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10.

11.

12.

Notice

All information 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 sal es 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.

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

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

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

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the 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.

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.

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. 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of 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.

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.

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

Please contact a Renesas Electronics 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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




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 LS|, 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 LS| 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.




1.

How to Use This Manual

Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It isintended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs s necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the M16C/6B Group. 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 Title Document No.
User’s manual: Hardware specifications (pin assignments, memory M16C/6B Group This User’s
Hardware maps, peripheral function specifications, electrical User’s Manual: manual

characteristics, timing charts) and operation description | Hardware
Note: Refer to the application notes for details on using
peripheral functions.

Application note Information on using peripheral functions and Available from Renesas Electronics
application examples Web site.

Sample programs

Information on writing programs in assembly language
and C

Renesas technical | Product specifications, updates on documents, etc.
update




2.

Notation of Numbers and Symbols

The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PM 03 bit in the PMO register
P3 5 pin, VCC pin

(2) Notation of Numbers
The indication “b” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. Theindication “h” is appended to numeric values given in hexadecimal format. Nothing is
appended to numeric values given in decimal format.
Examples Binary: 11b
Hexadecimal: EFACh
Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are described bel ow.

XXX Register *1
b7 b6 b5 b4 b3 b2 bl bo
0 Symbol Address After Reset
| T | T | T | T | T |>|<| T 4:l XXX XXX 00h
1 1 1 1 1 1 1 1
T R T A B Y e , .
b1 Bit Symbol Bit Name Function RW 9
A T T T T T XX bit b1 bo -
P oo ts 10 XXX @
I T T T A 0 1: XXX
T T R i 1 0: Do not set.
T T T N s I ¢ 1 1: XXX RW
T A A
I T A
I T N e Nothing is assigned. If necessary, setto 0. _
I (b2) When read, the content is undefined. | — | +3
A
1 1 1 1 1
A S — R d bit Setto 0 RW
oo (b3) eserved bits etto 0. |y
T
1 1 1 1
oo xXX4 XXX bits Function varies according to the operating RW
[ mode.
P
1 1 1
1 1 1
I XXX5 WO
P
1 1
1 1
1 1
T XXX6 RW
i
1
1 . .
--------------------- XXX bit 0: XXX
XXX7 1 XXX RO
*1
Blank: Set to 0 or 1 according to the application.
0: SettoO.
1: Setto 1.
X: Nothing is assigned.
*2
RW: Read and write.
RO: Read only.
WO: Write only.
—: Nothing is assigned.
*3
* Reserved bit
Reserved hit. Set to specified value.
*4

« Nothing is assigned

Nothing is assigned to the bit. Asthe bit may be used for future functions, if necessary, set to 0.

* Do not set to avalue

Operation is not guaranteed when avalueis set.

« Function varies according to the operating mode.
The function of the bit varies with the peripheral function mode. Refer to the register diagram for information

on the individual modes.




4. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
110 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.
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SFR Page Reference

The following tables only indicate where registers first appear. Refer to the index for registers that appear multiple times.

Address Register Symbol Page Address Register Symbol Page
0000h 0045h Timer B5 Interrupt Control Register TB5IC 68
0001h 0046h Timer B4 Interrupt Control Register, UART1 | TB4IC, ULBCNIC
0002h BUS Collision Detection Interrupt Control 68
0003h Register
e I e P e el R
0005h Processor Mode Register 1 PM1 34 Register
0006h | System Clock Control Register 0 CMo 38 0048h | Timer Compare O Interrupt Control Register | BBTIMOIC 68
0007h | System Clock Control Register 1 cm1 39 0049h | Timer Compare 1 Interrupt Control Register | BBTIM1IC 68
0008h 004Ah | UART2 BUS Collision Detection Interrupt BCNIC o8
000%h Control Register
000Ah Protect Register PRCR 61 004Bh DMAQO Interrupt Control Register DMoOIC 68
000Bh 004Ch | DMAL1 Interrupt Control Register DM1IC 68
000Ch | Oscillation Stop Detection Register CcM2 40 004Dh | Key Input Interrupt Control Register KUPIC 68
000Dh 004Eh [ A/D Conversion Interrupt Control Register ADIC 68
000Eh 004Fh UART2 Transmit Interrupt Control Register | S2TIC 68
000Fh 0050h UART2 Receive Interrupt Control Register S2RIC 68
0010h Program 2 Area Control Register PRG2C 34 0051h UARTO Transmit Interrupt Control Register | SOTIC 68
0011h 0052h UARTO Receive Interrupt Control Register SORIC 68
0012h Peripheral Clock Select Register PCLKR 41 0053h UART1 Transmit Interrupt Control Register | SITIC 68
0013h 0054h UART1 Receive Interrupt Control Register S1RIC 68
0014h 0055h Timer AQ Interrupt Control Register TAOIC 68
0015h Clock Prescaler Reset Flag CPSRF 107 0056h Timer Al Interrupt Control Register TAlIC 68
0016h 0057h Timer A2 Interrupt Control Register TA2IC 68
0017h 0058h Timer A3 Interrupt Control Register TA3IC 68
0018h 0059h Timer A4 Interrupt Control Register TA4IC 68
0019h 005Ah | Timer BO Interrupt Control Register TBOIC 68
001Ah 005Bh Timer B1 Interrupt Control Register TB1IC 68
001Bh 005Ch | Timer B2 Interrupt Control Register TB2IC 68
001Ch 005Dh INTO Interrupt Control Register INTOIC 69
001Dh 005Eh INT1 Interrupt Control Register INT1IC 69
001Eh Processor Mode Register 2 PM2 41 005Fh Timer Compare 2 Interrupt Control Register | BBTIM2IC 68
001Fh 0060h
0020h 0061h
0021h 0062h
0022h 0063h
0023h 0064h
0024h 0065h
0025h 0066h
0026h 0067h
0027h 0068h
0028h 0069h DMA2 Interrupt Control Register DM2IC 68
002%h 006Ah DMAS3 Interrupt Control Register DM3IC 68
002Ah 006Bh Tran_smil Complete Interrupt Control BBTXIC 68
002Bh Register
002Ch 006Ch | Bank 0 Receive Complete/IDLE Interrupt BBRX0IC/ 68
Control Register BBIDLEIC
002bh 006Dh | Bank 1 Receive Complete/Clock Regulator | BBRX1IC/
002Eh Interrupt Control Register BBCREGIC 68
002Fh 006Eh Address Filter Interrupt Control Register BBADFIC 68
0030h 006Fh CCA Complete Interrupt Control Register BBCCAIC 68
0031h 0070h | PLL Lock Detection Interrupt Control BBPLLIC o8
0032h Register
0033h 0071h | Transmit Overrun Interrupt Control Register | BBTXORIC 68
0034h 0072h Recgive Overrun 0 Interrupt Control BBRXOROIC 68
0035h Register
0036h 0073h | Receive Overrun 1 Interrupt Control BBRXORL1IC 68
0037h Register
0038h 0074h
0039h 0075h
003Ah 0076h
0038Bh 0077h
003Ch 0078h
003Dh 0079h
003Eh 007Ah
003Fh 007Bh
0040h 007Ch
0041h 007Dh
0042h 007ER
0043h 007Fh
0080h LED Port Switch Register LEDCON 249
0044h
0081h
0082h Key Input Control Register 0 KICONO 79
0083h Key Input Control Register 1 KICON1 79
0084h Timer A 1/O Control Register TAICON 102
0085h
to
00FFh

Blank columns are all reserved space. No access is allowed.
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Address Register Symbol Page Address Register Symbol Page
0100h Baseband Control Register BBCON 208 0144h

0101h Transmit/Receive Reset Register BBTXRXRST 209 0145h

0102h Transmit/Receive Mode Register 0 BBTXRXMODEO 210 0146h

0103h Transmit/Receive Mode Register 1 BBTXRXMODE1 211 0147h

0104h Receive Frame Length Register BBRXFLEN 212 0148h

0105h Receive Data Counter Register BBRXCOUNT 212 0149h

0106h RSSI/CCA Result Register BBRSSICCARSLT 213 014Ah

0107h Transmit/Receive Status Register 0 BBTXRXSTO 214 014Bh

0108h Transmit Frame Length Register BBTXFLEN 215 014Ch

0109h Transmit/Receive Mode Register 2 BBTXRXMODE2 216 014Dh

010Ah Transmit/Receive Mode Register 3 BBTXRXMODE3 217 014Eh

010Bh Receive Level Threshold Set Register BBLVLVTH 218 014Fh

010Ch Transmit/Receive Control Register BBTXRXCON 218 0150h

010Dh | CSMA Control Register 0 BBCSMACONO 219 0151h

010Eh CCA Threshold Level Set Register BBCCAVTH 219 0152h

010Fh Transmit/Receive Status Register 1 BBTXRXST1 220 0153h

0110h RF Control Register BBRFCON 221 0154h

0111h Transmit/Receive Mode Register 4 BBTXRXMODE4 222 0155h

0112h CSMA Control Register 1 BBCSMACON1 223 0156h

0113h CSMA Control Register 2 BBCSMACON2 223 0157h

0114h PAN Identifier Register BBPANID 224 0158h

0115h 0159h

0116h Short Address Register BBSHORTAD 295 015Ah

0117h 015Bh

0118h Expansion Address Register BBEXTENDADO 295 015Ch

0119h 015Dh

011Ah BBEXTENDAD1 015Eh

011Bh 225 015Fh

011Ch BBEXTENDAD2 0160h

011Dh 225 0161h

011Eh BBEXTENDAD3 225 0162h

011Fh 0163h

0120h Timer Read-Out Register 0 BBTIMEREADO 226 0164h

0121h 0165h

0122h Timer Read-Out Register 1 BBTIMEREAD1 226 0166h

0123h 0167h

0124h Timer Compare 0 Register 0 BBTCOMPOREGO 297 0168h Verification Mode Set Register BBEVAREG 233
0125h 0169h

0126h Timer Compare 0 Register 1 BBTCOMPOREG1 297 016Ah

0127h 016Bh

0128h Timer Compare 1 Register 0 BBTCOMP1REGO 297 016Ch

0129h 016Dh

012Ah Timer Compare 1 Register 1 BBTCOMP1REG1 297 016Eh

012Bh 016Fh

012Ch Timer Compare 2 Register 0 BBTCOMP2REGO 297 0170h

012Dh 0171h

012Eh Timer Compare 2 Register 1 BBTCOMP2REG1 297 0172h

012Fh 0173h

0130h Time Stamp Register 0 BBTSTAMPO 228 0174h

0131h 0175h

0132h Time Stamp Register 1 BBTSTAMP1 228 0176h IDLE Wait Set Register BBIDLEWAIT 234
0133h 0177h

0134h Timer Control Register BBTIMECON 229 0178h

0135h Backoff Period Register BBBOFFPROD 229 0179h

0136h 017Ah ANTSW Output Timing Set Register BBANTSWTIMG 234
0137h 017Bh

0138h 017Ch RF Initial Set Register BBRFINI 235
0139h 017Dh

013Ah PLL Division Register 0 BBPLLDIVL 230 017Eh

013Bh | PLL Division Register 1 BBPLLDIVH 230 017Fh

013Ch Transmit Output Power Register BBTXOUTPWR 231 0180h DMAQ Source Pointer SARO

013Dh | RSSI Offset Register BBRSSIOFS 232 0181h 91
013Eh 0182h

013Fh 0183h

0140h 0184h DMAQ Destination Pointer DARO

0141h 0185h 92
0142h 0186h

0143h 0187h

Blank columns are all reserved space. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0188h DMAO Transfer Counter TCRO a2 01CCh
0189h 01CDh
018Ah 01CEh
018Bh 01CFh
018Ch | DMAO Control Register DMOCON 91 01DOh | Timer A Count Source Select Register 0 TACSO 107
018Dh 01D1h Timer A Count Source Select Register 1 TACS1 107
gi:i: 01D2h | Timer A Count Source Select Register 2 TACS2 108
0190h DMAL1 Source Pointer SAR1 01b3h
0191h o1 01D4h
0192h 01D5h Time_:r A Waveform Output Function Select | TAPOFS 108
0193h Register
— - 01D6h
0194h DMAL Destination Pointer DAR1
0195h 92 01b7h
0196h 01D8h
0197h 01D9%h
0198h [ DMAL Transfer Counter TCR1 92 01DAh
0199h 01DBh
019Ah 01DEh
019Bh 01DCh
019Ch DMAL Control Register DM1CON 91 01DDh
019Dh 01DFh
019Eh
OL9Fh 01EOh
01A0h DMAZ2 Source Pointer SAR2 O1E1h
01A1h 91 01E2h
01A2h 01E3h
01A3h 01E4h
01A4h DMAZ2 Destination Pointer DAR2 01E5h
01A5h 92 01E6h
01A6h 01E7h
01A7h 01E8h Timer B Count Source Select Register 2 TBCS2 123
giig: DMA Transfer Counter TCR2 92 01E9h | Timer B Count Source Select Register 3 TBCS3 123
01AAR 01EAh
01ABh 01EBh
0IACh | DMA2 Control Register DM2CON o1 01ECh
01ADh 01EDh
01AEh 01EEh
01AFh 01EFh
01BOh DMA3 Source Pointer SAR3 01FOh
01B1h 91 01F1h
0182h 01F2h
0183h — - 01F3h
01B4h DMAS3 Destination Pointer DAR3
01B5h 92 O1F4h
01B6h 01F5h
01B7h 01F6h
01B8h | DMA3 Transfer Counter TCR3 0 01F7h
01B%h 01F8h
01BAh 01F9h
01BBh 01FAh
01BCh | DMA3 Control Register DM3CON 91 01FBh
01BDh 01FCh
01BEN 01FDh
01BFh
o1coh 01FEh
01C1h 01FFh
01C2h 0200h
01C3h 0201h
01C4h 0202h
01C5h 0203h
01C6h 0204h
01C7h | _ 0205h
01C8h Timer B Count Source Select Register 0 TBCSO 123 0206h Interrupt Source Select Register 2 FSR2A 76
01C9h Timer B Count Source Select Register 1 TBCS1 123 -
O1CAD 0207h Interrupt Source Select Register IFSR 76
01CBh 0208h
0209h
020Ah
020Bh
020Ch
020Dh
020Eh | Address Match Interrupt Enable Register AIER 81
020Fh Address Match Interrupt Enable Register 2 | AIER2 81

Blank columns are all reserved space. No access is allowed.
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Address Register Symbol Page Address Register Symbol Page
0210h Address Match Interrupt Register 0 RMADO 0250h UART Transmit/Receive Control Register 2 | UCON 135
0211h 81 0251h
0212h 0252h
0213h 0253h
0214h Address Match Interrupt Register 1 RMAD1 0254h UART1 Special Mode Register 4 U1SMR4 139
0215h 81 0255h UART1 Special Mode Register 3 U1SMR3 138
0216h 0256h UART1 Special Mode Register 2 U1SMR2 137
0217h 0257h UART1 Special Mode Register U1SMR 136
0218h Address Match Interrupt Register 2 RMAD2 0258h UART1 Transmit/Receive Mode Register UIMR 131
0219h 81 0259h UART1 Bit Rate Register U1BRG 131
021Ah 025Ah UART1 Transmit Buffer Register uiTB 130
021Bh 025Bh
021Ch Address Match Interrupt Register 3 RMAD3 025Ch UART1 Transmit/Receive Control Register 0 | U1CO 132
021Dh 81 025Dh | UART1 Transmit/Receive Control Register 1 | U1C1 133
021Eh 025Eh UART1 Receive Buffer Register U1RB 130
021Fh 025Fh
0220h Flash Memory Control Register 0 FMRO 260 0260h
0221h Flash Memory Control Register 1 FMR1 262 0261h
0222h Flash Memory Control Register 2 FMR2 263 0262h
0223h 0263h
0224h 0264h UART?2 Special Mode Register 4 U2SMR4 139
0225h 0265h UART2 Special Mode Register 3 U2SMR3 138
0226h 0266h UART2 Special Mode Register 2 U2SMR2 137
0227h 0267h UART2 Special Mode Register U2SMR 136
0228h 0268h UART2 Transmit/Receive Mode Register U2MR 131
0229h 0269h UART2 Bit Rate Register U2BRG 131
022Ah 026Ah UART2 Transmit Buffer Register u2TB 130
022Bh 026Bh
022Ch 026Ch UART2 Transmit/Receive Control Register 0 | U2C0 132
022Dh 026Dh | UART2 Transmit/Receive Control Register 1 | U2C1 134
022Eh 026Eh UART2 Receive Buffer Register U2RB 130
022Fh 026Fh
0230h Flash Memory Control Register 6 FMR6 264 0270h
0231h 0271h
0232h 0272h
0233h 0273h
0234h 0274h
0235h 0275h
0236h 0276h
0237h 0277h
0238h 0278h
0239h 0279h
023Ah 027Ah
023Bh 027Bh
023Ch 027Ch
023Dh 027Dh
023Eh 027Eh
023Fh 027Fh
0240h 0280h
0241h 0281h
0242h 0282h
0243h 0283h
0244h UARTO Special Mode Register 4 UOSMR4 139 0284h
0245h UARTO Special Mode Register 3 UOSMR3 138 0285h
0246h UARTO Special Mode Register 2 UOSMR2 137 0286h
0247h UARTO Special Mode Register UOSMR 136 0287h
0248h UARTO Transmit/Receive Mode Register UOMR 131 0288h
0249h UARTO Bit Rate Register UOBRG 131 0289h
024Ah UARTO Transmit Buffer Register uoTB 130 028Ah
024Bh 028Bh
024Ch UARTO Transmit/Receive Control Register 0 | UOCO 132 028Ch
024Dh | UARTO Transmit/Receive Control Register 1 | UOC1 133 028Dh
024Eh UARTO Receive Buffer Register UORB 130 028Eh
024Fh 028Fh

0290h

to

02FFh

Blank columns are all reserved space. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0300h Timer B3, B4, B5 Count Start Flag TBSR 122 0345h

0301h 0346h

0302h 0347h

0303h 0348h

0304h 0349h

0305h 034Ah

0306h 034Bh

0307h 034Ch

0308h 034Dh

0309h 034Eh

030Ah 034Fh

030Bh 0350h

030Ch 0351h

030Dh 0352h

030Eh 0353h

030Fh 0354h

0310h Timer B3 Register TB3 121 0355h

0311h 0356h

0312h Timer B4 Register TB4 121 0357h

0313h 0358h

0314h Timer B5 Register TB5 121 0359h

0315h 035Ah

0316h 035Bh

0317h 035Ch

0318h 035Dh

0319h 035Eh

031Ah 035Fh

031Bh | Timer B3 Mode Register TB3MR 121 0360h

031Ch Timer B4 Mode Register TB4MR 121 0361h Pull-Up Control Register 1 PUR1 248
031Dh Timer B5S Mode Register TB5MR 121 0362h Pull-Up Control Register 2 PUR2 248
031Eh 0363h

031Fh 0364h

0320h Count Start Flag TABSR 105 0365h

0321h 0366h

0322h One-Shot Start Flag ONSF 106 0367h

0323h Trigger Select Register TRGSR 106 0368h

0324h Up/Down Flag UDF 105 0369h

0325h 036Ah

0326h Timer AO Register TAO 104 036Bh

0327h 036Ch

0328h Timer Al Register TA1 104 036Dh

0329h 036Eh

032Ah Timer A2 Register TA2 104 036Fh

032Bh 0370h

032Ch Timer A3 Register TA3 104 0371h

032Dh 0372h

032Eh Timer A4 Register TA4 104 0373h

032Fh 0374h

0330h Timer BO Register TBO 121 0375h

0331h 0376h

0332h Timer B1 Register TB1 121 0377h

0333h 0378h

0334h Timer B2 Register TB2 121 0379h

0335h 037Ah

0336h Timer A0 Mode Register TAOMR 103 037Bh

0337h Timer A1 Mode Register TAIMR 103 037Ch Count Source Protection Mode Register CSPR 84
0338h Timer A2 Mode Register TA2MR 103 037Dh | Watchdog Timer Reset Register WDTR 83
033%9h Timer A3 Mode Register TASMR 103 037Eh Watchdog Timer Start Register WDTS 83
033Ah Timer A4 Mode Register TA4AMR 103 037Fh Watchdog Timer Control Register wDC 83
033Bh | Timer BO Mode Register TBOMR 121 0380h

033Ch Timer B1 Mode Register TB1IMR 121 0381h

033Dh | Timer B2 Mode Register TB2MR 121 0382h

033Eh 0383h

033Fh 0384h

0340h 0385h

0341h 0386h

0342h 0387h

0343h Blank columns are all reserved space. No access is allowed.

0344h




Address Register Symbol Page Address Register Symbol Page
0388h 03CCh | A/D Register 6 AD6 180
0389h 03CDh
038Ah 03CEh | A/D Register 7 AD7 180
038Bh 03CFh
038Ch 03D0h
038Dh 03D1h
038Eh 03D2h
038Fh 03D3h
0390h DMA2 Source Select Register DM2SL 89 03D4h | A/D Control Register 2 ADCON2 180
0391h 03D5h
0392h DMAS3 Source Select Register DM3SL 89 03D6h | A/D Control Register 0 ADCONO 179
0393h 03D7h | A/D Control Register 1 ADCON1 179
0394h 03D8h
0395h 03D%h
0396h 03DAh
0397h 03DBh
0398h DMAO Source Select Register DMOSL 89 03DCh
0399h 03DDh
039Ah DMAL Source Select Register DM1SL 89 03DEh
039Bh 03DFh
039Ch 03EOh
039Dh 03E1lh
039Eh 03E2h
039Fh 03E3h
03A0h 03E4h
03A1h 03E5h
03A2h 03E6h
03A3h 03E7h
03A4h 03E8h
03A5h 03ESh Port P5 Register P5 247
03A6h 03EAh
03A7h 03EBh | Port P5 Direction Register PD5 246
03A8h 03ECh | Port P6 Register P6 247
03A%h 03EDh | Port P7 Register P7 247
03AAh 03EEh Port P6 Direction Register PD6 246
03ABh 03EFh | Port P7 Direction Register PD7 246
03ACh 03F0h Port P8 Register P8 247
03ADh 03F1h
03AEh 03F2h Port P8 Direction Register PD8 246
03AFh 03F3h
03B0Oh 03F4h Port P10 Register P10 247
03B1h 03F5h
03B2h 03F6h Port P10 Direction Register PD10 246
03B3h 03F7h
03B4h 03F8h
03B5h 03F9h
03B6h 03FAh
03B7h 03FBh
03B8h 03FCh
03B%h 03FDh
03BAh 03FEh
03BBh 03FFh
03BCh | CRC Data Register CRCD D000h
03BDh 240 to
03BEh | CRC Input Register CRCIN 240 DO9Fh o
03BFh D100h | Transmit RAM TRANSMIT_RAM_
to START
03CO0h A/D Register 0 ADO 180 D17Eh
03C1h TRANSMIT_RAM_
03C2h | AID Register 1 ADL END
03Can 180 D17Fh
03Cah | AID Register 2 AD2 150 E)lSOh Receive RAM SEAC&I-EFVE_RAM_
03Csh D1FEh
03C6h | A/D Register 3 AD3 RECIEVE_RAM_
03C7h 180 END
03C8h | A/D Register 4 AD4 180 5)1':':“
03Coh D7FFh
03CAh | A/D Register 5 AD5 180
03cBh FFFFFh | Option Function Select Address OFS1 84

Blank columns are all reserved space. No access is allowed.
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M16C/6B Group
RO1UH0197EJ0120
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Jul 21, 2011

1. Overview

1.1 Features

The M16C/6B Group microcomputers (MCUs) incorporate the M 16C/60 Series CPU core and flash memory.
These MCUs also function as low-power-consumption transceivers which support near field communication (2.4 GHz

band).
Integrating some of the physical (PHY) and MAC layers compliant to the IEEE802.15.4 standard, the MUCs support

various applications ranging from simple communication systems to mesh network systems.

1.1.1  Applications
Home automation, Building automation, Factory automation, Wireless sensor networks, RF remote controllers

RO1UHO0197EJ0120 Rev.1.20 RENESAS Page 1 of 331
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M16C/6B Group 1. Overview

1.2 Specifications
Tables 1.1 and 1.2 list Specifications Outline.

Table 1.1 Specifications (1)

Item Function Specification
RF RF frequency 2405 MHz to 2480 MHz
Reception -94 dBm
sensitivity
Transmission 0dBm
output level
CPU Central * M16C/60 core
processing unit (Multiplier: 16 bits x 16 bits — 32 bits,

multiply and accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits)
* Number of basic instructions: 91
« Minimum instruction execution time:

62.5 ns (f(BCLK) = 16 MHz, VCC = 2.7 V10 3.6 V)
« Operating mode: Single-chip mode

Memory ROM, RAM, Refer to Table 1.3 “Product List”.
data flash

Clock Clock generation |« 3 circuits: Main clock, subclock, on-chip oscillator (125 kHz)
circuits « Oscillation stop detection:

Main clock oscillation stop and re-oscillation detection function
 Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8, and 16
» Low-power-consumption modes: Wait mode, stop mode

1/O ports Programmable /O |+ CMOS /O ports: 30 (64-pin version),
ports 16 (48-pin version), selectable pull-up resistor
* Nch open drain ports: 3
Interrupts * Number of interrupt vectors: 70

« External interrupt input:

11 (NMI, INT x 2, key input x 8 (64-pin version), key input x 4 (48-pin version))

« Priority levels: 7 levels

Watchdog timer 15 bits x 1 (with prescaler), selectable reset start function

DMA DMAC * 4 channels, cycle steal mode

« Trigger sources: 43

« Transfer modes: 2 (single transfer, repeat transfer)

Timer Timer A * 16-bit timer x 5 (64-pin version), 16-bit timer x 2 (48-pin version):
Timer mode, event counter mode, one-shot timer mode, pulse width
modulation (PWM) mode

* 16-bit timer x 3 (48-pin version): Timer mode

Timer B 16-bit timer x 6: Timer mode
Serial interface | UARTO to UART2 | Clock synchronous/asynchronous x 3 channels
A/D converter (64-pin version) 10-bit resolution x 8 channels, including sample and hold function,
conversion time: 2.69 us
CRC calculation circuit CRC-CCITT (X16 + X12 + X5 + 1) compliant
Baseband » 127-byte transmit RAM, 127-byte receive RAM x 2

» Automatic ACK response function
* 26-bit timer: Compare function in 3 channels

Flash memory * Programming and erasure power supply voltage: 2.7 V to 3.6 V

« Programming and erasure endurance:
100 times (all area) or 1,000 times (program ROM1, program ROM2)/10, 000
times (data flash)

« Program security: ROM code protect, ID code check

Debug functions On-chip debug, on-board flash rewrite function, address match x 4
Encryption AES AES Encryption / Decryption (Key length 128bit)
RO1UHO0197EJ0120 Rev.1.20 RENESAS Page 2 of 331
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M16C/6B Group

1. Overview

Table 1.2 Specifications (2)

Item | Function

Specification

Operation frequency/
supply voltage

16 MHz (no division): 2.7 Vt0 3.6 V
16 MHz (divided by 2, 4, 8, 16): 2.2V t0 3.6 V

Power consumption

TX/MCU (f(BCLK) = 4 MHz): 35.7 mA
RX/MCU (f(BCLK) = 4 MHz): 46.7 mA
RF idle/MCU (f(BCLK) = 4 MHz): 6.7 mA
RF 0fffMCU (f(BCLK) = 4 MHz): 4.7 mA

Tx/MCU (f(BCLK) = 8 MHz): 37.5 mA
RX/MCU (f(BCLK) = 8 MHz): 48.5 mA
RF idle/MCU (f(BCLK) = 8 MHz): 8.5 mA
RF offfMCU (f(BCLK) = 8 MHz): 6.5 mA

Tx/MCU (f(BCLK) = 16 MHz): 41 mA

Rx/MCU (f(BCLK) = 16 MHz): 52 mA

RF idle/MCU (f(BCLK) = 16 MHz): 12 mA

RF offMCU (f(BCLK) = 16 MHz): 10 mA

RF off MCU (f(BCLK) = 32 kHz) low power consumption mode: 70 pA
RF off/MCU (f(BCLK) = stop) stop mode: 3 pA

Operating temperature

—20°C to 85°C, —40°C to 85°C

Package

PVQNOO64KA-A, PVQNO048KB-A

RO1UH0197EJ0120 Rev.1.20
Jul 21, 2011

RENESAS Page 3 of 331



M16C/6B Group

1. Overview

1.3 Product List

Table 1.3 lists product information. Figure 1.1 shows part numbers, memory sizes, and packages.

Table 1.3

Product List

As of July, 2011

Part No.

ROM Capacity

Program
ROM1

Program
ROM2

Data Flash | Capacity

RAM

Package Code Remarks

R5F36B3ENNP

256 Kbytes

R5F36B4BNNP

192 Kbytes

16 Kbytes 2 blocks

4 Kbytes x 20 Kbytes

PVQNOO064KA-A | Operatingtemperature
PVQNO0048KB-A | —20°C to 85°C

R5F36B3EDNP

256 Kbytes

R5F36B4BDNP (D)

192 Khytes

16 Kbytes 2 blocks

4 Kbytes x 20 Kbytes

PVQNOO64KA-A | Operating temperature
PVQNO0048KB-A |-40°C to 85°C

(D): Under development

Part No. R

[
111
(98]
o
10

)
Im
=z
z
T

Package type:
NP: Package PVQNOO64KA-A
PVQNOO048KB-A

Property code
N: Operating temperature —20°C to 85°C
D: Operating temperature —40°C to 85°C

Memory capacity
Program ROM 1/RAM
B: 192 Kbytes/20 Kbytes
E: 256 Kbytes/20 Kbytes

Number of pins
3: 64 pins
4: 48 pins

M16C/6B Group

16-bit MCU

Memory type:
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1

Correspondence of Part No., with Memory Size and Package

RO1UH0197EJ0120 Rev.1.20
Jul 21, 2011
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M16C/6B Group 1. Overview

1.4 Block Diagram
Figure 1.2 shows a Block Diagram.

2 8 8 (64-pin) 7 (64-pin) 8 (64-pin)
4 (48-pin) 5 (48-pin) 0 (48-pin)
v v v

| PortP5 | | PortP6 | | PortP7 | | PortP8 | | PortP10 |

Peripheral functions

UART or Clock fon circuit
clock synchronous serial /O 0CK generation circuits
Timer (16-bit XIN-XOUT
( ) (3 channels) N COUT
Outputs (Timer A): 5 On-chip oscillator (125 kHz)
Inputs (Timer B): 6
DMAC

(4 channels)

CRC calculation circuit

Watchdog timer AES Encryption/Decryption (CCITT)

(15 bits x 1) (Polynomial: X6 + X2+ X5+ 1)
A.‘/D converter M16C/60 Series CPU core Memory
(10 bits x 8 channels)
ROH [ ROL [ | SB | ROM ®
RIH | RIL [ Usp
R2 I .
o | ISP RAM
| INTB |
On-chip debug function AQ | PC |
Al I
FB I FLG Multiplier
RF block
— LNA P Dl\jl’;’;(” - LPF |—p| vGA —p| ADC |—P] %
Baseband >
i
<—p VCO |¢—{ PLL MAC
MODEM
L PA | X e LPF |« DAC |€—
NOTES:

1. ROM size depends on MCU type.

2. RAM size depends on MCU type.

3. Timer A in the 48-pin version has functional limitations.
4. No A/D converter is available in the 48-pin version.

Figure 1.2  Block Diagram

RO1UH0197EJ0120 Rev.1.20 RENESAS Page 5 of 331
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1. Overview

15 Pin Assignments
Figures 1.3 and 1.4 show pin assignments (top view).
.
g =
I |£ |':
S K o K
S~ ‘%
N O N |-
QL sk
£E 8 0 ‘%
o |dH | |m E X E |-
|§|§|§|§8E82
o 9 o o9 9§ 8 &8 5 o £ & Z
Pz z z z z 2 z z & c dJ 4
L EE T2 22222 2 I I < <
L gk 333 & F B o ~ £ E E E
(n,:) S T o = A TR TR TN
N O 0 0 d d d d 4d 9 d G ~ ©~ ~ I~
64|63|62|61|60|59|58|57|56|55|54|53|52|51|50|49
VSSRF2—»] 1 @ O 48 l¢«—» P8_5/NMI @
VREGIN1—>] 2 47 le——Avss
VSSRF3—»] 3 46 [«——VREF
VREGIN2—»] 4 45 l«——AvVCC
VSSRF1—»] 5 44 l«—» P8_6/XCOUT
VREGOUT1 «— 6 43 [«—» P8_7/XCIN
VREGINZ—»] 7 M16C/6B3 42 l«——vcC
VSSRF4A—>»| 8 6 4V FN 41 [«——CNVSS
RFIOP «—» 9 ( Q ) 40 [¢——Vss1
RFION «—»| 10 (top VleW) 39 |—>» P5_5/LEDO/TAOLOUT
VSSRF4B—»] 11 38 l«—» P5_7/CLKOUT/LED1/TA110UT
TESTION «——»{ 12 37 [«—RESET
TESTIOP «—»| 13 36 — XOUT
ANTSWCONT «—| 14 35 le——VSS2
VREGOUT2 «— 15 34 l&——XIN
VSSRF5—»| 16 O 33 [—» VREGOUT3
17|18|19|20|21|22|23|24|25|26|27|28|29|30|31|32
© ¥ Z F Z FF 94 A oA A4 zZ b © O O |o
2533323323532 3¢2¢E
a9 e s @20 dF3 020k
SermEnEF33% 3288 28
> = £ a ©o |2 [T = T~ I R )}
~ S ©~ 5§ X X 7 N o S X X g =
o I a [ = o [ o
& N9 = g o § S
© © ‘U) © © ©O
o a — o a o
o
=
(93]
'_
‘Q
VI
©
o
NOTES:
1. N-channel open-drain output.
2. Confirm the position of pin 1 by referring to Package Dimensions.

Figure 1.3  64-Pin Assignment (Top View)

RO1UH0197EJ0120 Rev.1.20
Jul 21, 2011
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M16C/6B Group

1. Overview

le—> P7 Q/TAOOOUTITXD2/SDA2/KIZ (1)

> P7_UTAOINRXC2/SOL2IRIS @

le— P7_2ITAI00UT/OLK2/KI6

le— P7_ITALINCTS2ZRTS2KI7

VREGOUTL
VSSRFL
le— P8 2/INTO
le—> P8 JINTL
l— PS5 5L EDOTAOIOUT
le— PS5 7/QLKOUT/LEDI/TALIOUT

48|47|46|45|44|43|42|41|40|39|38|37
VSSRF2—> 1 36 |le—» P8_5/NMT
VREGINL—] 2 | 35 le——vce
VSSRF3—| 3 | 34 l«—» P8_6/xCOUT
VREGIN2—»] 4 | 33 le—» P8_7/xCIN
VREGIN3—>E M16C/6B4 E<—vcc
VSSRF4A—>| 6 31 Je——cnvss
RFIOP «—»] 7 | (48VQFN) 30 le——vss1
RFION «—>| 8 | (tOp VieW) 29 le——RESET
VSSRF4B—»] 9 | [ 28 |—» xouT
ANTSWCONT +— 10 | 27 le——vss2
VREGOUT2 «—] 11 | 26 le—xiN
VSSRF5—»]{ 12 | O 25 |—» vrREGOUTS
13 14 15|16|17|18|19|20|21|22 23 24
1i0g18
% g L
1 é o
© ©
'
NOTES:

1. N-channel open-drain output.
2. Confirm the position of pin 1 by referring to Package Dimensions.

Figure 1.4

48-Pin Assignment (Top View)

RO1UH0197EJ0120 Rev.1.20
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M16C/6B Group

1. Overview

Table 1.4 Pin Names (1) (1)
PinNo. | Power |ocpin| port |"MEMUPL| fierpin | UART Pin | Clock Pin| SEP | AD | control Other
64 | 48 | Supply Pin Pin Pin Pin Pin
1 | 1 |VSSRF2
2 | 2 |[VREGIN1
3 | 3 |VSSRF3
4 | 4 [VREGIN2
5 | 45 |VSSRF1
6 | 46 |VREGOUT1
7 | 5 [VREGIN3
8 | 6 |VSSRF4A
9 | 7 RFIOP
10| 8 RFION
11 | 9 |VSSRF4B
12 | 15 TESTION
13 | 16 TESTIOP
14 | 10 ANTSWCONT
15 | 11 |VREGOUT2
16 | 12 | VSSRF5
17 | 13 |VSSRF6
18 | 14 |VREGIN4
19 P7_7 TA3IN
20 P76 TA3OUT
21 P75 TA2IN
22 P7_4 TA20UT
23 | 17 P6_7 TXD1/SDAL
24 | 18 P6_6 RXD1/SCL1
25 | 19 P6_5 CLK1
P6_4 CTS1/RTS1/

26120 CTS0/CLKS1
27 P8_1 TA4IN
28 P8_0 TA40UT
29 | 21 P6_3 TXDO/SDAO
30 | 22 P6_2 RXDO/SCLO
31 | 23 P6_1 CLKO
32 | 24 P6_0 CTSO/RTSO
33 | 25 [VREGOUT3
34 | 26 XIN
35 | 27 [vss2
36 | 28 XOUT
37 | 29 RESET
38 | 41 P5_7 TA110UT CLKOUT |LED1
39 | 42 P55 TAO1OUT LEDO
40 | 30 |vss
41 | 31 CNVSS
42 | 32 [vce
43| 33 P8_7 XCIN
a4 | 34 P8_6 XCOUT
45 AVCC

35 | Ve
46 VREF
47 AVSS

P8 5

48 | 36 (N-OD) NMI
49 | 37 P73 |ki7 TAIN CTS2/RTS2
50 | 38 P7_2 |Ki6 TAL00UT | CLK2
NOTE:

1. Some pins are used for communication with the debugger during debugging.

RO1UH0197EJ0120 Rev.1.20

Jul 21, 2011
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M16C/6B Group 1. Overview
Table 1.5 Pin Names (2) (1)
;n Nj's Su'z)(::)\II;eI;in RF Pin| Port Intlejri;upt Timer Pin UART Pin | Clock Pin LPE|rI13 QE‘ co;itr:ol Other
51 | 39 (PJ__(;LD) KI5 TAOIN RXD2/SCL2
52 | 40 I(T\T__(;JD) Kl4 TAOOOUT | TXD2/SDA2
53 P10_7 |KI3 AN7
54 P10_6 |KI2 ANG6
55 P10 5 (K1 AN5
56 P10_4 |Ki0 AN4
57 P10_3 AN3
58 P10_2 AN2
59 P10_1 AN1
60 P10_0 ANO
61 | 43 P8_3 |INT1
62 | 44 P8_2 |iNTO
63 | 47
64 | 48
NOTE:
1. Some pins are used for communication with the debugger during debugging.

RO1UH0197EJ0120 Rev.1.20
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M16C/6B Group 1. Overview

1.6 Pin Functions

Table 1.6 Pin Functions (1)

Signal Name Pin Name I/O Description
Digital power supply input |VCC, VSS1, VSS2 | Apply 2.2 Vto 3.6 V to the VCC pin.
Apply 0 V to pins VSS1, VSS2.
AD power supply input AvCC (1), AvSS (1) I Power input pins for the A/D converter. Connect the
AVCC pin to VCC.
Connect the AVSS pin to VSS.
Reset input RESET | Driving this pin Low resets the MCU.
CNVSS CNVSS | Always input Low.
Main clock input XIN | I/0 pins for the main clock oscillation circuit. Connect
Main clock output XOUT O |acrystal oscillator between pins XIN and XOUT.
Subclock input XCIN | I/O pins for a subclock oscillation circuit. Connect a
Subclock output XCOUT o) crystal oscillator between pins XCIN and XCOUT.
Clock output CLKOUT (0] This pin outputs the clock having the same
frequency as fC, f8, or f32.
INT interrupt input INTO, INT1 I Input pins for INT interrupt
NMI interrupt input NMI I Input pin for NMI interrupt
Key input interrupt input KIO to KI3 (1), KI4 to KI7 | Input pins for key input interrupt
Timer A TAOOUT to TA1OUT, I/O | Timer AO to A4 1/O pins (TAOOUT is an N-channel
TA20UT to TA40UT () open drain output pin)
TAOIN to TALIN, | Timer AO to A4 I/O input pins
TA2IN to TA4IN (1)
Serial interface CTSO to CTS2 | Input pins to control data transmission
RTSO to RTS2 (@] Output pins to control data reception
CLKO to CLK2 I/O | Transfer clock I/O pins
RXDO0 to RXD2 | Serial data input pins
TXDO to TXD2 O | Serial data output pins ()
CLKS1 (0] Output pin for transfer clock multiple-pin output
function
Reference voltage input ) | VREF | Reference voltage input pin for the A/D converter
A/D converter (1) ANO to AN7 | Analog input pins for the A/D converter
1/0 ports P5 5, P5 7, I/O | CMOS I/O ports. A direction register determines
P6_0to P6_7, whether each pin is used as an input port or an
P7_0to P7_3, output port. A pull-up resistor may be enabled or
P7 4toP7_7 (D), disabled for input ports in 4-bit units.
P8 01, P8 1), However, P7_0, P7_1, and P8_5 are N-channel
P8 2,P8 3, open-drain output ports. No pull-up resistor is
P8_5to P8_7, provided. P8_5 is an input port for verifying the NMI
P10 Oto P10 7 pin level and shares a pin with NMI.
NOTES:

1. Available only in the 64-pin version.
2. TXD2 is an N-channel open-drain output pin. TXDO and TXD1 can be selected as CMOS output pins or N-
channel open-drain output pins by a program.

RO1UHO0197EJ0120 Rev.1.20 RENESAS Page 10 of 331
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M16C/6B Group 1. Overview

Table 1.7 Pin Functions (2)

Signal Name Pin Name I/0 Description

Analog power supply input | VCCRF, VSSRF, VSSRF1 I Apply 2.2 V to 3.6 V the VCCREF pin.
Apply 0 V to pins VSSRF and VSSRF1.

VSSRF2 | VSS pin for the IF circuit. Apply 0 V.

VSSRF3 | VSS pin for the MIX circuit. Apply 0 V.

VSSRF4A, VSSRF4B | VSS pin for the LNA/PA circuit. Apply 0 V.

VSSRF5 | VSS pin for the VCO circuit. Apply 0 V.

VSSRF6 | VSS pin for the PLL circuit. Apply 0 V.

VREGIN1 | 1.5 V IFVCC pin. Connect to the VREGOUT1 pin.

VREGIN2 | 1.5 V MIXVCC pin. Connect to the VREGOUT1 pin.

VREGIN3 | 1.5 V LNA/PAVCC pin. Connect to the VREGOUT1

pin.

VREGIN4 | 1.5V PLLVCC pin. Connect to the VREGOUT1 pin.

Regulator output VREGOUT1 (0] On-chip regulator output (1.5 V) pin for the analog

circuit. Connect only a bypass capacitor between
pins VREGOUT1 and VSS.

Use only as the power supply for pins VREGIN1,
VREGIN2, VREGIN3, and VREGFIN4.
VREGOUT2 (0] Regulator output (1.5 V) pin for the VCO circuit.
Connect only a bypass capacitor between pins
VREGOUT?2 and VSS.

Do not use as the power supply for other circuits.

VREGOUT3 (0] Regulator output (1.5 V) pin for the XIN circuit.
Connect only a bypass capacitor between pins
VREGOUT3 and VSS.
Do not use as the power supply for other circuits.
RF 1/0 RFIOP, RFION I/0 | RFI/O pins
Test ports TESTIOP, TESTION 1/0 | Ports for testing. Leave open or apply 0 V.
External antenna switch ANTSWCONT (0] Signal output pin to control the external antenna
control output switch.

If antenna switch control is not required, leave open.

RO1UH0197EJ0120 Rev.1.20 RENESAS Page 11 of 331
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M16C/6B Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. Seven registers (RO, R1, R2, R3, A0, A1, and FB) out of thirteen registers

configure aregister bank. There are two sets of register banks.

b31 b15 b8b7

b0

R2 ROH (righ arder bits of RO)| ROL (owarder bits of RO) ||

R2

R3 RIH (righ order hits of RL)| RIL (owarder hits of R) ||

R3

A0

Al

FB

b19 b15

b0

| INTBH | INTBL

b19

INTBH is 4 high-order bits of INTB register and
INTBL is 16 low-order bits of INTB register

b0

| PC |
b15 b0

uspP

ISP

SB
b15 b0

| FLG
bgs""" b8 b7 bo
LLwey [ 11T [ultlofe[s]z]p]c

Data registers @

} Address registers

Frame base registers ()

Interrupt table register

Program counter

User stack pointer
Interrupt stack pointer
Static base register

Flag register

Carry flag

Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

NOTE:

1. These registers comprise a register bank. There are two sets of register banks.

Reserved area

Figure 2.1  Central Processing Unit Register

2.1 Data Registers (RO, R1, R2 and R3)

The RO, R1, R2, and R3 are 16-bit registers used for transfer, arithmetic and logic operations. RO and R1 can be
split into high-order (ROH/R1H) and low-order bits (ROL/R1L) to be used separately as 8-bit data registers. RO can
be combined with R2 and used as a 32-bit data register (R2R0). The same appliesto R3R1.

2.2 Address Registers (A0 and Al)

AO and A1 are 16-bit registers used for AO-/Al-indirect addressing, AO-/Al-relative addressing, transfer,
arithmetic and logic operations. A0 can be combined with A1 and used as a 32-bit address register (A1A0).
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M16C/6B Group 2. Central Processing Unit (CPU)

2.3 Frame Base Registers (FB)
FB is configured with 16 bits, and is used for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB isa 20-bit register indicating the start address of an relocatable interrupt vector table.

2.5 Program Counter (PC)
PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)
The stack pointers (SP), as USP and ISP, are each 16 bitswide. The U flag is used to switch between USP and ISP,

2.7 Static Base Register (SB)
SB isa 16-hit register used for SB-relative addressing.

2.8 Flag Register (FLG)
FLG isa11-bit register indicating the CPU state.

2.8.1 Carry Flag (C Flag)
The C flag retains a carry, borrow, or shift-out bit that has been generated by the arithmetic/logic unit.

2.8.2 Debug Flag (D Flag)
The D flag isfor debugging purpose only. Set it to O.

2.8.3 Zero Flag (Z Flag)
The Z flag is set to 1 when an arithmetic operation resultsin O; otherwise to 0.

2.8.4  Sign Flag (S Flag)
The Sflagis set to 1 when an arithmetic operation results in a negative value; otherwiseto 0.

2.8.5 Register Bank Select Flag (B Flag)
Register bank 0 is selected when the B flag is set to 0. Register bank 1 is selected when thisflag is set to 1.

2.8.6  Overflow Flag (O Flag)

The O flag is set to 1 when an arithmetic operation resultsin an overflow; otherwiseto O.

2.8.7 Interrupt Enable Flag (I Flag)

The | flag enables maskable interrupts.
Maskable interrupts are disabled when the | flag is set to 0, and enabled when it issetto 1. The | flag isset to O
when an interrupt request is acknowledged.
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M16C/6B Group 2. Central Processing Unit (CPU)

2.8.8  Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is set to 0; USP is selected when the U flag is set to 1.
The U flag is set to 0 when a hardware interrupt request is acknowledged or the INT instruction of software
interrupt number O to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 bits wide and assigns processor interrupt priority levels from level 0to level 7.
If arequested interrupt has higher priority than IPL, the interrupt is enabled.

2.8.10 Reserved Space
Only write 0 to bits assigned as reserved hits. The read value is undefined.
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M16C/6B Group 3. Memory

3. Memory
Figure 3.1 is a memory map of the M16C/6B Group. The M16C/6B Group have 1 Mbyte address space from address

00000h to FFFFFh.
Theinternal ROM is flash memory. Program ROM 1 is allocated from address FFFFFh to lower.

For example, a 64-Kbyte program ROM 1 is addressed from FO000h to FFFFFh. An 8-Kbyte data flash is addressed
from OEOQOh to OFFFFh. This data flash space is used not only for data storage but also for program storage. Program

ROM 2 is allocated addresses 10000h to 13FFFh.
The fixed interrupt vectors are addressed from FFFDCh to FFFFFh. They store the starting address of each interrupt

routine.

The internal RAM is allocated from address 00400h to higher. For example, a 10-Kbyte internal RAM is addressed
from 00400h to 02BFFh. The internal RAM is used not only for data storage but also for stack area when subroutines
are called or when interrupt request are acknowledged.

SFRs are allocated from address 00000h to 003FFh and from 0D000h to OD7FFh. Peripheral function control registers
are located here. All blank spaces within SFRs are reserved and cannot be accessed by users.

The special page vectors are addressed from FFEQOOh to FFFD7h. They are used for the IMPS instruction and JSRS

instruction. Refer to the M 16C/60, M 16C/20, and M 16C/Tiny Series Software Manual for details.

00000h
SFR
00400h
Internal RAM
XXXXXh
Reserved area
0D000h
SFR
0D800h
Reserved area
OE000N Internal ROM
(data flash) FFEOOh p—
10000h ! pecial page
Internal ROM | vector table
(program ROM 2) ,:' FFFD8h R d
14000h ! T
,,' FFFDCh E™Undefined instruction 3
! E Overflow 3
Reserved area ," E BRK instruction 3
Internal RAM Internal ROM ," E Address match 3
1 E i 3
Size Address XXXXXh Size Address YYYYYh| H = Single stgp 3
] E  Watchdog timer 3
20 Kb — 192 Kbytes D0000h YYYYYh ! E S 3
es 1 E E
4 256 Kbytes|  C0000h Internal ROM | § 3 NV E
(program ROM 1) |/ = =
FFFFFh ! ___ FFFFFhE Reset E
Figure 3.1  Memory Map
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M16C/6B Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (Specia Function Register) is a control register for a peripheral function. Tables 4.1 to 4.14 list SFR
information.

Table 4.1 SFR Information (1) @)

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00000000b (2
0005h Processor Mode Register 1 PM1 00001000b
0006h System Clock Control Register 0 CMO0 01001000b
0007h System Clock Control Register 1 CM1 00100000b
0008h
0009h
000Ah Protect Register PRCR 00h
000Bh
000Ch Oscillation Stop Detection Register CM2 0X000010b (3
000Dh
000Eh
000Fh
0010h Program 2 Area Control Register PRG2C XXXXXXX0b
0011h
0012h Peripheral Clock Select Register PCLKR 00000011b
0013h
0014h
0015h Clock Prescaler Reset Flag CPSRF OXXXXXXXb
0016h
0017h
0018h
0019h
001Ah
001Bh
001Ch
001Dh
001Eh Processor Mode Register 2 PM2 XX000X01b (3)
001Fh
0020h
0021h
0022h
0023h
0024h
0025h
0026h
0027h
0028h
0029h
002Ah
002Bh
002Ch
002Dh
002Eh
002Fh

NOTES: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. Software reset, watchdog timer reset, and oscillation stop detection reset do not affect the following: Bits PMO1 and PMOO in the PMO register
3. Oscillation stop detection reset do not affect bits CM20, CM21, and CM27.
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2) (V)
Address Register Symbol After Reset
0030h
0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h
003%h
003Ah
003Bh
003Ch
003Dh
003Eh
003Fh
0040h
0041h
0042h
0043h
0044h
0045h Timer B5 Interrupt Control Register TB5IC XXXXX000b
0046h Timer B4 Interrupt Control Register, UART1 BUS Collision Detection Interrupt | TB4IC, UIBCNIC XXXXX000b
Control Register
0047h Timer B3 Interrupt Control Register, UARTO BUS Collision Detection Interrupt | TB3IC, UOBCNIC XXXXX000b
Control Register
0048h Timer Compare 0 Interrupt Control Register BBTIMOIC XXXXX000b
0049h Timer Compare 1 Interrupt Control Register BBTIM1IC XXXXX000b
004Ah UART2 BUS Collision Detection Interrupt Control Register BCNIC XXXXX000b
004Bh DMAO Interrupt Control Register DMoOIC XXXXX000b
004Ch DMAL1 Interrupt Control Register DM1IC XXXXX000b
004Dh Key Input Interrupt Control Register KUPIC XXXXX000b
004Eh A/D Conversion Interrupt Control Register (2) ADIC XXXXX000b
004Fh UART2 Transmit Interrupt Control Register S2TIC XXXXX000b
0050h UART2 Receive Interrupt Control Register S2RIC XXXXX000b
0051h UARTO Transmit Interrupt Control Register SOTIC XXXXX000b
0052h UARTO Receive Interrupt Control Register SORIC XXXXX000b
0053h UART1 Transmit Interrupt Control Register S1TIC XXXXX000b
0054h UART1 Receive Interrupt Control Register S1RIC XXXXX000b
0055h Timer AO Interrupt Control Register TAOIC XXXXX000b
0056h Timer Al Interrupt Control Register TAlIC XXXXX000b
0057h Timer A2 Interrupt Control Register TA2IC XXXXX000b
0058h Timer A3 Interrupt Control Register TA3IC XXXXX000b
0059h Timer A4 Interrupt Control Register TA4IC XXXXX000b
005Ah Timer BO Interrupt Control Register TBOIC XXXXX000b
005Bh Timer B1 Interrupt Control Register TB1IC XXXXX000b
005Ch Timer B2 Interrupt Control Register TB2IC XXXXX000b
005Dh INTO Interrupt Control Register INTOIC XX00X000b
005Eh INT1 Interrupt Control Register INT1IC XX00X000b
005Fh Timer Compare 2 Interrupt Control Register BBTIM2IC XXXXX000b
NOTES: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
2. Reserved area in the 48-pin version. No access is allowed.
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M16C/6B Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3) (W

Address Register Symbol After Reset
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h DMAZ2 Interrupt Control Register DM2IC XXXXX000b
006Ah DMAR3 Interrupt Control Register DM3IC XXXXX000b
006Bh Transmit Complete Interrupt Control Register BBTXIC XXXXX000b
006Ch Bank 0 Receive Complete/IDLE Interrupt Control Register BBRXOIC/BBIDLEIC | XXXXX000b
006Dh Bank 1 Receive Complete/Clock Regulator Interrupt Control Register BBRX1IC/BBCREGIC | XXXXX000b
006Eh Address Filter Interrupt Control Register BBADFIC XXXXX000b
006Fh CCA Complete Interrupt Control Register BBCCAIC XXXXX000b
0070h PLL Lock Detection Interrupt Control Register BBPLLIC XXXXX000b
0071h Transmit Overrun Interrupt Control Register BBTXORIC XXXXX000b
0072h Receive Overrun 0 Interrupt Control Register BBRXORO0IC XXXXX000b
0073h Receive Overrun 1 Interrupt Control Register BBRXOR1IC XXXXX000b
0074h
0075h
0076h
0077h
0078h
0079h
007Ah
007Bh
007Ch
007Dh
007Eh
007Fh
0080h LED Port Switch Register LEDCON 00h
0081h
0082h Key Input Control Register 0 KICONO 00h
0083h Key Input Control Register 1 KICON1 00h
0084h Timer A 1/0 Control Register TAIOCON 00h
0085h
0086h
0087h
0088h
0089h
008Ah
008Bh
008Ch
008Dh
008Eh
008Fh
0090h
0091h
0092h
0093h
0094h
0095h
0096h
0097h
0098h
0099h
009Ah
009Bh
009Ch
009Dh
009Eh
009Fh
00AOh to
00FFh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) M
Address Register Symbol After Reset

0100h Baseband Control Register BBCON 00h
0101h Transmit/Receive Reset Register BBTXRXRST 00h
0102h Transmit/Receive Mode Register 0 BBTXRXMODEOQO 00h
0103h Transmit/Receive Mode Register 1 BBTXRXMODE1 06h
0104h Receive Frame Length Register BBRXFLEN 00h
0105h Receive Data Counter Register BBRXCOUNT 00h
0106h RSSI/CCA Result Register BBRSSICCARSLT 00h
0107h Transmit/Receive Status Register 0 BBTXRXSTO 80h
0108h Transmit Frame Length Register BBTXFLEN 00h
0109h Transmit/Receive Mode Register 2 BBTXRXMODE2 00h
010Ah Transmit/Receive Mode Register 3 BBTXRXMODE3 00h
010Bh Receive Level Threshold Set Register BBLVLVTH 00h
010Ch Transmit/Receive Control Register BBTXRXCON 00h
010Dh CSMA Control Register 0 BBCSMACONO 00h
010Eh CCA Threshold Level Set Register BBCCAVTH 00h
010Fh Transmit/Receive Status Register 1 BBTXRXST1 00h
0110h RF Control Register BBRFCON 00h
0111h Transmit/Receive Mode Register 4 BBTXRXMODE4 00h
0112h CSMA Control Register 1 BBCSMACON1 9Ch
0113h CSMA Control Register 2 BBCSMACON2 05h
0114h PAN Identifier Register BBPANID 00h
0115h 00h
0116h Short Address Register BBSHORTAD 00h
0117h 00h
0118h Expansion Address Register BBEXTENDADO 00h
0119h 00h
011Ah BBEXTENDAD1 00h
011Bh 00h
011Ch BBEXTENDAD2 00h
011Dh 00h
011Eh BBEXTENDAD3 00h
011Fh 00h
0120h Timer Read-Out Register 0 BBTIMEREADO 00h
0121h 00h
0122h Timer Read-Out Register 1 BBTIMEREAD1 00h
0123h 00h
0124h Timer Compare 0 Register O BBTCOMPOREGO 00h
0125h 00h
0126h Timer Compare 0 Register 1 BBTCOMPOREG1 00h
0127h 00h
0128h Timer Compare 1 Register 0 BBTCOMP1REGO 00h
0129h 00h
012Ah Timer Compare 1 Register 1 BBTCOMP1REG1 00h
012Bh 00h
012Ch Timer Compare 2 Register 0 BBTCOMP2REGO 00h
012Dh 00h
012Eh Timer Compare 2 Register 1 BBTCOMP2REG1 00h
012Fh 00h
0130h Time Stamp Register 0 BBTSTAMPO 00h
0131h 00h
0132h Time Stamp Register 1 BBTSTAMP1 00h
0133h 00h
0134h Timer Control Register BBTIMECON 00h
0135h Backoff Period Register BBBOFFPROD 00h
0136h

0137h

0138h

013%h

013Ah PLL Division Register 0 BBPLLDIVL 65h
013Bh PLL Division Register 1 BBPLLDIVH 09h
013Ch Transmit Output Power Register BBTXOUTPWR 00h
013Dh RSSI Offset Register BBRSSIOFS EEh
013Eh

013Fh

NOTE: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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M16C/6B Group 4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) (V)

Address Register Symbol After Reset
0140h
0141h
0142h
0143h
0144h
0145h
0146h
0147h
0148h
0149h
014Ah
014Bh
014Ch
014Dh
014Eh
014Fh
0150h
0151h
0152h
0153h
0154h
0155h
0156h
0157h
0158h
0159h
015Ah
015Bh
015Ch
015Dh
015Eh
015Fh
0160h
0161h
0162h
0163h
0164h
0165h
0166h
0167h
0168h Verification Mode Set Register BBEVAREG 00h
0169h
016Ah
016Bh
016Ch
016Dh
016Eh
016Fh
0170h
0171h
0172h
0173h
0174h
0175h
0176h IDLE Wait Set Register BBIDLEWAIT 19h
0177h
0178h
017%h
017Ah ANTSW Output Timing Set Register BBANTSWTIMG 72h
017Bh
017Ch RF Initial Set Register BBRFINI XXh
017Dh XXh
017Eh
017Fh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) (V)

Address Register Symbol After Reset
0180h DMAO Source Pointer SARO XXh
0181h XXh
0182h 0Xh
0183h
0184h DMAO Destination Pointer DARO XXh
0185h XXh
0186h 0xh
0187h
0188h DMAO Transfer Counter TCRO XXh
0189h XXh
018Ah
018Bh
018Ch DMAO Control Register DMOCON 00000X00b
018Dh
018Eh
018Fh
0190h DMAL1 Source Pointer SAR1 XXh
0191h XXh
0192h 0xh
0193h
0194h DMAL1 Destination Pointer DAR1 XXh
0195h XXh
0196h 0Xh
0197h
0198h DMAL1 Transfer Counter TCR1 XXh
0199h XXh
019Ah
019Bh
019Ch DMA1 Control Register DM1CON 00000X00b
019Dh
019Eh
019Fh
01A0h DMAZ2 Source Pointer SAR2 XXh
01A1h XXh
01A2h 0Xh
01A3h
01A4h DMAZ2 Destination Pointer DAR2 XXh
01A5h XXh
01A6h 0Xh
01A7h
01A8h DMAZ2 Transfer Counter TCR2 XXh
01A9h XXh
01AAh
01ABh
01ACh DMAZ2 Control Register DM2CON 00000X00b
01ADh
01AEh
01AFh
01BOh DMAZ3 Source Pointer SAR3 XXh
01B1h XXh
01B2h 0Xh
01B3h
01B4h DMAZ3 Destination Pointer DAR3 XXh
01B5h XXh
01B6h 0xh
01B7h
01B8h DMAZ3 Transfer Counter TCR3 XXh
01B9%h XXh
01BAh
01BBh
01BCh DMAZ3 Control Register DM3CON 00000X00b
01BDh
01BEh
01BFh

NOTE: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.7

SFR Information (7) @)

Address

Register

Symbol

After Reset

01CO0h

01C1h

01C2h

01C3h

01C4h

01C5h

01C6h

01C7h

01Cs8h

Timer B Count Source Select Register 0

TBCSO

00h

01C%h

Timer B Count Source Select Register 1

TBCS1

Xoh

01CAh

01CBh

01CCh

01CDh

01CEh

01CFh

01D0h

Timer A Count Source Select Register 0

TACSO

00h

01D1h

Timer A Count Source Select Register 1

TACS1

00h

01D2h

Timer A Count Source Select Register 2

TACS2

XOh

01D3h

01D4h

01D5h

Timer A Waveform Output Function Select Register

TAPOF

S

XXX00000b

01D6h

01D7h

01D8h

01D9%h

01DAh

01DBh

01DCh

01DDh

01DEh

01DFh

01EOh

01E1lh

01E2h

01E3h

01E4h

01E5h

01E6h

01E7h

01E8h

Timer B Count Source Select Register 2

TBCS2

00h

01ESh

Timer B Count Source Select Register 3

TBCS3

X0h

01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01FOh

01F1h

01F2h

01F3h

01F4h

01F5h

01F6h

01F7h

01F8h

01F9h

01FAh

01FBh

01FCh

01FDh

01FEh

01FFh

NOTE:

1. The blank areas are reserved and cannot be accessed by users.

X: Undefined
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.8

SFR Information (8) %)

Address

Register

Symbol After Reset

0200h

0201h

0202h

0204h

0203h

0205h

0206h

Interrupt Source Select Register 2

IFSR2A 00h

0207h

Interrupt Source Select Register

IFSR 00h

0208h

0209h

020Ah

020Bh

020Ch

020Dh

020Eh

Address Match Interrupt Enable Register

AIER XXXXXX00b

020Fh

Address Match Interrupt Enable Register 2

AIER2 XXXXXX00b

0210h

0211h

0212h

Address Match Interrupt Register 0

RMADO 00h
00h
XOh

0213h

0214h

0215h

0216h

Address Match Interrupt Register 1

RMAD1 00h
00h
X0h

0217h

0218h

0219h

021Ah

Address Match Interrupt Register 2

RMAD2 00h
00h
XOh

021Bh

021Ch

021Dh

021Eh

Address Match Interrupt Register 3

RMAD3 00h
00h
XOh

021Fh

0220h

Flash Memory Control Register O

FMRO 00000001b

0221h

Flash Memory Control Register 1

FMR1 00X0XX0Xb

0222h

Flash Memory Control Register 2

FMR2 XXXX0000b

0223h

0224h

0225h

0226h

0227h

0228h

0229h

022Ah

022Bh

022Ch

022Dh

022Eh

022Fh

0230h

Flash Memory Control Register 6

FMR6 XX0XXX00b

0231h

0232h

0233h

0234h

0235h

0236h

0237h

0238h

0239%h

023Ah

023Bh

023Ch

023Dh

023Eh

023Fh

NOTE:

1. The blank areas are reserved and cannot be accessed by users.

X: Undefined
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) (V)
Address Register Symbol After Reset

0240h
0241h
0242h
0243h
0244h UARTO Special Mode Register 4 UOSMR4 00h
0245h UARTO Special Mode Register 3 UOSMR3 000X0X0Xb
0246h UARTO Special Mode Register 2 UOSMR2 X0000000b
0247h UARTO Special Mode Register UOSMR X0000000b
0248h UARTO Transmit/Receive Mode Register UOMR 00h
0249h UARTO Bit Rate Register UOBRG XXh
024Ah UARTO Transmit Buffer Register uUoTB XXh
024Bh XXh
024Ch UARTO Transmit/Receive Control Register 0 uoco 00001000b
024Dh UARTO Transmit/Receive Control Register 1 uocC1 00XX0010b
024Eh UARTO Receive Buffer Register UORB XXh
024Fh XXh
0250h UART Transmit/Receive Control Register 2 UCON X0000000b
0251h
0252h
0253h
0254h UART1 Special Mode Register 4 U1SMR4 00h
0255h UART1 Special Mode Register 3 U1SMR3 000X0X0Xb
0256h UART1 Special Mode Register 2 U1SMR2 X0000000b
0257h UART1 Special Mode Register U1SMR X0000000b
0258h UART1 Transmit/Receive Mode Register UIMR 00h

0259h UART1 Bit Rate Register U1BRG XXh

025Ah UART1 Transmit Buffer Register uUiTB XXh

025Bh XXh

025Ch UART1 Transmit/Receive Control Register 0 uico 00001000b
025Dh UART1 Transmit/Receive Control Register 1 uUicC1i 00XX0010b
025Eh UART1 Receive Buffer Register U1RB XXh

025Fh XXh

0260h

0261h

0262h

0263h

0264h UART2 Special Mode Register 4 U2SMR4 00h

0265h UART?2 Special Mode Register 3 U2SMR3 000X0X0Xb
0266h UART2 Special Mode Register 2 U2SMR2 X0000000b
0267h UART2 Special Mode Register U2SMR X0000000b
0268h UART2 Transmit/Receive Mode Register U2MR 00h

0269h UART?2 Bit Rate Register U2BRG XXh

026Ah UART2 Transmit Buffer Register u2TB XXh

026Bh XXh

026Ch UART2 Transmit/Receive Control Register 0 u2co 00001000b
026Dh UART2 Transmit/Receive Control Register 1 u2C1 00000010b
026Eh UART2 Receive Buffer Register U2RB XXh

026Fh XXh

0270h to

02FFh

NOTE: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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M16C/6B Group

4. Special Function Registers (SFRs)

Table 4.10  SFR Information (10) V)

Address Register Symbol After Reset
0300h Timer B3, B4, B5 Count Start Flag TBSR 000XXXXXb
0301h
0302h
0303h
0304h
0305h
0306h
0307h
0308h
0309h
030Ah
030Bh
030Ch
030Dh
030Eh
030Fh
0310h Timer B3 Register TB3 XXh
0311h XXh
0312h Timer B4 Register TB4 XXh
0313h XXh
0314h Timer B5 Register TB5 XXh
0315h XXh
0316h
0317h
0318h
0319h
031Ah
031Bh Timer B3 Mode Register TB3MR 00XX0000b
031Ch Timer B4 Mode Register TB4MR 00XX0000b
031Dh Timer B5 Mode Register TB5MR 00XX0000b
031Eh
031Fh
0320h Count Start Flag TABSR 00h
0321h
0322h One-Shot Start Flag ONSF 00h
0323h Trigger Select Register TRGSR 00h
0324h Up/Down Flag UDF 00h
0325h
0326h Timer AO Register TAO XXh
0327h XXh
0328h Timer Al Register TAl XXh
032%h XXh
032Ah Timer A2 Register TA2 XXh
032Bh XXh
032Ch Timer A3 Register TA3 XXh
032Dh XXh
032Eh Timer A4 Register TA4 XXh
032Fh XXh
0330h Timer BO Register TBO XXh
0331h XXh
0332h Timer B1 Register TB1 XXh
0333h XXh
0334h Timer B2 Register TB2 XXh
0335h XXh
0336h Timer A0 Mode Register TAOMR 00h
0337h Timer A1 Mode Register TAIMR 00h
0338h Timer A2 Mode Register TA2MR 00h
033%9h Timer A3 Mode Register TA3MR 00h
033Ah Timer A4 Mode Register TAAMR 00h
033Bh Timer BO Mode Register TBOMR 00XX0000b
033Ch Timer B1 Mode Register TBIMR 00XX0000b
033Dh Timer B2 Mode Register TB2MR 00XX0000b
033Eh
033Fh

NOTE: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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M16C/6B Group 4. Special Function Registers (SFRs)

Table 4.11  SFR Information (11) (1)

Address Register Symbol After Reset
0340h
0341h
0342h
0343h
0344h
0345h
0346h
0347h
0348h
0349h
034Ah
034Bh
034Ch
034Dh
034Eh
034Fh
0350h
0351h
0352h
0353h
0354h
0355h
0356h
0357h
0358h
0359h
035Ah
035Bh
035Ch
035Dh
035Eh
035Fh
0360h
0361h Pull-Up Control Register 1 PUR1 00000000b
0362h Pull-Up Control Register 2 PUR2 00h
0363h
0364h
0365h
0366h
0367h
0368h
0369h
036Ah
036Bh
036Ch
036Dh
036Eh
036Fh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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Table 4.12  SFR Information (12) V)

Address Register Symbol After Reset
0370h
0371h
0372h
0373h
0374h
0375h
0376h
0377h
0378h
0379h
037Ah
037Bh
037Ch Count Source Protection Mode Register CSPR 00h ()
037Dh Watchdog Timer Reset Register WDTR XXh
037Eh Watchdog Timer Start Register WDTS XXh
037Fh Watchdog Timer Control Register WwDC 00XXXXXXb
0380h
0381h
0382h
0383h
0384h
0385h
0386h
0387h
0388h
0389
038Ah
038Bh
038Ch
038Dh
038Eh
038Fh
0390h DMA2 Source Select Register DM2SL 00h
0391h
0392h DMAZ3 Source Select Register DM3SL 00h
0393h
0394h
0395h
0396h
0397h
0398h DMAO Source Select Register DMOSL 00h
039%h
039Ah DMAL1 Source Select Register DM1SL 00h
039Bh
039Ch
039Dh
039Eh
039Fh

NOTES: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. When the CSPROINT bit in the OFS1 address is set to 0, value after reset is 10000000b
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M16C/6B Group 4. Special Function Registers (SFRs)

Table 4.13  SFR Information (13) M

Address Register Symbol After Reset
03A0h
03A1h
03A2h
03A3h
03A4h
03A5h
03A6h
03A7h
03A8h
03A9%h
03AAh
03ABh
03ACh
03ADh
03AEh
03AFh
03B0Oh
03B1h
03B2h
03B3h
03B4h
03B5h
03B6h
03B7h
03B8h
03B9h
03BAh
03BBh
03BCh CRC Data Register CRCD XXh
03BDh XXh
03BEh CRC Input Register CRCIN XXh
03BFh
03CO0h A/D Register 0 (2) ADO XXXXXXXXb
03C1lh 000000XXb
03C2h A/D Register 1 (2 AD1 XXXXXXXXb
03C3h 000000XXb
03C4h A/ID Register 2 (2 AD2 XXXXXXXXb
03C5h 000000XXb
03C6h A/D Register 3 (2) AD3 XXXXXXXXb
03C7h 000000XXb
03C8h A/D Register 4 (2) AD4 XXXXXXXXb
03C9%h 000000XXb
03CAh A/D Register 5 () AD5 XXXXXXXXb
03CBh 000000XXb
03CCh A/D Register 6 (2) AD6 XXXXXXXXb
03CDh 000000XXb
03CEh A/D Register 7 (2 AD7 XXXXXXXXb
03CFh 000000XXb
03D0h
03D1h
03D2h
03D3h
03D4h A/D Control Register 2 (2) ADCON2 0000X00Xb
03D5h
03D6h A/D Control Register 0 (2 ADCONO 00000XXXb
03D7h A/D Control Register 1 (2) ADCON1 0000X000b
03D8h
03D%h

NOTES: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. 64-pin version only.
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Table 4.14  SFR Information (14)

Address Register Symbol

After Reset

03DAh

03DBh

03DCh

03DDh

03DEh

03DFh

03EOh

03E1lh

03E2h

03E3h

03E4h

03E5h

03E6h

03E7h

03E8h

03E9h Port P5 Register P5

XXh

03EAh

03EBh Port P5 Direction Register PD5

00h

03ECh Port P6 Register P6

XXh

03EDh Port P7 Register P7

XXh

03EEh Port P6 Direction Register PD6

00h

03EFh Port P7 Direction Register PD7

00h

03FOh Port P8 Register P8

XXh

03F1h

03F2h Port P8 Direction Register PD8

00h

03F3h

03F4h Port P10 Register (2) P10

XXh

03F5h

03F6h Port P10 Direction Register (2) PD10

00h

03F7h

03F8h

03F9h

03FAh

03FBh

03FCh

03FDh

03FEh

03FFh

D000h to
DO9Fh

D100h Transmit RAM TRANSMIT_RAM_START
to
D17Eh TRANSMIT_RAM_END

D17Fh

D180h Receive RAM RECIEVE_RAM_START
to
D1FEh RECIEVE_RAM_END

D1FFh to
D7FFh

[ FFFFFR | Option Function Select Address OFS1

[ (NOTE 3)

NOTES:
1. The blank areas are reserved and cannot be accessed by users.
2. Reserved area in the 48-pin version. No access is allowed.
3. The OFS1 address is set to FFh when a block including the OFS1 address is erased.

