscir tscki

SCKO to SCK2 _}_\ ) K
| S—

tScyc

Figure25.26 SCK Clock Input Timing
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SCKotosck2  / \ / \ /_\_/_\_

trxp
TxDO to TxD2 ){ X X X
(transmit data)

trxs| [tRxH

(R

RxDO to RxD2 X X i X X X
(receive data) X £

Figure25.27 SCI Input/Output Timing (Clock Synchronous M ode)

o/ ./ N

trras

ADTRG \

Figure25.28 A/D Converter External Trigger Input Timing

NS S

tresD trReSD
B e |

RESO N ()() 7/

tresow

Figure25.29 WDT Output Timing (RESO)
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Table 25.11 1°C Bus Timing
Condition: VCC=3.0Vt03.6 V,VSS=0V, 6 =5 MHz to 33 MHz

Item Symbol Min. Typ. Max. Unit Test Conditions
SCL input cycle time tse 12 — — toe Figure 25.30
SCL input high pulse width t_ 3 — —

SCL input low pulse width  t. 5 — —

SCL, SDA input rise time g, — — 7.5%

SCL, SDA input fall time  t, — — 300 ns

SCL, SDA output fall time  t, 20+01C, — 250

SCL, SDA input spike te — — 1 e

pulse elimination time

SDA input bus free time tour 5 — —

Start condition input hold  t_,, 3 — —

time

Retransmission start teras 3 — —

condition input setup time

Stop condition input setup  t 3 — —

time

Data input setup time teons 0.5 — —

Data input hold time teomn 0 — — ns

SCL, SDA capacitive load C, — — 400 pF

Note: * 17.5t or37.5t  can be setaccording to the clock selected for use by the 1IC module.
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SCLO 1
to E
sCLs |

Note: * S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure 25.30 1°C BusInterface Input/Output Timing

Table25.12 LPC Module Timing
Conditions: VCC=3.0Vt0 3.6V, VSS=0V, ¢ =5 MHz to 33 MHz

Item Symbol Min. Typ. Max. Unit Test Conditions
Input clock cycle L 30 — — ns Figure 25.31
Input clock pulse width (H)  t,, 11 — —

Input clock pulse width (L)  t . 11 — —

Transmit signal delay time  t,; 2 — 11

Transmit signal floating torr — — 28

delay time

Receive signal setup time ks 7 — —

Receive signal hold time ton 0 — —
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LCLK

LCLK

)

tLeke

trxp

LAD3 to LADO,
SERIRQ, CLKRUN

(Transmit signal)

tRxs

tRxH

LAD3 to LADO,
SERIRQ, CLKRUN,

LFRAME
(Receive signal)

LAD3 to LADO,

torr

SERIRQ, CLKRUN

(Transmit signal)

Figure25.31 LPC Interface (LPC) Timing

Table 25.13 JTAG Timing

Condition: VCC=3.0Vt03.6V,VSS=0V, ¢ =5 MHz to 33 MHz

Item Symbol Min. Max. Unit Test Conditions
ETCK clock cycle time tokee 40%* 200* ns Figure 25.32
ETCK clock high pulse width Yo 15 —

ETCK clock low pulse width toa 15 —

ETCK clock rise time toe — 5

ETCK clock fall time o — 5

ETRST pulse width - 20 — - Figure 25.33
Reset hold transition pulse width  t.., 3 —

ETMS setup time trss 20 — ns Figure 25.34
ETMS hold time tsn 20 —

ETDI setup time tos 20 —

ETDI hold time tom 20 —

ETDO data delay time t — 20

TDOD

Note: * Whent, <t

TCKceyc

RENESAS
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trekn | treke

ETCK / A\_ JZ \_

‘

trekr

treke

Figure25.32 JTAG ETCK Timing

RES \ tRsTHW /

A

trrsTw

Figure25.33 Reset Hold Timing

ETCK / A
_ truss  twsw

ETMS X X

y
Y
y
y

_tois f] o tow

X
ETDI X ~ — - X )C
X
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Y
A

ETDO X X

Figure25.34 JTAG Input/Output Timing
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25.4  A/D Conversion Characteristics
Table 25.14 lists the A/D conversion characteristics.

