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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 sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in 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; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repesaters; nuclear reactor control systems; medical equipment or
systemsfor life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

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

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 aloneis 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 al 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.

(Note1) “RenesasElectronics’ asused 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
Genera Precautionsin the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

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

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

2. 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.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

4. 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.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

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

The following documents apply to the RBC/M 13B Group. Make sure to see the |atest 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.
Datasheet Hardware overview and electrical characteristics R8C/M13B Group | RO1DS0005EJ0100
Datasheet

User’s manual: Hardware specifications (pin assignments, memory | R8C/M13B Group | This User’s manual
Hardware maps, peripheral function specifications, electrical |User’s Manual:

characteristics, timing charts) and operation Hardware

description

Note: For details on using peripheral functions, see

the application notes.

User’s manual: Description of CPU instruction set R8C/Tiny Series | REJ0O9B0001
Software Software Manual
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.

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

Notation of Numbers and Symbols

D

2

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,”
“hit,” or “pin” to distinguish the three categories.
Examples  the SRST bit in the PMO register
P3 5pin, VCC pin

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

Hexadecimal: EFAOh

Decimal: 1234




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

X.X.X XXX Register (Symbol)
Address XXXXXh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | XXX7 | XXX6 | XXX5 | — — — XXX1 XXXO0 *1
After Reset 0 0 0 0 0 0 0 0 /
Bit Symbol Bit Name Function R/W
b0 | XXXO [XXX bit B RIW )
bl XXX1 0 1: XXX \R_/W/
1 0: Do not set.
11: XXX
b2 — Nothing is assigned. The write value must be 0. The read value is undefined. —
b3 — Reserved Set to 0. W
b4 — AN
b5 XXX5 | XXX bits Function varies depending on the operating mode. | R/W
b6 | XXX6 \ \ RIW
b7 | XXX7 |[XXX bit \ 0: XXX \ R
1: XXX

N N\

*2 *3

*1
R/W: Read and write.
R: Read only.
W: Write only.
—: Nothing is assigned.

*2
* Reserved
Reserved bits. Set to the specified value.

*3
* 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.
Operation is not guaranteed when avalue is set.
« Function varies depending on the operating mode.
The function of the bit varies with the peripheral function mode. For information on the individual modes, see the
register diagram.




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
I/O 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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00025h | Clock Control Register When Returning CKRSCR 83 00065h | High-Speed On-Chip Oscillator 18.432 MHz FR18S1 86
00026h | Oscillation Stop Detection Register BAKCR 85 Control Register 1
00027h 00066h
00028h 00067h | High-Speed On-Chip Oscillator Control Register 1 | FRV1 86
00029h 00068h | High-Speed On-Chip Oscillator Control Register 2 | FRV2 86
0002Ah 00069h
0002Bh 0006Ah
0002Ch 0006Bh
0002Dh 0006Ch
0002Eh 0006Dh
0002Fh 0006Eh
00030h | Watchdog Timer Function Register RISR 65 0006Fh
00031h | Watchdog Timer Reset Register WDTR 66 00070h
00032h | Watchdog Timer Start Register WDTS 66 00071h
00033h | Watchdog Timer Control Register WDTC 66 00072h
00034h | Count Source Protection Mode Register CSPR 67 00073h
00035h | Periodic Timer Interrupt Control Register WDTIR 67 00074h
00036h 00075h
00037h 00076h
00038h | External Input Enable Register INTEN 115 00077h
00039h 00078h
0003Ah | INT Input Filter Select Register 0 INTFO 115 00079h
0003Bh 0007Ah
0003Ch | INT Input Edge Select Register 0 ISCRO 116 0007Bh
0003Dh 0007Ch
0003Eh | Key Input Enable Register KIEN 117 0007Dh
0003Fh 0007Eh
Note: 0007Fh

1. The blank areas are reserved. No access is allowed.




Address Register Name Symbol Page Address Register Name Symbol Page
00080h | UARTO Transmit/Receive Mode Register UOMR 359 000COh | Open-Drain Control Register 0 PODO 150
00081h | UARTO Bit Rate Register UOBRG 360 000C1h | Open-Drain Control Register 1 POD1 157
00082h | UARTO Transmit Buffer Register uoTBL 360 000C2h | Open-Drain Control Register 2 POD2 165
00083h UOTBH 000C3h | Open-Drain Control Register 3 POD3 171
00084h | UARTO Transmit/Receive Control Register O uoco 361 000C4h | Open-Drain Control Register 4 POD4 177
00085h | UARTO Transmit/Receive Control Register 1 uoc1 362 000C5h | Port PA Mode Control Register PAMCR 182
00086h | UARTO Receive Buffer Register UORBL 363 000C6h | Port 0 Function Mapping Register O PMLO 151
00087h UORBH 000C7h | Port 0 Function Mapping Register 1 PMHO 151
00088h | UARTO Interrupt Flag and Enable Register UOIR 364 000C8h | Port 1 Function Mapping Register 0 PML1 157
00089h 000C9h | Port 1 Function Mapping Register 1 PMH1 158
0008Ah 000CAh | Port 2 Function Mapping Register 0 PML2 166
0008Bh 000CBh
0008Ch 000CCh | Port 3 Function Mapping Register 0 PML3 171
0008Dh 000CDh | Port 3 Function Mapping Register 1 PMH3 172
0008Eh 000CEh | Port 4 Function Mapping Register 0 PML4 178
0008Fh 000CFh | Port 4 Function Mapping Register 1 PMH4 178
00090h 000DOh
00091h 000D1h | Port 1 Function Mapping Expansion Register PMH1E 159
00092h 000D2h
00093h 000D3h
00094h 000D4h
00095h 000D5h
00096h 000D6h
00097h 000D7h
00098h | A/D Register 0 ADOL 453 000D8h | Timer RJ Counter Register TRJ 201
0009%h ADOH 000D%h
0009Ah | A/D Register 1 ADI1L 453 000DAh | Timer RJ Control Register TRJICR 202
0009Bh AD1H 000DBh | Timer RJ I/O Control Register TRJIOC 203
0009Ch | A/D Mode Register ADMOD 454 000DCh | Timer RJ Mode Register TRIMR 205
0009Dh | A/D Input Select Register ADINSEL 455 000DDh | Timer RJ Event Select Register TRJISR 205
0009Eh | A/D Control Register 0 ADCONO 456 000DEh | Timer RJ Interrupt Control Register TRIIR 206
0009Fh | A/D Interrupt Control Status Register ADICSR 457 000DFh
000AGOh 000EOh | Timer RB Control Register TRBCR 218
000A1lh 000E1h | Timer RB One-Shot Control Register TRBOCR 219
000A2h 000E2h | Timer RB I/O Control Register TRBIOC 220
000A3h 000E3h | Timer RB Mode Register TRBMR 221
000A4h 000E4h | Timer RB Prescaler Register TRBPRE 222
000A5h Timer RB Primary/Secondary Register (Lower 8
000A6h Bits)
000A7h 000ES5h | Timer RB Primary Register TRBPR 223
—— " Timer RB Primary Register (Higher 8 Bits)
000A8h | Port PO Direction Register PDO 149 - -
000ASh | Port P1 Direction Register PD1 155 000EGh | Timer R Secondary Register . TRBSC 224
Timer RB Secondary Register (Higher 8 Bits)
000AAh | Port P2 Direction Register PD2 164 000E7h | Timer RB Interrupt Control Register TRBIR 225
000ABh | Port P3 Direction Register PD3 169 000ESh | Timer RC Counter TRCCNT 251
000ACh | Port P4 Direction Register PD4 176 000ESh
000ADH | Port PA Direction Register PDA 181 000EAN | Timer RC General Register A TRCGRA 252
000AEh | Port PO Register PO 149 000EBN
000AFh | Port P1 Register P 155 000ECh | Timer RC General Register B TRCGRB 252
000BOh | Port P2 Register P2 164 000EDh
000B1h | Port P3 Register Ps 169 000EEh | Timer RC General Register C TRCGRC 252
000B2h | Port P4 Register P4 176 000EFh
000B3h | Port PA Register PA 181 000FOh | Timer RC General Register D TRCGRD 252
000B4h | Pull-Up Control Register 0 PURO 150 000F1h
000B5h | Pull-Up Control Register 1 PURL 156 000F2h | Timer RC Mode Register TRCMR 252
000B6h | Pull-Up Control Register 2 PUR2 165 000F3h | Timer RC Control Register 1 TRCCRL 255
000B7h | Pull-Up Control Register 3 PURS 170 000F4h | Timer RC Interrupt Enable Register TRCIER 256
000B8h | Pull-Up Control Register 4 PUR4 7 000F5h | Timer RC Status Register TRCSR 257
000B%h | Port I/0 Function Control Register PINSR 147 000F6h | Timer RC I/0 Control Register 0 TRCIORO 258
000BAN 000F7h | Timer RC /O Control Register 1 TRCIORL 250
000BBh | Drive Capacity Control Register 1 DRR1 156 000F8h | Timer RC Control Register 2 TRCCR2 260
000BCh 000F9h | Timer RC Digital Filter Function Select Register | TRCDF 261
000BDh | Drive Capacity Control Register 3 DRR3 170 000FAN | Timer RC Output Enable Register TRCOER 262
000BER 000FBh | Timer RC A/D Conversion Trigger Control TRCADCR 263
000BFh Register
Note: 000FCh | Timer RC Waveform Output Manipulation TRCOPR 264
1. The blank areas are reserved. No access is allowed. Register

000FDh

000FEh

000FFh




Address Register Name Symbol Page Address Register Name Symbol Page
00100h 00140h
00101h 00141h
00102h 00142h
00103h 00143h
00104h 00144h
00105h 00145h
00106h 00146h
00107h 00147h
00108h 00148h
00109h 00149h
0010Ah 0014Ah
0010Bh 0014Bh
0010Ch 0014Ch
0010Dh 0014Dh
0010Eh 0014Eh
0010Fh 0014Fh
00110h 00150h
00111h 00151h
00112h 00152h
00113h 00153h
00114h 00154h
00115h 00155h
00116h 00156h
00117h 00157h
00118h 00158h
00119h 00159h
0011Ah 0015Ah
0011Bh 0015Bh
0011Ch 0015Ch
0011Dh 0015Dh
0011Eh 0015Eh
0011Fh 0015Fh
00120h 00160h | IIC Control Register IICCR 390
00121h 00161h | SS Bit Counter Register SSBR 391
00122h 00162h | SI Transmit Data Register SITDR 392
00123h 00163h
00124h 00164h | Sl Receive Data Register SIRDR 392
00125h 00165h
00126h 00166h | SI Control Register 1 SICR1 393, 394
00127h 00167h | SI Control Register 2 SICR2 395, 396
00128h 00168h | SI Mode Register 1 SIMR1 397, 398
00129 00169 | Sl Interrupt Enable Register SIER 399, 400
0012Ah 0016Ah | SI Status Register SISR 401, 402
0012Bh 0016Bh | SI Mode Register 2 SIMR2 403, 404
0012Ch 0016Ch
0012Dh 0016Dh
0012Eh 0016Eh
0012Fh 0016Fh
00130h | Timer RE Second Data Register TRESEC 311 00170h
Timer RE Counter Data Register TRECNT 312 00171h
00131h | Timer RE Minute Data Register TREMIN 312 00172h
Timer RE Compare Data Register 313 00173h
00132h | Timer RE Hour Data Register TREHR 314 00174h
00133h | Timer RE Day-of-the-Week Data Register TREWK 315 00175h
00134h | Timer RE Day Data Register TREDY 316 00176h
00135h | Timer RE Month Data Register TREMON 317 00177h
00136h | Timer RE Year Data Register TREYR 318 00178h
00137h | Timer RE Control Register TRECR 319, 322 00179
00138h | Timer RE Count Source Select Register TRECSR 323,324 0017Ah
00139 | Timer RE Clock Error Correction Register TREADJ 325 0017Bh
0013Ah | Timer RE Interrupt Flag Register TREIFR 326, 328 0017Ch
0013Bh | Timer RE Interrupt Enable Register TREIER 329, 330 0017Dh
0013Ch | Timer RE Alarm Minute Register TREAMN 331 0017Eh
0013Dh | Timer RE Alarm Hour Register TREAHR 332 0017Fh
0013Eh | Timer RE Alarm Day-of-the-Week Register TREAWK 333
0013Fh | Timer RE Protect Register TREPRC 334, 335
Note:

1. The blank areas are reserved. No access is allowed.




Address Register Name Symbol Page Address Register Name Symbol Page
00180h | Comparator B Control Register WCMPR 469 001COh | Address Match Interrupt Register O AIADROL 122
00181h | Comparator B1 Interrupt Control Register WCBI1INTR 470 001C1h AIADROM
00182h | Comparator B3 Interrupt Control Register WCB3INTR 471 001C2h AIADROH
00183h 001C3h | Address Match Interrupt Enable Register 0 AIENO 122
00184h 001C4h | Address Match Interrupt Register 1 AIADR1L 122
00185h 001C5h AIADR1IM
00186h 001C6h AIADR1H
00187h 001C7h | Address Match Interrupt Enable Register 1 AIEN1 122
00188h | Timer RK Mode Register TMKM 297 001C8h
00189h | Timer RK Control Register TMKCR 298 001C9%h
0018Ah | Timer RK Load Register TMKLD 299 001CAh

(TMKCNT) 001CBh
0018Bh | Timer RK Compare Match Data Register TMKCMP 300 001CCh
0018Ch | Timer RK Interrupt Request and Status Register | TMKIR 300 001CDh
0018Dh 001CEh
0018Eh 001CFh
0018Fh 001D0h
00190h | UART1 Transmit/Receive Mode Register UIMR 359 001D1h
00191h | UARTL1 Bit Rate Register U1BRG 360 001D2h
00192h | UART1 Transmit Buffer Register U1TBL 360 001D3h
00193h U1TBH 001D4h
00194h | UART1 Transmit/Receive Control Register 0 uico 361 001D5h
00195h | UART1 Transmit/Receive Control Register 1 uici 362 001D6h
00196h | UART1 Receive Buffer Register U1RBL 363 001D7h
00197h U1RBH 001D8h
00198h | UART1 Interrupt Flag and Enable Register U1IR 364 001D%h
00199h 001DAh
0019Ah 001DBh
0019Bh 001DCh
0019Ch | IrDA Control Register IRCR 379 001DDh
0019Dh 001DEh
0019Eh 001DFh
0019Fh 001EOh
001A0h 001E1lh
001Alh 001E2h
001A2h 001E3h
001A3h 001E4h
001A4h 001E5h
001A5h 001E6h
001A6h 001E7h
001A7h 001E8h
001A8h 001ESh
001A%h | Flash Memory Status Register FST 481 001EAh
001AAh | Flash Memory Control Register 0 FMRO 484 001EBh
001ABh | Flash Memory Control Register 1 FMR1 486 001ECh
001ACh | Flash Memory Control Register 2 FMR2 488 001EDh
001ADh | Flash Memory Refresh Control Register FREFR 490 001EEh
001AEh 001EFh
001AFh 001FOh
001BOh 001F1h
001B1h 001F2h
001B2h 001F3h
001B3h 001F4h
001B4h 001F5h
001B5h 001F6h
001B6h 001F7h
001B7h 001F8h
001B8h 001F9h
001B9h 001FAh
001BAh 001FBh
001BBh 001FCh
001BCh 001FDh
001BDh 001FEh
001BEh 001FFh
001BFh :

Note: | oFFDBh | Option Function Select Register 2 | oFs2 | 31,40 |
1. The blank areas are reserved. No access is allowed. .
| oFFFFh | option Function Select Register [ oFs | 32,41 ]
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R8C/M13B Group RO1UHO0023EJ0200

RENESAS MCU Rev.2.00
Mar 07, 2012

1. Overview

1.1 Features

The R8C/M13B Group of single-chip microcontrollers (MCUSs) incorporates the R8C CPU core, which provides
sophisticated instructions for a high level of efficiency. With 1 Mbyte of address space, the CPU core is capable of
executing instructions at high speed. In addition, it features a multiplier for high-speed arithmetic processing.
Power consumption is low, and the supported operating modes allow additional power control. These MCUs are
designed to maximize EMI/EMS performance.

Integration of many peripheral functions on the same chip, including multifunction timer and serial interface,
reduces the number of system components.

The R8C/M13B Group includes data flash (1 KB x 2 blocks).

1.1.1  Applications

Home appliances, office equipment, audio equipment, consumer products, etc.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 1 of 581
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R8C/M13B Group

1. Overview

1.1.2

Specifications

Tables 1.1 and 1.2 outline the Specifications.

Table 1.1 Specifications (1)
Item Function Description
CPU Central processing | R8C CPU core
unit * Number of fundamental instructions: 89
« Minimum instruction execution time:
50 ns (f(XIN) = 20 MHz, VCC = 2.7 V10 5.5 V)
200 ns (f(XIN) =5 MHz, VCC = 1.8 Vt0 5.5 V)
 Multiplier: 16 bits x 16 bits — 32 bits
« Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
» Operating mode: Single-chip mode (address space: 1 Mbyte)
Memory ROM, RAM, See Table 1.3 Product List.
data flash

Reset sources

* Hardware reset by RESET

* Power-on reset

» Watchdog timer reset

* Software reset

» Reset by voltage detection 0

Voltage
detection

Voltage detection
circuit

Voltage detection with two check points:
Voltage detection 0, voltage detection 1 (detection levels selectable)

Watchdog timer

* 14 bits x 1 (with prescaler)

 Reset start function selectable

« Count source protection function selectable
« Periodic timer function selectable

Clock

Clock generation
circuits

« 4 circuits: XIN clock oscillation circuit, XCIN clock oscillation circuit,
high-speed on-chip oscillator (with frequency adjustment function),
low-speed on-chip oscillator

« Oscillation stop detection: XIN clock oscillation stop detection function

« Clock frequency divider circuit integrated

Power control

« Standard operating mode
» Wait mode (CPU stopped, peripheral functions in operation)
« Stop mode (CPU and peripheral functions stopped)

Interrupts » Number of interrupt vectors: 69
« External interrupt inputs: 8 (INT x 4, key input x 4)
* Priority levels: 2
I/O ports Programmable I/O |+ CMOS I/O: 29 (pull-up resistor selectable)
ports « High-current drive ports: 8
Timer Timer RJ2 16 bits x 1
Timer mode, pulse output mode (output level inverted every period),
event counter mode, pulse width measurement mode, pulse period
measurement mode
Timer RB2 8 bits x 1 (with 8-bit prescaler) or 16 bits x 1 (selectable)
Timer mode, programmable waveform generation mode (PWM output),
programmable one-shot generation mode, programmable wait one-shot
generation mode
Timer RC 16 bits x 1 (with 4 capture/compare registers)
Timer mode (output compare function, input capture function),
PWM mode (3 outputs), PWM2 mode (1 PWM output)
Timer RK 8 bits x 1
Interval mode, pulse output mode, output compare mode
Timer RE2 8 bits x 1
Real-time clock mode, compare match timer mode
Serial UARTO Clock synchronous serial /0. Also used for asynchronous serial 1/0.
interface UART1

Clock synchronous serial interface

» Synchronous serial communication unit (SSU) x 1 channel
* 12C bus interface x 1 channel

RO1UHO0023EJ0200 Rev.2.00

Mar 07, 2012
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R8C/M13B Group

1. Overview

Table 1.2 Specifications (2)

Item | Function

Description

IrDA interface

1 channel (UARTO and UART1 can be switched)

A/D converter

» Resolution: 10 bits x 8 channels
« Sample and hold function, sweep mode

Comparator B

2 circuits

Flash memory

» Program/erase voltage for program ROM: VCC =1.8Vto 5.5V
* Program/erase voltage for data flash: VCC =1.8Vto 55V
* Program/erase endurance: 10,000 times (data flash)

10,000 times (program ROM)
» Program security: ID code check, protection enabled by lock bit
« Debug functions: On-chip debug, on-board flash rewrite function

Operating frequency/
Power supply voltage

f(XIN) = 20 MHz (VCC = 2.7 V10 5.5 V)
f(XIN) =5 MHz (VCC = 1.8 V t0 5.5 V)

Temperature range

-20 °C to 85 °C (N version)
-40 °C to 85 °C (D version) (1)

Package

32-pin LQFP: [Package code] PLQP0032GB-A

Note:

1. Specify the D version if its functions are to be used.

RO1UHO0023EJ0200 Rev.2.00
Mar 07, 2012
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R8C/M13B Group

1. Overview

1.2 Product List

Table 1.3 lists the Product List. Figure 1.1 shows the Product Part Number Structure.

Table 1.3 Product List Current of Mar 2012
Internal ROM Capacity Internal RAM
Part No. . Package Type Remarks
Program ROM Data Flash Capacity 98 P

R5F2M131BNFP 4 Kbytes 1 Kbyte x 2 384 bytes PLQPO0032GB-A | N version
R5F2M132BNFP 8 Kbytes 1 Kbyte x 2 512 bytes
R5F2M134BNFP 16 Kbytes 1 Kbyte x 2 1 Kbyte
R5F2M131BDFP 4 Kbytes 1 Kbyte x 2 384 bytes D version
R5F2M132BDFP 8 Kbytes 1 Kbyte x 2 512 bytes
R5F2M134BDFP 16 Kbytes 1 Kbyte x 2 1 Kbyte

Part No. R5 F 2MX X X B N EP

T —L Package type:

FP: PLQPO032GB-A
Classification

N: Operating ambient temperature -20 °C to 85 °C

D: Operating ambient temperature -40 °C to 85 °C
ROM capacity

1: 4 KB

2:8KB

4:16 KB

Number of pins
3: 32 pins

R8C/MXXB Group
R8C/Mx Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1

Product Part Number Structure

RO1UHO0023EJ0200 Rev.2.00

Mar 07, 2012

RENESAS

Page 4 of 581



R8C/M13B Group 1. Overview
1.3 Block Diagram
Figure 1.2 shows the Block Diagram.
A S M S S &
( y y v L] L] v A
I/O ports [ PortPo |[ PortP1 |[ PortP2 |[ PortP3 || PortP4 |[ PortPA |
Peripheral functions
Timers UART System clock generation
circuit
Timer RJ2 (16 bits x 1) (Clock synchronous serial 1/10
Timer RB2 (8 bits x 1 Clock asynchronous serial 1/0) XIN-XOUT
or 16 bits x 1) x 2 XCIN-XCOUT
Timer RC (16 bits x 1) High-speed on-chip oscillator
Timer RK (8 bits x 1) Low-speed on-chip oscillator
Timer RE2 (8 bits x 1) Comparator B
Voltage detection circuit
Watchdog timer Clock synchronous serial
(14 bits) interface
Synchronous serial
A/D converter communication unit (SSU)
(10 bits x 8 channels) I°C bus interface
IrDA Interface
R8C CPU core Memory
ROH | ROL [ SB | ROM @
RIH [ RiL UsSP
R2
| INTB | RAM @
A0
Al
FB
Multiplier
- )
Notes:
1. ROM size varies with the product.
2. RAM size varies with the product.
Figure 1.2 Block Diagram
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R8C/M13B Group

1. Overview

1.4

Pin Assignment

Figure 1.3 shows the Pin Assignment (Top View). Table 1.4 lists the Pin Name Information by Pin Number.

PO_7/TRCIOC/TRKO

PO_6/TRCIOD
PO_5/TRCIOB

PO_4/TRCIOB/TREO
PO_3/TRCIOB/CLK1

PO_2/TRCIOA/TRCTRG/RXD1/IrRXD
PO_1/TRCIOA/TRCTRG/TXD1/IrTXD

PO_O/TRCIOA/TRCTRG

Note:

1. Confirm the pin 1 position on the package by referring to Appendix 1. Package Dimensions.

-4—» P1_0/ANO/TRCIOD/KIO/TRKI

2]

24

1/AN1/TRCIOA/TRCTRG/KI1

<«—» P1 2/AN2/TRCIOB/KI2/TREO

3]« P1
B
B]
8]
B

B
H

23

22

<4 P1 3/AN3/TRCIOC/KI3/TRBO

21

-4—» P1_4/AN4/TXDO/IrTXD/RXDO/IFRXD/INTO/TRCIOB

20

-4—» P1_5/AN5/RXDO/IrRXD/TRJIO/INT1/VCOUT1

-4—» P1_6/AN6/IVREF1/CLKO/TRJO/TRCIOB

-4—» P1_7/AN7/IVCMP1/INTL/TRJIIO/TRCCLK

- [25] 16] >
<> [26] 15]
<—>[27] R8C/M13B Group [4]<>
<> 28] 13] -
<[]  PLQP0032GB-A  [2] <>
<> [30] (Top view) 11] >
<> [31] [10]
- [32] O (9] <>
[][2][=][2][s][e]

P4_2/TRBO/TXDO/IFTXD/KI3 -t—p

P3_7/ADTRG/TRJO/TRCIOD -—p

RESET/PA_Q -—p

P4_7/XCOUT/INT2 -t—p

VSS/AVSS — E

P4_6/XCIN/RXDO/IFRXD/TXDO/IFTXD -t—p

VCC/IAVCC —»= E

MODE —»E

P4 _5/XOUT/INTO/ADTRG
P3_1/XIN/TRBO
P2_0/TRCIOB/TRKO/INTT
P2_1/TRCIOC/TRKO/SSCK/SCL
P2_2/TRCIOD/TRKI/SSO/SDA
P3_3/IVCMP3/TRCCLK/INT3/SCS
P3_4/IVREF3/TRCIOC/INT2/SSI
P3_5/TRCIOD/KIZ/VCOUT3

Figure 1.3

Pin Assignment (Top View)

RO1UHO0023EJ0200 Rev.2.00
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R8C/M13B Group

1. Overview

Table 1.4 Pin Name Information by Pin Number
) 1/0O Pins for Peripheral Functions
NuFr)rIIrl])er Control Pin | Port Interrupt Timer Serial IrDA | SSU 12C | A/D Converter,
Interface bus Comparator B
1 P4 2| Ki3 TRBO TXDO IrTXD
2 P3_7 TRJO/TRCIOD ADTRG
3 RESET |PAO
4 XCOUT | P4_7| INT2
5 VSS/AVSS
6 XCIN P4 6 RXDO/TXDO | IrRXD/
IrTXD
7 VCC/AVCC
8 MODE
9 P3.5| K2 TRCIOD VCOUT3
10 P3_4| INT2 TRCIOC SSi IVREF3
11 P3_3| INT3 TRCCLK 3CS IVCMP3
12 P2_2 TRCIOD/TRKI SSO | SDA
13 P21 TRCIOC/TRKO SSCK | SCL
14 P2_0| INTL TRCIOB/TRKO
15 XIN P31 TRBO
16 XOouT P4 5| INTO ADTRG
17 P1.7| INTL TRJIO/TRCCLK AN7/IVCMP1
18 P16 TRJO/TRCIOB CLKO AN6/IVREF1
19 P15 INT1 TRJIO RXDO IrRXD AN5/VCOUT1
20 P1_4| INTO TRCIOB RXDO/TXDO | IrRXD/ AN4
IrTXD
21 P1.3| K3 TRBO/TRCIOC AN3
22 P1 2| K2 TRCIOB/TREO AN2
23 P1.1| ki1 |TRCIOA/ITRCTRG AN1
24 P1. 0| Kio TRCIOD/TRKI ANO
25 PO_7 TRCIOC/TRKO
26 PO_6 TRCIOD
27 PO_5 TRCIOB
28 PO_4 TRCIOB/TREO
29 PO_3 TRCIOB CLK1
30 PO_2 TRCIOA/TRCTRG RXD1 IrRXD
31 PO_1 TRCIOA/TRCTRG TXD1 IrTXD
32 PO_O TRCIOA/TRCTRG
RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 7 of 581

Mar 07, 2012



R8C/M13B Group 1. Overview

1.5 Pin Functions
Tables 1.5 and 1.6 list Pin Functions.

Table 1.5 Pin Functions (1)

Item Pin Name /0 Description

Power supply input | VCC, VSS — | Apply 1.8 V through 5.5 V to the VCC pin.
Apply 0 V to the VSS pin.

Analog power AVCC, AVSS — | Power supply input for the A/D converter.

supply input Connect a capacitor between pins AVCC and AVSS.

Reset input RESET I Applying a low level to this pin resets the MCU.

MODE MODE I Connect this pin to the VCC pin via a resistor.

XIN clock input XIN I 1/0 for the XIN clock generation circuit.

XIN clock output XOUT o) Connect a ceramic resonator or a crystal oscillator between
pins XIN and XOUT. ()

To use an external clock, input it to the XIN pin. P4_5 can be
used as an I/O port at this time.

XCIN clock input XCIN | I/O for the XCIN clock generation circuit.

XCIN clock output | XCOUT O |Connect a crystal oscillator between pins XCIN and XCOUT. 1)
To use an external clock, input it to the XCIN pin. P4_7 can be
used as an I/O port at this time.

INT interrupt input | INTO to INT3 I |INT interrupt input.

Key input interrupt | K|0 to KI3 | Key input interrupt input.

I/O ports PO_0Oto PO_7, /0 | CMOS I/O ports.

P1 Oto P1_7, Each port has an 1/O select direction register, enabling

P2_0to P2_2,P3_1, switching input and output for each port.

P3_3to P3_5, P3_7, For input ports other than PA_0, the presence or absence of a

P4 2,P4 5toP4_7, pull-up resistor can be selected by a program.

PA_O P1_2toP1_5,P3_3to P3_5, and P3_7 can be used as LED
drive ports.

Timer RJ2 TRJIO /0 | Timer RJ2 /0.

TRJO (0] Timer RJ2 output.

Timer RB2 TRBO (@) Timer RB2 output.

Timer RC TRCCLK | External clock input.

TRCTRG | External trigger input.
TRCIOA, TRCIOB, /0 | Timer RC I/O.
TRCIOC, TRCIOD
Timer RK TRKI | Timer RK external input.
TRKO 0] Timer RK output.
Timer RE2 TREO (@) Timer RE2 output.
Serial interface CLKO, CLK1 I/O | Transfer clock 1/O.
RXDO0, RXD1 | Serial data input.
TXDO, TXD1 (@] Serial data output.

Synchronous serial | SSI I/O | Data l/O.

communicationunit | g=g I/0 | Chip-select signal /0.

(SSU) SSO /O |Data l/O.

SSCK /0 | Clock I/O.
I2C bus interface | SDA I/O | Data I/O.
SCL 1/0 | Clock I/O.
IrDA Interface IrRXD | Data input.
IrTXD 0] Data output.
A/D converter ANO to AN7 | Analog input for the A/D converter.
ADTRG | External trigger input for the A/D converter.

Note:

1. Contact the oscillator manufacturer for oscillation characteristics.

RO1UHO0023EJ0200 Rev.2.00
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R8C/M13B Group

1. Overview

Table 1.6 Pin Functions (2)
Item Pin Name 1/0 Description
Comparator B IVCMP1, IVCMP3 I Analog voltage input for comparator B.
IVREF1, IVREF3 | Reference voltage input for comparator B.
VCOUT1, VCOUT3 @) Comparison result output for comparator B.
RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 9 of 581
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R8C/M13B Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the 13 CPU Registers. The registers, RO, R1, R2, R3, A0, A1, and FB form a single register bank.
The CPU has two register banks.

b _ b15 b0
L o BZ_ _______ ROH (RO high-order byte)| ROL (RO low-order byte) ||
| R3 R1H (R1 high-order byte)| R1L (R1 low-order byte) ||
e e——_——_——— = 1 Data registers
R2
R3 I
A0 I
1 Address registers
Al
FB 1 Frame base register ()
b19 b15 b0
| INTBH | INTBL | mnterrupt table register
The higher 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.
b19 b0
| PC | Program counter
b15 )
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 b0
| FLG Flag register
bis_---==""" b8 b7 b0
LI e [ [ ] ] [u[t]o]e[s]z]p]c
Carry flag
Debug flag
Zero flag
Sign flag
Register bank select flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved bits
Processor interrupt priority level
Reserved bit
Note:
1. These registers form a single register bank.
The CPU has two register banks.
Figure 2.1 CPU Registers
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R8C/M13B Group 2. Central Processing Unit (CPU)

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

RO isa 16-hit register for transfer, arithmetic, and logic operations. The same appliesto R1 through R3.

RO can be split into high-order (ROH) and low-order (ROL) registers to be used separately as 8-bit data registers.
The same appliesto R1H and R1L. R2 can be combined with RO and used as a 32-bit data register (R2R0). In the
same way aswith RO and R2, R3 and R1 can be used as a 32-bit data register (R3R1).

2.2 Address Registers (A0 and Al)

AOQ is a 16-bit register for address register indirect addressing and address register relative addressing. It is aso
used for transfer, arithmetic, and logic operations. A1 functions in the same manner as AO. A1 can be combined
with AOQ and used as a 32-bit address register (A1A0).

2.3 Frame Base Register (FB)
FB isa 16-bit register used for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB isa 20-bit register that indicates the start address of arelocatable interrupt vector table.

2.5 Program Counter (PC)
PC isa20-bit register that 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), USP and ISP, are each 16 bits wide. The U flag of the FLG register 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 isan 11-hit register that indicates the CPU state.

2.8.1 Carry Flag (C)
The C flag retains carry, borrow, or shift-out bits that have been generated in the arithmetic and logic unit.

28.2 Debug Flag (D)
The D flag isfor debugging only. It must only be set to 0.

2.8.3 Zero Flag (2)
The Z flag is set to 1 when an arithmetic operation resultsin 0. Otherwise it isset to 0.

2.8.4  Sign Flag (S)

The Sflag is set to 1 when an arithmetic operation results in a negative value. Otherwiseit is set to 0.

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

2.8.6 Overflow Flag (O)
The O flag is set to 1 when an operation resultsin an overflow. Otherwise it is set to 0.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 11 of 581
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R8C/M13B Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (1)

The | flag enables maskable interrupts. Interrupts are disabled when the | flag is 0, and are enabled when the |
flagis 1. Thel flagis set to O when an interrupt request is acknowledged.

2.8.8 Stack Pointer Select Flag (U)

ISPisselected when the U flagis0. USP is selected when the U flagis 1. The U flag is set to 0 when ahardware

interrupt request is acknowledged or the INT instruction for a software interrupt numbered from O to 31 is
executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 hits wide and assigns eight processor interrupt priority levels from 0 to 7. If a requested interrupt has

higher priority than IPL, the interrupt is enabled. If IPL is set to levels from 2 to 7, all maskable interrupt
reguests are disabled.

2.8.10 Reserved Bit
The write value must be 0. The read value is undefined.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 12 of 581
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R8C/M13B Group

3. Address Space

3. Address Space

3.1 Memory Map

Figure 3.1 shows the Memory Map. The RBC/M13B Group have a 1-Mbyte address space from addresses 00000h
to FFFFFh. The internal ROM (program ROM) is allocated at lower addresses, beginning with address OFFFFh.
For example, an 8-Kbyte internal ROM areais allocated at addresses OEOOOh to OFFFFh.
The fixed interrupt vector table is allocated at addresses OFFDCh to OFFFFh. The start address of each interrupt

routine is stored here.

Theinternal ROM (data flash) is allocated at addresses 03000h to 037FFh.
The internal RAM is allocated at higher addresses, beginning with address 00400h. For example, a 512-byte
internal RAM areais allocated at addresses 00400h to 005FFh. The internal RAM is used not only for data storage

but also as a stack area when a subroutineis called or when an interrupt request is acknowledged.

Specia function registers (SFRs) are allocated at addresses 00000h to 002FFh. Peripheral function control registers
are alocated here. All unallocated spaces within the SFRs are reserved and cannot be accessed by users.

00000h SER

(See 3.2 Special
Function Registers

002FFh (SFRs))
00400h
Internal RAM OFFD8h
OXXXXh
Reserved area
i OFFDCh Undefined instruction 3
03000h = Overflow =
Internal RO'(\:') = BRK instruction 3
(data flash) = Address match =
037FFh = Single-step =
0YYYYh E Watchdog timer, oscillation stop detection, voltage monitor 1 =
Internal ROM = (Reserved) E
(program ROM) = (Reserved) 3
OFFFFh OFFFFh E Reset 3
Expanded area
FFFFFh
Notes:
1. Data flash indicates block A (1 Kbyte) and block B (1 Kbyte).
2. The blank areas are reserved. No access is allowed.
Internal ROM Internal RAM
Part Number - -
Size Address 0YYYYh Size Address 0XXXXh
R5F2M131BNFP, R5F2M131BDFP 4 Kbytes 0F000h 384 bytes 0057Fh
R5F2M132BNFP, R5F2M132BDFP 8 Kbytes 0EO00Oh 512 bytes 005FFh
R5F2M134BNFP, R5F2M134BDFP 16 Kbytes 0C000h 1 Kbytes 007FFh
Figure 3.1 Memory Map
RO1UHO0023EJ0200 Rev.2.00 RENESANAS Page 13 of 581
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R8C/M13B Group

3. Address Space

3.2 Special Function Registers (SFRs)

An SFR (special function register) is a control register for a peripheral function. Tables 3.1 to 3.8 list the SFR
Information. Table 3.9 lists the ID Code Area and Option Function Select Area.

Table 3.1

SFR Information (1) ()

Address

Register Name

Symbol

After Reset

00000h

00001h

00002h

00003h

00004h

00005h

00006h

00007h

00008h

00009h

0000Ah

0000Bh

0000Ch

0000Dh

0000Eh

0000Fh

00010h

Processor Mode Register 0

PMO

00h

00011h

00012h

Module Standby Control Register

MSTCR

00h ()
01110111b ®)

00013h

Protect Register

PRCR

00h

00014h

00015h

00016h

Hardware Reset Protect Register

HRPR

00h

00017h

Module Standby Control Register 1

MSTCR1

00h @
FFh ®

00018h

00019h

0001Ah

0001Bh

0001Ch

0001Dh

0001Eh

0001Fh

00020h

External Clock Control Register

EXCKCR

00h

00021h

High-Speed/Low-Speed On-Chip Oscillator Control Register

OCOCR

00h

00022h

System Clock f Control Register

SCKCR

00h

00023h

System Clock f Select Register

PHISEL

00h

00024h

Clock Stop Control Register

CKSTPR

00h

00025h

Clock Control Register When Returning

CKRSCR

00h

00026h

Oscillation Stop Detection Register

BAKCR

00h

00027h

00028h

00029h

0002Ah

0002Bh

0002Ch

0002Dh

0002Eh

0002Fh

00030h

Watchdog Timer Function Register

RISR

10000000b (4)
00h )

00031h

Watchdog Timer Reset Register

WDTR

XXh

00032h

Watchdog Timer Start Register

WDTS

XXh

00033h

Watchdog Timer Control Register

WDTC

O0LXXXXXXb

00034h

Count Source Protection Mode Register

CSPR

10000000b (4)
00h )

00035h

Periodic Timer Interrupt Control Register

WDTIR

00h

00036h

00037h

00038h

External Input Enable Register

INTEN

00h

00039h

Notes:

a s wWN PP

. The blank areas are reserved. No access is allowed.
. The MSTINI bit in the OFS2 register is 0.

. The MSTINI bit in the OFS2 register is 1.

. The CSPROINI bit in the OFS register is 0.

. The CSPROINI bit in the OFS register is 1.