X: Undefined
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M16C/6B Group 5. Reset

5. Reset

Hardware reset, software reset, watchdog timer reset and oscillation stop detection reset are available to reset the
microcomputer.

51 Hardware Reset

The microcomputer resets pins, the CPU, and SFR by setting the RESET pin. If the supply voltage meets the
recommended operating conditions, the microcomputer resets all pins, the CPU, and SFR when an “L” signal is
applied to the RESET pin.

When the signal applied to the RESET pin changes low (“L”) to high (“H"), the microcomputer executes the
program in an address indicated by the reset vector. The 125 kHz on-chip oscillator clock divided by 8 is
automatically selected as a CPU clock after reset.

Refer to 4. “ Special Function Registers (SFRs)” for SFR states after reset.

Theinternal RAM is not reset. When an “L” signal is applied to the RESET pin while writing data to the internal
RAM, theinternal RAM isin an indeterminate state.

Figure 5.1 shows an Example Reset Circuit. Table 5.1 lists Pin Status When RESET Pin Level is“L”. Figure 5.2
shows a Reset Sequence.

5.1.1 Reset on a Stable Supply Voltage

(1) Apply “L” to the RESET pin
(2) Wait for 1/fOCO-Sx 20
(3) Apply an“H” signal to the RESET pin

5.1.2 Power-on Reset
(1) Apply “L” to the RESET pin
(2) Raisethe supply voltage to the recommended operating level
(3) Insert td(P-R) ms aswait time for the internal voltage to stabilize
(4) Wait for 1/fOCO-Sx 20
(5) Apply “H” to the RESET pin

— 0.2 VCC or below

J, oV

<4— td(P-R) + x 20 or above

—_—
fOCO-S

1

1

Recommended—# i

operation P

vee voltage i i

1 1

1 1

1 1

oV -

RESET VCC i i

0—/\/\/\/—0 . Vo

? RESET i i

0—”—4

- : : 0.2 VCC or below

i

1 1

1 1

1 1

i

Figure 5.1 Example Reset Circuit
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M16C/6B Group 5. Reset
Table 5.1 Pin Status When RESET Pin Level is “L”
] Pin Status
Pin Name - - - -
64-Pin Version 48-Pin Version
P5_5 Input port Input port
P5_7 Input port Input port
P6 Input port Input port
P7_0to P7_3 Input port Input port
P7_4to P7_7 Input port -
P8 0,P8_1 Input port -
P8_2,P8_3,P8 5to P8 7 Input port Input port
P10 Input port -
vCC |
« re
e gscfers":;re FFFFCh Content of reset vector
fOCO-S are
necessary.
Address ( X FFFFER X X

Figure 5.2  Reset Sequence

5.2 Software Reset

The microcomputer resets pins, the CPU, and SFRs when the PMO03 bit in the PMO register isset to 1
(microcomputer reset). Then the microcomputer executes the program in an address determined by the reset vector.
The 125 kHz on-chip oscillator clock divided by 8 is automatically selected as a CPU clock after reset.

In the software reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “ Special Function Registers
(SFR9)” for details.

The internal RAM isnot reset.

5.3 Watchdog Timer Reset

The microcomputer resets pins, the CPU, and SFRs when the PM 12 bit in the PM1 register is set to 1 (reset when
watchdog timer underflows) and the watchdog timer underflows. Then the microcomputer executes the program in
an address determined by the reset vector. The 125 kHz on-chip oscillator clock divided by 8 is automatically
selected asa CPU clock after reset.

In the watchdog timer reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “ Special Function
Registers (SFRs)” for details.

The internal RAM is not reset. When the watchdog timer underflows while writing data to the internal RAM, the
internal RAM isin an indeterminate state.

Refer to 10. “Watchdog Timer” for details.

5.4 Oscillation Stop Detection Reset

The microcomputer resets and stops pins, the CPU, and SFRs when the CM 27 bit in the CM2 register is O (reset
when oscillation stop detected), if it detects main clock oscillation circuit stop. Refer to 7.6 “ Oscillation Stop and
Re-Oscillation Detect Function” for details.

In the oscillation stop detection reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “ Special
Function Registers (SFRs)” for details. Processor mode remains unchanged since bits PM01 to PMQO in the PMO
register are not reset.
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5. Reset

5.5 Internal Space
Figure 5.3 shows CPU Register Status After Reset. Refer to 4. “ Special Function Registers (SFRs)” for SFR
states after reset.
b15 b0
0000h Data register (R0)
0000h Data register (R1)
0000h Data register (R2)
0000h Data register (R3)
0000h | Address register (A0)
0000h | Address register (A1)
, 0000h | Frame base register (FB)
b19 b0
00000h Interrupt table register (INTB)

Content of addresses FFFFEh to FFFFCh

b1l5 bo

0000h

0000h

0000h
b15 b0

| 0000h
me """ b8 b7 bol
NN EEEEEN
IPL UIlOBSZDGC

Program counter (PC)

User stack pointer (USP)
Interrupt stack pointer (ISP)
Static base register (SB)

Flag register (FLG)

Figure 5.3 CPU Register Status After Reset
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6. Processor Mode

6. Processor Mode

6.1

Types of Processor Mode

Three processor modes are available to choose from: single-chip mode. Table 6.1 lists the Features of Processor

Modes.

Table 6.1

Features of Processor Modes

Processor Modes

Access Space

Pins Which Are Assigned 1/O Ports

Single-chip mode

SFR, internal RAM, internal ROM

I/O pins

All pins are 1/0O ports or peripheral function

6.2

Setting Processor Modes

Processor mode is set by using the CNV SS pin.
Table 6.2 lists the Processor Mode After Hardware Reset.

Table 6.2

Processor Mode After Hardware Reset

CNVSS Pin Input Level

Processor Modes

VSS

Single-chip mode

Figures 6.1 to 6.3 show the processor mode associated registers. Figure 6.4 show the Memory Map in Single-Chip

Mode.
Processor Mode Register 0 Y
b7 b6 b5 b4 b3 b2 bl b0
|?|0|00 |?|,|.| Symbol Address After Reset
]
Pl Pmo 0004h 00000000b
T A
] H 1 ' 1 1 ) )
A A I
]

E Vo E i ! i Bit Symbol Bit Name Function RW
RERRRRE

[ T
I A BV b1 b0 RW
I L@ 0 0: Single-chip mode
E o i E i Processor mode bit Other than above: Do not set
T R A (031 W
I
[ T T T
Pl
] 1 —_ .
E E E i E oo (b2) Reserved bit Setto 0 RW
| !
1 ) ] 1 }
P .

]

: E E i b PMO3  |Software reset bit Sgttlngth|sb|tto1resetsthe RW
Py microcomputer. Read as 0.
b
1 ) ] 1
RN — .

S L EL L (b7-b4) Reserved bits Setto 0 RW
NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. Bits PM01 and PMO0O do not change at software reset, watchdog timer reset, and oscillation stop detection reset.

Figure 6.1

PMO Register
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6. Processor Mode

Processor Mode Register 1 )
b7 b6 b5 b4 b3 b2 bl b0
| ; |O|0|9|%| T |?|| | Symbol Address After Reset
[ I BT |
BEEEEEE PM1 0005h 00001000b
] 1 1
I
b
: {14 )11 v |BitSymbol Bit Name Function RW
PLb
AR A 0: Disabled
- it @ :
i i E i i i i PM10 |Data flash enable bit 1: Enabled RW
P
R — .
: i E E borosee- (b1) Reserved bit Setto O RW
EEERE
[ . . i .
[ Watchdog timer function select|0: Watchdog timer interrupt
i N E booee- PMIZ  |pir @ 1: Watchdog timer reset RW
P
A — .
i e (b3) Reserved bit Setto 1 RW
P
P
1 ] ] - H
i ---------------- (b6-b4) Reserved bits Setto 0 RW
1
1
. .
U] & i (4) 0: No wait state
PM17 | Wait bit 1: Wait state (1 wait) RW
NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
2. PM10 bit is automatically set to 1 while the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode).
3. The PM12 bit is set to 1 by writing a 1 in a program (writing a 0 has no effect).
The PM12 bit is automatically set to 1 when the CSPRO bit in the CSPR register is 1 (count source protection
mode enabled).
4. When the PM17 bit is set to 1 (wait state), one wait state is inserted when accessing the internal RAM or internal
ROM.
Figure 6.2 PM1 Register

b7 b6 b5 b4 b3 b2 bl b0

0

Program 2 Area Control Register (!

Symbol Address After Reset
] ) ] ] ] ] 1 )
A A PRG2C 0010h XXXXXXX0b
T R T T A
1 ) 1 1 1 1 1 )
1 ) 1 1 1 1 1 )
bbb 1 [Bit Symbol Bit Name Function RW
T T R
1 ) ] 1 ] ] 1 ) .
i v 11111 4l PRG2C |Program ROM 2 disable bit Oj Enable program ROM 2 RW
A 1: Disable program ROM 2
I A
I - Reserved bit Setto 0 RW
T (b1) etto
1 [) ] 1 ] ]
1 [) ] 1 ] ]
P — . . ,
bededet et ede e (b7-b2) No register bits. If necessary, set to 0. Read as undefined value. —
NOTE:
1. Write to this register after setting the PRC6 bit in the PRCR register to 1 (write enabled).
Figure 6.3 PRG2C Register
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6. Processor Mode

6.3

Internal Memory

Theinternal RAM can be used in all processor modes.
The internal ROM is used in single-chip mode. Three internal ROMs are available: data flash, program ROM 2,
and program ROM 1.
Dataflash includes block A (addresses OEOOOh to OEFFFh) and block B (addresses O0F000h to OFFFFh). When data
flash is enabled by the setting of the PM 10 bit in the PM 1 register, both block A and block B can be used. Table 6.3
lists Data Flash (Addresses OEO0Oh to OFFFFh).

Table 6.3

Data Flash (Addresses OEO0OOh to OFFFFh)

PM10 Bit in PM1 Register

0

1

Single-chip mode

Unusable

Data flash

Set the PRG2CO bit in the PRG2C register to select program ROM 2. Table 6.4 lists Program ROM 2 (Addresses

10000h to 13FFFh).

Do not use the last 16 bytes (addresses 13FFOh to 13FFFh) when using program ROM 2 in single-chip mode or
memory expansion mode. These bytes are assigned as the user boot code area (refer to 18.1.2 “ User Boot

Function”).
Table 6.4 Program ROM 2 (Addresses 10000h to 13FFFh)
PRG2CO bit in PRG2C Register 0 1
Single-chip mode Program ROM 2 Unusable
Figure 6.4 shows the Memory Map in Single-Chip Maode.
Single-chip Mode
00000h
SFR
00400h
Internal RAM
XXXXXh
Unusable
0D000h
SFR Internal RAM Internal ROM
0D800h - -
Size Address XXXXXh Size Address YYYYYh
Unusable 192 Kb
ytes D0000h
20K FFh
0E000h OKbytes | 053 256 Kbytes|  C0000h
Internal ROM
(data flash)
10000h
Internal ROM @
(program ROM 2)
14000h
Unusable
YYYYYh
Internal ROM
(program ROM 1)
FFFFFh
NOTE:

1. Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled).

Figure 6.4

Memory Map in Single-Chip Mode
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7. Clock Generation Circuit

7. Clock Generation Circuit

7.1

Type of the Clock Generation Circuit

3 circuits are incorporated to generate the system clock signal:
» Main clock oscillation circuit
* Subclock oscillation circuit
* 125 kHz on-chip oscillator

Table 7.1 lists the Clock Generation Circuit Specifications. Figure 7.1 shows the System Clock Generation Circuit.
Figures 7.2 to 7.5 show the clock-related registers.

Table 7.1 Clock Generation Circuit Specifications
ltem Mair? Cloc.k . .Supcloclf . 125 kHz' On-Chip
Oscillation Circuit Oscillation Circuit Oscillator
Use of clock « CPU clock source » CPU clock source « CPU clock source

« Peripheral function clock
source

» Reference clock source
for the transceiver

* Clock source for timer A
and B

« Peripheral function clock
source

* CPU and peripheral
function clock sources
when the main clock
stops oscillating

reset

Clock frequency 16 MHz (fixed) 32.768 kHz About 125 kHz
Usable oscillator Crystal oscillator Crystal oscillator -

Pins to connect XIN, XOUT XCIN, XCOUT -

oscillator

Oscillation stop, Presence Presence Presence
restart function

Oscillator status after | Oscillating Stopped Oscillating

Other

Externally derived clock
can be input

NOTE:

1. The main clock is fixed to 16 MHz since it is also used as the reference clock for the transceiver.
Select the crystal oscillator so that the allowed frequency tolerance should be +40 ppm or less.
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Jul 21, 2011

RENESAS

Page 36 of 331




M16C/6B Group

7. Clock Generation Circuit

Subclock

oscillation circuit

CMO1 to CMO00 = 00b

1/0 ports

PMOL to PMOO = 00b, CMOL to CMO00 = 016
9 CLKOUT

PMO01 to PMO0O = 00b, CM01 to CM00 :_Zl.gb

XCIN XCOouT
PMO1 to PMOO = 00b,
CMO01 to CMO00 = 11b
251 fC32
CMo4 vs2
Subclock
s
“ >
8
125 kH:
CM14:3 ) 125kHz | oo’ L
1 on-chip oscillator
oscillator clock [: 32
Oscillation foco-s
stop, 1
re-oscillation D
detection
,_| circuit
CM10=1 s Q
(stop mode)
R blc
— d cmo7=0
Divider CPU clock
/
Main clock CM21=0 / BCLK
CMOSOSCIIIatlon circuit /,’
I/
CM02 ﬂ_ 7
/
/
/
s d ) !
Q d J 7 N
/ \
WAIT instruction —— R ‘ *
b c
a —li—l 1/2 I—Q—I 1/2 1/2 1/2 }J
RESET 1/32
Software reset 1/2 1/16
>, ) Qe =0
T CM17 to CM16 = 11b
PM24 Interrupt request level CMO6 = 0
" selection output - _
Watchdog timer reset CM17 to CM16 = 10b
Oscillation stop detect reset 7 d
—0
CMO02, CM04, CM05, CM06, CMO7: bits in the CMO register CMO06 =0
CM10, CM14, CM16, CM17: bits in the CM1 register CM17 to CM16 = 01b —O
PCLKO, PCLK1.: bits in the PCLKR register
CM21, CM27: bits in the CM2 register CMO6 = 0
CM17 to CM16 = 00b i .
Details of the Divider

Oscillation Stop, Re-Oscillation Detection Circuit

Pulse generation
circuit for clock
edge detection
and charge/
discharge control

Main _
clock

Reset

CM27=0 generating

circuit

Charge/

» Oscillation stop

detection reset

discharge
circuit

Oscillation stop,

re-oscillation
detection interrupt
generating circuit

CM27 =1

Oscillation stop,
— re-oscillation
detection interrupt
signal

|—> CM21 switch signal

Figure 7.1

System Clock Generation Circuit
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7. Clock Generation Circuit

b7 b6 b5 b4 b3 b2 bl b0

System Clock Control Register 0 (M)

[ ———

Address After Reset
0006h 01001000b
Bit Symbol Bit Name Function RW

bl bo
Clock output function select bit | O 0: I/O port P5_7
(valid only in single-chip 0 1: Output fC RW
mode) 1 O: Output f8

1 1: Output 32

0: Peripheral function clock f1 does not
WAIT mode peripheral stop in wait mode RW
function clock stop bit 19 1: Peripheral function clock f1 stops in

wait mode ®
XCIN-XCOUT drive capacity |0: Low RW
select bit @ 1: High
. 0: 1/O ports P8_6, P8_7
@ 9, Fo_
POrtXC select bit 1: XCIN-XCOUT oscillation function © RW
. . 0: On

Main clock stop bit @ 4 10.12.13) 1- Off © RW
Main clock division select 0: CM16 and CM17 enabled RW
bit 0 (7-13.14) 1: Division-by-8 mode
Svstem clock select 0: Main clock or 125 kHz on-chip
bi)t/(‘i 10,11, 12) oscillator clock RW

1: Subclock

NOTES:

o oM

© N

ups.

CM15to 1.

1. Reuwrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).
2. The CMO3 bit is set to 1 (high) while the CM04 bit is set to O (I/O port) or when entering stop mode.
3. This bit is provided to stop the main clock when the low power consumption mode or 125 kHz on-chip
oscillator low power consumption mode is selected. This bit cannot be used for detection as to whether the
main clock stops or not. To stop the main clock, set bits as follows:
(1) Set the CMO7 bit to 1 (subclock selected) with the subclock stably oscillates, or set the CM21 bit in the
CM2 register to 1 (125 kHz on-chip oscillator selected).
(2) Set the CM20 bit in the CM2 register to 0 (oscillation stop, re-oscillation detection function disabled).
(3) Set the CMOS5 bit to 1 (stop).
During external clock input, set the CMO5 bit to O (oscillate).
When the CMO5 bit is set to 1, the XOUT pin is held “H”.
After setting the CMO04 bit to 1 (XCIN-XCOUT oscillator function), wait until the subclock oscillates stably
before switching the CMO07 bit from 0 to 1 (subclock).
When entering stop mode, the CMO6 bit is set to 1 (divide-by-8 mode).
The fC32 and fOCO-S clock do not stop.
9. To use a subclock, set this bit to 1. Also make sure ports P8_6 and P8_7 are directed for input, with no pull-

10. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), this bit remains unchanged
even if writing to bits CM02, CM05, and CMO07.
11. When setting the PM21 bit to 1, set the CMO7 bit to O (main clock) before setting the PM21 bit to 1.
12. To use the main clock as the clock source for the CPU clock, set bits as follows.
(1) Set the CMOS5 bit to O (oscillate).
(2) Wait the main clock oscillation stabilizes.
(3) Set bits CM21 and CMO07 to 0.
13. When the CMO7 bit is set to 1 (subclock) and the CMO5 bit is set to 1 (main clock stops), the CMO06 bit is fixed
to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capacity high).
14. To return from 125 kHz on-chip oscillator mode to high-speed or middle-speed mode, set bits CM06 and

Figure 7.2

CMO Register
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System Clock Control Register 1 (1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | |0|0|0| | cm1 0007h 00100000b
O
R
I A A Bit Symbol Bit Name Function RW
RERRRRE
[T R R T A B ) 0: Clock on
E E : E i i E CM10 |All clock stop control bit 1: All clocks off (stop mode) RwW
A A
Pl . |Reserved bit Setto 0 RW
E i | E - (b3-b1) eserved bits et to
[
i E i E ___________ CM14 125 kHz on-chip oscillator 0: 125 kHz on-chip oscillator on RW
b stop bit &7 1: 125 kHz on-chip oscillator off
[
[
[ . . .
o] XIN-XOUT drive capacity 0: Low
b CMIS | select bit @ 1: High RW
11
1
1 b7 b6
I,
E CM16 Main clock divisi lect 0 0O: No division mode
i b_t‘"’“l“(g ock division selec 0 1: Divide-by-2 mode RW
] CM17 : 1 0: Divide-by-4 mode
1 1: Divide-by-16 mode
NOTES:
1. Rewrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).

. When entering stop mode or the CMO5 bit is set to 1 (main clock stops) in low speed mode, the CM15 bit is set to

1 (drive capacity high).

. This bit is valid when the CMO06 bit is set to O (bits CM16 and CM17 enabled).
. If the CM10 bit is set to 1 (stop mode), XOUT is held “H” and the internal feedback resistor is disconnected. Pins

XCIN and XCOUT are in high-impedance state. When the CM20 bit in the CM2 register is set to 1 (oscillation stop
detection function enabled), do not set the CM10 bit to 1.

. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), this bit remains unchanged even if

writing to CM10 bit. When the CSPRO bit in the CSPR register is set to 1 (count source protection mode), this bit
remains unchanged even if writing to the CM10 bit.

. The CM14 bit can be set to 1 (125 kHz on-chip oscillator off) when the CM21 bit is set to 0 (main clock). When the

CM21 bit is set to 1 (125 kHz on-chip oscillator clock), the CM14 bit is set to 0 (125 kHz on-chip oscillator on) and
remains unchanged even if writing 1 to this bit.

. When the CSPRO bit in the CSPR register is set to 1 (count source protection mode), the CM14 bit is automatically set

to 0 (125 kHz on-chip oscillator on) and remains unchanged even if writing a 1 to this bit (125 kHz on-chip oscillator
does not stop).

Figure 7.3

CM1 Register
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Oscillation Stop Detection Register Y

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| D<| 0 | 0 | 000Ch 0X000010b
A
R A
I E Bit Symbol Bit Name Function RW
] ) ] ] [} 1 )
[ T T A T I
A A E - 0: Oscillation stop and re-oscillation
I I R Oscillation stop and . N i
oo L ) detection function disabled
Ve v 1 1 CM20  |re-oscillation detection enable | L _— RW
I B bit (7.8.9.10) 1: Oscillation stop and re-oscillation
E R A detection function enabled
) 1 1 ) ] )
] ) 1 ] [} ] )
] ) ] ] ) ] ) . H
I R System clock select 0: Main clock
E E i i E i t---o| CM2L o eisie0n 1: 125 kHz on-chip oscillator clock RW
] ) ] 1 (] ]
A - 0: Main clock stops and re-oscillation not
R Oscillation stop and detected
b T CM22 | re-oscillation detection 1: Main clock stops and re-oscillation RW
[ A (4) . -
R flag detected
P
] ) 1 ] ) . H H
A I R S CM23 | XIN monitor flag © 0-Main clock oscillates RO
oo 1: Main clock stops
RN
) ] ] J—
[ N I i
by bebeocnoeeoeod (b5-b4) Reserved bits Setto 0 RW
|
I et (b_6) o register bit. If necessary, set to 0. Read as undefined value. —
P No register bit. If tto 0. Read defined val
]
]
! Operation select bit 0: Oscillation stop detection reset
e CM27  [(when an oscillation stops and | 1: Oscillation stop, re-oscillation detection RW
re-oscillation is detected) (9 interrupt

NOTES:

to 1 (enabled).

clock stops).

1. Reuwrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).

2. When the CM20 bit is set to 1 (oscillation stop and re-oscillation detection function enabled), the CM27 bit is
set to 1 (oscillation stop and re-oscillation detection interrupt), and the CPU clock source is the main clock, the
CM21 bit is set to 1 (125 kHz on-chip oscillator clock) if the main clock stop is detected.

3. Ifthe CM20 bit is set to 1 and the CM23 bit is set to 1 (main clock stops), do not set the CM21 bit to 0.

4. This bit is set to 1 when the main clock stop is detected and the main clock re-oscillation is detected. When
this flag changes state from 0 to 1, an oscillation stop or a re-oscillation detection interrupt is generated. Use
this bit in an interrupt routine to determine the factors of interrupts between the oscillation stop, re-oscillation
detection interrupt and the watchdog timer interrupt. This bit is set to 0 by writing O in a program.
(This bit remains unchanged even if a 1 is written. Nor is it set to O when an oscillation stop or a re-oscillation
detection interrupt request is acknowledged.) When the CM22 bit is set to 1 and an oscillation stop or a re-
oscillation is detected, an oscillation stop or a re-oscillation detection interrupt is not generated.

5. Determine the main clock status by reading the CM23 bit several times in an oscillation stop or a re-oscillation
detection interrupt routine.

6. This bit is valid when the CMO7 bit in the CMO register is set to 0.

7. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), this bit remains unchanged
even if writing to the CM20 bit.

8. Setthe CM20 bit to O (disabled) before entering stop mode. Exit stop mode before setting the CM20 bit back

9. Set the CM20 bit in the CM2 register to 0 (disabled) before setting the CMO05 bit in the CMO register to 1 (main
10. Bits CM20, CM21, and CM27 remain unchanged at the oscillation stop detection reset.

11. When the CM21 bit is set to 0 (main clock) and the CMO05 bit is set to 1 (main clock stops), the CMO06 bit fixed
to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capacity high).

Figure 7.4  CM2 Register
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Peripheral Clock Select Register ()

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
[o]o]o]o]o]o] PCLKR 0012h 00000011b
R
1 ] ] 1 1 1 1 1
i i i i i i i E Bit Symbol Bit Name Function RW
1 ] ] ] 1 ] 1
[ T T I T T
[ T T I T | i f
A Timers A and B clock select bit| ..
Plb bbb 1 ted PCLKO |(clock source for Timers A Oj f2TIMAB RW
[ T T T A 1: fITIMAB
[ T T B R B and B)
A R
i P i SI/O clock select bit 0: 2SI0
e PCLK1 |(clock source for UARTO to 1: f1S10 RW
T T UART?2) :
1 ] ] 1 1 ]
] ] ] ] 1 ]
RARRE — . -
------------------- (b7-b2) Reserved bits Set to 0. Read as undefined value. RW
NOTE:
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enabled).
Processor Mode Register 2 )
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
o (O 1 PM2 001Eh XX000X01b
P
[ 1
E i ! i i i i ! | BitSymbol Bit Name Function RW
R
EERREREN N )
o ‘ i . (b0) Reserved bit etto 1 RwW
R
! [
i i | i - i PM21 System clock protection 0: Clock is protected by PRCR register RW
I i I A bit @ 3) 1: Clock modification disabled
REEEE
[ —
E i ' i I (b2) No register bit. If necessary, set to 0. Read as undefined value. —
R
R
[ | —
[ PP H
i i i i (b3) Reserved bit Setto 0 RW
] 1
Voo !
o !
P! . :
R PM24  |P8_5/NMI function select bit@ |0 POt P8_5 function RW
A 1: NMI function
b
E i i . R d bit Setto 0 RW
b4 e (b5) eserved bi etio
] ]
P
 EGRE TR R LR (b7:)6) No register bits. If necessary, set to 0. Read as undefined value. —
NOTES:

1. Write to this register after setting the PRCL1 bit in the PRCR register to 1 (write enabled).
2. Once this bit is set to 1, it cannot be cleared to 0 in a program.
3. If the PM21 bit is set to 1, writing to the following bits has no effect:
CMO02 bit in CMO register
CMO5 bit in CMO register (main clock does not stop)
CMO7 bit in CMO register (clock source for the CPU clock does not change)
CM10 bit in CM1 register (stop mode is not entered)
CMZ20 bit in CM2 register (oscillation stop and re-oscillation detection function settings do not change)
Be aware that the WAIT instruction cannot be executed when the PM21 bit = 1.

Figure 7.5

PCLKR Register and PM2 Register
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The following describes the clocks generated by the clock generation circuit.

7.1.1 Main Clock

This clock is provided by the main clock oscillation circuit. It is used as the reference clock source for the CPU
and peripheral function clocks and the transceiver. The main clock oscillation circuit is configured by
connecting a resonator between pins XIN and XOUT. The main clock oscillation circuit contains a feedback
resistor, which is disconnected from the oscillation circuit during stop mode in order to reduce the amount of
power consumed in the chip. Figure 7.6 shows the Examples of Main Clock Connection Circuit.

The power consumption in the chip can be reduced by setting the CM05 bit in the CMO register to 1 (main clock
oscillation circuit turned off) after switching the clock source for the CPU clock to a subclock or 125 kHz on-
chip oscillation clock. In this case, XOUT goes“H”.

During stop mode, all clocksincluding the main clock are turned off. Refer to 7.4 “ Power Control” for details.

Microcomputer
(Built-in feedback resistor)

CIN

XIN —|

Oscillator @

XOUTAN\—e— |—o

Rd @ cout

VSS j

/

NOTE:

1. Place a damping resistor if required. The resistance will vary depending on the
oscillator and the oscillation drive capacity setting. Use the value recommended by
each oscillator manufacturer.

When the oscillation drive capacity is set to low, check if oscillation is stable at low.
Also, place a feedback resistor between XIN and XOUT if the oscillator manufacturer
recommends placing the resistor externally.

Figure 7.6 Examples of Main Clock Connection Circuit
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7.1.2 Subclock

The subclock is generated by the subclock oscillation circuit. This clock is used as the clock source for the CPU
clock, aswell asthetimer A and timer B count sources. In addition, an fC clock with the same frequency as that
of the subclock can be output from the CLKOUT pin.

The subclock oscillation circuit is configured by connecting a crystal resonator between pins XCIN and
XCOUT. The subclock oscillation circuit contains a feedback resistor, which is disconnected from the
oscillation circuit during stop mode in order to reduce the amount of power consumed in the chip. The subclock
oscillation circuit may also be configured by feeding an externally generated clock to the XCIN pin.

Figure 7.7 shows the Examples of Subclock Connection Circuit.

After reset, the subclock is turned off. At this time, the feedback resistor is disconnected from the oscillation
circuit.

To use the subclock for the CPU clock, set the CMO7 bit in the CMO register to 1 (subclock) after the subclock
becomes oscillating stably.

During stop mode, all clocksincluding the subclock are turned off. Refer to 7.4 “ Power Control” for details.

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
CCIN
XCIN *— XCIN |<e—— External clock
Oscillator @

vee J LITLITLI

XCOUT—AAN—o—] |—o VSS
RCA®  ccout
VSS XCOUT| Open

4

NOTE:

1. Place a damping resistor if required. The resistance will vary depending on the
oscillator and the oscillation drive capacity setting. Use the value recommended by
each oscillator manufacturer.

When the oscillation drive capacity is set to low, check if oscillation is stable at low.
Also, place a feedback resistor between XCIN and XCOUT if the oscillator
manufacturer recommends placing the resistor externally.

Figure 7.7  Examples of Subclock Connection Circuit

7.1.3 125 kHz On-Chip Oscillator Clock (fOCO-S)

This clock, approximately 125 kHz, is supplied by 125 kHz on-chip oscillator. This clock is used as the clock
source for the CPU and peripheral function clocks. In addition, if the CSPRO bit in the CSPR register is 1
(count source protection mode enabled), this clock is used as the count source for the watchdog timer (refer to
10.2 “ Count Source Protection Mode Enabled”).

After reset, the 125 kHz on-chip oscillator divided by 8 provides the CPU clock. It stops when the CM 14 bit in
the CM1 register is set to 0 (125 kHz on-chip oscillator stops). If the main clock stops oscillating when the
CM20 bit in the CM2 register is 1 (oscillation stop, re-oscillation detection function enabled) and the CM27 bit
is 1 (oscillation stop, re-oscillation detection interrupt), the 125 kHz on-chip oscillator automatically starts
operating and supplying the necessary clock for the microcomputer.
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7.2 CPU Clock and Peripheral Function Clock

Two types of clock exists: CPU clock to operate the CPU Peripheral function clocks to operate the peripheral
functions.

7.2.1 CPU Clock and BCLK

These are operating clocks for the CPU and watchdog timer.

The main clock, subclock, or 125 kHz on-chip oscillator clock can be selected as the clock source for the CPU
clock.

When the main clock or 125 kHz on-chip oscillator clock is selected as the clock source for the CPU clock, the
selected clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit
in the CMO register and bits CM 17 and CM 16 in the CM1 register to select a divide-by-n value.

After reset, the 125 kHz on-chip oscillator clock divided by 8 provides the CPU clock.

Note that when entering stop mode or when the CMO05 bit in the CMO register is set to 1 (stop) in low-speed
mode, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).
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7.2.2 Peripheral Function Clock (f1, fC32)

These are operating clocks for the peripheral functions.

f1is produced from the main clock or the 125 kHz on-chip oscillator clock, and is used for timers A and B,
UARTO to UART2, and A/D converter (64-pin version only).

When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to 1 (peripheral function
clock f1 turned off during wait mode), or when the microcomputer isin low power consumption mode, the f1
clock isturned off.

ThefC32 clock is produced from the subclock, and is used for timers A and B. This clock can be used when the
subclock is on.

fOCO-Sisused for timers A and B. fOCO-S can be used when the CM 14 bit in the CM 1 register isset to 0 (125
kHz on-chip oscillator oscillates).

Figure 7.8 shows the Peripheral Function Clock.

fC32 . .
focofg [ 132 | foco_sl T Timer A, Timer B

UARTO to UART2

Main clock

A/D converter (64-pin version only)

Figure 7.8 Peripheral Function Clock

7.3 Clock Output Function

During single-chip mode, the 8, 32, or fC clock can be output from the CLKOUT pin. Use bits CM01 and CM00
in the CMO register to select.
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7.4 Power Control

Normal operating mode, wait mode, and stop mode are provided as the power consumption control. All mode
states, except wait mode and stop mode, are called normal operating mode in this document.

7.4.1 Normal Operating Mode

Normal operating mode is further classified into seven modes.

In normal operating mode, because the CPU clock and the peripheral function clocks both are on, the CPU and
the peripheral functions are operating. Power control is exercised by controlling the CPU clock frequency. The
higher the CPU clock frequency, the greater the processing capability. The lower the CPU clock frequency, the
smaller the power consumption in the chip. If the unnecessary oscillator circuits are turned off, the power
consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source to which switched must
be oscillating stably. If the new clock source is the main clock or subclock allow a sufficient wait timein a
program until it becomes oscillating stably.

When the CPU clock source is changed from the 125 kHz on-chip oscillator to the main clock, change the
operating mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8 (the CMO06 bit
in the CMO register was set to 1) in the 125 kHz on-chip oscillator mode.

7.4.1.1 High-speed Mode

The main clock divided by 1 provides the CPU clock. If the subclock is on, fC32 can be used as the count
source for timers A and B.

7.4.1.2 Medium-Speed Mode

The main clock divided by 2, 4, 8, or 16 provides the CPU clock. If the subclock is on, fC32 can be used as the
count source for timers A and B. If fOCO-Sis oscillating, fOCO-S can be used as the count source for timers A
and B.

7.4.1.3 Low-Speed Mode

The subclock provides the CPU clock. The main clock is used as the clock source for the peripheral function
clock when the CM 21 bit in the CM2 register is set to 0 (main clock), and the 125 kHz on-chip oscillator clock
is used when the CM 21 bit is set to 1 (125 kHz on-chip oscillator clock).

The fC32 clock can be used as the count source for timers A and B.

7.4.1.4 Low Power Consumption Mode

In this mode, the main clock isturned off after being placed in low speed mode. The subclock provides the CPU
clock. ThefC32 clock can be used as the count source for timers A and B. If fOCO-Sis oscillating, fOCO-S can
be used as the count source for timers A and B.

Simultaneously when this mode is selected, the CM06 bit in the CMO register becomes 1 (divided by 8 mode).
In the low power consumption mode, do not change the CM06 bit. Consequently, the medium-speed (divided
by 8) mode isto be selected when the main clock is operated next.

7.4.1.5 125 kHz On-Chip Oscillator Mode

The 125 kHz on-chip oscillator clock divided by 1 (undivided), 2, 4, 8, or 16 provides the CPU clock. The 125
kHz on-chip oscillator clock is aso the clock source for the peripheral function clocks. If the subclock is on,
fC32 can be used as the count source for timers A and B. When the operating mode is returned to the high- and
medium-speed modes, set the CM06 bit in the CMO register to 1 (divided by 8 mode).
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7.4.1.6 125 kHz On-Chip Oscillator Low Power Consumption Mode

The main clock is turned off after being placed in 125 kHz on-chip oscillator mode. The CPU clock can be
selected asin the 125 kHz on-chip oscillator mode. The 125 kHz on-chip oscillator clock is the clock source for
the peripheral function clocks. If the subclock is on, fC32 can be used as the count source for timers A and B.

Table 7.2 Setting Clock Related Bit and Modes

Mode CM2 Register CM1 Register CMO Register
CcM21 CM14 CM17, CM16 CMO0O7 | CM06 | CMO5 | CM04

High-speed mode 0 - 00b 0 0 0 -
Medium-speed | divided by 2 0 - 01b 0 0 0 -
mode divided by 4 0 - 10b 0 0 0 -

divided by 8 0 - - 0 1 0 -

divided by 16 0 - 11b 0 0 0 -
Low-speed mode - - - 1 - 0 1
Low power consumption mode 0 - - 1 1) 1@ 1
125 kHz on-chip |divided by 1 1 0 00b 0 0 0 -
oscillator mode | divided by 2 1 0 0lb 0 0 0 -

divided by 4 1 0 10b 0 0 0 -

divided by 8 1 0 - 0 1 0 -

divided by 16 1 0 11b 0 0 0 -
125 kHz on-chip oscillator low 1 0 2 0 2 1 -
power consumption mode

— indicates that either 0 or 1 is set.
NOTES:
1. When the CMO5 bit is set to 1 (main clock turned off) in low-speed mode, the mode goes to low power
consumption mode and the CMO6 bit is set to 1 (divided by 8 mode) simultaneously.
2. The divide-by-n value can be selected the same way as in 125 kHz on-chip oscillator mode.
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7.4.2  Wait Mode
In wait mode, the CPU clock isturned off, so are the CPU and the watchdog timer because they are operated by
the CPU clock. However, if the CSPRO bit in the CSPR register is 1 (count source protection enabled), the
watchdog timer remains active. Because the main clock, subclock, and 125 kHz on-chip oscillator clock al are
on, the peripheral functions using these clocks keep operating.

7.4.2.1

Peripheral Function Clock Stop Function

If the CMO2 bit in the CMO register is 1 (peripheral function clock f1 turned off during wait mode), the f1 clock
is turned off while in wait mode, with the power consumption reduced that much. However, fC32 and fOCO-S
(clock source of Timers A and B) remain on for the CM02 bit.

7.4.2.2

Entering Wait Mode

The microcomputer is placed into wait mode by executing the WAIT instruction.

7.4.2.3

Pin Status during Wait Mode

Table 7.3 lists Pin Status during Wait Mode.

Table 7.3 Pin Status during Wait Mode
Pin Single-Chip Mode
I/0O ports Retains status before wait mode
CLKOUT When fC selected Does not stop

When f8, f32 selected

Does not stop when the CMO02 bit is 0.

When the CMO02 bit is 1, the status immediately prior to entering

wait mode is maintained.
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7.4.2.4  Exiting Wait Mode

The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt, or peripheral function
interrupt.

If the microcomputer is to exit wait mode by a hardware reset, NMI interrupt, or set the peripheral function
interrupt bits ILVL2 to ILVLO to 000b (interrupts disabled) before executing the WAIT instruction.

The peripheral function interrupts are affected by the CM02 bit. If the CM02 bit is O (peripheral function clocks
not turned off during wait mode), peripheral function interrupts can be used to exit wait mode. If the CM02 bit
is 1 (peripheral function clocks turned off during wait mode), the peripheral functions using the peripheral
function clocks stop operating, so that only the peripheral functions activated by external signals can be used to
exit wait mode.

Table 7.4 Resets and Interrupts to Exit Wait Mode and Use Conditions

Reset, Interrupt CM02 =0 CM02 =1
NMI interrupt Usable Usable
Serial interface interrupt Usable when operating with Usable when operating with
internal or external clock external clock
Key input interrupt Usable Usable
A/D conversion interrupt Usable in one-shot mode or single | Do not use
(64-pin version only) sweep mode
Timer A interrupt Usable in all modes Usable in event counter mode or
Timer B interrupt when the count source is fC32 or
fOCO-S
INT interrupt Usable Usable
Timer compare 0, 1, 2 interrupt | Usable Do not use
Transmission complete interrupt | Usable Do not use
Bank 0, 1 reception complete Usable Do not use
interrupt
Address filter interrupt Usable Do not use
CCA interrupt Usable Do not use
PLL lock detection interrupt Usable Do not use
Transmission overrun interrupt | Usable Do not use
Reception overrun 0, 1 interrupt | Usable Do not use
IDLE interrupt Usable Do not use
Clock regulator interrupt Usable Do not use
Hardware reset Usable
Watchdog timer reset Usable when count source protection mode is enabled (CSPRO = 1)

Table 7.4 lists the Resets and I nterrupts to Exit Wait Mode and Use Conditions.

If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the following

before executing the WAIT instruction.

(1) SethitsILVL2toILVLOintheinterrupt control register, for peripheral function interrupts used to exit wait
mode.
BitsILVL2 to ILVLO in all other interrupt control registers, for peripheral function interrupts not used to
exit wait mode, are set to 000b (interrupt disabled).

(2) Setthel flagtol.

(3) Start operating the peripheral functions used to exit wait mode.
When the peripheral function interrupt is used, an interrupt routine is performed after an interrupt request
is generated and then the CPU clock is supplied again.

When the microcomputer exits wait mode by the peripheral function interrupt, the CPU clock is the same clock
asthe CPU clock executing the WAIT instruction.
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7.4.3  Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least amount of
power is consumed in this mode. If the voltage applied to VCC pinis VRAM or greater, the internal RAM is
retained.

However, the peripheral functions activated by external signals keep operating. The following resets and
interrupts can be used to exit stop mode. Table 7.5 lists Resets and I nterrupts to Stop Mode and Use Conditions.

Table 7.5 Resets and Interrupts to Stop Mode and Use Conditions

Reset, Interrupt Condition
NMI interrupt Usable
Key input interrupt Usable
INT interrupt Usable
Timer A interrupt Usable when counting external pulses in event counter
Timer B interrupt mode
Serial interface interrupt Usable when external clock is selected
Hardware reset 1 Usable

7.4.3.1 Entering Stop Mode

The microcomputer is placed into stop mode by setting the CM 10 bit in the CM 1 register to 1 (all clocks turned
off). At the same time, the CM06 bit in the CMO register is set to 1 (divide-by-8 mode) and the CM 15 bit in the
CM1register is set to 1 (main clock oscillator circuit drive capability high).

Before entering stop mode, set the CM20 bit in the CM2 register to 0 (oscillation stop, re-oscillation detection
function disabled).

7.4.3.2  Pin Status in Stop Mode
Table 7.6 lists Pin Statusin Stop Mode.

Table 7.6 Pin Status in Stop Mode

Pin Single-Chip Mode
I/0O ports Retains status just prior to stop mode
CLKOUT “H”
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7.4.3.3 Exiting Stop Mode

Stop mode is exited by a hardware reset, NMI interrupt, or peripheral function interrupt.
When the hardware reset or NMI interrupt is used to exit stop mode, set bits ILVL2 to ILVLO in the interrupt
control registers for the peripheral function interrupt to 000b (interrupt disabled) before setting the CM 10 bit to
1
When the peripheral function interrupt is used to exit stop mode, set the CM 10 bit to 1 after the following
settings are compl eted.
(1) Set bits ILVL2 to ILVLO in the interrupt control registers to decide the peripheral priority level of the
peripheral function interrupt.
Set the interrupt priority levels of the interrupts, not being used to exit stop mode, to 0 by setting bits
ILVL2to ILVLO to 000b (interrupt disabled).
(2) Setthel flagto 1.
(3) Start operation of peripheral function being used to exit stop mode.
When exiting stop mode by the peripheral function interrupt, the interrupt routine is performed after an
interrupt request is generated and then the CPU clock is supplied again.

When stop mode is exited by the peripheral function interrupt or NMI interrupt, the CPU clock source is as

follows, in accordance with the CPU clock source setting before the microcomputer had entered stop mode.

» When the subclock is the CPU clock before entering stop mode: subclock

» When the main clock is the CPU clock source before entering stop mode: main clock divided by 8

» When the 125 kHz on-chip oscillator clock is the CPU clock source before entering stop mode: 125 kHz on-
chip oscillator clock divided by 8
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Figure 7.9 shows the Power Control Transition.

/— Normal Operation Mode

Power Control Mode State Transition

Reset

-

y

CM07=0,CM21=1
CM14 =0,CM05=0

125 kHz on-chip oscillator
low power consumption mode

CM05=1,CM07 =0
CM14=0,CM21=1

125 kHz on-chip oscillator modh

2/

) CM04 =1 Low-speed mode
High-speed mode, CM07 =1 CMO04 = 1, CMO5 = 0, CM07 = 1
medium-speed mode
CMO5 =0 Low power
CMO07 =0 4 consumption mode
CM21=0 CMO07 =0 CMO04 = 1, CM05 = 1
CM21=0 cMO7=1
Interrupt WAIT instruction Interrupt CM10=1

( Wait mode >

CPU operation stopped

CMO04, CMO05, CM06, CMO07: bits in the CMO register
CM14, CM16, CM17: bits in the CML1 register

CM21: bits in the CM2 register

< Stop mode )

All the oscillations stopped

Figure 7.9

Power Control Transition
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7.4.4 Power Control of Flash Memory

7.4.4.1 Flash Memory Control Register 0 (FMRO)

Flash Memory Control Register 0

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

|0| | | | FMRO 0220h 00000001b (Other than user boot mode)
H 00100000b (User boot mode)

1
1
1
! Bit Symbol Bit Name Function RW
1
i
[]

0: Busy (being written or erased)

FMROO [RY/BY status flag 1: Ready RO

CPU rewrite mode select |0: CPU rewrite mode disabled
-1 FMRO1 bit 1: CPU rewrite mode enabled RW
tmmm FMRO2 |Lock bit disable select it |2 -OCk bit enabled RW

1: Lock bit disabled

0: Flash memory operation enabled
y e FMSTP |Flash memory stop bit 1: Flash memory operation stopped RW
(low power-mode, flash memory initialized)

e (bay | Reserved bit Setto 0 RW

|

e o [reseneant SettoOinaterhanuserbootmode. |
j rommmmmmmeeee FMRO6 | Program status flag 2 E:m::;gg ir;logler'y RO
.
] FMRO7 |Erase Status Flag 0: Terminated normally RO

1: Terminated in error

FMRO1 (CPU rewrite mode select bit) (b1)

Commands can be accepted by setting the FMROL bit to 1 (CPU rewrite mode enabled).

To set the FMROL1 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers will
occur before writing 1 after writing O.

Change the FMRO1 bit when the PM 24 bit in the PM2 register is 0 (NMI interrupt disabled) or low isinput to
the NMI pin.

Whilein EWO0 mode, write to this bit from a program in the RAM.

Enter read array mode, and then set thisbit to 0.
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FMSTP (Flash memory stop bit) (b3)

The FMSTP bit resets flash memory control circuits and minimizes current consumption in the flash memory.

Access to the internal flash memory is disabled when the FMSTP bit is set to 1 (flash memory operation

stopped). Set the FMSTP bit by a program located in the RAM.

Set the FMSTP bit to 1 under the following condition.

* A flash memory access error occurs while erasing or programming in EWO0 mode (the FMROO bit does not
switch back to 1 (ready)).

Use the following steps to rewrite the FM STP bit.

To stop the flash memory:

(1) Setthe FMSTPhitto 1.

(2) Wait the wait time to stabilize flash memory circuit (tps).
To restart the flash memory:

(1) Setthe FMSTPhittoO.

(2) Wait the wait time to stabilize flash memory circuit (tps).

The FMSTP bit is valid when the FMRO1 bit is 1 (CPU rewrite mode). If the FMRO1 bit is 0, although the
FMSTP bit can be set to 1 by writing 1, the flash memory is neither placed in low-power mode nor initialized.
When the FMR23 bit is set to 1 (low-current consumption read mode enabled), do not set the FMSTP bit in the
FMRO register to 1 (flash memory operation stopped). Also, when the FMSTP bit is set to 1, do not set the
FMR23 bit to 1.
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7.4.4.2 Flash Memory Control Register 2 (FMR2)

Flash Memory Control Register 2

D7 D6 S b4 b3 b2 bl b0 Symbol Address After Reset
0[0 FMR2 0222h XXXX0000b
EEEREEE
poryr e b Bit Symbol Bit Name Function RW
N
R .
Voo e i RW
E P i (b1-b0) Reserved bits Setto 0
] ] ] 1
[ N
[ N .
[ T A B Slow read mode enable |0: Disabled
i i i i i mmmmmes FMR22 | it 1: Enabled RW
[
[ I |
A Low-current consumption [0O: Disabled
| T T T PO,
E Vo FMR23 read mode enable bit 1: Enabled RW
1 ] ]
[ |
[ | —
CHL S B (b7-b4) No register bits. If necessary, set to 0. Read as undefined value. —

FMR22 (Slow read mode enable bit) (b2)

This bit enables mode which reduces the amount of current consumption when reading the flash memory. When
rewriting the flash memory (CPU rewrite mode), set the FMR22 bit to 0 (slow read mode disabled).

To set the FMR22 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers occur
before writing 1 and after writing O.

Set the FMR23 bit to 1 (low current consumption read mode enabled) after the FMR22 bit is set to 1 (Slow read
mode enabled). Also, set the FMR22 bit to 0 (slow read mode disabled) after the FMR23 bit is set to 0 (slow
read mode disabled). Do not change bits FMR22 and FMR23 at the same time.

FMR23 (Low current consumption read mode enable bit) (b3)

When this bit is set, the slow read mode reduces the amount of current consumption when reading the flash
memory. When rewriting the flash memory (CPU rewrite mode), set the FMR23 bit to O (low current
consumption read mode disabled).

Low current consumption read mode can be used when the CM 07 bit in the CMO register is 1 (sub clock used as
CPU clock). When the CMO7 bit is 0, set the FMR23 bit to O (low current consumption read mode disabled).
To set the FMR23 hit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers occur
before writing 1 and after writing O.

Set the FMR23 bit to 1 (low current consumption read mode enabled) after the FMR22 bit is set to 1 (dow read
mode enabled). Also, set the FMR22 bit to 0 (slow read mode disabled) after the FMR23 bit is set to 0 (slow
read mode disabled). Do not change bits FMR22 and FMR23 at the same time.

When the FMR23 bit is 1, do not set the FMSTP bit in the FM RO register to 1 (flash memory stopped). Also,
when the FMSTP bit is 1, do not set the FMR23 bit to 1.

When the FMR23 hit in the FMR2 register is 1 (low current consumption read mode enabled), do not enter wait
mode or stop mode. To enter wait mode or stop mode, set the FMR23 bit to O (low current consumption read
mode disabled) before entering.
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7.4.4.3 Slow Read Mode

This mode can be used when f(BCLK) < 5 MHz and the PM 17 bit in the PM 1 register is set to 1 (1 wait).
Figure 7.10 shows Setting and Resetting of Slow Read Mode.

( Slow read mode >
Set the frequency of CPU clock to 5 MHz or less and
the PM 17 bit to 1 (1 wait)
Setting
procedure
After writing O, write 1 (enabled) to the FMR22 bit
/
Process in slow read mode
-
Write O to the FMR22 bit
Resetting
procedure
Return to the prior frequency of the CPU clock
4
( Slow read mode is completed )
Figure 7.10 Setting and Resetting of Slow Read Mode
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7.4.4.4 Low-Current Consumption Read Mode

This mode can be used when the CM07 bit in the CMO register is set to 1 (subclock used as CPU clock).
Figure 7.11 shows Setting and Resetting of Low-Current Consumption Read Mode.

C Low-current consumption read mode )

Write 1 to the CMO7 bit to select
the subclock in CPU clock

Set the CMO5 bit to 1 (main clock oscillation stop)

. Setting
procedure

After writing 0, write 1 (enabled) to the FMR22 bit

After writing 0, write 1 (enabled) to the FMR23 bit

Process in low-current consumption mode

Write O to the FMR23 bit @

Resetting

Write 0 to the FMR22 bit @
Procedure

Return to the prior CPU clock

( Slow read mode is completed )

NOTE:
1. Do not write the FMR22 bit and FMR23 bit at the same time.

Figure 7.11 Setting and Resetting of Low-Current Consumption Read Mode
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7.5 System Clock Protection Function

The system clock protection function prohibits the CPU clock from changing clock sources when the main clock is
selected as the CPU clock source. Thisis to prevent the CPU clock from stopping by an unexpected program
operation.
When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the following bits cannot be written to:
* Bits CM02, CM05, and CM07 in the CMO register
* The CM 10 bit in the CM1 register
* The CM20 bit in the CM 2 register

When using the system clock protection function, set the CMO5 bit in the CMO register to O (main clock oscillation)
and CMO7 bit to 0 (main clock as CPU clock source) and follow the procedure below.

(1) Setthe PRC1 bit in the PRCR register to 1 (writeto the PM2 register enabled).

(2) Setthe PM21 bitinthe PM2 register to 1 (clock change disabled).

(3) Set the PRC1 bit in the PRCR register to O (write to the PM2 register disabled).
When the PM21 bit is set to 1, do not execute the WAIT instruction.
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7.6 Oscillation Stop and Re-Oscillation Detect Function

The oscillation stop and re-oscillation detect function is such that main clock oscillation circuit stop and re-
oscillation are detected. At oscillation stop or re-oscillation detection, reset oscillation stop or re-oscillation
detection interrupt are generated. Which isto be generated can be selected using the CM 27 bit in the CM2 register.
The oscillation stop and re-oscillation detect function can be enabled and disabled by the CM20 bit in the CM2
register. Table 7.7 lists a Specification Overview of Oscillation Stop and Re-Oscillation Detect Function.

Table 7.7 Specification Overview of Oscillation Stop and Re-Oscillation Detect Function

Item Specification
Oscillation stop detectable clock and | f(XIN) > 2 MHz
frequency bandwidth
Enabling condition for oscillation stop, |Set CM20 bit to 1 (enabled)
re-oscillation detect function
Operation at oscillation stop, * Reset occurs (when CM27 bit = 0)
re-oscillation detection « Oscillation stop, re-oscillation detection interrupt generated
(when CM27 bit = 1)

7.6.1  Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)

When main clock stop is detected when the CM 20 bit is 1 (oscillation stop, re-oscillation detection function
enabled), the microcomputer is initialized, coming to a halt. (Oscillation stop reset. Refer to 4. “ Special
Function Registers (SFR9)” and 5. “ Reset” .)

This status is reset with hardware reset. Also, even when re-oscillation is detected, the microcomputer can be
initialized and stopped; it is, however, necessary to avoid such usage. (During main clock stop, do not set the
CM20 bit to 1 and the CM27 bit to 0.)

7.6.2  Operation When CM27 bit = 1 (Oscillation Stop and Re-oscillation Detect
Interrupt)

When the main clock corresponds to the CPU clock source and the CM20 bit is 1 (oscillation stop and re-

oscillation detect function enabled), the system is placed in the following state if the main clock comesto a halt.

« Oscillation stop and re-oscillation detect interrupt request occurs.

* CM 14 hit = 0 (125 kHz on-chip oscillator clock oscillates)

«CM21 hit = 1 (125 kHz on-chip oscillator clock for CPU clock source and clock source of peripheral
function.)

* CM22 hit = 1 (main clock stop detected)

* CM23 hit = 1 (main clock stopped)

When the CM20 bit is 1, the system is placed in the following state if the main clock re-oscillates from the stop
condition.

« Oscillation stop and re-oscillation detect interrupt request occurs.

* CM 14 hit = 0 (125 kHz on-chip oscillator clock oscillates)

« CM22 hit = 1 (main clock re-oscillation detected)

* CM23 hit = 0 (main clock oscillation)

* CM21 hit remains unchanged
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7.6.3 How to Use Oscillation Stop and Re-Oscillation Detect Function

« The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer interrupt. If
the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read the CM22 bit in
an interrupt routine to determine which interrupt source is requesting the interrupt.

* When the main clock re-oscillated after oscillation stop, the clock source for the CPU clock and peripheral
functions must be switched to the main clock in a program. Figure 7.12 shows the Procedure to Switch Clock
Source from 125 kHz On-Chip Oscillator to Main Clock.

« Simultaneously with oscillation stop and re-oscillation detection interrupt occurrence, the CM 22 bit becomes
1. When the CM22 bit is set to 1, oscillation stop and re-oscillation detection interrupt are disabled. By setting
the CM22 bit to 0 in a program, oscillation stop and re-oscillation detection interrupt are enabled.

« |If the main clock stops during low speed mode where the CM 20 bit is 1, an oscillation stop and re-oscillation
detection interrupt request is generated. At the same time, the 125 kHz on-chip oscillator starts oscillating. In
this case, although the CPU clock is derived from the subclock as it was before the interrupt occurred, the
peripheral function clocks now are derived from the 125 kHz on-chip oscillator clock.

* To enter wait mode while using the oscillation stop and re-oscillation detection function, set the CM02 bit to 0
(periphera function clocks not turned off during wait mode).

« Since the oscillation stop and re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to O (oscillation stop and re-oscillation detection function disabled)
where the main clock is stopped or oscillated in a program, that is where the stop mode is selected or the
CMO5 hit is altered.

« This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit to O.

[ Switch the main clock j

Determine several times whether
the CM23 bitis setto 0
(main clock oscillates)

Set the CMO06 bit to 1
(divide-by-8)

Set the CM22 bit to 0
(main clock stop, re-oscillation not detected)

Set the CM21 bitto O
(main clock)

[ End j Bits CM21 to CM23: bits in the CM2 register

Figure 7.12 Procedure to Switch Clock Source from 125 kHz On-Chip Oscillator to Main Clock
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8. Protection

In the event that a program runs out of control, this function protects the important registers so that they will not be
rewritten easily. Figure 8.1 shows the PRCR Register. The following lists the registers protected by the PRCR register.
 The PRCO hit protects registers CM0, CM1, CM2 and PCLKR.

» The PRC1 hit protects registers PM0O, PM 1, and PM2.

 The PRCE6 hit protects the PRG2C register.

Protect Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

|0| |0|0|0|0| | PRCR 000Ah 00h
HE
P
Py b1t | BitSymbol Bit Name Function RW
) (] ] 1 ] ] 1 1
) [) ] 1 ] ] 1
AR Pl Enable write to registers CMO, CM1,
' ) P!
i1 1 L] PRCO |Protect bit 0 CMZ,_and PCLKR RW
Pt i 0: Write protected
A 1: Write enabled
) (] ] ] ] ]
E E E i i i i Enable write to registers PM0, PM1, and
[ T B R . PM2
E E i i i i PRC1 |Protect bit 1 0: Write protected RW
HE I R 1: Write enabled
) [} ] ] ] ]
) [} 1 ] 1 ]
I S I . Reserved bits Setto 0 RW
I (b5-b2)
) )
) )
. Enable write to the PRG2C register
e PRC6 |Protect bit 6 0: Write protected RW
; 1: Write enabled
)
)
) —_— .
------------------- (b7) Reserved bit Setto 0 RW

Figure 8.1 PRCR Register
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9. Interrupt

9.1 Type of Interrupts
Figure 9.1 shows Type of Interrupts.

-
Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

L INT instruction

~ Software
(non-maskable interrupt)

g—
NMI
DBC @
Watchdog timer
Special < Oscillation stop
(non-maskable interrupt) and re-oscillation detection
Low voltage detection
. ) Single step @
Peripheral function @ _ Address match
(maskable interrupt)

Interrupt <

. Hardware E—

NOTES:
1. The peripheral functions in the microcomputer are used to generate the peripheral interrupt.
2. Do not normally use this interrupt because it is provided exclusively for use by development tools.

Figure 9.1  Type of Interrupts

* Maskable Interrupt: The interrupt priority can be changed by enabling (disabling) an interrupt with the
interrupt enable flag (I flag) or by using interrupt priority levels.

* Non-Maskable Interrupt: The interrupt priority cannot be changed by enabling (disabling) an interrupt with the
interrupt enable flag (I flag) or by using interrupt priority levels.
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9.2 Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskabl e interrupts.

9.2.1 Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

9.2.2 Overflow Interrupt

An overflow interrupt occurs when executing the INTO instruction with the O flag in the FL G register setto 1
(the operation resulted in an overflow). The followings are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.2.3 BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

9.24 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63 can be
specified for the INT instruction. Because software interrupt Nos. 5 to 31 and 41 to 51 are assigned to
peripheral function interrupts, the sameinterrupt routine as for peripheral function interrupts can be executed by
executing the INT instruction.

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is cleared to
0 (ISP selected) before executing an interrupt sequence. The U flag is restored from the stack when returning
from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not change state during
instruction execution, and the SP selected at thetime is used.
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9.3 Hardware Interrupts
Hardware interrupts are classified into two types: special interrupts and peripheral function interrupts.

9.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

9.3.1.1 NMI Interrupt

An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details about the
NMI interrupt, refer to 9.7 “NMI Interrupt”.

9.3.1.2 DBC Interrupt
Do not normally use thisinterrupt because it is provided exclusively for use by development tools.

9.3.1.3 Watchdog Timer Interrupt

Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize the
watchdog timer. For details about the watchdog timer, refer to 10. “Watchdog Timer”.

9.3.1.4 Oscillation Stop and Re-Oscillation Detection Interrupt

Generated by the oscillation stop and re-oscillation detection function. For details about the oscillation stop and
re-oscillation detection function, refer to 7. “ Clock Generation Circuit” .

9.3.1.5 Single-Step Interrupt
Do not normally use thisinterrupt because it is provided exclusively for use by development tools.

9.3.1.6  Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address indicated
by registers RMADO to RMAD3 that correspond to one of the AIERO or AIER1 bit in the AIER register or the
AIER20 or AIER21 bit in the AIER2 register which is 1 (address match interrupt enabled). For details about the
address match interrupt, refer to 9.9 “ Address Match Interrupt”.

9.3.2 Peripheral Function Interrupts

The peripheral function interrupt occurs when a request from the peripheral functionsin the microcomputer is
acknowledged. The peripheral function interrupt is a maskable interrupt. Refer to Tables 9.2 and 9.3
“Relocatable Vector Table” for sources of the corresponding peripheral function interrupt. Refer to the
descriptions of each function for details about how the peripheral function interrupt occurs.
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9.4 Interrupts and Interrupt Vector

One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective interrupt
vectors. When an interrupt request is accepted, the CPU branches to the address set in the corresponding interrupt
vector. Figure 9.2 shows the Interrupt Vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

0000 | s
Vector address (H)
0000 0000

Figure 9.2  Interrupt Vector

941 Fixed Vector Tables

The fixed vector tables are alocated to the addresses from FFFDCh to FFFFFh. Table 9.1 lists the Fixed Vector
Table. In the flash memory of microcomputer, the vector addresses (H) of fixed vectors are used by the ID code
check function. For details, refer to 18.2 “ Functionsto Prevent Flash Memory from Rewriting”.

Table 9.1 Fixed Vector Table

Interrupt Source Vector Table Addresses Reference
P Address (L) to Address (H)

Undefined instruction FFFDCh to FFFDFh M16C/60, M16C/20, and M16C/Tiny
(UND instruction) series software manual
Overflow (INTO instruction) FFFEOh to FFFE3h
BRK instruction (2 FFFE4h to FFFE7h
Address match FFFE8h to FFFEBh 9.9 “Address Match Interrupt”
Single step ) FFFECh to FFFEFh -
Watchdog timer, FFFFOh to FFFF3h 10. “Watchdog Timer”
oscillation stop, and 7. “Clock Generation Circuit”
re-oscillation detection
DBC () FFFF4h to FFFF7h -
NMI FFFF8h to FFFFBh 9.7 “NMI Interrupt”
Reset FFFFCh to FFFFFh 5. “Reset”
NOTES:

1. Do not normally use this interrupt because it is provided exclusively for use by development tools.
2. If the contents of address FFFE7h is FFh, program execution starts from the address shown by the vector in the
relocatable vector table.
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9.4.2 Relocatable Vector Tables

The 256 bytes beginning with the start address set in the INTB register comprise arelocatable vector table area.
Tables 9.2 and 9.3 list the Relocatable Vector Tables. Setting an even addressin the INTB register resultsin the
interrupt sequence being executed faster than setting an odd address.

Table 9.2 Relocatable Vector Table (1)
Software
Interrupt Source Ad dr\éiztc()[)ﬁgdg\zzsre(:s H) I':}terrupt Reference
umber
INT instruction interrupt +0 to +3 (0000h to 0003h) to 0to 63 |M16C/60, M16C/20, M16C/Tiny
+252 to +255 (O0OFCh to 00FFh) series software manual

BRK instruction (4) +0 to +3 (0000h to 0003h) 0

Timer B5 +20 to +23 (0014h to 0017h) 5 12. “Timers”

Timer B4, UART1 bus collision +24 to +27 (0018h to 001Bh) 6 12. “Timers”

detect 3. 9) 13. “Serial Interface”
Timer B3, UARTO bus collision +28 to +31 (001Ch to 001Fh) 7

detect (3. 5)

Timer compare 0 +32 to +35 (0020h to 0023h) 8 15. “Baseband Functionality”
Timer compare 1 +36 to +39 (0024h to 0027h) 9

UART?2 bus collision detection (5) +40 to +43 (0028h to 002Bh) 10 13. “Serial Interface”
DMAO +44 to +47 (002Ch to 002Fh) 11 11. “DMAC”

DMA1 +48 to +51 (0030h to 0033h) 12

Key input interrupt +52 to +55 (0034h to 0037h) 13 9.8 “Key Input Interrupt”
A/D (64-pin version only) +56 to +59 (0038h to 003Bh) 14 14. “A/D Converter (64-Pin

Version Only)”

UART?2 transmit, NACK2 (2) +60 to +63 (003Ch to 003Fh) 15 13. “Serial Interface”
UART2 receive, ACK2 (2) +64 to +67 (0040h to 0043h) 16

UARTO transmit, NACKO () +68 to +71 (0044h to 0047h) 17

UARTO receive, ACKO (2) +72 to +75 (0048h to 004Bh) 18

UARTL1 transmit, NACK1 () +76 to +79 (004Ch to 004Fh) 19

UART1 receive, ACK1 (2) +80 to +83 (0050h to 0053h) 20

Timer AO +84 to +87 (0054h to 0057h) 21 12. “Timers”

Timer Al +88 to +91 (0058h to 005Bh) 22

Timer A2 +92 to +95 (005Ch to 005Fh) 23

Timer A3 +96 to +99 (0060h to 0063h) 24

Timer A4 +100 to +103 (0064h to 0067h) 25

Timer BO +104 to +107 (0068h to 006Bh) 26

Timer B1 +108 to +111 (006Ch to 006Fh) 27

Timer B2 +112 to +115 (0070h to 0073h) 28

NOTES:

1. Address relative to address in INTB.

2. During I2C mode, interrupts NACK and ACK comprise the interrupt source.
3. Use bits IFSR26 and IFSR27 in the IFSR2A register to select.
4. These interrupts cannot be disabled using the | flag.
5

Bus collision detection: During IE mode, this bus collision detection constitutes the interrupt source. During 12C

mode, however, a start condition or a stop condition detection constitutes the interrupt source.
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Table 9.3 Relocatable Vector Table (2)
Interrupt Source Vector Address (1 ISnc;fet\rArISr? Reference
P Address (L) to Address (H) Numbgr

INTO +116 to +119 (0074h to 0077h) 29 9.6 “INT Interrupt”

INTL +120 to +123 (0078h to 007Bh) 30

Timer compare 2 +124 to +127 (007Ch to 007Fh) 31 15. “Baseband Functionality”
DMA2 +164 to +167 (00A4h to 00A7h) 41 11. “DMAC”

DMA3 +168 to +171 (00A8h to 00ABh) 42

Transmission complete +172 to +175 (00ACh to 00AFh) 43 15. “Baseband Functionality”
Bank O reception complete, IDLE (2) |+176 to +179 (00BOh to 00B3h) 44

Bank 1 reception complete, clock +180 to +183 (00B4h to 00B7h) 45

regulator (3

Address filter +184 to +187 (00B8h to 00BBh) 46

CCA complete +188 to +191 (00BCh to 00BFh) 47

PLL lock detection +192 to +195 (00COh to 00C3h) 48

Transmission overrun +196 to +199 (00C4h to 00C7h) 49

Reception overrun 0 +200 to +203 (00C8h to 00CBh) 50

Reception overrun 1 +204 to +207 (00CCh to 00CFh) 51

NOTES:

1. Address relative to address in INTB.
2. Switchable by using the BANKOINTSEL bit in the BBTXRXMODE4 register (address 0111h).
3. Switchable by using the BANK1INTSEL bit in the BBTXRXMODE4 register (address 0111h).
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9.5 Interrupt Control

The following describes how to enable/disable the maskable interrupts, and how to set the priority in which order
they are accepted. What is explained here does not apply to nonmaskable interrupts.

Usethel flag in the FLG register, IPL, and bits ILVL2 to ILVLO in each interrupt control register to enable/disable
the maskable interrupts. Whether an interrupt is requested or not is indicated by the IR bit in each interrupt control
register.

Figures 9.3 and 9.4 show the Interrupt Control Registers.

Interrupt Control Register 1 2
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
i i i i E E E i TB5IC 0045h XXXXX000b
oo TB4IC, UIBCNIC ® 0046h XXXXX000b
]
D e umoncn o
I I A BBTIMOIC XXXXX000b
AR A A BBTIM1IC 0049h OOOX000b
P i b i BBTIM2IC 005Fh XXXXX000b
bbb BCNIC 004Ah XXXXX000b
P i E ! DMOIC to DM3IC 004Bh, 004Ch, 0069h, 006Ah XXXXX000b
A KUPIC 004Dh XXXXX000b
A A A ADIC @ 004Eh XXXXX000b
]
P L SOTIC to S2TIC 005;2,0051312, 004':2 XXXXX000b
Pl b ! SORIC to S2RIC 0052h, 0054h, 0050 XXXXX000b
A A TAOIC to TA4IC 0055h to 0059 XXXXX000b
A A TBOIC to TB2IC 005Ah to 005Ch OXXO00b
oo BBTXIC 006Bh XXXXX000b
H b Vol BBRXO0IC/BBIDLEIC 006Ch XXXXX000b
i b E i i BBRX1IC/BBCREGIC 006Dh XXXXX000b
R A BBADFIC O06Eh XXXXX000b
A BBCCAIC 006Fh OOKX000b
bbb BBPLLIC 0070h XXXXX000b
A A A BBTXORIC 0071h XXXXX000b
A R BBRXOROIC 0072h XXXXX000b
P P BBRXORLIC 0073h XXXXX000b
P
I S R L L |
I S L L |
I S L L |
I S O L L |
I S L L |
A A A
S R . .
T B bl Bit Symbol Bit Name Function RW
[ T I A A
N A | : : 1
I A I b2 b1 bo _ _
e 0 0 0: Level O (interrupt disabled) RwW
Pl i E 0 0 1:Levell
i i E i : o Interrupt priority level select 01 0:Level2
AR ETAVE B et 01 1:Level3 RW
P 1 0 0:Level 4
AR ! 10 1:Level5
i i E i T ILVL2 11 0:Level6 RW
N 11 1:Level 7
I
! .
I T S T S—— IR Interrupt request bit Oj Interrupt not requested RW @
| Lo 1: Interrupt requested
| 1 ] 1
| 1 ] 1
N S (b7Tb4) No register bits. If necessary, set to 0. Read as undefined value. —
NOTES:
1. The IR bit can only be reset by writing a 0. (Do not write a 1.)
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register.
3. Use the IFSR2A register to select.
4. 64-pin version only.

Figure 9.3  Interrupt Control Register (1)
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Interrupt Control Register 2 ?
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
0 INTOIC 005Dh XX00X000b
A INT1IC 005Eh XX00X000b
A
PV 4 1 41 1| BitSymbol Bit Name Function RW
R
RERRERE
[ T O T A e | MR 0 0 0: Level O (interrupt disabled) RW
I B 0 0 1:Levell
T R . 0 1 0:Level 2
] ] ] ] ] 1 ]
i i E i i i ===l Ly Lr:tterrupt priority level select 01 1 Level 3 RW
I A 1 0 O: Level 4
Pbr 10 1:Level5
AR ILVL2 11 0:Level6 RW
oo 11 1:Level 7
.
] ] 1 ] | | .
oo IR Interrupt request bit Oj Interrupt not requested RW ®
o 1: Interrupt requested
] ] 1 ]
] ] 1 ]
[ ity . . 0: Select falling edge
| 3)
E | i POL Polarity select bit 1: Select rising edge RW
P
[ — .
! E (b5) Reserved bit Setto 0 RW
o
] _
(b7-b6) No register bits. If necessary, set to 0. Read as undefined value. —
NOTES:
1. The IR bit can only be reset by writing a 0. (Do not write a 1.)
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register.
3. If the IFSRI bit in the IFSR register are 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge)
(i=0to1).

Figure 9.4  Interrupt Control Register (2)
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9.5.1 | Flag

The | flag enables or disables the maskable interrupt. Setting the | flag to 1 (enabled) enables the maskable
interrupt. Setting the | flag to O (disabled) disables all maskable interrupts.

9.5.2 IR Bit

The IR bit is set to 1 (interrupt requested) when an interrupt reguest is generated. Then, when the interrupt
reguest is accepted, the IR bit is cleared to O (interrupt not requested).
The IR bit can be cleared to 0 in a program. Do not write a 1 to this bit.