Table 25.14 A/D Conversion Characteristics
(AN7 to ANO I nput: 134/266-State Conversion)

Condition A: VCC=3.0V t03.6 V,AVCC=3.0V t03.6 V, AVref =3.0 V to AVCC
VSS=AVSS=0V,$=5MHzto 16 MHz

Condition B: VCC=3.0V1t03.6 V,AVCC=3.0V1t03.6 V,AVref =3.0 V to AVCC,
VSS=AVSS =0V, ¢=5MHz to 33 MHz

Condition A Condition B
Item Min. Typ. Max. Min. Typ. Max. Unit
Resolution 10 10 Bits
Conversion time — — 8.38*" — — 8.06%* s
Analog input capacitance — — 20 — — 20 pF
Permissible signal- — — 5 — — 5 kQ
source impedance
Nonlinearity error — — +7.0 — — +7.0 LSB
Offset error — — +7.5 — — +7.5
Full-scale error — — +7.5 — — +7.5
Quantization error — — +05 — — +0.5
Absolute accuracy — — +8.0 — — +8.0

Notes: 1. Value when using the maximum operating frequency in single mode of 134 states.
2. Value when using the maximum operating frequency in single mode of 266 states.
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25,5 D/A Conversion Characteristics
Table 25.15 lists the D/A conversion characteristics.

Table 25.15 D/A Conversion Characteristics

Condition: VCC=3.0Vt03.6 V,AVCC=30V1to3.6V,AVref=3.0V to AVCC
VSS=AVSS=0V, ¢ =5MHz to 33 MHz

Item Min. Typ. Max. Unit

Resolution 8 8 8 Bits

Conversion time Load capacitance 20 pF — — 10 us

Absolute accuracy Load resistance 2 MQ — +2.0 +3.0 LSB
Load resistance 4 MQ — — +2.0
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25.6  Flash Memory Characteristics
Table 25.16 lists the flash memory characteristics.

Table 25.16 Flash Memory Characteristics

Condition: VCC=3.0Vt03.6 V,AVCC=30V1t03.6V, Avref=3.0V to AVCC, VSS =AVSS
=0V
Ta = 0°C to +75°C (operating temperature range for programming/erasing in regular
specifications)
Ta = 0°C to +85°C (operating temperature range for programming/erasing in wide-
range specifications)

e HB8S/2168
Test

Iltem Symbol Min. Typ. Max. Unit Conditions
Programming time*'+** t, — 3 30 ms/128 bytes
Erase time*'+*+* t. — 80 800 ms/4-kbyte block

— 500 5000 ms/32-kbyte block

— 1000 10000 ms/64-kbyte block
Programming time >t — 5 15 s/256 kbytes Ta=25°C
(total)*"#%+*
Erase time (total)*'+** Tt — 5 15 s/256 kbytes Ta =25°C
Programming and Xt — 10 30 s/256 kbytes Ta=25°C
Erase time (total)*'#**
Reprogramming Neo 100*° 1000 — Times
count*®
Data retention time**  t 10 — — Years

DRP

Notes: 1. Programming and erase time depends on the data.
2. Programming and erase time do not include data transfer time.

3. This value indicates the minimum number of which the flash memory are
reprogrammed with all characteristics guaranteed. (The guaranteed value ranges from
1 to the minimum number.)

4. This value indicates the characteristics while the flash memory is reprogrammed within
the specified range (including the minimum number).

5. Reprogramming count in each erase block.
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e HB8S/2167

Test

Item Symbol  Min. Typ. Max. Unit Conditions
Programming time#*'+** t, — 3 30 ms/128 bytes
Erase time*'#*+* t. — 80 800 ms/4-kbyte block

— 500 5000 ms/32-kbyte block

— 1000 10000 ms/64-kbyte block
Programming time >t — 7.5 225 s/384 kbytes Ta =25°C
(total)*'+2+*
Erase time (total)*'+** Tt — 7.5 225  s/384 kbytes Ta =25°C
Programming and Xt — 15 45 s/384 kbytes Ta =25°C
Erase time (total)*'**
Reprogramming Nyec 100*° 1000 — Times
count*®
Data retention time**  t 10 — — Years

DRP

Notes: 1. Programming and erase time depends on the data.
2. Programming and erase time do not include data transfer time.

3. This value indicates the minimum number of which the flash memory are
reprogrammed with all characteristics guaranteed. (The guaranteed value ranges from
1 to the minimum number.)

4. This value indicates the characteristics while the flash memory is reprogrammed within
the specified range (including the minimum number).

