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Notice

1. Allinformation included in this document is current as of the date this document is issued. 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 attention to additional and
different information to be disclosed by Renesas Electronics such as that disclosed through our
website.

2. 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.

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

4. Descriptions of circuits, software and other related information in this document are provided only to
illustrate the operation of semiconductor products and application examples. You 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 losses incurred by you or third
parties arising from the use of these circuits, software, or information.

5. 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. You 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 development 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.

6. 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 errors
in or omissions from the information included herein.

7. 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. You must check
the quality grade of each Renesas Electronics product before using it in a particular 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 be in 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.
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Notice

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.qg. artificial life support
devices or systems), surgical implantations, or healthcare intervention (e.g.
excision, etc.), and any other applications or purposes that pose a direct threat to
human life.

8. You should use the Renesas Electronics products described in this document within the range
specified by Renesas Electronics, especially 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.

9. 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 physical 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.

10. 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 a result of your
noncompliance with applicable laws and regulations.

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

12. Please contact a Renesas Electronics sales 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.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage
notes on the products covered by this manual, refer to the relevant sections of the manual. If the
descriptions under General Precautions in the Handling of MPU/MCU Products and in the body of the
manual differ from each other, the description in the body of the manual takes precedence.

1.

Handling of unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI,
an associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled
as described under Handling of Unused Pins in the manual.

Processing at power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is
completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power reaches
the level at which resetting has been specified.

Prohibition of access to reserved addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSl is not guaranteed if they are accessed.

Clock signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock signal
has stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an
external oscillator) while program execution is in progress, wait until the target clock signal is
stable.

Differences between products

Before changing from one product to another, i.e. to one with a different part number, confirm that

the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different part numbers, implement a system-evaluation test for each of the products.
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Note

Caution

How to use this manual

Purpose and target readers

This manual is designed to provide the user with an understanding of the
hardware functions of the microcontroller. It is intended for users designing
application systems incorporating the microcontroller. A basic knowledge of
electric circuits, logical circuits, and microcontrollers is necessary in order to
use this manual.

Special notations
Following special notations are used throughout this document:

Additional remark or tip

Item deserving extra attention

Electrical specifications

This manual does not present any electrical specifications.

Refer to the Data Sheet for detailed definitions of all electrical properties.

For information about the Data Sheet document, refer to the section “Related
Documents” in the chapter “Introduction”.

Additional documents

Following types of documents are available for the V850E2/Fx4-G
microcontrollers. Make sure to refer to the latest versions of these documents.
The newest versions of the documents listed may be obtained from the
Renesas Electronics Web site.

Document Type Description Document
Data sheet Hardware overview and electrical characteristics Refer to the section
User manual: Hardware specifications (pin assignments, memory maps, Related Do::uments n R
. L . S the chapter “Introduction
Hardware functional modules specifications and operation description)
Note: Refer to the application notes for details on using
functional modules.
User manual: Description of CPU, its instruction set and processor

32-bit Microprocessor
Core Architecture

protection functions

Application note

Information on using peripheral functions and application Available from Renesas
examples, sample programs and information on writing Electronics Web site
programs in assembly language and C

Renesas technical
update

Product specifications, updates on documents, etc.
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Product overview

CPU core functions

CPU Subsystem
functions

Port functions

Interrupt functions

DMA/DTS functions

Flash memory

Stand-by functions

Code protection
and security

Content of this manual

In the following brief hints are given where to find certain information about the
V850E2/Fx4-G microcontrollers.

Refer to the chapter “Introduction” for an overview of the features of all target
microcontrollers and their block diagrams.

Order codes for all devices and a list of related documents is given here as
well.

The functions of the CPU core (e.g. instruction set, processor protection
functions, etc.) are not subject to this manual. Refer to the separate CPU core
manual, shown in the section “Related Documents” in the chapter
“Introduction”.

The functions of the CPU Subsystem (including address map, operation
modes, etc.) are described in the chapter “CPU System Function”.

The section “Write protected Registers” in this chapter describes how to deal
with registers, that feature special write protection facilities.

If the microcontroller has separate bus systems beside the CPU Subsystem to
connect certain functional modules, refer to the chapter “Bus Architecture”.

The chapter “Port Functions” describes all input/output port related functions,
such as port sharing, 1/0 buffer control, port filters.

The features and electrical properties of the 1/0O buffers are not subject to this
manual, but are described in the Data Sheet.

Refer to the chapter “Interrupt Controller”.
Note that the function of each interrupt source is not described here, but in the
related chapter of the module, that generates the interrupt.

Refer to the chapter “DMA/DTS Controller” or “DMA Controller”, if the target
microcontroller does not feature DTS functions.

Note that the function of each DMA/DTS trigger source is not described here,
but in the related chapter of the module, that generates the trigger signal.

For microcontrollers with on-chip flash memory refer to the chapter “Flash
Memory” for information about the flash memories structure and features,
programming facilities, etc.

How to set the microcontroller in stand-by modes and wake it up again is
described in the chapter “Stand-by Controller (STBC)”.

Facilities to protect program code in on-chip flash memory (if available) from
illegal read-out via external flash programming equipment or debuggers is
described in the chapter “Code Protection and Security”.
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Clock supply The chapter “Clock Controller” describes the generation and operation of all
clocks, provide to the entire microcontroller.

Resets The sources that can generate reset signals to all or dedicated internal
modules and how to control them is described in the chapter “Reset
Controller”.

Functional modules The description of most functional modules, like timers, serial interfaces, etc. is
provided in separate chapters. These chapters have a certain structure of
information presentation. Refer to the section “Functional modules
descriptions”.

Debugging The main features on the On-Chip Debug Unit of the microcontroller is
described in the chapter “On-chip Debug Unit (OCD)".
Note that the description of the external debugger tool is not subject to this
manual.

Power supply The chapter “Power Supply” provides information which modules of the
microcontrollers are supplied by which external power supply pins.
Note that the specification of the external power supply is not subject to this
manual. Refer to the Data Sheet for detailed definitions of the power supply.

Boundary scan If the target microcontroller supports boundary scan testing, refer to the
chapter “Boundary Scan” for information about available Boundary Scan
features.

Notation of numbers and symbols

Symbols  Symbols and notation are used as follows:
» Weight in data notation: Left is high order column, right is low order

column

» Active low notation: xxx (pin or signal name is over-scored) or
/xxx (slash before signal name)

* Memory map address: High order at high stage and low order at low
stage

Numeric notation e« Binary: XXXX OF XXXg
* Decimal: XXXX
* Hexadecimal: XXXXp OF OX XXXX
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Numeric prefixes

represent different factors, depending on the measure:

Prefix Powers of 2 Powers of 10
k (kilo) |- 10% = 1000
K (Kilo) | 2%0=1024 -
M (Mega) | 220 =10242=1,048,576 10% = 10002 = 1,000,000
G (Giga) |2%0=10243=1,073,741,824 10° = 1000° = 1,000,000,000
m (mill) |- 102 =0.001
i (micro) | — 10% = 0.0012 = 0.000,001
p (piko) |- 10 = 0.001° = 0.000,000,001

For example used for

¢ address and memory spaces in
bytes: KB, MB, GB

For example used for

» frequencies: kHz, MHz, GHz
e times: ms, us

» resistance: kQ, MQ

» capacitance: pF, pF

Register contents

X, x = don't care

Diagrams

Block diagrams do not necessarily show the exact wiring in hardware but the
functional structure.

Timing diagrams are for functional explanation purposes only, without any
relevance to the real hardware implementation.

Trademarks

All trademarks are the property of their respective owners.
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Functional modules descriptions

Most of the chapters provide a technical description of a certain functional
module.

These chapters are split into two parts:

» The first section describes all properties of the functional module specific to
the target product of the user manual, such as instances, register base
addresses, input/output signal names, etc.

» The subsequent sections describe the features of the functional module as
a generic description. The generic description is common to all user
manuals of products, that feature this module.

Functional modules abbreviation convention

Each functional module has a unique abbreviation, for instance
TAUA for the Timer Array Unit A
This shortcut is used in names for various purposes:

» The module registers and their bits names are preceded by this shortcut, for
instance

TAUANTS for the TAUAN channel start trigger register

The index “n” denotes the instance number of the module, refer to the next
section and the key words “Instances” and “Instances index n”.

» The base address of the module registers include the by this shortcut, for
instance

<TAUAN_base> for the base address of the TAUAN registers

» The input/output signals of the module are preceded by this shortcut, for
instance

TAUANTTINO for the TAUAN channel 0O input signal

» The names of the module interrupts includes the module shortcut, for
instance

INTTAUANIO for the TAUAN channel O interrupt

Product specific features

The product specific section is always structured by a set of identical key
words.

For the naming of signals product specific section serves also as some kind of
interface between the generic module description and all other parts of the
document.

This means that the names of signals, used in the generic module description,
may be translated to other names, that are used in the other document

chapters.
This name translation is given in form of tables, as the following as an
example:
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Cautions

Instances

Module signals Function Connected to

Module shortcut:

Name used in Brief functional description | Name used in remaining
generic module document
description

The following lists the key words for product specific definitions. As examples,
definitions of different modules are used.

1. The following product specific definitions are only used as examples and do
not define any properties of the target product of this document.

2. Consequently the functional modules, used for examples purposes, may not
be available with the target product of this document.

The devices of the target product may contain different numbers of the
functional module, so called instances. The “Instances” paragraph specifies
the number of instances for all devices of the target product.

Table 0-1 Example: Instances of TAUAN

Timer Array Unit A Device_1 Device_2 Device_3

Instance 2 4 2

Name TAUAO to TAUAL | TAUAO to TAUA3 | TAUAO to TAUAL
RO1UHO0366EJ0100 Rev. 1.00 RENESAS 24
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Instances index n  Throughout the following generic module description, an instance of a module
is identified by the index "n", for instance

TAUANTS for the TAUAN channel start trigger register

“n” counts from O to the number of instances minus one.

Other indices In case other indices, except “n” for instances, are used throughout the generic
module description, they are specified here.

Channel index m  Timer Array Unit A has 16 channels. Throughout this chapter, the
individual channels are identified by the index “m” (m = 0 to 15), thus a
certain channel is denoted as CHm.

The even numbered channels (m =0, 2, 4, 6, 8, 10, 12, 14) are denoted
as CHm_even.

The odd numbered channels(m=1, 3,5,7,9, 11, 13, 15) are denoted as
CHm_odd.

Register addresses  All module register addresses in the generic description are given as address
offsets to a base address, that is individual to a certain module instance n.
For each module instance n the individual base address is given here.

Table 0-2 Example: Register base addresses <TAUANn_base>

TAUAnN instance <TAUAN_base> address
TAUAO FF80 8000y
TAUAL FF80 90004
TAUA2 FF80 AOOOy
TAUA3 FF80 B0OOy
TAUA4 FF80 C000y
RO1UH0366EJ0100 Rev. 1.00 RENESAS 25
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Clock supply  The clock signals of each instance n of the module and their connection to

other functional modules of the device are given here.
A figure shows the modules clock supply options.

Table 0-3 Example: TAUAN clock supply

TAUAn instance TAUAnN clock Connected to
TAUAO PCLK Clock Generator CKSCLK_006
TAUAL PCLK Clock Generator CKSCLK_104
TAUA2 PCLK Clock Generator CKSCLK_111
TAUA3 PCLK Clock Generator CKSCLK_106
TAUA4 PCLK Clock Generator CKSCLK_105

Interrupts and  The interrupt signals of each instance n of the module and their connections to
DMA/DTS other functional modules of the device are given here.

Table 0-4 Example: TAUAN interrupt and DMA/DTS requests

TAUAnN signals

Function

Connected to

TAUAO:

INTTAUAOIO to
INTTAUAOI7

Channel 0 to 7 interrupt

Interrupt Controller INTTAUAOIO
to INTTAUAOI7

INTTAUAOI8

Channel 8 interrupt

Interrupt Controller INTTAUAOI8
DMA Controller trigger 15
DTS Controller trigger 9

INTTAUAOIO to 15

Channels 9 to 14 interrupt

not connected

TAUAL:

RO1UHO0366EJ0100 Rev. 1.00
Feb 28, 2013
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Internal signals Signals of some modules are connected to other device’s modules. Such

connections are defined here.

Table 0-5 Example: Vin internal signals

Vin signal Function Connected to
VIOEN VIOO0 enable VI0 I/F control

ES_VSYNC VSYNC signal output MVOO0 EVSYNC

ES_HSYNC HSYNC signal output MVOO0 EHSYNC

H/W reset The signals, that reset each instance n of the module, are listed here.

Table 0-6 Example: TAUAN reset signals

TAUAN

Reset signal

TAUAO

¢ Reset Controller SYSRES

* Reset upon Isolated-Area-0 wake-up from DEEPSTOP

mode

TAUA1L to TAUA4

Reset Controller SYSRES

* Reset upon Isolated-Area-1 wake-up from DEEPSTOP

mode

RO1UHO0366EJ0100 Rev. 1.00
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I/O signals  The input/output signals of each instance n of the module and their
connections to ports and other functional modules of the device are given

here.

Table 0-7 Example: TAUAN 1/O signals

TAUA signal

Function

Connected to

TAUAO:

TAUAOTTINO

Channel 0 input

Port TAUAOIO? or FCNO TSOUT
or port URTEORXP

TAUAOTTIN1

Channel 1 input

Port TAUAOI12 or FCN1 TSOUT
or port URTE1RXP

TAUAOTTINZ2 to
TAUAOTTIN15

Channel 2 to 15 input

Port TAUAOI2? to TAUAOI1152

TAUAOTTOUTO to
TAUAOTTOUT1S

Channel 0 to 15 output

Port TAUAOOO to TAUAOO15

TAUAL:

a) These input signals are passed through a noise filter, refer to the section “Port
Filters” in the chapter “Port Functions”.
b)  Referto 15.2 “TAUA Input Selection” on page 662 for details.

Special definitions  If the functional module needs any particular definitions for its operation, which
are product dependent, these are defined here.

Further information

For further information see http://www.renesas.com.
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Chapter 1

Introduction

1.1

V850E2/Fx4-G Product Line Overview

(1) VB850E2/FF4-G product line overview

Table 1-1 VB850E2/FF4-G product series overview (1/2)
Series name: FF4-G-256K FF4-G-512K
Part number: UPD70F4177 UPD70F4178
Internal memory | Instruction flash 256 KB 512 KB
Data flash 32 KB
CPU RAM 32 KB 64 KB
Back-up RAM 4 KB
CPU CPU core V850E2
CPU frequency 64 MHz max.2
System Protection Functions (SPF) MPU provided
SRP provided
DMA 8 channels
Operating clock | Main Oscillator (MainOsc) 4,5,6,10, 12, 16, 20 MHz
Low Speed Internal Oscillator (LS IntOsc) 240 kHz typ.
High Speed Internal Oscillator (HS IntOsc) 8 MHz typ.
PLLO 64 MHz max.

I/O ports

59

A/D converter (ADAAO)

1 x 10 channels, 10 bit

Timers

Timer Array Unit B (TAUB), 16 bit

1 unit x 16 channels

Timer Array Unit J (TAUJ), 32 bit

1 unit x 4 channels

Window Watchdog (WDTA) 2 channels
Operating System Timer (OSTM) 1 channel
Serial interfaces | CAN I/F (FCN) 3 channel 6 channel

(32 messages buffer)

(32 messages buffer)

UART I/F (URTE) with 2 channels
LIN Master Controller (LM)
Synchronous I/F (CSIG) 2 channels
I2C I/F (IICB) 1 channel
External Maskable (INTPn) External 9
interrupts Internal 61 70
Non-maskable (NMI) External 1
Internal 2
Other functions | Power-On-Clear (POC) provided
Clock Monitors (CLMA) provided for MainOsc, HS IntOsc,
PLLO supervision
Key Return (KR) 8 channels
On-Chip debug (OCD) provided
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Table 1-1 V850E2/FF4-G product series overview (2/2)

Series name: FF4-G-256K FF4-G-512K

Part number: HPD70F4177 HPD70F4178
Voltage supply | Internal supply Vpoc t0 5.5 V2

I/0 supply Vpoc 10 5.5 V2

Operating Temperature -40° C to +125° C?
Package 80-pin LQFP
3 Refer to the Data Sheet.
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AWO: CPU Subsystem Memory
«—> TAUJO Iso0: 1so0:
CPU P Code flash
WDTAO
DMA INT
— KRO c g RAM
Port group PBUS I/F
PO, JPO
BURAM AWO: — Data flash
STBC
PBUS
Power and Reset:
AWO:
Reset Power
Iso0:
Sou: POC LVIVLVI
- TAUBO WDTAL
—> ADAAO (10 chn.) OSTMO Clock Generator:
URTE/LMAL10, AWO:
URTE/LMA11 HS IntOsc MainOsc -~
-<— CSIGO, CSIG4 CLMA2 CLMAO
FCNO-FCN5!
- (6 x 32 msg. buf) LS IntOsc PLL
-<— [ICBO Iso0:
Port groups P1, P3 CLMAS
P4, P10
On-Chip Debug:
AWO:
OCD -
1) uPD70F4177: FCNO to FCN2 (3 x 32 message buffers)
Figure 1-1 V850E2/FF4-G block diagram
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(2) VB50E2/FGA4-G product line overview
Table 1-2 V850E2/FG4-G product series overview
Series name: FG4-G-256K FG4-G-512K
Part number: UPD70F4179 UPD70F4180
Internal memory | Instruction flash 256 KB 512 KB
Data flash 32 KB
CPU RAM 32 KB 64 KB
Back-up RAM 4 KB
CPU CPU core V850E2
CPU frequency 64 MHz max.?
System Protection Functions (SPF) MPU provided
SRP provided
DMA 8 channels
Operating clock | Main Oscillator (MainOsc) 4,5,6,10, 12, 16, 20 MHz
Low Speed Internal Oscillator (LS IntOsc) 240 kHz typ.
High Speed Internal Oscillator (HS IntOsc) 8 MHz typ.
PLLO 64 MHz max.
I/O ports 77

A/D converter (ADAAO)

1 x 16 channels, 10 bit

Timers

Timer Array Unit B (TAUB), 16 hit

1 unit x 16 channels

Timer Array Unit J (TAUJ), 32 bit

1 unit x 4 channels

Window Watchdog (WDTA) 2 channels
Operating System Timer (OSTM) 1 channel
Serial interfaces | CAN I/F (FCN) 3 channel 6 channel

(32 messages buffer)

(32 messages buffer)

UART I/F (URTE) with 3 channels
LIN Master Controller (LM)
Synchronous I/F (CSIG) 3 channels
12C I/F (IICB) 1 channel
External Maskable (INTPn) External 13
interrupts Internal 67 76
Non-maskable (NMI) External 1
Internal 2
Other functions | Power-On-Clear (POC) provided
Clock Monitors (CLMA) provided for MainOsc, HS IntOsc,
PLLO supervision
Key Return (KR) 8 channels
On-Chip debug (OCD) provided
Voltage supply | Internal supply Vpoc 10 5.5 V2
I/0 supply Vpoc 10 5.5 V@
Operating Temperature -40° C to +125° C?
Package 100-pin LQFP
@  Refer to the Data Sheet.
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AWO: CPU Subsystem Memory
-<— TAUJO Iso0: Iso0:
CPU P Code flash
WDTAO
DMA INT
— KRO c ~—p RAM
Port group PBUS I/F
PO, JPO
BURAM O e Data flash
STBC
PBUS
Power and Reset:
AWO:
Reset Power
Iso0:
Sou: POC LVIVLVI
TAUBO WDTAL
ADAAOQ (16 chn. OSTMO Clock Generator:
URTE/LMA2, AWO:
< URTE/LMA10, )
URTE/LMA11 HS IntOsc MainOsc l—
CSIGO, CSIG4, CLMAZ2 CLMAO
CSIG7
FCNO-FCN5! LS IntOsc PLL
-
(6 x 32 msg. buf)
Iso0:
11ICBO
CLMAS3
Port groups P1, P3
“|Pa, P10, P27
On-Chip Debug:
AWO:
OCD -
1) - uPD70F4179: FCNO to FCN2 (3 x 32 message buffers)
Figure 1-2 V850E2/FG4-G block diagram
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1.2 Related Documents

Table 1-3 Related documents

Document number? Title

RO1USO0037EJxXxX User’s Manual:

V850E2 32-bit Microcontroller Core Architecture
RO1DS0167EJXXxX FF4-G Data Sheet
R0O1DS0166EJxxxx FG4-G Data Sheet
R20UTOO008EJxxxx User’s Manual:

PG-FP5 Flash Memory Programmer
U17638EJxVXUMO0 User’s Manual:

QB-V850MINI, QB-V850MINIL On-Chip Debug Emulator
R0O1US0046EDxxxx User’s Manual:

Flash Self-Programming Library FSL - TO6
<tbd> User’s Manual:

Data Flash Access Library FDL - TO6

a) “X" denotes the current document revision numbers.
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1.3 Ordering Information

Table 1-4 V850E2/Fx4-G ordering information

Series name Device name Renesas order code Remarks
FF4-G-256K UWPD70F4177 uPD70F4177GK(Ax)-GAK-AX
FF4-G-512K HPD70F4178 uPD70F4178GK(Ax)-GAK-AX
FG4-G-256K uPD70F4179 uPD70F4179GC(Ax)-UEU-AX
FG4-G-512K HPD70F4180 uPD70F4180GC(Ax)-UEU-AX
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Chapter 2 Port Functions

This chapter contains a generic description of the Port control functions.

The first section describes all properties specific to the VB50E2/Fx4-G, such as
port groups, register base addresses, etc.

The second section describes the features of the port control functions that
apply to all ports.

The third section summarizes the individual functions of all pins of V850E2/
Fx4-G microcontrollers.

Finally the function of analog and digital filters, which are implemented at some
pins, are described.

2.1 V850E2/Fx4-G Port Features

Port groups The V850E2/Fx4-G microcontrollers have following number of port groups:

Table 2-1 Port groups of V850E2/Fx4-G

Port groups V850E2/FF4-G V850E2/FG4-G
Number 6 7
Names PO, P1, P3, P4, P10, JPO PO, P1, P3, P4, P10, P27, JPO

Port groups index n  Throughout this chapter, the individual port groups are identified by the index
“n”, for example, PMCn for the port mode control register of Pn.

Register addresses All port and JTAG port control register addresses are given as address offsets
from the individual base addresses <PORTn_base> and <JPORTOQ_base>.
The base addresses <PORTn_base> and <JPORTO_base> are specified in
the following table:

Table 2-2 Port base addresses <PORTn_base> and <JPORTO_base>

<PORTn_base> address <JPORTO_base> address
FF40 0000y FF44 00004
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2.2

Features summary

Overview

The microcontroller has various pins for input/output functions, known as ports.
The ports are organized in port groups.

The microcontroller also has several control registers to allocate other than
general purpose input/output functions to the pins.

For a description of the terms pin, port, or port group, see the following section
“Terms”.

» Configuration possible for individual pins.
» The following features can be selected for most of the pins:

— One out of four input buffer characteristics

Output current limit

Open drain emulation

Pull-up or pull-down resistor connection

» The following registers are offered for most of the ports:

Direct register for reading the pin values

Port register

Port set/reset register

Register for output inversion
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Port Functions

2.2.1 Terms
In this chapter, the following terms are used:
e Pin
Denotes the physical pin. Every pin is denoted by a unique pin number.
The pin numbers depend on the package and are given in the Data Sheet.
Most of the pins can be used in several modes. Thus the pin name depends
on the selected mode.
e Port group
Denotes a group of ports. The ports of a port group have a common set of
port mode control registers.
» Port mode / Port
A pin in port mode works as a general purpose input/output pin. It is then
called “port”.
The corresponding name is Pn_m. For example, PO_7 denotes port 7 of port
group 0. It is referenced as “port PO_7".
» Alternative mode
In alternative mode, a pin can be used for various non-general purpose
input/output functions, for example as the input/output pin of on-chip
peripherals.
The corresponding pin name depends on the selected function. For
example, pin INTPO denotes the pin for one of the external interrupt inputs.
Note that two different names can refer to the same physical pin, for
example PO_0 and INTPO. The different names indicate the function in
which the pin is being operated.
JTAG ports  The JTAG port group JPO is used for connecting the debugger for on-chip
debugging purposes. Therefore it present a special port group, as the ports of
JPO are not available for application purposes during a debug session.
During normal operation, i.e. without debugger, the JPO ports can be used in
the same way as all others.
The JTAG port group JPO control registers and their control bits have the same
names as the other port groups, registers and bits, but are identified by a “J”
prefix.
Note Throughout this chapter the description of all ports and their registers apply
also to the JTAG ports, unless otherwise noted.
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2.2.2 Pin function configuration
The pins can operate in three different general modes:
* Port mode (PMCn.PMCn_m = 0)
In port mode the pin operates as a general purpose I/O port. PMn.PMn_m
selects input or output.
* S/W I/O control alternative mode (PMCn.PMCn_m =1,
PIPCn.PIPCn_m = 0)
In S/W 1/O control alternative mode the pin is operated by an alternative
function. The selection between input or output is done by S/W via the
PMn.PMn_m control bits.
 Direct I/O control alternative mode (PMCn.PMCn_m =1,
PIPCn.PIPCn_m = 1)
In direct I/O control alternative mode the pin is operated by an alternative
function. In contrast to the S/W I/O control alternative mode the input/output
control is also handled by the alternative function, thus the S/W doesn’t
have to care about.
An overview of the register settings is given in the tables below.
Table 2-3  Pin function configuration (overview)
Control bits
Mode I/0
PMCn_m | PMn_m | PIPCh_m
Port 0 0 X (0]
18 I
S/W 1/O control alternative 1 0 0 (0]
0 I
Direct I/O control alternative X 1 controlled by
alternative
function
a) The input buffer must be enabled (PIBCn.PIBCn_m = 1)
If a pin is operated in an alternative mode (PMCn.PMCn_m = 1), one out of up
to four different alternative functions can be selected by the PFCn and PFCEn
registers.
Selection of one of the alternative input and output functions:
* S/W I/O control alternative functions (PIPCn.PIPCn_m = 0):
— outputs (PMn_m = 0): ALT-OUT1 to ALT-OUT4
— inputs (PMn_m = 1): ALT-IN1 to ALT-IN4
» Direct I/O control alternative functions (PIPCn.PIPCn_m = 1):
— input/out of ALT-OUTL1 to ALT-OUT4 and ALT-IN1 to ALT-IN4 is directly
controlled by the alternative function
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Table 2-4 Alternative mode selection overview (PMCn.PMCn_m = 1)

Caution

PMn/PMCn
register write

Function Registers 110
PIPC?| PM2 | PFCE | PFC

Alternative output mode 1 (ALT-OUT1) 0 0 0 0 (0]
Alternative input mode 1 (ALT-IN1) 1 |
Alternative output mode 2 (ALT-OUT2) 0 0 1 (0]
Alternative input mode 2 (ALT-IN2) 1 |
Alternative output mode 3 (ALT-OUT3) 0 1 0 (0]
Alternative input mode 3 (ALT-IN3) 1 |
Alternative output mode 4 (ALT-OUT4) 0 1 1 (0]
Alternative input mode 4 (ALT-IN4) 1 |

a) If PIPCn.PIPCn_m =1, the I/O direction is directly controlled by the alternative
function and PM is ignored.

In case a certain alternative input function is available via multiple ports, only
one port must be configured to use this alternative input function. All other
ports must be configured to use other signals.

The port mode register PMn and port mode control register PMCn can be
manipulated in two different ways:

» Direct PMn/PMCn write
New value can be written directly to the PMn/PMCn register.

* Indirect PMn/PMCn bit set/reset
An indirect way to set or reset a PMn/PMCn bit is possible by using following
registers:

— Port mode set reset register PMSRn
If the bit PMSRN.PMSRn(m+16) = 1, the value of bit PMSRN.PMSRn_m
determines the value of PMn.PMn_m.
Thus PMn_m can be set/reset without a direct write to PMn.

— Port mode control set reset register PMCSRn
If the bit PMCSRn.PMCSRn(m+16) = 1, the value of bit
PMCSRn.PMCSRn_m determines the value of PMCn.PMn_m.
Thus PMn_m can be set/reset without a direct write to PMCn.

The indirect PMn/PMCn set/reset operation provides access to single bits of
the PMn/PMChn register, while leaving all other register bits untouched.

Both ways to manipulate a PMn/PMCn bit can be used concurrently.

Note Itis recommended to use the indirect PMn/PMCn bit set/reset method for
changing a single bit or concurrently several bits of the PMn/PMCn register,
since all other bits are not modified and can be independently treated by other
S/W modules, for instance in interrupt service routines.
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2.2.3

Output data

Pin data input/output

In the following the registers are described, used for data input and output.

Depending on the pin mode, the source of the data to be output and the data
read via the PPRn register differs.

In port mode (PMCn.PMCn_m = 0) the data of Pn.Pn_m is output to pin Pn_m.

In alternative mode (PMCn.PMCn_m = 1) the pin Pn_m output is determined
by the alternative function.

Input data A read operation of the PPRn register returns either the value of the Pn_m pin,
the associated bit of the port register Pn.Pn_m or the data output by an
alternative function.

The source of the data read via PPRn depends on the pin mode and the
setting of several control bits.
The table below summarizes the different PPRn read modes.
Note PBDCn_m is not included in the table, as it can be set to 1 for reading the
Pn_m pin level in all modes.
Table 2-5 PPRn_m read values
PMC PM PIBC | PIPC | PODC Mode PPRn_m read value
nm | nm|nm/|nm/|nm -
0 1 0 X X Port input, input buffer disabled | Pn.Pn_m register
1 X Port input, input buffer enabled Pn_m pin
0 X 0 Port push-pull output Pn.Pn_m register?
1 Port open-drain output
1 1 X 0 X S/W /O control alternative input | Pn_m pin
0 0 S/W 1/O control alternative Alternative function output?®
push-pull output
1 S/W 1/O control alternative
open-drain output
X 1 0 Direct 1/O control alternative If alternative functions sets port in
input/ push-pull output « input: PPRn_m = Pn_m pin
1 Direct I/O control alternative « output: PPRn_m = alternative
input/ open-drain output function output?®

a) If PBDCn_m =1, Pn_m pin level is read via PPRn_m.

The control registers in the table above have following effects:

« PBDCn.PBDCn_m (see table footnote)
This bit forces to read the Pn_m pin level via PPRn_m, thus enabling a bi-
directional mode, where the level of pin Pn_m can also be read back if the
port is operated in an output mode.

e PMCn.PMCn_m
This bit selects port mode (PMCn_m = 0) or alternative mode
(PMCn_m =1).
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Pn register write

Note

Caution

e PMn.PMn_m
This bit selects input (PMn_m = 1) or output (PMn_m = 0) in port mode
(PMCn_m = 0) and S/W I/O control alternative function mode
(PMCn_m =1, PIPCn_m =0).

* PIBCn.PIBCn_m
This bit disables (PIBCn_m = 0) or enables (PIBCn_m = 1) the input buffer
in input port mode (PMCn_m = 0 and PMn_m = 1). If the input buffer is
disabled, PPRn_m reads the Pn.Pn_m bit, otherwise the Pn_m pin level is
returned.

e PIPCn.PIPCn_m
This bit selects between the S/W and direct I/O control alternative mode.

+ PODCNn.PODCn_m
This bit selects between push-pull (PODCn_m = 0) and open-drain
(PODCn_m = 1) output.

The data to be output via port Pn_m in port mode (PMCn.PMCn_m = 0) is held
in the port register Pn. The Pn data can be manipulated in two different ways:

» Direct Pn write
New data can be written directly to the Pn register.

* Indirect Pn bit set/reset/not
An indirect way to set (Pn_m = 1), reset (Pn_m = 0), or invert
(Pn_m — Pn_m) a Pn bit is possible using two registers:

— Port set reset register PSRn
If the bit PSRN.PSRn(Mm+16) = 1, the value of bit PSRn.PSRn_m
determines the value of Pn.Pn_m.
Thus Pn_m can be set/reset without a direct write to Pn.

— Port NOT register PNOTn
Setting PNOTn.PNOTn_m = 1 inverts the bit Pn.Pn_m without a direct
write to Pn_m.

The indirect Pn set/reset/not operation provides access to single bits of the
Pn register, while leaving all other Pn bits untouched.

Both ways to manipulate a Pn bit can be used concurrently.

It is recommended to use the indirect Pn bit set/reset/not method for changing
a single bit or concurrently several bits of the Pn register, since all other bits
are not modified and can independently be treated by other S/W modules, for
instance in interrupt service routines.

If a port Pn_m
» provides an alternative output ALT_OUTx and input function ALT_INXx

* and is used in alternative output mode ALT_OUTx (PMCn.PMCn_m =1,
PMn.PMn_m = 0)

» and the bi-directional mode is enabled (PBDCn.PBDCn_m = 1) for reading
the Pn_m level via PPRn.PPRn_m,

the Pn_m output, i.e. of ALT_OUTYX, is internally fed back to the alternative
input function ALT_INX.
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2.2.4 Port control logic diagram
The following diagram shows the logical circuitry of the port control functions.

Note The diagram is only a logical reference and does not show the real circuitry.

PMCn_m
PMCSRn_m

| PISn_m I D IS
| PISEn_m i D ISE
| PUn_m i ) > PUON
| PDA_m i '—\l ) { D PDON
| PBDCN_m i
| PM IL ~ 5_' I
PMSgﬁTm ZJ - ENO E
=}
PIBC —@
- :—L. =) _D_I,,_, DEN |5

[l

PIPCn_m

PPRn_m I 1 l

0
Pn_m r I—I_l
PSRn_m | o] é

PNOTn_m

<1 DIN

v

O DOUT

111t

0101

PFCn_m

) [T

PFCEn_m 0011

1234 Ar7our ALT_IN 1234
0 control control ALT_IN

Figure 2-1 Port control logic diagram

The signals to the I/O buffer in the diagram above have the following general

function:
Buffer control signal General function
IS, ISE input buffer selection
PUON/PDON pull-up/-down register control
ENO/ENI output/input buffer enable
DIN/DOUT port data in/out
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2.3 Port Group Configuration Registers

This section starts with an overview of all configuration registers and then
presents all registers in detail. The configuration registers are grouped as
follows:

» “Pin function configuration registers”
e “Pin data input/output”

» “Configuration of electrical characteristics registers”

2.3.1 Writing to protected registers
Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc.
Following port registers feature this special write protection:
» Port open drain control registers PODCn, JPODCO

Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

2.3.2 Port control registers overview

The following registers are used for the configuration of the individual pins of
the port groups:

Note Some of the registers, listed in the table below, are not available for all port

groups n. Refer to the section “V850E2/Fx4-G port functions” below for
information which registers are available for the individual port groups.

Table 2-6 Registers for port group configuration (1/2)

Register name ‘ Shortcut ‘ Address
Port function configuration:
Port mode control register PMCn <PORTnN_base> + 04004 + n x 4
JPMCO <JPORTO_base> + 0040y
Port mode control set reset PMCSRn <PORTN_base> + 0900y + n x 4
register JPMCSRO | <JPORTO_base> + 0090
Port IP control register PIPCn <PORTnN_base> + 4200 + n x 4
Port mode register PMn <PORTN_base> + 0300 + n x 4
JPMO <JPORTO_base> + 0030y
Port mode set reset register PMSRn <PORTnN_base> + 0800y + n x 4
JPMSRO <JPORTO_base> + 0080y
Port input buffer control register | PIBCn <PORTnN_base> + 40004 + n x 4
JPIBCO <JPORTO_base> + 0400y
Port function control register PFCn <PORTnN_base> + 0500y + n x 4
JPFCO <JPORTO_base> + 0050y
Port function control expansion | PFCEn <PORTnN_base> + 06004 + n x 4
register
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Table 2-6

<PORTn_base>

JTAG port registers

<JPORTO base>

Initial register

Registers for port group configuration (2/2)

Register name ‘ Shortcut ‘ Address

Data input/output:

Port bi-direction control register | PBDCn <PORTnN_base> + 41004 + n x 4
JPBDCO <JPORTO_base> + 0410y

Port pin read register PPRnN <PORTnN_base> + 0200 + n x 4
JPPRO <JPORTO_base> + 00204

Port register Pn <PORTnN_base> + 0000y + n x 4
JPO <JPORTO_base> + 0000y

Port NOT register PNOTO <PORTN_base> + 07004 + n x 4
JPNOTO <JPORTO_base> + 0070y

Port set reset register PSRn <PORTN_base> + 0100 + n x 4
JPSRO <JPORTO_base> + 00104

Configuration of electrical characteristics:

Pull-up option register PUn <PORTN_base> + 4300 + n x 4
JPUO <JPORTO_base> + 0430y

Pull-down option register PDn <PORTnN_base> + 4400 + n x 4
JPDO <JPORTO_base> + 0440y

Port open drain control register | PODCn <PORTnN_base> + 45004 + n x 4
JPODCO <JPORTO_base> + 0450y

Port input buffer selection PISn <PORTN_base> + 4700, + n x 4
register JPISO <JPORTO_base> + 0470,

Port input buffer selection PISEn <PORTnN_base> + 4800y + n x 4

expansion register JPISEQ <JPORTO_base> + 0480,

The base address <PORTnN_base> of the port contorl registers is defined in
the first section of this chapter under the key word “Register addresses”.

The following register descriptions do not explicitely reference the JTAG port
registers. However all description apply also to the respective JTAG port
registers, but the base address of the JTAG port registers is different:

The base addresses <JPORTO_base> of the JTAG port control registers is
defined in the first section of this chapter under the key word “Register
addresses”.

The initial values after reset release depend on the port, and are not described

values in the following register descriptions, but are given in the section “V850E2/Fx4-
G Port Groups Configuration”.
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2.3.3

Port function configuration registers

(1) PMCn/JPMCO - Port mode control register

This register specifies whether the individual pins of port group n are in port
mode or in alternative mode.

Access PMCn: This register can be read/written in 16-bit units.
JPMCO: This register can be read/written in 8-bit units.
Address PMCn: <PORTn_base> + 04004 + n x 4
JPMCO: <JPORTO_base> + 00404
Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
n15|n_14 |n_13|n_12|n 11 |n 10| nN9 | n8 | n7|n6|n5|n4|n3|n2|nl|noO

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note The control bits of the JTAG port register JPMCO are named JPMCO_[7:0].

Table 2-7 PMCn/JPMCO register contents

Bit position Bit name Function
15t0 0 PMC Specifies the operation mode of the corresponding pin:
n_[15:0] 0: Port mode
1: Alternative mode
Cautions 1. Setting PMCn.PMCn_m = 1 to use a port in alternative mode does not hand

over I/O control to the alternative function. If the alternative function requires

direct 1/0 control, PIPCn.PIPCn_m must also be set to 1.

2. Setting PMCn.PMCn_m = 1 to use a port in alternative mode may also
require to configure a port filter, if this port is used as a signal input.
The input signhal may be passed through a noise filter, that may need to be
configured. Refer to the section “Port Filters” in this chapter.
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(2) PMCSRn/JPMCSRO - Port mode control set reset register
This register provides an alternative method to write data to the PMCn register.

The register’s upper 16 bit PMCSRn_[31:16] specify which PMCn.PMCn_m bit
will be modified by the corresponding bit of the lower 16 bit PMCSRn_[15:0].

Access These registers can be read/written in 32-bit units.
Bits 31 to 16 are always read as 0000.
Reading bits 15 to 0 returns the value of register PMCn/JPMCO.

Address PMCSRn: <PORTn_base> + 0900y + n x 4
JPMCSRO0: <JPORTO_base> + 0090y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PMCSR[PMCSR|PMCSR|PMCSR|PMCSR[PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR[PMCSR|PMCSR|PMCSR|PMCSR[PMCSR
n_31 {n30 [ n29 (n28 | n27 |n26|n_25(n_24|n_23|n_22|n_21|n_20|n_19 | n_18 | n_17 | n_16

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR
n_15 {n_14 { n_13 | n_12 | n_11 { n_10 | n_9 n_8 n_7 n_6 n_s n_4 n_3 n_2 n_1 n_0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPMCSRO are named
JPMCSRO0_[31:0].

Table 2-8 PMCSRn/JPMCSRO register contents

Bit position Bit name Function
31to 16 PMCSR PMCSRnN_m specifies whether the value of the corresponding lower bit
n_[31:16] PMCSRnN_m value is written to PMCn_m:

0: PMCn_m is independent of PMCSRn_m

1: PMCn_mis PMCSRn_m
Example:
If PMCSRN.PMCSRn_31 = 1, the value of bit PMCSRn.PMCSRn_15 is written
to bit PMCn.PMCn_15 and output.

15t0 0 PMCSR Specifies the PMCn_m value if the corresponding upper bit PMCSRn_(m+16) is
n_[15:0] 1:
0: PMCn_m=0
1:PMCn_m=1
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(3) PIPCn - Port IP control register

This register specifies whether the 1/0 direction of pin Pn_m is controlled by
the port mode register PMn.PMn_m or by an alternative function.

If pin Pn_m is operated in alternative mode (PMCn.PMCn_m = 1) and the
alternative function requires to directly control the 1/O direction of Pn_m,
PIPCn.PIPCn_m must be set to 1 as well. This hands over I/O control to the
alternative function and overrules the PMn.PMn_m setting.

Access PIPCn: This register can be read/written in 16-bit units.
Address PIPCn: <PORTn_base> + 4200 + nx 4

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC
n15|n_14|n_13|n_12{n_11{n10| n9 | n8 |n7 |n6|n5|nd4|n3|n2|nl1j|no

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Table 2-9 PIPCn register contents

Bit position Bit name Function
15t0 0 PIPC Specifies the 1/0 control mode:
n_[15:0] 0: I/O mode is selected by PMn.PMn_m (S/W /O control)

1: 1/0 mode is selected by peripheral function
(direct 1/0 control)
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(4) PMn/JPMO - Port mode register

The PMn register specifies whether the individual pins of the port group n are
in input mode or in output mode.

Access PMn: This register can be read/written in 16-bit units.
JPMO: This register can be read/written in 8-bit units.

Address PMn: <PORTn_base> + 03004 + n x 4
JPMO: <JPORTO_base> + 0030y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PM | PM | PM | PM | PM | PM | PM | PM | PM | PM | PM | PM | PM | PM | PM | PM
n15|n 14|{n13|n 12| n11(n10| N9 {n8|n7 | n6|n5|n4|n3|n2|nl1l|no

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPMO are named JPMO_[7:0].

Table 2-10 PMn/JPMO register contents

Bit position Bit name Function
15t00 PM Specifies input/output mode of the corresponding pin:
n_[15:0] 0: Output mode (output enabled)
1: Input mode (output disabled)

Notes 1. To use a portin input port mode (PMCn.PMCn_m = 0 and
PMn.PMn_m = 1), the input buffer must be enabled (PIBCn.PIBCn_m = 1).

2. By default, PMn_m specifies the I/O direction in port mode
(PMCn.PMCn_m = 0) and alternative mode (PMCn.PMCn_m=1), since
PIPCn.PIPCn_m = 0 after reset.
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(5) PMSRn/JPMSRO - Port mode set reset register
This register provides an alternative method to write data to the PMn register.
The register’s upper 16 bit PMSRn_[31:16] specify which PMn.PMn_m bit will
be modified by the corresponding bit of the lower 16 bit PMSRn_[15:0].
Access These registers can be read/written in 32-bit units.
Bits 31 to 16 are always read as 0000.
Reading bits 15 to 0 returns the value of register PMn/JPMO.
Address PMSRn: <PORTn_base> + 0800, + n x 4
JPMSRO0: <JPORTO_base> + 0080y
Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR
n_31({n_30|n_29|n_28|n_27|n_26|n_25|n_24|n_23|n_22|n_21|n_20|n_19|n_18|n_17|n_16

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR|PMSR[PMSR(PMSR|PMSR|PMSR
n_15(n_14(n_13|n_12|n_ 11 (n 10| N9 | nN8|Nn7|n6|nS5|nd4d|n3|n2|nl1l]|noO

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPMSRO are named JPMSRO_[31:0].

Table 2-11 PMSRn/JPMSRO register contents

Bit position Bit name Function
31to 16 PMSR PMSRn_m specifies whether the value of the corresponding lower bit
n_[31:16] PMSRn_m value is written to PMn_m:
0: PMn_m is independent of PMSRn_m
1: PMn_mis PMSRn_m
Example:
If PMSRN.PMSRnN_31 = 1, the value of bit PMSRn.PMSRn_15 is written to bit
PMn.PMn_15 and output.
15t0 0 PMSR Specifies the PMn_m value if the corresponding upper bit PMSRn_(m+16) is 1:
n_[15:0] 0: PMNn_m=0
1:.PMn_m=1
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(6) PIBCn/JPIBCO - Port input buffer control register

In input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1) this register
enables/disables the port pin’s input buffer.

Access PIBCn: This register can be read/written in 16-bit units.
JPIBCO: This register can be read/written in 8-bit units.

Address PIBCn: <PORTn_base> + 4000 + nx 4
JPIBCO: <JPORTO_base> + 04004

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC
n15|n 14 |{n13|n 12| n11(n10| N9 [ n8|n7 | n6|n5|n4|n3|n2|nl1l|no0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPIBCO are named JPIBCO_[7:0].

Table 2-12 PIBCn/JPIBCO register contents

Bit position Bit name Function
15t0 0 PIBC Enables/disables the input buffer:
n_[15:0] 0: Input buffer disabled
1: Input buffer enabled

Note When the input buffer is disabled, it does not consume current even when the
pin level is Hi-Z state. Thus the pin does not need to be fixed to a high or low
level externally.
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(7) PFCn/JPFCO - Port function control register

This register, together with register PFCEN, specifies an alternative function of
the pins.

Some alternative functions require direct I/0O control of pin Pn_m. For such
alternative functions PIPCn.PIPCnh_m must be set to 1 as well.
For other alternative functions, input/output must be specified by PMn.PMn_m.

Access PFCn: This register can be read/written in 16-bit units.
JPFCO: This register can be read/written in 8-bit units.
Address PFCn: <PORTn_base> + 05004 + n x 4
JPFCO: <JPORTO_base> + 0050

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC
n15|n 14 |{n13|n12|n11(n10| N9 | n8|n7 | n6|n5|n4|n3|n2|nl|no0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPFCO are named JPFCO_[7:0].

Table 2-13 PFCn/JPFCO register contents

Bit position Bit name Function
15t0 0 PFC Specifies the alternative function of a pin.
n_[15:0] See Table 2-4 “Alternative mode selection overview (PMCn.PMCn_m = 1)” on
page 40 for details.
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(8) PFCEN - Port function control expansion register

This register, together with register PFCn, specifies an alternative function of
the pins.

Some alternative functions require direct I/0O control of pin Pn_m. For such
alternative functions PIPCn.PIPCnh_m must be set to 1 as well.
For other alternative functions, input/output must be specified by PMn.PMn_m.

Access PFCEnN: This register can be read/written in 16-bit units.
Address PFCEnN: <PORTn_base> + 06004 + n x 4

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PFCE|PFCE|PFCE|PFCE |PFCE|PFCE |PFCE|PFCE |PFCE | PFCE | PFCE | PFCE | PFCE | PFCE | PFCE | PFCE
n15|n_14|n_13|n_12{n11{n 10| nN9 | n8 |n7 |n6|n5|n4|n3|n2|nl1j|no

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Table 2-14 PFCEn register contents

Bit position Bit name Function
15t0 0 PFCE Specifies the alternative function of a pin.
n_[15:0] See Table 2-4 “Alternative mode selection overview (PMCn.PMCn_m = 1)” on
page 40 for details.
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2.3.4 Data input/output registers

(1) PBDCn/JPBDCO - Port bi-direction control register

This register enables the input buffer of Pn_m, if its output buffer is enabled as
well.

Thus the concerned port Pn_m is operated in bi-directional mode and the
Pn_m pin level is read via PPRn.PPRn_m.

Note If Pn_m is not configured as output, the input buffer can not be activated via
the PBDCn/JPBDCn register.

Access PBDCnh: This register can be read/written in 16-bit units.
JPBDCQO: This register can be read/written in 8-bit units.

Address PBDCn: <PORTn_base> + 4100 + n x 4
JPBDCO: <JPORTO_base> + 0410y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC
n15|n_14|n_13|n_12{n11{n 10| nN9 | n8 |n7 |n6|n5|nd4|n3|n2|nl1j|no

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPBDCO are named JPBDCO_[7:0].

Table 2-15 PBDCn/JPBDCO register contents

Bit position Bit name Function
15t0 0 PBDC Enables/disables bi-directional mode of the corresponding pin:
n_[15:0] 0: Bi-directional mode disabled
1: Bi-directional mode enabled
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(2) PPRn/JPPRO - Port pin read register
This register reflects the actual level of pin Pn_m, the value of the Pn.Pn_m bit
or the level of an alternative output function. The value which is read depends
on various control settings as described in Table 2-5 “PPRn_m read values” on
page 41 .
Access PPRn: This register can be read/written in 16-bit units.
JPPRO: This register can be read/written in 8-bit units.
Address PPRn: <PORTn_base> + 0200 + n x 4
JPPRO: <JPORTO_base> + 0020y
Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR
n15|n 14 |{n13|n 12| n11(n10| N9 {n8 | n7 | n6|n5|n4|n3|n2|nl1l|no0

R R R R R R R R R R R R R R R R

Note The control bits of the JTAG port register JPPRO are named JPPRO_[7:0].
Table 2-16 PPRn/JPPRO register contents
Bit position Bit name Function
15t00 PPR Pin Pn_m, Pn.Pn_m value or alternative function output.
n_[15:0]
55
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(3) Pn/JPO - Port register

This register holds the data Pn.Pn_m to be output via the related port Pn_m in

output port mode (PMCn.PMCn_m =0 and PMn.PMn_m = 0).

Access Pn: This register can be read/written in 16-bit units.
JPO: This register can be read/written in 8-bit units.

Address Pn: <PORTn_base> + 00004 + n x 4
JPO: <JPORTO_base> + 0000y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P P P P P P P P P P P P P P P P
n15|n 14 |{n13|n12|n11(n10| N9 | n8|n7 | n6|n5|n4|n3|n2|nl)|no0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note The control bits of the JTAG port register JPO are named JPO_[7:0].

Table 2-17 Pn/JPO register contents

Bit position Bit name Function
15t00 P Sets the output level of pin m (m = 0 to 15):
n_[15:0] 0: Outputs low level
1: Outputs high level

Note The bits of this register can be manipulated by different means, refer to 2.2.3

“Pin data input/output” on page 41 under the keyword “Pn register write”.
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(4) PNOTNn/JPNOTO - Port NOT register

This register allows to invert a bit Pn_m of the port register Pn without directly
writing to Pn.

Access PNOTN: This register can be read/written in 16-bit units.
JPNOTO: This register can be read/written in 8-bit units.
These registers are always read as 0000y.

Address PNOTn: <PORTn_base> + 0700 + n x 4
JPNOTO: <JPORTO_base> + 0070y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PNOT|PNOT|PNOT|PNOT |PNOT |PNOT|PNOT|PNOT|PNOT |PNOT|PNOT|PNOT|PNOT |PNOT |[PNOT |PNOT
n_15|{n_14 |{n_13|n_12|{n_11{n10{n9 (N8 | n7 |n6|n5|nd4d|n3|n2/|nl1lj|no

W W W W W W W W w w w W W W W W

Note The control bits of the JTAG port register JPNOTO are named JPNOTO_[7:0].

Table 2-18 PNOTNn/JPNOTO register contents

Bit position Bit name Function
15t0 0 PNOT Specifies if Pn.Pn_m is inverted:
n_[15:0] 0: Pn.Pn_m is not inverted (Pn_m — Pn_m)
1: Pn.Pn_mis inverted (Pn_m — Pn_m)
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(5) PSRn/JPSRO - Port set reset register
This register provides an alternative method to write data to the Pn register.
The register’s upper 16 bit PSRn_[31:16] specify which Pn.Mn_m bit will be
modified by the corresponding bit of the lower 16 bit PSRn_[15:0].
Access These registers can be read/written in 32-bit units.
Bits 31 to 16 are always read as 0000.
Reading bits 15 to 0 returns the value of register Pn/JPO.
Address PSRn: <PORTn_base> + 01004 + n x 4
JPSRO: <JPORTO_base> + 0010y
Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PSR | PSR | PSR| PSR | PSR [PSR| PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n_31({n_30(n_29|n_28|n_27n_26|n_25|n_24|n_23|n_22|n_21|n_20|n_19|n_18|n_17|n_16
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR [ PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n15|n 14 (n 13|n12|n11n 10| n9 (n8 | n7|n6|n5|n4|n3|n2|nl1l|n0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPSRO are named JPSR0O_[31:0].