9.5.3 Bits ILVL2 to ILVLO and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 9.4 lists the Settings of Interrupt Priority Levels and Table 9.5 lists the Interrupt Priority Levels Enabled

The followings are conditions under which an interrupt is accepted:

by IPL.
el flag=1
*|IRbit=1

e Interrupt priority level > 1PL

The | flag, IR bit, bits ILVL2 to ILVLO and IPL are independent each other. In no case do they affect one

another.
Table 9.4 Settings of Interrupt Priority Levels  Table 9.5 Interrupt Priority Levels Enabled by IPL

Bits ILVL2 to ILVLO | Interrupt Priority Level | Priority Order IPL Enabled Interrupt Priority Levels

000b Level O (interrupt disabled) - 000b Interrupt levels 1 and above are enabled
001b Level 1 Low 001b Interrupt levels 2 and above are enabled
010b Level 2 010b Interrupt levels 3 and above are enabled
011b Level 3 011b Interrupt levels 4 and above are enabled
100b Level 4 100b Interrupt levels 5 and above are enabled
101b Level 5 101b Interrupt levels 6 and above are enabled
110b Level 6 110b Interrupt levels 7 and above are enabled
111b Level 7 High 111b All maskable interrupts are disabled
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954 Interrupt Sequence

An interrupt sequence — what are performed over a period from the instant an interrupt request is accepted to
the instant the interrupt routine is executed — is described here.

If an interrupt request occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next cycle. If
an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction, the processor
temporarily suspends the instruction being executed, and transfers control to the interrupt sequence.

The CPU behavior during the interrupt sequence is described below. Figure 9.5 shows Time Required for
Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading address
00000h. Then, the IR bit applicable to the interrupt information is set to O (interrupt not requested).
(2) TheFLG register, prior to an interrupt sequence, is saved to a temporary register (1) within the CPU.
(3) Flagsl, D, and U inthe FL G register become as follows:
*Thel flag is set to O (interrupt disabled)
*The D flag is set to O (single-step interrupt disabled)
*The U flag is set to O (ISP sel ected)

Note that the U flag does not change states if an INT instruction for software interrupt Nos. 32 to 63 is
executed.

(4) Thetemporary register (1) within the CPU is saved to the stack.

(5) ThePC issaved to the stack.

(6) Theinterrupt priority level of the acknowledged interrupt in IPL is set.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, an instruction is executed from the starting address of the interrupt
routine.

NOTE:
1. Temporary register cannot be modified by users.

12 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Address bus Yaddress 00000ty Indeterminate ®) X sp2 Y spa X vee Y vz X e

Interrupt f 1) SP-2 SP-4 vec vec+2
Data bus >< information X Indeterminate ) X contents contents contents x contents ><
RD m Indeterminate y
WRE L L]

NOTES:
1. The indeterminate state depends on the instruction queue buffer. A read cycle occurs when
the instruction queue buffer is ready to accept instructions.
2. The WR signal timing shown here is for the case where the stack is located in the internal RAM.

Figure 9.5 Time Required for Executing Interrupt Sequence
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9.5.5 Interrupt Response Time

Figure 9.6 shows the Interrupt Response Time. The interrupt response or interrupt acknowledge time denotes a
time from when an interrupt request is generated till when the first instruction in the interrupt routine is
executed. Specifically, it consists of atime from when an interrupt request is generated till when the executing
instruction is completed ((a) on Figure 9.6) and a time during which the interrupt sequence is executed ((b) on

Figure 9.6).

Interrupt request Interrupt request

generated acknowledged

— Time

4 /7
Instruction Interrupt sequence _ Instruction in
interrupt routine
/ 7
< @ > (b) >
Interrupt response time

register).

(a) Atime from when an interrupt request is generated till when the instruction at the time executing is
completed. The length of this time varies with the instruction being executed. The DIVX instruction
requires the longest time, which is equal to 30 cycles (without wait state, the divisor being a

(b) A time during which the interrupt sequence is executed. For details, refer to the table below. Note,
however, that the values in this table must be increased 2 cycles for the DBC interrupt and 1 cycle
for the address match and single-step interrupts.

Interrupt Vector Address | SP Value 16-Bit Bus, Without Wait 8-Bit Bus, Without Wait
Even Even 18 cycles 20 cycles
Even Odd 19 cycles 20 cycles
Odd Even 19 cycles 20 cycles
Odd Odd 20 cycles 20 cycles

Figure 9.6  Interrupt Response Time

9.5.6  Variation of IPL When Interrupt Request IS Accepted
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the

IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levelslisted in
Table9.6issetinthePL. Table 9.6 liststhe IPL Level That is Set to IPL When a Software or Special Interrupt

is Accepted.

Table 9.6 IPL Level That is Set to IPL When a Software or Special Interrupt is Accepted

Interrupt Sources

Level Set to IPL

Watchdog timer, NMI, oscillation stop and re-oscillation detection, low

7
voltage detection
Software, address match, DBC, single-step Not changed
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9.5.7 Saving Registers

In the interrupt sequence, the FLG register and PC are saved to the stack.

At thistime, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bitsin the FLG register,
16 bitsin total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.

Figure 9.7 shows the Stack Status Before and After Acceptance of Interrupt Request.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use the
PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address Stack Address Stack
MSB LSB MSB/\/L%B
[SP]

m-4 m-4 PCL l¢—— New SP value

m-3 m-3 PCM

m-1 m-1 FLGH PCH

[SP]
m Content of previous stack SP value before m Content of previous stack .
ontent of previous stac interrupt request is accepted. ontent of previous stac PCL: 8 low-order bits of PC

PCM: 8 middle-order bits of PC

m+1 Content of previous stack m+ 1| Content of previous stack PCH: 4 high-order bits of PC
FLGL: 8 low-order bits of FLG
FLGH: 4 high-order bits of FLG

Stack status Stack status
before interrupt request is acknowledged after interrupt request is acknowledged

Figure 9.7  Stack Status Before and After Acceptance of Interrupt Request

The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP (1), at the
time of acceptance of an interrupt request, is even or odd. If the SP (1) is even, the FLG register and the PC are
saved, 16 bits at atime. If odd, they are saved in two steps, 8 bits at atime. Figure 9.8 shows the Operation of
Saving Register.

NOTE:
1. When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated by
the U flag. Otherwise, it isthe ISP,

(1) SP contains even number (2) SP contains odd number
Address Stack Sequence in which order Address Stack Sequence in which order
registers are saved registers are saved
[SP] - 5 (Odd) [SP] - 5 (Even)
[SP] - 4 (Even) PCL [SP] - 4 (Odd) pPCL <«—(3)
(2) Saved simultaneously,
[SP] - 3 (Odd) PCM all 16 bits [SP] - 3 (Even) PCM 4_(4)
Saved, 8 bits at a time
[SP] - 2 (Even) FLGL [SP] - 2 (Odd) FLGL 4—(1)
(1) Saved simultaneously,
[SP] - 1 (Odd) FLGH | PCH all 16 bits [SP] - 1 (Even) FLGH PCH  |4—(2)
[SP]  (Even) [SP]  (Odd)
Completed saving registers Completed saving registers
in two operations. in four operations.
PCL: 8 low-order bits of PC
PCM: 8 middle-order bits of PC
NOTE: - . . PCH: 4 high-order bits of PC
1. [SP] denotes the initial value of the SP when interrupt request is acknowledged. FLGL: 8 low-order bits of FLG
After registers are saved, the SP content is [SP] minus 4. FLGH: 4 high-order bits of FLG

Figure 9.8  Operation of Saving Register
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9.5.8 Returning from an Interrupt Routine

The FLG register and PC in the state in which they were immediately before entering the interrupt sequence are
restored from the stack by executing the REIT instruction at the end of the interrupt routine.

Thereafter the CPU returns to the program which was being executed before accepting the interrupt request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar instruction
before executing the REIT instruction.

Register bank is switched back to the bank used prior to the interrupt sequence by the REIT instruction.

9.5.9 Interrupt Priority

If two or more interrupt requests are sampled at the same sampling points (a timing to detect whether an
interrupt request is generated or not), the interrupt with the highest priority is acknowledged.

For maskable interrupts (peripheral functions interrupt), any desired priority level can be selected using bits
ILVL2 to ILVLO. However, if two or more maskable interrupts have the same priority level, their interrupt
priority is resolved by hardware, with the highest priority interrupt accepted.

The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 9.9 shows the
Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset High

g
-

)
(@]

B

Watchdog timer
Oscillation stop
and re-oscillation detection

Peripheral function

Single step v

Address match Low

Figure 9.9  Hardware Interrupt Priority

9.5.10 Interrupt Priority Level Select Circuit

Theinterrupt priority level select circuit selects the highest priority interrupt in asampled interrupt request(s) at
the same sampling point.
Figure 9.10 shows the Interrupts Priority Select Circuit.
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Hiah Priority level of each interrupt I(_is;{glglalue) Priority level of each interrupt
igher il h Sl et A I sttt
| Reception overrun 0 |— | UARTO receive, ACKO
| PLL lock detection & | UART2 receive, ACK2
| Address filter I' ! | A/D conversion (64-pin version only)
| Bank 0 reception complete, IDLE I— | DMA1
| DMA3 H | UART2 bus collision
| Reception overrun 1 I— | Timer compare 0
| Transmission overrun |— | Timer AO
| CCA complete H | UARTL transmit, NACK1
! | Bank 1 reception complete, clock regulator ! | UARTO transmit, NACKO
1 1
1 1
P 1
| Transmission complete 1 | UART?2 transmit, NACK2
| DMA2 | Key input interrupt
| INTT | DMAO
1 1
P . 1 1
Priority of peripheral 1 N 1 -
function interrupts ! | Timer B2 T | Timer compare 1
(if priority levels are ! i
same) | - |_ === ==
Timer BO
| Timer A3 I—
i i
H | Timer A1 I—
[ Timer B4, UART1 bus collision  H
i i
| Timer compare 2 |—
| INTO I—
1 1
1 1
| Timer B1 |—
| Timer A4 H
| Timer A2 H
i [ Timer B3, UARTO bus collision
i
| Timer B5
| UART1 receive, ACK1
\ A ——- I
Lower
|
| IPL | i%
Interrupt request level
®——————— selection output to clock
generating circuit (Figure 7.1)
] Interrupt
| I flag I request
| Address match I accepted
| Watchdog timer I
Oscillation stop and |
re-oscillation detection |
| Low voltage detection I
| DBC |
| NMI I
Figure 9.10 Interrupts Priority Select Circuit
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9.6 INT Interrupt
INTi interrupt (i = 0 to 1) istriggered by the edges of external inputs. The edge polarity is selected using the IFSRIi
bit (i =0to 1) in the IFSR register.
Figure 9.11 shows the IFSR Register and Figure 9.12 shows the IFSR2A Register.

Interrupt Source Select Register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
IFSR 0207h 00h

] 1 1 1 ] 1 ] ]

R

vt it Symbol Bit Name Function RW

RERRERE

Crorr | INTO interrupt polarity switch [0: One edge

E i i i E i i ' IFSRO it 1: Both edges @ RW

I

HE T A I B INT1 interrupt polarity switch |0: One edge

] 1 1 1 ] 1 ]

A PSR it 1: Both edges @ R

] 1 ] ] ] 1

SRR _

leoblododolotoooooo (b7-b2) No register bits. If necessary, set to 0. Read as undefined value. —

NOTE:

1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INT1IC are set to O (falling edge).

Figure 9.11 IFSR Register

Interrupt Source Select Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | |0|0|0|0|0|0| IFSR2A 0206h 00h
R
R
VLo b v b Bit Symbol Bit Name Function RW
A
[ ] 1 ] ] ] 1 ]
I . Reserved bits Setto 0 RW
' (b5-b0)
[
[
[ .
T Interrupt request source select |0: Timer B3
E IFSR26 bit @ 1: UARTO bus collision detection RW
)
)
H Interrupt request source select |0: Timer B4
[)
""""""""""" IFSR27 it @ 1: UART1 bus collision detection RW

NOTES:
1. Timer B3 and UARTO bus collision detection share the vector and interrupt control register. When using Timer
B3 interrupt, clear the IFSR26 bit to 0 (Timer B3). When using UARTO bus collision detection, set the IFSR26
bit to 1.
2. Timer B4 and UART1 bus collision detection share the vector and interrupt control register. When using Timer
B4 interrupt, clear the IFSR27 bit to 0 (Timer B4). When using UARTL1 bus collision detection, set the IFSR27
bit to 1.

Figure 9.12 IFSR2A Register
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9.7 NMI Interrupt

An NMI interrupt is generated when input on the NMI pin changes state from high to low. The NMI interrupt is a
non-maskable interrupt. To use the NMI interrupt, set the PM24 bit in the PM 2 register to 1 (NMI function).

9.8 Key Input Interrupt

Of bits P10_4 to P10_7 (64-pin version only) and P7_0to P7_3, akey input interrupt is generated when input on
any of the pinswhich has had bits KIENO to KIEN7 in registers KICONO and KICON1 set to 1 (enabled) goes low.
Key input interrupts can be used as a key-on wake up function, the function which gets the microcomputer out of
wait or stop mode. However, if using the key input interrupt, do not use P10_4 to P10_7 asanalog input pins.

Set 0 (input) in the port direction register (bits P10_4 to P10_7 (64-pin version only) and P7_0to P7_3) of the port
for using key input interrupts.

Figure 9.13 shows the Block Diagram of Key Input Interrupt.
While input on any pin which has had bits KIENO to KIEN7 in registers KICONO and KICON1 set to 1 (enabled)
ispulled low, inputs on all other pins of the port are not detected as interrupts.

Table 9.7 Key Input Interrupt Setting
Port Key Input Control Address Bit 0/1
P10 4 () KINO Key input control register 0 00082h b0 Disabled/Enabled
P10 51 KIN1 Key input control register 0 00082h bl Disabled/Enabled
P10 6 M KIN2 Key input control register 0 00082h b2 Disabled/Enabled
P10 7 KIN3 Key input control register 0 00082h b3 Disabled/Enabled
P7_0 KIN4 Key input control register 1 00083h b0 Disabled/Enabled
P7_1 KIN5 Key input control register 1 00083h bl Disabled/Enabled
P7_2 KING6 Key input control register 1 00083h b2 Disabled/Enabled
P7_3 KIN7 Key input control register 1 00083h b3 Disabled/Enabled
NOTES:

1. 64-pin version only.

2. Inthe 48-pin version, the KINO to KIN3 interrupts are disabled.
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Z PU16 bit in PUR1 register
Pull-up ,—ocg o . KUPIC register
(transistor) PD7_3 bit in PD7 register
PD7_3 bit in PD7 register
KIEN7 bit in KICONL1 register
K7 O
Direction register
(puu up ) KIENS bit in KICONL register v
transistor i
o Interrupt control Key input
K6 circuit — interrupt
request
Direction register
KIENS bit in KICONL1 register
®E O—+
Direction register
KIEN4 bit in KICONL1 register
x0T D
[mm e e e 114-- (NOTE 1)
Direction register
Pull-up KIENS3 bit in KICONO register
transistor
K3 O D_
Direction register
Pull-up KIEN2 bit in KICONO register
tran3|stor
% O 1 —
Direction register
Pull-up KIEN1 bit in KICONQO register
transistor
Kt O j )
Direction register
Pull-up KIENO bit in KICONO register
transistor
Ko O j: NOTE:
] 1. K10 to KI3 in the 48-pin version cannot be used.
Figure 9.13 Block Diagram of Key Input Interrupt
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Key Input Control Register 0

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
lo[ofofo] [ | | |  Kicono 0082h 0oh
-

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

T T T T R Bit Symbol Bit Name Function RW
T

i i E i i E i i KIENO | KeY input O interrupt enable |0: Disabled RW
[ bit 1: Enabled

I N R A

1 1 1 1 1 1 1 . . . «

Pror b KENT Keylnputllnterrupt enable 0: Disabled RW
rr oy bit 1: Enabled

T T A

1 1 1 1 1 1 . . . .

I T R S KIEN2 Kgymputhterrupt enable 0: Disabled RW
N bit 1: Enabled

1 1 1 1 1

1 1 1 1 1

R Key input 3 interrupt enable |0: Disabled

AR KIENS it 1: Enabled RW
P

I — R d bi Sett00

--------------- (b7-ba) eserved bits et to —

NOTE:
1. When the 48-pin version is used, make sure to set 00h (key input 0 to 3 interrupt disabled).
Figure 9.14 KICONO Register

Key Input Control Register 1

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
lolofofo] [ | | |  «icont 0083h 00h

-

1 1 ] 1 1 1 1 1

1 1 1 1 1 1 1 1

T T T A Bit Symbol Bit Name Function RW
I

(R I T T T B A Key input 4 interrupt enable |0: Disabled

bbb T KIENA 1: Enabled RW
T R R R

1 1 1 1 1 1 1 . . . .

b b Ll KIENS KgylnputSlnterrupt enable [0O: Disabled RW
R A bit 1: Enabled

T R

I I T R Key input 6 interrupt enable |0: Disabled

e KIENG it 1: Enabled RW
1 1 1 1 1

1 1 1 1 1

1 1 1 1 1 . . . .

[ T S KIEN7 Kgylnput?lnterrupt enable [0O: Disabled RW
P bit 1: Enabled

P

S o d bit Setto 0

--------------- (b7-b4) Reserved bits et to —

Figure 9.15 KICON1 Register
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Table 9.8

Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address indicated by

the RMAD:I register (i = 0to 3). Set the start address of any instruction in the RMADI register. Use bits AIERO and

AIER1 in the AIER register and bits AIER20 and AIER21 in the AIER2 register to enable or disable the interrupt.

Note that the address match interrupt is unaffected by the | flag and IPL. When address match interrupt requests are

acknowledged, the value of the PC that is saved to the stack area (refer to 9.5.7 “ Saving Registers’) varies

depending on the instruction at the address indicated by the RMAD:I register (The value of the PC that is saved to

the stack area is not the correct return address.) Therefore, follow one of the methods described below to return

from the address match interrupt.

* Rewrite the content of the stack and then use the REIT instruction to return.

* Restore the stack to its previous state before the interrupt request was accepted by using the POP or similar other
instruction and then use ajump instruction to return.

Table 9.8 lists the Value of the PC That Is Saved to the Stack Area When an Address Match Interrupt Request is

Accepted. Note that when using the external bus in 8 bits width, no address match interrupts can be used for

external areas.

Figure 9.16 shows Registers AIER, AIER2, and RMADO to RMAD?3.

Value of the PC That Is Saved to the Stack Area When an Address Match Interrupt
Request is Accepted

9. Interrupt

Instruction at the Address Indicated by the RMADi Register

Value of the PC that is
saved to the stack area

« 16-bit op-code instruction

« Instruction shown below among 8-bit operation code instructions

ADD.B:S #IMM8, dest SUB.B:S #IMMS8, dest AND.B:S #IMMS8, dest
OR.B:S #IMM8, dest MOV.B:S #IMM8, dest STZ.B:S #IMM8, dest
STNZ.B:S #IMM8, dest STZX.B:S #IMM81, #IMM82,dest

CMP.B:S #IMM8, dest PUSHM src POPM dest

JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM, dest (However, dest = AO or Al)

The address indicated by
the RMADI register +2

Instructions other than the above

The address indicated by
the RMADI register +1

Value of the PC that is saved to the stack area: Refer to 9.5.7 “Saving Registers”.

Table 9.9

Relationship between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Sources

Address Match Interrupt Enable Bit

Address Match Interrupt Register

Address match interrupt 0

AIERO

RMADO

Address match interrupt 1 AIER1 RMAD1
Address match interrupt 2 AIER20 RMAD2
Address match interrupt 3 AIER21 RMAD3
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Address Match Interrupt Enable Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
AIER 020Eh XXXXXX00b
) ) ] (] () ] 1 ]
| S Y
) [] ] ] 1 ] [] ] . .
vy bt o ] Bit Symbol Bit Name Function RW
| S R T T T |
| R T B
E E E E E E E E AIERO Address _match interrupt O 0: Interrupt disabled RW
. enable bit 1: Interrupt enabled
| S I T T T B |
S R R T T R |
S R T B T R | R . H
brovr v 1 AERL Address _match interrupt 1 O: Interrupt disabled RW
Py enable bit 1: Interrupt enabled
REREE =
ESOL N O IO W SV (b7-b2) No register bits. If necessary, set to 0. Read as undefined value. —
Address Match Interrupt Enable Register 2
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
AIER2 020Fh XXXXXX00b
| T |
| T |
e ) ) A
VoL bty rb | Bit Symbol Bit Name Function RW
IR
[} 1 1 ] 1 '
[ Address match interrupt 2 0: Interrupt disabled
) ]
: E i i E i i t-1 AIER20 enable bit 1: Interrupt enabled RW
| S R T T T R |
| S R T T R T |
| S R T T T I | . . .
by | AERpp |Address match interrupt 3 0: Interrupt disabled RW
A enable bit 1: Interrupt enabled
EEEEE
LI P O IO S (b7?)2) No register bits. If necessary, set to 0. Read as undefined value. —
Address Match Interrupt Registeri (i = 0 to 3)
(023)  (b19) (b16) (b15) (08)
b7 b3 b0 b7 b0 b7 bo
|><D<|><|><| | | | Symbol Address After Reset
A i RMADO 0212h to 0210h X00000h
P ! RMAD1 0216h to 0214h X00000h
. ! RMAD2 021Ah to 0218h X00000h
I | RMAD3 021Eh to 021Ch X00000h
I !
1
E E i i E Function Setting Range RW
[ ] '
Pl | Address setting register for address match interrupt
| P ——
E E E E (b19 to bO) 00000h to FFFFFh RW
RS
L No register bits. If necessary, set to 0. Read as undefined value. —

Figure 9.16 Registers AIER, AIER2, and RMADO to RMAD3
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M16C/6B Group 10. Watchdog Timer

10. Watchdog Timer

The watchdog timer detects whether the program is out of control. Therefore, we recommend using the watchdog timer
to improve reliability of a system. The watchdog timer contains a 15-bit counter, and count source protection mode
(enabled/disabled) is set here.

Table 10.1 lists the Watchdog Timer Specification.

Refer to 5.3 “Watchdog Timer Reset” for details of watchdog timer reset.

Figure 10.1 shows the Watchdog Timer Block Diagram. Figure 10.2 shows the Registers WDTR, WDTS, and WDC.
Figure 10.3 shows the CSPR Register and OFS1 Address.

Table 10.1  Watchdog Timer Specification

When count source protection mode is | When count source protection mode is
Item .
disabled enabled
Count source CPU clock 125 kHz on-chip oscillator clock
Count operation Decrement

Count start condition | Either of the followings can be selected.
« Count automatically starts after reset.
 Count starts by writing to the WDTS register.

Count stop condition | Stop mode, wait mode, hold state None

Watchdog timer * Reset

reset condition * Write 00h, and then FFh to the WDTR register.
» Underflow

Operation when the | Watchdog timer interrupt or watchdog Watchdog timer reset

timer underflows timer reset

Select function * Prescaler divide ratio
Set the WDC?7 bit in the WDC register to select this mode.

« Count source protection mode
Set the CSPROINI bit (flash memory) in the OFS1 address to select whether this
mode is enabled or disabled after reset. If this mode is set to disabled after reset,
set the CSPRO bit (program) in the CSPR register.

« Start up or stop watchdog timer after reset
Set the WDTON bit in the OFS1 address to select startup or stop.

Prescaler

CSPRO =0 PM12=0

|

. \

|

[ ! 1/128 : O Watchdog timer

CPU : :CM07 0, interrupt request
WDC7 =0 N

clock Watchdog timer g0~

HOLD | 1 CMO07=1

o—
1 L N A PM12=1
fOCO-S—0 Watchdog timer
CSPRO =1 reset

Setto 7FFFh®

Write to WDTR register —|—r\

Internal reset signal

(“L” active) |_L/
CSPRO: bit in CSPR register
WDCT7: bit in WDC register
PM12: bit in PM1 register
CMO7: bit in CMO register
NOTE:

1. OFFFh is set when the CSPRO bit is set to 1 (count source protection mode enabled).

Figure 10.1 Watchdog Timer Block Diagram
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Watchdog Timer Reset Register

b7 b0 Symbol Address After Reset
| | WDTR 037Dh Indeterminate
Function RW

Setting 00h and then FFh initializes the watchdog timer. &3

and to OFFFh when count source protection mode is enabled. ?

----------- The watchdog timer is initialized to 7FFFh when count source protection mode is disabled, [ WO

NOTES:

protection mode enabled).

Watchdog Timer Start Register

1. Make sure no interrupts or DMA transfers will occur before writing FFh after writing 00h.
2. The watchdog timer is set to OFFFh when the CSPRO bit in the CSPR register is set to 1 (count source

3. After the watchdog timer interrupt occurs, reset the watchdog timer by setting the WDTR register.

b7 b0 Symbol Address After Reset
| | WDTS 037Eh Indeterminate
i
i Function RW
i
]
s The watchdog timer starts counting after a write instruction to this register \WYe]
Watchdog Timer Control Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
0 |><| | | | wDC 037Fh O00XXXXXXb
EEEREEE
E i i i E i E E Bit Symbol Bit Name Function RW
SRR
Voo, v :._a'._- — . . . .
E i i di-d (b4-b0) Higher-order bits of watchdog timer RO
b
] 1 —
e (b5) No register bit. If necessary, setto 0. Read as 0. —
b
P —
ey .
; ' (b6) Reserved bit Setto 0 RW
)
)
) .
H . 0: Divided by 16
WDC7 |Prescaler select bit 1 Divided by 128 RW

Figure 10.2 Registers WDTR, WDTS, and WDC
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Count Source Protection Mode Register
b7 b6 b5 b4 b3 b2 bl bo Symbo Address After Reset
[ To[o]o[o]o[oJo]  cspr 037Ch 00h
N
EEEEEEE
Py Bit Symbol Bit Name Function RW
A
PP — .
i LA x| (b6-b0) Reserved bits Setto 0 RW
]
]
l_ __________________ CSPRO Count source protection mode |0: Count source protection mode disabled RW
select bit @ 1: Count source protection mode enabled
NOTES:
1. When a 0 is written to the CSPROINI bit in the OFS1 address, 10000000b is set after reset.
2. Write a 0 and then a 1 to set the CSPRO bit to 1. 0 cannot be set in a program.
Option Function Select Address (Y
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
[ Te]a]a] Ja]1] OFs1 FFFFFh FFh @
HEL ]
RRREINE
P E i 1 1 | BitSymbol Bit Name Function RW
ey b
[} 1 ]
I i i E i E i 0: Watchdog timer starts automatically
T A T Watchdog ti tart select ft t
T atchdog timer start selec after rese
i i i i ! i i WDTON i 0 1: Watchdog timer is in a stopped state RW
R H b after reset
P
! 1 ] 1 ) :.__' _____ e .
i i i i E (b2-b1) Reserved bits Setto 1 RW
[ I
[ I .
L . . 0: ROM code protection enabled
[ I
i P ROMCP1 [ROM code protection bit 1: ROM code protection disabled RW
1 ] ]
RS =
i (b6-b4) Reserved bits Setto 1 RW
1
i 0: Count source protection mode enabled
! After-reset count source after reset
1
"""""""""" CSPROINI protection mode select bit @ | 1: Count source protection mode disabled RW
after reset
NOTES:
1. The OFS1 address exists in flash memory. Set the values when writing a program.
2. The OFS1 address is set to FFh when the block including the OFS1 address is erased.
3. Set the WDTON bit to 0 (watchdog timer starts automatically after reset) when setting the CSPROINI bit to 0
(count source protection mode enabled after reset).

Figure 10.3 CSPR Register and OFS1 Address
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10.1 Count Source Protection Mode Disabled

The CPU clock is used for the watchdog timer count source when count source protection mode is disabled.
Table 10.2 lists the Watchdog Timer Specifications (When Count Source Protection Mode is Disabled).

Table 10.2  Watchdog Timer Specifications (When Count Source Protection Mode is Disabled)

Item Specification
Count source CPU clock
Count operation Decrement
Period Prescaler divide ratio (n) x watchdog timer count value (32768) (1)
CPU clock

n: 16 or 128 (selected by the WDC7 bit in the WDC register)
example: When CPU clock frequency = 16 MHz and prescaler divided by 16,
period = approximately 32.8 ms

Watchdog timer * Reset
reset condition » Write 00h, and then FFh to the WDTR register.
* Underflow

Count start condition | Set the WDTON bit (2) in the OFS1 address (FFFFFh) to select the watchdog timer
operation after reset.
*When the WDTON bit is set to 1 (watchdog timer is in stop state after reset)
The watchdog timer and prescaler stop after reset and count starts by writing to
the WDTS register.
* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset)
The watchdog timer and prescaler start counting automatically after reset.
Count stop condition | Stop mode, wait mode, hold state (count resumes from the hold value after exiting.)
Operation when the |+ When the PM 12 bit in the PM1 register is setto 0
timer underflows Watchdog timer interrupt
* When the PM 12 bit in the PM1 register is setto 1
Watchdog timer reset (refer to 5.3 “Watchdog Timer Reset”)

NOTES:

1. Write 00h, and then FFh to the WDTR register to initialize the watchdog timer. The prescaler is
initialized after reset. Some errors in the period of the watchdog timer may be caused by the
prescaler.

2. The WDTON bit cannot be changed by a program. Write a 0 to bit O of address FFFFFh with a flash
programmer to set the WDTON bit.

RO1UHO0197EJ0120 Rev.1.20 RENESAS Page 85 of 331
Jul 21, 2011



M16C/6B Group 10. Watchdog Timer

10.2 Count Source Protection Mode Enabled

The 125 kHz on-chip oscillator clock is used for the watchdog timer count source when count source protection
mode is enabled. If the CPU clock stops when a program is out of control, the clock can still be supplied to the
watchdog timer.

Table 10.3 lists the Watchdog Timer Specifications (When Count Source Protection Mode is Enabled).

Table 10.3  Watchdog Timer Specifications (When Count Source Protection Mode is Enabled)

Item Specification
Count source 125 kHz on-chip oscillator clock
Count operation Decrement
Period Watchdog timer count value (4096)

125 kHz on-chip oscillator clock

example: When 125 kHz on-chip oscillator clock = 125 kHz, period = approximately

32.8 ms
Watchdog timer * Reset
reset condition » Write 00h, and then FFh to the WDTR register.
* Underflow

Count start condition | Set the WDTON bit 1) in the OFS1 address (FFFFFh) to select the watchdog timer

operation after reset.

*«When the WDTON bit is set to 1 (watchdog timer is in stop state after reset)
The watchdog timer and prescaler stop after reset and count starts by writing to
the WDTS register.

* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset)
The watchdog timer and prescaler start counting automatically after reset.

Count stop condition | None (Count does not stop in wait mode or in hold state once count starts. The

MCU does not enter stop mode.)

Operation when the |Watchdog timer reset (refer to 5.3 “Watchdog Timer Reset”)

timer underflows

Registers, bits *«When the CSPRO bit in the CSPR register is set to 1 (count source protection

mode enabled) (@), the followings are set automatically.

-Set OFFFh to the watchdog timer.

-Set the CM14 bit in the CM1 register to 0. (125 kHz on-chip oscillator on.)

-Set the PM12 bit in the PM1 register to 1. (The watchdog timer reset is generated
when watchdog timer underflows.)

The following conditions apply in count source protection mode.

-Writing to the CM10 bit in the CML1 register is disabled. (It remains unchanged
even if it is set to 1. The MCU does not enter stop mode.)

-Writing to the CM14 bit in the CM1 register is disabled. (It remains unchanged
even if it is set to 1. The 125 kHz on-chip oscillator does not stop.)

NOTES:
1. The WDTON bit cannot be changed by a program. Write O to bit O of address FFFFFh with a flash
programmer to set the WDTON bit.
2. Even if 0is written to the CSPROINI bit in the OFS1 address, the CSPRO is set to 1. The CSPROINI
bit cannot be changed by a program. Write 0 to bit 7 of address FFFFFh with a flash programmer to
set the CSPROINI bit.
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11. DMAC

The DMAC (Direct Memory Access Controller) allows datato be transferred without the CPU intervention.

Four DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit) datafrom
the source address to the destination address. The DMAC uses the same data bus as used by the CPU. Because the
DMAC has higher priority of bus control than the CPU and because it makes use of acycle steal method, it can transfer
one word (16 bits) or one byte (8 bits) of data within a very short time after a DMA request is generated. Figure 11.1
shows the DMAC Block Diagram. Table 11.1 lists the DMAC Specifications. Figures 11.2 to 11.6 show the DMAC-
related registers.

& Address bus y

Y

|DMAO source pointer SARO (20)
[ (addresses 0182h to 0180h)
|DMAO destination pointer DARO (20)
Y { J(addresses 0186h to 0184h)
|DMAO forward address pointer (20)

U

VARV,

|DMA1 source pointer SAR1 (20)
| | (addresses 0192h to 0190h)
[DMA1 destination pointer DAR1 (20)

LY,

_ iV { ) (addresses 0196h to 094h)
_I:>|DMAO transfer counter reload register TCRO (16) > {DMA1 forward address pointer (20) ® >
1/ (addresses 0189h, 0188h)
|DMAO transfer counter TCRO (16) |:> IilDMAZ source pointer SAR2 (20) ':>
| | (addresses 01A2h to 01A0h)
:>|DMA1 transfer counter reload register TCR1 (16) |:> |DMA2 destination pointer DAR2 (20) ':>
{/ (addresses 0199h, 0198h) V {/(addresses 01A6h to 01Adh)
[DmA1 transfer counter TCR1 (16) > [DMA2 forward address pointer (20) ® >
E:>|DMA2 transfer counter reload register TCR2 (16) l:> |DMA3 source pointer SAR3 (20) ':>
{/ (addresses 01A9h, 01A8h) [ (addresses 01B2h to 01B0h)
|DMA2 transfer counter TCR2 (16) |:> |DMA3 destination pointer DAR3 (20) ':>
v v(addresses 01B6h to 01B4h)
:>|DMA3 transfer counter reload register TCR3 (16) ':> |DMA3 forward address pointer (20) ® I:>
{/ (addresses 01B9h, 01B8h)
|DMA3 transfer counter TCR3 (16) |:> | DMA latch high-order bits | DMA latch low-order bits |
V \%
A WA A\
Vv
C Data bus low-order bits Vv )
\V4
S Data bus high-order bits S
NOTE:

1. Pointer is incremented by a DMA request.

Figure 11.1 DMAC Block Diagram
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A DMA request is generated by a write to the DSR bit in the DMiSL register (i = 0 to 3), as well as by an interrupt
request which is generated by any function specified by bits DMS and DSEL4 to DSELO in the DMiSL register.
However, unlike in the case of interrupt requests, DMA requests are not affected by the | flag and the interrupt control
register, so that even when interrupt requests are disabled and no interrupt request can be accepted, DMA requests are
always accepted. Furthermore, because the DMAC does not affect interrupts, the IR bit in the interrupt control register
does not change state due to a DMA transfer.

A datatransfer is initiated each time a DMA request is generated when the DMAE bit in the DMiCON register = 1
(DMA enabled). However, if the cycle in which aDMA request is generated is faster than the DMA transfer cycle, the
number of transfer requests generated and the number of times datais transferred may not match. Refer to 11.4 “DMA
Request” for details.

Table 11.1 DMAC Specifications (3)

Item Specification
No. of channels 4 (cycle steal method)
Transfer memory space « From given address in the 1-Mbyte space to a fixed address

« From a fixed address to given address in the 1-Mbyte space
« From a fixed address to a fixed address

Maximum No. of bytes 128 Kbytes (with 16-bit transfers) or 64 Kbytes (with 8-bit transfers)
transferred
DMA request factors (1. 2) Falling edge of INTO to INT1

Both edges of INTO to INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to 2 transmission interrupt requests

UARTO to 2 reception/ACK interrupt requests

A/D conversion interrupt requests (64-pin version only)
Software triggers

Channel priority DMAO > DMA1 > DMA2 > DMA3 (DMAO takes precedence)
Transfer unit 8 bits or 16 bits
Transfer address direction Forward or fixed (The source and destination addresses cannot both be in the

forward direction.)
Transfer mode | Single transfer | Transfer is completed when the DMAI transfer counter underflows.

Repeat transfer | When the DMAI transfer counter underflows, it is reloaded with the value of the DMAI
transfer counter reload register and a DMA transfer is continued with it.

DMA interrupt request When the DMAI transfer counter underflowed
generation timing
DMA transfer start Data transfer is initiated each time a DMA request is generated when the DMAE bit

in the DMAICON register = 1 (enabled).

DMA transfer | Single transfer |+ When the DMAE bit is set to 0 (disabled)
stop « After the DMAI transfer counter underflows
Repeat transfer | When the DMAE bit is set to 0 (disabled)
Reload timing for forward When a data transfer is started after setting the DMAE bit to 1 (enabled), the forward
address pointer and DMAI address pointer is reloaded with the value of the SARIi or DARI pointer whichever is
transfer counter specified to be in the forward direction and the DMAI transfer counter is reloaded
with the value of the DMAI transfer counter reload register.
DMA transfer cycles Minimum 3 cycles between SFR and internal RAM
i=0to3
NOTES:

1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the interrupt
control register.

2. The selectable factors of DMA requests differ with each channel.

3. Make sure that no DMAC-related registers (addresses 0180h to 01BFh) are accessed by the DMAC.
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DMAI Source Select Register (i =0 to 3)
b7 b6 b5 b4 b3 b2 bl b0
| Symbol Address After Reset
T DMOSL 0398h 00h
b Bm%gt 039Ah 00h
] ] 1 ]
I 0390h 00h
R o o0
I
1 1
AR E i 11 |Bit Symbol Bit Name Function RW
bbb
A
Pt H LS DSELO RW
] : [ ] : :
| : ]
bbb o0}t DSELL
REREE i
] 1
P i A— DSEL2 bD:/IA request source select (NOTE 1)
1 1 ]
A RW
bbb e DSEL3
Pl
S SU— DSEL4 RW
b
P _
R ettt (b5) No register bit. If necessary, set to 0. Read as 0. —
[} )
[
[} )
;o DMA request source 0: Basic request source
| teeececcccccceaaod DMS ; : : RW
! expansion select bit 1: Extended request source
1
i A DMA request is generated by setting this
H bit to 1 when the DMS bit is 0 (basic
L DSR Software DMA request bit source) and bits DSEL4 to DSELO are RW
00001b (software trigger).
Read as 0.
NOTE:
1. The sources of DMAI requests can be selected by a combination of the DMS bit and bits DSEL4 to DSELO in
the manner described in Figure 11.3.

Figure 11.2 Registers DMOSL to DM3SL (1)
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DMAO DMA2

DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) ?:':csto:r éf(gétqel?g;;j DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) ?:':(io:r éf(géz?:;;j
00000b Falling edge of INTO pin - 00000b - -
00001b Software trigger - 00001b Software trigger -
00010b Timer AO - 00010b Timer A0 -
00011b Timer A1 - 00011b Timer A1 -
00100b Timer A2 - 00100b Timer A2 -
00101b Timer A3 - 00101b Timer A3 -
00110b Timer A4 Both edges of INTO pin 00110b Timer A4 -
00111b Timer BO Timer B3 00111b Timer BO Timer B3
01000b Timer B1 Timer B4 01000b Timer B1 Timer B4
01001b Timer B2 Timer B5 01001b Timer B2 Timer BS
01010b UARTO transmission - 01010hb UARTO transmission -
01011b UARTO reception - 01011b UARTO reception -
01100b UART2 transmission - 011006b UART?2 transmission -
01101b UART2 reception - 01101b UART2 reception -
01110b A/D conversion (64-pin version only) |— 01110b A/D conversion (64-pin version only) |—
01111b UART1 transmission - 01111b UART1 transmission -
10000b UART1 reception - 10000b UART1 reception -
10001b - - 10001b - -
10010b - - 10010b - -
10011b - - 10011b - -
10100b - - 10100b - -
10101b - - 10101b - -
10110b - - 10110b - -
10111b - - 10111b - -
11XXXb - - 11XXXb - -

X indicates 0 or 1. — indicates no setting.

X indicates 0 or 1. — indicates no setting.

DMA1 DMA3

DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) [;"a"cst i if(gégelf::t;j DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) E;':'f; - if(ngl;‘:;;j
00000Db Fallingedgeofmpin - 00000b - -
00001b Software trigger - 00001b Software trigger -
00010b Timer AO - 00010b Timer AO -
00011b Timer A1 - 00011b Timer A1 -
00100b Timer A2 - 00100b Timer A2 -
00101b Timer A3 - 00101b Timer A3 -
00110b Timer A4 Both edges of INTL pin 00110b Timer A4 -
00111b Timer BO - 00111b Timer BO -
01000b Timer B1 - 01000b Timer B1 -
01001b Timer B2 - 01001b Timer B2 -
01010b UARTO transmission - 01010b UARTO transmission -
01011b UARTO reception/ACKO - 01011b UARTO reception/ACKO -
01100b UART2 transmission - 01100b UART?2 transmission -
01101b UART?2 reception/ACK2 - 01101b UART?2 reception/ACK2 -
01110b AJ/D conversion (64-pin version only) |— 011106b AJD conversion (64-pin version only) |-
01111b UART1 reception/ACK1 - 01111b UART1 reception/ACK1 -
10000b UART1 transmission - 10000b UART1 transmission -
10001b - - 10001b - -
10010b - - 10010b - -
10011b - - 10011b - -
10100b - - 10100b - -
10101b - - 10101b - -
10110b - - 10110b - -
10111b - - 10111b - -
11XXXb - - 11XXXb - -

X indicates 0 or 1. — indicates no setting.

X indicates 0 or 1. — indicates no setting.

Figure 11.3 Registers DMOSL to DM3SL (2)
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DMAI Control Register (i = 0 to 3)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
e DMOCON 018Ch 00000X00b
R A DM1CON 019Ch 00000X00b
I A DM2CON 01ACh 00000X00b
b DM3CON 01BCh 00000X00b
[ A A
1 1 1 ] ] 1 1
T Symbol Bit Name Function RW
I A

]
i i i E E E i :~-- DMBIT | Transfer unit bit select bit 0- 16 bits RW
P 1: 8 bits
BN
i i i E E i P DMASL | Repeat transfer mode select (0: Single transfer RW
A A bit 1: Repeat transfer
] ] 1 ] ] ]
] ] 1 ] ] 1
[ I . 0: DMA not requested
1 ] 1 ] ] | I (1)
AR DMAS [DMA request bit 1: DMA requested RW
IR
1 | .

A DMAE  |DMA enable bit 9: Disabled RW
1 1 1 ] .
[} ] 1 ]
1 1 1 ]
P Source address direction 0: Fixed
1 1 1 ]
i E i ____________ DSD | select bit @ 1: Forward RW
1 1 1
1 1 1
[ N O Destination address direction |0: Fixed
i E DAD | select bit @ 1: Forward RW
P
1 ]
] ] _— . .

(b7-b6) No register bits. If necessary, set to 0. Read as 0. —

NOTES:
1. The DMAS bit can be set to 0 by writing a 0 in a program. (This bit remains unchanged even if 1 is written.)
2. Set at least either the DAD bit or DSD bit to 0 (address direction fixed).

Figure 11.4 Registers DMOCON to DM3CON

DMAI Source Pointer (i=0to 3) @

(b23)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0
|><D.<|>.<|>.<| | . | | Symbol Address After Reset
E Vo H SARO 0182h to 0180h OXXXXXh
b i SAR1 0192h to 0190h OXXXXXh
' i i i i SAR2 01A2h to 01A0h OXXXXXh
i o ! SAR3 01B2h to 01BOh OXXXXXh
I | |
] 1 1 ]
E E i i ! Function Setting Range RW
] ]
RN a
E A e Set the source address of transfer 00000h to FFFFFh RW
b
Voo : )
L No register bits. If necessary, set to 0. Read as 0. —
NOTE:
1. If the DSD bit in the DMICON register is 0 (fixed), write to this register when the DMAE bit in the DMiICON register

is 0 (DMA disabled).

If the DSD bit is 1 (forward direction), this register can be written to at any time.

If the DSD bit is 1 and the DMAE bit is 1 (DMA enabled), the DMAI forward address pointer can be read from this
register. Otherwise, the value written to it can be read.

Figure 11.5 Registers SARO to SAR3
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DMAI Destination Pointer (i = 0 to 3) ()
(023)  (b19) (b16) (b15) (b8)
b7 b3 bO b7 b0 b7 b0
| Symbol Address After Reset
N ! DARO 0186h to 0184h OXXXXXh
! E i i i DAR1 0196h to 0194h OXXXXXh
H o i DAR2 01A6h to 01A4h OXXXXXh
P ' DAR3 01B6h to 01B4h OXXXXXh
RN i
Yo H Function Setting Range RW
b |
I i
T lemee e e Set the destination address of transfer 00000h to FFFFFh RW
P
b
LR EEEERRREE TR No register bits. If necessary, set to 0. Read as 0. —
NOTE:

(b15)
b7

1. If the DAD bit in the DMICON register is O (fixed), write to this register when the DMAE bit in the DMICON register

is 0 (DMA disabled).
If the DAD bit is 1 (forward direction), this register can be written to at any time.

If the DAD bit is 1 and the DMAE bit is 1 (DMA enabled), the DMAI forward address pointer can be read from this
register. Otherwise, the value written to it can be read.

(b8)

b0 b7

b0

DMAI Transfer Counter (i = 0 to 3)

| Symbol

Address

0189h to 0188h
0199h to 0198h
01A9h to 01A8h
01B9h to 01B8h

After Reset

Indeterminate
Indeterminate
Indeterminate
Indeterminate

Function Setting Range RW
Set the transfer count minus 1. The written value is stored
in the DMAI transfer counter reload register, and when the
DMAE bit in the DMICON register is set to 1 (DMA enabled)
or the DMA transfer counter underflows when the DMASL 0000h to FFEEh RW

bit in the DMICON register is 1 (repeat transfer), the value
of the DMAIi transfer counter reload register is transferred to

the DMAI transfer counter.

When read, the DMAI transfer counter is read.

Figure 11.6 Registers DARO to DAR3 and TCRO to TCR3
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11.1  Transfer Cycles

Transfer cycle is composed of a bus cycle to read data from source address (source read) and a bus cycle to write
data to destination address (destination write). The number of read and write bus cycles depends on source and
destination addresses. The bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses

When a 16-bit datais transferred with a 16-bit data bus and a source address starts with an odd address, source-
read cycle isincremented by one bus cycle, compared to a source address starting with an even address.

When a 16-bit data is transferred with a 16-bit data bus and a destination address starts with an odd address,
destination-write cycleisincremented by one bus cycle, compared to a destination address starting with an even
address.

11.1.2 Effect of Software Wait

For memory or SFR accesses in which one or more software wait states are inserted, the number of bus cycles
required for that access increases by an amount equal to software wait states.

Figure 11.7 shows an Example of Transfer Cycles for Source Read. For convenience, the destination write cycle
is shown as one cycle and the source read cycles for the different conditions are shown.

In reality, the destination write cycle is subject to the same conditions as the source read cycle, with the transfer
cycle changing accordingly. When calculating transfer cycles, apply each condition to the source read and the
destination write cycle, respectively. For example, when dataistransferred in 16-bit units using an 8-bit bus ((2)
on Figure 11.7), two bus cycles are required for source read and destination write each.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

BCLK

Address
bus

CPU use

Source Destination

Dummy
cycle

CPU use

RD signal

WR signal

Data bus

CPU use

Source

Destination

Dummy
cycle

CPU use

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the
transfer unit is 16 bits and an 8-bit bus is used

BCLK

BCLK

Address
bus

RD signal
WR signal

Data bus

BCLK

Address
bus

RD signal
WR signal

Data bus

NOTE:

CPU use Source XSource + 1 Destination Dcu)l/‘glrgy CPU use
CPU use Source KSource + 1 Destination Déi;zlrzy CPU use
(3) When the source read cycle under condition (1) has one wait state inserted
- Dummy
CPU use Source Destination cycle CPU use
- Dummy
CPU use Source Destination cycle CPU use
(4) When the source read cycle under condition (2) has one wait state inserted
CPU use Source Source + 1 Destination Déj;gln;y CPU use
CPU use Source Source + 1 Destination D:}zlrgy CPU use

1. The same timing changes occur with the respective conditions at the destination as at the source.

Figure 11.7 Example of Transfer Cycles for Source Read
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11.2 DMA Transfer Cycles

The number of DMA transfer cycles can be calculated as follows.
Table 11.2 liststhe DMAC Transfer Cycles. Table 11.3 lists the Coefficients j and k.

Number of transfer cycles per transfer unit = Number of read cycles x j + Number of write cycles x k

Table 11.2 DMAC Transfer Cycles

Transfer Unit Bus Width | Access Address Single-Chip Mode -
No. of Read Cycles No. of Write Cycles
8-bit transfers | 16-bit Even 1 1
(DMBIT = 1) (BYTE ="“L") Odd 1 1
16-bit transfers | 16-bit Even 1 1
(DMBIT = 0) (BYTE ="L") Odd 2 2
- indicates that no condition exists.
Table 11.3  Coefficients j and k
Internal Area
Internal ROM, RAM SFR
No Wait With Wait 1-Wait
j 1 2 2
k 1 2 2
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11.3 DMA Enabled

When a data transfer starts after setting the DMAE bit in the DMiCON register (i = 0 to 3) to 1 (enabled), the

DMAC operates as follows:

(8) Reload the forward address pointer with the SARI register value when the DSD bit in the DMiCON register is
1 (forward) or the DARI register value when the DAD bit in the DMiCON register is 1 (forward).

(b) Reload the DMAI transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to 1 again while it remains set, the DMAC performs the above operation. However, if a
DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.
(1) Write 1 tothe DMAE bit and DMAS bit in the DMiCON register simultaneously.
(2) Make sure that the DMAI isin aninitial state as described above (1) and (2) in a program.
If the DMAI isnot in an initial state, the above steps should be repeated.

11.4 DMA Request

The DMAC can generate a DMA request as triggered by the factor of request that is selected with the DM S bit and
bits DSEL4 to DSELO in the DMiSL register (i = 0 to 3) on either channel. Table 11.4 liststhe Timing at Which the
DMAS Bit Changes State.

Whenever aDMA request is generated, the DMAS bit is set to 1 (DMA requested) regardless of whether or not the
DMAE bit is set. If the DMAE bit is set to 1 (enabled) when this occurs, the DMAS bit is set to 0 (DMA not
requested) immediately before adata transfer starts. This bit cannot be set to 1 in aprogram (it can only be set to 0).
The DMAS bit may be set to 1 when the DM S bit or bits DSEL 4 to DSEL 0 change state. Therefore, always be sure
to set the DMAS bit to O after changing the DM S bit or bits DSEL 4 to DSELO.

Becauseif the DMAE bit is 1, adatatransfer startsimmediately after aDMA request is generated, the DMASbit in
amost all casesis 0 when read in a program. Read the DMAE bit to determine whether the DMAC is enabled.

Table 11.4  Timing at Which the DMAS Bit Changes State
DMAS Bit in the DMiIiCON Register

DMA Factor — - — — - —
Timing at which the bit is setto 1 Timing at which the bit is set to 0
Software trigger When the DSR bit in the DMISL register |« Immediately before a data transfer
issettol starts

Peripheral function | When the interrupt control register for the | When set by writing a 0 in a program
peripheral function that is selected by
bits DSEL4 to DSELO and DMS in the
DMISL register has its IR bit set to 1

i=0to 3
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11.5 Channel Priority and DMA Transfer Timing

If several channels of DMAO to DMAS3 are enabled and DMA transfer request signals are detected active in the
same sampling period (one period from a falling edge to the next falling edge of BCLK), the DMAS bit on each
channel isset to 1 (DMA requested) at the sametime. In this case, the DMA requests are arbitrated according to the
channel priority: DMAO > DMA1 > DMAZ2 > DMA3. The following describes DMAC operation when DMAO and
DMAZ1 requests are detected active in the same sampling period. Figure 11.8 shows an Example of DMA Transfer
by External Factors.

In Figure 11.8, DMAO request having priority is received first to start a transfer when DMAO and DMA1 requests
are generated simultaneously. After one DMADO transfer is completed, a bus access privilege is returned to the CPU.
When the CPU has completed one bus access, aDMA1 transfer starts. After one DMAL transfer is completed, the
bus access privilege is again returned to the CPU.

In addition, DMA requests cannot be incremented since each channel has one DMAS bit. Therefore, when DMA
reguests, as DMA1 in Figure 11.8, occurs more than one time, the DMAS bit is set to O after getting the bus access
privilege. The bus access privilege is returned to the CPU when one transfer is completed.

An example when DMA requests for external factors are detected active
at the same time and DMA transfer is executed in the shortest cycle

UL UHUUHUUL

DMAO Y,
DMAL T \_Bus

access

CPU 7/ ZZ 2 . privilege
INTO

DMAS bit
in DMAO

~T

DMAS bit
in DMA1

Figure 11.8 Example of DMA Transfer by External Factors
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12. Timers

Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function as either
Timer A (five) and Timer B (six). The count source for each timer acts as a clock, to control such timer operations as
counting, reloading, etc. Figure 12.1 shows Timers A and B Count Source, and Figures 12.2 and 12.3 show Timer A
and Timer B configuration, respectively.

Clock Generation Circuit
r————=—=—==-------T - - === n
: Main clock CM21 =0 :
i PCLKO =1
: gegit:‘r:itilton 0(0 : fl fITIMAB f1TIMAB
—P» or
| CcM21=1 | f2TIMAB
| | PCLKO =0
: : P FSTIMAB
125 KHz
: on-chip | fOCO-S : fOCO-S 32TIMAB
: oscillator : 112 64TIMAB
Subclock |—|
| generation fC 1/32 | FC32
| circuit | P {0CO-S
| Reset |
| | P fC32
| Set the CPSR bit in the CPSRFI
| register to 1 (prescaler reset). | . .
R ————— CM21: bit in the CM2 register
PCLKO: bit in the PCLKR register

Figure 12.1 Timers A and B Count Source

TAO to TA4 and TBO to TB5 have limitations depending on the mode, as shown in the following table.

Table 12.1  Limitations on Each Mode
Timer Mode Event Counter One-Shot Timer PWM Mode e Ppeﬂfsdehc/s%il;rement,
Mode Mode Measurement Modes
64-Pin | 48-Pin 64-Pin | 48-Pin 64-Pin | 48-Pin 64-Pin 48-Pin 64-Pin 48-Pin
TAO O O O O O O o} O X x
TAl O (@) O O O o} O o X X
TA2 O O O A O A O x X X
TA3 O o O A O A O X x X
TA4 O O O A O A O x X X
TBO O o A A X X X X X X
TB1 ¢) (@) A A X x X X X X
B2 O @) A A X X X X X X
TB3 O O A A X X X X X X
TB4 O @) A A X X X X X X
TB5 O O A A X X X X X X
O: Available
A: Trigger from the internal timer overflows (underflows) is available. Trigger from the external pin or the output

function to the external pin is not available.
x: Not available
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fc32
foco-s
f64TIMAB
132TIMAB
18TIMAB
1TIMAB
or 2TIMAB
TCK1 to TCKO
00 cs3 TMOD1 to TMODO  00: Timer mode
o 0{0— 0 10: One-shot timer mode
ﬂ e} - 11: PWM mode
) - [ O\o 1 Timer AO interrupt
TCS2to TCSO E'g/C 0 —l Timer AO I »-
000
001 00l o 01: Event counter mode
0015 11 [TAOTGH to TAOTGL
011 o
101 o
10, Io)
NN Noise
TAOIN O 142 filter
TCK1 to TCKO
g‘; Tes7 TMOD1 to TMODO  00: Timer mode
o 0 10: One-shot timer mode
[° T 11: PWM mode
0 - [ | - 1 Timer Al interrupt
TCS6 to TCS4 "ag/c 1 1 Timer Al I |
000
001 00l o 01: Event counter mode
0101y 11 [TALTGH to TAITGL
011 0
101 0
10 Io)
Noise
AN 2> fiter
TCK1 to TCKO
o1 Q TCS3 TMOD1 to TMODO  00: Timer mode
10 g 0 10: One-shot timer mode ®
11 1 11: PWM mode @ § i
o . [] | 1 Timer A2 interrupt
TCS2 to TCSO 'a'g/c 1) 1 Timer A2 I
000
o1 005 01: Event counter mode @
H0lo 11 [TA2TGH to TA2TGL
011 o
101 0o
110 Io)
o
TA2IN @ O > fiter
4o TEKLIO TCKO
01 TCS7 TMOD1 to TMODO 00: Timer mode
10[° o+ 0 10: One-shot timer mode @
ul” o 1 11: PWM mode @ . .
T o I - 1 Timer A3 interrupt
TCS6 to TCS4 "a'oo/c &) l Timer A3 I | o
000
001 00 01: Event counter mode @
010l 11 [TA3TGH to TA3TGL
011 7o)
101 o
10, fo)
N
Ta3N® O > fiter
TCK1 to TCKO
00
o1 TCS3 TMOD1 to TMODO 00: Timer mode
02 0 10: One-shot timer mode ©
o T 11: PWM mode © ) .
0 2 <) ) 1 Timer A4 interrupt
TCS2 to TCSO “a'g/c ) 1 Timer A4 I |
000
001 00 o 01: Event counter mode @
0101 11 [7A4TGH to TA4TGL
011 o
101 )
10 o
N
TA4N © O 2> fiter

Timer B2 underflow

TCK1 to TCKO, TMOD1 to TMODO: bits in the TAIMR register (i = 0 to 4)
TAIGH to TAIGL: bits in the ONSF register or TRGSR register (i = 0 to 4)
TCSO0 to TCS7: bits in registers TACSO0 to TACS2

NOTES:
1. 64-pin version only.
2. In the 48-pin version, external pin input cannot be used as a count source.
3. In the 48-pin version, external pin input or output cannot be used as a count source.

Figure 12.2 Timer A Configuration
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fC32
foco-s
f64TIMAB
f32TIMAB
f8TIMAB

fITIMAB
or f2TIMAB

Timer B2 underflow (to a count source of Timer A)

TCK1 to TCKO

011

101

101 o

TCK1 to TCKO

0

O
TCS2 to TCSO
00|

011

101

(o]
bo0e

10

TCK1 to TCKO

00
01

o)
10,

11 ve)

TCS2 to TCSO
0,

S
=
0000

TCK1 to TCKO

5l2]s
00
09/0

TCS6 to TCS4

2R8I
==
OOOQO/A

TCK1 to TCKO

e

- |= o |2
E o= |3

O
TCS2 to TCSO

000

001

010

011

101

b60254

0

0

TCS3

TMOD1 to TMODO
00: Timer mode

00
01
o
9}
1
TCS2 to TCSO
001
010 0
O
O
O

TCS7

o]

Timer BO

01: Event counter mode

Timer BO interrupt
————————— >

TMOD1 to TMODO
00: Timer mode

O ; 0

i
0
T

TCS6 to TCS4
000,
001/
010, o
011 ro)

TCS3

o]

Timer B1

01: Event counter mode

Timer B1 interrupt
————————— >

TMOD1 to TMODO
00: Timer mode

s
= lols
S |2 =528

TCS3

o]

Timer B2

|_<

01: Event counter mode

Timer B2 interrupt
s

TMOD1 to TMODO
00: Timer mode

o o o
NS S
o |2

HB%

TCs7

o]

Timer B3

|_4

01: Event counter mode

Timer B3 interrupt
e

TMOD1 to TMODO
00: Timer mode

s

TCS3

e

Timer B4

|_4

01: Event counter mode

Timer B4 interrupt
——>

TMOD1 to TMODO
00: Timer mode

s

o]

Timer B5

|_4

01: Event counter mode

Timer B5 interrupt
——————>

TCK1 to TCKO, TMOD1 to TMODO: bits in the TBiMR register (i = 0 to 5)
TCSO0 to TCS7: bits in registers TBCSO to TBCS3

Figure 12.3 Timer B Configuration
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12.1 Timer A

Figure 12.4 shows a Timer A Block Diagram. Figures 12.5 to 12.11 show registersrelated to Timer A.
Timer A supports the following four modes. Except in event counter mode, Timers AO to A4 all have the same
function. Use bits TMOD1 to TMODO in the TAIMR register (i = 0 to 4) to select the desired mode.

* Timer Mode
* Event Counter Mode

* One-shot Timer Mode

* Pulse Width Modulation (PWM) Mode

The timer counts an internal count source.

The timer counts pulses from an external device (only TAO and TAlin
the 48-pin version) or overflows and underflows of other timers.

The timer outputs a pulse only once before it reaches the minimum
count 0000h (only TAO and TA1 in the 48-pin version).

The timer outputs pulses in a given width successively (only TAO and
TAlinthe 48-pin version).

fCc32
foCco-s
64TIMAB
32TIMAB
f8TIMAB - | dJdd- - ____ Count source select
fl-I;IZMI'/IAMBAB TCKitoTCKo TCS3  <Timer: TMOD1 to TMODO = 00, MR2 = 0 Lol 5
or | % or -One-shot timer: TMOD1 to TMODO = 10 |
| o1 Q Tcs7  -Pulse width modulation: TMOD1 to TMODO =11 ®  TMOD1 to TMODO,
| 10 (O) i Timer (gate function): MR2 1 Y,
| ul 5 ]:l:) TMOD1 to TMODO = 00, MR2 = 1 Reload Register ]
| TCS2 to TCSO 1 Event counter: TMOD1 to TMODO = 01 )
] OOOWTCSG&\TCS4
| i r
| 011 g | Increment/decrement
| 101 o Always decrement except
VAL N | 0 in event counter mode
| | 10
| Polarity I Decrement =
olarr
I O |
| TAIN @ 00 |
| o1 |
| 82 underflow ®—rO L » Toexternal
| TAj overflow —10 T trigger circuit
I TAk overflow ® ——O |
| TATGHw0 TATGL |
|
I e e -
ﬁlo MR2
POFSi
TAIOUT @ > Toggle Flip Flo
o °/§1 < < ggle Flip Flop
i=0to4
NOTES: j=i-1,however,j=4ifi=0
1. Overflow or underflow. Only underflow for TB2. k=i+1, however,k=0ifi=4
2. Only TAO and TA1 in the 48-pin version. Tai TAj TAK
3. For TA2 to TA4 ?n the 48»p?n version, external p?n ?nput cannot be used as a count source. Timer AQ Timer A4 Timer AL
4. For TA2 to TA4 in the 48-pin version, external pin input or output cannot be used as a count source. Timer AL Timer A0 Timer A2
" Ko o 000 ” b h ( ) Timer A2 Timer Al Timer A3
TCK1 to TCKO, TMOD1 to TMODO, MR2 to MR1.: bits in the TAIMR register (i = 1 to 4, Timer A3 Timer A2 Timer A4
TAITGH to TAITGL: bits in the ONSF register when i = 0, bits in the TRGSR register wheni=1t0 4 Ti V) T A T A
TAIS: bits in the TABSR register imer imer A3 imer AQ
TAIUD: bits in the UDF register
TCSO to TCS7: bits in the registers TACSO0 to TACS2
POFSi: bits in the TAPOFS register
Figure 12.4 Timer A Block Diagram
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12.1.1 Timer A I/O Function

The TAOOUTSEL bit can be used to switch the pulse output of timer AO to the output from port P55.
The TAIOUTSEL bit can be used to switch the pulse output of timer A1 to the output from port P57.
When using the 1/O function of timers A2 to A4 in the 64-pin version, set bits TA2EN, TA3EN, and TA4EN to

1 (TAI (i = 2 to 4) 1/O enabled)

Timer A 1/0O Control Register
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
lolofo] [ [ [ | | TalocoN 0084h ooh
R
P
oot Bt Symbol Bit Name Function RW
RS
I A N . ) . 0: Output from P70
E i i E E i E -4 TAOOUTSEL | TAOOUT pin switch bit 1: Output from P55 RW
) 1 1 ) 1 1 ]
] 1 1 1 1 ] ]
] 1 ] ] ] [} ]
[ I N N R | . ) . 0: Output from P72
E i i E E E ————— TALOUTSEL [ TA1OUT pin switch bit 1: Output from P57 RW
1 1 ] 1 1 ]
1 1 ] 1 1 ]
et TA2IN pin/TA20UT pin 0: Disabled
[ T T T T W )
L R TAZEN enable bit 1: Enabled RW
] 1 1 ] 1
] 1 1 ] 1
] 1 1 ] 1 . . .
[ @ |TAS3IN pin/TA3OUT pin 0: Disabled
i i E i TASEN enable bit 1: Enabled RW
] 1 1 ]
] 1 1 ]
. TA4IN pin/TA40UT pin 0: Disabled
Vv @)
Vo TA4EN enable bit 1: Enabled RW
b
] ] 1 —_ .
[T R (b7-b5) Reserved bits Setto 0 RW
NOTE:
1. Reserved bit in the 48-pin version. Set to 0.
Figure 12.5 TAIOCON Register
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Timer Ai Mode Register (i =0 to 4)
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
A : TAOMR to TAAMR 0336h to 033Ah 00h
[ H ]
RERRRRE
E Pror i Bit Symbol Bit Name Function RW
R B A
i bbb i bl b0
A i i 1 =-1 TMODO 0 0: Timer mode RW
bt . . 0 1: Event counter mode
] 1 :
: i i E E i i Operation mode select bit 1 0: One-shot timer mode
! P R TMOD1 1 1: Pulse width modulation (PWM) RW
Poror mode @
I T I
SR A — MRO RW
Voo !
S S MR1 RW
A Function varies with each operation mode
T S MR2 RW
b
| P oo MR3 RW
]
T
i TCKO | count source select bit @ RW
R Tck1 |(Function varies with each operation mode) RW
NOTES:
1. Valid when the bit 3 or the bit 7 in registers TACSO0 to TACS2 is set to 0 (TCKO, TCK1 enabled).
2. Set only TAO and TAL in the 48-pin version.

Figure 12.6 Registers TAOMR to TA4MR
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Timer Ai Register (i=0to 4) ®
(b15) (b8)
|b7 b0| o7 0o Symbol Address After Reset
1 TAO 0327h to 0326h Indeterminate
H TAl 0329h to 0328h Indeterminate
i TA2 032Bh to 032Ah Indeterminate
i TA3 032Dh to 032Ch Indeterminate
! TA4 032Fh to 032Eh Indeterminate
]
]
H Mode Function Setting Range RW
]
1
1 .
[ Timer mode Dllllde the count source by n + 1 where 0000h to EFEEh RW
n = set value
Divide the count source by FFFFh —n +
Event counter mode |1 where n = set value when counting up 0000h to FFFFh RwW
or by n + 1 when counting down ®
One-shot timer mode Divide the count source by n where n = 0000h to FFFFh 4 WO
set value, and the counter stops
Modify the pulse width as follows:
Pulse width PWM period: (216 — 1) / fj
modulation mode |PWM pulse width: n / fj 0000h to FFFEh 3.4 WO
(16-bit PWM) ©®  |where n = set value, fj = count source
frequency
Modify the pulse width as follows: 00h to FEh
R :
Pulse width PWM period: (2° — 1) x (m + 1) /] (High-order address)
modulation mode PWM pulse width: (m + 1) n /fj 00h to FFh
] © where n = high-order address set value, WO
(8-bit PWM) m = low-order address set value, (Low—ordser address)
fj = count source frequency @9
NOTES:

1. Access to the register in 16-bit units.

2. If the TAi register is set to 0000h, the counter does not work and timer Ai interrupt requests are not generated
either. Furthermore, if pulse output is selected, no pulses are output from the TAIOUT pin.

3. If the TAi register is set to 0000h, the pulse width modulator does not work, the output level on the TAIOUT pin
remains low, and timer Ai interrupt requests are not generated either. The same applies when the 8 high-order
bits of the timer TAi register are set to 00h while operating as an 8-bit pulse width modulator.

4. Use the MOV instruction to write to the TAi register.

5. The timer counts pulses from an external device or overflows or underflows in other timers.

6. Only TAO and TA1 in the 48-pin version.

Figure 12.7 Registers TAO to TA4
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Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TABSR 0320h 00h
T
EERNENE _ .
V! b bt : ! Bit Symbol Bit Name Function RW
Py g :
L T L B -
] .
! i P E i i L-1 TAOS [Timer A0 count start flag 0: Stop counting RW
b b b ! 1: Start counting
] ] 1
Do b E i TA1S  [Timer Al count start flag RW
[ |
] 1 ) ) ] 1
E i E ! E oo TA2S  |Timer A2 count start flag RW
[
] 1 ) H ]
E i I N TA3S | Timer A3 count start flag RW
[
[
ST R I TA4S | Timer A4 count start flag RW
[
] ] )
E i mmmmm e o TBOS |Timer BO count start flag RW
] 1
] 1
E o] TB1S  [Timer B1 count start flag RW
]
]
GGt E L EEE TB2S | Timer B2 count start flag RW
Up/Down Flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
UDF 0324h 00h
RRRRERE
H 1 Yy
E i ! E i ! i 1| Bit symbol Bit Name Function RW
1 1 ] ] ) 1 1 ]
1 1 ] ] y ! ) !
1 1 ] ] ] ] .
o i | E L-{ TAOUD |Timer AO up/down flag Oj Decrement RW
A : ! ; 1: Increment
[ ]
i i E E ! i e TALUD |Timer Al up/down flag RW
A i 1 Enabled during event counter mode (when not
] . .
i i ! i L S TA2UD |Timer A2 up/down flag ~ |using two-phase pulse signal) RW
[ | :
[ N
]
i i ' E R TA3UD |Timer A3 up/down flag RW
I ]
' ]
' ]
Vo i B COnEnttE TA4UD | Timer A4 up/down flag RW
1 1
o
| i E Timer A2 two-phase 0: Two-phase pulse signal processing
i bbbt TA2P  |pulse signal processing disabled RW
bl select bit @ 1: Two-phase pulse signal processing
1 - 1,2
i ! Timer A3 two-phase enabled
o] TA3P |pulse signal processing RW
E select bit @
E Timer A4 two-phase
] TA4P  |pulse signal processing RW
select bit ®
NOTES:
1. Set the port direction bits for pins TA2IN to TA4IN and pins TA20UT to TA40OUT to 0 (input mode).
2. When not using the two-phase pulse signal processing function, set the bit corresponding to Timer A2 to Timer
A4 to 0.
3. 64-pin version only.