5. Reprogramming count in each erase block.
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e HB8S/2166

Test

Item Symbol  Min. Typ. Max. Unit Conditions
Programming time#*'+** t, — 3 30 ms/128 bytes
Erase time*'#*+* t. — 80 800 ms/4-kbyte block

— 500 5000 ms/32-kbyte block

— 1000 10000 ms/64-kbyte block
Programming time >t — 10 30 s/512 kbytes Ta =25°C
(total)*'+2+*
Erase time (total)*'+** Tt — 10 30 s/512 kbytes Ta =25°C
Programming and Xt — 20 60 s/512 kbytes Ta =25°C
Erase time (total)*'**
Reprogramming Nyec 100*° 1000 — Times
count*®
Data retention time**  t 10 — — Years

DRP

Notes: 1. Programming and erase time depends on the data.

2. Programming and erase time do not include data transfer time.

3. This value indicates the minimum number of which the flash memory are
reprogrammed with all characteristics guaranteed. (The guaranteed value ranges from
1 to the minimum number.)

4. This value indicates the characteristics while the flash memory is reprogrammed within
the specified range (including the minimum number).

5. Reprogramming count in each erase block.

RENESAS
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25.7 Usage Notes

It is necessary to connect a bypass capacitor between the VCC pin and VSS pin and a capacitor
between the VCL pin and VSS pin for stable internal step-down power. An example of connection
is shown in figure 25.35.

Vcce power supply

Bypass
capacitor

10 pF 0.01 pF

It is recommended that a bypass capacitor be connected to
the VCC pin. (The values are reference values.)

vVCcC

VSS

External capacitor
for internal step-down
power stabilization

One 0.1 uF / 0.47 uF or
two in parallel

When connecting, place a bypass capacitor near the pin. stabilization.
Use one or two ceramic multilayer capacitor(s)

(0.1 uF / 0.47 uF: connect in parallel when using two)
and place it (them) near the pin.

VCL

VSS

Do not connect Vcc power supply to the VCL pin.
Always connect a capacitor for internal step-down power

Figure25.35 Connection of VCL Capacitor
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Appendix

A. I/O Port Statesin Each Pin State
MCU Hardware Software Program
Port Name  Operating Standby Standby  Watch Sleep Subsleep Subactive Execution
Pin Name Mode Reset Mode Mode Mode Mode Mode Mode State
Port 1 (EXPE = 1) T T kept* kept*  kept* kept* Address Address
A7 to AO output/input  output/input
port port
(EXPE = 0) 1/0 port 1/0 port
Port 2 (EXPE = 1) T T kept* kept*  kept* kept* Address Address
A15 to A8 output/ output/
1/0 port 1/0 port
(EXPE = 0) 1/0 port 1/0 port
Port 3 (EXPE = 1) T T T T T T D15 to D8 D15 to D8
D15 to D8
(EXPE = 0) kept kept kept kept 1/0 port 1/0 port
Port 4 (EXPE =1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE = 0)
Port 5 (EXPE =1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE = 0)
Port 6 (EXPE =1) T T kept kept kept kept D7 to DO/ D7 to DO/
D7 to DO 1/0 port 1/0 port
(EXPE =0) 1/0 port 1/0 port
Port 7 (EXPE =1) T T T T T T Input port Input port
(EXPE = 0)
Port 8 (EXPE = 1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE = 0)
Port 97 (EXPE = 1) T T T/kept T/kept  T/kept T/kept WAIT/CS256/ WAIT/CS256
WAIT, 1/0 port /I/O port
CS256
(EXPE = 0) kept kept kept kept 1/0 port 1/0 port
Port 96 (EXPE = 1) T T [DDR=1] EXCL [DDR=1] EXCL EXCL input  Clock output/
o, EXCL H input  Clock input EXCL input/
[DDR = 0] output Input port
T [DDR = 0]
T
(EXPE = 0)
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MCU Hardware Software Program

Port Name Operating Standby Standby Watch Sleep Subsleep Subactive Execution
Pin Name Mode Reset Mode Mode Mode Mode Mode Mode State
Port 95 to 93 (EXPE = 1) T T H H H H AS/IOS, AS/IOS,
AS. 108, HWR/R HWR/R
HWR, RD
(EXPE = 0) kept kept kept kept 1/0 port 1/0 port
Port92and (EXPE =1) T T kept kept kept kept CPCS1/ CPCS1/
o1 1/0 port 1/0 port
CPCS1
EXPE=0) /0 port /O port
Port 90 (EXPE =1) T T H/kept H/kept H/kept Hikept LWR/ LWR/
LWR 1/0 port 1/0 port
m kept kept kept kept 1/O port 1/O port
Port A (EXPE =1) T T kept* kept*  kept*  kept* Address Address
A23 to A16 output/ output/
1/O port 1/O port
(EXPE =0) 1/0 port 1/O port
Port B (EXPE =1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE = 0)
Port C (EXPE = 1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE =0)
Port D (EXPE =1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE = 0)
Port E (EXPE = 1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE =0)
Port F (EXPE =1) T T kept kept kept kept 1/0 port 1/0 port
(EXPE = 0)
Legend
H: High level
L: Low level
T: High impedance

kept:  Input ports are in the high-impedance state (when DDR = 0 and PCR = 1, the input pull-up
MOS remains on).