Table 2-19 PSRn/JPSRO register contents

Bit position

Bit name

Function

31to 16

PSR
n_[31:16]

PSRn_m specifies whether the value of the corresponding lower bit PSRn_m
value is written to Pn_m:

0: Pn_m is independent of PSRn_m

1: Pn_mis PSRn_m
Example:
If PSRn.PSRNn31 = 1, the value of bit PSRn.PSRn_15 is written to bit Pn.Pn_15
and output.
Reading of PSRn_[31:0] returns always 0000.

15t0 0

PSR
n_[15:0]

Specifies the Pn_m value if the corresponding upper bit PSRn_(m+16) is 1:
0:Pn_m=0
1:.Pnm=1

Reading of PSRn_[15:0] returns the value of the Pn register.
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2.3.5 Configuration of electrical characteristics registers

(1) PUN/JPUO - Pull-up option register
This register specifies whether a pull-up resistor is connected to an input pin.

Access PUn: This register can be read/written in 16-bit units.
JPUO: This register can be read/written in 8-bit units.

Address PUn: <PORTn_base> + 43004 + nx 4
JPUO: <JPORTO_base> + 0430y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PU | PU PU PU | PU PU PU PU PU PU PU PU [ PU | PU | PU PU
n15|n_14|n13(n 12|n 11 |n_ 10| n9 | n8|n7|n6|n5|nd4d|n3|n2|nl1lj|no

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPUO are named JPUO_[7:0].

Table 2-20 PUNn/JPUO register contents

Bit position Bit name Function
15t0 0 PU Specifies whether a pull-up resistor is connected to the corresponding pin:
n_[15:0] 0: No pull-up resistor connected
1: Pull-up resistor connected

Notes 1. If a pinis configured that both a pull-up resistor (PUn.PUn_m =1) and a
pull-down resistor (PDn.PDn_m = 1) are connected, the pull-down resistor
is automatically selected and the pull-up resistor is not connected.

2. The pull-up resistor has no effect when the pin is operated in output mode.
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(2) PDn/JPDO - Pull-down option register
This register specifies whether a pull-down resistor is connected to an input
pin.

Access PDn: This register can be read/written in 16-bit units.
JPDO: This register can be read/written in 8-bit units.

Address PDn: <PORTn_base> + 44004 + n x 4
JPDO: <JPORTO_base> + 0440y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PD PD PD PD PD PD PD PD PD PD PD PD PD PD PD PD
n15|1n 14 (n 13|n12|n 11 n 10| N9 (n8 | n7|n6|n5|n4|n3|n2|nl1l|n0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPDO are named JPDO_[7:0].

Table 2-21 PDn/JPDO register contents

Bit position Bit name Function
15t00 PD Specifies whether a pull-down resistor is connected to the corresponding pin:
n_[15:0] 0: No pull-down resistor connected
1: Pull-down resistor connected

Notes 1. If a pinis configured that both a pull-up resistor (PUn.PUn_m = 1) and a
pull-down resistor (PDn.PDn_m = 1) are connected, the pull-down resistor
is automatically selected and the pull-up resistor is not connected.

2. The pull-down resistor has no effect when the pin is operated in output
mode.
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Protection

Initial Value

31 30

(3) PODCnN/JPODCO - Port open drain control register

This register selects push-pull or open-drain as output buffer function.

Writing to this register is protected by a special sequence of instructions.

Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

Access These registers can be read/written in 32-bit units.
The bits 31 to 16 must always be written with “0” and “0” is returned when
read.

Address PODCn: <PORTn_base> + 45004 + n x 4

J

29 28

PODCO0: <JPORTO_base> + 04504

Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

27 26 25 24 23 22 21 20 19 18 17 16

LoflofoJofJoJofJoJofoJojoJofoJofol]eol]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC
n15|n 14 (n 13|n12|n11n 10| N9 (n8 | n7|n6|n5|n4|n3|n2|nl1l|n0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPODCO are named JPODCO_[31:0].

Table 2-22 PODCn/JPODCO register contents

Bit position Bit name Function
15t0 0 PODC Specifies the output buffer function:
n_[15:0] 0: Push-pull
1: Open-drain
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(4) PISNn/IPISO - Port input buffer selection register
This register specifies the input buffer characteristics.

A port can have up to four different input buffer characteristics.
The type of input characteristic is selected by the

» port input buffer selection register PISn

« port input buffer selection expansion register PISEn

Table 2-23 Port input buffer characteristic selection

PISEn_m PISn_m Input buffer characteristic
0 0 Setting prohibited
1 Schmitt2 (type 2)
1 0 Schmittl (type 3)
1 Schmitt4 (type 4)

Refer to the Data Sheet for electrical characteristics of the different types and
which types are available for each port.

Access PISn: This register can be read/written in 16-bit units.
JPISO: This register can be read/written in 8-bit units.

Address PISn: <PORTn_base> + 47004 + n x 4
JPISO: <JPORTO_base> + 0470y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS|PIS]| PIS| PIS
n15|n_14|n_13[n_12|n 11 |n_ 10| n9 | n8|n7|n6|n5|nd4d|n3|n2|nl1lj|no

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPISO are named JPISO_[7:0].

Table 2-24 PISn/JPISO register contents

Bit position Bit name Function

15t0 0 PIS Specifies the input buffer characteristic of port m (m = 0 to 15) together with the
n_[15:0] bits PISEn[15:0].
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(5) PISEN/JPISEO - Port input buffer selection expansion register

This register specifies the input buffer characteristics together with the port
input selection register PISn.

If a port has up to five input buffer characteristics, the port input selection
advanced register PISAn is also valid.

Access PISEnN: This register can be read/written in 16-bit units.
JPISEQ: This register can be read/written in 8-bit units.

Address PISEn: <PORTn_base> + 48004 + n x 4
JPISEQ: <JPORTO_base> + 0480y

Initial Value Refer to the section “V850E2/Fx4-G Port Groups Configuration”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE | PISE
n15|n 14(n 13|n12|n11n 10| N9 (n8 | n7|n6|n5|n4|n3|n2|nl1l|n0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Note The control bits of the JTAG port register JPISEQ are named JPISEQ_[7:0].

Table 2-25 PISEn/JPISEO register contents

Bit position Bit name Function

15t0 0 PISE Specifies the input buffer characteristic of port m (m = 0 to 15) together with the
n_[15:0] bits PISn[15:0].

Refer to the PISn register description for how to select the input buffer
characteristic.
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2.4

V850E2/Fx4-G Port Groups Configuration

This section provides

an overview of the port register protection clusters, refer to the section “Port
registers protection clusters”

general information for all ports , refer to the section “Common port
functions”

details of all port groups and their associated control registers for each
device, refer to the sections

— “V850E2/FF4-G port functions”
— “V850E2/FG4-G port functions”

a list of input/output signals with port functionality, refer to the section “Non-
port input/putput signals”

an alphabetic pin functions list and the ports, the functions can be assigned
to, refer to the section “Alphabetic pin function list”

a description of the port status during and after reset and in stand-by modes,
refer to the section “Port functions during/after reset and in stand-by modes”

recommendations concerning unused pins, refer to the section
“Recommended connection of unused pins”.

2.4.1 Port register protection clusters
Several registers of certain port groups n are bundled in port protection
clusters:
Table 2-26  Port protection clusters
Port protection cluster Port groups
1 JPO
2 PO
3 P1, P3, P4, P10, P27
For further information concerning port register protection refer to the section
“Write protected Registers” in the chapter “CPU System Functions” for a
detailed description how to write to write protected registers.
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2.4.2 Common port functions

This section provides information about special port functions, common to all
devices.

(1) Initialization of port control registers

The port control registers are initialized by the following reset signals:

Table 2-27 Port control registers reset signals

Port group Power domain Reset signal
JPO, PO Always-On-Area |+ Reset Controller SYSRES
P1, P3, P4, P10, P27 Isolated-Area-0 |+ Reset Controller SYSRES

« Stand-by Controller DPSTPWU
(wake-up from DEEPSTOP mode)

(2) JP_Oto JP_5: Debug interface

If the debug reset DCUTRST is at high level at reset release, the port of the
JPO port group are used for the debugger interface:

« JPO_O: DCUTDI input
* JPO_1: DCUTDO output
« JPO_2: DCUTCK input
« JPO_3: DCUTMS

« JPO_4: DCUTRST

« JPO_5: DCUTRDY

Consequently all port and alternative modes on these pins can not be used
while the debugger is connected.

Refer to the chapter “On-chip Debug Unit (OCD)” and the section “Operation
Modes” of chapter “CPU System Functions” for detalils.

Note In order to connect the debugger via the JPO pins the flash mask option
OPBTO0.0OPBTO[31] has to be set to 1.

(3) JPO_0,JPO_1,JP0O_2: Flash programmer
These ports are used for connecting a flash programmer.

Refer to the chapter “Flash Memory” and the section “Operation Modes” of
chapter “CPU System Functions” for detalils.

(4) Mode pins

Following ports are used as mode setting signals in combination with the
FLMDO pin:

* PO_1: FLMD1

Refer to the section “Operation Modes” of chapter “CPU System Functions” for
details.
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®)

Permanent inputs

Permanent input means, that the input to a port is unconditionally connected to
another module. Thus settings of the port control registers do not impact this

connection.

Following ports are permanently connected to dedicated function modules:

Table 2-28 Permanent input functions

Note

Port Permanentinput Port Permanentinput
to to

P10 0 ADAAOIO P10_8 ADAAOI8

P10 1 ADAAOI1 P10 9 ADAAOI9

P10_2 ADAAOI2 P10_10 ADAAOI10
P10_3 ADAAOI3 P10_11 ADAAOI11
P10 4 ADAAOI4 P10_12 ADAAOI12
P10_5 ADAAOIS P10_13 ADAAQI13
P10_6 ADAAOI6 P10_14 ADAAOI14
P10_7 ADAAOI7 P10_15 ADAAOI15

If the ports of the port group P10 shall be used in input port mode, set
ADAAOCTL1.ADAAOGPS =1.
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(6)

Direct I/O control (PIPC)

Some modules take over the input and output control of the used ports
automatically.

These ports have to be set in alternative mode by setting PMCn.PMCn_m,
PFCn.PFCn_m and PFCEn.PFCEn_m accordingly and 1/O control has to be
handed over to the module by setting

PIPCn.PIPCn_m = 1.
The setting of PMn.PMn_m has no more effect for these ports.

The following table lists all alternative modes, where PIPCn.PIPCn_m has to
be setto 1.
Note that not all functions in the table below are available for all devices.

Table 2-29 Alternative modes with PIPCn.PIPCnh_m =1

Port Function Alternative mode
Clocked Serial Interfaces G (CSIG):
PO_14 CSIG0SO ALT_OUT4
PO_15 CSIGO0SC ALT_IN4/ALT_OUT4
P3 5 CSIGOSC ALT_IN4/ALT_OUT4
P3_6 CSIG0SO ALT_OUT4
P4 4 CSIG0SO ALT_OUT2
P4 5 CSIGOSC ALT_IN2/ALT_OUT2
PO_1 CSIG4S0O ALT_OUT2
PO _3 CSIG4SC ALT_IN2/ALT_OUT2
P4 7 CSIG4SO ALT_OUT2
P4_8 CSIG4SC ALT_IN2/ALT_OUT2
P1 3 CSIG7SO ALT _OUT4
P1 4 CSIG7SC ALT_IN4/ALT_OUT4
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2.4.3 VB850E2/FF4-G port functions

This section summarizes all port functions of the V850E2/FF4-G devices and
its port control registers.

@)

V850E2/FF4-G general 1/O functions

The table below shows all alternative functions, that can be applied to the
V850E2/FF4-G ports.
It also gives the settings of the control bits PMCn_m, PFCn_m, PFCEn_m and

PMn_m to the respective port into the different modes.

Table 2-30 V850E2/FF4-G general 1/0O functions (1/3)

Port .
ek Alternative mode
PIYIC PMCn_m =1
m=0
PFCEn_m =0, PFCn_m =0 PFCEn_m =0, PFCn_m =1 PFCEn_m =1, PFCn_m =0 PFCEn_m =1, PFCn_m =1
PMn_m =1 PMn_m =0 PMn_m =1 PMn_m =0 PMn_m =1 PMn_m =0 PMn_m =1 PMn_m =0
ALT_IN1 ALT_OUT1 ALT_IN2 ALT_OUT2 ALT_IN3 ALT_OUT3 ALT_IN4 ALT_OUT4
Port group 0 (Always-On-Area, EOVDD/EOVSS power supply):
PO_0 DPINO CSIG4SSI ADCAO INTPO
TRGO
PO_1 DPIN1 CSIG4 CSIG4SO INTP1 TAUBOO1
pcs®
PO_2 DPIN2 CSIG4SI ADCAO INTP2 TAUB0O2
TRG2
PO_3 DPIN3 CsIG4sc? ADCAO INTP3
TRG1
PO_4 DPIN4 FCNOTX INTP11
PO_5 FCNORX/ INTP12
DPIN5
PO_6 FCN1RX/ URTE1L1TX KROI1 NMI
DPING
PO_7 URTE11RX/ FCN1TX KROI2 INTP4
DPIN7
PO_8 DPIN8 URTE10TX KROI3 FCN3TXP TAUBOOS IICBOSDA?
P0_9 URTE10RX/ FCN2TX KROI4 INTP6 TAUB0OO6 licBOSCL?
DPIN9
P0O_10 DPIN10 URTE11TX FCN3RXP?
PO_11 DPIN11 FCN2RX
P0O_12 TAUJOIO/ TAUJOOO KROIO INTP8 FCNA4TXP CSIGOSSI
DPIN12
PO_13 TAUJOI1/ TAUJOO1 KROI5 FCN5TXP CSIGOSI
DPIN13
PO_14 TAUJOI2 TAUJOO2/ KROI6 FCN5RX? CSIGODCS® CSIG0SO
DPO
P0O_15 TAUJOI3 TAUJOO3/APO KROI7 FCN4RXP CsIGosc?
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Table 2-30 V850E2/FF4-G general 1/0O functions (2/3)

n?gcrite Alternative mode
Pn'\]"(::%— PMCn_m = 1
PFCEn_m =0, PFCn_m =0 PFCEn_m =0, PFCn_m = 1 PFCEn_m =1, PFCn_m =0 PFCEn_m =1, PFCn_m = 1
PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0
ALT_IN1 ALT_OUT1 ALT_IN2 ALT_OUT2 ALT_IN3 ALT_OUT3 ALT_IN4 ALT_OUT4
Port group 1 (Isolated-Area-0, ELVDD/E1VSS power supply):
P11 TAUBOI1 TAUB0O1 FCN1RX FCNOTX
P1 2 TAUBOI2 TAUB0O2 FCN1TX
P13 TAUBOI3 TAUBOO3 FCN3RXP
P1 4 TAUBOI4 TAUB0O4 FCN3TXP
P1_5 TAUBOI5 TAUBOO5 FCN4RXP
P1 6 TAUBOI6 TAUBOOG6 FCN4TXP
P17 TAUBOI7 TAUB0O7 FCNORX
P18 TAUBOI8 TAUBOOS8 FCN2RX
P19 TAUBOI9 TAUBOO9 INTP3 FCN2TX
P1_10 TAUBOI10 TAUB00O10 FCN5RXP INTP4
P1_11 TAUBOI11 TAUB0O11 FCN5TXP
Port group 3 (Isolated-Area-0, ELVDD/E1VSS power supply):
P3_4 TAUBOI4 TAUB0O4 KROI5 CSIGORY!I CSIGORYO
P3_5 TAUBOI5 TAUBOOS KROI4 CsIGosc?
P3_6 TAUBOI6 TAUB0O6 CSIGODCS® CSIG0SO
P3_7 TAUBOI7 TAUBOO7 CSIGOSI
Port group 4 (Isolated-Area-0, ELVDD/E1VSS power supply):
P4_0 TAUBOI13 TAUB0O13 FCNORX
P41 TAUBOI14 TAUB0O14 FCNOTX
P4_2 TAUBOI15 TAUB0O15 FCN1RX
P4_3 CSIGOSI URTE10TX FCN1TX
P4_4 INTP2 URTE CSIGO0SO FCN2RX
10RX
P4_5 CcsIGosc? KROI3 FCN2TX
P4 6 CSIG4SI URTE11TX KROI2 FCN3RXP
P4_7 INTP4 URTE11RX CSIG4S0O KROI1 FCN3TXP
P4_8 csiG4sc? KROIO FCN4RXP
P4 9 CSIGORYO FCN4TXP
P4_10 CSIG4RYI FCN5RX?
P4_11 FCN5TXP
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Table 2-30 V850E2/FF4-G general 1/0O functions (3/3)

Port .

mode Alternative mode
PMCn_ _
m=0 PMCn_m =1

PFCEn_m=0,PFCn_.m=0 | PFCEn_m=0,PFCn_.m=1 | PFCEn._m=1,PFCn_.m=0 | PFCEn_m=1,PFCn_m=1

PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0

ALT_IN1 ALT_OUT1 ALT_IN2 ALT_OUT2 ALT_IN3 ALT_OUT3 ALT_IN4 ALT_OUT4

Port group 10 (Isolated-Area-0, AOVDD/AOVSS power supply):

P10_3
P10_4
P10_5
P10_6
P10_7
P10_8
P10_9 ADCAO
TRGO
P10_ ADCAO
10 TRG1
P10_ ADCAO
1 TRG2
P10_
12

Port group JPO (Always-On-Area, EOVDD/EOVSS power supply):

JPO_0 INTPO TAUJOIO TAUJOOO
JPO_1 INTPL TAUJOIL TAUJOO1
JPO_2 INTP2 TAUJOI2 TAUJ0O2
JPO_3 INTP3 TAUJOI3 TAUJOO3
JPO_4

JPO_5 NMI

a) To use this alternative function, set the PIPCn.PIPCnm bit to 1. Input or output is not affected by the
PMn.PMnm bit setting.

b)  This alternative function is not available in yPD70F4177.

c) To use this alternative function, set the CSIGNCTL1.CSIGnDCS bit to 1 (Data Consistency Check enable) and
also set the PIPCn.PIPCnm or PBDCn.PBDCnm bit to 1. Data consistency check is not affected by the
PMn.PMnm bit setting.
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Tables legend

)

VB850E2/FF4-G port control registers

The following table summarizes all V850E2/FF4-G port control registers, their
addresses and intitial values.

I: Initial value

A: Register address

B: Available bits

- 1: available, x: not available

- right: bit 0O, left: bit 15

Table 2-31 V850E2/FF4-G port (groups 0, 1, 3, 4) control registers (1/2)
. Port group n =
Register
0 1 3 4
Pn A FF40 0000y FF40 0004y FF40 000CH FF40 0010y
I 0000y, 0000y, 0000y, 0000y,
B: 1111 11171 1111 1111 Xxxx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PSRn A: FF40 01004 FF40 01044 FF40 010Cy FF40 01104
I: 0000 00004 0000 00004 0000 0000 0000 00004
B: 1111 1111 1111 1111 xxxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PNOTn A FF40 0700 FF40 0704, FF40 070Cy, FF40 0710
I 0000y, 0000y, 0000y, 0000y,
B: 1111 11171 1111 1111 Xxxx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PPRnN A: FF40 02004 FF40 02044 FF40 020Cy FF40 0210y
I: 0000y 0000y 00004 0000y
B: 1111 1111 1111 1111 xxxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PMn A FF40 0300y FF40 0304y FF40 030CH FF40 0310y
I: FFFFy FFFFy FFFFy FFFFy
B: 1111 11171 1111 1111 Xxxx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PMCn A: FF40 04004 FF40 04044 FF40 040Cy FF40 0410y
I: 0000y 0000y 00004 0000y
B: 1111 1111 1111 1111 xxxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PFCn A FF40 0500, FF40 0504, FF40 050Cy, FF40 0510,
I 0000y, 0000y, 0000y, 0000y,
B: 1111 11171 1111 1111 xxxx 1111 1111 111x XXXX XXXX 1111 XXXX XxXxx 1111 1111 1111
1111 1x11 1111 1111 XXXX X111 1xxx x11x xxxx x111 1111 1111
PFCEn A FF40 0600, FF40 0604, FF40 060Cy, FF40 0610
I: 0000y 0000y 00004 0000y
B: 1111 1x11 1111 1111 XXXX 1111 Ixxx x11x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
XXXx xxx1 1111 1111
PMSRn A FF40 0800y FF40 0804y FF40 080Cy FF40 0810y
I: 0000 FFFFy 0000 FFFFy 0000 FFFFy 0000 FFFFy
B: 1111 1x11 1111 1111 xxxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PMCSRn A FF40 0900y FF40 0904y FF40 090Cy FF40 0910y
I: 0000 00004 0000 0000 0000 0000 0000 0000
B: 1111 1111 1111 1111 XXXx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
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Table 2-31 V850E2/FF4-G port (groups 0, 1, 3, 4) control registers (2/2)

Port group n =

Register
0 1 3 4
PIBCn A FF40 4000, FF40 4004, FF40 400Cy, FF40 4010
I: 0000y 0000y 0000y 0000,
B: 1111 11171 1111 1111 Xxxx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PBDCn A: FF40 41004 FF40 4104y FF40 410Cy FF40 41104
I: 0000y 0000y 0000y 00004
B: 1111 1111 1111 1111 xxxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PIPCn A FF40 4200, FF40 4204, FF40 420Cy, FF40 4210,
I: 0000y 0000y 0000y 0000,
B: 1111 1111 1111 1111 XxXxx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PUn A: FF40 43004 FF40 4304y FF40 430Cy FF40 43104
I: 0000y 0000y 0000y 0000
B: 1111 1111 1111 1111 xxxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PDn A FF40 4400, FF40 4404, FF40 440Cy, FF40 4410,
I: 0000y 0000y 0000y 0000,
B: 1111 1177 1111 1111 Xxxx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PODCn A: FF40 45004 FF40 45044 FF40 450Cy FF40 45104
I: 0000 00004 0000 00004 0000y 0000
B: 1111 1111 1111 1111 XXXx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PISN A FF40 4700 FF40 4704, FF40 470Cy, FF40 4710
I: FFFFy FFFFy FFFFy FFFFy
B: 1111 1117 1111 1111 XxXxx 1111 1111 111X XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PISEn A: FF40 48004 FF40 48044 FF40 480Cy FF40 48104
I: FFFFy FFFFy FFFFy FFFFy
B: 1111 1111 1111 1111 XXXx 1111 1111 111x XXXX XXXX 1111 XXXX xxxx 1111 1111 1111
PPCMDn A FF40 4C00y, FF40 4C04y, FF40 4COCy, FF40 4C10,
I: 00y 00y 00y 00y
B: 1111 1111 1111 1111 1111 1111 1111 1111
PPRO A: FF40 4B00y FF40 4B04y FF40 4BOCy FF40 4B10y
Sn I 00y 00,4 00,4 00,4
B: XXXX XXX1 XXXX XXX1 XXXX XXX1 XXXX XXX1
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Table 2-32 V850E2/FF4-G port (groups 10, JP0O) control registers (1/2)
Port group n =
Register
10 JPo?
Pn A: FF40 0028y FF44 0000y
I: 0000y 00y
B: xxx1 1111 1111 1XXx xx11 1111
PSRN A: FF40 0128, FF44 0010
I: 0000 0000y 0000 0000y
B: xxx1 1111 1111 1xxx XXXX XXXX XX11 1111
PNOTn A: FF40 0728y FF44 0070y
I: 0000y 00y
B: xxx1 1111 1111 1XXx xx11 1111
PPRN A: FF40 0228, FF44 0020
I FFFFy 004
B: Xxx1 1111 1111 1xxx xx11 1111
PMn A: FF40 0328y FF44 0030y
I FFFFy FFy
B: xxx1 1111 1111 1xXxx xx11 1111
PMCn A: FF40 0428, FF44 0040
I 0000 004
B: XXXX LLIX XXXX XXXX Xx1x 1111
PFCn A: — FF44 00504
I: 00y
B: xxxx 1111
PFCEN A - -
I:
B:
PMSRn A: FF40 0828y FF44 0080y
I: 0000 FFFFy 0000 00FF4
B: xxx1 1111 1111 1XXX XXXX XXXX XX11 1111
PMCSRn A FF40 0928y FF44 0090y
I: 0000 0000y 0000 0000y
B: XXXX LLIX XXXX XXXX XXXX XXXX XX1x 1111
PIBCn A: FF40 4028y FF44 04004
I: 0000y 00y
B: xxx1 1111 1111 1XXx xx11 1111
PBDCn A: FF40 4128y FF44 04104
I 0000 004
B: Xxx1 1111 1111 1xxx xx11 1111
PIPCn A: - —
I:
B:
PUn A: — FF44 04304
I 004
B: xx11 1111
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Table 2-32 V850E2/FF4-G port (groups 10, JP0) control registers (2/2)

: Port group n =
Register
10 JP0?
PDn A: - FF44 0440,
I 00,
B: xx11 1111
PODCn A: FF40 4528 FF44 0450y
I: 0000 0000y 0000 0000y
B: xxx1 1111 1111 1xXxx XXXX XXXX Xx11 1111
PISn A: — FF44 04704
I FFy
B: xx11 1111
PISEn A: — FF44 0480y
I FFy
B: xx11 1111
PPCMDn A: FF40 4C28y, FF44 04COy
I 004 004
B: 1111 1111 1111 1111
PPRO A: FF40 4B28 FF44 04B0Oy
sn I 00y 00,
B: XXXX XXX1 XXXX XXX1

3 The JTAG port group registers are identified by a “J” prefix, with n = 0. For example, JPO stands for the register

name of Pn.
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2.4.4 VB850E2/FG4-G port functions

This section summarizes all port functions of the V850E2/FG4-G devices and

its port control registers.

(1) V850E2/FG4-G general I/O functions

The table below shows all alternative functions, that can be applied to the

V850E2/FG4-G ports.

It also gives the settings of the control bits PMCn_m, PFCn_m, PFCEn_m and

PMn_m to the respective port into the different modes.

Table 2-33 V850E2/FG4-G general I/O functions (1/3)

Port .
ek Alternative mode
PIYIC PMCn_m =1
m=0
PFCEn_m =0, PFCn_m =0 PFCEn_m =0, PFCn_m =1 PFCEn_m =1, PFCn_m =0 PFCEn_m =1, PFCn_m =1
PMn_m =1 PMn_m =0 PMn_m =1 PMn_m =0 PMn_m =1 PMn_m =0 PMn_m =1 PMn_m =0
ALT_IN1 ALT_OUT1 ALT_IN2 ALT_OUT2 ALT_IN3 ALT_OUT3 ALT_IN4 ALT_OUT4
Port group 0 (Always-On-Area, EOVDD/EOVSS power supply):
PO_0 DPINO CSIG4SSI ADCAO INTPO
TRGO
PO_1 DPIN1 CSIG4DCSs® CSIG4SO URTE2RX INTP1 TAUBOO1
P0O_2 DPIN2 CSIG4SI ADCAO URTE2TX INTP2 TAUBOO2
TRG2
PO_3 DPIN3 CsIG4sc? ADCAO INTP3
TRG1
PO_4 DPIN4 FCNOTX INTP11
PO_5 FCNORX/ INTP12
DPIN5S
PO_6 FCN1RX/ URTE11TX KROI1 NMI
DPIN6
PO_7 URTE11RX/ FCN1TX KROI2 INTP4
DPIN7
PO_8 DPIN8 URTE10TX KROI3 FCN3TXP INTPS TAUBOOS IICBOSDA?
P0O_9 URTE10RX/ FCN2TX KROI4 INTP6 TAUBOO6 licBoSCL?
DPIN9
P0O_10 DPIN10 URTE11TX FCN3RXP INTP9
PO_11 URTE11RX/ FCN2RX INTP10
DPIN11
P0O_12 TAUJOIO/ TAUJOOO KROIO INTP8 FCNATXP CSIGOSSI
DPIN12
PO_13 TAUJOI1/ TAUJOO1 KROI5 INTP7 FCN5TXP CSIGOSI
DPIN13
PO_14 TAUJOI2 TAUJOO2/ KROI6 FCN5RX? CSIGODCS® CSIG0SO
DPO
P0O_15 TAUJOI3 TAUJOO3/APO KROI7 FCN4RXP CsIGosc?
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Table 2-33 V850E2/FG4-G general I/O functions (2/3)

Port .

mode Alternative mode
PMCn_ _
m=0 PMCn_m =1

PFCEn_m=0,PFCn_.m=0 | PFCEn_m=0,PFCn_.m=1 | PFCEn._m=1,PFCn_.m=0 | PFCEn_m=1,PFCn_m=1

PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0

ALT_IN1 ALT_OUT1 ALT_IN2 ALT_OUT2 ALT_IN3 ALT_OUT3 ALT_IN4 ALT_OUT4

Port group 1 (Isolated-Area-0, ELVDD/E1VSS power supply):

P1_1 TAUBOI1 TAUBOO1 FCN1RX FCNOTX

P1_2 TAUBOI2 TAUBOO2 CSIG7SI FCN1TX

P1_3 TAUBOI3 TAUBOO3 FCN3RXP CSIG7DCS® CSIG7SO
P1_4 TAUBOI4 TAUBOO4 FCN3TXP CsIG7sc?

P15 TAUBOI5 TAUBOO5 FCN4RXP CSIG7RYI CSIG7RYO
P1_6 TAUBOI6 TAUBOOG6 FCN4TXP CSIG7SSI

P1_7 TAUBOI7 TAUBOO7 FCNORX

P1_8 TAUBOI8 TAUBOOS8 FCN2RX

P19 TAUBOI9 TAUBOO9 INTP3 FCN2TX

P1_10 TAUBOI10 TAUBOO10 FCN5RXP INTP4

P1 11 TAUBOI11 TAUBOO11 FCN5TXP INTPS

P1_12 TAUBOI12 TAUBO0O12 INTP6

P1_13 TAUBOI13 TAUB0O13 INTP7

P1_14 TAUBOI14 TAUB0O14 INTP8

P1_15 TAUBOI15 TAUBOO15 INTP9

Port group 3 (Isolated-Area-0, ELZVDD/E1VSS power supply):

P3_2 TAUBOI2 TAUB0O2 KROI7

P3_3 TAUBOI3 TAUBOO3 KROI6

P3_4 TAUBOI4 TAUB0O4 KROI5 CSIGORY!I CSIGORYO
P3_5 TAUBOI5 TAUBOO5 KROI4 CsIGosc?

P3_6 TAUBOI6 TAUBOOG6 CSIGODCS® CSIG0SO
P3_7 TAUBOI7 TAUBOO7 CSIGOSI

Port group 4 (Isolated-Area-0, ELVDD/E1VSS power supply):

P4 0 TAUBOI13 TAUB0O13 FCNORX
P4_1 TAUBOI14 TAUB0O14 URTE2RX FCNOTX
P4_2 TAUBOI15 TAUB0O15 FCN1RX URTE2TX
P4_3 CSIGOSI URTE10TX FCN1TX
P4_4 INTP2 URTE10RX CSIG0SO FCN2RX
P45 CsIGosc? KROI3 FCN2TX
P4_6 CsIG4SI URTE11TX KROI2 FCN3RXP
P4_7 INTP4 URTE11RX CSIG4SO KROI1 FCN3TXP
P48 csiG4sc? KROIO FCN4RXP
P4_9 CSIGORYO FCN4TXP
P4_10 CSIG4RYI FCN5RXP
P4 11 FCN5TXP

Port group 10 (Isolated-Area-0, AOVDD/AOVSS power supply):

P10 0

P10_1

P10_2

P10 3

P10_4
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Table 2-33 V850E2/FG4-G general I/O functions (3/3)
n?gcrite Alternative mode
o PMCn_m =1
PFCEn_m=0,PFCn_m=0 | PFCEn_m=0,PFCn_m=1 | PFCEn_m=1,PFCn_m=0 | PFCEn_m=1,PFCn_m=1
PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0 PMn_m=1 PMn_m =0
ALT_IN1 ALT_OUT1 ALT_IN2 ALT_OUT2 ALT_IN3 ALT_OUT3 ALT_IN4 ALT_OUT4
P10_5
P10_6
P10_7
P10_8
P10_9 ADCAO
TRGO
P10_10 ADCAO
TRG1
P10_11 ADCAO
TRG2
P10_12
P10_13
P10_14
P10_15

Port group 27(Isolated-Area-0, ELVDD/ E1VSS power supply):

P27_0 INTPO
P27_1 INTP1
P27_2 INTP2
P27_3 INTP3
P27_4 INTP4
P27_5 INTP5

Port group JPO (Always-On-Area, EOVDD/EOVSS power supply):

JPO_0 INTPO TAUJOIO TAUJOOO
JPO_1 INTPL TAUJOIL TAUJOO1
JPO_2 INTP2 TAUJOI2 TAUJ0O2
JPO_3 INTP3 TAUJOI3 TAUJOO3
JPO_4

JPO_5 NMI

a) To use this alternative function, set the PIPCn.PIPCnm bit to 1. Input or output is not affected by the
PMn.PMnm bit setting.

b)  This alternative function is not available in yPD70F4179.

c) To use this alternative function, set the CSIGNCTL1.CSIGnDCS bit to 1 (Data Consistency Check enable) and
also set the PIPCn.PIPCnm or PBDCn.PBDCnm bit to 1. Data consistency check is not affected by the
PMn.PMnm bit setting.
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Tables legend

)

VB850E2/FG4-G port control registers

The following table summarizes all V850E2/FG4-G port control registers, their
addresses and intitial values.

I: Initial value

A: Register address

B: Available bits
- 1: available, x: not available
- right: bit O, left: bit 15

Table 2-34 V850E2/FG4-G port (groups 0, 1, 3, 4) control registers (1/2)
Port group n =
Register
0 1 3 4
Pn A FF40 00004 FF40 0004y FF40 000Cy FF40 00104
I 0000 0000 0000y 0000
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PSRn A FF40 01004 FF40 0104y FF40 010Cy FF40 01104
I: 0000 0000y, 0000 0000y, 0000 0000 0000 0000
B: 1111 1111 1111 1111 1111 1111 1111 111X XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PNOTn A FF40 07004 FF40 0704y FF40 070Cy FF40 07104
I 0000 0000 0000y 0000
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PPRn A FF40 02004 FF40 0204y FF40 020Cy FF40 02104
I: 0000y, 0000y, 0000y, 0000
B: 1111 1111 1111 1111 1111 1111 1111 111X XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PMn A FF40 03004 FF40 0304y FF40 030Cy FF40 03104
I FFFFy FFFFy FFFFy FFFFy
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PMCn A FF40 04004 FF40 0404 FF40 040Cy FF40 04104
I: 0000, 0000y, 0000y, 0000
B: 1111 1111 1111 1111 1111 1111 1111 111X XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PFCn A FF40 05004 FF40 0504 FF40 050Cy FF40 05104
I 0000 0000 0000y 0000
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PFCEn A FF40 06004 FF40 0604y FF40 060Cy FF40 06104
I: 0000y, 0000y, 0000y, 0000
B: 1111 1111 1111 1111 1111 1111 1111 111X XXXX XXXX 1111 11xx xxxx 1111 1111 1111
xxxx 11x1 1111 1111
PMSRn A FF40 0800 FF40 0804 FF40 080Cy FF40 0810
I: 0000 FFFFy 0000 FFFFy 0000 FFFFy 0000 FFFFy
B: 1111 1111 1111 1111 11111 1111 1111 111X XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PMCSRn A: FF40 0900y FF40 0904 FF40 090Cy FF40 0910y
I 0000 0000y, 0000 0000y, 0000 0000 0000 0000
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
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Table 2-34 V850E2/FG4-G port (groups 0, 1, 3, 4) control registers (2/2)

: Port group n =
Register
0 1 3 4
PIBCn A: FF40 40004 FF40 4004 FF40 400CH FF40 40104
I: 0000y 0000y 00004 0000y
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PBDCn A FF40 4100y FF40 4104y FF40 410Cy FF40 4110y
I: 0000y 0000y 0000y 00004
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PIPCn A: FF40 42004 FF40 4204 FF40 420CH FF40 42104
I: 0000y 0000y 00004 0000y
B: 1111 1111 1111 1111 1111 1111 1111 111X XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PUn A FF40 4300y FF40 4304y FF40 430Cy FF40 4310y
I: 0000y 0000y 0000y 0000
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PDn A: FF40 44004 FF40 4404 FF40 440Cy FF40 44104
I: 0000y 0000y 00004 0000y
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PODCn A: FF40 45004 FF40 4504 FF40 450CH FF40 45104
I: 0000 00004 0000 00004 0000 0000y 0000 0000y
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PISn A FF40 47004 FF40 47044 FF40 470Cy FF40 47104
I: FFFF4 FFFFH FFFFy FFFFy
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PISEn A: FF40 48004 FF40 4804 FF40 480CH FF40 48104
I: FFFFH FFFFy FFFFy FFFFy
B: 1111 1111 1111 1111 1111 1111 1111 111x XXXX XXXX 1111 11xx xxxx 1111 1111 1111
PPCMDn A: FF40 4C00y FF40 4C04y FF40 4C0OCH FF40 4C104
I: 004 00y 00y 00y
B: 1111 1111 1111 1111 1111 1111 1111 1111
PPROTSN A: FF40 4BOOH FF40 4B04H FF40 4BOCH FF40 4B10H
I: 004 00y 00y 004
B: XXXX XXX1 XXXX XXX1 XXXX XXX1 XXXX XXX1
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Table 2-35 V850E2/FG4-G port (groups 10, 27, JP0) control registers (1/2)

Port group n =

Register
10 27 JpPo?
Pn A: FF40 0028y FF40 006Cy FF44 0000y
I: 0000y 0000y 00y
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 xx11 1111
PSRn A FF40 0128, FF40 016Cy, FF44 0010,
I: 0000 0000y 0000 0000y 0000 0000y
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 XXXX XXXX Xx11 1111
PNOTn A: FF40 0728y FF40 076Cy FF44 0070y
I: 0000y 0000y 00y
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 xx11 1111
PPRn A FF40 0228y FF40 026Cy FF44 00204
I 0000y, 0000y, 004
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 xx11 1111
PMn A: FF40 0328y FF40 036Cy FF44 0030y
I: FFFFy FFFFy FFy
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 xx11 1111
PMCn A FF40 0428, FF40 046Cy, FF44 0040,
I 0000y, 0000y 004
B: XXXX LLIX XXXX XXXX XXXX XXXX XX11 1111 Xx1x 1111
PFCn A: — — FF44 0050y
I: 00y
B: xxxx 1111
PFCEN A: - - —
I:
B:
PMSRnN A: FF40 0828y FF40 086C FF44 0080y
I: 0000 FFFF 0000 FFFFy 0000 00FFy
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 XXXX XXXX Xx11 1111
PMCSRn A FF40 0928y FF40 096Ch FF44 0090y
I: 0000 0000y 0000 0000y 0000 0000y
B: XXXX LLIX XXXX XXXX XXXX XXXX XX11 1111 XXXX XXXX XX1x 1111
PIBCn A: FF40 4028y FF40 406Cy FF44 0400y
I: 0000y 0000y 00y
B: xxxx 1111 1111 1111 XXXX XXXX Xx11 1111 xx11 1111
PBDCn A: FF40 4128y FF40 416Cy FF44 04104
I 0000y, 0000y, 004
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 xx11 1111
PIPCn A: - - -
I:
B:
PUN A - FF40 436Cy, FF44 0430
I 0000y 004
B: XXXX XXXX Xx11 1111 xx11 1111
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Table 2-35 V850E2/FG4-G port (groups 10, 27, JP0) control registers (2/2)

: Port group n =
Register
10 27 JPo?
PDn A - FF40 446Cy FF44 0440y
I: 0000y 00004
B: XXXX XXXX XX11 1111 xx11 1111
PODCn A FF40 4528y FF40 456Cy FF44 0450y
I: 0000 0000y 0000 00004 0000 00004
B: 1111 1111 1111 1111 XXXX XXXX Xx11 1111 XXXX XXXX XX11 1111
PISn A - FF40 476Cy FF44 0470y
I: FFFFy FFy
B: XXXX XXXX XX11 1111 xx11 1111
PISEn A - FF40 486Cy FF44 0480y
I: FFFFy FFy
B: XXXX XXXX Xx11 1111 xx11 1111
PPCMDn A FF40 4C28,, FF40 4C6Cy FF44 04CO0y
I: 004 004 004
B: 1111 1111 1111 1111 1111 1111
PPROTSN A FF40 4B28y, FF40 4B6Cy FF44 04BOy
I: 004 004 00y
B: XXXX XXX1 XXXX XXX1 XXXX XXX1
3 The JTAG port group registers are identified by a “J” prefix, with n = 0. For example, JPO stands for the register
name of Pn.
2.4.5 Non-port input/output signals
Following signals are input/output via pins without port functionality. Thus no
port control registers are available for these pins:
Table 2-36 General pin functions
Mode signals « FLMDO
e RESET
Oscillator/clock connections ¢ X1, X2
Power supply « all power supply and voltage
reference signals
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2.4.6

Alphabetic pin function list

The following table lists all pin signals in alphabetic order and the ports, they

can be assigned to.

Pins which are not assigned to any ports, are also listed in the section “Non-

port input/output signals” above.

Note The table shows all V850E2/Fx4-G signals and does not note the availability of
a signal on a certain device.
Table 2-37 Alphabetic pin function list (1/4)
Pin name I/0 Pin function Port

AOVDD — | A/ID Converter 0 voltage supply -

AQVSS — | A/ID Converter 0 ground -
ADAAOQIO I | A/D Converter O input channel 0 P10_0
ADAAOI1 I | A/ID Converter O input channel 1 P10 1
ADAAOI2 I | A/D Converter 0 input channel 2 P10 2
ADAAOI3 I | A/D Converter O input channel 3 P10_3
ADAAOI4 | | A/D Converter O input channel 4 P10 4
ADAAOIS | | A/D Converter 0 input channel 5 P10 5
ADAAOI6 I | A/D Converter O input channel 6 P10_6
ADAAOI7 | | A/D Converter 0 input channel 7 P10_7
ADAAOI8 | | A/D Converter 0 input channel 8 P10_8
ADAAOI9 I | A/D Converter 0 input channel 9 P10 9
ADAAO0I10 I | A/D Converter 0 input channel 10 P10_10
ADAAOI11 | | A/D Converter 0 input channel 11 P10_11
ADAAQI12 | | A/D Converter O input channel 12 P10_12
ADAAO0I13 I | A/D Converter 0 input channel 13 P10_13
ADAAOI14 | | A/D Converter 0 input channel 14 P10_14
ADAAOI15 | | A/D Converter O input channel 15 P10_15

ADAAOTRGO | | A/D Converter 0 trigger O PO_0, P10_9

ADAAOTRG1 | | A/D Converter O trigger 1 PO_3, P10_10

ADAAOTRG2 | | A/ID Converter O trigger 2 PO _2,P10_11
APO O | Wake-up Sequencer analog input signals sources PO_15

activation
CSIGORY I/0O | Clocked Serial I/F G 0 handshake signal P3_4
o) P4 9
CSIGOosC I/0O | Clocked Serial I/F G 0 data clock P0O_15,P3_5,P4 5

CSIGOSI | | Clocked Serial I/F G 0 serial data input PO_13,P3_7,P4_3
CSIG0SO O | Clocked Serial I/F G 0 serial data output PO _14,P3 6,P4 4
CSIGOSSI | | Clocked Serial I/F G 0 slave select input PO_12
CSIG4RY | | Clocked Serial I/F G 4 handshake signal P4_10
CSIG4sC 1/0 | Clocked Serial I/F G 4 data clock PO_3,P4 8
CSIG4sSI | | Clocked Serial I/F G 4 serial data input PO 2,P4 6
CSIG4S0O O | Clocked Serial I/F G 4 serial data output PO_1,P4_7
CSIG4SsSI | | Clocked Serial I/F G 4 slave select input PO 0O
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Table 2-37 Alphabetic pin function list (2/4)

Pin name I/0 Pin function Port
CSIG7RY I/0O | Clocked Serial I/F G 7 handshake signal P15
CSIG7SC I/0 | Clocked Serial I/F G 7 data clock P1 4
CSIG7SI | | Clocked Serial I/F G 7 serial data input P12
CSIG7S0O O | Clocked Serial I/F G 7 serial data output P1 3
CSIG7SSI | | Clocked Serial I/F G 7 slave select input P16
DCUTRDY O | Debug I/F ready signal JPO 5
DCUTCK | | Debug I/F clock JPO_2

DCUTDI | | Debug I/F data input JPO_0
DCUTDO O | Debug I/F data output JPO_1
DCUTMS | | Debug I/F mode select JPO_3

DCUTRST | | Debug I/F reset JPO_4

DPINO | | Wake-up Sequencer digital input signal 0 PO 0O

DPIN1 | | Wake-up Sequencer digital input signal 1 PO_1

DPIN2 I | Wake-up Sequencer digital input signal 2 PO_2

DPIN3 | | Wake-up Sequencer digital input signal 3 PO_3

DPIN4 | | Wake-up Sequencer digital input signal 4 PO_4

DPIN5 | | Wake-up Sequencer digital input signal 5 PO_5

DPING | | Wake-up Sequencer digital input signal 6 PO_6

DPIN7 | | Wake-up Sequencer digital input signal 7 PO_7

DPIN8 | | Wake-up Sequencer digital input signal 8 PO_8

DPIN9 I | Wake-up Sequencer digital input signal 9 PO_9
DPIN10 | | Wake-up Sequencer digital input signal 10 PO_10
DPIN11 | | Wake-up Sequencer digital input signal 11 PO_11
DPIN12 I | Wake-up Sequencer digital input signal 12 PO_12
DPIN13 | | Wake-up Sequencer digital input signal 13 PO_13

DPO O | Wake-up Sequencer digital input signals sources PO_14
activation

EnVvDD — | Port buffer voltage supply -

EnVSS — | Port buffer ground -
FCNORX I | CAN I/F O receive input PO_5,P1_7,P4_0
FCNOTX O | CAN I/F 0 transmit output PO_4,P1_1,P4 1
FCN1RX I | CAN I/F 1 receive input PO 6,P1 1,P4 2
FCN1TX O | CAN I/F 1 transmit output PO_7,P1_2,P4_3
FCN2RX I | CAN I/F 2 receive input PO_11,P1_8,P4_4
FCN2TX O | CAN I/F 2 transmit output PO 9,P1 9,P4 5
FCN3RX I | CAN I/F 3 receive input PO _10,P1 3,P4 6
FCN3TX O | CAN I/F 3 transmit output PO_8,P1_4,P4_7
FCN4RX I | CAN I/F 4 receive input PO_15,P1_5,P4_8
FCN4TX O | CAN I/F 4 transmit output PO _12,P1 6,P4 9
FCN5RX | | CAN I/F 5 receive input PO_14, P1_10, P4 10
FCN5TX O | CAN I/F 5 transmit output PO_13,P1_11,P4 11

FLCSO0SCI | | Flash programmer synchroneous I/F clock input JPO_2
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Table 2-37 Alphabetic pin function list (3/4)
Pin name I/0 Pin function Port

FLCSOSI | | Flash programmer synchroneous I/F data input JPO_0
FLCSO0SO O | Flash programmer synchroneous I/F data output JPO_1

FLMDO | | Primary operating mode select pin -

FLMD1 | | Secondary operating mode select pin PO_1
FLURORTX I/0 | Flash programmer asynchroneous I/F data input/output JPO_O

10VDD — | Flash voltage supply -
IICBOSCL I/0 | 12C Interface O clock signal PO_9
IICBOSDA I/0 | 1°C Interface 0 data/address signal PO_8

INTPO | | External interrupt input O PO_0,JP0O_0, P27_0

INTP1 | | External interrupt input 1 PO_1,JP0_1,P27_1

INTP2 | | External interrupt input 2 PO _2,P4 4,JP0_2,P27 2

INTP3 | | External interrupt input 3 PO_3,P1_9,JP0_3,P27_3

INTP4 | | External interrupt input 4 PO 7,P1 10,P4 7,P27 4

INTP5 | | External interrupt input 5 PO_8,P1 11,P27 5

INTP6 | | External interrupt input 6 PO _9,P1_12,

INTP7 | | External interrupt input 7 PO 13, P1 13,

INTP8 | | External interrupt input 8 PO_12,P1_14

INTP9 | | External interrupt input 9 PO_10,P1_15

INTP10 | | External interrupt input 10 PO_11

INTP11 | | External interrupt input 11 PO_4

INTP12 | | External interrupt input 12 PO 5

KRIO | | Key Return input 0 PO_12,P4_8
KRI1 I | Key Return input 1 PO_6,P4_7
KRI2 | | Key Return input 2 PO_7,P4_6
KRI3 | | Key Return input 3 PO_8,P4_5
KRI4 I | Key Return input 4 PO 9,P3 5
KRI5 | | Key Return input 5 PO_13,P3_4
KRI6 | | Key Return input 6 PO_14,P3_3
KRI7 I | Key Return input 7 P0O_15,P3 2
NMI | | External non-maskable interrupt PO_6,JP0_5
OSCVDD — | Oscillator voltage supply -
OSCVSS — | Oscillator ground -

REGNnC — | Voltage regulators capacitor connections -
REGnVDD — | Votage regulators input -
REGNnVSS — | Votage regulators ground -

RESET | | External reset input -
TAUBOI1 | | Timer Array Unit B 0 channel linput P1_1
TAUBOI2 | | Timer Array Unit B O channel 2 input P1 2,P3 2
TAUBOI3 | | Timer Array Unit B O channel 3 input P1 _3,P3 3
TAUBOI4 | | Timer Array Unit B 0 channel 4 input P1_4,P3_4
TAUBOI5 | | Timer Array Unit B 0 channel 5 input P1 5,P3 5
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Table 2-37 Alphabetic pin function list (4/4)

Pin name I/0 Pin function Port
TAUBOI6 | | Timer Array Unit B O channel 6 input P1 6,P3 6
TAUBOI7 | | Timer Array Unit B O channel 7 input P1_7,P3 7
TAUBOI8 | | Timer Array Unit B 0 channel 8 input P18
TAUBOI9 | | Timer Array Unit B O channel 9 input P19
TAUBOI10 I | Timer Array Unit B O channel 10 input P1_10
TAUBOI11 | | Timer Array Unit B 0 channel 11 input P1 11
TAUBOI12 | | Timer Array Unit B O channel 12 input P1_12
TAUBOI13 | | Timer Array Unit B 0 channel 13 input P1 13,P4 0
TAUBOI14 | | Timer Array Unit B 0 channel 14 input P1 14,P4 1
TAUBOI15 | | Timer Array Unit B 0 channel 15 input P1 15,P4 2
TAUB0OO1 O | Timer Array Unit B 0 channel 1 output P1 1,P0 1
TAUBOO2 O | Timer Array Unit B 0 channel 2 output P1 2,P3 2,P0_2
TAUBOO3 O | Timer Array Unit B 0 channel 3 output P1_3,P3 3
TAUB0O4 O | Timer Array Unit B 0 channel 4 output P1 4,P3 4
TAUBOO5 O | Timer Array Unit B 0 channel 5 output P1 5,P3 5 P0_8
TAUBOOG6 O | Timer Array Unit B 0 channel 6 output P1 6,P3 6,P0 9
TAUBOO7 O | Timer Array Unit B 0 channel 7 output P1 7,P3 7
TAUB0OOS8 O | Timer Array Unit B 0 channel 8 output P18
TAUBOO9 O | Timer Array Unit B 0 channel 9 output P19
TAUB0OO10 O | Timer Array Unit B 0 channel 10 output P1_10
TAUBOO11 O | Timer Array Unit B 0 channel 11 output P1_11
TAUB0O12 O | Timer Array Unit B O channel 12 output P1_12
TAUB0O13 O | Timer Array Unit B 0 channel 13 output P1 13,P4 0
TAUB00O14 O | Timer Array Unit B 0 channel 14 output P1_14,P4_1
TAUB0O15 O | Timer Array Unit B O channel 15 output P1 15,P4 2
TAUJOIO I | Timer Array Unit J 0 channel 0 input PO _12,JP0 0
TAUJOI1 I | Timer Array Unit J O channel 1 input PO_13,JP0_1
TAUJOI2 || Timer Array Unit J O channel 2 input PO_14,JP0_2
TAUJOI3 I | Timer Array Unit J 0 channel 3 input PO_15, JP0_3
TAUJOOO0 O | Timer Array Unit J 0 channel 0 output P0O_12,JP0 0
TAUJOO1 O | Timer Array Unit J O channel 1 output PO_13,JP0_1
TAUJ0O2 O | Timer Array Unit J 0 channel 2 output P0O_14, JP0 2
TAUJOO3 O | Timer Array Unit J 0 channel 3 output PO_15, JPO_3
URTE2RX I | Asynchroneous Serial I/F 2 receive data input PO _1,P4 1
URTE2TX O | Asynchroneous Serial I/F 2 receive data output PO 2,P4 2
URTE10RX I | Asynchroneous Serial I/F 10 receive data input P0O_9,P4 4
URTE10TX O | Asynchroneous Serial I/F 10 receive data output P0O_8,P4 3
URTE11RX I | Asynchroneous Serial I/F 11 receive data input PO_7,P0_11,P4 7
URTE11TX O | Asynchroneous Serial I/F 11 receive data output PO_6, PO_10,P4 6
X1, X2 — | Main oscillator resonator connections -
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Table 2-38 Ports and pins function during and after reset

2.4.7 Port and pin functions in stand-by modes

Details about the port functions in stand-by modes are given in the chapter
“Stand-by Controller”.