Figure 12.8 Registers TABSR and UDF
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One-Shot Start Flag
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
. 0| | | . | | . ONSF 0322h 00h
R T
SRR
R E 11| BitSymbol Bit Name Function RW
| N T | y ! I
[ T T S A S
] 1 ] ] 1
E ! E ' E i E L-4 TAO0OS |Timer A0 one-shot start flag RW
[ L ]
[ T T
] 1 ] 1
i ! i ! E i ] TAL1OS |Timer Al one-shot start flag | The timer starts counting by setting this bit RW
: i ! i Vo to 1 while bits TMOD1 and TMODO in the
' ! X X i a
[ A ) i TAIMR register (i = 0 to 4) = 10b (one-shot
E i E E i ' TA20S  |Timer A2 one-shot start flag timer mode) and the MR2 bit in the TAIMR RW
P register = 0 (TAIOS bit enabled).
i o) ememmmmeeed TA30S |Timer A3 one-shot start flag |Read as 0. RW
1 ] ]
1 1 ] ]
1 1 ]
i ! E Rt EE TA40S | Timer A4 one-shot start flag RW
1 ]
P
HEEEEEE e PP (E,) Reserved bit Setto 0 RW
[
] ]
] 1
] 1
[} 1 b7 b6
E ----------- TAOTGL Timer A0 event / triqger 0 0: Input on TAQIN pin is selected ® RW
! select bit 99 0 1: TB2is selected @
] TAOTGH 1 0: TA4 is selected @ RW
1 1: TAlis selected @
NOTES:
1. Make sure the PD7_1 bit in the PD7 register is set to 0 (input mode).
2. Overflow or underflow. Only underflow for TB2.
Trigger Select Register
b7 b6 b5 bd b3 b2 bl bO Symbol Address After Reset
TRGSR 0323h 00h
Ty o Ty
[ T L B T
I A A
! H [ Bit Symbol Bit Name Function RW
EEEEEEE
b b1 b0
Pl by e TATTGL _ 0 0: Input on TALIN is selected @ RW
REEEEE Timer AL event/tigger |0 1: TB2 s selected @
! i ! 1 0: TAO is selected
E E i i i i R TALTGH 1 1: TA2 is selected @ RW
[ [
bl b3 b2
O TA2TGL | ) 0 0: Input on TA2IN is selected ¢ 3 RW
R Timer A2 event / trigger :
b : 99 0 1: TB2is selected @
b i i select bit 1 0: TAlis selected @
: E byt TA2TGH 1 1: TA3 s selected @ RW
oy o !
P b5 b4
L TA3TGL | ] 0 0: Input on TA3IN is selected &3 RW
P Timer A§ event / trigger 0 1: TB2 is selected @
b select bit 1 0: TA2 is selected @
e :
E H TASTGH 1 1: TA4 is selected @ RW
]
[
v b7 b6
]
ot TA4TGL | ) 0 0: Input on TA4IN is selected 3 RW
| l-'erlr;ec; @:tl event/ trigger 0 1: TB2is selected @
1 . f ©))
B L0 Ths ssleced? .
NOTES:
1. Set the port direction bits for the pins TALIN to TA4IN to O (input mode).
2. Overflow or underflow. Only underflow for timer B2.
3. 64-pin version only.
Figure 12.9 Registers ONSF and TRGSR
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Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
CPSRF 0015h OXXXXXXXb
] ) 1 ] ] ] ] ]
EEEEEEE
Prr e Bit Symbol Bit Name Function RW
T A A
A — . . )
i VoA v s o (b6-b0) No register bits. If necessary, set to 0. Read as undefined value. —
1
1
1
! . - -
................... CPSR  |Clock prescaler reset flag Setting this bit to 1 initializes the clock RW
prescaler. (Read as 0)
Timer A Count Source Select Register 0, Timer A Count Source Select Register 1
b7 b6 b5 ba b3 b2 bl b0 Symbol Address After Reset
| TACSO 01DO0Oh 00h
e B TACS1 01D1h 00h
T T T R T '
| T T T '
E i E E i E E i Bit Symbol Bit Name Function RW
] ! ] ] ] ]
b i b ! b2 bl bo
b t- TCSO 0 0 0: fITIMAB or f2TIMAB ) RW
A 0 0 1: f8TIMAB
I A 0 1 0:f32TIMAB
N E e TCS1 |TAi count source select bit | 0 1 1: f64TIMAB RW
E i E | E ! 1 0 0: Do not set
A 1 0 1:fOCO-S
e TCS2 11 0:fC32 RW
N R 1 1 1: Do not set
] ]
T E H 1: TCKO, TCK1 enabled, TCSO to TCS2
N TAi count source option disabled
] ] ] ] ]
R TCS3 | specified bit 0: TCKO, TCK1 disabled, TCSO to TCS2 RW
P E enabled
bl E b6 b5 ba
A TCS4 0 0 0: fITIMAB or f2TIMAB ® RW
T 0 0 1: f8TIMAB
P 0 1 0: f32TIMAB
i E e TCS5 |TAj count source select bit 0 1 1:f64TIMAB RW
E ! 1 0 0: Do not set
i 1 0 1: fOCO-S
Vo] TCS6 11 0:fC32 RW
' 1 1 1: Do not set
]
i 1: TCKO, TCK1 enabled, TCS4 to TCS6
] . . .
Ve ] TAj count source option disabled
TCST | specified bit 0: TCKO, TCK1 disabled, TCS4 to TCS6 RW
enabled
TACSO register:i=0,j=1 TACSlregister:i=2,j=3
NOTE:
1. Set this value at the PCLKO bit in the PCLKR register.
Figure 12.10 Registers CPSRF, TACSO0, and TACS1
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Timer A Count Source Select Register 2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TACS2 01D2h X0h
R
I I I B
A i Bit Symbol Bit Name Function RW
E i i i E i i i b2 b1 bo
]
bl b Teso 0 0 0: fLTIMAB or f2TIMAB ® RW
A 0 0 1: f8TIMAB
::::i:: 0 1 0: f32TIMAB
E i i E : i SEELE TCS1 |TA4 count source selectbit | 0 1 1: f64TIMAB RW
brob 1 0 0: Do not set
AR 1 0 1: fOCO-S
T T RO TCS2 11 0: fC32 RW
E P 11 1. Do not set
P 1: TCKO, TCK1 enabled, TCSO to TCS2
E P TCS3 TA4 count source option disabled RW
T specified bit 0: TCKO, TCK1 disabled, TCSO to TCS2
R enabled
]
bl _
LI — No register bits. If necessary, set to 0. Read as undefined value. —
(b7-bd)
NOTE:
1. Set this value at the PCLKO bit in the PCLKR register.
Timer A Waveform Output Function Select Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TAPOFS 01D5h XXX00000b
[ Yo
A
bl i torb 14| BitSymbol Bit Name Function RW
EEEEEEN
] 1
i i i i t -4 POFSO |TAOOUT output polar control bit RW
] 1 1
[ I
[ I A T R
i i i o i R POFS1 [TA10UT output polar control bit RW
]
i i i i ! i 0: Output waveform “H” active
R POFS2 |TA20UT output polar control bit @ |1: Output waveform “L” active RW
Pt (output reversed)
[
' i I POFS3 |TA30UT output polar control bit ) RW
] ] 1
o b
o b
I s POFS4 |TA4OUT output polar control bit @ RW
] ]
o !
[ —
LI O ——— (b7-b5) No register bits. If necessary, set to 0. Read as undefined value. —
NOTE:
1. 64-pin version only.

Figure 12.11 Registers TACS2 and TAPOFS
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12.1.2 Timer Mode

In timer mode, the timer counts a count source generated internally (refer to Table 12.2). Figure 12.12 shows

the TAIMR (i = 0 to 4) Register in Timer Mode.

Table 12.2

Specifications in Timer Mode

Item

Specification

Count source

fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32

Count operation

* Decrement
* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio

1/(n+1) n: set value of TAi register 0000h to FFFFh

Count start condition

Set the TAIS bit in the TABSR register to 1 (start counting)

Count stop condition

Set the TAIS bit to 0 (stop counting)

Interrupt request
generation timing

Timer underflow

TAIIN pin function (1)

I/0 port or gate input

TAIOUT pin function (1)

I/O port or pulse output

Read from timer

Count value can be read by reading the TAi register

Write to timer

* When not counting

Value written to the TAi register is written to both reload register and counter
« When counting

Value written to the TAi register is written to only reload register

(transferred to counter when reloaded next)

Select function )

* Gate function
Counting can be started and stopped by an input signal to the TAIIN pin

« Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When the TAIS bit is set to 0 (stop counting), the pin outputs “L".

* Output polarity control
While the output polarity of the TAIOUT pin is inverted (the TAIS bit is setto 0
(stop counting)), the pin outputs “H”".

i=0to4
NOTE:

1. Onlyi=0or1inthe 48-pin version.
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M16C/6B Group 12. Timers
Timer Ai Mode Register (i = 0 to 4)
b7 b6 b5 bd b3 b2 bl b0 Symbol Address After Reset
o] | | lofo]  TaoMRtTAsuR 0336h to 033Ah 00h
RRERERE
'
t b L | BitSymbol Bit Name Function RW
] ] ' 1 | 1
[ [ |
| T B B
Pt TMoDo Lbo RW
L A T . .
| i ‘ i P Operation mode select bit 0 0: Timer mode
P : Pt TMOD1 RW
[ [
[ R A
by i b 0: No pulse output
i i I I MRO Pulse output function (TAIOUT pin functions as 1/0 port) RW
Corg P! select bit ® 1: Pulse output
i E i i E (TAIOUT pin functions as a pulse output pin)
[ : : :
| T T A b4 b3
]
H E i i MR1 0 0: | Gate function not available RW
Pt Gate function select bit ® | 0 1: J (TAIIN pin functions as I/O port)
o] MR2 1 0: Counts while input on the TAIN pinis low @ |
! i 1 1 1: Counts while input on the TAIIN pin is high @
[
] ]
T MR3  [Setto 0 in timer mode RW
P
N S TCKO b7 b6
! 0 0: fITIMAB or f2TIMAB ©
! Count source select bit @ [ 0 1: f8TIMAB RW
G ] TCK1 1 0: f32TIMAB
1 1:fC32
NOTES:
1. The TAOOUT pin is N-channel open drain output.
2. Set the port direction bit for the TAIIN pin to O (input mode).
3. Selected by the PCLKO bit in the PCLKR register.
4. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).
5. Onlyi=0or1inthe 48-pin version.

Figure 12.12 TAIMR (i = 0 to 4) Register in Timer Mode
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12.1.3 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of other
timers. Timers A2, A3, and A4 can count two-phase external signals (64-pin version only). Table 12.3 lists
Specifications in Event Counter Mode (When Not Using Two-Phase Pulse Signal Processing). Figure 12.13
shows the TAIMR (i = 0 to 4) Register in Event Counter Mode (When Not Using Two-Phase Pulse Signal
Processing).

Table 12.3  Specifications in Event Counter Mode
(When Not Using Two-Phase Pulse Signal Processing)

ltem Specification

Count source « External signals input to the TAIIN (D pin (i = 0 to 4) (effective edge can be
selected in a program)
» Timer B2 underflows,

Timer Aj (j =i- 1, except j =4 if i = 0) overflows or underflows,
Timer Ak (k =i+ 1, except k = 0 if i = 4) overflows or underflows
Count operation * Increment or decrement can be selected by program.

« When the timer overflows or underflows, it reloads the reload register contents
and continues counting. When operating in free-running mode, the timer
continues counting without reloading.

Divide ratio 1/ (FFFFh - n + 1) for increment

*1/(n+ 1) for decrement n: set value of the TAi register 0000h to FFFFh

Count start condition Set the TAIS bit in the TABSR register to 1 (start counting)

Count stop condition Set the TAIS bit to 0 (stop counting)

Interrupt request Timer overflow or underflow

generation timing

TAIIN pin function (1) I/0 port or count source input

TAIOUT pin function (1) |1/O port, pulse output

Read from timer Count value can be read by reading the TAi register
Write to timer * When not counting

Value written to the TAi register is written to both reload register and counter
* When counting
Value written to the TAi register is written to only reload register
(transferred to counter when reloaded next)
Select function * Free-run count function
Even when the timer overflows or underflows, the reload register content is not
reloaded to it
» Pulse output function ()
Whenever the timer underflows or underflows, the output polarity of the
TAIOUT pin is inverted. When the TAIS bit is set to 0 (stop counting), the pin
outputs low.
« Output polarity control (1)
While the output polarity of the TAIOUT pin is inverted (the TAIS bit is set to 0
(stop counting)), the pin outputs high.

i=0to4
NOTE:
1. Onlyi=0or1inthe 48-pin version.
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Timer Ai Mode Register (i = 0 to 4)
(When Not Using Two-Phase Pulse Signal Processing)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
L | [oo] [ Jo]1]  TAoMRtoTA4MR 0336h to 033Ah 00h
T
RNl
i P i o Bit Symbol Bit Name Function RW
ERRRERD
] 1
v i : E i i -4 TMODO b1 b0 RW
E i b Pl Operation mode select bit| 0 1: Event counter mode ®
]
! E i ! E i REEEE TMOD1 RW
1 ]
I I R T B
b i b i 0: Pulse is not output
T R T S Pulse output function (TAIOUT pin functions as I/O port)
[ MRO . : RW
A select bit ) 1: Pulse is output @
! E i ! E (TAIOUT pin functions as pulse output pin)
] ]
[ . .
[ kit . - | 0: Counts falling edge of external signal
i E H i MR1 Count polarity select bit 1: Counts rising edge of external signal RW
o by
[ L
i i i MR2 Write 0 in event counter mode RW
o !
ot
1 S p—
i ] MR3  |Write 0 in event counter mode RW
o
o
[ . i
E TCKO Count operatlon type 0: Reload type RW
! select bit 1: Free-run type
]
]
TCK1 Can be 0 or 1 when not using two-phase pulse signal processing RW
NOTES:
1. During event counter mode, the count source can be selected using registers ONSF and TRGSR.
2. Valid when bits TAITGH and TAITGL in the ONSF or TRGSR register are 00b (TAIIN pin input).
3. The TAOOUT pin is N-channel open drain output.
4. 0nly i=0or1inthe 48-pin version.

Figure 12.13 TAIMR (i = 0 to 4) Register in Event Counter Mode (When Not Using Two-Phase Pulse

Signal Processing)
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Table 12.4 lists Specifications in Event Counter Mode (When Using Two-Phase Pulse Signal Processing with
Timers A2, A3, and A4). Figure 12.14 shows Registers TA2MR to TAAMR in Event Counter Mode (When

Using Two-Phase Pulse Signal Processing with Timers A2, A3, and A4).

Table 12.4  Specifications in Event Counter Mode
(When Using Two-Phase Pulse Signal Processing with Timers A2, A3, and A4) (@
Iltem Specification

Count source

Two-phase pulse signals input to TAIIN or TAIOUT pin

Count operation

* Increment or decrement can be selected by two-phase pulse signal

» When the timer overflows or underflows, it reloads the reload register contents and
continues counting. When operating in free-running mode, the timer continues counting
without reloading.

Divide ratio

e 1/ (FFFFh - n + 1) for increment

*1/(n+1)fordecrement n:setvalue of the TAi register 0000h to FFFFh

Count start condition

Set the TAIS bit in the TABSR register to 1 (start counting)

Count stop condition

Set the TAIS bit to 0 (stop counting)

Interrupt request
generation timing

Timer overflow or underflow

TAIIN pin function

Two-phase pulse input

TAIOUT pin function

Two-phase pulse input

Read from timer

Count value can be read by reading Timer A2, A3, or A4 register

Write to timer

» When not counting

Value written to the TAi register is written to both reload register and counter
* When counting

Value written to the TAi register is written to only reload register

(transferred to counter when reloaded next)

Select function (1)

» Normal processing operation (Timer A2 and Timer A3)
The timer increments rising edges or decrements falling edges on the TA|jIN pin when
input signals on the TAJOUT pin is “H".

TAjOUT J L
TAJjIN j + + + + L

Increment Increment Increment Decrement Decrement Decrement

* Multiply-by-4 processing operation (Timer A3 and Timer A4)
If the phase relationship is such that TAKIN pin goes “H” when the input signal on the
TAKOUT pin is “H”, the timer increments rising and falling edges on pins TAKOUT and
TAKIN. If the phase relationship is such that the TAKIN pin goes “L” when the input signal
on the TAKOUT pin is “H”, the timer counts down rising and falling edges on pins
TAKOUT and TAKIN.

TAkOUTJgu UYUiJ

Decrement all edges

Increment all edges

N SR 2yl

Decrement all edges

Increment all edges

i=2t04,j=2,3,k=3,4

NOTES:

1. Only Timer A3 is selectable. Timer A2 is fixed to normal processing operation, and Timer A4 is fixed to multiply-

by-4 processing operation.

2. 64-pin version only.
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Timer Ai Mode Register (i = 2 to 4)
(When Using Two-Phase Pulse Signal Processing) ¢
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
|I|'|?|1|?|0|?|}| TA2MR to TAAMR 0338h to 033Ah 0oh
o : ] : | :
[
E E i ! E i i ! | BitSymbol Bit Name Function RW
g1 : [ ] :
1 ) ] | ] 1 1
bbb L] Tmopo RW
R o . d lect bi bl bo
Caor b peration mode select bt 0 1: Event counter mode
A e TMOD1 ' RW
! 1 ]
[ I T
] 1 1
i E i i E (N MRO Set to 0 to use two-phase pulse signal processing RW
' 1
[ B -
[ 1
i H i i (S MR1 Set to 0 to use two-phase pulse signal processing RW
' 1
[ B
[ B
E | i el MR2 Set to 1 to use two-phase pulse signal processing RW
Pl
1 1
! i e LR E L MR3 Set to 0 to use two-phase pulse signal processing RW
o
[
[
(I ) . 0: Reload type
i TCKO Count operation type select bit 1: Free-run type RW
1
]
:_ __________________ TCK1 Two-phase pulse signal processing |0: Normal processing operation RW
operation type select bit %2 1: Multiply-by-4 processing operation
NOTES:
1. The TCK1 bit can be set only for Timer A3 mode register. No matter how this bit is set, Timers A2 and A4
always operate in normal processing mode and multiply-by-4 processing mode, respectively.
2. To use two-phase pulse signal processing, following the register setting below:
* Set the TAIP bit in the UDF register to 1 (two-phase pulse signal processing function enabled).
* Set bits TAITGH and TAITGL in the TRGSR register to 00b (TAIIN pin input).
* Set the port direction bits for TAIIN and TAIOUT to 0 (input mode).
3. 64-pin version only.

Figure 12.14 Registers TA2MR to TA4MR in Event Counter Mode (When Using Two-Phase Pulse
Signal Processing with Timers A2, A3, and A4)
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12.1.4 One-Shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger (refer to Table 12.5). When the trigger
occurs, the timer starts up and continues operating for a given period. Figure 12.15 shows the TAIMR (i = 0 to
4) Register in One-Shot Timer Mode.

Table 12.5  Specifications in One-Shot Timer Mode

ltem Specification
Count source fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count operation » Decrement

« When the counter reaches 0000h, it stops counting after reloading a new value.
« If a trigger occurs when counting, the timer reloads a new count and restarts
counting.
Divide ratio 1/n n: set value of the TAI register 0000h to FFFFh
However, the counter does not work if the divide-by-n value is set to 0000h.
Count start condition (1) | The TAIS bit in the TABSR register = 1 (start counting) and one of the following
triggers occurs.
« External trigger input from the TAIIN pin
* Timer B2 underflow,
Timer Aj (j =i -1, exceptj=4ifi=0)overflow or underflow,
Timer Ak (k =i+ 1, except k = 0 if i = 4) overflow or underflow
* The TAIOS bit in the ONSF register is set to 1 (timer starts)
Count stop condition (1) |+ When the counter is reloaded after reaching 0000h
» The TAIS bhit is set to 0 (stop counting)
Interrupt request When the counter reaches 0000h
generation timing (1)
TAIIN pin function () I/O port or trigger input
TAIOUT pin function (1) |1/O port or pulse output
Read from timer An indeterminate value is read by reading the TAi register
Write to timer * When not counting and until the 1st count source is input after counting starts
Value written to the TAi register is written to both reload register and counter
» When counting (after 1st count source input)
Value written to the TAI register is written to only reload register
(transferred to counter when reloaded next)
Select function ) « Pulse output function
The timer outputs low when not counting and “H” when counting.
* Output polarity control
While the output polarity of TAIOUT pin is inverted (the TAIS bit is set to O (stop
counting)), the pin outputs “H".

i=0to 4
NOTE:
1. Onlyi=0or1inthe 48-pin version.
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Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 bd b3 b2 bl bo Symbol Address After Reset
L1 lol [ ] ]2[o]  TaomRtoTAIMR 0336h to 033Ah 0oh
L T HE
AEREREE
]
b E ! E ! Bit Symbol Bit Name Function RW
oy [
!
1! [ 1
Prb bbb L) TMopo RW
A Operation mode select bit |** 2 .
Pbor ot 1 0: One-shot timer mode
P e TMOD1 RW
[ I B
E i E E E i 0: No pulse output
[ . (TAIOUT pin functions as I/O port)
1) [
S R MRO g:l'esft %‘i{t@‘)’t function 1. bise output @ RW
b E P! (TAIOUT pin functions as a pulse output
BEEE bin)
[ )
E I i i _________ MR1 External trigger select 0: Falling edge of input signal to TAIIN pin @ RW
{ i E ! bit @ ©) 1: Rising edge of input signal to TAIIN pin ®
] ]
[
by . .
[ : ) 0: TAIOS bit enabled
I MR2 | Trigger select bit 1: Selected by bits TAITGH and TAITGL RW
[
o1
E i — MR3 Set to 0 in one-shot timer mode RW
L
b b7 b6
P otmmmmmommoooooo TCKO 0 0: fITIMAB or f2TIMAB @
! Count source select bit ® | 0 1: f8TIMAB RW
-] TCK1 1 0:32TIMAB
1 1:fC32
NOTES:
1. The TAOOUT pin is N-channel open drain output.
2. Valid when bits TAITGH and TAITGL in the ONSF register or TRGSR register are set to 00b (TAIIN pin input).
3. Set the port direction bit for the TAIIN pin to 0 (input mode).
4. Selected by the PCLKO bit in the PCLKR register.
5. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).
6. Only i =0 or 1 in the 48-pin version.

Figure 12.15 TAIMR (i = 0 to 4) Register in One-Shot Timer Mode
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12.1.5 Pulse Width Modulation (PWM Mode) (Only i =0 or 1 in the 48-Pin Version)

In PWM mode, the timer outputs pulses of a given width in succession (refer to Table 12.6). The counter
functions as either 16-bit pul se width modulator or 8-bit pulse width modulator. Figure 12.16 shows the TAIMR
(i=0, 1) Registerin PWM Mode. Figures 12.17 and 12.18 show an Example of 16-Bit Pulse Width Modulator

Operation and 8-bit Pulse Width Modulator Operation, respectively.

Table 12.6

Specifications in PWM Mode

Item

Specification

Count source

fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32

Count operation

« Decrement (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads a new value at a rising edge of PWM pulse and continues
counting.

» The timer is not affected by a trigger that occurs during counting.

16-bit PWM * Pulse width n / fj n: set value of the TAI register
« Cycle time (216 - 1) / fj fixed fj: count source frequency (1TIMAB, f2TIMAB,
f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32)
8-bit PWM e Pulse width n x (m + 1) /fj n: set value of the TAi register high-order

address
m: set value of the TAi register low-order
address

* Cycle time (28 - 1) x (m + 1) /fj

Count start condition

« The TAIS bit of the TABSR register is set to 1 (start counting)

» The TAIS bit = 1 and external trigger input from the TAIIN pin

* The TAIS bit = 1 and one of the following external triggers occurs
Timer B2 underflow,
Timer Aj (j =i -1, exceptj=4ifi=0)overflow or underflow,
Timer Ak (k =i+ 1, except k =0 if i = 4) overflow or underflow

Count stop condition

The TAIS bit is set to O (stop counting)

Interrupt request
generation timing

On the falling edge of PWM pulse

TAIIN pin function

I/0 port or trigger input

TAIOUT pin function

Pulse output

Read from timer

An indeterminate value is read by reading the TAi register

Write to timer

*«When not counting

Value written to the TAI register is written to both reload register and counter
* When counting

Value written to the TAI register is written to only reload register

(transferred to counter when reloaded next)

Select function

« Output polarity control
While the output polarity of TAIOUT pin is inverted (the TAIS bit is set to 0 (stop
counting)), the pin outputs “H".

i=0to 4
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Timer Ai Mode Register (i=0, 1)
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
11]1]  TAOMR, TAIMR 0336h to 0337h 00h
HE
P
! i : i ! i i | | BitSymbol Bit Name Function RW
] ]
RN
bbb L4 TMoDO RW
b P E : i Operation mode select bit b1 b0
P P 1 1: PWM mode
N TMOD1 RW
.
i E I E ! 0: No pulse output
[ ] ] H H ;
A . (TAIOUT pin functions as I/O port)
I MRo | PUlse outputunction s puise output RW
E P (TAIOUT pin functions as a pulse output
RERD o
]
i E i i E MR1 External trigger select 0: Falling edge of input signal to TAIIN pin @ RW
T R bit @7 1: Rising edge of input signal to TAIIN pin &
Voo
I ]
[ . . 0: Write 1 to the TAIS bit in the TABSR register
[ R T
ol MR2  |Trigger select bit 1: Selected by bits TATGH and TAITGL RW
o
!
H E E ______________ MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator RW
i ! select bit 1: Functions as an 8-bit pulse width modulator
'
A b7 b6
i TCKO 0 0: f1TIMAB or f2TIMAB ©®
‘ Count source select bit ® | 0 1: f8TIMAB RW
] TCK1 1 0: f32TIMAB
1 1:fC32
NOTES:
1. The TAOOUT pin is N-channel open drain output.
2. Valid when bits TAITGH and TAITGL bit in the ONSF register or TRGSR register are set to 00b (TAIIN pin
input).

3. Set the port direction bit for the TAIIN pin to O (input mode).

4. Set this bit to 1 (pulse output) to output PWM pulse.

5. Selected by the PCLKO bit in the PCLKR register.

6. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

7.0Onlyi=0 or1in the 48-pin version.

Figure 12.16 TAIMR (i =0, 1) Register in PWM Mode
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1/fix (2% - 1)

D 0
Count source Pt ! :f
| . IR = L o e Y W
nput signal to TAIIN pin f f "
“p

PWM pulse output

A

Trigger is not generated by this signal.

from TAIOUT pin > 1/fixn

When TOFSi =0 “H”

(waveform output = “H”

active, not inverted) o — e —

When TOFSi = 1 H— ity
(waveform output = “L” L

active, inverted)

wqn
IR bit in TAIIC register
“O" _______________

fj: count source frequency \ s 0 . . /
(fLTIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32) et to 0 upon accepting an interrupt

Only i = 0 or 1 in the 48-pin version. request or by writing in program.

TOFSi: bit in the TAPOFS register

NOTES:
1. n=0000h to FFFEh
2. This timing diagram is for the case where the TAi register is 0003h, bits TAITGH and TAITGL in the ONSF register or TRGSR
register are 00b (input to the TAIIN pin), the MR1 bit in the TAIMR register is 1 (rising edge), and the MR2 bit in the TAIMR register is
1 (trigger selected by bits TAITGH and TAITGL).

Figure 12.17 Example of 16-Bit Pulse Width Modulator Operation

L/fx (m+ 1) x (28— 1)

ni b
Count source @ I !
Input signal to TAIIN pin

=

/i x (m + 1)
8-bit prescaler “H” Sy
underflow signal @ o

PWM pulse output
from TAIOUT pin <+—1/fix(m+1)xn
When TOFSi =0 oy

(waveform output = “H”

active, not inverted) “w - - - R
) oy — .

When TOFSi =1

(waveform output = “L” « »

active, inverted)

IR bit in TAIIC register 1

ugr
fi: count source frequency \
(FITIMAB, f2TIMAB, f8TIMAB, 132TIMAB, f64TIMAB, fOCO-S, fC32) Set to 0 upon accepting an interrupt request or by

Only i =0 or 1 in the 48-pin version. writing inprogram.
TOFS:i: bit in TAPOFS register
NOTES:

1. The 8-bit prescaler counts the count source.

2. The 8-bit pulse width modulator counts underflow signals of the 8-bit prescaler.

3. m = 00h to FFh, n = 00h to FEh

4. This timing diagram is for the case where the TAi register is 0202h, bits TAITGH and TAITGL in the ONSF register or

TRGSR register are 00b (input to the TAIIN pin), the MR1 bit in the TAIMR register is 0 (falling edge), and the MR2 bit
in the TAIMR register is 1 (trigger selected by bits TAITGH and TAITGL).

Figure 12.18 Example of 8-Bit Pulse Width Modulator Operation
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12.2

Timer B
Figure 12.19 shows a Timer B Block Diagram. Figures 12.20 to 12.22 show registersrelated to Timer B.

Timer B supports the following two modes. Use bits TMOD1 and TMODO in the TBiMR register (i = 0 to 5) to
select the desired mode.
* Timer Mode

* Event Counter Mode The timer counts underflows of other times.

The timer counts an internal count source.

fiITIMAB

or

f2TIMAB —20
faTIMAB —2
f32TIMAB—

fcz2 —4Y

128

Select Clock Source
TCK1 to TCKO

fITIMAB I

CS2to TCSO
r TCS6 to TCS4

or

f2TimaB —209
f8TIMAB —20L]
f32TIMAB—2LY,
f64TIMAB—2LL

foco-s —L0L
fcaz  —Ll0

bé508]

TMOD1 to TMODO |

TCS3
0 or TCS7
o) 00: Timer
! KL x
. - Event Counter
TBj O O
Underflow o

TCK1 to TCKO, TMOD1 to TMODO: bits in the TBIMR register
TBIS: bits in the TABSR register or TBSR register
TCSO0 to TCS7: bits in registers TBCSO to TBCS3

Data Bus

\V4

Reload Register

Counter

i=0to5
j=i-1;however,j=2wheni=0,j=5wheni=3
TBi TBj

Timer BO Timer B2

Timer B1 Timer BO

Timer B2 Timer B1

Timer B3 Timer B5

Timer B4 Timer B3

Timer B5 Timer B4

Figure 12.19 Timer B Block Diagram
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Timer Bi Mode Register (i=0to 5)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
Xolo] | | TBOMRto TB2MR 033Bh to 033Dh 00XX0000b
i R i TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
[ R B
E E bl E i i i Bit Symbol Bit Name Function RW
EERRERE
1 ] 1
E P i ! 1 t-1 TMODO b1 b0 RW
bt . . 0 0: Timer mode
ot Lo Operation mode select bit :
A 0 1: Event counter mode
i A A W TMOD1 1 x: Do not set RW
[
BEREE
[ | — .
E i i i L P (b3-b2) Reserved bits Setto 0 RW
A
E i ittt (b_4) No register bit. If necessary, set to 0. Read as undefined value. —
v
[
E i el MR3 Function varies with each operation mode RO
] 1
I .
! TCKO | count source select bit @ RW
e Tck1 |(Function varies with each operation mode) RW
NOTE:
1. Valid when the TCS3 bit or TCS7 bit in registers TACSO0 to TACS2 is set to 0 (TCKO, TCK1 enabled).
Timer Bi Register (i=0to5) @
(b15) (b8)
b7 b0 b7 b0
| | | Symbol Address After Reset
' TBO 0331h to 0330h Indeterminate
! TB1 0333h to 0332h Indeterminate
! TB2 0335h to 0334h Indeterminate
H TB3 0311h to 0310h Indeterminate
| TB4 0313h to 0312h Indeterminate
| TB5 0315h to 0314h Indeterminate
]
E Mode Function Setting Range RW
]
]
] .
:_ __________ Timer mode Dllllde the count source by n + 1 where 0000h to EEFEh RW
n = set value
Event counter mode Dlll'de the couznt source by n + 1 where 0000h to FFFFh RW
n = set value @
NOTES:
1. Access to the register in 16-bit units.
2. The timer counts overflows or underflows of other timers.
3. Set it when the TBIS bit in the TABSR or TBSR register is set to O (count stops).
4. Read only RO when the TBIS bit in the TABSR or TBSR register is set to 1 (count starts).

Figure 12.20 Register TBOMR to TB5MR and TBO to TB5
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Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TABSR 0320h 00h

T T T T

RERRERE

] 1 ]

o b E p 1| Bitsymbol Bit Name Function RW

O T T :

| T T T A T -

1 .

! i i E E i L-4 TAOS |Timer AO count start flag 0: Stop counting RW

b V! Lo ! 1: Start counting

[ ] 1

b b E oo TA1S  [Timer Al count start flag RW

[ |

] 1 ) H ] ]

E i E ' E N TA2S  |Timer A2 count start flag RW

[ ] ) : ]

[ ] Vo ]

E i i SRR TA3S | Timer A3 count start flag RW

[

] 1 1

I S— TA4S | Timer A4 count start flag RW

[

] ] )

E i mmmmm oo TBOS |Timer BO count start flag RW

] 1

] 1

E ] TB1S |Timer B1 count start flag RW

]

]

T EGEGEEEEEEEEEt TB2S | Timer B2 count start flag RW

Timer B3, B4, B5 Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TBSR 0300h 000XXXXXb

ERRRERY

boropbr by gitSymbol Bit Name Function RW

P

] 1 : 1 ] ] ) ] _

E i E oboaodo (b4-b0) No register bits. If necessary, set to 0. Read as undefined value. —

[

[ I -

T N TB3S |Timer B3 count start flag 0: Stop counting RW

Pl 1: Start counting

'

E (S — TB4S |Timer B4 count start flag RW

]

]

]

LT T EEEE TB5S |Timer B5 count start flag RW

Clock Prescaler Reset Flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
CPSRF 0015h OXXXXXXXb

1 ] ] ] ] ] ] ]

SRR

A Bit Symbol Bit Name Function RW

SRR

REREREN - No register bits. If tto 0. Read defined val

: LIV S PO A I (b6-b0) o register bits. If necessary, set to 0. Read as undefined value. —

]

]

]

___________________ CPSR  |Clock prescaler reset flag Setting this bit to 1 initializes the clock RW

prescaler. (Read as 0)

Figure 12.21

Register TABSR, TBSR, and CPSRF
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Timer B Count Source Select Register 0, Timer B Count Source Select Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TBCSO 01Csh 00h

I TBCS2 01E8h 00h
[
[ [ 1
I i E E i E i Bit Symbol Bit Name Function RW
A T B A
b P b2 b1 b0
bbb k-4 TCSO 0 0 0: fITIMAB or 2TIMAB ® RW
i b AR 0 0 1: f8TIMAB
I I R A 0 1 0:f32TIMAB
Do i b P TCS1 |TBicountsource selectbit |0 1 1:f64TIMAB RW
[ 1 0 0: Do not set
EEEEE 1 0 1:0CO-S
bbb ey TCS2 11 0:fC32 RW
Pt i b 1 1 1: Do not set
H E : E ! 1: TCKO, TCK1 enabled, TCSO to TCS2
E ! R S TCS3 TBi count source option disabled RW
P i ! specified bit 0: TCKO, TCK1 disabled, TCS0 to TCS2
E i ‘ i enabled
P b6 b5 b4
a i EE LT ey TCS4 0 0 0: fITIMAB or f2TIMAB @ RW
Y ! 0 0 1: f8TIMAB
I 0 1 0: f32TIMAB
E ! oo TCS5 [TBj count source select bit 0 1 1: f64TIMAB RW
N 1 0 0: Do not set
[ 1 0 1: fOCO-S
VT TCS6 11 0:1C32 RW
i 1 1 1: Do not set
: 1: TCKO, TCK1 enabled, TCS4 to TCS6
UEEEEEEELTEELEEES TBj count source option disabled

TCST A specified bit 0: TCKO, TCK1 disabled, TCS4 to TCS6 RW

enabled

TBCSOregister:i=0,j=1 TBCS2register:i=3,j=4
NOTE:
1. Set this value at the PCLKO bit in the PCLKR register.

Timer B Count Source Select Register 1, Timer B Count Source Select Register 3

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TBCS1 01C%h XOh

T R TBCS3 01E9h XOh

L T T T T T

i P | - 1| Bitsymbol Bit Name Function RW

I S T B

A b b2 b1 b0

poror b b= Teso 0 0 0: fITIMAB or f2TIMAB ® RW

A 0 0 1:18TIMAB

booon b 0 1 0:f32TIMAB

P TCS1 |TBicountsource selectbit |0 1 1: f64TIMAB RW

A 1 0 0: Do not set

S 1 0 1:fOCO-S

A TCS2 11 0:fC32 RW

A 1 1 1: Do not set

P 1: TCKO, TCK1 enabled, TCSO to TCS2

| TBi count source option disabled

L S T -V

R TCS3 | pecified bit 0: TCKO, TCK1 disabled, TCSO0 to TCS2 RW

i P enabled

P —

I L (b7-ba) No register bits. If necessary, set to 0. Read as undefined value. —

TBCS1 register:i=2 TBCS3register:i=5
NOTE:
1. Set this value at the PCLKO bit in the PCLKR register.

Figure 12.22 Registers TBCSO0 to TBCS3
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12.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally (refer to Table 12.7). Figure 12.23 shows

the TBiIMR Register in Timer Mode.

Table 12.7

Specifications in Timer Mode

Item

Specification

Count source

fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32

Count operation

* Decrement
* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio

1/(n+1) n: set value of the TBi register 0000h to FFFFh

Count start condition

Set the TBIS bit ) to 1 (start counting)

Count stop condition

Set the TBIS bit to 0 (stop counting)

Interrupt request
generation timing

Timer underflow

Read from timer

Count value can be read by reading the TBi register

Write to timer

* When not counting

Value written to the TBi register is written to both reload register and counter
* When counting

Value written to the TBi register is written to only reload register

(transferred to counter when reloaded next)

i=0to5
NOTE:

1. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are

assigned to bits 5 to 7 in the TBSR register.

b7 b6 b5 b4 b3 b2 bl b0

L1 [ I{olo]o]o]

Timer Bi Mode Register (i =0 to 5)

Symbol Address After Reset
TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
TB3MR to TB5MR 031Bh to 031Dh 00XX0000b

Bit Symbol Bit Name Function RW
TMODO RW
Operation mode select bit b1 b0
P 0 O: Timer mode
TMOD1 RW
(b3-b2) Reserved bits Setto 0 RW
(b_4) No register bit. If necessary, set to 0. Read as undefined value. —
Write O in timer mode.
MR3 Read as undefined value in timer mode RO
b7 b6
TCKO 0 0: fLTIMAB or f2TIMAB @ RW
Count source select bit @ | 0 1: f8STIMAB
1 0: f32TIMAB
TCKL 1 1:fC32 RW

NOTES:

1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 12.23 TBiMR Register in Timer Mode

RO1UHO0197EJ0120 Rev.1.20

Jul 21, 2011

RENESAS

Page 124 of 331



M16C/6B Group 12. Timers

12.2.2 Event Counter Mode

In event counter mode, the timer counts underflows of other times (refer to Table 12.8). Figure 12.24 shows the
TBiMR Register in Event Counter Mode.

Table 12.8  Specifications in Event Counter Mode

Item Specification
Count source Timer Bj underflow (j =i- 1, exceptj=2ifi=0,j=5ifi=3)
Count operation * Decrement

* When the timer underflows, it reloads the reload register contents and
continues counting.

Divide ratio 1/(n+1) n: set value of the TBi register 0000h to FFFFh

Count start condition Set the TBIS bit ) to 1 (start counting)

Count stop condition Set the TBIS bit to 0 (stop counting)

Interrupt request Timer underflow

generation timing

Read from timer Count value can be read by reading the TBi register.
Write to timer * When not counting

Value written to the TBi register is written to both reload register and counter
* When counting

Value written to the TBi register is written to only reload register

(transferred to counter when reloaded next)

i=0to5
NOTE:
1. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are
assigned to bits 5 to 7 in the TBSR register.

Timer Bi Mode Register (i=0to 5)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
1 0f1 TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
HEH TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
[ T T B :
i i i i i i Bit Symbol Bit Name Function RW
N i
1 1 1 1
{411 5 TMopo b1 b0 RW
] . .
e i Operation mode select bit [ 0 1: Event counter mode
R TMOD1 RW
P
] 1 ]
] 1 ]
] 1 1

Rty (b4-b2) No register bits. If necessary, set to 0. Read as undefined value. —

] MR3 Write 0 in event counter mode. RO
Read as undefined value in event counter mode.

Invalid in event counter mode.
"""""""" TCKO lsetoor 1. RW

1: TBj underflow

"""""""""" TCKL |(NOTE 1) (i=i-1; however,j=2ifi=0, j=5ifi=3) | "W
NOTE:
1. Set to 1 in event counter mode.
Figure 12.24 TBiIMR Register in Event Counter Mode
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13. Serial Interface
Serial interfaces consist of three channels: UARTO to UART2.

13.1 UARTI (i=0to 2)

Each UARTI has an exclusive timer to generate atransfer clock, so it operates independently of each other.
Figures 13.1 to 13.3 show the block diagrams of UARTI. Figure 13.4 shows the UARTIi Transmit/Receive Unit.
UARTI has the following modes:

« Clock synchronous serial 1/0 mode

* Clock asynchronous seria 1/0 mode (UART mode)

« Special mode 1 (12C mode)

* Special mode 2

« Special mode 3 (Bus callision detection function, |E mode)

* Special mode 4 (SIM mode): UART2

Figures 13.5 to 13.14 show the UARTiI-related registers.

Refer to tables for each mode for register setting.
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f1SIO or f2SI0

0
CLKMD1

CTS/RTS disabled

1 CRD RCSP

VSS

n: Values set to the U1BRG register PCLK1.: bit in the PCLKR register

SMD2 to SMDO, CKDIR: bits in the UIMR register

to CTSO0 in UARTO

CLK1 to CLKO, CKPOL, CRD, CRS: bits in the U1CO register
CLKMDO, CLKMD1, RCSP: bits in the UCON register

f8SIO
f32s10
TXD | TXDO
RXD polarity polarity
RXDO()—|-~-- - poaty 1 (O
switching circuit switchin
9 UART reception SMD2 to SMDO irouit”
010, 100, 101, 110 p===— n i .
) o™ [ Reception Rlecilve Trans_mlt/
Clock source selection Clock sync type ! : control cloc receive
CLK1to CLKO  ~ypiR 001 [T0) | circuit unit
fisioor__ oo, internal  UOBRG i
12510 ist [
fssio—to register UART transmissi T T it
132910 10 - ransmission ! — ransmi
1/n+1) 010, 100, 101, 110 i_[Transmission) 1 clock
1 Clock sync type ! T™control circuit
External 001 Lo
Clock synchronous type
(when internal clock is selected!
My
s
Clock synchronous type ROIR
when external clock is selected
CKPOL Clock synchronous t)gpe )
CLK (when int/elr/n|al clock is selected)
polarity
cLko O reversing AN
circuit
CTS/RTS disabled
CTS/RTS selected _—
— I RTSO
CTSO0/RTSO 1 N
0 RCSP CTS/RTS disabled
CTSO from UARTL CTS0
1 crp
. VSS
n: values set to the UOBRG register PCLKL_: bit in the PCLKR register
SMD2 to SMDO, CKDIR: bits in the UOMR register
CLK1 to CLKO, CKPOL, CRD, CRS: bits in the UOCO register
RCSP: bit in the UCON register
Figure 13.1 UARTO Block Diagram
f1SI0 or f2S10
f8sIo
f32S10
pglérD‘t TXD1
RXD1 RXD polarity olarity O
switching circuit switching
circuit
) ) Receive | Transmit/
Clock source selection Reception clock ;
control circuit receive
CLK110 CLKO ckpir nit
f1SI0 or unr
f2$|oi Internal UlBRG o
faslo 0llg >\ register UART transmission .
10 010, 100, 101, 110 Transmit
32510 ——1—9° Transmission| | clock
Clock sync type control circui
External 001
Clock synchronous type
(when internal clock is selected)
R——
Clock synchronous type
Py (when external clock is selected) 1 °
CKPOL
Clock synchronous type CKDIR
CILKty o CLKMDO (when internal clock is selected)
polari
CLK1 O_ reversing {c
circuit AN
Clock output 1| CTS/RTS selected CTS/RTS disabled
CTSI/RTSI/ ~ Pinselect Y RTSI
CTSO/CLKS1 AN

Figure 13.2 UARTL1 Block Diagram
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PCLK1

f2sl0 g
=
fLSI0 —f1SI0 or f2SI0
f 1 /)‘

RXD polarity
RXD2 switching circuit

Clock source selection

CLK1 to CLKO
fisloor oo CKDIR

fzslo—1 Internal U2BRG

fSSIOA'O _o_Ko register

f32s10 ——o0 1/(n+1)
o

External

(when internal clock is selected
12 0 -\o

010, 100, 101, 110

control circuit

1/8 f8SI0
1/4 f32S10
UART reception gvp2 to SMDO
010, 100, 101, 110 p==== Receive
! Reception clock
1 1 | control circuit
001 [} | :
i1
T I T .
! : Transmit
! 1 |Transmission| | clock
1

Clock sync type
001

Clock synchronous type

Lo

(when internal clock is selected)

Clock synchronous type
ckPOL | Clock synchronous type (When external clock is selected) CKDIR

NOTE:

CLK /]/]
polarity
CLK2 O_ reversing N
circuit
[ CTS/RTS disabled
CTS/RTS selected ,Jyl RTSS
e o] o8 =k s
CTS2/RTS2 1 N
CRS |0 o CTS/RTS disabled
CTS2
o
CRD
VSS
n: values set to the U2BRG register PCLKZ1: bit in the PCLKR register

SMD2 to SMDO, CKDIR: bits in the U2MR register
CLK1 to CLKO, CKPOL, CRD, CRS: bits in the U2CO register

1. UART2 is an N-channel open-drain output. CMOS output cannot be set.

Transmit/
receive
unit

TXD TXD2
| | polarity O
switching
circuit @

Figure 13.3 UART2 Block Diagram
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IOPOL
RXD| No reverse
0
. RXD data E
reverse circuit 12

Clock sync type

12C
Clock sync

UART (7 bits) ) ) B
0 UARTI receive register

21SP PAR enabled UART e b
SMD2 to SMDO | uART clock sync type
(9 bits)
T T T T T T T T T T T T T T UIRB
010i{0t0j0i{0}to0iD8| |D7iD6i{D5{D4!{D3}{D2}{D1{DO|M"EE
| Logic reverse circuit + MSB/LSB conversion circuit |
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuit |
v T T T T T T T UlTB
| D8 | | D7 iD6 {D5 {D4 {D3 §D2 §D1 DO | 28,
12C
STPS PRYE SMD2 to SMDO UART clock sync type
2SpP PAR enabled | jART © b“]S-) 1

i Stttk skttt etk

0 0 UARTI transmit register
UART (7 bits)

PAR
! disabled clock sync

type
(8 bits) i i I0POL .

. . Closk sync type Error signal output disabled 0 No reverse TXD|
SP: stop blt . = Error signal TXD data
PAR: parity bit output reverse

UIERE 1 circuit Rev%rse circuit
i=0to2 Error signal output enabled
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: bits in the UiMR register
CLK1 to CLKO, CKPOL, CRD, CRS: bits in the UiCO register
UIERE: bit in the UIC1 register
Figure 13.4 UARTI (i = 0 to 2) Transmit/Receive Unit Block Diagram
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UARTI Transmit Buffer Register (i=0to 2) @

f)bls) (Eg) b7 b0 Symbol Address After Reset
DO | | uoTB 024Bh to 024Ah Indeterminate
REERERE ' ulTB 025Bh to 025Ah Indeterminate
R i u2TB 026Bh to 026Ah Indeterminate
]
ERRRERE !
EEREEE R
ERRRERE l
R i Function RW
R i
A !
A ety Transmit data WO
| T T T I
[ I A |
EERREE
B s B El R LR R e No register bits. If necessary, set to 0. Read as undefined value. —
NOTE:
1. Use MOV instruction to write to this register.
UARTI Receive Buffer Register (i = 0 to 2)
(015)  (b8)
b7 b0 b7 b0 Symbol Address After Reset
| | | | | D(M | | UORB 024Fh to 024Eh Indeterminate
ERERREH : U1RB 025Fh to 025Eh Indeterminate
i E b i ! U2RB 026Fh to 026Eh Indeterminate
I
H " H : 1y |
EEREREE :
SHHIE
[
b | | i H | Bit Symbol Bit Name Function RW
[
.
1) 1) i
N [N [N l_ ______ - -
i i : i i E i (b7-b0) Receive data (D7 to DO) RO
RHEE
[ 1) _
i E E i b R —— (b8) S Receive data (D8) RO
IRERERE
IREREEE
IREREEE
[RERERE _
H E i H (- (b10-b9) No register bits. If necessary, set to 0. Read as undefined value. —
[ ] -
EERE
oy
1y .
i i i i T ABT Avrbitration lost detect flag @ (1) gg:edcit;cted RW
1 .
' i E L S OER |Overrun error flag @ cl)j (N)?/eor\r/s:l;?rc?:?c))run q RO
1 .
!
!
[ . .
i i R L EE LD FER  |Framing error flag &3 2: E;:;?rr:;ll?rg?gund RO
[ .
[
[
[N . .
i bmmmmm e m oo oo PER Parity error flag 4 2: Egrﬁjgtxoerrlig[md RO
. :
]
]
R -— SUM  |Error sum flag &3 2: Eror:rrltgtrmd RO

NOTES:

lower byte of the UiRB register.
2. The ABT bit is set to 0 by writing 0 in a program. (Writing a 1 has no effect.)

to 010b (I2C mode). Read as undefined values.

1. When bits SMD2 to SMDO in the UiMR register = 000b (serial interface disabled) or the RE bit in the UiC1
register = 0 (reception disabled), all of bits SUM, PER, FER, and OER are set to 0 (no error). The SUM bit is set
to 0 (no error) when all of bits PER, FER, and OER = 0 (no error). Bits PER and FER are set to 0 by reading the

3. These error flags are disabled when bits SMD2 to SMDO are set to 001b (clock synchronous serial /O mode) or

Figure 13.5 Registers UOTB to U2TB and UORB to U2RB
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b7 b0

UARTI Bit Rate Register (i = 0 to 2) (1.2.3)

Symbol Addr

UOBRG, U1BRG, U2BRG

0249h, 0259h, 0269h

ess After Reset

Indeterminate

NOTES:

b7 b6 b5 b4 b3 b2 bl b0

Function Setting Range RW
----------- If set value = n, UiBRG divides the count source by n + 1 00h to FFh WO
1. Write to this register while serial interface is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
3. Write to this register after setting bits CLK1 to CLKO in the UiCO register.
UARTI Transmit/Receive Mode Register (i = 0 to 2)
Symbol Address After Reset
UOMR, UIMR, U2MR 0248h, 0258h, 0268h 00h
N
! 1
E i i ! Bit Symbol Bit Name Function RW
o ! :
b P b2 b bo
E 1171 Swmbo 0 0 0: Serial interface disabled RW
I 0 0 1: Clock synchronous serial I/O mode
I EEE . 10 1 0:1?)C mode ®
Vo SMD1  |Serial I/O mode select bit | 1 o o: UART mode transfer data 7 bits long RW
E i 1 0 1: UART mode transfer data 8 bits long
v 1 1 0: UART mode transfer data 9 bits long
E SMp2 Do not set except above RW
1
1
h Internal/external clock 0: Internal clock
N S CKDIR | select bit 1: External clock @ RW
. . |0: 1 stop bit
o] STPS |Stop bit length select bit 1: 2 stop bits RW
Valid when PRYE = 1
bbbt PRY Odd/even parity select bit |0: Odd parity RW
1: Even parity
. . 0: Parity disabled
PRYE [|Parity enable bit 1: Parity enabled RW
IOPOL TXD, RXI_D I/O polarity 0 No reverse RW
reverse bit 1: Reverse

NOTES:

1. Set the corresponding port direction bit for each CLKi pin to O (input mode).
2. To receive data, set the corresponding port direction bit for each RXDi pin to 0 (input mode).
3. Set the corresponding port direction bit for pins SCL and SDA to 0 (input mode).

Figure 13.6 Registers UOBRG to U2BRG and UOMR to U2MR
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UARTI Transmit/Receive Control Register 0 (i=0to 2)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

uU0Co, U1Co, U2Co 024Ch, 025Ch, 026Ch 00001000b

1
1
]
]
:
! Bit Symbol Bit Name Function RW
:
]
]

bl b0
) 0 0: f1SIO or f2SIO is selected ©
UIBRG count source select 0 1: f8SI0 is selected

bit © i
1 0:f32SI0 is selected
CLK1 1 1: Do not set to this value RW
Valid when CRD =0
0: CTS function selected RW
1: RTS function selected

0: Data present in transmit register
(during transmission)

1: No data present in transmit register
(transmission completed)

0: CTS/RTS function enabled
—— e . 1: CTS/RTS function disabled
T CRD CTSIRTS disable bit (P6_0, P6_4, and P7_3 can be used as RW

1/O ports)

0: Pins TXDi/SDAI and SCLi are CMOS
output

1: Pins TXDi/SDAI and SCLi are
N-channel open-drain output

~-4 CLKO RW

CTS/RTS function select
bit @

_______ CRS

AR TXEPT |[Transmit register empty flag RO

[ —— NCH |Data output select bit @ RW

0: Transmit data is output at the falling
edge of transfer clock and receive data is
input at the rising edge

1: Transmit data is output at the rising edge
of transfer clock and receive data is input
at the falling edge

________________ CKPOL |CLK polarity select bit RW

. 0: LSB first
___________________ )
UFORM | Transfer format select bit 1 MSB first RW

NOTES:

1. Set the corresponding port direction bit for each CTSi pin to 0 (input mode).

2. TXD2/SDA2 and SCL2 are N-channel open-drain output. Cannot be set to the CMOS output. No NCH bit in
the U2CO register is assigned. If necessary, set to 0.

3. The UFORM bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial /0O mode), or 101b (UART mode, 8-bit transfer data).
Set this bit to 1 when bits SMD2 to SMDO are set to 010b (I2C mode), and to 0 when bits SMD2 to SMDO are
set to 100b (UART mode, 7-bit transfer data) or 110b (UART mode, 9-bit transfer data).

4. CTS1/RTSI can be used when the CLKMD1 bit in the UCON register = 0 (only CLK1 output) and the RCSP
bit in the UCON register = 0 (CTSO/RTSO0 not separated).

5. Selected by the PCLK1 bit in the PCLKR register.

6. When changing bits CLK1 and CLKO, set the UiBRG register.

Figure 13.7 Registers UOCO to U2CO
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b7 b6 b5 b4 b3 b2 bl b0

UARTI Transmit/Receive Control Register 1 (i=0, 1)

Symbol Address After Reset
uUoC1, uic1 024Dh, 025Dh 00XX0010b
Bit Symbol Bit Name Function RW

TE Transmit enable bit 0 Transm!ss!on disabled RW

1: Transmission enabled
. 0: Data present in UiTB register
Tl Transmit buffer empty flag 1: No data present in UiTB register RO
RE Receive enable bit O Recept!on disabled RW
1: Reception enabled
. 0: Data present in UiRB register
RI Receive complete flag 1: No data present in UiRB register RO
(bE;M) No register bits. If necessary, set to 0. Read as undefined value. —
UIiLCH |Data logic select bit @ O No reverse RW
1: Reverse
. . . 0: Output disabled
UIERE | Error signal output enable bit 1: Output enabled RW

NOTE:

1. The UILCH bit enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial /0O mode), 100b (UART mode, 7-bit transfer data), or 101b (UART mode, 8-bit transfer data). Set this bit
to 0 when bits SMD2 to SMDO are set to 010b (I1°C mode) or 110b (UART mode, 9-bit transfer data).

Figure 13.8 UOC1, U1C1 Register
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UART2 Transmit/Receive Control Register 1

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
T : u2C1 026Dh 00000010b
[ T A T
[ T R R T
[ T R R T
1 oo
H E E i E E i Bit symbol Bit Name Function RW
[ [ T
[ T A
[ T A . .
1 [ 1 .
H i P E E - TE Transmit enable bit Oj Transmission disabled RW
AR A 1: Transmission enabled
[ A A
[ ] . ; ;
N . 0: Data present in U2TB register
i i ! E i E Tl Transmit buffer empty flag 1: No data present in U2TB register RO
[
[
1 ] ] 1 . o H
' i A S— RE Receive enable bit Oj Reception disabled RW
R 1: Reception enabled
[ A
[ B | . .
[ I . 0: No data present in U2RB register
1 ] [P ——
! i H E RI Receive complete flag 1: Data present in U2RB register RO
1 1 ] 1
1 ] 1
i i i :_ ___________ U2IRS UART2 transmit interrupt 0: U2TB register empty (Tl = 1) RW
i P! source select bit 1: Transmit completed (TXEPT = 1)
v !
i P! UART2 continuous receive |0: Continuous receive mode disabled
N L LS U2RRM ) : ; . RW
0! mode enable bit 1: Continuous receive mode enabled
'
i i . . 0: No reverse
[ U U2LCH |Data logic select bit @ : RW
! 1: Reverse
1
1
! . .. |0: Output disabled
1
-] U2ERE | Error signal output enable bit 1: Output enabled RW

NOTE:

1. The U2LCH bit is enabled when bits SMD2 to SMDO in the U2MR register are set to 001b (clock synchronous
serial /0O mode), 100b (UART mode, 7-bit transfer data), or 101b (UART mode, 8-bit transfer data).
Set this bit to 0 when bits SMD2 to SMDO are set to 010b (I2C mode) or 110b (UART mode, 9-bit transfer data).

Figure 13.9 U2C1 Register
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UART Transmit/Receive Control Register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
N UCON 0250h X0000000b
1 1 1 ] [ H |
[
[ T T T 1
i ! i E ! i i E Bit symbol Bit Name Function RW
] : '] : : : ]
! [ ]
i E i E E E E i UOIRs | UARTO transmit interrupt 0: Transmit buffer empty (Tl = 1) RW
! H P . source select bit 1: Transmission completed (TXEPT = 1)
[ A A [
i i E E E i i ULIRS UARTL1 transmit interrupt 0: Transmit buffer empty (Tl = 1) RW
H P b source select bit 1: Transmission completed (TXEPT = 1)
| T L T
(O T
i : i E ' E _______ UORRM UARTO continuous receive  [0: Continuous receive mode disabled RW
H E P mode enable bit 1: Continuous receive mode enabled
[
1 ]
1 E i { i _________ U1RRM UART1 continuous receive  [0: Continuous receive mode disabled RW
i b mode enable bit 1: Continuous receive mode enabled
o
R Valid when CLKMD1 =1
1 1 ]
i E I CLKMDO tjif‘ngCLK' CLKS select 5. Clock output from CLK1 RW
b i 1: Clock output from CLKS1
v
[ 0: CLK output is only from CLK1
! 1
H E R et CLKMD1 gitA]F_zl):LCLK’ CLKS select 1: Transfer clock output from multiple-pin RW
i H output function selected
[ p—— -
'y 0: CTS/RTS shared pin
1 — ———
H bemmmcmmcmcaoad RCSP Sﬂa@UARTO 1: CTS/RTS separated (CTSO supplied from RW
i CTS/RTS bit 8
: the P6_4 pin)
1
1
S (E) No register bit. If necessary, set to 0. Read as undefined value. —

NOTE:
1. When using multiple transfer clock output pins, make sure the following conditions are met:
the CKDIR bit in the ULIMR register = 0 (internal clock).

Figure 13.10 UCON Register
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UARTI Special Mode Register (i = 0 to 2)

b7 b6 b5 b4 tg|b2|b1|bo| Symbol Address After Reset
R UOSMR, UISMR, U2SMR 0247h, 0257h, 0267h X0000000b
A
[ ]
P P ol b | Bit Symbol Bit Name Function RW
oy : : [
[
ooy [ . Py
b ) i bld em I2C mode select bit Oj Other than IC mode RW
b P 1: 12C mode
[ : oo
[ : [ - - -
R T B Arbitration lost detect flag 0: Update per bit
1 1 1 | R
i E i i E i ABC | control bit 1: Update per byte RW
[ T R
| R | .
[ N 0: Stop-condition detected
i E i E E R BBS Bus busy flag 1: Starpt-condition detected (busy) RW
(R
1 ] 1 H H
1 ]
. i D obememee (&) Reserved bit Setto 0 RW
[
[ :
! H 1 1 .. . ..
Vot Bus collision detect sampling |0: Rising edge of transfer clock
1 Il | emmmmmee———d
P ABSCS | clock select bit 1: Underflow signal of Timer Aj @ RW
[
1 ]
I oo ACSE Auto clear function select bit |0: No auto clear function RW
i E of transmit enable bit 1: Auto clear at occurrence of bus collision
1 ]
i i ________________ sss Transmi_t start condition 0: Not synch_ronized to RXDi RW
! select bit 1: Synchronized to RXDi @
1
1
1
e (E) No register bit. If necessary, set to 0. Read as undefined value. —

NOTES:

Timer AO in UART2.

1. The BBS bit is set to 0 by writing a 0 in a program. (Writing a 1 has no effect.)
2. Underflow signal of Timer A3 in UARTO, underflow signal of Timer A4 in UART1, and underflow signal of

3. When a transfer begins, the SSS bit is set to 0 (not synchronized to RXDi).

Figure 13.11 UOSMR to U2SMR Register
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b7 b6 b5 b4 b3 b2 bl b0

UARTI Special Mode Register 2 (i=0to 2)
Symbol Address After Reset
UOSMR2, U1SMR2, U2SMR2 0246h, 0256h, 0266h X0000000b
Bit Symbol Bit Name Function RW
“ )2,
ICM2  |I°C mode select bit 2 Refer to Table 13.13 "I°C Mode RW
Functions
o . 0: Disabled
Csc Clock synchronization bit 1: Enabled RW
. . 0: Disabled
SWC SCL wait output bit 1: Enabled RW
. 0: Disabled
ALS SDA output stop bit 1: Enabled RW
STAC |UARTI initialization bit 0 Disabled RW
1: Enabled
SWC2 |SCL wait output bit 2 O Transfer clock RW
1: “L” output
. . 0: Enabled
SDHI SDA output disable bit 1: Disabled (high-impedance) RW
(E) No register bit. If necessary, set to 0. Read as undefined value. —

Figure 13.12 UOSMR2 to U2SMR2 Register
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b7 b6 b5 b4 b3 b2 bl b0

UARTI Special Mode Register 3 (i=0 to 2)

[TTIX D X uvosmrs, uismrs, uzsmrs

Symbol Address After Reset
0245h, 0255h, 0265h 000X0X0Xb
Bit Symbol Bit Name Function RW
(&) No register bit. If necessary, set to 0. Read as undefined value. —
. 0: Without clock delay
CKPH |Clock phase set bit 1: With clock delay RW
(&) No register bit. If necessary, set to 0. Read as undefined value. —
. 0: CLKi is CMOS output
NODC  |Clock output select bit 1: CLKi is N-channel open drain output RW
(b_4) No register bit. If necessary, set to 0. Read as undefined value. —
b7 b6 b5
DLO 0 0 0: Without delay RW
0 0 1:1to 2 cycle(s) of UIBRG count source
s 0 1 0: 2to 3 cycles of UiIBRG count source
pup  |SDAi digital delay 0 1 1:3to 4 cycles of UIBRG count source | Rw
setup bit 1 0 O: 4to 5 cycles of UIBRG count source
1 0 1:5to 6 cycles of UIBRG count source
1 1 0:6to 7 cycles of UIBRG count source
DL2 1 1 1:7to 8 cycles of UIBRG count source RW

NOTES:

1. Bits DL2 to DLO are used to generate a delay in SDAI output by digital means during I°C mode. In other
than 1°2C mode, set these bits to 000b (no delay).
2. The amount of delay varies with the load on pins SCLi and SDAI. Also, when using an external clock, the
amount of delay increases by about 100 ns.

Figure 13.13 UOSMR3 to U2SMR3 Register

RO1UHO0197EJ0120 Rev.1.20

Jul 21, 2011

RENESAS

Page 138 of 331



M16C/6B Group

13. Serial Interface

UARTI Special Mode Register 4 (i =0 to 2)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
UOSMR4, ULSMR4, U2SMR4 0244h, 0254h, 0264h 00h
RERERED
[
i ! i ! E i E E Bit Symbol Bit Name Function RW
T
[ A
[ T T I R . .
1 1 ] Start condition generate 0: Clear
bl T STARER ik 1: Start RW
R I T
oy b -
[ A Restart condition generate  [0: Clear
i E i E E i """ RSTAREQ | ) 1: Start RW
P
[ R o .
[ B Stop condition generate 0: Clear
P T STPREQ i 1: Start RW
]
ARRN
oy : X .
R STSPSEL |SCL, SDA output select bit |2- Startand stop conditions not output RW
N 1: Start and stop conditions output
1 1
Ry
[ A 0: ACK
1 1 1 1 H .
i | i ............ ACKD [ACK data bit 1: NACK RW
T
[
N . |0: Serial interface data output
1
i E e ACKC [ACK data output enable bit 1: ACK data output RW
v
1 1 . H
i iy SCLHI [SCL output stop enable bit 2 E;S:t?lleeg RW
1
1
1
1 . TRl H
S SWC9  |SCL wait bit 3 0: SCL k-, hold disabled RW
NOTE:
1. Set to 0 when each condition is generated.

Figure 13.14 Registers UOSMR4 to U2SMR4
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13.1.1 Clock Synchronous Serial I/O Mode

The clock synchronous serial 1/0 mode uses a transfer clock to transmit and receive data. Table 13.1 lists the
Clock Synchronous Serial 1/0O Mode Specifications. Table 13.2 lists Registers Used and Settings in Clock
Synchronous Serial 1/0 Mode.

Table 13.1  Clock Synchronous Serial /0 Mode Specifications

Item Specification
Transfer data format Transfer data length: 8 bits
Transfer clock » CKDIR bit in the UiMR register = 0 (internal clock): fj/ (2 (n + 1))

fj = f1SIO, f2SI0, f8SIO, f32SI0  n = setting value of UIBRG register  00h to FFh
* CKDIR bit = 1 (external clock): input from CLKi pin

Transmission, Selectable from CTS function, RTS function or CTS/RTS function disable
reception control

Transmission start Before transmission starts, satisfy the following requirements (1)
condition « The TE bit in the UiC1 register = 1 (transmission enabled)

* The Tl bit in the UiC1 register = O (data present in UiTB register)
« If CTS function is selected, input on the CTSi pin = “L”

Reception start condition | Before reception starts, satisfy the following requirements (1)
* The RE bit in the UiC1 register = 1 (reception enabled)
* The TE bit in the UiC1 register = 1 (transmission enabled)
* The Tl bit in the UiC1 register = 0 (data present and dummy written in the UiTB register)
Interrupt request For transmission, one of the following conditions can be selected
generation timing « The UIIRS bit 3) = 0 (transmit buffer empty):
when transferring data from the UiTB register to the UARTI transmit register (at start of
transmission)
» The UIIRS bit = 1 (transfer completed):
when the serial interface finished sending data from the UARTI transmit register
For reception
» When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection Overrun error (2)
This error occurs if the serial interface started receiving the next data before reading the
UiRB register and received the 7th bit of the next data
Select function  CLK polarity selection
Transfer data input/output can be chosen to occur synchronously with the rising or the
falling edge of the transfer clock
* LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7 can be
selected
« Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
« Switching serial data logic
This function reverses the logic value of the transmit/receive data
« Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have beenset
* Separate CTS/RTS pins (UARTO)
CTSO0 and RTSO are input/output from separate pins

i=0to 2
NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the CKPOL bit in the UiCO register = 1 (transmit data output at the rising edge
and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, the receive data of the UiRB register will be indeterminate. The IR bit in the SIRIC
register does not change to 1 (interrupt requested).

3. Bits UOIRS and U1IRS correspond to bits 0 and 1 in the UCON register respectively. U2IRS bit is in U2C1
register respectively.
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Table 13.2  Registers Used and Settings in Clock Synchronous Serial /0 Mode
Register Bit Function
uiTB Oto7 Set transmission data
UiRB ) Oto7 Reception data can be read
OER Overrun error flag
UIBRG Oto7 Set a bit rate
UIMR (3 |SMD2to SMDO |Setto 001b
CKDIR Select the internal clock or external clock
IOPOL Setto O
uiCco CLK1 to CLKO Select the count source for the UIBRG register
CRS Select either CTS or RTS to use functions
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode (2)
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first
UiCl TE Set this bit to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UIIRS (1) Select the source of UARTI transmit interrupt
UIRRM () Set this bit to 1 to use continuous reception mode
UiLCH Set this bit to 1 to use inverted data logic
UIERE Setto 0
UiISMR Oto7 Setto 0
UiSMR2 |Oto7 Setto 0
UISMR3 |0to2 Setto 0
NODC Select clock output mode
4t07 Setto 0
UiSMR4 |Oto7 Setto 0
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM | Set this bit to 1 to use continuous reception mode
CLKMDO Select the transfer clock output pin when CLKMD1 =1
CLKMD1 Set this bit to 1 to output UART1 transfer clock from two pins
RCSP Set this bit to 1 to accept as input the CTSO0 signal of UARTO from the
P6_4 pin
7 Setto O
i=0to 2
NOTES:

1. Set bits 4 and 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in
the UCON register.

2. The TXD2 pinis N channel open-drain output. Set the NCH bit in the U2CO register to 0.

3. Set bits not listed above to 0 when writing to the registers in clock synchronous serial I/O mode.
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Table 13.3 lists the I/O Pin Functionsin Clock Synchronous Seria 1/0 Mode (Multiple Transfer Clock Output
Pin Function Not Selected). Table 13.4 liststhe P6_4 Pin Functions in Clock Synchronous Serial 1/0 Mode.
Note that for a period from when UARTI operating mode is selected to when transfer starts, the TXDi pin
outputs “H” (If the N-channel open-drain output is selected, this pin isin high-impedance state).

Table 13.3  1/O Pin Functions in Clock Synchronous Serial I/O Mode (Multiple Transfer Clock
Output Pin Function Not Selected)

Pin Name Function Method of Selection
TXDi Serial data output (Outputs dummy data when performing reception only)
RXDi Serial data input Set the port direction bit corresponding to the RXDi pin = 0 (can be
used as an input port when performing transmission only)
CLKi Transfer clock output | The CKDIR bit in the UIMR register = 0

Transfer clock input | The CKDIR bit in the UIMR register = 1
Set the port direction bit corresponding to the CLKi pin =0

CTSi/RTSi CTS input The CRD bit in the UiCO register = 0
The CRS hit in the UiCO register = 0
Set the port direction bit corresponding to the CTSi pin =0

RTS output The CRD bit in the UiCO register = 0
The CRS bit in the UiCO register = 1
I/O port The CRD bit in the UIiCO register = 1

i=0to 2

Table 13.4  P6_4 Pin Functions in Clock Synchronous Serial I/O Mode

Bit Set Value
Pin Function U1CO Register UCON Register PD6 Register
CRD CRS RCSP CLKMD1 | CLKMDO PD6_4
P6_4 1 - 0 0 - Input: 0, Output: 1
CTS1 0 0 0 0 - 0
RTS1 0 1 0 0 - -
CTSOo () 0 0 1 0 - 0
CLKS1 - - - 1) 1 —
- indicates either 0 or 1
NOTES:

1. In addition to this, set the CRD bit in the UOCO register to 0 (CTSO/RTSO0 enabled) and the CRS bit in
the UOCO register to 1 (RTSO selected).
2. When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output:

« High if the CLKPOL bit in the U1CO register = 0: H
* Low if the CLKPOL bit in the U1CO register = 1: L
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Transfer clock

i=0to2

S putuuiyuiiiyiiuiuy vuiyuguuy

(1) Example of Transmit Timing (when internal clock is selected)

Tc

e

|

TE bitin ! J | | ~ |
UiC1 register “0” | Data is set in the UiTB register
Tl bitin ‘1" I 4)\
UiC1 register ugr

| Data is transferred from the UiTB register to the UARTI transmit register

e o
CTSi . II TcLK I_
L E)“—g.‘ﬁssimps because an "H" signal is applied Pulse stops because the TE bit is set to 0

CLKi

| | |
T {ooXoX02K0aXoXosXooXor KooKorkoaXoakooXesXoaXor  YooXpuXezXoaXosKoshoekor

| | |
TXEPT flag in “1” ,_
UiCO register “Qr

| | |
IR bitin “1” '—l I—l l_l
SITIC register “g?

\

Set to 0 by an interrupt request acknowledgement or by program

The above timing diagram applies to the case where the register bits are set as follows:
- The CKDIR bit in the UiIMR register = 0 (internal clock)
- The CRD bit in the UiCO register = 0 (CTS/RTS enabled), the CRS bit = 0 (CTS selected)

at the rising edge of the transfer clock)

(2) Example of Receive Timing (when external clock is selected)

- The CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and receive data taken in

- The UIIRS bit in the UiC1 register = 0 (an interrupt request occurs when the UiTB register becomes empty)

Tl bit in
UiC1 register

RE bit in ‘1"
UiC1 register “Q?
TE bit in “qr
UiC1 register .

Te=Tok=2(+1)/f
fj: frequency of UIBRG count source

(f1SI10, 2SI0, f8SI0, f32SI10)
n: value set to the UiBRG register

Dummy data is set in the UiTB register \A

aq I
“Q |—|—

N

Data is transferred from the UiTB register to the UARTI transmit register

g
RTSI
R
—P|—|<— 1/fEXT |'\ An “L” signal is applied when the UiRB register is read
CLKi R
RXDi
o Data is transferred from the UARTI I Read by the UiRB register |
Rl bitin “1"  receive register to the UiRB register |
UiC1 register wnn
0 |
| | |
IR bitin “1” I
SIRIC register “gr |
el I
Set to 0 by an interrupt request acknowledgement or by program |
OER flag in “1” I
UiRB register “q

i=0to2

The above timing diagram applies to the case where the register bits are set as follows:
- The CKDIR bit in the UIMR register = 1 (external clock) o
- The CRD bit in the UiCO register = 0 (CTS/RTS enabled), the CRS bit = 1 (RTS selected)
- The CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and receive
data taken in at the rising edge of the transfer clock)

fEXT: frequency of the external clock

Make sure the following conditions are met when input
to the CLKi pin before receiving data is “H"™:
- The TE bit in the UiCO register = 1 (transmit enabled)
- The RE bit in the UiC1 register = 1 (receive enabled)
- Write dummy data to the UiTB register

Figure 13.15 Transmit and Receive Operation during Clock Synchronous Serial I/O Mode
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13.1.1.1 Counter Measure for Communication Error

If a communication error occurs while transmitting or receiving in clock synchronous serial 1/0O mode, follow
the procedures bel ow.

* Resetting the UiRB register (i = 0to 2)

(1) Setthe RE bit in the UiC1 register to O (reception disabled)

(2) Set bitsSMD2 to SMDO in the UiMR register to 000b (serial interface disabled)

(3) Set bitsSMD2 to SMDO in the UiMR register to 001b (clock synchronous serial 1/0 mode)
(4) Set the RE bit in the UiC1 register to 1 (reception enabled)

* Resetting the UiTB register (i = 0to 2)

(1) SetbitsSMD2 to SMDO in the UiMR register to 000b (serial interface disabled)

(2) Set bitsSMD2 to SMDO in the UiMR register to 001b (clock synchronous serial 1/0 mode)

(3) A liswritten to the RE bit in the UiCL1 register (transmission enabled), regardless of the value of the TE
bit in the UiCi register

13.1.1.2 CLK Polarity Select Function

Use the CKPOL hit in the UiCO register (i = 0 to 2) to select the transfer clock polarity. Figure 13.16 shows the
Transfer Clock Polarity.