RO1UH0023EJ0200 Rev.2.00 ENESAS
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R8C/M13B Group

3. Address Space

Table 3.2 SFR Information (2) (1)
Address Register Name Symbol After Reset
0003Ah INT Input Filter Select Register 0 INTFO 00h
0003Bh
0003Ch INT Input Edge Select Register 0 ISCRO 00h
0003Dh
0003Eh Key Input Enable Register KIEN 00h
0003Fh
00040h Interrupt Priority Level Register 0 ILVLO 00h
00041h Interrupt Priority Level Register 1 ILVL1 00h
00042h Interrupt Priority Level Register 2 ILVL2 00h
00043h Interrupt Priority Level Register 3 ILVL3 00h
00044h Interrupt Priority Level Register 4 ILVL4 00h
00045h Interrupt Priority Level Register 5 ILVL5 00h
00046h Interrupt Priority Level Register 6 ILVL6 00h
00047h Interrupt Priority Level Register 7 ILVL7 00h
00048h Interrupt Priority Level Register 8 ILVL8 00h
00049h Interrupt Priority Level Register 9 ILVL9 00h
0004Ah Interrupt Priority Level Register A ILVLA 00h
0004Bh Interrupt Priority Level Register B ILVLB 00h
0004Ch Interrupt Priority Level Register C ILVLC 00h
0004Dh Interrupt Priority Level Register D ILVLD 00h
0004Eh Interrupt Priority Level Register E ILVLE 00h
0004Fh
00050h Interrupt Monitor Flag Register 0 IRRO 00h
00051h Interrupt Monitor Flag Register 1 IRR1 00h
00052h Interrupt Monitor Flag Register 2 IRR2 00h
00053h External Interrupt Flag Register IRR3 00h
00054h
00055h
00056h
00057h
00058h Voltage Monitor Circuit Edge Select Register VCAC 00h
00059h
0005Ah Voltage Detect Register 2 VCA2 00100100b (2
00000100b (3)
0005Bh Voltage Detection 1 Level Select Register VDILS 00000111b
0005Ch Voltage Monitor 0 Circuit Control Register VWO0C 1100X011b (@
1100X010b (3)
0005Dh Voltage Monitor 1 Circuit Control Register VwWi1cC 10001010b
0005Eh
0005Fh Reset Source Determination Register RSTFR 0000XXXXb (4)
00060h
00061h
00062h
00063h
00064h High-Speed On-Chip Oscillator 18.432 MHz Control Register 0 FR18S0 Value when shipped
00065h High-Speed On-Chip Oscillator 18.432 MHz Control Register 1 FR18S1 Value when shipped
00066h
00067h High-Speed On-Chip Oscillator Control Register 1 FRV1 Value when shipped
00068h High-Speed On-Chip Oscillator Control Register 2 FRV2 Value when shipped
00069h
0006Ah
0006Bh
0006Ch
0006Dh
0006Eh
0006Fh
00070h
00071h
00072h
00073h
00074h
00075h
00076h
00077h
00078h
0007%h
X: Undefined
Notes:

1. The blank areas are reserved. No access is allowed.

2. The LVDAS bit in the OFS register is 0.

3. The LVDAS bit in the OFS register is 1.

4. The value after a reset differs depending on the reset source.
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R8C/M13B Group

3. Address Space

Table 3.3 SFR Information (3) (1)
Address Register Name Symbol After Reset
0007Ah
0007Bh
0007Ch
0007Dh
0007Eh
0007Fh
00080h UARTO Transmit/Receive Mode Register UOMR 00h
00081h UARTO Bit Rate Register UOBRG XXh
00082h UARTO Transmit Buffer Register UOTBL XXh
00083h UOTBH XXh
00084h UARTO Transmit/Receive Control Register 0 uoco 00001000b
00085h UARTO Transmit/Receive Control Register 1 uoC1l 00000010b
00086h UARTO Receive Buffer Register UORBL XXh
00087h UORBH XXh
00088h UARTO Interrupt Flag and Enable Register UOIR 00h
00089h
0008Ah
0008Bh
0008Ch
0008Dh
0008Eh
0008Fh
00090h
00091h
00092h
00093h
00094h
00095h
00096h
00097h
00098h A/D Register 0 ADOL XXh
0009%h ADOH 000000XXb
0009Ah A/D Register 1 AD1L XXh
0009Bh AD1H 000000XXb
0009Ch A/D Mode Register ADMOD 00h
0009Dh A/D Input Select Register ADINSEL 00h
0009Eh A/D Control Register 0 ADCONO 00h
0009Fh A/D Interrupt Control Status Register ADICSR 00h
000AOh
000A1h
000A2h
000A3h
000A4h
000A5h
000A6h
000A7h
000A8h Port PO Direction Register PDO 00h
000A9h Port P1 Direction Register PD1 00h
000AAh Port P2 Direction Register PD2 00h
000ABh Port P3 Direction Register PD3 00h
000ACh Port P4 Direction Register PD4 00h
000ADhO Port PA Direction Register PDA 00h
000AEh Port PO Register PO 00h
000AFh | Port P1 Register P1 00h
000BOh Port P2 Register P2 00h
000B1h Port P3 Register P3 00h
000B2h Port P4 Register P4 00h
000B3h Port PA Register PA 00h
000B4h Pull-Up Control Register 0 PURO 00h
000B5h Pull-Up Control Register 1 PUR1 00h
000B6h Pull-Up Control Register 2 PUR2 00h
000B7h Pull-Up Control Register 3 PUR3 00h
000B8h Pull-Up Control Register 4 PUR4 00h
000B9h Port /0O Function Control Register PINSR 00h
000BAh
000BBh Drive Capacity Control Register 1 DRR1 00h
000BCh
000BDh Drive Capacity Control Register 3 DRR3 00h
000BEh
000BFh

X: Undefined

Note:

1. The blank areas are reserved. No access is allowed.
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R8C/M13B Group

3. Address Space

Table 3.4 SFR Information (4) (1)

Address Register Name Symbol After Reset
000COh Open-Drain Control Register 0 PODO 00h
000C1h Open-Drain Control Register 1 POD1 00h
000C2h Open-Drain Control Register 2 POD2 00h
000C3h Open-Drain Control Register 3 POD3 00h
000C4h Open-Drain Control Register 4 POD4 00h
000C5h Port PA Mode Control Register PAMCR 11h
000C6h Port 0 Function Mapping Register 0 PMLO 00h
000C7h Port 0 Function Mapping Register 1 PMHO 00h
000C8h Port 1 Function Mapping Register 0 PML1 00h
000C9h Port 1 Function Mapping Register 1 PMH1 00h
000CAh Port 2 Function Mapping Register 0 PML2 00h
000CBh
000CCh Port 3 Function Mapping Register 0 PML3 00h
000CDh Port 3 Function Mapping Register 1 PMH3 00h
000CEh Port 4 Function Mapping Register 0 PML4 00h
000CFh Port 4 Function Mapping Register 1 PMH4 00h
000D0Oh
000D1h Port 1 Function Mapping Expansion Register PMH1E 00h
000D2h
000D3h
000D4h
000D5h
000D6h
000D7h
000D8h Timer RJ Counter Register TRJ FFh
000D%h FFh
000DAh Timer RJ Control Register TRJICR 00h
000DBh Timer RJ I/O Control Register TRJIOC 00h
000DCh | Timer RJ Mode Register TRIMR 00h
000DDh Timer RJ Event Select Register TRJISR 00h
000DEh Timer RJ Interrupt Control Register TRJIR 00h
000DFh
000EOh Timer RB Control Register TRBCR 00h
000E1lh Timer RB One-Shot Control Register TRBOCR 00h
000E2h Timer RB I/O Control Register TRBIOC 00h
000E3h Timer RB Mode Register TRBMR 00h
000E4h | Timer RB Prescaler Register (2) TRBPRE FFh

Timer RB Primary/Secondary Register (Lower 8 Bits) (3)
000E5h | Timer RB Primary Register (2) TRBPR FFh

Timer RB Primary Register (Higher 8 Bits) (3)
000E6h | Timer RB Secondary Register (2) TRBSC FFh

Timer RB Secondary Register (Higher 8 Bits) (3)
000E7h Timer RB Interrupt Control Register TRBIR 00h
000E8h Timer RC Counter TRCCNT 00h
000ESh 00h
000EAh Timer RC General Register A TRCGRA FFh
000EBh FFh
000ECh Timer RC General Register B TRCGRB FFh
000EDhA FFh
000EEh Timer RC General Register C TRCGRC FFh
000EFh FFh
000FOh Timer RC General Register D TRCGRD FFh
000F1h FFh
000F2h Timer RC Mode Register TRCMR 01001000b
000F3h Timer RC Control Register 1 TRCCR1 00h
000F4h Timer RC Interrupt Enable Register TRCIER 01110000b
000F5h Timer RC Status Register TRCSR 01110000b
000F6h Timer RC 1/0O Control Register 0 TRCIORO 10001000b
000F7h Timer RC 1/O Control Register 1 TRCIOR1 10001000b
000F8h Timer RC Control Register 2 TRCCR2 00011000b
000F9h Timer RC Digital Filter Function Select Register TRCDF 00h
000FAh Timer RC Output Enable Register TRCOER 01111111b
000FBh Timer RC A/D Conversion Trigger Control Register TRCADCR 11110000b
000FCh Timer RC Waveform Output Manipulation Register TRCOPR 00h
000FDh
000FEh
000FFh

Notes:

1. The blank areas are reserved. No access is allowed.
2. The TCNT16 bit in the TRBMR register is 0.
3. The TCNT16 bit in the TRBMR register is 1.
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R8C/M13B Group

3. Address Space

Table 3.5

SFR Information (5) (1)

Address

Register Name

Symbol

After Reset

00100h

00101h

00102h

00103h

00104h

00105h

00106h

00107h

00108h

00109h

0010Ah

0010Bh

0010Ch

0010Dh

0010Eh

0010Fh

00110h

00111h

00112h

00113h

00114h

00115h

00116h

00117h

00118h

00119h

0011Ah

0011Bh

0011Ch

0011Dh

0011Eh

0011Fh

00120h

00121h

00122h

00123h

00124h

00125h

00126h

00127h

00128h

00129h

0012Ah

0012Bh

0012Ch

0012Dh

0012Eh

0012Fh

00130h

Timer RE Second Data Register

TRESEC

Timer RE Counter Data Register

TRECNT

XXXXXXXXb

00131h

Timer RE Minute Data Register

Timer RE Compare Data Register

TREMIN

XXXXXXXXb

00132h

Timer RE Hour Data Register

TREHR

00XXXXXXb

00133h

Timer RE Day-of-the-Week Data Register

TREWK

00000XXXb

00134h

Timer RE Day Data Register

TREDY

00XXXXXXb

00135h

Timer RE Month Data Register

TREMON

000XXXXXb

00136h

Timer RE Year Data Register

TREYR

XXXXXXXXb

00137h

Timer RE Control Register

TRECR

XXX00X0Xb

00138h

Timer RE Count Source Select Register

TRECSR

X0001000b

00139h

Timer RE Clock Error Correction Register

TREADJ

XXXXXXXXb

0013Ah

Timer RE Interrupt Flag Register

TREIFR

00000XXXb

0013Bh

Timer RE Interrupt Enable Register

TREIER

XXXXXXXXb

0013Ch

Timer RE Alarm Minute Register

TREAMN

XXXXXXXXb

0013Dh

Timer RE Alarm Hour Register

TREAHR

XXXXXXXXb

0013Eh

Timer RE Alarm Day-of-the-Week Register

TREAWK

X0000XXXb

0013Fh

Timer RE Protect Register

TREPRC

00000000b

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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R8C/M13B Group

3. Address Space

Table 3.6

SFR Information (6) (1)

Address

Register Name

Symbol

After Reset

00140h

00141h

00142h

00143h

00144h

00145h

00146h

00147h

00148h

00149h

0014Ah

0014Bh

0014Ch

0014Dh

0014Eh

0014Fh

00150h

00151h

00152h

00153h

00154h

00155h

00156h

00157h

00158h

00159h

0015Ah

0015Bh

0015Ch

0015Dh

0015Eh

0015Fh

00160h

IIC Control Register

IICCR

00001110b

00161h

SS Bit Counter Register

SSBR

11111000b

00162h

00163h

Sl Transmit Data Register

SITDR

FFh

FFh

00164h

00165h

Sl Receive Data Register

SIRDR

FFh

FFh

00166h

Sl Control Register 1

SICR1

00h

00167h

S| Control Register 2

SICR2

01111101b

00168h

S| Mode Register 1

SIMR1

00010000b (2)
00011000b 3)

00169h

Sl Interrupt Enable Register

SIER

00h

0016Ah

Sl Status Register

SISR

00h

0016Bh

S| Mode Register 2

SIMR2

00h

0016Ch

0016Dh

0016Eh

0016Fh

00170h

00171h

00172h

00173h

00174h

00175h

00176h

00177h

00178h

00179h

0017Ah

0017Bh

0017Ch

0017Dh

0017Eh

0017Fh

Notes:

1. The blank areas are reserved. No access is allowed.
2. When the SSU function is used.
3. When the I12C bus function is used.

RO1UHO0023EJ0200 Rev.2.00

Mar 07, 2012

RENESAS

Page 19 of 581



R8C/M13B Group

3. Address Space

Table 3.7

SFR Information (7) (1)

Address

Register Name

Symbol

After Reset

00180h

Comparator B Control Register

WCMPR

00h

00181h

Comparator B1 Interrupt Control Register

WCBIINTR

00h

00182h

Comparator B3 Interrupt Control Register

WCB3INTR

00h

00183h

00184h

00185h

00186h

00187h

00188h

Timer RK Mode Register

TMKM

00h

00189h

Timer RK Control Register

TMKCR

00h

0018Ah

Timer RK Load Register

TMKLD (TMKCNT)

00h

0018Bh

Timer RK Compare Match Data Register

TMKCMP

00h

0018Ch

Timer RK Interrupt Request and Status Register

TMKIR

00h

0018Dh

0018Eh

0018Fh

00190h

UART1 Transmit/Receive Mode Register

UIMR

00h

00191h

UART1 Bit Rate Register

U1BRG

XXh

00192h

00193h

UART1 Transmit Buffer Register

U1TBL

XXh

U1TBH

XXh

00194h

UART1 Transmit/Receive Control Register 0

U1CO

00001000b

00195h

UART1 Transmit/Receive Control Register 1

UiC1i

00000010b

00196h

00197h

UART1 Receive Buffer Register

U1RBL

XXh

U1RBH

XXh

00198h

UART1 Interrupt Flag and Enable Register

ULIR

00h

00199h

0019Ah

0019Bh

0019Ch

IrDA Control Register

IRCR

00h

0019Dh

0019Eh

0019Fh

001A0h

001A1h

001A2h

001A3h

001A4h

001A5h

001A6h

001A7h

001A8h

001A9h

Flash Memory Status Register

FST

10000000b

001AAh

Flash Memory Control Register 0

FMRO

00h

001ABh

Flash Memory Control Register 1

FMR1

00h

001ACh

Flash Memory Control Register 2

FMR2

00h

001ADh

Flash Memory Refresh Control Register

FREFR

00h

001AEh

001AFh

001BOh

001B1h

001B2h

001B3h

001B4h

001B5h

001B6h

001B7h

001B8h

001BYh

001BAh

001BBh

001BCh

001BDh

001BEh

001BFh

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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R8C/M13B Group

3. Address Space

Table 3.8

SFR Information (8) (1)

Address

Register Name

Symbol

After Reset

001COh

001C1h

001C2h

Address Match Interrupt Register 0

AIADROL

00h

AIADROM

00h

AIADROH

00h

001C3h

Address Match Interrupt Enable Register O

AIENO

00h

001C4h

001C5h

001C6h

Address Match Interrupt Register 1

AIADRI1L

00h

AIADR1IM

00h

AIADR1H

00h

001C7h

Address Match Interrupt Enable Register 1

AIEN1

00h

001C8h

001C9h

001CAh

001CBh

001CCh

001CDh

001CEh

001CFh

001DOh

001D1h

001D2h

001D3h

001D4h

001D5h

001D6h

001D7h

001D8h

001D%h

001DAh

001DBh

001DCh

001DDh

001DEh

001DFh

001EOh

001E1lh

001E2h

001E3h

001E4h

001E5h

001E6h

001E7h

001E8h

001ESh

001EAh

001EBh

001ECh

001EDh

001EEh

001EFh

001FOh

001F1h

001F2h

001F3h

001F4h

001F5h

001F6h

001F7h

001F8h

001F9h

001FAh

001FBh

001FCh

001FDh

001FEh

001FFh

Note:

1. The blank areas are reserved. No access is allowed.

RO1UHO0023EJ0200 Rev.2.00

Mar 07, 2012

RENESAS

Page 21 of 581



R8C/M13B Group 3. Address Space

Table 3.9 ID Code Area and Option Function Select Area

| Address | Area Name | After Reset |
| OFF:DBh [ Option Function Select Register 2 [ (Note 1) |
[ OFF:DFh [1D1 [ (Note 2) |
[ OFF:ESh [1D2 | (Note 2) |
[ OFF:EBh [1D3 | (Note 2) |
[ OFF:EFh [1D4 [ (Note 2) |
[ OFF:F3h [1D5 | (Note 2) |
[ OFF:F7h [1D6 | (Note 2) |
[ OFF:FBh [1D7 [ (Note 2) |
| OFF:FFh | Option Function Select Register [ (Note 1) ]
Notes:

1. The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not perform an additional write to the option function select area. Erasure of the block including the option function select area causes the

option function select area to be set to FFh.

When blank products are shipped, the option function select area is set to FFh. It is set to the written value after written by the user.
When factory-programming products are shipped, the value of the option function select area is the value programmed by the user.

2. The ID code area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not perform an additional write to the ID code area. Erasure of the block including the ID code area causes the ID code area to be set to FFh.
When blank products are shipped, the ID code areas are set to FFh. They are set to the written value after written by the user.
When factory-programming products are shipped, the value of the ID code areas is the value programmed by the user.
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4, Bus Control

4. Bus Control

The number of bus cycles differ depending on the area accessed: ROM, RAM, or SFR.
Table 4.1 lists the Number of Bus Cycles for Accessing Different Areas. Table 4.2 lists the Access Units and Bus

Operations.

The units for SFR access are specified as “ Access Size” in the register configuration table in each chapter.
The peripheral function modules are connected to the CPU via an 8-bit bus. Thus, when these areas are accessed as
word (16-hit) units, they are accessed twice in 8-hit units.

Table 4.1 Number of Bus Cycles for Accessing Different Areas

Access Area

Bus Cycle

ROM (data flash)

2 cycles of CPU clock

SFR (other than FMR2 register)

SFR (FMR2 register)

6 cycles of CPU clock

ROM (program ROM)

1 cycle of CPU clock

RAM
Table 4.2 Access Units and Bus Operations
Area ROM (data flash), SFR ROM (program ROM), RAM
CPU CPU
clock | I_, I_,_ clock | I_, I_,_
oo adgress | aaress X X | Asaress
CPU CPU
clock | I—, I—,_ clock | I—, I—,_
Ooasadress | aaaress X X | Aceress
CPU CPU
clock ,_\_,_\_,_\_,_\_I_ clock | I_, I_,_
E\\//c?rgz(cj:irezsss Address X Even X Even+1 >< Address X Even X Even+1 ><
CPU CPU
clock ,_\_,_\_,_\_,_\_,_ clock | I_, I_,_
?vg?da:c(:jcr::: Address >< Odd X Odd +1 >< Address >< Odd X Odd +1 ><
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5. System Control
51 Overview
This chapter describes system control functions, such as ID code checking, register access protection, and option
functions.
5.2 Registers
Table 5.1 lists the Register Configuration for System Control.
Table 5.1 Register Configuration for System Control
Register Name Symbol After Reset Address Access Size
Processor Mode Register 0 PMO 00h 00010h 8
Module Standby Control Register MSTCR (Note 1) 00012h 8
Protect Register PRCR 00h 00013h 8
Hardware Reset Protect Register HRPR 00h 00016h 8
Module Standby Control Register 1 MSTCR1 (Note 1) 00017h 8
Reset Source Determination Register RSTFR (Note 2) 0005Fh 8
Option Function Select Register 2 OFS2 (Note 3) OFFDBh 8
Option Function Select Register OFS (Note 4) OFFFFh 8
Notes:
1. See the description of the individual registers.
2. The value of the RSTFR register after a reset differs depending on the reset source. For details, see 5.2.6
Reset Source Determination Register (RSTFR).
3. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform an additional write to the OFS2 register. Erasure of the block including the OFS2 register
causes the OFS2 register to be set to FFh.
When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by
the user.
When factory-programming products are shipped, the value of the OFS2 register is the value programmed by
the user.
4. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform an additional write to the OFS register. Erasure of the block including the OFS register causes
the OFS register to be set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.
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5.2.1 Processor Mode Register 0 (PMO)
Address 00010h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symboll| — | — | — | — | SRST | — — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 SRST | Software reset bit 0: State is retained R/W

1: Reset is generated

b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting the PMO register.

SRST Bit (Software reset bit)
When the SRST bit is set to 1, the entire MCU isreset. The read valueis 0. For details, see 6. Resets.
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5.2.2 Module Standby Control Register (MSTCR)
Address 00012h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| ~ —  |[MSTUARTO| MSTTRC | MSTAD | — | MSTTRE | MSTTRB | MSTTRJ
After Reset 0 0 0 0 0 0 0 0
The above applies when the MSTINI bit in the OFS2 register is 0.
After Reset 0 1 1 1 0 1 1 1

The above applies when the MSTINI bit in the OFS2 register is 1.

Bit Symbol Bit Name Function R/W

b0 MSTTRJ | Timer RJ2 standby bit 0: Active R/W
1: Standby (1)

bl MSTTRB | Timer RB2 standby bit 0: Active R/W
1: Standby (2

b2 MSTTRE | Timer RE2 standby bit 0: Active R/W
1: Standby (3

b3 — Nothing is assigned. The write value must be 0. The read value is O. —

b4 MSTAD | A/D converter standby bit 0: Active R/W
1: Standby 4

b5 MSTTRC | Timer RC standby bit 0: Active R/W
1: Standby )

b6 | MSTUARTO | UARTO standby bit 0: Active R/W
1: Standby (6)

b7 — Nothing is assigned. The write value must be 0. The read value is 0. —

Notes:

1. When the MSTTRJ bit is set to 1 (standby), access to the registers associated with timer RJ2 (addresses
000D8h to 000DENh) is disabled.

2. When the MSTTRB bit is set to 1 (standby), access to the registers associated with timer RB2 (addresses
000EOhN to 000E7h) is disabled.

3. When the MSTTRE bit is set to 1 (standby), access to the registers associated with timer RE2 (addresses
00130h to 0013Fh) is disabled.

4. When the MSTAD bit is set to 1 (standby), access to the registers associated with the A/D converter (addresses
00098h to 0009Fh) is disabled.

5. When the MSTTRC bit is set to 1 (standby), access to the registers associated with timer RC (addresses 000E8h
to O00FCh) is disabled.

6. When the MSTUARTO bit is set to 1 (standby), access to the registers associated with UARTO (addresses
00080h to 00088h) is disabled.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand.
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5. System Control

5.2.3 Protect Register (PRCR)
Address 00013h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | PRC4 | PRC3 — PRC1 | PRCO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PRCO |Protect bit0 Writing to registers EXCKCR, OCOCR, SCKCR, R/W
PHISEL, CKSTPR, CKRSCR, BAKCR, FRV1, and
FRV2
0: Disabled
1: Enabled ()
bl PRC1 |Protect bit 1 Writing to registers PMO and RISR R/W
0: Disabled
1: Enabled )
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 PRC3 | Protect bit 3 Writing to registers VCA2, VD1LS, VWOC, and R/W
VW1C
0: Disabled
1: Enabled (V)
b4 PRC4 | Protect bit 4 Writing to the PINSR register R/W
0: Disabled
1: Enabled V)
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —
Note:
1. Once this bit is set to 1, writing remains enabled until it is set to O by a program.
5.24 Hardware Reset Protect Register (HRPR)
Address 00016h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — — | — | — |PAMCRE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PAMCRE | PAMCR register write enable bit 0: Write disabled R/W
@ 1: Write enabled
bl — Nothing is assigned. The write value must be 0. The read value is O. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. To set this bit to 1, first write 0 and then write 1 immediately. Interrupts must be disabled between writing 0 and

then writing 1.

PAMCRE Bit (PAMCR register write enable bit)

[Condition for setting to Q]

* When 0 iswritten to this bit.
[Condition for setting to 1]

* When 0 and then 1 iswritten to this bit.
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5. System Control

5.2.5 Module Standby Control Register 1 (MSTCR1)
Address 00017h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — |MSTUART1 MSTTRK| — MSTICSU | MSTIRDA
After Reset 0 0 0 0 0 0 0 0
The above applies when the MSTINT bit in the OFS2 register is 0.
After Reset 1 1 1 1 1 1 1 1
The above applies when the MSTINT bit in the OFS2 register is 1.
Bit Symbol Bit Name Function R/W
b0 MSTIRDA | IrDA standby bit 0: Active R/W
1: Standby (1)
bl MSTICSU | SSU/I2C bus standby bit 0: Active R/W
1: Standby @
b2 — Reserved Set to 1. The read value is undefined. R/W
b3 MSTTRK | Timer RK standby bit 0: Active R/W
1: Standby (3
b4 | MSTUART1 | UART1 standby bit 0: Active R/W
1: Standby 4
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —
Notes:

1. When the MSTIRDA bit is set to 1 (standby), access to the register associated with IrDA (address 0019Ch) is

disabled.

2. When the MSTICSU bit is set to 1 (standby), access to the registers associated with SSU/I2C bus (addresses

00160h to 0016Bh) is disabled.

3. When the MSTTRK bit is set to 1 (standby), access to the registers associated with timer RK (addresses 00188h

to 0018Ch) is disabled.

4. When the MSTUART1 bit is set to 1 (standby), access to the registers associated with UART1 (addresses

00190h to 00198h) is disabled.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand.
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5.2.6 Reset Source Determination Register (RSTFR)
Address 0005Fh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | WDR | SWR | HWR | CWR |
After Reset 0 0 0 0 (Note 1) (Note 1) (Note1) (Note 1)
Bit Symbol Bit Name Function R/W
b0 CWR | Cold start-up/warm start-up 0: Cold start-up R/W
determine flag 1: Warm start-up
bl HWR | Hardware reset detect flag 0: Not detected R
1: Detected
b2 SWR | Software reset detect flag 0: Not detected R
1: Detected
b3 WDR | Watchdog timer reset detect flag 0: Not detected R
1: Detected
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —
Note:

1. The value after a reset differs depending on the reset source.

CWR Bit (Cold start-up/warm start-up determine flag)

This flag indicates whether a cold start-up or warm start-up has occurred. The CWR bit is set to O (cold start-up)
after power-on or voltage monitor O reset. This bit remains unchanged after a hardware reset, software reset, or
watchdog timer reset.
The CWR hit isset to 1 by writing 1 by a program, but writing 0 to this bit has no effect.

HWR Bit (Hardware reset detect flag)

SWR Bit (Software reset detect flag)

[Condition for setting to Q]
* When areset occurs after power-on or voltage detection 0.
[Condition for setting to 1]

* When 1 iswritten to this bit by a program.

Thisflag indicates that a hardware reset has occurred.

[Condition for setting to Q]
» When a software reset, watchdog timer reset, power-on reset, or voltage monitor O reset occurs.
[Condition for setting to 1]

» When a hardware reset occurs.

Thisflag indicates that a reset has been generated by software.

[Condition for setting to Q]
» When awatchdog timer reset, hardware reset, power-on reset, or voltage monitor O reset occurs.
[Condition for setting to 1]

» When a software reset occurs.
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WDR Bit (Watchdog timer reset detect flag)
Thisflag indicates that a reset has been generated by the watchdog timer.

[Condition for setting to Q]

» When a software reset, hardware reset, power-on reset, or voltage monitor O reset occurs.
[Condition for setting to 1]
» When awatchdog timer reset occurs.
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5.2.7  Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| — | — | MSTINI | —  |WDTRCS1|WDTRCSO|WDTUFS1|WDTUFSO
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 | WDTUFSO | Watchdog timer underflow period b1 b0 R/W
bl | WDTUFS1 |Setting bits 00: 03FFh RIW
0 1: OFFFh
10: 1FFFh
11: 3FFFh
b2 |WDTRCSO | Watchdog timer refresh acceptance |b3b2 R/W
b3 | WDTRCS1 | period setting bits 00:25 % R/W
01:50 %
10:75%
11:100 %
b4 — Reserved Setto 1. R/W
b5 MSTINI | MSTCR register initial value select bit | 0: MSTCR register is set to 00h and MSTCR1 R/W
register is set to 00h after reset
1: MSTCR register is set to 77h and MSTCR1
register is set to FFh after reset
b6 — Reserved Setto 1. R/W
b7 —
Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

Do not perform an additional write to the OFS2 register. Erasure of the block including the OFS2 register causes
the OFS2 register to be set to FFh.

When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.

When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For an example of the OFS2 register settings, see 5.6.1 Option Function Select Area Setting Example.

Bits WDTUFSO to WDTUFS1
(Watchdog timer underflow period setting bits)

These hits are used to select the underflow period for the watchdog timer.

Bits WDTRCSO to WDTRCS1
(Watchdog timer refresh acceptance period setting bits)
These bits are used to select the refresh acceptance period as a percentage. Note that the period from the start of

counting to underflow is 100 %.
For details, see 8.3.1.1 Refresh Acceptance Period.
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5.2.8  Option Function Select Register (OFS)
Address OFFFFh
Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol [CSPROINI| LVDAS | VDSEL1 | VDSELO | ROMCP1 | ROMCR — WDTON

After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 WDTON | Watchdog timer start select bit 0: Watchdog timer is automatically started after reset | R/W
1: Watchdog timer is stopped after reset

bl — Reserved Set to 1. R/W

b2 ROMCR | ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 | ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 VDSELO | Voltage detection O level select bgbé 3.80 V (typ.) selected (Vdet0_3) R/W

b5 VDSELL |bits 01:2.85V (typ.) selected (Vdet0:2) RIW
10:2.35V (typ.) selected (VdetO_1)
11:1.90V (typ.) selected (VdetO_0)

b6 LVDAS | Voltage detection O circuit start bit | 0: Voltage monitor O reset enabled after reset R/W
1: Voltage monitor O reset disabled after reset

b7 | CSPROINI| Count source protection mode 0: Count source protect mode enabled after reset R/W

after reset select bit 1: Count source protect mode disabled after reset

Note:

1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform an additional write to the OFS register. Erasure of the block including the OFS register causes
the OFS register to be set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

For an example of the OFS register settings, see 5.6.1 Option Function Select Area Setting Example.

WDTON Bit (Watchdog timer start select bit)
Thishit is used to select whether the watchdog timer is automatically started after areset is cleared.

Bits VDSELO to VDSEL1 (Voltage detection 0 level select bits)

These bits are used to select the detection level (VdetO) for voltage monitor O reset. The same level of the
voltage detection O level selected by bits VDSELO to VDSEL1 is set in both the voltage monitor O reset and
power-on reset functions.

LVDAS Bit (Voltage detection O circuit start bit)

Thisbit is used to select whether voltage monitor O reset is enabled. Set the LVDAS hit to O (voltage monitor O
reset enabled after reset) to use the power-on reset.

CSPROINI Bit (Count source protection mode after reset select bit)

Thisbit is used to select whether to protect the count source for the watchdog timer from being changed.
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53 ID Code Check Function

The ID code check function prevents the flash memory from being read, rewritten, or erased when standard serial
I/0 mode is used. This function is realized by examination of the ID codes written in the ID code area.
For details, see 23.3 1D Code Check Function.

54 Register Access Protect Function

The protection function protects important registers from being easily rewritten if a program runs out of control.
Table 5.2 lists the PRCR Register Bits and Registers Protected.
For details on each bit, see 5.2.3 Protect Register (PRCR).

Table 5.2 PRCR Register Bits and Registers Protected

Bit Registers Protected
PRCO Registers EXCKCR, OCOCR, SCKCR, PHISEL, CKSTPR, CKRSCR, BAKCR, FRV1, and FRV2
PRC1 Registers PM0 and RISR
PRC3 Registers VCA2, VD1LS, VWO0C, and VW1C
PRC4 PINSR register

Table 5.3 lists the HRPR Register Bit and Register Protected.
For details on each bit, see 5.2.4 Hardwar e Reset Protect Register (HRPR).

Table 5.3 HRPR Register Bit and Register Protected

Bit Registers Protected
PAMCRE PAMCR register
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5.5 Option Functions

The option functions allow the user to select the MCU state after areset is cleared. Table 5.4 lists the Option
Functions.

The option functions can be selected by registers OFS2 and OFS. These registers are allocated at the addresses
OFFFFh (highest of the reset vector) and OFFDBh, as shown in Figure 5.1.

The option function select areais allocated in the flash memory, not in the SFRs. Set appropriate values as ROM

data by a program.
(" Option function select area )
i
Address W
OFFD8h to OFFDBh Reserved area
1
!
]
AKEX/
OFFFCh to OFFFFh | Reset vector
- J
Y
4 bytes
Figure 5.1 Option Function Select Area

Table 5.4 Option Functions
Option Function Name Register Name Bit Name Reference
Watchdog timer Start select function OFS register WDTON bit 8. Watchdog Timer
Count source protection CSPROINI bit
select function
Underflow period select | OFS2 register | Bits WDTUFSO to
function WDTUFS1
Refresh acceptance Bits WDTRCSO to
period select function WDTRCS1
Voltage detection | Voltage monitor O reset | OFS register Bits VDSELO to 6. Resets
circuit level function VDSEL1 7. Voltage Detection Circuit
Voltage monitor O reset LVDAS bit
start select function
Flash memory ROM code protection Bits ROMCR to 23. Flash Memory
function ROMCP1
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5.6 Notes on System Control

5.6.1  Option Function Select Area Setting Example

The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

* To set FFh in the OFS2 register
.org OOFFDBH
.byte OFFh
Programming formats vary depending on the compiler. Check the compiler manual.

* To set FFh in the OFS register
.org OOFFFCH
Jword reset | (OFFO00000h) ; RESET
Programming formats vary depending on the compiler. Check the compiler manual.
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6. Resets

The following resets are provided: hardware reset, power-on reset, voltage monitor O reset triggered by the voltage
detection circuit, watchdog timer reset, and software reset.

6.1 Overview

Table 6.1 lists the Reset Names and Sources. Figure 6.1 shows the Reset Circuit Block Diagram.

Table 6.1

Reset Names and Sources

Reset Name

Hardware reset

When a low level is input to the RESET pin.

Power-on reset When VCC is turned on.
Voltage monitor O reset When VCC decreases below Vdet0O, which is detected by voltage detection circuit O.
Watchdog timer reset When the watchdog timer underflows.

Software reset

When 1 is written to the SRST bit in the PMO register by a program.

Hardware reset

RESET O %7

- Power-on reset
vee Powel_’ on_
reset circuit
Voltage monitor O
Voltage reset
detection circuit
Watchdog timer
. reset
Watchdog timer
Software reset
CPU )
Note:

1. The CWR bit in the RSTFR register is set to 0 (cold start-up) after power-on or voltage monitor O reset.
This bit remains unchanged after a hardware reset, software reset, or watchdog timer reset.

CPU, SFRs, and 1/O ports

Figure 6.1

Reset Circuit Block Diagram
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6.2 Registers
Table 6.2 lists the Register Configuration for Reset.

Table 6.2 Register Configuration for Reset

Register Name Symbol After Reset Address Access Size
Processor Mode Register 0 PMO 00h 00010h 8
Reset Source Determination Register RSTFR (Note 1) 0005Fh 8
Option Function Select Register 2 OFS2 (Note 2) OFFDBh 8
Option Function Select Register OFS (Note 3) OFFFFh 8
Notes:

1. The value of the RSTFR register after a reset differs depending on the reset source. For details, see 6.2.2
Reset Source Determination Register (RSTFR).

2. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform an additional write to the OFS2 register. Erasure of the block including the OFS2 register
causes the OFS2 register to be set to FFh.
The value of the OFS2 register is FFh at shipment of blank products. After programming, the value is the same
as that programmed by the user.
At shipment of factory-programmed products, the value of the OFS2 register is the same as that set in a
program by the user.

3. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform an additional write to the OFS register. Erasure of the block including the OFS register causes
the OFS register to be set to FFh.
The value of the OFS register is FFh at shipment of blank products. After programming, the value is the same
as that programmed by the user.
At shipment of factory-programmed products, the value of the OFS register is the same as that set in a program
by the user.

6.2.1 Processor Mode Register 0 (PMO)
Address 00010h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| — | — | — | — | SRST | — — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 SRST | Software reset bit 0: State is retained R/W

1: Reset is generated

b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

Set the PRCL bit in the PRCR register to 1 (write enabled) before rewriting the PMO register.

SRST Bit (Software reset bit)
When the SRST bit is set to 1, the entire MCU isreset. The read value is 0. For details, see 6. Resets.
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6.2.2 Reset Source Determination Register (RSTFR)
Address 0005Fh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | WDR | SWR | HWR | CWR |

After Reset 0 0 0 0 (Note 1) (Note 1) (Note1) (Note 1)

Bit Symbol Bit Name Function R/W

b0 CWR | Cold start-up/warm start-up 0: Cold start-up R/W

determine flag 1: Warm start-up

bl HWR | Hardware reset detect flag 0: Not detected R
1: Detected

b2 SWR | Software reset detect flag 0: Not detected R
1: Detected

b3 WDR | Watchdog timer reset detect flag 0: Not detected R
1: Detected

b4 — Nothing is assigned. The write value must be 0. The read value is 0. —

b5 —

b6 —

b7 —

Note:

1. The value after a reset differs depending on the reset source.

CWR Bit (Cold start-up/warm start-up determine flag)

This flag indicates whether a cold start-up or warm start-up has occurred. The CWR bit is set to O (cold start-up)
after power-on or voltage monitor O reset. This bit remains unchanged after a hardware reset, software reset, or
watchdog timer reset.
The CWR hit isset to 1 by writing 1 by a program, but writing 0 to this bit has no effect.

HWR Bit (Hardware reset detect flag)

SWR Bit (Software reset detect flag)

[Condition for setting to Q]
* When areset occurs after power-on or voltage detection 0.
[Condition for setting to 1]

* When 1 iswritten to this bit by a program.

Thisflag indicates that a hardware reset has occurred.

[Condition for setting to Q]

» When a software reset, watchdog timer reset, power-on reset, or voltage monitor O reset occurs.

[Condition for setting to 1]
* When a hardware reset occurs.

Thisflag indicates that a reset has been generated by software.

[Condition for setting to Q]
» When awatchdog timer reset, hardware reset, power-on reset, or voltage monitor O reset occurs.
[Condition for setting to 1]

» When a software reset occurs.
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WDR Bit (Watchdog timer reset detect flag)
Thisflag indicates that a reset has been generated by the watchdog timer.

[Condition for setting to Q]

» When a software reset, hardware reset, power-on reset, or voltage monitor O reset occurs.
[Condition for setting to 1]
» When awatchdog timer reset occurs.
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6.2.3  Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| — | — | MSTINI | —  |WDTRCS1|WDTRCSO|WDTUFS1|WDTUFSO
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 | WDTUFSO | Watchdog timer underflow period b1 b0 R/W
bl | WDTUFS1 |Setting bits 00: 03FFh RIW
0 1: OFFFh
10: 1FFFh
11: 3FFFh
b2 |WDTRCSO | Watchdog timer refresh acceptance |b3b2 R/W
b3 | WDTRCS1 | period setting bits 00:25 % R/W
01:50 %
10:75%
11:100 %
b4 — Reserved Setto 1. R/W
b5 MSTINI | MSTCR register initial value select bit | 0: MSTCR register is set to 00h and MSTCR1 R/W
register is set to 00h after reset
1: MSTCR register is set to 77h and MSTCR1
register is set to FFh after reset
b6 — Reserved Setto 1. R/W
b7 —
Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

Do not perform an additional write to the OFS2 register. Erasure of the block including the OFS2 register causes
the OFS2 register to be set to FFh.

When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.

When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For an example of the OFS2 register settings, see 5.6.1 Option Function Select Area Setting Example.

Bits WDTUFSO to WDTUFS1
(Watchdog timer underflow period setting bits)

These hits are used to select the underflow period for the watchdog timer.