Output ports maintain their previous state.

Depending on the pins, the on-chip peripheral modules may be initialized and the 1/0 port
function determined by DDR and DR.

DDR: Data direction register
Note: * Inthe case of address output, the last address accessed is retained.
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B. Product Lineup

Product Type Type Code Mark Code Package (Code)
H8S/2168 F-ZTAT version HD64F2168 F2168VTES33 144-pin TQFP (TFP-144)
H8S/2167 HD64F2167 F2167VTES33

H8S/2166 HD64F2166  F2166VTES33

RENESAS
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C. Package Dimensions

For package dimensions, dimensions described in Renesas Semiconductor Packages have priority.

18.0 + 0.2 Unit: mm
[]116 ‘

18.0+0.2

) 0|t
© Qe
s o|o
H|H
10, 8 & ~|0 1.0
v T oSlo
A * +O° 8o
10 ! I
Q 0.5+ 0.1
©/0.08 <
= Package Code TFP-144
=) JEDEC —
*Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 0.6 g

FigureC.1 Package Dimensions (TFP-144)
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)

Section 5 Interrupt 100 Section 5.7.4 added.

Controller

5.7.4 Note on IRQ Status

Registers (ISR16, ISR)

Section 12 8-bit Timer 305 e (Cascading of TMR_0 and TMR_1

12.1 Features (Cascading of TMR_Y and TMR_X is not allowed)

— Operation as a 16-bit timer can be performed using

TMR_0 as the upper half and TMR_1 as the lower half
(16-bit count mode). TMR_1 can be used to count
TMR_0 compare-match occurrences (compare match
count mode)

Section 12.3.4 Timer 312, Description amended.

Control register (TCR) 313 i

Table 12.2 Clock Input to
TCNT and Count
Condition

TCR !

Channel CKS2 CKS1 CKSO :Description

TMRLY O 0 0 iDisables clock input

0 0 1 iIncrements at falling edge
iof internal clock ¢/4

0 1 0 ilncrements at falling edge
iof internal clock ¢/256

0 1 1 ilncrements at falling edge
iof internal clock ¢/2048

1 0 0 iSetting prohibited

TMR_X O 0 0 iDisabIes clock input
1 ilncrements at falling edge

:of internal clock ¢

0 1 0 ilncrements at falling edge !
iof internal clock ¢/2

0 1 1 ‘Increments at falling edge :
iof internal clock ¢/4

1 0 0  :Setting prohibited

Note: * If the TMR_O clock input is set as the TCNT_1
overflow signal and the TMR_1 clock input is set as
the TCNT_O compare-match signal simultaneously,
a count-up clock cannot be generated. Setting of
these conditions should therefore be avoided.
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Item Page Revisions (See Manual for Details)

Section 14 Serial 352  Feature of asynchronous mode added.

Communication Interface

(SCI) ¢ Average transfer rate generator (SCI_0 and SCI_2):
460.606 kbps or 115.152 kbps selectable at 10.667-
MHz operation; 720 kbps, 460.784 kbps, 230.392
kbps, or 115.196 kbps selectable at 16- or 24-MHz
operation; 230.392 kbps or 115.196 kbps selectable
at 20-MHz operation; and 720 kbps selectable at 32-
MHz operation

14.3.10 Serial Interface 375 Description amended.

Control register (SCICR)

Initial

Bit Bit Name Value R/W Description

3,2 —

All0 R/W Reserved

The initial value should no be
changed.