(1) When the CKPOL bit in the UiCO register = O (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

CLKi Mt from the CLKi pin

\L \ during no transmission.
TXDi X Do X D1 X D2)X D3 X D4 X D5 X D6 X D7
/

RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the CKPOL bit = 1 (transmit data output at the rising edge and the
receive data taken in at the falling edge of the transfer clock) “L”is output from the CLKi pin

during no transmission.
CLKi | L O I
! N\
XD X D0 X D1 X D2)X D3 X D4 X D5 X D6 X D7
/

RXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

The above applies to the case where

the UFORM bit in the UiCO register = 0 (LSB first) and
the UILCH bit in the UiC1 register = 0 (no reverse).
i=0to 2

Figure 13.16 Transfer Clock Polarity
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13.1.1.3 LSB First/MSB First Select Function

Use the UFORM bit in the UiCO register (i = 0 to 2) to select the transfer format. Figure 13.17 shows the
Transfer Format.

(1) When the UFORM Bit in the UiCO Register = 0 (LSB First)

o U U LU U
TXDi X po X b1 X b2 X b3 X D4 X D5 X D6 X D7
RXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the UFORM Bit in the UiCO Register = 1 (MSB First)

i UL
TXDi X D7 XD6 X D5 X D4 X D3 X D2 X D1 X DO
RXDi X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

The above applies to the case where

the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge
and the receive data taken in at the rising edge of the transfer clock), and

the UILCH bit in the UiC1 register = O (no reverse).

i=0to 2

Figure 13.17 Transfer Format

13.1.1.4 Continuous Reception Mode

In continuous reception mode, receive operation becomes enabled when the receive buffer register isread. Itis
not necessary to write dummy data into the transmit buffer register to enable receive operation in this mode.
However, adummy read of the receive buffer register is required when starting the operating mode.

When the UiIRRM bit (i = 0 to 2) = 1 (continuous reception mode), the Tl bit in the UiC1 register isset to 0
(data present in the Ui TB register) by reading the UiRB register. In this case, i.e., UIRRM bit = 1, do not write
dummy datato the UiTB register in a program. Bits UORRM and U1RRM correspond to bits 2 and 3 in the
UCON register, respectively. U2RRM bit isin U2CL1 register.
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13.1.1.5 Serial Data Logic Switching Function

When the UiLCH bit in the UiC1 register (i = 0to 2) = 1 (reverse), the data written to the Ui TB register hasits
logic reversed before being transmitted. Similarly, the received data has its logic reversed when read from the
UiRB register. Figure 13.18 shows Serial Data L ogic Switching.

(1) When the UIiLCH Bit in the UiC1 Register = 0 (No Reverse)

Transfer Clock “H"
oL

o Revg:;'g)‘ ': Y Do \ b1 Y\ D2 \ D3 \ D4 ) D5 | D6 ) D7

(2) When the UIiLCH Bit in the UiC1 Register = 1 (Reverse)

Transfer Clock H
ur

(Revgég)iffj {50 Y\ o1 o2 \ D3 {4 | 05 | D6 | o7

This applies to the case where

the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge of the transfer clock), and
the UFORM bit in the UiCO register = 0 (LSB first)

i=0to2

Figure 13.18 Serial Data Logic Switching

13.1.1.6 Transfer Clock Output from Multiple Pins (UART1)

Use bits CLKMD1 to CLKMDO in the UCON register to select one of the two transfer clock output pins (refer
to Figure 13.19). This function can be used when the selected transfer clock for UART1 isan internal clock.

Microcomputer

TXD1 (P6_7)

CLKS1 (P6_4)

CLK1 (P6_5) IN IN

CLK CLK

Transfer enabled when the CLKMDO Transfer enabled when the CLKMDO
bit in the UCON register = 0 bit in the UCON register = 1

The above applies to the case where
the CKDIR bit in the ULMR register = 0 (internal clock) and
the CLKMD1 bit in the UCON register = 1 (transfer clock output from multiple pins).

Figure 13.19 Transfer Clock Output from Multiple Pins
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13.1.1.7 CTS/RTS Function

The CTS function is used to start transmit and receive operation when “L” is applied to the CTSI/RTSi (i =0to
2) pin. Transmit and receive operation begins when the CTSI/RTSI pinisheld “L”. If the“L” signal is switched
to “H” during atransmit or receive operation, the operation stops before the next data.
For the RTS function, the CTSI/RTSI pin outputs “L” when the microcomputer is ready to receive. The output
level becomes “H” on the first falling edge of the CLKi pin.
* The CRD bit in the UiCO register = 1 (disable CTS/RTS function)

CTSI/RTSI pinis programmable /O function
* The CRD bit = 0, CRS bit = 0 (CTS function selected) CTSI/RTSI pinis CTSfunction
* The CRD bit = 0, CRS bit = 1 (RTS function selected) CTSI/RTSI pinisRTS function

13.1.1.8 CTS/RTS Separate Function (UARTO)

This function separates CTSO/RTS0, outputs RTSO from the P6_0 pin, and inputs CTSO from the P6_4 pin. To
use this function, set the register bits as shown below.

* The CRD bit in the UOCO register = 0 (enable CTS/RTS of UARTO)

« The CRS bit in the UOCO register = 1 (output RTS of UARTO0)

* The CRD bit in the U1CO register = 0 (enable CTS/RTS of UART1)

* The CRS bit in the U1CO register = 0 (input CTS of UART1)

* The RCSP bit in the UCON register = 1 (inputs CTSO0 from the P6_4 pin)

* The CLKMD1 bit in the UCON register = 0 (CLKSL1 not used)

Note that when using the CTS/RTS separate function, CTS/RTS of UART1 function cannot be used.

Microcomputer IC
TXDO (P6_3) P IN
RXDO (P6_2) [« ouT
CLKO (P6_1) P CLK
RTSO (P6_0) » CTS
CTSO (P6_4) € RTS

Figure 13.20 CTS/RTS Separate Function

RO1UH0197EJ0120 Rev.1.20 RENESAS Page 147 of 331
Jul 21, 2011



M16C/6B Group 13. Serial Interface

13.1.2 Clock Asynchronous Serial I1/0 (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired bit rate and transfer data
format. Table 13.5 lists the UART Mode Specifications.

Table 13.5 UART Mode Specifications

Item Specification

Transfer data format « Character bit (transfer data): selectable from 7, 8, or 9 bits
« Start bit: 1 bit
« Parity bit: selectable from odd, even, or none
« Stop bit: selectable from 1 bit or 2 bits
Transfer clock » The CKDIR bit in the UIMR register = 0 (internal clock): fj / (16 (n + 1))
fj = f1SIO, f2SI0, f8SIO, f32SI0 n: setting value of UIBRG register 00h to FFh
* CKDIR bit = 1 (external clock): fEXT / (16 (n + 1))
fEXT: input from CLKi pin n: setting value of UiBRG register 00h to FFh

Transmission, Selectable from CTS function, RTS function or CTS/RTS function disabled
reception control

Transmission start Before transmission starts, satisfy the following requirements

condition » The TE bit in the UiC1 register = 1 (transmission enabled)

 The TI bit in the UiC1 register = 0 (data present in the UiTB register)
« If CTS function is selected, input on the CTSi pin = “L”

Reception start condition | Before reception starts, satisfy the following requirements

» The RE bit in the UiC1 register = 1 (reception enabled)

« Start bit detection

Interrupt request For transmission, one of the following conditions can be selected

generation timing « The UIIRS bit (2) = 0 (transmit buffer empty):
when transferring data from the UiTB register to the UARTI transmit register (at start of
transmission)

» The UIIRS bit = 1 (transfer completed):
when the serial interface completes sending data from the UARTi transmit register

For reception

* When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)

Error detection « Overrun error ()
This error occurs if the serial interface started receiving the next data before reading the
UIiRB register and received the bit one before the last stop bit of the next data

« Framing error (3)
This error occurs when the number of stop bits set is not detected

« Parity error (3
This error occurs when if parity is enabled, the number of 1 in parity and character bits
does not match the number of 1 set

« Error sum flag
This flag is set to 1 when any of the overrun, framing, or parity errors occur

Select function * LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7 can be
selected

« Serial data logic switch
This function reverses the logic of the transmit/receive data. The start and stop bits are
not reversed.

* TXD, RXD I/O polarity switch
This function reverses the polarities of the TXD pin output and RXD pin input. The logic
levels of all I/O data are reversed.

* Separate CTS/RTS pins (UARTO)
CTSO0 and RTSO are input/output from separate pins.

i=0to2
NOTES:
1. If an overrun error occurs, the receive data of the UiRB register will be indeterminate. The IR bit in the SiRIC
register does not change.
2. Bits UOIRS and U1IRS are bits 0 and 1 in the UCON register. U2IRS bit is in U2C1 register.
3. The timing at which the framing error flag and the parity error flag are set is detected when data is transferred
from the UARTI receive register to the UiRB register.
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Table 13.6  Registers Used and Settings in UART Mode
Register Bit Function
uiTB Oto8 Set transmission data (1)
UiRB Oto8 Reception data can be read (1)
OER, FER, PER, |Error flag
SUM
UIBRG Oto7 Set a bit rate
UiIMR SMD2 to SMDO | Set these bits to 100b when transfer data is 7 bits long
Set these bits to 101b when transfer data is 8 bits long
Set these bits to 110b when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TXD/RXD input/output polarity
uico CLKO, CLK1 Select the count source for the UIBRG register
CRS Select CTS or RTS to use functions
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode (3)
CKPOL Setto 0
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long.
Set this bit to 0 when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to 1 to enable transmission
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UiIRS (2) Select the source of UARTI transmit interrupt
UiRRM @ Setto O
UiLCH Set this bit to 1 to use reversed data logic
UIERE Setto O
UiISMR Oto7 Setto 0
UiSMR2 |0to7 Setto 0
UISMR3 |Oto7 Setto 0
UiSMR4 |Oto7 Setto 0
UCON UOIRS, U1IRS Select the source of UARTO/UART?1 transmit interrupt
UORRM, U1RRM |Setto O
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Setto 0
RCSP Set this bit to 1 to accept as input CTSO signal of UARTO from the P6_4 pin
7 Setto O
i=0to 2
NOTES:

1. The bits used for transmit/receive data are as follows: bit 0 to bit 6 when transfer data is 7 bits long;
bit O to bit 7 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.

2. Set the bit 4 and bit 5 in registers U0OC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM
are included in the UCON register.

3. TXD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to O.
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Table 13.7 lists the 1/0 Pin Functionsin UART Mode. Table 13.8 lists the P6_4 Pin Functionsin UART Mode.
Note that for a period from when the UARTI operating mode is selected to when transfer starts, the TXDi pin
outputs “H” (If the N-channel open-drain output is selected, this pin isin high-impedance state).

Table 13.7  1/O Pin Functions in UART Mode
Pin Name Function Method of Selection

TXDi Serial data output (“H” output when performing reception only)

RXDi Serial data input Set the port direction bit corresponding to the RXDi pin to O
(can be used as an input port when performing transmission
only)

CLKi Input/output port The CKDIR bit in the UiMR register = 0

Transfer clock input | The CKDIR bit in the UiIMR register = 1
Set the port direction bit corresponding to the CLKi pin to 0

CTSi/RTSi CTS input The CRD bit in the UiCO register =0
The CRS hit in the UiCO register = 0
Set the port direction bit corresponding to the CTSi pinto 0

RTS input The CRD bit in the UiCO register = 0
The CRS bit in the UiCO register = 1
Input/output port The CRD bit in the UICO register = 1
i=0to 2
Table 13.8  P6_4 Pin Functions in UART Mode
Bit Set Value
Pin Function U1CO0 Register UCON Register PD6 Register
CRD CRS RCSP CLKMD1 PD6_4

P6_4 1 - 0 0 Input: 0, Output: 1

CTS1 0 0 0 0 0

RTS1 0 1 0 0 -

CTSO0 (@) 0 0 1 0 0

— indicates either 0 or 1.
NOTE:

1. In addition to this, set the CRD bit in the UOCO register to 0 (CTSO/RTSO0 enabled) and the CRS bit in
the UOCO register to 1 (RTSO selected).
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(1) 8-bit Data Transmit Timing (with a Parity and 1 Stop Bit)

the stop bit is verified.

Transfer clock

The transfer clock stops once because an “H” signal is applied to the CTS pin when

Te The transfer clock resumes running as soon as an “L” signal is applied to the CTS pin.

UiC1 register

1 1 |
TE bitin J ] I I
UiC1 register 0" : Data is set in the UiTB register : |
Tl bit in v |
1

Data is transferred from the UiTB register
to the UARTI transmit register

_' {

L

U

I
Pulse stops because the TE

The above timing diagram applies to the case where the register bits are set as follows:
- The PRYE bit in the UiMR register = 1 (parity enabled)
- The STPS bit in the UiMR register = 0 (1 stop bit) o
- The CRD bit in the UiCO register = 0 (CTS/RTS enabled) and the CRS bit = 0 (CTS selected)
- The UiIRS bit in the UiC1 register = 1 (an interrupt request occurs when transmit completed)

(2) 9-bit Data Transmit Timing (with No Parity and 2 Stop Bits)

Tc

——fe—

Transfer clock

CTSi
L | |
Parityl St o
Start bit bity| h?tp bit is set to Ol
!
TXDi WOOOOCEO00L
| |
TXEPT bitin ‘1 —|
UiCO register “Qr I I
I |
IR bit in 1 ’—|
SITIC register “gr
Set to 0 by an interrupt request acknowledgement or by program
i=0to2

Tc=16 (n+1)/fjor16 (n+1)/fEXT
fj: frequency of UiIBRG count source (f1SIO, f2SI0, f8SI0, f32S10)
fEXT: frequency of UiIBRG count source (external clock)
n: value set to UBRG

TE bitin

UiC1 register Data is set in the UiTB register

Ll
WJ:E
T bit in l—i

UiC1 register

|

|

| Sto Sto
Start bit bitp bitp

TXDi

TXEPT bitin

T ]
UiCO register “gr

I Data is transferred from the UiTB register
! to the UARTI transmit register

NTACKREXeRoKoRoX ko) s < NTAKoReKeReKoRoX R = o \rAeokon

—

IR bitin
SiTIC register

i=0to2

The above timing diagram applies to the case where the register bits are set as follows:
- The PRYE bit in the UIMR register = 0 (parity disabled)
- The STPS bit in the UiMR register = 1 (2 stop bits)
- The CRD bit in the UiCO register = 1 (CTS/RTS disabled)
- The UiIRS bit in the UiC1 register = 0 (an interrupt request occurs when transmit buffer
becomes empty)

]

Set to 0 by an interrupt request acknowledgement or by program

o

Tc=16 (n+1)/fjor16 (n+1)/fEXT
fj: frequency of UiIBRG count source (f1SIO, f2SI0, f8SI0, f32S10)
fEXT: frequency of UiIBRG count source (external clock)
n: value set to UBRG

Figure 13.21 Transmit Timing in UART Mode
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UiBRG count
source

RE bit in
UiC1 register

RXDi

Transfer clock

RI bit in
UiC1 register

RTSI

IR bit in
SIiRIC register

Example of Receive Timing When Transfer Data is 8 Bits Long
(Parity Disabled, One Stop Bit)

Reception triggered when transfer clock
is generated by falling edge of start bit
1

Receive data taken in

Transferred from UARTI
to UiRB register

Stop bit

I e B

[
[

|-

The above timing diagram applies to the case where the register bits are set as follows:

Set to 0 by an interrupt request acknowledgement or by program

- The PRYE bit in the UiMR register = 0 (parity disabled)
- The STPS bit in the UIMR register = 0 (1 stop bit)

- The CRD bit in the UiCO register = 0 (CTSI/RTSIi enabled) and the CRS bit = 1 (RTSi selected)

i=0to 2

Figure 13.22 Receive Timing in UART Mode

13.1.2.1 Bit Rate

In UART mode, the frequency set by the UiBRG register (i = 0 to 2) divided by 16 become bit rates. Table 13.9
lists an Example of Bit Rates and Settings.

Table 13.9 Example of Bit Rates and Settings
Bit Rate Count Source Peripheral Function Cloc_k: 16 MHz
(bps) of UIBRG Se'F Value of Bit Rate
UIBRG: n (bps)

1200 f8SIO 103 (67h) 1202

2400 f8SIO 51 (33h) 2404

4800 f8SIO 25 (19h) 4808

9600 f1SIO 103 (67h) 9615

14400 f1SIO 68 (44h) 14493

19200 f1SIO 51 (33h) 19231

28800 f1SIO 34 (22h) 28571

31250 f1SIO 31 (1Fh) 31250

38400 f1SIO 25 (19h) 38462

51200 f1SIO 19 (13h) 50000
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13.1.2.2 Counter Measure for Communication Error
If acommunication error occurs while transmitting or receiving in UART mode, follow the procedures bel ow.

* Resetting the UiRB register (i = 0to 2)
(1) Setthe RE bit in the UiC1 register to O (reception disabled)
(2) Set the RE bit in the UiC1 register to 1 (reception enabled)

* Resetting the UiTB register (i = 0to 2)

(1) SetbitsSMD2 to SMDO in the UiMR register to 000b (serial interface disabled)

(2) Reset bits SMD2 to SMDO in the UiMR register to 001b, 101b, and 110b.

(3) 1liswritten to the RE bit in the UiC1 register (transmission enabled), regardless of the TE bit in the UiC1
register

13.1.2.3 LSB First/MSB First Select Function

Asshown in Figure 13.23, use the UFORM bit in the UiCO register to select the transfer format. Thisfunctionis
valid when transfer datais 8 bitslong.

(1) When the UFORM Bit in the UiCO Register = 0 (LSB First)

v UYLy
TXDi \ ST A D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P Y sP
RXDi \ sT A Do X b1 X D2 X D3 X D4 X D5 X D6 X D7 X P ) SP

(2) When the UFORM Bit in the UiCO Register = 1 (MSB First)

c L)L L L L L
TXDi \ sT A b7 X o6 X D5 X D4 X D3 X D2 X D1 X DO X P Y 5P
RXDi \ st A b7 X b6 X D5 X D4 X D3 X D2 X D1 XDO X P Y sP

ST: start bit
P: parity bit
SP: stop bit
i=0to 2

The above applies to the case where

the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and
the receive data taken in at the rising edge of the transfer clock),

the UILCH bit in the UiC1 register = 0 (no reverse),

the STPS bit in the UIMR register = 0 (1 stop bit), and

the PRYE bit in the UiMR register = 1 (parity enabled).

Figure 13.23 Transfer Format
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13.1.2.4 Serial Data Logic Switching Function

The data written to the Ui TB register has its logic reversed before being transmitted. Similarly, the received
data hasitslogic reversed when read from the UiRB register. Figure 13.24 shows Serial Data Logic Switching.

(1) When the UILCH bit in the UiC1 Register = 0 (No Reverse)
Transfer H|||||||||||||_||_||_||_||—||—||—|

Clock L

oy SO ¥ T 18 57 GE3 78 503 G5 60 0 =

(2) When the UILCH Bit in the UiC1 Register = 1 (Reverse)
Transfer H||||||||||||||||||||||||||

Clock

TXDi ) \.st (Do X\ D1 \ 52 X D3 (D2 \ 05 D6 o7 X P J sp
(Reverse)
ST: start bit
P: parity bit
SP: stop bit
i=0to 2

=

"

The above applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge of the transfer clock),
the UFORM bit in the UiCO register = 0 (LSB first),
the STPS bit in the UIMR register = 0 (1 stop bit), and
the PRYE bit in the UIMR register = 1 (parity enabled).

Figure 13.24 Serial Data Logic Switching

13.1.2.5 TXD and RXD I/O Polarity Reverse Function

This function reverses the polarities of the TXDi pin output and RXDi pin input. The logic levels of all input/
output data (including bits for start, stop, and parity) are reversed. Figure 13.25 shows the TXD and RXD 1/O
Polarity Reverse.

(1) When the IOPOL Bit in the UIMR Register = 0 (No Reverse)
Transfer H||||||||||||||||||||||||||

Clock L
z—l\>l<oD;%everse)tl:’: \ ST ADo N1 fD2 {D3 fD4 D5 f06 D7\ P JsP
RXDi “H \ st {po X b1 [ D2 D3 {4 D5 \D6 XD7 { P ) sP

(No Reverse)“L”
(2) When the IOPOL Bit in the UIMR Register = 1 (Reverse)
manster | [T LT L L LT LML L L LT L L

Clock L

TXDi H

(Reverse) ‘"
H
L

RXDi
(Reverse)

ST: start bit
P: parity bit
SP: stop bit
i=0to2

The above applies to the case where
the UFORM bit in the UiCO register = 0 (LSB first),
the STPS bit in the UiMR register = 0 (1 stop bit), and
the PRYE bit in the UiMR register = 1 (parity enabled).

Figure 13.25 TXD and RXD I/O Polarity Reverse
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13.1.2.6 CTS/RTS Function

The CTS function is used to start transmit operation when “L” is applied to the CTSI/RTSI (i = 0 to 2) pin.
Transmit operation begins when the CTSI/RTSI pinisheld “L”. If the “L” signal is switched to “H” during a
transmit operation, the operation stops after the ongoing transmit/receive operation is completed.
When the RTS function is used, the CTSI/RTSI pin outputs “L” when the microcomputer is ready to receive.
The output level becomes“H” on thefirst falling edge of the CLKi pin.
« The CRD bit in the UiCO register = 1 (disable CTS/RTS function)

CTSI/RTSI pin is programmable 1/O function
* The CRD bit = 0, CRS bit = 0 (CTSfunction isselected) CTSI/RTSI pinis CTS function
* The CRD bit = 0, CRSbit = 1 (RTSfunctionisselected) CTSI/RTSI pinis RTSfunction

13.1.2.7 CTS/RTS Separate Function (UARTO)

This function separates CTSO/RTS0, outputs RTSO from the P6_0 pin, and inputs CTSO from the P6_4 pin. To
use this function, set the register bits as shown below.

* The CRD bit in the UOCO register = 0 (enable CTS/RTS of UARTO)

« The CRS bit in the UOCO register = 1 (output RTS of UARTO0)

* The CRD bit in the U1CO register = 0 (enable CTS/RTS of UART1)

* The CRS bit in the U1CO register = 0 (input CTS of UART1)

* The RCSP bit in the UCON register = 1 (inputs CTSO0 from the P6_4 pin)

* The CLKMD1 bit in the UCON register = 0 (CLKSL1 not used)

Note that when using the CTS/RTS separate function, CTS/RTS of UART1 function cannot be used.

Microcomputer IC
TXDO (P6_3) »| IN
RXDO (P6_2) (€ ouT
RTSO (P6_0) » CTS
CTSO (P6_4) € RTS

Figure 13.26 CTS/RTS Separate Function
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13.1.3 Special Mode 1 (I12C mode)

12C mode is provided for use as asimplified 12C interface compatible mode. Table 13.10 lists the specifications
of 12C mode. Tables 13.11 and 13.12 list Registers Used and Settings in 12C Mode. Table 13.13 lists the 12C
Mode Functions. Figure 13.27 shows the 12C Mode Block Diagram. Figure 13.28 shows Transfer to UiRB
Register and Interrupt Timing.

As shown in Table 13.13, the microcomputer is placed in 12C mode by setting bits SMD2 to SMDO to 010b and

the IICM bit to 1. Because SDAI transmit output has adelay circuit attached, SDAI output does not change state
until SCLi goeslow and remains stably “L”.

Table 13.10 12C Mode Specifications

Item Specification
Transfer data format Transfer data length: 8 bits
Transfer clock * During master

CKDIR bit in the UiIMR register = 0 (internal clock): fj/ (2 (n + 1))
fj = f1SI0, f2SI0, f8SI0, f32SI10
n = setting value of the UIBRG register 00h to FFh
 During slave
CKDIR bit = 1 (external clock): input from the SCLi pin
Transmission start Before transmission starts, satisfy the following requirements (1)
condition « The TE bit in the UiC1 register = 1 (transmission enabled)
« The Tl bit in the UiC1 register = 0 (data present in UiTB register)
Reception start condition | Before reception starts, satisfy the following requirements (1)
* The RE bit in the UiC1 register = 1 (reception enabled)
e The TE bit in the UiC1 register = 1 (transmission enabled)
* The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

Interrupt request When start or stop condition is detected, acknowledge undetected, or
generation timing acknowledge detected
Error detection Overrun error (2)

This error occurs if the serial interface started receiving the next data before
reading the UiRB register and received the 8th bit of the next data
Select function « Arbitration lost
Timing at which the ABT bit in the UiRB register is updated can be selected
« SDAI digital delay
No digital delay or a delay of 2 to 8 UIBRG count source clock cycles
selectable
« Clock phase setting
With or without clock delay selectable

i=0to 2
NOTES:
1. When an external clock is selected, the conditions must be met while the external clock is in “H”
state.
2. If an overrun error occurs, the received data of the UiRB register will be indeterminate. The IR bit in
the SiRIC register does not change.
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SDAI
O

SCLi

Start and stop condition generation block

lIICM2 =1

0

lo

IICM =1 and
IICM2=0

» DMAO to DMA3 request

UARTI transmit,
NACK interrupt request

lICM2 =1

STSPSEL =1
Delay o SDA (STSP)
circuit —| scL (stsp)
Transmission
ACKC =1 register
UARTI
ACKD bit ALS
Arbitration
Noise
filter
Reception
register
UARTI
Start condition
detection L
i Bus
busy
Stop condition [
detection
—
°Q
Falling edge T
detection
P q
i 1
IICM=0 Port register @ T
/O port 9th bit
Internal clock
UARTI -l-°<1-swc2 CLK
IICM =1 STSPSEL | External control
Noise =1 | clock
filter UARTI

i=0to2

1ICM: bit in the UiSMR register
1ICM2, SWC, ALS, SWC2, SDHI: bits in the UiISMR2 register
STSPSEL, ACKD, ACKC: bits in the UiSMR4 register

The above applies to the case where
the IICM bit = 1, the pin can be read even if the port direction bit corresponding to the SCLi pin = 1 (output mode).

ACK

lIICM2 =0

NACK

f~—

IICM =1 and

» DMAO, DMA2 request

UARTi receive,
ACK interrupt request,
DMAL, DMAS request

o Start/stop condition detection,

This diagram applies to the case where bits SMD2 to SMDO in the UiMR register = 010b and the IICM bit in the UISMR register = 1.

" interrupt request

Figure 13.27 12C Mode Block Diagram
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Table 13.11 Registers Used and Settings in 12C Mode (1)

Register Bit Function
Master Slave
uiTB Oto7 Set transmission data Set transmission data
URB®) |0to7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
UBRG |0to7 Set a bit rate Invalid
UIMR ® | SMD2 to Set to 010b Set to 010b
SMDO
CKDIR Setto 0 Setto 1
IOPOL Setto 0 Setto 0
uUiCo CLK1, CLKO Select the count source for the UIBRG Invalid
register
CRS Invalid because CRD =1 Invalid because CRD =1
TXEPT Transmit register empty flag Transmit register empty flag
CRD &) Setto 1 Setto 1
NCH Setto 1 () Setto 1 ()
CKPOL Setto O Setto O
UFORM Setto 1 Setto 1
uUiCl TE Set this bit to 1 to enable transmission Set this bit to 1 to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to 1 to enable reception Set this bit to 1 to enable reception
RI Reception complete flag Reception complete flag
UIIRS O Invalid Invalid
UiRRM (D), Setto 0 Setto 0
UILCH, UIERE
UISMR |lICM Setto 1 Setto 1l
ABC Select the timing at which arbitration lost is | Invalid
detected
BBS Bus busy flag Bus busy flag
3to7 Setto 0 Setto 0
UiSMR2 |lICM2 Refer to Table 13.13 “I12C Mode Functions” | Refer to Table 13.13 “12C Mode Functions”
CsC Set this bit to 1 to enable clock Setto 0
synchronization
SWC Set this bit to 1 to have SCLi output fixed to | Set this bit to 1 to have SCLi output fixed to
“L” at the falling edge of the 9th bit of clock | “L” at the falling edge of the 9th bit of clock
ALS Set this bit to 1 to have SDAI output stopped | Setto 0
when arbitration lost is detected
STAC Setto 0 Set this bit to 1 to initialize UARTI at start
condition detection
SWC2 Set this bit to 1 to have SCLi output forcibly | Set this bit to 1 to have SCLi output forcibly
pulled low pulled low
SDHI Set this bit to 1 to disable SDAI output Set this bit to 1 to disable SDAI output
7 Setto 0 Setto 0
i=0to 2
NOTES:

1. Set the bit 4 and bit 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the
UCON register.

2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When write, set to 0.

3. Set the bits not listed above to 0 when writing to the registers in 12C mode.

4. When using UARTL in I2C mode and enabling the CTS/RTS separate function of UARTO, set the CRD bit in the
U1CO register to 0 (CTS/RTS enabled) and the CRS hit to 0 (CTS input).
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Table 13.12 Registers Used and Settings in 12C Mode (2)

Register Bit Function
Master Slave
UiSMR3 |0, 2, 4, and Setto 0 Setto 0
NODC
CKPH Refer to Table 13.13 “12C Mode Functions” | Refer to Table 13.13 “12C Mode Functions”
DL2 to DLO Set the amount of SDAI digital delay Set the amount of SDAI digital delay
UiSMR4 | STAREQ Set this bit to 1 to generate start condition Setto 0
RSTAREQ Set this bit to 1 to generate restart condition | Setto 0
STPREQ Set this bit to 1 to generate stop condition Setto 0
STSPSEL Set this bit to 1 to output each condition Setto 0
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to 1 to output ACK data Set this bit to 1 to output ACK data
SCLHI Set this bit to 1 to have SCLi output stopped | Setto 0
when stop condition is detected
SWC9 Setto 0 Set this bit to 1 to set the SCLi to “L” hold at
the falling edge of the 9th bit of clock
IFSR2A |IFSR26, Setto 1 Setto 1
ISFR27
UCON UOIRS, U1IRS | Invalid Invalid
2 Setto 0 Setto 0
i=0to 2
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Table 13.13 12C Mode Functions
Clock Svnch Serial 12C Mode (SMD2 to SMDO = 010b, IICM = 1)
O e —ne ICM2 = 0 licM2 = 1
Function (SMD2 to SMDO = 001b, (NACK/ACK interrupt) (UART transmit/receive interrupt)
IICM = 0) CKPH=0 CKPH=1 CKPH=0 CKPH=1
(No clock delay) (Clock delay) (No clock delay) (Clock delay)

Factor of interrupt number | — Start condition detection or stop condition detection
6,7,and 10 (1.5, 7) (Refer to Table 13.14 “STSPSEL Bit Functions”)

Factor of interrupt number
15, 17, and 19 (1. 6)

UARTI transmission
Transmission started or
completed (selected by
UiIRS)

No acknowledgment detection (NACK)
Rising edge of SCLi 9th bit

UARTI transmission
Rising edge of SCLi
9th bit

UARTiI transmission
Falling edge of SCLi
next to the 9th bit

Factor of interrupt number
16, 18, and 20 (1. 6)

UARTI reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection (ACK)
Rising edge of SCLi 9th bit

UARTI reception
Falling edge of SCLi 9

th bit

Timing for transferring
data from the UART
reception shift register to
the UiRB register

CKPOL =0 (rising edge)
CKPOL =1 (falling edge)

Rising edge of SCLi 9th bit

Falling edge of SCLi
9th bit

Falling and rising
edges of SCLi 9th
bit

UARTI transmission Not delayed Delayed

output delay

Functions of TXDi/SDAI TXDi output SDAI input/output
Functions of RXDi/SCLi RXDi input SCLi input/output

Functions of CLKi

CLKi input or output port
selected

— (Cannot be used in 12C mode)

Noise filter width

15ns

200 ns

Read RXDi and SCLi pin
levels

Possible when the
corresponding port
direction bit = 0

Always possible no matter how the corresponding port direction bit is set

Initial value of TXDi and
SDAI outputs

CKPOL =0 (*H")
CKPOL =1 (")

The value set in the port register before setting 12C mode (2)

Initial and end values of
SCLi

“q an

g

PR

DMAL1 factor (6)

UARTI reception

Acknowledgment detection (ACK)

UARTI reception
Falling edge of SCLi 9

th bit

Store received data

1st to 8th bits of the
received data are stored
into bits 0 to 7 in the
UiRB register

1st to 8th bits of the received data are
stored into bits 7 to 0 in the UiRB register

1st to 7th bits of the re
stored into bits 6 to O i

register

8th bit is stored into bit 8 in the UIRB

ceived data are
n the UiRB register.

1st to 8th bits are
stored into bits 7 to
0in the UIRB
register (3)

Read Received Data

The UiRB register status is read

Bits 6 to 0 in the
UiRB register are
read as bits 7 to 1.
Bit 8 in the UIRB
register is read as
bit 0 4)

i=0to2
NOTES:

1. Ifthe source or factor of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may inadvertently be
set to 1 (interrupt requested). (Refer to 20.5 “Interrupt”.) If one of the bits shown below is changed, the interrupt source, the interrupt
timing, etc. change. Therefore, always be sure to clear the IR bit to O (interrupt not requested) after changing those bits.

Bits SMD2 to SMDO in the UiMR register, the IICM bit in the UiSMR register, the ICM2 bit in the UiSMR register, and the CKPH bit in the

UiSMR3 register.

Nook~ownN

Set the initial value of SDAI output while bits SMD2 to SMDO in the UIMR register = 000b (serial interface disabled).
Second data transfer to the UiRB register (rising edge of SCLi 9th bit).

First data transfer to the UiRB register (falling edge of SCLi 9th bit).

Refer to Figure 13.30 “STSPSEL Bit Functions”.

Refer to Figure 13.28 “Transfer to UiRB Register and Interrupt Timing”.
When using UARTO, be sure to set the IFSR26 bit in the IFSR2A register to 1 (factor of interrupt: UARTO bus collision).

When using UART1, be sure to set the IFSR27 bit in the IFSR2A register to 1 (factor of interrupt: UART1 bus collision).
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(1) ICM2 = 0 (ACK and NACK interrupts), CKPH = 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

sei LI LT LI
soai X D7 X o6 X ps X pa X b3 X p2 X b1 X Do X D8 (ACK, NACK)
T

ACK interrupt (DMA1, DMA3 request),
NACK interrupt

?

Transfer to UiRB register

b15 b9 b8 b7 bo
I:ll ID8|D7ID6|D5|D4ID3|D2|D1IDO|
UiRB register

(2) lIcM2 = 0, CKPH =1 (clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

S R I I I
soai X 07 X o6 X ps X pa X b3 X b2 X b1 X po X D8 (ACK, NACK)
T

ACK interrupt (DMA1, DMA3 request),
NACK interrupt

Transfer to UiRB register

bls b9 b8 b7 bo
Dl ID8|D7ID6|D5|D4ID3ID2ID1IDO|
UiRB register

(3) ICM2 = 1 (UART transmit/receive interrupt), CKPH = 0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCLi

soai X 07 X o6 X b5 X pa X p3 X p2 X b1 X po >T<DTS (ACK, NACK)

Receive interrupt Transmit
(DMA1, DMA3 interrupt

request) f
Transfer to UiRB register
bis b9 b8 b7 bo
Dl IDDl—|D7|D6|D5|D4|D3|D2ID1|
UIRB register
(4)ICM2=1,CKPH =1
1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCLi

soai X 07 X b6 X b5 X pa X b3 X p2 X b1 X D0>?(D8(A?CK, NACK)

Receive interrupt Transmit interrupt
(DMA1, DMA3
request) ?
Transfer to UiRB register ~ Transfer to UiRB register
bls b9 b8 b7 bo b1s b9 b8 b7 bo
Dl ]DO]—]D7]D6]D5]D4]D3]DZID1| Dl ]DB]D7]D6]D5]D4]D3]D2]D1]DO|
UiRB register UiRB register

i=0to2
This diagram applies to the case where the following condition is met.
- The CKDIR bit in the UIMR register = 0 (slave selected)

Figure 13.28 Transfer to UiRB Register and Interrupt Timing

RO1UH0197EJ0120 Rev.1.20 RENESAS Page 161 of 331
Jul 21, 2011



M16C/6B Group 13. Serial Interface

13.1.3.1 Detection of Start and Stop Condition

Whether a start or a stop condition has been detected is determined.

A start condition detect interrupt request is generated when the SDAI pin changes state from high to low while
the SCLi pinisin the high state. A stop condition detect interrupt request is generated when the SDAI pin
changes state from low to high while the SCLi pin isin the high state.

Because the start and stop condition detect interrupts share the interrupt control register and vector, check the
BBS hit in the UiSMR register to determine which interrupt source is requesting the interrupt.

3 to 6 cycles < duration for setting-up ¢
3 to 6 cycles < duration for holding @

Duration for Duration for
I . 1 ;
I setting up I holding I
1
1
SCLi ) 1 L
I 1 :
SDAI : I
(Start condition) I 1
l .
I ]
SDA I !

(Stop condition)

i=0to2

The above applies to the case where

the PCLK1 bit in the PCLKR register = 1, this is the cycle number of f1SIO, and
the PCLK1 bit = 0, the cycle number of f2SIO.

Figure 13.29 Detection of Start and Stop Condition

13.1.3.2 Output of Start and Stop Condition

A start condition is generated by setting the STAREQ bit in the UiSMRA4 register (i = 0to 2) to 1 (start).
A restart condition is generated by setting the RSTAREQ bit in the UiSMR4 register to 1 (start).

A stop condition is generated by setting the STPREQ bit in the UiSMRA4 register to 1 (start).

The output procedureis described below.

(1) Setthe STAREQ hit, RSTAREQ bit or STPREQ bit to 1 (start).

(2) Setthe STSPSEL bit inthe UiSMR4 register to 1 (output).

The function of the STSPSEL bit is shown in Table 13.14 and Figure 13.30.
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Table 13.14 STSPSEL Bit Functions

accomplished by a program using
ports (not automatically generated in
hardware)

Function STSPSEL =0 STSPSEL =1
Output of pins SCLi and | Output of transfer clock and data. Output of a start/stop condition
SDAI Output of start/stop condition is according to bits STAREQ,

RSTAREQ, and STPREQ

Start/stop condition Detect start/stop condition
interrupt request
generation timing

Complete generating start/stop
condition

(1) When Slave
CKDIR =1 (external clock)

STSPSEL bit 0

bit  bit  bit bit bit bt bit

SCLi

SDAI

!

Start condition
detection interrupt

(2) When Master
CKDIR = 0 (internal clock), CKPH = 1 (clock delayed)

STSPSEL bit |

1st 2nd 3rd 5th 6th  7th  8th  9th
bit

Stop condition
detection interrupt

T

VX

Settolin Setto0Oin
a program a program

1st 2nd 3rd 5th 6th  7th
bit  bit  bit bit bit  bit

SCLi
SDAI

Set STAREQ =1

start iy .
( ) Start condition detection  (start)

i=0to2 interrupt

Set STPREQ =1 giop condition detection

=
\ A
Settolin Setto0Oin

aprogram a program

8th  9th
bit  bit

/

interrupt

Figure 13.30 STSPSEL Bit Functions

13.1.3.3 Arbitration

Unmatching of the transmit data and SDAI pin input data is checked synchronously with the rising edge of
SCLi. Use the ABC hit in the UiSMR register to select the timing at which the ABT hit in the UiRB register is
updated. If the ABC bit = 0 (update per bit), the ABT bit is set to 1 at the same time unmatching is detected
during check, and is cleared to 0 when not detected. In cases when the ABC hit isset to 1, if unmatching is ever
detected, the ABT bit is set to 1 (unmatching detected) at the falling edge of the clock pulse of 9th bit. If the
ABT bit needs to be updated per byte, clear the ABT bit to O (undetected) after detecting acknowledge in the

first byte, before transferring the next byte.

Setting the ALS hit in the UiISMR2 register to 1 (SDA output stop enabled) factors arbitration-lost to occur, in
which case the SDAI pin is placed in the high-impedance state at the same time the ABT bit isset to 1

(unmatching detected).
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13.1.3.4 Transfer Clock

The transfer clock is used to transmit and receive data as is shown in Figure 13.28 “ Transfer to UiRB
Register and Interrupt Timing”.

The CSC bhit in the UISMR2 register is used to synchronize the internally generated clock (internal SCLi) and
an external clock supplied to the SCLi pin. In cases when the CSC bit is set to 1 (clock synchronization
enabled), if afalling edge on the SCLi pin is detected while the internal SCLi is high, the internal SCLi goes
low, at which time the value of the UiBRG register isreloaded with and starts counting in the low-level interval.
If the internal SCLi changes state from low to high while the SCLi pin islow, counting stops, and when the
SCLi pin goes high, counting restarts.

In thisway, the UARTI transfer clock is equivalent to AND of the internal SCLi and the clock signal applied to
the SCLi pin. The transfer clock works between a half cycle before the falling edge of the internal SCLi 1st bit
and the rising edge of the 9th bit. To use this function, select an internal clock for the transfer clock.

The SWC bit in the UiSMR2 register determines whether the SCLi pin is fixed to be or freed from low-level
output at the falling edge of the 9th clock pulse.

If the SCLHI bit in the UiISMRA4 register is set to 1 (enabled), SCLi output is turned off (placed in the high-
impedance state) when a stop condition is detected.

Setting the SWC2 bit in the UiISMR2 register = 1 (0 output) makes it possible to forcibly output a low-level
signal from the SCLi pin even while sending or receiving data. Clearing the SWC2 bit to O (transfer clock)
allows the transfer clock to be output from or supplied to the SCLi pin, instead of outputting a low-level signal.
If the SWC9 bit in the UiSMR4 register is set to 1 (SCL hold low enabled) when the CKPH bit in the UiSMR3
register = 1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse next to the 9th.
Setting the SWC9 bit = 0 (SCL hold low disabled) freesthe SCLi pin from low-level output.

13.1.3.5 SDA Output

The datawritten to bits 7 to 0 (D7 to DO) in the Ui TB register is output in descending order from D7.

The 9th bit (D8) isACK or NACK.

Set theinitial value of SDAI transmit output when I1CM = 1 (12C mode) and bits SMD2 to SMDO in the UiMR
register = 000b (serial interface disabled).

BitsDL2 to DLO in the UiSMR3 register allow to add no delays or adelay of 2 to 8 UiBRG count source clock
cyclesto SDAI output.

Setting the SDHI bit in the UISMR2 register = 1 (SDA output disabled) forcibly places the SDAI pin in the
high-impedance state. Do not write to the SDHI bit at the rising edge of the UARTi transfer clock. Thisis
because the ABT bit may inadvertently be set to 1 (detected).

13.1.3.6 SDA Input

When the [ICM2 bit = 0, the 1st to 8th bits (D7 to DO) of received data are stored in bits 7 to 0 in the UiRB
register. The 9th bit (D8) isACK or NACK.

When the [ICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in bits 6 to 0 in the UiRB
register and the 8th bit (DO) is stored in bit 8 in the UiRB register. Even when the IICM2 bit = 1, providing the
CKPH bit = 1, the same data as when the IICM2 bit = 0 can be read. To read the data, read the UiRB register
after the rising edge of 9th bit of the corresponding clock pulse.
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13.1.3.7 ACK and NACK

If the STSPSEL bit in the UiISMR4 register is set to 0 (start and stop conditions not generated) and the ACKC
bit in the UiSMR4 register is set to 1 (ACK data output), the value of the ACKD bit in the UiSMR4 register is
output from the SDAI pin.

If the ICM2 bit = 0, the NACK interrupt request is generated if the SDAI pin remains high at the rising edge of
the 9th bit of transmit clock pulse. The ACK interrupt request is generated if the SDAI pinislow at the rising
edge of the 9th bit of transmit clock pulse.

If ACKi isselected to generate aDMA1 or DMAS3 request source, a DMA transfer can be activated by detection
of an acknowledge.

13.1.3.8 Initialization of Transmission/Reception

If astart condition is detected while the STAC bit = 1 (UARTI initialization enabled), the serial interface

operates as described bel ow.

* The transmit shift register isinitialized, and the content of the Ui TB register is transferred to the transmit shift
register. In this way, the serial interface starts sending data synchronously with the next clock pulse applied.
However, the UARTI output value does not change state and remains the same as when a start condition was
detected until thefirst bit of datais output synchronously with the input clock.

* The receive shift register is initialized, and the serial interface starts receiving data synchronously with the
next clock pulse applied.

* The SWC bhit is set to 1 (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the falling
edge of the 9th clock pulse.

Note that when UARTI transmission/reception is started using this function, the Tl bit does not change state.
Select the external clock asthe transfer clock to start UARTI transmission/reception with this setting.
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13.1.4 Special Mode 2

In special mode 2, serial communication between one or multiple masters and multiple slaves is available.
Transfer clock polarity and phase are selectable. Table 13.15 lists the Special Mode 2 Specifications. Table
13.16 lists the Registers Used and Settings in Special Mode 2. Figure 13.31 shows Special Mode 2
Communication Control Example (UART?2).

Table 13.15 Special Mode 2 Specifications

Item Specification
Transfer data format Transfer data length: 8 bits
Transfer clock » Master mode

The CKDIR bit in the UiMR register = 0 (internal clock): fj/ (2 (n + 1))

fj = f1SIO, f2SI0, f8SIO, f32SI0 n: setting value of UIBRG register 00h to FFh
* Slave mode

The CKDIR bit = 1 (external clock selected): input from the CLKi pin

Transmit/receive control | Controlled by input/output ports

Transmission start Before transmission starts, satisfy the following requirements (1)
condition  The TE bit in the UiC1 register = 1 (transmission enabled)
« The Tl bit in the UiC1 register = 0 (data present in UiTB register)

Reception start condition | Before reception starts, satisfy the following requirements (1)
» The RE bit in the UiC1 register = 1 (reception enabled)

» The TE bit = 1 (transmission enabled)

« The Tl bit = 0 (data present in the UiTB register)

Interrupt request While transmitting, one of the following conditions can be selected
generation timing » The UIIRS hit in the UiC1 register = 0 (transmit buffer empty):
when transferring data from the UiTB register to the UARTI transmit register (at start of
transmission)
» The UIIRS bit =1 (transfer completed):
when the serial interface completed sending data from the UARTI transmit register
While receiving
« When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection Overrun error (2)
This error occurs if the serial interface starts receiving the next data before reading the
UiRB register and receives the 7th bit of the next data
Select function Clock phase setting
Selectable from four combinations of transfer clock polarities and phases

i=0to2
NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in high state; if the CKPOL bit = 1 (transmit data output at the rising edge and the receive data
taken in at the falling edge of the transfer clock), the external clock is in “L” state.

2. If an overrun error occurs, the received data of the UiRB register will be indeterminate. The IR bit in the SIiRIC
register does not change.

P13
P1_.
P9 3
P7_2 (CLK2) P7_2 (CLK2)
P7_1 (RXD2)[] P7_1 (RXD2)
P7_0 (TXD2) P7_0 (TXD2)
Microcomputer (master) Microcomputer (slave)
P9_3
P7_2 (CLK2)
P7_1 (RXD2)
P7_0 (TXD2)
Microcomputer (slave)

Figure 13.31 Special Mode 2 Communication Control Example (UART2)
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Table 13.16 Registers Used and Settings in Special Mode 2

Register Bit Function
UiTB Oto7 Set transmission data
URB® |[0to7 Reception data can be read
OER Overrun error flag
UBRG |[0to7 Set a bit rate
UiIMR ) |SMD2 to SMDO Set to 001b
CKDIR Set to 0 in master mode or 1 in slave mode
IOPOL Setto 0
uiCco CLKO, CLK1 Select the count source for the UIBRG register
CRS Invalid because CRD = 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TXDi pin output format (2)
CKPOL Clock phases can be set in combination with the CKPH bit in the UiISMR3
register
UFORM Setto 0
uiCc1 TE Set to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
UIIRS O Select UART2 transmit interrupt source
UiRRM (), UiLCH, |Setto 0
UIERE
USMR |[0to7 Setto 0
UiISMR2 (0to7 Setto 0
UiSMR3 |CKPH Clock phases can be set in combination with the CKPOL bit in the UiCO
register
NODC Setto 0
0,2,4t07 Setto 0
UiSMR4 (0to7 Setto 0
UCON UOIRS, U1IRS Select UARTO and UART1 transmit interrupt source
UORRM, UIRRM |Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7 |Set to O
i=0to2
NOTES:

1. Set bits 4 and 5 in registers UOCO and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in
the UCON register.
2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When
write, set to 0.

3. Set the bits not listed above to 0 when writing to the registers in special mode 2.
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13.1.4.1 Clock Phase Setting Function

One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit in the
UiSMRS register and the CKPOL bit in the UiCO register.
Make sure the transfer clock polarity and phase are the same for the master and salves to be communicated.
Figure 13.32 shows the Transmission and Reception Timing in Master Mode (Internal Clock).
Figure 13.33 shows the Transmission and Reception Timing (CKPH = 0) in Slave Mode (External Clock).
Figure 13.34 shows the Transmission and Reception Timing (CKPH = 1) in Slave Mode (External Clock).

Clock output
(CKPOL =0, CKPH

Clock output
(CKPOL =1, CKPH

Clock output

Clock output

Data output timing

Data input timing

=0) “L”

=0) .

(CKPOL =0, CKPH =

(CKPOL =1, CKPH =

oy

wpyr

.
1) o

p
D

oy
apn

D0|D1|D2

D3><D'4><D5}<D6

D7

IEERERERE

Figure 13.32 Transmission and Reception Timing in Master Mode (Internal Clock)
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Slave control input

Clock input
(CKPOL =0, CKPH=0) *

Clock input “
(CKPOL =1, CKPH=0) .

Lt

. L

g

Data output timing @ “H”
wpLr
Data input timing
NOTE:

%

_Imde-
fined

DO

X:DBX:D4iD5

S<<--—-

Y

~—
I
I

(I A N O A

1. UART2 output is an N-channel open drain and must be pulled-up externally.

—— U-————
N

Figure 13.33 Transmission and Reception Timing (CKPH = 0) in Slave Mode (External Clock)

Slave control input

Clock input

Clock input

-

(CKPOL =0, CKPH = 1) 4 »

(CKPOL = 1, CKPH = 1) «»

Data output timing @& “H”
wp
Data input timing
NOTE:

. I

LI N N N A

1. UART2 output is an N-channel open drain and must be pulled-up externally.

GUHAAAAARAN
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Figure 13.34 Transmission and Reception Timing (CKPH =1) in Slave Mode (External Clock)
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13.1.5 Special Mode 3 (IE mode)

In this mode, one bit of IEBus is approximated with one byte of UART mode waveform.

Table 13.17 lists the Registers Used and Settings in IE Mode. Figure 13.35 shows the Bus Collision Detect
Function-Related Bits.

If the TXDi pin (i = 0 to 2) output level and RXDi pin input level do not match, a UARTI bus collision detect
interrupt request is generated.

Use bits IFSR26 and IFSR27 in the IFSR2A register to enable the UARTO/UART1 bus collision detect
function.

Table 13.17 Registers Used and Settings in IE Mode

Register Bit Function
uiTB Oto 8 Set transmission data
UiRB (3 Oto 8 Reception data can be read
OER, FER, PER, SUM Error flag
UIBRG Oto7 Set a bit rate
UiIMR SMD2 to SMDO Set to 110b
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Invalid because PRYE =0
PRYE Setto 0
IOPOL Select the TXD and RXD input/output polarity
uiCo CLK1, CLKO Select the count source for the UIBRG register
CRS Invalid because CRD =1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TXDi pin output format (2)
CKPOL Setto O
UFORM Setto 0
uUiCl TE Set to 1 to enable transmission
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
UiIRS (D) Select the source of UARTI transmit interrupt
UiRRM (), UiLCH, UIERE |Setto 0
UiSMR 0to 3,7 Setto 0
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to 1 to use the auto clear function of transmit enable bit
SSS Select the transmit start condition
UiSMR2 Oto7 Setto 0
UiSMR3 Oto7 Setto 0
UiSMR4 Oto7 Setto O
IFSR2A IFSR26, IFSR27 Setto 1
UCON UOIRS, U1IRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, U1RRM Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7 Setto 0
i=0to 2
NOTES:
1. Set bits 4 and 5 in registers UOCO and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the UCON
register.

2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When write, set to O.
3. Set the bits not listed above to 0 when writing to the registers in IE mode.
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(1) The ABSCS Bit in the UiSMR Register (Bus collision detect sampling clock select) (i=0to 2)
If ABSCS =0, bus collision is determined at the rising edge of the transfer clock
N\

R

Transfer clock m

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi ]

RXDi

Trigger signal is applied to the TAjIN pin

Timer Aj

If ABSCS = 1, bus collision is determined when timer Aj (one-shot timer mode) underflows.

Timer Aj: Timer A3 in UARTO; Timer A4 in UARTZ; Timer AO in UART2

(2) The ACSE Bit in the UiSMR Register (Auto clear of transmit enable bit)

Transfer clock J T I
ST DO D1 D2 D3 D4 D5 D6 D7 D8 sp

TXDi

RXDi

gqc?\:tlénrgl?s?é\:lc and If ACSE bit = 1 (automatically

g clear when bus collision occurs),
the TE bit is cleared to 0
(transmission disabled) when the

TE bit in UiC1 register IR bit in the UIBCNIC register =
| 1 (unmatching detected).

(3) The SSS Bit in the UiSMR Register (Transmit start condition select)

If SSS bit = 0, the serial interface starts sending data one transfer
clock cycle after the transmission enable condition is met.

Transfer clock I I I O O
ST Do DI D2 D3 D4 D5 D6 D7 D8 SP

TXDi T | I

Transmit enable conditions are met

If SSS bit = 1, the serial interface starts sending data at the rising edge of RXDi
CLKi '};IIIT_TIIIIIJIJUT_TU
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP
TXDi @ ) I I
RXDi 4}/ I I

NOTES:
1. The falling edge of RXDi when IOPOL = 0; the rising edge of RXDi when IOPOL = 1.
2. The transmit condition must be met before the falling edge of RXD @),

The above diagram applies to the case where IOPOL = 1 (reversed). i =0 to 2

Figure 13.35 Bus Collision Detect Function-Related Bits
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13.1.6 Special Mode 4 (SIM Mode) (UART?2)

SIM interface devices can communicate in UART mode. Both direct and inverse formats are available. The
TXD2 pin outputs alow-level signal when a parity error is detected.
Table 13.18 lists the SIM Mode Specifications. Table 13.19 lists the Registers Used and Settingsin SIM Mode.

Table 13.18 SIM Mode Specifications

ltem Specification
Transfer data format |« Direct format
* Inverse format
Transfer clock * The CKDIR bit in the U2MR register = 0 (internal clock): fi / (16 (n + 1))
fi = f1SI0, f2SIO, f8SI0, f32SI0
n = setting value of the U2BRG register 00h to FFh
* The CKDIR bit = 1 (external clock): fEXT / (16 (n + 1))
fEXT = input from the CLK2 pin
n = setting value of the U2BRG register 00h to FFh

Transmission start Before transmission starts, satisfy the following requirements
condition * The TE bit in the U2C1 register = 1 (transmission enabled)
* The Tl bit in the U2C1 register = 0 (data present in the U2TB register)
Reception start Before reception starts, satisfy the following requirements
condition * The RE bit in the U2C1 register = 1 (reception enabled)
« Start bit detection
Interrupt request * While transmitting
generation timing (2) When the serial interface completed sending data from the UART2 transmit

register (the U2IRS bit =1)

* While receiving
When transferring data from the UART?2 receive register to the U2RB register (at
completion of reception)

Error detection « Overrun error (1)
This error occurs if the serial interface started receiving the next data before
reading the U2RB register and received the bit one before the last stop bit of the
next data

« Framing error (3)
This error occurs when the number of stop bits set is not detected

« Parity error )
During reception, if a parity error is detected, parity error signal is output from the
TXD2 pin.
During transmission, a parity error is detected by the level of input to the RXD2
pin when a transmission interrupt occurs.

« Error sum flag
This flag is set to 1 when one of the overrun, framing, and parity errors occurs

NOTES:

1. If an overrun error occurs, the received data of the U2RB register will be indeterminate. The IR bit in
the S2RIC register does not change.

2. A transmit interrupt request is generated by setting the U2IRS bit to 1 (transmission completed) and
the U2ERE bit to 1 (error signal output) in the U2C1 register after reset is canceled. Therefore, when
using SIM mode, set the IR bit to O (interrupt not requested) after setting the bits.

3. The timing at which the framing error flag and the parity error flag are set is detected when data is
transferred from the UART?2 receive register to the U2RB register.
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Table 13.19 Registers Used and Settings in SIM Mode

Register Bit Function
u2TB @) |0to7 Set transmission data
U2RB (1) [Oto7 Reception data can be read
OER, FER, PER, SUM | Error flag
U2BRG Oto7 Set a bit rate
U2MR SMD2 to SMDO Setto 101b
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Set to 1 in direct format or O in inverse format
PRYE Setto 1
IOPOL Setto 0
u2Co CLKO,CLK1 Select the count source for the U2BRG register
CRS Invalid because CRD = 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Setto 0
CKPOL Setto 0
UFORM Set to 0 in direct format or 1 in inverse format
u2C1 TE Set to 1 to enable transmission
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
U2IRS Settol
U2RRM Setto 0
U2LCH Set to 0 in direct format or 1 in inverse format
U2ERE Setto 1
U2SMR (1) |0 to 3 Setto 0
U2SMR2 [0to7 Setto 0
U2SMR3 [0to7 Setto 0
U2SMR4 |0to7 Setto 0
NOTE:

1. Set the bits not listed above to 0 when writing to the registers in SIM mode.
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(1) Transmit Timing Te

Transfer clock

| .
| | Data is transferred from the U2TB
[ register to the UART2 transmit register
Py
|

aqn I I
TE bit in 1 : i : : |
2C1 register wy . . !
U2C1 registe 0 : : Data is written to the U2TB reglstler :/(NOTE 1)
Tl bitin ‘1 :
U2C1 register o I
|
|

.

Parity Sto|
Start . P
o bit bit

- EEEEEEEET | M EEEEEEE0H

Parity error signal
returned from
receiving end

RXD2 pin level @

3 i

|
I
| An‘“L"signal is applied from the /|
| SIM card due to a parity error

™ an interrupt An interrupt rouﬁin'e detects

Meleccececor

|
|
TXEPT bit in “1" : routine “H” or “L”
U2CO register “gr I detects “H” or “L. :
g [ by I
IR bit in 1 I I I
S2TIC register “gr ] [ |

Set to 0 by an interrupt request acknowledgement or by program

The above timing diagram applies to the case where data is
transmitted in the direct format.

* The STPS bit in the U2MR register = 0 (1 stop bit)

* The PRY bit in the U2MR register = 1 (even parity)

» The UFORM bit in the U2CO register = 0 (LSB first)

» The U2LCH bit in the U2C1 register =0 (no reverse)

» The U2IRS bit in the U2C1 register = 1 (transmit completed)

TC=16(n+1)/fior16 (n+ 1)/ fEXT
fi: frequency of U2BRG count source (f1SIO, f2SIO, f8SIO, f32SI0)
fEXT: frequency of U2BRG count source (external clock)
n: value set to U2BRG

(2) Receive Timing Te

Transfer clock

N v | ! i
RE bitin 0 ! I I
U2C1 register “Q" | : : :
fTransmit waveform : s{,ﬁ” Par;ty Skl)(i)tp : |
wansmiting end voeeeeeceot ARoR KKK )
TXD2

I
: TXD2 provides “L” output/'\_/_

due to a parity error

\TAKoRoX KooK oK) sARKoXeXoX oo KeXoX )

e

Qg
|
| Read the U2RB register

ugn
IR bit in
S2RIC register 0" \

Set to 0 by an interrupt request acknowledgement or by program

RXD2 pin level @

RI bitin agr
U2C1 register

\;X]

The above timing diagram applies to the case where data is
received in the direct format.

* The STPS bit in the U2MR register = 0 (1 stop bit)

» The PRY bit in the U2MR register = 1 (even parity)

» The UFORM bit in the U2CO register = 0 (LSB first)

» The U2LCH bit in the U2C1 register = 0 (no reverse)

» The U2IRS bit in the U2C1 register = 1 (transmit completed)

TC=16(n+1)/fior16 (n+1)/fEXT
fi: frequency of U2BRG count source (f1SIO, f2SI0, f8SI0O, f32S10)
fEXT: frequency of U2BRG count source (external clock)
n: value set to U2BRG

NOTES:
1. Data transmission starts when BRG overflows after a value is set to the U2TB register on the rising edge of the Tl bit.
2. Because pins TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the
TXD2 pin and parity error signal from the receiving end, is generated.
3. Because pins TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the
transmitting end and parity error signal from the TXD2 pin, is generated.

13. Serial Interface

Figure 13.36 Transmit and Receive Timing in SIM Mode
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Figure 13.37 shows an Example of SIM Interface Connection. Connect TXD2 and RXD2, and then place apull-
up resistance.

Microcomputer

TXD2 I
RXD2 ]

SIM card

Figure 13.37 Example of SIM Interface Connection

13.1.6.1 Parity Error Signal Output

The parity error signal is enabled by setting the U2ERE bit in the U2C1 register to 1 (error signal output).

The parity error signal is output when a parity error is detected while receiving data. A low-level signal is
output from the TXD2 pin in the timing shown in Figure 13.38. If the U2RB register is read while outputting a
parity error signal, the PER hit is cleared to O (no parity error) and at the same time the TXD2 output is returned
high.

When transmitting, a transmission complete interrupt request is generated at the falling edge of the transfer
clock pulse that immediately follows the stop bit. Therefore, whether a parity error signal has been returned can
be determined by reading the port that shares the RXD2 pin in atransmission complete interrupt routine.

Transfer clock “H"
W

RXD2 ': \ st {po X b1 p2)ps)psa) D5 D6 D7 P Vsp
o
TXD?2 - (NOTE 1) \_/_
RI bitin |

U2C1 register ‘0"

This timing diagram applies to the case where the direct format is implemented. ST: Start bit
P: Even Parity
NOTE: SP: Stop bit

1. The output of microcomputer is in the high-impedance state (pulled up externally).

Figure 13.38 Parity Error Signal Output Timing
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13.1.6.2 Format

Two formats are available: direct format and inverse format.

In direct format, set the PRYE bit in the U2MR register to 1 (parity enabled), the PRY bit to 1(even parity), the
UFORM bit in the U2CO register to 0 (LSB first) and the U2L CH bit in the U2C1 register to O (not inverted).
When data are transmitted, data set in the U2TB register are transmitted with the even-numbered parity, starting
from DO. When data are received, received data are stored in the U2RB register, starting from DO. The even-
numbered parity determines whether a parity error occurs.

Ininverse format, set the PRY E bit to 1, the PRY bit to O (odd parity), the UFORM bit to 1 (MSB first), and the
U2LCH hit to 1 (inverted). When data are transmitted, values set in the U2TB register are logically inversed
and are transmitted with the odd-numbered parity, starting from D7. When data are received, received data are
logically inversed to be stored in the U2RB register, starting from D7. The odd-numbered parity determines
whether a parity error occurs.

Figure 13.39 shows the SIM Interface Format.

(1) Direct format

o
Transfer clock o

TXDZ‘::? \__ [(ooJp1YXp2)D3)D4)D5)D6 D7) P [

P: Even parity

(2) Inverse format

o
Transfer clock o

T™XD2 M \ (D7) D6) D5\ Da)D3 D2 DI)Do) P /

r

P: Odd parity

Figure 13.39 SIM Interface Format
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14. A/D Converter (64-Pin Version Only)

The microcomputer contains one A/D converter circuit based on 10-bit successive approximation method. The analog
inputs share the pins with P10_0 to P10_7. Therefore, when using these inputs, make sure the corresponding port
direction bits are set to O (input mode).

When not using the A/D converter, set the ADSTBY hit to O (A/D operation stop: standby), so that no current will flow
for the A/D converter, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register for pins ANi (i =0to 7).

Table 14.1 lists the A/D Converter Specifications. Figure 14.1 shows the A/D Converter Block Diagram. Figures 14.2
and 14.3 show the A/D converter-related registers.

Table 14.1  A/D Converter Specifications

Item Performance
A/D conversion method | Successive approximation
Analog input voltage () |0 V to AVCC
Operating clock ¢AD (1) | fAD, divide-by-2 of fAD, divide-by-3 of fAD, divide-by-4 of fAD, divide-by-6 of fAD
Resolution 10-bit
Integral nonlinearity VREF =AVCC=VCC=3.3V %3

error VREF = AVCC=VCC =22V 16

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
repeat sweep mode 1

Analog input pins 8 pins (ANO to AN7)

A/D conversion start Software trigger

condition The ADST bit in the ADCONO register is set to 1 (A/D conversion start)

Conversion speed per |43 ¢AD cycles minimum

pin

NOTE:

1. Set ¢AD frequency as follows:
When VCC =3.2t0 3.6 V, 2 MHz < $AD < 16 MHz
When VCC =3.0t0 3.2V, 2 MHz < $AD <8 MHz
When VCC =2.2t0 3.0V, 2 MHz < ¢AD <4 MHz
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A/D conversion rate selection 1 K8t
o CKS2 1
S e e 2 N e e
fAD 1/2 1/2
f1 1/3 Tt CKSO0
Software trigger —Ko Trigger
VREF O——— g N e —
VSS 1], > nalog circui
Successive conversion register D:I:I:I:I:I-_E‘
ADCONL register
ADCONO register
Yy V. ¥
ADO register (16 bits)
AD1 register (16 bits)
AD2 register (16 bits)
AD3 register (16 bits) Decoqler
AD4 register (16 bits) for register
ADS5 register (16 bits)
ADG register (16 bits)
AD7 register (16 bits)
~Z [
S Data bus (high-order) S
N2
S Data bus (low-order) S
YVY Vref
Decoder
for channel
selection
Comparator
VIN
CH2 to CHO
ANO O = 000b
ANL O = 001b
AN2 O = 010b
AN3 O—}—=011b,
AN4 O = 100b
AN5 O = 101b
ANG O = 110b
AN7 O = 111b
Figure 14.1 A/D Converter Block Diagram
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A/D Control Register 0

0: A/D conversion stop

L e ADST |A/D conversion start flag 1 A/D conversion start

RW

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| |I|O| . ADCONO 03D6h 00000XXXb

1 [

P

T ! 1 11| Bit Symbol Bit Name Function RW

[ T I A

I A

Pl cHo RW

[

i E i E E E '---1 CH1 Analog input pin select bit [Function varies with each operation mode RW

[ T B

] 1

IR R CH2 RW

1 ] ] ] H

P b4 b3

e MDO 0 0: One-shot mode RW

P A/D operation mode select [ 0 1: Repeat mode

P bit O 1 0: Single sweep mode

R MD1 1 1: Repeat sweep mode O or RW

Lol repeat sweep mode 1

] ) ]

] ) ]

E E (— (g) Reserved bit Setto 0 RW
]

b

H ]

]

]

]

]

]

]

------------------ CKSO0 [Frequency select bit 0 Refer to NOTE 2 of the ADCON2 Register RW

NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 @

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
olo[ | X[ . ADCON1 03D7h 0000X000b
1 [ 1 i
RN . _
v ! : P | 1| Bit Symbol Bit Name Function RW
[ [ T T
[ T
bl - scANo RW
P ! P i A/D sweep pin select bit [Function varies with each operation mode
E E i i i i ~~771 SCAN1 RW
[ 1
i | i 1 i A/D operation mode 0: Any mode other than repeat sweep mode 1
[ R R EL L MD2 . ) RW
b bt select bit 1 1: Repeat sweep mode 1
b
[) ] p—
E E i i B (b3) No register bit. If necessary, set to 0. Read as undefined value. —
] ]
RN
Pl ! L —— CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW
[
[
oy .
N ) 0: A/D operation stopped (standby)
E E ADSTBY |A/D standby bit 1: AID operation enabled RW
[
[
[
H — .
LR (b7-b6) Reserved bits Setto 0 RW
NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from O (A/D operation stopped) to 1 (A/D operation enabled), wait for 1 $AD
cycle or more before starting A/D conversion.

Figure 14.2 Registers ADCONO and ADCON1
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

A/D Control Register 2 ®

b7 b6 b5 b4 b3 b2 bl b0

Symbol Add
|?|?|0| Xlofo[X] ADCON? .

03D4h

After Reset
0000X00Xb

Bit Symbol Bit Name Function RW

(E)) No register bit. If necessary, set to 0. Read as undefined value. —

]
o
Vo
Vo
Vo
HE
[
.
1 1
b
b
] ' - B
E : ! (b2-b1) Reserved bits Setto O RW
1 1
b
i E [IR— (g) No register bit. If necessary, set to 0. Read as undefined value. —
o
b 0: Selects fAD, fAD divided by 2, or fAD
! E P mmmmmmmmm CKS2 |Frequency select bit 2 @ divided by 4 RW
P 1: Selects fAD divided by 3, fAD divided by 6
1
1 1 1
1 1 1 —_— .
medecle e e e e oo (b7-b5) Reserved bits Setto O RW

NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. $AD frequency is selected by a combination of the CKSO bit in the ADCONO register, the CKS1 bit in
the ADCONL1 register, and the CKS2 bit in the ADCON2 register.

CKS2 CKS1 CKSO 6AD

0 0 0 fAD divided by 4
fAD divided by 2

fAD

fAD divided by 6

R|R|kP|O|O|O
Rrlr|o|lr|r|o
Rrlo|lkr|r|ofr

fAD divided by 3

A/D Registeri(i=0to 7)

Symbol Address After Reset
(619) ©8 bo ADO 03C1h to 03COh 000000XXb, XXXXXXXXb

AD1 03C3h to 03C2h 000000XXh, XXXXXXXXb
[oODOOIXN | | | AD2 03C5h to 03C4h 000000XXb, XXXXXXXXb
T ; AD3 03C7h to 03C6h 000000XXb, XXXXXXXXb
EEEEREE ! AD4 03C9h to 03C8h 000000XXb, XXXXXXXXb
H g H H AD5 03CBh to 03CAh 000000XXh, XXXXXXXXb
! P H ! ! ADG6 03CDh to 03CCh 000000XXh, XXXXXXXXb
SERRREE ; AD7 03CFh to 03CEh 000000XXb, XXXXXXXXb
[ T R | : ' '
] ] ]
P b ! Function RW
[ I T T I B '
[ I T I I A '
E i i i i i H E (. Eight low-order bits of A/D conversion result RO
Vo g !
R e Two high-order bits of A/D conversion result RO
ERERE
E LS A No register bits. If necessary, set to 0. Read as undefined value. —
1
1
1
""""""""""""""" Reserved bit Setto 0 RO

NOTE:

1. Use the MOV instruction to write to this register.

Figure 14.3 Registers ADCON2 and ADO to AD7
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.1 Mode Description

14.1.1 One-Shot Mode

In one-shot mode, analog voltage applied to a selected pin is converted to a digital code once. Table 14.2 lists
the One-Shot Mode Specifications. Figure 14.4 shows the Registers ADCONO and ADCONL1 in One-Shot
Mode.

Table 14.2  One-Shot Mode Specifications

Item Specification
Function Bits CH2 to CHO in the ADCONO register select a pin. Analog voltage applied
to the pin is converted to a digital code once.
A/D conversion start When the TRG bit in the ADCONO register is 0 (software trigger)
condition The ADST bit in the ADCONO register is set to 1 (A/D conversion starts)
A/D conversion stop « Completion of A/D conversion (The ADST bit is cleared to 0 (A/D conversion
condition stop))
 Set the ADST bitto 0
Interrupt request Completion of A/D conversion
generation timing
Analog input pin Select one pin from ANO to AN7
Reading of result of A/D | Read one of the registers ADO to AD7 that corresponds to the selected pin
converter
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
Ll 0|0|?| |l , ADCONO 03D6h 00000XXXb
]
EEEEEEE
Corg i ! i i | Bit Symbol Bit Name Function RW
ey b b
EEEEEEE b2 b1 bO
P CHO 0 0 0: Select ANO RW
R 0 0 1: Select AN1
i S 0 1 0: Select AN2
! E Pyl =--4 CH1 Analog input pin select bit 0 1 1:Select AN3 RW
b 1 0 0: Select AN4
AR 1 0 1:Select AN5
b N CH2 1 1 0: Select AN6 RW
A 1 1 1: Select AN7
[
i i VLT MDO ap operation mode select (b4 b3 RW
[ . .
i i E Lo MD1 bit 0 0 0: One-shot mode RW
1 ]
o !
i i — (b_5) Reserved bit Setto 0 RW
1 ]
[ . .
LT ADST |A/D conversion start flag 0: A/D conversion stop RW
! 1: A/ID conversion start
]
)
e L L CKSO |Frequency select bit 0 Refer to NOTE 2 of the ADCON2 Register | RW

NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 @

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
[ofo[1] o] | . | apcont 03D7h 0000X000b
1 [ T
] 1 1
i i i Bit Symbol Bit Name Function RW
1 1 1
1 1 1
i 1 -1 scano RW
i i A/D sweep pin select bit  [Invalid in one-shot mode
N SCAN1 RW
1
1
1

A/D operation mode select

[
MD2 bit 1

Set to 0 when one-shot mode is selected RW

(b_3) No register bit. If necessary, set to 0. Read as undefined value. —

e m e e e e e m e mm e ——————

e ettt CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW
!
]
R et ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
----------------- (b7-b6) Reserved bits Setto 0 RW
NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
®AD cycle or more before starting A/D conversion.