Bits WDTRCSO to WDTRCS1
(Watchdog timer refresh acceptance period setting bits)
These bits are used to select the refresh acceptance period as a percentage. Note that the period from the start of

counting to underflow is 100 %.
For details, see 8.3.1.1 Refresh Acceptance Period.
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6.2.4  Option Function Select Register (OFS)
Address OFFFFh
Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol [CSPROINI| LVDAS | VDSEL1 | VDSELO | ROMCP1 | ROMCR — WDTON

After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 WDTON | Watchdog timer start select bit 0: Watchdog timer is automatically started after reset | R/W
1: Watchdog timer is stopped after reset

bl — Reserved Set to 1. R/W

b2 ROMCR | ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 | ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 VDSELO | Voltage detection O level select bgbé 3.80 V (typ.) selected (Vdet0_3) R/W

b5 VDSELL |bits 01:2.85V (typ.) selected (Vdet0:2) RIW
10:2.35V (typ.) selected (VdetO_1)
11:1.90V (typ.) selected (VdetO_0)

b6 LVDAS | Voltage detection O circuit start bit | 0: Voltage monitor O reset enabled after reset R/W
1: Voltage monitor O reset disabled after reset

b7 | CSPROINI| Count source protection mode 0: Count source protect mode enabled after reset R/W

after reset select bit 1: Count source protect mode disabled after reset

Note:

1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform an additional write to the OFS register. Erasure of the block including the OFS register causes
the OFS register to be set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

For an example of the OFS register settings, see 5.6.1 Option Function Select Area Setting Example.

WDTON Bit (Watchdog timer start select bit)
Thishit is used to select whether the watchdog timer is automatically started after areset is cleared.

Bits VDSELO to VDSEL1 (Voltage detection 0 level select bits)

These bits are used to select the detection level (VdetO) for voltage monitor O reset. The same level of the
voltage detection O level selected by bits VDSELO to VDSEL1 is set in both the voltage monitor O reset and
power-on reset functions.

LVDAS Bit (Voltage detection O circuit start bit)

Thisbit is used to select whether voltage monitor O reset is enabled. Set the LVDAS hit to O (voltage monitor O
reset enabled after reset) to use the power-on reset.

CSPROINI Bit (Count source protection mode after reset select bit)
Thisbit is used to select whether to protect the count source for the watchdog timer from being changed.
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6.3 Operation

6.3.1 Reset Sequence

Figure 6.2 shows the Reset Sequence using a hardware reset as an example. When the internal reset signal is
cleared, the CPU starts operation from the reset vector (addresses OFFFCh to OFFFEh) after a predetermined
time has elapsed.

220 I e e e P e e o I S N

RESET pin

k—»i 10 us or more required @

la—» fLOCO clock x 2 cycles @

Internal reset

signal
Start time for flash memory CPU clock
(CPU clock x 75 cycles) x 28 cycles

CPU clock ‘
OFFFCh OFFFEh
Address
(internal X X X X
address signal) *

OFFFDh Content of reset vector

Notes:
1. This applies to the hardware reset.
2. When the width of a low-level input to the RESET pin is fLOCO clock x 2 cycles or more, the internal reset signal
goes high and the RESET pin is set to high at the same time.

Figure 6.2 Reset Sequence
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6.3.2 Hardware Reset

The hardware reset is the reset that is caused by the RESET pin. When alow level isinput to the RESET pin
under the condition that the power supply voltage meets the recommended operating conditions, the CPU,
SFRs, and 1/0 ports areinitialized. See 3.2 Special Function Registers (SFRs) for the states of the SFRs after
areset, and Table 6.3 Pin States for the states of 1/O ports.

Theinternal RAM isnot initialized. If the RESET pin is set to low while writing to the internal RAM, the RAM
values will be undefined.

When the RESET pin is changed from low to high, a program is executed starting at the address indicated by
the reset vector. The low-speed on-chip oscillator clock (no division) isautomatically selected as the CPU clock
after areset.

Figure 6.3 shows the Hardware Reset Circuit Example (Using External Power Supply Voltage Detection
Circuit) and Operation.

The RESET pinis multiplexed with port PA_0, so it can be used as general-purpose /O ports when not used for
a hardware reset. For details, see 12.13.1 Noteson RESET/PA_0 Pin.

6.3.2.1 When Power Supply is Stable

(1) Input alow level tothe RESET pin.
(2) Wait for 10 ps.
(3) Input ahigh level to the RESET pin.

6.3.2.2 When Power Supply is Turned on

(1) Input alow level tothe RESET pin.

(2) Let the power supply voltage increase until it meets the recommended operating conditions.

(3) Wait for td(P-R) until the internal power supply is stabilized (see 24. Electrical Characteristics).
(4) Wait for 10 ps.

(5) Input ahigh level to the RESET pin.

Power supply 5V
voltage
detection circuit

VCC

|

l—
td(P-R) + 10 us or more

Example when VCC =5V

Note:
1. See 24. Electrical Characteristics.

Figure 6.3 Hardware Reset Circuit Example (Using External Power Supply Voltage Detection
Circuit) and Operation
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6.3.3 Power-On Reset

When the RESET pin is connected to the VCC pin viaaresistor and the VCC pin voltage level rises, the power-
on reset is activated and the CPU, SFRs, and 1/O ports are initialized. The internal RAM values will be
undefined. In addition, when a capacitor is connected to the RESET pin, assure that the voltage applied to the
RESET pin is always 0.8 VCC or more. When using the RESET pin as an 1/0O port, see 12.13.1 Notes on
RESET/PA_O Pin.

When the input voltage to the VCC pin reaches VVdet0 or above, counting of the low-speed on-chip oscillator
clock starts. When the low-speed on-chip oscillator clock count reaches 256, the internal reset signal goes high
and the MCU proceeds to the reset sequence (see Figure 6.2). The low-speed on-chip oscillator clock (no
division) is automatically selected as the CPU clock after areset. For the states of the SFRs after a power-on
reset, see 3.2 Special Function Registers (SFRs). To use the power-on reset, set the LVDAS bit in the OFS
register to O (voltage monitor O reset enabled) and enabl e the voltage monitor O reset.

Figure 6.4 shows the Power-On Reset Circuit Example and Operation.

VCC
4.7 kQ
(reference)
RESET
Vdeto @
05V v

External power VCC N E—

tw(por)

Internal reset signal I_
(low active)

floco * 2°6

Notes:
1. VdetO indicates the voltage detection level of the voltage detection 0 circuit. For details, see 7. Voltage Detection
Circuit.
2. For details on the electrical characteristics, see 24. Electrical Characteristics.
3. To use the power-on reset, enable the voltage monitor O reset by setting the LVDAS bit in the OFS register to 0.

Figure 6.4 Power-On Reset Circuit Example and Operation
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6.3.4  Voltage Monitor 0 Reset

The voltage monitor O reset is due to the on-chip voltage detection O circuit. The voltage detection O circuit
monitors the voltage applied to the VCC pin. VdetO0 is the detection level. The VdetO level is set with bits
VDSELOto VDSEL 1 in the OFS register.

When the input voltage to the VCC pin falls to the VdetO level or lower, the CPU, SFRs and I/O ports are
initialized. Theinternal RAM is not initialized. If the supply voltage fallsto VdetO or lower while writing to the
internal RAM, the RAM values will be undefined.

When the voltage applied to the VCC pin next rises to the VVdetO level or higher, counting of the low-speed on-
chip oscillator clock starts. When the low-speed on-chip oscillator clock count reaches 256, the internal reset
signal goes high and the MCU proceeds to the reset sequence (see Figure 6.2). The low-speed on-chip oscillator
clock (no division) is automatically selected asthe CPU clock after areset.

The LVDAS bit in the OFS register can be used to enable or disable the voltage monitor O reset after a reset.
The setting of the LVDAS bit isvalid at al resets.

Bits VDSELO to VDSEL 1, and LVDAS cannot be changed by a program. To change these bits, write valuesto
b4 to b6 at address OFFFFh using a flash programmer. For details on the OFS register, see 6.2.4 Option
Function Select Register (OFS).

For details on the voltage monitor O reset, see 7. Voltage Detection Circuit.

Figure 6.5 shows an Example of Voltage Monitor O Reset Operation.

External power VCC
VdetO

05V

<
-

Sampling time @

Internal reset signal Ii
(low active)

1
fLOCO

x 256

Note:
1. The voltage monitor O digital filter samples VCC to monitor the voltage. If VCC falls below the operating voltage
range (1.8 V or more), the voltage cannot be correctly measured. This factor should be considered when
selecting the sampling clock for the digital filter. For details, see 7. Voltage Detection Circuit.

Figure 6.5 Example of Voltage Monitor O Reset Operation
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6.3.5 Watchdog Timer Reset

When the RIS bit in the RISR register is 1 (watchdog timer reset enabled), if the watchdog timer underflows or
if the WDTR register is written at atime other than the refresh acceptance period, a watchdog timer reset is
generated. This reset initializes the CPU, SFRs, and I/O ports. The internal reset signal goes high and the
watchdog timer reset is cleared at the same time. The MCU then proceeds to the reset sequence (see Figure 6.2).
The low-speed on-chip oscillator clock (no division) is automatically selected as the CPU clock after a reset.
Theinternal RAM is not initialized. When the watchdog timer underflows, the RAM values will be undefined.
The underflow period and refresh acceptance period for the watchdog timer are set by bits WDTUFSO to
WDTUFS1 and WDTRCS0 to WDTRCSL in the OFS2 register, respectively.

For details on the watchdog timer, see 8. Watchdog Timer.

6.3.6 Software Reset

When the SRST hit in the PMO register is 1 (reset is generated), the CPU, SFRs, and /O ports are initialized.
Next, the program located at the address indicated by the reset vector is executed. The low-speed on-chip
oscillator clock (no division) is automatically selected as the CPU clock after the reset is cleared.

For the states of the SFRs after a software reset, see 3.2 Special Function Registers (SFRs).

Theinternal RAM is not initialized.

6.3.7  Cold Start-Up/Warm Start-Up Determination Function

The CWR hit in the RSTFR register is used to determine whether a cold start-up reset process was initiated at
power-on, or whether a warm start-up reset process was initiated during operation.

The CWR hit is set to 0 (cold start-up) at power-on and also set to 0 by a voltage monitor O reset. If 1 iswritten
to the CWR bit by aprogram, it is set to 1. This bit remains unchanged after a hardware reset, software reset, or
watchdog timer reset.

The cold start-up/warm stat-up determination function uses the voltage monitor O reset.

For the bit settings associated with the voltage monitor O reset, see Table 7.3 Procedure for Setting Bits
Associated with Voltage Monitor 0 Reset.

Figure 6.6 shows an Example of Cold Start-Up/Warm Start-Up Function Operation.

Set to 1 by a program

o
<
]
]
]
]
]
]
]

e
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

[P M

CWR bit in RSTFR register

1 1

| |

Y Y
Voltage monitor O reset I_I I_I

The above applies when the digital filter is not used.

Figure 6.6 Example of Cold Start-Up/Warm Start-Up Function Operation
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6.3.8 Reset Source Determination Function

The RSTFR register can be used to detect whether a hardware reset, software reset, or watchdog timer reset has
occurred.

If ahardware reset occurs, the HWR bit is set to 1 (detected). If a software reset occurs, the SWR bitissetto 1
(detected). If awatchdog timer reset occurs, the WDR bit is set to 1 (detected).
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6.4 States during Reset

6.4.1 Pin States While RESET Pin Level is Low

Table 6.3 lists the Pin States.

Table 6.3 Pin States

Pin Name Pin Function
PO_0Oto PO_7 Input port
P1_OtoP1_7 Input port
P2 0toP2_2 Input port
P3 1,P3 3toP3 5, P3 7 Input port
P4 2,P4 5toP4 7 Input port
PA_O Input port
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6.4.2 CPU Register States After Reset
Figure 6.7 shows the CPU Register States After Reset.

b15

b0

0000h

0000h

0000h

0000h

0000h

0000h

0000h

b19

b0

0000h

Content of addresses OFFFEh to OFFFCh

b15

b0

0000h
0000h
0000h
b15 b0
| 0000h
b1 o= b8 b7 )
LLee [ ][ [ [ulr]olels|z[p[c

Data register (R0)
Data register (R1)
Data register (R2)
Data register (R3)
Address register (A0)
Address register (A1)

Frame base register (FB)

Interrupt table register (INTB)
Program counter (PC)

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

Flag register (FLG)

Figure 6.7 CPU Register States After Reset

RO1UHO0023EJ0200 Rev.2.00
Mar 07, 2012

RENESAS

Page 49 of 581



R8C/M13B Group 7. Voltage Detection Circuit

7. Voltage Detection Circuit

The voltage detection circuit is used to monitor the voltage applied to the VCC pin. The VCC input voltage can be
monitored by a program.

7.1 Overview

The detection voltage for voltage detection O can be selected from four levels with the OFS register. For details on
the OFS register, see 5. System Control.

The detection voltage for voltage detection 1 can be selected from eight levels with the VD 1L S register.

The voltage monitor O reset, and voltage monitor 1 interrupt can be used.

Table 7.1 lists the Voltage Detection Circuit Specifications. Figure 7.1 shows the Voltage Detection Circuit Block
Diagram. Figure 7.2 shows the Voltage Monitor O Reset Generation Circuit Block Diagram. Figure 7.3 shows the
Voltage Monitor 1 Interrupt Generation Circuit Block Diagram.

Mar 07, 2012

Table 7.1 Voltage Detection Circuit Specifications
Item Voltage Monitor O Voltage Monitor 1
VCC monitor Voltage to be |VdetO Vdetl
monitored
Detection Detection by passing down through Detection by passing up or down
target VdetO through Vdetl
Detection Selectable from 4 levels with the OFS | Selectable from 8 levels with the VD1LS
voltage register register
Monitor None The VW1C3 bit in the VW1C register
Higher or lower than Vdetl
Process at Reset Voltage monitor O reset None
voltage detection Reset at Vdet0 > VCC, CPU operation
is restarted at VCC > VdetO
Interrupts None Voltage monitor 1 interrupt
Interrupt request at Vdet1 > VCC and/or
VCC > Vdetl
Digital filter Switching Available Available
enable/disable
Sampling time | (Division of fLOCO by n) x 2 (Division of fLOCO by n) x 2
n:1,2,4,or8 n:1,24,or8
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VCC
VC1E
Level Voltage detection
selection ) 1signal
circuit ' >
(8 levels) > Vdetl
VD1S1 to VD1S3
VW1C3
VCOE
Level Voltage detection
selection Osignal
circuit o
(4 levels) Reference voltage —@——
VDSELO to VDSEL1
VCOE, VC1E: Bits in VCAZ2 register
VD1S1 to VD1S3: Bits in VD1LS register
VW1C3: Bit in VWL1C register
VDSELO to VDSEL1: Bits in OFS register
Figure 7.1 Voltage Detection Circuit Block Diagram
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Voltage monitor O reset generation circuit

VWOF1 to VWOFO
= 00b

=0ib -o\
)
Lo

fLOCO
Voltage detection 0 circuit
VCOE
co VWOC1 =0
Level
VEC 1 selection + Digital
_ Voltage filter
VDSELO to detection
VDSEL1 0 signal ®
Reference voltage
9 —
Voltage
monitor

0 reset

VWOC1 = 1 —D_ signal
VWOCO

VCOE: Bit in VCA2 register
VWO0CO, VWO0C1, VWOFO to VWOF1: Bits in VWOC register
VDSELO to VDSELL1: Bits in OFS register

Note:
1. When the VCOE bit is 0 (voltage detection O circuit disabled), the voltage detection 0 signal will be high.

Figure 7.2 Voltage Monitor 0 Reset Generation Circuit Block Diagram

Voltage monitor 1 interrupt generation circuit

VW1F1 to VW1FO
= 00b
=01b

:\0
— O
fLOCO
Voltage detection 1 circuit
Watchdog timer
VC1E T VW1C3 interrupt signal
vee —] Level 3 Vngl =0 Digital
selection filter
— \70Itage e vwic2 @
e
VD1S1 to _* detection || VW1C1=1 | gi.
VD1S3 1 signal @ selection
circuit Voltage
Reference voltage monitor 1 Non-maskable
j A intell'rupt interrupt signal
VCAC1 signal
VW1C7 ywico

VCACL1.: Bit in VCAC register

VCI1E: Bit in VCA2 register

VD1S1 to VD1S3: Bits in VDILS register

VW1CO0, VW1C1, VW1C2, VW1C3, VW1F0 to VW1F1, VWI1C7: Bits in VW1C register

Notes:
1. When the VCLIE bit is 0 (voltage detection 1 circuit disabled), the voltage detection 1 signal will be high.
2. The VW1C2 bit is set to 0 by writing 0 by a program. When the VC1E bit is O (voltage detection 1 circuit disabled), the VW1C2 bit will be 0 (not detected).

Figure 7.3 Voltage Monitor 1 Interrupt Generation Circuit Block Diagram
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7.2 Registers
Table 7.2 lists the Voltage Detection Circuit Register Configuration.

Table 7.2 Voltage Detection Circuit Register Configuration
Register Name Symbol After Reset Address Access Size
Voltage Monitor Circuit Edge Select Register VCAC 00h 00058h 8
Voltage Detect Register 2 VCA2 (Note 1) 0005Ah 8
Voltage Detection 1 Level Select Register VDI1LS 00000111b 0005Bh 8
Voltage Monitor 0 Circuit Control Register VWO0C (Note 1) 0005Ch 8
Voltage Monitor 1 Circuit Control Register VW1C 10001010b 0005Dh 8
Note:
1. See the description of the individual registers.
7.2.1  Voltage Monitor Circuit Edge Select Register (VCAC)
Address 00058h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf| — | — | — | — | — | — [VCACl| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. R/W
bl VCACL1 |Voltage monitor 1 circuit edge select bit (1) | 0: One-way edge R/W
1: Two-way edge
b2 — Reserved Setto 0. R/W
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —
Note:

1. When the VCACL bitis O (one-way edge), the VW1C?7 bit in the VW1C register can be used to select an interrupt
generated when the voltage increases or decreases. Set the VCACL bit to 0 before setting the VW1C7 bit.
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7.2.2  \Voltage Detect Register 2 (VCA2)
Address 0005Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | VCIE | VCOE | — | — | — — LPE
After Reset 0 0 1 0 0 1 0 0
The above applies when the LVDAS bit in the OFS register is 0.
After Reset 0 0 0 0 0 1 0 0

The above applies when the LVDAS bit in the OFS register is 1.

Bit Symbol Bit Name Function R/W
b0 LPE Internal low-power-consumption enable | 0: Low-power-consumption wait mode disabled | R/W
bit (1) 1: Low-power-consumption wait mode enabled

bl — Reserved Setto 0. R/W

b2 — Reserved Setto 1. R/W

b3 — Reserved Setto 0. R/W

b4 —

b5 VCOE | Voltage detection 0 enable bit (2) 0: Voltage detection O circuit disabled R/W
1: Voltage detection O circuit enabled

b6 VC1E |Voltage detection 1 enable bit (3) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 — Reserved Setto 0. R/W

Notes:

1. Use the LPE bit only when entering wait mode. To set the LPE bit, see Figure 10.5 Procedure for Reducing
Internal Power Consumption by Using LPE Bit. When the LPE bit is 1 (low-power-consumption wait mode),
do not set the STPM bit in the CKSTPR register to 1 (all clocks are stopped (stop mode)).

2. When voltage monitor O reset is used, set the VCOE bit to 1 (voltage detection 0 circuit enabled). Set the VCOE
bit from 0 to 1 and wait for td(E-A). After that, the voltage detection 0 circuit operates. For details on td(E-A), see
24, Electrical Characteristics.

3. When a voltage detection 1 interrupt or the VW1C3 bit in the VWI1C register is used, set the VC1E bit to 1
(voltage detection 1 circuit enabled). Set the VC1E bit from 0 to 1 and wait for td(E-A). After that, the voltage
detection 1 circuit operates. For details on td(E-A), see 24. Electrical Characteristics.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VCA?2 register.
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7.2.3  Voltage Detection 1 Level Select Register (VD1LS)
Address 0005Bh

Bit b7 b6 b5 b4 b3 b2 bl b0

Symboll — | — | — | — |VD1S3 | VD1S2 | VDISl | —

After Reset 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 1. R/W
bl VD1S1 |Voltage detection 1 level select bits b3 b2 bl R/W

000: 2.35 V (Vdetl_1)
b2 | VD1S2 001:2.65V (Vdetl_3) RIW
b3 | VD1S3 010:2.95V (Vdetl_5) RIW
011:3.25V (Vdetl_7)
100: 3.55 V (Vdetl_9)
101:3.85V (Vdetl_B)
110:4.15V (Vdetl_D)
111:4.45V (Vdetl_F)
b4 — | Reserved Set to 0. RIW
b5 -
b6 -
b7 —

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VD1L S register.
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7.2.4  \Voltage Monitor 0 Circuit Control Register (VWOC)
Address 0005Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | VWOFL|[VWOF0 | — | — [VWOCL | VWOCO
After Reset 1 1 0 0 X 0 1 1
The above applies when the LVDAS bit in the OFS register is 0.
After Reset 1 1 0 0 X 0 1 0

The above applies when the LVDAS bit in the OFS register is 1.

Bit Symbol Bit Name Function R/W
b0 VWOCO | Voltage monitor 0 reset enable bit (1) 0: Voltage monitor O reset disabled R/W
1: Voltage monitor O reset enabled
bl VWOC1 | Voltage monitor O digital filter mode 0: Digital filter enabled mode R/W
select bit (2, 3) (digital filter circuit enabled)

1: Digital filter disabled mode
(digital filter circuit disabled)

b2 — Reserved Set to 0. R/W
b3 — Reserved The read value is undefined. R
b4 VWOFO i its 3) bS b4 R/W
b5 VWOFL Sampling clock select bits 0 0: Division of fLOCO by 1 (no division) RIW
0 1: Division of fLOCO by 2
1 0: Division of fLOCO by 4
1 1: Division of fLOCO by 8
b6 — Reserved Set to 1. R/W
b7 —
Notes:

1. The VWOCO bit is enabled when the VCOE bit in the VCA2 register is 1 (voltage detection 0 circuit enabled).
When the VCOE bit is 0 (voltage detection 0O circuit disabled), set the VWOCO bit to 0 (voltage monitor O reset
disabled). To set the VWOCO bit to 1 (voltage monitor O reset enabled), see Table 7.3 Procedure for Setting
Bits Associated with Voltage Monitor 0 Reset.

2. When the digital filter is used (while the VWOCL1 bit is 0), set the LOCODIS bit in the OCOCR register to 0 (low-
speed on-chip oscillator on).

When the voltage monitor O reset is used to return from stop mode, set the VWOC1 bit to 1 (digital filter disabled
mode).

3. When the VWOCO bit is 1 (voltage monitor O reset enabled), do not set bits VWOC1 and VWOFO to VWOF1 at the
same time (with one instruction).

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VWOC register.
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7.2.5 Voltage Monitor 1 Circuit Control Register (VW1C)
Address 0005Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | VWIC7 | — | VWIF1 | VWIFO | VWIC3 | VWIC2 [ VWICL | VW1CO

After Reset 1 0 0 0 1 0 1 0

Bit Symbol Bit Name Function R/W

b0 VW1CO | Voltage monitor 1 interrupt enable |0: Voltage monitor 1 interrupt disabled R/W
bit (M 1: Voltage monitor 1 interrupt enabled

bl VW1C1 | Voltage monitor 1 digital filter 0: Digital filter enabled mode R/W
mode select bit (2. 5) (digital filter circuit enabled)

1: Digital filter disabled mode
(digital filter circuit disabled)

b2 VWI1C2 |Voltage change detection flag 3. 4) | 0: Not detected R/W
1: Detected by passing through Vdetl
b3 VW1C3 | Voltage detection 1 signal monitor |0: VCC < Vdetl R
flag ® 1: VCC 2 Vdet1 or voltage detection 1 circuit disabled
b4 | VWIFO | Sampling clock select bits () b5 b4 R/W

0 0: Division of fLOCO by 1 (no division)

b5 VWIFL 0 1: Division of fLOCO hy 2 RIW
1 0: Division of fLOCO by 4
1 1: Division of fLOCO by 8
b6 — Reserved Setto 0. R/W
b7 VW1C7 | Voltage monitor 1 interrupt 0: VCC reaches Vdetl or above R/W
generation condition select bit ) | 1: VCC reaches Vdetl or below
Notes:

1. The VW1CO bit is enabled when the VC1E bit in the VCA2 register is 1 (voltage detection 1 circuit enabled).
When the VCLE bit is 0 (voltage detection 1 circuit disabled), set the VW1CO bit to 0 (voltage monitor 1 interrupt
disabled). To set the VW1CO bit to 1 (voltage monitor 1 interrupt enabled), see Table 7.4 Procedure for Setting
Bits Associated with Voltage Monitor 1 Interrupt.

2. When the digital filter is used (the VW1C1 bit is 0), set the LOCODIS bit in the OCOCR register to 0 (low-speed
on-chip oscillator on).

When the voltage monitor 1 interrupt is used to return from stop mode, set the VW1C1 bit to 1 (digital filter
disabled mode).

3. Bits VW1C2 and VW1C3 are enabled when the VC1E bit in the VCA2 register is 1 (voltage detection 1 circuit
enabled).

4. Set this bit to 0 by a program. The VW1C2 bit can be set to 0 by writing O by a program, but writing 1 to this bit
has no effect.

5. When the VW1CO bit is 1 (voltage monitor 1 interrupt enabled), do not set bits VW1C1 and VW1FO to VW1F1 at
the same time (with one instruction).

6. The VWI1CY7 bit is enabled when the VCAC1 bit in the VCAC register is 0 (one-way edge). Set the VCAC1 bit to
0 before setting the VW1C7 bit.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VW1C register. Rewriting the
the VWIC register may set the VW1C2 bit to 1 (Vdetl passing detected). Rewrite this register before setting
the VW1C2 hit to 0 (not detected).
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7.3 Monitoring VCC Input Voltage

7.3.1 Monitoring Vdet0O
VdetO cannot be monitored.

7.3.2 Monitoring Vdetl

Make the following settings and wait for td(E-A) (see 24. Electrical Characteristics). After that, the
comparison result from voltage monitor 1 can be monitored with the VW1C3 bit in the VW1C register.

(1) SethitsVD1S1toVD1S3inthe VDL Sregister to select the detection voltage for voltage detection 1.
(2) SettheVCLILE bitintheVCAZ2 register to 1 (voltage detection 1 circuit enabled).
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7.4 Voltage Monitor O Reset
Table 7.3 lists the Procedure for Setting Bits Associated with Voltage Monitor O Reset. Figure 7.4 shows an
Example of Voltage Monitor O Reset Operation.
Set the VWOCL bit in the VWOC register to 1 (digital filter disabled mode) to use the voltage monitor O interrupt to
clear stop mode.

Table 7.3 Procedure for Setting Bits Associated with Voltage Monitor 0 Reset

Step When the Digital Filter is Used | When the Digital Filter is Not Used
1 Set bits VDSELO to VDSELL1 in the OFS register to select the detection voltage for voltage detection 0.
2 Set the VCOE bit in the VCAZ2 register to 1 (voltage detection 0 circuit enabled).
3 Wait for td(E-A).

40 Set VWOFO to VWOF1 in the VWOC register to select | —
the sampling clock for the digital filter.
Set the VWOC1 bit in the VWOC register to O (digital | Set the VWOC1 bit in the VWOC register to 1 (digital
51 | - )
filter enabled mode). filter disabled mode).
6 Set the LOCODIS bit in the OCOCR register to 0 —
(low-speed on-chip oscillator on).
7 Wait for 2 cycles of the digital filter sampling clock. No wait time

8 Set the VWOCO bit in the VWOC register to 1 (voltage monitor 0 reset enabled).

Note:
1. When the VWOCO bit in the VWOC register is 0 (voltage monitor O reset disabled), steps 4 and 5 can be
executed at the same time (with one instruction).

VCC
Vdet0

! Digital filter

i sampling clock 1 256
! x 2 cycles fLOCO

1

<

|

When VWOC1 bit is 0

(digital filter enabled mode) !Mternal reset signal

(low active)

When VWOC1 bitis 1

(digital filter disabled mode) 'Mternal reset signal

(low active)

VWOC1: Bit in VWOC register

The above diagram applies under the following conditions:
« VCOE bit in VCA2 register = 1 (voltage detection O circuit enabled)
* VWOCO bit in VWOC register = 1 (voltage monitor O reset enabled)

When the internal reset signal goes low, the CPU, SFRs, and I/O ports are initialized.

When the internal reset signal changes from low to high, program execution starts from the address
indicated by the reset vector.

For the states of the SFRs, see 3.2 Special Function Registers (SFRs).

Figure 7.4 Example of Voltage Monitor O Reset Operation
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7.5 Voltage Monitor 1 Interrupt
Table 7.4 lists the Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt. Figure 7.5 shows an
Example of Voltage Monitor 1 Interrupt Operation.
Set the VW1C1 bit in the VW1C register to 1 (digital filter disabled mode) to use the voltage monitor 1 interrupt to
clear stop mode.

Table 7.4 Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt

Step When the Digital Filter is Used | When the Digital Filter is Not Used
1 Set bits VD1S1 to VD1S3 in the VDILS register to select the detection voltage for voltage detection 1.
2 Set the VCL1E bit in the VCAZ2 register to 1 (voltage detection 1 circuit enabled).
3 Wait for td(E-A).

40 Set bits VW1FO0 _to VW1F1 in the \{V\_/lC.register to |—
select the sampling clock for the digital filter.
Set the VW1C1 bit in the VW1C register to O (digital | Set the VW1C1 bit in the VWI1C register to 1 (digital
5@ |; - )
filter enabled mode). filter disabled mode).
6 Set the VCACL1 bit in the VCAC register and the VW1C?7 bit in the VW1C register to select the timing for an
interrupt request.
7 Set the VW1C2 bit in the VW1C register to 0 (not detected).
8 Set the LOCODIS bit in the OCOCR register to 0 —
(low-speed on-chip oscillator on).
9 Wait for 2 cycles of the digital filter sampling clock. | No wait time

10 Set the VWI1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt enabled).

Note:
1. When the VW1CO bit in the VWL1C register is 0 (voltage monitor 1 interrupt disabled), steps 4 and 5 can be
executed at the same time (with one instruction).
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vCC
Vdetl V
] 1
] 1
i i
1.8V 1) ! !
1 1
1 1
VW1C3 bit
Digital filter Digital filter
_ sampling clock i<—>|' sampling clock i<—>|'
When VCACT bit is 1 VWIC2 bit x 2 cycles | x 2 cycles |
(two-way edge) i ! A : ! A
and < ol — Set to 0 by a program ———
VWI1CL1 bitis 0 . 1 i
(digital filter enabled mode) | VO!tage monitor 1 :
L interrupt request 1
) L ! H J
o H H Set to 0 by acknowledgemen
When VCAC1 bitis0 ¢ ) of an interrupt request
(one-way edge), VWI1C2 bit ! l
VWICL bit s 0 — O A
(digital filter enabled mode), < i i Set to 0 by a program ——
VWIC7 bit ?Sng Voltage monitor 1 i i
(VCC reaches Vdetl or above) “ interrupt request i i : J
- H Set to 0 by acknowledgement of
When VCAC1 bitis0 ) H an interrupt request
(one-way edge), VWI1C2 bit ! !
VWI1CL1 bitis 0 1 i A !
(digital filter enabled mode), < i i —— Setto 0 by a program
VWIC7 bit ?Sncli Voltage monitor 1 i E
(VCC reaches Vdetl or below) “ interrupt request 1 L i
! !
! Set to 0 by acknowledgement of
r an interrupt request
When VCACL1 bit is 1 VW1C?2 bit l
(two-way edge) Iy 1 Iy
and < —— Set to 0 by a program ———
VWI1C1 bitis 1 .
(digital filter disabled mode) | Voltage monitor 1
L interrupt request
P .
N ! Set to 0 by acknowledgement
When VCAC1 bitis0 ) ! of an interrupt request
(one-way edge), VW1C2 bit 1
VWICL bitis 1 i i i
(digital filter disabled mode), < ! Set to 0 by a program ——
and . 1
VWA1C7 bitis 0 V‘oltage monitor 1 !
(VCC reaches Vdetl or above) “ interrupt request J
Set to 0 by acknowledgement of
When VCAC1 bitis 0 an interrupt request
(one-way edge), VW1C?2 bit
VW1CL1 bitis 1 A
(digital filter disabled mode), < ~——— Set to 0 by a program
and .
VW1C7 bitis 1 V_oltage monitor 1
interrupt request

(VCC reaches Vdetl or below)

-

L Set to 0 by acknowledgement of an interrupt request

VCACL1: Bitin VCAC register

VWI1C1, VWIC2, VWIC3, VWI1CT: Bits in VWIC register

The above diagram applies under the following conditions:
« VCL1E bit in VCAZ2 register = 1 (voltage detection 1 circuit enabled)
* VW1CO bit in VW1C register = 1 (voltage detection 1 interrupt enabled)

Note:

1. If voltage monitor O reset is not used, VCC must be at least 1.8 V.

Figure 7.5 Example of Voltage Monitor 1 Interrupt Operation
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7.6 Digital Filter for Voltage Detection Circuits 0 and 1

Figure 7.6 shows a Block Diagram of Voltage Detection Circuit Digital Filter. In digital filter enabled mode, the
voltage detection signal from the voltage detection circuit is used to generate a voltage monitor O reset signal and a
voltage monitor 1 interrupt signal individually through the digital filter circuit. The filter width of the digital filter

circuit isthe sampling clock x 2.

Bits VWIiF1 to VWIiFO0 in VWIC register

=00b °
=01b ° Sampling clock
=10b o
O
fLoco 110

Voltage detection
i signal

Voltage detection
i signal

Filter output

-0

—————

--0

_————t

1
1
Sampling clock | | | I
]
]

Filter output

i=0,1

Note:

for the voltage monitor O filter.

w

not transmitted.

1. After the voltage detection O signal is recognized as low, a voltage monitor O reset
is generated. Thus, only the falling edge of the voltage detection signal is enabled

\ If the sampled output does not match

twice, it is assumed to be noise and

Figure 7.6 Block Diagram of Voltage Detection Circuit Digital Filter
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8. Watchdog Timer

The watchdog timer isafunction for detecting program malfunctions. Using this function is recommended, sinceit can
improve system reliability.
The watchdog timer aso has a function that can be used as a periodic timer.

8.1 Overview

The watchdog timer has a 14-bit down counter, and count source protection mode can be enabled or disabled.
Table 8.1 lists the Watchdog Timer Specifications.

For details on the watchdog timer reset, see 6.3.5 Watchdog Timer Reset.

For details on the periodic timer, see 8.3.4 Periodic Timer Function.

Figure 8.1 shows the Watchdog Timer Block Diagram.

Table 8.1 Watchdog Timer Specifications

ltem Count Source Protection Mode Disabled Count Source Protection Mode Enabled
Count source CPU clock or low-speed on-chip oscillator Low-speed on-chip oscillator clock
clock (1/16)
Count operation Decrement

Count start condition Either of the following can be selected:
« The count is automatically started after a reset.
« The count is started by writing to the WDTS register.

Count stop conditions | When wait mode or stop mode is entered None
while the count source is the CPU clock
Watchdog timer * Reset

initialization conditions |+ 00h and then FFh are written to the WDTR register during the acceptance period
(An acceptance period is set.)
* Underflow

Operation at underflow | Watchdog timer interrupt or watchdog timer | Watchdog timer reset
reset
Selectable functions « Selection of the count source
Selected by bits WDTC6 to WDTC7 in the WDTC register.
« Count source protection mode
- Whether count source protection mode is enabled or disabled after a reset can be
selected by the CSPROINI bit in the OFS register.
- If count source protection mode is disabled, whether count source protection mode is
enabled or disabled is selected by the CSPRO bit in the CSPR register.
« Start or stop of the watchdog timer after a reset
Selected by the WDTON bit in the OFS register.
« Initial value of the watchdog timer
Selected by bits WDTUFSO to WDTUFS1 in the OFS2 register.
» Refresh acceptance period for the watchdog timer
Selected by bits WDTRCSO0 to WDTRCS1 in the OFS2 register.
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Prescaler
--------- 1 WDTC7 to WDTC6

CPU clock (fs)

14-bit
fLOCO watchdog timer @
e} A A
CSPRO=1 c
i)
E 5
m E—
Selected underflow period > 8
WDTUFS0 — > Underflow P 3|2 |E
WDTUFS1T ————  period and Elc |5
WDTRCSO ———» refresh range 2 § £
— selection T |5
WDTRCS1 Selected refresh range S § RIS=0
g S Watchdog timer
g interrupt
vy ; o—»
Write to WDTR register ——————— Refresh .C(.)tr.]t:.o I eti_nd Wat(:h(?og timer RIS=1
initialization contro llegal refresh ~ Watchdog timer
reset
WDTIF

Periodic timer interrupt
WDTIE "
Note:

1. The value set by bits WDTUFS0 and WDTUFSL1 is set (value when shipped: 3FFFh).

RIS: Bit in RISR register

WDTC6 to WDTC?7: Bits in WDTC register

CSPRO: Bit in CSPR register

WDTIF, WDTIE: Bits in WDTIR register

WDTUFS0, WDTUFS1, WDTRCSO0, WDTRCS1: Bits in OFS2 register

Figure 8.1 Watchdog Timer Block Diagram
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8.2 Registers
Table 8.2 lists the Watchdog Timer Register Configuration.

Table 8.2 Watchdog Timer Register Configuration

Register Name Symbol After Reset Address Access Size
Watchdog Timer Function Register RISR (Note 1) 00030h 8
Watchdog Timer Reset Register WDTR XXh 00031h 8
Watchdog Timer Start Register WDTS XXh 00032h 8
Watchdog Timer Control Register WDTC 01XXXXXXb 00033h 8
Count Source Protection Mode Register CSPR (Note 1) 00034h 8
Periodic Timer Interrupt Control Register WDTIR 00h 00035h 8

Note:
1. See the description of the individual registers.

8.2.1  Watchdog Timer Function Register (RISR)
Address 00030h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| RIS | UFIF | — [ — | — | — [ — —

After Reset 1 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is 0.

After Reset 0 0 0 0 0 0 0 0

The above applies when the CSPROINI bit in the OFS register is 1.

Bit Symbol Bit Name Function R/W

b0 — Nothing is assigned. The write value must be 0. The read value is 0. —

bl —

b2 —

b3 —

b4 —

b5 —

b6 UFIF | WDT underflow detection flag 0: No watchdog timer underflow R/W
1: Watchdog timer underflow (1)

b7 RIS WDT interrupt/reset switch bit 0: Watchdog timer interrupt R/W
1: Watchdog timer reset (2)

Notes:
1. After reading this bit as 1, wait at least one cycle of the count source before writing 0 to it.
2. The RIS bhit is set to 1 by writing 1 by a program, but writing 0 to this bit has no effect.
When the CSPRO bit in the CSPR register is 1 (count source protection mode enabled), the RIS bit is
automatically set to 1.

Set the PRC1 hit in the PRCR register to 1 (write enabled) before rewriting the RISR register.

UFIF Bit (WDT underflow detection flag)

[Condition for setting to Q]

* When O iswritten to this bit.

[Conditions for setting to 1]

» When the watchdog timer underflows while the RIS bit is 0 (watchdog timer interrupt).

* When arefresh is executed during the period other than the acceptance period (illega refresh) while the RIS
bit is 0 (watchdog timer interrupt).
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8.2.2  Watchdog Timer Reset Register (WDTR)
Address 00031h

Bit b7 b6 b5 b4 b3 b2 bl b0

smoo_— [ — 1 — [ — [ — [ — T — T -

After Reset X X X X X X X X
Bit Function R/W

b7 to b0 | The watchdog timer is initialized by writing 00h and then writing FFh during the acceptance period. | W
When 00h and then FFh is written during a non-acceptable period, a watchdog timer reset or a
watchdog timer interrupt is generated.