2.4.8 Port and pin functions during and after reset

Port

During reset

After reset

JPO_0to JPO_3,
JPO 5

high impedance

mode dependent

These ports are also used for the On-Chip Debug
I/F. Thus their function after reset depends on the

operation mode.?

JPO_4 input with internal | mode dependent
pull-down resistor
PO_0, PO_2to high impedance high impedance
PO_15
PO_1 input input This port is also used as FLMD1 mode selection

Port groups

high impedance

high impedance

P1, P3, P4, P10,

P27

FLMDO input input

RESET input input
a)

Refer to the section “Mode pins and JPO connections” in the “CPU System Functions” chapter.
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2.4.9 Recommended connection of unused pins

In the following recommendations are given how to treat pins, which are not
used on the application board.

As a reference the final table lists all pins which must be connected in any
case.

(1) Unused pins with port functionality

Table 2-39 Recommended connection of unused pins with port functionality

Port After reset Connect to Comment

PO_1/FLMD12 The function of these ports depends on the operation mode.
3P0 4/ Refer to the section “Mode pins and JPO connections” in the “CPU System Functions”
DCUTRST? chapter.
JP0O_0 to JPO_3,
JPO_5
PO_0, PO_2to high impedanceb leave open If the high impedance reset configuration is changed to
PO_15, P> e output: leave open

¢ input: connect to EOVDD or EOVSS via resistor
Port groups high impedance® | leave open If the high impedance reset configuration is changed to
P1,P3, P4 e output: leave open

« input: connect to E1VDD or E1VSS via resistor
Port group high impedanceb leave open If the high impedance reset configuration is changed to
P10 * output: leave open

e input: connect to AOVDD or AOVSS via resistor
Port group high impedanceb leave open If the high impedance reset configuration is changed to
P27 e output: leave open

e input: connect to E1VDD or E1VSS via resistor

a) Refer also to “Mandatory connection of pins” below.

b) Refer to the note below.
Note Itis recommended to leave pins, which are in high impedance state after reset
release, in this state, if they are not used by the application.
(2) Unused pins without port functionality
Table 2-40 Recommended connection of unused pins without port functionality
Pin Connect to Comment
X1 connect to OSCVSS If MainOsc not used
X2 leave open
RESET connect to EOVDD If external RESET is not used, the device is only reset by
on-chip Power-On-Clear POCRES
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(83) Mandatory connection of pins
Table 2-41 Mandatory connection pins
Pin Comment
FLMDO FLMDO determines the operation mode of the device.
FLMD1/PO 1 FLMD1 and DCUTRST must not be left unconnected.
DCUTRST/JPO_4 Refer to the section “Mode pins and JPO connections” in the “CPU System
Functions” chapter.
REGnVDD/REGNVSS All power supply pins must always be connected, although the external power

AOVDD, AOVSS

supplies for the isolated areas (REGnVDD) may be switched off in DEEPSTOP

EnVvDD, EnVSS

stand-by mode.

OSCVDD, OSCVSS

I0VDD

RO1UHO0366EJ0100 Rev. 1.00 :{ENESAS

Feb 28, 2013

88



Chapter 2

Port Functions

2.5 Port Filters
The input signals at some pins are passed through a filter to remove noise and
glitches. The microcontroller supports different types of analog and digital
filters.
The first section provides an overview, which port input signals are equipped
with which kind of filter type, their control registers and bits, the register
addresses, and the power domain they are located on.
The last paragraph of this section informs about the clock signals for the port
filters
A detailed description of the analog and digital filter types and their control
registers follows in the section “Port Filters Functional Description”.
2.5.1 Port filters assignment
The following tables list the input signals, which are equipped with an analog
filter or a digital filter.
(1) Input signals with analog filters type A
The analog filters type A are controlled by means of the following register:
« Filter control registers FCLANCTLmMm (m=0to 7)
For each port with an analog filter a dedicated register FCLANCTLm is
provided, whereas each group “n” can handle up to 8 input signals “m”.
Table 2-42 Input signals with analog filters type A (1/2)
FCLA instance
Signal -
Register Address
INTPO CTLO FF41 40004
INTP1 CTL1 FF41 40044
INTP2 CTL2 FF41 4008y
INTP3 <o( CTL3 FF41 400Cy
-
INTP4 (I_a CTL4 FF41 40104
INTP5 CTL5 FF41 4014y
INTP6 CTL6 FF41 40184
INTP7 CTLY7 FF41 401Cy
INTP8 CTLO FF41 40204
INTP9 o CTL1 FF41 40244
INTP10 é CTL2 FF41 4028,
INTP11 - CTL3 FF41 402Cy
INTP12 CTL4 FF41 40304
NMI g:l CTLO FF41 40404
O
LL
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Table 2-42 Input signals with analog filters type A (2/2)
FCLA instance
Signal -
Register Address
KRO CTLO FF41 40604
KR1 CTL1 FF41 40644
KR2 CTL2 FF41 4068y
KR3 % CTL3 FF41 406Cy
KR4 8 CTL4 FF41 40704
KR5 CTL5 FF41 4074y
KR6 CTL6 FF41 4078y
KR7 CTL7 FF41 407Cy
(2) Input signals with analog filters type B
The analog filters type B are controlled by means of the following register:
« Filter control registers FCLANCTLmM (m=0to 7)
For each port with an analog filter a dedicated register FCLAnNCTLm is
provided, whereas each group “n” can handle up to 8 input signals “m”.
Table 2-43 Input signals with analog filters type B
FCLA instance
Signal
Register Address
TAUJOIO CTLO FF41 40804
TAUJOI1 EE CTL1 FF41 40844
-
TAUJOI2 8 CTL2 FF41 4088y
TAUJOI3 CTL3 FF41 408Cy
(3) Input signals with analog filters type C
The analog filters type C have no control registers.
Table 2-44 Input signals with analog filters type C
FCLA instance
Signal -
Register Address
Always-On-Area:
FLMDO - -
FLMD1 - - —
RESET - -
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Caution

(4) Input signals with digital filters type D

The digital filters type D are controlled by means of the following register:

« Filter control registers FCLANCTLmMm (m=0to 7)
For each port with a digital filter a dedicated register FCLANCTLm is
provided, whereas each group “n” can handle up to 8 input signals “m”.

 Digital noise elimination control registers DNFANCTL
Each DNFANCTL control register can handle a group “n” with up to 16 input

signals with digital filters.

 Digital noise elimination enable registers DNFAnEN
The bits DNFAnNNFENT(15:0] of this register enable digital filters of the group
“n” of up to 16 input signals.

If digital filtering shall not be applied to the input signal, the filter bypass must
be activated by FCLANCTLmM.FCLANBYPSm = 1.

Table 2-45 Input signals with digital filters type D (1/2)
Signal DNFA instance FCLA instance
Register Address Filter enable bit Register Address
TAUBOI1 DNFAOEN FF41 10044 NFEN1 CTL1 FF41 5004,
TAUBOI2 II:I))EIFZ'X(())IIEEII\\]IE EE:'J]_' ]J_'ggg: NFEN2 CTL2 FF41 50084
TAUBOI3 NFEN3 o CTL3 FF41 500Cy
TAUBOI4 NFEN4 é CTL4 FF41 50104
TAUBOI5 NFENS5 v CTL5 FF41 50144
TAUBOI6 % NFENG6 CTL6 FF41 50184
TAUBOI7 % NFEN7 CTL7 FF41 501Cy
TAUBOI8 E NFEN8 CTLO FF41 50204
TAUBOI9 % NFEN9 CTL1 FF41 50244
TAUBOI10 % NFEN10 CTL2 FF41 5028,
TAUBOI11 NFEN11 2 CTL3 FF41 502Cy
TAUBOI12 NFEN12 é CTL4 FF41 50304
TAUBOI13 NFEN13 CTL5 FF41 5034,
TAUBOI14 NFEN14 CTL6 FF41 5038y
TAUBOI15 NFEN15 CTL7 FF41 503Cy
URTE10RX DNFA1CTL FF41 10204 NFENO CTLO FF41 50404
URTE11RX DDNNFFAAilEENNH EE?& 1852: NFEN1 CTL1 FF41 50444
CSIG4SC DNFA1ENL FF41 102Cy, E NFEN2 % CTL2 FF41 5048y
CSIGA4SI % NFEN3 (I_a CTL3 FF41 504Cy
CSIG4RY E NFEN4 CTL4 FF41 50504
CSIG4SSI E NFENS CTL5 FF41 50544
ADAAOTRGO % NFEN6 o CTLO FF41 50604
ADAAOTRG1 NFEN7 é CTL1 FF41 50644
ADAAOTRG2 NFEN8 v CTL2 FF41 5068y
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Table 2-45 Input signals with digital filters type D (2/2)
. DNFA instance FCLA instance
Signal - - - -
Register Address Filter enable bit Register Address
CSIG7SC DNFA9SCTL FF41 20EOy g NFENS8 CTLO FF41 61C0y4
DNFA9EN FF41 20E44 L
CSIG7RY DNFA9ENH FF41 20E8, % NFEN9 Q CTL1 FF41 61C4y
CSIG7SI DNFA9ENL FF41 20ECy E NFEN10 5 CTL2 FF41 61C8y
O
CSIG7SSI % NFEN11 L CTL3 FF41 61CCy
p4
[a)
CSIGOSC DNFA10CTL FF41 21004 = NFENO CTLO FF41 61EOy
DNFA10EN FF41 2104y E
CSIGORY DNFALOENH FF41 2108, % NFEN1 < CTL1 FF41 61E4y
CSIGOSI DNFA10ENL FF41210C, | > NFEN2 < CTL2 FF41 61E8
-
CSIGOSSI IéJ NFEN3 8 CTL3 FF41 61ECH
s
p4
[a)
URTE2RX DNFA11CTL FF41 21204 = NFENS CTLO FF41 62404
DNFA11EN FF41 2124y E
DNFA11ENH FF41 2128, % N~
DNFA11ENL FF41 212Cy > %‘
w
3 2
s
zZ
=)
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2.5.2 Port filters clock supply
Following table sumamrizes the clock supplies for the port filter types on the
different power domains:
Table 2-46  Port filter clock supply
Power domain Filters clocks Connected to
Always-On-Area PCLK Clock Controller CKSCLK_A02
Isolated-Area-0 PCLK Clock Controller CKSCLK_001
DNFATCKI Clock Controller CKSCLK_016
f N~
LSIntOsc |-
HSIntOsc|— 11248 |2
[1,2,4, Z' % CKSCLK_A02 A\/]c\(lo
f = ort filters
PLLO |2 1:1,2,4,8] ——% 8| PCLK P
no clock —
/
[{e]
—
:‘ CKSCLK_016
Q
0| DNFATCKI
—  L[1,248] ¥
CKSCLK_001 1ISO0
—_— . .
CKSCLK_000 1:2 - port filters

Figure 2-2 Port filters clock supply
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2.5.3 Port filters reset

The port filters and its registers are initialized by the following reset signal:

Table 2-47 Port filters reset signal

Port filters power
domain

Reset signal

Always-On-Area | ¢

Reset Controller SYSRES

Isolated-Area-0 .

Reset Controller SYSRES

Stand-by Controller DPSTPWU
(wake-up from DEEPSTOP mode)

RO1UHO0366EJ0100 Rev. 1.00

Feb 28, 2013

RRENESAS

94



Chapter 2

Port Functio

ns

2.6

2.6.1

Analog filter
characteristic

Analog filters
control registers

Port Filters Functional Description

Depending on the purpose of the external input signal to be filtered, the
external signals are passed through different filter types:

» Analog filters
Analog filter have a fixed filter characteristic.

— Type A: analog filtered signals with edge or level detection
The output signals are used to signal an external event, whereas the
timing of the external signal is not of concern, but its level or level
changes.
An external interrupt is a typical case for such event signals.

— Type B: analog filtered signals with filter bypass option
The timing of the filtered output signals is retained with this filter type.
Bypassing of the filter is also possible.
A typical example for such signals is a timer input signal to measure its
frequency.

— Type C: analog filter only
The input signal are always passed through an analog filter, which can
not be bypassed.
Such filters are typically used for external RESET inputs and mode
signals.

 Digital filters
The characteristic of a digital filter can be adjusted to the application’s
needs.

— Type D: configurable digital filtered signals with filter bypass option
The timing of the filtered output signals is retained with this filter type.
Bypassing of the filter is also possible.

A typical example for such signals is a timer input signal to measure its
frequency.

Analog filters

The characteristics of the analog filter as well as of the level and edge
detectors are specified in the Data Sheet document.

For each input signal, that is equipped with an analog filter, a dedicated control

register FCLANCTLm is provided.

The registers are ordered in groups of 8 registers with the same index n. The

register index m ranges from 0 to 7:
FCLA group n: FCLAnCTLO to FCLANCTL7

The assignment of the input signals to the control registers and their
addresses is given in the tables in the previous section “Port filters
assignments”.
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Analog filter in  All analog filters are located on the Always-On-Area.
stand-by mode The behaviour of an analog filter and its wake-up capability depend on the filter
type. Refer to the description of the analog filter types below.

(1) Analog filter type A

The block diagram of the analog filter type A is shown in the diagram below.

PCLK

FCLANCTLmM.FCLANINTLm

sighal ©————| Analog filter {—e—! Level detector 1

Output
signal

Edge detector 9

Figure 2-3 Analog filter type A block diagram

After passing the external signal through an analog filter to eliminate noise and
spikes, the event detection evaluates the level or any level change, i.e. an
edge, of the signal and generates an output accordingly.

The detection mode is selected by the control bit FCLANCTLmM.FCLANINTLm:

* FCLANINTLm = 0: edge detection mode
The detection of a rising or falling edge can be activated separately by
FCLANCTLmM.FCLANINTRmM and FCLANCTLmM.FCLANINTFm respectively.

o FCLANINTLmM = 1: level detection mode
The detection of a high level or low level can be selected by
FCLANCTLM.FCLANINTRm.

The table below summarizes the detection conditions of the analog filter.

Table 2-48 Analog filter event detection conditions

FCLANINTLmM | FCLAnINTFm | FCLAnINTRm | Edge detection | Level detection
0 0 0 no detection not active
1 rising edge
1 0 falling edge
1 both edges
1 X 0 not active low level
1 high level

Default The default configuration of the analog filter type A is as follows:

configuration analog filter with edge detection
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Analog filter type A
in stand-by mode

2

In case the clock PCLK is stopped in stand-by mode, the analog filter type A
can only operate with the edge detection. Thus set FCLAnNINTLm =0 and
select the required edge detection if the input signal shall be used as a
stand-by mode wake-up signal.

Analog filter type B

The block diagram of the analog filter type B is shown in the diagram below.

FCLANCTLmM.FCLANBYPSm

Input
signal ©

Figure 2-4

Default
configuration

Analog filter type B
in stand-by mode

®)

Figure 2-5

Analog filter type C
in stand-by mode

Analog filter 0

Output
signal

Analog filter type B block diagram

The analog filter can optionally be bypassed:
 DCLANCTLmM.FCLANBYPSm = 0: the filtered signal is output
* DCLANCTLmM.FCLANBYPSm = 1: the unfiltered input signal is output

The default configuration of the analog filter type B is as follows:

» analog filter active

The output signal of an analog filter type B can always be used as a stand-by
mode wake-up signal.

Analog filter type C

The block diagram of the analog filter type C is shown in the diagram below.

Input i Output
signal ©——| Analog filter — signal

Analog filter type C block diagram

The output signal is always the analog filtered input signal.

The output signal of an analog filter type C can always be used as a stand-by
mode wake-up signal.
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2.6.2 Digital filters

Digital filter ~ The digital filters allow to adjust the filter characteristics to the needs of the
characteristic  application.

The input signal is sampled with the sampling frequency f.

If a specified number of successive samples yield the same (high or low) level,
the signal level is judged as valid and the filter output signal is set accordingly.

If an external signal level change is detected within the specified number of
samples (same level samples s), the signal level is judged as noise - or a
spike - and the filter output signal does not change.

The length of an external signal pulse to be judged as noise depends on the
sampling frequency and the specified number of same level samples s.

Both parameters can be specified:

 DNFANCTL.DNFANPRSJ[2:0] allows to select the sampling frequency to

f = fDNFATCKI

S~ ,DNFANPRS[2:0]

where fpnpaTck IS the frequency of the DNFATCKI clock.

* DNFANCTL.DNFANNFSTS[1:0] determines the number s of same level
samples:

s = DNFANNFSTS[1:0] +2

External signal pulses, shorter than
_ 1
twoNE(miny = (8= 1)X(0)E

are always suppressed. That means also, pulses with a width > t,,pnF(min) Mmay
pass the filter.

External signal pulses, longer than
LwDNF(max) = SXi

are always judged as valid and are passed on to the filter output. That means
also, pulses with a width < t,,pnF(max) May be suppressed.

Consequently, external signal pulses, with a t,png Width in the range

1 1
(s- 1)xf— <tupNE S sxf—
S S

may be suppressed or judged as valid.

The filter effects a delay typng between the filter input and output pulse in the

range
(s- 1)xfl + f_2__ StypneE S sx(fj: + ](—3——)
s 'DNFATCKI s 'DNFATCKI
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The filter operation is illustrated in the figure below with
DNFANNFSTS[1:0] = 01, i.e. s = 3 same level samples.

Sample points

Filter input signal

Filter output signal

Figure 2-6 Digital filter function

Digital filter groups The input signals with digital filters are ordered in groups of up to 16 signals.
The digital filter characteristics, specified by DNFANCTL.DNFAnPRS[2:0] and
DNFANNFSTS[1:0] apply to the filters of the entire group.
However the digital filter for each signal can be enabled respectively disabled
separately by DNFANEN.DNAFNNFENm.

Cautions 1. After enabling the digital filter by DNFANEN.DNAFNNFENmM = 1, the digital
filter is in normal operation after the time period

DNFAnNFSTS[lO] X l/fs + 2 X llfDNFATCKl

and may generate unintended output signals during that time period.
Wait the above time span before enabling the function, the signal is
supplied to.

2. If the levels of the external signal changes multiple times within a sample
period 1/fg (undersampling), the digital filter may not detect these level

changes and thus may not suppress such signals.
An example is show in the figure below (for s = 3).

Uy uyy

Sample points

- -
-~

i
Filter input signal | |
I
i
\
Filter output signal

- ——————
- ——————

- ——[=—=-----
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Digital

stand-by mode

filter in

+ DEEPSTOP mode:
All digital filter are located on an isolated power domain, that can be
switched off during DEEPSTOP. Thus they are not in operation, when the
respective power domain is in DEEPSTOP mode.

* STOP mode:
Digital noise elimination requires the clock supply DNFATCKI to operate.
Since the DNFATCKI clock is never stopped, digitally filtered signals can
always serve as STOP mode wake-up event.

Digital filters control  For each group of up to 16 digital filters a common digital filter setup register
registers DNFANCTL and digital filter enable register DNFANEN is provided with the
same index n.
While the filter setup by DNFANCTL effects the entire group, the control bits
DNFANENmMm in the filter enable register DNFANEN allows to enable
respectively disable each filter separately. The register index m is in the range
from O to 15:
DNFANCTL is the control register of group n for the digital filters m = 0 to
15, enabled/disabled by the DNFANEN.DNAFnENO to
DNFANEN.DNAFnEN15 control bits.
The edge detection setup is done via the filter dedicated control register
FCLANCTLm.
The FCLANCTLm registers are ordered in groups of 8 registers with the same
index n. The register index m is in the range from 0 to 7:
FCLA group n: FCLANCTLO to FCLANCTLY
The assignment of the input signals to the control registers and their
addresses is given in the table “Input signals with digital filters” in the previous
section “Analog and digital filter assignments”.

Caution Do not change any control register settings, while the concerned digital filter is
enabled by DNFANEN.DNAFnNENm = 1. Otherwise an unintended filter output
may be generated.
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(1) Digital filter type D
The block diagram of the digital filter type D is shown in the diagram below.

DNFANEN.DNFANNFENmM

Input I
sigﬁgl © Digital filter \

fs 0

e Output
L"—0 signal

FCLANCTLmM.FCLANBYPSm
DNFATCKI——| Prescaler

Figure 2-7 Digital filter type D block diagram

The output signal depends on register settings, as shown in the table below:

Table 2-49 Output options of digital filter type D

FCLANCTLm. DNFANEN. Output signal
FCLANBYPSm DNFANNFENmM
0 0 fixed low level (input signal blocked)
1 filtered input signal
1 X not filtered input signal (filter bypass)

Default The default configuration of the digital filter type D is as follows:

configuration input signal blocked

Cautions 1. Per default, the input signal is blocked. Thus the digital filter type D must be
configured to let the - filtered or non-filtered - input signal pass.

2. If digital filtering shall not be applied to the input signal, the filter bypass
must be activated by FCLANCTLmM.FCLANBYPSm = 1.
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2.6.3 Filter control registers

The analog and digital filters are controlled and operated by the following
registers:

Table 2-50 Filter registers overview

Register Name Shortcut Address
Filter control register m FCLANCTLm The addresses are given
Digital noise elimination control DNFANCTL n thg tables n thf
register previous section “Port
filters assignments”.

Digital noise elimination enable DNFANEN
register
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(1) FCLANCTLm - Filter control register
This register controls the analog and digital filter operation.
Access This register can be read/written in 8-bit units.

Address The assignment of the input signals to the FCLANCTLm registers and their
addresses is given in the tables in the previous section “Port filters
assignments”.

Initial Value 00y. This register is initialized by any reset.

7 6 5 4 3 2 1 0
FCLAN 0 0 0 0 FCLAn | FCLAn | FCLANn
BYPSm INTLmM INTFm | INTRm
R/W R/W R/W R/W R/W R/W R/W R/W

Table 2-51 FCLANCTLm register contents

Bit position Bit name Function

7 FCLAN Filter bypass control:
BYPSm 0: filter bypass disabled
1: filter bypass enabled
Note:
This bit is only effective for analog filters type B and digital filters type D.
2 FCLAN Level/edge detection mode selection
INTLmM 0: edge detection enabled
1: level detection enabled
Note:
This bit is only effective for analog filters type A.
1 FCLAN ¢ Inlevel detection mode (FCLANINTLm = 1): FCLAnINTFm has no effect

INTFm « In edge detection mode (FCLANINTLm = 0): falling edge detection control
0: falling edge detection disabled
1: falling edge detection enabled

Note:

This bit is only effective for analog filters type A.

0 FCLAN * Inlevel detection mode (FCLANINTLm = 1): detection level selection
INTRm 0: low level detection
1: high level detection

« In edge detection mode (FCLANINTLm = 0): rising edge detection control
0: rising edge detection disabled
1: rising edge detection enabled

Note:

This bit is only effective for analog filters type A.
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)

DNFANCTL - Digital noise elimination control register

This register specifies the filter characteristics of the digital noise elimination
filter.

Note This register is only effective for digital filters type D.
Access This register can be read/written in 8-bit units.

Address The assignment of the input signals to the DNFANCTL registers and their
addresses is given in the tables in the previous section “Port filters
assignments”.

Initial Value 00y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
0 DNFANNFSTS[1:0] [ 0 0 DNFANPRS[2:0] |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-52 DNFANCTL register contents
Bit position Bit name Function
6to5 DNFAN DNFANNFSTS[1:0] specifies the number of same level samples, i.e. the number
NFSTS[1:0] | of samples with the same level to judge an external signal pulse as valid.
DNFANNFSTS[1:0] Number of same level samples

00g 2 samples
0lg 3 samples
10g 4 samples
115 5 samples

2t00 DNFAN Digital filter sampling clock selection

PRS[2:0] DNFANPRS[2:0] Sampling clock frequency
000g DNFATCKI /1
001 DNFATCKI / 2
010g DNFATCKI/ 4
011 DNFATCKI/ 8
100g DNFATCKI / 16
101 DNFATCKI / 32
110g DNFATCKI / 64
111 DNFATCKI / 128
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3

DNFANREN - Digital noise elimination enable register

This register enables/disables the digital noise elimination for a certain input
signal.

Note This register is only effective for digital filters type D.
Access This register can be read/written in 16-bit units.
The high byte DNFANNFEN[15:8] and low byte DNFANNFEN[7:0] can also be
separately accessed in 8-bit units via the registers
DNFANENH.DNFANNFEN[15:8] and DNFAnNENL.DNFANNFEN[7:0].
Address The assignment of the input signals to DNFANEN registers and their addresses
is given in the tables in the previous section “Port filters assignments”.
Initial Value 0000y. This register is initialized by any reset.
15 14 13 12 11 10 9 8
DNFAn | DNFAn | DNFAn | DNFAn | DNFAn | DNFAn | DNFAn | DNFAn
NFEN15 | NFEN14 | NFEN13 [ NFEN12 | NFEN11 | NFEN10 | NFEN9 | NFENS8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DNFAn | DNFAn | DNFAn | DNFAn | DNFAn | DNFAn | DNFAn | DNFAn
NFEN7 | NFEN6 | NFEN5 | NFEN4 [ NFEN3 | NFEN2 | NFEN1 | NFENO
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-53 DNFANEN register contents
Bit position Bit name Function
15t00 DNFAN Digital noise elimination control

NFEN[15:0] 0: digital noise elimination disabled

1: digital noise elimination enabled
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3.1

CPU

CPU System Functions

This chapter describes the registers of the CPU, the operation modes, the
address space and the memory areas.

Overview

The CPU is founded on Harvard architecture and it supports a RISC instruction
set. Basic instructions can be executed in one clock period. Optimized
five-stage pipelining is supported. This improves instruction execution speed.

In order to make the microcontroller ideal for use in digital control applications,
a 32-bit hardware multiplier enables this CPU to support multiply instructions,
saturated multiply instructions, bit operation instructions, etc.

CPU
— Core: V850E2

— Architecture: V850E2-V3 Architecture Class

Instruction execution times:

Minimum
Device instruction Maximum CPU clock
execution time
V850E2/FF4-G 15.7 ns 64 MHz
V850E2/FG4-G 15.7 ns 64 MHz

32 x 32 bits general registers
5 stage single issue pipeline

Internal 32-bit architecture

4 GB linear address space for program and data
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» Processor protection functions

— Memory Protection Unit (MPU)
Protection against illegal execution from or data manipulation of CPU
memory areas (four unified protection areas)

— System Register Protection (SRP)
Protection against damage to the system registers by a non-trusted
programs

Instruction set V850E2 instruction set (98 instructions) compatible to former V850

instruction sets plus additional powerful instructions for reduced code size
and increasing execution speed

» Signed multiplication operations in 1 clock
— 16 bits x 16 bits — 32 bits
— 32 bits x 32 bits — 32 bits or 64 bits
— 32 bits x 32 bits — 64 bits
» Saturated operation instructions with overflow/underflow detection
» 32-bit shift instructions in1 clock
» Bit manipulation instructions (bit set, clear, not, test)
» Load/store instructions with long/short format
» Load/store displacement extension
» Signed load instructions
» QDIV/QDIVU for quick divide
» CAXI instruction for Mutex

* MAC operation
32 bit x 32 bit + 64 bit — 64 bit

3.2 Memory Protection Unit (MPU)

Caution DPAS is always used in “base/mask specification mode”.

If the address of an accessed data is located below the configured upper
boundary address of DPA5 and due to the length of the data, the access is
crossing the upper boundary, an access violation will not be generated,
although upper bytes of the unaligned access are located above the
configured upper boundary of DPAS5.

Therefore it is recommended to avoid any unaligned accesses, which could
lead to crossing of the upper boundary of the DPAS5 region.

Refer to VB50E2 Architecture User’'s Manual (<tbd>) for the DPA5U and
DPASL registers description.

RO1UHO0366EJ0100 Rev. 1.00 :{ENESAS 107
Feb 28, 2013



Chapter 3

CPU System Functions

3.3

Note

3.3.1

Table 3-1

H/W lock function

CPU Access Bus Structures and Latencies

The CPU accesses the configuration, control and status registers of all
functional modules of the microcontroller in different ways, depending on
where they are located:

* modules of the CPU Subsystem:
refer the section to “CPU Subsystem modules access” below

* modules externally to the CPU Subsystem (PBUS modules):
refer the section to “PBUS modules access” below.

For a detailed description of the CPU Subsystem refer to the section “CPU
Subsystem” below in this chapter.

CPU Subsystem modules access
For accessing the registers of modules on the CPU Subsystem the dedicated

busses LSPB and GSPB are provided. Both are controlled only by the CPU.
Refer also to the section “CPU Subsystem” in this chapter.

V850E2 CPU Subsystem control busses

. CPU master bus
Registers of module
rkB
Interrupt Controller (INTC) R/W
DMA Controller (DMAC) R/W

The rKB bus supports the hardware lock function.

Thus bit manipulation instructions (CLR1, NOT1, SET1, TST1) can be applied
to all registers accessed via the LSPB and GSPB bus, provided the register
allows 8-bit access.

Byte/halfword The rKB bus supports byte and halfword accesses.
access Thus each byte or halfword of all registers accessed via the rKB bus can be
accessed separately.
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3.3.2

H/W lock function

Byte/halfword

access

Caution

PBUS modules access

The CPU communicates with PBUS modules - these are not located on the
CPU Subsystem - via the CPU Subsystem’s PBUS master interfaces.

The PBUS master I/F does not support the hardware lock function.

All PBUS and HBUS modules are accessed on 32-bit word aligned addresses.
Further each read or write is carried out with 32-bit width on the bus.

However the CPU can also perform byte (load/store byte) and halfword (load/
store halfword) access instructions with the following results:

+ Byte read accesses

— The CPU instructions LD.B and SLD.B (load of signed byte data) loads
the word aligned byte to bits [7:0] of a CPU general purpose register.
The general purpose register bits [31:8] will be sign extended.

— The CPU instructions LD.BU and SLD.BU (load of unsigned byte data)
loads the word aligned byte to bits [7:0] of a CPU general purpose
register.

The general purpose register bits [31:8] will be zero-extended.

» Halfword read accesses

— The CPU instructions LD.H and SLD.H (load of signed halfword data)
loads the word aligned halfword to bits [15:0] of a CPU general purpose
register.

The general purpose register bits [31:16] will be sign extended.

— The CPU instructions LD.HU and SLD.H loads the word aligned halfword
to bits [15:0] of a CPU general purpose register.
The general purpose register bits [31:16] will be zero-extended.

» Write access
A byte (CPU instructions ST.B, SST.B) or halfword (CPU instructions ST.H,
SST.H) write access corrupts the not written bytes of the word address.

Do not perform byte or halfword write accesses, unless the write target is only
8 bit (for byte access) or 16 bit respectively (for halfword access) wide, so that
the upper 3 bytes or 2 bytes respectively can not become corrupted.
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Bus clocks

Bus clocks notation

Caution

The CPU Subsystem is supplied with the CKSCLK_000 clock (CPUCLK). If the
CPU (respectively the DMA Controller) accesses modules, external to the
CPU Subsystem, these modules are members of different clock domains.
Thus the bus clocks may have to be synchronized, when the CPU accesses
the concerned modules.

This section explains the bus structures and its clocks and defines access
latencies, when different bus clocks have to be synchronized.

The bus clocks PCLK have an index, that indicates the clock, the bus is
operating with. For instance, PCLKygq denotes a PBUS with the PCLK clock

synchronous to CKSCLK_000, or in general:
* PCLK, is @ PBUS clock synchronous to CKSCLK_mn

Since access to modules on clock domains with bus synchronizers may induce
latencies of several cycles of the CPUCLK, the flow of the CPU program may
become inconsistent.

That means a CPU instruction, that accesses CPU Subsystem modules (in
particular INTC, DMAC), follows an instruction, that accesses a module with
bus synchronizer latencies, the access to the CPU Subsystem module may
become effective before the first one (module access via bus synchronizer).

Refer to the further descriptions in this section for details.
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Figure 3-1

CPU Subsystem
modules

Clock domains
m_n

The following diagram shows the bus structure for CPU accesses to PBUS
modules.

CPU Subsystem
INTC | [DMAC

ISO0_0

PBUS
I/F

Clock domain

CPUCLK

PBUS
(PCLK,

000)

PBUS
I/F

PBUS
(PCLK, /2)

000

1.2 |~—e

PBUS
Synchronizer

PBUS
(PCLK,)

Module
mn_1

@—|

Module
'. mn_2
)

)

)

Clock domain m_n

CKSCLK_mn CKSCLK_000

Clock Controller

CPU access bus structures

The CPU accesses all modules, except those of the CPU Subsystem, via their
PBUS interface with the PCLKgqo/2 clock.

The CPU accesses modules of the CPU Subsystem (DMA Controller, Interrupt
Controller) via CPU Subsystem internal busses. The bus clock of these busses
is CPUCLK (CKSCLK_000). Thus no bus synchronization is required.

All PBUS interfaces of the clock domains m_n, i.e. AWO_n and ISO0_n are
supplied with clocks from different clock domains CKSCLK_mn.

Thus CPU accesses with PCLKqg/2 = CKSCLK_000/2 to the clock domain’s
m_n PBUS interfaces are synchronized to the target clock domain

CKSCLK_mn.
Refer to the section “PBUS Synchronizer” below for information about the

PBUS synchronizers latencies.
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3.3.3 PBUS Synchronizer

The PBUS synchronizers synchronize the bus clock PCLKqg/2 from the CPU
to the target clock domain’s PBUS clock PCLK .

Clock Controller

CKSCLK_000 CKSCLK_mn
PCLK /2
1:2
CPUCLK
PBUS PBUS
I PBUS _|
F [T ek, | F
T o
CPU PBUS PCLK Clock domain m_n
Subsystem (PCLKeer/2) PBUS
module
PBUS I/F

PBUS PBUS |

Synchronizer | (PCLK, )

Figure 3-2 PBUS synchronizer
The synchronizers generate latencies of CPU accesses to the PBUS modules
on the clock domain m_n.

The maximum latency of a clock domain m_n PBUS access is calculated by
the following formula:

Latency cycles = 4 x PCLKqgo/2 + 4 X PCLK,

Notes 1. The synchronization latency always applies, even if both clocks are
configured to use same clock source or frequency.

2. The PBUS synchronizers are shown in the clock domain figures in section
“Clock Domain Figures” in the chapter “Clock Controller”.
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Overall PBUS latencies

The overall access latency of a CPU access to a PBUS module is calculated
as follows:

* Read access:

Taccrb = 16 - PCLKggg *+ 6 - PCLKy, + WRp - PCLK

» Write access:
TachR = 6 - PCLKOOO +6 - PCLKmn + WWR . PCLKmn
Wgrp and Wyyr specify the number of wait clocks, induced by the PBUS

module upon read respectively write access. Refer to the section “Module wait
clocks insertion” below for the Wrp and Wyyr values of the different modules.

overall access latency T, __ /T,

CPU Subsystem

accRD™ ~ accWR

Clock domain m_n

CPU PBUS PCLK 0 PBUS PCLK /2 PBUS PCLK PBUS
I/F IIF Synchronizer module
]
I 1:2
T —
CKSCLK_000 CKSCLK_mn
Clock Controller
Figure 3-3 Overall PBUS access latency

CPU write access

CPU read access

If the PBUS is not occupied, i.e. the PBUS is idle, the write access is
immediately forwarded and the CPU continues with the next instruction.

If the PBUS is occupied because of a former CPU write or a DMA access, the
CPU is stopped until the PBUS is idle.

Upon a CPU read access to any PBUS module, CPU operation stops until the
requested data is available.
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(2) Module wait clocks insertion

The following modules insert wait states when accessed by the CPU.

Note All other module registers, which are not listed in the following table, do not
inserted any wait clocks (Wrp = Wygr = 0).
Table 3-2 Module registers access wait clocks
Module Registers Read wait clocks Wip Write wait clocks Wyr
CAN Controller FCNnMmDAT[7:0]B 2 PCLK 2 PCLK
(FCN) FCNNMmDTLGB
FCNNMmMSTRB
FCNnDNBMRX[3:0]
FCNnMmCTL
FCNNCMLISTR
FCNnCMLOSTR
FCNNCMRGRX 2 PCLK 1 PCLK
FCNNCMTGTX
FCNNMmDATI[6,4,2,0]H
FCNnMmMIDOH
FCNnMmMID1H
FCNnMmDAT[4,0]W 3 PCLK 2 PCLK
FCNnMmMIDOW
FCNNCMCLCTL.FCNNnCMCLSERC | n.a. (write only) 1to 10 PCLK
FCNnCMCLCTL 0 PCLK 3 PCLK
except FCNNCMCLSERC bit
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3.4 CPU Subsystem

This section gives an overview about the CPU Subsystems.

The CPU Subsystems comprise

the CPU and CPU dedicated components, e.g. the processor protection
functions

busses to instruction and data memory

various interfaces to the other microcontroller modules, e.g. the PBUS and
data flash interface

the Interrupt Controller (INTC)
the DMA Controller (DMAC)
On-chip Debug unit

several bus systems with bus arbiters that allow access of the bus masters
to all other modules

3.4.1 Power and clock domain

The CPU Subsystem lies on the Isolated-Area-0 and its clock CPUCLK is
supplied from the domain clock CKSCLK_000.

ROSCS.
ROSCSCLKEN

LSIntOsc |-~

/

o

f
HSIntOsc ﬂL

1[2,4,832] |

CKSCLK_000 CPU

MainOsc

CPUCLK CPU Subsystem

CKSC_000

PLLO —

11,2,48] |

\

Figure 3-4 CPU Subsystem clock supply

CPU Subsystem The CPU Subsystem and its registers are initialized by the following reset
H/W reset signal:

Table 3-3 CPU Subsystem reset signal

CPU Subsystem Reset signal

CPU Subsystem |+ Reset Controller SYSRES

« Stand-by Controller DPSTPWU
(wake-up from DEEPSTOP mode)
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3.4.2 CPU Subsystem busses overview

The table below gives an overview about the CPU Subsystem busses and
their general purpose.

Refer to the following section for detailed information about the CPU
Subsystems.

Table 3-4 Bus systems

CPU

Subsystem Bus master

Bus Purpose

internal

CPU instruction bus

CPU access to

code flash
data RAM
PBUS modules
Data flash

CPU

CPU data bus

CPU access to

code flash
data RAM

CPU

¢« PBUS modules
¢ Data flash

rKB register bus Access to registers of CPU
¢ Interrupt Controller INTC

« DMA Controller DMAC
DMAC access to DMAC
» code flash
» data RAM
* PBUS modules
» Data flash

Access to all PBUS modules via the PBUS
master I/F

DMA data bus

external PBUS CPU, DMAC?

a) Refer to the following sections for more information about the buses arbitration.
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3.4.3 CPU Subsystem

The diagram below shows a CPU Subsystem block diagram of the V850E2/
Fx4-G product series.

On-Chip Debug K———)

Nexus
Debug I/F

Clock

CPUCLK -——  Controller
SRP (CKSCLK_000)
MPU
Instruction bus <
| | Code
flash K Code flash
| [ 1] arbiter
V850E2
CPU
Data
J RAM (————XN Data RAM
L | | N arbiter
Data bus Ke )
DMA data bus
DMAC (
KB rKB [
bridge N
INTC
arbiter
Data flash | 1 BN Data
PBUS I/F IIF N flash

PBUS
PBUS
modules
Figure 3-5 CPU Subsystem
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All busses for transferring data between the various modules are controlled by
two masters:

« CPU
* DMA Controller (DMAC)

Table 3-5 CPU Subsystem data/instruction busses

Master Bus Code flash | Data RAM | Data flash | PBUS I/F
CPU Instruction R R - -
(32 bit)
Data (32 bit) R R/W R/W R/W
DMA DMA data R R/W R R/W
Controller | (32 bit)

(1) Code flash access

Table 3-6 Code flash access

<— CPU instruction bus
Code flash Code_flash < CPU data bus
arbiter
<— DMA data bus

(2) Data RAM access

Table 3-7 Data RAM access

<— CPU instruction bus
Data RAM Data RAM arbiter | <— CPU data bus
<— DMA data bus

Caution Before fetching any instruction code from the data RAM, make sure to initialize
the 16-byte boundary area of the data RAM that contains the instruction code
to fetch.

A 16-byte boundary area is an area from the address XXXX XXX0y to
XXXX XXXFy.

For initializing the data RAM, any data values can be written, but the data RAM
area must be initialized before an instruction is fetched from it.

If an instruction is fetched from an uninitialized data RAM area, a memory
protection exception (MEP) might occur.

Note In general, it is recommended to initialize all the data RAM before reading it.
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(3) Data flash I/F access

Table 3-8 Data flash I/F access

<— CPU instruction bus
Data flash I/F PBUS/dgta = < CPU data bus
arbiter
<— DMA data bus

Data flash wait Concerning data flash access refer also to the section “Data flash wait cycle
cycles control” below in this chapter.

(4) CPU Subsystem busses arbitration policies

The following tables specify the arbitration policies of the CPU Subsystem
busses arbiters.

Table 3-9 CPU Subsytem busses arbitration policies

Arbiter Policy Masters
Code flash Fixed priority High: DMA
Medium: CPU data bus

Low: CPU instruction bus
Data RAM Fixed priority High: DMA
Medium: CPU data bus

Low: CPU instruction bus
Data flash Fixed priority High: DMA
Medium: CPU data bus

Low: CPU instruction bus

3.4.4 VB50E2 system manual

Detailed descriptions of the various CPU Subsystem functions can be found in
the following documents:

Table 3-10 CPU Subsystem functions information sources

Function V850E2S Architecture This manual
<tbd> (RO1UHO0366EJ0100)

V850E2 CPU (including instruction set) v -
Processor protection functions \/ -
(MPU, SPR)

DMA Controller (DMAC) - v
Interrupt Controller (INTC) - Y
Code/Data flash - \
Data RAM - v
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3.5 Data flash wait cycle control
CPU read accesses to the data flash require insertion of some wait cycles to
access the flash memory.
The minimum number of wait cycles, in units of CPU Subsystem clock cycles
CPUCLK, has to be selected via the wait cycle control register DCLKWAIT.
Caution The data flash wait cycle control register DCLKWAIT has to be set before the
first CPU access to the data flash.
(1) DCLKWAIT — data flash wait cycle control register
This register is used to configure the number of wait cycles for accessing the
data flash.
Access This register can be read/written in 8-bit units.
Address FF43 60004
Initial Value 1Fy
4 3 2 1 0
| | WAIT[4:0]
R/W R/W R/W R/W R/W R/W R/W
Table 3-11 DCLKWAIT register contents
Bit position Bit name Function
4100 WAIT[4:0] Sets the number of wait cycles, as shown in the
table below:
114 17 wait cycles
1F,: 31 wait cycles
All other settings are prohibited.
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3.6

Table 3-12

3.6.1

Debug mode

3.6.2

Operation modes

This section describes the operation modes of the V850E2/Fx4-G and how the
modes are selected.

The following operation modes are available:
» Normal operation mode
 Serial flash programming mode

After release of the Power-On-Clear reset or external RESET the
microcontroller starts to fetch instructions from an internal boot ROM which
contains the internal firmware. The firmware checks the FLMDO pin, and
optionally also the FLMD1 pin, to set the operation mode after reset release
according to the table below.

Selection of operation modes

Pins Operation mode

FLMD1
(PO_1)

VSS VSS Normal operation mode
VDD Setting prohibited
VDD VSS Serial flash programming mode

FLMDO

VDD Setting prohibited

For starting the microcontroller in a certain operation mode properly the mode
pins and the ports of the JPO port group have to be set up correctly, as
described in the section “Mode pins and JPO connections” below.

Normal operation mode

In normal operation mode, the internal flash memory is not re-programmed.

After reset release, the firmware branches to the start of the active boot swap
cluster. User program execution is started.

Debug mode is basically a normal operation mode, but the debugger changes
the device into debug mode via DCUTRST upon reset release.

Flash programming mode
In serial flash programming mode, the internal flash memory is erased and
reprogrammed.

After reset release, the firmware initiates loading of the user's program code
from the external flash programmer and programs the flash memory.

After detaching the external flash programmer, the microcontroller can be
started up with the new user's program in normal operation mode.

For more information see chapter “Flash Memory”.
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3.7 Mode pins and JPO connections
This section describes the wiring of the
 port group JPO (JPO_O0 to JPO_5)
* mode signals FLMDO, FLMD1 (P0_1)
in different microcontroller modes.
The function of the above mentioned pins depends on the mode:
Table 3-13 JPO and mode pin functions
Operation mode
Pin/port Normal Flash programming
operation Debugger Asynchronous | Synchronous
JPO_0O 1/O port DCUTDI FLURORTX FLCSOSI
JPO_1 1/0 port DCUTDO 1/0 port FLCS0SO
JPO_2 1/0O port DCUTCK 1/0 port FLCSOSCI
JPO_3 1/0 port DCUTMS 1/0 port I/O port
JPO_4 1/0 port DCUTRST 1/0 port 1/0 port
JPO_5 1/0 port DCUTRDY 1/0 port 1/0 port
FLMDO FLMDO FLMDO FLMDO FLMDO
PO_1 | FLMD1//O port? | FLMD1/I/O port? | FLMD1/I/O port? | FLMD1//O port?
a) FLMD1 is used for mode setting, when the reset is released. Afterwards PO_1 can
be used for general port and alternative functions.
Notes 1. FLMDO has no port functionality and is exclusively used for mode setting.

Pull-up/pull-down

resistors

2. Usage as I/O port means, the port can be used in port input/output and
alternative modes.

The size of the resistors, shown in the following descriptions, depends on
several parameters like current flow through the resistors in active level,
secure level detection with maximum specified leakage current and maximum
drive level of the driving port. Refer to the Data Sheet for details.
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3.7.1 Normal operation mode

In normal operation mode the JPO port group can be used for general port and
alternative functions.

Normal operation mode is selected by

FLMDO FLMD1 (PO_1)2

low level low level

a) FLMD1 can be used for general port and alternative functions after reset release.

FLMDO has to be low level and therefore needs to be connected to GND via
the resistor R1.

FLMD1 and DCUTRST have to be low level at reset release and therefore
need to be connected to GND via the resistors R2. Afterwards PO_1 and
JPO_4 can be used for general port and alternative functions.

The target value of R1 is 82 k(2. For the exact dimensioning of the FLMDO pull-
down resistor R1 refer to the Data Sheet.

Application board
VDD

L EVDD V850 |J.C

»| DCUTRST/JPO_4

-—»| JPO_2

-<—»| JPO_3
-—»| JPO_O
-<—>| JPO_1

<—| JP0 5

— | RESET

»>| FLMDO
FLMD1/PO_1

EVSS

GND

Figure 3-6 Pin connections in normal operation mode
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3.7.2

TDO, TRDY
pull-up resistors

Debug mode

In debug mode the debugger is connected to the pins of the port group JPO.

Debug mode is basically a normal operation mode, but the debugger changes
the device into debug mode via DCUTRST upon reset release.

Debug mode is selected by

FLMDO FLMD1 (PO_1)2

low level low level

a) FLMD1 can be used for general port and alternative functions after reset release.

Since the microcontroller's DCUTDO and DCUTRDY outputs are in high-
impedance state during RESET, the R3 resistors maintain a high level at the
On-chip Debugger’s TDO and TRDY inputs during reset time.

The pull-up resistors R3 at TDO and TRDY may be recommended to be
mounted on the debugger adapter board or cable in order to avoid temporarily
undefined levels of TDO and TRDY. Refer to the debugger’s description for
details.

The R3 resistors are not required in normal operation.

Notes 1. Indebug mode on-chip pull-up resistors are automatically connected to
DCUTCK, DCUTMS and DCUTDI.
2. In debug mode all ports of the debugger interface are automatically
configured and are not affected by any port register settings.
Debugger adapter/cable Application board
VDD
Debugger VDD S L EVDD V850 uC

TRST L 4 »| DCUTRST

TCK » | DCUTCK

™S »|DCUTMS

TDI »| DCUTDI

TDO | =——@ DCUTDO
TRDY | @ DCUTRDY

— | RESET
FLMDO > |FLMDO
FLMD1/P0_1
H
GND T EVSS
GND
Figure 3-7 Pin connections in debug mode
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Further information

For further information about the debugger refer to the chapter “On-Chip
Debug Unit (OCD)” and the debugger documentation

“User’s Manual QB-V850MINI, QB-V850MINIL”,

document number U17638EJxVXUMOO (xVx denotes the current version
number).
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3.7.3 Flash programming mode
In flash programming mode some ports of port group JPO are connected to the
flash programmer.
Flash programming mode is selected by
FLMDO FLMD1 (PO_1)
high level low level
The PG-FP5 flash programmer communicates with the V850 microcontroller
via
» a single wire asynchronous interface FLURORTX
e a 3-wire synchronous interface FLCS0SCI, FLCS0SI, FLCS0SO
Ports JPO_3 to JPO_5 can be used for general port and alternative
functions.
Flash programming mode is determined by FLMDO at high and FLMD1 at low
level. Both can be connected to the PG-FP5 flash programmer, that sets the
pins to the correct levels. However FLMD1 connection to the flash programmer
is not mandatory since FLMD1 is already set to low via the pull-down resistor
R2.
Programmer adapter/cable Application board
VDD
PG-FP5 VDD J L EVDD V850 HC
»>| DCUTRST/JPO_4
SCK » | FLCSOSCI
-—|JP0_3
SO/TxD » | FLURORTX/FLCSOSI
SI/RxD |- FLCS0SO
-—|JP0_5

RESET > | RESET

FLMDO T >| FLMDO

FLMD1 FLMD1

GND EVSS
GND
Figure 3-8 Pin connections in flash programming mode (FLMD1 by PG-FP5)

Further information

For further information about the debugger refer to the chapter “Flash
Programming with Flash Programmer” in the chapter “Flash Memory” and the
PG-FP5 flash programmer documentation

“User’s Manual PG-FP5”,

document number R20UTO008EJxxxx (xxxx denotes the current version
number).
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3.8 Address Space

3.8.1

3.8.2

In the following sections, the address space of the CPU is explained. Size and
addresses of CPU address space and physical address space are explained.
The address range of data space and program space together with their wrap-

around properties are presented.

CPU data address and physical program address space

The CPU supports the following address space:

e 4 GB CPU data address space

With the 32-bit general purpose registers, addresses for a 4 GB memory
can be generated. This is the maximum address space supported by the

CPU.

e 64 MB physical program address space

The CPU provides 64 MB physical address space to access instruction
opcodes in the program memory. This means that a maximum of 64 MB

internal or external program memory can be accessed.

Program and data space

The figure below shows the assignment of the CPU address space to data and

program space.

FFFF FFFF, T
Program area
(32 MB)
FEO0 0000,,
FDFF FFFF, | [T
Data area not addressable
(4 GB)
0200 0000,,
O1FF FFFFy | [T
Program area
(32 MB)
0000 0000, L
Figure 3-9 CPU address space
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(1) Wrap-around of data space

If an operand address calculation exceeds 32 bits, only the lower 32 bits of the
result are considered. Therefore, the addresses 0000 0000 and FFFF FFFFy

are contiguous addresses. This results in a wrap-around of the data space:

A
Data space

FFFF FFFE,

FFFF FFFF, ) 0
0000 0000, direction direction
0000 0001,,

Data space v

Figure 3-10 Wrap-around of data space

(2) Wrap-around of program space

If an instruction address calculation exceeds 25 bits, only the lower 25 bits of
the result are considered. Therefore, the addresses 0000 00004 and

01FF FFFFy are contiguous addresses. This results in a wrap-around of the
program space:

01FF FFFE, Program space 1
01FF FFFF, © O
0000 0000, direction direction
0000 0001,

Program space v

Figure 3-11 Wrap-around of program space
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3.9 VB850E2/Fx4-G CPU Address Map

3.9.1

In the following sections, the address map of the CPU and DMA is introduced.
Specific memory areas are described in detail.