Figure 14.4 Registers ADCONO and ADCONL1 in One-Shot Mode
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.1.2 Repeat Mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table 14.3
lists the Repeat Mode Specifications. Figure 14.5 shows the Registers ADCONO and ADCONL1 in Repeat
Mode.

Table 14.3 Repeat Mode Specifications

Item Specification
Function Bits CH2 to CHO in the ADCONO register select a pin. Analog voltage applied
to this pin is repeatedly converted to a digital code.
A/D conversion start The ADST bit in the ADCONO register is set to 1 (A/D conversion start)
condition
A/D conversion stop Set the ADST bit to 0 (A/D conversion stop)
condition
Interrupt request No interrupt requests generated
generation timing
Analog input pin Select one pin from ANO to AN7
Reading of result of A/D | Read one of the registers ADO to AD7 that corresponds to the selected pin
converter
RO1UH0197EJ0120 Rev.1.20 RENESAS Page 183 of 331

Jul 21, 2011



M16C/6B Group

14. A/D Converter (64-Pin Version Only)

b7 b6 b5 b4 b3 b2 bl bo

A/D Control Register 0 @

Symbol Address After Reset
| |-|0|?|. || | ] apcono 03D6h 00000XXXb
1 ] 1
A
Pl E {111 | Bit Symbol Bit Name Function RW
HE [
] ' 1
bbb b2 b1 b
A CHO 0 0 O: Select ANO RW
AR 0 0 1: Select AN1
P 0 1 0: Select AN2
t 11111 -4 CH1 |Analoginputpinselectbit [0 1 1:SelectAN3 RW
AR 1 0 0: Select AN4
AR 1 0 1: Select ANS
A A S CH2 1 1 0: Select AN6 RW
Pl 1 1 1: Select AN7
1 1 ] H H
1 ]
I MDO _ RW
Yoo A/D operation mode select [b4 b3
A bit 0 0 1: Repeat mode
A MD1 RW
P
o ] —
i E (b5) Reserved bit Setto 0 RW
toa
toa
[ . .
T S ADST |A/D conversion start flag 0: A/D conversion stop RW
! 1: A/D conversion start
1
1
it CKS0 [Frequency select bit 0 Refer to NOTE 2 of the ADCON2 Register | RW
NOTE:

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 )

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
|0|?|1| . |><|0| . ADCON1 03D7h 0000X000b
1 T

P

! E {11 1 1| BitSymbol Bit Name Function RW
| [ T

T T R T T

Pr b scaNo _ _ N RW
! ! by A/D sweep pin select bit  |Invalid in repeat mode

Pl -1 scan: RW
[ B

[ B

! | i

H E i i — MD2 /gi/tDloperatlon mode select Set to 0 when repeat mode is selected RW
] 1

b

b

i H i EELELEEE (Q) No register bit. If necessary, set to 0. Read as undefined value. —
[

o

i H L CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW

]

B

R S ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
!
: _ |

--------------- (b7-b6) Reserved bits Setto 0 RW
NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. When the ADSTBY bit is reset from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
OAD cycle or more before starting A/D conversion.

Figure 14.5 Registers ADCONO and ADCONL1 in Repeat Mode
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.1.3 Single Sweep Mode

In single sweep mode, analog voltage that is applied to selected pinsis converted one-by-one to adigital code.
Table 14.4 lists the Single Sweep Mode Specifications. Figure 14.6 shows Registers ADCONO and ADCON1
in Single Sweep Mode.

Table 14.4

Single Sweep Mode Specifications

Iltem

Specification

Function

Bits SCAN1 and SCANO in the ADCONL1 register select pins. Analog voltage
applied to the pins is converted one-by-one to a digital code.

A/D conversion start
condition

The ADST bit in the ADCONO register is set to 1 (A/D conversion start)

A/D conversion stop
condition

« Completion of A/D conversion (The ADST bit is cleared to 0 (A/D conversion

stop))
* Set the ADST bitto 0O

Interrupt request
generation timing

Completion of A/D conversion

Analog input pin

Select from ANO and ANL1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6 pins),
and ANO to AN7 (8 pin)

Reading of result of A/D
converter

Read one of the registers ADO to AD7 that corresponds to the selected pin
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M16C/6B Group

14. A/D Converter (64-Pin Version Only)

b7 b6 b5 b4 b3 b2 bl b0

NOTE:

[T Jol[o

A/D Control Register 0 ®

Symbol Address After Reset

ADCONO 03D6h 00000XXXb
Bit Symbol Bit Name Function RW
CHO RW
CH1 Analog input pin select bit [Invalid in repeat sweep mode 0 RW
CH2 RW
MDO A/D operation mode select |b4 b3 RW
MD1 bit 0 1 0: Single sweep mode RW
(b5) Reserved bit Setto 0 RW

. 0: A/D conversion stop

ADST [A/D conversion start flag 1: A/D conversion start RW
CKSO0 [Frequency select bit 0 Refer to NOTE 2 of the ADCON2 Register RW

of1]

9]
1

T T T T L T T P

NOTES:

A/D Control Register 1 @

b7 b6 b5 b4 b3 b2 bl b0
X[o]

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
ADCON1 03D7h 0000X000b
Bit Symbol Bit Name Function RW
When single sweep mode is selected
SCANO b1 bo RW
. . 0 0: ANO to AN1 (2 pins)
@)
A/D sweep pin select bit 0 1: ANO to AN3 (4 pins)
SCAN1 1 0: ANO to AN5 (6 pins) RW
1 1: ANO to AN7 (8 pins)
MD2 A/D operation mode select |Set to 0 when single sweep mode is RW
bit 1 selected
(b_3) No register bit. If necessary, set to 0. Read as undefined value. —
CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW
ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
(b7-b6) Reserved bits Setto 0 RW

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
OAD cycle or more before starting A/D conversion.

Figure 14.6 Registers ADCONO and ADCONL in Single Sweep Mode
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage applied to selected pinsis repeatedly converted to adigital code.
Table 14.5 lists the Repeat Sweep Mode 0 Specifications. Figure 14.7 shows Registers ADCONO and ADCON1
in Repeat Sweep Mode 0.

Table 14.5 Repeat Sweep Mode 0 Specifications

Item Specification

Function Bits SCAN1 and SCANO in the ADCONL1 register select pins. Analog voltage
applied to the pins is repeatedly converted to a digital code.

A/D conversion start The ADST bit in the ADCONO register is set to 1 (A/D conversion start)

condition

A/D conversion stop Set the ADST bit to 0 (A/D conversion stop)

condition

Interrupt request No interrupt requests generated

generation timing

Analog input pin Select from ANO and AN1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6 pins),
and ANO to AN7 (8 pin)

Reading of result of A/D | Read one of the registers ADO to AD7 that corresponds to the selected pin

converter
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M16C/6B Group

14. A/D Converter (64-Pin Version Only)

b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 0 @

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 @

Symbol Address After Reset
| . L |?|1|1| | . | . | Apcono 03D6h 00000XXXb
RERNERE
bbb b r | Bitsymbol Bit Name Function RW
H 1 ) 1 1 ] 1 1
H 1 H 1 1 1 1 1
RERRRRL T ww
1 ]
R T T R B
i i H i i E ---1 cH1i Analog input pin select bit |Invalid in repeat sweep mode 0 RW
1 ]
L T R |
P A — CH2 RW
| 1 1 1 ]
by P
[ iy MDO . b4 b3 RW
H ]
i ' E E Q/t Dooperat|on mode select |4 4. Repeat sweep mode O or
i i E ----------- MD1 : repeat sweep mode 1 RW
By
1 _— .
i b lemmmmeeeeeees (b5) Reserved bit Setto 0 RW
]
1 1
[ i .
P b ADST  |A/D conversion start flag | O: /D conversion stop RW
! 1: A/D conversion start
1
]
S SRR CKSO0 [Frequency select bit 0 Refer to NOTE 2 of the ADCON2 Register RW
NOTE:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1

OAD cycle or more before starting A/D conversion.

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address After Reset
|?|0 1] |>.<| ?| ADCON1 03D7h 0000X000b
T T
EEEEE RN
P {144 | Bitsymbol Bit Name Function RW
[ : [ : :
i i | ! i E A When repeat sweep mode 0 is selected
flol bt by SCAND b1 bo RW
v b . . 0 0: ANO to AN1 (2 pins)
v b A/D sweep pin select bit @ : P!
i ! E ' i i ‘ PP 0 l ANO to AN3 (4 pins)
b ! { 1! %--4 SCAN1 1 0: ANO to AN5 (6 pins) RW
I R 1 1: ANO to AN7 (8 pins)
T T R T
H i : i i i ______ A/D operation mode select |Set to 0 when repeat sweep mode 0 is
E 1 E P! MD2  lpit1 selected RW
[ T |
[ T |
i i E i (S (b_3) No register bit. If necessary, set to 0. Read as undefined value. —
1 1 ) 1
S
E i E et CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW
[
i : )
i i —— ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
]
1 1
1 1
[ — i
-- (b7-b6) Reserved bits Setto 0 RW
NOTES:

Figure 14.7 Registers ADCONO and ADCONL1 in Repeat Sweep Mode 0
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, analog voltage selectively applied to al pinsis repeatedly converted to adigital code.
Table 14.6 lists the Repeat Sweep Mode 1 Specifications. Figure 14.8 shows Registers ADCONO and ADCON1
in Repeat Sweep Mode 1.

Table 14.6

Repeat Sweep Mode 1 Specifications

Iltem

Specification

Function

The input voltages on pins are A/D converted repeatedly, with priority given to

pins selected by bits SCAN1 and SCANO in the ADCONL1 register.

Example: If ANO selected, input voltages are A/D converted in order of
ANO—AN1—-ANO—-AN2—-ANO—AN3, and so on.

A/D conversion start
condition

The ADST bit in the ADCONO register is set to 1 (A/D conversion start)

A/D conversion stop
condition

Set the ADST bit to 0 (A/D conversion stop)

Interrupt request
generation timing

No interrupt requests generated

Analog input pins to be
given priority when A/D
converted

Select from ANO (1 pin), ANO and AN1 (2 pins), ANO to AN2 (3 pins), and ANO
to AN3 (4 pins)

Reading of result of A/D
converter

Read one of the registers ADO to AD7 that corresponds to the selected pin
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M16C/6B Group

14. A/D Converter (64-Pin Version Only)

b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 0 @

A/D Control Register 1 )

Symbol Address After Reset
| . | . |?|1|1| : | - | ADCONO 03D6h 00000XXXb
RERNRRR
i ' E P! i Bit Symbol Bit Name Function RW
| 1 1 1 1 1 1 1
| 1 1 ] ] ] 1 1
RN v
1 ]
R T T R R |
: E 1 i i i '---1 CH1 Analog input pin select bit [Invalid in repeat sweep mode 1 RW
1 ]
T T R |
R CH2 RW
| 1 ) ] ]
oy
[ iy MDO i b4 b3 RW
I ]
i | E i Q/tDooperatlon mode select 1 1: Repeat sweep mode O or
i i bty MD1 ! repeat sweep mode 1 RW
] ]
.
i i LT (b_5) Reserved bit Setto 0 RW
]
1 1
[ . .
R S ADST |A/D conversion start flag 0: A/D conversion stop RW
! 1: A/D conversion start
1
]
e EEEE e, CKSO  [Frequency select bit 0 Refer to NOTE 2 of the ADCON2 Register | RW
NOTE:

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
?|0 1] |>.<|.1| ADCON1 03D7h 0000X000b
—— T
EERRERE
P P } | Bit Symbol Bit Name Function RW
T
i E Pl i E ' When repeat sweep mode 1 is selected
i bbbt scAND b1 b0 RW
PoL 0 0: ANO (1 pin)
N - B T . . . pin
i E : i : i i A/D sweep pin select bit 0 1: ANO to AN1 (2 pins)
Pl t--4 scANl 1 0: ANO to AN2 (3 pins) RW
P P 1 1: ANO to AN3 (4 pins)
I T R |
by : [ .
i i E i i — MD2 ﬁi/tDloperatlon mode select 1: Repeat sweep mode 1 RW
] ] !
[ T
[ B
i E E i (R (b_3) No register bit. If necessary, set to 0. Read as undefined value. —
[
[ !
i H E L CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW
[
[
i E R ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
]
1 ]
1 ]
e — .
L- (b7-b6) Reserved bits Setto 0 RW
NOTES:

1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from O (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
oAD cycle or more before starting A/D conversion.

Figure 14.8 Registers ADCONO and ADCONL1 in Repeat Sweep Mode 1
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.2 Conversion Rate

The conversion rate is defined as follows.

Start dummy time depends on which ¢AD is selected. Table 14.7 lists Start Dummy Time. When the ADST bit in
the ADCONO register isset to 1 (A/D conversion start), A/D conversion starts after start dummy time elapses. 0 (A/
D conversion stop) isread if the ADST bit isread before A/D conversion starts.

For multiple pins or A/D conversion repeat mode, for each pin, between-execution dummy time isinserted between
A/D conversion execution time and the next A/D conversion execution time.

The ADST bit is set to 0 during the end dummy time, and the last A/D conversion result is set to the ADi register in
one-shot mode and single sweep mode.

While in one-shot mode:
Start dummy time + A/D conversion execution time + end dummy time

When two pins are selected while in single sweep mode:
Start dummy time + (A/D conversion execution time + between-execution dummy time + A/D
conversion execution time) + end dummy time
Start dummy time: Refer to Table 14.7 “ Start Dummy Time”
A/D conversion execution time: 40 ¢AD cycles per pin
Between-execution dummy time: 1 ¢AD cycle
End dummy time: 2 to 3 cycles of fAD

Table 14.7  Start Dummy Time

dAD Selection Start Dummy Time
fAD 1 to 2 cycles of fAD
fAD divided by 2 2 to 3 cycles of fAD
fAD divided by 3 3 to 4 cycles of fAD
fAD divided by 4 3 to 4 cycles of fAD
fAD divided by 6 4 to 5 cycles of fAD
fAD divided by 12 7 to 8 cycles of fAD

14.3 Current Consumption Reducing Function

When not using the A/D converter, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to O (A/D operation stopped: standby) to shut off any analog circuit current flow.

To use the A/D converter, set the ADSTBY hit to 1 (A/D operation enabled) after operating longer than one cycle
of atimer count source, and then set the ADST bit in the ADCONO register to 1 (A/D conversion start). Do not set
bits ADST and ADSTBY to 1 at the same time.

Also, do not set the ADSTBY bit to O (A/D operation stopped: standby) during A/D conversion.
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M16C/6B Group 14. A/D Converter (64-Pin Version Only)

14.4  Output Impedance of Sensor under A/D Conversion

Microcomputer

Sensor equivalent
circuit

1
1
1
i
RO | R (10.0 kQ2)
1
i
1
1

VIJ:N Sampling time
: (o (10.0 pF) 15
7]/; ! VvC dAD

i

1

1

__________________ i

Figure 14.9 Analog Input Pin and External Sensor Equivalent Circuit
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15. Baseband Functionality

15.1 Baseband Functional Description

The following baseband functions are implemented in hardware:
(1) 26-bit timer

(2) Transmit RAM

(3) Receive RAM

(4) Transmit frame generator

(5) Filter function

(6) Interrupts

(7) CRCcircuit

(8) Automatic ACK response function

(9) Automatic ACK reception function

(10) Automatic reception switching function

(11) ANTSW output switching function

(12) Automatic CSMA-CA function

(13) State transitions

(14) Baseband associated registers

(15) Control sequence

(16) Examples of automatic transmit and receive operations
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15.1.1 Baseband Block Diagram
Figure 15.1 shows the Baseband Block Diagram.

] i w,| Demodulation » RF reception
Receive block P> block > Frame length control
A A
AGC > Receive RAM <::>
control <::> CPU
L 4
| Frame control
—_ vco PLL T |__storage
ACK
n Sequence response
>
number storage control
16-bit CRC Address match
detection circuit
ACK frame J
generation "
A 4 2
g
<4
| o Modulation a
Transmit block « block
= | Peripheral
2" 4 functions
b Transmit RAM C::>
T |
& [€
= | h RF transmission|
rame lengtl control
< > Control regi: K D
| BBinterrupt < > <::>
v control
RF control
I > Icu
RF block < Timer < >_
Peripheral circuit block
Baseband block ﬂ
RF Clock MCU
regulator regulator > XIN circuit < regulator

Figure 15.1 Baseband Block Diagram

15.1.2 Baseband Terminological Description
Terms used in this chapter are shown below:

* |DLE status: Status where the RF regulator, which is supplied to the internal RF block, has started up stably

* RF regulator: Dedicated on-chip regulator for the RF block
* Clock regulator: Dedicated on-chip regulator for the XIN circuit to stabilize the reference 16-MHz CLK. The
power supply for the clock regulator is applied from the VCCRF pin.
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15.1.3 26-Bit Timer

Three timer compare functions are implemented in the 26-bit timer. When the timer value and the timer
comparei (i =0to 2) value matches, atimer comparei (i = 0 to 2) interrupt can be generated.

The clock which isthe count source 16 MHz divided by 256 by using the prescaler isinput to the timer.

Figure 15.2 shows the 26-Bit Timer Configuration.

| Data bus

T4 T

| Read-d:ut latch (26 bits) |

Timer clock {}
Count source 1 ] - 1 B
16 MHz —>| Prescaler l—bl Timgr (26 bits) Time gtamp latch (26 bits) |
T Reception complete signal_ |
Count enabled (RCVFIN)
Timer cd:mpare 0 (26 bits)|< h Transmission trigger

Y Timer compare 0 interrupt
—@Timer cd;mpare 1 (26 bits)

Y

Y

Timer compare 1 interrupt
(COMP1INT)

(COMPOINT)
Timer cd;mpare 2 (26 bits)|<

Timer compare 2 interrupt
(COMP2INT)

Figure 15.2 26-Bit Timer Configuration

15.1.3.1 Timer Compare i Interrupt

A timer comparei interrupt is generated when the timer value and the timer compare i value match.
Timer compare 0 also functions as a transmission start signal.
Transmission automatically starts 144 us after atransmission start signal is generated.

15.1.3.2 Timer Stamp

The timer value when frame reception is completed is stored in registers BBTSTAMPO and BBTSTAMPL.
These registers are retained until the next frame reception is compl eted.

15.1.3.3 Reading Timer Values

Timer values can be read from registers BBTIMEREADO and BBTIMEREAD1. When reading timer values,
read the BBTIMEREADO register (lower byte) first.

When either bits 7 to 0 or bits 15 to 8 in the BBTIMEREADO register (or both) are read, the count value of all
bitsis latched. The latched value is discarded when bits 25 and 24 in the BBTIMEREADL register (highest
byte) are read.

If the BBTIMEREAD1 register isread first, note the BBTIMEREADO register is not latched.

After reading the BBTIMEREADO register, its value is not updated even if this register is read again without
reading the BBTIMEREAD1 register, and the previously read valueis read.
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15.1.4 Transmit RAM

127 bytes of transmit RAM isimplemented exclusively for the baseband block.

The addresses are D100h to D17Eh.

Frames are transmitted each 1 byte of transmit RAM data, beginning with the start address.

Asthe next frame transmission always begins with the start address even if transmit RAM datais less than 127
bytes, write transmit RAM data from the start address.

If the internal transmit counter value is equal to or greater than the written address, a transmission overrun
interrupt request is generated, and transmit processing is cancelled simultaneously.

The data written into transmit RAM can be read.

15.1.5 Receive RAM

127 x 2 bytes (banks 0 and 1) isimplemented exclusively for the baseband block.

The addresses are D180h to D1FEh and read-only.

After the baseband functions are enabled, the storage of frames begins with receive RAM bank 0, and frames
are stored in bank O or 1 alternately for each reception. The reception complete interrupt request corresponding
to the bank is generated each time frame reception is completed. When reading receive RAM, the receive RAM
data of the bank set by the RCVBANKSEL bit in the BBTXRXMODES3 register isread.

Received frames are stored each 1 byte, beginning with the start address.

Even if areceived frame is less than 127 bytes, it is stored beginning with the start address of receive RAM
when the next frame reception starts.

The datain receive RAM can be read during reception. In that case, the address of the currently receiving data
can be confirmed by reading the value of the BBRXCOUNT register.

Bits ADRSFILEN and LVLFILEN in the BBTXRXMODES register can be used to enable or disable the filter
for frames to be captured. Refer to 15.1.7 “ Filter Function” for details.

Bits RCVBANKO and RCVBANK1 in the BBTXRXSTO register can be used as the flags for transferring data
in receive RAM. These bits are automatically set to 1 (received data present) when reception starts. After
received data has been read by a program, these bits are cleared to 0 (reception enabled). If frame reception
restarts while these bits are set to 1 (received data present), areception overrun interrupt is generated.

The RCVBANKST bit in the BBTXRXSTO register can be used to confirm whether the last received frameis
in bank 0 or bank 1.
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15.1.6 Transmit Frame Generator

This function automatically generates and outputs transmit frames.
Figure 15.3 shows the Transmit Frame Structure.

SHR PHR MPDU (Max. 127 bytes)
Preamble  [SFD| FL | , A A MSDU\\ | CRC
' |
Sequence /)

Frame control number  Address information

Figure 15.3 Transmit Frame Structure

SHR: Synchronization Header
PHR: PHY Header

MPDU: MAC Protocol Data Unit
SFD: Start of Frame Delimiter
FL: Frame Length

MSDU: MAC Service Data Unit
CRC: Cyclic Redundancy Check

(1) Preamble: 4 bytes (8 symbols), 00000000h
(2) SFD: 1 byte (2 symbols), A7h
(3) FL: 1 byte (2 symbols), MPDU length, value written into the BBTXFLEN register
(49) MPDU: Maximum 127-byte data. Data written into transmit RAM is sequentially output.
When the NOCRC bit in the BBTXRXMODE?2 register is set to 0 (automatic CRC enabled), CRC
data generated in the CRC circuit is automatically added to the last 2 bytes.
* Frame control: 2 bytes (4 symbols)
- Frame types (bits 2 to 0)
000b: Beacon frame, 001b: Data frame, 010b: ACK frame
011b: MAC command frame, 100b-111b: Reserved
- Security enabled or disabled (bit 3), transmit pending bit (bit 4)
- ACK request (bit 5), transmission within a PAN (bit 6)
- Source address mode (bits 10 and 11), destination address mode (bits 14 and 15)
* Sequence number: 1 byte (2 symbols)
* Addressinformation: PANID and addresses of the destination and source
* MSDU (MAC payload): Frame payload
* CRC: Frame CRC queue
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15.1.7 Filter Function

15.1.7.1 Address Filter

The ADRSFILEN bit in the BBTXRXMODES register can be used to enable or disable the address filter for
frames to be captured.

While the address filer is enabled, frames other than those under the following address filter requirements are
not stored in receive RAM. Also, abank O or 1 reception complete interrupt request is not generated.

While the addressfilter is disabled, all receive frames are captured. When all frames have been received, abank
0 or 1 reception complete interrupt is generated.

15.1.7.2 Address Filter Requirements

If adestination PAN identifier isincluded in the frame, it should match the BBPANID register or FFFFh.

If adestination short address isincluded in the frame, it should match the BBSHORTAD register or FFFFh.

If a destination extended address is included in the frame, it should match registers BBENXTENDADO to
BBENXTENDADS.

If the frame type is a beacon frame and the BBPANID register is not set to FFFFh, the source PAN identifier
should match the BBPANID register. When this register is set to FFFFh, all receive frames are captured.

If the frame type is a data frame or MAC command frame and only the source addressing filed is included, the
source PAN identifier should match the BBPANID register when the PANCORD bit in the BBTXRXMODE3
register is set to 1 (PAN coordinator).

If the addressing fields and PAN identifier fields of the source and destination are not included, only an ACK
frame can be received (ACK frame requirements: frame type = ACK, encrypt bit = 0, and receive frame length
= 05h). However, when the address filter is enabled, an ACK frame can be received only within 54 symbols
after aframe with an ACK request is transmitted. When an ACK frame is received outside this period, datais
discarded and transmission is awaited again.

15.1.7.3 Reception Level Filter

The LVLFILEN bit in the BBTXRXMODES register is used to enable or disable the filer for frames to be
captured.

While the reception level filer is enabled, only frames with the reception level setinthe BBLVLV TH register or
higher level can be received.

The value set in the receive level threshold set register or CCA level threshold set register is compared with the
value to be stored in the RSSI/CCA result register (the value added with the offset value set in the RSSI offset
register).
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15.1.8

Interrupts

Table 15.1 lists the interrupt signals from the baseband block.

Table 15.1 Baseband Interrupt List
Interrupt No. Interrupt Name Interrupt Generation Conditions

8 Timer compare 0 An interrupt request is generated when the timer value and the timer compare
0 value match.

9 Timer compare 1 An interrupt request is generated when the timer value and the timer compare
1 value match.

31 Timer compare 2 An interrupt request is generated when the timer value and the timer compare
2 value match.

43 Transmission An interrupt request is generated when frame transmission is completed.

complete However, while automatic ACK receive mode is enabled, if an ACK is
requested for the transmit frame, no interrupt request is generated when
reception is completed; an interrupt request is generated when ACK
reception is completed or timed out.

44 (1) Bank O reception An interrupt request is generated when the frame reception at bank 0 is

complete completed. However, while automatic ACK response mode is enabled, if an
ACK is requested for the receive frame, no interrupt request is generated
when reception is completed; an interrupt request is generated when ACK
response is completed.

45 (2) Bank 1 reception An interrupt request is generated when the frame reception at bank 1 is

complete completed. However, while automatic ACK response mode is enabled, if an
ACK is requested for the receive frame, no interrupt request is generated
when reception is completed; and an interrupt request is generated when
ACK response is completed.

46 Address filter An interrupt request is generated when an address match is recognized.

a7 CCA complete An interrupt request is generated when a CCA sequence is completed or
a CSMA-CA sequence is completed.

48 PLL lock detection An interrupt request is generated when a PLL lock or unlock is detected.

A lock or unlock can be switched by using the PLLINTSEL bit in the
BBTXRXMODEA4 register.

49 Transmission overrun | A transmission overrun interrupt is generated when the internal transmit
counter value is equal to or greater than the write address after transmission
starts.

50 Reception overrun 0 | A reception overrun 0 interrupt is generated when data reception restarts at
bank 0 while the RCVBANKO bit in the BBTXRXSTO register is set to 1
(received data present).

51 Reception overrun 1 | A reception overrun 1 interrupt is generated when data reception restarts at
bank 1 while the RCVBANK1 bit in the BBTXRXSTO register is set to 1
(received data present).

44 (1) IDLE An interrupt request is generated after the IDLE startup time has elapsed.

45 (2) Clock regulator An interrupt request is generated when the clock regulator startup time has
elapsed.

NOTES:

1. Switchable by using the BANKOINTSEL bit in the BBTXRXMODEA4 register.
2. Switchable by using the BANK1INTSEL bit in the BBTXRXMODEA4 register.
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15.1.9 CRC Circuit

The CRC circuit automatically performs operations for transmit frames and receive frames.

A generator polynomial X16 + X12 + X5 + 1 is used to generate CRC code.

8-bit datais input beginning with the start of the payload data, and 16-bit code is generated.

For transmission, the CRC circuit starts CRC operation from the start address of transmit RAM, and transmits a
frame after automatically adding the result which operated up to the (BBTXFLEN register value — 2) address to
the last 2 bytes of the transmit frame.

By setting the NOCRC bit in the BBTXRXMODE?2 register to 1 (automatic CRC disabled), data in transmit
RAM can be transmitted as CRC datainstead of the CRC result.

For reception, the CRC circuit starts CRC operation from the start address of receive RAM, and stores the result
which operated up to the (BBRXFLEN register value — 2) address and the result which compared with the CRC
data of the last 2 bytes of the received frame in the CRC bit in the BBTXRXSTO register. The CRC data of the
received frameis stored in receive RAM.
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15.1.10 Automatic ACK Response Function

After frame reception is completed, an ACK can be automatically responded by using the AUTOACKEN bhit in
the BBTXRXMODEQ  register.
The conditions for automatic ACK response is automatically resolved in hardware by using received frame

control bits.
¢ CRC result

¢ Address filter enabled

¢ Frame control bits

Received frame and the CRC result match

b2-b0

Frame types 001b or 011b (dataframe or MAC command frame)
* Frame control bit b5
ACK request 1: Requested

¢ Frame control bits

b6, b11, b10, b15, and b14 (refer to Table 15.2)

Table 15.2  Automatic ACK Response Conditions
Frame Control PAN
Coordinator Bit
(PANCORD Bt in PANID Short Address Extended Address
b6 | bll | b10 | bl5 | b14 BBTXRXMODE3 (BBPANID) (BBSHORTAD) (BBEXTENDAD3-0)
Register)
0 1 0 _ _ _ Match with Match with “
destination PANID | destination address
0 1 1 _ _ _ Match with “ Match with
destination PANID destination address
1 1 0 _ _ _ Match with Match with “
destination PANID | destination address
1 1 1 _ _ _ Match with “ Match with
destination PANID destination address
Match with
0 0 0 1 0 1 destination PANID x x
Match with
0 0 0 1 1 1 destination PANID x x

An ACK frameto be responded is shown in the following figure.
e Frame length (FL): The length is set to 05h regardless of the setting value.
* Sequence humber: The received sequence number is transmitted without changes.

PHR |

MPDU

SHR |
I

| Preamble ;(OOOOOOOOh) ' S.F.D. (A7h) F.L. (05h) Frameécontrol Sequence number CF%(C
Figure 15.4 ACK Frame
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Thetiming for ACK response varies with nonbeacon mode and beacon mode.

Nonbeacon and beacon modes are selected by using the BEACON hit in the BBTXRXMODEQ register.

In nonbeacn mode, an ACK frameis transmitted 192 us after frame reception is completed.

In beacon mode, period check begins for a 320us backoff period after frame reception starts. If reception
complete timing takes 192 ps or more before the boundary of a backoff period, an ACK frame is transmitted
after the boundary islocated (case 1). If the reception complete timing takes 192 us or less before the boundary
of abackoff period, transmission does not start even after the boundary is located, but transmission starts after a
delay for the boundary of the next backoff period (case 2).

In nonbeacon mode
192 us

P

A

ACK response

Frame reception

Warm-up

In beacon mode Backoff period
P 320 us P 320 ps P 320 us
192 us | 192 us | 192 us |
Case 1 Frame reception |7Warm-up ACK response

ACK response

Frame reception

Case 2

Warm-up

Figure 15.5 ACK Response Timing

NOTES:
1. Ongoing ACK response processing is not cancelled even if the AUTOACKEN bit in the

BBTXRXMODEQ register is set to 0 (automatic ACK disabled).

2. When performing frame transmission (including automatic ACK reception), disable the automatic
ACK response function until the frame transmission is completed.

3. A transmission complete interrupt is generated when ACK response is compl eted.
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15.1.11 Automatic ACK Reception Function

After frame transmission is completed, ACK receive processing can be automatically performed by using the
ACKRCVEN hit in the BBTXRXMODEL1 register. Frames other than ACK are not received.
The conditions for automatic ACK reception are:

* Frame is transmitted with an ACK request

* Received frameisan ACK frame

* The sequence number of the transmitted frame and the one of the received frame match
* CRC match

* Within 54 symbols after transmission is completed

When all the above conditions are met, a transmission complete interrupt is generated when ACK reception is
completed. Regardless of the address filter enabled or disabled, receive RAM, the BBRXFLEN register, and the
CRC bit inthe BBTXRXSTO register are not updated.

After transmission is completed, retransmit processing can be performed again from CSMA-CA operation if
ACK reception is not confirmed within 54 symbols.

After retransmit processing, the same operation is performed again.

Repeat transmit processing for the number of times set in the RETRN bit in the BBTXRXMODEL register
(default: 3 times). If transmit processing is not required, set 000b in the RETRN bit in the BBTXRXMODE1
register.

To perform retransmit processing, make sure to set the CSMATRNST bit in the BBCSMACONO register to 1
(transmit processing after CSMA-CA) and the CSMAST bit in the BBCSMACONO register to 1 (automatic
CSMA-CA start) before starting transmit operation.

When ACK reception is completed, or when ACK reception is not confirmed and no ACK is received after
retransmit processing is performed for the set number of times (time out), a transmission complete interrupt
request is generated.

The TRNRCVSQC bit in the BBTXRXSTO register can be used to confirm whether an ACK has been
successful received or no ACK has been received even after repeating retransmission.

54 symbols

e

»!
»

[ CSMA-CA | TX [RX (ACK)

!v\{ A transmission complete interrupt is generated
i on completion of ACK reception

| CSMACA /] TX CSMA-CA | Tx | [RX (ACK)]
Transmission with ACK request Retransmit processing

Figure 15.6 ACK Reception Timing
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15.1.12 Automatic Reception Switching Function

15.1.12.1 From Transmission to Reception

By setting the AUTORCVO hit in the BBTXRXMODEDO register to 1 (automatic reception switching function
enabled), reception status is automatically selected after frame transmission is completed.

Reception status is enabled 184 us after transmission is completed.

However, reception status is not entered but IDLE status is entered if CSMA-CA isin busy status during
CSMA-CA transmission or if no ACK has been received during transmission with an ACK request.

15.1.12.2 From Reception to Reception

By setting the AUTORCV 1 bit in the BBTXRXMODEDQO register to 1 (automatic reception switching enabled),
reception status is automatically selected after frame reception is completed.

Reception status is enabled 184 us after reception is completed.

However, ACK response takes priority when ACK response conditions are met while the AUTOACKEN bit in
the BBTXRXMODEQ register is 1 (automatic ACK enabled).

NOTE:

1. After reception is switched while automatic reception switching mode is enabled, reception status
remains the same until receive operation is completed (frame reception is completed) even if bits
AUTORCV0 and AUTORCV 1 in the BBTXRXMODEQ register are set to 0 (automatic reception
switching disabled).

15.1.13 ANTSW Output Switching Function

To control the external power amplifier and others, this function enables the timing adjustment of the signal
which is set to high output when transmitted from the ANTSWCONT pin.
The timing can be set by using the BBANTSWTIMG register.
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15.1.14 Automatic CSMA-CA Function

By setting CSMAST bit in the BBCSMACONO register 1 (automatic CSMA-CA start), the CSMA-CA
flowchart can be automatically performed.

Set the CCA threshold level in the BBCCAV TH register.
Registers BBCSMACON1 and BBCSMACONZ2 can be used to set each variable.

Upon completion of CSMA-CA operation, the result can be simultaneously stored in the CSMACA bit in the
BBTXRXSTO register, and a CSMA-CA interrupt can be generated.

By having set the CSMATRNST bit in the BBCSMACONO register to 1 (transmit processing after CSMA-CA),
transmit processing can be automatically proceeded if the CSMA-CA check result is TRUE.

Before performing an automatic CSMA-CA start, make sure to allow the wait time set in the BBIDLEWAIT
register to elapse after setting to IDLE status.
When setting the CSMAST bit in the BBCSMACONO register to 1 (automatic CSMA-CA start) while the
BEMIN bit in the BBCSMACONL1 register is set to 000b, processing starts from transmission without
performing CSMA-CA operation. When the automation ACK reception function is enabled, if ACK reception
is not confirmed within 54 symbols after transmission is completed, retransmit processing is performed from
transmit operation for the number of times set in the RETRN bit in the BBBBTXRXMODEL register. When the
RETRN bit in the BBTXRXMODEL register is set to 000b, retransmit processing is not performed.

Battery life

extension?

Y BE = lesser of
(2, macMinBE)

N

periods

NB =0,
BE = macMinBE

BE = macMinBE
< .
< >,
Delay for next backoff
period boundary Delay for backoff
periods
Delay for backoff

Perform CCA @ on
backoff period boundary

CW=2,NB=NB+1,
BE = min
(BE + 1, macMaxBE)

Y
( Failure ) ( Success )

Perform CCA ®

NB=NB+1,
BE =min
(BE + 1, macMaxBE)

macMaxCSMABack
offs?

Y

BE value Delays

Backoff periods

"After automatic
CSMA-CA,
ransmit bit = 12

0
Oorl
Oto3
Oto7
Oto 15
Oto31
0to 63
0to 127

~NoUAWNRO

Transmit processing

Y

( Failure ) (

Success )

L

NOTE:
1. CCAis not performed when BE = 000b.

Figure 15.7 CSMA-CA Flowchart
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Automatic = ~
CSMAEN
) 320 us 320 us 320 us 320 s 320 s 320 us 320 us 320 us 320 us
Backoff period ” H
NB 0 ] m ]
BE 3 (Default) il n 11 0
T
\‘ If 3, CCA start after a delay for the backoff period x 0 to 7 \\
cw 2 (Default) Il 1 1
W-UP {CCA W-UP {CCA W-UP {CCA
144 us 128 us +32 us + o 144 usil28 us+ 32 us + o 144 us|128 us+32 ps + o
<——> <<—>
CCA start
ccastart —I
CCA completion \ \ \ \
per I I |
CCA check J J J J |
ccaresult
CSMA check f f f f
csmaresult
CSMA interrupt // // [
csmafinint Rl Rl
320 us
W-UP
. . ) . . 144 us Transmission
m: m + 1 each CCA operation. However, if the m + 1 value is greater than macMaxCSMABackoff when compared, the operation is terminated. Sic——
n: n+ 1 each CCA operation. However, the n + 1 value or macMaxBE, whichever less, is a new n value when compared. _,—

Figure 15.8 CSMA-CA Timing Chart (Beacon Mode Example)
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15.1.15 State Transitions
Figure 15.9 shows State Transitions.

Reset

=D SIS

A

( Stop mode )
7'

/RF and clock regulator: OFF

| " )

125-kHz on-chip oscillator mode
System clock: OCO

125-kHz on-chip oscillator
mode
Low-power consumption mode

High-speed, middle-speed mode

System clock: XIN

N e
Low-speed mode
» System clock: XCIN
Low-speed mode
Low-power-consumption mode
<
S/ A

Transition time: 1 ms

NOTE:

1 ms is required for starting up the RF and clock regulator each.
(1 ms is counted with the count source = XIN)
Make sure the RF and clock regulator are started up at the same time.

After the clock regulator is started up, the XIN clock must be connected to it.

GF and clock regulator: ON v

IDLE mode

Transition time: 144 us System clock: XIN

TX mode

System clock: XIN

N

Transition time for automatic
transmission and reception:
Transmission: 192 ps
Reception: 184 ps

~

Transition time: 136 ps

RX mode

System clock: XIN

o

Figure 15.9 State Transitions
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15.2 Baseband Associated Registers
Baseband associated registers are shown below.

15.2.1 Baseband Control Register

Thisregister controls the enabling or disabling of the baseband functions.
Setting the BBEN bit to 1 enables the baseband functions.
Access to the baseband associated registers when this bit is 1.
Setting the BBEN bit to O initializes any processing during communication, but the setting value of each
register is retained. Other processing such as the automatic ACK response and automatic reception switching

functions are also cancelled.

Make sure to set the RFPWRON bit in the BBRFCON register to 0 (RF power OFF) before setting the BBEN

bit to 0.

Baseband Control Register

(b7-b1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
BBCON 0100h 00h

1 ] ] 1 ] ] ] ]

.

e Bit Symbol Bit Name Function RW

I T T T T

I T T T T T

Py b v == BBEN Baseband enable bit Baseband functions enabled RW

RN

1 ] ] 1 ] ] 1

1 ] ] 1 ] ] 1

1 ] ] 1 ] 1 1

------------------- No register bits. If necessary, set to 0. Read as 0.

Figure 15.10 Baseband Control Register Configuration
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15.2.2 Transmit/Receive Reset Register

Setting the RFSTOP bit to 1 enables the cancellation of processing during transmission, reception, CCA, or
calibration (IDLE status after cancellation).

Processing such asthe automatic ACK response and automatic reception switching functions are also cancelled.
The RFSTOP bit is automatically cleared to 0. However, the setting value of each register is retained.

Setting the RFRESET bit to 1 initializes all baseband associated registers.

Asall control signals are initialized, communication is also cancelled as with the RFSTOP bit.

The RFRESET bit isautomatically cleared to O.

This bit can also be set regardless of the value of the BBEN bit in the baseband control register.

Transmit/Receive Reset Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
oo BBTXRXRST 0101h 00h
] ] ] ] ] ) ] ]
I
. Bit Symbol Bit Name Function RW
A A
EEEEEEE
bbb bbb =< RESTOP [RF communication stop bit Stops RF communication RW
T I R I
R
E i i E i E t---- RFRESET |RF reset bit Resets baseband associated registers RW
T R
T _
[ T T T T, i
E b (b3-b2) Reserved bits Setto 0 RW
b
b — _ _
------------------- (b7-b4) No register bits. If necessary, set to 0. Read as 0. —

Figure 15.11 Transmit/Receive Reset Register Configuration
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M16C/6B Group

15. Baseband Functionality

15.2.3 Transmit/Receive Mode Register 0

To execute CCA or ED, set the CCACOND hit to 1.
The AUTOACKEN bit can be used to select whether to perform automatic ACK response operation after

reception is compl eted.

The AUTORCVO hit can be used to automatically transit to reception status after transmission is completed.
The AUTORCV1 bit can be used to automatically transit to reception status after reception is compl eted.
However, ACK response takes priority when ACK response conditions are met while the AUTOACKEN bit is

1 (automatic ACK enabled).

The BATLIFEEXT bit can be used to enable the battery life extension mode for the branch conditions used in
CSMA-CA processing shown in Figure 15.7.
The BEACON bit can be used to specify the operating mode for ACK frame response or CSMA-CA timing.

Transmit/Receive Mode Register O
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
o] [ [ [ ] [o] | eeTxRxMODEO 0102h 00h
R
EEEEEEE
A Bit Symbol Bit Name Function RW
I I A I
T I I A A . 0: Normal
R CCACOND |[CCA type bit 1: CCA/ED RW
] ] ] ] ] I ]
] ] ] ] ] I ]
I R — d bi
I (b1) Reserved bit Setto 0 RwW
RERRE
[ .. |0: Automatic ACK disabled
] ] ] ] ] | P —
AR AUTOACKEN|Auto ACK mode enable bit 1: Automatic ACK enabled RW
] ] ] ] ]
] ] ] ] ]
I Auto receive switch mode 0 [0: Automatic reception switching disabled
] ] ] ] ] .
i i i i """" AUTORCVO | o able bit (TX = RX) 1: Automatic reception switching enabled RW
] ] ] ]
] ] ] ]
[ Auto receive switch mode 1 |0: Automatic reception switching disabled
] ] ] L,
N AUTORCV1 enable bit (RX — RX) 1: Automatic reception switching enabled RW
] ] ]
] ] ]
] ] ] . . . .
T S BATLIFEEXT B‘attery life extension mode 0: Disabled RW
P bit 1: Enabled
] ]
] ]
] ] .
R S BEACON |Beacon mode bit 0: Nonbeacon mode RW
1 1: Beacon mode
!
] — .
------------------ (b7) Reserved bit Setto 0 RW

Figure 15.12 Transmit/Receive Mode Register 0 Configuration
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M16C/6B Group 15. Baseband Functionality

15.2.4 Transmit/Receive Mode Register 1

The ACKRCVEN bit can be used to select whether to perform automatic receive operation.

The RETRN bit can be used to set the number of retransmit processing if there is no ACK response while
automatic ACK receive mode is enabled.

The CCASEL bit can be used to select the CCA/ED or RSSI value when reading the RSSI/CCA result register.
The ANTSWEN bit can be used to enable the ANTSW output function.

Transmit/Receive Mode Register 1
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
lo] [o] [ | ]| | seTxrxmoDE1 0103h 06h
I
I I I
Vv v b 1| BitSymbol Bit Name Function RW
I I A I
1 1 ] 1 1 1 1 1
[ T N . .. |0: Automatic ACK reception disabled
E i E E E E E 1-+ ACKRCVEN|Auto ACK receive mode bit 1: Automatic ACK reception enabled RW
I R A
] ] ] ] 1 1 ]
i 1 1 1 t-i-deeef RETRN |Retransmit count bit Set 000b to 111b RW
R
P . 0: CCA/ED
E i i R ] CCASEL |CCA result select bit 1: RSSI RwW
P
P o d bi S 0 RW
E i ------------- (b5) Reserved bit et to
1 1
[ .
N S ANTSWEN | ANTSW enable bit 0: Disabled RW
! 1: Enabled
!
] _— .
------------------ (b7) Reserved bit Setto 0 RW

Figure 15.13 Transmit/Receive Mode Register 1 Configuration
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M16C/6B Group 15. Baseband Functionality

15.2.5 Receive Frame Length Register

This register stores the frame length value for reception. When reading this register, the frame length value
corresponding to the receive RAM bank specified with the RCVBANKSEL bit in the BBTXRXMODE3
register isread.

The frame length value is stored when frame reception starts, and it is retained until the next frame reception
starts. However, the value is updated when an address match is recognized while the address filter is enabled.

If the receive frame length is less than 04h, the frame reception is not accepted. In this case, the receive frame
length value is not updated. Also, no reception complete interrupt is generated.

Receive Frame Length Register

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
BBRXFLEN 0104h 00h

Bit Symbol Bit Name Function RW

Indicates the frame length value for

-4 RXFLEN |Receive frame length )
reception

------------------- (b7) No register bit. If necessary, set to 0. Read as 0. —

NOTE:
1. This bit corresponds to the receive RAM bank.

Figure 15.14 Receive Frame Length Register Configuration

15.2.6 Receive Data Counter Register

This register indicates the receive data counter value for reception.
It can be used to confirm what bytes of data has been received.
The value is cleared to 00h when frame reception stops.

Receive Data Counter Register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
BBRXCOUNT 0105h 00h

Bit Symbol Bit Name Function RW

-1 RXCOUNT |Receive data counter Indlcat_es the data counter value for R
reception

(b_7) No register bit. If necessary, set to 0. Read as 0. —

Figure 15.15 Receive Data Counter Register Configuration
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M16C/6B Group 15. Baseband Functionality

15.2.7 RSSI/CCA Result Register

Thisregister stores the result data of CCA/ED or RSSI.

The CCA/ED or RSS! value can be switched by using the CCASEL bit in the BBTXRXMODEL1 register. When
reading the RSS! value, the result corresponding the receive RAM bank specified with the RCVBANKSEL bit
in the BBTXRXMODES3 register isread.

Theread dataisindicated by two’'s complement in dBm units (example: 9Eh isindicated as —98 dBm).

Also, refer to 15.2.31 “RSSI Offset Register”.

RSSI/CCA Result Register

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
BBRSSICCARSLT 0106h 00h

R A T

i E E i E i i E Bit Symbol Bit Name Function RW
] ] ] 1 ] ] 1 ]

I I T

iodoiodos o boio4 |RSSICCARSLT|RSSI/CCA resultdata @ |Indicates the result data of RSSI/CCA R

NOTE:

1. This bit corresponds to the receive RAM bank.

Figure 15.16 RSSI/CCA Result Register Configuration
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M16C/6B Group 15. Baseband Functionality

15.2.8 Transmit/Receive Status Register 0

This register stores the CCA check result in the CCA bit.

The CRC check result is stored in the CRC bit. When reading this bit, the CRC result corresponding to the
receive RAM bank specified with the RCVBANKSEL bit in the BBTXRXMODES3 register is read.

The CSMA-CA check result is stored in the CSMACA hit.

The TRNRCV SQC bit is used to store the check result on the completion of a transmit/receive operation
sequence (CSMA-CA — transmission — ACK reception — retransmission — ACK reception...). If no ACK is
received after repeating retransmission for the number of the set times, the TRNRCV SQC hit isset to 1 (false).
Bits RCVBANKO and RCVBANK1 are used as the flags for capturing a frame in receive banks 0 and 1,
respectively.

These bits are automatically set to 1 when frame reception starts. When the address filter is enabled, these bits
are set to 1 at the same time an address filter interrupt is generated. Then, they are cleared to O by software after
the data in the receive RAM isread. Only 0 can be written to. If reception is performed again while these bits
are 1 and data is written to each receive RAM, areception overrun interrupt is generated.

The RCVPEND bit is used to store the value of the pending bit when an ACK frame isreceived.

The RCVBANKST bit can be used to confirm the receive RAM bank in which the last frame that has been
received.

After areset, thisbit indicates 1 onceit isinitialized.

Transmit/Receive Status Register 0
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
BBTXRXSTO 0107h 80h
R
I I I
A Bit Symbol Bit Name Function RW
I I A I
] ] ] ] ] ] ] ]
[ I T R T T . 0: Channel clear
E i E E i i i - CCA CCA check result bit 1: Channel busy R
EEEEE
E i E i i E t---4 CRC CRC check result bit @ O IzitJSEE R
T R
AR TRUE
[ Y T T R PN — i )
R CSMACA |CSMA-CA check result bit - EALSE R
R
] ] ] ] ] . . .
[ Transmit/receive operation [0: TRUE
E i i E TRNRCVSQC complete check result bit : FALSE R
] ] ] ]
] ] ] ]
] ] ] ] . 1
A R RCVBANKO |Receive bank 0 status bit |O- Reception enabled RW
P : Received data present
]
] ] ]
[ . .
R S — RCVBANK1 |Receive bank 1 status bit |2 R€ception enabled RW
bl : Received data present
] ]
] ]
[ . .
S RCVPEND |Receive pending bit - No pending R
: : Pending
]
]
(P RCVBANKST [ Receive bank pointer bit ) SZEE 2 R
NOTE:
1. This bit corresponds to the receive RAM bank.

Figure 15.17 Transmit/Receive Status Register 0 Configuration
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M16C/6B Group 15. Baseband Functionality

15.2.9 Transmit Frame Length Register

The frame length value for transmission is written into this register.

Thetotal of the payload datalength and CRC length (2 bytes) is set as the frame length value.

While the transmit frame length is equal to or less than 04h, do not set 1 in the TRNTRG bit in the
BBTXRXCON register or the CSMAST bit in the BBCSMACONO register (transmission start or automatic
CSMA-CA start).

Only the ACK automatic response function enables the transmission of an ACK frame regardless of the
transmit frame length.

Transmit Frame Length Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
BBTXFLEN 0108h 00h
Bit Symbol Bit Name Function RW

Indicates the frame length for

=a--tododo-t-i-4 TXFLEN |Transmit frame length transmission RW
------------------- (b_7) No register bit. If necessary, set to 0. Read as 0. —
Figure 15.18 Transmit Frame Length Register Configuration
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15.2.10 Transmit/Receive Mode Register 2

For transmission, the NOCRC bit can be used to select whether to add the CRC result automatically or only to
transmit datain transmit RAM.

The FLMPEND bit can be used to specify the value to be set in the pending bit in an ACK frame.
Theinformation of this bit is automatically included in the automatic ACK response frame.

The FLMPEMDST bit indicates whether an ACK frame is responded with pending or without pending for
automatic ACK response. Thisbit is updated at the same time as a bank 0/1 reception complete interrupt request
is generated when ACK response is completed.

The FLMPEMDST bit reflects the result of automatic ACK response performed for each bank which received a
frame with an ACK request. When reading this bit, it returns the frame pending information when an ACK is
responded with the receive RAM data in the bank, which is selected with the RCVBANKSEL bit in the
BBTXRXMODES register.

Transmit/Receive Mode Register 2

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
BBTXRXMODE2 0109h 00h
1 ] ]
P
o Bit Symbol Bit Name Function RW
1 1 1
1 ] ]
1 ) )
[ . . 0: Enabled
i i -4 NOCRC |Auto CRC disable bit 1: Disabled RW
Lo
1 ]
1 ]

0: No frame pending

[IEEELE FLMPEND |Frame pending bit 1: Frame pending

RW

0: ACK frame response with no frame
| mm——=-e FLMPENDST | Frame pending status bit pending R
1: ACK frame response with frame pending

------------------ (b7-b3) No register bits. If necessary, set to 0. Read as 0. —

NOTE:
1. This bit corresponds to the receive RAM bank.

Figure 15.19 Transmit/Receive Mode Register 2 Configuration
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15. Baseband Functionality

15.2.11 Transmit/Receive Mode Register 3

The ADRSFILEN bit can be used to enable the address filter for reception.
The PANCORD bit can use used to set whether or not to receive a receive frame with no destination address
(whether a PAN coordinator or not), as a requirement for the address filter.
Bits LVLFILENO and LVLFILEN1 can be used to set the reception of only input frames higher than the
threshold level set in the BBLVLV TH register.
The RCVBANKSEL bit is used to specify the bank for read accesses associated with receive RAM.

The RCVOVERWREN bit can be used to control the overwriting to receive RAM. While this bit is O, if bits
RCVBANKO and RCVBANK1 in the BBTXRXMODEQ register are set to 1 (received data present), received
datais not overwritten when a write access occurs to each receive RAM. However, a reception overrun 0/1

interrupt is generated.

While the RCVOVERWREN hit is 1, if bits RCVBANKO and RCVBANK1 in the BBTXRXMODEQO register
are set to 1 (received data present), received data is overwritten when a write access occurs to each receive
RAM. However, areception overrun 0/1 interrupt is generated.

Transmit/Receive Mode Register 3
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
[o]o] BBTXRXMODE3 010Ah 0oh
A
T T R R
e Bit Symbol Bit Name Function RW
T T R T A
] 1 ] ] 1 1 ] 1
[ S T T T A ) . |0: Address filter disabled
E E E E i i i '-f  ADRSFILEN [Address filter enable bit 1 Address filter enabled RwW
] 1 1 ] ] 1 ]
] 1 1 ] ] 1 ]
] 1 1 ] ] 1 ] . H
b1 bbb Leecd PANCORD  |PAN coordinator bit 0: NonPAN coordinator RW
HE N A 1: PAN coordinator
] ] ] ] 1 1
T R R b3 b2
P T LVLFILENO . . 0 0: Level filter disabled RW
I Receive level filter 0 1: Do not set
E i E E i enable bit 1 0: Do not set
i i E i _________ LVLFILEN1 1 1: Level filter enabled RW
R “Bank
T N RCVBANKSEL |Receive bank select bit |2 Bank0 RW
[ 1:Bank 1
] ] ]
] ] ]
[ . . . . .
i i G RCVOVERWREN Receive _RAM overwrite 0: Overwr!te disabled RW
I enable bit 1: Overwrite enabled
P
] 1
| — i
(b7-b6) Reserved bits Setto 0 RW

Figure 15.20 Transmit/Receive Mode Register 3 Configuration
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M16C/6B Group 15. Baseband Functionality

15.2.12 Receive Level Threshold Set Register

This register is used to set the threshold value for the reception level filter function. Set the value to two's
complement in dBm units (example: 9Eh isindicated as—98 dBm).

Thevalue set in the receive level threshold set register is compared with the value to be stored in the RSSI/CCA
result register (the value added with the offset value set in the RSSI offset register).

Receive Level Threshold Set Register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| BBLVLVTH 010Bh 00h
1 ]
1 ]
] ]
1 )
) )
] ]
] ]
1 ]
1 ]
1 )

HE
] ]
1 )
i i Bit Symbol Bit Name Function RW
P
1 ]
1 )

Sets the threshold value for the reception

------------------- LVLVTH [Receive level threshold ) .
level filter function

RW

Figure 15.21 Reception Level Threshold Set Register Configuration

15.2.13 Transmit/Receive Control Register

Setting the RCVTRG bit to 1 starts the warming up of the RF block, and reception statusis enabled 138 uslater.
Setting the TRNTRG bit to 1 starts the warming up of the RF block, and transmission starts 144 s later.
Setting the CCATRG bit to 1 starts the warming up of the RF block, and CCA operation starts 138 us later.
Make sure to set these bitsin IDLE status. Do not set two or more bits to 1 simultaneously.

These bits are automatically cleared to 0 when transmission/reception or CCA is completed.

To cancel transmission/reception or CCA in progress, use the RFSTOP bit in the BBTXRXCON register.

Transmit/Receive Control Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
BBTXRXCON 010Ch 00h

] ] ] ] ] I ] ]

P

Vrby bbby | BitSymbol Bit Name Function RW

EERRRES

[ T T I B T I . . . 0: No action

] ] ] ] ] I ] |

b RCVTRG |Receive trigger bit 1: Reception start W

. :

i 1 1 1 1 1 “---4 TRNTRG |Transmit trigger bit Oj No action w

I 1: Transmission start

REREE S

A . . : No action

AR CCATRG [CCA trigger bit 1: CCA start W

R

L — ister bits. If q

------------------- (b7-b3) No register bits. If necessary, setto 0. Read as 0. —

Figure 15.22 Transmit/Receive Control Register Configuration
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15.2.14 CSMA Control Register O

Setting the CSMAST bit to 1 starts CSMA-CA operation.

Make sure to set this bit in IDLE status.

Also, thisbit isautomatically cleared to 0 when CSMA-CA operation is completed. Setting 0 in thisbit does not
allow any write operation.

Setting the CSMATRNST bit to 1 allows transmit processing to be automatically performed if the result is
TRUE when CSMA-CA operation is completed.

To cancel CSMA-CA operation in progress, use the RFSTOP bit in the BBTXRXRST register.

CSMA Control Register 0

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
BBCSMACONO 010Dh 00h

EEEEEE

A Bit Symbol Bit Name Function RW

] ] ] ] ] I ] ]

E i E E i i E E 0: No action

E i E E i E E -4 CSMAST |Auto CSMA-CA start bit 1 Automatic CSMA-CA start w

] ] ] ] ] I ]

] ] ] ] ] I ]

R R Auto transmit bit after 0: No action

i i E i i i ----- CSMATRNST! sva-ca 1: Transmit processing after CSMA-CA RW

i

lembododo b e No register bits. If necessary, set to 0. Read as undefined value. —

(b7-b2)

Figure 15.23 CSMA Control Register 0 Configuration

15.2.15 CCA Threshold Level Set Register

Thisregister is used to set the threshold level for CCA check. Set the value to two's complement in dBm units
(example: 9Eh isindicated as—98 dBm).

The value set in the CCA level threshold set register is compared with the value to be stored in the RSSI/CCA
result register (the value added with the offset value set in the RSSI offset register).

CCA Threshold Level Set Register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
| BBCCAVTH 010Eh 0oh

R

1 ) ) 1 ) ] 1 )

1 ] ] 1 ] ] 1 ]

A Bit Symbol Bit Name Function RW
I A A A R

I A R R R

todlAtlll Ll d CCAVTH |CCA threshold Sets the threshold level of CCA RW

Figure 15.24 CCA Threshold Level Set Register Configuration
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15.2.16 Transmit/Receive Status Register 1

The UNLOCKST bit can be used to check whether a PLL unlock has occurred during reception.
This bit is read as the result corresponding to the receive RAM bank specified with the RCVBANKSEL bit in
the BBTXRXMODES register.

Transmit/Receive Status Register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
BBTXRXST1 010Fh 00h
1 ] ] 1 ] ] 1 ]
I T I I
Poyor by vy Bit Symbol Bit Name Function RW
T T R
1 ] ] 1 ] ] 1 ]
[ T T T R R | . . 0: Normal (no unlock)
- (6}
i E E i E i i '--| UNLOCKST [ Unlock receive status bit 1: Abnormal (unlock occurred) R
T
i i . No register bits. If tto 0. Read as 0
------------------- (b7-b1) o register bits. If necessary, set to 0. Read as 0. —
NOTE:
1. This bit corresponds to the receive RAM bank.
Figure 15.25 Transmit/Receive Status Register 1 Configuration
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15. Baseband Functionality

15.2.17 RF Control Register

The RFPWRON bit is used to control the powering ON of the RF block.
After setting 1 in the RFPWRON bit, IDLE status is selected after the wait time set in the BBIDLEWAIT
register has elapsed. The wait time set in the BBIDLEWAIT register is automatically counted with XIN as the
count source, and an IDLE interrupt request is generated after the startup time to IDLE status has been waited.

From OFF status, make sure to transit to CCA, reception, or transmission status via this IDLE status. Whilein
IDLE status, set 1 (operation start) in bits RCVTRG, TRNTRG, and CCATRG in the BBTXRXCON register,

and the CSMAST bit in the BBCSMACONO register.

After setting 1 in the XINPWRON bit, the startup of the clock regulator is completed after the wait time set in
the BBIDLEWAIT register has elapsed. The wait time set in the BBIDLEWAIT register is automatically
counted with XIN as the count source, and a clock regulator interrupt request is generated after the regul ator

startup time has been waited.

Set bits RFPWRON and XINPWRON to 1 simultaneously.
The XINREGSEL bit can be used to switch the XIN power supply to a stable power supply.
To set this bit to 1, make sure the clock regulator has been started up.

RF Control Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
0(o|0 BBRFCON 0110h 00h

] ] ] ] ] ] ] ]

Pb

vy v r v Bit Symbol Bit Name Function RW

I A I

A 0: OFF

E i i i i i i -4 RFPWRON|RF power ON bit 1: RF power ON (IDLE) RwW

R

] ] ] ] ] I ] i 0: OFF

] ] ] ] ] I ]

E i i i i i ---+4 XINPWRON [ XIN power ON bit 1: XIN power ON RwW

] ] ] ] ] I

] ] ] ] ] I

[ . . 0: MCU regulator

] ] ] ] ] | P —

P XINREGSEL | XIN regulator switch bit 1: Clock regulator RW

R

Pl —  |Reserved bi W

i i ----------- (b5-b3) eserved bits Setto 0

P

] ] J—

L 1 T J—

(b7-b6) No register bits. If necessary, setto 0. Read as 0.

Figure 15.26 RF Control Register Configuration
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15.2.18 Transmit/Receive Mode Register 4

The CCAINTSEL bit can be used to select when a CCA sequence is completed or a CSMA-CA sequence is
completed as the generation source of a CCA interrupt.

The PLLINTSEL bit can be used to select when an unlock is detected or alock is detected as the generation
source of aPLL lock detection interrupt.

The UNLOCKSTPT bit can be used to set the operation when an unlock occurs during transmission. When this
bit is 0, frame transmission continues even if an unlock occurs. When thisbit is 1, transmit operation stopsif an
unlock occurs. Make sure to set the PLLINTSEL bit to O (unlock detected) when using this function. AsIDLE
status is selected after operation stops, set to transmission or reception again.

The UNLOCKSTPR hit can be used to set the operation if an unlock occurs during reception. When thisbit is0,
frame reception is not terminated even if an unlock occurs and the reception continues until its end. When this
bit is 1, reception is terminated if an unlock occurs and the status transits to reception standby. Whether an
unlock has occurred or not during reception can be confirmed by using the UNLOCKST bit in the
BBTXRXST1 register, which is set when reception is completed. Make sure to set the PLLINTSEL bit to O
(unlock detected) when using this function.

The BANKOINTSEL bit can be used to select a bank 0 reception compete interrupt or an IDLE interrupt.

The BANK1INTSEL bit can be used to select a bank 1 reception complete interrupt or a clock regulator
interrupt.

15. Baseband Functionality

Transmit/Receive Mode Register 4
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
[o]o] BBTXRXMODE4 0111h 00h
R
P
T T S R Bit Symbol Bit Name Function RW
] ] ] ] ] I ] ]
E i E E i i i E 0: When CCA sequence is completed
Vororor 1 -4 CCAINTSEL (CCA interrupt select bit 1: When CSMA-CA sequence is RW
Vv completed
] ] ] ] ] I ]
] ] ] ] ] I ] .
b4 00l Lo d PLLINTSEL |PLL lock detection select bit |2 Uniock detected RW
I 1: Lock detected
] ] ] ] ] I
] ] ] ] ] I
Vet Operation stop enable bit after [0: Disabled (all frames transmitted)
] ] ] ] ] | P —
. UNLOCKSTPT transmission unlock detection [1: Stop after unlock detection RW
] ] ] ] ]
] ] ] ] ]
[ ; i 0: Disabled (all frames received)
i i E i bemmmee- UNLOCKSTPR Opere;_tlon st?p Eréa?letplt after 1: Stop after unlock detection RW
AR reception uniock detection —> transit to reception standby
] ] ] ]
[ Bank 0 reception complete/ 0: Bank 0 reception complete interrupt
] ] ] L
T BANKOINTSEL IDLE interrupt select bit 1: IDLE interrupt RW
] ] ]
] ] ] a
[ Bank 1 reception complete/ . ) )
E i (R BANKIINTSEL | clock regulator interrupt select Oj Bank 1 receptlon complete interrupt RW
I bit 1: Clock regulator interrupt
P
] ]
| — i
(b7-b6) Reserved bits Setto 0 RW
Figure 15.27 Transmit/Receive Mode Register 4 Configuration
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15.2.19 CSMA Control Register 1

The NB bit is used to set the value of macMaxCSMABackoff shown in Figure 15.5. (Theinitia valueis 04h.)
The BEMIN hit is used to set the value of macMinBE shown in Figure 15.5. (Theinitial valueis 03h.)
The CW hit is used to set the value of CW shown in Figure 15.5. (Theinitial valueis 02h.)

CSMA Control Register 1
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
BBCSMACON1 0112h 9Ch
R
] 1 1 ] 1 1 ] 1
) 1 1 ) 1 1 ) 1
T Bit Symbol Bit Name Function RwW
R T R R I
] [] ] ] ] 1 ] ]
O I T R N .
Pl e NB NB bit Sets the value of macMaxCSMABackoff RwW
T
1 1 [] 1 1
I . )
I ettty BEMIN |BEMIN bit Sets the value of macMinBE RwW
P
I
R G EGaaETr, CW  [Ccw bit Sets the value of CW RW

Figure 15.28 CSMA Control Register 1 Configuration

15.2.20 CSMA Control Register 2
The BEMAX hit is used to set the value of macMaxBE shown in Figure 15.5. (The initial valueis 05h.)

CSMA Control Register 2

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
0 BBCSMACON?2 0113h 05h

1 ] 1 1 ] ] ] ]

I T B A

e Bit Symbol Bit Name Function RW

I T I A

I T I A

vror b te-b-ido4 BEMAX  [BEMAX bit Sets the value of macMaxBE RW

R

] ] ] ]

o . R d bit Setto 0 RW

E i E ------------ (b4) eserved bi et to

] ] ]

P —

el e (b7-b5) No register bits. If necessary, set to 0. Read as undefined value. —

Figure 15.29 CSMA Control Register 2 Configuration
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15.2.21 PAN Identifier Register

Thisregister is for setting PAN identifiers. It consists of 16 bits and is used to detect a match with the PAN
identifier of areceive frame.

PAN Identifier Register

(b15) (b8)
b7 b0 b7 b0 Symbol Address After Reset
| | BBPANID 0115h, 0114h 0000h
i
i Function RW
]
:
e PAN identifier RW

Figure 15.30 PAN Identifier Register Configuration
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15.2.22 Short Address Register

This register is for setting short addresses. It consists of 16 bits and is used to detect a match with the short
address of areceive frame.

Short Address Register

(b15) (b8)
b7 b0 b7 bo Symbol Address After Reset
| | BBSHORTAD 0117h, 0116h 0000h
i
i Function RW
]
i
e Short address RW

Figure 15.31 Short Address Register Configuration

15.2.23 Extended Address Register

Thisregister is for setting extended addresses. It consists of 64 bits (16 bits x 4) and is used to detect a match
with the extended address of areceive frame.

Extended Address Register

Extended address register

BBEXTENDADO: Extended address bits 15 to 0
lemmemmeeee BBEXTENDADL1: Extended address bits 31 to 16 RW
BBEXTENDAD?2: Extended address bits 47 to 32
BBEXTENDAD3: Extended address bits 63 to 48

(b15) (b8)
b7 b0 b7 b0 Symbol Address After Reset
| | BBEXTENDADO 0119h, 0118h 0000h
H BBEXTENDAD1 011Bh, 011Ah 0000h
i BBEXTENDAD?2 011Dh, 011Ch 0000h
' BBEXTENDAD3 011Fh, 011Eh 0000h
i
i
! Function RW
i
]
]
]
]
]

Figure 15.32 Extended Address Register Configuration
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15.2.24 Timer Read-Out Register

Thisregister isfor reading the current count value from the 26-bit timer.

When reading the timer count value, read the BBTIMEREADO register (lower byte) first.

When bits 7 to O or bits 15 to 8 in the BBTIMEREADO register (or both) are read, the count value of bits 25 to
16 in the BBTIMEREADL register (higher byte) islatched.

If the BBTIMEREAD register isread first, note the BBTIMEREADO register is not latched.

After reading the BBTIMEREADO register, its value is not updated even if this register is read again without
reading the BBTIMEREAD1 register, and the previously read valueis read.

Timer Read-Out Register 0
(b15) (08)
b7 bo b7 bo Symbol Address After Reset
| | BBTIMEREADO 0121h, 0120h 0000h
i
: Function RW
1
1
1
;_ __________ Timer read-out register 0 R
BBTIMEREADO: Lower bits (15 to 0) in the 26-bit timer
Timer Read-Out Register 1
(b15) (08)
b7 b0 b7 b0 Symbol Address After Reset
X000 | BBTIMEREAD1 0123h, 0122h 0000h
b
] ]
! ! Function RW
] ]
] ]
E i __________ Timer read-out register 1 R
! BBTIMEREAD1: Lower bits (bits 25 to 16) in the 26-bit timer
]
]
]
R No register bits. If necessary, set to 0. Read as 0. —
Figure 15.33 Timer Read-Out Register Configuration
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15.2.25 Timer Compare i (i = 0 to 2) Register

Thisregister isfor performing comparisons with the 26-bit timer.
Three channels are integrated and 26-bit comparison is performed in each channel.

Timer Compare i Register O

(b15) (b8)

b7 b0 b7 b0 Symbol Address After Reset

| | BBTCOMPOREGO 0125h, 0124h 0000h
BBTCOMP1REGO 0129h, 0128h 0000h
BBTCOMP2REGO 012Dh, 012Ch 0000h

1
]
]
]
1
! Function RW
]
1
1
]
]
]

Timer compare i register 0
----------- BBTCOMPIREGO: Lower bits (bits 15 to 0) in the 26-bit compare RW
i=0to2

Timer Compare i Register 1

Timer compare i register 1
----------- BBTCOMPIREGL1: Lower bits (bits 25 to 16) in the 26-bit compare RW
i=0to 2

(615  (b8)
b7 b0 b7 b0 Symbol Address After Reset
OO0 | BBTCOMPOREG1 0127h, 0126h 0000h
. BBTCOMP1REG1 012Bh, 012Ah 0000h
1 BBTCOMP2REG1 012Fh, 012Eh 0000h
i
1
i Function RW
:
1
1
1

R EEELELELE No register bits. If necessary, set to 0. Read as 0. —

Figure 15.34 Timer Compare i Register Configuration
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15.2.26 Time Stamp Registers

These registers are for storing the timer value when frame reception is completed.

The count value on completion of reception is automatically stored in time stamp registers.

The time stamp value is retained until the next reception is completed.

When reading these registers, the time stamp value corresponding to the receive RAM bank specified with the
RCVBANKSEL bit in the BBTXRXMODES register is read.

Time Stamp Register 0
(b15) (b8)
b7 b0 b7 b0 Symbol Address After Reset
| | BBTSTAMPO 0131h, 0130h 0000h
!
1
! Function RW
1
1
i __________ Time stamp register 0 R
BBTSTAMPO: Lower bits (bits 15 to 0) of the 26-bit stamp value @
Time Stamp Register 1
(b15) (b8)
b7 b0 b7 b0 Symbol Address After Reset
NXDW | BBTSTAMP1 0133h, 0132h 0000h
1 H
i i
! ! Function RW
] 1
] 1
E i __________ Time stamp register 1 R
! BBTSTAMPL1: Lower bits (bits 25 to 16) of the 26-bit stamp value
]
]
]
R No register bits. If necessary, set to 0. Read as 0. —
NOTE:
1. These bits correspond to the receive RAM bank.
Figure 15.35 Timer Stamp Register Configuration
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15.2.27 Timer Control Register

The TIMEEN bit is used to control the count operation of the 26-bit timer.

Setting this bit to 1 enables the timer count. Setting this bit to O stops the timer count, and also initializes the
timer count value to 0000000h.

The COMPOTRG bit can be used to start RF transmission when the timer compare 0 value and the timer value
match. Warming up begins right after the match, and transmission starts 144 us later. Make sure to perform
operationsin IDLE status.