If a watchdog timer interrupt is selected, the counter is not initialized.

The initial value of the watchdog timer is specified by bits WDTUFSO to WDTUFSL1 in the OFS2

register. (1)

Note:
1. Only write to the WDTR register when the watchdog timer is counting.

8.2.3  Watchdog Timer Start Register (WDTS)
Address 00032h

Bit b7 b6 b5 b4 b3 b2 bl b0

smool [ — [ — [ — [ — [ — [ — T — ] —

After Reset X X X X X X X X
Bit Function R/W
b7 to b0 | The watchdog timer is started by executing a write instruction to this register. W

8.2.4  Watchdog Timer Control Register (WDTC)
Address 00033h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| WDTC7 [WDTC6 | — | — | — | — [ — —
After Reset 0 1 X X X X X X
Bit Symbol Bit Name Function R/W
b0 — Reserved The read value is undefined. R
bl —
b2 —
b3 —
b4 —
b5 —
b6 WDTC6 | Watchdog timer count source select bébg. Division of CPU clock by 2 R/W
b7 WDTC7 | bits 0 1: Division of CPU clock by 16 RIW
1 0: Division of CPU clock by 128
1 1: Division of low-speed on-chip oscillator by 16
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8.2.5  Count Source Protection Mode Register (CSPR)
Address 00034h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol|[CSPRO| — | — | — | — | — | — | —

After Reset 1 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is 0.

After Reset 0 0 0 0 0 0 0 0

The above applies when the CSPROINI bit in the OFS register is 1.

Bit Symbol Bit Name Function R/W
b0 — Reserved Set to 0. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CSPRO | Count source protection mode select bit (1) | 0: Count source protection mode disabled R/W
1: Count source protection mode enabled

Note:
1. To set the CSPRO bit to 1, first write 0 and then write 1 to it. This bit cannot be set to 0 by a program. Do not write
to any register other than the CSPR register between writing 0 and then writing 1.

8.2.6 Periodic Timer Interrupt Control Register (WDTIR)
Address 00035h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| WDTIE | WDTIF | — | — | — | — | — | —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 —
b5 —
b6 WDTIF | Periodic timer interrupt request flag | 0: No periodic timer interrupt requested R/W
1: Periodic timer interrupt requested
b7 WDTIE | Periodic timer interrupt enable bit (1) | 0: Periodic timer interrupt disabled R/W
1: Periodic timer interrupt enabled
Note:

1. When bits WDTRCS1 to WDTRCSO in the OFS2 register is 11b (100%), set the WDTIE bit to 0 (periodic timer
interrupt disabled).

WDTIF Bit (Periodic timer interrupt request flag)

[Condition for setting to 0]

* When 0 iswritten to this bit after reading it as 1.

[Condition for setting to 1]

* When the watchdog timer completes counting an illegal write range.
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8.3 Operation
8.3.1 Items Common to Multiple Modes

8.3.1.1 Refresh Acceptance Period

The period for accepting a refresh operation to the watchdog timer (a write to the WDTR register) can be
selected by bits WDTRCS0 to WDTRCS1 in the OFS2 register. Figure 8.2 shows the Watchdog Timer Refresh
Acceptance Period.

When the period from the start of counting to underflow is 100%, a refresh operation executed during the
acceptance period is accepted as shown below. A refresh operation executed during a period other than the
acceptance period is processed as an illegal refresh, generating a watchdog timer interrupt or watchdog timer
reset (selected by the RIS bit in the RISR register). In addition, the UFIF bit in the RISR register is set to 1.

Do not perform arefresh operation when the watchdog timer is stopped.

Watchdog timer period
r ~ )

Underflow  Refresh acceptance period

! Refresh acceptable

- .
ot} P

100 % (WDTRCS1 to WDTRCSO = 11b)

]
] ]
] ]
] ]
] ]
i i
1 lllegal write @ Refresh acceptable !
;< -t =; 75 % (WDTRCS1 to WDTRCSO = 10b)
! ! :
i ! i
i llegal write Refresh acceptable i
:< i =:< =: 50 % (WDTRCS1 to WDTRCSO = 01b)
]
] | 1 ]
' ! H Refresh H
i i lllegal write @ | acceptable |
- ! T > > 25 % (WDTRCS1 to WDTRCSO = 00b)
i i i : i
] | ] ] ]
] | | ] ]
] | | ] ]
L oo prooeeoeeeee oo +
0% 25 % 50 % 75 % 100 %

WDTRCSO to WDTRCS1.: Bits in OFS2 register

Note:
1. A watchdog timer interrupt or watchdog timer interrupt reset is generated.

Figure 8.2 Watchdog Timer Refresh Acceptance Period
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8.3.2 When Count Source Protection Mode is Disabled

When count source protection mode is disabled, the count source for the watchdog timer is the CPU clock or
low-speed on-chip oscillator clock.
Table 8.3 lists the Watchdog Timer Specifications When Count Source Protection Mode is Disabled.

Table 8.3 Watchdog Timer Specifications When Count Source Protection Mode is Disabled

Item Specification
Count source CPU clock or low-speed on-chip oscillator clock (1/16)
Count operation Decrement
Period Prescaler division ratio (n) x Count value in the watchdog timer (m) (1)

Count source

n: 2, 16, or 128 (selected by bits WDTC6 to WDTC7 in the WDTC register)
However, when bits WDTC7 to WDTC6 are 11b (count source is low-speed on-chip
oscillator), nis 16.
m: Value set by bits WDTUFSO0 to WDTUFSL1 in the OFS2 register
Ex.: When the prescaler divides a CPU clock of 20 MHz by 16, and bits WDTUFS1 to
WDTUFSO are 11b (3FFFh), the period is approx. 13.1 ms.

Watchdog timer * Reset
initialization conditions |+ 00h and then FFh are written to the WDTR register
 Underflow

Count start conditions | The operation of the watchdog timer after a reset is selected by the WDTON bit in the OFS
register (address OFFFFh).
* When the WDTON bit is 1 (watchdog timer is stopped after reset)
The watchdog timer and the prescaler are stopped after a reset, and only start counting
when the WDTS register is written.
* When the WDTON bit is 0 (watchdog timer is automatically started after reset)
The watchdog timer and the prescaler automatically start counting after a reset.
Count stop conditions | When wait mode or stop mode is entered while the count source is the CPU clock
Operation at underflow |« When the RIS bit in the RISR register is 0
Watchdog timer interrupt
* When the RIS bit in the RISR register is 1
Watchdog timer reset (See 6.3.5 Watchdog Timer Reset.)

Note:
1. The watchdog timer is initialized by writing 00h and then writing FFh to the WDTR register. The prescaler is
initialized after a reset. This results in discrepancies in the watchdog timer period due to the prescaler.
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8.3.3 When Count Source Protection Mode is Enabled

When count source protection mode is enabled, the count source for the watchdog timer is the low-speed on-
chip oscillator clock. If the CPU clock is stopped when a program runs out of control, a clock will still be
supplied to the watchdog timer.

Table 8.4 lists the Watchdog Timer Specifications When Count Source Protection Mode is Enabled.

Table 8.4 Watchdog Timer Specifications When Count Source Protection Mode is Enabled

Item Specification
Count source Low-speed on-chip oscillator clock
Count operation Decrement
Period Count value in the watchdog timer (m)

Low-speed on-chip oscillator clock
m: Value set by WDTUFSO to WDTUFS1 in the OFS2 register
Ex.: When the low-speed on-chip oscillator clock is 125 kHz and bits WDTUFSL1 to
WDTUFSO0 are 00b (03FFh), the period is approx. 8.2 ms.

Watchdog timer * Reset
initialization conditions |+ 00h and then FFh are written to the WDTR register
* Underflow

Count start conditions | The operation of the watchdog timer after a reset is selected by the WDTON bit in the OFS
register (address OFFFFh).
* When the WDTON bit is 1 (watchdog timer is stopped after reset)
The watchdog timer is stopped after a reset, and only starts counting when the WDTS
register is written.
* When the WDTON bit is 0 (watchdog timer is automatically started after reset)
The watchdog timer automatically starts counting after a reset.

Count stop condition None (The count is not stopped even in wait mode or stop mode once it is started.)
Operation at underflow | Watchdog timer reset (See 6.3.5 Watchdog Timer Reset.)

Registers, bits When the CSPRO bit in the CSPR register is set to 1 (count source protection mode
enabled), the following are automatically set:

» The low-speed on-chip oscillator oscillates.

* The RIS bit in the RISR register is set to 1 (watchdog timer reset).
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8.34 Periodic Timer Function

8. Watchdog Timer

The count range is determined by the underflow period setting (bits WDTUFS0 to WDTUFSL in the OFS2
register) and the refresh acceptance period setting (bits WDTRCS0 to WDTRCSL in the OFS2 register). The

periodic timer cannot be used in stop mode.
Table 8.5 lists the Periodic Timer Settings. Figure 8.3 shows the Timing of Periodic Timer Function.

When the periodic timer runs beyond the count range in Table 8.5, the WDTIF bit in the WDTIR register is set

to 1 (periodic timer interrupt requested).

Table 8.5 Periodic Timer Settings

Initial Value Set_by Bits WDT_UFSl Refresh Range Set by Bits WDTRCSL1 to Range Counted by Periodic Timer
to WDTUFSO0 in OFS2 Register WDTRCSO in OFS2 Register (1)
10b 3FFFh — 2FFFh
11b 01b 3FFFh — 1FFFh
00b 3FFFh — OFFFh
10b 1FFFh — 17FFh
10b 01b 1FFFh — OFFFh
00b 1FFFh — 07FFh
10b OFFFh — OBFFh
01b 01b OFFFh — 07FFh
00b OFFFh — 03FFh
10b 03FFh — 02FFh
00b 01b 03FFh — 01FFh
00b 03FFh — 00FFh
Note:

1. When bits WDTRCS1 to WDTRCSO in the OFS2 register is 11b (100%), set the WDTIE bit to O (periodic timer

interrupt disabled).

Count source i i
| Fp—

Count value in
watchdog timer

WDTIF bit in
WDTIR register

A

3FFFh X 3FFEh X 3FFDh X: X 1000h X OFFFh X OFFEh X OFFDh X OFFCh X OFFBh X OFFAh X

Set to 0 by a program

WDTIE bit in

WDTIR register
A

Set to 1 by a program

The above diagram applies under the following condition:
« Bits WDTUFS1 to WDTUFSO in OFS2 register = 11b (underflow period: 3FFFh) and
bits WDTRCS1 to WDTRCSO = 00b (refresh acceptance period: 25 %)

Figure 8.3 Timing of Periodic Timer Function
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8.4 Notes on Watchdog Timer

* Do not switch the count sources during watchdog timer operation.

» Thereisadelay of two cycles of the count source from awrite to the WDTR register until the initialization of the
watchdog timer.

« Allow at least three cycles of the count source between the previous and the next initialization of the watchdog
timer.
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9. Clock Generation Circuit

9.

9.1 Overview

Clock Generation Circuit

The following four circuits are included in the clock generation circuit:
* XIN clock oscillation circuit

* XCIN clock oscillation circuit
* High-speed on-chip oscillator
* Low-speed on-chip oscillator

Table 9.1 lists the Clock Generation Circuit Specifications. Figure 9.1 shows the Clock Generation Circuit Block
Diagram. Figure 9.2 shows the Supply of Peripheral Function Clocks. Table 9.2 lists the Clock Generation Circuit

Pin Configuration.

Table 9.1 Clock Generation Circuit Specifications
ltem XIN Clock Oscillation | XCIN Clock Oscillation High-Speed Low-Speed
Circuit Circuit On-Chip Oscillator | On-Chip Oscillator
Clock frequency 0 MHz to 20 MHz 32.768 kHz Approx. 20 MHz | Approx. 125 kHz

(2 MHz to 20 MHz when
an oscillator is used)

Connectable oscillator

 Ceramic resonator
« Crystal oscillator

Crystal oscillator

Oscillator connect pins XIN, XOUT (1) XCIN, XCOUT @ — —
Oscillation start and stop Usable Usable Usable Usable
State after reset Stopped Stopped Stopped Oscillates

Others * An externally * An externally The system clock | The system clock
generated clock can generated clock can | can be output can be output
be input. be input. from P4_5. from P4_5.
A feed-back resistor is |+ A feed-back resistor is
included (connected included (connected
or not connected can or not connected can
be selected). be selected).
Notes:

1. When the on-chip oscillator clock instead of the XIN clock oscillation circuit is used as the CPU clock, these pins

can be used as P3_

1and P4_5.

2. When the on-chip oscillator clock instead of the XCIN clock oscillation circuit is used as the CPU clock, these
pins can be used as P4_6 and P4_7.
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9. Clock Generation Circuit

Note:

]
]
]
]
]
]
1
1
1
1 XIN clock —
1
1
1
1
1
1
1
]
]
]
]

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

{

Controlled discharge when XINBAKE =0

CKSWIE

Charge/
discharge
circuit

>

Oscillation stop
detection interrupt
generation circuit

HOCOE, LOCODIS: Bits in OCOCR register
PHISSELO to PHISSEL2, HSCKSEL, LSCKSEL: Bits in SCKCR register
PHISELO to PHISEL7: Bits in PHISEL register
PSCSTP, SCKSEL: Bits in CKSTPR register
XINBAKE, CKSWIE: Bits in BAKCR register

Watchdog timer interrupt
Voltage monitor 1 interrupt

SCKSEL bit switch signal

1. See Figure 9.2 Supply of Peripheral Function Clocks.

.
i
i | Registers FRV1 and FRV2 PHISELO to PHISEL7 | | PHISSELO to PHISSEL2 |
1
: +Frequency adjustable
]
1 P e
! High sp_eed fHOCO System clock On-chip
on-chip HSCKSEL = 1 I o CPU
| oscillator High > division circuit fs memo
' '9 p (divisionby 1 [T cpu™ y
I HOCOE speed | qisck y 10 32) clock
H clock | SCKSEL =1
H selection System
XIN —'—>: X'N.HCIO.CK FXIN cireuit ggii
oscillation HSCKSEL =0 ik fs for watchdog H
XOUT —| circuit T - High fBASE _ | division f timer -
! Oscillation speed/ > N >
! stop low- System Circuit | system
| detection d base (division | clock PSCSTP
H circuit Slpe? clock byl |—
: Low-speed fLoco se _eC"_O n to 256)
: on-chip LSCKSEL =0 circuit 2
H r oscillator Low- L
H >
H speed fLscK @-»{ Prescaler
jLocobis clock | SCKSEL =0 f8192
] . L
1 selection .
) R Peripheral
ircui
XCIN ——p{  XCIN clock XCIN cireut functions @
1 oscillation LSCKSEL = 1 fXCINS2,
XCOUT circuit -
] fl;
] Lol
]
: 0—| XCIN clock divided-by-32 circuit |— fAD for AD converter |
! fXCIN,_
: fLOCO,
] Lot
i fHOCO _ |
E Clock generation circuit

]

]

]

]

]

]

]

. . . ]
Oscillation stop detection, !
watchdog timer, 1
. . ]

voltage monitor 1 interrupt !
]

]

]

]

]

]

]

]

Figure 9.1

Clock Generation Circuit Block Diagram
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9. Clock Generation Circuit

Watchdog timer

A A
fHOCO

fLOCO

fs

fXCIN

fXCIN32

Yy

A 4 A UARTO

Y
| TimerRJ2 | | TimerRB2 | | TimerRC | | TimerRK | | Timer RE2 | | UART1

IrDA || A/D converter

fAD

A A A IYYYYY

LA

AAAAA A A A JYVYVYVVVVY A AL

T A A A

fl

f2

f4

f8

f16
f32

f64

f128

256

512

f2048

f4096
8192

Figure 9.2 Supply of Peripheral Function Clocks

Table 9.2 Clock Generation Circuit Pin Configuration

Pin Name 110 Function
XIN | XIN clock input/external clock input
XOuUT (0] XIN clock output
XCIN | XCIN clock input/external clock input
XCOUT (0] XCIN clock output
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9. Clock Generation Circuit

9.2 Registers

Table 9.3 lists the Clock Generation Circuit Register Configuration.

Table 9.3 Clock Generation Circuit Register Configuration
Register Name Symbol After Reset Address Access Size

External Clock Control Register EXCKCR 00h 00020h 8
High-Speed/Low-Speed On-Chip Oscillator OCOCR 00h 00021h 8
Control Register

System Clock f Control Register SCKCR 00h 00022h 8
System Clock f Select Register PHISEL 00h 00023h 8
Clock Stop Control Register CKSTPR 00h 00024h 8
Clock Control Register When Returning CKRSCR 00h 00025h 8
Oscillation Stop Detection Register BAKCR 00h 00026h 8
High-Speed On-Chip Oscillator 18.432 MHz FR18S0 | Value when shipped 00064h 8
Control Register 0

High-Speed On-Chip Oscillator 18.432 MHz FR18S1 | Value when shipped 00065h 8
Control Register 1

High-Speed On-Chip Oscillator Control Register 1 FRV1 Value when shipped 00067h 8
High-Speed On-Chip Oscillator Control Register 2 FRV2 Value when shipped 00068h 8
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9.2.1 External Clock Control Register (EXCKCR)
Address 00020h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ XCRCUT | XRCUT |XCINNC1|XCINNCO| CKPT3 | CKPT2 | CKPT1 | CKPTO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bo CKPTO P3—1_ and P4_5 pin Register Setting Pin Function RIW
bl CKPT1 |function select bits CKPTL T CRPTO P31 P45 R/W
0 0 I/O port I/O port
0 1 XIN clock input_ I/O port
(External clock input)
1 0 I/O port System clock output
1 1 XIN XOouT
b2 CKPT2 P4—6_ and P4_7 pin Register Setting Pin Function RIW
b3 CKPT3 |function select bits CKPT3 T CRPT2 3 537 R/W
0 0 I/O port I/O port
0 1 XCIN clock inpgt I/O port
(External clock input)
1 0 XCIN XOUT
1 1 Do not set
b4 XCINNCO | XCIN clock noise bgba' Sampling function disabled R/W
b5 XCINNC1 ?f:cft?;:irentﬁlr:ggbits 01: Sampling f_unction disabled _ RIW
1 0: fHSCK divided-by-4 clock sampling
1 1: fHSCK divided-by-16 clock sampling
b6 XRCUT | XIN-XOUT on-chip | 0: On-chip feedback resistor enabled R/W
feedback resistor 1: On-chip feedback resistor disabled
select bit
b7 XCRCUT | XCIN-XCOUT on- R/W
chip feedback
resistor select bit

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the EXCK CR register.

Bits CKPTO to CKPT1 (P3_1 and P4_5 pin function select bits)

When stopping oscillation with an oscillator attached, set bits CKPTO to CKPTO to 00b and set P3_1 and P4 5
to input ports according to Tables 12.23 and 12.29.
While the high-speed on-chip oscillator clock or the low-speed on-chip oscillator clock is selected as the system
base clock, the system clock can be output from P4_5 by setting bits CKPTO0 to CKPTO to 10b and bits
PA5SEL 1 to PA5SSELO in the PMHA4 register to 00b.

Bits CKPT2 to CKPT3 (P4_6 and P4_7 pin function select bits)

When stopping oscillation with an oscillator attached, set bits CKPT3 to CKPT2 to 00b and set P4 6 and P4 7
to input ports according to Tables 12.30 and 12.31.

When setting bits CKPT3 to CKPT2 to 10b (P4_6: XCIN, P4_7: XCOUT), set the SUBMODE bit in the
SUBCR register to 1 first.

While the XCIN clock oscillates, the X CIN clock divided by 32 (fXCIN32) can be used.
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Bits XCINNCO to XCINNC1
(XCIN clock noise cancel sampling function setting bits)

When fHSCK stops in stop mode, the sampling function is disabled. fHSCK is selected from the XIN clock or
high-speed on-chip oscillator clock by the HSCKSEL bit in the SCKCR register. When enabling the sampling
function, oscillate the selected clock.

XRCUT Bit (XIN-XOUT on-chip feedback resistor select bit)
XCRCUT Bit (XCIN-XCOUT on-chip feedback resistor select bit)

The XRCUT bit is enabled only when bits CKPT3 to CKPTO are 1011b.
When the STPM bit in the CKSTPR register is set to 1 (stop mode), the on-chip feedback resistor is disabled.
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9.2.2 High-Speed/Low-Speed On-Chip Oscillator Control Register (OCOCR)
Address 00021h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — | — [LOCODIS| HOCOE |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 HOCOE | High-speed on-chip oscillator 0: High-speed on-chip oscillator off R/W
oscillation enable bit 1: High-speed on-chip oscillator on
bl LOCODIS | Low-speed on-chip oscillator 0: Low-speed on-chip oscillator on R/W
oscillation stop bit 1: Low-speed on-chip oscillator off
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 —
b5 —
b6 —
b7 —

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCOCR register.

HOCOE Bit (High-speed on-chip oscillator oscillation enable bit)

The high-speed on-chip oscillator clock generated by the high-speed on-chip oscillator is stopped after a reset.
Table 9.4 lists the Register Settings and High-Speed On-Chip Oscillator States. When selecting the high-speed
on-chip oscillator clock as the system base clock, switch the clock according to 9.4.6 Procedure for Switching
System Base Clock.

Table 9.4 Register Settings and High-Speed On-Chip Oscillator States
Register CKSTPR SCKCR CKSTPR OCOCR High-Speed
On-Chip Oscillator
Bit STPM HSCKSEL SCKSEL HOCOE gtate !
0 Other than 11b 0 Oscillation off
Setting 0 Other than 11b 1 Oscillation on
value 0 11b X Oscillation on
1 X X Oscillation off
X:0or1l

LOCODIS Bit (Low-speed on-chip oscillator oscillation stop bit)

Table 9.5 lists the Register Settings and Low-Speed On-Chip Oscillator States. If the XINBAKE bit in the
BAKCR register is 1 (oscillation stop detection function enabled), when the XIN clock is stopped, the low-
speed on-chip oscillator starts operation and supplies the system base clock.

Table 9.5 Register Settings and Low-Speed On-Chip Oscillator States
Register | CSPR WDTC CKSTPR | SCKSEL | CKSTPR OCOCR Low-Speed
-Chi ill
Bit CSPRO | WDTC7 | WDTC6 STPM LSCKSEL | SCKSEL | LOCODIS on-C Ispta(l?sCI ator
0 Other than 11b 0 Other than 00b 0 Oscillation on
0 Other than 11b 0 Other than 00b 1 Oscillation off
Setting 0 Other than 11b 0 0 X Oscillation on
value 0 Other than 11b 1 X X Oscillation off
0 11b X X X Oscillation on
1 X X X X Oscillation on
X:0orl
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9.2.3 System Clock f Control Register (SCKCR)
Address 00022h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [LSCKSEL|HSCKSEL| WAITM | — | —  |PHISSEL2|PHISSEL1|PHISSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PHISSELO | CPU clock division ratio select bits These bits are used to select the division ratio | R/W
bl | PHISSEL1 of the system clock (f) to generate the CPU | R/w
b2 | PHISSEL2 clock (fs). RIW
b2 b1 b0
0 0 0: fs = System clock with no division
0 0 1: fs = System clock divided by 2
0 1 0: fs = System clock divided by 4
01 1: fs = System clock divided by 8
1 0 0: fs = System clock divided by 16
1 0 1: fs = System clock divided by 32
11 0: Do not set.
11 1: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is O. —
b4 —
b5 WAITM | Wait control bit 0: Not in wait mode R/W
1: Wait mode is entered
b6 HSCKSEL | High-speed on-chip oscillator/XIN clock |0: XIN clock R/W
select bit 1: High-speed on-chip oscillator clock
b7 LSCKSEL | Low-speed on-chip oscillator/XCIN clock | 0: Low-speed on-chip oscillator clock R/W
select bit 1: XCIN clock

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the SCKCR register.

Bits PHISSELO to PHISSEL2 (CPU clock division ratio select bits)

Bits PHISSEL 2 to PHISSELO are set to 000b (fs = f1) if the PHISRS bit in the CKRSCR register is 1 (no
division) when the MCU returns from wait mode or stop mode.

WAITM Bit (Wait control bit)

[Condition for setting to 0]

* When a peripheral function interrupt is used to return from wait mode.

[Condition for setting to 1]

* When 1 iswritten to the WAITM bit after the PRCO bit in the PRCR register is set to 1 (write enabled).
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9.2.4  System Clock f Select Register (PHISEL)
Address 00023h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | PHISEL7 | PHISEL6 | PHISEL5 | PHISEL4 | PHISEL3 | PHISEL2 | PHISEL1 | PHISELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function Setting Range | R/IW

b0 to | PHISELO | System clock division | These bits are used to set the division ratio of 00h to FFh R/W
b7 to ratio select bits the system base clock (fBASE) to generate the
PHISEL7 system clock (f) and the A/D converter clock
fAD).
» System clock (f)
f=fBASE/(n + 1)
* Clock for A/D converter (fAD)
fAD = fBASE/(n + 1) .......... when (n + 1) is not
a multiple of 4
fAD = 4 x fBASE/(n + 1) ....when (n + 1) is a
multiple of 4
n: Binary value set by the PHISEL register

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the PHISEL register.
Table 9.6 lists the PHISEL Register Setting Example.

Table 9.6 PHISEL Register Setting Example
Value Set in PHISEL Register (n) System Clock (f) A/D Converter Clock (fAD)

00h fBASE fBASE

01lh Division of fBASE by 2 Division of fBASE by 2
02h Division of fBASE by 3 Division of fBASE by 3
03h Division of fBASE by 4 fBASE

04h Division of fBASE by 5 Division of fBASE by 5
05h Division of fBASE by 6 Division of fBASE by 6
06h Division of fBASE by 7 Division of fBASE by 7
07h Division of fBASE by 8 Division of fBASE by 2
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9.2.5 Clock Stop Control Register (CKSTPR)
Address 00024h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [SCKSEL| — | — | — | — |PSCSTP|WCKSTP| STPM
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 STPM | All clock stop control bit 0: Clocks oscillate R/W
1: All clocks are stopped (stop mode)
bl | WCKSTP | fBASE stop bit in wait mode 0: System clock supplied in wait mode R/W
1: System clock stopped in wait mode
b2 PSCSTP | Prescaler stop bit 0: Prescaler operates R/W
1: Prescaler is stopped
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 SCKSEL | System base clock select bit 0: fLSCK R/W
1: fHSCK

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CKSTPR register.

STPM Bit (All clock stop control bit)

When count source protection mode is enabled or the low-speed on-chip oscillator divided by 16 is selected as
the count source for the watchdog timer, the low-speed on-chip oscillator clock oscillates even if atransitionis
made to stop mode.

WCKSTP Bit (fBASE stop bit in wait mode)
Thishit is used to control supply and stop of the system clock in wait mode.

PSCSTP Bit (Prescaler stop bit)

Setting the PSCSTP bit to 1 stops the prescaler. The peripheral functions that use f2 to 8192 are stopped
operating. However, the values of corresponding registers are retained.

SCKSEL Bit (System base clock select bit)

[Conditions for setting to O]

* When 0 iswritten to this bit.

* When the XIN clock oscillation stopped state is detected and the system clock is switched to fLOCO when the
XIN clock is selected as the system clock and the XINBAKE bit in the BAKCR register is set to 1 (oscillation
stop detection function enabled).

[Conditions for setting to 1]

* When 1 iswritten to this bit.

* When the MCU returns from wait mode when the WAITRS bit in the CKRSCR register is 1 (fHSCK).

* When the MCU returns from stop mode when the STOPRS bit in the CKRSCR register is 1 (fHSCK).
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9.2.6

Symbol | STOPRS | WAITRS | PHISRS |

Clock Control Register When Returning (CKRSCR)
Address 00025h

Bit

b7

b6 b5 b4

b3

b2 bl b0

| CKST3 |

CKST2 | CKST1 | CKSTO

After Reset

0 0 0 0

0

0 0 0

Bit

Symbol

Bit Name

Function

R/W

b0

CKSTO

Clock oscillator circuit oscillation

bl

CKST1

stabilization state select bits

b2

CKST2

b3

CKST3

Number
b3 b2 bl b0
oooo:

0001:
0010:
0011:
0100:
0101:
0110:
0111
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111

of wait states

4
16

32

64

128
256
512
1024
2048
4096
8192
16384
32768
65536
131072
262144

R/W

R/W

R/W

R/W

b4

Nothing is assigned. The write value must be 0.

The read value is 0.

b5

PHISRS

CPU clock division select bit when
returning from wait mode or stop
mode

0: The value set in bits PHISSELO to PHISSEL2 in
the SCKCR register is valid
1: No division

R/W

b6

WAITRS

System base clock select bit when
returning from wait mode

0: Return using the system base clock used
immediately before entering wait mode
1: fHSCK (1, 2)

R/W

b7

STOPRS

System base clock select bit when
returning from stop mode

0: Return using the system base clock used
immediately before entering stop mode
1: fHSCK (1, 2)

R/W

Notes:

1. When the HSCKSEL bit in the SCKCR register is 0 (XIN clock), set pins P4_6 and P4_7 to XIN oscillation by a

program before entering wait mode or stop mode.

2. Set this bit to 0 before entering wait mode or stop mode if the FMR27 bit in the FMR2 register is set to 1 (low
current-consumption read mode enabled).

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CKRSCR register.
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Bits CKSTO to CKST3
(Clock oscillator circuit oscillation stabilization state select bits)

These bits are used to set the oscillation stabilization time of the oscillator circuit for the system base clock
when returning wait mode or stop mode. Set appropriate values according to Table 9.7.

Table 9.7 Oscillation Stabilization Time When Returning Wait Mode or Stop Mode

System Base Clock Stabilization Time Setting Value for Number of Wait States
after Returning (Automatic Generation) (Bits CKSTO to CKST3)
XIN clock XIN clock period x system clock division Contact the oscillator manufacturer.
ratio x number of wait states
XCIN clock XCIN clock period x system clock division | Contact the oscillator manufacturer.

ratio x number of wait states
High-speed on-chip High-speed on-chip oscillator clock period | See Table 24.10 High-Speed On-Chip

oscillator clock x system clock division ratio x number of | Oscillator Circuit Electrical Characteristics.
wait states
Low-speed on-chip Low-speed on-chip oscillator clock period |— (Value setin CKSTO to CKST3 is invalid)
oscillator clock x system clock division ratio x 2 wait
states

When the oscillation stop detection function is disabled, the system base clock used after returning from stop
mode is the XIN clock. The stabilization time generated by the hardware is expressed as follows:
Stabilization time = XIN clock period x System clock division ratio x Number of steps for stabilization

When the oscillation stop detection function is enabled, the system base clock used after returning from stop
mode isthe low-speed on-chip oscillator clock. The stabilization time generated by the hardware is expressed as
follows:

Stabilization time = Low-speed on-chip oscillator clock cycle x System clock division ratio x Number
of steps for stabilization
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9.2.7  Oscillation Stop Detection Register (BAKCR)
Address 00026h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |CKSWIF|XINHALT|CKSWIE |XINBAKE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | XINBAKE | Oscillation stop detection enable bit | 0: Oscillation stop detection function disabled R/W
1: Oscillation stop detection function enabled
bl CKSWIE | Oscillation stop detection interrupt 0: Interrupt disabled R/W
enable bit 1: Interrupt enabled
b2 XINHALT | Clock monitor bit 0: XIN clock oscillating R/W
@ 1: XIN clock halted
b3 CKSWIF | Oscillation stop detection interrupt 0: No oscillation stop detection interrupt requestis | R/IW
flag generated
@ 1: Oscillation stop detection interrupt request is
generated
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —
Note:

1. Bits XINHALT and CKSWIF are enabled when the XINBAKE bit is 1 (oscillation stop detection function enabled).
When the XINHALT bit is 0 (XIN clock oscillating), it indicates that the XIN clock is oscillating. It does not indicate
oscillation is stable.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the BAKCR register.

CKSWIF Bit (Oscillation stop detection interrupt flag)

[Condition for setting to 0]

* When 0 iswritten to this bit.

[Condition for setting to 1]

* When oscillation stop is detected while the XIN clock is selected as the system base clock and the XINBAKE
bit in the BAKCR register is 1 (oscillation stop detection function enabled).
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High-Speed On-Chip Oscillator 18.432 MHz Control Register 0 (FR18S0)

9.2.8
Address 00064h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — | — | — | — | = | — |
After Reset Value when shipped
Bit Function R/W
R/W

b7 to b0 | Frequency adjustment data for 18.432 MHz is stored.
The frequency of the high-speed on-chip oscillator can be adjusted to 18.432 MHz by transferring

this value to the FRV1 register and the adjustment value in the FR18S1 register to the FRV2

register.

High-Speed On-Chip Oscillator 18.432 MHz Control Register 1 (FR18S1)

9.2.9
Address 00065h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — i e = = = =
After Reset Value when shipped
Bit Function R/W
b7 to b0 | Frequency adjustment data for 18.432 MHz is stored. R/W
The frequency of the high-speed on-chip oscillator can be adjusted to 18.432 MHz by transferring
this value to the FRV2 register and the adjustment value in the FR18S0 register to the FRV1
register.
9.2.10 High-Speed On-Chip Oscillator Control Register 1 (FRV1)
Address 00067h
Bit b7 b6 b5 b4 b3 b2 bl b0
smool [ — [ — [ = [ — [ — [ = [ = [ — ]
After Reset Value when shipped
Bit Function R/W
b7 to b0 | The frequency of the high-speed on-chip oscillator can be adjusted by setting as follows: R/W
20 MHz: FRV1 = Value after reset, FRV2 = Value after reset
18.432 MHz: Transfer the value in the FR18S0 register to the FRV1 register and the value in the
FR18S1 register to the FRV2 register.
Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRV 1 register.
9.2.11 High-Speed On-Chip Oscillator Control Register 2 (FRV2)
Address 00068h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symool| — [ — | — [ — | — [ — | — [ — |
After Reset Value when shipped
Bit Function R/W
b7 to b0 | The frequency of the high-speed on-chip oscillator can be adjusted by setting as follows: R/W
20 MHz: FRV1 = Value after reset, FRV2 = Value after reset
18.432 MHz: Transfer the value in the FR18SO0 register to the FRV1 register and the value in the
FR18S1 register to the FRV2 register.
Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the FRV 2 register.
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9.3 Clock Oscillation Circuit

9.3.1 XIN Clock Oscillation Circuit

The XIN clock is supplied by the XIN clock oscillation circuit. This clock is used as the clock source for the
CPU clock and the peripheral function clock. The XIN clock oscillation circuit is configured by connecting an
oscillator between pins XIN and XOUT. The XIN clock oscillation circuit includes an on-chip feedback
resistor, which is disconnected from the oscillation circuit in stop mode to reduce power consumption. To input
an externally generated clock to the XIN pin, set bits P31SEL 1 to P31SELO in the PML3 register to 00b (1/O
port or XIN input) and bits CKPT1 to CKPTO in the EXCKCR register to 01b (XIN clock input).

Figure 9.3 shows the XIN Clock Circuit Connection Examples.

The XIN clock is stopped during and after areset.

The XIN clock starts oscillating when bits P31SEL 1 to P31SELO in the PML3 register are set to 00b, bits
PA5SEL 1 to PA5SEL O in the PMHA4 register are set to 00b, and bits CKPT1 to CKPTO in the EXCKCR register
are set to 11b (P3_1:XIN, P4_5: XOUT). After the XIN clock oscillation stabilizes, when the HSCK SEL hit in
the SCKCR register is set to 0 (XIN clock) and the SCKSEL bit in the CKSTPR register is set to 1 (fHSCK),
the XIN clock is selected to be used as the clock source for the CPU clock and the peripheral function clock.
When the high-speed on-chip oscillator or the low-speed on-chip oscillator is used as the system base clock, the
XIN clock oscillation is stopped by setting bits CKPT1 to CKPTO in the EXCKCR register to 00b. This reduces
power consumption.

The XIN clock is stopped in stop mode. When inputting an externally generated clock to the XIN clock, do not
use stop mode. See 10. Power Control for details.

* When bits P31SEL1 to P31SELO in the PML3
register are 00b, bits P4A5SEL1 to PA5SELO in
the PMH4 register are 00b, and bits CKPT1 to
CKPTO in the EXCKCR register are 11b

* When bits P31SEL1 to P31SELO in the
PML3 register are 00b and bits CKPT1 to
CKPTO in the EXCKCR register are 01b
(P3_1: XIN clock input (external clock

(P3_1: XIN, P4_5: XOUT) input), P4_5: 1/0O port)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XIN XOUT XIN XOUT
Rf @ T T
Rd ® Externally generated clock /O

IDI
1N]
CIN couTt VCC

External ceramic resonator connected circuit External clock input circuit

Note:

1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and the
oscillation drive capacity. Use the values recommended by the oscillator manufacturer. If the manufacturer
specifies that a feedback resistor be added to the chip externally, insert a feedback resistor between XIN
and XOUT following the instructions.

Figure 9.3 XIN Clock Circuit Connection Examples
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9.3.2 XCIN Clock Oscillation Circuit

The XCIN clock is supplied by the XCIN clock oscillation circuit. This clock is used as the clock source for the
CPU clock and the peripheral function clock. The X CIN clock oscillation circuit is configured by connecting an
oscillator between pins XCIN and XCOUT. The XCIN clock oscillation circuit includes an on-chip feedback
resistor, which is not disconnected from the oscillation circuit in stop mode. To input an externally generated
clock to the XCIN pin, set bits PA6SEL 1 to PA6SEL 0 in the PMH4 register are 00b (1/0O port or XCIN input)
and bits CKPT3 to CKPT2 in the EXCKCR register to 01b (XCIN clock input).

Figure 9.4 shows the XCIN Clock Circuit Connection Examples.

The XCIN clock starts oscillating when bits PA6SEL 1 to PA6SEL 0 in the PMH4 register are set to 00b, bits
PA7SEL1 to PA7SELO in the PMHA4 register are set to 00b, and bits CKPT3 to CKPT2 in the EXCKCR register
are set to 10b (P4_6: XIN, P4_7: XOUT). After the XCIN clock oscillation stabilizes, when the LSCKSEL bit
in the SCKCR register is set to 1 (XCIN clock) and the SCKSEL bit in the CKSTPR register is set to 0
(fLSCK), the XCIN clock is selected to be used as the clock source for the CPU clock and the peripheral
function clock.

When the high-speed on-chip oscillator or the low-speed on-chip oscillator is used as the system base clock, the
XCIN clock oscillation is stopped by setting bits CKPT3 to CKPT2 in the EXCKCR register to 00b. This
reduces power consumption.

The XCIN clock is not stopped in stop mode. See 10. Power Control for details

* When bits P46SEL1 to P46SELO in the » When bits P46SEL1 to P46SELO in the PMH4
PMH4 register are 00b, bits P47SEL1 to register are 00b and bits CKPT3 to CKPT2 in
P47SELO in the PMHA4 register are 00b, and the EXCKCR register are 01b (P4_6: XCIN
bits CKPT3 to CKPT2 in the EXCKCR clock input (external clock input), P4_7: 1/O port)
register are 10b (P4_6: XCIN, P4_7: XCOUT)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XCIN XCOUT XCIN XCOUT
Rf @ T T
Rd ® Externally generated clock 110

||:||
1L
CIN CouT VCC

External crystal oscillator connected circuit External clock input circuit

Note:

1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and the
oscillation drive capacity. Use the values recommended by the oscillator manufacturer. If the manufacturer
specifies that a feedback resistor be added to the chip externally, insert a feedback resistor between XCIN
and XCOUT following the instructions.