DMA address map

The DMA Controller can access all CPU address areas, except the address
range

FFFF 6000 to FFFF 7FFF,

This area can only be accessed by the CPU.
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3.9.2 Memory map
FFFF FFFFy, T
access prohibited O1FF FFFFy,
I
FFFF 8000 '
FFFF 7FFF Program area !
- DMAC (32 MB) !
FFFF 7000, | © |
FFFF6FFF, | © ,
< INTC ,:
FFFF 6000 |
FFFF 5FFFy |
access prohibited !
FF84 0000, ]
FF83 FFFF, h !
I
i i
[ ]
! I
PBUS ! ;
- modules | |
m ,' 'l
=
10 | ! access prohibited
| ] I
Note 4 | ! !
g Back-up RAM ! |
Note 4 !
Fr76 0000, |2 f__(Note 4) | !
FF75 FFFF, ! not addressable | |
PBUS | !
modules ! !
| I
FF40 0000, ! !
FF3F FFFF, | /
access prohibited ! !
e, : |
. Local RAM i 1
(Note 3) ! !
Note 3 'l |
| i
I
|
]
I
i
access prohibited ,:
i
i
| Program area Note 2
I
FEOO 8000y ! (32 MB)
FEOO 7FFF. Data flash | Code flash
Note 2
FE0O 0000, (32 KB) ( )
_— 0000 0000,
Figure 3-12 Memory map
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Notes

1. These areas are not accessible by the DMA Controller.

2. The code flash size, and thus the address range, is device dependent:

Series name Product name Size Address range
FF4-G-256K UPD70F4177 256 KB 0000 0000y - 0003 FFFFy
FG4-G-256K UPD70F4179

FF4-G-512K UPD70F4178 512 KB 0000 0000y - 0007 FFFFy
FG4-G-512K uPD70F4180

3. The Data RAM size, and thus the address range, is device dependent:

Series name Product name Size Address range
FF4-G-256K UPD70F4177 32 KB FEDF 8000y - FEDF FFFFy
FG4-G-256K UPD70F4179

FF4-G-512K UPD70F4178 64 KB FEDF 0000 - FEDF FFFFy
FG4-G-512K uPD70F4180

4. The Back-up RAM size, and thus the address range, is device dependent:

Series name Product name Size Address range
FF4-G-256K UPD70F4177 4 KB FF76 0000y - FF76 OFFFy
FG4-G-256K UPD70F4179
FF4-G-512K UPD70F4178
FG4-G-512K uPD70F4180
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3.10 Back-up RAM (BURAM)

The Back-up RAMs are PBUS module.

PBUS { A
PBUS-I/F { >] BURAM

PCLK ———»

Figure 3-13 Block diagram of the Back-up RAM

Access This BURAM can be read/written in 32-bit units.

BURAM addresses The BURAM addresses are listed in the following table:

Table 3-14 BURAM address

Device Size Address
Fx4-G-256K 1K x 32 bit FF76 0000y - FF76 OFFF
Fx4-G-512K

Clock supply The BURAM is supplied with the following clock.

Table 3-15 BURAM clock supply

BURAM BURAM clock Connected to
BURAM PCLK Clock Controller CKSCLK_A05

HSIntOsc -2

CKSCLK_A05
PCLK

BURAM

CKSC_A05

PLLO s 11,248 |

Figure 3-14 BURAM clock supply

Write permission  Write access to the Back-up RAM must be explicitely enabled via the Back-up
RAM control register BURC.
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3.10.1 Back-up RAM protection
Write access to the Back-up RAM is disabled after reset release. Thus write
access must be explicitly permitted by setting the write access permission bit
BURC.BURWE = 1.
If a write access to the Back-up RAM occurs, while write is prohibited
(BURC.BURWE = 0), the error bit BURAE.BURAERR is set.
The following registers control and monitor the write access to the Back-up
RAM:
Table 3-16 Back-up RAM registers overview
Register name Shortcut Address
Back-up RAM control register BURC FF76 FEOOy
Back-up RAM access error register BURAE FF76 FEO4y
Back-up RAM access error clear BURAEC FF76 FEO8y
register
(1) BURC - Back-up RAM control register
This register is used to permit respectively prohibit write access to the Back-up
RAM.
Access This register can be read/written in 8-bit units.
Address FF76 FEOOy
Initial Value 00y
4 3 2 1 0
o | o [ o 0 | BURWE |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 3-17 BURC register contents
Bit position Bit name Function
0 BURWE Back-up RAM write permission control:
0: write to Back-up RAM prohibited
1: write to Back-up RAM permitted
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2

Access

Address

Initial Value

Table 3-18

®)

Access
Address

Initial Value

Table 3-19

BURAE - Back-up RAM access error register

This register reflects an erroneous write access to the Back-up RAM.

This register can be read in 8-bit units.

FF76 FEO4,,
004
1 0
0 0 0 0 BURA
ERR
R R R R R R R R

BURAE register contents

Bit position Bit name Function
0 BURA Back-up RAM write access error flag
ERR 0: no Back-up RAM write access error
1: Back-up RAM write access error has occurred

BURAEC — Back-up RAM access error clear register

This register is used to clear the Back-up RAM write access error flag

BURAERR.

This register can be read/written in 8-bit units.

FF76 FEO8,

Reading this register returns always 00,.

1 0
0 0 0 0 BURA
ERRC
R/W R/W R/W R/W R/W R/W R/W R/W

BURAEC register contents

Bit position Bit name Function
0 BURA Back-up RAM write access error flag BURAERR
ERRC clear

0: no function
1: clear BURAERR
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3.11

Write protected Registers

Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc.

Writing to a write protected register requires a special register protection
unlock sequence.

3.11.1 Register protection clusters
The protected registers are bundled in certain register protection clusters.
The protection mechanism treats all registers of the same cluster as a single
protection unit.
If the protection unlock sequence for a register is initiated, no access to any
other register of the same protection cluster is allowed. Otherwise the unlock
sequence is disrupted and the register write fails.
The diagram below shows a disruption of the unlock sequence by an access to
the same cluster within an interrupt service routine.
Main routine Interrupt service routine
Stepl: write to “cluster A” protection command register
Step2: write to “cluster A” protected register l
Step3: write to “cluster A” protected register Access to “cluster A” register
Step4: write to “cluster A” protected register l
Step5: read error monitor bit: write fail!

Figure 3-15 Disruption of register protection unlock sequence
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Access to a register of another protection cluster during the unlock sequence
does not disrupt the unlock sequence and the register write can be completed
successfully.

The following diagram below shows such situation.

Main routine Interrupt service routine
Stepl: write to “cluster A” protection command register
Step2: write to “cluster A” protected register l
Step3: write to “cluster A” protected register Access to “non-cluster A” register
Step4: write to “cluster A” protected register
Step5: read error monitor bit: write successfull! \

Figure 3-16 Successful register protection unlock sequence
The V850E2/Fx4-G register protection clusters are described in section
“VB50E2/Fx4-G write protected registers”.
3.11.2 Register protection unlock sequence

Write access to a write protected register is only possible within a special

protection unlock sequence:

1. Write the fixed value A5y to the protection command register

2. Write the desired value to the protected register.

3. Write the bit-wise inversion of the desired value to the protected register.

4. Write the desired value to the protected register.

5. Verify successful write of the desired value to the protected register by

verifying that the error monitor bit in the protection status register is “0”".
In case the write was not successful, indicated by the error monitor bit set
to “1”, the entire sequence has to be restarted at step 1.

In case of any access to another register between step 1 to step 4 of the above

sequence, the protection mechanism behaves as follows:

« If the second register belongs to the same cluster, the write to the protected
register fails (indicated by the error monitor bit set to “1”). The entire
sequence has to be restarted at step 1.

« If the second register does not belong to the same cluster, the protection
unlock sequence is not disrupted and the write to the first register can be
completed successfully.
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3.11.3 Register protection and interrupt/emulation break
If an interrupt/emulation break occurs during the protection unlock sequence,
the protection mechanism behaves as follows:
(1) Interrupts during protection unlock sequence
If an interrupt is acknowledged during the above protection unlock sequence
and the interrupt service routine does not access any register of the same
register protection cluster, the protection unlock sequence is not disrupted and
the write to the protected register can be successfully completed after
returning from the interrupt service routine.
(2) Emulator break during protection sequence
If an emulation break occurs during the above protection unlock sequence,
e.g. because of a breakpoint hit, the register protection is suspended until
normal operation is resumed.
This means even if any register of the same cluster is accessed during the
break, the protection unlock sequence is not disrupted and the error monitor bit
is not set to “1”".
3.11.4 V850E2/Fx4-G write protected registers
The following table lists all V850E2/Fx4-G write protected registers:
Table 3-20 Write protected registers
Protection registers
Module Protected register Protection cluster
Command Status
Clock Controller CKSC_0On PROTCMDO PROTSO Control protection cluster O
Clock Controller PLLEO PROTCMD2 PROTS2 Control protection cluster 2
MOSCE
ROSCE
CKSC_An
Stand-by Controller PSCO
Reset Controller SWRESA
LVICNT
On-Chip Debug IDMODII PROTOPCMD PROTS3 OCD control protection cluster
control
Clock Monitors CLMANCTLO CLMAnPCMD CLMANPS Clock Monitor protection cluster
Port control? PODCn, JPODCn PPCMDn PPROTSn Port protection cluster 1 to 4
Self-programming FLMDCNT FLMDPCMD FLMDPS Self-programming protection
control cluster

a) Each port group n has its own protection command and status register. Refer to the section “Port protection
clusters” below for details of port control registers protection.
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Ta

)

ble 3-21

Note

Register width

Caution

Port protection clusters
Following port registers feature write protection:
« Port open drain control registers PODCn, JPODCn

The above listed port control registers of certain port groups n are assigned to
four port protection clusters:

Port protection clusters

Port protection cluster Port groups
1 JPO
2 PO
3 P1, P3, P4, P10, P27

Each port group n has its own port protection command register PPCMDn and
port protection status register PPROTSn.

However any port protection command register of the same port protection
cluster can be used in the protection unlock sequence for enabling write
access to all protected registers of the port protection cluster.

The protected port control registers are 32-bit registers and the related
protection command registers PPCMDn are 8-bit registers.

All protected registers must be accessed by 32-bit accesses.

Thus the protection unlock sequence looks as follows:

1. Write the fixed value A5y to the protection command register PPCMDn.

2. Write the desired value to the protected register with the upper 16 bit
bit[31:16] set to “0” (0000 XXXXp)-

3. Write the bit-wise inversion of the desired value to the protected register,
thus the upper 16 bit bit[31:16] are set to “1” (FFFF xxxxp).

4. Write the desired value to the protected register with the upper 16 bit
bit[31:16] set to “0” (0000 XXXXp).

5. Verify successful write of the desired value to the protected register by
verifying that PPROTSn.PPROTSnERR = 0.
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3.11.5 V850E2/Fx4-G Protection registers overview
The register write protection is controlled and operated by the following
registers:
Table 3-22 Protection command registers overview (1/2)
Register Name | Shortcut | Address
Control protection clusters:
Protection command register 0 PROTCMDO FF42 40004
Protection command register 2 PROTCMD2 FF42 03004
Protection command register 3 PROTCMD3 FF42 0308y
Protection status register 0 PROTSO FF42 40044
Protection status register 2 PROTS2 FF42 03044
Protection status register 3 PROTS3 FF42 030Cy
Clock monitors cluster:
CLMAQO:
Protection command register CLMAOPCMD FF80 2010y
Protection status register CLMAOPS FF80 20144
CLMAZ2:
Protection command register CLMA2PCMD FF80 4010y
Protection status register CLMA2PS FF80 40144
CLMAZ:
Protection command register CLMA3PCMD FF80 50104
Protection status register CLMA3PS FF80 50144
Port protection clusters
Port protection cluster 1
Protection command register JPPCMDO FF44 04CO0y
Protection status register JPPROTSO FF44 04BOy
Port protection cluster 2
Protection command registers PPCMDO FF40 4C00y
Protection status registers PPROTSO FF40 4B00y
Port protection cluster 3
Protection command registers PPCMD1 FF40 4C04
PPCMD3 FF40 4C0OCy
PPCMDA4 FF40 4C10y
PPCMD10 FF40 4C28,
PPCMD27 FF40 4C6CH
Protection status registers PPROTS1 FF40 4B04,
PPROTSS3 FF40 4BOCH
PPROTS4 FF40 4B10y4
PPROTS10 FF40 4B28,
PPROTS27 FF40 4B6CH
Self-programming protection cluster
FLMD protection command register | FLMDPCMD FF43 8004y
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Table 3-22 Protection command registers overview (2/2)

Register Name Shortcut Address
FLMD protection error status FLMDPS FF43 8008,
register
OCD control protection cluster
OCD protection command register | PROTOPCMD FF02 0308y
OCD protection error status register | PROTOPS FF02 030Ch

RO1UHO0366EJ0100 Rev. 1.00

Feb 28, 2013

RRENESAS

140



Chapter 3

CPU System Functions

3.11.6 Control protection clusters registers details

(1) PROTCMDn — Protection command registers

These registers are the protection command registers for initiating the write
protection unlock sequence for write protected registers.

Index n  “n” denotes the number of the protection command registers, refer to the table
“Protection command registers overview” in the previous section.

Access This register can be written in 8-bit units.

Address Refer to the table “Protection command registers overview” in the previous

section.

Initial Value Reading this register returns an undefined value.

W w

The usage of these registers is detailed in section “Register protection unlock
sequence” above.

Table 3-23 PROTCMDn register contents

Bit position Bit name Function

7t00 - Protection commands to enable writing to Isolated-Area-m registers
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(2) PROTSnN — Protection status registers

This registers shows the status of the protection unlock sequence operated via
PROTCMDn.

Index n  “n” denotes the number of the protection command registers, refer to the table
“Protection command registers overview” in the previous section.

Caution This register must not be written.

Access This register can be read in 8-bit units.

Address Refer to the table “Protection command registers overview” in the previous
section.

Initial Value 00y

1 0
0 0 0 0 0 0 0 PROTSN
ERR
R R R R R R R R
Table 3-24 PROTSnh register contents
Bit position Bit name Function
0 PROTSN Protected write sequence error monitor
ERR 0: no protection error
1: protection error occurred
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3.11.7 Clock monitors protection cluster registers details
(1) CLMANPCMD - CLMAnN protection command register
This register is the protection command register for the CLMANCTLO register.
Index n “n” denotes the number of the Clock Monitor, refer to the table “Protection
command registers overview” in the previous section.
Access This register can be written in 8-bit units.
Address Refer to the table “Protection command registers overview” in the previous
section.
Initial Value Reading this register returns always 00y.
0 0 0 0 0 0 0 0
W W W W W W w
Table 3-25 CLMANPCMD register contents
Bit position Bit name Function
7t00 - Protection commands to enable writing to
CLMANCTLO
(2) CLMANPS — CLMAN protection status register
This register is used to verify whether the write protected register CLMANCTLO
has been written successfully or not.
Index n  “n” denotes the number of the Clock Monitor, refer to the table “Protection
command registers overview” in the previous section.
Access This register can be read in 8-bit units.
Writing to this register is ignored.
Address Refer to the table “Protection command registers overview” in the previous
section.
Initial Value 00y
1 0
0 CLMAnN
PRERR
R R R R R R R R
Table 3-26 CLMANPS register contents
Bit position Bit name Function
0 CLMANPRERR | Indicates whether the write protected register
CLMANCTLO has been written successfully:
0: Write operation successful
1: Write operation failed
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3.11.8 Port protection clusters registers details
(1) PPCMDn - Port protection command register
PPCMDn is the protection command register for port group n.
Index n  “n” denotes the port group, refer to the table “Protection command registers
overview” in the previous section.
Access This register can be written in 8-bit units.
Address Refer to the table “Protection command registers overview” in the previous
section.
Initial Value Reading this register returns an undefined value.
7 6 5 4 3 2 0
w W W W W W w
Table 3-27 PPCMDn register contents
Bit position Bit name Function
7t00 - Protection commands to enable writing to several port registers
(2) PPROTSN — Port protection status register
PPROTSh is the protection status registers for write protected registers of port
group n. It shows the status of the protection sequence operated via PPCMDn.
Index n  “n” denotes the port group, refer to the table “Protection command registers
overview” in the previous section.
Caution  This register must not be written.
Access This register can be read in 8-bit units.
Address Refer to the table “Protection command registers overview” in the previous
section.
Initial Value 00y
0
0 PPROTSN
PRERR
R R R R R R R

Table 3-28 PPROTSnN register contents

Bit position Bit name Function
0 PPROTSN Protected write sequence error monitor
PRERR 0: no protection error
1: protection error occured
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3.11.9 Self-programming protection cluster registers details

(1) FLMDPCMD - FLMD protection command register
This register is the protection command register for the FLMDCNT register.
Access This register can be written in 8-bit units.

Address Refer to the table “Protection command registers overview” in the previous
section.

Initial Value Reading this register returns always 00y.

Table 3-29 FLMDPCMD register contents

Bit position Bit name Function
7t00 - Protection commands to enable writing to
FLMDCNT

(2) FLMDPS - FLMD protection error status register

This register is used to verify whether the write protected register FLMDCNT
has been written successfully or not.

Access This register can be read in 8-bit units.
Writing to this register is ignored.

Address Refer to the table “Protection command registers overview” in the previous
section.

Initial Value 00y

1 0
0 0 0 0 FLMD
PRERR
R R R R R R R R
Table 3-30 FLMDPS register contents
Bit position Bit name Function
0 FLMDPRERR | Indicates whether the write protected register

FLMDCNT has been written successfully:
0: Write operation successful
1: Write operation failed
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3.11.10

1)

Access

Address

Initial Value

Table 3-31

)

Access

Address

Initial Value

Table 3-32

OCD control protection cluster registers details

PROTOPCMD — OCD protection command register

This register is the protection command register for the OCD control register

IDMODI.

This register can be written in 8-bit units.

Refer to the table “Protection command registers overview” in the previous

section.

Reading this register returns always an undefined value.

5 4

OCDPC[7:0]

\W W

PROTOPCMD register contents

Bit position

Bit name Function

7t00

OCDPC[7:0] Protection commands to enable writing to IDMODI

PROTOPS — OCD protection error status register

This register is used to verify whether the write protected register FLMDCNT
has been written successfully or not.

This register can be read in 8-bit units.

Refer to the table “Protection command registers overview” in the previous

section.
00y
0
0 OoCD
PRERR

R R R R

PROTOPS register contents
Bit position Bit name Function
0 OCDPRERR Indicates whether the write protected register

IDMODI has been written successfully:
0: Write operation successful
1: Write operation failed
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4.1

Interrupt Functions

This chapter describes the exception processing functions of this

microcontroller.

At first an overview is given about all exception groups.

Afterwards all interrupt exceptions of this microcontroller are summarized and
the interrupt control registers are described.

Finally the handling of the interrupts exceptions are detailed.

All other exceptions and their handling are described in the

V850E2 32-bit Microcontroller Core Architecture
Document number <tbd>

where “xxxx" denotes the version of this document.

Exceptions and Interrupts

The phenomenon of forcing a branch operation from a currently running
program to another program, due to a specific cause, is called an exception.

The exceptions are classified in execption groups. Each exception group is
assigned to a certain priority P1 to P7, that determines in which order
exceptions are processed, if they occur concurrently.

This microcontroller supports the following types of exceptions.

Table 4-1 Exception and interrupt cause list (1/2)

.Exceptlon and Symbol Cause group Priority | Exception Reference
interrupt name group level
CPU initialization RESET Reset input P1 - this manual “Reset Controller”
FE level non- FENMI FENMI input P2 FE this chapter “V850E2/Fx4-G
maskable interrupt Interrupt Requests”
System error SYSERR SYSERR input P3 FE this chapter “V850E2/Fx4-G
exception Exceptions”
El level maskable INT Maskable interrupt P4 El this chapter “V850E2/Fx4-G
interrupt input Interrupt Requests”
Execution MIP Execution P5 FE V850E2 32-hit Microcontroller
protection protection Core Architecture User Manual
exception violation “Memory Protection”
Memory error MEP Instruction access P6 FE this chapter “V850E2/Fx4-G
exception error input Exceptions”
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Table 4-1 Exception and interrupt cause list (2/2)
_Exceptlon and Symbol Cause group Priority | Exception Reference
interrupt name group level
Data protection MDP Data protection P7 FE V850E2 32-bit Microcontroller
exception violation Core Architecture User Manual
“Memory Protection”
Coprocessor UCPOP Coprocessor FE V850E2 32-bit Microcontroller
unusable instruction Core Architecture User Manual
exception “Exceptions”
Reserved RIEX Reserved FE V850E2 32-hit Microcontroller
instruction instruction Core Architecture User Manual
exception “Exceptions”
FE level software FETRAPEX | FETRAP FE V850E2 32-bit Microcontroller
exception instruction Core Architecture User Manual
(vector = 14 to Fp) “Instructions”
El level software EITRAPO | TRAPON El
exception instruction
(vector = 004 to
OFp)
El level software EITRAP1 | TRAP1n El
exception instruction
(vector = 104 to
1F)
System call SYSCALLEX | SYSCALL El V850E2 32-bit Microcontroller
exception instruction Core Architecture User Manual
(vector = 00y to “Exceptions”
FFR)

Priority order

Request

Acknowledgement

Acknowledgement
condition

Resume

Restore

Priority group P1 has the highest, P7 the lowest priority.

Exception or interrupt request denotes the status, where an exception or
interrupt event occurred and is registered in the CPU or Interrupt Controller
respectively to be served.

Exception or interrupt acknowledgement denotes the status, where the CPU
branches to an exception or interrupt service or handler routine. Thus the
current program flow is suspended.

Before an exception or interrupt request is acknowledgement, certain
acknowledgement conditions may have to be fulfilled. Note that certain
exceptions are acknowledged unconditionally.

Indicates whether execution restart from the last position at which program
execution was interrupted - i.e. an exception or interrupt was acknowledged -
is possible.

Indicates whether restoring of the processor status (status of processor
resources including general-purpose registers and system registers) at the
time of program execution interruption is possible.
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4.2 VB850E2/Fx4-G Exceptions

This section describes the VB50E2/Fx4-G exceptions.

For detailed information about how to handle exceptions refer to the chapter
“Exceptions” in the “V850E2 32-hit Microcontroller Core Architecture”.

4.2.1 Memory error exceptions MEP
A memory error exception MEP indicates an error, that occurred during a CPU
instruction fetch:
» MEP exception level: FE level without acknowledgement conditions
* MEP exception code: FEIC = 0000 0330y
* MEP exception handler offset: 0030y
* MEP priority level: P7
MEP exceptions are not maskable.

The MEP exception is generated upon reading instruction code from memory.
Note that this must not necessarily be the time the CPU is fetching the
instruction for execution. Also a cache or buffer preload can cause an MEP
exception.

MEP sources The source of an MEP exception can be one of the following:

* uncorrectable ECC double-error detection during instruction fetch from the
code flash

* uncorrectable ECC double-error detection during instruction fetch from the
data RAM

« instruction fetch attempt from an undefined memory area (reserved area in
the CPU address map)

MEP indicators The source of an MEP exception can be evaluated by the following:

» Code flash ECC double-error: CECCER.DEDFLG =1
Refer to the section “Code flash error correction” below for further details

» For data RAM ECC double-error detections and undefined memory area
access there is no source indication other than the address of the program
counter in the CPU’s FEPC register, stored when the MEP occurred.

Note Single bit errors are corrected by the ECC and processing is continued using
the fetched data after correction. No MEP is generated in this case.
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MEP
resume/restore

4.2.2

1)

Error conditions

SYSERR
enable/disable

Since an MEP is acknowledged unconditionally at the time of reading an
instruction code from a memory, which may be different to the time of CPU
fetch of this instruction code, neither resuming to the application program nor
recovering of the CPU’s status after the MEP service routine is possible. Thus
a system reset must be applied or a substitute program to recover the status
must be executed.

When an additional MEP exception occurs during execution of an MEP
exception handler program, the MEP exception is acknowledged again and it's
handler routine re-executed.

Moreover, even during MEP exception processing, SYSERR exceptions and
FE level non-maskable interrupts may occur. If this happens, SYSERR
exception or FE level non-maskable interrupt processing starts at the time the
error occurs.

System error exceptions SYSERR
In case of a serious system error, a system error exception SYSERR can be
generated.

SYSERR exception can be enabled or disabled. A flag register is provided to
determine the cause of such errors.

SYSERR exception level: FE level without acknowledgement conditions

SYSERR exception code: refer to the table “System errors summary” below
SYSERR exception handler offset: 00304

SYSERR priority level: P3

SYSERR exceptions are maskable.

System error causes

The generation of a SYSERR exception can occur under following error
conditions:

 error because of an uncorrectable ECC double-error detection during data
read from the code flash

 error because of an uncorrectable ECC double-error detection during data
read from the data RAM

These error conditions may be fulfilled during a CPU or DMA access.

For CPU accesses any of the above error conditions can be separately
enabled/disabled to generate a SYSERR exception by use of the system error
control register SEG_CONT.

For DMA accesses a single control bit in SEG_CONT.DMAE is provided to
enable SYSERR generation for any of the above error conditions all together.
Refer to the section "Error response support” in the chapter “DMA Controller
(DMAC)” for further information concerning DMAC errors.
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SYSERR flags The source of a SYSERR exception can be evaluated by the system error flag
register SEG_FLAG, that holds

» dedicated flags for each of the error conditions, if the error condition was
met during a CPU access.

» asingle bit that indicates that any of the error condition was met during a
DMA access.
Notes 1. Ifan error occurs during a CPU access, the exact error cause can be
evaluated by the dedicated SEG_FLAG flags.

2. Upon occurrence of an error caused by DMA access, SEG_FLAG.DMAF is
set regardless of the exact cause of the error. Therefore, the CPU cannot
determine the exact error cause from SEG_FLAG.

3. Setting of the flags in SEG_FLAG is independent of the SYSERR enable/
disable setting in the SEG_CONT register.

Table 4-2  System errors summary

Access by System error cause Error flag SY.SERR exception SYSERR_exception
SEG_FLAG. if SEG_CONT. code in FEIC
CPU data read from code flash FCHF =1 FCHE =1 0000 02314
data read from data RAM RAMF =1 RAME =1
DMA  data read from code flash DMAF =1 DMAE =1 0000 02324
» data read from data RAM

(2) System error condition details

1. Error during data read from code flash
This error occurs when two defective bits are detected by the code flash
ECC, which can not be corrected, as the result of read access to the code
flash area.

2. Error during data read from data RAM
This error occurs when two defective bits are detected by the data RAM
ECC, which can not be corrected, as the result of read access to the data
RAM area.

3. Occurrence of error during DMA access
Upon detection of one of the above errors during DMA read/write
accesses, the DMA controller stops the transfer operations of all channels.
Refer to the section "Error response support” in the chapter “DMA
Controller (DMAC)” for further information concerning DMAC errors.
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(8) SEG_CONT - System error control register
This register enables respectively disables system error causes to generate a
SYSERR exception.
Access This register can be read/written
» 16-bit units via the register SEG_CONT
» the lower 8 bits in 8-bit units via the register SEG_CONTL
« the higher 8 bits in 8-bit units via the register SEG_CONTH
Address SEG_CONT: FFFF 64B0y
SEG_CONTL: FFFF 64B0y
SEG_CONTH: FFFF 64B14
Initial Value 0000y
15 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DMAE 0 0 RAME 0 0 FCHE 0
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-3 SEG_CONT register contents
Bit position Bit name Function
7 DMAE Enable SYSERR exception generation during DMA accesses
0: SYSERR generation disabled
1: SYSERR generation enabled
4 RAME Enable SYSERR exception generation during CPU data read accesses to the
data RAM
0: SYSERR generation disabled
1: SYSERR generation enabled
1 FCHE Enable SYSERR exception generation during CPU data read accesses to the
code flash
0: SYSERR generation disabled
1. SYSERR generation enabled
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4

SEG_FLAG - System error flag register

This register informs about the occurrence of a SYSERR condition.

Note that the concerned flag is set upon a SYSERR condition, independent of

SYSERR generation enabled/disabled via the SEG_CONT register.

Access This register can be read/written
» 16-bit units via the register SEG_FLAG
» the lower 8 bits in 8-bit units via the register SEG_FLAGL
« the higher 8 bits in 8-bit units via the register SEG_FLAGH
Address SEG_FLAG: FFFF 64B24
SEG_FLAGL: FFFF 64B2,
SEG_FLAGH: FFFF 64B3y
Initial Value 0000y
15 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DMAF 0 0 RAMF 0 0 FCHF 0
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-4 SEG_FLAG register contents
Bit position Bit name Function
7 DMAF SYSERR condition during DMA accesses
0: SYSERR condition has not occurred
1: SYSERR condition has occurred
4 RAMF SYSERR condition during CPU data read accesses to the data RAM
0: SYSERR condition has not occurred
1: SYSERR condition has occurred
1 FCHF SYSERR condition during CPU data read accesses to the code flash
0: SYSERR condition has not occurred
1: SYSERR condition has occurred
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4.2.3

Single-bit errors

Double-bit errors

Code flash error correction

The code flash memory is equipped with an Error Correction module ECC.
When the CPU or the DMA accesses the code flash, the ECC module
automatically encodes/decodes the ECC code.

In case of a single-bit error while reading from the code flash, the ECC module
corrects this error automatically, i.e. the code flash ECC performs a single-
error correction (SEC).

Detection and correction of a single-bit error is indicated by the SEC flag
CECCER.SECFLG = 1.

The code flash address, where this single-bit error has occurred, is stored in
the CSECADR register.

In case of double-bit errors while reading from the code flash, the ECC module
detects this error, i.e. the code flash ECC performs a double-error detection
(DED).

Detection of a double-bit error is indicated by the DED flag
CECCER.DEDFLG =1.

The code flash address, where this double-bit error has occurred, is stored in
the CDEDADR register.

Upon detection of a double-bit error an exception can be generated.
Refer to the sections “Memory error exceptions MEP” and “System error
exceptions SYSERR” about further information concerning exception
processing of double-error detections.

Note Three or more erroneous bits may not detect.
(1) Code flash error correction registers overview
This section contains a description of all registers of the code flash error
correction module.
Table 4-5 Code flash Error Correction module registers overview
Register name Shortcut Address
Code flash ECC error flag register CECCER FF43 20004
Code flash ECC error flag clear register | CECCERC FF43 2004
Code flash ECC single-bit error CSECADR FF43 2008y
correction address register
Code flash ECC double-bit error CDEDADR FF43 200Cy
detection address register
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(2) CECCER - Code flash ECC error flag register

This register informs about a correction of a single-bit (SEC) error and
detection of a double-bit (DED) error.

To clear an asserted bit in this register use the CECCERC register.
Access These registers can be read in 8-bit units.

Address FF43 20004

Initial Value 00y

2 1 0
0 DEDFLG | SECFLG
R R R

Table 4-6 CECCER register contents

Bit position Bit name Function

1 DEDFLG double-bit error detection flag
0: double-bit error was not detected
1: double-bit error was not detected

0 SECFLG single-bit error correction flag
0: single-bit error was not detected
1: single-bit error was detected

(3) CECCERC - Code flash ECC error flag clear register
This register allows to clear the ECC error flags of CECCER.

If a 1 is written to a bit in this register, the corresponding bit in the CECCER
register is cleared.

Access These registers can be read/written in 8-bit units.

Address FF43 20044

Initial Value Reading this registers returns always 00.

7 6 5 4 3 2 1 0
0 0 0 0 0 0 DEDCLR | SEDCLR
R/W R/W R/W R/W R/W R/W R/W R/W

Table 4-7 CECCERC register contents

Bit position Bit name Function

1 DEDCLR Clear double-bit error detection flag
0: no function
1: clear CECCER.DEDFLG

0 SECCLR Clear single-bit error detection flag
0: no function
1: clear CECCER.SECFLG
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(4) CSECADR - Code flash ECC single-bit error correction address register
This register holds the address at which a single-bit error was detected and
corrected.
Address storing in and clearing of this register depends on the single-bit error
correction flag CECCER.SECFLG:
» The error address is only stored, if CECCER.SECFLG = 0.
» This register is cleared together with the flag CECCER.SECFLG by setting
CECCERC.SECCLR =1.
Thus only the address of the first detected error is stored. The addresses of all
others which may follow, do not overwrite the first address, until the single-bit
error flag - and thus this register - is cleared by CECCERC.SECLR = 1.
Access These registers can be read in 32-bit units.
Address FF43 20084
Initial Value 0000 0000y
31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
o[ ofo]Jo|o]o] o] CSECADR[24:16]
R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
CSECADRJ[7:0]
R R R R R R R R R R R R R R R
Table 4-8 CSECADR register contents
Bit position Bit name Function
24t00 CSECADR | single-bit error detection and correction address
[24:0]
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(5) CDEDADR - Code flash ECC double-bit error detection address register
This register holds the address, at which a double-bit error was detected.
Address storing in and clearing of this register depends on the double-bit error
detection flag CECCER.DEDFLG:
» The error address is only stored, if CECCER.DEDFLG = 0.
» This register is cleared together with the flag CECCER.DEDFLG by setting
CECCERC.DEDCLR =1.
Thus only the address of the first detected error is stored. The addresses of all
others, which may follow, do not overwrite the first address, until the double-bit
error flag - and thus this register - is cleared by CECCERC.DEDCLR = 1.
Access These registers can be read in 32-bit units.
Address FF43 200Cy
Initial Value 0000 0000y
31 30 29 28 27 26 25 24 23 22 21 20 17 16
o[ ofo]Jo|o]o] o] CDECADR[24:16]
R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 1 0
CDECADR][7:0]
R R R R R R R R R R R R R
Table 4-9 CDEDADR register contents
Bit position Bit name Function
24t0 0 CDECADR | double-hit error detection address
[24:0]
157
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4.3

Interrupt types

4.3.1

@)

Priority group

Return PC

Control register

Return instruction

VB50E2/Fx4-G Interrupt Requests

The V850E2/Fx4-G supports following types of interrupts:

» FE level non-maskable interrupt (FENMI)

— FENMI is served immediately, even if an FE level maskable (FEINT) or El
level maskable (EIINT) interrupt is in service (CPU system register
PSW.NP = 1).

— resume not possible, recover not possible

* El level maskable interrupt (EIINT)

V850E2/Fx4-G interrupt sources

resume possible, recover possible

FE level non-maskable interrupts

The FE level non-maskable interrupts have the priority P2.

interrupt masking can be specified for each interrupt channel

An FE non-maskable interrupt does not allow to resume or recover.

The control register of this interrupt is FNC.

Since neither resume nor recover is possible, a reset must be applied.

EIINT may only be served, if no FE level interrupt - FENMI or FEINT - is
in service (CPU system register PSW.NP = 0).

16 interrupt priority levels can be specified for each interrupt channel.

interrupt

Table 4-10 FE level non-maskable interrupt requests
Interrupt Interrupt request
Control register Unit Priority | Exception :c?ggs;
Symbol Address Name Cause group code offset
Name | “erpp
FENMI FNC  |645Cy, |NMIO NMIO input Port P2 0020y, 0020y,
WDTAONMI Watchdog Timer 0 error NMI WDTAO
interrupt

WDTALINMI Watchdog Timer 1 error NMI WDTA1

FENMI sharing The source of the FENMI interrupt can be evaluated by a dedicated flag
register. Refer to section 4.3.2 “FE level non-maskable interrupt sharing” on
page 167 for details.
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)

Interrupt naming

El level maskable interrupts

The composition of the interrupt request signal names, their assigned interrupt
control registers and the bits in these registers follow special rules.

In the following the name of the interrupt request is represented by <name>.

e Interrupt request name: INT<name>
The prefix “INT” is put in front of <name>.

 Interrupt request control register: IC<name>
The prefix “IC” is put in front of <name>.
The 16 bit of the 16-bit register IC<name> can also be accessed byte-wise
with the following names:

— low byte (bits[7:0]): IC<name>L at the address of IC<name>
The suffix “L” is appended to the register name IC<name>.

— high byte (bits[15:8]): IC<name>H at the address of IC<name> + 1
The suffix “H” is appended to the register name IC<name>.

* Interrupt control register bit names: RF<name>, MK<name>, P[2:0]<name>
The bit prefix “RF”, “MK”, “P[2:0]” prepends the interrupt <name>.

» Each interrupt request is assigned to a certain interrupt channel number
n =0 to 255.
The functional description of the Interrupt Controller in this chapter refers to
interrupt channel number n instead of to the interrupt name <name>.
If INT<name> is assigned to the interrupt channel number n, throughout this
chapter

— the interrupt request is named INTn
— the assigned interrupt control register is named ICn

— the interrupt control bits are named RFn, MKn, P[2:0]n.

Example The interrupt request of the second TAUAO channel (<name> = TAUAOI2) is

named
INTTAUAOI2
The related interrupt control registers are
ICTAUAOIZ, ICTAUAOIZL, ICTAUAOIZH
The bits in this register are
RFTAUAOI2, MKTAUAOI2, P[2:0] TAUAOI2

If, for instance, the interrupt channel for INTTAUAOI2 is n = 22, the functional
description of the Interrupt Controller refers to

INT22,

the related control register as
IC22,

and their control register bit names
RF22, MK22, P[2:0]22.
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The following tables list the references between the interrupt channel number
n, the assigned V850E2/Fx4-G interrupt requests and control register names.

Priority group  The El level maskable interrupts have the priority P8.

Return PC  The program couter (PC) value, set after returning from any interrupt service
routine by the EIRET instruction is always the next address.

Return instruction  The return instruction from EI level maskable interrupt service routines is
EIRET.
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(3) VB50E2/FF4-G El level maskable interrupts

Table 4-11 V850E2/FF4-G El level maskable interrupt requests (1/3)

Interrupt Interrupt request > g
E Control registel;n .%_ %% % :?3
§ Name g & Name Cause Unit E L%: 13) % S
° gh 3 5
0 ICWDTAO 60004 |INTWDTAO WDTAO 75% interrupt WDTAO |1 |0080, [00804
1 ICWDTA1 6002y |INTWDTA1 WDTA1 75% interrupt WDTA1 |2 0090, [0090y
2 ICLVI 6004y |INTLVI LVI interrupt LVI 3 |00AOy [00AOH
3 |- 6006y |reserved 4 |00BOy, (00BOy
to to to (to to
8 6010y 9 |01004 |0100y
9 |ICPO 6012y |INTPO Edge detection interrupt Port 10 |01104 |01104
10 |ICP1 6014 |INTP1 Edge detection interrupt Port 11 |0120y4 [01204
11 |ICP2 6016y |INTP2 Edge detection interrupt Port 12 {0130y |0130y
12 |ICP3 6018y |INTP3 Edge detection interrupt Port 13 |01404 |[0140y
13 |ICP4 601A, |INTP4 Edge detection interrupt Port 14 |01504 |0150y
14 |- 601Cy |reserved 15 |0160y [01604
15 |ICP6 601Ey |INTP6 ‘Edge detection interrupt ‘Port 16 |0170y4 |0170y
16 |- 6020 |reserved 17 |0180y [0180y
17 |ICP8 6022, |INTP8 ‘Edge detection interrupt ‘Port 18 |0190y |0190y
18 |- 6024, |reserved 19 |01A04 |[01A04
19 |- 6026y |reserved 20 (01BOy [01BOy
20 |[ICTAUBOIO 6028, |INTTAUBOIO Interrupt for channel 0 TAUBO |21 |01COy |01COy
21 |[ICTAUBOI1 602A4 |INTTAUBOI1 Interrupt for channel 1 TAUBO |22 |01DOy |01DOy
22 [ICTAUBOI2 602Cy |INTTAUBOI2 Interrupt for channel 2 TAUBO |23 [01EOy |O1EO4
23 |[ICTAUBOI3 602Ey |INTTAUBOI3 Interrupt for channel 3 TAUBO |24 |01FO4 |O1FOy4
24 |ICTAUBOI4 6030 |INTTAUBOI4 Interrupt for channel 4 TAUBO |25 |02004 |02004
25 [ICTAUBOIS 6032, |INTTAUBOI5 Interrupt for channel 5 TAUBO |26 |02104 |0210y
26 [ICTAUBOI6 6034 |INTTAUBOI6 Interrupt for channel 6 TAUBO |27 |02204 |02204
27 |[ICTAUBOI7 6036, |INTTAUBOI7 Interrupt for channel 7 TAUBO |28 |02304 |0230y
28 |[ICTAUBOI8 6038, |INTTAUBOI8 Interrupt for channel 8 TAUBO |29 |02404 |02404
29 [ICTAUBOI9 603A4 |INTTAUBOI9 Interrupt for channel 9 TAUBO |30 |02504 |0250y
30 |[ICTAUBOI10 603Cy |INTTAUBOI10 Interrupt for channel 10 TAUBO |31 |02604 |0260y4
31 [ICTAUBOI11 603Ey |INTTAUBOI11 Interrupt for channel 11 TAUBO |32 |0270y |0270y
32 |ICTAUBOI12 60404 |INTTAUBOI12 Interrupt for channel 12 TAUBO |33 |02804 |02804
33 |[ICTAUBOI13 6042, |INTTAUBOI13 Interrupt for channel 13 TAUBO |34 |0290y |0290y
34 |ICTAUBOI14 6044, |INTTAUBOI14 Interrupt for channel 14 TAUBO (35 [02A04 |02A04
35 [ICTAUBOI15 6046, |INTTAUBOI15 Interrupt for channel 15 TAUBO |36 |02B0Oy |02BOy
36 |- 6048y, |reserved 37 |02C0y |02COy
to to to |(to to
51 6066y 52 |03BOy |03BOy
52 [ICADCAOERR 6068, |INTADCAOERR Error interrupt ADCAO |53 |03COy [03COy
53 |ICADCAO0IO 606A |INTADCAOIO End of CGO conversion ADCAO |54 |03D0y [03DO0y
54 [ICADCAOI1 606C |INTADCAOI1 End of CG1 conversion ADCAO |55 |03EOy |O3EOy
55 |ICADCAOI2 606Ey |INTADCAOI2 End of CG2 conversion ADCAO |56 |03F0y |03FOy
56 |ICADCAOLLT 6070y |INTADCAOLLT Conversion interrupt ADCAO |57 |0400, (04004
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Table 4-11 V850E2/FF4-G El level maskable interrupt requests (2/3)

Interrupt Interrupt request > ﬁ
E Control registel;n .%_ "?i)_% ? g
S B ot Name Cause Unit = o O o5
= Name g L ,g | %
<" @ T
57 |ICFCNWUP 6072y |INTFCNWUP Wake up interrupt FCN 58 |04104 |0410y
[5:02
58 |- 6074y |reserved 59 |04204 |04204
59 |- 6076y |reserved 60 |0430y [0430y
60 [ICFCNOERR 6078y |INTFCNOERR Error interrupt FCNO 61 (04404, (04404
61 [ICFCNOREC 607A |INTFCNOREC Receive interrupt FCNO |62 |04504 (04504
62 [ICFCNOTRX 607Cy |INTFCNOTRX Transmit interrupt FCNO 63 |04604, |04604
63 [ICCSIGOIRE 607E, |INTCSIGOIRE Reception error interrupt CSIGO (64 |04704 [0470y
64 [ICCSIGOIR 60804 |INTCSIGOIR Reception status interrupt CSIGO (65 [04804 |04804
65 |[ICCSIGOIC 6082, |INTCSIGOIC Communication status interrupt CSIGO |66 |04904 (04904
66 |ICDMAO 6084y |INTDMAO DMA channel O transfer completion DMA 67 |04A04 |04A04
67 [ICDMA1 6086, |INTDMAL DMA channel 1 transfer completion DMA 68 |04BOy |04BOy
68 |ICDMA2 6088y |INTDMA2 DMA channel 2 transfer completion DMA 69 |04C0y |04COy
69 [ICDMA3 608A, |INTDMA3 DMA channel 3 transfer completion DMA 70 |04D0y |04DOy
70 |ICDMA4 608C |INTDMA4 DMA channel 4 transfer completion DMA 71 |04EOy |04EOn
71 [ICDMA5 608E, |INTDMAS DMA channel 5 transfer completion DMA 72 |04F0y |04F0y
72 |ICDMAG6 6090y |INTDMAG DMA channel 6 transfer completion DMA 73 |05004 |05004
73 |ICDMA7 6092, |INTDMA7 DMA channel 7 transfer completion DMA 74 105104 |05104
74 |ICIICBOIA 6094, |INTIICBOIA Data transmission/reception interrupt 1ICBO 75 05204 |05204
75 |ICFCN1ERR 6096y |INTFCN1ERR Error interrupt FCN1 |76 |0530y |0530y
76 [ICFCN1REC 6098, |INTFCN1REC Receive interrupt FCN1 77 |05404, |05404
77 |ICFCN1TRX 609A |INTFCNTRX Transmit interrupt FCN1 |78 |05504 |0550y
78 [ICTAUJOIO 609Cy |INTTAUJOIO Interrupt for channel 0 TAUJO |79 |05604 |0560y
79 |[ICTAUJOI1 609E, |INTTAUJOI1 Interrupt for channel 1 TAUJO |80 |05704 |05704
80 [ICTAUJOI2 60A0y |INTTAUJOI2 Interrupt for channel 2 TAUJO |81 |0580, |0580y
81 [ICTAUJOI3 60A2, |INTTAUJOI3 Interrupt for channel 3 TAUJO |82 |05904 |05904
82 [ICOSTMO 60A4 |INTOSTMO OSTMO interrupt OSTMO (83 |05A04 |05A04
83 |[ICCSIG4IRE 60A6 |INTCSIG4IRE Reception error interrupt CSIG4 |84 |05B0y |05BOy
84 |[ICCSIG4IR 60A8y |INTCSIG4IR Reception status interrupt CSIG4 (85 |05CO04 |05CO4
85 [ICCSIG4IC 60AA, |INTCSIG4IC Communication status interrupt CSIG4 |86 |05D0y |05D0y
86 (- 60ACy |reserved 87 |O5EQy |O05EOy
to to to (to to
100 60C8,, 101 [06CO |06COy
101 |ICP11 60CAY |INTP11 Edge detection interrupt Port 102 |06D0y |06DO0y
102 |ICP12 60CCy |INTP12 Edge detection interrupt Port 103 |06E0 |06EOy
103 |- 60CEy |reserved 104 |06F0y |06F0y
to to to (to to
105 60D2y, 106 {0710y |0710y
106 |ICKRO 60D4 |INTKRO Key return interrupt KRO 1070720y |0720y
107 |ICLMA10IS 60D6 |INTLMA10IS Status interrupt LMA10 |108 0730y (07304
108 [ICLMA10IR 60D8 |INTLMA10IR Reception completion interrupt LMA10 |109|0740y |0740y
109 [ICLMA1O0IT 60DAY |INTLMA10IT Transmission interrupt LMA10 |110 (07504 (07504
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Table 4-11 V850E2/FF4-G El level maskable interrupt requests (3/3)

Interrupt Interrupt request 2 ﬁ
_ Control register .E E ° g -
5 - = o |
< 9 Name Cause Unit |[S | co | 3%
= Name =g S |5 =]
®) S L 5} =

<" a) s

110 |ICLMA11IS 60DCy |INTLMA11IS Status interrupt LMA11l |111 (0760, |0760y
111 |ICLMA11IR 60DEy |INTLMA11IR Reception completion interrupt LMA11 |112 {0770y |0770y
112 | ICLMALLIT 60EO0y |INTLMA11IT Transmission interrupt LMA11 |113 {0780y |0780y
113 |ICFCN2ERR 60E2, |INTFCN2ERR Error interrupt FCN2 114 |07904 (07904
114 [ICFCN2REC 60E4y |INTFCN2REC Receive interrupt FCN2 |115 |[07AQy |07AO0y
115 | ICFCN2TRX 60E6y |INTFCN2TRX Transmit interrupt FCN2 |116 |07BOy |07BOy
116 |ICFCN3ERRP 60E8y |INTFCN3ERR Error interrupt FCN3 |117 [07COy |07COy4
117 |ICFCN3RECP 60EAy |INTFCN3REC Receive interrupt FCN3 |118 |07DOy |07DOy
118 | ICFCN3TRXP 60ECH |INTFCN3TRX Transmit interrupt FCN3 |119 |[07EOy |O7EOy
119 | ICFCN4ERRP 60EEy |INTFCN4ERR Error interrupt FCN4  |120|07FO0y |O07FOy
120 | ICFCN4RECP 60F0 |INTFCN4REC Receive interrupt FCN4 |121|0800y |0800y
121 |ICFCN4TRXP 60F2, |INTFCNATRX Transmit interrupt FCN4 12208104 (08104
122 |ICFCN5ERRP 60F4 |INTFCN5ERR Error interrupt FCN5 |123|0820y |0820y
123 |ICFCN5RECP 60F6y |INTFCN5REC Receive interrupt FCN5 12408304 (08304
124 |ICFCN5TRXP 60F8, |INTFCN5TRX Transmit interrupt FCN5 |125|0840y |0840y
125 |- 60FA |reserved 126 {0850 |0850y
to to to (to to
127 60FEy 128|0870, |0870y
a) InpyPD70F4177, the target of this interrupt is FCN[2:0].
b)  This interrupt is not available in uPD70F4177.
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(4) VB50E2/FGA4-G El level maskable interrupts
Table 4-12 V850E2/FG4-G El level maskable interrupt requests (1/3)
Interrupt Interrupt request 2 g
TC-* Control registe:n %’_ %% % :33
§ Name g & Name Cause Unit E L%: [3) % bS]
° gh 3 5
0 ICWDTAO 6000y |INTWDTAO WDTAO 75% interrupt WDTAO |1 |0080, [00804
1 ICWDTA1 6002, |INTWDTA1 WDTA1 75% interrupt WDTA1 |2 0090, [0090y
2 ICLVI 6004y |[INTLVI LVI interrupt LVI 3 |00AOy [00AOH
3 |- 6006y, |reserved 4 |00BOy (00BOy
to to to (to to
8 6010y 9 |01004 |0100y
ICPO 6012y |INTPO Edge detection interrupt Port 10 |01104 |01104
10 |ICP1 6014, |INTP1 Edge detection interrupt Port 11 |0120y4 [01204
11 |ICP2 6016y |INTP2 Edge detection interrupt Port 12 {0130y |0130y
12 |ICP3 6018, |INTP3 Edge detection interrupt Port 13 |01404 |[0140y
13 |ICP4 601A4 |INTP4 Edge detection interrupt Port 14 |01504 |0150y
14 |ICP5 601Cy |INTP5 Edge detection interrupt Port 15 |0160y [0160y
15 |ICP6 601Ey |INTP6 Edge detection interrupt Port 16 |0170y4 |0170y
16 |ICP7 6020y |INTP7 Edge detection interrupt Port 17 |0180y [0180y
17 |ICP8 6022 |INTP8 Edge detection interrupt Port 18 |0190y |0190y
18 |ICP9 6024 |INTP9 Edge detection interrupt Port 19 |01A0y |[01AO04
19 |ICP10 6026y |INTP10 Edge detection interrupt Port 20 |01BOy |01BOy
20 |ICTAUBOIO 6028, |INTTAUBOIO Interrupt for channel O TAUBO |21 |01COy |01COy
21 [ICTAUBOI1 602A4 [INTTAUBOI1 Interrupt for channel 1 TAUBO |22 |01DOy |01DOy
22 |ICTAUBOI2 602Cy |INTTAUBOI2 Interrupt for channel 2 TAUBO |23 [01EOy |O1EO4
23 |[ICTAUBOI3 602Ey |[INTTAUBOI3 Interrupt for channel 3 TAUBO |24 |01FO4 |O1FOy4
24 |ICTAUBOI4 6030y |INTTAUBOI4 Interrupt for channel 4 TAUBO |25 |02004 |02004
25 |[ICTAUBOIS 6032, |[INTTAUBOI5 Interrupt for channel 5 TAUBO |26 |02104 |0210y
26 |ICTAUBOI6 6034 |INTTAUBOI6 Interrupt for channel 6 TAUBO |27 |02204 |02204
27 |ICTAUBOI7 6036, |[INTTAUBOI7 Interrupt for channel 7 TAUBO |28 |02304 |0230y
28 |ICTAUBOI8 6038, |INTTAUBOI8 Interrupt for channel 8 TAUBO |29 |02404 |02404
29 [ICTAUBOI9 603A4 [INTTAUBOI9 Interrupt for channel 9 TAUBO |30 |02504 |0250y
30 |[ICTAUBOI10 603Cy |INTTAUBOI10 Interrupt for channel 10 TAUBO |31 |02604 |0260y4
31 [ICTAUBOI11 603Ey |INTTAUBOI11 Interrupt for channel 11 TAUBO |32 |0270y |0270y
32 |ICTAUBOI12 6040y |INTTAUBOI12 Interrupt for channel 12 TAUBO |33 |02804 |02804
33 [ICTAUBOI13 6042, |INTTAUBOI13 Interrupt for channel 13 TAUBO |34 |0290y |0290y
34 |ICTAUBOI14 6044 |INTTAUBOI14 Interrupt for channel 14 TAUBO (35 [02A04 |02A04
35 [ICTAUBOI15 6046, |INTTAUBOI15 Interrupt for channel 15 TAUBO |36 |02B0Oy |02BOy
36 |- 6048y, |reserved 37 |02C0y |02COy
to to to |(to to
51 6066y 52 |03BOy |03BOy
52 [ICADCAOERR 6068, |INTADCAOERR Error interrupt ADCAO |53 |03COy [03COy
53 |ICADCAOIO 606Ay |INTADCAOIO End of CGO conversion ADCAO |54 |03D0y [03DO0y
54 [ICADCAOI1 606C |INTADCAOI1 End of CG1 conversion ADCAO |55 |03EOy |O3EOy
55 |ICADCAOI2 606E |INTADCAOI2 End of CG2 conversion ADCAO |56 |03F0y |03FOy
56 |ICADCAOLLT 6070y |INTADCAOLLT Conversion interrupt ADCAO |57 |0400, (04004
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Table 4-12 V850E2/FG4-G EIl level maskable interrupt requests (2/3)