Timer Control Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
0 BBTIMECON 0134h 00h

] 1 1 ] 1 1 ] ]

P

T Bit Symbol Bit Name Function RW

EEREREE

E i E E i i E i-{ TIMEEN |Timer count enable bit OET!mercountstopped RW

. 1: Timer count enabled

] ] ] ] ] I ]

] ] ] ] ] I ]

] ] ] ] ] I ] H H . . . . .

by eo5MPOTRG COMPO Fransmlt trigger 0: Transm!ss!on tr!ggerdlsabled RW

I enable bit 1: Transmission trigger enabled

REREE

[ T O R T T — i

P (b2) Reserved bit Setto 0 RW

] ] ] ] ]

] ] ] ] ]

L — ister bits. If q

------------------- (b7-b3) No register bits. If necessary, setto 0. Read as 0. —

Figure 15.36 Timer Control Register Configuration

15.2.28 Backoff Period Register

The BOFFPROD hit can be used to set the random value of the backoff period when executing CSMA-CA.

By setting the BOFFPRODEN bit to 1, a random value is automatically generated with the value set in the
BOFFPROD hit as the initial value, and the backoff period value in the CSMA-CA circuit is set. Make sure to
set the BOFFPRODEN bit to 1 after the random value has been set with the BOFFPROD hbit.

The BOFFPROD hit does not need to be set again while the BOFFPRODEN bit is set to 1.

Backoff Period Register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
BBBOFFPROD 0135h 00h

A

1 ] ] 1 ] ] 1 ]

1 ] ] 1 ] 1 ] ]

I Bit Symbol Bit Name Function RW
I T T T T

T T O T

poL-d-AlLoloZ L.l BOFFPROD |Backoff period bit Sets the backoff period value RW

0: Backoff period automatic random
"""""""""""" Backoff period auto random |  disabled

BOFFPRODEN enable bit 1: Backoff period automatic random RW
enabled
Figure 15.37 Backoff Period Register Configuration
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15.2.29 PLL Division Registers

These registers are used to set the PLL divide ratio.
The same valueis set for both transmission and reception.

Table 15.3 lists the Correspondence Between Register Setting Values and Channels.

PLL Division Register 0
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| BBPLLDIVL 013Ah 65h
I
1 ] 1 1 ] 1 1 ]
] ] ] 1 ] ] 1 ] ) .
A Bit Symbol Bit Name Function RW
T S R T A
1 1 1 1 1 1 1 1
] ] ] 1 ] ] ] ]
todltl ol d PLLDIV [PLL divide ratio bit Refer to Table 15.3 RW
PLL Division Register 1
b15b14b13b12b11b10 b9 b8 Symbol Address After Reset
BBPLLDIVH 013Bh 09h
1 ] ] ] ] ] 1 ]
I T T T T A
I Bit Symbol Bit Name Function RW
I T T T T A
EEREERN
b1 deee-bod-d-—t PLIDIV  |PLL divide ratio bit Refer to Table 15.3 RW
P
.
1 ] ] i . . .
----------------- (b15-b13) No register bits. If necessary, set to 0. Read as undefined value. —

Figure 15.38 PLL Division Register Configuration

Table 15.3 Correspondence Between Register Setting Values and Channels

Channel (IEEE802.15.4) Frequency (MHz) PLLDIV Setting Value
0Bh (11) 2405 0965h
0Ch (12) 2410 096Ah
ODh (13) 2415 096Fh
OEh (14) 2420 0974h
OFh (15) 2425 0979h
10h (16) 2430 097Eh
11h (17) 2435 0983h
12h (18) 2440 0988h
13h (19) 2445 098Dh
14h (20) 2450 0992h
15h (21) 2455 0997h
16h (22) 2460 099Ch
17h (23) 2465 09A1h
18h (24) 2470 09A6h
19h (25) 2475 09ABh
1Ah (26) 2480 09BOh
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15.2.30 Transmit Output Power Register

Thisregister is used to set the transmission output power.
As reference data obtained from a standard sample, Table 15.4 lists the Correspondence Between Register
Setting Values and Output Power.

Transmit Output Power Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
BBTXOUTPWR 013Ch 00h
] 1 1 ] 1 I ] 1
I A A
Voror v Bit Symbol Bit Name Function RW
I A
IR R
Vol el TXOUTPWR | Transmit output power Refer to Table 15.4 RW
P
P
I N | - . .
---------------- (b7-b5) No register bits. If necessary, setto 0. Read as 0. —

Figure 15.39 Transmit Output Power Register Configuration

Table 15.4  Correspondence Between Register Setting Values and Output Power (Reference

Data)

TXOUTPWR Output Power (dBm) TXOUTPWR Output Power (dBm)
00h (Min) -36.0 10h —2.47
01lh -26.3 11h -2.0
02h -21.0 12h -1.6
03h -17.3 13h -1.1
04h -14.5 14h -0.7
05h -12.4 15h -0.33
06h -10.8 16h (Max) 0.0
07h -9.4
08h -8.2
0%h -7.2
0Ah -6.3
0Bh -5.5
0Ch -4.7
0Dh -4.0
OEh -3.4
OFh -2.9

NOTE:
1. Set TXOUTPWR to 00h to 16h. Do not use 17ht to 1Fh.
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15.2.31 RSSI Offset Register

This register can be used to set an offset value as the RSSI value during CCA/ED or reception.

The value can be used to adjust the power value read from the RSSI/CCA result register to the power value
input to the antenna.

Set the value to two's complement in dBm units.

The value set in the receive level threshold set register or CCA level threshold set register is compared with the
value to be stored in the RSSI/CCA result register (the value added with the offset value set in the RSSI offset
register).

Example:

If the value read from the RSSI/CCA result register is FDh (-3 dBm) while the value set in the RSSI offset
register is EEh (initial value) when the power input to the antennais 0 dBm, the value read from the RSSI/CCA
result register can be adjusted to 00h when the input power is the same level by setting EBh (EEh-3h) in the
RSSI offset register beforehand.

RSSI Offset Register

b7 b0 Symbol Address After Reset
| | BBRSSIOFS 013Dh EEh
!
1
! Bit Symbol Bit Name Function RW
1
1
1
T RSSIOFS [RSSI offset bit Sets an offset value of RSSI RW

Figure 15.40 RSSI Offset Register Configuration
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15.2.32 Verification Mode Set Register

This register can be used to set the verification mode necessary to obtain conformance certifications for
technological standards.

By setting the CONTTX bit to 1 and then the TRNTRG hit in the BBTXRXCON register to 1 (transmission
start), continuous transmit mode is selected. In this mode, frame transmission is repeated for the number of the
(BBTXFLEN setting value — 2) bytes. The content of the frame to be transmitted is the value written into
transmit RAM. Frame length value for transmission must be equal to or greater than 05h.

The NOMOD bit can be used to switch a modulation or non-modulation signal. When transmitting a non-
modulation signal, set 00h to address 00164h and 3Fh to address 00165h.

By setting the CONTRX bit to 1 and then the RCVTRG bit in the BBTXRXCON register 1 (reception start),
continuous receive mode is selected. In this mode, IDLE status is not selected even if frame reception is
completed, and reception status remains the same. In case using continuous receive mode, set 01h to the address
of 0D2A6h.

Do not set bits CONTTX and CONTRX to 1 simultaneously.

Verification Mode Set Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
BBEVAREG 0168h 00h
] ] ] ] ] I ] ]
I I
Vv v b 1| BitSymbol Bit Name Function RW
I I
] 1 1 ] 1 1 ] ]
[ Continuous transmit mode  |0: Normal operation
i i E i i i i I CONTTX bit 1: Continuous transmit operation RW
] ] ] ] ] [} ]
] ] ] ] ] [} ]
] ] ] ] ] [} ] . 1 H
i 11111 t---4 NOMOD |Non-modulation switch bit Oj Modulation signal RW
I 1: Non-modulation signal
1 1 ] 1 1 [}
[ T I .
i i i i i — CONTRX |Continuous receive mode Oj Normal operatlor_] ) RW
R 1: Continuous receive operation
R
] 1 ] ] 1 _
(SR N S YV (b7-b3) No register bits. If necessary, set to 0. Read as undefined value. —
Figure 15.41 Verification Mode Set Register Configuration
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15.2.33 IDLE Wait Set Register

Thisregister is used to set the wait time to transit to IDLE status after setting RFPWRON bit in the BBRFCON
register to 1 (RF power ON) or the XINPWRON bit in the BBRFCON register to 1 (XIN power ON).

When the setting time has elapsed, an IDLE interrupt request or clock regulator interrupt is generated.
Theinitial valueis 19h = 25 ms (the setting value is 1h = 1 ms).

IDLE Wait Set Register

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
BBIDLEWAIT 0176h 1%h

] ] ) ] ] 1 ] ]

A

Voror oy Bit Symbol Bit Name Function RW

A A

RN

Voot de-t-ld-J-f IDLEWAIT [IDLE wait set Sets the wait time to transit to IDLE status RW

P

[ )

[ )

[ )

------------------- (b7-b5) |No register bits. If necessary, set to 0. Read as undefined value. —

Figure 15.42 IDLE Wait Set Register Configuration

15.2.34 ANTSW Output Timing Set Register

Thisregister isfor setting the timing for the ANTSWCONT pin output.

After setting the TRNTRG bit in the BBTXRXCON register to 1 (transmission start), the time to drive the
ANTSWCONT pin output to high can be set.

The setting value is available from 01h to 8Dh, and theinitial valueis 72h (the setting value is 1h = about 1 ps).
Do not set values other than 01h (about 1 pus) to 8Dh (about 141 us).

ANTSW Output Timing Set Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
BBANTSWTIMG 017Ah 72h
Bit Symbol Bit Name Function RW

Sets the timing for the ANTSWCONT pin

b odo oot ANTSWCONT] ANTSW output timing set output. The setting value is 01h to 8Dh. RW
Figure 15.43 ANTSW Output Timing Set Register Configuration
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15.2.35 RF Initial Set Register
Thisisa16-bit register isfor the initial setting in the RF block.

The setting is performed while

in IDLE status.

To set this register, set the higher and lower bytes at the same time or set datain the lower byte first and then the

higher byte.

To set this register again after having set data once, allow 40 cycles or more of f(BCLK). However, access to

other registersis enabled.

If IDLE statusis changed to RF OFF status, the RF initial setting is also cleared. Perform the RF initial setting

again whilein IDLE status.

RF Initial Set Register

(b15) (b8)
b7 b0 b7 b0 Symbol Address After Reset
| | | BBRFINI 017Dh, 017Ch Indeterminate
E E Bit Symbol Bit Name Function RW
(P SR RFINI RF initial set Sets data w
Figure 15.44 RF Initial Set Register Configuration
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15.3 Control Sequence

15.3.1 Transmission Procedure Example

[1] Set 1 (baseband functions enabled) in the BBEN bit in the BBCON register.
[2] Set01h (1 ms)inthe BBIDLEWAIT register.
Set 1 (IDLE interrupt) in the BANKOINTSEL bit in the BBTXRXMODEA4 register.
Set 1 (RF power ON) in the RFPWRON bit in the BBRFCON register, and 1 (XIN power ON) in the
XINPWRON bit.
[3] UseregistersBBPLLDIVL and BBPLLDIVH for to channel setting.
[4 Usethe BBTXOUTPWR register for output power setting.
([5] Setthe AUTORCVO bitinthe BBTXRXMODEQ register.)
[6] Writetotransmit RAM: addresses D100h to D17Eh
[7] Set thetransmit frame length in the BBTXFLEN register.
[8] After the IDLE interrupt is generated (after the wait time set in the BBIDLEWAIT register has elapsed
from step [2]):
Set 1 (clock regulator) in the XINREGSEL bit in the BBRFCON register.
Set the setting value in the BBRFINI register.
Set 1 (transmission start) in the TRNTRG hbit in the BBTXRXCON register.

NOTE:
1. Steps[2] to[7] can beinterchanged.

A transmission complete interrupt is generated when one of the following events occurs after transmission starts:
* Transmission is compl eted.

* ACK reception is completed after the ACK reception function is enabled and transmission with an ACK
request is performed.

*The ACK is not received for a certain period after the ACK reception function is enabled and transmission
with an ACK request is performed.

* The CCA result isthat the channel is busy when transmission is requested with automatic CSMA-CA enabled.

15.3.2 Reception Procedure Example

[1] Set 1 (baseband functions enabled) in the BBEN bit in the BBCON register.
[2] Set01h (1 ms)inthe BBIDLEWAIT register.
Set 1 (IDLE interrupt) in the BANKOINTSEL bit in the BBTXRXMODE4 register.
Set 1 (RF power ON) in the RFPWRON bit in the BBRFCON register, and 1 (XIN power ON) in the
XINPWRON hit.
[3] UseregistersBBPLLDIVL and BBPLLDIVH for to channdl setting.
([4] Set bits AUTOACKEN, AUTORCVO0, and BEACON in the BBTXRXMODEQ register.)
[5] Setthe PAN identifier in the BBPANID register.
[6] Setthe BSHORTAD register or registers BBEXTENDADO to BBEXTENDAD3.
[7] After the IDLE interrupt is generated (after the wait time set in the BBIDLEWAIT register has elapsed
from step [2]):
Set 1 (clock regulator) in XINREGSEL bit in the BBRFCON register.
Set the setting value in the BBRFINI register.
Set 1 (reception start) in the RCVTRG hit in the BBTXRXCON register.
[8] Allow adelay for the reception complete interrupt.
[9] Setthe RCVBANKSEL hit inthe BBTXRXMODES register for bank selection.
[10] Read the BBRXFLEN register.
[11] Confirm the CRC result by using the CRC bit in the BBTXRXSTO register.
[12] Read receive RAM data: addresses D180h to D1FEh

NOTES:
1. Steps|[2] to [6] can be interchanged.
2. When the automatic ACK response function is enabled, a transmission complete interrupt is generated
when ACK response is completed. If no transmission complete interrupt is required, set the priority
level of the interrupt to O (disabled).
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15.3.3 CCA Procedure Example

[1] Set 1 (baseband functions enabled) in the BBEN bit in the BBCON register.
[2] Set01h(1ms)inthe BBIDLEWAIT register.
Set 1 (IDLE interrupt) in the BANKOINTSEL bit in the BBTXRXMODE4 register.
Set 1 (RF power ON) in the RFPWRON bit in the BBRFCON register, and 1 (XIN power ON) in the
XINPWRON hit.
[3] UseregistersBBPLLDIVL and BBPLLDIVH for channel setting.
[4] After the IDLE interrupt is generated (after the wait time set in the BBIDLEWAIT register has elapsed
from step [2]):
Set 1 (clock regulator) in the XINREGSEL bit in the BBRFCON register.
Set the setting value in the BBRFINI register.
Set 1 (CCA dtart) in the CCATRG bit in the BBTXRXCON register.
[5] Allow adelay for the CCA complete interrupt.
[6] Usethe CCA bit inthe BBTXRXSTO register to check the CCA result.

NOTE:
1. Steps[2] and [3] can be interchanged.

15.3.4 CSMA-CA Procedure Example

[1] Set 1 (baseband functions enabled) in the BBEN bit in the BBCON register.

[2] Set01h (1 ms)inthe BBIDLEWAIT register.
Set 1 (IDLE interrupt) in the BANKOINTSEL bit in the BBTXRXMODEA4 register.
Set 1 (RF power ON) in the RFPWRON bit in the BBRFCON register, and 1 (XIN power ON) in the
XINPWRON bhit.

[3] UseregistersBBPLLDIVL and BBPLLDIVH for channel setting.

([4] Setthe BEACON hit in the BBTXRXMODEQ register.)

[5] Settheinitia vauein bits BOFFPRODO to BOFFPRODG6 in the BBBOFFPROD register.
Set 1 (backoff period automatic random enabled) in the BOFFPRODEN bit in the BBBOFFPROD
register.

[6] After the IDLE interrupt is generated (after the wait time set in the BBIDLEWAIT register has elapsed
from step [2]):
Set 1 (clock regulator) in the XINREGSEL bit in the BBRFCON register.
Set the setting value in the BBRFINI register.
Set 1 (automatic CSMA-CA start) in the CSMAST bit in the BBCSMACONO register.
At the same time, if transmit processing is to be proceeded after CSMA-CA is completed, set 1 (transmit
processing after CSMA-CA) in the CSMATRNST hit in the BBCSMACONO register.

[71 Allow adelay for the CSMA-CA complete interrupt.

[8] Confirmthe CSMA-CA result by using the CSMACA bit in the BBTXRXSTO register.

NOTE:
1. Steps|[2] to [5] can be interchanged.
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15.3.5 Baseband Startup Procedure Example

[1] Set 1 (baseband functions enabled) in the BBEN bit in the BBCON register.

[2] Set01h(1ms)inthe BBIDLEWAIT register.
Set 1 (IDLE interrupt) in the BANKOINTSEL bit in the BBTXRXMODE4 register.
Set 1 (RF power ON) in the RFPWRON bit in the BBRFCON register, and 1 (XIN power ON) in the
XINPWRON hit.

[3] Allow adelay until the IDLE interrupt is generated (delay until the wait time set in the BBIDLEWAIT
register has elapsed from step [2]).

15.3.6 Baseband Shutdown Procedure Example

[1] Set 0 (OFF) inthe RFPWRON bit in the BBRFCON register.
[2] Set 0 (baseband functions disabled) in the BBEN bit in the BBCON register.
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15.3.7 Examples of Automatic Transmit and Receive Operations

15.3.7.1 Transmission
* Set the AUTORCVO hit in the BBTXRXMODEQO register = 1 (automatic reception switching enabled)

IDLE| TX IDLE| RX

15.3.7.2 Reception
* Set the AUTORCV 1 bit in the BBTXRXMODEDO register = 1 (automatic reception switching enabled)

RX

RX |IDLE|

15.3.7.3 ACK
* Set the AUTOACK bit in the BBTXRXMODEQ register = 1 (automatic ACK enabled)

RX |IDLE[ TX(ACK) |IDLE

ACK requested

|IDLE
No ACK request

* Set the AUTOACK bit in the BBTXRXMODEQ register = 1 (automatic ACK enabled)

* Set the AUTORCV 1 bit in the BBTXRXMODEQO register = 1 (automatic reception switching enabled)
RX |

RX

RX |IDLE[ TX(ACK) |IDLE]
ACK requested

RX |IDLE| RX |
No ACK request

* Set the ACKRCVEN bit in the BBTXRXMODEL register = 1 (automatic ACK reception enabled)
* Set the AUTORCVO bit in the BBTXRXMODEQ register = 1 (automatic reception switching enabled)

|IDLE| RX(ACK) |IDLE] RX
ACK requested

TX

15.3.7.4 CSMA-CA
* Set the CSMATRNST bit in the BBCSMACONO register = 1 (transmit processing after CSMA-CA)

IDLE[  CSMA-CA |IDLE TX IDLE
Result TRUE
IDLE|  CSMA-CA |IDLE
Result FALSE
* Set the CSMATRNST bit in the BBCSMACONO register = 1 (transmit processing after CSMA-CA)
* Set the AUTORCVO bit in the BBTXRXMODEQ register = 1 (automatic reception switching enabled)
IDLE|  CSMA-CA |IDLE| TX |IDLE| RX |
Result TRUE
IDLE | CSMA-CA |IDLE
Result FALSE
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16. CRC Operation

16. CRC Operation

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses a generator

polynomial of CRC_CCITT (X16 + X12 + X5 + 1) to generate CRC code.

The CRC code consists of 16 hits which are generated for each data block in given length, separated in 8 bit units.
After the initial value is set in the CRCD register, the CRC code is set in that register each time one byte of datais

written to the CRCIN register. CRC code generation for one-byte datais finished in two cycles.

Figure 16.1 shows the CRC Circuit Block Diagram. Figure 16.2 shows Registers CRCD and CRCIN. Figure 16.3

shows an Example of Using the CRC Operation.

q Data bus (high-order)
q Data bus (low-order)
Eight low-order bits ‘ l Eight high-order bits

CRCD register

| I

CRC code generating circuit

x16+ X12+ X5+1
1 [

CRCIN register

i )

Figure 16.1 CRC Circuit Block Diagram

CRC Data Register

read out from the CRCD register.

(b15) (b8)
b7 b0 b7 b0 Symbol Address After Reset
| CRCD 03BDh to 03BCh Indeterminate
!
i
! Function Setting Range RW
1
1
! When data is written to the CRCIN register after setting the
e initial value in the CRCD register, the CRC code can be 0000h to FFFFh RW

CRC Input Register

b7 b0 Symbol Address After Reset
| H CRCIN 03BEh Indeterminate
i
1
i
i Function Setting Range RW
!
1
L T Data input 00h to FFh RW

Figure 16.2 Registers CRCD and CRCIN
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M16C/6B Group 16. CRC Operation

Setup procedure and CRC operation when generating CRC code “80C4h”

* CRC operation performed by the M16C

CRC code: remainder of a division in which the value written to the CRCIN register with its bit positions reversed is divided by the
generator polynomial
Generator polynomial: X'® + X*2 + X5 + 1 (1 0001 0000 0010 0001b)

« Setting procedure

(1) Reverse the bit positions of the value “80C4h” by program in 1-byte units.

80h — 01h, C4h — 23h

b15 b0
(2) Write 0000h (initial value) —| | CRCD register
b7 b0
(3) Write 01h —> |:| CRCIN register
Two cycles later, the CRC code for 80h, i.e., 9188h, has its
bit positions reversed to become 1189h which is stored in
the CRCD register.
b15 b0
1189h | CRCD register

(4) Write 23h —> |:| CRCIN register

Two cycles later, the CRC code for 80C4h, i.e., 8250h, has its
U bit positions reversed to become 0A41h which is stored in the
b0

CRCD register.
b15

0A41h | CRCD register

« Details of CRC operation

As shown in (3) above, bit position of 01h (00000001b) written to the CRCIN register is reversed and becomes 10000000b.
Add 1000 0000 0000 0000 0000 0000b, as 10000000b plus 16 digits, to 0000 0000 0000 0000 0000 0000b,
as 0000 0000 0000 0000b plus 8 digits as the default value of the CRCD register to perform the modulo-2 division.

Modulo-2 operation is

1000 1000 operation that complies
10001 0000 0010 0001 [ 1000 0000 0000 0000 0000 0000 4 Data with the law given below.
1000 1000 0001 0000 1 N
Generator polynomial 1000 0001 0000 1000 O 0+0=0
1000 1000 0001 0000 1 0+1=1
1001 0001 1000 1000 1+0=1
S to

CRC code

0001 0001 1000 1001b (1189h), the remainder 1001 0001 1000 1000b (9188h) with inversed bit position, can
be read from the CRCD register.

When going on to (4) above, 23h (00100011b) written in the CRCIN register is reversed and becomes 11000100b.

Add 1100 0100 0000 0000 0000 0000b, as 11000100b plus 16 digits, to 1001 0001 1000 1000 0000 0000b, as 1001 0001 1000 1000b
plus 8 digits as a remainder of (3) left in the CRCD register to perform the modulo-2 division.

0000 1010 0100 0001b (0A41h), the remainder with reversed bit position, can be read from the CRCD register.

Figure 16.3 Example of Using the CRC Operation
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17. Programmable I/O Ports

33 (19 in the 48-pin version) programmable input/output ports (I/O ports) are available. The direction registers
determine individual port status, input or output. The pull-up control registers determine whether the pots, divided into
groups of four ports, are pulled up or not. P8_5isaninput port and no pull-up is allowed. Port P8_5 shares the pin with
NMI, so that the NMI input level can be read from the P8_5 bit in the P8 register.

Figures 17.1 to 17.3 show the I/O ports. Figure 17.4 shows the I/O Pins,

Each pin functions as an 1/O port, or a peripheral function input/output.

To set peripheral functions, refer to the description for individual functions. If any pin is used as a peripheral function
input, set the direction bit of the corresponding pin to 0 (input mode). Any pin used as an output pin for peripheral
functionsis directed for output no matter how the corresponding direction bit is set.

17.1 Port Pi Direction Register (PDi Register, i =5 to 8, 10)

Figure 17.5 shows the Pi Direction Registers.
This register selects whether the 1/0 port is to be used for input or output. Each bit in the PDi register corresponds
to one port.

17.2 Port Pi Register (Pi Register, i =5 to 8, 10)

Figure 17.6 shows the Pi Registers.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register.

Each bit of the Pi register consists of aport latch to hold the output data and a circuit to read the pin status.

For ports set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and data
can be written to the port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and data can be
written to the port latch by writing to the Pi register. The data written to the port latch is output from the pin. Each
bit in the Pi register correspond to each port.

17.3 Pull-up Control Register 1 to Pull-up Control Register 2 (Registers PUR1 to
PUR2)
Figure 17.7 shows the Registers PUR1 and PUR2.
Bitsin registers PUR1 to PUR2 can be used to select whether or not to pull the corresponding port highin 4 pin

units. The port chosen to be pulled high has a pull-up resistor connected to it when the direction bit is set for input
mode.

17.4 LED Port Switch Register (LEDCON Register)

Figure 17.8 showsthe LEDCON Register.
Bitsin the LEDCON register can be used to switch the drive capacity of P5_5and P5_7.
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Pull-up selection

Direction
register

P10_0to P10_3®

4 L =
Data bus—“—' Port latch :
' %>o—LDw i
I — = 4
S

Analog input 5o

I

Pull-up selection

P10 4to P10 7@ Direction
- - register

| J Ld e
SR %LDjj]j i

(NOTE 1)

77T

N
Analog input —0\0—0

Input to respective peripheral functions . Port control register

Pull-up selection
Direction
P5_5,P5 _7,P6_0, register
P6_4,P7_3,P7_4®, 1 $
P7_6 (2), P8_0 ) GP—Q _;K!\O

H 1

output i *
Data bus —0—| Port latch _g\lo— ;
1
1

x

> i (NOTE 1)
[ 77T

A1

N
Input to respective peripheral functions @
NOTES:
1. -4+—---- symbolizes a parasitic diode.

Make sure the input voltage on each port will never exceed VCC.
2. 64-pin version only.

Figure 17.1 1/O Ports (1)
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Pull-up selection
Direction
P6_1to P6_3, register j’ j’
P6 5to P6 7,P7 2
_ P 1
oo Ad
Y
output H !
Data bus —0—| Port latch _2\0— J_'_O
’ #
: (NOTE 1)
7T
CMOS / Nch

selection

Js

he

Input to respective peripheral functions @

Pull-up selection

. 5 Direction ,_‘ >o:' )C
P7 50,P7.70,

Py

P8 1®, P8 2, P8_3

Data bus —o—| Port latch PD_‘

N

Input to respective peripheral functions @

Direction
P7_0,P7_1 register
1

output—Kﬁc
Data bus —0—| Port latch O

|
<

1 (NOTED)
1

7T

Py

O

(NOTE 2)

Input to respective peripheral functions @

NOTES:
1. ---+«¢---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
2. --—¢---- symbolizes a parasitic diode.
3. 64-pin version only.

Figure 17.2 1/O Ports (2)
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NMI enabled

Direction
register
P8 5 g

—<—

Data bus —0—| Port latch

P

<

1
{>’\:D°T !
| (NOTE1)
7T

NMI interrupt input —OC'D_‘ gll

NMI enabled

Pull-up selection

Direction
P8_7 register

Tl
Data bus —4—{ Poriateh | j +—O
DI al 4 ’_&fc
J o ¢

Rf

Pull-up selection

Direction Rd
P8 _6 register j j
1
o—<}—o—_§{\o—< $

! ED i
output ! i
Data bus —0—| Port latch _;\0 J—Q—I—O
— P
~
NOTE

A4

(NOTE 1)

%
rir

1. -------- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.

Figure 17.3 1/O Ports (3)
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1
1
CNVSS T
o
CNVSS signal input @ * O
1
[y
: (NOTE 1)
7T
1
1
RESET *
- .
RESET signal input @ ¢ O
1
x
: (NOTE 1)
7T
NOTE
1. ---l4---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
Figure 17.4 1/O Pins
Port Pi Direction Register (i=5to 8, 10) @
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
N D PD5 @, PD6, PD7 © 03EAh, 03EBh, 03EEh, 03EFh 00h
A A 03F2n ooh
A I R N PD10 @ 03F6h 00h
A
A
I A Bit Symbol Bit Name Function RW
[
P E E i o *-{ PDi_0 |Port Pi_0 direction bit 0: Input mode RW
b 14141 t---1 PDi_1 [PortPi_1 direction bit (O':Unctionsdas an input port) RW
[ I R A A N - - — - 1: Output mode
bl E ! i PDi_2 |Port Pi_2 direction bit (Functions as an output port) RW
i i : E --------- PDi_3 |Port Pi_3 direction bit RW
E i E fommomo oo PDi_4 |Port Pi_4 direction bit RW
E i B Rt PDi_5 |Port Pi_5 direction bit RW
E R PDi_6 [Port Pi_6 direction bit RW
e e e EE e PDi_7 |Port Pi_7 direction bit RW
NOTES:
1. The PD10 register in the 48-pin version is a reserved area. No access is allowed.
2. Only PD5_5 and PD5_7 are available in the PD5 register. The bits other than these are reserved. Set to 0.
3. PD7_4to PD7_7 in the PD7 register in the 48-pin version are reserved bits. Set to 0.
4. PD8_4 in the PD8 register is not available. It is a reserved bit. Set to 0.
5. PD8_0 and PD8_1 in the 48-pin version are reserved bits. Set to 0.

Figure 17.5 Registers PD5 to PD8, PD10
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Port Pi Register (i=5to 8, 10) @

corresponding bit in this register.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
AL L1111 P5®, P6 P7@ 03E9h, 03ECh, 03EDh Indeterminate
I P8 .6) 03FOh Indeterminate
T R I P10 @ 03F4h Indeterminate
P
bbb _
I Bit Symbol Bit Name Function RW
[ T T T R T
i E E i i i ‘-7 Pi 0 |PortPiobit The pin level on any I/O port which is set | RW
i E E i L N Pi_1 Port Pi_1 bit for input mode can be read by reading the | Ry
P
] ' ]
1 )
1 )
] )
1 (]
1 )
] )
[]

o Pi_2 Port Pi_2 bit The pin level on any I/O port which is set RW
E ““““““ Pi_3 Port Pi_3 bit for output mode can be controlled by RW
[ Pi 4 Port Pi 4 bit writing to the corresponding bit in this RW

H - - - register
poTTTTmeee Pi_5 Port Pi_5 bit 0: “L” level RW
: R Pi_6 Port Pi_6 bit 1: “H” level ® RW
e e L L P Pi_7 Port Pi_7 bit RW

NOTES:
1. Since P7_0, P7_1, and P8_5 are N-channel open-drain ports, the pin status becomes high-impedance.
2. The PD10 register in the 48-pin version is a reserved area. No access is allowed.
3. Only PD5_5 and PD5_7 are available in the PD5 register. The bits other than these are reserved. Set to 0.
4. P7_4to P7_7 in the P7 register in the 48-pin version are reserved bits. Set to 0.
5. P8_4 in the PD8 register not is available. It is a reserved bit. Set to 0.
6. P8_0 and P8_1 in the 48-pin version are reserved bits. Set to 0.

Figure 17.6 Registers P5to P8, P10
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Pull-Up Control Register 1

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| 0 | 0 | 0 | PUR1 0361h 00000000b

I

EEEEEEE

1111 1 11 | BitSymbol Bit Name Function RW

T A A

RRRRREY aw
1 —_— .

i i E E i e (b2-b0) Reserved bits Setto 0 RW

P RW

] 1 ) ]

R PU13  [P5_5to P5_7 pull-up RW

e PU14 |P6_0 to P6_3 pull-up _ RW

et PU15 |P6_4 to P6_7 pull-up 0: Not pulled high W

P 1: Pulled high @

P oemmmmmomoooooee PU16 [P7_2to P7_3 pull-up® RW

N PU17 [P7_4toP7_7 pull-up ® RW

NOTES:
1. Pins P7_0 and P7_1 do not have pull-ups.
2. To enable the pull-up registers, the corresponding bit in the register should be set to 1 (pulled high) and the
respective bits in the direction register should be set to 0 (input mode).
3. Reserved bit in the 48-pin version. Set to 0.

Pull-Up Control Register 2

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
olo PUR2 0362h 00h

e o g !

A

I A E Bit Symbol Bit Name Function RW
) ) ) 1 ] 1 ]

'

EEEEEE -4 PU20 [P8_0toP8_3pull-up® 0: Not pulled high RW
boroe b aeef pu21 [P8_6and P8_7 pull-up @ 1: Pulled high @ RW
RERRE ~ . R
i i E i --------- (b3-b2) Reserved bits Setto 0 RW
R PU24 |P10_0to P10_3 pull-up @ 0: Not pulled high RW
b e PU25  |P10_4 to P10_7 pull-up ® 1: Pulled high ® W
1 ]

1 ]

R —— (bﬂ)ﬁ) No register bits. If necessary, set to 0. Read as 0. —
NOTES:

1. To enable the pull-up registers, the corresponding bit in the register should be set to 1 (pulled high) and the
respective bits in the direction register should be set to 0 (input mode).

2. The P8_5 pin does not have pull-up.

3. P8_0 and P8_1 are not available in the 48-pin version.

4. Reserved bit in the 48-pin version. Set to 0.

Figure 17.7 Registers PUR1 and PUR2
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LED Port Switch Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
[o[o[o]o[ofo] | |  LEDCON 0080h ooh
A
I
Vry v bbb 1 | BitSymbol Bit Name Function RW
T T I I R A
T I I ) ) .. |0: Normal
E i E E i i E 1-- P55PWRO [P55 drive capacity switch bit 1: Drive capacity high RW
I
R A ) . . |0: Normal
A Rt P57PWR1 P57 drive capacity switch bit 1: Drive capacity high RW
R
R T N S (b7Tb2) Reserved bits Setto 0 RW
Figure 17.8 LEDCON Register
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Table 17.1  Unassigned Pin Handling in Single-Chip Mode

Pin Name Connection (2)
Ports P5_5, P5_7, P6, One of the followings:
P7 0to P7_3,P7 _4toP7_7 (), |«Setforinput mode and connect a pin to VSS via resistor (pull-down)
P8 05, P8 1), P8 2,P8 3, |*Setforinput mode and connect a pin to VCC via resistor (pull-up)

P8_5to P8 _7, P10 « Set for output mode and leave the pins open (1. 3)
XOUT 4) Open

XIN Connect to VCC via resistor (pull-up)

VREF Connect to VCC ()

NOTES:

1. When setting the port for output mode and leave it open, be aware that the port remains in input
mode until it is switched to output mode in a program after reset. For this reason, the voltage level on
the pin becomes indeterminate, causing the power supply current to increase while the port remains
in input mode.

2. Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).

3. When the ports P7_0, P7_1, and P8_5 are set for output mode, make sure a low-level signal is
output from the pins.

4. This applies when external clock is input to the XIN pin or when VCC is connected to via a resistor.

5. 64-pin version only.

Microcomputer

Port P5 to P8, P10  (Input mode) /\/\/\/
(Inpuf mode) v VA v I
(Output mode)— Open VCC
XIN 4/\/\/\/j
XOouT Open
VCC
VREF
VSS
In single-chip mode “
(64-pin version only)
Figure 17.9 Unassigned Pin Handling
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18. Flash Memory

18. Flash Memory

The flash memory can perform in three rewrite modes: CPU rewrite mode, standard seria 1/0 mode, and parallel 1/0
mode. Table 18.1 lists the Flash Memory Specifications. Refer to Tables 1.1 and 1.2 “ Specifications” for the items

not listed in Table 18.1.

Table 18.1  Flash Memory Specifications

Item

Specification

Flash memory rewrite mode

3 modes (CPU rewrite, standard serial 1/0O, parallel I/O)

Erase block

Program ROM 1

Refer to Figure 18.1 “Flash Memory Block Diagram”

Program ROM 2

1 block (16 Kbytes)

Data flash

2 blocks (4 Kbytes each)

Program method

In units of 2 words

Erase method

Block erase

Program and erase control method

Program and erase controlled by software command

Protect method

The lock bit protects each block

Number of commands

8 commands

Program and erase endurance

100 times (1)

Data retention

10 years

ROM code protection

Parallel I/O and standard serial I/O modes are supported

NOTE:

1. Definition of program and erase endurance

The program and erase endurance refers to the number of per-block erasures.

For example, assume a case where a 4 Kbyte block is programmed in 1,024 operations, writing two words at a
time, and erased thereafter. In this case, the block is reckoned as having been programmed and erased once.
If the program and erase endurance is 100 times, each block can be erased up to 100 times.

Table 18.2

Flash Memory Rewrite Modes Overview

Flash Memory
Rewrite Mode

CPU rewrite Mode

Standard Serial I/0O Mode

Parallel I/O Mode

Function

Program ROM 1, program ROM
2, and data flash are rewritten
when the CPU executes
software commands.

EWO0 mode:

Rewritable in RAM

EW1 mode:

Rewritable in the flash memory

Program ROM 1, program ROM
2, and data flash are rewritten
using a dedicated serial
programmer.

Standard serial I/O mode 1:
clock synchronous serial I/O
Standard serial /0O mode 2:
clock asynchronous serial 110

Program ROM 1, program ROM
2 and data flash are rewritten
using a dedicated parallel
programmer.

be rewritten

Areas which can

Program ROM 1, program ROM
2, and data flash

Program ROM 1, program ROM
2, and data flash

Program ROM 1, program ROM
2, and data flash

Operating mode

Single-chip mode

Boot mode

Parallel I/O mode

ROM
programmer

None

Serial programmer

Parallel programmer
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18. Flash Memory

18.1 Memory Map

The flash memory contains program ROM 1, program ROM 2, and data flash. Figure 18.1 shows a Flash Memory

Block Diagram.

Program ROM 1 is divided into several blocks, each of which can be protected (locked) from program or erase.
Program ROM 1 and program ROM 2 can be rewritten in CPU rewrite, standard serial 1/0, and parallel 1/0 modes.
Program ROM 2 can be used when the PRG2CO hit in the PRG2C register is set to 0 (program ROM 2 enabled).
The user boot code areaisin program ROM 2. Data flash can be used when the PM 10 bit in the PM 1 register is set
to 1 (OEQOOh to OFFFFh: data flash). Dataflash is divided into block A and block B.

OOEO0Oh

O0OEFFFh
00FO000h
O00FFFFh
010000h

013FFFh

0C0000h

OCFFFFh
0D0000h

ODFFFFh
0E0000h

OEFFFFh
0F0000h

OFFFFFh

NOTES:

Block A

Block B

Program ROM 2

Block 3 : 64 Kbytes @

Block 2 : 64 Kbytes

Block 1 : 64 Kbytes

Block 0 : 64 Kbytes

Data flash

> Program ROM 1

1. To specify a block, use an even address in that block.
2. 64-pin version only.

Figure 18.1 Flash Memory Block Diagram
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18.1.1 Boot Mode

The microcomputer enters boot mode when a hardware reset occurs while an “L” signal is applied to the P5 5
pin and an “H” signal is applied to pins CNVSS. In boot mode, user boot mode or standard seria 1/0O mode is
selected in accordance with the data in the user boot code area. Refer to 18.4 “ Standard Serial /O Mode” for
details.

18.1.2 User Boot Function

User boot mode can be selected by the status of a port when the MCU starts in boot mode. Table 18.3 lists the
User Boot Function Specifications.

Table 18.3  User Boot Function Specifications

ltem Specification
Entry pin None or select a port from P5 to P10
User boot start level Select “H” or “L”
User boot start address Address 10000h (the start address of program ROM 2)

Set “UserBoot” in ASCII code to the addresses 13FFOh to 13FF7h in the user boot code area and select a port
for entry from addresses13FF8h to 13FF9h and the start level with the address 13FFBh. After starting boot
mode, user boot mode or standard seria 1/0 mode is selected in accordance with the level of the selected port.
In addition, if addresses 13FFOh to 13FF7h are set to “UserBoot” in ASCII code and address 13FF8h to
13FFBh are set to “00h”, user boot mode is selected.

In user boot mode, the program of address 10000h (the start address of program ROM2) is executed.

Figure 18.2 shows the User Boot Code Area. Table 18.4 lists the Start Mode. Table 18.5 lists the “UserBoot” in
ASCII Code. Table 18.6 lists the Addresses of Selectable Ports for Entry.

10000h Program ROM 2 User Boot Code Area
,13FFOh
User Boot Start Address g Boot Code
II
/
/
/
,I
/ 13FF8h
/
K Address
," 13FFAh Bit Port information for entry

/ 13FFBh

13800h - - / 13FFCh Start Level Select

On-Chip Debugger Monitor |
7

13FFOh Area ! Reserved Space

13EFEh User BootCode Area | - 13FFFh
Figure 18.2 User Boot Code Area
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Table 18.4  Start Mode (When the Port Pj_j is Selected for Entry) (1)
Boot Code Addrezs? e en;rt);rt level Port Pi_j
(13FFO0h to Bit . Start Mode
13FF7h) (13FF8h to (13FFAh) Select input level
13FF9h) (13FFBh)
“UserBoot” in | 0000h 00h 00h - User boot mode
ASCII code (2 | Pi register 00h to 07h |00h H Standard serial /0 mode
address ) (value of j) L User boot mode
Pi register 00h to 07h |01h H User boot mode
address ) (value of j) L Standard serial /0 mode
Other than - - - - Standard serial I/O mode
“UserBoot” in
ASCII code

i=5t010,j=0to 7

NOTES:

1. Do not use another combination of values apart from Table 18.4.
2. Referto Table 18.5 ““UserBoot” in ASCII Code”.
3. Referto Table 18.6 “Addresses of Selectable Ports for Entry”.

Table 18.5 “UserBoot” in ASCIl Code
Address |13FFOh |[13FF1h |13FF2h |13FF3h |13FF4h |13FF5h |13FF6h |13FF7h
ASCIl code |55h 73h 65h 72h 42h 6Fh 6Fh 74h
(Upper- |(Lower- |(Lower- |(Lower- |(Upper- |(Lower- |(Lower- |(Lower-
case U) |cases) case e) caser) case B) |caseo0) case 0) caset)
Table 18.6  Addresses of Selectable Ports for Entry
Port Address
P5 03E%h
P6 03ECh
P7 03EDh
P8 03FOh
P10 (1) 03F4h
NOTE:
1. 64-pin version only.
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18.2

Functions to Prevent Flash Memory from Rewriting

The flash memory has a built-in ROM code protect function for parallel 1/0O mode and a built-in ID code check
function for standard 1/0 mode to prevent the flash memory from reading or rewriting.

18.2.1 ROM Code Protect Function

The ROM code protect function inhibits the flash memory from being read or rewritten during parallel input/
output mode. Figure 18.3 shows the OFS1 Address. The OFS1 addressislocated in block 0 in program ROM 1.
The ROM code protect function is enabled when the ROMCP1 hit is set to O.

When exiting ROM code protect, erase block 0 including the OFS1 address by the CPU rewrite mode or the
standard serial 1/0 mode.

18.2.2 ID Code Check Function

Use the ID code check function in standard serial 1/0 mode. The ID code sent from the serial programmer is
compared with the ID code written in the flash memory for a match. If the ID codes do not match, commands
sent from the serial programmer are not accepted. However, if the four bytes of the reset vector are
“FFFFFFFFh”, ID codes are not compared, allowing all commands to be accepted.

The ID codes are 7-byte data stored consecutively, starting with the first byte, into addresses OFFFDFh,
OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and OFFFFBh. The flash memory must have a program
with the ID codes set in these addresses.

The reserved character sequence of the ASCII codes “ALeRASE” is used for forced erase function. The
reserved character sequence of the ASCII codes “Protect” is used for standard serial I/O mode disabled
function. Table 18.7 lists the Reserved Character Sequence (Reserved Word).

When the ID codes stored in the ID code addresses in the user ROM area are set to the ASCII codes:
“ALeRASE” as the combination table listed in Table 18.7, forced erase function becomes active. When the
forced erase function or standard serial 1/0 mode disabled function is not used, use another combination of the
ASCII codes.

Table 18.7 Reserved Character Sequence (Reserved Word)

Reserved word combination of ID Code
ID Code Address (ASCIN)
ALeRASE Protect

FFFDFh ID1 41h (A) 50h (upper-case P)
FFFE3h ID2 4Ch (L) 72h (lower-case r)
FFFEBh ID3 65h (e) 6Fh (lower-case 0)
FFFEFh ID4 52h (R) 74h (lower-case t)
FFFF3h ID5 41h (A) 65h (lower-case €)
FFFF7h ID6 53h (S) 63h (lower-case c)
FFFFBh ID7 45h (E) 74h (lower-case t)

Reserve word for forced erase function: A set of reserved characters that match all the ID code addresses in
sequence as the combination table listed in Table 18.7.
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18.2.3 Forced Erase Function

Thisfunction isavailable only in standard serial I/O mode.

When the reserved characters, “ALeRASE” in ASCII code, are sent from the serial programmer as ID codes,
the content of the user ROM area will be erased at once. However, if the ID codes stored in the ID code
addresses in the user ROM area are set to other than a reserved word “ALeRASE” (other than Table 18.7
“Reserved Character Sequence (Reserved Word)”) when the ROMCP1 bit in the OFS1 address is set to
other than 11b (ROM code protect enabled), forced erase function isignored and ID code check is executed.
Table 18.8 lists the Forced Erase Function.

When both the ID codes sent from the serial programmer and the ID codes stored in the ID code addresses
correspond to the reserved word “ALeRASE”, the user ROM area will be erased. However, when the serial
programmer sends other than “ALeRASE”, even if the ID codes stored in the ID code addresses are
“ALeRASE”, thereis no ID match and any command is ignored. The user ROM area remains protected
accordingly.

18. Flash Memory

Table 18.8  Forced Erase Function
Condition
D COd? from Code in ID code ROMCP1 bitin Function
serial the OFS1
stored address
programmer address
ALeRASE ALeRASE - User ROM area all erase (forced erase function)
Other than 1 (ROM code
ALeRASE (1) protect disabled)
0 (ROM code ID code check (no ID match)
protect enabled)
Other than ALeRASE - ID code check (no ID match)
ALeRASE Other than - ID code check
ALeRASE ()
NOTE:

For the combination of the stored addresses is “Protect”, refer to 18.2.4 “ Standard Serial I/O Mode
Disable Function”.

18.2.4 Standard Serial I/O Mode Disable Function

Thisfunction isavailablein standard serial 1/0 mode. When the ID codesin the ID code stored addresses are set
to “Protect” in ASCII code (refer to Table 18.7 “Reserved Character Sequence (Reserved Word)”), the
MCU does not communicate with a serial programmer. Therefore, the flash memory cannot be read, written or
erased by a serial programmer. User boot mode can be selected, when the ID codes set to “ Protect”.

When the ID codes are set to “ Protect” and the ROMCP1 bit in the address OFS1 is set to 0 (ROM code protect
enabled), ROM code protection cannot be disabled by a serial programmer. Therefore, the flash memory cannot
be read, written or erased by a serial or parallel programmer.
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Option Function Select Address

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| Jafafa] Ja]2] |  orst FFFFFh FFh @

=TT T 3, T 1

REEREED

oo E i 1 1 | BitSymbol Bit Name Function RW

| T - |

1 1 1

i E i i : E E 0: Watchdog timer starts automatically

I A A R Watchdog ti tart select ft t

T atchdog timer start selec after rese

i i E i ! i E WDTON bit @ 1: Watchdog timer is in a stopped state RW

b Pl ! after reset

REREEE

[ l__l _____ — .

i i E i : (b2-b1) Reserved bits Setto 1 RW

[ T :

[ N .

L I . . 0: ROM code protection enabled

[ T T S

i P ROMCP1 [ROM code protection bit 1: ROM code protection disabled RW

P

| T T —_ .

i (b6-b4) Reserved bits Setto 1 RW

1

i 0: Count source protection mode enabled

! After-reset count source after reset

RGEERECELEE CSPROINI protection mode select bit @ | 1: Count source protection mode disabled RW
after reset

NOTES:
1. The OFS1 address exists in flash memory. Set the values when writing a program.
2. The OFS1 address is set to FFh when the block including the OFS1 address is erased.
3. Set the WDTON bit to 0 (watchdog timer starts automatically after reset) when setting the CSPROINI bit to 0
(count source protection mode enabled after reset).

Figure 18.3 OFS1 Address

g

Address =
OFFFDFh to OFFFDCh ID1 Undefined instruction vector
OFFFE3h to OFFFEOh ID2 Overflow vector

OFFFE7h to OFFFE4h BRK instruction vector

1
i
1
1
1
1
1
1
1
1
1
1
T
OFFFEBh to OFFFES8h ID3 i Address match vector
OFFFEFh to OFFFECh ID4 i Single-step vector
OFFFF3h to OFFFFOh ID5 i Watchdog timer vector
OFFFF7h to OFFFF4h ID6 i DBC vector
OFFFFBh to OFFFF8h ID7 i NMI vector
OFFFFFh to OFFFFCh OFS1 | Reset vector
H 1 1
— _
~—
4 bytes
Figure 18.4 Address for ID Code Stored
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18. Flash Memory

18.3

CPU Rewrite Mode

In CPU rewrite mode, the flash memory can be rewritten when the CPU executes software commands.
Program ROM 1, program ROM 2, and data flash can be rewritten with the microcomputer mounted on a board
without using a ROM programmer.
The program and block erase commands are executed only in each block area of program ROM 1, program ROM

2, and data flash.

Erase-write 0 (EWO0) mode and erase-write 1 (EW1) mode are provided as CPU rewrite mode. Table 18.9 lists
Differences between EW0 Mode and EW1 Mode.

Table 18.9

Differences between EW0 Mode and EW1 Mode

Item

EWO Mode

EW1 Mode

Operating mode

Single-chip mode

Single-chip mode

Rewrite control
program allocatable
area

¢ Program ROM 1
* Program ROM 2

¢ Program ROM 1
* Program ROM 2

Rewrite control
program executable
area

The rewrite control program must be
transferred to internal RAM before
being executed. (2

The rewrite control program can be
executed in program ROM 1, program
ROM 2.

Rewritable area

* Program ROM 1
e Program ROM 2
« Data flash

Program ROM 1, program ROM 2, and
data flash, excluding blocks with the
rewrite control program

Software command
restriction

None

« Program and block erase commands
cannot be executed in a block having
the rewrite control program.

» Read status register command cannot
be used.

Mode after program or
erase

Read status register mode

Read array mode

CPU state during auto
write and auto erase

Operating

Maintains hold state (I/O ports
maintains the state before the command
execution (1))

Flash memory status
detection

* Read bits FMR00, FMRO06, and
FMRO7 in the FMRO register by
program.

» Execute the read status register
command to read bits SR7, SR5, and
SR4 in the status register.

Read bits FMR0O, FMRO06, and FMRO7
in the FMRO register by program

NOTES:

1. Do not generate an interrupt (except NMI interrupt) or start a DMA transfer.
2. When in CPU rewrite mode, PM10 bit in the PML1 register is set to 1.
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18.3.1 EWO Mode
The microcomputer enters CPU rewrite mode by setting the FMRO1 bit in the FMRO register to 1 (CPU rewrite
mode enabled) and is ready to accept commands. EW0 mode is selected by setting the FMR60 bit in the FMR6
register to 0. Figure 18.5 shows Setting and Resetting of EWO0 Mode.
The software commands control programming and erasing. The FMRO register or the status register indicates
whether a program or erase operation is completed as expected or not.

18.3.2 EW1 Mode

EW1 mode is selected by setting the FMR60 bit to 1 after setting the FMROL bit to 1. Figure 18.6 shows Setting

and Resetting of EW1 Mode.

The FMRO register indicates whether or not a program or erase operation has been completed as expected. The
status register cannot be read in EW1 mode.

When a program/erase operation is initiated, the CPU halts all program execution until the operation is
completed.
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18. Flash Memory

18.3.3 Flash Memory Control Register (Registers FMRO, FMR1, FMR2 and FMRG6)

18.3.3.1 Flash Memory Control Register 0 (FMRO)

b7 b6 b5 b4 b3 b2 bl b0

Flash Memory Control Register 0

__________

Symbol Address After Reset
EMRO 0220h 00000001b (Other than user boot mode)
00100000b (User boot mode)
Bit Symbol Bit Name Function RW
FMROO |RY/BY status flag O Busy (being written or erased) RO
1: Ready
CPU rewrite mode select |0: CPU rewrite mode disabled
FMRO1 bit 1: CPU rewrite mode enabled RW
- . |0: Lock bit enabled
FMRO02 [Lock bit disable select bit 1: Lock bit disabled RW
0: Flash memory operation enabled
FMSTP |Flash memory stop bit 1: Flash memory operation stopped RW
(low power-mode, flash memory initialized)
(b4) Reserved bits Setto 0 RW
— . Set to 0 in other than user boot mode.
(b5) Reserved bits Set to 1 in user boot mode. RW
FMRO6 |Program status flag 0 Term!nated _normally RO
1: Terminated in error
FMRO7 |Erase Status Flag 0 Term!nated _normally RO
1: Terminated in error

FMROO (RY/BY status flag) (b0)

This bit indicates the flash memory operating state.

Condition to become O:
« During the following commands execution:

Program, block erase, lock bit program, read lock bit status, and block blank check
* Flash memory stopped (FMSTPis 1)
* During restart operation when FMSTP is set to O after itissetto 1
Condition to become 1:
Other than those above.

FMRO1 (CPU rewrite mode select bit) (bl)

Commands can be accepted by setting the FMROL1 bit to 1 (CPU rewrite mode enabled).
To set the FMRO1 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers will
occur before writing 1 after writing 0.
Change the FMRO1 bit when the PM24 bit in the PM2 register is 0 (NMI interrupt disabled) or low is input to

the NMI pin.

Whilein EWO0 mode, write to this bit from a program in the RAM.
Enter read array mode, and then set this bit to O.
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FMRO2 (Lock bit disable select bit) (b2)

The lock bit is disabled by setting the FMRO2 bit to 1 (lock bit disabled) (Refer to 18.3.5 “ Data Protect
Function”).

The FMRO02 bit does not change the lock bit data but disables the lock bit function. If an erase command is
executed when the FMRO2 bit is set to 1, the lock bit data status changes from 0 (locked) to 1 (unlocked) after
command execution is completed.

To set the FMRO2 bit to 1, write 0 and then 1 in succession when the FMRO1 bit is 1. Make sure no interrupts or
DMA transfers will occur before writing 1 after writing O.

Do not change the FMRO2 bit while programming or erasing.

FMSTP (Flash memory stop bit) (b3)

The FMSTP bit resets flash memory control circuits and minimizes current consumption in the flash memory.

Access to the internal flash memory is disabled when the FMSTP bit is set to 1 (flash memory operation

stopped). Set the FMSTP bit by a program located in the RAM.

Set the FMSTP bit to 1 under the following condition.

« A flash memory access error occurs while erasing or programming in EWO0 mode (the FMROO bit does not
switch back to 1 (ready)).

Use the following steps to rewrite the FM STP bit.

To stop the flash memory:

(1) Setthe FMSTPbitto 1.

(2) Wait the wait time to stabilize flash memory circuit (tps).
To restart the flash memory:

(1) Setthe FMSTPhittoO.

(2) Wait the wait time to stabilize flash memory circuit (tps).

The FMSTP bit is valid when the FMRO1 bit is 1 (CPU rewrite mode). If the FMRO1 bit is 0, although the
FMSTP bit can be set to 1 by writing 1, the flash memory is neither placed in low-power mode nor initialized.
When the FMR23 bit is set to 1 (Ilow-current consumption read mode enabled), do not set the FMSTP bit in the
FMRO register to 1 (flash memory operation stopped). Also, when the FMSTP bit is set to 1, do not set the
FMR23 hit to 1.

FMRO6 (Program status flag) (b6)

This bit indicates the auto-program operation state.

Condition to become 0:

* Execute the clear status command.

Condition to become 1:

* Refer t0 18.3.7 “Full Status Check”.

The following commands cannot be accepted when the FMRO6 bit is 1.

Program, block erase, lock bit program, read lock bit status, and block blank check.

FMRO7 (Erase status flag) (b7)

This bit indicates the auto-erase operation state.

Condition to become O:

« Execute the clear status command

Condition to become 1:

* Refer t0 18.3.7 “ Full Status Check” .

The following commands cannot be accepted when the FMRO7 bit is 1:

Program, block erase, lock bit program, read lock bit status, and block blank check.
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18.3.3.2 Flash Memory Control Register 1 (FMR1)

b7 b6 b5 b4 b3 b2 bl b0
K9]

Flash Memory Control Register 1

Feme—ccc e ———————————]

Symbol Address After Reset

FMR1 0221h 00X0XX0Xb
Bit Symbol Bit Name Function RW
(&) Reserved bit Read as undefined value RO

Write to FMRG6 register 0: Disabled
FMR11 enable bit 1: Enabled RW
(b3-b2) Reserved bits Read as undefined value RO
(b4) Reserved bit Setto 0 RW
(g) No register bit. If necessary, set to 0. Read as undefined value. RW
. 0: Lock
FMR16 |Lock bit status flag 1: Unlock RO
0: 1 wait
FMR17 [Data flash wait bit 1: Follow the setting of the PM17 bit in the RW
PM1 register

FMR11 (Write to FMRG6 register enable bit) (b1)
Change the FMR11 hit when the PM24 bit in the PM2 register is 0 (NMI interrupt disabled) or low is input to

the NMI pin.

FMR16 (Lock bit status flag) (b6)
This bit indicates the execution result of the read lock bit status command.

FMR17 (Data flash wait bit) (b7)

Thisbit is used to select the number of wait states for data flash.
When setting this bit to 0, one wait isinserted to the read cycle of the data flash. The write cycleis not affected.
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18.3.3.3 Flash Memory Control Register 2 (FMR2)

b7 b6 bS b4 b3 b2 bl b0
0|0

Flash Memory Control Register 2

S

Symbol Address After Reset
FMR2 0222h XXXX0000b

Bit Symbol Bit Name Function RW

(b1-b0) Reserved bits Setto O RW
Slow read mode enable |0: Disabled

FMR22 it 1: Enabled RW
Low-current consumption [0O: Disabled

FMR23 read mode enable bit 1: Enabled RW

(b7-ba) No register bits. If necessary, set to 0. Read as undefined value. —

FMR22 (Slow read mode enable bit) (b2)
FMR23 (Low-current consumption read mode enable bit) (b3)

Refer to 7.4.4 “ Power Control of Flash Memory”.
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18.3.3.4 Flash Memory Control Register 6 (FMR6)

Flash Memory Control Register 6
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
1 19], | | |1 FMR6 0230h XX0XXX00b
BERRRRE
1
P E P i Bit Symbol Bit Name Function RW
REERRRE
I T 0: EW0 mode

T R R R i .
E | i i bl FMR60 [EW1 mode select bit 1: EW1 mode RW
1 I A
A — _

1

ool : [ - (b1) Reserved bit Setto 1 RW
R
A

[ I T SO W - i i
i : i (b4-b2) Reserved bits Read as undefined value RO
P
[ — ;
Pl Vemmmmmcme e (b5) Reserved bit Setto 0 RW
|
(] J—
[ . )
___________________ (b7-b6) Reserved bits Read as undefined value RO

When accessing the FMR6 register, set a CPU clock frequency of 8 MHz or less by the CMO06 bit in the CMO
register and bits CM17 and CM 16 in the CM 1 register. Also, set the PM17 bit in the PM1 register to 1 (wait

state).

FMR60 (EW1 mode select bit) (b0)
To set the FMRG60 bit to 1, write 1 when both FMRO1 bit in the FMRO register and FMR11 bit in the FMR1

register are 1.

Change the FMR60 bit when the PM 24 bit in the PM2 register is O (NMI interrupt disabled) or high isinput to

the NMI pin. Also, change this bit when the FMROO bit in the FMRO register is 1 (ready).

FMR61 (b1)

Set the FMR61 bit to 1 when using CPU rewrite mode.
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Figure 18.5 shows Setting and Resetting of EW0 Mode. Figure 18.6 shows Setting and Resetting of EW1
Mode.

Procedure to Enter EWO0 Mode

l —Rewrite control program #§--============-----—--—-
- - Set the FMROL1 bit to 0, and then 1 (CPU rewrite
Single-chip mode mode enabled). @
Set the FMR11 bit to 1 (FMRG6 register write
l enabled), and then set the FMRG register to 02h
; ; : (EWO0 mode), and then set the FMR11 bit to O
;]rgg;ft%r ttrr:: Ir?eAW'\;llt(ﬂal)control program in CPU rewrite (FMRG register write disabled).

! !

Set registers CM0, CM1, and PM1 @ | | Execute the software commands | |
Jump to the rewrite control program transferred to | Execute the read array command @ |
the RAM.
(In the following steps, use the rewrite control l
program in the RAM.)
Set the FMROL1 bit to 0

| (CPU rewrite mode disabled)

|

NOTES: Jump to a desired address in the flash memory

1. In CPU rewrite mode, set the CMO06 bit in the CMO register and bits CM17 and CM16 in the
CML1 register to CPU clock frequency of 8 MHz or less. Set the PM17 bit in the PM1 l
register to 1 (with wait state).

2. Set the FMROL1 bit to 1 immediately after setting it to 0. Do not generate an interrupt or a -— -
DMA transfer between setting the bit to 0 and setting it to 1. Set the FMRO1 bit in the RAM.

3. Exit CPU rewrite mode after executing the read array command.

4. When in CPU rewrite mode, PM10 bit in the PM1 register is set to 1. The rewrite control
program can only be executed in the internal RAM.

Figure 18.5 Setting and Resetting of EW0 Mode

Procedure to Enter EW1 Mode

Program in the ROM

!

Single-chip mode

}

Set registers CM0, CM1, and PM1 @

l

Set the FMROL1 bit to 1 (CPU rewrite mode
enabled) after writing a 0. @

Set the FMR11 bit to 1 (FMR6 register rewrite
enabled), and then set the FMR6 register to 03h
(EW1 mode), and then set the FMR11 bit to 0
(FMRG6 register rewrite disabled).

|

Execute the software commands

}

Set the FMROL1 bit to 0
(CPU rewrite mode disabled)

NOTES:
1. In CPU rewrite mode, set the CMO6 bit in the CMO register and bits CM17 and CM16 in the CM1 register
to CPU clock frequency of 8 MHz or less. Set the PM17 bit in the PM1 register to 1 (with wait state).
2. To set the FMROL bit to 1, write a 0 and then a 1 to the FMRO1 bit. Make sure no interrupts or no DMA
transfers will occur before writing a 1 after writing a 0.
When setting the FMR11 bit to 1, set 1 while the FMRO1 bit is set to 1.

Figure 18.6 Setting and Resetting of EW1 Mode
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|

Low-power consumption
mode or on-chip oscillator

low-power consumption

mode program +

Transfer the low-power consumption mode or on-chip
oscillator low-power consumption mode program to the

Set the FMROL1 bit to 1 after setting to 0 (CPU rewrite

RAM
|

mode enabled)

Jump to the low-power consumption mode or on-chip
oscillator low-power consumption mode program

Set the FMSTP bit to 1 (The flash memory stops
operating. In a low-power consumption state) @

transferred to the RAM. (In the following steps, use the
low-power consumption mode or on-chip oscillator low-

l

power consumption mode program in the RAM.)

Switch clock source of the CPU clock.
The main clock stops @

!

Process in low-power consumption mode or
on-chip oscillator low-power consumption mode 4

l

NOTES:
1. Set the FMSTP bit to 1 after the FMRO1 bit is set to 1 (CPU rewrite mode

Start main clock oscillation—>Wait until oscillation stabilizes—
Switch clock source of the CPU clock @

enabled).
Wait until clock stabilizes to switch clock source of the CPU clock to the main

N

l

clock or subclock.
Add tPS wait time by program. Do not access the flash memory during this

w

Set the FMSTP bit to 0 (flash memory operation)

wait time.
. Before entering wait mode or stop mode, be sure to set the FMRO1 bit to 0.

N

l

Set the FMROL1 bit to 0 (CPU rewrite mode disabled)

l

Wait until the flash memory stabilizes (tPS) @

l

Jump to a desired address in the flash memory

}

Figure 18.7 Processing Before and After Low-Power Consumption Mode or On-Chip Oscillator

Low-Power Consumption Mode
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18.3.4 Software Commands

Software commands are described below. Read and write the command code and data in 16-bit units, from and
to even addresses in the program ROM 1, program ROM 2, and data flash. When the command code is written,
the 8 high-order bits (D15 to D8) are ignored.

Table 18.10 Software Commands

Command First Bus Cycle Second Bus Cycle Third Bus Cycle
Mode |Address| Data | Mode |Address| Data | Mode |Address| Data
(D15to (D15to (D15to
DO) DO0) DO0)
Read Array Write X xXFFh
Read Status Register | Write X xx70h | Read X SRD
Clear Status Register | Write X xx50h
Program Write WA xx41h | Write WA WDO | Write WA WD1
Block Erase Write X xx20h | Write BA xxDOh
Lock Bit Program Write BA XX77h | Write BA xxDOh
Read Lock Bit Status | Write X XX71h | Write BA xxD0h
Block Blank Check Write X xx25h | Write BA xxDOh

SRD: Data in the status register (D7 to DO)

WA: Write address (Set the end of the address to Oh, 4h, 8h, or Ch.)

WDO: Write data low-order word (16 bits)

WD1: Write data high-order word (16 bits)

BA: Highest-order block address (even address)

X: Given even address in the program ROM 1, program ROM 2, and data flash
xx:  Eight high-order bits of command code (ignored)

18.3.4.1 Read Array Command

The read array command reads the flash memory.

By writing the command code xxFFh in the first bus cycle, read array mode is entered. Content of a specified
address can be read in 16-bit units by entering an address to be read after the next bus cycle.

The microcomputer remains in read array mode until another command is written. Therefore, contents from
multiple addresses can be read consecutively.

18.3.4.2 Read Status Register Command

The read status register command reads the status register.

By writing the command code xx70h in the first bus cycle, the status register can be read in the second bus cycle
(refer to 18.3.6 “Satus Register”). Read an even address in the program ROM 1, program ROM 2, and data
flash.

Do not execute this command in EW1 mode.
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18.3.4.3 Clear Status Register Command

The clear status register command clears the status register. By writing xx50h in the first bus cycle, bits FMR07
and FMRO06 in the FM RO register are set to 00b, and bits SR5 and SR4 in the status register are set to 00b.

18.3.4.4 Program Command

The program command writes 2-word (4 bytes) data to the flash memory. By writing xx41h in the first bus
cycle and data to the write address in the second and third bus cycles, an auto program operation (data program
and verify) will start. Set the end of the write addressto Oh, 4h, 8h, or Ch.

The FMROO bit in the FMRO register indicates whether an auto program operation has been completed. The
FMROO bit is set to 0 (busy) during auto program and to 1 (ready) while in an auto program operation.

After the completion of an auto program operation, the FMRO06 bit in the FMRO register indicates whether or
not the auto program operation has been completed as expected. (Refer to 18.3.7 “ Full Status Check”.)

An address that is already written cannot be altered or rewritten. Figure 18.8 shows a Flow Chart of the
Program Command Programming.

The lock bit protects each block from being programmed inadvertently. (Refer to 18.3.5 “ Data Protect
Function”.)

In EW1 mode, do not execute this command on the block to which the rewrite control program is allocated.

In EWO0 mode, the microcomputer enters read status register mode as soon as an auto program operation starts.
The status register can be read. The SR7 bit in the status register is set to 0 at the same time an auto program
operation starts. It is set to 1 when the auto program operation is completed. The microcomputer remains in
read status register mode until the read array command is written. After completion of an auto program
operation, the status register indicates whether or not the auto program operation has been completed as
expected.

()

v

Write the command
code xx41h to
the write address

!

Write data to
the write address

[P
l

NO

& YES

Full status check

v

Program operation is
completed

NOTE:
1. Write the command codes and data to even addresses.

Figure 18.8 Flow Chart of the Program Command
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18.3.4.5 Block Erase Command

By writing xx20h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even address of a
block, an auto erase operation (erase and verify) will start in the specified block.

The FMROO bit in the FM RO register indicates whether an auto erase operation has been completed.

The FMROO bit is set to 0 (busy) during auto erase and to 1 (ready) when the auto erase operation is compl eted.
After the completion of an auto erase operation, the FMRO7 bit in the FMRO register indicates whether or not
the auto erase operation has been completed as expected. (Refer to 18.3.7 “ Full Status Check”.)

Figure 18.9 shows a Flow Chart of the Block Erase Command Programming.

Thelock bit protects each block from being erased inadvertently. (Refer to 18.3.5 “ Data Protect Function”.)
In EW1 mode, do not execute this command on the block where the rewrite control program is allocated.

In EWO0 mode, the microcomputer enters read status register mode as soon as an auto erase operation starts. The
status register can be read. The SR7 bit in the status register is set to 0 at the same time an auto erase operation
starts. It is set to 1 when an auto erase operation is completed. The microcomputer remains in read status
register mode until the read array command or read lock bit status command is written. If an erase error occurs,
execute the clear status register command and then block erase command at least 3 times until an erase error is
not generated.

[ Start ]
v

Write the command code
xx20h @

v

Write xxDOh to the highest-
order block address

[«

NO

YES

Full status check 23

v

Block erase operation
completed

NOTES:
1. Write command codes and data to even addresses.
2. Refer to Figure 18.13 “Full Status Check and Handling Procedure
for Each Error”.
3. If an erase error occurs, execute the clear status register command and then
block erase command at least three times until an erase error is not generated.

Figure 18.9 Flow Chart of the Block Erase Command
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18.3.4.6 Lock Bit Program Command

Thelock bit program command sets the lock bit for a specified block to O (locked).

By writing xx77h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even address of a
block, the lock bit for the specified block is set to 0. The address value specified in the first bus cycle must be
the same highest-order address of a block specified in the second bus cycle.

Figure 18.10 shows a Flow Chart of the Lock Bit Program Command Programming. Execute read lock bit
status command to read lock bit state (lock bit data).

The FMROO bit in the FM RO register indicates whether alock bit program operation is completed.

Refer to 18.3.5 “ Data Protect Function” for details on lock bit functions and how to set it to 1 (unlocked).

[ Start ]
v

Write the command code xx77h
to the highest-order block
address

;

Write xxDOh to the highest-
order block address

<

NO

FMROO = 1?

YES

Full status check

Lock bit program
operation completed

NOTE:
1. Write command codes and data to even addresses.

Figure 18.10 Flow Chart of the Lock Bit Program Command
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18.3.4.7 Read Lock Bit Status Command

Theread lock bit status command reads the lock bit state of a specified block.

By writing xx71h in thefirst bus cycle and xxDOh in the second bus cycle to the highest-order even address of a
block, the FMR16 bit in the FMR1 register stores information on the lock bit status of a specified block. Read
the FMR16 bit after the FMRQO bit in the FM RO register is set to 1 (ready).

Figure 18.11 shows a Flow Chart of the Read Lock Bit Status Command Programming.

[ Start ]
v

Write the command code xx71h

v

Write xxDOh to the highest-
order block address

[ Block locked ] [ Block not locked ]

NOTE:
1. Write command codes and data to even addresses.

Figure 18.11 Flow Chart of the Read Lock Bit Status Command
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18.3.4.8 Block Blank Check

The block blank check command checks whether or not a specified block is blank (state after erase).

By writing xx25h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even address of a
block, the check result is stored in the FMRO7 bit in the FMRO register. Read the FMRO7 bit after the FMR0O0
bit in the FMRO register is set to 1 (ready). Do not execute other commands while the FMRQO bit is 0.

The block blank check command is valid for unlocked blocks. If the block blank check command is executed to
a block whose lock bit is 0 (locked), the FMRO7 bit (SR5) is set to 1 (not blank) regardless of the FMRO2 bit
state.

Figure 18.12 shows a Flow Chart of the Block Blank Check Command Programming.

[ Start ]
v

Write the command code xx25h

v

Write xxDOh to the highest-
order block address

o ) [ o)

NOTE:
1. Write command codes and data to even addresses.

Figure 18.12 Flow Chart of the Block Blank Check Command

When the block is not blank as a result of the block blank check, execute the clear status register command
before executing other software commands.

Do not use the block blank check command to confirm whether the blank erase command has been completed
normally. If there is a possibility that the blank erase command has not be completed normally because of
instantaneous power failure or other reasons, erase the block again.
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18.3.5 Data Protect Function

Each block in the flash memory has a nonvolatile lock bit. The lock bit is enabled by setting the FMRO2 bit to O
(lock bit enabled). The lock bit allows each block to be individually protected (locked) against program and
erase. This prevents data from being inadvertently written to or erased from the flash memory.

A block changesits status according to the lock bit status:

* When the lock bit statusis set to 0, the block islocked (block is protected against program and erase).

» When the lock bit statusis set to 1, the block is not locked (block can be programmed or erased).

The lock bit statusis set to O (locked) by executing the lock bit program command and to 1 (unlocked) by
erasing the block. No commands can set the lock bit statusto 1.
Thelock bit status can be read by the read lock bit status command.

When the FMRO02 bit is set to 1, the lock bit function is disabled, and all blocks are unlocked. However,
individual lock bit status remains unchanged. The lock bit function is enabled by setting the FMRO2 hit to O.
Lock bit statusis retained.