14.3.11 Serial Enhanced 377 Description amended.

Mode Register_0 and 2
(SEMR_0 and SEMR_2)

Initial

Bit Bit Name Value R/W Description

4 ACS4 0 R/W 0011: Average transfer rate
2 ACS2 0 R/W operation at 720 kbps
1 ACSt 0 R/W when the system clock
0 ACSO 0 R/W frequency is 32 MHz
(operated using the
basic clock with a
frequency 16 times the
transfer clock frequency)
14.8 IrDA Operation 417 Figure amended
Figure 14.36 IrDA Block DA SCL
Diagram TxD1/IrTxD == Pulse encoder TxD1

RxD1/IrRxD

RxD1 |

Pulse decoder
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Item Page Revisions (See Manual for Details)
Transmission: 417, Deleted
418 The output waveform can also be inverted using the IFTxINV
bit in SCICR.
Reception: Deleted
Here, the input waveform can also be inverted using the
IrRxINV bit in SCICR.
Section 15 I°C Bus 505  Added
Interface (1IC)
15.6 Usage Notes
Section 21 Boundary 717 Modified
Scan (JTAG) 6. Use the STBY pin in high state.
21.5.1 Supported
Instructions
IDCODE: Instruction
Code: B'1110
Section 24 List of 766 Description amended.
Registers Register
24.2 Reqgister Bits Abbreviation Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SCICR IFE  IrCKS2 IrCKS1 IrCKSO [— —  —  —
Section 25 Electrical 784 Amended
Characteristics :
iTest
25.2 DC Characteristics Item Symbol Min. Typ. Max. :Conditions
Table 25.2 DC nput RES,STBY, (3) V,  -03 — voCxo0d |
Characteristics (1) low NMI, FWE, :
voltage MD2, MD1, i
MDO :
EXTAL -0.3 — VCCx0. if>25MHz
-0.3 — VCCx0.2 :f<25MHz
Port 7 -0.3 —  AVCCx 0.2}
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Iltem Page

Revisions (See Manual for Details)

Table 25.2 DC 785
Characteristics (2)

Description amended.

Item Symbol Min. Typ Max.  Unit
Current Normal I — 43 55 mA
consumption operation
s -

* Sleep — 30 40

mode

Standby — 38 90 pA

6
mode* - o 120

25.3 AC Characteristics 794,
25.3.3 Bus Timing 800
Table 25.8 Bus Timing

25.3.4 Multiplex Bus

Timing

Table 25.9 Multiplex Bus
Timing

25.6 Flash Memory 813 to
Characteristics 815

Table 25.16 Flash
Memory Characteristics

Description amended and added.

Ta = 0°C to +75°C (operating temperature range for
programming/erasing in regular specifications)

Ta = 0°C to +85°C (operating temperature range for
programming/erasing in wide-range specifications)

Test
Iltem Symbol Min. Typ. Max. Unit Conditions

Reprogramming N, 100*° 1000 —  Times
count#

Notes: 5. Reprogramming count in each erase block.
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Index