Interrupt Interrupt request > ﬁ
TC) Control registetn .%_ "?i)_% % g
= @ Name Cause Unit |[S | co |B%5
= Name g i ,g | %
< @ T
57 |ICFCNWUP 6072y |INTFCNWUP Wake up interrupt FCN 58 |04104 |0410y
[5:02
58 |- 6074y |reserved 59 |04204 |04204
59 |- 6076y |reserved 60 |0430y [0430y
60 [ICFCNOERR 6078, |[INTFCNOERR Error interrupt FCNO 61 (04404, (04404
61 [ICFCNOREC 607A |INTFCNOREC Receive interrupt FCNO |62 |04504 (04504
62 [ICFCNOTRX 607Cy |INTFCNOTRX Transmit interrupt FCNO 63 |04604, |04604
63 |[ICCSIGOIRE 607Ey |INTCSIGOIRE Reception error interrupt CSIGO (64 |04704 [0470y
64 [ICCSIGOIR 60804 |[INTCSIGOIR Reception status interrupt CSIGO (65 [04804 |04804
65 [ICCSIGOIC 6082, |INTCSIGOIC Communication status interrupt CSIGO |66 |04904 (04904
66 |ICDMAO 6084y |INTDMAO DMA channel O transfer completion DMA 67 |04A04 |04A04
67 [ICDMAl 6086, |INTDMAL DMA channel 1 transfer completion DMA 68 |04BOy |04BOy
68 |ICDMA2 6088y |INTDMA2 DMA channel 2 transfer completion DMA 69 |04C0y |04COy
69 [ICDMA3 608A |INTDMA3 DMA channel 3 transfer completion DMA 70 |04D0y |04DOy
70 |ICDMA4 608CH |INTDMA4 DMA channel 4 transfer completion DMA 71 |04EOy |04EOn
71 |ICDMA5 608E, |INTDMAS DMA channel 5 transfer completion DMA 72 |04F0y |04F0y
72 |ICDMAG6 6090y |INTDMAG DMA channel 6 transfer completion DMA 73 |05004 |05004
73 |ICDMA7 6092, |INTDMA7 DMA channel 7 transfer completion DMA 74 105104 |05104
74 |ICIICBOIA 6094 |INTIICBOIA Data transmission/reception interrupt 1ICBO 75 05204 |05204
75 |ICFCN1ERR 6096y |INTFCN1ERR Error interrupt FCN1 |76 |0530y |0530y
76 |ICFCN1REC 6098, |[INTFCN1REC Receive interrupt FCN1 77 |05404, |05404
77 |ICFCN1TRX 609A, |INTFCN1TRX Transmit interrupt FCN1 78 |05504 |0550y
78 [ICTAUJOIO 609Cy |INTTAUJOIO Interrupt for channel 0 TAUJO |79 |05604 |0560y
79 |[ICTAUJOIL 609E |INTTAUJOI1 Interrupt for channel 1 TAUJO |80 |05704 |05704
80 [ICTAUJOI2 60A0y |INTTAUJOI2 Interrupt for channel 2 TAUJO |81 |0580, |0580y
81 [ICTAUJOI3 60A2, |INTTAUJOI3 Interrupt for channel 3 TAUJO |82 |05904 |05904
82 [ICOSTMO 60A4, |INTOSTMO OSTMO interrupt OSTMO (83 |05A04 |05A04
83 |ICCSIG4IRE 60A6 |INTCSIG4IRE Reception error interrupt CSIG4 |84 |05B0y |05BOy
84 |[ICCSIG4IR 60A8, |INTCSIG4IR Reception status interrupt CSIG4 (85 |05CO04 |05CO4
85 [ICCSIG4IC 60AA, |INTCSIGA4IC Communication status interrupt CSIG4 |86 |05D0y |05D0y
86 |- 60ACy |reserved 87 |O5EQy |O05EOy
to to to (to to
88 60B0y 89 |0600, |0600y
89 |ICLMA2IS 60B2y |INTLMA2IS Status interrupt LMA2 |90 (06104 (06104
90 |ICLMAZIR 60B4y |INTLMA2IR Reception completion interrupt LMA2 |91 |0620y |0620y
91 |ICLMA2IT 60B6y |INTLMA2IT Transmission interrupt LMA2 |92 (06304 (06304
92 |- 60B8y, |reserved 93 |0640, |0640y
to to to (to to
97 60C2, 98 |0690, |0690y
98 |ICCSIG7IRE 60C4y |INTCSIG7IRE Reception error interrupt CSIG7 |99 |06A0y |06A0
99 |ICCSIG7IR 60C6 |INTCSIG7IR Reception status interrupt CSIG7 |100|06B0y |06BOy
100 |ICCSIG7IC 60C8, |INTCSIG7IC Communication status interrupt CSIG7 |101|06CO0y |06COy
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Table 4-12 V850E2/FG4-G El level maskable interrupt requests (3/3)

Interrupt Interrupt request > &
_ Control register © 5 o |8 =
GC) 7 o '%'8 © g
g I Name Cause Unit |[S | co | 3%
< Name =g S |5 =]
®] S b 5} =

<t a s

101 (ICP11 60CAL |INTP11 Edge detection interrupt Port 102 |06D0y |06DO0y
102 |ICP12 60CCy |INTP12 Edge detection interrupt Port 103 |06E0y |06EOy
103 |- 60CEy |reserved 104 |06F0y |06F0y
to to to (to to
105 60D2y 106 {0710y |0710y
106 [ICKRO 60D4 |INTKRO Key return interrupt KRO 1070720y |0720y
107 [ICLMA10IS 60D6y |INTLMA10IS Status interrupt LMA10 |108 (0730 [07304
108 | ICLMA10IR 60D8y |INTLMA10IR Reception completion interrupt LMA10 |109|07404 (07404
109 [ICLMA10IT 60DAy |INTLMA10IT Transmission interrupt LMA10 |110 [0750y |07504
110 |ICLMA11IS 60DCy |INTLMA11IS Status interrupt LMA11 |111 (0760, [0760y
111 |ICLMA11IR 60DEy |INTLMA11IR Reception completion interrupt LMA11 |112 |07704 (07704
112 | ICLMALLIT 60EO |INTLMALLIT Transmission interrupt LMA11 |113|07804 (07804
113 |ICFCN2ERR 60E2, |INTFCN2ERR Error interrupt FCN2 |114 {0790 |0790y4
114 [ ICFCN2REC 60E4y |INTFCN2REC Receive interrupt FCN2 |115 [07AQy |07AO0y
115 [ICFCN2TRX 60E6 |INTFCN2TRX Transmit interrupt FCN2 |116 |07BOy |07BOy
116 |ICFCN3ERRP 60E8 |INTFCN3ERR Error interrupt FCN3 |117 [07COy |07COy4
117 [ICFCN3RECP 60EAy |INTFCN3REC Receive interrupt FCN3 |118 |07DOy |07DO0y
118 | ICFCN3TRXP 60ECH |INTFCN3TRX Transmit interrupt FCN3 |119 |[07EOy |O7EOy
119 [ICFCN4ERRP 60EEy |INTFCN4ERR Error interrupt FCN4 |120|07FO0y |07FOy
120 |ICFCN4RECP 60F0 |INTFCN4REC Receive interrupt FCN4 |121|0800y |0800y
121 [ICFCN4TRXP 60F2, |INTFCN4ATRX Transmit interrupt FCN4 12208104 (08104
122 |ICFCN5ERRP 60F4 |INTFCN5ERR Error interrupt FCN5 |123|0820y |0820y
123 [ICFCN5SRECP 60F6 |INTFCN5SREC Receive interrupt FCN5 |124 (0830, |0830y4
124 |ICFCN5TRXP 60F8, |INTFCN5TRX Transmit interrupt FCN5 |125|0840y |0840y
125 |- 60FA |reserved 1260850 |0850y
to to to |to 2?0870
127 60FEy 1281|0870 |H
a) InpPD70F4179, the target of this interrupt is FCN[2:0].
b)  This interrupt is not available in uPD70F4179.
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4.3.2 FE level non-maskable interrupt sharing

The FE level non-maskable interrupt FENMI is shared among several interrupt
sources.

(1) FENMIF - FENMI factor register

This register contains information about which interrupt has generated the FE
level non-maskable interrupt FENMI.

Access This register can be read in 32-bit units.
Address FF45 0000y

Initial Value 0000 0000y. This register is initialized by any reset.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 |[WDTA1|WDTAO|NMIOF
NMIF | NMIF

R R R R R R R R R R R R R R R R

Table 4-13 FENMIF register contents

Bit position Bit name Function

2 WDTALNMIF | Watchdog Timer WDTALNMIF flag
0: no WDTALINMIF occured
1: WDTALNMIF has occured

1 WDTAONMIF | Watchdog Timer WDTAONMIF flag
0: no WDTAONMIF occured
1: WDTAONMIF has occured

0 NMIOF Port interrupt NMIO flag
0: no NMIO occured
1: NMIO has occured
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(2) FENMIFC - FENMI factor clear register
This register clears the FE level non-maskable flags of the FENMIF register.
Access This register can be written in 32-bit units.
Address FF45 0008,
Initial Value Reading this registers returns always 0000 0000.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LoJoJoJoJojJoJoJofjoJofJofofofoJolJo]
w w wW W W w w wW W W
15 14 13 12 11 10 3 2 1 0
0 0 0 0 0 0 0 WDTAL|WDTAO [NMIOFC
NMIFC |NMIFC
w w W W W W W W w w w w w W W w
Table 4-14 FENMIFC register contents
Bit position Bit name Function
2 WDTALNMI | Watchdog Timer WDTALNMIF flag clear
FC 0: no function
1: clear FENMIFWDTA1INMIF
1 WDTAONMI | Watchdog Timer WDTAONMIF flag clear
FC 0: no function
1: clear FENMIFWDTAONMIF
0 NMIO Port interrupt NMIO flag clear
FC 0: no function
1: clear FENMIF.NMIOF
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External Interrupts

Edge Detection Configuration

The external interrupts can be configured to generate an interrupt request
upon a rising or falling edge or upon both edges of the external pin.

Following registers are used to specify the edge:

External interrupt edge detection registers

Interrupt Register
INTPO FCLAOCTLO
INTP1 FCLAOCTL1
INTP2 FCLAOCTL2
INTP3 FCLAOCTL3
INTP4 FCLAOCTL4
INTP5 FCLAOCTLS5
INTP6 FCLAOCTL6
INTP7 FCLAOCTL7
INTP8 FCLA1CTLO
INTP9 FCLA1CTL1

INTP10 FCLA1CTL2
INTP11 FCLA1CTL3
INTP12 FCLAL1CTL4

NMI FCLA2CTLO

Refer to the section “Port filters assignment” in the chapter “Port Functions” for

details of these registers.
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4.4.2

Table 4-16

External interrupts as trigger and wake-up signals

The external interrupts can be used as

» DMA trigger factors

» A/D Converter H/W triggers

» stand-by wake-up factors

External interrupts as triggers and wake-up
Interrupt _ DMA . ADAAn . Stand-by .
trigger factor H/W trigger wake-up factor
INTPO 1 ADAAOTTIN201 WUFLmMO7
INTP1 2 ADAAOTTIN101 WUFLmMO8
INTP2 3 ADAAOTTINOO1 WUFLmMO09
INTP3 4 ADAAOTTIN202 WUFLmM10
INTP4 5 ADAAOTTIN102 WUFLmM11
INTPS 6 ADAAOTTINOO2 WUFLmM12
INTP6 7 - WUFLmM13
INTP7 8 - WUFLmM14
INTP8 9 - WUFLmM15
INTP9 10 - WUFLmM16
INTP10 11 - WUFLmM17
INTP11 - - WUFLmM18
INTP12 - - WUFLmM19
NMI - - WUFLmMOO

b)
c)

Stand-by wake-up

Refer to the chapter 5 “DMA Controller (DMAC)” on page 196 for details.
Refer to the chapter 22 “A/D Converter (ADAA)” on page 1143 for details.
The stand-by wake-up factors are indicated by their respective bit in the wake-up

factor register WUFLm. refer to the chapter 8 “Stand-by Controller (STBC)” on

page 322 for details.

To use an external interrupt as a wake-up factor from DEEPSTOP mode, its
analog filter must be set to edge detection mode (FCLANINTm = 0).
Refer to the section “Port Filters Functional Description” in the “Port Functions”
chapter for details.
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4.5 Interrupt Controller Control Registers
(1) ICn - Ellevel interrupt control registers (n = 0 to 255)
These registers, each of which is for a channel n of El level maskable interrupt
INTn, are used to set a condition to control each channel.
Caution Do not access ICn registers of interrupt channels, not listed in above interrupt
request tables.
Access These registers can be read/written in
* 16-bit units
— via 16-bit registers ICn
 8-bit or 1-bit units
— bits 7 to 0 via 8-bit registers ICnL
— bits 15 to 8 via 8-bit registers ICnH.
Address ICn: FFFF 6000y + 2n
ICnL: FFFF 60004 + 2n, ICnH: FFFF 6001 + 2n
Initial Value 008Fy. This register is initialized by any reset.
15 14 13 12 11 10 9 8
0 0 0 RFn 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
MKn o | o [ o 0 P[2:0]n
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-17 ICn register contents (1/2)
Bit position Bit name Function
12 RFn Interrupt request flag

RFn is set upon occurrence of an El level maskable interrupt INTh.
RFn can also be set by the application program, which generates also an El
level maskable interrupt.

0: no interrupt request

1: interrupt request
RFn is reset if the interrupt is acknowledged, i.e. the interrupt service routine is
started.
RFn can also be reset by the application program.
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Table 4-17

ICn register contents (2/2)

Bit position

Bit name

Function

7

MKn

Interrupt mask bit
When the MKn bit is set, the interrupt request set to the interrupt request flag
RFn is masked, so that the interrupt request is not issued from that channel to
the CPU. From a channel with the MKn bit set, interrupt pending status is not
displayed by the ICSR.PMF bit. The MKn bit does not mask a signal input from
an interrupt input itself and, therefore, the corresponding interrupt request flag is
set even when the MKn bit is set. The setting of the corresponding bit of the
interrupt mask register IMR is also reflected.

0: enables interrupt servicing

1. disables interrupt servicing

2to0

P[2:0]n

These bits specify 8 levels of interrupt priorities. The highest priority is 0 and the
lowest is 7.

If two or more interrupt requests of El level are generated at the same time, the
interrupt source having the higher priority specified by these bits is selected and
reported to the CPU. If the priority specified by the P[2:0]n bits is the same, the
source having the lower channel number is selected by a fixed priority.

RO1UHO0366EJ0100 Rev. 1.00

Feb 28, 2013

RENESAS 172



Chapter 4

Interrupt Functions

)

Caution

Access

IMRm - El level interrupt mask registers (m =0 to 15)

These registers are a collection of the MKn bits of the ICn registers. Each bit
of IMRm reflects the setting of the corresponding ICn.MKn bit. Setting IMRm is
reflected in the corresponding MKn bit.

MKn bits for interrupt channels, not listed in above interrupt request tables,
must be set to 1.

These registers can be read/written in:

* 16-bit units
— via 16-bit registers IMRm

* 8-bit or 1-bit units
— bits 7 to O via 8-bit registers IMRmL
— bits 15 to 8 via 8-bit registers IMRmH.

Address IMRO: FFFF 64004 IMR1: FFFF 6402
IMR2: FFFF 6404 IMR3: FFFF 6406
IMR4: FFFF 6408y IMR5: FFFF 640Ay
IMR6: FFFF 640CH IMR7: FFFF 640E
IMR8: FFFF 64104 IMRY: FFFF 6412y
IMR10: FFFF 6414y IMR11: FFFF 6416
IMR12: FFFF 6418y IMR13: FFFF 641Ay
IMR14: FFFF 641Cy IMR15: FFFF 641Ey
IMRmL: address of IMRm IMRmH: address of IMRm + 1
Initial Value FFFF. This register is initialized by any reset.
15 14 13 12 11 10 9 8
IMRMMK IMRMMK IMRmMMK IMRmMMK IMRmMMK IMRMMK IMRMMK IMRmMMK
mx16+15 | mx16+14 | mx16+13 | mx16+12 | mx16+11 | mx16+10 | mx16+9 | mx16+8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
IMRMMK IMRMMK IMRmMMK IMRmMMK IMRmMMK IMRMMK IMRMMK IMRMMK
mx16+7 | mx16+6 | mx16+5 | mx16+4 | mx16+3 | mx16+2 | mx16+1 | mx16+0
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-18 IMRm registers contents
Bit position Bit name Function
15t0 0 IMRMMK255 | These bits mask an interrupt from channels n = 0 to 255 of El level maskable
to interrupt INTn.
IMRMMKO 0: interrupt request issued
1: interrupt request not issued
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3

ISPR[7:0] setting

ISPR[7:0] clearing

Nested interrupt
services

ISPR[7:0] clearing
by software

ISPR - In-service priority register

This register holds the interrupt priority of an El level maskable interrupt INTn
that is being processed by the CPU.

When the CPU enters an interrupt service routine, i.e. acknowledges the
interrupt, with interrupt request priority ICn.P[2:0]n = 0 to 7, the bit ISPR[7:0] of
this register, corresponding to this priority, is set.

When the CPU has completed the interrupt service routine by the EIRET
instruction, the ISPR[7:0] bit, that was set upon entering this interrupt service
routine, is cleared.

Since the interrupt service routine with the highest priority is always completed
first, the cleared bit is always the one, that corresponds to the highest priority.

If multiple EI level maskable interrupts with different priorities ICn.P[2:0]n have
been acknowledged by the CPU (lower prioritized interrupt service routines
have been interrupted by higher prioritized), the corresponding ISPR[7:0] bits
of all interrupts in service are sequentially set.

Clearing this register is protected by a special sequence, involving the in-

service priority clear register ISPC register.

All ISPR][7:0] bits can be cleared only all together by use of ISPC. For that
purpose ISPC has to be written with FFFFy, followed by writing 0000y to

ISPR.

Note that it is not possible to clear single ISPR[7:0] bits.

Refer also to 5 “ISPC - In-service priority clear register” on page 176 .

Access This register can be accessed as follows:
+ writing 0000y via the 16-bit register ISPR for clearing all ISPR[7:0], after
ISPC has been written with FFFFy
* reading
— in 16-bit units via the 16-bit register ISPR
— ISPRJ[7:0] in 8-bit units via the 8-bit register ISPRL
Address ISPR: FFFF 64404
ISPRL: FFFF 6440y
Initial Value 0000y. This register is initialized by any reset.
15 14 13 12 11 10 9
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
ISPR7 ISPR6 ISPR5 ISPR4 ISPR3 ISPR2 ISPR1 ISPRO
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-19 ISPR register contents
Bit position Bit name Function
7t00 ISPR7 to These bits indicate the priority of the interrupt being acknowledged.
ISPRO 0: Interrupt request of the priority corresponding to the bit position is not
acknowledged.
1: Interrupt request of the priority corresponding to the bit position is being
processed by the CPU.
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(4) PMR - Priority mask register

This register specifies an interrupt priority by which an interrupt request flag of
El level maskable interrupt INTn is to be masked. It disables all at once the

interrupt requests from the INTn channel for which the interrupt priority

specified by this register is set.

The position of each bit of this register corresponds to an interrupt priority. For
example, if 1 is set to bit 0, channel of interrupt priority O can be masked.

Access This register can be read/written in
* in 16-bit units via the 16-bit register PMR

* PMR][7:0] in 8-bit or 1-bit units via the 8-bit register PMRL.

Address PMR:

FFFF 6448,

PMRL: FFFF 6448,

Access This register can be read/written in 16-bit or 8-bit or 1-bit units.

Address FFFF

6448y,

Initial Value 0000y. This register is initialized by any reset.

15 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
PMR7 PMR6 PMR5 PMR4 PMR3 PMR2 PMR1 PMRO
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-20 PMR register contents
Bit position Bit name Function
7t00 PMRY to These bits specify an interrupt priority by which an interrupt request flag
PMRO 0: Enables interrupt servicing of the priority corresponding to a specified bit
position.
1: Disables interrupt servicing of the priority corresponding to a specified bit
position.
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(5) ISPC -In-service priority clear register
This register prepares to clear the in-service priority register ISPR.
For clearing ISPR proceed as follows:
1. write FFFFy to ISPC

2. write 00004 to ISPR

As a result, the internal mode registers of the Interrupt Controller for interrupt
servicing, which indicate that an interrupt request is being processed by the
CPU, are cleared.

At the same time, all the processing modes of FE level NMI, FE level maskable
interrupt FEINT, and El level maskable interrupts INTn of the ICSR register are
canceled.

After writing FFFF to ISPC, FFFFy is also read back until ISPR has been
cleared by writing ISPR = 00004. Afterwards ISPC is automatically cleared to
0000y.

Before writing ISPR = 0000y, ISPC can be reset by writing 0000y, and thus
disabling any ISPR clear attempt.

ISPC can only be written with FFFF or 0000. Writing any other value does
not change the register content.

Refer also to 3 “ISPR - In-service priority register” on page 174 .

Caution  Writing FFFFy to ISPC and 00004 to ISPR in order to clear ISPR does not

need to maintain any time relation to each other. In particular this means, that
any kind of other processes may take place beween both write accesses.

Access This register can be read/written in 16-bit units.
Address FFFF 64504

Initial Value 0000y. This register is initialized by any reset.

15 14 13 12 11 10 9 8
ISPC[15:8]

RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
ISPC[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW

Table 4-21 ISPC register contents

Bit position Bit name Function
15t0 0 ISPC[15:0] | ISPR clear preparation
« writing FFFF: enables ISPR to be cleared by ISPR = 0000y

« writing 0000y: disables ISPR to be cleared
If ISPR has been cleared after ISPC. = FFFF, ISPC returns to 0000y
automatically.
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(6) SCR - Selected channel hold register
This register holds the channel number n of the El level maskable interrupt
INTn, acknowledged by the CPU.
Access This register can be read only in
* in 16-bit units:
— via 16-bit register SCR
* in 8-bit units:
— SCR[7:0] via 8-bit register SCRL.
Address SCR: FFFF 6458
SCRL: FFFF 6458
Access This register can be read only in 16-bit or 8-bit units.
Address FFFF 6458y
Initial Value 0000y. This register is initialized by any reset.

15 14 13 12 11 10

0 0 0 0 0 0

7 6 5 4 3 2 1 0
SCR[7:0]

R R R R R R R R

Table 4-22 SCR register contents

Bit position Bit name Function

7t00 SCRJ[7:0] Holds the channel number n of the maskable interrupt that has been

acknowledged by the CPU. The value of these bits is updated when an interrupt
vector is reported to the CPU. It is overwritten when multiple interrupts of El
level maskable interrupt (INTn) are acknowledged. These bits are not updated
when an FE level interrupt is acknowledged.

Writing to this register is ignored.
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(7) ICSR - Interrupt controller status register
This register indicates the operation status of the Interrupt Controller.
Especially the FNE, FIE and EIE of this register serve as a mode register of
interrupt servicing.
Access This register can be read only in
* 16-bit units:
— via 16-bit register ICSR
 8-bit or 1-bit units:
— bits 7 to 0 via 8-bit register ICSRL
— bits 15 to 8 via 8-bit register ICSRL
Address ICSR: FFFF 645A,
ICSRL: FFFF 645Ay, ICSRH: FFFF 645B4
Initial Value 0000y. This register is initialized by any reset.
15 14 13 12 11 10 9 8
0 0 0 0 0 0 0 PMF
R R
7 6 5 4 2 1 0
0 FNR FIR EIR 0 FNE FIE EIE
R R R R R R R R
Table 4-23 ICSR register contents
Bit position Bit name Function
8 PMF Indicates 1 if the request flag of a channel n of El level interrupt INTn, that has
the interrupt priority prohibited by the setting of PMR from being serviced, is set.
6 FNR Indicates 1 if an FE level non-maskable interrupt FENMI has been issued to the
CPU.
5 FIR Indicates 1 if an FE level maskable interrupt FEINT has been issued to the
CPU.
4 EIR Indicates 1 if an El level maskable interrupt INTn has been issued to the CPU.
FNE Indicates 1 if the CPU is processing the FE level non-maskable interrupt
FENMI.
FIE Indicates 1 if the CPU is processing the FE level maskable interrupt FEINT.
0 EIE Indicates 1 if the CPU is processing the El level maskable interrupt INTN.
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(8) FNC - FE level NMI status register
This register informs about the occurence of a FE level non-maskable interrupt
FENMI.
Access This register can be read only in
* 16-bit units:
— via 16-bit register FNC
 8-bit or 1-bit units:
— bits 15 to 8 via 8-bit register FNCH
Address FNC: FFFF 645C4
FNCH: FFFF 645Dy
Initial Value 0000y. This register is initialized by any reset.
15 14 13 12 11 10
0 0 0 FNRF 0 0
R
4
0 0 0
R
Table 4-24 FNC register contents
Bit position Bit name Function
12 FNRF FENMI interrupt request flag

0: no interrupt request FENMI
1: FENMI interrupt request occured
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(9) FIC - FE level INT status register
This register informs about the occurence of a FE level maskable interrupt
FEINT.
Access This register can be read only in
* 16-bit units:
— via 16-bit register FIC
 8-bit or 1-bit units:
— bits 15 to 8 via 8-bit register FICH
Address FiC: FFFF 645Ey
FICH: FFFF 645F
Initial Value 0000y. This register is initialized by any reset
15 14 13 12 11 10
0 0 0 FIRF 0 0
R R R
4
0
Table 4-25 FIC register contents
Bit position Bit name Function
12 FIRF FEINT interrupt request flag
0: no FEINT interrupt request
1: FEINT interrupt request occured
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4.6

CPU registers

4.6.1

Caution

Interrupt Acknowledgment and Restoring

This section describes the operation during interrupt acknowledgment and
restoring from interrupt servicing.

This section frequently refers to registers of the CPU. For a detailed
description of these registers refer to the “V850E2 32-bit Microcontroller Core
Architecture” user manual.

FE level non-maskable interrupt FENMI

When an FENMI interrupt is requested, an FE level non-maskable interrupt is
generated in the CPU. This FE level non-maskable interrupt is used when a
fatal system error occurs.

Upon acknowledgment of the FENMI interrupt, generation of the next FENMI,
FEINT, or INTn interrupt is pended until the FERET instruction is executed
(interrupt request is acknowledged and held.)

FENMI can be acknowledged even when the NP bit of the program status
word CPU register PSW is set to 1. Therefore, if the FENMI interrupt occurs
during the processing of an FEINT exception, PPl exception, or other FE level
exceptions, the save address is lost and cannot be restored. After a FENMI
interrupt is requested and the required processing has been completed,
execute a system reset, etc. Return to the original processing is not possible.

RO1UHO0366EJ0100 Rev. 1.00 RENESAS 181

Feb 28, 2013



Chapter 4 Interrupt Functions

CFENMI interrupt request)

[

FNC.FNRF =— 1

Yes
ICSR.FNE =1 ?

ICSR.IFNR =— 1

FE level ) .
( non-maskable interrupt ) ( Pending of exception )

FEPC -— Return PC
FEPSW -— PSW

FEIC -— Exception code
PSW.INP =— 1

PSW.ID - 1

PSW.EP =— 0

MPM.AU'y’eYes ‘
No PSW.NPV =0
PSW.DMP =0
PSW.IMP  =—0
PC ~— Handler address|

ICSR.IFNE =— 1
FNC.FNRF =— 0
ICSR.FNR =— 0

l

C Exception processing )

Figure 4-1 Processing upon occurrence of FENMI interrupt request

Note If a processor protection exception (MDP or MIP) occurs, the PSW.NPV, DMP,
and IMP bits are always cleared, regardless of the status of MPM.AUE.
MPM.AUE controls the execution level auto transition function, refer to the
“V850E2 32-bit Microcontroller Core Architecture” (Document number
RO1US0037EJxxxx) for details.

FENMI restore  An FE level non-maskable interrupt FENMI cannot be restored since such
interrupt indicates a fatal system error.

Execute a system reset after exception processing.
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4.6.2 FE level maskable interrupt FEINT

Caution

A FE level maskable interrupt FEINT is recoverable.

Upon acknowledgment of the FEINT interrupt, generation of the next FEINT
or INTn interrupt is kept pending until the FERET instruction is executed.
Interrupt request is acknowledged and held.

(FEINT interrupt request)

FNC.FNRF =—1

Yes

ICSR.FNE =1 or
ICSR.FIE =1?

ICSR.FNR =1

FE level - .
Cmaskable interruptservicinD ( Pending of exception )

No

PSW.NP =0?

Yes

FEPC ~— Return PC
FEPSW  =— PSW
FEIC -— Exception code

PSW.INP =— 1 pendi f i
PSW.ID - 1 ending of exception

PSWEP =—0

Yes

MPM.AUE = 1?Note

No PSW.NPV =0

PSW.DMP =—0
PSW.IMP  =—0

PC -— Handler address|
ICSR.FNE =— 1
FNC.FNRF - 0
ICSR.FNR =— 0

C Exception processing )

Figure 4-2 Processing upon occurrence of FEINT interrupt request
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Note MPM.AUE controls the execution level auto transition function, refer to the
“V850E2 32-bit Microcontroller Core Architecture” (Document number
R0O1US0037EJxxxx) for details.

FEINT restore Restore from FE level maskable interrupt FEINT servicing is performed using
the FERET instructions. Execution of the FERET instruction while the PSW.EP
bit status is cleared launches restore processing from the FE level maskable
interrupt interrupt FEINT. Completely restoring from interrupt servicing when
the PSW.EP bit is "1" is not possible (clearing of the ICSR, ISPR, and other
registers is not performed). For return from FE level maskable interrupts,
execute the FERET instruction with the PSW.EP bit always cleared.

Caution Inthe V850E2 CPU, although RETI instructions are provided for backward
compatibility with V850E1 and V850E2 architectures, but their use is, in
principle, prohibited. Replace all RETI instructions other than existing
programs that cannot be modified with EIRET or FERET instructions.

Starts FERET
instruction execution

Yes | ICSR.FNE - 0

Yes
******* | ICSRFE =0

ISPR highest priority
level bit cleared

Al bits of ISPR = 0? Lo

i Yes

| ICSR.EIE -0 |

,,,,,,,,,,,,,,,,,,

PC = FEPC

PSW =— FEPSW

‘Completes FERET Note; Shaded portions indicate processings which do not branch during
instruction execution restoring from an FE level maskable interrupt FEINT servicing.

Figure 4-3 Restore from FE level maskable interrupt (FEINT) servicing
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4.6.3 El level maskable interrupt INTn

Caution

When an El level maskable interrupt is requested, an INTn interrupt is
requested to the CPU (the transition to the interrupt handler occurs from the
setting of the IMR register of the Interrupt Controller). This interrupt is a
recoverable El level interrupt.

In the case of an INTn interrupt, its channel number n is set to the selected
channel hold register SCR. As a result, the channel number can be easily
known when wishing to share the same interrupt vectors among several
channels.

Upon acknowledgment of the El level interrupt, the priority level of the currently
acknowledged interrupt is registered to the in-service priority register ISPR.
Then, until execution of the EIRET instruction, interrupt with a priority level
lower than that of this ISPR register are not generated. Interrupt request is
acknowledged and held.

Registration of the priority level of the currently acknowledged interrupt and
deletion of the priority level of the interrupt during EIRET to/from the ISPR
register are automatically performed by the hardware. Write to the ISPR
register cannot be performed by software. Write operations are ignored.
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( INTn interrupt request )

IC.RF -1

Corresponding Yes

IMR = 1?

Priority level
masked by PMR?

ICSRPMF = 1

.

Yes

ICSR.FNE =1 or
ICSR.FIE =1?

ICSREIR =1
I

El level pPendi i "
maskable interrupt ending or exception

No

PSW.NP =0?

No

PSW.ID=0"?

Yes

EIPC <— Return PC C Pending of exception )
EIPSW -— PSW

EICC -— Exception code

PSW.ID - 1

PSW.EP -—0

Yes

MPM.AUE = 1?Ncte ‘
No PSW.NPV =—0
PSW.DMP =—0
PSW.IMP  =—0

PC ~— Handler
address

ICSR.EIE - 1

IC.RF -0

ICSR.EIR -— 0

Corresponding

bit of SCR - 1

Corresponding

bit of ISPR - 1

C Exception processing )

Figure 4-4 Processing upon occurrence of INTn interrupt request

RO1UHO0366EJ0100 Rev. 1.00 :{ENESAS 186
Feb 28, 2013



Chapter 4 Interrupt Functions

Note MPM.AUE controls the execution level auto transition function, refer to the
“V850E2 32-bit Microcontroller Core Architecture” (Document number
R0O1US0037EJxxxx) for details.

INTn restore  Restore from EIl level maskable interrupt INTn is performed using the EIRET
instruction. Execution of the EIRET instruction while the PSW.EP bit status is
cleared launches restore processing from the interrupt. Completely restoring
from interrupt servicing when the PSW.EP bit is "1" is not possible (clearing of
the ICSR, ISPR, and other registers is not performed). For return from El level
maskable interrupt, execute the EIRET instruction with the PSW.EP bit always
cleared.

Caution Inthe V850E2 CPU, although RETI instructions are provided for backward
compatibility with V850E1 and V850E2 architectures, but their use is, in
principle, prohibited. Replace all RETI instructions other than existing
programs that cannot be modified with EIRET or FERET instructions.

Starts EIRET
instruction execution

| ICSR.FIE -— 0 |

ISPR highest priority
level bit cleared

PC -— EIPC
PSW =— EIPSW

Completes EIRET Note: Shaded portions indicate processings which do not branch during
instruction execution restoring from an El level maskable interrupt INTn servicing.

Figure 4-5 Restore from El level maskable interrupt INTn
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4.7

4.7.1

Operation example

Caution

4.7.2

Interrupt Operation

Mask function of El level maskable interrupt INTn

Interrupt masking can be specified for each respective interrupt channel of
INTnN. Interrupt masking is performed by the following register settings.

ICn.MKn Operation
1 Masks interrupt
0 Enables interrupt

The ICn.MKn bits can also be read and written via the corresponding
IMRmMEIMKn bits of the El level interrupt mask registers IMRm.

3. When "1" is written to IMRmM.IMRmMEIMKn bits, interrupts are prohibited for
the corresponding channels.

4. When the ICn.MKn bits are read, "1" is read.

For MKn bit, the processing after interrupt hold is masked. Even if the MKn bit
is set to 1, interrupt request acknowledgment and hold are performed.
Therefore, even if software interrupts are requested for interrupts for which
interrupt prohibit has been specified with MKn, no interrupt occurs. Moreover,
when MKn bit is again set to 0 while an interrupt request is held, that interrupts
occur at that timing. To delete an interrupt request that is already being held,
clear the corresponding RFn bit.

Interrupt priority level judgment

When FENMI, FEINT, and INTn interrupts are input, priorities including other
exceptions are determined, and the exception with the highest priority
(including interrupts) is requested. Exceptions requested at the same time
(including interrupts) are processed in a pre-allocated priority order (the default
priority order). The priority orders of FENMI, FEINT, and INTn interrupts are as
follows.

FENMI > FEINT > INTn

See “V850E2/Fx4-G Interrupt Requests” and the “V850E2 32-bit
Microcontroller Core Architecture User Manual” for other exceptions.

For INTn interrupts, the priority level can be set independently for each
interrupt source. The priority level is specified with ICn.P[2:0]n. Priority levels
from 0 to 7 can be set. 0 is the highest priority level, and 7 the lowest.

In the case of multiple INTn interrupts with the same priority level, the interrupt
with the lowest interrupt channel number, i.e. with the highest default priority,
has priority.
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Table 4-26 Example of INTn interrupt priority level settings and priority levels
INTn? ICn.P[2:0] setting® Priority level during operation®
INTO 3 10
INT1 4 11
INT2 0 1
INT3 0 2
INT4 1 3
INTS 2 6
INT6 2 7
INT7 1 4
INT8 1 5
INT9 2 8
INT10 2 9

a) n = 0: highest default priority

b)  0: highest priority

¢ 1: highest priority

During interrupt servicing, the Interrupt Controller also processes multiple
interrupts acknowledging other interrupts. When multiple INTn interrupts are
requested at the same time, the interrupt to be acknowledged is determined by
the following procedure.

(1) Comparison with the priority level as the interrupt currently being
serviced
Interrupts with the same or lower priority level as the interrupt currently being
serviced are held pending.

The priority level of the interrupt currently being serviced is shown in the ISPR
register.

Interrupts with a higher priority level than the interrupt currently being serviced
proceed to the next priority judgment stage.

(2) Masking through priority mask register (PMR)

Only interrupts enabled by the PMR register proceed to the next priority
judgment stage.

(3) Therequested interrupt source with the highest priority level is selected
When interrupts are being simultaneously requested from multiple sources, the
interrupt source from the highest priority level, determined by ICn.P[2:0]n, with
the smallest interrupt channel number, i.e. highest default priority, is selected.
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4

Example

Interrupt hold by CPU

Interrupt acknowledgment is pending according to the state of the NP and ID
bits of the PSW register.

At this time, priority judgment

« among INTn interrupts, according to their assigned ICn.P[2:0] and their
default priority (interrupt channel number n)

» and priority judgment among INTn, FEINT and FENMI interrupts

is performed even while interrupt acknowledgment is pending, and the
interrupt with the highest priority is selected upon realization of the
acknowledgment condition.

When a priority level ICn.P[2:0]n = 5 INTn interrupt has already been
requested and interrupt generation is pending because the value of the
PSW.ID bit is "1", a subsequent priority level ICn.P[2:0]n = 3 INTh interrupt is
requested. Then, if the PSW.ID bit is cleared, the priority level 3 INTn interrupt
is generated.

Multiple interrupt servicing in which an interrupt is acknowledged while another
interrupt is being serviced is shown below.

When an interrupt request is acknowledged, the PSW.ID flag is automatically
set to 1. Therefore, when multiple interrupts are to be used, clear the ID flag to
0 beforehand (for example, by placing the El instruction in the interrupt service
program) to set the interrupt enable mode.
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Main routine

i

Servicing of a Servicing of b

Interrupt request a —= Interrupt
(level 3) request b Interrupt request b is acknowledged because the
(level 2) —= priority of b is higher than that of a and interrupts are
enabled.
/ Servicing of ¢
Interrupt request ¢ — “Interrupt request d o ) o
(level 3) (level 2)— Although the priority of interrupt request d is higher
than that of c, d is held pending because interrupts
are disabled.
Servicing of d

Servicing of e

\ /)

Interrupt request & — Jnterrupt request f

(level 2) (level 3) —= Interrupt request f is held pending even if interrupts are

enabled because its priority is lower than that of e.

Servicing of f

/1

Servicing of g

Interrupt request g —» Interrupt request h
(level 1) (level 1) — Interrupt request h is held pending even if interrupts are

enabled because its priority level is the same as that of

g, but g has a higher default priority.

Default priority

Servicing of h
g>h ervicing o

/)

Figure 4-6 Example of processing in which an interrupt request is issued while
another interrupt is being serviced (1/2)

Notes 1. “a”to“h” inthe figure are the temporary names of interrupt request signals
shown for the sake of explanation.

2. The default priority in the figure indicates the relative priority between two
interrupt request signals.

Caution To perform multiple interrupt servicing, the values of the EIPC and EIPSW
registers must be saved before executing the El instruction. When returning
from multiple interrupt servicing, restore the values of EIPC and EIPSW after
executing the DI instruction.
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Servicing of i
El

El Servicing of k

Interrupt
Interrupt request i — requestj

level 3 . . .
(level 2) (level 3) Interrupt request j is held pending because its
Interrupt request k N .
priority is lower than that of i.

(level 1) ™ - .
k that occurs after j is acknowledged because it
has the higher priority.

Servicing of

Servicing of |

interrupt Interrupt requests m and n are held pending

request m b_ecause servicing of | is performed in the interrupt

(level 3) = disabled status.

Interrupt request n
(level 1)

Interrupt request | —
(level 2)

Pending interrupt requests are acknowledged after
servicing of interrupt request I.

At this time, interrupt request n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Servicing of n

Servicing of m

Servicing of o

/1E| Servicing of p Senvicing of

Interrupt request 0 —= \/EI ervicing of q N

(level 3) rérgﬁgsutp; _L—Interrupt El Servicing of r
request ¢ —w " Interrupt

level 2
(lovel 2) (level 1) request r —w
(level 0)

If levels 3 to 0 are acknowledged

Servicing of s Pending interrupt requests t and u are
acknowledged after servicing of s.

Interrupt Because the priorities of t and u are the same, u is

request t acknowledged first because it has the higher

Interrupt request s — (level 2) | Nore default priority, regardless of the order in which the

(level 1) Interruptl reqrg)st U et interrupt requests have been generated.
evel 2)—»

Servicing of u
Default priority

u>t

Servicing of t

Figure 4-7 Example of processing in which an interrupt request signal is issued
while another interrupt is being serviced (2/2)
Notes 1. Interrupt request “t” has lower default priority than interrupt request “u”.

2. “i"to “u” in the figure are the temporary names of interrupt request signals
shown for the sake of explanation.
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Caution

Interrupt request a (level 2)
Interrupt request b (level 1) -
Interrupt request c (level 1)

To perform multiple interrupt servicing, the values of the EIPC and EIPSW
registers must be saved before executing the El instruction. When returning
from multiple interrupt servicing, restore the values of EIPC and EIPSW after
executing the DI instruction.

Main routine

i

Default priority

a>b>c

Figure 4-8

Notes

Caution

!

NMI request | Servicing of interrupt request b = Interrupt request b and c are acknowledged first
according to their priority levels.
Because the priority levels of b and c are the
" same, b is acknowledged, according to the

- ) default priority.
Servicing of interrupt request ¢ priortty

Servicing of interrupt request a

i

Example of servicing simultaneously generated interrupt requests
1. “a’to “c”in the figure are the temporary names of interrupt request signals
shown for the sake of explanation.

2. The default priority in the figure indicates the relative priority between two
interrupt request signals.

To perform multiple interrupt servicing, the values of the EIPC and EIPSW
registers must be saved before executing the El instruction. When returning
from multiple interrupt servicing, restore the values of EIPC and EIPSW after
executing the DI instruction.
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4.7.3

Note

4.7.4

Priority mask function
The priority mask function prohibits in batch INTn interrupts of the specified
interrupt priority level.

The interrupt masking priority level is specified with the PMR register. Masking
and acknowledgment can be set for each priority level.

The following operations are possible using this function:

» Temporary prohibition of interrupts that have a priority level that is lower
than a given priority level

» Temporary prohibition of interrupts that have a given priority level

PMR.PMRm Operation

0 Acknowledges requests from priority level m interrupt source.

1 Masks requests from priority level m interrupt source.

m=0to7

The PMR register prohibits interrupt occurrence. Interrupt request is
acknowledged and held even while the interrupt occurrence is prohibited.

The presence of INTn interrupts held pending with this function can be
checked with the next section.

Pending interrupt report function

The state of the currently pending interrupt can be checked with the pending
interrupt report function.

This function allows checking of the following states:

* When interrupts that are masked only by the priority mask function (PMR)
exist
The ICSR.PMF bit is set to 1.
The ICSR.PMF bit is not set to 1 only when interrupts that are priority
masked through ISPR register or interrupts masked through MKn bit exist.
Thus, the existence of priority requests pending through the priority mask
function can be checked while interrupts are prohibited through priority
masking.

» When EI level maskable interrupt request is not output to the CPU
The ICSR.EIR bit is set to 1.
By looking at the ICSR.EIR bit in the interval during which PSW.ID = 1, it is
possible to check whether an INTh interrupt request exists.

* When FE level maskable interrupt request is not output to the CPU
ICSR.FIR bit is set to 1.
By looking at the ICSR.FIR bit in the interval during which PSW.NP =1, itis
possible to check whether a FEINT interrupt request exists.
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4.7.5 In-service priority clear function
This function initializes the internal status of the Interrupt Controller. It operates
when the ISPC register is accessed. The following operations are possible
using this function.
» Clear all contents of ISPR register
» Clear ICSR.EIE, FIE, and FNE bits
All the bits of ISPR register can be cleared to 0 by writing "1" to all the bits of
this register and then writing "0" to all the bits of ISPR register. Moreover, the
ICSR.EIE, FIE, and FNE bits, which all indicates the state in which an interrupt
request is being processed in the CPU, are all be cleared.
The value of this register is automatically cleared to 0 by writing 0 to all the bits
of ISPR. The values of the bits of ISPR remain unchanged in the case of write
access that is not performed simultaneously to all the bits.
4.8 Exception Handler Address Switching Function

Interrupt handler addresses can be switched by software.
For details, refer to the chapter “Exception Handler Address Switching
Function” in the “V850E2 32-bit Microcontroller Core Architecture” user
manual.
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5.1

DMA channels

Table 5-1

Channel index n
DMA address map

Clock supply

DMAC H/W reset

DMA Controller (DMAC)

This chapter contains a generic description of the DMA Controller (DMAC).
The first section describes all V850E2/Fx4-G specific properties.

V850E2/Fx4-G DMA Features

This microcontroller has following number of DMA channels.

Instances of FCN

DMA channels Fx4-G

DMA channels n=0to7

Throughout this chapter, the index n is used to indentify an individual DMA
channel.

Refer to the section “V850E2/Fx4-G CPU Address Map” in chapter “CPU
System Functions” for details.

Since the DMA Controller is part of the CPU Subsystem, it is supplied with the
same clock CKSCLC_000 as the CPU Subsystem.

Refer to the section “CPU Subsystem” in chapter “CPU System Functions” for
details.

The DMA Controller and its registers are initialized by the following reset
signal:

Table 5-2 DMAC reset signal
DMAC Reset signal
DMAC * Reset Controller SYSRES
« Stand-by Controller DPSTPWU
(wake-up from DEEPSTOP mode)
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(1) DMA trigger factors

The assignment of a DMA trigger source to the DMA channel n is done by the
DTFNRnN.IFC[5:0].

The following table lists all DMA triggers and how to select them by setting the
DMA trigger factor register DTFRn.

Table 5-3 DMA trigger factors selection

DTFRnN.IFCn[6:0]

DMA trigger interrupt

DTFRN.IFCn[6:0] DMA trigger interrupt
0 No DMA
1 INTPO
2 INTP1
3 INTP2
4 INTP3
5 INTP4
6 INTP5
7 INTP6
8 INTP7
9 INTP8
10 INTP9
11 INTP10
12 INTTAUBOI8
13 INTTAUBOI9
14 INTTAUBOI10
15 INTTAUBOI11
16 INTTAUBOI12
17 INTTAUBOI13
18 INTTAUBOI14
19 INTTAUBOI15
20 INTFCNOREC
21 INTFCN1REC
22 INTFCN2TRX
23 INTFCN2REC
24 INTFCN3TRX
25 INTFCN3REC
26 INTFCN4TRX
27 INTFCN4REC
28 INTFCNOTRX
29 INTFCN1TRX
30 INTADAAOIO
31 INTADAAOI1

32 INTADAAOI2
33 INTADAAOLLT
34 INTCSIGOIR
35 INTCSIGOIC
36 INTDMAO

37 INTDMA1

38 INTDMA2

39 INTDMA3

40 INTDMA4

41 INTDMAS

42 reserved

43 INTIICBOIA
44 INTTAUJOIO
45 INTTAUJOI1
46 INTTAUJOI2
47 INTTAUJOI3
48 INTCSIG4IR
49 INTCSIG4IC
50 INTFCN5TRX
51 INTFCN5SREC
52 INTLMA2IT
53 INTFCNOERR
54 INTFCN1ERR
55 INTFCN2ERR
56 INTCSIG7IR
57 INTCSIG7IC
58 INTLMA10IR
59 INTLMA10IT
60 INTLMA11IR
61 INTLMA11IT
62 reserved

63 reserved
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5.2 Definition of Terms

The terms used in this document are defined as follows.

Table 5-4 Definition of terms

Term Function
DMA transfer Period from the start of the first DMA cycle to assertion of INTDMAN
DMA cycle Period of transferring one unit of data (since a read cycle has been started and until

a write cycle is completed).

Hardware DMA transfer 64 hardware DMA transfer request (INTIN[63:0])
request

Software DMA transfer DMA transfer request by internal register (DTSnSR bit)
request

DMA transfer request Hardware DMA transfer request or software DMA transfer request

Single transfer One DMA cycle is executed per transfer request.

Block transfer The number of transfers set in the transfer count setting register (DTCn) is executed
per software DMA transfer request.

Since the bus is released after each transfer, the CPU is able to take over the bus
and interrupt the DMA transfers.

If a higher-priority transfer request occurs during execution of a single step transfer,
the single step transfer is aborted while the higher-priority transfer request is
executed.

5.3 General

Direct memory access (DMA) function is used to access data without going via
the CPU.

The DMA Controller incorporates following units:
» DMA trigger factor register (DTFR)
» DMA controller (DMAC)
» DMA data transfer unit (DMAT)
Note The number of DMA channels, expressed by the index n, is defined in the first

section of this chapter under the key words “DMA channels” and “Channel
index n”.

5.3.1 DMA Controller (DMAC) function
» Registers to store transfer information (transfer address, transfer size, etc.)
and registers to control DMAC are included.

* When a DMA transfer request is accepted, a transfer request is generated,
according to the contained transfer information.

» Hardware DMA transfer requests, DMA acknowledge signals, and DMA
transfer completion interrupts are input and output.

» Write back information is written back to registers.
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5.3.2 DMA trigger factor register (DTFR) function

The DMA transfer factors are selected from among interrupt signals.

Table 5-5 Transfer target spaces

Transfer

et destination Peripheral 1/0 ﬁlxetr?qrgsll Data RAM Interfr;:;:ode Inte::nlzlsrl?ata-
source

Peripheral 1/O v S \/ X X
External memory v \ \/ X X

Data RAM v V J X X
Internal Code flash V \ \ X X
Internal Data-Flash v S \/ X X

INTIN[63:0]

» DMAC transfer factors [63:0]

INTDMA[7:0] }———————» DMAC transfer completion interrupts
(INTDMA[7:0])
DTFR
DMAC transfer requests [7:0] DMAC
DMAC transfer factor [0] INTIN[O]
DMAC transfer factor [1] INTIN[1]
DMAC transfer factor [2] INTIN[2] DMAT DMA data bus
DMAC transfer factor [63] INTIN[63]

Figure 5-1 DMA trigger and interrupt signals connections

5.3.3 DMA access memory map

Refer to the section “V850E2/Fx4-G CPU Address Map” in chapter “CPU
System Functions” for details.

5.3.4 Prioritization of channels
The following describes how the prioritization of the DMA subsystem's various
transfer channels is determined.
The priority is set as
CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7,
in which CHO has the highest priority.
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5.3.5 Stand-by function

A stop acknowledge signal is returned following a stop request when transfer
of the DMA transfer unit is completed.

The transfer unit for DMA is one DMA cycle (from when read starts until write
ends).

5.4 DMAC Function

5.4.1 Features

Transfer data size « 8 bits
* 16 bits
» 32 bits

Transfer data Fixed to little endian

Misaligned data not supported
Maximum transfer 32,768 (215) times
count

Channel priority  Fixed priority (highest priority (CHO) — lowest priority (CH7))
control

Subject to transfer Code flash (as source only)

Data RAM

Data-Flash (as source only)

Peripheral I/0O area

Transfer type 2-cycle transfer (dual address transfer)

The address at both the transfer source and destination is accessed. Two bus
cycles (read cycle + write cycle) are required to execute a single transfer.
Because the bus is not locked between the read cycle and write cycle, a CPU
bus cycle may take place.
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Transfer modes

Transfer address
control

Transfer error
support

DMA transfer
request

Transfer completion
interrupt output
function

Stand-by support

DMA transfer abort
function

Single transfer mode (when hardware DMA transfer request is generated)

When a hardware DMA transfer request is generated, the bus mastership is
acquired, and the bus is always released after transfer has been executed
once. If another hardware DMA transfer request is generated after that,
transfer is executed once again. This operation is repeated until transfer has
been executed the number of times specified by the transfer count register
(DTC).

» Block transfer mode (when software DMA transfer request is generated)

When a software DMA transfer request is generated, the bus mastership is
acquired, and the bus is released each time transfer has been executed
once. Once a software DMA transfer request has been acknowledged, this
operation is repeated until transfer has been executed the number of times
specified by the transfer count register (DTC).

* Incremental
* Fixed

When the data from the transfer source contains an error, or if an error occurs
at the transfer destination, DMA transfer is aborted, and a SYSERR exception
is output for the CPU.