Figure 9.4 XCIN Clock Circuit Connection Examples
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9.3.3 High-Speed On-Chip Oscillator Clock

The clock generated by the high-speed on-chip oscillator is used as the clock source for the CPU clock and the
peripheral function clock.

After the HOCOE hit in the OCOCR register is set to 1 (high-speed on-chip oscillator on) and the wait time for
oscillation stabilization has elapsed, when the HSCKSEL bit in the SCKCR register is set to 1 (high-speed on-
chip oscillator clock) and the SCKSEL bit in the CKSTPR register is set to 1 (fHSCK), the high-speed on-chip
oscillator clock is the system base clock (fBASE).

Frequency adjustment datais stored in registers FRV 1, FRV2, FR18S0, and FR18S1.

To adjust the frequency of the high-speed on-chip oscillator clock to 18.432 MHz, transfer the adjustment
valuesin registers FR18S0 and FR18SL1 to registers FRV1 and FRV 2 respectively before use.

This enables the setting errors of bit rates such as 9600 bps and 38400 bps to be 0% when the seria interfaceis
used in UART mode. (See Table 18.8 Setting Example for Clock Asynchronous Serial 1/0O Mode (I nternal
Clock Selected)).

9.34 Low-Speed On-Chip Oscillator Clock

The clock generated by the low-speed on-chip oscillator is used as the clock source for the CPU clock and the
peripheral function clock.

After the LOCODIS bit in the OCOCR register is set to 0 (low-speed on-chip oscillator on) and the wait time
for oscillation stabilization has elapsed, when the LSCKSEL bit in the SCKCR register is set to O (low-speed
on-chip oscillator clock) and the SCKSEL bit in the CKSTPR register is set to 0 (fLOCO), the low-speed on-
chip oscillator clock isthe system base clock (fBASE).

After areset, the on-chip oscillator clock (with no division) isthe CPU clock.

The frequency of the on-chip oscillator clock will vary greatly depending on the power supply voltage and
operating ambient temperature. Application products must be designed with sufficient margin to alow for these
variationsin frequency.
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9.4 Clocks

9.4.1 System Base Clock (fBASE)

The system base clock is selected from the XIN clock oscillation circuit, XCIN clock oscillation circuit, high-
speed on-chip oscillator, or low-speed on-chip oscillator to operate the MCU.
After areset, the MCU operates using the on-chip oscillator clock in standard mode.

9.4.2  System Clock (f)

The system clock is obtained by dividing the system base clock by any value from 1 to 256, set by bits
PHISELO to PHISEL7 in the PHISEL register. After areset is cleared, the low-speed on-chip oscillator clock
(no division) is used as the system clock.

9.4.3 CPU Clock (fs)

The CPU clock can be obtained by dividing the system clock by 1 (no division), 2, 4, 8, 16, or 32 for CPU
operation. After areset is cleared, the low-speed on-chip oscillator clock (no division) is used as the system
clock.

944 Various Clocks

Table 9.8 lists the Names and Descriptions of Various Clocks that can be generated in the clock generation
circuit.

Table 9.8 Names and Descriptions of Various Clocks

Clock Name Description

Peripheral function clocks | Clocks for the peripheral functions.

f1 to 8192 These clocks are generated by dividing the system clock. They are used in timer RJ2,
timer RB2, timer RC, timer RK, timer RE2, UARTO, UARTL, IrDA, or the A/D converter.
The peripheral function clocks are stopped when wait mode is entered after the
WCKSTP bit in the CKSTPR register is set to 1 (system clock stopped in wait mode).
fHOCO fHOCO is generated by the high-speed on-chip oscillator, and oscillates when the
HOCOE bit in the OCOCR register is set to 1.

fHOCO is not stopped in wait mode.

fLOCO fLOCO is generated by the low-speed on-chip oscillator, and oscillates when the
LOCODIS bit in the OCOCR register is set to 0.

fLOCO is not stopped in wait mode.

fXCIN fXCIN is generated by the XCIN clock oscillation circuit, and oscillates when bits CKPT3
to CKPT2 in the EXCKCR register are set to 01b (P4_6: XCIN clock input (external clock
input), P4_7: 1/0 port) or 10b (P4_6: XCIN, P4_7: XCOUT).

fXCIN is not stopped in wait mode and stop mode.

fHSCK fHSCK is selected from the XIN clock or high-speed on-chip oscillator clock using the
HSCKSEL bit in the SCKCR register.

fLSCK fLSCK is selected from the XCIN clock or low-speed on-chip oscillator clock using the
LSCKSEL bit in the SCKCR register.

fAD A clock for the A/D converter.

This clock is obtained by dividing the system clock.
fAD is not stopped in wait mode.
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9.4.5 Prescaler

The prescaler isa 13-bit counter that uses the system clock as an input clock. The divided output is used as the
internal clock for the on-chip peripheral functions. The prescaler starts operating when the PSCSTP bit in the
CKSTPR register is set to O (prescaler operates).

The prescaler is stopped when wait mode is entered after the WCKSTP bit in the CKSTPR register isset to 1
(system clock stopped in wait mode). If the clock is switched by the WAITRS bit in the CKRSCR register when
atransition is made from wait mode to standard mode, the prescaler isinitialized. When a transition is made
from stop mode to standard mode, the prescaler isinitialized. The prescaler cannot be read or written.

9.4.6 Procedure for Switching System Base Clock

Figure 9.5 shows the Flowchart for Clock Switching between XIN Clock Oscillation Circuit, XCIN Clock
Oscillation Circuit, Low-Speed On-Chip Oscillator, and High-Speed On-Chip Oscillator.

Operating on the clock used before switching

'

Start the clock to be used after switching

'

1 ]
1 ]
1 1
1 1
1 1
1 ]
] ]
1 1
1 ]
1 ]
1 ]
1 ]
1 1
1 1
1 ]
1 ]
1 1
] ]
i E [1] Start the target clock by a program.
1 1
] ]
] 1
1 ]
1 ]
1 1
] ]
1 1
1 ]
1 ]
! Wait for the clock to stabilize !
1 ]
1 ]
1 ]
1 1
1 ]
] ]
1 ]
1 ]
1 1
1 ]
] ]
1 ]
1 ]
1 1
1 ]
1 1
] ]
] ]
1 1
1 ]
1 ]
] ]
] ]
1 1
] ]
1 ]
] ]
1 ]
1 1
1 ]
1 ]

[2] Assure the wait time for oscillation stabilization
by a program.

'

Set bits HSCKSEL and LSCKSEL
in the SCKCR register

[3] Select fHSCK.
HSCKSEL = 1: High-speed on-chip oscillator clock
HSCKSEL = 0: XIN clock

'

Set the SCKSEL bit in the CKSTPR register

[4] Select fLSCK.
LSCKSEL = 1: Low-speed on-chip oscillator clock
LSCKSEL = 0: XCIN clock

""""""""""""""" i--"""""-""""""' [5] Select the system base clock (fBASE).
e 1 SCKSEL = 1: fHSCK
SCKSEL = 0: fLSCK

Figure 9.5 Flowchart for Clock Switching between XIN Clock Oscillation Circuit, XCIN Clock
Oscillation Circuit, Low-Speed On-Chip Oscillator, and High-Speed On-Chip
Oscillator
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9.4.6.1 Procedure for Switching System Base Clock to High-Speed On-Chip
Oscillator

Figure 9.6 shows the Flowchart for Switching from Low-Speed On-Chip Oscillator to High-Speed On-Chip
Oscillator Clock.

Operating on the low-speed on-chip oscillator clock

4 N\

Start (reset)

v

[1] When the HOCOE bit is set to 1 (high-speed
on-chip oscillator on), the high-speed on-chip
oscillator starts oscillating.

Set the HOCOE bit
in the OCOCR register to 1

- J
4 + N\

stabilize by a program.
- J
~ + N

[3] When the HSCKSEL bit is set to 1 (high-speed
on-chip oscillator clock), fHSCK is switched
from the XIN clock to the high-speed on-chip
clock.

Set the HSCKSEL bit
in the SCKCR register to 1

v

Set the SCKSEL bit
in the CKSTPR register to 1

[4] When the SCKSEL is set to 1 (fHSCK), fBASE
is switched from fLOCO to fHSCK.

1 ]
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
] 1
] 1
1 ]
] 1
] ]
] 1
] 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! Wait for the high-speed on-chip oscillator to ! [2] Assure the wait time for oscillation stabilization
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
] ]
1 1
1 ]
] 1
] 1
] 1
] 1
] 1
] 1
] 1
] ]
] ]
] ]
] ]
] ]
] ]
] ]
] 1
1 1
1 1
1 1
1 1

oscillator clock

[}
i !
1 )
1 )
! i
' Operating on the high-speed on-chip i
]
i i
! 1
! 1
! 1
1

Figure 9.6 Flowchart for Switching from Low-Speed On-Chip Oscillator to High-Speed On-Chip
Oscillator Clock
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9.4.6.2 Procedure for Switching System Base Clock to XIN Clock
Figure 9.7 shows the Flowchart for Switching from Low-Speed On-Chip Oscillator to XIN Clock.

'd N
Start (reset)

& J

4 + 1

Set bits P31SEL1 to P31SELO in the PML3

register to 00b, bits PA5SEL1 to P45SELO in

the PMH4 register to 00b, and bits CKPT1 to
CKPTO in the EXCKCR register to 11b

'

Wait for the XIN clock to stabilize

'

Set the SCKSEL bit
in the CKSTPR register to 1

[1] The XIN clock starts oscillating.

[2] Assure the wait time for oscillation stabilization
by a program.

[3] When the SCKSEL bit is set to 1 (fHSCK),
fBASE is switched from fLSCK to fHSCK.

Figure 9.7 Flowchart for Switching from Low-Speed On-Chip Oscillator to XIN Clock
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9.5 Oscillation Stop Detection Function

The oscillation stop detection function is used to detect whether the XIN clock oscillation is stopped.

Whether this function is enabled can be selected by the XINBAKE bit in the BAKCR register. To enable the

oscillation stop detection function, set the LSCKSEL bit in the SCKCR register to 0 (low-speed on-chip oscillator).

Table 9.9 lists the Oscillation Stop Detection Function Specifications.

When the XIN clock is selected as the system base clock and bits CKSWIE to XINBAKE in the BAKCR register

are set to 11b (interrupt request enabled, oscillation stop detection function enabled), if the XIN clock is stopped,

the states will change as follows:

* The low-speed on-chip oscillator oscillates. However, the value in the LOCODI S bit in the OCOCR register does
not change.

» The SCKSEL bit in the CKSTPR register = 0 (fLSCK)

» The XINHALT hit in the BAKCR register = 0 (external XIN clock halted)

» An oscillation stop detection interrupt is generated.

Table 9.9 Oscillation Stop Detection Function Specifications
Item Specification
Clock frequency range for oscillation stop detection f(XIN) > 2 MHz

Condition for enabling the oscillation stop detection function | Set bits CKSWIE through XINBAKE to 11b (interrupt
request enabled, oscillation stop detection function
enabled).

Operation at oscillation stop detection An oscillation stop detection interrupt is generated.

9.5.1 How to Use Oscillation Stop Detection Function

* The oscillation stop detection interrupt shares a vector with the watchdog timer and voltage monitor 1
interrupts. To use both the oscillation stop detection and watchdog timer interrupts, the interrupt source needs
to be determined. See 11.8 How to Determine Interrupt Sour ces for how to determine interrupt sources.

« When the XIN clock starts oscillating after oscillation is stopped, switch the XIN clock to the clock source for
the CPU clock and the peripheral functions by a program.

Figure 9.7 shows the Flowchart for Switching from Low-Speed On-Chip Oscillator to XIN Clock.

 The oscillation stop detection function can stop the XIN clock by an external cause. In that case, set bits
CKSWIE to XINBAKE in the BAKCR register to 00b (interrupt request disabled, oscillation stop detection
function disabled) to stop or oscillate the XIN clock by a program (to select stop mode or change bits CKPTO
to CKPT1 inthe EXCKCR register).

* Thisfunction cannot be used when the XIN clock frequency isbelow 2 MHz. In this case, set bits CKSWIE to
XINBAKE in the BAKCR register to 00b (interrupt request disabled, oscillation stop detection function
disabled).

« After the oscillation stop is detected, the low-speed on-chip oscillator is used as the clock source for the CPU
clock and the peripheral functions. To reduce power consumption, the low-speed on-chip oscillator can be set
to stop while the oscillation stop detection function is enabled. In that case, allow the low-speed on-chip
oscillator to automatically oscillate when the stop of the XIN clock is detected, then switch the system clock
after the wait time for oscillation stabilization.
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9.6 Notes on Clock Generation Circuit

9.6.1  Oscillation Stop Detection Function

The oscillation stop detection function cannot be used when the XIN clock frequency is below 2 MHz, so set
bits CKSWIE to XINBAKE inthe BAKCR register to 00b (interrupt request disabled, oscillation stop detection
function disabled).

9.6.2  Oscillation Circuit Constants
Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.
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10. Power Control
Power control refers to controlling power consumption by selecting or stopping the CPU clock and the peripheral
function clocks.

10.1 Overview

There are three power control modes. Standard operating mode is further divided into four modes depending on the
system base clock (fBASE).

Table 10.1  Types of Modes

Item Description
Standard operating mode The CPU and the peripheral functions operate.
High-speed clock mode System base clock (fBASE) | XIN clock
Low-speed clock mode XCIN clock
High-speed on-chip oscillator mode High-speed on-chip oscillator clock
Low-speed on-chip oscillator mode Low-speed on-chip oscillator clock
Wait mode The CPU is stopped and the peripheral functions operate.
Stop mode The CPU and the peripheral functions are stopped, and power consumption
is lowest.
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Figure 10.1 shows the Power Control State Transition Diagram.
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HSCKSEL =0 Low-speed on-chip oscillator mode
SCKSEL=1 System base clock = fLOCO
HSCKSEL=0o0r1
o LSCKSEL =0
LOCODIS =0 \_ SCKSEL=0
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SCKSEL=0 LOCODIS =1 CKPT3 to CKPT2 =
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LSCKSEL =0
CKPT3 to CKPT2 = 10b or 01b
LSCKSEL =0
SCKSEL =1
\ Y
High-speed clock mode \—> Low-speed clock mode
System base clock = fXIN CKPT1 to CKPTO System base clock = fXCIN
HSCKSEL =0 =11bor01b HSCKSEL =0or 1
LSCKSEL =0o0r 1 HSCKSEL =0 LSCKSEL =1
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SCKSEL =0 SCKSEL=1
HOCOE =1 Y
HSCKSEL =1 .| High-speed on-chip oscillator mode
= System base clock = fHOCO
HSCKSEL =1
LSCKSEL=0o0r1
SCKSEL =1
CKPT1 to CKPTO = 11b or 01b \
\ HSCKSEL =0
A (1) WAIT instruction A
(2) WAITM =1 STPM =1
Interrupt Interrupt
\ \
( Wait mode ) ( Stop mode ’
WAITM, HSCKSEL, LSCKSEL: Bits in SCKCR register
STPM, SCKSEL: Bits in CKSTPR register

P HSCKSEL =1
SCKSEL=1

Figure 10.1

Power Control State Transition Diagram
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10.2

Standard Operating Mode

In standard operating mode, the system clock is supplied to operate the CPU and the peripheral functions. Power
consumption control isimplemented by controlling the frequency of the system clock or CPU clock.

The higher the CPU clock frequency, the higher processing power. The lower the CPU clock freguency, the lower
the power consumption. Stopping unnecessary oscillation circuits will further reduce power consumption.

When the clock sources for the CPU clock are switched, the new clock needs to be oscillating and stable. Assure

the wait time for the new clock oscillation to stabilize by a program before switching the clocks.

Table 10.2 lists the Register Settingsin Standard Operating Mode.

Mar 07, 2012

Table 10.2 Register Settings in Standard Operating Mode
Register OCOCR SCKCR CKSTPR EXCKCR
Bit HOCOE | LOCODIS | HSCKSEL | LSCKSEL | SCKSEL | CKPT3 | CKPT2 | CKPT1 | CKPTO
Mode Contgnt to (;géﬁlc;toe/ Oﬂs_glf;l% / XIN/ XCIN/ fLSCK/ P4._6 and Ff4_7 P3._1 and I?4_5
be Switched fHOCO fLOCO fHSCK Pin Function Pin Function
Stop Stop
High-speed clock L o 0 L 1 o L 1 1
mode (XIN) (FHSCK)
Low-speed clock L . L 1 0 1 0 . L
mode (XCIN) | (fLSCK)
High-speed on-chip 1 . 1 L 1 o L . L
oscillator mode (oscillate) (fHOCO) (FHSCK)
Low-speed on-chip L 0 . 0 0 . L o o
oscillator mode (oscillate) (fLOCO) | (fLSCK)
—: Indicates that either 0 or 1 can be set.
The setting in () is selected.
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10.2.1 High-Speed Clock Mode

When the HSCK SEL bit in the SCKCR register is 0 (XIN clock) and the SCKSEL bit in the CKSTPR register
is1 (fHSCK), the XIN clock is used as the system base clock (fBASE). At this time, the system clock is
obtained by dividing the XIN clock by any value from 1 (no division) to 256. The CPU clock is obtained by
dividing the system clock by 1 (no division), 2, 4, 8, 16, or 32. Also, the peripheral function clock is obtained by
dividing the system clock with the prescaler. In addition, fLOCO when the LOCODIS bit is O (low-speed on-
chip oscillator on).

10.2.2 Low-Speed Clock Mode

When the LSCKSEL bit in the SCKCR register is 1 (XCIN clock) and the SCKSEL bit in the CKSTPR register
is 0 (fLSCK), the XCIN clock is used as the system base clock (FBASE). At this time, the system clock is
obtained by dividing the XCIN clock by any value from 1 (no division) to 256. The CPU clock is obtained by
dividing the system clock by 1 (no division), 2, 4, 8, 16, or 32. Also, the peripheral function clock is obtained by
dividing the system clock with the prescaler. In addition, fHOCO can be used as the peripheral function clock
when the HOCOE hit in the OCOCR register is 1 (high-speed on-chip oscillator on).

In this mode, low-power operation can be enabled by stopping the XIN clock and the high-speed on-chip
oscillator and setting the FMR27 bit in the FMR2 register to 1 (Ilow-current-consumption read mode enabled).
Furthermore, if wait mode is entered from this mode, power consumption in wait mode can be reduced even
further by setting the VCAZ2 register LPE bit to 1 (Ilow-power-consumption wait mode enabled).

For details on how to reduce power consumption, see 10.5 Reducing Power Consumption.

10.2.3 High-Speed On-Chip Oscillator Mode

When the HOCOE hit in the OCOCR register is 1 (high-speed on-chip oscillator on), the HSCKSEL bit in the
SCKCR register is 1 (high-speed on-chip oscillator clock), and the SCKSEL bit in the CKSTPR register is 1
(FHSCK), the high-speed on-chip oscillator clock is used as the system base clock (fBASE). At thistime, the
system clock is obtained by dividing the high-speed on-chip oscillator clock by any value from 1 (no division)
to 256. The CPU clock is obtained by dividing the system clock by 1 (no division), 2, 4, 8, 16, or 32. Also, the
peripheral function clock is obtained by dividing the system clock with the prescaler. In addition, fHOCO can
be used as the peripheral function clock when the HOCOE bit is 1 (high-speed on-chip oscillator on), and
fLOCO when the LOCODIS bit is O (low-speed on-chip oscillator on).

10.2.4 Low-Speed On-Chip Oscillator Mode

When the LOCODI S hit in the OCOCR register is 0 (low-speed on-chip oscillator on), the LSCKSEL bit in the
SCKCR register is 0 (low-speed on-chip oscillator), and the SCKSEL bit in the CKSTPR register is 0 (fLSCK),
the low-speed on-chip oscillator clock is used as the system base clock (fBASE). At thistime, the system clock
is obtained by dividing the low-speed on-chip oscillator clock by any value from 1 (no division) to 256. The
CPU clock is obtained by dividing the system clock by 1 (no division), 2, 4, 8, 16, or 32. Also, the peripheral
function clock is obtained by dividing the system clock with the prescaler. In addition, fHOCO can be used as
the peripheral function clock when the HOCOE bit in the OCOCR register is 1 (high-speed on-chip oscillator
on), and fLOCO when the LOCODI S bit is O (low-speed on-chip oscillator on).

In this mode, low-power operation can be enabled by stopping the XIN clock and the high-speed on-chip
oscillator and setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode enabled).
Furthermore, if wait mode is entered from this mode, power consumption in wait mode can be reduced even
further by setting the VCA2 register LPE bit to 1 (low-power-consumption wait mode enabled).

For details on how to reduce power consumption, see 10.5 Reducing Power Consumption.
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10.3 Wait Mode

The watchdog timer when count source protection mode is disabled and the CPU clock is used is stopped. The XIN
clock, the XCIN clock, and the high-speed/low-speed on-chip oscillator clock are not stopped, so the peripheral
functions that use these clocks continue operating. The system clock and the peripheral function clock can be
stopped with WCK STP bit in the CKSTPR register. At thistime, the peripheral functions that use the system clock
and a divided system clock generated by the prescaler are stopped.

10.3.1 Peripheral Function Clock Stop Function

When the WCKSTP bit in the CKSTPR register is 1 (peripheral function clock stopped in wait mode), the
system clock and the prescaler are stopped in wait mode to reduce power consumption. At this time, the
peripheral functions that use the system clock and a divided system clock generated by the prescaler are

stopped.

10.3.2 Entering Wait Mode
Wait mode is entered when the WAIT instruction is executed or the WAITM bit in the SCKCR register is set to
1 (wait modeis entered).

10.3.3 Pin States in Wait Mode
The /O ports retain the states immediately before wait mode is entered.
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10.3.4 Returning from Wait Mode

A reset or aperipheral function interrupt is used to return from wait mode.

Peripheral function interrupts are affected by the WCKSTP hit in the CKSTPR register. When the WCK STP bit
is 0 (system clock is supplied in wait mode), the peripheral function interrupts can be used to return from wait
mode. When the WCKSTP bit is 1 (system clock is stopped in wait mode), the peripheral functions that use the
peripheral function clock are stopped. Only the peripheral function interrupts that operate using external
signals, fAD, the high-speed on-chip oscillator clock, or the low-speed on-chip clock (oscillation of each
oscillator is necessary) can be used to return from wait mode.

Table 10.3 lists the Interrupts Used to Return from Wait Mode and Usage Conditions.

Table 10.3 Interrupts Used to Return from Wait Mode and Usage Conditions

CKSTPR Register
When WCKSTP Bit=0 When WCKSTP Bit =1

Interrupt

the count source.

Oscillation stop detection interrupt | Usable Not usable.

INTO to INT3 interrupts Usable Usable without a filter.
Key input interrupt Usable Usable

Periodic timer interrupt Usable when fLOCO/16 is selected as | Not usable.

Timer RJ2 interrupt

Usable in all modes.

» Usable without a filter in event counter
mode.

» Usable when fHOCO, fXCIN, or
fXCIN32 is selected as the count
source.

Timer RB2 interrupt

Usable in all modes.

» Usable when timer RJ2 is used
without a filter in event counter mode,
and timer RJ2 underflow is selected
as the count source for timer RB2.

» Usable when fHOCO, fXCIN, or
fXCIN32 is selected as the count
source for timer RJ2, and timer RJ2
underflow is selected as the count
source for timer RB2.

Timer RC interrupt

Usable in all modes.

Not usable.

Timer RK interrupt Usable Usable when fHOCO is selected as the
count source.
Timer RE2 interrupt Usable Usable when fXCIN is selected as the

count source.

Serial interface interrupt

Usable with an internal clock or
external clock supplied.

Usable with an external clock supplied.

A/D conversion interrupt Usable Usable when the flash memory
operates and fAD is selected as the
A/D conversion clock.

Voltage monitor 1 interrupt Usable Usable

Comparator B1 interrupt Usable Usable without a filter.

Comparator B3 interrupt Usable Usable without a filter.

Figure 10.2 shows the Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is

Executed.

When a peripheral function interrupt is used to return from wait mode, the following items must be set before

executing the WAIT instruction:

(1) Set theinterrupt priority level in bits ILVLiO to ILVLi1 or bits ILVLi4 to ILVLi5 in the interrupt priority
level registers for the peripheral function interrupts that are used to return from wait mode. Also, set 00b
(level O (interrupt disabled)) in bits ILVLi1 to ILVLiO or bits ILVLi5 to ILVLi4 for the periphera function
interrupts that are not to be used to return from wait mode.

(2) Setthel flag to 1 (maskable interrupts enabled).

(3) Operate the peripheral functions to be used to return from wait mode.
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The system base clock when returning from wait mode by a peripheral interrupt isthe clock set by the WAITRS
bit in the CKRSCR register. At this time, bits PHISSELO to PHISSEL 2 in the SCKCR register and the
SCKSEL hit in the CKSTPR register are automatically changed according to bits PHISRS and WAITRS.

If the system base clock when returning is different from the clock used immediately before entering wait
mode, a period until the clock supply (oscillation stabilization time) is generated automatically. If the system
base clock when returning is the high-speed on-chip oscillator clock, oscillation is started when an interrupt
reguest is generated. If the system base clock isthe XIN clock, set pins P3_1 and P4_5 to XIN oscillation by a
program to start oscillation before entering wait mode.

Depending on the clock to be used, set appropriate values for oscillation stabilization time using bits CKSTO to
CKST3in the CKRSCR register. It is unnecessary to generate a wait time by a program. When returning from
wait mode using the same clock as the one used immediately before entering the mode, no oscillation

stabilization time is generated.

FMRO FMR1 VCA2 Internal Time until Clock Time until | Time for
Register | Register Register Power | Flash Memory | Stabilization | CPU Clock | Interrupt Remarks
EMSTP | WTEMSTP ) Stabilization | Activation Time Supply | Sequence
Bit Bit LPEBIt | Time (TO) (T1) (T2) (T3) (T4)
0
(low-power-
1 consumption Opus
0 (flash wait mode
(flash memory disabled) 60 is (max.)
memory | is stopped 1 K ’ Set by bit
operates) inwait | (low-power- et Dy bits
mode) |consumption| 100 HS CKSTO to
it mod (max.) CKST3 in the
o B?Ode CKRSCR The total on
enabled) register if the the left
(Iow-;)ower- swcitlgrfléz e\jvrr?en CPU clock | CPU clock | amounts to
consumption 0 s returning from pe:od pe:od th\;;:{nniofg%m
1 wait mode wait mode ) :
(flash disabled) 2 cycles | 20 cycles |until execution
as i
memory - 1 0 if the clocks of a}r;l:?itr:eérupt
is stopped) . . — are not '
(low power 100 ps (Flash switched when
consumption ) )
. (max.) memory is not | returning from
wait mode activated) wait mode
enabled)
0
(low-power-
0 consumption Opus
0 (flash wait mode
(flash memory | disabled)
memory operates 1
operates) in wait - - .
mode) (low power Setting
consumption — S
wait mode prohibited
enabled)
TO _ T1 _ T2 _ T3 _ T4 _
Igtoevrvr;e:l Flash memory Clock CPU clock Interrunt
Wait mode Stabilization activation stabilization restart se uenFc)e
) sequence time sequence q
Time
Interrupt request is generated
Figure 10.2  Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is

Executed
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Figure 10.3 shows the Time from Wait Mode to First Instruction Execution after Exit after WAITM Bit in

SCKCR Register is Set to 1 (Wait Mode is Entered).

When a peripheral function interrupt is used to return from wait mode, the following items must be set before

setting the WAITM bit to 1:

(1) Setthel flagto O (maskableinterrupt disabled).

(2) Set theinterrupt priority level in bits ILVLiO to ILVLi1 or bits ILVLi4 to ILVLi5 in the interrupt priority
level registers for the peripheral function interrupts that are used to return from wait mode. Also, set 00b
(level O (interrupt disabled)) in bits ILVLi1 to ILVLiO or bits ILVLi5 to ILVLi4 for the periphera function
interrupts that are not to be used to return from wait mode.

(3) Operate the peripheral functions to be used to return from wait mode.

After the MCU exits from wait mode without executing any interrupt for external interrupts (INTO to INT3 and

KI0 to K13), bits IRIO to IRI3 and IRK| (external interrupt request flags) in the IRR3 register are not

automatically, set to 0. Set these bitsto O by a program.

The system base clock when returning from wait mode by a peripheral interrupt isthe clock set by the WAITRS

bit in the CKRSCR register. At this time, bits PHISSELO to PHISSEL 2 in the SCKCR register and the

SCKSEL hit in the CKSTPR register are automatically changed according to bits PHISRS and WAITRS.

If the system base clock when returning is different from the clock used immediately before entering wait

mode, a period until the clock supply (oscillation stabilization time) is generated automatically. If the system

base clock when returning is the high-speed on-chip oscillator clock, oscillation is started when an interrupt

reguest is generated. If the system base clock isthe XIN clock, set pins P3_1 and P4_5 to XIN oscillation by a

program to start oscillation before entering wait mode.

Depending on the clock to be used, set appropriate values for oscillation stabilization time using bits CKSTO to

CKST3in the CKRSCR register. It is unnecessary to generate a wait time by a program. When returning from

wait mode using the same clock as the one used immediately before entering the mode, no oscillation

stabilization time is generated.
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FMRO FMR1 VCA2 Internal Time until Clock Time until
Register | Register Register Power |Flash Memory | Stabilization | CPU Clock
S o ) Remarks
FMSTP | WTEMSTP LPE Bit Stabilization |~ Activation Time Supply
Bit Bit ! Time (T0) (T1) (T2) (T3)
0
(low-power-
1 consumption Ous
0 (flash wait mode
disabled
(flash “memory ) 60 s (max)
memory | is stopped 1 Set by bit
operates in wait . . €t Dy bits
P ) mode) C((')on"‘s’upn‘:""tgn 100 ps CKSTO to
oUmp (max.) CKST3 in the
wait mode CKRSCR
enabled) register if the The total on
the left
0 clocks are
: CPU clock | amounts to
(low-power- switched when . -
- . period the time from
consumption 0 us returning from 9 wait mode
1 W?'t mode wait mode 2 cycles | until execution
(flash disabled) . of an interrupt
memor - 0 if the clocks -
) Yd) 1 are ot routine.
is stoppe . - -
(:(:)Onv;upn?vvt?(:n 100 ps (Flash switched when
wait mgde (max.) memory is not | returning from
enabled) activated) wait mode
0
(low-power-
0 consumption Ous
0 (flash wait mode
(flash memory | disabled)
memory operates 1
operates) in wait - _ )
mode) (low power Setting
consumption — L
” prohibited
wait mode
enabled)
TO L T1 C T2 C T3 C
Internal Flash memory Clock CPU clock
. Power R .
Wait mode S activation stabilization restart
Stabilization )
- sequence time sequence
Time
Interrupt request is generated
Figure 10.3 Time from Wait Mode to First Instruction Execution after Exit after WAITM Bit in

SCKCR Register is Set to 1 (Wait Mode is Entered)
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10.4 Stop Mode

All oscillations except the XCIN clock are stopped in stop mode. Thus, the CPU clock and the peripheral function
clocks (except the XCIN clock) are stopped, and the CPU and the peripheral functions (except the functions with
the XCIN clock selected) that operate using these clocks are stopped. However, when the low-speed on-chip
oscillator is selected as the count source for the watchdog timer (in count source protection mode or when bits
WDTC7 to WDTC6 inthe WDTC register are set to 11b (division of low-speed on-chip oscillator by 16)), the low-
speed on-chip oscillator oscillates. To stop the XCIN clock in stop mode, set bits CKPT3 to CKPT2 in the
EXCKCR register to 00b (P4_6: 1/O port, P4_7: 1/O port) and then enter stop mode.

Power consumption is lowest compared to other modes. When the voltage applied to the VCC pinis VRAM or
above, the content of the internal RAM is retained.

10.4.1 Entering Stop Mode

Stop mode is entered when the STPM bit in the CKSTPR register is set to 1 (all clocks are stopped (stop
mode)).

10.4.2 Pin States in Stop Mode

The /O ports retain the states immediately before the MCU enters stop mode.

When bits CKPT1 to CKPTO in the EXCKCR register are 11b (P3_1: XIN, P4_5: XOUT), pins XIN (P3_1)
and XOUT (P4_5) become high impedance in the stop mode. When bits CKPT1 to CKPTO in the EXCKCR
register are 01b (P3_1: XIN clock input (external clock input), P4 _5: I/O port), do not make atransition to stop
mode.

10.4.3 Returning from Stop Mode

A reset or a peripheral function interrupt is used to return from stop mode.
Table 10.4 lists the Interrupts Used to Return from Stop Mode and Usage Conditions.

Table 10.4 Interrupts Used to Return from Stop Mode and Usage Conditions

Interrupt Usage Condition
INTO to INT3 interrupts Usable without a filter.
Key input interrupt Usable
Timer RJ2 interrupt » Usable when an external pulse is counted without a filter in event counter mode.
» Usable when fXCIN or fXCIN32 is selected as the count source.
Timer RB2 interrupt » Usable when timer RJ2 is used without a filter in event counter mode and timer RJ2

underflow is selected as the count source for timer RB2.
* Usable when fXCIN or fXCIN32 is selected as the count source for timer RJ2, and
timer RJ2 underflow is selected as the count source for timer RB2.

Timer RE2 interrupt Usable when fXCIN is selected as the count source.
Serial interface interrupt Usable with an external clock or fXCIN supplied.
Voltage monitor 1 interrupt | Usable in digital filter disabled mode (when the VW1C1 bit in the VW1C register is 1).
Comparator B1 interrupt Usable without a filter.
Comparator B3 interrupt Usable without a filter.
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Figure 10.4 shows the Sequence from Stop Mode to Interrupt Routine Execution.
When a peripheral function interrupt is used to return from stop mode, the following items must be set before
setting the STPM bit in the CKSTPR register to 1 (all clocks are stopped (stop mode)):

@

Set the interrupt priority level in bits ILVLiO to ILVLil or bits ILVLi4 to ILVLI5 in the interrupt priority

level registers for the peripheral function interrupts that are used to return from stop mode. Also, set 00b
(level O (interrupt disabled)) in bits ILVLi1 to ILVLiO or bits ILVLi5 to ILVLi4 for the periphera function
interrupts that are not to be used to return from stop mode.

2
©)

Set the | flag to 1 (maskable interrupt enabled).
Operate the peripheral function to be used to return from stop mode.

The system base clock when returning from stop mode by a peripheral interrupt is the clock set by the STOPRS
bit in the CKRSCR register. At this time, bits PHISSELO to PHISSEL 2 in the SCKCR register and the
SCKSEL hit in the CKSTPR register are automatically changed according to bits PHISRS and STOPRS.

When an interrupt is generated, oscillation is started, and a period until the clock supply (oscillation
stabilization time) is generated automatically. If the system base clock when returning isthe XIN clock, set pins
P3 1 and P4 5to XIN oscillation by a program before entering stop mode.
Depending on the clock to be used, set appropriate values for oscillation stabilization time using bits CKSTO to
CKST3 in the CKRSCR register. It is unnecessary to generate await time by a program.

FMRO Register

Internal Power

Time until Flash

Clock Stabilization

Time until CPU

Time for Interrupt

Stabilization | Memory Activation . Remarks
EMSTP bit Time (T0) (T1) Time (T2) Clock Supply (T3)| Sequence (T4)
0
(flash memory | 100 ps (max.) 60 ps (max.)
operates) The total on
the left
Set by bits CKSTO | CPU clock period | CPU clock period |  2MOUNts t©
: the time from
to CKST3 in the x x stop mode to
CKRSCR register 2 cycles 20 cycles p mc
execution of
an interrupt
1 — routine.
(flash memory | 100 ps (max.) [ (Flash memory is
is stopped) not activated)
TO T1 T2 T3 T4
Interng_l quer Flash memory Clock stabilization CPU clock Interrupt
Stop mode Stabilization L .
Time activation sequence time restart sequence sequence

Interrupt request is generated

Figure 10.4

Sequence from Stop Mode to Interrupt Routine Execution
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10.5 Reducing Power Consumption

The following describes key points and processing methods for reducing power consumption. They should be
referred to when designing a system or creating a program.

10.5.1 Voltage Detection Circuit

When voltage monitor 1 is not used, set the VCI1E bit in the VCA2 register to 0 (voltage detection 1 circuit
disabled). When power-on reset or voltage monitor O reset is not used, set the VCOE bit in the VCAZ2 register to
0 (voltage detection O circuit disabled).

10.5.2 Ports

Even after entering wait mode or stop mode, the states of the I/O ports are retained. Current flows into the
output ports in the active state. Shoot-through current flows into the input ports in the high-impedance state.
Unnecessary ports should be set to input and fixed to a stable electric potential before entering wait mode or
stop mode.

10.5.3 Clocks

Power consumption generally depends on the number of the operating clocks and their frequencies. The fewer
the number of operating clocks or the lower their frequencies, the more power consumption decreases.
Unnecessary clocks should be stopped accordingly.

Stopping low-speed on-chip oscillator oscillation: LOCODIS bit in OCOCR register

Stopping high-speed on-chip oscillator oscillation: HOCOE bit in OCOCR register

10.5.4 Wait Mode and Stop Mode
Power consumption can be reduced in wait mode and stop mode.

10.5.5 Stopping Peripheral Function Clocks

If the peripheral function clocks f1 to 8192 are not necessary, set the PSCSTP bit in the CKSTPR register to 1
to stop these peripheral function clocks. If the peripheral function clocks f1 to 8192 are not necessary in wait
mode, set the WCKSTP bit in the CKSTPR register to 1 to stop the system clock in wait mode.

10.5.6 Timers

When timer RJ2 is not used, set the TCKCUT bit in the TRIMR register to 1 (count source cutoff). Or set the
MSTTRJbit in the MSTCR register to 1 (standby).

When timer RB2 is not used, set the TCKCUT bit in the TRBMR register to 1 (count source cutoff). Or set the
MSTTRB bit in the MSTCR register to 1 (standby).

When timer RC is not used, set the MSTTRC bhit in the MSTCR register to 1 (standby).

When timer RK is not used, set the MSTTMRK bit in the MSTCRL register to 1 (standby).

When timer RE2 is not used, set the MSTTRE bit in the MSTCR register to 1 (standby).

10.5.7 Serial Interface (UARTO/UART1)

When the serial interface (UARTO) is not used, set the MSTUARTO bit in the MSTCR register to 1 (standby).
When the serial interface (UART1) is not used, set the MSTUART1 bit in the MSTCR register to 1 (standby).