14-bit PWM timer (PWMX)................... 261 Bit manipulation instructions.................... 37
16-bit count mode.........ccevvererereruennnnns 326 Bit rate.....coeeieiiiininine 369
16-bit free-running timer (FRT) ............. 277 Block data transfer instructions................. 41
16-bit, 2-state access Space..........ceeu..... 129 Block transfer mode.........cccccveveeviennnne. 168
16-bit, 3-state access Space..........cueu..n.. 132 Boot mode.........cooeieieiieiieieeeeeee, 638
Boundary scan.........cocceeeeeveeieniencenenee. 715
256-kbyte expansion area ....................... 116 Branch instructions ...........cceceevervenieennen. 39
BRR ..o, 369, 759, 770, 780
8-bit PWM timer (PWM).........cccvvevennne 251 Burst ROM interface..........ccccoeverveennennen. 145
8-bit timer (TMR).......cccevveiieiieiereennene 305 Bus specifications of basic bus
8-bit, 2-state access Space.........ceveeveennene 127 INEEITACE .ooveeeiieiicie e 114
8-bit, 3-state access Space.........ccceeeuennen. 128
Carrier freqUency .......cocceevevveeeeneerieennens 253
A/D conversion time............ccccevereeeeunene 602 Cascaded connection..........cecceeevereennenne. 326
A/D CONVETLET ....oveneeieiieeiieiieieesieaene 595 Chain transfer.........cocceceeevevevenencncnene, 169
ABRKCR.......cceevvvvrenn. 75,755,766, 777 Clock pulse generator ...........ccccceeeeeneee 721
Absolute address........ccccevererieeneeieenee. 44 Clocked synchronous mode..................... 399
Acknowledge.......ccoceveevienieiiiie 466 CMIA ...t 329
Activation by interrupt...........ccoccvevurenne 173 CMIAD ...ttt 329
Activation by software...........cccceeeureunnne 173 CMIAT .ot 329
ADCR ..ottt 600, 760, 771, 781 CMIAX ..ot 329
ADCSR....cccoiiiiie, 599, 760, 771, 781 CMIAY oo 329
Additional pulse.........cccceevvieniieviieienen, 259 CMIB.....ooiieieeeeeceeeee e 329
ADDR ..ot 598, 759,771, 780 CMIBO ..ot 329
Address Mmap ......ccoeeeeeierieriieeeeeeeene 60 CMIBI ..ottt 329
Address ranges and external address CMIBX ...ttt 329
SPACES e nvreenrreereeeireerireeteeenireeteesraeeneeas 113 CMIBY oottt 329
Address Space .......cccveveeieniieiieieeieieenne 22 Communications protocol....................... 672
Addressing modes..........cocoeereeenieinnnen. 43 Compare-match count mode.................... 326
ADI .o 604 Condition field .......c.ccoeoeiiiiiiiiiiiiee 41
Advanced mode .........cocovevieniieniieiene 122 Condition-code register...........ceeverurennene 26
Arithmetic operations instructions............ 34 Conversion Cycle........ccvvevenercnenennenne. 269
Asynchronous mode ..........cccceeeveeveennnne 380 CP expansion area (basic mode)............. 117
CPU e 15
BARA ... 76,755,766, 777 CPU operating modes ..........ccoceeereeeenenne 18
BARB ..ot 76,755, 766, 777 CRA .. 154
BARC ..o, 76, 755,766, 777 CRB ..ot 154
Basic expansion area..............ceevevveennenne 115 CRC operation CirCuit .........ccoeceerveveenene 428
Basic operation timing...............ccevveunenn. 145 CRCCR.....ccovvveveereenn 429,754, 765, 776
Basic pulSe.......cccveeveeeeiieriieieeieeeeeeenn 258 CRCDIR......cooovevvreenee. 429, 754, 765, 776

Rev. 3.00, 03/04, page 825 of 830
RRENESAS



CRCDOR......ccoccvvvenee 429,754, 765, 776
Crystal oscillator.........cccoceveievviencenene. 722
D/A cONVEILET ...cceveeevieeiieeieeciee e 589
DACR ..ot 266, 591, 754, 761,
......................................... 765,771,776, 781
DADR ..ot 591, 761,771, 781
DADRA....ovvvieieeeieeiiiieeeeeeeeeenans 754, 765,776
1DY:N0) 212 J 754, 765,776
DAR ..ot 153
Data direction register ...........cccceeverneenee. 177
Data re@ister........cocveveeeerienieeerie e 177
Data transfer controller (DTC) ............... 149
Data transfer instructions..............ccceeeenee. 33
Direct transitions ..........cccceeeeeerreeneennenne. 747
DTC vector table .........ccovveveeecreeeieennnen. 162
DTCERA.......ccoooveeee 155,755, 766, 777
DTCERB.......cccovveeeeee. 155,755, 766, 777
DTCERC.......ccovveveeeee. 155,755, 766, 777
DTCERD......cccoeienne 155,755, 766, 777
DTCERE ......cceovees 155,755, 766, 777
DTVECR......ccoecverenns 155, 755,766, 777
Effective address .......ccccveveveeerveneeniienne 47
Effective address extension ...................... 41
ERIO..c.iiiiieeee e 420
ERIT ..o, 420
ERI2..coiiiiieeeee e 420
ERRI....ooiiiiiiiiiiininnecceccceee 584
Error protection ..........cccevveeveeevenvenneenne. 666
Exception handling............cccoovvervenniennnns 63
Exception handling vector table ............... 64
Extended control register..............ccce.c..... 25
External clocK.......ccceeevieviieniieniieienen, 723
External trigger.........cceevvevverieeneerneneenne. 603
FCCS .ot 622,753,764, 775
FECS .o 624,753,764, 775
FKEY ..o 625,753,764, 775
Flash MAT configuration....................... 615
FMATS. ..ot 626, 753, 764, 775
FOVI i 298
FPCS.coiiiiiiee 624,753,764, 775
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FRC ..o 280, 756, 767, 778
FTDAR ..o 627,753,764, 775
General regiSters ......oevvereereerieeceereeseeene 24
Hardware protection .............ccceevverveennene 665
Hardware standby mode .............cccucu..... 743
HICR.....cooiiie 512, 518,751,763, 774
T/O POItS .o 177
I/O select signals........cccoeveveeerveneenieenen. 123
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