A hardware DMA transfer request or a software DMA transfer request can be
selected for each channel.

The software DMA transfer request can be set by software (by setting the DTS
register). This register also has a status bit (DTS register) that indicates that a
hardware DMA transfer request has been generated.

This function outputs a transfer completion interrupt signal (INTDMA7Y to
INTDMAO) when DMA transfer of each channel has been completed the
number of times specified by the transfer count register (DTC).

When a stop mode request is generated, DMA transfer is aborted momentarily
and the stop mode is entered.

This function supports aborting DMA transfer by software.
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5.4.2 DMAC setting registers

Table 5-6 DMAC setting registers (1/2)

Feb 28, 2013

RRENESAS

Address Symbol Function register name R/IW CPEEY P Initial
1]8][16|32| value
FFFF7300H | DTRC DMA transfer request control register RW | V| V 00H
FFFF7314H DSAO0 DMA source address register CHO | 00000000H
FFFF7314H | DSAOL DMA source address register LCHO \ 0000H
FFFF7316H | DSAOH DMA source address register HCHO S 0000H
FFFF7324H DDAO DMA destination address register CHO ' | 00000000H
FFFF7324H | DDAOL DMA destination address register LCHO \ 0000H
FFFF7326H | DDAOH DMA destination address register HCHO S 0000H
FFFF7332H DTCO DMA transfer count register CHO S 0000H
FFFF7338H DTCTO DMA transfer control register CHO S 0000H
FFFF733AH | DTSO DMA transfer status register CHO v | N 00H
FFFF7344H DSA1 DMA source address register CH1 \' | 00000000H
FFFF7344H | DSALL DMA source address register LCH1 S 0000H
FFFF7346H | DSA1H DMA source address register HCH1 S 0000H
FFFF7354H DDAl DMA destination address register CH1 \' | 00000000H
FFFF7354H | DDA1L DMA destination address register LCH1 S 0000H
FFFF7356H | DDA1H DMA destination address register HCH1 S 0000H
FFFF7362H DTC1 DMA transfer count register CH1 S 0000H
FFFF7368H DTCT1 DMA transfer control register CH1 S 0000H
FFFF736AH | DTS1 DMA transfer status register CH1 v |V O0H
FFFF7374H DSA2 DMA source address register CH2 \' | 00000000H
FFFF7374H | DSA2L DMA source address register LCH2 N 0000H
FFFF7376H | DSA2H DMA source address register HCH2 N 0000H
FFFF7384H DDA2 DMA destination address register CH2 \' | 00000000H
FFFF7384H | DDA2L DMA destination address register LCH2 N 0000H
FFFF7386H | DDA2H DMA destination address register HCH2 \/ 0000H
FFFF7392H DTC2 DMA transfer count register CH2 v 0000H
FFFF7398H DTCT2 DMA transfer control register CH2 N 0000H
FFFF739AH | DTS2 DMA transfer status register CH2 V| N O0H
FFFF73A4H DSA3 DMA source address register CH3 \' | 00000000H
FFFF73A4H | DSA3L DMA source address register LCH3 v 0000H
FFFF73A6H | DSA3H DMA source address register HCH3 v 0000H
FFFF73B4H DDA3 DMA destination address register CH3 v | 00000000H
FFFF73B4H | DDA3L DMA destination address register LCH3 S 0000H
FFFF73B6H | DDA3H DMA destination address register HCH3 S 0000H
FFFF73C2H DTC3 DMA transfer count register CH3 S 0000H
FFFF73C8H | DTCT3 DMA transfer control register CH3 S 0000H
FFFF73CAH | DTS3 DMA transfer status register CH3 v | N 00H
FFFF73D4H | DSA4 DMA source address register CH4 \' | 00000000H
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Table 5-6 DMAC setting registers (2/2)

Address Symbol Function register name R/W OPETED)S U Initial
1|8 |16|32| value
FFFF73D4H | DSA4L DMA source address register LCH4 Y 0000H
FFFF73D6H | DSA4H DMA source address register HCH4 S 0000H
FFFF73E4H DDA4 DMA destination address register CH4 | 00000000H
FFFF73E4H | DDA4L DMA destination address register LCH4 \ 0000H
FFFF73E6H | DDA4H DMA destination address register HCH4 S 0000H
FFFF73F2H DTC4 DMA transfer count register CH4 S 0000H
FFFF73F8H DTCT4 DMA transfer control register CH4 S 0000H
FFFF73FAH | DTS4 DMA transfer status register CH4 v | N 00H
FFFF7404H DSA5 DMA source address register CH5 \' | 00000000H
FFFF7404H | DSA5L DMA source address register LCH5 S 0000H
FFFF7406H | DSA5H DMA source address register HCH5 S 0000H
FFFF7414H DDA5S DMA destination address register CH5 \' | 00000000H
FFFF7414H | DDA5SL DMA destination address register LCH5 \/ 0000H
FFFF7416H | DDA5SH DMA destination address register HCH5 N 0000H
FFFF7422H DTC5 DMA transfer count register CH5 S 0000H
FFFF7428H DTCT5 DMA transfer control register CH5 N 0000H
FFFF742AH | DTS5 DMA transfer status register CH5 v |V O0H
FFFF7434H DSA6 DMA source address register CH6 \' | 00000000H
FFFF7434H | DSA6L DMA source address register LCH6 \/ 0000H
FFFF7436H | DSA6GH DMA source address register HCH6 \/ 0000H
FFFF7444H DDAG6 DMA destination address register CH6 \' | 00000000H
FFFF7444H | DDA6L DMA destination address register LCH6 S 0000H
FFFF7446H | DDAGH DMA destination address register HCH6 \/ 0000H
FFFF7452H DTC6 DMA transfer count register CH6 v 0000H
FFFF7458H DTCT6 DMA transfer control register CH6 N 0000H
FFFF745AH | DTS6 DMA transfer status register CH6 V|V 00H
FFFF7464H DSA7 DMA source address register CH7 v | 00000000H
FFFF7464H | DSA7L DMA source address register LCH7 v 0000H
FFFF7466H | DSA7H DMA source address register HCH7 v 0000H
FFFF7474H DDA7 DMA destination address register CH7 v | 00000000H
FFFF7474H | DDA7L DMA destination address register LCH7 N 0000H
FFFF7476H | DDA7H DMA destination address register HCH7 v 0000H
FFFF7482H DTC7 DMA transfer count register CH7 v 0000H
FFFF7488H DTCT7 DMA transfer control register CH7 \ 0000H
FFFF748AH | DTS7 DMA transfer status register CH7 Y 00H

Caution If an unmapped address is accessed, a write access is ignored and “0” is
returned in response to a read access.
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Table 5-7

5.4.3 Enabling or disabling writing control registers

The following control registers cannot be written while DMA transfer is
enabled. All these registers can always be read, however.

Enabling/disabling writing control registers

Always writable

DTRC, DTSn

Writing prohibited while DMA transfer is enabled (DTE = 1) DSA, DSAnL, DSAnH, DDA, DDANL, DDANH,
(Operation is not guaranteed if these registers are written.) DTCn, DTCTn

Access

Address

5.5 DMA Control Registers

5.5.1 DTRC - DMA transfer request control register

Initial Value 00y

This register can be read or written in 8-bit units.

FFFF 73004

6 5 4 3 2 1 0
ERR 0 0 0 0 0 0 ADS
R/W R/W R/W R/W R/W R/W R/W R/W

Table 5-8 DTRCO registers contents

Bit position

Bit name

Function

7

ERR

DMA transfer error status
This bit indicates that an error response has been received from the transfer
target during DMA transfer.
If an error response is received, the ERR and ADS bits are set and a system
error exception SYSERR is generated. To clear this bit, write “0” to it.

0: No DMA transfer error

1: DMA transfer error

ADS

DMA transfer aborted
This bit indicates that DMA transfer has been aborted by a transfer stop
request. In addition, the current DMA transfer can be aborted if the user writes
“1” to this bit.

0: DMA transfer not aborted

1: DMA transfer aborted/DMA transfer abort request
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5.5.2 DSAnL — DMA source address register L

These registers hold the lower 16 bits of the transfer source address.
The higher 16 bits of the transfer source address are accessible via the
DSAnNH register.

32-bit access The entire 26-bit address is also accessible through the 32-bit register DSAnN.
DSAnN has the same address as the DSAnNL register.

If the entire address shall be read, while the DMA transfer of channel is
enables (DTSn.DTSnDTE = 1), proceed as follows in order to acquire the
correct address:

» Read DSAnN twice consecutively and compare the upper 10 address bits
SA[25:16] of both read accesses.

* In case the upper 10 address bits SA[25:16] are identical between both read
accesses the address SA[25:0] of the second read access represents the
correct address.

* In case the upper 10 address bits SA[25:16] are different between both read
accesses the address SA[25:0] of the first read access represents the
correct address.

Access This register can be read or written in 16-bit units.

Address DSAT7L: FFFF 7464, DSA6L: FFFF 7434, DSA5L: FFFF 7404,
DSAA4L: FFFF 73D4y, DSA3L: FFFF 73A4,, DSA2L: FFFF 73744,
DSAI1L: FFFF 7344, DSAOL: FFFF 7314

Initial Value 0000y

15 14 13 12 11 10 9 8
SA[15:8]

RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
SA[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW

Table 5-9 DSAnNL registers contents

Bit position Bit name Function

15t0 0 SA[15:0] DMA source address lower 16 bits

If this register is referenced during DMA transfer, the address from which data is
to be transferred next can be read.

When referencing this register, it is recommended to access this register
together with DSANH via the 32-bit register DSAN.

When the entire DMA transfer has been completed, the values of these bits
return to their initial values, i.e. when DMA transfer was started.
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Cautions

1. Writing this register is prohibited while DMA transfer of channel n is enabled
(DTSn.DTSNDTE = 1). If it is written, correct DMA operation is not

guaranteed.

2. Set an address by accessing in 32-bit units while DMA transfer of channel n
is disabled (DTSn.DTSnDTE = 0) in order to avoid data being transferred

from an address that has not been completely set.

3. DMA transfer of misaligned data is not supported. The lower 2 bits of an
address corresponding to the transfer data size are as follows (x indicates

any bit).
The operation is not guaranteed if a setting other than the following is
made.
Data size SA1 SAO0

8 bits X

16 bits

32 bits 0
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5.5.3 DSAnH — DMA source address register H

These registers hold the higher 10 bits of the transfer source address.
The lower 16 bits of the transfer source address are accessible via the DSANL
register.

Access This register can be read or written in 16-bit units.

Address DSA7
DSA4
DSA1

H: FFFF 7466y, DSAG6H: FFFF 7436, DSASH: FFFF 74064,
H: FFFF 73D6y, DSA3H: FFFF 73A6, DSA2H: FFFF 73764,
H: FFFF 7346y, DSAOH: FFFF 73164

Initial Value 0000y

15 14 13 12 11 10 9 8
0 0 0 0 0 0o | SA[25:24] |
RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
SA[23:16]
RIW RIW RIW RIW RIW RIW RIW RIW

Table 5-10 DSAnN

H registers contents

Bit position Bit name

Function

9t00 SA[25:16]

DMA source address

If this register is referenced during DMA transfer, the address from which data is
to be transferred next can be read.

When referencing this register, it is recommended to access this register
together with DSANL in 32-bit units.

When the entire DMA transfer has been completed, the values of these bits
return to their initial values, i.e. when DMA transfer was started.

Cautions 1. Wri

ting this register is prohibited while DMA transfer of channel n is enabled

(DTSn.DTSNDTE = 1). If it is written, correct DMA operation is not
guaranteed.

2. Set an address by accessing in 32-bit units while DMA transfer of channel n
is disabled (DTSn.DTSnDTE = 0) in order to avoid data being transferred
from an address that has not been completely set.
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5.5.4 DDAnNL — DMA destination address register L

These registers hold the lower 16 bits of the transfer destination address.
The higher 16 bits of the transfer destination address are accessible via the
DDAnNH register.

32-bit access The entire 29-bit address is also accessible through the 32-bit register DDAN.
DDAn has the same address as the DDAnNL register.

If the entire address shall be read, while the DMA transfer of channel is
enables (DTSn.DTSnDTE = 1), proceed as follows in order to acquire the
correct address:

» Read DDAnN twice consecutively and compare the upper 10 address bits
DA[25:16] of both read accesses.

* In case the upper 10 address bits DA[25:16] are identical between both read
accesses the address DA[25:0] of the second read access represents the
correct address.

* Incase the upper 10 address bits DA[25:16] are different between both read
accesses the address DA[25:0] of the first read access represents the
correct address.

Access This register can be read or written in 16-bit units.

Address DDAT7L: FFFF 7474y, DDAG6L: FFFF 7444, DDASL: FFFF 7414y,
DDAAL: FFFF 73E4y, DDA3L: FFFF 73B4y, DDA2L: FFFF 7384,
DDALL: FFFF 7354y, DDAOL: FFFF 73244

Initial Value 0000y

15 14 13 12 11 10 9 8
DA[15:8]

RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
DA[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW

Table 5-11 DDAnNL registers contents

Bit position Bit name Function

15t0 0 DA[15:0]DA0O | DMA destination address

If this register is referenced during DMA transfer, the address to which data is to
be transferred next can be read.

When referencing this register, it is recommended to access this register
together with DDANH in 32-bit units.

When the entire DMA transfer has been completed, the values of these bits
return to their initial values, i.e. when DMA transfer was started.
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Cautions 1. Writing these bits is prohibited while DMA transfer of channel n is enabled
(DTSNn.DTSNDTE =1). If they are written, the operation is not guaranteed.

2. Set an address by accessing in 32-bit units while DMA transfer of channel n
is disabled (DTSn.DTSnDTE = 0) in order to avoid data being transferred
from an address that has not been completely set.

3. If an error occurs in the transfer target in the read cycle of DMA transfer, the
write cycle is not executed but the destination address is updated.

4. DMA transfer of misaligned data is not supported. The lower 2 bits of an
address corresponding to the transfer data size are as follows (x indicates
any bit).

The operation is not guaranteed if a setting other than the following is
made.
Data size DAl DAO
8 bits X
16 bits
32 bits 0
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5.5.5 DDAnH - DMA destination address register H

These registers hold the higher 10 bits of the transfer destination address.
The lower 16 bits of the transfer destination address are accessible via the
DDAnL register.

Note The entire 29-bit transfer destination address is accessible via the 32-bit
register DDAN. Refer to the description of the DDAnNL for details about the
32-bit access.

Access This register can be read or written in 16-bit units.

Address DDAT7H: FFFF 7476y, DDA6H: FFFF 7446, DDASH: FFFF 7416,
DDA4H: FFFF 73E6y, DDA3H: FFFF 73B6y, DDA2H: FFFF 7386,
DDA1H: FFFF 7356, DDAOH: FFFF 7326

Initial Value 0000y

15 14 13 12 11 10 9 8
0 0 0 0 0 0o | DA[25:24]
RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
DA[23:16]
RIW RIW RIW RIW RIW RIW RIW RIW

Table 5-12 DDAnNH registers contents

Bit position Bit name Function

9to 0 DA[25:16] DMA destination address

If this register is referenced during DMA transfer, the address to which data is to
be transferred next can be read.

When referencing this register, it is recommended to access this register
together with DDANL in 32-bit units.

When the entire DMA transfer has been completed, the values of these bits
return to their initial values, i.e. when DMA transfer was started.

Cautions 1. Writing these bits is prohibited while DMA transfer of channel n is enabled
(DTSNn.DTSNDTE =1). If they are written, the operation is not guaranteed.

2. Set an address by accessing in 32-bit units while DMA transfer of channel n
is disabled (DTSn.DTSnDTE = 0) in order to avoid data being transferred
from an address that has not been completely set.

3. If an error occurs in the transfer target in the read cycle of DMA transfer, the
write cycle is not executed but the destination address is updated.

RO1UHO0366EJ0100 Rev. 1.00 :{ENESAS 210
Feb 28, 2013



DMA Controller (DMAC)

Chapter 5
5.5.6 DTCn — DMA transfer count register
Access This register can be read or written in 16-bit units.
Address DTCT7: FFFF 7482y, DTC6: FFFF 7452, DTC5: FFFF 7422,
DTC4: FFFF 73F2y, DTC3: FFFF 73C2y, DTC2: FFFF 7392,
DTC1: FFFF 7362, DTCO: FFFF 7332
Initial Value 0000y
15 14 13 12 11 10 9 8
0 DTC[14:8]
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DTC[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W

Table 5-13 DTCn

registers contents

Bit position Bit name

Function

14100 DTC[14:0]

DMA transfer count

These bits specify the number of times of DMA transfers (DMA transfer count)

for channel n.

When this register is referenced during DMA transfer, the remaining number of

times DMA transfer to be executed can be read.

When the entire DMA transfer has been completed, the values of these bits

return to their initial values, i.e. when DMA transfer was started.

DTC[14:0]

The operation

0000y
transfer

Transfer executed 32,768 times or until completion of

0001

Transfer executed once or transfer to be executed once

7FFFy

Transfer executed 32,767 times or 32,767 times of transfer
to be executed

Cautions

1. Writing these bits is prohibited while DMA transfer of channel n is enabled

(DTSNn.DTSNDTE =1). If they are written, the operation is not guaranteed.

2. If an error occurs in the transfer target in the read cycle of DMA transfer, the

write cycle is not executed but the destination address is updated.
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5.5.7 DTCTn — DMA transfer control register
Access This register can be read or written in 16-bit units.
Address DTCT7: FFFF 7488y, DTCT6: FFFF 7458y, DTCT5: FFFF 7428,
DTCT4: FFFF 73F8y, DTCT3: FFFF 73C8y, DTCT2: FFFF 7398,
DTCT1: FFFF 7368, DTCTO: FFFF 73384
Initial Value 0000y
15 14 13 12 11 10 9
0 DTCTnDS[1:0] [DTCTnLE| 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1
DTCTnSACM[L:0] | DTCTADACM[1:0] | 0 02 0
R/W R/W R/W R/W R/W R/W R/W R/W
a) The default value “0” of bit 2 must not be changed.
Caution The default value “0” of bit 2 must not be changed.

Table 5-14 DTCTn registers contents (1/2)

Bit position

Bit name

Function

14 to 13

DTCTn
DS[1:0]

DMA transfer data size
These bits specify the DMA transfer data size of channel n.

DTCTn | DTCTn
DS1 DSO

0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1

Transfer data size

Setting prohibited

12

DTCTn
LE

This bit determines whether a new DMA transfer request is accepted, though a
current DMA transfer on channel n is not completed (DTSn.DTSnTC = 0).
If a new DMA transfer request is accepted (DTCTnLE = 1), channel n remains
enabled (DTSnDTE = 1) in order to start the next DMA transfer.
0: transfer request is not accepted during ongoing transfer, DTSnDTE is
cleared upon completion of ongoing transfer
1: transfer request is accepted during ongoing transfer, DTSnDTE is not
cleared upon completion of ongoing transfer
Note: This bit is effective only in single transfer mode.

7t06

DTCTn
SACMI[L:0]

DMA transfer source address counting direction
These bits specify the direction in which the transfer source address of channel
n is to be counted.

SACM1 | SACMO Counting direction
0 0 Incremented
0 1 Setting prohibited
1 0 Fixed
1 1 Setting prohibited
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Table 5-14 DTCTn registers contents (2/2)

Bit position Bit name Function
5t04 DTCTn DMA transfer destination address counting direction
DACM[1:0] | These bits specify the direction in which the transfer destination address of
channel n is to be counted.
DACM1 | DACMO Counting direction

0 0 Incremented

0 1 Setting prohibited

1 0 Fixed

1 1 Setting prohibited

Cautions 1. Writing these bits is prohibited while DMA transfer of channel n is enabled

(DTSn.DTSNDTE = 1). If they are written, the operation is not guaranteed.

2. The operation cannot be guaranteed if the SACM[1:0] and DACM[1:0] bits
are set to a prohibited status.
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5.5.8 DTSn — DMA transfer status register

Access This register can be read or written in 8- or 1-bit units.

Address DTS7: FFFF 748Ay, DTS6: FFFF 745Ay, DTS5: FFFF 742Ay,
DTS4: FFFF 73FAy, DTS3: FFFF 73CAyL, DTS2: FFFF 739A4,
DTS1: FFFF 736Ay, DTSO: FFFF 733Ay

Initial Value 00y

7 6 5 4 3 2 1 0
DTSNTC DTSnDT| 0 \ 0 ‘DTSnER DTSNnDR | DTSnSR |DTSNDTE
RIW RIW R R R R R/W RIW

Table 5-15 DTSn registers contents (1/2)

Bit position Bit name Function

7 DTSnTC DMA transfer end status
This bit indicates that DMA transfer has been completed. Write “0” to this bit to
clear it after reading “1” from it. It is recommended to write this bit using bit
manipulation such as CLR1.

0: DMA transfer not completed

1: DMA transfer completed

6 DTSnDT DT DMA transfer status
This bit indicates that a DMA transfer request has been acknowledged and that
DMA transfer is in progress. It is not set (to “1”) when only a DMA transfer
request is issued. This bit is cleared (to “0”) when DMA transfer has been
completed. If the DTE bit is “0”, this bit can be cleared by the user. (It can also
be written at the same time as the DTE bit.)

0: DMA transfer request acknowledged

1: DMA transfer in progress

3 DTSnER DMA transfer error flag
This bit indicates that a DMA transfer error has occurred in channel n. Itis
cleared (to “0”) when the ERR bit of the DTRC register is cleared. Note that this
bit is read-only.

0: No DMA transfer error

1: DMA transfer error

2 DTSnDR Hardware DMA transfer request flag
This bit indicates that channel n has a hardware DMA transfer request. Itis
cleared (to “0”) when the hardware DMA transfer request is deasserted. This bit
operates regardless of the status of the DTE bit. It is not set (to “1”) by a
software DMA transfer request, or by a hardware DMA transfer request when a
software DMA transfer request is selected by the DMA transfer request select
register. Note that this bit is read-only.

0: No hardware DMA transfer request

1: Hardware DMA transfer request

1 DTSnSR Software DMA transfer request
This bit selects a software DMA transfer request. If a software DMA transfer
request is selected by the DMA transfer request select register, writing “1” to
this bit and the DTE bit starts DMA transfer. This bit is automatically cleared (to
“0”) when DMA transfer has been completed. Writing “0” to this bit aborts DMA
transfer.

0: No software DMA transfer request

1. Software DMA transfer request
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Table 5-15 DTSn registers contents (2/2)
Bit position Bit name Function
0 DTSnDTE DMA transfer enable
This bit enables or disables DMA transfer. DMA transfer is executed if “1” is
written to this bit and a DMA transfer request is issued. This bit is automatically
cleared (to “0") if the MLE bit is “0” when DMA transfer has been completed.
DMA transfer is aborted if “0” is written to this bit during DMA transfer.
0: Disables DMA transfer
1: Enables DMA transfer
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5.6 DMAC Function Details

5.6.1 DMAC transfer setting flow

Figure 5-2 “DMAC transfer setting flow” shows the flow for setting DMAC
transfer.

Set DTS
DTE <O (disable DMA transfer)
v
Set DSA (transfer
source address)
v
Set DDA (transfer
destination address)
v
Set DTC
(transfer count)
v
Set DTCT
(transfer data size, address count direction)

Software

DMA transfer ¥
request -
Enable/disable loop
Y (set/reset DTCTNLE)
v

Select hardware trigger
(in DTFR register)
v
Set DTS Set DTS

DTE<«1 (enable DMA transfer) DTE <1 (enable DMA transfer)
SR« 1 (software request)

<
<

Y

Hardware
DMA transfer
request?

Y

Transfer N Transfer
completed? completed?
Y
LooH)_enabIed
(DTCTnLE = 1)?
Set DTS Set DTS
TC<0 (TC clear) TC«0 (TC clear)

Figure 5-2 DMAC transfer setting flow
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5.6.2 DMAC transfer modes

A single-transfer mode and a block transfer mode are supported as transfer
modes.

In either mode, transfer is executed in two cycles (dual address transfer) and
therefore, a read cycle and a write cycle are generated each time transfer is
executed.

Note that the bus is not locked. Consequently, a CPU cycle may take place
between the read and write cycles.

(1) Single transfer mode (when hardware DMA transfer request is generated)

When a hardware DMA transfer request is acknowledged, data of the transfer
data size (8, 16, or 32 bits) is transferred. Each time transfer has been
executed, the bus is released and the DMA controller waits for a DMA transfer
request. At this time, the acknowledge, signal that indicates that the hardware
DMA transfer request has been acknowledged, is also output.

Each time a hardware DMA transfer request has been acknowledged, transfer
is executed once. This operation is repeated the number of times specified by
the DMA transfer count register n (DTCn).

Hardware DMA

transfer request 0 l \ l \—

CHO (input)

s\ LN I

Note Note  Note Note Note Note Transfer
completed

Note: The bus is always released. When the CPU requests the bus mastership, the CPU acquires the bus mastership.

Figure 5-3 Example of single transfer
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)

Hardware DMA
transfer request 0

Block transfer mode (when software DMA transfer request is generated)

When a software DMA transfer request is acknowledged, data of the transfer
data size (8, 16, or 32 bits) is transferred. Each time transfer has been
executed, the bus is released. At this time, the acknowledge signal, that
indicates that a hardware DMA transfer request has been acknowledged, is
not output.

Once a software DMA transfer request has been acknowledged, this operation
is repeated the number of times specified by the DMA transfer count register n
(DTCn). Because the priority is identified each time transfer is executed, the
DMA cycle of a channel having the higher priority may interrupt a lower priority
channel.

CHO (input)
Acknowledge 0 ﬂ
(output)
- Software DMA transfer request (CH1) .
CH1 - DMA transfer count setting: 3 times High-priority DMA cycle
DMAL
Read [\ Write
Note Note Note Note Note Note Note Transfer
completed
Note: The bus is always released. When the CPU requests the bus mastership, the CPU acquires the bus mastership.
Figure 5-4 Example of block transfer (DMA channel priority: CHO (high) > CH1 (low))
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Hardware DMA

transfer request 3 I_ _U U \_
(input) —
Acknowledge 3 ﬂ I'\ ﬂ
N (output)

CH3

5.6.3 DMAC channel priority control

The priority of each channel is fixed and is as follows.
CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7

If another DMA transfer request with a high priority is generated, the DMA
transfer request with the higher priority always takes precedence.

When a software DMA transfer request is generated, the bus is also released
each time a DMA cycle has been completed.

If a DMA transfer request with a high priority is generated, therefore, the DMA
transfer request with the higher priority always takes precedence.

An example where another DMA transfer request with a high priority is
generated when DMA transfer is executed is shown below.

CH2<

(" Software DMA
transfer request 2

Transfer
completed (DMA
transfer count

~ setting: 2 times)

_~ Hardware DMA
transfer request 1

CH1<

~

CHO<

~

Acknowledge 1
~ Hardware DMA
transfer request 0 [_—\

Acknowledge 0 ﬂ

(input)

(output) ﬂ

(input)

(output)

CPU | CPU IDMA3}] CPU IDMA2f CPU IDMAOJ CPU IDMA1l CPU IDMA2] CPU IDMA3] CPU I DMA3 CPUX

Figure 5-5 Example of priority control
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5.6.4 Valid DMA transfer request conditions

Whether a DMA transfer request of channel n is acknowledged depends on
the setting of the ERR and ADS bits of the DMA transfer request control
register (DTRC), and the DTSnTC and DTSnDTE bits of the DMA transfer
status register (DTSn).

Table 5-16 “Valid DMA transfer request conditions of channel n” shows the
relationship between the setting of each of the above bits and whether a DMA
transfer request is acknowledged.

Table 5-16 Valid DMA transfer request conditions of channel n

DMA
. : DTSn. DTSn. DTCTn
Situation DTSNDTE DTSNTC DTCTNLE DTRC.ERR | DTRC.ADS transfer
request
When DMA transfer is 0 X X X X Invalid
disabled
When DMA transfer error X X X 1 X Invalid
occurs
When DMA transfer is X X X X 1 Invalid
aborted
When DMA transfer is 0 1 0 X X Invalid
completed, loop disabled
When DMA transfer is 1 1 1 0 0 Valid
completed, loop enabled
When DMA transfer is 1 0 0 0 0 Valid
enabled
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5.6.5 Aborting/resuming DMA transfer

(1) Aborting or resuming DMA transfer for all channels through software

By setting the DMA transfer abort bit (ADS) of the DMA transfer request control
register (DTRC), the next DMA transfer and those that follow can be aborted.

During a DMA cycle, the next DMA transfer is aborted after the ongoing DMA
cycle has been completed.

Note that the DMA transfer enable bit (DTSnDTE) and the software DMA
transfer request bit (DTSnSR) of the DMA transfer status register (DTSn) are
not cleared.

To resume the aborted DMA transfer, clear the ADS bit.
If a DMA transfer is requested at that point, the transfer of the channel having
the highest priority at that time is executed.

To end DMA transfer, clear the DMA transfer request with the DTSnDTE bit
cleared.

(2) Aborting or resuming DMA transfer by using DMA transfer enable bit
(DTE)

By clearing the DMA transfer enable bit (DTSnNDTE) of the DMA transfer status
register (DTSn), the next DMA transfer and those that follow can be aborted.

During a DMA cycle, the next DMA transfer is aborted after the ongoing DMA
cycle is completed. Note that the software DMA transfer request bit (DTSnSR)
of DTSn is not cleared.

To resume the aborted DMA transfer, set the DTSnDTE bit.

If another channel is not executing DMA transfer at that point, the priority is
identified as usual.

If another channel is executing DMA transfer, the priority is identified after that
transfer has been completed.

To end DMA transfer, clear the DMA transfer request with the DTSnDTE bit
cleared.

(3) Aborting or resuming DMA transfer by using software DMA transfer
request bit (DTSnSR)

By clearing the software DMA transfer request bit (DTSnSR) of the DMA
transfer status register, the next DMA transfer and those that follow can be
aborted (DTS).

During a DMA cycle, the next DMA transfer is aborted after the ongoing DMA
cycle has been completed.

To resume the aborted DMA transfer, set the DTSnSR bit.

If another channel is not executing DMA transfer at that point, the priority is
identified as usual.

If another channel is executing DMA transfer, the priority is identified after that
transfer has been completed.
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5.6.6 Error response support
(1) Aborting DMA transfer by error response
When an error occurs at the DMA transfer source or destination, the DMA
transfer abort bit (ADS) of the DMA transfer request control register (DTRC) to
abort subsequent DMA transfers is set.
At the same time, the DMA transfer error status bit (ERR) is set and a
SYSERR exception is generated towards the CPU.
The user can evaluate in which channel the error has occurred, by using the
DMA transfer error flag (DTSnER) of the DMA transfer status register (DTSn),
when the user has confirmed that ERR has been set.
In this case, note that, if an error response is acknowledged in the read cycle,
the write cycle is not executed, but the transfer address and the transfer count
are updated.
(2) Canceling transfer abort by error response
DMA transfer abort can be canceled by clearing the DMA transfer abort bit
(ADS) and DMA transfer error status bit (ERR) of the DMA transfer request
control register (DTRC).
Clear the DMA transfer enable bit (DTSnDTE) of the DMA transfer status
register (DTSn) in advance, so that DMA transfer is not resumed after its abort
has been canceled.
In the case of a software DMA transfer request, also clear the software DMA
transfer request bit (DTSnSR).
5.6.7 Stand-by support

When a stop request is generated, DMA transfer stops until completion of the
two DMA cycles currently being executed.
Unlike DMA transfer abort caused by software, this does not affect the DMA
control register.
DMA transfer resumes upon cancellation of the stop request, and if a DMA
request is already retained, that DMA transfer starts.
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5.7 DTFR Function

The DMA trigger factor register (DTFR) selects DMA trigger factors from
among interrupt signals, and requests DMAC for DMA transfer.

DTFRn registers are included for selecting the signals to be used for DMA
transfer requests from among the 64 input trigger signals.

5.7.1 Features

Number of transfer DMA transfer requests (for 8 channels) are selected from among 64 trigger
factors signals.

DMAC interface The DMA transfer request signal n is output.
The DMA transfer request signal n is cleared by an acknowledge signal from
DMA.

CPU interface The last transfer signal from DMA is output as a CPU interrupt signal.

Clearing of transfer A function that clears transfer request signals sent to DMA through register
request access is provided.

Confirmation of A function that checks transfer request signals sent to DMA through register
transfer request access is provided.
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5.8 DTFR Control Registers

5.8.1 DTFRn — DMA trigger factor register

Access This register can be read or written in 16-bit units.

Address DTFRO: FFFF 7B00y, DTFR1: FFFF 7B02y, DTFR2: FFFF 7B04,
DTFR3: FFFF 7B06y, DTFR4: FFFF 7B08y, DTFR5: FFFF 7BOAy,
DTFR6: FFFF 7BOCy, DTFR7: FFFF 7BOEy

Initial Value 0000y

15 14 13 12 11 10 9 8
REQEN 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
0 0 IFCn[5:0]
RIW RIW RIW RIW RIW RIW RIW RIW

Table 5-17 DTFRn registers contents

Bit position Bit name Function

15 REQEN This bit enables or disables operation of the DMA source selector of channel n.
1: Enables operation of source selector
0: Stops operation of source selector. Does not issue DMA transfer request
(DMARQ).
The settings of IFC6 to IFCO are valid. Requests are always sampled.

5t00 IFCn[5:0] These bits select the transfer source.
The set values are shown in the table in the first section of this chapter.

Caution Stopping DMA channel n by DTFRN.REQEN = 0 does not clear any pending
DMA request for that channel. In order to clear also a pending DMA request,
set also DRQCLR.RQCRn = 1.
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5.8.2

Access

Address

DRQCLR — DMA request clear register

This register can be read or written in 16-bit units.

FFFF 7B40,

Initial Value

15

0000,

14 13 12 11 10

0

0 0 0 0 0 0

R/W

7

R/W R/W R/W R/W R/W R/W R/W

6 5 4 3 2 1 0

| RQCR7 | RQCR6 | RQCR5 | RQCR4 | RQCR3 | RQCR2 | RQCR1 | RQCRO

R/W

R/W R/W R/W R/W R/W R/W R/W

Table 5-18 DRQCLR register contents

Bit position Bit name

Function

7 RQCR7

Setting “1” to this bit clears transfer request held in channel 7 to “0".

RQCR6

Setting “1” to this bit clears transfer request held in channel 6 to “0".

RQCR5

Setting “1” to this bit clears transfer request held in channel 5 to “0".

RQCR4

Setting “1” to this bit clears transfer request held in channel 4 to “0".

RQCR3

Setting “1” to this bit clears transfer request held in channel 3 to “0".

RQCR2

Setting “1” to this bit clears transfer request held in channel 2 to “0".

RQCR1

Setting “1” to this bit clears transfer request held in channel 1 to “0".

Ol RPN Wl OO

RQCRO

Setting “1” to this bit clears transfer request held in channel 0 to “0”".

Note Writing “0” to bits 7 to O is ignored.
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5.8.3 DRQSTR — DMA request check register

Access This register is read-only, in 16-bit units.
Address FFFF 7B44y4

Initial Value 0000y

15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0

| RQST7 | RQST6 | RQST5 | RQST4 | RQST3 | RQST2 | RQST1 | RQSTO
R R R R R R R R

Table 5-19 DRQSTR register contents

Bit position Bit name Function

7 RQST7 1: Request issued (DMA transfer request signal 7 is “1"),
0: No request (DMA transfer request signal 7 is “0”)

6 RQST6 1: Request issued (DMA transfer request signal 6 is “1"),
0: No request (DMA transfer request signal 6 is “0")

5 RQST5 1: Request issued (DMA transfer request signal 5 is “1"),
0: No request (DMA transfer request signal 5 is “0”)

4 RQST4 1: Request issued (DMA transfer request signal 4 is “1"),
0: No request (DMA transfer request signal 4 is “0")

3 RQST3 1: Request issued (DMA transfer request signal 3 is “1"),
0: No request (DMA transfer request signal 3 is “0”)

2 RQST2 1: Request issued (DMA transfer request signal 2 is “1"),
0: No request (DMA transfer request signal 2 is “0")

1 RQST1 1: Request issued (DMA transfer request signal 1 is “1"),
0: No request (DMA transfer request signal 1 is “0”)

0 RQSTO 1: Request issued (DMA transfer request signal 0 is “1"),
0: No request (DMA transfer request signal 0 is “0”)
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The following V850E2/Fx4-G devices are equipped with internal flash memory

as follows:
Series name Product name Code flash Data flash
FE4-G:
FF4-G-256K UWPD70F4177 256 KB 32 KB
FF4-G-512K uPD70F4178 512 KB
FG4-G:
FG4-G-256K UPD70F4179 256 KB 32 KB
FG4-G-512K uPD70F4180 512 KB

The code flash memory is attached to the dedicated instruction fetch bus of the
V850E2 CPU core. It is used for non-volatile storage of program code and
constant data.

The data flash memory is accessible via the memory interface bus. It holds
nonvolatile user’s data, which are subject to be altered during normal program
operation.

The flash memory can be written in different ways:

» mounted on the target board by connecting a dedicated flash programmer to
the target system (Serial-Programming)

* by the microcontroller’s application software (Self-Programming)

Additionally the flash memory is equipped with a configuration area to hold
various configuration settings. Via these options start-up configurations can be
set for e.g. the Watchdog Timer. The flash configuration options can be written
by use of an external flash programmer and in Self-Programming mode. They
are not accessible via the normal CPU address space.

6.1 Code Flash Memory Overview

6.1.1 Code flash memory features

» Erase/write with single power supply
» Two programming modes:

— Serial-Programming with flash programmer using dedicated serial
interfaces

— Flash memory programming by Self-Programming

6.1.2 Code flash memory map

The microcontroller’s internal code flash memory area is divided into blocks of
32 KB blocks and can be programmed/erased in block units.

RO1UHO0366EJ0100 Rev. 1.00 :{ENESAS 227
Feb 28, 2013



Chapter 6

Flash Memory

Following tables list the block structures and address assignments for all

VB850E2/Fx4-G devices with code flash memory.

Table 6-1 Code flash memory configuration

Block 15 (32 KB) 007 FFFFy
007 8000y
Block 12 (32 KB) 0006 7FFF
006 0000y
Block 11 (32 KB) 0005 FFFFy
0005 80004
()]
(%]
2
Block 8 (32 KB) 0004 7FFFy §
0004 0000y
Block 7 (32 KB) Block 7 (32 KB) 0003 FFFFy,
0003 80004
Block 1 (32 KB) Block 1 (32 KB) 0000 FFFFy,
0000 80004
Block 0 (32 KB) Block 0 (32 KB) 0000 7FFFy
0000 0000y
256 KB 512 KB Code flash size
32/64/96/128 KB Boot swap cluster sizes
Fx4-G-256K: Fx4-G-512K:
e UPD70F4177 e UPD70F4178 Products
« UPD70F4179 * uPD70F4180
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6.1.3 Data flash memory map

The data flash memory is organized in blocks of 32 byte size.
Following tables list the block structures and address assignments for all
V850E2/Fx4-G devices with data flash memory.

Table 6-2 V850E2/Fx4-G data flash memory

Product Data flash size | Number of 32 byte blocks Address range

* Fx4-G 32 KB 1024 FEOO 0000y - FEOO 7FFFy
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6.2

Serial-Programming

Self-Programming

Configuration area

Boot swap

Protection

Table 6-3

Code Flash Memory functional Outline

The internal flash memory of the microcontroller can be written by using the
erase and write functions of a flash programmer, also while the microcontroller
has already been mounted on the target system.

The Self-Programming facility allows rewriting of the flash memory by the user
program. It is ideal for program updates after production and shipment, since
no additional programming equipment is required. During Self-Programming
some software services as well as interrupt serving can still be in operation,
e.g to sustain communication with other devices.

While the Self-Programming mode can be initiated from the normal operation
mode the external flash programmer mode is entered immediately after
release of a system reset.

Refer to “Flash memory programming control” in the section “Flash
Programming with Flash Programmer” in this chapter for details on how to
enter normal operation or Serial-Programming mode.

The flash memory contains a configuration area, used to store the settings of
security and protection functions, initial settings for some modules.

A boot swap function makes safe re-programming of the flash memory
possible and is used to maintain an operable software version, even if re-
programming fails for any reason, e.g. in a power fail situation.

For further information concerning boot swapping refer to “Secure Self-
Programming (boot cluster swapping)” below in this chapter.

A set of protection flags can be specified during flash memory programming to
prohibit access to the flash memory in different ways, such as read-out, write
and erase protections for the external programmer interface. By these means
the flash memory can be protected against read-out and rewrite of the flash
memory content by unauthorized persons.

For further information concerning data protection refer to the chapter “Code
Protection and Security”.

Flash memory write methods

Environment

Interface

Outline

Operation Mode

Serial-
Programming

Dedicated serial
interface

Flash memory programming is done by an external
flash programmer.

The device is mounted on the target system. The
communication between the device and the flash
progammer is using a dedicated serial interface.
For details refer to the section “Flash Programming
with Flash Programmer” in this chapter.

Flash memory
programming
mode

Self-
Programming

Self-Programming
library

Flash memory can be rewritten by executing a user
program that has been written to the flash memory in
advance by means of Serial-Programming. The Self-
Programming library provides all necessary functions
to be called by the application software.

For details refer to the section “Code Flash Self-
Programming” in this chapter.

Normal operation
mode

Table 6-4 “Basic functions for flash memory modifications” on page 231
summarizes the functions used to modify flash memory content.
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Table 6-4 Basic functions for flash memory modifications
Support
; . . (\: supported, x: not supported)
Function Functional outline -
Serial- Self-
Programming Programming

Block erasure | The contents of specified memory blocks are erased. N \
Write Writing to specified addresses, and a verify check to N S

see if write level is secured are performed.
Verify Data read from the flash memory is compared with \/ xa

data transferred from the flash programmer.
Checksum Microcontroller internally calculated CRC checksum \/ X

over the entire flash memory content is compared

with the checksum calculated by the serial

programmer
Blank check The erasure status of the entire memory is checked. \/ S
Protection Following functions can be prohibited: v \p
settings + block erase

o write

e read

« rewriting of the boot cluster

« flash shield

a  can be carried

out by the user’s program.

b) Except protection against rewriting of the boot cluster all other protections have no effect in Self-Programming

mode.

Protection settings can be activated in Self-Programming mode. Already activate protection settings can not

be deactivated.

The following table lists the available flash memory protection functions.

For details refer to the chapter “Code Protection and Security”.

Table 6-5 Protection functions

Applicable
(\: applies, x: doesn’t apply)

window.

Function Functional outline -
Serial- Self-

Programming Programming
Block erase Erasure of single blocks impossible. S x
command prohibit
Program command | Erasure and rewrite of single blocks v x
prohibit impossible.
Read command Read-out of any flash content impossible. S X
prohibit
Rewriting boot area | Erasure (by block or chip erase) or writing of \ S
prohibit the boot cluster impossible.
Flash shield Write/erase protection outside a defined \/ N
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6.2.1 Code flash memory erasure and rewrite

Erasure Each 32 KB flash memory block can be erased separately.

Rewrite In Self- and Serial-Programming mode it is possible to rewrite the flash
memory in smaller units than one block. Once a complete block has been
erased it can be rewritten in units of 256 byte. Each unit can be rewritten only
once after erasure of the complete block.
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6.3

6.3.1

6.3.2

Data flash read

Data Flash Memory

The V850E2/Fx4-G Series products contain data flash in addition to the code
flash.

Data flash memory features

The data flash has the following features:
 data flash memory in 32 byte blocks

e write access in 16-hit steps

» erase in 32 byte blocks

» write, erase operations to the data flash while application code can be
executed from code flash

Data flash reading and writing

The data flash can be read and written by using an external flash programming
tool or the data flash access library.

Programming during normal operation is achieved by using the data flash
access software library. For details refer to FDL (Data Flash Access Library).

The data flash can only be read 16 bit units on halfword aligned addresses.

Due to the data flash cell structure (complementary read) the read value of an
erased data flash is undefined. Use the blank check function of the provided
FDL (Data Flash Access Library) for checking if the read value belongs to an
erased flash.

Note Once a Data Flash location is written (even with value FFFF) it can not be
overwrite without a previous erase.
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6.4

Serial-Programming

Caution

6.4.1

Host machine

Figure 6-1

Mode pins

Flash Programming with Flash Programmer

A dedicated flash programmer can be used for external writing of the flash
memory in Serial-Programming mode.

During Serial-Programming the target microcontroller remains mounted on its
board. The board is equipped with a connector, that connects the flash
programmer to the target microcontroller.

The microcontroller must be fully functional and operated in Serial-
Programming mode, in particular

» All external power supplies must be active.
» The external resonator must be connected to the X1/X2 pins.

All other necessary microcontroller configurations are conducted by the
on-chip firmware, that is processed in Serial-Programming mode.

Connecting the flash programmer to the on-board microcontroller may yield
conflicts with other sginals. Pay attention to the hints given in section “Potential
conflicts with on-board signal connections” on page 239.

Programming environment

The recommended environment to write data to the flash memory of the
microcontroller is shown below.

Mode pins
- VDD
RS-232-C VSS
uUsSB
RESET .
FLUR/FLCS
V850
Flash programmer microcontroller

Environment to write program to flash memory

A host machine is required for configure the flash programmer.
The used flash programmer may also feature a stand-alone mode, so a host
machine may not be necessary.

Following dedicated microcontroller serial interfaces can be used as the
interface between the flash programmer and the microcontroller:

* single-wire asynchronous serial interface FLURO
 clocked serial interface FLCSO

The mode pins are used to set the microcontroller into flash programming
mode.

Refer to the section “Operation modes” in the chapter “CPU System Functions”
for further information.
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Note In normal operation mode, i.e. not in flash programming mode, the serial
interfaces FLURO and FLCSO are not available. The used ports in flash
programming mode are specified in the following sections.

These are automatically configured for communicating with the flash
programmer in flash programming mode.

6.4.2 Communication modes

(1) Asynchronous flash programming interface FLURO

The single-wire asynchronous Serial-Programming interface FLURO uses
following port for connecting to the flash programmer:

« JPO_O: reception/transmission data FLURORTX

The external flash programmer offers various choices of available baudrates.

Mode pins
Voo = VDD
H;"‘"'r RESET ~ RESET
V850
<>
Flash programmer ™D FLURORTX 1 icrocontroller

Figure 6-2 Communication with flash programmer via FLURO

(2) Synchronous flash programming interface FLCSO

The synchronous Serial-Programming interface FLCSO uses following ports
for connecting to the flash programmer:

» JPO_O: serial data input FLCSO0SI
» JPO_1: serial data output FLCS0SO
» JPO_2: serial data clock input FLCSOSCI

The external flash programmer offers various choices of available clock rates.

Mode pins
Voo = VDD
GND VSS
RESET > RESET
:,,_,.!'"J: S FLCS0SO
SO > FLCSO0SI V850
Flash programmer SCK > FLCSOSCI  microcontroller

Figure 6-3 Communication with flash programmer via FLCSO
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6.4.3

Mode pins

The flash programmer outputs the serial data clock SCK and the
microcontroller operates as a slave.

Pin connection with flash programmer PG-FP5

A connector must be mounted on the target system to connect the flash
programmer for Serial-Programming. In addition, functions to switch between
the normal operation mode and flash memory programming mode and to
control the microcontroller's RESET pin must be provided on the board.

When the microcontroller flash memory programming mode is set, all the pins
not used for flash memory programming are in the same status as immediately
after reset.

The mode pins are used to set the microcontroller into flash programming
mode.

Refer to the section “Operation modes” in the chapter “CPU System Functions”
for further information.

When the microcontroller flash memory programming mode is set, all the pins
not used for flash memory programming are in the same status as immediately
after reset.

If the PG-FP5 is used as the flash programmer, connect the PG-FP5 target
interface connector to the microcontroller as follows:

Table 6-6 Connection of microcontroller flash programmer PG-FP5

Flash programmer FG-FP5 connection pin Microcontroller signal (port) name
Signal name | 1/O Function FLURO FLCSO
Signal Port Signal Port
SO/TxD O |+ FLURQO: receive/transmit data | FLURORTX JPO O FLCSOSI JPO O
* FLCSO: transmit data
SI/RxD I Receive data leave open FLCS0SO JPO_1
SCK O | Transfer clock leave open FLCSOSCI JPO_2
CLK O | Clock to microcontroller leave open leave open
leave open leave open
RESET O | Reset signal RESET - RESET -
FLMDO | Mode selection FLMDO - FLMDO -
FLMD1 I Mode selection FLMD12 PO_1 FLMD12 PO_1
H/S | Handshake signal leave open leave open
Vop | Microcontroller supply voltage Power supply of JPO port | Power supply of JPO port
monitoring group buffers? group buffersP
Vpp2 - Supply voltage leave open leave open
Vpp - Flash programming voltage leave open leave open
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Table 6-6 Connection of microcontroller flash programmer PG-FP5
Flash programmer FG-FP5 connection pin Microcontroller signal (port) name
; _ FLURO FLCSO
Signal name | I/O Function - -
Signal Port Signal Port
GND - Ground VSS VSS
VDE - Reserved leave open leave open
RFU-1 - Reserved leave open leave open

a) If FLMD1 is fixed to low level on the target board, the programmer’s FLMD1 signal can be left unconnected.
b) Refer to the chapter “Power Supply” to obtain the correct microcontroller’s power supply pins for the JPO port

group.

6.4.4

Refer also to the section “Operation Modes” in chapter “CPU System
Functions” for more details about flash programming mode setting.

For details concerning the PF-FP5 programmer, refer to the PG-FP5 User’s
Manual, document number R20UTO008EJxxxx (xxxx denotes the current

version number).

Flash memory programming control

The procedure to program the flash memory is illustrated below.

Reset/FLMDO
pulse supply

oy

Tewrradicn lin Taeh i

%,

-\_""\-\_\_\_\_\_\_\_\- e
_,-'-""_F'_ﬂ:-

_;-'—""'_F'_\-
T .
'

™
)

Note: Areset pulse is required to initiate the selection
of the flash programming mode.

Figure 6-4 Flash memory programming procedure
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)

Note

Operation mode control

To rewrite the contents of the flash memory by using the flash programmer, set
the microcontroller in the flash memory programming mode.

To enter the Serial-Programming mode, i.e. on-board programming by an
external flash programmer, the FLMDO pin has to be supplied with VDD and
FLMD1 with VSS level at RESET release.

In the normal operation mode, VSS is input to the FLMDO pin. A pull-down
resistor at the FLMDO pin ensures normal operation mode if no flash
programmer is connected.

Refer to the sections “Operation modes” and “ Mode pins and JPO
connections” in the “CPU System Functions” chapter for details about
operation modes settings.

An example of connection of the FLMDO and FLMD1 pins is shown below.
FLMD1 can be connected to ground via a resistor. Alternatively the FLMD1 pin
may also be connected directly to the FLMDL1 signal of the flash programmer.

PG-FP5 V850
FLMDO FLMDO
FLMD1 f—— FLMD1

PG-FP5 V850
FLMDO FLMDO
FLMD1 FLMD1

Figure 6-5 Example of connection to flash programmer PG-FP5

Once started in normal operation mode (FLMDO = 0), FLMDO pin is used for
enabling Self-Programming. Refer also to 6.5 “Code Flash Self-Programming”
on page 244 .
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)

Serial 1/0 signals

Figure 6-6

RESET

Figure 6-7

Potential conflicts with on-board signal connections

If other devices are connected to the serial interface pins in use for flash
memory programming in Serial-Programming mode take care that the
concerned signals do not conflict with the signals of the flash programmer and
the microcontroller. Output pins of the other devices must be isolated or set in
high impedance state. Ensure that the other devices do not malfunction
because of flash programmer signals.

V850 uC

output

O Flash programmer

Other
device

input

isolate or disable

V850 uC

input

O Flash programmer

Other
device

input

isolate or disable

V850 uC

input

O Flash programmer

Other
device

output

isolate or disable
or Hi-Z

Potential conflicts with serial interfaces signals

Pay attention in particular if the flash programmer’s RESET signal is
connected also to an on-board reset generation circuit. The reset output of the
reset generator may ruin the flash programming process and may need to be
isolated or disabled.

V850 uC

RESET

O Flash programmer

Reset generator

RESET

isolate or disable

Potential conflict with RESET
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Ports

Oscillators

DCUTRST

Power supply

The V850 port pins adopts following status during Serial-Programming:

Ports used for programming are configured as FLURO respectively FLCSO
pins.

All other pins remain in their default state after reset release.

In case the default state after reset of the pins not used for programming is in
port or high -impedance output port, pay attention to other devices connected

to these pins. If these devices require defined levels at the pins, the ports may
have to be connected to VDD or VSS via a resistors.

Connect all oscillator pins in the same way as in the normal operation mode.

During flash memory programming, input a low level to DCUTRST (port
JPO_4) or leave it open. Do not input a high level.