10.5.8 A/D Converter
When the A/D converter is not used, set the MSTAD bit in the MSTCR register to 1 (standby).

10.5.9 Infrared Data Association (IrDA) Interface

When the infrared data association (IrDA) interface is not used, set the MSTIRDA hit in the MSTCR1 register
to 1 (standby).
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10.5.10 Reducing Internal Power Consumption

When entering wait mode using low-speed clock mode or low-speed on-chip oscillator mode, internal power
consumption can be reduced using the LPE bit in the VCAZ2 register. To enable low internal power consumption
using the LPE bit, follow Figure 10.5 Procedure for Reducing I nternal Power Consumption by Using L PE

Bit.
Return from wait mode
by an interrupt (Note 1, 2)
Procedure for reducing internal power In the interrunt routine
consumption enabled by the LPE bit P
Step (1) Enter low-speed clock mode or LPE <0
P low-speed on-chip oscillator mode Step (7) (low-power-consumption wait mode disabled) ®
p (When returning from wait mode, the MCU is
¢ automatically set as above)
Stop the XIN clock and ¢
Step (2) high-speed on-chip oscillator clock
Step (8) Start the XIN clock or
¢ p high-speed on-chip oscillator clock o
If it is necessary to
Step (3) WTFMSTP « 1 ¢ start the high-speed
P (flash memory is stopped in wait mode) © clock or high-speed
Step (9) (Wait until the XIN clock or high-speed on-chip on-chip oscillator in
¢ P oscillator clock oscillation stabilizes) the interrupt
PE< 1 ¢ routine, execute
« steps (8) and (9) in
Step (4) (low-power-consumption wait mode enabled) “:% theprot(lti)ne. ©)
Enter high-speed clock mode or
¢ Step (10) high-speed on-chip oscillator mode
Step (5) Enter wait mode © ¢
Interrupt handling
v v
LPE « 0 Enter low-speed clock mode or
Step (6) (low-power-consumption wait mode disabled) ®) Step (1) low-speed on-chip oscillator mode )
If the high-speed
¢ ¢ clock or high-speed
on-chip oscillator
Step (7) WTFMSTP « 0 Step (2) Stop the XIN clock and starts in the
p (flash memory operates in wait mode) p high-speed on-chip oscillator clock interrupt routine,
execute steps (1) to
¢ ¢ (3) at the end of the
Start the XIN clock LPE « 1 foutine.
art the clock or «
Step (8) high-speed on-chip oscillator clock Step (3) (low-power-consumption wait mode enabled) * 5
(Wait until the XIN clock or high-speed on-chip )
Step (9) oscillator clock oscillation stabilizes) Interrupt handling completed
Enter high-speed clock mode or
Step (10) high-speed on-chip oscillator mode
LPE: Bit in VCAZ2 register
WTFMSTP: Bit in FMR1 register
Notes:
1. Execute this routine for all interrupt processing that occurs in wait mode.
However, this is not required if it is not necessary to start the high-speed clock or high-speed on-chip oscillator in the interrupt routine.
2. When a maskable interrupt request is generated in wait mode set by the WAITM bit in the SCKCR register, interrupt handling is not performed
but execution is resumed immediately after the instruction used to set the WAITM bit to 1. See 10.3 Wait Mode for returning from wait mode.
3. When the FMSTP bit in the FMRO register is 1 (flash memory is stopped), the WTFMSTP bit is disabled. This setting is not required.
4. Do not write 0 to the LPE bit with the instruction immediately after 1 is written to the LPE bit. Sequential writes in the opposite order are also
not allowed.
5. When the LPE bit is 1, do not set the STPM bit in the CKSTPR register to 1 (@ll clocks are stopped (stop mode)).
6. For entering wait mode, see 10.3 Wait Mode.

Figure 10.5 Procedure for Reducing Internal Power Consumption by Using LPE Bit

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 108 of 581
Mar 07, 2012



R8C/M13B Group 10. Power Control

10.5.11 Stopping Flash Memory

In low-speed clock mode or low-speed on-chip oscillator mode, the flash memory can be stopped using the
FMSTP bit in the FMRO register to further reduce the power consumption.

When the FMSTP bit is set to 1 (flash memory is stopped), the flash memory cannot be accessed. The FMSTP
bit must be written by a program that has been transferred to the RAM.

When the MCU enters stop mode or wait mode with CPU rewrite mode disabled while the WTFMSTP hit is 1
(flash memory is stopped in wait mode), the power supply for the flash memory is automatically turned off. It is
turned on again when the MCU exits stop mode or wait mode. This eliminates the need to set the FMRO
register.

Figure 10.6 shows the Procedure for Reducing Power Consumption Using FM STP Bit.

+ FMSTP bit setting program ---* ---------------------- |

Transfer the FMSTP bit setting program
to the RAM

v

Jump to the FMSTP bit setting program
(The subsequent processing is executed

Write 0 and then 1 (CPU rewrite mode enabled)
to the FMRO1 bit

Y

Write 1 (flash memory is stopped)
to the FMSTP bit @

by the program in the RAM)

v

Enter low-speed clock mode or
low-speed on-chip oscillator mode

v

Stop the high-speed on-chip oscillator clock

v

Process in low-speed clock mode or
low-speed on-chip oscillator mode

v

Switch the clock source for the CPU clock @

v

Write O (flash memory operates)
to the FMSTP bit

v

Wait until the flash memory circuit stabilizes
(10 ps) ®

v

Write 0 (CPU rewrite mode disabled)
to the FMRO1 bit

v

Wait until the flash memory circuit stabilizes
(115 us) @

v

Jump to any address in the flash memory

FMRO01, FMSTP: Bits in FMRO register

Notes:

1. Setthe FMRO1 bit to 1 (CPU rewrite mode enabled)
and then set the FMSTP bit to 1 (flash memory is
stopped).

2. When switching the clock source for the CPU clock,
the new clock must be stable.

3. Provide a wait time of 10 us or 115 pus by a program.
Do not access the flash memory during this wait time.

Figure 10.6 Procedure for Reducing Power Consumption Using FMSTP Bit
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10.5.12 Low-Current-Co

nsumption Read Mode

In low-speed clock mode or low-speed on-chip oscillator mode, the current consumption when reading the flash
memory can be reduced by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read

mode enabled).
Set the CPU clock (fs) to afr

Figure 10.7 shows the Procedure for Using L ow-Current-Consumption Read Mode.

equency in the range of 3 kHz to 50 kHz.

¢

Handling procedure for enabling
ow-current-consumption read mode using FMR27 bi

)

'

Step (1)

Enter low-speed clock mode or
low-speed on-chip oscillator mode

'

Step (2)

Stop the high-speed on-chip oscillator clock

'

Step (3)

Set the FREFR register

'

Step (4)

FMR27 « 1
(low-current-consumption read mode enabled) ()

'

Step (5)

Enter low-current-consumption read mode @

'

Step (6)

FMR27 « 0
(low-current-consumption read mode disabled)

'

Step (7)

Start the high-speed on-chip oscillator clock

'

Step (8)

(Wait until the high-speed on-chip oscillator clock
oscillation stabilizes)

'

Step (9)

Enter high-speed on-chip oscillator mode

FMR27: Bit in FMR2 register
Notes:

and then writing 1.

1. To set the FMR27 bit to 1, first write 0 and then write 1 immediately. Interrupts must be disabled between writing 0

2. In low-current-consumption read mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled).

Figure 10.7 Procedure for Using Low-Current-Consumption Read Mode
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10.6 Notes on Power Control

10.6.1 Program Restrictions When Entering Wait Mode

To enter wait mode by setting the WAITM bit to 1, set the FMROL bit in the FMRO register to 0 (CPU rewrite
mode disabled) before setting the WAITM bit to 1.

To enter wait mode with the WAIT instruction, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode
disabled) before executing the WAIT instruction. The 4 bytes of instruction data following the instruction that
sets the WAITM bit to 1 (wait mode is entered) or the WAIT instruction are prefetched from the instruction
queue and then the program stops. Insert at least four NOP instructions after the instruction that sets the
WAITM bhit to 1 (wait mode is entered) or after the WAIT instruction.

* Program exampl e to execute the WAIT instruction

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
* Program example to set the WAITM bitto 1
BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to SCKCR register enabled
FCLR I ; Interrupt disabled
BSET 5, SCKCR ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to the SCKCR register disabled
FSET I ; Interrupt enabled

10.6.2 Program Restrictions When Entering Stop Mode

When entering stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) before
setting the STPM bit in the CKSTPR register to 1 (all clocks are stopped (stop mode)). The four bytes of
instruction data following the instruction that sets the STPM bit to 1 are prefetched from the instruction queue
and then the program stops.

Insert at least four NOP instructions following the IMPB instruction immediately after the instruction that sets
the STPM hit to 1.

* Program example to enter stop mode

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CKSTPR register enabled
FSET I ; Interrupt enabled
BSET 0, CKSTPR ; Stop mode
JMPB LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP
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11. Interrupts

11.1 Overview

Interrupts are classified into non-maskable and maskabl e interrupts. These differ in whether or not the interrupt can
be enabled or disabled by an interrupt enable flag (I flag) and in whether or not the interrupt priority level can be
changed aslisted in Table 11.1.

Table 11.1 Maskable/Non-Maskable Interrupts

Disabling Interrupt by Interrupt Changing Priority by Setting Interrupt
Enable Flag (I Flag) Priority Level
Non-maskable interrupts Not possible Not possible
Maskable interrupts Possible Possible

Figure 11.1 shows the Types of Interrupts. Table 11.2 lists the Descriptions of Interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

~ Software
(non-maskable interrupts)

Interrupts <

Watchdog timer
Oscillation stop detection

Special Voltage monitor 1
(non-maskable interrupts) Single-step @
Address match ®
- Hardware
Peripheral function @
(maskable interrupts)
Notes:

1. Peripheral function interrupts are generated by the peripheral functions in the MCU.
2. Do not use this interrupt. It is provided exclusively for use in development tools.
3. Do not use an address match interrupt when the on-chip debugger is used.

Figure 11.1 Types of Interrupts

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 112 of 581
Mar 07, 2012



R8C/M13B Group 11. Interrupts

Table 11.2 Descriptions of Interrupts

Interrupt Description
Undefined instruction interrupt An unidentified instruction interrupt is generated when the UND instruction is
executed.
Overflow interrupt An overflow interrupt is generated when the O flag is 1 (arithmetic operation

overflow) and the INTO instruction is executed. Instructions that change the O
flag are as follows:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, and

SUB.
BRK instruction interrupt A BRK interrupt is generated when the BRK instruction is executed.
INT instruction interrupt An INT instruction interrupt is generated when the INT instruction is executed.

Software interrupt numbers the INT instruction can specify are 0 to 63. The
number is assigned to each peripheral function interrupt. When the INT
instruction is executed specifying the number, the peripheral function interrupt
with the same number can be executed.

For software interrupt numbers 0 to 31, the U flag is saved on the stack during
instruction execution, and the U flag is set to 0 (ISP) before the interrupt
sequence is executed. The U flag is restored from the stack when the MCU
returns from the interrupt routine.

For software interrupt numbers 32 to 63, the U flag does not change state during
instruction execution, and the selected SP is used.

Watchdog timer interrupt This interrupt is generated by the watchdog timer. For details, see 8. Watchdog
Timer.

Oscillation stop detection interrupt | This interrupt is generated by the oscillation stop detection function. For details
on the oscillation stop detection function, see 9. Clock Generation Circuit.

Voltage monitor 1 interrupt This interrupt is generated by the voltage detection circuit. For details on the
voltage detection circuit, see 7. Voltage Detection Circuit.

Single-step interrupt Do not use this interrupt. It is provided exclusively for use in development tools.

Address match interrupt When one of the AIENIO bit (i = 0 or 1) in the AIENI register is 1 (enabled), an

address match interrupt is generated immediately before executing the
instruction that is stored at an address indicated by the corresponding AIADRi
register (i = 0 or 1). For details on the address match interrupt, see 11.7 Address
Match Interrupt.

Peripheral function interrupt A peripheral function interrupt is generated by a peripheral function in the MCU.
For the interrupt sources for the corresponding peripheral function interrupt, see
the interrupts and the vector table addresses as listed in Table 11.6 Relocatable
Vector Table. For details on the peripheral functions, see the descriptions of
individual peripheral functions.
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11.2 Registers

Table 11.3 lists the Register Configuration for Interrupts.

Table 11.3 Register Configuration for Interrupts

Register Name Symbol After Reset Address Access Size

External Input Enable Register INTEN 00h 00038h 8
INT Input Filter Select Register 0 INTFO 00h 0003Ah 8
INT Input Edge Select Register 0 ISCRO 00h 0003Ch 8
Key Input Enable Register KIEN 00h 0003Eh 8
Interrupt Priority Level Register O ILVLO 00h 00040h 8
Interrupt Priority Level Register 1 ILVL1 00h 00041h 8
Interrupt Priority Level Register 2 ILVL2 00h 00042h 8
Interrupt Priority Level Register 3 ILVL3 00h 00043h 8
Interrupt Priority Level Register 4 ILVL4 00h 00044h 8
Interrupt Priority Level Register 5 ILVL5 00h 00045h 8
Interrupt Priority Level Register 6 ILVL6 00h 00046h 8
Interrupt Priority Level Register 7 ILVL7 00h 00047h 8
Interrupt Priority Level Register 8 ILVL8 00h 00048h 8
Interrupt Priority Level Register 9 ILVL9 00h 00049h 8
Interrupt Priority Level Register A ILVLA 00h 0004Ah 8
Interrupt Priority Level Register B ILVLB 00h 0004Bh 8
Interrupt Priority Level Register C ILVLC 00h 0004Ch 8
Interrupt Priority Level Register D ILVLD 00h 0004Dh 8
Interrupt Priority Level Register E ILVLE 00h 0004Eh 8
Interrupt Monitor Flag Register 0 IRRO 00h 00050h 8
Interrupt Monitor Flag Register 1 IRR1 00h 00051h 8
Interrupt Monitor Flag Register 2 IRR2 00h 00052h 8
External Interrupt Flag Register IRR3 00h 00053h 8
Address Match Interrupt Register 0 AIADROL 00h 001COh 8

AIADROM 00h 001C1h 8

AIADROH 00h 001C2h 8
Address Match Interrupt Enable Register 0 AIENO 00h 001C3h 8
Address Match Interrupt Register 1 AIADR1L 00h 001C4h 8

AIADR1M 00h 001C5h 8

AIADR1H 00h 001C6h 8
Address Match Interrupt Enable Register 1 AIEN1 00h 001C7h 8
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11.2.1 External Input Enable Register (INTEN)
Address 00038h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — [INT3EN | INT2EN [ INT1EN | INTOEN
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOEN INTO input enable bit @) 0: Disabled R/W
bl | INTIEN [{NTTin (1) 1: Enabled RIW
put enable bit
b2 | INT2EN |INT2 input enable bit (1) RIW
b3 INT3EN |INT3 input enable bit (1) RIW
b4 — Reserved Setto O. R/W
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 — | Reserved |Setto 0. R/W
Note:

1. Changing the INTIEN bit (i = 0 to 3) may set the IRIi bit (i = 0 to 3) in the IRR3 register to 1 (interrupt requested).
See 11.9.4 Rewriting Registers PMLi (i =1 to 4), PMHi (i =1, 3, or 4), ISCRO, INTEN, and KIEN.

11.2.2 INT Input Filter Select Register O (INTFO)
Address 0003Ah

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | INT3F1 | INT3FO | INT2F1 | INT2FO | INTIF1 | INT1FO | INTOF1 | INTOFO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bO | INTOFO |INTO input filter select bits bib0 RIW
b1 INTOFL 0 0: No filter RIW

0 1: Filter sampled at f1
1 0: Filter sampled at f8
1 1: Filter sampled at f32

b2 INT1FO i i i b3 b2 RIW
= NTIFT INT1 input filter select bits 0 0: No filter o
0 1: Filter sampled at f1

1 O: Filter sampled at f8
1 1: Filter sampled at f32

b4 INT2FO i i ; b5 ba RIW
- T INT2 input filter select bits 0 0: No filter e
0 1: Filter sampled at f1

1 O: Filter sampled at f8
1 1: Filter sampled at f32

b6 INT3FO i i i b7 b6 R/W
= NTarT INT3 input filter select bits 0 0: No filter o
0 1: Filter sampled at f1

1 O: Filter sampled at f8
1 1: Filter sampled at f32
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11.2.3 INT Input Edge Select Register 0 (ISCRO)
Address 0003Ch

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | INT3SB | INT3SA | INT2SB | INT2SA | INT1SB | INT1SA [ INTOSB | INTOSA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bO | INTOSA |INTO input edge b1 b0 R/W

0 O: Interrupt request is generated on the falling edge of@ input

0 1: Interrupt request is generated on the rising edge of INTO input

1 0: Do not set.

1 1: Interrupt request is generated on both the falling and rising
edges of INTO input

b2 | INT1SA ||NT1 input edge b3 b2 - : . RIwW
0 O: Interrupt request is generated on the falling edge of INT1 input
b3 | INTLSB | select bits (1) prred g g edge ot == NPUL Pe

0 1: Interrupt request is generated on the rising edge of INT1 input

1 0: Do not set.

1 1: Interrupt request is generated on both the falling and rising
edges of INT1 input

b4 INT2SA |INT2i b5 b4 — R/W
b5 INT2SB LNechtlrgi)tl:(i)dge 0 O: Interrupt request is generated on the falling edge of INT2 input RIW

0 1: Interrupt request is generated on the rising edge of INT2 input

1 0: Do not set.

1 1: Interrupt request is generated on both the falling and rising
edges of INT2 input

b6 INT3SA i b7 b6 — R/W
b7 INT3SE lsNe:—egc):t";)Fi)tl;t(‘i)dge 0 O: Interrupt request is generated on the falling edge of INT3 input RIW

0 1: Interrupt request is generated on the rising edge of INT3 input

1 0: Do not set.

1 1: Interrupt request is generated on both the falling and rising
edges of INT3 input

b1 INTOSB | select bits (1) RIW

Note:
1. Changing bits INTiSA to INTISB (i = 0 to 3) may set the IRIi bit (i = 0 to 3) in the IRR3 register to 1 (interrupt
requested). See 11.9.4 Rewriting Registers PMLi (i = 1 to 4), PMHi (i = 1, 3, or 4), ISCRO, INTEN, and KIEN.
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11.2.4 Key Input Enable Register (KIEN)
Address 0003Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI3PL | KI3EN | KI2PL | KI2EN | KIIPL | KILEN | KIOPL | KIOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KIOEN m input enable bit 0: Disabled R/W
1: Enabled

bl KIOPL | KI0 input edge select bit (1) 0: Falling edge R/W
1: Rising edge

b2 KI1EN m input enable bit 0: Disabled R/W
1: Enabled

b3 KIIPL |KI1 input edge select bit (1) 0: Falling edge R/W
1: Rising edge

b4 KI2EN m input enable bit 0: Disabled R/W
1: Enabled

b5 KI2PL | KI2 input edge select bit (1) 0: Falling edge R/W
1: Rising edge

b6 KISEN m input enable bit 0: Disabled R/W
1: Enabled

b7 KI3PL | KI3 input edge select bit (1) 0: Falling edge R/W
1: Rising edge

Note:

1. Changing the bits KIiPL or KIiEN (i = 0 to 3) may set the IRKI bit in the IRR3 register to 1 (interrupt requested).

See 11.9.4 Rewriting Registers PMLi (i =1 to 4), PMHi (i = 1, 3, or 4), ISCRO, INTEN, and KIEN.
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11.2.5 Interrupt Priority Level Register i (ILVLi) (i=0to E)
Address 00040h to 0004Eh (ILVLO to ILVLE)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | IVL5 [ ILWVLi4 | — | — [ ILVLlL | ILVLIO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLIO | Interrupt priority level setting bits bl b0 . ) R/W
b1 ILVLiL 0 0: Level 0O (interrupt disabled) RIW
01:Levell
10: Level 2
11:Level 2
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 ILVLi4 | Interrupt priority level setting bits bg bé_ Level O (interrupt disabled) R/W
b5 | ILVLi5 01 Lovel 1 P RIW
10: Level 2
11:Level 2
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

The ILVLi register (i = 0to E) is used to set the priority levels (levels 0 to 2) of the maskable interrupts. The
settingsin bitsILVLiOto ILVLil or bitsILVLi4 to ILVLi5 in each register are used to decide the priority of the

corresponding interrupt request.

See Table 11.4 Correspondence between Interrupt Requestsand ILVLi (i = 0to E) for the interrupt setting

bits.

The interrupt priority level register must be rewritten only while no interrupt requests corresponding to that
register are generated. See 11.9.7 Changing Interrupt Priority Levelsand Flag Registers.

Table 11.4  Correspondence between Interrupt Requests and ILVLi (i =0 to E)
. Bit
R'ez\i/;'er b7 b6 bS b4 b3 b2 bL b0
— — ILVLi5 ILVLi4 — — ILVLi1 ILVLiO
ILVLO — — Flash ready — — —
ILVL1 — — — — — Timer RK
ILVL2 — — Comparator B3 — — Comparator B1
ILVL3 — — Timer RC — — —
ILVL4 — — — — — —
ILVL5 — — — — — Timer RE2
ILVL6 — — Key input — — —
ILVL7 Synchronous serial
— — communication unit — — A/D conversion
(SSU)/12C bus interface

ILVL8 — — UARTO transmission — — —
ILVL9 — — UART1 transmission — — UARTO reception
ILVLA — — INT2 — — UART1 reception
ILVLB — — Periodic timer — — Timer RJ2
ILVLC — — INTL — — Timer RB2
ILVLD — — _ _ — NT3
ILVLE — — INTO — — _

—: Not used. The write value must be 0.

i=0to E
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11.2.6 Interrupt Monitor Flag Register 0 (IRR0O)
Address 00050h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| IRSIR | IRSIT | IRSOR [ IRSOT | IRTE | IRTC IRTB IRTJ
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IRTJ | Timer RJ2 interrupt request monitor flag 0: No interrupt requested
b1l IRTB | Timer RB2 interrupt request monitor flag 1: Interrupt requested
b2 IRTC | Timer RC interrupt request monitor flag
b3 IRTE | Timer RE2 interrupt request monitor flag

b4 IRSOT |UARTO transmit interrupt request monitor flag
b5 IRSOR | UARTO receive interrupt request monitor flag
b6 IRS1T |UARTL1 transmit interrupt request monitor flag
b7 IRS1R |UARTL1 receive interrupt request monitor flag

A|V|(W|O|O|O|O|D

The IRRO register is the monitor flag register for timer RJ2, timer RB2, timer RC, timer RE2, UARTO transmit,
UARTO receive, UART1 transmit, and UART1 receive interrupt requests.

See 11.4.2.1 Registers IRRO to IRR2 for the relation between interrupt monitor flag bits and peripheral
function interrupts.

11.2.7 Interrupt Monitor Flag Register 1 (IRR1)
Address 00051h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | IRTK | IRWD | IRFM | IRIS | IRAD — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved The read value is 0. R
bl —
b2 IRAD | A/D conversion interrupt request monitor flag | O: No interrupt requested R
b3 IRIS | SSU/I2C bus interrupt request monitor flag | 1* Interrupt requested R
b4 IRFM | Flash ready interrupt request monitor flag R
b5 IRWD | Periodic timer interrupt request monitor flag R
b6 IRTK | Timer RK interrupt request monitor flag R
b7 — Nothing is assigned. The write value must be 0. The read value is 0. —

The IRR1 register is the monitor flag register for A/D conversion, synchronous serial communication unit
(SSU)/12C bus interface, flash ready, periodic timer, and timer RK interrupt requests.

See 11.4.2.1 Registers IRRO to IRR2 for the relation between interrupt monitor flag bits and peripheral
function interrupts.
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11.2.8 Interrupt Monitor Flag Register 2 (IRR2)
Address 00052h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symboll — | — | — | — [|IRCMP3|IRCMP1 — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved The read value is 0. R
bl —
b2 IRCMP1 | Comparator B1 interrupt request monitor flag | 0: No interrupt requested R
b3 | IRCMP3 | Comparator B3 interrupt request monitor flag | 1: Interrupt requested R
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

The IRR2 register is the monitor flag register for comparator B1 and comparator B3 interrupt requests. See
11.4.2.1 Registers IRRO to IRR2 for the relation between interrupt monitor flag bits and peripheral function
interrupts.
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11.2.9 External Interrupt Flag Register (IRR3)
Address 00053h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | IRKL [ — | IRI3 | IRI2 IRI1 IRIO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IRIO | INTO interrupt request flag 0: No interrupt requested R/W
bl IRI1  |INT1 interrupt request flag 1: Interrupt requested R/W
b2 IRI2 | INT2 interrupt request flag R/W
b3 IRI3 | INT3 interrupt request flag R/W
b4 — Reserved Setto 0. R/W
b5 IRKI Key input interrupt request flag 0: No interrupt requested R/W
1: Interrupt requested
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

IRIO Bit (INTO interrupt request flag)

Writing O after reading the value 1 sets the IRIO bit to 0. This bit is also automatically set to O when the
corresponding interrupt (INTO) is acknowledged.

IRI1 Bit (INT1 interrupt request flag)

Writing O after reading the value 1 sets the IRI1 bit to 0. This bit is also automatically set to O when the
corresponding interrupt (INT1) is acknowledged.

IRI2 Bit (INT2 interrupt request flag)

Writing O after reading the value 1 sets the IRI2 bit to 0. This bit is also automatically set to 0 when the
corresponding interrupt (INT2) is acknowledged.

IRI3 Bit (INT3 interrupt request flag)

Writing O after reading the value 1 sets the IRI3 bit to 0. This bit is also automatically set to 0 when the
corresponding interrupt (INT3) is acknowledged.

IRKI Bit (Key input interrupt request flag)

Writing O after reading the value 1 sets the IRKI bit to 0. This bit is also automatically set to O when the
corresponding interrupt (key input) is acknowledged.

The interrupt priority level register must be rewritten only while no interrupt requests corresponding to that
register are generated. See 11.9.7 Changing Interrupt Priority Levelsand Flag Registers.
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11.2.10 Address Match Interrupt Register i (AIADRI) (i=0or 1)
Address 001COh (AIADROL), 001C4h (AIADR1L)

Bit b7 b6 b5 b4 b3 b2 bl b0
sympol| — | — | — | — | = | — | = | —
After Reset 0 0 0 0 0 0 0 0

Address 001C1h (AIADROM), 001C5h (AIADR1M)

Bit b15 b14 b13 b12 b1l b10 b9 b8
smbol [ — [ — [ — [ — ] — T — T — T -
After Reset 0 0 0 0 0 0 0 0

Address 001C2h (AIADROH), 001C6h (AIADR1H)

Bit  b23 b22 b21 b20 b19 b18 b17 b16
smhol_— [ — [ — [ — [ — [ — [ — [ —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Function Setting Range R/W
b19 to b0 — Setting for the addresses to be matched |00000h to FFFFFh R/W
b20 — Nothing is assigned. The write value must be 0. The read value is 0. —
b21 —
b22 —
b23 —

The AIADRI register (i =0 or 1) isinitialized after avoltage monitor O reset, power-on reset, or hardware reset.
This register remains unchanged after awatchdog timer reset or software reset.

11.2.11 Address Match Interrupt Enable Register i (AIENi) (i=0or 1)
Address 001C3h (AIENO)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | — | — | — [AIENOO |
After Reset 0 0 0 0 0 0 0 0

Address 001C7h (AIEN1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — — — — — AIEN10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 AIENIO | Address match interrupt enable i bit | O: Disabled R/W
(i=0or1l) 1: Enabled

bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —

b3 —

b4 —

b5 —

b6 —

b7 —

The AIEN:I register (i =0 or 1) isinitialized after a voltage monitor O reset, power-on reset, or hardware reset.
This register remains unchanged after awatchdog timer reset or software reset.
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11.3 Interrupts and Interrupt Vectors

There are 4 bytes in each vector. Set the start address of an interrupt routine in each interrupt vector. When an
interrupt request is acknowledged, the CPU branches to the address set in the corresponding interrupt vector.
Figure 11.2 shows an Interrupt Vector.

MSB LSB

Vector address (L) Lower address

Middle address

0000 Higher address

Vector address (H) 0000 0000

Figure 11.2 Interrupt Vector

11.3.1 Fixed Vector Table

The fixed vector table is all ocated to addresses OFFDCh to OFFFFh.
Table 11.5 lists the Fixed Vector Table. The vector addresses (H) of the fixed vectors are used by the ID code
check function. For details, see 23.3 | D Code Check Function.

Table 11.5 Fixed Vector Table

Vector Address

Interrupt Source Address (L) to Address (H) Remarks
Undefined instruction OFFDCh to OFFDFh Interrupt by the UND instruction
Overflow OFFEOh to OFFE3h Interrupt by the INTO instruction
BRK instruction OFFE4h to OFFE7h If the content of address OFFEG6h is FFh,

program execution starts from the address
indicated by the vector in the relocatable
vector table.

Address match OFFES8h to OFFEBh
Single-step (1) OFFECh to OFFEFh

Watchdog timer, oscillation stop detection, | OFFFOh to OFFF3h
voltage monitor 1

Reserved OFFF4h to OFFF7h
Reserved OFFF8h to OFFFBh
Reset OFFFCh to OFFFFh
Note:

1. Do not use this interrupt. It is provided exclusively for use in development tools.
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11.3.2

Relocatable Vector Table

The relocatable vector table occupies 256 bytes beginning from the start address set in the INTB register.
Table 11.6 lists the Rel ocatable Vector Table.

Table 11.6 Relocatable Vector Table
Vector Address (1) Software Interrupt Priority Level Settin
Interrupt Source Address (L) to Address (H) Number P (ILV)I/_O to ILVLE) ’

BRK instruction (2) +0 to +3 (+00000h to +00003h) 0 —

Flash ready +4 to +7 (+00004h to +00007h) 1 ILVLOS to ILVLO4
Timer RK +8 to +11 (+00008h to +0000Bh) 2 ILVL11 to ILVL10
Reserved +12 to +15 (+0000Ch to +0000Fh) 3 —

Comparator B1 +16 to +19 (+00010h to +00013h) 4 ILVL21 to ILVL20
Comparator B3 +20 to +23 (+00014h to +00017h) 5 ILVL25 to ILVL24
Reserved +24 to +27 (+00018h to +0001Bh) 6 —

Timer RC +28 to +31 (+0001Ch to +0001Fh) 7 ILVL35 to ILVL34
Reserved +32 to +35 (+00020h to +00023h) 8 —

Reserved +36 to +39 (+00024h to +00027h) 9 —

Timer RE2 +40 to +43 (+00028h to +0002Bh) 10 ILVL51 to ILVL50
Reserved +44 to +47 (+0002Ch to +0002Fh) 11 —

Reserved +48 to +51 (+00030h to +00033h) 12 —

Key input +52 to +55 (+00034h to +00037h) 13 ILVL65 to ILVL64
A/D conversion +56 to +59 (+00038h to +0003Bh) 14 ILVL71 to ILVL70
SSU/I2C bus (3) +60 to +63 (+0003Ch to +0003Fh) 15 ILVL75 to ILVL74
Reserved +64 to +67 (+00040h to +00043h) 16 —

UARTO transmission | +68 to +71 (+00044h to +00047h) 17 ILVL85 to ILVL84
UARTO reception +72 to +75 (+00048h to +0004Bh) 18 ILVL91 to ILVL90
UART1 transmission | +76 to +79 (+0004Ch to +0004Fh) 19 ILVL95 to ILVL94
UART1 reception +80 to +83 (+00050h to +00053h) 20 ILVLA1 to ILVLAO
INT2 +84 to +87 (+00054h to +00057h) 21 ILVLAS to ILVLA4
Timer RJ2 +88 to +91 (+00058h to +0005Bh) 22 ILVLBL1 to ILVLBO
Periodic timer +92 to +95 (+0005Ch to +0005Fh) 23 ILVLBS5 to ILVLB4
Timer RB2 +96 to +99 (+00060h to +00063h) 24 ILVLC1 to ILVLCO
INTL +100 to +103 (+00064h to +00067h) 25 ILVLC5 to ILVLC4
INT3 +104 to +107 (+00068h to +0006Bh) 26 ILVLD1 to ILVLDO
Reserved +108 to +111 (+0006Ch to +0006Fh) 27 —

Reserved +112 to +115 (+00070h to +00073h) 28 —

INTO +116 to +119 (+00074h to +00077h) 29 ILVLES to ILVLE4
Reserved +120 to +123 (+00078h to +0007Bh) 30 —

Reserved +124 to +127 (+0007Ch to +0007Fh) 31 —

Software (2) +128 to +131 (+00080h to +00083h) to |32 to 63 —

+252 to +255 (+000FCh to +000FFh)
Notes:

1. These addresses are relative to those indicated by the INTB register.
2. These interrupts are not disabled by the | flag.
3. The interrupts for the synchronous serial communication unit (SSU)/I2C bus interface can be selected by the

IICCR register.
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11.4 Interrupt Control

The following describes enabling and disabling maskable interrupts and setting the priority for acknowledgement.
This description does not apply to non-maskabl e interrupts.

11.4.1 |Flag

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

11.4.2 Registers IRRO to IRR3

11.4.2.1 Registers IRRO to IRR2

Registers IRRO to IRR2 are the monitor flag registers for periphera function interrupts. These registers can
only be read and cannot be written. Table 11.7 lists the Relation between Registers IRRO to IRR2 and Registers
Associated with Peripheral Function Interrupts.

Peripheral functions have individual interrupt request flags and interrupt enable registers. When both of the
interrupt request flag and interrupt enable bit for a peripheral function are set to 1, the monitor flag in the
corresponding IRRO to IRR2 registersis set to 1 (interrupt requested). When either or both of the interrupt
reguest flag and interrupt enable bit for a peripheral function are set to 1, the monitor flag in the corresponding
IRRO to IRR2 registersis set to 0 (no interrupt requested).
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Table 11.7 Relation between Registers IRRO to IRR2 and Registers Associated with Peripheral
Function Interrupts
Peripheral Function Peripheral Function Corresponding Interrupt
Interrupt Request Flag Interrupt Enable Monitor Flag
Register Bit Register Bit Register Bit
Timer RJ2 TRJIR TRJIIF TRJIR TRJIE IRRO IRTJ
Timer RB2 TRBIR TRBIF TRBIR TRBIE IRRO IRTB
Timer RC (1) TRCSR IMFA TRCIER IMIEA IRRO IRTC
IMFB IMIEB
IMFC IMIEC
IMFD IMIED
OVF OVIE
Timer RE TREIFR RTCF/AUF | TREIER YR1E/MOIE/ | IRRO IRTE
DYIE/HRIE/
1SIE/0.5SIE/
0.25SIE
CMF/OVF OVIE/CMIE
Serial interface (UARTO) | UOIR UOTIF UOIR UOTIE IRRO IRSOT
UORIF UORIE IRSOR
Serial interface (UART1) |U1IR UILTIF UlIR UILTIE IRRO IRS1T
U1RIF U1RIE IRS1R
A/D converter ADICSR ADF ADICSR ADIE IRR1 IRAD
12C SISR TDRE SIER TIE IRR1 IRIS
TEND TEIE
RDRF RIE
ORER_AL/ TE_NAKIE
NACKF
STOP RE_STIE
SSuU TDRE TIE
TEND TEIE
RDRF RIE
ORER_AL RIE
CE_ADZ CEIE_ACKBT
Flash memory (1) FST RDYSTI FMRO RDYSTIE IRR1 IRFM
BSYAEI BSYAEIE
CMDERIE
Periodic timer WDTIR WDTIF WDTIR WDTIE IRR1 IRWD
Timer RK TMKIR TMKCMIF TMKIR TMKCMIE IRR1 IRTK
TMKOVIF TMKOVIE
Comparator B WCBI1INTR |WCB1F WCB1INTR |WCBI1INTEN |IRR2 IRCMP1
WCB3INTR |WCB3F WCB3INTR |WCB3INTEN IRCMP3

Note:

1. Timer RC and the flash memory each have multiple interrupt request sources. An interrupt request is generated
by the logical OR of several interrupt request sources and is reflected in the monitor flag (the IRTC bit in the
IRRO register or the IRFM bit in the IRR1 register).

11.4.2.2 IRR3 Register

The IRR3 register is the flag register for external interrupts (INTO to INT3 and K10 to K13). When external
input is enabled and an active edge is detected, the interrupt request flag in the IRR3 register is set to 1. When
an interrupt request is acknowledged, the flag for this interrupt request is automatically set to O after the CPU
branches to the corresponding interrupt vector. Writing O after reading the value 1 al so sets the interrupt request
flagto 0.

RO1UHO0023EJ0200 Rev.2.00
Mar 07, 2012

RENESAS Page 126 of 581



R8C/M13B Group

11. Interrupts

11.4.3 Interrupt Priority Levels in ILVLi Register (i=0to E) and IPL

Interrupt priority levels can be set by the ILVLi register (i = 0to E).
Table 11.8 lists the Interrupt Priority Level Settings. Table 11.9 lists the Interrupt Priority Levels Enabled by

IPL.

The following are the conditions when an interrupt is acknowledged:

el flag=1

» Theinterrupt request flag and interrupt enable bit for each peripheral function = 1 or external interrupt request
flag (IRR3) =1
* Interrupt priority level > IPL

The flag, registers IRRO to IRR3, the ILVLi register (i = 0to E), and IPL are independent of each other. They
do not affect one another.

Table 11.8 Interrupt Priority Level Settings

s::z :::x:::; :g :tzt:g ?lr) Interrupt Priority Level Priority Level
00b Level O (interrupt disabled) —

01b Level 1 Low
10b Level 2 ;

11b Level 2 High
Note:

1. Values to be set in interrupt priority level register i (ILVLi) (i = 0 to E).

Table 11.9 Interrupt Priority Levels Enabled by IPL
IPL Interrupt Priority Level to be Enabled
000b Levels 1 and 2
001b Level 2
010b to 111b None (all maskable interrupts are disabled)
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11.4.4 Interrupt Sequence

The following describes the interrupt sequence performed from when an interrupt request is acknowledged until
the interrupt routine is executed.

When an interrupt request is generated while an instruction is being executed, the CPU determines its interrupt
priority level after the instruction has completed. The CPU starts the interrupt sequence from the following
cycle. However, for the SMOVB, SMOVF, SSTR, and RMPA instructions, if an interrupt request is generated
while the instruction is being executed, the MCU suspends the instruction to start the interrupt sequence.
Theinterrupt sequenceis performed as described bel ow.

Figure 11.3 shows the Time Required for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading address
00000h. Then, for an INT interrupt and a key input interrupt, the corresponding interrupt request flag is set
to O (no interrupt requested). For any other peripheral interrupts, the corresponding interrupt request flag
remains 1 (interrupt requested) and does not change.

(2) TheFLG register is saved to atemporary register (1) in the CPU immediately before the interrupt sequence
is entered.

(3) Flagsl, D, and U in the FLG register are set as follows:

* Thel flag is O (interrupt disabled).

* The D flag is O (single-step interrupt disabled).

* The U flag is set to O (ISP selected).

However, the U flag does not change if an INT instruction for software interrupt number 32 to 63 is
executed.

(4) The CPU internal temporary register (1) is saved on the stack.

(5) ThePC issaved on the stack.

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

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

After the interrupt sequence is completed, instructions are executed from the start address of the interrupt
routine.

Note:
1. Temporary registers cannot be used by the user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
CPU clock

Address bus Y(kddress ooooonX Undefined XSP-Z X Sp-1 X SP-4X sp-3 X VEC X VEC+1 X VEC+2 X PC

Data bus X Interrupt X Undefined X SP-2 X P X SP-4 XSP-S contentsX VEC X\/EC+1 contentsX\/Ec+2 contentsX

information contents [\contents [\contents contents

RD u_\( Undefined y |_|
WR
Note:

1. The length of the undefined state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to accept instructions.

Figure 11.3 Time Required for Executing Interrupt Sequence
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11.4.5 Interrupt Response Time

Figure 11.4 shows the Interrupt Response Time. The interrupt response time is the period from when an
interrupt request is generated until the first instruction in the interrupt routine is executed. This time consists of
two periods: the first period ranges from when an interrupt request is generated until the currently executing
instruction is completed ((a) in Figure 11.4) and the second from when an interrupt request is acknowledged
until the interrupt sequence is executed (20 cycles (b)).

Interrupt request Interrupt request
is generated is acknowledged
/[ * * —» Time /
. Instruction in
Instruction Interrupt sequence . .
Interrupt routine
/ P (a) L 20 cycles (b) o /

Interrupt response time

A
\

(a) The period from when an interrupt request is generated until the currently executing instruction is completed.
The length of this time varies with the instruction being executed. The DIVX instruction requires the longest
time, 30 cycles (no wait states, and the divisor is a register).

(b) 21 cycles for address match and single-step interrupts.

Figure 11.4 Interrupt Response Time

11.4.6 IPL Change When Interrupt Request is Acknowledged

When a maskable interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt
issetinthelPL.

For a software interrupt or special interrupt request, the level listed in Table 11.10 isset in the IPL.