If the block erase command is executed while the FMRO2 bit is set to 1, the target block or all blocks are erased
regardless of lock bit status. The lock bit status of each block is set to 1 after an erase operation is completed.
Refer to 18.3.4 “ Software Commands’ for details on each command.

18.3.6 Status Register

The status register indicates the flash memory operation state and whether or not an erase or program operation

is completed as expected. Bits FMR00, FMRO06, and FMRO7 in the FMRO register indicate status register states.

Table 18.11 lists the Status Register.

In EWO0 mode, the status register can be read when the followings occur.

* Any even address in the program ROM 1, program ROM 2, or data flash is read after writing the read status
register command.

* Any even address in the program ROM 1, program ROM 2, or data flash is read from when the program,
block erase, lock bit program, or block blank check command is executed until when the read array command
is executed.

18.3.6.1 Sequence Status (Bits SR7 and FMRO00)

The sequence status indicates the flash memory operation state. It is set to O while the program, block erase,
lock bit program, block blank check, or read lock bit status command is being executed; otherwise, it isset to 1.

18.3.6.2 Erase Status (Bits SR5 and FMRO07)
Refer to 18.3.7 “ Full Status Check” .

18.3.6.3 Program Status (Bits SR4 and FMRO06)
Refer to 18.3.7 “ Full Status Check”.
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Table 18.11 Status Register

Bits in Status |Bitin FMRO Definition Value after
. . Status Name
Register Register 0 1 Reset
SRO (DO0) - Reserved - - -
SR1 (D1) - Reserved - - -
SR2 (D2) - Reserved - - -
SR3 (D3) - Reserved - - -
SR4 (D4) FMRO06 Program status | Terminated normally | Terminated in error 0
SR5 (D5) FMRO7 Erase status Terminated normally | Terminated in error 0
SR6 (D6) - Reserved - - -
SR7 (D7) FMROO |Sequencer status Busy Ready 1

DO to D7 are the data buses read when the read status register command is executed.
Bits FMRO7 (SR5) and FMRO06 (SR4) are set to 0 when the clear status register command is executed.

When the FMRO7 (SR5) or FMRO6 bit (SR4) is set to 1, the program, block erase, lock bit program, block
blank check, and read lock bit status commands are not accepted.
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18.3.7 Full Status Check
If an error occurs when a program or erase operation is completed, bits FMR06 and FMRO07 in the FMRO
register are set to 1, indicating a specific error. Therefore, execution results can be confirmed by checking these
status (full status check).
Table 18.12 lists Errors and FMRO Register State. Figure 18.13 shows a Full Status Check and Handling
Procedure for Each Error.

Table 18.12 Errors and FMRO Register State

FMROO Register
(Status Register)
State Error Error Occurrence Conditions
FMRO7 bit | FMRO6 bit
(SR5 bit) | (SR4 bit)
1 1 Command « Command is written incorrectly
Sequence error |« A value other than xxDOh or xxFFh is written in the second bus
cycle of the lock bit program, block erase, block blank check, or
read lock bit status command (1)

1 0 Erase error » The block erase command is executed on a locked block (2)

* The block erase command is executed on an unlocked block,
but auto erase operation is not completed as expected

* The block blank check command is executed, and the check
result is not blank

* The block blank check command is executed on a locked block

0 1 Program error |« The program command is executed on a locked block (2)

* The program command is executed on an unlocked block, but
program operation is not completed as expected

* The lock bit program command is executed, but the lock bit is
not written as expected (2)

NOTES:
1. The flash memory enters read array mode by writing command code xxFFh in the second bus cycle
of the commands. The command code written in the first bus cycle becomes invalid.
2. When the FMRO2 bit is set to 1 (lock bit disabled), no error occurs even under the conditions above.
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[ Full status check ]

Command
sequence error

= = = (1) Execute the clear status register command and set bits FMR06 and FMR07
to 0 (completed as expected) .
(2) Rewrite command and execute again.

Erase error = = = (1) Execute the clear status register command and set the FMRO7 bit to 0.

(2) Execute the read lock bit status command. Set the FMRO2 bit to 1 (lock bit
disabled) if the lock bit in the block where the error occurred is set to 0
(locked).

(3) Execute the block erase command again.

(4) Execute (1), (2), and (3) at least 3 times until an erase error is not generated.

NOTE
1. If similar error still occurs, the block cannot be used.
If the lock bit is set to 1 (unlocked) in (2) above, the block cannot be used.

FMRO06 = 0? Program error = = » [When a program operation is executed]

(1) Execute the clear status register command and set the FMRO6 bit to 0
(completed as expected) .

(2) Execute the read lock bit status command and set the FMRO02 bit to 1 if the
lock bit in the block where the error occurred is set to 0.

(3) Execute the program command again.

NOTE
2. If similar error occurs, the block cannot be used.
If the lock bit is set to 1 in (2) above, the block cannot be used.

[When a lock bit program operation is executed]

(1) Execute the clear status register command and set the FMRO6 bit to 0.
(2) Set the FMRO2 bit in the FMRO register to 1.

(3) Execute the block erase command to erase the block where the error

occurred.
v YES (4) Execute the lock bit program command again.
[ Full statuls cr&eck J NOTE
complete 3. If similar error occurs, the block cannot be used.
NOTE

4. When either the FMR06 or FMRO7 bit is set to 1 (terminated by error), the program, block erase, lock bit program, block blank check, and
read lock bit status commands cannot be accepted. Execute the clear status register command before executing one of these commands.

Figure 18.13 Full Status Check and Handling Procedure for Each Error
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18.4 Standard Serial /0 Mode

In standard serial I/O mode, the serial programmer supporting the M16C/6B Group can be used to rewrite the
program ROM 1, program ROM 2, and data flash in the microcomputer mounted on a board.

For more information about the serial programmer, contact your serial programmer manufacturer. Refer to the
user's manual included with your serial programmer for instructions.

Table 18.13 lists Pin Functions (Flash Memory Standard Serial 1/0O Mode). Figures 18.14 and 18.15 show Pin
Connectionsin Standard Serial 1/0 Mode.

18.4.1 ID Code Check Function

The ID code check function determines whether the ID codes sent from the serial programmer match those
written in the flash memory. (Refer to 18.2 “ Functionsto Prevent Flash Memory from Rewriting”.)
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Table 18.13 Pin Functions (Flash Memory Standard Serial /O Mode)

Pin Name 1/0 Description
VCC, VCC1, VSS2 Power input I | Apply the flash program and erase voltage to the VCC pin, and 0 V to
pins VSS1, VSS2.
AVCC (1), AVSS (1) AD power input| | |Connectthe AVCC pin to VCC. Connect the AVSS pin to VSS.
CNVSS CNVSS I | Connectto VCC.
RESET Reset input I | Reset input pin. While the RESET pin is “L” level, input a 20_cycle or
longer clock to the XIN pin.
XIN Clock input I |1/O pins for the main clock oscillation circuit. Connect a crystal oscillator
XOUT Clock output O | between pins XIN and XOUT.
VREF (1) Reference I | Reference voltage input pin for A/D converter.
voltage input
P5_5 EPM input I | Input “L" level signal.
P5 7 Input port P5 I |Input “H” or “L” level signal or open.
P6_0to P6_3 Input port P6 I | Input “H” or “L” level signal or open.
P6 4/RTS1 BUSY output O | Standard serial I/O mode 1: BUSY signal output pin.
- Standard serial /0O mode 2: Monitor signal output pin to check the boot
program operation.
P6_5/CLK1 SCLK input | | Standard serial I/O mode 1: Serial clock input pin.
Standard serial I/O mode 2: Input “L".
P6_6/RXD1 RXD input | | Serial data input pin.
P6_6/TXD1 TXD output O | Serial data output pin.
P7_0toP7_3 Input port P7 I |Input “H” or “L” level signal or open.
P7 4toP7_7 (1) Input port P7 I |Input “H” or “L” level signal or open.
P8 0, P8 1) Input port P8 I | Input “H” or “L” level signal or open.
P8_2, P8_3 Input port P8 I | Input “H” or “L” level signal or open.
P8_5/NMI NMI input I | Input “H” or “L” level signal or open.
P8_6, P8_7 Input port P8 I |Input “H” or “L” level signal or open.
P10 Oto P10 7 () Input port P10 I |Input “H” or “L” level signal or open.
VCCRF Power input I | Connectto VCC.
VSSRF, VSSRF1 Power input I |Apply 0 V.
VSSRF2 Power input I |Apply O V.
VSSRF3 Power input I |Apply O V.
VSSRF4A, VSSRF4B | Power input I |Apply O V.
VSSRF5 Power input I |Apply O V.
VSSRF6 Power input I |Apply O V.
VREGIN1 Power input I | Connect to VREGOUT1.
VREGIN2 Power input I | Connect to VREGOUT1.
VREGIN3 Power input I | Connect to VREGOUT1.
VREGIN4 Power input I | Connect to VREGOUT1.
VREGOUT1 Power output O |Connect to VREGIN1 to VREGINA.
VREGOUT2 Power output O | Connect a bypass capacitor between pins VREGOUT2 and VSS.
VREGOUT3 Power output O |Connect a bypass capacitor between pins VREGOUT2 and VSS.
RFIOP, RFION RF I/O /0 |RF 1/O
TESTIOP, TESTION | Testing ports 1/0 | Input “L” or open.
ANTSWCONT Control output | O | Output pin to control the external antenna switch.
NOTE:

1. Not available in the 48 pin version.
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Mode setup method
Signal Value
CNVSS VCC
EPM VSS
RESET VSS—VCC

Package: PVQNOO064KA-A(64VQFN)

Figure 18.14 Pin Connections in Standard Serial I/O Mode (1)

RO1UH0197EJ0120 Rev.1.20 ENESAS
Jul 21, 2011

Page 279 of 331



M16C/6B Group 18. Flash Memory
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Package: PVQN0048KB-A(48VQFN)

Figure 18.15 Pin Connections in Standard Serial I/O Mode (2)
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18.4.2 Example of Circuit Application in the Standard Serial 1/0O Mode

Figures 18.16 and 18.17 show an Example of Circuit Application in Standard Serial 1/0 Mode 1 and Mode 2,

respectively. Refer to the user’s manual of your serial programmer to handle pins controlled by the serial
programmer.

VCC

Microcomputer

( SCLKinput ) .
VvCC
( TXD output )= 1- P6_7/TXD1  p5_5 (EPM)
VCC

( BUSY output )t P6_4/RTS1 ‘?‘
( RxDinput ) » P6_6/RXD1 CNVSS
VCC

»| P6_5/CLK1

Reset input RESET

User reset signal

(1) Control pins and external circuitry will vary according to a programmer. For more information,
refer to the programmer manual.

(2) In this example, modes are switched between single-chip mode and standard serial input/output
mode by controlling the CNVSS input with a switch.

(3) If in standard serial input/output mode 1 there is a possibility that the user reset signal will go low
during serial input/output mode, break the connection between the user reset signal and RESET
pin by using, for example, a jumper switch.

Figure 18.16 Example of Circuit Application in Standard Serial I/O Mode 1
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Microcomputer

»| P6_5/CLK1

; ( TXD output )= P6_7/TXD1 P5_5 (EPM)

(_ Monitor output ) P6_4/RTS1
( RXD input ) P P6_6/RXD1 CNVSS

VCC

VCC

Reset input

User reset signal

(1) In this example, modes are switched between single-chip mode and standard serial input/output
mode by controlling the CNVSS input with a switch.

Figure 18.17 Example of Circuit Application in Standard Serial I/O Mode 2
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18.5 Parallel /O Mode

In parallel 1/0 mode, the program ROM 1 and program ROM 2 can be rewritten by a parallel programmer
supporting the M16C/6B Group. Contact your parallel programmer manufacturer for more information on the
parallel programmer. Refer to the user's manual included with your parallel programmer for instructions.

18.5.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read and rewritten. (Refer to 18.2
“Functionsto Prevent Flash Memory from Rewriting”.)
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18.6 Notes on Flash Memory

18.6.1 Functions to Prevent Flash Memory from Being Rewritten

Addresses OFFFDFh, OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and OFFFFBh store ID codes. When
the wrong data is written to these addresses, the flash memory cannot be read or written to in standard seria 1/0
mode.

OFFFFFh is OFS1 address. When the wrong data is written to this address, the flash memory cannot be read or
written to in parallel 1/0 mode.

These addresses correspond to the vector address (H) in fixed vector.

18.6.2 Reading Data Flash

When 2.2V <VCC < 2.7 V, one wait must be inserted to execute the program on the data flash and read the
data. Set the PM17 in the PM1 register or FMR17 bit in the FMR1 register to insert one wait.

18.6.3 CPU Rewrite Mode

18.6.3.1 Operating Speed

Set a CPU clock frequency of 8 MHz or less by the CM06 bit in the CMO register and bits CM17 and CM16in
the CM 1 register before entering CPU rewrite mode (EWO0 or EW1 mode). Also, set the PM17 bit in the PM 1
register to 1 (wait state).

18.6.3.2 CPU Rewrite Mode Select

Change FMROL1 bit in the FMRO register, FMR11 bit in the FMR1 register, and FMR60 bit in the FMR6
register while in the following state:

« PM24 bit in the PM2 register is 0 (NMI interrupt disabled).

« Highisinput to the NMI pin

18.6.3.3 Prohibited Instructions

Do not use the following instructions in EW0 mode:
UND instruction, INTO instruction, JIMPS instruction, JSRS instruction, and BRK instruction.

18.6.3.4 Interrupts (EWO Mode and EW1 Mode)

« Do not use an address match interrupt during command execution because the address match interrupt vector
islocated in ROM.
« Do not use a non-maskable interrupt during block O erase because the fixed vector islocated in block 0.

18.6.3.5 Rewrite (EW0 mode)

If the power supply voltage drops while rewriting the block where the rewrite control program is stored, the
rewrite control program is not correctly rewritten. This may prevent the flash memory from being rewritten. If
this error occurs, use standard seria 1/0 mode or parallel 1/0 mode for rewriting.

18.6.3.6 Rewrite (EW1 mode)
Do not rewrite any blocks in which the rewrite control program is stored.
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18.6.3.7 DMA Transfer

In EW1 mode, do not generate a DMA transfer while the FMROO bit in the FMRO register is set to 0 (auto
programming or auto erasing).

18.6.3.8 Wait Mode

To enter wait mode, set the FMROL1 bit in the FMRO register to 0 (CPU rewrite mode disabled) before executing
the WAIT instruction.

18.6.3.9 Stop Mode

To enter stop mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled), and then disable DMA transfer before
setting the CM 10 bit in the CM 1 register to 1 (stop mode).

18.6.3.10 Software Command

Observe the notes below when using the following commands:
* Program

* Block erase

« Lock bit program

* Read lock bit status

* Block blank check

(a) The FMRQO bit in the FM RO register indicates the status while executing these commands. Do not execute
other commands while the FMROO bit is O (busy).

(b) Do not execute these commands while the CM05 hit in the CMO register is 1 (main clock stops).

(c) After executing the program, block erase, or lock bit program command, perform afull status check per one
command (i.e. do not perform a single full status check after multiple commands are executed).

(d) Do not execute the program, block erase, lock bit program, or block blank check command when either or
both bits FMR06 and FMRO07 in the FMRO register are 1 (completed in error).

(e) Do not execute these commands in the low-current consumption read mode (bits FMR22 and FMR23 are
both 1)

18.6.3.11 Program and Erase Cycles and Execution Time

Execution time of the program, block erase, and lock bit program commands becomes longer as the number of
programming and erasing increases.

18.6.3.12 Suspending the Auto-Erase and Auto-Program Operations

When the program, block erase, and lock bit program commands are suspended, the blocks for those commands
must be erased. Execute the program and lock bit program commands again after erasing.

Those commands are suspended by the following reset or interrupts:

* Reset

« NMI, watchdog timer, oscillation stop/restart detect.

18.6.4 User Boot Mode

18.6.4.1 Location of User Boot Mode Program

Allocate a program which isinvoked and executed in user boot mode only in program ROM 2 (do not execute
the program which is allocated in data flash or program ROM 1 in user boot mode).

18.6.4.2 Entering User Boot Mode After Standard Serial 1/0 Mode

To use user boot mode after standard serial 1/0 mode, turn off the power when exiting standard serial 1/0 mode,
and then turn on the power again (cold start). The MCU enters user boot mode under the right conditions.
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19. Electrical Characteristics

19.1 Electrical Characteristics
Table 19.1  Absolute Maximum Ratings
Symbol Parameter Condition Rated Value Unit
VCC Digital supply voltage -0.3t0 3.8 \%
VCCRF Analog supply voltage -0.3t03.8 \Y,
VI Input voltage RESET, CNVSS, -0.3to VCC +0.3 \Y
P5 5,P5_7,P6 0to P6_7,
P7_2,P7_3,P7_4t0P7_7 ),
P8_0 ), pg_1 (1), P8_2,
P8_3, P8_6, P8_7,
P10 Oto P10 _7 (D)
P7 _0,P7_1,P8 5 -0.3toVCC+0.3 | V
VO Output voltage P5 5,P5 7,P6 0toP6_7, -0.3to VCC +0.3 \Y
P7_2,P7_3,P7_4t0P7_7 (),
P8_0 ), pg_1 (1), P8_2,
P8_3, P8_6, P8_7,
P10 _Oto P10_7 (1),
ANTSWCONT
P7 _0,P7_1,P8 5 -0.3toVCC+0.3 | V
VRFIO RF 1/0O pins RFIOP, RFION -0.3to 2.1 \%
VTESTIO | Test ports TESTIOP, TESTION -0.3t02.1 \%
VANA 1.5V analog supply | VREGIN1 to VREGIN4 -0.3t02.1 \%
VXINOUT | Main clock I/O XIN, XOUT -0.3t02.1 \%
Pd Power dissipation —40°C < Topr < 85°C 300 mwW
Topr Operating ambient | When the microcomputer is -20t0 85/-40t0 85 | °C
temperature operating
Flash program erase 0to 60
Tstg Storage temperature —65 to 150 °C
NOTE:

1. 64-pin version only.
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Table 19.2 Recommended Operating Conditions (1/2) (1)
Symbol Parameter - Standard Unit
Min. Typ. Max.
VCC Digital supply VCC 2.2 3.3 3.6 \%
voltage
VCCRF Analog supply VCCRF, AVCC ) 2.2 3.3 3.6 \%
voltage
VSS Supply voltage VSS1, VSS2, AVSS 4, 0
VSSRF, VSSRF1 to VSSRF6
VIH “H” input voltage RESET, CNVSS, P5 5, P5_7, P6_0to P6_7, 0.8VvCC vCC \Y
P7 _2,P7_3,P7_4toP7 7,
P8 04, P8 14, P8 2 P8 3, P8 6 P8 7,
P10 Oto P10 7 4
P7_0,P7_1,P8 5 0.8 VCC VCC v
VIL “L” input voltage RESET, CNVSS, P5_5, P5_7, P6_0to P6_7, 0 02zvcc| Vv
P7_2,P7_3,P7_4t0oP7_ 7,
P8 04, P8 14, P8 2 P8 3, P8 6, P8 7,
P10 Oto P10_7 @4
P7_0,P7_1,P8 5 0 0.2vCC| V
IOH(peak) | “H” peak output P5 5,P5 7,P6 0toP6_7,P7_2, |VCC=27 -10.0 mA
current P7_3,P7_4toP7_7@,P8_0@, |t036V
P8 1), P8 2,P8 3, P8 6,P8 7, |VCC=22 -1.0
P10 Oto P10_7 (4, ANTSWCONT |to 2.7V
IOH(avg) |“H” average output |P5 5,P5 7,P6 0OtoP6_7,P7_2, [VCC=27 -5.0 mA
current P7 3,P7 4toP7_7 (%), P8 0@, to3.6 V
P8 1(4),P8 2,P8 3,P8 6,P8 7, |VCC =22 -0.5
P10 _0to P10_7 (4), ANTSWCONT |t0 2.7V
I0L(peak) |“L” peak output P5_5,P5 7,P6_0toP6_7, VCC =27 10.0 mA
current P7 Oto P7_3,P7 4t0oP7_7®, t03.6 V
P8 04, P8 1®, P8 2 P8 3, VCC =22 1.0
P8 5to P8 7, P10 0to P10 74, |to 2.7V
ANTSWCONT
IOL(avg) |“L” average output |P5_5,P5 7,P6_0toP6_7, VCC =27 5.0 mA
current P7_0toP7_3,P7_4t0P7 7@, |[t03.6V
P8 0@, P8 14, P8 2 P8 3, VCC =22 0.5
P8 5to P8 _7,P10 Oto P10 7 4, |t02.7V
ANTSWCONT
f(XIN) Main clock input oscillation frequency 16
f(XCIN) Subclock oscillation frequency 32.7 35 kHz
68
f(OCO) 125 kHz on-chip oscillation frequency 125 kHz
f(BCLK) | CPU operation clock [VCC =2.2t0 2.7V 0 8 MHz
VCC=27t03.6V 0 16 MHz
NOTES:

1. Referencedto VCC =2.2t0 3.6 V at Topr = —20 to 85°C/-40 to 85°C unless otherwise specified.
2. The Average Output Current is the mean value within 100 ms.
3. The total IOL(peak) for the following ports must be 40 mA max (VCC = 2.7 to 3.6 V) or 4 mA max (VCC = 2.2 to
2.7 V): ports P7_0to P7_3,P8_2,P8 3, P8 5to P8 7, and P10. The total IOL(peak) for the following ports must
be 40 mA max (VCC = 2.7 to 3.6 V) or 4 mA max (VCC = 2.2 to 2.7 V): ports P5_5, P5_7, P6, P7_4 to P7_7,
P8_0, and P8_1. The total IOH(peak) for the following ports must be —40 mA max (VCC = 2.7 to 3.6 V) or -4 mA
max (VCC = 2.2 to 2.7 V): ports P7_2, P7_3, P8_2, P8_3, P8_6, P8_7, and P10. The total IOH(peak) for the
following ports must be —40 mA max (VCC = 2.7 to 3.6 V) or -4 mA max (VCC = 2.2to 2.7 V): ports P5_5, P5_7,
P6, P7_4to P7_7,P8_0, and P8_1.

4.  64-pin version only.

5. The main clock input frequency is fixed to 16 MHz for transceiver operation.
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Table 19.3 Recommended Operating Conditions (2/2) (1)
VCC=2.21t03.6V,VSS =0V, and Topr = -20 to 85 °C/-40 to 85 °C unless otherwise specified.

The ripple voltage must not excess Vr(VCC) and/or dVr(VCC)/dt.

Standard .

Symbol Parameter - Unit
Min. Typ. Max.

Vr (vce) Allowable ripple voltage VCC=3.0V 0.3 Vp-p

dvr (vee)/dt Ripple voltage falling gradient VCC=3.0V 0.3 V/ms

NOTE:
1. The device is operationally guaranteed under these operating conditions.
A
Vr (vee)

VCC

Figure 19.1 Ripple Waveform
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Table 19.4  A/D Conversion Characteristics (1)

Symbol Parameter Measuring Condition - Standard Unit
Min. Typ. Max.
- Resolution VREF = AVCC = VCC 10 Bits
INL Integral non-linearity | 10bit | VREF = AVCC = VCC = 3.3 V| ANO to AN7 +3 LSB
error input 4)
VREF = AVCC =VCC = 2.2 V| ANO to AN7 +6 LSB
input 4)
- Absolute accuracy | 10bit | VREF = AVCC =VCC = 3.3 V|ANO to AN7 +3 LSB
input 4)
VREF = AVCC =VCC = 2.2 V| ANO to AN7 +6 LSB
input (4)
- Tolerance level impedance 3 kQ
DNL Differential non-linearity 4 +1 LSB
error
- Offset error ()] +3 LSB
- Gain error ()] +3 LSB
tCONV | 10-bit conversion time VREF = AVCC =VCC =3.3V, 2.69 us
dAD =16 MHz
tSAMP | Sampling time 0.94 us
VREF Reference voltage VCC \%
VIA Analog input voltage 0 VREF | V
NOTES:
1. Referenced to VREF = AVCC = VCC = 3.3V, VSS =0 V at Topr = —20 to 85°C/ —40 to 85°C unless otherwise
specified.

2. Set fAD frequency as follows:
When VCC =3.2t0 3.6 V, 2 MHz < ¢AD < 16 MHz
When VCC =3.0t0 3.2V, 2 MHz < ¢AD < 8 MHz
When VCC =2.2t0 3.0V, 2 MHz < $AD < 4 MHz
3. Use when VREF = AVCC = VCC.
4. The flash memory must not be rewritten. For the pins other than the analog pin to be measured, set them as
input ports and connect to VSS. Refer to Figure 19.2 “A/D Accuracy Measure Circuit”.

AN [ Analog input

P5 to P10 AN: One of the analog input pin
g_, P5 to P10: I/O pins other than AN

Figure 19.2 A/D Accuracy Measure Circuit
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Table 19.5 Flash Memory Electrical Characteristics (@)
Standard .
Symbol Parameter - Unit
Min. Typ. Max.
- Program and erase endurance () Other than data flash 100 cycle
Data flash 100 cycle
- 2 word program time Other than data flash 150 us
(VCC =3.3 Vat Topr = 25°C) Data flash 300 us
- Lock bit program time Other than data flash 70 us
(VCC =3.3 Vat Topr = 25°C) Data flash 140 us
- Block erase time 4-Kbyte block 0.20
(VCC =3.3 Vat Topr = 25°C) 16-Kbyte block 0.20
64-Kbyte block 0.20
tPS Flash memory circuit stabilization wait time 50 us
- Data hold time (3) 10 year
NOTES:

1. Referenced to VCC = 2.7 to 3.6 V at Topr = 0 to 60°C unless otherwise specified.

2. De

finition of program and erase endurance

The program and erase endurance refers to the number of per-block erasures.
If the program and erase endurance is n (n = 100), each block can be erased n times.

For example, if a 4 Kbyte block is erased after writing two word data 1,024 times, each to a different address, this
counts as one program and erase endurance. Data cannot be written to the same address more than once
without erasing the block. (Rewrite prohibited.)

3.  Topr =-20to 85°C/ -40 to 85°C

Table 19

.6 Flash Memory Program/Erase Voltage and Read Operation Voltage Characteristics (at

Topr =0 to 60°C)

Flash Program, Erase Voltage

Flash Read Operation Voltage

VCC=27t03.6V

VCC=22t036V

Table 19.7  Power Supply Circuit Timing Characteristics
Symbol Parameter Measuring Condition - Standard Unit
Min. Typ. Max.

td(P-R) Time for internal power supply VCC=22t03.6V 5 ms
stabilization during powering-on

td(R-S) Stop release time 150 us

td(W-S) Low power consumption mode wait 150 us
mode release time
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Recommended | 1
td(P-R) operation voltage ! 1
Time for internal power vee - H
supply stabilization during i H
powering-on i P Pi
' 1
CPU clock i
i
Interrupt for
Stop mode release
td(R-S) @)
) or

STOP release time (b) Wait mode release : T

i i

1 1

td(w-s) | !

Low power consumption mode CPU clock i d

wait mode release time | !

@ ! td(R-S) !

1 1

O td(w-S) ’

Figure 19.3 Power Supply Circuit Timing Diagram
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M16C/6B Group 19. Electrical Characteristics

VCC =VCCRF =33V

Table 19.8  Electrical Characteristics (1) (1)
VOH “H” output |P5_5, P5_7, P6_0to P6_7, P7_2, IOH=-1mA | VCC1-0.5 VCC Vv
voltage  |P7_3,P7_4toP7_7 (), P8 0,
P8 1, P8 2, P8 3, P8 6, P8 7,
P10 Oto P10 7 @
ANTSWCONT IOH=-1mA |VCCRF-0.5 VCCRF \%
XOouT HIGHPOWER IOH =-0.1 mA | VREGOUT3 VREGOUT3| V
-0.5
LOWPOWER IOH = -50 pA | VREGOUT3 VREGOUT3| V
-0.5
XCOUT HIGHPOWER With no load 2.5 \%
applied
LOWPOWER With no load 1.6 \%
applied
VOL “L" output |P5_5, P5 7, P6 0to P6_7, IOL =1 mA 0.5 Vv
voltage P7 Oto P7_3,P7 _4toP7_7 (3,
P8 00, P8 1(2, P8 2,P8 3,
P8 5to P8_7,P10_0to P10_7 (@
ANTSWCONT IOL =1 mA 0.5 \%
XOouT HIGHPOWER IOL=0.1 mA 0.5 \%
LOWPOWER IOL = 50 pA 0.5 \%
XCOUT HIGHPOWER With no load 0 \%
applied
LOWPOWER With no load 0 \%
applied
VT+-VT- |Hysteresis | TAOIN, TALIN, TA2IN to TA4IN (2, 0.2 0.8 \
INTO, INT1, CTSO to CTS2,
SCLO to SCL2, SDAO to SDA2,
TAOOUT, TAL1OUT,
TA20UT to TA40UT @, KI0 to KI3 (2,
Kl4 to KI7, RXDO to RXD2
VT+-VT- |Hysteresis |RESET 0.2 0.8 \Y
IH “H"input |P5_5, P5_7,P6 0to P6_7, P7_2, VI=33V 4.0 pA
current P7_3,P7_4to P7_7 (3, P8_0 (2,
P8 1 (2, P8 2, P8 3, P8 6, P8 7,
P10 0to P10 _7 @, XIN, RESET,
CNVSS
L “L"input |P5_5,P5 7,P6 0toP6_7, VI=0V -4.0 pA
current  |P7_0to P7_3, P7_4to P7_7 @),
P8 0(2,P8 1(2, P8 2,P8 3,
P8 5to P8 7, P10 0Oto P10 7 (),
XIN, RESET, CNVSS
RPULLUP | Pull-up P5 5, P5 7,P6_0toP6_7, P7_2, VI=0V 40 100 500 kQ
resistance |P7_3, P7_4to P7_7 (2), P8_0 (2,
P8 1(, P8 2, P8 3, P8 6, P8 7,
P10 Oto P10 7 @
RfXIN Feedback |XIN 0.5 MQ
resistance
RfXCIN Feedback |[XCIN 25 MQ
resistance
VRAM RAM retention voltage At stop mode 1.8 \%

NOTES:
1. Referenced to VCC = 2.7 to 3.6 V, VSS = 0 V at Topr = —20 to 85°C/-40 to 85°C, f(BCLK) = 16 MHz unless
otherwise specified.
2. 64-pin version only.
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VCC =VCCRF =33V

Table 19.9  Electrical Characteristics (2) (1)
. . Standard ,

Symbol Parameter Measuring Condition - Unit

Min. | Typ. | Max.

ICC Power | In single-chip Flash memory | f(BCLK) = 4 MHz RF = off 4.7 mA
supply | mode, the (Divided by 4) RF = idle 6.7 mA
current |output pins are RE = Tx 35.7 mA

open and other
p%s ves RF = Rx 26.7 mA
f(BCLK) = 8 MHz RF = off 6.5 mA
(Divided by 2) RF = idle 8.5 mA
RF = Tx 37.5 mA
RF = Rx 48.5 mA
f(BCLK) = 16 MHz RF = off 10 mA
(No division) RF = idle 12 mA
RF = Tx 41 mA
RF = Rx 52 mA
125 kHz On-chip oscillation 450 pA
No division
RF = off
Flash memory |f(BCLK) = 8 MHz 20 mA
program VCC =33V
Flash memory | f(BCLK) = 8 MHz 30 mA
erase VCC=33V
Flash memory | f(BCLK) = 32 kHz 70 pA
Low power consumption mode
RF = off
125 kHz On-chip oscillation, wait mode 9 pA
RF = off
f(BCLK) = 32 kHz 18 pA
Wait mode (2)
Oscillation capability High
RF = off
f(BCLK) = 32 kHz 5 pA
Wait mode (2)
Oscillation capability Low
RF = off
Stop mode 3 pA
Topr = 25°C
NOTES:

1. Referenced to VCC = 2.7 to 3.6 V, VSS = 0 V at Topr = -20 to 85°C/-40 to 85°C, f(BCLK) = 16 MHz unless
otherwise specified.
2. With one timer operated using fC32.
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VCC =33V
Timing Requirements
(VCC=3.3V,VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)
Table 19.10 Timer A Input (Counter Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input “H” pulse width 60 ns
tw(TAL) TAIIN input “L” pulse width 60 ns
Table 19.11 Timer A Input (Gating Input in Timer Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input “H” pulse width 300 ns
tw(TAL) TAIIN input “L” pulse width 300 ns
Table 19.12 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIIN input “H” pulse width 150 ns
tw(TAL) TAIIN input “L” pulse width 150 ns
Table 19.13 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tw(TAH) TAIIN input “H” pulse width 150 ns
tw(TAL) TAIIN input “L” pulse width 150 ns
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VCC =33V
Timing Requirements
(VCC=3.3V,VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)
Table 19.14 Timer A Input (Counter Up/Down Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(UP) TAIOUT input cycle time 3000 ns
tw(UPH) TAIOUT input “H” pulse width 1500 ns
tw(UPL) TAIOUT input “L” pulse width 1500 ns
tsu(UP-TIN) TAIOUT input setup time 600 ns
th(TIN-UP) TAIOUT input hold time 600 ns
Table 19.15 Timer A Input (Two-Phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 2 us
tsu(TAIN-TAOUT) | TAIOUT input setup time 500 ns
tsu(TAOUT-TAIN) | TAIIN input setup time 500 ns
Table 19.16 Serial Interface
Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input “H” pulse width 150 ns
tw(CKL) CLKi input “L” pulse width 150 ns
td(C-Q) TXDi output delay time 160 ns
th(C-Q) TXDi hold time 0 ns
tsu(D-C) RXDi input setup time 100 ns
th(C-D) RXDi input hold time 90 ns
Table 19.17 External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input “H” pulse width 380 ns
tw(INL) INTi input “L” pulse width 380 ns
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XIN input
te
te(tA) >
tw(TAH;
TAIIN input \
tw(TAL
tcup) >
< tw(UPH) >
TAIOUT input \
tw(upPL)
TAIOUT input ><
(Up/down input)
During event counter mode
TAIIN input
(When count on falling th(TIN-UP)| tsu(UP-TIN)
edge is selected) < > >
TAIIN input
(When count on rising O Em—
edge is selected)
Two-phase pulse input in
event counter mode <« te(TA) N
- / \
TAIIN input / N £
tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
<« >
tsu(TAOUT-TAIN)
TAIOUT input /
tsu(TAOUT-TAIN)

Figure 19.4 Timing Diagram (1)
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VCC =33V

te(ck)

¢ tw(CKH) )
CLKi

tw(cKL)
thc-Q)

TXDi >< %
td(c-Q) tsu(0-c) thcD)
RXDi

tw(NL)
i input
tw(INH)

Figure 19.5 Timing Diagram (2)

IN

_|
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VCC=VCCRF=2.2V
Table 19.18 Electrical Characteristics (1) (1)

VOH “H” output |P5_5, P5_7, P6_0to P6_7, P7_2, IOH=-1mA | VCC1-0.5 VCC Vv
voltage  |P7_3,P7_4toP7_7 (), P8 0,
P8 1, P8 2, P8 3, P8 6, P8 7,
P10 _0toP10_7 @
ANTSWCONT IOH=-1mA |VCCRF-0.5 VCCRF \%
XOuT HIGHPOWER IOH =-0.1 mA | VREGOUT3 VREGOUT3| V
-0.5
LOWPOWER IOH = -50 pA | VREGOUT3 VREGOUT3| V
-0.5
XCOUT HIGHPOWER With no load 2.5 \%
applied
LOWPOWER With no load 1.6 \%
applied
VOL “L" output |P5_5, P5 7, P6 0to P6_7, IOL =1 mA 0.5 Vv
voltage P7 Oto P7_3,P7 _4toP7_7 (3,
P8 0@, P8 1, P8 2, P8 3,
P8 5toP8_7,P10 Oto P10 7
ANTSWCONT IOL =1 mA 0.5 \%
XOuT HIGHPOWER IOL=0.1mA 0.5 \%
LOWPOWER IOL = 50 pA 0.5 \%
XCOUT HIGHPOWER With no load 0 \%
applied
LOWPOWER With no load 0 \%
applied
VT+-VT- |Hysteresis | TAOIN, TALIN, TA2IN to TA4IN (), 0.02 0.3 Y
INTO, INT1, CTSO to CTS2,
SCLO to SCL2, SDAO to SDA2,
TAOOUT, TAL1OUT,
TA20UT to TA40UT @, KI0 to KI3 (2,
KI4 to KI7, RXDO to RXD2
VT+-VT- |Hysteresis |RESET 0.05 0.5 \Y
IH “H"input |P5_5,P5_7,P6 _0toP6_7, P7_2, VI=22V 2.0 HA
current P7_3,P7_4to P7_7 (3, P8_0 (2,
P8 1(,P8 2,P8 3,P8 6,P8 7,
P10 _0to P10_7 @, XIN, RESET,
CNVSS
L “L"input |P5_5,P5 7,P6 0toP6_7, VI=0V 2.0 pA
current  |P7_0to P7_3, P7_4to P7_7 @),
P8 0@, P8 1, P8 2, P8 3,
P8 5to P8 7,P10_0to P10_7 (),
XIN, RESET, CNVSS
RPULLUP | Pull-up P5 5, P5 7,P6_0toP6_7, P7_2, VI=0V 50 140 700 kQ
resistance |P7_3, P7_4to P7_7 (2), P8_0 (2,
P8 1(,P8 2,P8 3,P8 6,P8 7,
P10 Oto P10 7 @
RfXIN Feedback |XIN 0.5 MQ
resistance
RfXCIN Feedback |[XCIN 25 MQ
resistance
VRAM RAM retention voltage At stop mode 1.8 \%
NOTES:

1. Referenced to VCC = 2.2 t0 2.7 V, VSS = 0 V at Topr = —20 to 85°C/-40 to 85°C, f(BCLK) = 16 MHz unless
otherwise specified.
2. 64-pin version only.
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VCC=VCCRF=2.2V
Table 19.19 Electrical Characteristics (2) (1)

. . Standard ,

Symbol Parameter Measuring Condition - Unit

Min. | Typ. | Max.

ICC Power | In single-chip Flash memory | f(BCLK) = 4 MHz RF = off 4.7 mA
supply | mode, the (divided by 4) RF = idle 6.7 mA
current |output pins are RE = Tx 35.7 mA

open and other
pins are VSS RF = Rx 46.7 mA
f(BCLK) = 8 MHz RF = off 6.5 mA
(divided by 2) RF = idle 8.5 mA
RF = Tx 37.5 mA
RF = Rx 48.5 mA
125 kHz On-chip oscillation 450 pA
No division
RF = off
f(BCLK) = 32 kHz 70 pA
Low power consumption mode
RF = off
125 kHz On-chip oscillation, wait mode 9 pA
RF = off
f(BCLK) = 32 kHz 18 pA
Wait mode (2)
Oscillation capability High
RF = off
f(BCLK) = 32 kHz 5 pA
Wait mode (2)
Oscillation capability Low
RF = off
Stop mode 3 pA
Topr = 25°C

NOTES:
1. Referenced to VCC = 2.2 t0 2.7 V, VSS = 0 V at Topr = -20 to 85°C/-40 to 85°C, f(BCLK) = 16 MHz unless
otherwise specified.
2. With one timer operated using fC32.
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VCC =22V
Timing Requirements
(VCC=2.2V,VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)
Table 19.20 Timer A Input (Counter Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 500 ns
tw(TAH) TAIIN input “H” pulse width 200 ns
tw(TAL) TAIIN input “L” pulse width 200 ns
Table 19.21 Timer A Input (Gating Input in Timer Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 1000 ns
tw(TAH) TAIIN input “H” pulse width 500 ns
tw(TAL) TAIIN input “L” pulse width 500 ns
Table 19.22 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 800 ns
tw(TAH) TAIIN input “H” pulse width 400 ns
tw(TAL) TAIIN input “L” pulse width 400 ns
Table 19.23 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tw(TAH) TAIIN input “H” pulse width 400 ns
tw(TAL) TAIIN input “L” pulse width 400 ns
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19. Electrical Characteristics

VCC =22V
Timing Requirements
(VCC=2.2V,VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)
Table 19.24 Timer A Input (Counter Up/Down Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(UP) TAIOUT input cycle time 5000 ns
tw(UPH) TAIOUT input “H” pulse width 2000 ns
tw(UPL) TAIOUT input “L” pulse width 2000 ns
tsu(UP-TIN) TAIOUT input setup time 1000 ns
th(TIN-UP) TAIOUT input hold time 1000 ns
Table 19.25 Timer A Input (Two-Phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN input cycle time 3 us
tsu(TAIN-TAOUT) | TAIOUT input setup time 800 ns
tsu(TAOUT-TAIN) | TAIIN input setup time 800 ns
Table 19.26 Serial Interface
Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 800 ns
tw(CKH) CLKi input “H” pulse width 400 ns
tw(CKL) CLKi input “L” pulse width 400 ns
td(C-Q) TXDi output delay time 240 ns
th(C-Q) TXDi hold time 0 ns
tsu(D-C) RXDi input setup time 200 ns
th(C-D) RXDi input hold time 90 ns
Table 19.27 External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input “H” pulse width 1000 ns
tw(INL) INTi input “L” pulse width 1000 ns
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19. Electrical Characteristics

XIN input

VCC =22V
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Figure 19.6 Timing Diagram (1)
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19. Electrical Characteristics

Table 19.28 Transceiver Transmission Characteristics
(VCC =VCCRF=3.3V,VSS =0V, at Topr = 25°C unless otherwise specified)

Jul 21, 2011

Parameter Measuring Condition - Standard IEEE802.15.4 Unit
Min. Typ. Max. standard

Supply voltage 15 \Y,

Nominal output power -3 0 5 -3 or more dBm

Transmit bit rate 250 250 kbps

Transmit chip rate 2,000 2,000 kchips/s

Programmable output power range 23 steps 32 dB

Harmonics 2nd harmonics | TXOUTPWR =16(h), -32 dBm

0 dBm(typ)
3rd harmonics | TXOUTPWR =16(h), -39 dBm
0 dBm(typ)

Spurious emission |30 to 1,000 MHz | TXOUTPWR =16(h), -36 dBm
1t012.75 GHz |0 dBm(typ) -30 dBm
1.8t01.9 GHz -47 dBm
5.15t0 5.3 GHz -47 dBm

Error vector magnitude EVM 1,000 chips 14 35 35 orless %

Power spectral Absolute limit |f-fc|] > 3.5 MHz -30 —-30 or less dBm

density Relative limit |f-fc| > 3.5 MHz -20 —20 or less dB

Frequency tolerance min -40 0 Within —40 ppm

Frequency tolerance max 0 40 Within 40 ppm

Table 19.29 Transceiver Reception Characteristics
(VCC =VCCRF =3.3V,VSS =0V, at Topr = 25°C unless otherwise specified)
Parameter Measuring Condition - Standard IEEE802.15.4 Unit
Min. Typ. Max. standard

Supply voltage 15 \Y,

RF input frequency 2,405 2,480 MHz

Receiver sensitivity PER = 1% -94 -85 or less dBm

PSDU
length = 20 octets

Maximum input level 0 —20 or more dBm

Adjacent channel | +5 MHz PER = 1% 0 13 0 or more dB

rejection _5 MHz Prf =-82 dBm 0 13 dB

Alternate channel | +10 MHz PER = 1% 30 35 30 or more dB

rejection ~10 MHz Prf = -82 dBm 30 35 dB

Rejection > +15 MHz PER = 1% 49 dB

< -15 MHz Prf=-82 dBm 49 dB

Spurious 30 to 1,000 MHz -54 dBm

emission 1t0 12.75 GHz 47 dBm

Symbol error tolerance 80 80 or less ppm

RSSI range 90 40 or more dB

RSSI accuracy 6 Within +6 dB
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20. Precautions

20. Precautions

201 SFR

20.1.1 Register Settings

Table 20.1 lists Registers with Write-Only Bits. Set these registers with immediate values. When establishing a
next value by altering the existing value, write the existing value to the RAM as well asto the register. Transfer

the next value to the register after making changesin the RAM.

Table 20.1  Registers with Write-Only Bits

Register Symbol Address
Watchdog timer reset register WDTR 037Dh
Watchdog timer start register WDTS 037Eh
UARTO bit rate register UOBRG 0249h
UARTL1 bit rate register U1BRG 0259h
UART2 bit rate register U2BRG 0269h

UARTO transmit buffer register uoTB 024Bh to 024Ah
UART1 transmit buffer register uiTB 025Bh to 025Ah
UART?2 transmit buffer register u2TB 026Bh to 026Ah
Timer AO register TAO 0327h to 0326h
Timer Al register TA1l 0329h to 0328h
Timer A2 register TA2 032Bh to 032Ah
Timer A3 register TA3 032Dh to 032Ch
Timer A4 register TA4 032Fh to 032Eh
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20.2 Reset
20.2.1 VCC
When supplying power to the microcomputer, the power supply voltage applied to the VCC pin must meet the
conditions of SVCC.
Standard .
Symbol Parameter i Typ. | Max. Unit
SVCC Power supply rising gradient (VCC) (Voltage range 0 Vto 2V) | 0.05 V/ms
Power supply rising gradient (VCC) (Voltage range 2.0 V to 3.6 V) 3.6V | VIms
Voltage
SVCC
Power supply rising 20VE = = = = = - - - -
gradient (VCC) sSVCC
oV p Time

Figure 20.1 Timing of SVCC

20.2.2 CNVSS

Connect to VSS viaresistor. Theinternal pull-up of the CNVSS pin is on immediately after hardware reset 1 is
released in single-chip mode. Therefore, the CNVSS pin level becomes “H” for two cycles of fOCO-S
maximum.
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20.3 Baseband Functions

ROLUH0197EJ0120 Rev.1.20 RENESAS Page 307 of 331
Jul 21, 2011



M16C/6B Group 20. Precautions

20.4 Power Control
» When exiting stop mode by hardwarereset 1, set the RESET pinto “L” until amain clock oscillation is stabilized.

* Set the MRO bit in the TAIMR register (i = 0 to 4) to O (pulse is not output) to use the timer A to exit stop mode.

« After the WAIT instruction, insert at least four NOP instructions. When entering wait mode, the instruction queue
reads ahead the instructions following WAIT, and depending on timing, some of these may execute before the
microcomputer enters wait mode.

Program example when entering wait mode is shown below.

Program Example: FSET I ;
WAIT ; Enter wait mode
NOP ; More than four NOP instructions
NOP
NOP
NOP

» When entering stop mode, insert a IMP.B instruction immediately after executing an instruction which sets the
CM10 bit in the CM1 register to 1, and then insert at least four NOP instructions. When entering stop mode, the
instruction queue reads ahead the instructions following the instruction which sets the CM 10 bit to 1 (all clock
stop), and some of these may execute before the microcomputer enters stop mode or before the interrupt routine
for returning from stop mode.

Program example when entering stop mode

Program Example: FSET I
BSET 0,CM1 ; Enter stop mode
JMPB L2 ; Insert aJMPB instruction
L2:
NOP ; More than four NOP instructions
NOP
NOP
NOP

» The CLKOUT pin outputs “H” in stop mode. Therefore, when the CLKOUT pin changes state from “H” to “L”
and isimmediately driven in stop mode, the “L” level width becomes short.

Stop mode

»
hal

CLKOUT

» Wait until the main clock oscillation stahilizes, before switching the clock source for the CPU clock to the main
clock. Similarly, wait until the subclock oscillates stably before switching the clock source for the CPU clock to
the subclock.

* Do not stop the externally-generated clock when the externally-generated clock is input to the XIN pin and the
main clock is used as the clock source for the CPU clock.
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» Suggestions to reduce power consumption
Refer to the following descriptions when designing a system or programming.

Ports
The processor retains the state of each 1/O port even when it goes to wait mode or to stop mode. A current flows
in active output ports. A pass current flows to input ports in high-impedance state. When entering wait mode or
stop mode, set non-used ports to input and stabilize the potential.

A/D converter (64-pin version only)
When A/D conversion is not performed, set the ADSTBY bit in the ADCONL1 register to 0 (A/D operation
stop). When A/D conversion is performed, start the A/D conversion at least 1 $AD cycle or longer after setting
the ADSTBY hit to 1 (A/D operation enabled).

Sopping peripheral functions
Use the CMO02 bit in the CMO register to stop the unnecessary peripheral functions during wait mode.

Switching the oscillation-driving capacity
Set the driving capacity to “L” when oscillation is stable.
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20.5 Interrupt

20.5.1 Reading address 00000h

Do not read the address 00000h in a program. When a maskabl e interrupt request is accepted, the CPU reads
interrupt information (interrupt number and interrupt request priority level) from the address 00000h during the
interrupt sequence. At thistime, the IR bit for the accepted interrupt is cleared to 0.

If the address 00000h is read in a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is cleared to 0. This factors a problem that the interrupt is canceled, or an unexpected
interrupt request is generated.

20.5.2 SP Setting

Set any value in the SP (USP, 1SP) before accepting an interrupt. The SP (USP, ISP) is cleared to 0000h after
reset. Therefore, if an interrupt is accepted before setting any value in the SP (USP, 1SP), the program may go
out of control.

Especially when using the NMI interrupt, set a value in the ISP at the beginning of the program. Only for the
first instruction after reset, all interrupts including the NMI interrupt are disabled.

20.5.3 NMI Interrupt

« The NMI interrupt cannot be disabled. If this interrupt is not used, set the PM24 bit in the PM2 register to 0
(port P8_5 function).

« Stop mode cannot be entered into while input on the NMI pinis*“L” because the CM 10 bit in the CM 1 register
isfixed to 0.

« Do not enter wait mode while input on the NMI pinis“L” because the CPU clock remains active even though
the CPU stops, and therefore, the current consumption in the chip does not drop. In this case, normal condition
isrestored by a subsequent interrupt generated.

* Set the“L” and “H” level durations of the input signal to the NMI pin to 2 CPU clock cycles + 300 ns or more.
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20.5.4 Changing an Interrupt Generate Factor

If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed interrupt
may inadvertently be set to 1 (interrupt requested). To use an interrupt, change the interrupt generate factor, and
then be sure to clear the IR bit for that interrupt to O (interrupt not requested).

Changing the interrupt generate factor referred to here means any act of changing the source, polarity or timing
of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any peripheral
function involves changing the source, polarity or timing of an interrupt, be sure to clear the IR bit for that
interrupt to O (interrupt not requested) after making such changes. Refer to the description of each peripheral
function for details about the interrupts from peripheral functions.

Figure 20.2 shows the Procedure for Changing the Interrupt Generate Factor.

( Change the interrupt source )

Disable interrupts & 3

Change the interrupt generate factor
(including a mode change of peripheral function)

Use the MOV instruction to clear the IR bit to O (interrupt not requested) ©

Enable interrupts @3

C Change is completed )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to
be changed

NOTES:

1.The above settings must be executed individually. Do not execute two or more
settings simultaneously (using one instruction).

2.Use the | flag for the INTi interrupt (i = 0, 1).
For the interrupts from peripheral functions other than the INTI interrupt, turn off the
peripheral function that is the source of the interrupt in order not to generate an
interrupt request before changing the interrupt generate factor. In this case, if the
maskable interrupts can all be disabled without causing a problem, use the | flag.
Otherwise, use the corresponding bits ILVL2 to ILVLO for the interrupt whose interrupt
generate factor is to be changed.

3. Refer to 20.5.6 “Rewrite the Interrupt Control Register” for details about the
instructions to use and the notes to be taken for instruction execution.

Figure 20.2 Procedure for Changing the Interrupt Generate Factor

20.55 INT Interrupt

« Either an “L” level of at least tw(INL) width or an “H” level of at least tw(INH) width is necessary for the
signal input to pins INTO through INT1 regardless of the CPU operation clock.

« [f the POL bit in registers INTOIC to INT1IC or bits IFSR1 to IFSRO in the IFSR register are changed, the IR
bit may inadvertently set to 1 (interrupt requested). Be sure to clear the IR bit to O (interrupt not requested)
after changing any of those register hits.
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20.5.6 Rewriting the Interrupt Control Register

(@ The interrupt control register for any interrupt should be modified in places where no requests for that
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.

(b) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the
instruction to be used.

« Changing any bit other than the IR bit
When interrupts corresponding to the register occur, the IR bit may not become 1 (interrupt requested)
and the interrupts may be ignored. If this causes any troubles, use any of the following instructions to
change registers.
Instruction: AND, OR, BCLR, or BSET.

« Changing the IR bit
When the BTSTC instruction is used, the IR bit may not always be cleared to O (interrupt not
requested). Therefore, be sure to use the MOV instruction to clear the IR bit.

(c) Whenusing thel flag to disable an interrupt, set the | flag while referring to the sample program fragments
shown below. (Refer to (b) for details about rewriting the interrupt control registers in the sample program
fragments.)

Examples 1 through 3 show how to prevent the | flag from being set to 1 (interrupt enabled) before the interrupt
control register is rewritten, owing to the effects of the internal bus and the instruction queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the interrupt control register ismodified

INT_SWITCHI:
FCLR I ; Disable interrupts.
AND.B #00H, 0055H ; Set the TAOIC register to 00h.
NOP ;
NOP
FSET I ; Enable interrupts.

The number of the NOP instructionsis as follows.
PM20 =1 (1 wait): 2, PM20 = 0 (2 waits): 3, when using the HOLD function: 4.

Example 2: Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR I ; Disable interrupts.
AND.B #00H, 0055H ; Set the TAOIC register to 00h.
MOV.W MEM, RO ; Dummy read.
FSET I ; Enable interrupts.
Example 3: Using the POPC instruction to change the | flag
INT_SWITCHS3:
PUSHC FLG
FCLR I ; Disable interrupts.
AND.B #00H, 0055H ; Set the TAOIC register to 00h.
POPC FLG ; Enable interrupts.
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20.5.7 Watchdog Timer Interrupt

Initialize the watchdog timer after the watchdog timer interrupt occurs.
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206 DMAC

20.6.1 Write to the DMAE Bit in the DMiICON Register (i =0 to 3)
When both of the conditions shown in (a) are met, follow the steps in shown (b).

(@ Conditions
* The DMAE bitisset to 1 (DMAI isin active state) again while it remains 1.
* A DMA request may occur simultaneously when the DMAE bit is being written.

(b) Steps
(1) Writeal to the DMAE bit and DMAS bit in the DMiCON register simultaneously (1),
(2) Make surethat the DMAI isin initial state (2 in a program.
If the DMAI isnot ininitial state, repeat the above steps.

NOTES:

1. The DMAS hit remains unchanged even if a1 iswritten. However, if a0 iswritten to this bit, it isset to O
(DMA not requested). In order to prevent the DMAS hit from being modified to 0, 1 should be written to
the DMAS bit when 1 is written to the DMAE bit. In this way the state of the DMAS bit immediately
before being written can be maintained.

Similarly, when writing to the DMAE bit with a read-modify-write instruction, 1 should be written to the
DMAS hit in order to maintain a DMA request which is generated during execution.

2. Read the TCRIi register to verify whether the DMAI isininitial state. If the read value is equal to avaue
which was written to the TCRIi register before DMA transfer start, the DMAI isin initia state. (In the case
aDMA request occurs after writing to the DMAE bit, the read value is a value written to the TCRi register
minus one.) If the read value is avalue in the middle of transfer, the DMAI isnot ininitial state.
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20.7 Timers
20.7.1 Timer A

20.7.1.1 Timer A (Timer Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using registers TAIMR,
TAI, TACS0 to TACS2, and TAPOFS before setting the TAiS bit in the TABSR register to 1 (count starts) (i =0
to 4).

Always make sure registers TAIMR, TACSO0 to TACS2, and TAPOFS are modified while the TAIS bit is0
(count stops) regardless of whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi register.
However, if the counter isread at the same time it is reloaded, the value FFFFh is read. Also, if the counter is
read before it starts counting after avalueis set in the TAi register while not counting, the set value isread.
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20.7.1.2 Timer A (Event Counter Mode)

Thetimer is stopped after reset. Set the mode, count source, counter value, and others using the TAIMR register,
the TAI register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the ONSF register and the TRGSR
register, and TAPOS register before setting the TAiS bit in the TABSR register to 1 (count starts) (i = 0 to 4).
Always make sure the TAIMR register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the ONSF
register, the TRGSR register, and TAPOFS register are modified while the TAiS bit is 0 (count stops) regardless
of whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi register.
However, while reloading, FFFFh can be read in underflow, and 0000h in overflow. When the counter is read
before it starts counting after avalueis set in the TAi register while not counting, the set valueis read.
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20.7.1.3 Timer A (One-Shot Timer Mode)

Thetimer is stopped after reset. Set the mode, count source, counter value, and others using the TAIMR register,
the TAI register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR register, registers TACSO0 to
TACS2 and the TAPOFS register before setting the TAiS bit in the TABSR register to 1 (count starts) (i = 0 to
4).

Always make sure the TAIMR register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR register,
registers TACS0 to TACS2, and the TAPOFS register are modified while the TAiS bit is O (count stops)
regardless of whether after reset or not.

When setting the TAIS bit to 0 (count stops), the followings occur:

* A counter stops counting and a content of reload register is rel oaded.

* The TAIOUT pin outputs “L” when the POFSi bit in the TAPOFS register is 0; outputs “H” when 1.
« After one cycle of the CPU clock, the IR bit in the TAIIC register is set to 1 (interrupt requested).

Output in one-shot timer mode synchronizes with a count source internally generated. When an external trigger
is selected, one-and-half-cycle delay of a count source as maximum occurs between atrigger input to the TAIIN
pin and output in one-shot timer mode. (No output from TA2 to TA4 in the 48-pin version.)

The IR bit is set to 1 when timer operating mode is set with any of the following procedures:

* Select one-shot timer mode after reset.

» Change an operating mode from timer mode to one-shot timer mode.

« Change an operating mode from event counter mode to one-shot timer mode.

To use the Timer Ai interrupt (the IR bit), set the IR bit to O after the changes listed above are made.

When atrigger occurs while counting, a counter rel oads the reload register to continue counting after generating
are-trigger and counting down once. To generate a trigger while counting, generate a second trigger between
generating the previous trigger and operating longer than one cycle of atimer count source.
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20.7.1.4 Timer A (Pulse Width Modulation Mode) (64-Pin Version Only)

Thetimer is stopped after reset. Set the mode, count source, counter value, and others using the TAIMR register,
the TAI register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR register, registers TACSO0 to
TACS2, and the TAPOF register before setting the TAIS bit in the TABSR register to 1 (count starts) (i = 0to 4).
Always make sure the TAIMR register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR register,
registers TACS0 to TACS2, and the TAPOFS register are modified while the TAiS bit is O (count stops)
regardless of whether after reset or not.

The IR bit is set to 1 when setting atimer operating mode with any of the following procedures:
* Select PWM mode after reset.

 Change an operating mode from timer mode to PWM maode.

« Change an operating mode from event counter mode to PWM mode.

To use the timer Ai interrupt (IR bit), set the IR bit to O by program after the changes listed above are made.

When setting the TAiS register to 0 (count stops) during PWM pulse output, the following action occurs.
When the POFSi bit in the TAPOFS register is 0:

« Stop counting.

* When the TAIOUT pinisoutput “H”, output level isset to “L” and the IR bit is set to 1.

* When the TAIOUT pinisoutput “L”, both output level and the IR bit remains unchanged.

When the POFSi bit in the TAPOFS register is 1:

« Stop counting.

* When the TAIOUT pinisoutput “L”, output level isset to “H” and the IR bit is set to 1.

* When the TAIOUT pinisoutput “H”, both output level and the IR bit remains unchanged.

If alow-level signal is applied to the@pin when the IVPCRL1 bit in the TB2SC register = 1 (three-phase
output forcible cutoff by input on the SD pin enabled), pins TALOUT, TA20UT, and TA40UT go to high-
impedance state.
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20.7.2 Timer B

20.7.2.1 Timer B (Timer Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using registers TBiMR,
TBi, and TBCS0 to TBCS3 before setting the TBiS bit in the TABSR or the TBSR register to 1 (count starts) (i
=0to5).

Always make sure the TBIMR register and registers TBCS0 to TBCS3 are modified while the TBiS bit is 0
(count stops) regardless of whether after reset or not.

A value of a counter while counting, can be read in the TBi register at any time. FFFFh is read while reloading.
If the counter is read before it starts counting after avalue is set in the TBi register while not counting, the set
valueisread.
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20.7.2.2 Timer B (Event Counter Mode)

Thetimer is stopped after reset. Set the mode, count source, counter value, and others using the TBIMR register
and TBi register before setting the TBiS bit in the TABSR or the TBSR register to 1 (count starts) (i = 0to 5).
Always make sure the TBiMR register is modified while the TBiS bit is 0 (count stops) regardless of whether
after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TBi register.
However, if thisregister isread at the same time the counter is reloaded, the read value is aways FFFFh. If the
TBi register isread after setting avalue in it while not counting but before the counter starts counting, the read
value isthe value set in the register.
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20.8 Serial Interface
20.8.1 Clock Synchronous Serial 1/10

20.8.1.1 Transmission/Reception

When the RTS function is used with an external clock, RTSi pin (i = 0 to 2) outputs “L”, which informs the
transmitting side that the MCU is ready for a receive operation. The RTSI pin outputs “H” when a receive
operation starts. Therefore, a transmit timing and receive timing can be synchronized by connecting the RTSI
pin to the CTSi pin of the transmitting side. The RTS function is disabled when an internal clock is selected.
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20.8.1.2 Transmission

If an external clock is selected, the following conditions must be met while the external clock isheld “H” when
the CKPOL hit in the UiCO register (i = 0 to 2) is set to 0 (transmit data output at the falling edge and receive
datainput at the rising edge of the serial clock), or while the external clock isheld “L” when the CKPOL bit is
set to 1 (transmit data output at the rising edge and receive datainput at the falling edge of the serial clock).

* The TE bit in the UiC1 register = 1 (transmission enabled)

* The Tl bit in the UiC1 register = O (data present in the Ui TB register)

« If CTSfunction is selected, input on the CTSI pin="“L"

20.8.1.3 Reception

In clock synchronous serial 1/0 mode, the shift clock is generated by activating a transmitter. Set the UARTI-
associated registers for atransmit operation even if the MCU is used for receive operation only. Dummy datais
output from the TXDi pin (i = 0 to 2) while receiving.

When an internal clock is selected, the shift clock is generated by setting the TE bit in the UiC1 register to 1
(transmission enabled) and placing dummy datain the Ui TB register. When an external clock is selected, set the
TE bit to 1 (transmission enabled), place dummy datain the UiTB register, and input an external clock to the
CLKi pin to generate the shift clock.

If datais received consecutively, an overrun error occurs when the RI bit in the UiC1 register is set to 1 (data
present in the UiRB register) and the next receive datais received in the UARTI receive register. And then, the
OER hit inthe UiRB register isset to 1 (overrun error occurred). At thistime, the UiRB register is undefined. If
an overrun error occurs, the IR bit in the SIRIC register remains unchanged.

To receive data consecutively, set dummy data in the low-order byte in the UiTB register per each receive
operation.

If an external clock is selected, the following conditions must be met while the external clock isheld “H” when
the CKPOL bit is set to O (transmit data output at the falling edge and receive data input at the rising edge of the
serial clock), or while the external clock isheld “L” when the CKPOL bit is set to 1 (transmit data output at the
rising edge and receive data input at the falling edge of the serial clock).

» The RE bit in the UiC1 register = 1 (reception enabled)

* The TE bit in the UiC1 register = 1 (transmission enabled)

* The TI bit in the UiC1 register = 0 (data present in the Ui TB register)
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20.8.2 UART (Clock Asynchronous Serial I/0) Mode

20.8.2.1 Transmission/Reception

When the RTS function is used with an external clock, RTSi pin (i = 0 to 2) outputs “L”, which informs the
transmitting side that the MCU is ready for a receive operation. The RTSI pin outputs “H” when a receive
operation starts. Therefore, a transmit timing and receive timing can be synchronized by connecting the RTSI
pin to the CTSi pin of the transmitting side. The RTS function is disabled when an internal clock is selected.

20.8.2.2 Transmission

If an external clock is selected, the following conditions must be met while the external clock isheld “H” when
the CKPOL hit in the UiCO register (i = 0 to 2) is set to 0 (transmit data output at the falling edge and receive
datainput at the rising edge of the serial clock), or while the external clock isheld “L” when the CKPOL bit is
set to 1 (transmit data output at the rising edge and receive datainput at the falling edge of the serial clock).

* The TE bit in the UiC1 register = 1 (transmission enabled)

* The Tl bit in the UiC1 register = O (data present in the Ui TB register)

« If CTSfunction is selected, input on the CTSI pin="“L"

20.8.3 Special Mode 1 (12C Mode)

When generating start, stop, and restart conditions, set the STSPSEL bit in the UiSMRA4 register (i =0to2)to 0
and wait for more than half cycle of the transfer clock before setting each condition generation bit (STAREQ),
RSTAREQ, and STPREQ) from O to 1.

20.8.4 Special Mode 4 (SIM Mode)

A transmit interrupt request is generated by setting bits U2IRS and U2ERE in the U2C1 register to 1
(transmission completed) and 1 (error signal output), respectively. Therefore, when using SIM mode, make sure
to clear the IR bit to O (interrupt not requested) after setting these bits.

20.8.5 Common Items for Multiple Modes

20.8.5.1 CLKi Output

When using the output format of the CLKi pin as N channel open-drain output, follow the procedures below to
change the pin function.

When changing to CLKi from a port

(1) Select the mode of the serial interface by setting bits SMD2 to SMDO in the UiMR register to other than
000b.

(2) Setthe NODC bit inthe UiSMR3 register to 1.

When changing to a port from CLKi
(1) Setthe NODC hitto 0.
(2) Disablethe seria interface by setting bits SMD2 to SM DO to 000b.
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20.9 A/D Converter (64-Pin Version Only)

Set registers ADCONO (except bit 6), ADCON1, and ADCON2 when A/D conversion is stopped (before a trigger
occurs). After A/D conversion is stopped, set the ADSTBY bit from 1 to O.

When the ADSTBY bit in the ADCONL1 register is changed from 0 (A/D operation stopped) to 1 (A/D operation
enabled), wait for 1 $AD cycle or longer to start A/D conversion.

To prevent noise-induced device malfunction or latchup, as well asto minimize conversion errors, insert capacitors
between pins VCC, VREF, analog input (ANi (i = 0to 7)), and VSS. Similarly, insert a capacitor between pins
VCC and VSS. Figure 20.3 shows an Example Connection of Individual Pin.

Make sure the port direction bits corresponding to the pins that are used as analog inputs are set to 0 (input mode).

When using key input interrupts, do not use any of the four pins AN4 to AN7 as analog inputs. (A key input
interrupt request is generated when the A/D input voltage goes low.)

When changing an A/D operating mode, set bits CH2 to CHO in the ADCONO register and bits SCAN1 to SCANO
in the ADCONL1 register again to select analog input pins.

Microcomputer

VCC
VCC
VCC
VREF
C1 c2
= i—Tl
C3
ANi

ANi: ANi (i=0to 7)

NOTES:
1.C1>0.47 uF, C2>0.47 puF, C3 > 100 pF, C4 > 0.1 pF, C5> 0.1 pF (reference)
2. Use thick and shortest possible wiring to connect capacitors.

Figure 20.3 Example Connection of Individual Pin
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When A/D conversion is forcibly terminated by setting the ADST bit in the ADOCONO register to 0 (A/D
conversion stops) by program during A/D conversion, the A/D conversion result is undefined. The ADi register not
performing A/D conversion may also be undefined. If the ADST bit is set to 0 by program during A/D conversion,
do not use values obtained from any ADi registers.

The applied intermediate potential may cause more increase in power consumption to AN4 to AN7 than to other
analog input pins (ANO to AN3) since AN4 to AN7 are used with K10 to KI13.

When A/D conversion is stopped in one-shot mode or single sweep mode, the ADST bit in the ADCONO register
becomes 0 (A/D conversion stop). Therefore, set the ADST bit to 1 (A/D conversion start) by a program if thereis
apossibility that atrigger is input subsequently.

Connect the VREF pin to VCC pin. Because the VREF pin is connected to VCC pin inside, current flows if
potentia difference occurs between the pins.
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20.10 Notes on Flash Memory

20.10.1 Functions to Prevent Flash Memory from Being Rewritten

Addresses OFFFDFh, OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and OFFFFBh store ID codes. When
the wrong data is written to these addresses, the flash memory cannot be read or written to in standard seria 1/0
mode.

OFFFFFh is OFS1 address. When the wrong data is written to this address, the flash memory cannot be read or
written to in parallel 1/0 mode.

These addresses correspond to the vector address (H) in fixed vector.

20.10.2 Reading Data Flash

When 2.2V <VCC < 2.7 V, one wait must be inserted to execute the program on the data flash and read the
data. Set the PM17 in the PM1 register or FMR17 bit in the FMR1 register to insert one wait.

20.10.3 CPU Rewrite Mode

20.10.3.1 Operating Speed

Set a CPU clock frequency of 8 MHz or less by the CM06 bit in the CMO register and bits CM17 and CM16in
the CM 1 register before entering CPU rewrite mode (EWO0 or EW1 mode). Also, set the PM17 bit in the PM 1
register to 1 (wait state).

20.10.3.2 CPU Rewrite Mode Select

Change FMROL1 bit in the FMRO register, FMR11 bit in the FMR1 register, and FMR60 bit in the FMR6
register while in the following state:

« PM24 bit in the PM2 register is 0 (NMI interrupt disabled).

« Highisinput to the NMI pin

20.10.3.3 Prohibited Instructions

Do not use the following instructions in EW0 mode:
UND instruction, INTO instruction, JIMPS instruction, JSRS instruction, and BRK instruction.

20.10.3.4 Interrupts (EWO Mode and EW1 Mode)

« Do not use an address match interrupt during command execution because the address match interrupt vector
islocated in ROM.
« Do not use a non-maskable interrupt during block O erase because the fixed vector islocated in block 0.

20.10.3.5 Rewrite (EW0 mode)

If the power supply voltage drops while rewriting the block where the rewrite control program is stored, the
rewrite control program is not correctly rewritten. This may prevent the flash memory from being rewritten. If
this error occurs, use standard seria 1/0 mode or parallel 1/0 mode for rewriting.

20.10.3.6 Rewrite (EW1 mode)
Do not rewrite any blocks in which the rewrite control program is stored.
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20.10.3.7 DMA Transfer

In EW1 mode, do not generate a DMA transfer while the FMROO bit in the FMRO register is set to 0 (auto
programming or auto erasing).

20.10.3.8 Wait Mode

To enter wait mode, set the FMROL1 bit in the FMRO register to 0 (CPU rewrite mode disabled) before executing
the WAIT instruction.

20.10.3.9 Stop Mode

To enter stop mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled), and then disable DMA transfer before
setting the CM 10 bit in the CM 1 register to 1 (stop mode).

20.10.3.10Software Command

Observe the notes below when using the following commands:
* Program

* Block erase

« Lock bit program

* Read lock bit status

* Block blank check

(a) The FMRQO bit in the FM RO register indicates the status while executing these commands. Do not execute
other commands while the FMROO bit is O (busy).

(b) Do not execute these commands while the CM05 hit in the CMO register is 1 (main clock stops).

(c) After executing the program, block erase, or lock bit program command, perform afull status check per one
command (i.e. do not perform a single full status check after multiple commands are executed).

(d) Do not execute the program, block erase, lock bit program, or block blank check command when either or
both bits FMR06 and FMRO07 in the FMRO register are 1 (completed in error).

€) Do not execute these commands in the low-current consumption read mode (bits FMR22 and FMR23 are
both 1)

20.10.3.11Program and Erase Cycles and Execution Time

Execution time of the program, block erase, and lock bit program commands becomes longer as the number of
programming and erasing increases.

20.10.3.12Suspending the Auto-Erase and Auto-Program Operations

When the program, block erase, and lock bit program commands are suspended, the blocks for those commands
must be erased. Execute the program and lock bit program commands again after erasing.

Those commands are suspended by the following reset or interrupts:

* Reset

« NMI, watchdog timer, oscillation stop/restart detect.

20.10.4 User Boot Mode

20.10.4.1 Location of User Boot Mode Program

Allocate a program which isinvoked and executed in user boot mode only in program ROM 2 (do not execute
the program which is allocated in data flash or program ROM 1 in user boot mode).

20.10.4.2 Entering User Boot Mode After Standard Serial 1/0 Mode

To use user boot mode after standard serial 1/0 mode, turn off the power when exiting standard serial 1/0 mode,
and then turn on the power again (cold start). The MCU enters user boot mode under the right conditions.
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20. Precautions

20.11 Noise

Connect a bypass capacitor across pins VCC and V SS using the shortest and thicker possible wiring. Figure 20.4

shows the Bypass Capacitor Connection.

M16C/6B Group

VSS VCC

|

Connecting Pattern \ Connecting Pattern

Bypass Capacitor

Figure 20.4 Bypass Capacitor Connection
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Appendix 1. Package Dimensions

Diagrams showing the latest package dimensions and mounting information are available in the “ Packages’ section of
the Renesas Electronics website.
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