Supply the same power to all power supply pins, including reference voltages,
power regulator pins, etc., as in the normal operation mode.
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RESET
(uC input)

FLMD1
(KC input)

Vop
FLMDO T_‘
(WCinput) | H H
Vop
FLCSOSI M
(KC input) Vss /

(8) Selection of the communication mode

The communication interface is chosen by applying a specified number of
pulses to the FLMDO pin after reset release. Note that this is handled by the
flash programmer.

Figure 6-8 “Selection of communication mode” on page 241 gives an example
how the FLCSO is established for the communication between the flash
programmer and the microcontroller.

(Note)

Voo
FLCS0SO
(kC output) Y —— Oscillation Communication

stabilized mode selected

Flash control command communication

Power on  Reset (erasure, write, etc.)
released

Figure 6-8 Selection of communication mode

Note The number of clocks to be inserted differs depending on the chosen

communication mode. For details, refer to Table 6-7 “FLMDO pulses for
communication mode setting” on page 241 .

Table 6-7 FLMDO pulses for communication mode setting

FLMDO pulses Communication mode Remarks

0 FLURO Communication rate: 9600 bps (after reset), LSB first

8 FLCSO Microcontroller performs slave operation, MSB first

Other - Setting prohibited
When FLURO has been selected after reception of the FLMDO pulses with
9600 bps, the flash programmer changes the baudrate according to the user’s
choice via the flash programmer’s user interface.
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(4) Communication commands
The flash programmer sends commands to the microcontroller. Depending on
the commands, the microcontroller returns status information or the requested
data.
Command
Status
__,r"'"ﬂr Data
V850
Flash programmer microcontroller
Figure 6-9 Communication commands exchange

The following table lists the flash memory control commands of the
microcontroller. All these commands are issued by the flash programmer, and
the microcontroller performs the corresponding processing.

Table 6-8 Flash memory control commands (1/2)

Classification

Command name

Support

FLCSO FLURO

Function

Blank check Block blank check

v N

Checks erasure status of entire
memory.

Erase Block erase

Erases the memory contents of
specified blocks. Note that the
configuration area remains
untouched.

Write Write

Writes data by specifying write
address and number of bytes to be
written, and executes verify check.

Chip write

Writes all flash memory contents

Read Read

Reads data by specifying write
address and number of bytes to be
read.

Verify Verify

Compares input data with all
memory contents.

ID Set ID code

Set the On-chip Debug ID to the
registers OCDIDL, OCDIDM,
OCDIDH

Get ID code

Reads the On-chip Debug ID from
the registers OCDIDL, OCDIDM,
OCDIDH

CRC check CRC check

Calculates a checksum over a
specified number of flash blocks of
the code flash or the data flash.
Note that this checksum does not
cover the configuration area.

Chip CRC check

Calculates a checksum over the
entire flash memory, including
code flash, data flash and
configuration area.
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Table 6-8 Flash memory control commands (2/2)

. Support ;
Classification Command name Function
FLCSO FLURO
Flash Set flash configuration option y Y Set the flash configuration options
configuration to register OPBTO
option Get flash configuration option Y Y Reads the flash configuration
options from register OPBTO
Protection Protection setting y Y Sets protection against chip
erasure, block erasure, and writing.
Get protection settings Y Y Reads the protection settings.
System setting | Reset Y Y Escapes from each status.
and control P - —
Oscillation frequency setting \/ \/ Sets oscillation frequency.
Baudrate setting - Y Sets baudrate when UART is used.
Silicon signature Y Y Reads silicon signature
information.
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6.5

Figure 6-10

Code Flash Self-Programming

This V850 microcontroller supports a flash macro service that allows the user
program to rewrite the internal flash memory by itself.

By using this flash macro service and a Self-Programming library (SPL),
provided by Renesas, the user’s program is able to rewrite the flash memory
with data, transferred in advance to the internal RAM or the external memory.

Thus the user program can be upgraded and constant data can be rewritten in
the field.

internal RAM / external memory

User’s re-programming routine
C Self-Programming library )

1
\

Flash function execution Flash information

|

| Flash macro service |

Erase, write

| Flash memory |

Concept of Self-Programming

During Self-Programming access to the flash memory is not possible. Thus
program execution is only possible by instruction fetching from internal RAM or
external memory.

Consequently the instructions of user re-programming software routines,
which shall remain in operation during the Self-Programming procedure, must
be copied from the flash memory to the internal RAM or external memory prior
to activating the Self-Programming. Since interrupt processing by using the
interrupt vectors in the flash memory is also impossible during Self-
Programming, interrupt acknowledges need to be re-routed to interrupt vectors
in the internal RAM (refer to “Interrupt handling during flash Self-Programming”
on page 251).

It is recommended to refer to the User’s Manual “<tbd>" for comprehensive
information concerning flash Self-Programming. This document explains also
the functions of the Self-Programming library.
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6.5.1 Self-Programming enable
The Self-Programming function can be started out of the normal user mode of
the microcontroller.
Self-Programming must be in particular enabled in order to avoid unintended
re-programming of the flash. Two ways to enable Self-Programming are
provided:
* by setting the external FLMDO pin to high level
This requires some external components or wiring, €.g. connecting an
output port to FLMDO.
* by setting the internal register bit FLMDCNT.FLMDPUP
This way does not need any special external components or wiring.
The following register is used to enable Self-Programming internally by
software.

Note The FLMDO pin must be connected to ground via a 82 k(2 resistor. Refer to the
section “Mode pins and JPO connections” in the “CPU System Functions”
chapter and the Data Sheet for further details.

(1) FLMDCNT - FLMD control register
This register controls an internal pull-up respectively pull-down resistor,
connected to the FLMDO pin, and thus enables respectively disables Self-
Programming.
Protection  Writing to this register is protected by a special sequence of instructions by
using the protection command register FLMDPCMD.
Refer to the section “Write protected Registers” in chapter “CPU System
Functions” for a detailed description how to write to write protected registers.
Access This register can be read/written in 8-bit units.
Address FF43 8000y
Initial Value 00y
7 6 5 4 3 2 1 0
| o | o [ o | o | o [ o 0 |[FLMDPUP
R/W R/W R/W R/W R/W R/W R/W R/W
Table 6-9 FLMDCNT register contents
Bit position Bit name Function
0 FLMDPUP | FLMDO pull-up/pull-down control

0: pull-down resistor active at FLMDO (Self-Programming mode disabled)
1: pull-up resistor active at FLMDO (Self-Programming mode enabled)

RO1UHO0366EJ0100 Rev. 1.00

Feb 28, 2013

RENESAS 245



Chapter 6 Flash Memory

6.5.2 Self-Programming library functions
Code flash memory Self-Programming by the user’s program is supported by
the Self-Programming library.
This library provides a set of C function calls to carry out basic functions like
» erase and rewrite of the flash memory
» boot cluster swapping, including definition of boot clusters
 setting of protection flags
 obtain various information concerning the code flash memory

Detailed information how to use the library functions is given in the User’s
Manual “<tbd>".

6.5.3 Self-Programming internal RAM occupancy

During Self-Programming the upper 4 KB of the internal RAM (address
FEDF FOOOy - FEDF FFFFy) are occupied by the Self-Programming Library.
Thus the content of this 4 KB RAM is altered during Self-Programming and
may have to be recovered by the user’s program.

Note Additional RAM may be necessary for intermediate storage of user data and
code to be copied from flash memory to RAM during Self-Programming.
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Boot swap cluster

Boot swap flag

6.5.4 Secure Self-Programming (boot cluster swapping)

The V850 flash microcontrollers support a mechanism to swap a cluster of
code flash memory blocks, starting from address 0000 00004, with another

cluster of the same size, located immediately above the first one.

A group of boot blocks to be swapped. The cluster of blocks starting at address
0000 00004 is named active boot swap cluster, since it contains the entry point

of the user’s program at the default reset vector 0000 0000.

Which of the two clusters is the active boot cluster is controlled by the boot
swap flag, that can be defined during flash programming via the Self-
Programming library.

The boot swap flag is stored in the flash memory configuration area.

Figure 6-11 “Boot swap cluster swapping function” on page 247 shows an
example of the boot block swapping function with a cluster size of 4 flash
memory blocks. After inverting the boot_flag - it becomes not(boot_flag) -
blocks 4 to 7 become the active boot cluster. Thus after next reset release the
user’s program starts from the new boot swap cluster.

last block last block
1
1 1 | 1
1 1 | 1
1 1 ) 1
1 1 | 1
1 1 | 1
1 1 1
block 8 block 8
T block7 |-, «|  blocks
\, 0
. . N\,
inactive block 6 block 2
svsz?Ft) N
Cluster block 5 .:,x'\ block 1
'.' N\,
1 block 4 RN block 0
L NN
T block 3 X block 7
N
active block 2 Y block 6
SN,
swap .
cluster block 1 \\ block 5
AN
l block 0 X block 4
ooooo0OOH .Y _ O |
boot_flag not(boot_flag)

Figure 6-11 Boot swap cluster swapping function
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Secure Self- The boot cluster swapping function enables secure Self-Programming. In case

Programming the boot code shall be rewritten, the new code can be written to the inactive
boot cluster, while the boot_flag remains in its previous state.
If rewriting of the boot cluster has been completed successfully, the boot_flag
can be inverted, making the new boot code active.
If rewriting of the new boot code fails for any reason, e.g. power fail or
unintended reset, the old boot code still remains active and rewriting can be
started again.

Boot cluster The boot code size itself may be smaller than the boot swap cluster size.

The number of flash memory blocks, which are part of the boot code, are
named boot cluster. The number of boot blocks, which are member of the
cluster, can be defined during Self-Programming via the Self-Programming
library.

The boot cluster size determines the boot swap cluster size. This is
automatically evaluated from the number of boot blocks, defined during Self-
Programming.

Table 6-10 “Relation between boot block and boot swap cluster” on page 249
shows the relation between the number of boot blocks, the boot cluster size
and the boot swap cluster.

Number of boot The number of boot blocks (BTBLS) has to be defined by the user during
blocks BTBLS self-programming. It determines the blocks, which are subject to the boot
cluster protection, that allows to protect the boot blocks from any erase or write
process.

Boot block To prohibit rewriting of the boot blocks, the boot cluster protection flag can be
protection set during flash memory programming. When this flag is set, the blocks of the
active boot cluster can neither be erased nor written. Boot cluster swapping is
impossible as well.
Note that only the blocks of the active boot cluster are protected. In the
example according to Figure 6-12 “Boot cluster swapping function” on
page 250, for instance, blocks 0 and 1 would be prohibited, while blocks 2 and
3 could still be erased and written.

Caution Once the boot cluster protection has been activated, it can never be
deactivated again.

For further information concerning flash memory protection flags refer to the
chapter “Code Protection and Security”.
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Table 6-10 Relation between boot block and boot swap cluster

Number Boot swap
of boot Boot
cluster ; - Boot cluster protection

blocks | " ." | Active boot swap cluster ¢>inactive boot swap cluster
BTBLS
004 to | Setting inhibited

03y
044to | 32 KB | 0000 0000y to 0000 7FFFy <>0000 8000, to 0000 FFFF, | Size: 32 KB

07y Address: | 0000 0000y to 0000 7FFFy
08y to 64 KB | 0000 0000y to 0000 FFFF, ¢>0001 00004 to 0001 FFFFy Size: 64 KB

0P Address: | 0000 0000, to 0000 FFFFy,
10, to | 128 KB | 0000 0000y to 0001 FFFFy «<>0002 0000, to 0003 FFFFy Size: 96 KB

17y Address: | 0000 0000y to 0001 7FFFy
18,t0 | 128 KB | 0000 0000y to 0001 FFFFy ¢>0002 0000, to 0003 FFFF, | Size: 128 KB

1Ry Address: | 0000 0000y to 0001 FFFFy
20y to | 256 KB | 0000 0000y to 0003 FFFF ¢>0004 00004 to 0007 FFFFy Size: 128 KB + (BTBLS - 1Fy) * 32 KB

3Fy Address: | 0000 0000, to

(128 KB + (BTBLS - 1Fy) * 32 KB)

404 to | Setting inhibited

FFy

Maximum boot The maximum boot cluster size is 256 KB. Thus code flash above 512 KB can
swap cluster not be subject to boot cluster swapping.
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Figure 6-12 “Boot cluster swapping function” on page 250 illustrates an
example with following settings:

* number of boot blocks: 2 (boot cluster contains 2 blocks), thus the active
boot cluster comprises

— if boot_flag: blocks 0 and 1

— if not(boot_flag): blocks 4 and 5
 active boot swap clusters comprises

— if boot_flag: blocks 0 to 3

— if not(boot_flag): blocks 4 to 7

last block last block
1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 1
block 8 block 8
T block7 [\ L ploc
. . N\,
'”ggg;’e block 6 block 2
—— — —_—— _\ —_— _”_ —_—
swap = A RN o
cluster  Mactve block 5 X block 1
block SN
cluster block 4 N NOoA block 0
-t e ¥
T block 3 AN TN block 7
AN
active block 2 N block 6
o N\
swap A A N
Cluster agél(\)/te block 1 . block 5
block AN
1 cluster block 0 o b block 4
00000000H .Y _ _ _ Y ___} |
boot_flag not(boot_flag)

Figure 6-12 Boot cluster swapping function
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6.5.5

Interrupt handling during flash Self-Programming

This microcontroller provides functions to maintain interrupt servicing during
the Self-Programming procedure.

Since neither the interrupt vector table nor the interrupt handler routines, which
are normally located in the flash memory, are accessible while Self-
Programming is active, interrupt acknowledges have to be re-routed to non-
flash memory, i.e. to the internal RAM.

Therefore two prerequisites are necessary to enable interrupt servicing during
Self-Programming:

The concerned interrupt handler routine needs to be copied to non-flash
memory, e.g. to the internal RAM. The user has to initiate this copy process.

The concerned interrupt acknowledge has to be re-routed to that handler.
Re-routing to the handler is done by use of the CPU registers SW_CFG/
SW_BASE respectively EH_CFG/EH_BASE. Refer to the “Microcontroller
Core Architecture User’s Manual” for further details about these CPU
registers.

Re-routing of the interrupt vectors offer two options:

All interrupt can be mapped to the single interrupt vector of interrupt
channel 0.

The base address of the interrupt vector table can be mapped to a different
address. In this case the offsets of the interrupt channels are added to the
new base address and the correct interrupt vector is obtained upon interrupt
acknowledgement.

It is recommended to refer to the User’'s Manual “<tbd>".
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Caution

6.6 Flash configuration options

The flash memory contains a configuration area that holds user specified data
for various purposes.

These flash configuration options become effective upon a release of an
external RESET, a Power-On-Clear reset POCRES or debugger reset DBRES,
thus determining initial settings of various modules.

If the flash memory is programmed during a debug session with the on-chip

debugger and any flash configuration options have been changed, a target
reset command has to be issued in order to make the new option settings

effective.

All flash configuration options can be read in all operation modes.

Modification of flash configuration options depend partly on the operation
mode, some can not be modified at all.
The following table summarizes all flash configuration options and about the
possibility to modify them in the different operation modes.

Table 6-11 Flash configuration options and setting

— Modification possible in mode
. as
Function configuration option Nyl Flash Serial- Flash Self- B
Programming | Programming

JTAG port group OPBTO0.0OPBTO[31] no yes yes yes
JPO control

VAC enable/ OPBTO0.0OPBTO0[26] no yes yes yes
disable of WDTA1

Automatic or S/IW OPBTO0.0OPBTO0[24] no yes yes yes
start of WDTAL

Enable/disable of OPBTO0.OPBTO[23] no yes yes yes
WDTAL

VAC enable/ OPBTO0.0PBTO0[22] no yes yes yes
disable of WDTAO

Automatic or S/IW OPBTO0.0OPBTO0[20] no yes yes yes
start of WDTAO

Enable/disable of OPBTO0.0OPBTO[19] no yes yes yes
WDTAO

Initial value of OPBTO0.0OPBT0[18:16] no yes yes yes
WDTARN count

clock
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6.6.1

Access

OPBTO - Flash configuration option register 0

In normal operation mode this register can be read in 32-bit units.
Writing to this register is only possible in flash programming and
self-programming mode.

Address FF47 000Cy
Initial Value User defined
31 30 0
OPBTO | OPBTO OPBTO OPBTO
[31] (30] [1] [0]
R R R R
Table 6-12 OPBTO register contents
; - . Connected to .
Bit position Bit name - Function
Module Signal
31 OPBTO[31] JTAG port OPJTAG Controls the functions of the JTAG port group
group JPO JPO:
0: JPO used for general purpose/alternative
functions ports
1: JPO used as JTAG ports
30to 27 OPBTO0[30:27] - - Reserved, set to “0”
26 OPBTO0[26] WDTA1 OPWDVAC | Enables/disables the Variable Activation Code
function (VAC) of WDTA1
0: VAC is disabled
1: VAC is enabled
25 OPBTO[25] - - Reserved, set to “0”
24 OPBTO0[24] WDTA1L OPWDRUN | Specifies the start mode of WDTA1:
0: Software trigger start mode
1: Automatic start mode
23 OPBTO0[23] OPWDEN Enables/disables WDTAL:
0: WDTAL is disabled
1: WDTAL1 is enabled
22 OPBTO0[22] WDTAO OPWDVAC | Enables/disables the Variable Activation Code
function (VAC) of WDTAO
0: VAC is disabled
1: VAC is enabled
21 OPBTO[21] - - Reserved, set to “0”
20 OPBTO0[20] WDTAO OPWDRUN | Specifies the start mode of WDTAO:
0: Software trigger start mode
1: Automatic start mode
19 OPBTO[19] OPWDEN Enables/disables WDTAO:
0: WDTAQO is disabled
1: WDTAQO is enabled
18to0 16 OPBTO0[18:16] WDTAO OPWDOVF | Specifies the reset value of the count clock
WDTA1 [2:0] WDTAO and WDTAL control bits
WDTANMD.WDTANOVF[2:0].
15to 0 OPBTO[15:0] - - Reserved, set to “0”
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Power domain
index m

Clock domain
index n

7.1

Features summary

Clock Controller

This chapter describes the Clock Controller functions of the V850E2/Fx4-G
microcontrollers.

The clock signals, their control registers, etc. follow a defined naming
convention, that reflects their membership to a certain power domain and clock
domain.

The index m is used to define the power area:
* m = 0: denotes the Isolated-Area-0 (Iso0)
* m = A: denotes the Always-On-Area (AWO)

The index n is used to define the clock domain.

* ng denotes the clock domain indices of Isolated-Area-0 clock domains

* np denotes the clock domain indices of Always-On-Area clock domains

Power domain Clock domains
Isolated-Area-0 ng= 00, 05, 06, 07, 11, 12, 16, 28, 29, 32, 33, 34
Always-On-Area | np = 02, 03, 05, 07

Examples:

The clock selector registers CKCS_0n select the clocks for the Isolated-Area-
0, which are named CKSCLK_0On.

The clock signal CKSCLK_A06 is the clock, supplied to the clock domain 06
(n = 06) on Always-On-Area (m = A). This clock is selected via the clock
selector register CKSC_AOQ6.

Clock Controller Overview

The Clock Controller has the following functions:

* three oscillators:
— Low Speed Internal Oscillator with a nominal frequency of 240 kHz
— High Speed Internal Oscillator with a nominal frequency of 8 MHz
— Main Oscillator 4 MHz to 20 MHz

* one PLL circuit: PLLO

» separate clock selector for each clock domain with individual stand-by
control

 three Clock Monitors (CLMAO, CLMA2, CLMA3)
— CLMAQO: supervision of MainOsc
— CLMAZ: supervision of High Speed IntOsc
— CLMAZ3: supervision of PLLO
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Note

Clock sources

For the specification of the clock generators frequencies, their tolerance and
other parameters, refer to the document Data Sheet .

The following table summarizes all clock sources and their typical respectivelly

overview maximum frequencies:
Table 7-1 V850E2/Fx4-G clock sources overview
Source Input Frequency
MainOsc external crystal nom. 4, 5, 6, 8, 10, 12, 16, 20 MHz
PLLO MainOsc ¢ V850E2/FF4-G: max. 64 MHz
¢ VB50E2/FG4-G: max. 64 MHz
Low Speed IntOsc - nom. 240 kHz
High Speed IntOsc - nom. 8 MHz

Clock Monitors
outputs

Table 7-2

The Clock Monitors are generating following output signals to indicate
abnormal clock frequencies of the supervised clock:

» CLMANRES: the reset ouputs can generate a reset

« INTCLMARN: the interrupt can generate

— an interrupt, if connected to the Interrupt Controller

— awake-up from stand-by mode, if connected to the Stand-by Controller
and if enabled as wake-up factor (refer to the chapter “Stand-by
Controller” for details).

CLMAnN output signals

CLMA CLMANRES connected to INTCLMAN connected to
CLMAO Reset Controller Interrupt Controller
Stand-by Controller
CLMA2 Reset Controller Stand-by Controller
CLMA3 Reset Controller Stand-by Controller
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The following figure shows the main components of the Clock Controller.

CKSCLK_0n, 1so0
clock domains

Clock
generators

f
|

Low Speed IntOsc Clock

X2 @ High Speed IntOsc selectors
e LA, AWO

clock domains

CLMAORES <+—

RL
INTCLMAO <~——

CLMA2RES <+—

RL
INTCLMA2 <—

CLMA3RES =—

RH

INTCLMA3 <—

Figure 7-1 Clock Controller overview
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7.2 General Description of Clock Generation and
Control

The Clock Controller generates a set of clock signals for each of the three
power domains

» CKSCLK_0n for clocks on the Isolated-Area-0 (Iso0)
* CKSCLK_An for clocks on the Always-On-Area (AWO).
Each clock sighal CKSCLK_mn supplies the clock for the clock domain “mn”.

Common to all clock domains of a certain power area is, that they can be
stopped all together in STOP stand-by mode, that requests the clocks of this
domain to be stopped.

The following diagram outlines the basic structure of the Clock Controller.

Reset Controller

PURES SYSRES
AWO clock generators Clock selectors 1500
e f { clock domains
ow Speed | ® OB CKSCLK_000
IntOsc Prescaler 7 Reset £
CKSCLK_001
; s00 O w0
Reset - oy CKCS_000
High Speed | ™ I 5 oscaler [0 1o
IntOsc 5
STPREQ CKCS_0n,
| 1 CKSCLK_0n, —
© STPREQ
X1 Reset f
MainOsc 4 1
XZ@—’ START  STPREQ
f AWO
{ clock domains
CKSCLK_A00
CKSCLK_A01
awo | CKSCLLAT,
CKCS_A00
I1so0 clock generator to
| CKCS_An,
Reset foro forXoro CKSCLK_An,
PLLO Prescaler —~ STPREQ > _Oma'"— SOA_N,
STPREQ 1
STPREQ WUOSCSTA DPSTPWU
Stand-by Controller
Figure 7-2 Clock Controller structure
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The Clock Controller provides

» a set of different clock generators, that generate clocks in different
frequency ranges

» aset of clock selectors, that allow to select a clock, or fractions thereof, from
the clock generators to supply all clock domains on the three power
domains.

The clock generators as well as the selectors are controlled by Reset and
Stand-by Controller signals:

» Reset Controller signals

— PURES: power-up reset signal (Power-On-Clear POCRES or Debugger
DBRES reset), which is asserted during power-up of the microcontroller

— SYSRES: system reset signal, which is asserted by any internal and
external reset source, including PURES

For detailed information about the Reset Controller signals, refer to the
chapter “Reset Controller”.

» Stand-by Controller signals

— STPREQ: Isolated Area-0 stop request signal
STPREQ is asserted, when the microcontroller enters an Isolated-Area-0
stand-by mode and is used to stop the clock generators and the Isolated-
Area-0 and Always-On-Area domain clocks via the clock selectors
CKSC_0ng and CKSC_Anp.

— DPSTPWU: Isolated Area-0 DEEPSTOP wake-up signal
DPSTPWU is asserted, when the microcontroller wakes up from
DEEPSTOP mode and is used to reset the Isolated-Area-0 clock
selectors.

— WUOSCSTA: Wake-up oscillator start signal
WUOSCSTA can optionally be asserted, when the MainOsc shall start
operation upon wake-up from a stand-by mode. The generation of
WUOSCSTA is controlled by a register of the Stand-by Controller.

For detailed information about the Stand-by Controller signals, refer to the
chapter “Stand-by Controller (STBC)”.

Common to all clock generators and clock domains of a certain power domain
is, that they can be stopped all together in STOP stand-by mode.

The Stand-by Controller issues the signal STPREQ stop request to the
generators and selectors. However all clock generators and most of the
domain clock selectors allow to mask the stop request in order to continue
clock output to the concerned clock domain also in stand-by mode.

Since the Isolated-Area-0 clock selectors reside on the Isolated-Area-0 power
domain, and thus their power supply are switched off in DEEPSTOP mode, the
clock selectors are reset upon DEEPSTOP wake-up. So they have to be
completely re-initialized afterwards.
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The following figure shows the reset and stop request signals wiring of the
clock generators and selectors.

Stand-by Controller

STPREQ_0 WUOSCSTA DPSTPWU_0
AWO
Low Speed
IntOsc
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4 IntOsc = E E @ = CKSC_0n, 4 <
ROSCESTPMK STPMK_On,
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I : o 5 [—e AWO
@ MainOsc ¢ 5H
['4 =
» o
D & AWO clock selectors E
MOSCESTPMK E c % CKSC_An, g
STPMK_An,
Iso0
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[m w k<]
['4
@ PLLO £ g b
@ %)
PLLEOSTPMK
PURES SYSRES

Reset Controller

Figure 7-3 Clock Controller stand-by mode and reset signals
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The Clock Controller consists of two main parts.

7.2.1 Clock generators
Four clock generators are provided:
» Low Speed Internal Oscillator (Low Speed IntOsc)
This oscillator starts operation after power up and can not be stopped,
hence it is always operating. It generates the clock fg, with a nominal
frequency of 240 KHz.
It does not require any external components.
» High Speed Internal Oscillator (High Speed IntOsc)
The High Speed IntOsc generates a clock with the nominal frequency of
8 MHz without any external components.
e Main Oscillator (MainOsc)
The MainOsc output clock fy is the main system root clock, as fy is input to
the PLLs. The MainOsc operates with an external resonator (X1, X2).
e PLLO
The PLLO circuit generate the high speed operation clock fp o for normal
operation of the microcontroller.
The Low Speed IntOsc, High Speed IntOsc and MainOsc oscillators are
located on the Always-On-Area, while the PLLO resides on the Isolated-Area-
0. Thus in DEEPSTOP stand-by mode PLLO is switched off.
It is optionally possible to individually disable the generators (except the Low
Speed IntOsc) in STOP stand-by mode.
The output clocks of the clock generators, except of the MainOsc fy, are input
to prescalers, which provide different fractions of these clocks.
Note that the prescalers for all clocks have different division factors.
(1) Automatic start of the MainOsc after stand-by wake-up
The MainOsc can be automatically started upon stand-by mode wake-up,
independent of their status before stand-by.
Refer to the “Wake-up” section in the chapter “Stand-by Controller (STBC)” for
details about this feature.
(2) Clock generators reset
The MainOsc and High Speed IntOsc clock generators are only reset by the
power-up reset PURES (Power-On-Clear reset POCRES or Debugger reset
DBRES).
Thus any internal reset neither stops these clock generators nor changes their
configuration. Consequently the microcontroller start-up time after release from
an internal reset is minimum, because the clock generator’s stabilization times
have not to be regarded.
The PLLO is reset by all internal and external reset sources via SYSRES.
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3

4

Notes

71.2.2

STOP stand-by mode request

The Stand-by Controller signal STPREQ is asserted upon entering Isolated-
Area-0 STOP mode and is applied to the stop requests STPREQ of the
MainOsc, High Speed IntOsc and PLLO.

STPREQ can be individually masked by the respective clock generator control
register:

» MainOsc: MOSCE.MOSCESTPMK = 0:
STPRQ is not masked, thus fy is stopped, if STPRQ is asserted

» High Speed IntOsc: ROSCE.ROSCESTPMK = 0:
STPRQ is not masked, thus fry is stopped, if STPRQ is asserted

* PLLO: PLLEO.PLLEOSTPMK = 0:
STPRQ is not masked, thus fp| g is stopped, if STPRQ is asserted

If the stop request is not masked, i.e. the clock generator is stopped during
stand-by mode, it automatically restarts operation after wake-up from stand-by
mode, provided it was operating before stand-by mode entry.

If the clock generator was stopped before stand-by mode, it remains stopped.
However the MainOsc can be started after wake-up, even if they were not
operating before stand-by. Refer to the section 1 “Automatic start of the
MainOsc after stand-by wake-up” on page 260 above.

If the stop request is masked, the clock generator’s status is not changed
during stand-by mode.

DEEPSTOP stand-by mode

A DEEPSTOP stand-by mode asserts also the STPREQ_O0 signal and impacts
the clock generators in the same way like STOP stand-by mode.

Since the power supplies of the Isolated-Area-0 is switched off in DEEPSTOP
stand-by mode, the PLLO clock fp| o Stops operation.

Atfter release from DEEPSTOP mode the PLLO control registers take on their
reset state and the PLLO circuit has to be completely re-initialized.

1. Referto 7.3 “Clock Generators” on page 263 for a detailed description of
the clock generators.

2. For the specification of the clock generators frequencies, their tolerance
and other parameters, refer to the document Data Sheet.

Clock selectors

The clocks, generated by the clock generators, are input to the clock selectors
CKSC_mn. A separate clock selector register CKSC_mn is provided for each
clock domain.

Note that not all available clocks from the clock generators are input to each
clock selector.

The two sets of clock selector registers are dedicated to the clock domains on
one of the two power domains:

* ng registers CKSC_000 to CKSC_0ng for clock domains on the Isolated-
Area-0.
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1)

@)

Note

®)

Note

* np registers CKSC_A00 to CKSC_Any for clock domains on the Always-On-
Area

By use of a clock selector register CKSC_mn one of its input clocks is selected
as the clock CKSCLK_mn.

The clock selectors CKSCLK_mn, selecting the clock domain clocks for power
domain m, are also located on the same power domain.

Clock selectors reset

The clock selectors are reset by the SYSRES signal, which is asserted by any
microcontroller internal or external reset. Hence after any reset the supply of
all clock domains are set to their default configuration.

Additionally the clock selectors located on the Isolated-Area-0 power domain
are reset if Isolated-Area-0 is woken up from DEEPSTOP mode.

STOP stand-by mode request

The stop request for the Always-On-Area and Isolated-Area-0 is issued by the
Stand-by Controller by asserting any of the stop request signals STPREQ
upon entering STOP mode.

The stop request, supplied to all clock selectors, can be individually masked by
the clock selector register CKSC_mn:

e CKSC_mn.STPMK_mn =0:
STPREQ is not masked, thus CLSCLK_mn is stopped, if STPREQ is
asserted

e CKSC_mn.STPMK_mn = 1:
STPREQ is masked, thus CLSCLK_mn remains in operation, even if
STPREQ is asserted

Not all clock selectors CKSC_mn provide the stop mask function. These clock
domains remain in operation during STOP mode. Refer to the section “Clock
Selection” below in this chapter for details about each clock selector.

DEEPSTOP stand-by mode

In a DEEPSTOP stand-by mode the power supply of the Isolated-Area-0 is
switched off.

Since the clock selectors CKSC_0ng reside on the Isolated-Area-0 power
domain, they are switched off as well in DEEPSTOP mode.

Upon wake-up they receive the reset signal DPSTPWU, and are in their
default - i.e. reset - state after DEEPSTOP wake-up. Consequently the
CKSC_0nq clock selectors have to be completely re-initialized.

Refer to 7.6 “Clock Selection” on page 1 for a detailed description of the clock
selectors.
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7.3 Clock Generators

7.3.1 Main Oscillator (MainOsc) clock generator

The Main Oscillator generates the clock fy, which is supplied to the clock
domain clock selectors CKSC_mn. fy is also used as the PLL input clock
PLLCLKIN.

The diagram below shows the basic structure and signals of the MainOsc
clock generator.

WUOSCSTA
Stand-by
Controller
STPREQ STBC
fF?L
ROSCS.
ROSCSCLKEN
MainOsc controller CLMATSMP
MOSCS =

8 MHz High Speed N CLKACT £ Clock Monitor

IntOsc f,,, — 7| OSCSTCLK MainOsc stabilization z CLMAO

240 kHz Low Speed o counter o
IntOsc f, — | CLMATMON
MOSCE
ENTRG/DISTRG
MOSCS
CLKSTAB
. X

MainOsc —— " |* Clock
f/1 selectors
x2 (OF——— 0— CKSC_mn

PURES \ PLLCLKIN

Figure 7-4 Main Oscillator clock generator
After release of the power-up reset PURES the MainOsc is disabled.

Note During assertion of the external RESET the MainOsc is always operating with
its maximum amplification gain.
Refer to the descrition of the external RESET in the “Reset Controller” chapter
for details.
All other resets except PURES and RESET do not affect the MainOsc.

MainOsc The MainOsc can be enabled and disabled and its status can be checked:

enable/disable enable trigger: MOSCE.MOSCEENTRG =1,
enabled status: MOSCS.MOSCSCLKEN =1

 disable trigger: MOSCE.MOSCEDISTRG =1
disabled status: MOSCS.MOSCSCLKEN =0

MainOsc The MainOsc stabilization counter starts counting down the stabilization time.
stabilization  During count down the MOSCSCLKSTAB signal disables the fy output to the

MainOsc prescaler.
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Short stabilization
time mode

Note

STOP stand-by
mode requests

If the stabilization counter has reached the stabilization count value, as defined
in MOSCST.MOST(3:0], fx is judged as stable and change of the
MOSCSCLKSTAB signal inputs fy to the prescaler. This status is indicated by
the bit MOSCS.MOSCSCLKSTAB = 1.

The active fy clock at the clock selectors CKSC_mn is indicated by
MOSCS.MOSCSCLKACT =1.

The stabilization counter clock OSCSTCLK is selected from two sources:

* OSCSTCLK = 8 MHz High Speed IntOsc clock fry, if this oscillator is
operating (ROSCS.ROSCSCLKEN = 1)

* OSCSTCLK =240 kHz Low Speed IntOsc clock fr, if the High Speed
IntOsc is disabled (ROSCS.ROSCSCLKEN = 0)

The stabilization counter clock source is selected automatically by the High
Speed IntOsc operation status.

MOSCST.MOST[3:0] determines the number of OSCSTCLK periods as the

MainOsc stabilization time, which can be specified in the range of 22 to 217
OSCSTCLK periods.

If the MainOsc has been stopped during stand-by mode (refer to the “STOP
stand-by mode request” below) and is restarted after wake-up, the stabilization
time - and so the wake-up time - can be shortened by selecting the short
stabilization time mode (MOSCC.MOSCCSHTSTBY = 1). This sets the
amplification gain of the MainOsc circuit to maximum.

Note that selection of the amplication gain by MOSCC.MOSCCSHTSTBY has
only effect during the MainOsc stabilization. If the MainOsc is stable normal
amplification gain is used.

Make sure to use the fy clock only if MOSCS.MOSCSCLKACT =1.

By use of the STPREQ signal the Stand-by Controller indicates stand-by status
of the Isolated-Area-0 and the Always-On-Area. The stop request mask bit
MOSCE.MOSCESTPMK controls whether the MainOsc is stopped during
stand-by or continues operation.

If the MainOsc is stopped during stand-by (MOSCE.MOSCESTPMK = 0), it is
automatically re-started upon wake-up from stand-by mode, provided it was
operating before stand-by mode entry.

If the MainOsc was stopped before stand-by mode, it remains stopped.

Note The MainOsc can also be activated after stand-by wake-up, independent of its
status before stand-by mode, via the wake-up oscillator start signal
WUOSCSTA. Generation of WUOSCSTA is controlled by the oscillator wake-
up mask register OSCWUFMSK. Refer to section “Wake-up” in the chapter
“Stand-by Controller (STBC)” for details.
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Clock Monitor  The MainOsc activity flag MOSCS.MOSCSCLKACT is output to the Clock
control  Monitor CLMAO to control its operation. In case the MainOsc is inactive,
supervision of its output clock fy by CLMAQO is also deactivated.

The table below summarizes the different conditions for the Clock Monitor
control.

Table 7-3 Clock Monitor 0 status control

MainOsc enable status MainOsc stand-by control MainOsc stand-by status
CLMAO status
MOSCSCLKEN MOSCESTPMK STPREQ MOSCSCLKACT
0 X X 0 stopped
1 0 0 1 active
1 0 stopped
1 X 1 active

MainOsc enable/ The MainOsc can be enabled and disabled by the enable and disable trigger
disable trigger control bits:

» enable trigger MOSCE.MOSCEENTRG = 1 starts the MainOsc
Note that setting the enable trigger is only effective if the MainOsc is
inactive, i.e. if MOSCS.MOSCSCLKACT = 0.

 disable trigger MOSCE.MOSCEDISTRG = 1 stops the MainOsc
Note that setting the disable trigger is only effective if the MainOsc is active,
i.e. if MOSCS.MOSCSCLKACT = 1.
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Figure 7-5 Low Speed Internal Oscillator clock generator

7.3.2 Low Speed Internal Oscillator (Low Speed IntOsc) clock

generator

The Low Speed Internal Oscillator generates the clock fg, , which is supplied to

the clock domain clock selectors CKSC_mn. fz; has a nominal frequency of

240 KHz.

The diagram below shows the basic structure and signals of the Low Speed

IntOsc clock generator.

Low
Speed
IntOsc

Clock Monitors

CLMAnN

CLMATSMP

RL

After reset release the Low Speed IntOsc starts operation. It can not be

stopped.

The Low Speed IntOsc clock fg| is used as the sampling clock for Clock

Monitors CMLAO and CLMAZ2.

Low
Speed
IntOsc

Prescaler

f /3

Clock
selectors
CKSC_mn
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7.3.3 High Speed Internal Oscillator (High Speed IntOsc) clock
generator

The High Speed Internal Oscillator generates the clock fry, which is supplied
to the clock domain clock selectors CKSC_mn. fgy has a nominal frequency of
8 MHz.

The diagram below shows the basic structure and signals of the High Speed
IntOsc clock generator.

STPREQ Stand-by
Controller
STBC
fIL
High Speed IntOsc controller CLMATSMP
ROSCS z )
CLKACT K Clock Monitor
240 kHz Low Speed OSCSTCLK High Speed IntOsc = CLMA2
IntOsc f stabilization counter ©
CLMATMON
ROSCE
ENTRG/DISTRG
ROSCS
CLKSTAB
o foll
ig f High f /2
Speed — Speed " Clock
fenl4 selectors
IntOsc “gr o IntOsc t /8 CKSC mn
Prescaler RH -
f/32
PURES ‘

Figure 7-6 High Speed Internal Oscillator clock generator
After PURES release the High Speed IntOsc starts operation.

Note All other resets except PURES do not affect the High Speed IntOsc.

High Speed IntOsc  The High Speed IntOsc can be enabled and disabled and its status can be
enable/disable checked:

» enable trigger: ROSCE.ROSCEENTRG =1,
enabled status: ROSCS.ROSCSCLKEN =1

» disable trigger: ROSCE.ROSCEDISTRG =1
disabled status: ROSCS.ROSCSCLKEN =0
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Caution

High Speed IntOsc
stabilization

Note

Stand-by mode

Pay attention to clock domains, which are using the High Speed IntOsc clock
as source via the clock selectors CKSC_mn, when disabling fgy by

ROSCE.ROSCEDISTRG = 1.

In particular all resets set all clock selectors CKSCLK_mn to their default
selection, but only the PURES enables the High Speed IntOsc.

As a consequence all PBUS clocks PCLK will not operate after a reset - except
PURES -, since the High Speed IntOsc is selected as their clock source, but
the High Speed IntOsc is not enabled.

The High Speed IntOsc stabilization counter starts counting down the
stabilization time.

As long as the High Speed IntOsc is not stable, the CLKSEL signal disables
the fry output to the MainOsc prescaler.

If the High Speed IntOsc stabilization counter has counted four periods of its
input clock OSCSTCLK, fry is judged as stable and change of CLKSEL inputs

fry to the prescaler, thus all prescaler outputs are available for the clock

selectors CKSCmn.
The fry clock stable status is indicated by the bit

ROSCS.ROSCSCLKSTAB =1 and its activation by
ROSCS.ROSCSCLKACT = 1.

The stabilization counter clock OSCSTCLK is the 240 kHz Low Speed IntOsc
clock fgy .

Make sure to use the fry clock only if ROSCS.ROSCSCLKACT = 1.

By use of the STPREQ signal the Stand-by Controller indicates stand-by status

requests of the Isolated-Area-0 and the Always-On-Area. The stop request mask bit

ROSCE.ROSCESTPMK controls whether the High Speed IntOsc is stopped
during stand-by or continues operation.
If the High Speed IntOsc is stopped during stand-by
(ROSCE.ROSCESTPMK = 0), itis automatically re-started upon wake-up from
stand-by mode, provided it was operating before stand-by mode entry.
If the High Speed IntOsc was stopped before stand-by mode, it remains
stopped.
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Clock Monitor  The High Speed IntOsc activity flag ROSCS.ROSCSCLKACT is output to the
control  Clock Monitor CLMAZ to control its operation. In case the High Speed IntOsc is
inactive, supervision of its output clock fry by CLMAZ is also deactivated.

The table below summarizes the different conditions for the Clock Monitor
control.

Table 7-4 Clock Monitor 2 status control

High Speed IntOsc High Speed IntOsc High Speed IntOsc
enable status stand-by control stand-by status CLMAZ2 status
ROSCSCLKEN ROSCESTPMK STPREQ ROSCSCLKACT
0 X X 0 stopped
1 0 0 1 active
1 0 stopped
1 X 1 active

The High Speed IntOsc clock fry is used as the sampling clock for Clock
Monitor CMLA3.

High Speed IntOsc  The High Speed IntOsc can be enabled and disabled by the enable and
enable/disable disable trigger control bits:

trigger enable trigger ROSCE.ROSCEENTRG = 1 starts the High Speed IntOsc
Note that setting the enable trigger is only effective if the High Speed IntOsc
is inactive, i.e. if ROSCS.ROSCSCLKACT =0.

+ disable trigger ROSCE.ROSCEDISTRG = 1 stops the High Speed IntOsc
Note that setting the disable trigger is only effective if the High Speed IntOsc
is active, i.e. if ROSCS.ROSCSCLKACT = 1.
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7.3.4 Phase-Locked Loop (PLL) clock generators

The Main Oscillator clock fy is input to the Phase-Locked Loops clock
generator PLLO. The PLLO output clock fp| g is a multiple of fy and serve as the
main operation clocks for the microcontroller.

The diagram below shows the basic structure and signals of the PLLO clock
generator.

STPREQ Stand-by
Controller
STBC
f
ROSCS. s
ROSCSCLOEN l
PLLO controller CLMATSMP
PLLOS z
8 MHz High Speed N\ CLOACT E Clock Monitor
IntOsc f,,, ’ OSCSTCLO PLLO stabilization S CLMA3
240 0Hz Low Speed counter o
IntOsc f, y CLMATMON
PLLEO
ENTRG I
PLLSO
CLOSTAB fooll
fFLO f /2
for Clock
o PLLO [ PLLO selectors
- X Prescaler t.ja CKSC_mn
fPLU/8
SYSRES ‘
Figure 7-7 PLLO clock generator
After power-up of the microcontroller the PLLO are disabled.
Note All resets (SYSRES) stop the PLLO.
PLLO The PLLO can be enabled and disabled and its status can be checked:

enable/disable

PLLO stabilization

* enable trigger: PLLEO.PLLEOENTRG =1,
enabled status: PLLSO.PLLSOCLKEN =1 =1

+ disable trigger: PLLEO.PLLEODISTRG =1
disabled status: PLLSO.PLLSOCLKEN =1=0

The PLLO stabilization counter starts counting down the stabilization time.

As long as the PLLO is not stable, the CLKSEL signal disables the fp| o output
to the PLLO prescaler.

If the PLLO stabilization counter has reached the value, defined by
PLLSTO.PLLSTO[2:0], fp_ g is judged as stable and change of CLKSEL inputs
fx to the prescaler, thus all prescaler outputs are available for the clock
selectors CKSC_mn.

The fp g clock stable status is indicated by the bit

PLLSO0.PLLSOCLKSTABEK = 1 and its activation by PLLSO.PLLSOCLKACT = 1.
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Note

Stand-by mode
requests

Clock Monitor

The stabilization counter clock OSCSTCLK is selected from two sources:

* OSCSTCLK = 8 MHz High Speed IntOsc clock fry, if this oscillator is
operating (ROSCS.ROSCSCLKEN = 1)

* OSCSTCLK =240 kHz Low Speed IntOsc clock fg, if the High Speed
IntOsc is disabled (ROSCS.ROSCSCLKEN = 0)

The stabilization counter clock source is selected automatically by the High
Speed IntOsc operation status.

PLLSTO.PLLSTOK[2:0] determines the number of OSCSTCLK periods as the

PLLO stabilization time, which can be specified in the range of 27 to 214
OSCSTCLK periods.

Make sure to use the fp| g clock only if PLLSO.PLLSOCLKACT = 1.

By use of the STPREQ signal the Stand-by Controller indicates stand-by status
of the Isolated-Area-0 and the Always-On-Area. The stop request mask bit
PLLEO.PLLEOSTPMK controls whether the PLLO is stopped during stand-by or
continues operation.

If the PLLO is stopped during stand-by (PLLEO.PLLEOSTPMK = 0), it is
automatically re-started upon wake-up from stand-by mode, provided it was
operating before stand-by mode entry.

If the PLLO was stopped before stand-by mode, it remains stopped.

The PLLO activity signal CLKACT is output to the Clock Monitor CLMAS3 to

control control its operation. In case the PLLO is inactive, supervision of its output
clock fp g by CLMAS is also deactivated.
The table below summarizes the different conditions for the Clock Monitor
control.
Table 7-5 Clock Monitor 3 status control
PLLO PLLO PLLO
enable status stand-by control stand-by status CLMAS3 status
PLLSOCLKEN PLLEOSTPMK STPREQ PLLSOCLKACT
0 X X 0 stopped
1 0 0 1 active
1 0 stopped
1 X 1 active

PLLO enable/disable

The PLLO can be enabled and disabled by the enable and disable trigger

trigger control bits:

» enable trigger PLLEO.PLLEOENTRG = 1 starts the PLLO
Note that setting the enable trigger is only effective if the PLLO is inactive,
i.e. if PLLSO.PLLSOCLKACT =0.

 disable trigger PLLEO.PLLEODISTRG = 1 stops the PLLO
Note that setting the disable trigger is only effective if the PLLO is active, i.e.
if PLLSO.PLLSOCLKACT = 1.
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)

Figure 7-8

fpLo

PLL parameters

PLLCO.
fx - fVCOOUT
PLL &VCO 1/Pr
PLLCO.
1/Nr PLLCOP[1:0]
PLLCO.
PLLCON[6:0]
PLLO circuit

The frequency fp g is calculated as follows:

Nr

fero = fx* b,

The values Nr, Mr and Pr are derived from PLLCO register bits:

* Nr=PLLCO.PLLCON[4:0] +1
» Pris determined by PLLCO.PLLCOP[1:0] according to the following table:

The PLL is configured by a set of parameters, derived from the control register

PLO

PLLCO.PLLCOP[1:0] Pr PLL output frequency fp o range
105 40 MHz to 64 MHz
115 4 20 MHz to 32 MHz
Oxg setting prohibited
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7.4

1)

m =0:

Isolated-Area-0

m=A:

Always-On-Area

@)

Clock ID

Note

Default clock

Clock Selection

This section specifies all clock selection options for all clock domain on the
three power areas of the V850E2/Fx4-G products.

The names of clock selector control and status registers are using two indices
to identify the power domain and the clock domain:
Clock selectors indices

The clock selectors CKSC_0n control the CKSCLK_0n clocks of any clock
domain within Isolated-Area-0.

The clock selectors CKSC_An controls the clock of any CKSCLK_An clocks
domain within the Always-On-Area.

For each clock selector register a separate table is provided that informs about
 the power and the clock domain

« the clock selector register name, its address and initial value

» the domain clock name

« the clock selection options, their ID and - if applicable - clock limitations

« the availability of the clock stop mask bit CKSC_mn.STPMK_mn, that allows
to determine the domain clock operation during STOP stand-by mode.

Clock ID and default clock selection

Each input clock to a clock selector CKSC_mn is identified by a unique ID.
This ID has to be written to the clock selector register CKSC_mn to select the
clock.

The ID must be written to the bits CKSC_mn.CKSCID_mn[30:0], which are

located in the CKSC_mn register bits 31 to 1. Thus to select the ID clock
CKSC_mn=2xID

must be written.

For details refer to the description of the CKSC_mn register in the section
“Clock Controller Registers” of this chapter.

In the clock selection tables of the following section the default clock selection
is emphasized in bold.

(3) Clock STOP mode
In STOP stand-by mode the clock output of the clock selector may be
optionally stopped by setting the clock selection register bit
CKSC_mn.STPMK_mn = 0. If
e STPMK_mn: available
Clock CKSCLK_mn operation in STOP mode can be selected:
— if CKSC_mn.STPMK_mn = 0: CKSCLK_mn is stopped in STOP mode
— if CKSC_mn.STPMK_mn = 1: CKSCLK_mn continues in STOP mode
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4

Caution

Legal ID

Caution

lllegal ID

» STPMK_mn: not available, no STOP

CKSC_mn.STPMK_mn is not available (STPMK_mn is fixed to 0).
The clock CKSCLK_mn can not be stopped in STOP mode.

« STPMK_mn: not available, always STOP

CKSC_mn.STPMK_mn is not available (STPMK_mn is fixed to 0).
The clock CKSCLK_mn is always stopped in STOP mode.

Clock switching

When changing the clock selection for a clock domain from one clock to
another, make sure that both clocks are operating.

When changing the source of a domain clock CKSCLK _mn by writing to the
respective clock selector register CKSC_mn proceed as follows:

1. Write the ID of the new clock source:
— CKSC_mn.CKSCID_mn = new_ID

2. Wait the time, as specified below under the key word “Clock switching
timing”, before checking the status of the clock selector ID change in the
next step.

3. Check that the domain clock CKSCLK_nm has changed to the new clock
source, indicated by

— CSCSTAT_mn.CLKSELID_mn[30:0] = new_ID
— CSCSTAT_mn.CLKACT_mn =1 (new clock active)

Make sure that no accesses (by the CPU, DMA, etc.) to modules, supplied by
the domain clock to be changed, are performed before activation of the
new_|ID is confirmed by CSCSTAT _mn.CLKACT _mn =1.

If an illegal clock source ID, i.e. an ID not permitted for a certain clock domain
m_n, is written to CKSC_mn.CKSCID_mn, the clock selector behaves as
follows:

* clock source ID 00004 (no clock selected) is a legal selection

— illegal clock ID is not accepted, instead clock ID 0000 is selected, thus
the domain clock CKSCLK_mn is stopped

— clock selector control register shows the illegal_ID:
CKSC_mn.CKSCID = illegal_ID

— clock selector status register shows ID 0000y as inactive:
CSCSTAT_mn.CLKSELID_mn[30:0] = 00004
CSCSTAT_mn.CLKACT_mn =0

RO1UHO0366EJ0100 Rev. 1.00 RENESAS 274
Feb 28, 2013



Chapter 7

Clock Controller

Clock switching

* clock source ID 0000y (no clock selected) is not a legal selection

— illegal clock ID is not accepted and the old clock ID remains valid, thus
the domain clock CKSCLK_mn does not change

— clock selector control register shows the old ID:
CKSC_mn.CKSCID = old_ID

— clock selector status register shows the old ID as active:
CSCSTAT_mn.CLKSELID_mn[30:0] = old_ID
CSCSTAT_mn.CLKACT _mn=1

The time between writing an ID to a clock selector control register CKSC_mn

timing  (for mn = 000) until the status can be evaluated via the content of its status
register CSCSTAT_mn is calculated as follows:
Conditions: new_|D = 0000y, old_ID = 0000y, new_ID = old_ID
« if the High Speed IntOsc is active (ROSCS.ROSCSCLKEN = 1):
13/ fru *+ 3/ foig 1D + 3/ frew 1D
« if the High Speed IntOsc is inactive (ROSCS.ROSCSCLKEN = 0):
13 /frL + 3 /foid 10 + 3/ frew 1D
with
fRH =  frequency of the High Speed IntOsc (hom. 8 MHz)
frL =  frequency of the Low Speed IntOsc (nom. 240 kHz)
fog b =  frequency of the old_ID clock source
frew b =  frequency of the new_ID clock source
ID = 0000y
If the old_ID = 0000y or new_ID = 0000y, i.e. no clock selected, the respective
summand (3/fnew_ip) OF (3/fnew iD), respectively, becomes 0 (f — oo in above
formulas).
new_ID =old_ID
If new_ID = old_ID the clock switching time becomes 0.
Clock switching time for CKSCLK_000 (CPUCLK) domain clock
If the CPU clock CPUCLK (domain clock CKSCLK_000) is changed, the CPU
operation stalls during the change of the clock.
The CPU stall time can be calculated as follows:
Conditions: new_ID = old_ID
« if the High Speed IntOsc is active (ROSCS.ROSCSCLKEN =1):
4/ frr *+ 3/ frew D
« if the High Speed IntOsc is inactive (ROSCS.ROSCSCLKEN = 0):
4/fr + 3/ fhew ID
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7.4.1 Clock domains of Always-On-Area

(1) Clock domain AWO_2
Clock selector control register: CKSC_A02 Power domain: Always—On-Area
Address: FF42 20204 Clock domain: AWO_2
Initial value: 0000 000Ey STPMK_A02: available

Clock source
1D

Clock source

Clock limitation

Domain clock | Module: clock

0001y Low Speed IntOsc [240 kHz] / 1
00074 High Speed IntOsc [8 MHz] / 1
00084 High Speed IntOsc [8 MHZz] / 2
0009y High Speed IntOsc [8 MHz] / 4
000AH High Speed IntOsc [8 MHz] / 8
00144 PLLO/1

00154 PLLO/2

0017y PLLO/4

001AH PLLO/8

00004 No clock selected, domain clock

is stopped

others than
above

Setting prohibited

<48 MHz

WDTAO: PCLK
CLMAQ: PCLK
CLMA2: PCLK
KRO: PCLK

AWO port control
and filters: PCLK?