Table 11.10 IPL Value When Software Interrupt or Special Interrupt is Acknowledged

Interrupt Source without Interrupt Priority Level Value Set in IPL
Watchdog timer, oscillation stop detection, voltage monitor 1 7
Software, address match, single-step Not changed
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11.4.7 Saving Registers

In the interrupt sequence, the FL G register and PC are saved on the stack.

After atotal of 16 bits: higher 4 bitsin the PC, higher 4 (IPL) and lower 8 bitsin the FLG register, are saved on
the stack, the lower 16 bitsin the PC are saved.
Figure 11.5 shows the Stack State Before and After Interrupt Request is Acknowledged.

Any other necessary registers should be saved by a program at the beginning of the interrupt routine. The
PUSHM instruction can save several registersin the register bank being used (1) with a single instruction.

Note:
1. Selectable from among registers RO, R1, R2, R3, AQ, A1, SB, and FB.

Address

Stack

MSB

LSB

m-4

m-3

Previous stack contents

[SP]
[«¢— SP value before interrupt
request is acknowledged @

m+1

Previous stack contents

Note:
1. When an INT instruction for software interrupts numbered 32 to 63

Stack state before interrupt
request is acknowledged

Stack
MSB LSB
Address

m-4 PCL il E\'lseﬂl SP value @
m-3 PCM
m-2 FLGL
m-1 FLGH PCH

m | Previous stack contents
m+1 | Previous stack contents

has been executed, this SP is the SP specified by the U flag.
Otherwise it is ISP.

Stack state after interrupt
request is acknowledged

PCL: Lower 8 bits of PC

PCM: 8 bits in the middle of PC
PCH: Higher 4 bits of PC
FLGL: Lower 8 bits of FLG
FLGH: Higher 4 bits of FLG

Figure 11.5

Stack State Before and After Interrupt Request is Acknowledged
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The register saving operation in the interrupt sequence uses four operations, each one of which saves 8 bits.

Figure 11.6 shows the Register Saving Operation.

Note:

Stack
MSB LSB
Address . . .

Sequence in which registers are saved
[SP]-5
[SP]- 4 PCL la— (3)
[SP]-3 PCM l-— (4)

Saved, 8 bits at a time
[SP]-2 FLGL l-— (1)
[SP]-1 FLGH PCH l-— (2)
[SP]
Register saving completed in four operations

1. [SP] indicates the SP initial value when an interrupt request is acknowledged.
After registers are saved, the SP content becomes [SP] minus 4.
When an INT instruction for software interrupts numbered 32 to 63 has been
executed, this SP is the SP specified by the U flag. Otherwise it is ISP.

PCL: Lower 8 bits of PC

PCM: 8 bits in the middle of PC
PCH: Higher 4 bits of PC
FLGL: Lower 8 bits of FLG
FLGH: Higher 4 bits of FLG

Figure 11.6 Register Saving Operation
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11.4.8 Returning from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FLG register and PC, which have
been saved on the stack, are restored. The program that was running before the interrupt request was
acknowledged starts running again.

The registers saved by a program in the interrupt routine should be restored using the POPM or similar
instruction before executing the REIT instruction.

11.4.9 Interrupt Priority

If two or more interrupt regquests are generated while a single instruction is being executed, the interrupt with
the higher priority is acknowledged.

Any maskable interrupt (peripheral function) priority level can be selected by bits ILVLiO to ILVLi1 or bits
ILVLi4 to ILVLi5. However, if two or more maskable interrupts have the same priority level, the interrupt with
higher priority given by hardware is acknowledged.

The priority of special interrupts such as the watchdog timer interrupt is set by hardware.

Figure 11.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If a software interrupt instruction is executed, the
MCU will execute the corresponding interrupt routine.

Reset High

Watchdog timer
Oscillation stop detection
Voltage monitor 1

Peripheral function

Single-step
Address match Low
Figure 11.7 Hardware Interrupt Priority
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11.4.10 Interrupt Priority Level Selection Circuit

Theinterrupt priority level selection circuit is used to select the highest priority interrupt.
Figure 11.8 shows the Interrupt Priority Level Selection Circuit.

Priority level of interrupts

Level O (initial value)

| Comparator B1 Highest

A

| Periodic timer

| UART1 reception

| Comparator B3

| INT2

| INT3

| Timer RB2

| Timer RJ2

| Timer RK

INTO

Priority of peripheral function interrupts
(if priority levels are same)

INT1

| Timer RC

| UARTO reception

| A/D conversion

| Timer RE2

| UART1 transmission

| UARTO transmission

<< < e e e P < e e < < < <<

| SSU/I’C bus
| Key input
| Flash ready
IPL L . .
| owest Output signal to determine
interrupt request levels
| I flag - ’ Interrupt request acknowledgement

| Address match I

| Watchdog timer I

| Oscillation stop detection |

| Voltage monitor 1 I

Figure 11.8 Interrupt Priority Level Selection Circuit
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115 INT Interrupt

11.5.1 INTi Interrupt (i=0to 3)

The INTI interrupt is generated by an INTi input. To use the INTi interrupt, set the INTIEN bit in the INTEN
register isto 1 (enabled). The edge polarity can be selected by bits INTiSA to INTiSB in the ISCRO register.
Theinput pins used as the INTO to INT2 input can be selected.
Inputs can be passed through a digital filter with three different sampling clocks.
The interrupt by the INTi input can be used as awakeup function to cancel wait mode or stop mode.
Table 11.11 lists the Pin Configuration for INTi Interrupt.

Table 11.11  Pin Configuration for INTi Interrupt

Pin Name Assigned Pin 1/0 Function
INTO P1_4,P4_5 [ INTO interrupt input
INTL P1.5 P1_7,P2_0 I INT1 interrupt input
INT2 P3_4,P4_7 [ INT2 interrupt input
INT3 P3_3 I INT3 interrupt input
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11.5.2 INTi Input Filter (i=0to 3)

The INTI input has a digital filter. The sampling clock can be selected by bits INTiFO to INTiF1 in the INTFO
register. The INTi level is sampled every sampling clock cycle, and the corresponding IRIi bit in the IRR3
register is set to 1 (interrupt requested) when the sampled input level matches three successive times.

Figure 11.9 shows the INTi Input Filter Configuration. Figure 11.10 shows an Example of INTi Input Filter
Operation.

times)

INTiF1 to INTIFO INTIEN

f1 focl)E

g =294
32 ﬂo Sampling

clock
Digital filter INTiIF1 to INTIFO
INTI % (matches three | = other than 00b Twoway 649 )
INTIEN successive detection i>—> To INTI interrupt

selection circuit

= 00%/c

i=0to 3

INTiSB INTiISA

_ Totimer RJ2, timer RB2,
" timer RC, etc.

INTIEN: Bit in INTEN register
INTIFO to INTiF1: Bits in INTFO register
INTISA, INTiSB: Bits in ISCRO register

Figure 11.9 INTI Input Filter Configuration
TNTI input

TN N S S N N S S R
IRIi bit in

IRR3 register

Set to 0 by a program

i=0to3

Note:
1. In this example, bits INTiF1 to INTiFO in the INTFO register are 01b, 10b, or 11b (filter used).

Figure 11.10 Example of INTi Input Filter Operation
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11.6

Key Input Int

errupt

A key input interrupt request is generated by one of the input edges on pins K10 to K13. The key input interrupt can
be used as a key-on wakeup function to cancel wait mode or stop mode. L
The KIiEN bit (i = 0to 3) in the KIEN register is be used to select whether the pins are used as the Kli input. The

KIiPL bit in the KIEN register is be used to select the input polarity.

When alow level isinput to the KIi pin, which setsthe KIiPL bit to O (falling edge), inputs to the other pins K10 to
K13 are not detected as interrupts. Likewise, when ahigh level isinput to the Kli pin, which sets the KIiPL bit to 1
(rising edge), inputs to the other pins K10 to K13 are not detected as interrupts.
Figure 11.11 shows the Block Diagram for Key Input Interrupts. Table 11.12 lists the Pin Configuration for Key
Input Interrupts.

(

2
@

Pull-up
transistor
Pull-up
transistor

Pull-up
transistor

2
N

x|
=

e

Pull-up
transistor

a KI3PL=0

PU1_3 bit in PURL1 register
PD1_3 bit in PD1 register

KISEN bit

—[>°—0 KI3PL = 1
4Ki2PL=0

KI2EN bit

—[>°—0 KI2PL = 1

KI1EN bit

4KiIpPL=0
—[>°—0K|1P|_ =1

aKIOPL =0

KIOEN bit

moL

—[>°—0 KIOPL = 1

Interrupt
control circuit

KIOEN, KI1EN, KI2EN, KI3EN, KIOPL, KI1PL, KI2PL, KI3PL: Bits in KIEN register

Key input
interrupt request

Figure 11.11

Block Diagram for Key Input Interrupts

Table 11.12 Pin Configuration for Key Input Interrupts

Pin Name

I/10

Function

KIO

KIO interrupt input

KI1

KI1 interrupt input

KI2

KI2 interrupt input

KI3

KI3 interrupt input
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11.7 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address

indicated by the AIADRI register (i = 0 or 1). Thisinterrupt is used as a break function for the debugger. When the

on-chip debugger is used, do not set an address match interrupt (registers AIENi and AIADRI, and fixed vector

table) in the user system.

Set the start address of any instruction in these registers. The AIENIO bit (i = 0 or 1) in the AIENi register can be

used to enable or disable the interrupt. The address match interrupt is not affected by the | flag and IPL.

The PC value (see 11.4.7 Saving Registers), which is saved on the stack when an address match interrupt request

is acknowledged, will differ depending on the instruction at the address indicated by the AIADRI register. The

appropriate return address is not saved on the stack. When the MCU returns from the address match interrupt, use

one of the following methods:

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

» Use an instruction such as POP to restore the stack to its previous state where the interrupt request was
acknowledged. Then use ajump instruction to return.

Table 11.13 lists the PC Value Saved When Address Match Interrupt Request is Acknowledged. Table 11.14 lists

the Correspondence between Address Match Interrupt Sources and Associated Registers.

Table 11.13 PC Value Saved When Address Match Interrupt Request is Acknowledged

Instruction at Address Indicated by AIADRI Register (i=0 or 1) PC Value Saved (1)
« Instruction with 16-bit operation code Address indicated by
« Instruction shown below among the instructions with 8-bit operation code: AIADRI register + 2
ADD.B:S #IMM8,dest SUB.B:S #IMM8,dest AND.B:S #IMM8,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 = A0 or Al)
Instructions other than the above Address indicated by
AIADRI register + 1

Note:
1. PC value saved: See 11.4.7 Saving Registers.

Table 11.14 Correspondence between Address Match Interrupt Sources and Associated

Registers
Address Match Interrupt Source Address Match Interrupt Enable Bit Address Match Interrupt Register
Address match interrupt O AIENOO AIADRO
Address match interrupt 1 AIEN10 AIADR1
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11.8

How to Determine Interrupt Sources

Table 11.15 lists How to Determine Interrupt Source for Oscillation Stop Detection Interrupt, Watchdog Timer
Interrupt, or Voltage Monitor 1 Interrupt. Figure 11.12 shows How to Determine Interrupt Source for Oscillation
Stop Detection Interrupt, Watchdog Timer Interrupt, or Voltage Monitor 1 Interrupt.

Table 11.15 How to Determine Interrupt Source for Oscillation Stop Detection Interrupt,
Watchdog Timer Interrupt, or Voltage Monitor 1 Interrupt

Generated Interrupt Source

Bit Indicating Interrupt Source

Oscillation stop detection

CKSWIF bit in BAKCR register = 1

Watchdog timer

UFIF bit in RISR register = 1

Voltage monitor 1

VW1C2 bit in VW1C register =1

Determining
interrupt source

C )

CKSWIF = 17
(oscillation stop
detected)

Set the CKSWIE bit to 0
(oscillation stop detection
interrupt disabled).

Set the CKSWIF bit to 0 (no
oscillation stop detection
interrupt requested).

UFIF = 1?
(watchdog timer
underflow)

Yes

To oscillation stop
detection interrupt routine

To watchdog timer
interrupt routine

To voltage monitor 1
interrupt routine

UFIF: Bit in RISR register

CKSWIE, CKSWIF: Bits in BAKCR register

Figure 11.12

How to Determine Interrupt Source for Oscillation Stop Detection Interrupt,

Watchdog Timer Interrupt, or Voltage Monitor 1 Interrupt
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11.9 Notes on Interrupts

11.9.1 Reading Address 00000h
Do not read address 00000h by a program. When an external interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from address 00000h in the interrupt
sequence. At thistime, the corresponding bit in the IRR3 register for the acknowledged interrupt is set to O.
If aprogram is used to read address 00000h, the corresponding bit in the IRR3 register for the interrupt which
has the highest priority among the enabled interruptsis set to 0. This may cause the interrupt to be canceled, or
an unexpected interrupt to be generated.

11.9.2 SP Setting
Set avalue in the SP before any interrupt is acknowledged. The SP is 0000h after a reset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

11.9.3 External Interrupt and Key Input Interrupt
Signal input to pins INTO to INT3 and pins KI0 to K13 must meet either the low-level width or the high-level
width requirements shown in External Interrupt INTi Input (i = O to 3) in the Electrical Characteristics,
regardless of the CPU operating clock. For details, see Table 24.20 (Vcc = 5 V), Table 24.26 (Vcc = 3 V), and
Table 24.32 (Vcc = 2.2 V) External Interrupt INTi Input, Key Input Interrupt Kli (i =0to 3).
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11.9.4 Rewriting Registers PMLi (i = 1to 4), PMHi (i = 1, 3, or 4), ISCRO, INTEN,
and KIEN

When changing the functions of the INTO to INT3 and K10 to K13 interrupts, an interrupt request flag may be
set to 1 by rewriting registers PMLi (i = 1to 4), PMHi (i = 1, 3, or 4), ISCRO, and KIEN. When an interrupt
function is switched, rewrite these registers with interrupt requests disabled, and wait for a certain period (1)
before setting the interrupt request flag to O.

Figure 11.13 shows the Procedure for Manipulating Registers PMLi (i = 1to 4), PMHi (i = 1, 3, or 4), ISCRO,
INTEN, and KIEN, and Setting Interrupt Request Flag to 0.

Note:

1. A period of two to three cycles x the system clock (f) when the digital filter isdisabled and INTOto INT3
or KI0 to KI3 are used. It isfive to six cycles x the sampling clock when the digital filter is enabled and
INTOto INT3 are used.

When all maskable interrupts can be disabled, use the | flag.

When all maskable interrupts cannot be disabled, use the
Interrupt disabled @ -«—— corresponding bits ILVLjO to ILVL]j1 or bits ILVLj4 to ILVLj5
(i=6, A, C, D, or E) for the interrupt whose source to be
+ changed.
Rewrite registers PMLi (i = 1 to 4), R
PMHi (i = 1, 3, or 4), ISCRO,
INTEN, and KIEN
. . . . . W
Wait for a certain period ® > After manl_pulatlng the registers, wait for a certain period
to set the interrupt request flag to 0.
Set the interrupt request flag to 0 @
+ /
Interrupt enabled @ -«—— The interrupt is enabled.

Notes:

1. A period of two to three cycles x the system clock (f) when the digital filter is disabled and INTO to INT3
or KIO to KI3 are used. It is five to six cycles x the sampling clock when the digital filter is enabled and
INTO to INT3 are used.

2. See 11.9.7 Changing Interrupt Priority Levels and Flag Registers for the instructions to use and
related notes.

Figure 11.13 Procedure for Manipulating Registers PMLi (i =1to 4), PMHi (i = 1, 3, or 4), ISCRO,
INTEN, and KIEN, and Setting Interrupt Request Flag to 0
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11.9.5 INTi Input Filter (i = 0 to 3) When Returning from Wait Mode or Stop Mode
to Standard Operating Mode

When atransition is made to wait mode or stop mode with the WCKSTP bit in the CKSTPR register set to 1
(system clock stopped in wait mode) while in use of the INTI filter, the INTI interrupt cannot be used to return
to standard mode.

When the INTi interrupt is used to return, set the WCKSTP bit to 1 and bits INTiF1 to INTiFO in the INTFO
register to 00b (no filter) before a transition is made to wait mode or stop mode. When the filter is used again,
select the sampling clock with bits INTiFO to INTiF1 to enable the INTIEN bit in the INTEN register.

Figure 11.14 shows the Register Setting Procedure When INTi Input Filter (i = 0 to 3) is Used.

When all maskable interrupts can be disabled, use the | flag.

When all maskable interrupts cannot be disabled, use the
Interrupt disabled -«——— corresponding bits ILVLjO to ILVLj1 or bits ILVLj4 to ILVLj5
(=6, A, C, D, or E) for the interrupt whose source to be
* changed.

i Rewrite registers PMLK (k = 1 to i
! 4), PMHk (k=1,3,0r4),and |
! ISCRO if necessary i
] ]

Set the INTIEN bit (i = 0 to 3) in
the INTEN register to 0

v

Set the bits INTIFO to INTiF1
(i=0to 3) in INTFO register

'

Set the INTIEN bit (i=0to 3) in
the INTEN register to 1

v

Wait for a certain period @

'

Set the interrupt request flag to 0

'

Interrupt enabled -«——— The interrupt is enabled.

Note:
1. A period of two to three cycles x the system clock (f) when the digital filter is disabled and
INTO to INT3 are used. It is five to six cycles x the sampling clock when the digital filter is
enabled and INTO to INT3 are used.

Figure 11.14 Register Setting Procedure When INTi Input Filter (i = 0 to 3) is Used
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11.9.6 Setting Procedure When INTi Input Filter (i = 0 to 2) is Used for Peripheral

Functions

Figure 11.15 shows the Register Setting Procedure When INTi Input Filter (i = 0 to 2) is Used for Peripheral
Functions (Timer RJ2, Timer RB2, and Timer RC).

Rewrite registers PMLj (j=1to
4) and PMHj (j =1, 3, or 4)

v

Set the INTIEN bit (i=0to 2) in
the INTEN register to 0

v

Set bits INTIFO to INTiF1
(i=0to 2) in INTFO register

'

Set the INTIEN bit (i=0to 2) in
the INTEN register to 1

v

Wait for a certain period @

v

Set the registers associated with
the peripheral functions

Note:

1. A period of two to three cycles x the system clock (f) when the digital filter is disabled and
INTO to INT2 are used. It is five to six cycles x the sampling clock when the digital filter is

enabled and INTO to INT2 are used.

Figure 11.15

Register Setting Procedure When INTi Input Filter (i = 0to 2) is Used for Peripheral
Functions (Timer RJ2, Timer RB2, and Timer RC)
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11.9.7 Changing Interrupt Priority Levels and Flag Registers

(a) The interrupt priority level and the flag register must be changed only while no interrupt requests are
generated. If an interrupt may be generated, using the | flag to disable the interrupt before changing the
interrupt priority level and the flag register.

(b) When using the | flag to disable an interrupt, set the | flag as shown in the sample programs bel ow.

Examples 1 to 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the interrupt
priority level and the flag register are changed due to effects of the internal bus and the instruction queue buffer.

Example 1: Use the NOP instructions to pause the program until the interrupt priority level register is rewritten

INT_SWITCHL:
FCLR I ; Disable interrupts
AND.B #CFH, ILVLE ; Set INTO interrupt priority level 0
NOP ;
NOP
FSET I ; Enable interrupts

Example 2: Use a dummy read to delay the FSET instruction

INT_SWITCH2:
FCLR I ; Disable interrupts
AND.B #CFH, ILVLE : Set INTO interrupt priority level 0
MOV.W MEM, RO ; Dummy read
FSET I ; Enable interrupts

Example 3: Use the POPC instruction to change the | flag

INT_SWITCH3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B #CFH, ILVLE ; Set INTO interrupt priority level 0
POPC FLG ; Enable interrupts
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12.

I/0O Ports

Thereare 29 1/0 ports. P3_1 and P4 5 can be used as I/O ports when the XIN clock oscillation circuit is not used, and
P4 6 and P4 _7 can be used as I/0O ports when the XCIN clock oscillation circuit is not used. PA_0 can be used as an
1/0 port when a hardware reset is not used. In addition, all the ports are multiplexed with multiple peripheral functions.

12.1

Overview

The functions of the ports are selected by the peripheral function mapping registers (PMLi (i = 0to 4), PMHi (i =0,
1, 3, or 4) and the peripheral function mapping expansion register (PMH1E). The functions of the I/O ports are
selected by the port direction registers (PDi (i = 0 to 4, A)). In addition, the drive capacity of some ports can be
switched. Table 12.1 shows the I/O Port Overview. Table 12.2 lists the Port Functions by Pin. Table 12.3 lists the
1/0O Port Register Configuration.

Table 12.1 1/0 Port Overview
Ports 110 Output Type I/O Setting Integezisli;l:)I:-Up Drlg/;iiiri)r?gmty
PO_0Oto PO_7 1/10 3-state CMOS Set in 1-bit units. Set in 1-bit units. 4 |None
P1 0,P1_ 1, 1/0 3-state CMOS Set in 1-bit units. Set in 1-bit units. (4} | None
P1 6,P1_7
P1 2toP1 5 Set in 1-bit units. )
P2 _0toP2_2 1/10 3-state CMOS Set in 1-bit units. Set in 1-bit units. 4 |None
P3 1@ I/0 3-state CMOS Set in 1-bit units. Set in 1-bit units. (4) | None
P3_3, P3_4, Set in 1-bit units. (5)
P3 5,P3_7
PA_ 02 /10 | 3-state CMOS Set in 1-bit units. None None
P4 2,P4 5(), 110 3-state CMOS Set in 1-bit units. Set in 1-bit units. 4 |None
P4 63),P4 70

Notes:

1. When the XIN clock oscillation circuit or direct input of the XIN clock is not used, these can be used as I/O ports.
2. When the hardware reset is not used, this port can be used as an 1/O port.
3. When the XCIN clock oscillation circuit or direct input of the XCIN clock is not used, these can be used as I/O

ports.

4. In input mode, whether an internal pull-up resistor is connected or not can be selected by the PURI register (i =

0to 4).

5. The drive capacity of the output transistors (low or high) can be selected by the DRRi register (i = 1 or 3).
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Table 12.2 Port Functions by Pin
Number Group = O(C))Ob = Oglb = O(;Ob = Oilb = lgob PM2 PM1 PMO

1 P4_2 P4_2 TRBO TXDO/IFTXD KI3 — — P42SEL1 | P42SELO
2 P3_7 P3_7 ADTRG TRJO TRCIOD — — P37SEL1 | P37SELO
3 RESET PA_O — — — — — — —

4 P4_7/XCOUT P4_7/XCOUT INT2 — — — — P47SEL1 | P47SELO
5 VSS/AVSS — — — — — — — —

6 P4_6/XCIN P4_6/XCIN RXDO/IrRXD TXDO/IrTXD — — — P46SEL1 | P46SELO
7 VCC/AVCC — — — — — — — —

8 MODE — — — — — — — —

9 P35 P35 TRCIOD KI2 VCOUT3 — — P35SEL1 | P35SELO
10 P3 4 P3_4/IVREF3 TRCIOC INT2 SSI — — P34SEL1 | P34SELO
11 P33 P3_3/IVCMP3 TRCCLK INT3 scs — — P33SEL1 | P33SELO
12 P2_2 P2_2 TRCIOD TRKI SSO/SDA — — P22SEL1 | P22SELO
13 P2_1 P2_1 TRCIOC TRKO SSCKI/SCL — — P21SEL1 | P21SELO
14 P2_0 P2_0 TRCIOB TRKO INTL — — P20SEL1 | P20SELO
15 P3_1/XIN P3_1/XIN TRBO — — — — P31SEL1 | P31SELO
16 P4 _5/XOUT P4_5/XOUT INTO ADTRG — — — P45SEL1 | P45SELO
17 P1_7 P1_7/AN7/IVCMP1 INTL TRJIO TRCCLK —_ —_ P17SEL1 | P17SELO
18 P1_6 P1_6/AN6/IVREF1 CLKO TRJO TRCIOB — — P16SEL1 | P16SELO
19 P1_5 P1_5/AN5 RXDO/IrRXD TRJIO INTL VCOUT1 P15SEL2 | P15SEL1 | P15SELO
20 P1_4 P1_4/AN4 TXDO/IFTXD RXDO/IrRXD INTO TRCIOB P14SEL2 | P14SEL1 | P14SELO
21 P1 3 P1_3/AN3 TRCIOC KI3 TRBO —_ — P13SEL1 | P13SELO
22 P1 2 P1_2/AN2 TRCIOB K12 TREO —_ — P12SEL1 | P12SELO
23 P1_1 P1_1/AN1 TRCIOA/TRCTRG Ki1 — —_ —_ P11SEL1 | P11SELO
24 P1_0 P1_O/ANO TRCIOD KI0 TRKI —_ —_ P10SEL1 | P10SELO
25 PO_7 PO_7 TRCIOC TRKO — — — PO7SEL1 | PO7SELO
26 PO_6 PO_6 TRCIOD — — — — PO6SEL1 | PO6SELO
27 PO_5 PO_5 TRCIOB — — — — PO5SEL1 | PO5SELO
28 PO_4 PO_4 TRCIOB TREO — — — PO4SEL1 | PO4SELO
29 P0O_3 P0O_3 TRCIOB CLK1 — — — PO3SEL1 | PO3SELO
30 P0O_2 P0O_2 TRCIOA/TRCTRG | RXD1/IrRXD — — — PO2SEL1 | PO2SELO
31 PO_1 PO_1 TRCIOA/TRCTRG | TXD1/IrTXD — — — PO1SEL1 | PO1SELO
32 PO_O PO_O TRCIOA/TRCTRG — — — — POOSEL1 | POOSELO
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Table 12.3  1/O Port Register Configuration
Register Name Symbol After Reset Address Access Size
Port PO Direction Register PDO 00h 000A8h 8
Port P1 Direction Register PD1 00h 000A%h 8
Port P2 Direction Register PD2 00h 000AAh 8
Port P3 Direction Register PD3 00h 000ABhO 8
Port P4 Direction Register PD4 00h 000ACh 8
Port PA Direction Register PDA 00h 000ADN 8
Port PO Register PO 00h 000AEh 8
Port P1 Register P1 00h 000AFh 8
Port P2 Register P2 00h 000B0Oh 8
Port P3 Register P3 00h 000B1h 8
Port P4 Register P4 00h 000B2h 8
Port PA Register PA 00h 000B3h 8
Pull-Up Control Register 0 PURO 00h 000B4h 8
Pull-Up Control Register 1 PUR1 00h 000B5h 8
Pull-Up Control Register 2 PUR2 00h 000B6h 8
Pull-Up Control Register 3 PUR3 00h 000B7h 8
Pull-Up Control Register 4 PUR4 00h 000B8h 8
Port I/0 Function Control Register PINSR 00h 000B9%h 8
Drive Capacity Control Register 1 DRR1 00h 000BBh 8
Drive Capacity Control Register 3 DRR3 00h 000BDh 8
Open-Drain Control Register 0 PODO 00h 000CO0h 8
Open-Drain Control Register 1 POD1 00h 000C1h 8
Open-Drain Control Register 2 POD2 00h 000C2h 8
Open-Drain Control Register 3 POD3 00h 000C3h 8
Open-Drain Control Register 4 POD4 00h 000C4h 8
Port PA Mode Control Register PAMCR 11h 000C5h 8
Port 0 Function Mapping Register 0 PMLO 00h 000C6h 8
Port 0 Function Mapping Register 1 PMHO 00h 000C7h 8
Port 1 Function Mapping Register 0 PML1 00h 000C8h 8
Port 1 Function Mapping Register 1 PMH1 00h 000C9%h 8
Port 2 Function Mapping Register 0 PML2 00h 000CAh 8
Port 3 Function Mapping Register 0 PML3 00h 000CCh 8
Port 3 Function Mapping Register 1 PMH3 00h 000CDh 8
Port 4 Function Mapping Register 0 PML4 00h 000CEh 8
Port 4 Function Mapping Register 1 PMH4 00h 000CFh 8
Port 1 Function Mapping Expansion Register PMH1E 00h 000D1h 8
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12.2 Reading of Port Input Level

Regardless of the mapping settings for port functions, whether to read the port latch or the pin level can be selected
when reading the Pi register (i = 0to 4, or A).

12.2.1 Port I/O Function Control Register (PINSR)
Address 000B9h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ IOINSEL [TRJIOSEL] — | — | — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved The write value is invalid. The read value is undefined. | —
bl — Reserved Set to 0. The read value is 0. —
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 —
b5 —
b6 | TRJIIOSEL | TRJIO input signal select bit 0: Input from external TRJIO pin R/W
1: Internal input from VCOUT1 of comparator B
b7 IOINSEL | Pin level forced read-out bit 0: Disabled (control by PDi register) R/W
1: Enabled (read of pin input level)

Set the PRCA4 bit in the PRCR register to 1 (write enabled) before rewriting the PINSR register.

[When the IOINSEL bit in the PINSR register is Q]

When the PDi_j bit (j = 0to 7) inthe PDi register (i = 0to 4, or A) is 0 (input mode), if the Pi_j bit in the Pi
register isread, the input level of the corresponding pin is read.

If the Pi_j bit in the Pi register is read when the PDi_j bit is 1 (output mode), the port latch is read.

[When the IOINSEL bit in the PINSR register is 1]

If the Pi register is read, the input level of the corresponding pin is read regardless of the setting of the PDi
register.
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12.3 Port O

Figure 12.1 shows the Port O Pin Configuration.

'«—> PO_O/TRCIOA/TRCTRG

l«—» PO_1/TRCIOAITRCTRG/TXD1/IFTXD
l«—» PO_2/TRCIOA/TRCTRG/RXDL/IFRXD
'«—» PO_3/TRCIOB/CLK1

'«—» PO_4/TRCIOB/TREO

l«—» PO_5/TRCIOB

l«—» PO_6/TRCIOD

l«—» PO_7/TRCIOC/TRKO

Figure 12.1 Port 0 Pin Configuration

RO1UHO0023EJ0200 Rev.2.00
Mar 07, 2012

RENESAS

Page 148 of 581



R8C/M13B Group 12.1/O Ports
12.3.1 Port PO Direction Register (PDO0)
Address 000A8h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PDO_7 | PDO_6 | PD0O_5 | PDO_4 | PDO_3 | PDO_2 | PDO_1 | PDO_O
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PDO_0 |Port PO_O direction bit 0: Input mode (functions as an input port) R/W
bl PDO_1 |Port PO_1 direction bit 1: Output mode (functions as an output port) R/W
b2 PDO_2 |Port PO_2 direction bit R/W
b3 PDO_3 |Port PO_3 direction bit R/W
b4 PDO_4 | Port PO_4 direction bit R/W
b5 PDO_5 |Port PO_5 direction bit R/W
b6 PDO_6 |Port PO_6 direction bit R/W
b7 PDO_7 |Port PO_7 direction bit R/W
The PDO register is used to select whether 1/0 ports are used as input or output.
Each bit in the PDO register correspondsto individual ports.
12.3.2 Port PO Register (P0)
Address 000AEh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PO_7 | P06 | P05 | PO_4 PO_3 PO_2 PO_1 PO_0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PO_0 |Port PO_O bit 0: Low level R/W
b1l PO_1 |PortPO_1 bit 1: High level RIW
b2 PO_2 |Port PO_2 bit R/W
b3 PO 3 |Port PO_3 bit RIW
b4 PO 4 |PortPO_4 bit RIW
b5 PO_5 |Port PO_5 bit RIW
b6 PO_6 |Port PO_6 bit R/W
b7 PO_7 |Port PO_7 bit RIW

The PO register isan 1/0O port data register. Data input to and output from external devices are accomplished by
reading from and writing to the PO register. The PO register consists of a port latch to retain output data and a
circuit to read the pin states. The value written to the port latch is output from the pins. Each bit in the PO

register corresponds to individual ports.
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12.3.3 Pull-Up Control Register 0 (PURO)
Address 000B4h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PUO_7 | PUO_6 | PUO_5 | PUO_4 | PUO_3 | PUO_2 [ PUO_1 | PUO_O

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PUO_O0 | Port PO_O pull-up control bit 0: No pull-up resistor R/W
bl | PUO_1 |PortPO_1 pull-up control bit 1: Pull-up resistor RIW
b2 PUO_2 | Port PO_2 pull-up control bit R/W
b3 PUO_3 | Port PO_3 pull-up control bit R/W
b4 PUO_4 | Port PO_4 pull-up control bit R/W
b5 PUO_5 | Port PO_5 pull-up control bit R/W
b6 PUO_6 | Port PO_6 pull-up control bit R/W
b7 PUO_7 | Port PO_7 pull-up control bit R/W

The PURO register is used to control the port PO pull-up resistors. I/O ports are pulled up when the
corresponding PDO_j bit (j = 0to 7) in the PDO register is set to 0 (input mode (functions as an 1/0 port)) and
the PUO_j bit (j =0to 7) in the PURO register is set to 1. The input pins for peripheral functions are pulled up
when the corresponding PDO _j bit is set to 0 and the PUQ_j bit isset to 1.

Do not set the corresponding PUO _j bit to 1 for the output pins for periphera functions.

12.3.4 Open-Drain Control Register 0 (PODO0)
Address 000COh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PODO_7 | PODO_6 | POD0_5 | PODO_4 | PODO_3 | PODO_2 | PODO_1 | PODO_0

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PODO_0 | Port PO_0 open-drain control bit 0: Not open-drain R/W
bl | PODO_1 |Port PO_1 open-drain control bit 1: Open-drain R/W
b2 PODO_2 | Port PO_2 open-drain control bit R/W
b3 PODO0_3 | Port PO_3 open-drain control bit R/W
b4 PODO_4 | Port PO_4 open-drain control bit R/W
b5 PODO_5 | Port PO_5 open-drain control bit R/W
b6 PODO_6 | Port PO_6 open-drain control bit R/W
b7 PODO_7 | Port PO_7 open-drain control bit R/W

The PODO register is used to select whether the output type is CMOS output or N-channel open-drain output.
These settings are enabled when the peripheral function output or output port function is selected.

The corresponding pins are set to N-channel open-drain output when the PODO _j bit  =0to 7) issetto 1
(open-drain), and CMOS output when the bit is set to 0 (not open-drain).
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12.3.5 Port 0 Function Mapping Register 0 (PMLO)
Address 000C6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PO3SEL1 | POSSELO| PO2SEL1 | P0O2SELO | PO1SEL1 | PO1SELO | POOSEL1|PO0OSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | POOSELO | Port PO_O function select bits bébg. /0 port R/W
bl | POOSEL1 0 1: TRCIOA/TRCTRG RIW
Other than the above: Do not set.
b2 PO1SELO | Port PO_1 function select bits bgbé /O port R/W
: por
b3 | POISEL1 0 1: TRCIOA/TRCTRG RIW
1 0: TXD1/IrTXD
1 1: Do not set.
b4 PO2SELO | Port PO_2 function select bits bgbé /O port R/W
: por
b5 POZSEL1 0 1: TRCIOA/TRCTRG RIW
1 0: RXD1/IrRXD
1 1: Do not set.
b6 | PO3SELO | Port PO_3 function select bits b(7)b06 /O port R/W
: por
b7 PO3SEL1 01: TRCIOB R/W
10: CLK1
1 1: Do not set.
The PMLO register is used to select the functions of pins PO_0to PO_3.
12.3.6 Port 0 Function Mapping Register 1 (PMHO)
Address 000C7h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [PO7SEL1|P07SELO|PO6SEL1|PO6SELO|POSSEL1|PO5SELO|PO4SEL1|PO4SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | PO4SELO | Port PO_4 function select bits bébg. /0 port R/W
bl PO4SEL1 0 1: TRCIOB R/W
10: TREO
1 1: Do not set.
b2 | PO5SELO | Port PO_5 function select bits bgbé. /0 port R/W
b3 PO5SEL1 0 1: TRCIOB R/W
Other than the above: Do not set.
b4 | PO6SELO | Port PO_6 function select bits bgbé‘r. /0 port R/W
b5 PO6SEL1 0 1: TRCIOD R/W
Other than the above: Do not set.
b6 | PO7SELO | Port PO_7 function select bits bg)bg. /0 port R/W
b7 PO7SEL1 0 1: TRCIOC R/W
1 0: TRKO
1 1: Do not set.

The PMHO register is used to select the functions of pins PO_4 to PO_7.
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12.3.7 Pin Settings for Port O
Tables 12.4 to 12.11 list the pin settings for port O.

Table 12.4 Port PO_O/TRCIOA/TRCTRG
Register PDO PMLO
. POOSEL Timer RC Setting Function
Bit PDO_0O
1 0
0 0 0 X Input port
) 1 0 0 X Output port
S\/:tgég X 0 1 | See Table 12.33 TRCIOA Pin Settings. | TRCIOA input
X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCIOA output
X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCTRG input
X:0orl
Table 12.5 Port PO_1/TRCIOA/TRCTRG/TXD1/IrTXD
Register PDO PMLO
. PO1SEL Timer RC Setting Function
Bit PDO_1
- 1 0
0 0 0 X Input port
1 0 0 X Output port
Setting X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCIOA input
value X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCIOA output
X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCTRG input
X 1 0 X TXD1/IrTXD output
X:0o0r1
Table 12.6 Port PO_2/TRCIOA/TRCTRG/RXD1/IrRXD
Register PDO PMLO
. PO2SEL Timer RC Setting Function
Bit PDO_2
- 1 0
0 0 0 X Input port
1 0 0 X Output port
Setting X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCIOA input
value X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCIOA output
X 0 1 See Table 12.33 TRCIOA Pin Settings. | TRCTRG input
X 1 0 X RXD1/IrRXD input
X:0o0r1
Table 12.7 Port PO_3/TRCIOB/CLK1
Reqgister PDO PMLO
) PO3SEL Timer RC Setting Function
Bit PDO_3
1 0
0 0 0 X Input port
) 1 0 0 X Output port
S\f;tg;g X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB input
X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB output
X 1 0 X CLK1
X:0orl
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Table 12.8 Port PO_4/TRCIOB/TREO
Register PDO PMHO
. PO4SEL Timer RC Setting Function
Bit PDO_4
1 0
0 0 0 X Input port
) 1 0 0 X Output port
Setting - - -
value X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB input
X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB output
X 1 0 X TREO output
X:0orl
Table 12.9 Port PO_5/TRCIOB
Register PDO PMHO
. PO5SEL Timer RC Setting Function
Bit PDO_5
1 0
0 0 0 X Input port
Setting 1 0 0 X Output port
value X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB input
X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB output
X:0orl

Table 12.10 Port PO_6/TRCIOD

Register PDO PMHO
. PO6SEL Timer RC Setting Function
Bit PDO_6
- 1 0
0 0 0 X Input port
Setting 1 0 0 X Output port
value X 0 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD input
X 0 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD output
X:0orl
Table 12.11  Port PO_7/TRCIOC/TRKO
Register PDO PMHO
. PO7SEL Timer RC Setting Function
Bit PDO_7
1 0
0 0 0 X Input port
) 1 0 0 X Output port
S\/‘:ltij”eg X 0 1 | See Table 12.35 TRCIOC Pin Settings. | TRCIOC input
X 0 1 See Table 12.35 TRCIOC Pin Settings. | TRCIOC output
X 1 0 X TRKO output
X:0orl
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12.4 Port1l

Figure 12.2 shows the Port 1 Pin Configuration.

l«— P1_0/ANO/TRCIOD/KIO/TRKI

l«— P1_1/ANL/TRCIOA/TRCTRG/KIL

l«— P1_2/AN2/TRCIOB/KI2/TREO

l«— P1_3/AN3/TRCIOC/KI3/TRBO

l«— P1_4/AN4/TXDO/IrTXD/RXDO/IrRXD/INTO/TRCIOB
«—> P1_5/ANS/RXDO/IrRXD/TRJIIO/INT1/VCOUT1
«— P1_6/AN6/IVREF1/CLKO/TRIO/TRCIOB
«— P1_7/AN7/IVCMPL/INTL/TRIIO/TRCCLK

Figure 12.2 Port 1 Pin Configuration
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12.4.1 Port P1 Direction Register (PD1)
Address 000A9h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PD1_7 | PD1 6 | PD1 5 | PD1 4 | PD1 3 | PD1 2 [ PD1_1 | PD1 0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PD1_0 |Port P1_0 direction bit 0: Input mode (functions as an input port) R/W
bl PD1_1 |PortP1_1 direction bit 1: Output mode (functions as an output port) R/W
b2 PD1 2 |Port P1_2 direction bit R/W
b3 PD1 3 |Port P1_3 direction bit R/W
b4 PD1_4 |Port P1_4 direction bit R/W
b5 PD1_5 |Port P1_5 direction bit R/W
b6 PD1_6 |Port P1_6 direction bit R/W
b7 PD1_7 |Port P1_7 direction bit R/W
The PD1 register is used to select whether 1/0 ports are used as input or output.
Each bit in the PD1 register correspondsto individual ports.
12.4.2 Port P1 Register (P1)
Address 000AFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P17 | P16 | PL5 | P14 P13 P12 P11 P1_0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P1 0 |PortP1_0 bit 0: Low level R/W
b1 P11 |PortP1_1 bit 1: High level RIW
b2 P1 2 |PortP1_2 bit RIW
b3 P1 3 |PortP1_3 bit RIW
b4 P1 4 |PortP1_4 bit RIW
b5 P15 |PortP1_5 bit RIW
b6 P1_6 |PortP1_6 bit R/W
b7 P1_ 7 |PortP1_7 bit RIW

The P1 register isan 1/0O port data register. Data input to and output from external devices are accomplished by
reading from and writing to the P1 register. The P1 register consists of a port latch to retain output data and a
circuit to read the pin states. The value written to the port latch is output from the pins. Each bit in the P1

register corresponds to individual ports.
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12.4.3 Pull-Up Control Register 1 (PUR1)
Address 000B5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PUL1_7 | PUL 6 | PUL5 | PUL 4 | PUL 3 | PUL 2 [ PUL_1 | PUL 0

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PU1_0 |Port P1_0 pull-up control bit 0: No pull-up resistor R/W
bl | PUL_1 |PortP1_1 pull-up control bit 1: Pull-up resistor RIW
b2 PU1_2 |Port P1_2 pull-up control bit R/W
b3 PU1_3 |Port P1_3 pull-up control bit R/W
b4 PU1_4 |Port P1_4 pull-up control bit R/W
b5 PU1_5 |Port P1_5 pull-up control bit R/W
b6 PU1_6 |Port P1_6 pull-up control bit R/W
b7 PU1_7 |Port P1_7 pull-up control bit R/W

The PURL1 register is used to control the port P1 pull-up resistors. 1/O ports are pulled up when the
corresponding PD1 j bit (j =0to 7) inthe PD1 register is set to 0 (input mode (functions as an 1/0 port)) and
the PUL j bit (j =0to 7) in the PUR1 register is set to 1. The input pins for peripheral functions are pulled up
when the corresponding PD1 j bit is set to 0 and the PUL j bitisset to 1.