CKSCLK_A02

a) Domain clock CKSCLK_AO02 supplies the port control and filter modules of the Always-On-Area, i.e. for port
groups PO, JPO.

(2) Clock domain AWO_3

Clock selector control register: CKSC_A03 Power domain: Always—On-Area
Address: FF42 20304 Clock domain: AWO_3
Initial value: 0000 O00Ey STPMK_AO03: available
%OCk source Clock source ﬁ::r?if;tion Domain clock | Module: clock
00014 Low Speed IntOsc [240 kHz] / 1 <48 MHz CKSCLK_A03 TAUJO: PCLK
0007y High Speed IntOsc [8 MHz] / 1
000CH MainOsc
0014y PLLO/1
00154 PLLO/2
0017 PLLO/ 4
001A4 PLLO/8
00004 No clock selected, domain clock is

stopped
others than Setting prohibited
above
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(8) Clock domain AWO_5

Clock selector control register: CKSC_AQ05

Power domain:

Always—On-Area

Address: FF42 20504 Clock domain: AWO_5

Initial value: 0000 000Ey STPMK_AO05: available

I%IOCk source Clock source I(i:rlr?i(t::tion Domain clock | Module: clock
0007y High Speed IntOsc [8 MHz] / 1 <40 MHz CKSCLK_AO05 BURAM: PCLK
0014y PLLO/1

0015 PLLO/2

0017y PLLO/ 4

001Ay PLLO/8

others than Setting prohibited

above

(4) Clock domain AWO _7

Clock selector control register: CKSC_AO07 Power domain: Always—On-Area
Address: FF42 20704 Clock domain: AWO_7
Initial value: 0000 0006 STPMK_AOQ7: available
%OCk SOUTCe | clock source ﬁ::r?if;tion Domain clock | Module: clock
00014 Low Speed IntOsc [240 kHz] / 1 - CKSCLK_AO07 WDTAO: WDTACKI
00034 Low Speed IntOsc [240 kHz] / 4
00054 Low Speed IntOsc [240 kHz] / 512
others than Setting prohibited
above
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7.4.2 Clock domains of Isolated-Area-0

(1) Clock domain ISO0_0

Clock selector control register: CKSC_000

Power domain:

Isolated-Area-0

Address: FF42 60004 Clock domain: [SO0_0

Initial value: 0000 0074y STPMK_000: not available, always STOP
Clogls Soee Clock source (_:Io.ck. Domain clock | Module: clock
ID limitation

00084 High Speed IntOsc [8 MHZz] / 2
0009y High Speed IntOsc [8 MHz] / 4
000A, High Speed IntOsc [8 MHz] / 8
000By High Speed IntOsc [8 MHz] / 32
000CH MainOsc

00144 PLLO/1

00154 PLLO/2

0017y PLLO/ 4

001AH PLLO/8

003A4 High Speed IntOsc [8 MHZz]

(Low Speed IntOsc [240 kHz])?

others than
above

Setting prohibited

CKSCLK_000

CPU Subsystem:
CPUCLK

a) If the High Speed IntOsc is disabled, the Low Speed IntOsc is automatically selected.

(2) Clock domain ISO0_1

Clock selector control register: —

Power domain:

Isolated-Area-0

Address: - Clock domain: 1S00_1

Initial value: - STPMK_001: -

Cluz soLree Clock source C':Io.ck. Domain clock | Module: clock
ID limitation

CKSCLK_000: CPU system clock
CPUCLK /2

CKSCLK_001

WDTAL: PCLK
CLMA3: PCLK
I1so0 port control
and filters: PCLK?

a) Domain clock CKSCLK_001 supplies the port control and filter modules of the Isolated-Area-0, i.e. for port
groups P1, P3, P4, P10, P27.

CKSCLK_001 has no clock selector, but is supplied by the half of the CPU
system clock CPUCLK (CPUCLK / 2 = CKSCLK_000/ 2).
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(8) Clock domain ISO0_6

Clock selector control register: CKSC_006

Power domain:

Isolated-Area-0

stopped

others than
above

Setting prohibited

Address: FF42 6060 Clock domain: ISO0_6

Initial value: 0000 000Ey STPMK_006: available

I%IOCk source Clock source I(i:rlr?i(t::tion Domain clock | Module: clock
0007y High Speed IntOsc [8 MHZz] / 1 <48 MHz CKSCLK_006 TAUBO: PCLK
000CH MainOsc

00144 PLLO/1

0015y PLLO/2

00174 PLLO/4

001AH PLLO/8

00004 No clock selected, domain clock is

(4) Clock domain ISOQ_7

Clock selector control register: CKSC_007 Power domain: Isolated-Area-0

Address: FF42 60704 Clock domain: 1SO0_7

Initial value: 0000 0006 STPMK_007: not available, no STOP

I%IOCk SOUTC® | clock source fi::r?iigtion Domain clock | Module: clock
00014 Low Speed IntOsc [240 kHz] / 1 - CKSCLK_007 WDTAL:

00034 Low Speed IntOsc [240 kHz] / 4 WDTATCKI

others than Setting prohibited

above
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(5) Clock domain ISO0_11
Clock selector control register: CKSC_011 Power domain: Isolated-Area-0
Address: FF42 60BOy Clock domain: [SO0_11
Initial value: 0000 000Ey STPMK_011: available
CloeltEeies Clock source (':Io.ck. Domain clock | Module: clock
ID limitation
0007y High Speed IntOsc [8 MHz] / 1 <48 MHz CKSCLK_011 URTE10: PCLK
- LMA10: PCLK
000CH MainOsc URTELL: PCLK
0014y PLLO/1 LMA1l: PCLK
CSIG4: PCLK
00174 PLLO/ 4
001A4 PLLO/8
00004 No clock selected, domain clock is

stopped

others than
above

Setting prohibited

(6) Clock domain ISO0_12

Clock selector control register: CKSC_012 Power domain: Isolated-Area-0
Address: FF42 60C0y Clock domain: [SO0_12
Initial value: 0000 000E STPMK_012: available
I%IOCk SOUTC® | clock source fi::r?iigtion Domain clock | Module: clock
0007 High Speed IntOsc [8 MHz] /1 | < 48 MHz CKSCLK_012 | ADAAO: PCLK
000CH MainOsc
00144 PLLO/1
0015y, PLLO/2
0017y PLLO/ 4
001AH PLLO/8
00004 No clock selected, domain clock is

stopped
others than Setting prohibited
above
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(7) Clock domain ISO0_16

Clock selector control register: CKSC_016

Power domain:

Isolated-Area-0

Address: FF42 6100y Clock domain: ISO0_16

Initial value: 0000 000Ey STPMK_016: not available, no STOP

I%IOCk source Clock source I(i:rlr?i(t::tion Domain clock | Module: clock
0007y High Speed IntOsc [8 MHz] / 1 <48 MHz CKSCLK_016 Iso0 Port filters:
00144 PLLO/1 DNFATCKI
00154 PLLO/2

0017y PLLO/ 4

001AH PLLO/8

others than Setting prohibited

above

(8) Clock domain ISO0_28

Clock selector control register: CKSC_028 Power domain: Isolated-Area-0

Address: FF42 A080y Clock domain: [SO0_28

Initial value: 0000 O00Ey STPMK_028: available

%OCk source Clock source ﬁ::r?if;tion Domain clock | Module: clock
0007 High Speed IntOsc [8 MHz] /1 | < 48 MHz CKSCLK_028 | CSIGO: PCLK
000CH MainOsc ICBO: PCLK
0014y, PLLO/1

0015, PLLO/2

00174 PLLO/ 4

001A, PLLO/8

others than Setting prohibited

above
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(9) Clock domain ISO0_29

Clock selector control register: CKSC_029

Power domain:

Isolated-Area-0

Address: FF42 A090y Clock domain: ISO0_29

Initial value: 0000 000Ey STPMK_029: available

I%IOCk source Clock source I(i:rlr?i(t::tion Domain clock | Module: clock
0007y High Speed IntOsc [8 MHz] / 1 <48 MHz CKS CLK_029 | CSIG7: PCLK
000CH MainOsc

00144 PLLO/1

0015y PLLO/2

00174 PLLO/ 4

001AH PLLO/8

others than Setting prohibited

above

(10) Clock domain ISO0_32
Clock selector control register: CKSC_032 Power domain: Isolated-Area-0
Address: FF42 AOCOy Clock domain: ISO0_32
Initial value: 0000 000EH STPMK_032: available
I%IOCk source Clock source I(i:rlr?i(t::tion Domain clock | Module: clock
0007 High Speed IntOsc [8 MHz] / 1 <48 MHz CKSCLK_032 OSTMO: PCLK
000CH MainOsc
0014y PLLO/1
00154 PLLO/2
0017 PLLO/ 4
001A4 PLLO/8
others than Setting prohibited
above
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(11) Clock domain ISO0_33

Clock selector control register: CKSC_033

Power domain:

Isolated-Area-0

Address: FF42 AODOy Clock domain: ISO0_33

Initial value: 0000 000Ey STPMK_033: available

Clock source Clock source (':Io.ck. Domain clock | Module: clock

ID limitation

0007y High Speed IntOsc [8 MHz] / 1 <48 MHz CKSCLK_033 FCNO: PCLK
. FCN1: PCLK

000CH MainOsc FCN2 - PCLK

00144 PLLO/1 FCN3: PCLK

0015, PLLO/ 2 FCNA : PCLK

FCN5 : PCLK

00174 PLLO/ 4

001AH PLLO/8

others than Setting prohibited

above

(12) Clock domain ISO0_34
Clock selector control register: CKSC_034 Power domain: Isolated-Area-0
Address: FF42 AOEOy Clock domain: ISO0_34
Initial value: 0000 000EH STPMK_034: available
ClaeltEelies Clock source (_:Io_ck_ Domain clock | Module: clock
ID limitation
0007y High Speed IntOsc [8 MHZz] / 1 <48 MHz CKSCLK_034 URTE2: PCLK
- LMA2: PCLK
000Cy MainOsc CNTAL: PCLK
0014y PLLO/1
00154 PLLO/2
00174 PLLO/4
001Ay PLLO/8
others than Setting prohibited
above
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7.5 Clock Domain Figures

The following figures show the PBUS structures with regards to the PBUS
modules in the different clock domains.

Note CPU (domain clock CKSCLK _000) accesses to modules, located in a different
clock domain are passed through bus synchronizers, as shown in the following
figures.

These synchronizers induce an access latency of several clock cycles.
Refer to the section “CPU Access Bus Structures and Latencies” in the chapter
“CPU System Function” for details.

(1) Clock domains AWO_2, AWO_3, AWO 5

CKSCLK_000
PCLK /2
1:2
CPUCLK
PBUS|| pgys _|_, |PBUS CKSCLK_A02
IIF [T (PCLK ) I/F
c PB'US PCLK Clock domain AWO_2
PU
(PCLK,/2) AWO port
Subsystem woTAo || kRro || cumao || cumaz || contol
______________________________________ & filters_
l PBUS I/F PBUS I/F PBUS I/F PBUS I/F PBUS I/F
| Mpeos Qs 1 1 [ 1 1
Synchronizer (PCLK,,,) - - e e
CKSCLK_A03
PCLK Clock domain AWO_3
TAUJO
1 | “PBUSIIF ~
PBUS PBUS
o Synchronizer (PCLK,,.)
CKSCLK_A05
PCLK Clock domain AWO_5
BURAM
l PCLK [ “PBUSiIF ~
| | PBUS |PBUS

Synchronizer | (pcLk

Aos)

Figure 7-9 Clock domains AWO_2, AWO_3, AWO 5
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(2) Clock domains AWO_7

CKSCLK_A07

WDTACKI Clock domain AWO_7

WDTAO

PBUS I/F

Figure 7-10 Clock domains AWO_7
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(3) Clock domains ISO0_1, 1ISO0_6, ISO0_11, ISO0_12

CKSCLK_000
PCLK /2
1:2
CPUCLK
PBUS PBUS PBUS
IF [T ek | UF
T .
cPU PBUS Clock domain 1ISO0_1
Subsystem (PCLK2) 1so0 port
WDTA1 CLMA3 control
PCLK & filters
PBUS I/F PBUS I/F PBUS I/F
PBUS
(PCLK 55)
CKSCLK_006
PCLK Clock domain ISO0_6
TAUBO
1 PBUS I/F
PBUS PBUS
2" synchronizer (PCLK)
CKSCLK_011
PCLK Clock domain ISO0_11
URTE10 || URTE11 || CSIG4
1 | “PeUSF | [ “PBUSIF ][ “PBUSIF
PBUS PBUS
\ g Synchronizer (PCLK,,))
| _PBUSIE || PBUSWF_[| PBUSIFE_
LMA10 LMA11 CNTA2
CKSCLK_012
PCLK Clock domain ISO0_12
ADAAO
l PBUS I/F
PBUS PBUS
—t=|

Synchronizer (PCLK,,,)

Figure 7-11  Clock domains ISO0_1, ISO0_6, ISO0_11, ISO0_12
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(4) Clock domains ISO0_7, ISO0_16

CKSCLK_007

\WDTACH Clock domain ISO0_7

WDTAL

PBUS I/F

CKSCLK_016

\DNFATCH Clock domain ISO0_16

1so0 port
filters
PBUS I/F

Figure 7-12 Clock domains ISO0_7, ISO0_16
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(5) Clock domains ISO0_28, ISO0_29, ISO0_32 to 1ISO0_34

CKSCLK_000
PCLK /2
1:2
CPUCLK
PBUS|| ppus _|_, |PBUS CKSCLK_028
IIF [T (PCLK ) I/F
T 5
CPU PBUS PCLK Clock domain ISO0_28
Subsystem (PCLK2)
CSIGO 11ICBO
1 PBUS I/F PBUS I/F

PBUS | PBUS
Synchronizer [(pCLK_,)

CKSCLK_029

PCLK Clock domain 1ISO0_29

CSIG7

l PBUS I/F

o PBUS PBUS I

Synchronizer | (pcLk

029)

CKSCLK_032

PCLK Clock domain ISO0_32

OSTMO

l PBUS I/F

PBUS PBUS
Synchronizer | (pcLk

032)

CKSCLK_033

PCLK Clock domain ISO0_33

FCNO FCN1 FCN2

1 PBUS I/F PBUS I/F PBUS I/F

PBUS PBUS
Synchronizer [ (PCLK )

PBUS I/F PBUS I/F PBUS IIF

FCN3 FCN4 FCN5

CKSCLK_034
PCLK Clock domain ISO0_34
URTE2 LMA2 CNTA1
1 PBUS I/F PBUS I/F PBUS I/F
| .| PBUS PBUS I I t

Synchronizer (PCLK,,,) e

Figure 7-13 Clock domains ISO0_28, ISO0_29, ISO0_32 to ISO0_34
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7.6

7.6.1

Instances

Table 7-6

Instances index n

Register addresses

Clock Monitor A (CLMA)

This section contains a generic description of the Clock Monitor A (CLMA).

The first section describes all properties specific to the VB50E2/Fx4-G, such as
instances, register base addresses, input/output signal names, etc.

The subsequent sections describe the features that apply to all
implementations.

V850E2/Fx4-G CLMA features

This microcontroller has the following number of instances of the Clock Monitor
A.

Instances of CLMA

Clock Monitor A

Instances 3

Names CLMAO, CLMA2, CLMA3

Throughout this chapter, the individual instances of a Clock Monitor A are
identified by the index “n” (n = 0, 2, 3), for example, CLMANCTLO for the
control register 0 of CLMAN.

All CLMAnN register addresses are given as address offsets from the individual
base address <CLMAN_base>.

The base address <CLMAnN_base> of each CLMAn is listed in the following
table:

Table 7-7 Register base addresses <CLMAn_base>
CLMAn instance <CLMAnN_base> address
CLMAO FF80 20004
CLMA2 FF80 40004
CLMA3 FF80 50004
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Clock supply The monitored and the sampling clocks of all Clock Monitors A are listed in the

following table:

Table 7-8 CLMAnN clock supply

CLMAnN clock CLMAnN clock Connected to
CLMAO:
CLMATSMP CLMAO sampling clock Low Speed IntOsc g
CLMATMON CLMAO monitored clock MainOsc fy
PCLK PBUS clock CKSCLK_A02
CLMAZ:
CLMATSMP CLMAZ2 sampling clock Low Speed IntOsc fg
CLMATMON CLMA2 monitored clock High speed IntOsc fry
PCLK PBUS clock CKSCLK_A02
CLMA3:
CLMATSMP CLMA3 sampling clock High Speed IntOsc fry
CLMATMON CLMAS monitored clock PLLO fp o
PCLK PBUS clock CKSCLK_001
LSIntOsc fey I
f IN
HSIntOsc =~ 11,248 | gl CKSCLK_A02  [CLMAO &
PLLO fro 11,248 | é b
5 f
no clock — L
f — CLMA2 o
MainOsc [ von Bl
!
CKSCLK_000 12 EE‘ZSLK—OOS CL'\JQ? %J
f
MON = CLMATMON, SMP = CLMATSMP
Figure 7-14 CLMA clock supply
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Interrupts and reset  The interrupts and reset outputs of the CLMAnN are listed in the table below.
outputs

Table 7-9 CLMA interrupts and reset outputs

CLMAnRN signals Function Connected to
CLMAO:
CLMARES CLMAQO error reset Reset Controller CLMAORES
CLMATI CLMAQO error interrupt Interrupt Controller INTCLMAO
request
CLMAZ:
CLMARES CLMAZ2 error reset Reset Controller CLMA2RES
CLMATI CLMAZ error interrupt not connected
request
CLMAZ:
CLMARES CLMAS3 error reset Reset Controller CLMA3RES
CLMATI CLMAZ3 error interrupt not connected
request

CLMA H/W reset The Clock Monitors A and their registers are initialized by the following reset
signal:

Table 7-10 CLMAnN reset signal

CLMAn instance Reset signal
CLMAOQ, CLMA2 |+ Reset Controller SYSRES
CLMA3 ¢ Reset Controller SYSRES

« Stand-by Controller DPSTPWU
(wake-up from DEEPSTOP mode)

RO1UHO0366EJ0100 Rev. 1.00 RENESAS 291
Feb 28, 2013



Chapter 7

Clock Controller

7.6.2

1)
Enable

Suspend/resume

Table 7-11

CLMA enable and start-up options

CLMA enable and suspend/resume

A Clock Monitor’s operation must be generally enabled by
CLMANCTLO.CLMANCLME = 1.

General enable after reset is also controlled by the start-up option
CLMATCOINI, refer to the section “CLMA start-up options” below.

If generally enabled, a Clock Monitor automatically
» suspends clock supervision, if the clock to be monitored is inactive
» resumes clock supervision, if the clock to be monitored is active.

For that purpose the clock generator, whose output is to be supervised,
indicates its active - and stable - status by an active signal, that suspends
respectively resumes the associated Clock Monitor’s operation via the Clock
Monitor’s enable signal CLMATEN.

In case the monitored clock is stopped in STOP stand-by mode, the respective
Clock Monitor suspends its operation and resumes it if the monitored clock is
active and stable again.

Clock Monitors start/stop signals

CLMAnN instance | CLMAnN enable signal | Clock generator active signal Comment

CLMAO

CLMATEN MainOsc MOSCSCLKACT CLMAO operation suspends/
resumes, if MainOsc clock fy
is inactive/active.

CLMA2

CLMATEN High Speed IntOsc CLMAZ2 operation suspends/
ROSCSCLKACT resumes, if High Speed IntOsc
clock fry is inactive/active.

CLMA3

CLMATEN PLLO PLLOCLKACT CLMAS operation suspends/
resumes, if PLLO clock fp g is
inactive/active.
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(2) CLMA start-up options

The start-up options determine the start-up configuration of the CLMA after

reset release. A description of the start-up options is given in the following

table.

Table 7-12 CLMA start-up options

Start-up option

Function

Description

Connected to

CLMANCMPL

CLMATCOINI | Defines whether Specifies the initial value of 0
CLMAnN is CLMANCTLO.CLMANCLME:
automatically enabled 0: CLMA is disabled
or stays disabled after 1: CLMA is enabled
areset
CLMATCL1INI | Specifies the error Specifies the initial value of 0
indication method CLMANCTL1.CLMANOSEL:
0: Reset request CLMATRES on error
1: Interrupt request CLMATI on error
CLMATCSEL | Defines whether the Specifies how the threshold registers 0
default lower and CLMANCMPL/CLMANCMPH are set after
upper thresholds are reset release:
supplied by 0: set to default reset values
CLMATCLINI[11:0)/ 1: set by CLMATCLINI[11:0] and
CLMATCHINI[11:0] CLMATCHINI[11:0]
CLMATCHINI | Sets the initial value of | Only effective if CLMATCSEL =1 000y
[11:0] the threshold register
CLMANCMPH
CLMATCLINI | Sets the initial value of | Only effective if CLMATCSEL = 1 0004
[11:0] the threshold register
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7.6.3 Functional Overview

The Clock Monitor CLMAn indicates an abnormal frequency of the monitored
clock.

Features summary It has the following features:

 continuous monitoring of the frequency of an input clock CLMATMON by
using a sampling clock CLMATSMP

« indication of abnormal clock frequencies by the following means:
— output of a reset signal, or
— generation of an interrupt

» configuration after reset is based on start-up options

Note Once enabled, the CLMAnN can neither be configured nor stopped by software.
Only a reset can stop the CLMAnN.

The following figure shows the main components of the Clock Monitor.

¢ PBUS )
PCLK
CLMATCOINI CLMANCTLO
12

CLMATCHINI[11:0] | CLMANCMPH

Upper

CLMATEN ——# limit
——» CLMATI

CLMATMON ——I 12-bit counter I__>| Match I_F“_?QU‘?NCX »| Output
violation control

Lower
limit

———» CLMATRES

CLMATCSEL

12 [ cLmAnCMPL

=~

CLMATCIINI CLMANCTL1

0 PBUS )

CLMATCLINI[11:0]

Figure 7-15 Block diagram of the Clock Monitor A
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7.6.4 Functional Description

The Clock Monitor CLMAn is used to ensure that the frequency of a clock
(CLMATMON) stays between certain limits.

(1) Detection of abnormal clock frequencies

Method 1. CLMAnN counts the rising edges of the monitored clock CLMATMON within
16 cycles of the sampling clock CLMATSMP and then compares the
counter with the configured thresholds:

— CLMANCMPL.CLMANCMPL][11:0] defines the lower threshold.
— CLMANCMPH.CLMANCMPH]J11:0] defines the upper threshold.

2. When CLMATMON stops or its frequency is too low, the counter falls below
CLMANCMPL.CLMANCMPL[11:0].

3. When the frequency of CLMATMON is too high, the counter exceeds
CLMANCMPH.CLMANCMPH[11:0].

In both cases, CLMAnN indicates an abnormal clock frequency as described in
2 “Indication of abnormal clock frequency” on page 297 .

13 14 15 16

CLMATSMP Meg 1% X
CLMATMON mﬂﬂﬂﬂﬂﬂﬂm?? ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂw33ﬂﬂfmﬂﬂm & :

CLMANCMPH.CLMANCMPH[11:0]

CLMANCMPL.CLMANCMPL[11:0]
Counter / ’___224///1

I
m )]

Figure 7-16 Example: fc matmon 1S too low

13 14 15 16

cumaTSIP Mee FULL L e JUL U LA
CLMATMON mﬂﬂfmﬂﬂﬂm82ﬂﬂﬂﬂf[ﬂﬂﬂﬂﬂﬂﬂﬂﬂ88 MWMW??WWHHUHW

CLMANCMPH.CLMANCMPH[11:0]

CLMANCMPL.CLMANCMPL[11:0]
|
Counter / . 22

|
m @)

Figure 7-17 Example: fo maTmon iS too high

Note When fc matmon Changes within the sampling interval, the counter might be
within the valid range although fc| yatmon PECame too high/low.

The abnormal fc| yatmon IS detected one sampling interval later.
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(a) Calculation of thresholds CLMANCMPL.CLMANCMPL[11:0] and
CLMANCMPH.CLMANCMPH][11:0]
The compare registers CLMANCMPL and CLMANCMPH are configured with
the minimum and maximum number of clock cycles of CLMATMON that are
assumed to be valid within 16 cycles of the sampling clock CLMATSMP.
The expected number of clock cycles is denoted by N.
1%  _ __ N
fCLMATSMP fCLMATMON
N = fCLMATMON % 16
fCLMATSMP
Considering the allowed frequency deviations of CLMATMON and
CLMATSMP, the threshold values can be calculated by the following formulas:
Lower threshold = Npin
f .
= round down (;SEMATMON(MIN) . 15 _1)
fCLMATSMP(max)
Upper threshold = Npax
f
= round up (StMATMON(MaX) , 16+ 1)
CLMATSMP(min)
Example For fCLMATSMP =240 kHz (i 8%) and fCLMATMON =16 MHz (i 5%) the
recommended threshold values are the following:
Nmin = [(15.2 MHz / 259.2 kHz) x 16] - 1
= 937.27
CLMANCMPL = 937 =03A94
Nmax = [(16.8 MHz/ 220.8 kHz) x 16] + 1
= 1218.38
CLMANCMPH = 1219 =04C34
Minimum  The following restrictions must be taken into account:
thresholds
+ CLMANCMPL = 0001
+ CLMANCMPH = CLMANCMPL + 0003y
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(b)
CLMATCSEL =1

CLMATCSEL =0

Definition of the initial value input of the threshold registers

When CLMATCSEL is active, the initial values of the threshold registers are
set by the following input signals:

« CLMANCMPL[11:0] is set by CLMATCLINI[11:0].
« CLMANCMPH[11:0] is set by CLMATCHINI[11:0].

If CLMATCSEL is inactive, the initial values of the threshold registers are set in
such a way, that the maximum frequency deviation of the monitored clock is
allowed:

« CLMANCMPL[11:0] = 0001,
« CLMANCMPH[11:0] = 03FF

Note Refer to the above section “CLMA enable and start-up options” about the
setting of the CLMATCSEL signal.
(2) Indication of abnormal clock frequency
In case an abnormal frequency is detected, following indications are
generated:
Table 7-13 Abnormal frequency indications
CLMANCTL1. Monitored clock frequency fc| matmon iS
CLMANOSEL too low too high
Interrupt: assertion of CLMATI Reset: assertion of CLMATRES
0 Reset: assertion of CLMATRES
Note that if a too high frequency is detected the reset CLMATRES is always
generated, while in case of too low frequency detection the control bit
CLMANCTL1.CLMANOSEL determines the generated indicator.
Note The initial value of CLMANCTL1.CLMANOSEL is defined by the input signal

3)
Enabling CLMAnN

Table 7-14

CLMATCI1INI. Refer to the section “CLMA enable and start-up options” above.

Enabling and disabling CLMAN
CLMAn is enabled by CLMANCTLO.CLMANCLME = 1.

The initial value of CLMANCTLO is defined by the input signal CLMATCOINI,
refer to the section “CLMA enable and start-up options” above.

This allows to define whether CLMAnN is automatically enabled after a reset or
stays disabled.

Initial value of CLMANCTLO

Initial value of .
CLMATCOINI CLMANCTLO Function
Low 00H Disable CLMAN
High 01y Enable CLMAN

Refer to the section “CLMA enable and start-up options” above for information
about CLMATCOINI.
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Disabling CLMAnN

Note

“4)

CLMAnN can only be disabled by a reset, not by writing to CLMANnCTLO.

Once enabled, the CLMAnN can neither be configured nor stopped by software,
except by a reset.

Suspend/resume control

The operation is suspended respectively resumed under control of the
CLMATEN signal.
Refer to the section “CLMA enable and start-up options” above.
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7.6.5

@)

)

Table 7-15

<CLMAN_base>

Clock Monitor registers

This section contains a description of all registers of the Clock Monitor.

Writing to protected registers

Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc.

Following Clock Monitor registers feature this special write protection:
* CLMAnN control register 0 CLMANCTLO

Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

Clock Monitor registers overview

The Clock Monitor is controlled and operated by the following registers.

Clock Monitor registers overview

Register name Shortcut Address

CLMAN control register 0 CLMANCTLO <CLMAnN_base> + 00y
CLMAnN control register 1 CLMANCTL1 <CLMAnN_base> + 04y
CLMAnN comparison register L CLMANCMPL <CLMAnN_base> + 08y
CLMAnN comparison register H CLMANCMPH <CLMAnN_base> + 0Cy
CLMAnN emulation register 0 CLMANREMUO <CLMAnN_base> + 18y

The base addresses <CLMAnN_base> of the CLMAn are defined in the first part
of section “Clock Monitor A (CLMA)” in this chapter under the key word
“Register addresses”.
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(8) CLMANCTLO — CLMAN control register 0
This register is used to enable the clock monitor CLMAn.
Protection  Writing to this register is protected by a special sequence of instructions by
using the protection command register CLMANPCMD.
Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.
Access This register can be read/written in 8-bit units.
Address <CLMAnN_base> + 00y
Initial Value Depends on start-up option CLMATCOINI. Refer to the section “CLMA enable
and start-up options” above.
1 0
0 0 0 0 CLMAN
CLME
R/W R/W R/W R/W R/W R/W R/W R/W
Table 7-16 CLMANCTLO register contents
Bit position Bit name Function
0 CLMANCLME | Enables/disables the clock monitor:
0: Disable CLMAn
1: Enable CLMAnN
This bit can only be cleared by a reset if not
automatically enabled by CLMATCOINI.
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CLMANCTL1 - CLMAnN control register 1

This register specifies the abnormal frequency detection indicator generation
output when the frequency of the monitored clock CLMATMON is too low.

Access This register can be read/written in 8-bit units.
It can only be written when CLMAn is disabled
(CLMANCTLO.CLMANCLME = 0).
Address <CLMAnN_base> + 04y
Initial Value Depends on start-up option CLMATCL1INI. Refer to the section “CLMA enable
and start-up options” above.
1 0
0 0 0 0 CLMAN
OSEL
R/W R/W R/W R/W R/W R/W R/W R/W
Table 7-17 CLMANCTL1 register contents
Bit position Bit name Function
0 CLMANOSEL | Specifies the indicator signals that are generated
when the frequency of CLMATMON is too low:
0: reset CLMATRES
1: interrupt CLMATI
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(5) CLMANnCMPL — CLMAN comparison register L
This register specifies the lower frequency limit.

Refer to a “Calculation of thresholds CLMAnNCMPL.CLMANCMPL[11:0] and
CLMANCMPH.CLMANCMPH][11:0]” on page 296 for details.

Access This register can be read/written in 16-bit units.
It can only be written, when CLMAn is disabled
(CLMANCTLO.CLMANCLME = 0).

Address <CLMAnN_base> + 08y

Initial Value 0001y

When CLMATCSEL is active, the initial value is set by the input signals
CLMATCLINI[11:0]. Refer to the section “CLMA enable and start-up options”
above.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ o] o] o] o] CLMANCMPL[11:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 7-18 CLMANCMPL register contents

Bit position Bit name Function

11to O CLMANCMPL[11:0] | Specifies the lower threshold
¢ The recommended value is

round down[(fcLmatmon(min) feLmaTsMP(max)) X 16 - 1]
¢ The minimum value is 0001.
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(6) CLMANCMPH — CLMAnN comparison register H
This register specifies the upper frequency limit.

Refer to a “Calculation of thresholds CLMAnNCMPL.CLMANCMPL[11:0] and
CLMANCMPH.CLMANCMPH][11:0]” on page 296 for details.

Access This register can be read/written in 16-bit units.
It can only be written, when CLMAn is disabled
(CLMANCTLO.CLMANCLME = 0).

Address <CLMAnN_base> + 0Cy

Initial Value 03FFy

When CLMATCSEL is active, the initial value is set by the input signals
CLMATCHINI[11:0]. Refer to the section “CLMA enable and start-up options”
above.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ o] o] o] o] CLMANCMPH[11:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 7-19 CLMANCMPH register contents

Bit position Bit name Function
11to 0 CLMANCMPH[11:0] | Specifies the upper threshold
e The recommended value is

round up[(fcLmatmon(maxy feLmaTsMP(min)) X 16 + 1]
¢ The minimum value is CLMANCMPL + 0003.
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Access

CLMANEMUO — CLMAnN emulation register 0

This register provides bits to emulate a frequency deviation error while the
microcontroller is set in break mode during debugging.

This register can be read/written in 8-bit units.

Address <CLMAnN_base> + 18y
Initial Value 00y
2 1 0
CLMAnNn | CLMAN
SLFST | SLSLW
R/W R/W R/W R/W R/W R/W R/W R/W
Table 7-20 CLMANEMUO register contents
Bit position Bit name Function
0 CLMANSLSLW | Specifies whether fo patmon IS assumed to be too
low during emulation:
0: CLMATMON is within the normal frequency
range
1: CLMATMON is too slow
1 CLMANSLFST | Specifies whether fo yatmon iS assumed to be too
high during emulation:
0: CLMATMON is within the normal frequency
range
1: CLMATMON is too fast
Caution Itis prohibited to emulate a too low and too high CLMATMON at the same
time. Thus CLMANEMUO must not be set to 03,.
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7.7.1

71.7.2

Table 7-21

Clock Controller Registers

This section contains a description of all registers of the Clock Controller.

Writing to protected registers

Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc.

Following Clock Controller registers feature this special write protection:

» MainOsc enable register MOSCE
» High Speed IntOsc enable register ROSCE

e PLLO enable registers PLLEO

» Clock selector control registers CKSC_mn

Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

Clock Controller registers overview

The Clock Controller is controlled and operated by the following registers:

Clock Controller registers overview (1/2)

Register name ‘ Shortcut Address
Clock generators registers:
MainOsc enable register MOSCE FF42 10104
MainOsc status register MOSCS FF42 10144
MainOsc control register MOSCC FF42 1018,
MainOsc stabilization time MOSCST FF42 101Cy
register
High Speed IntOsc enable ROSCE FF42 10004
register
High Speed IntOsc status register | ROSCS FF42 10044
PLLO enable register PLLEO FF42 50004
PLLO status register PLLSO FF42 50044
PLLO control register PLLCO FF42 50084
PLLO stabilization time register PLLSTO FF42 500Cy
Always-On-Area clock selector registers:
Clock selector control registers for | CKSC_An FF42 20004 + n x 16
Always_On_Area
Clock selector status registers for | CSCSTAT_An FF42 2004, + nx 16
Always_On_Area
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Table 7-21 Clock Controller registers overview (2/2)

Register name ‘ Shortcut Address
Isolated-Area-0 clock selector registers:
Clock selector control registers for | CKSC_0On FF42 60004 + n x 16
Isolated-Area-0 CKSC_1n FF42 AO0O, + N x 16
Clock selector status registers for | CSCSTAT_On FF42 6004 + n x 16
Isolated-Area-0 CSCSTAT 1n FF42 AOO4, + n x 16
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7.7.3 Clock generators registers

(1) MOSCE - MainOsc enable register

This register is used to start and stop the MainOsc and to specify its operation
during stand-by modes.

Protection  Writing to this register is protected by a special sequence of instructions by
using the protection command register PROTCMD?2.
Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

Access This register can be read/written in 32-bit units.
Address FF42 10104

Initial Value 0000 0004y. This register is initialized by the power-up reset PURES (Power-
On-Clear or debugger reset).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LoJoJoJoJojJoJofJofjofJofJofofofoJo]Jo]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 |MOSCE|MOSCE[MOSCE
STP | DIS EN
MK | TRG | TRG

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Table 7-22 MOSCE register contents

Bit position Bit name Function

2 MOSCE MainOsc stop request mask
STPMK 0: stop request not masked

1: stop request masked
If the MainOsc stop request is masked (MOSCESTPMK = 1) a stop request does
not change the status of the MainOSC.
If MOSCESTPMSK = 0, the MainOsc is stopped in stand-by mode.
Upon wake-up from stand-by mode, the MainOsc returns to its status as before
stand-by mode, i.e. continues operation when it was operating or remains
stopped, when it was stopped before.
Note: The MainOsc can also be activated after stand-by wake-up, independent of
its status before stand-by mode. This features is controlled by the oscillator wake-
up mask register OSCWUFMSK. Refer to section “Wake-up” in the chapter
“Stand-by Controller (STBC)” for details.

1 MOSCE MainOsc disable trigger
DISTRG 0: no function
1: stops MainOsc
Stopping the MainOsc by MOSCEDISTRG = 1 is only possible, if the MainOsc is
active, i.e. MOSCS.MOSCSCLKACT = 1.
Reading of this bit returns always 0.

0 MOSCE MainOsc enable trigger
ENTRG 0: no function
1: starts MainOsc
Starting the MainOsc by MOSCEENTRG = 1 is only possible, if the MainOsc is
inactive, i.e. MOSCS.MOSCSCLKACT = 0.
Reading of this bit returns always 0.
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Access

Address

ial Value

MOSCS - MainOsc status register

This register provides various status information about the MainOsc status.

This register can be read in 32-bit units.

FF42 10144

0000 0000y. This register is initialized by the power-up reset PURES (Power-

On-Clear or debugger reset).

27 26 25 24 23 22

15 14 13 12 11 10 2 1 0
0 0 0 0 0 0 MOSCS|MOSCS|MOSCS
CLK | CLK | CLK
EN ACT | STAB
R R R R R R R R R R R R R
Table 7-23 MOSCS register contents
Bit position Bit name Function
2 MOSCS MainOsc enable status
CLKEN 0: MainOsc is disabled
1: MainOsc is enabled
1 MOSCS MainQOsc activation status
CLKACT 0: MainOsc is inactive
1: MainOsc is active
0 MOSCS MainOsc stabilization status
CLKSTAB 0: MainOsc is unstable
1: MainOsc is stable
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(8) MOSCC - MainOsc control register
This register is used to specify several options of the MainOsc start-up
behaviour.
This register can only be written, if the MainOsc is disabled
(MOSCS.MOSCSCLKEN = 0).
Access This register can be read/written in 32-bit units.
Address FF42 10184
Initial Value 0000 0000y. This register is initialized by the power-up reset PURES (Power-
On-Clear or debugger reset).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 16

[oJofoJofJoJofJoJofoJojoJoJoJofol]o ]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2

0 0 0 0 0 0 0 MOSCC
SHT
STBY

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Table 7-24 MOSCC register contents

Bit position

Bit name

Function

2

MOSCC
SHTSTBY

Short stabilization time mode
0: normal stabilization time mode: normal amplification gain

1: short stabilization time mode: MainOsc amplification gain is maximum

Note:

MOSCCSHTSTBY = 1 is only effective during the MainOsc stabilization time.
After the MainOsc has become active (MOSCS.MOSCSCLKACT = 1), normal

amplification gain is used.

Caution

During assertion of the external RESET the MainOsc is always operating with
its maximum amplification gain.

Refer to the descrition of the external RESET in the “Reset Controller” chapter
for details.
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(4) MOSCST - MainOsc stabilization time register
This register determines the MainOsc stabilization time.

This register can only be written, if the MainOsc is disabled
(MOSCS.MOSCSCLKEN = 0).

Access This register can be read/written in 32-bit units.
Address FF42 101Cy

Initial Value 0000 0000y. This register is initialized by the power-up reset PURES (Power-
On-Clear or debugger reset).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ofofJoJoJoJoJoJoJofoJojJjojoJoJol]eo,]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o[fo]Jofo]Jof[o]Jo|[o]o|ofo]o] MOSTI[3:0] |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

RO1UHO0366EJ0100 Rev. 1.00 :{ENESAS 310
Feb 28, 2013



Chapter 7

Clock Controller

Table 7-25 MOSCST register contents

Bit position

Bit name

Function

3to0

MOST[3:0]

MainOsc stabilization time setting

Per default the MainOsc stabilization counter is operating with the High Speed

IntOsc.

If the High Speed IntOsc is disabled (ROSCS.ROSCSCLKEN = 0), the
stabilization counter clock is automatically changed to the Low Speed IntOsc.

MainOsc stabilization time
High Speed IntOsc High Speed IntOsc
MOST[3:0] enabled disabled
(ROSCS.ROSCSCLKEN [ (ROSCS.ROSCSCLKEN
=1) =0)
0000g 22 /8 MHz = 0.5 pis 221240 kHz = 17.7 ps
0001g 23/8MHz =1 ps 231240 kHz = 33.3 ps
0010g 24 /8 MHz =2 s 2% 1240 kHz = 66.7 s
0011g 2°/8MHz =4 ps 2%/ 240 kHz = 133 s
0100g 265/8 MHz =8 s 251240 kHz = 267 ps
0101g 27 /8 MHz = 16 s 271240 kHz = 533 ps
0110g 28 /8 MHz =32 s 28 /240 kHz = 1.067 ms
0111g 2°/8 MHz = 64 s 29/ 240 kHz = 2.133 ms
1000g 21078 MHz = 128 ps 210/ 240 kHz = 4.267 ms
1001g 21/ 8 MHz = 256 s 211 /240 kHz = 8.533 ms
1010g 212 /8 MHz = 512 ps 212 1 240 kHz = 17.06 ms
1011g 213 /8 MHz =1.024 ms | 213/240 kHz = 34.13 ms
11005 21418 MHz = 2.048 ms | 214/ 240 kHz = 68.27 ms
1101g 215 /8 MHz = 4.096 ms | 21%/240 kHz = 136.5 ms
11105 216 /8 MHz =8.192 ms | 216/240 kHz = 273.1 ms
1111g 21778 MHz =16.38 ms | 217 /240 kHz = 546.1 ms
Notes:

« 8 MHz is the nominal frequency of the High Speed IntOsc.
e 240 kHz is the nominal frequency of the Low Speed IntOsc.

Note Refer to the Data Sheet for information about the MainOsc stabilization time.
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(5) ROSCE - High Speed IntOsc enable register

This register is used to start and stop the High Speed IntOsc and to specify its
operation during stand-by modes.

Protection  Writing to this register is protected by a special sequence of instructions by
using the protection command register PROTCMD?2.
Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

Access This register can be read/written in 32-bit units.

Address FF42 10004

Initial Value 0000 0004. This register is initialized by the power-up reset PURES (Power-
On-Clear or debugger reset).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ofofJoJoJojJoJoJoJofoJojJjojJjoJoJol]eo,]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 |ROSCE|ROSCE[ROSCE
STP | DIS EN
MK | TRG | TRG

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Table 7-26 ROSCE register contents

Bit position Bit name Function

2 ROSCE High Speed IntOsc stop request mask
STPMK 0: stop request not masked

1: stop request masked
If the High Speed IntOsc stop request is masked (STPMK = 1) the High Speed
IntOsc continues operation in any stand-by mode.
If STPMSK = 0, the High Speed IntOsc is stopped in a stand-by mode and is re-
started upon wake-up from stand-by mode.

1 ROSCE High Speed IntOsc disable trigger
DISTRG 0: no function
1: stops High Speed IntOsc
Stopping the High Speed IntOsc by ROSCEDISTRG = 1 is only possible, if the
High Speed IntOsc is active, i.e. ROSCS.ROSCSCLKACT = 1.
Reading of this bit returns always 0.

0 ROSCE High Speed IntOsc enable trigger
ENTRG 0: no function
1: starts High Speed IntOsc
Starting the High Speed IntOsc by ROSCEENTRG = 1 is only possible, if the High
Speed IntOsc is inactive, i.e. ROSCS.ROSCSCLKACT = 0.
Reading of this bit returns always 0.
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Cautions 1. Pay attention to clock domains, which are using the High Speed IntOsc
clock as source via the clock selectors CKSC_mn, when disabling fry by
ROSCE.ROSCEDISTRG = 1.

In particular all resets set all clock selectors CKSCLK_mn to their default
selection, but only the PURES enables the High Speed IntOsc.

As a consequence all PBUS clocks PCLK will not operate after a reset

- except PURES -, since the High Speed IntOsc is selected as their clock
source, but the High Speed IntOsc is not enabled.

2. If the High Speed IntOsc is stopped and a reset occurs during a Back-up
RAM access, the Back-up RAM may get corrupted. Thus do not disable the
High Speed IntOsc in order to avoid Back-up RAM corruption.
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Access

Address

ial Value

ROSCS - High Speed IntOsc status register

This register provides various status information about the High Speed IntOsc

status.

This register can be read in 32-bit units.

FF42 10044

0000 0004y,. This register is initialized by the power-up reset PURES (Power-

On-Clear or debugger reset).

27 26 25 24 23 22

21 20 19 18

[oJofoJofJoJofoJofJol]o]

oJoJoJofolJo]

15 14 13 12 11 10 2 1 0
0 0 0 0 0 0 ROSCS|ROSCS|ROSCS
CLK | CLK | CLK
EN | ACT | STAB
R R R R R R R R R R R R R R R R
Table 7-27 ROSCS register contents
Bit position Bit name Function
2 ROSCS High Speed IntOsc enable status
CLKEN 0: High Speed IntOsc is disabled
1: High Speed IntOsc is enabled
1 ROSCS High Speed IntOsc activation status
CLKACT 0: High Speed IntOsc is inactive
1: High Speed IntOsc is active
0 ROSCS High Speed IntOsc stabilization status
CLKSTAB 0: High Speed IntOsc is unstable
1: High Speed IntOsc is stable
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(7) PLLEO-PLLO enable register

This register is used to start and stop the PLLO and to specify its operation
during stand-by modes.

Protection  Writing to this register is protected by a special sequence of instructions by
using the protection command register PROTCMD?2.
Refer to the section “Write protected Registers” in the chapter “CPU System
Functions” for a detailed description how to write to write protected registers.

Access This register can be read/written in 32-bit units.
Address FF42 50004

Initial Value 0000 0004. This register is initialized by the system reset SYSRES.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
loJlojofoJoJofoJoJojofoJoJofofol]o ]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 |PLLEOJPLLEO|PLLEO
STP | DIS | EN
MK | TRG | TRG

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Table 7-28 PLLEO register contents

Bit position Bit name Function

2 PLLEO PLLO stop request mask
STPMK 0: stop request not masked

1: stop request masked
If the PLLO stop request is masked (PLLEOSTPMK = 1) the PLLO continues
operation in any STOP mode.
If PLLEOSTPMSK = 0, the PLLO is stopped in Isolated-Area-0 STOP mode and is
re-started upon wake-up from stand-by mode.
Note that the power supply of PLLO is switched off, if the Isolated-Area-0 is in
DEEPSTOP mode.

1 PLLEO PLLO disable trigger
DISTRG 0: no function
1: stops PLLO
Stopping the PLLO by PLLEODISTRG = 1 is only possible, if the PLLO is active,
i.e. PLLSO.PLLSOCLKACT = 1.
Reading of this bit returns always 0.

0 PLLEO PLLO enable trigger
ENTRG 0: no function
1: starts PLLO
Starting the PLLO by PLLEOENTRG = 1 is only possible, if the PLLO is inactive,
i.e. PLLSO.PLLSOCLKACT = 0.
Reading of this bit returns always 0.

RO1UHO0366EJ0100 Rev. 1.00 RENESAS 315
Feb 28, 2013



Chapter 7 Clock Controller
(8) PLLSO - PLLO status register
This register provides various status information about the PLLO status.
Access This register can be read in 32-bit units.
Address FF42 50044
Initial Value 0000 00004. This register is initialized by any reset.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
loJojofoJoJofoJoJojofoJoJofofol]o ]
R
15 14 13 12 11 10 2 1 0
0 0 0 0 0 0 0 PLLSO[PLLSO|PLLSO
CLK | CLK | CLK
EN | ACT |STAB
R R R R R R R R R R R R R R R R
Table 7-29 PLLSO register contents
Bit position Bit name Function
2 PLLSO PLLO enable status
CLKEN 0: PLLO is disabled
1: PLLO is enabled
1 PLLSO PLLO activation status
CLKACT 0: PLLO is inactive
1: PLLO is active
0 PLLSO PLLO stabilization status
CLKSTAB 0: PLLO is unstable
1: PLLO is stable
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(9) PLLCO - PLLO control register

This register is used to specify the PLLO output clock fp| o frequency.

This register can only be written, if the PLLO is disabled
(PLLSO0.PLLSOCLKEN = 0).

Access This register can be read/written in 32-bit units.

Address FF42 50084

Initial Value 0000 00004. This register is initialized by any reset.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LoJoJoJoJojJoJofojorfofoforforfor]or]o|
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

@  The default values 0 of these bits must not be changed.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ 02 [ 0@ ] 0@ | 0@ ] 0@ [ 0® |pLcopo)| 0 | 0® | 0® | PLLCON[4:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

@  The default values 0 of these bits must not be changed.

Table 7-30 PLLCO register contents

Bit position Bit name Function
9to 8 PLLCO P divider selection
P[1:0]
PLL_CO Divider value Pr PLL output frequency
P[1:0] range
00g - setting prohibited
01g - setting prohibited
10g 2 40 MHz to 64 MHz
115 4 20 MHz to 32 MHz
4t00 PLLCO Divider value Nr
N[4:0
[4:0] PLLCON[4:0] Divider value Nr = PLLCKN[4:0] + 1
001005 5
00101g 6
111105 31
111114 32
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(10) PLLSTO - PLLO stabilization time register
This register determines the PLLO stabilization time.

This register can only be written, if the PLLO is disabled
(PLLSO.PLLSOCLKEN = 0).

Access This register can be read/written in 32-bit units.

Address FF42 500Cy
Initial Value 0000 0000y. This register is initialized by any reset.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
loJlojofoJoJofoJoJojofoJoJofofol]o ]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o[ o]Jofo]Jof[o]Jo|[o]o|ofo]|ofo] pstoRo |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 7-31 PLLSTO register contents

Bit position Bit name Function

2t00 PLLSTO[2:0] | PLLO stabilization time setting

Per default the PLLO stabilization counter is operating with the High Speed IntOsc.
If the High Speed IntOsc is disabled (ROSCS.ROSCSCLKEN = 0), the
stabilization counter clock is automatically changed to the Low Speed IntOsc.

PLLO stabilization time
High Speed IntOsc High Speed IntOsc
PLLSTO[2:0] enabled disabled
(ROSCS.ROSCSCLKEN | (ROSCS.ROSCSCLKEN
=1 =0)

000g 27 /8 MHz = 16 ps 271240 kHz = 533 ps
001g 28 /8 MHz =32 s 28 /240 kHz = 1.067 ms
010g 29/8 MHz = 64 s 297240 kHz = 2.133 ms
011g 210/8 MHz = 128 s 210/ 240 kHz = 4.267 ms
100g 21 /8 MHz = 256 us 211/ 240 kHz = 8.533 ms
101g 212 /8 MHz =512 ps 2121240 kHz = 17.057 ms
110g 213/8 MHz =1.024 ms | 2%3/240 kHz = 34.133 ms
111g 21418 MHz =2.048 ms | 214/240 kHz = 68.267 ms

Note:
* 8 MHz is the nominal frequency of the High Speed IntOsc.
e 240 kHz is the nominal frequency of the Low Speed IntOsc.

Note Refer to the Data Sheet for information about the PLLO stabilization time.
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7.7.4 Clock selector control register
(1) CKSC_mn — Clock selector control registers
These registers select the clock for all clock domains which allow to select
different clocks. For details on the selectable values for each register and its
initial value refer to the section “Clock Selection” of this chapter.
Caution Changing safely the clock selection for a clock domain requires particular
attention.
Refer to “Clock switching” in the section “Clock Selection” of this chapter.
Protection  Writing to these registers is protected by a special sequence of instructions by
using a protection command register, that depends on the power area:
* m=0:1s00
The access to writing CKSC_0n re