Do not set the corresponding PU1 | bit to 1 for the output pins for periphera functions.

12.4.4 Drive Capacity Control Register 1 (DRR1)
Address 000BBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |DRR1.5[DRR1 4|DRR1 3|DRR1 2| — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. —
bl —
b2 DRR1_2 | Port P1_2 drive capacity control bit 0: Low drive capacity R/W
b3 | DRR1_3 |Port P1_3 drive capacity control bit | 1: High drive capacity (1) R/W
b4 DRR1_4 | Port P1_4 drive capacity control bit R/W
b5 DRR1_5 | Port P1_5 drive capacity control bit R/W
b6 — Reserved Setto 0. —
b7 —
Note:

1. Both H and L output are set to high drive capacity.

The DRRL register is used to select the drive capacity of the output transistors (low or high) when P1 is set to
output (an output port or a peripheral function output pin). The drive capacity of the corresponding output
transistorsis high when the DRR1_j hit (j = 2to 5) in the DRR1 register isset to 1.
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12.4.5 Open-Drain Control Register 1 (POD1)
Address 000C1h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | POD1_7 | POD1_6 | POD1_5 [ POD1_4 | POD1_3 | POD1_2 [ POD1_1 | POD1_0

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 POD1_0 | Port P1_0 open-drain control bit 0: Not open-drain R/W
bl |POD1_1 |Port P1_1 open-drain control bit 1: Open-drain RIW
b2 POD1_2 | Port P1_2 open-drain control bit R/W
b3 POD1_3 | Port P1_3 open-drain control bit R/W
b4 POD1_4 | Port P1_4 open-drain control bit R/W
b5 POD1_5 | Port P1_5 open-drain control bit R/W
b6 POD1_6 | Port P1_6 open-drain control bit R/W
b7 POD1_7 | Port P1_7 open-drain control bit R/W

The POD1 register is used to select whether the output type is CMOS output or N-channel open-drain output.
These settings are enabled when the peripheral function output or output port function is selected.

The corresponding pins are set to N-channel open-drain output when the POD1 j bit (j =0to 7) issetto 1
(open-drain), and CMOS output when the bit is set to 0 (not open-drain).

12.4.6 Port 1 Function Mapping Register 0 (PML1)
Address 000C8h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | P13SEL1 | P13SELO| P12SEL1 | PlZSELO| P11SEL1 | P11SELO | P10SEL1|P10SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | P1OSELO | Port P1_0 function select bits b(l)boo' 1O port or ANO input RIW
bl |P10SEL1 0 1: TRCIOD R/W
10: KIO
11: TRKI
b2 | P11SELO | Port P1_1 function select bits bgbé /0 port or ANL input R/W
. port or Inpu
b3 | P1ISELL 0 1: TRCIOA/TRCTRG RIW
10: KI1
1 1: Do not set.
b4 | P12SELO | Port P1_2 function select bits bgbg /0 ort or AN2 inbut R/W
: port or inpu
b5 |P12SEL1 0 1: TRCIOB R/W
10: KI2
11: TREO
b6 | P13SELO |Port P1_3 function select bits bébg /0 ort or AN3 inbut R/IW
: port or inpu
b7 |P13SEL1 0 1: TRCIOC R/W
10: KI3
11: TRBO
The PML1 register is used to select the functions of pins P1_ 0to P1_3.
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12.4.7 Port 1 Function Mapping Register 1 (PMH1)
Address 000C9h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [P17SEL1|P17SELO|P16SEL1|P16SELO|P15SEL1|P15SELO|P14SELL|P14SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P14SELO | Port P1_4 function select bits babébcf)) YO port or AN input R/W
: port or inpu
bl | P14SEL1 00 1: TXDO/FTXD RIW
0 1 0: RXDO/IrRXD
011:INTO
100: TRCIOB
Other than the above: Do not set.
(bx: P14SEL2 bit in the PMHL1E register)
b2 | P15SELO | Port P1_5 function select bits babsbé /O port of ANS input R/W
: port or inpu
b3 P15SELL 0 0 1: RXDO/IrRXD RIW
010: TRJIO
011:INT1
100: VCOUT1
Other than the above: Do not set.
(bx: P15SEL2 bit in the PMHL1E register)
b4 | P16SELO | Port P1_6 function select bits bgbél /O port or ANG inout or [VREFL inout R/W
: port or input or inpu
b5 P16SEL1 0 1: CLKO R/W
10: TRJO
11: TRCIOB
b6 | P17SELO | Port P1_7 function select bits bébg /O port of AN7 inout of IVCMP1L input R/W
: port or input or inpu
b7 P17SEL1 01: INTL R/W
10: TRJIO
11: TRCCLK
The PMH1 register is used to select the functions of pins P1 4 to P1 7.
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12.4.8 Port 1 Function Mapping Expansion Register (PMHL1E)
Address 000D1h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll| — | — | — | — | — |P15SEL2] — |P14SEL2
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW

b0 P14SEL2 | The P1_4 pin function is selected in conjunction with bits P14SELO to P14SEL1 in the R/W
PMHZ1 register. For details, see 12.4.7 Port 1 Function Mapping Register 1 (PMH1).

bl — Nothing is assigned. The write value must be 0. The read value is 0. —

b2 |P15SEL2 | The P1_5 pin function is selected in conjunction with bits P15SELO to P15SELL1 in the R/W
PMHZ1 register. For details, see 12.4.7 Port 1 Function Mapping Register 1 (PMH1).

b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —

The PMHLE register is used to select the port 1 function in conjunction with registers PML1 and PMH1.
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12.4.9 Pin Settings for Port 1
Tables 12.12 to 12.19 list the pin settings for port 1.

Table 12.12 Port P1_0/ANO/TRCIOD/KIO/TRKI

Register PD1 ADINSEL PML1
. ADGSEL P10SEL Timer RC Setting Function
Bit PD1_0 CHO
1 0 1 0
0 X | X X 0 0 X Input port
1 X X X 0 0 X Output port
) 0 0 0 0 0 0 X A/D converter input (ANO)
Sv(;tltijr;g X X | X | X | 0| 1 |SeeTable 12.36 TRCIOD Pin Settings. | TRCIOD input
X X X X 0 1 | See Table 12.36 TRCIOD Pin Settings. | TRCIOD output
X X | x| x|1]o0 X KI0 input
X X X X 1 1 X TRKI input
X:0orl
Table 12.13 Port P1_1/AN1/TRCIOA/TRCTRG/KI1
Register PD1 ADINSEL PML1
. ADGSEL P11SEL Timer RC Setting Function
Bit PD1_1 CHO
1 0 1 0
0 X X X 0 0 X Input port
1 X X X 0 0 X Output port
Setting 0 0 0 1 0 0 X A/D converter input (AN1)
value X X X X 0 1 | See Table 12.33 TRCIOA Pin Settings. | TRCIOA input or TRCTRG input
X X X X 0 1 | See Table 12.33 TRCIOA Pin Settings. | TRCIOA output
X X | X| x|1]o0 X KIL input
X:0or1l
Table 12.14 Port P1_2/AN2/TRCIOB/KI2/TREO
Register PD1 ADINSEL PML1
. ADGSEL P12SEL Timer RC Setting Function
Bit PD1_2 CHO
1 0 1 0
0 X | X X 0 0 X Input port
1 X X X 0 0 X Output port
) 0 0 1 0 0 0 X A/D converter input (AN2)
Sv(;tltijr;g X X | X | X | 0| 1 |SeeTable 12.34 TRCIOB Pin Settings. | TRCIOB input
X X X X 0 1 | See Table 12.34 TRCIOB Pin Settings. | TRCIOB output
X X | X| x|1]o0 X K12 input
X X X X 1 1 X TREO output
X:0or1l

Table 12.15 Port P1_3/AN3/TRCIOC/KI3/TRBO

Register | PD1 ADINSEL PML1 Timer
. ADGSEL P13SEL Timer RC Setting RB2 Function
Bit PD1_3 1 0 CHO 1 0 Setting
0 X| x| x|o]|o X X Input port
1 X X X 0 0 X X Output port
) 0 0 1 1 0 0 X X A/D converter input (AN3)
sztlt;rég X X | X | X | 0 | 1 |See Table 12.35 TRCIOC Pin Settings.| X | TRCIOC input
X X X X 0 1 | See Table 12.35 TRCIOC Pin Settings. X TRCIOC output
X X | X| X |10 X X | KI3 input
X X X X 1 1 X X TRBO output
X:0o0r1l
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Table 12.16 Port P1_4/AN4/TXDO0/IrTXD/RXDO/IrRXD/INTO/TRCIOB

Register | PD1 ADINSEL PMH1E | PMH1
. ADGSEL P14SEL Timer RC Setting Function
Bit PD1_4 CHO | P14SEL2
1 0 1|0
0 X X X 0 0|0 X Input port
1 X X X 0 0|0 X Output port
0 1 0 0 0 0|0 X A/D converter input (AN4)
Setting X X | X X 0 0|1 X TXDO/IrTXD output
value X X X X 0 1110 X RXDO/IrRXD input
X X | X | x 0 101 X INTO input
X X X X 1 0 | O |See Table 12.34 TRCIOB Pin Settings. | TRCIOB input
X X X X 1 0 | O |See Table 12.34 TRCIOB Pin Settings. | TRCIOB output
X:0or1l

Table 12.17 Port P1_5/AN5/RXDO/IrRXD/TRJIO/INT1/VCOUT1

Register | PD1 ADINSEL PMH1E PMH1 TRJIOC TRIMR
. ADGSEL P15SEL TMOD Function
Bit PD1 5 CHO | P15SEL2 TOPCR
1 0 1 0 2 1 0
0 X X X 0 0 0 X X X X Input port
1 X X X 0 0 0 X X X X Output port
0 1 1 0 0 0 0 X X X X A/D converter input (AN5)
Setting X X X X 0 0 1 X X X X RXDO/IrRXD input
value X X X X 0 1 0 0 Other than 000b, 001b | TRJIO input
X X X X 0 1 0 0 001b TRJIO pulse output
X X X X 0 1 1 X X X X |INTZ input
X X X X 1 0 0 X X X X VCOUT1 output
X:0o0r1
Table 12.18 Port P1_6/AN6/IVREF1/CLKO/TRJO/TRCIOB
Register | PD1 ADINSEL PMH1 UOMR
. ADGSEL P16SEL SMD Timer RC Setting Function
Bit PD1_6 CHO CKDIR
1 0 1 0 2 1 0
0 X | X X 0 0 X | X | X X X Input port/IVREF1
1 X X X 0 0 X X X X X Output port
0 1 1 1 X X X X X X X A/D converter input (AN6)
X X X X 0 1 X X X 1 X CLKO (external clock) input
Setting X X | X X 0 1 0 0 1 0 X CLKO (internal clock) output
value X X | X | X | 1]0]|X]|X]|X X X TRJO output
X x | x X 1 1 x| x| x X See Tat_JIe 12.3_4 TRCIOB | TRCIOB input
Pin Settings.
X X X X 1 1 X X X X See Taple 12.34 TRCIOB | TRCIOB output
Pin Settings.
X:0o0r1
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Table 12.19 Port P1_7/AN7/IVCMP1/INT1/TRIIO/TRCCLK

Register | PD1 ADINSEL PMH1 TRJIOC TRIMR
. ADGSEL P17SEL TMOD Function
Bit PD1_7 CHO TOPCR
1|0 110 2 1 0
0 X X X 0 0 X X X X Input port/IVCMP1
1 X X X 0 0 X X X X Output port
] 0 1 0 1 0 0 X X X X A/D converter input (AN7)
sztltl';g x | x|[x[x]ol1 X X X X |INTZ input
X X X X 1 0 0 Other than 000b, 001b | TRJIO input
X X | X X 1 0 0 001b TRJIO pulse output
X [ x[x[x]1]1 X X | x [ Xx [TRCCLKinput
X:0or1l
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12.5 Port?2

Figure 12.3 shows the Port 2 Pin Configuration.

<— P2_0/TRCIOB/TRKO/INT1
<— P2_1/TRCIOC/TRKO/SSCK/SCL
<— P2_2/TRCIOD/TRKI/SSO/SDA

Figure 12.3 Port 2 Pin Configuration
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12.5.1 Port P2 Direction Register (PD2)
Address 000AAh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — PD2 2 | PD2_1 | PD2_0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PD2_0 |Port P2_0 direction bit 0: Input mode (functions as an input port) R/W
bl PD2_1 |Port P2_1 direction bit 1: Output mode (functions as an output port) R/W
b2 PD2_2 |Port P2_2 direction bit R/W
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —
The PD2 register is used to select whether 1/0 ports are used as input or output.
Each bit in the PD2 register correspondsto individual ports.
12.5.2 Port P2 Register (P2)
Address 000BOh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — — P2_2 P2_1 P2_0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P2_0 |PortP2_0 bit 0: Low level R/W
b1 P2_ 1 |PortP2_1 bit 1: High level RIW
b2 P2_2 |Port P2_2 bit R/W
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —

The P2 register isan 1/0O port data register. Data input to and output from external devices are accomplished by
reading from and writing to the P2 register. The P2 register consists of a port latch to retain output data and a
circuit to read the pin states. The value written to the port latch is output from the pins. Each bit in the P2

register corresponds to individual ports.
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12.5.3 Pull-Up Control Register 2 (PUR2)
Address 000B6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll| — | — | — | — | — [PU22[PU21 | PU20

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PU2_0 |Port P2_0 pull-up control bit 0: No pull-up resistor R/W
bl | PU2_1 |PortP2_1 pull-up control bit 1: Pull-up resistor RIW
b2 PU2_2 | Port P2_2 pull-up control bit R/W
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —

The PUR2 register is used to control the port P2 pull-up resistors. I/O ports are pulled up when the
corresponding PD2_j bit (j = 0to 2) in the PD2 register is set to 0 (input mode (functions as an 1/0 port)) and
the PU2_j bit (j = 0to 2) in the PUR2 register is set to 1. The input pins for peripheral functions are pulled up
when the corresponding PD2_j hit is set to 0 and the PU2_j bit isset to 1.

Do not set the corresponding PU2_j bit to 1 for the output pins for periphera functions.

12.5.4 Open-Drain Control Register 2 (POD2)
Address 000C2h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol] — | — | — | — | — |POD2_2[POD2_1|POD2_0

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | POD2_0 | Port P2_0 open-drain control bit 0: Not open-drain R/W
bl | POD2_1 |Port P2_1 open-drain control hit 1: Open-drain RIW
b2 POD2_2 | Port P2_2 open-drain control bit R/W
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —

The POD2 register is used to select whether the output type is CMOS output or N-channel open-drain output.
These settings are enabled when the peripheral function output or output port function is selected.

The corresponding pins are set to N-channel open-drain output when the POD2_j bit ( =0to 2) issetto 1
(open-drain), and CMOS output when the bit is set to 0 (not open-drain).
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12.5.5 Port 2 Function Mapping Register 0 (PML2)

Address 000CAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |P22SEL1[P22SELO|P21SEL1|P21SELO|P20SEL1|P20SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | P20SELO | Port P2_0 function select bits "5*’8. /0 port R/W
bl | P20SEL1 01: TRCIOB R/W
10: TRKO
11:INT1
b2 | P21SELO | Port P2_1 function select bits bébé /O port R/W
: por
b3 | P21SEL1 0 1: TRCIOC R/W
10: TRKO
11: SSCK/SCL
b4 | P22SELO | Port P2_2 function select bits bgbél /O port R/W
: por
b5 | P22SEL1 01: TRCIOD R/W
10: TRKI
11: SSO/SDA
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

The PML2 register is used to select the functions of pins P2_0to P2_2.
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12.5.6 Pin Settings for Port 2
Tables 12.20 to 12.22 list the pin settings for port 2.

Table 12.20 Port P2_0/TRCIOB/TRKO/INT1

Register PD2 PML2
. P20SEL Timer RC Setting Function
Bit PD2_0
1 0
0 0 0 X Input port
1 0 0 X Output port
Setting X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB input
value X 0 1 See Table 12.34 TRCIOB Pin Settings. | TRCIOB output
X 1 0 X TRKO output
X 1 1 X INT input
X:0orl
Table 12.21 Port P2_1/TRCIOC/TRKO/SSCK/SCL
Register PD2 PML2
. P21SEL Timer RC Setting Function
Bit PD2_1
1 0
0 0 0 X Input port
1 0 0 X Output port
Setting X 0 1 See Table 12.35 TRCIOC Pin Settings. | TRCIOC input
value X 0 1 See Table 12.35 TRCIOC Pin Settings. | TRCIOC output
X 1 0 X TRKO output
X 1 1 X SSCK/SCL
X:0orl
Table 12.22 Port P2_2/TRCIOD/TRKI/SSO/SDA
Reqgister PD2 PML2
) P22SEL Timer RC Setting Function
Bit PD2_2
- 1 0
0 0 0 X Input port
1 0 0 X Output port
Setting X 0 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD input
value X 0 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD output
X 1 0 X TRKI input
X 1 1 X SSO/SDA
X:0o0r1
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126 Port3
Figure 12.4 shows the Port 3 Pin Configuration.

«— P3_1/XIN/TRBO

l«—> P3_3/IVCMP3/TRCCLK/INT3/SCS
l«——> P3_4/IVREF3/TRCIOC/INT2/SSI
«— P3_5/TRCIOD/KI2/VCOUT3
«— P3_7/ADTRG/TRJO/TRCIOD

Figure 12.4 Port 3 Pin Configuration
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12.6.1 Port P3 Direction Register (PD3)
Address 000ABh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PD3_7 | — | PD3_5 | PD3_4 | PD3_3 — PD3_1 —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl PD3 1 |Port P3_1 direction bit 0: Input mode (functions as an input port) R/W
1: Output mode (functions as an output port)
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 PD3_3 | Port P3_3 direction bit 0: Input mode (functions as an input port) R/W
b4 PD3 4 |Port P3_4 direction bit 1: Output mode (functions as an output port) R/W
b5 PD3 5 |Port P3_5 direction bit R/W
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 PD3_7 |Port P3_7 direction bit 0: Input mode (functions as an input port) R/W
1: Output mode (functions as an output port)
The PD3 register is used to select whether 1/0 ports are used as input or output.
Each bit in the PD3 register corresponds to individual ports.
12.6.2 Port P3 Register (P3)
Address 000B1h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P3_7 | — | P35 | P34 | P33 — P31 —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl P3_1 |PortP3_1 bit 0: Low level R/W
1: High level
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 P3_3 |Port P3_3 hit 0: Low level R/W
b4 P3_4 |Port P3_4 bit 1: High level RIW
b5 P35 |Port P3_5 hit R/W
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 P3_7 |Port P3_7 bit 0: Low level R/W
1: High level

The P3 register isan 1/0 port data register. Data input to and output from external devices are accomplished by
reading from and writing to the P3 register. The P3 register consists of a port latch to retain output data and a
circuit to read the pin states. The value written to the port latch is output from the pins. Each bit in the P3

register corresponds to individual ports.
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12.6.3 Pull-Up Control Register 3 (PURS3)
Address 000B7h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PU3_7 | — | PU35 [ PU34 | PU33 | — PU3_ 1 —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl PU3_1 |Port P3_1 pull-up control bit 0: No pull-up resistor R/W
1: Pull-up resistor
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 PU3_3 | Port P3_3 pull-up control bit 0: No pull-up resistor R/W
b4 | PU3 4 |Port P3_4 pull-up control bit 1: Pull-up resistor RIW
b5 PU3_5 |Port P3_5 pull-up control bit R/W
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 PU3_7 |Port P3_7 pull-up control bit 0: No pull-up resistor R/W
1: Pull-up resistor

The PURS3 register is used to control the port P3 pull-up resistors. |/O ports are pulled up when the
corresponding PD3 _j hit (j =1, 3to 5, or 7) inthe PD3 register is set to 0 (input mode (functions as an 1/0 port))
and the PU3 j bit (j =1, 3to 5, or 7) in the PUR3 register is set to 1. The input pins for peripheral functions are
pulled up when the corresponding PD3_j hit is set to 0 and the PU3 _j bit isset to 1.

Do not set the corresponding PU3_j bit to 1 for the output pins for periphera functions.

12.6.4 Drive Capacity Control Register 3 (DRR3)
Address 000BDh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [DRR3_7| — |DRR3 5[DRR3_4|DRR3 3| — [ — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 DRR3_3 | Port P3_3 drive capacity control bit 0: Low drive capacity R/W
b4 | DRR3_4 | Port P3_4 drive capacity control bit | 1: High drive capacity (1) R/W
b5 DRR3_5 | Port P3_5 drive capacity control bit R/W
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 DRR3_7 | Port P3_7 drive capacity control bit 0: Low drive capacity R/W
1: High drive capacity
Note:

1. Both H and L output are set to high drive capacity.

The DRRS3 register is used to select the drive capacity of the output transistors (low or high) when P3 is set to
output (an output port or a peripheral function output pin). The drive capacity of the corresponding output
transistors is high when the DRR3 _j bit (j = 3to 5, or 7) in the DRR3 register isset to 1.
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12.6.5 Open-Drain Control Register 3 (POD3)
Address 000C3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |[POD3_7| — |POD3_5[POD3_4|POD3 3| — POD3_1 —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl POD3_1 | Port P3_1 open-drain control bit 0: Not open-drain R/W
1: Open-drain
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 POD3_3 | Port P3_3 open-drain control bit 0: Not open-drain R/W
b4 | POD3_4 |Port P3_4 open-drain control bit 1: Open-drain RIW
b5 POD3_5 | Port P3_5 open-drain control bit R/W
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 POD3_7 | Port P3_7 open-drain control bit 0: Not open-drain R/W
1: Open-drain

The POD3 register is used to select whether the output type is CMOS output or N-channel open-drain output.
These settings are enabled when the peripheral function output or output port function is selected.

The corresponding pins are set to N-channel open-drain output when the POD3 j bit (j =1, 3to 5, or 7) isset to
1 (open-drain), and CMOS output when the hit is set to 0 (not open-drain).

12.6.6 Port 3 Function Mapping Register 0 (PML3)
Address 000CCh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [P33SEL1|P33SELO] — | — |P31SEL1|P31SELO| — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 | P31SELO | Port P3_1 function select bits bgbé /O port or XIN inout R/W
: port or inpu
b3 | P31SEL1 01: TRBO R/W
Other than the above: Do not set.
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 P33SELO | Port P3_3 function select bits babg /o  of IVCMP3 input R/W
: port or inpu
b7 | P33SEL1 0 1: TRCCLK R/W
10:INT3
11:SCS
The PML3 register is used to select the functions of pinsP3_1 and P3_3.
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12.6.7 Port 3 Function Mapping Register 1 (PMH3)
Address 000CDh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [P37SEL1|P37SELO] — | — |P35SEL1|P35SELO|P34SEL1|P34SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | P34SELO | Port P3_4 function select bits bcl)b(()) O port or IVREF3 input R/W
: inpu

bl P34SEL1 0 1: TRCIOC R/W
10:INT2
11:SSI

b2 | P35SELO | Port P3_5 function select bits bgbé. 0 port R/W

b3 | P35SEL1 0 1: TRCIOD R/W
10:KI2
11:VCOUT3

b4 — Nothing is assigned. The write value must be 0. The read value is O. —

b5 —

b6 | P37SELO | Port P3_7 function select bits bg)bg. 0 port R/W

b7 P37SEL1 01: ADTRG R/W
10: TRJO
11: TRCIOD

The PMH3 register is used to select the functions of pinsP3_4, P3 5, and P3_7.
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12.6.8 Pin Settings for Port 3
Tables 12.23 to 12.27 list the pin settings for port 3.

Table 12.23 Port P3_1/XIN/TRBO

Register PD3 PML3 EXCKCR
. P31SEL CKPT Function
Bit PD3_3
1 0 1 0
0 0 0 X 0 Input port
) 1 0 0 X 0 Output port
Setting - -
value X 0 0 0 1 XIN clock input (external clock input)
X 0 0 1 1 XIN input
X 0 1 X X TRBO output
X:0orl

Table 12.24 Port P3_3/IVCMP3/TRCCLK/INT3/SCS

Register PD3 PML3
. P33SEL Function
Bit PD3_3
1 0
0 0 0 Input port/IVCMP3
) 1 0 0 Output port
Setting X 0 1 TRCCLK input
value —
X 1 0 INT3 input
X 1 1 SCS input/output
X:0or1l

Table 12.25 Port P3_4/IVREF3/TRCIOC/INT2/SSI

Register PD3 PMH3
. P34SEL Timer RC Setting Function
Bit PD3 4
1 0
0 0 0 X Input port/IVREF3
1 0 0 X Output port
Setting X 0 1 See Table 12.35 TRCIOC Pin Settings. | TRCIOC input
value X 0 1 See Table 12.35 TRCIOC Pin Settings. | TRCIOC output
X 1 0 X INT2 input
X 1 1 X SSl input/output
X:0orl

Table 12.26 Port P3_5/TRCIOD/KI2/VCOUT3

Register PD3 PMH3
. P35SEL Timer RC Setting Function
Bit PD3_5
- 1 0

0 0 0 X Input port
1 0 0 X Output port

Setting X 0 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD input

value X 0 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD output
X 1 0 X K12 input
X 1 1 X VCOUT3 output
X:0orl
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Table 12.27 Port P3_7/ADTRG/TRJO/TRCIOD

Register PD3 PMH3
. P37SEL Timer RC Setting Function
Bit PD3_7
1 0
0 0 0 X Input port
1 0 0 X Output port
Setting X 0 1 X ADTRG input
value X 1 0 X TRJO output
X 1 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD input
X 1 1 See Table 12.36 TRCIOD Pin Settings. | TRCIOD output
X:0or1l

RO1UHO0023EJ0200 Rev.2.00

Mar 07, 2012

RENESAS

Page 174 of 581



R8C/M13B Group

12. 1/0 Ports

12.7 Port4

Figure 12.5 shows the Port 4 Pin Configuration.

l«——» P4_2/TRBO/TXDO/I'TXD/KI3
l«——» P4_5/XOUT/INTO/ADTRG

le——> P4_6/XCIN/RXDO/IrRXD/TXDO/NTXD
l«—— P4_7/XCOUT/INT2

Figure 12.5 Port 4 Pin Configuration
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12.7.1 Port P4 Direction Register (PD4)
Address 000ACh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PD4_7 | PD4 6 | PD4 5 | — | — PD4 2 — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 PD4_2 |Port P4_2 direction bit 0: Input mode (functions as an input port) R/W
1: Output mode (functions as an output port)
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 PD4 5 |Port P4_5 direction bit 0: Input mode (functions as an input port) R/W
b6 PD4_6 |Port P4_6 direction bit 1: Output mode (functions as an output port) R/W
b7 PD4_7 | Port P4_7 direction bit R/W
The PD4 register is used to select whether 1/0 ports are used as input or output.
Each bit in the PD4 register corresponds to individual ports.
12.7.2 Port P4 Register (P4)
Address 000B2h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P47 | PA6 | P45 | — | — P4 2 — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 P4_2 |Port P4_2 bit 0: Low level R/W
1: High level
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 P4 5 |Port P4_5 bit 0: Low level R/W
b6 P4 6 |PortP4 6 bit 1: High level RIW
b7 P4_7 |Port P4_7 bit R/W

The P4 register is an 1/O port data register. Data input to and output from external devices are accomplished by
reading from and writing to the P4 register. The P4 register consists of a port latch to retain output data and a
circuit to read the pin states. The value written to the port latch is output from the pin. Each bit in the P4 register

corresponds to individual ports.
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12.7.3 Pull-Up Control Register 4 (PUR4)
Address 000B8h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| PU4_7 | PU4 6 | PU4 5 | — | — | PU42 — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 PU4_2 | Port P4_2 pull-up control bit 0: No pull-up resistor R/W

1: Pull-up resistor

b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 PU4 5 |Port P4_5 pull-up control bit 0: No pull-up resistor R/W
b6 PU4 6 |Port P4_6 pull-up control bit 1: Pull-up resistor R/IW
b7 PU4_7 | Port P4_7 pull-up control bit R/W

The PURA4 register is used to control the port P4 pull-up resistors. |/O ports are pulled up when the
corresponding PD4 _j bit (j =2, or 5to 7) in the PD4 register is set to 0 (input mode (functions as I/O port)) and
the PU4 j bit (j =2, or 5to 7) in the PUR4 register is set to 1. The input pins for peripheral functions are pulled
up when the corresponding PD4 j bit is set to 0 and the PU4 _j bit isset to 1.

Do not set the corresponding PU4 | bit to 1 for the output pins for periphera functions.

12.7.4 Open-Drain Control Register 4 (POD4)
Address 000C4h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol | POD4_7 | POD4_6 |POD4 5| — | — |POD4.2 — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 POD4_2 | Port P4_2 open-drain control bit 0: Not open-drain R/W

1: Open-drain

b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 POD4_5 | Port P4_5 open-drain control bit 0: Not open-drain R/W
b6 | POD4_6 |Port P4_6 open-drain control bit 1: Open-drain RIW
b7 POD4_7 | Port P4_7 open-drain control bit R/W

The PODA4 register is used to select whether the output type is CMOS output or N-channel open-drain output.
These settings are enabled when the peripheral function output or output port function is selected.

The corresponding pins are set to N-channel open-drain output when the POD4 j bit (j =2, or5to 7) issetto 1
(open-drain), and CMOS output when the bit is set to O (not open-drain).
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12.7.5 Port 4 Function Mapping Register 0 (PML4)
Address 000CEh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |P42SEL1[P42SELO| — | — [ — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 | PA2SELO | Port P4_2 function select bits bgbg /O port R/W
: por
b5 | P42SEL1 01 TRBO R/W
1 0: TXDO/I'TXD
11:KI3
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —
The PMLA4 register is used to select the P4_2 pin function.
12.7.6 Port 4 Function Mapping Register 1 (PMH4)
Address 000CFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [P47SEL1|P47SELO|P46SEL1|P46SELO|PA5SSELL|P45SELO|  — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 | PA5SSELO | Port P4_5 function select bits bgbé /O port or XOUT outout R/W
: port or outpu
b3 | P45SEL1 01 INTO R/W
10: ADTRG
1 1: Do not set.
b4 P46SELO | Port P4_6 function select bits bSbS /o t of XCIN i ¢ R/W
: port or inpu
bS | PA6SEL1 0 1: RXDO/IrRXD RIW
1 0: TXDO/IrTXD
1 1: Do not set.
b6 P47SELO | Port P4_7 function select bits bébg /O port of XCOUT outout R/W
: port or outpu
b7 | P47SEL1 01 INT2 R/W
Other than the above: Do not set.

The PMH4 register is used to select the functions of pinsP4 5to P4 7.
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12.7.7 Pin Settings for Port 4
Tables 12.28 to 12.31 list the pin settings for port 4.

Table 12.28 Port P4_2/TRBO/TXDO/IrTXD/KI3

Register PD4 PML4
. P42SEL Function
Bit PD4_2
1 0
0 0 0 Input port
) 1 0 0 Output port
Setting X 0 1 TRBO output
value
X 1 0 TXDO/IrTXD output
X 1 1 INT3 input
X:0orl
Table 12.29 Port P4_5/XOUT/INTO/ADTRG
Register PD4 PMH4 EXCKCR
. P45SEL CKPT Function
Bit PD4_5
1 0 1 0
0 0 0 0 X Input port
1 0 0 0 X Output port
Setting X 0 0 1 0 System clock (f) output
value X 0 0 1 1 XOUT output
X 0 1 X X INTO input
X 1 0 X X ADTRG input
X:0o0r1

Table 12.30 Port P4_6/XCIN/RXDO/IrRXD/TXDO/IrTXD

Register PD4 PMH4 EXCKCR
. P46SEL CKPT Function
Bit PD4_6
1 0 3 2

0 0 0 0 0 Input port
1 0 0 0 0 Output port

Setting X 0 0 0 1 XCIN clock input (external clock input)

value X 0 0 1 0 XCIN input
X 0 1 X X RXDO/IrRXD input
X 1 0 X X TXDO/IrTXD output
X:0orl

Table 12.31 Port P4_7/XCOUT/INT2

Register PD4 PMH4 EXCKCR
. P47SEL CKPT Function
Bit PD4_7
- 1 0 3 2

0 0 0 0 X Input port

Setting 1 0 0 0 X Output port

value X 0 0 1 0 XCOUT output
X 0 1 X X INT2 input
X:0orl
RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 179 of 581

Mar 07, 2012



R8C/M13B Group 12.1/O Ports

12.8 Port A
Figure 12.6 showsthe Port A Pin Configuration.

l«—» RESET/PA 0

Figure 12.6 Port A Pin Configuration
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12.8.1 Port PA Direction Register (PDA)
Address 000ADh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | — |PDAD
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PDA_0 |Port PA_O direction bit 0: Input mode (functions as an input port) R/W
1: Output mode (functions as an output port)
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

The PDA register is used to select whether PA_0is used asinput or output.

12.8.2 Port PA Register (PA)
Address 000B3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — — — — PA_O
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PA_O0 |Port PA_O bit 0: Low level R/W
1: High level

bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —

b3 —

b4 —

b5 —

b6 —

b7 —

The PA register isan 1/O port dataregister. Data input to and output from external devices are accomplished by
reading from and writing to the PA register. The PA register consists of a port latch to retain output data and a
circuit to read the pin states. The value written to the port latch is output from the pin.
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12.8.3 Port PA Mode Control Register (PAMCR)
Address 000C5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — [HWRSTE] — | — [ — PODA 0
After Reset 0 0 0 1 0 0 0 1
Bit Symbol Bit Name Function R/W
b0 | PODA_O | Port PA_O open-drain control bit (1) | 0: Not open-drain R/W
1: Open-drain
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 |HWRSTE | Hardware reset enabled bit 0: Port PA_0 functions as an 1/O port R/W
1: Port PA_O functions as a hardware reset (RESET)
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —
Note:

1. Setting this bit to 1 (open-drain) enables N-channel open-drain output and setting this bit to 0 (not open-drain)
enables CMOS output.

The PAMCR register is used to control the port PA open-drain and the port A function. The open-drain is

enabled when the peripheral function or output port function is selected.
Set the PAMCRE bit in the HRPR register to 1 (write enabled) before rewriting the PAMCR register.

12.8.4 Pin Setting for Port A
Table 12.32 lists the pin setting for port A.

Table 12.32 RESET/Port PA_0

Register PDA PAMCR .
- Function
Bit PDA_O HWRSTE
Seti X 1 RESET
etting 1
value 0 0 Input port (1)
1 0 Output port (2)
X:0orl
Notes: [
1. Connect a pull-up resistor. For details, see 12.13.1 Notes on RESET/PA_O Pin.
2. Setting the PODA_0 bit to 1 enables N-channel open-drain output.
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12.9 Procedure for Setting Peripheral Functions Associated with Ports 0 to 4

After areset, use the following procedure to set the peripheral functions associated with ports 0 to 4.
(1) Set the function mapping registers for ports 0 to 4.

(2) Set the operating mode for the peripheral functions.

(3) Start operation of the peripheral functions.

12.10 Pin Settings for Peripheral Function 1/O
Tables 12.33 t0 12.36 list the pin settings for peripheral function I/0.

Table 12.33 TRCIOA Pin Settings

Register | TRCOER | TRCMR TRCIORO TRCCR2 Function
Bit EA PWM2 | IOA2 | IOAl | IOAQ | TCEG1 | TCEGO
0 1 Timer mode waveform output (output compare function)
0 1 0 X X
1 X
i 0 Timer mode (input capture function
Setting 1 1 X X X X (input cap )
value 1
0 1 PWM2 mode (TRCTRG input)
1 0 X X X 1

X:0o0rl

Table 12.34 TRCIOB Pin Settings

Register | TRCOER TRCMR TRCIORO Function
Bit EB PWM2 | PWMB 10B2 10B1 I0BO
0 0 X X X X PWM2 mode waveform output
0 1 1 X X X PWM mode waveform output
Setting 0 1 0 0 0 1 Timer mode waveform output (output compare function)
value 1 X
0 Timer mode (input capture function)
1 0 1 X X
1
X:0orl
Table 12.35 TRCIOC Pin Settings
Register | TRCOER TRCMR TRCIOR1 .
- Function
Bit EC PWM2 | PWMC I0C2 I0C1 10CO
0 1 1 X X X PWM mode waveform output
) 0 1 Timer mode waveform output (output compare function)
Setting 0 1 0 0
1 X
value
0 Timer mode (input capture function)
1 0 1 X X
1
X:0o0r1
Table 12.36 TRCIOD Pin Settings
Register | TRCOER TRCMR TRCIOR1 .
- Function
Bit ED PWM2 | PWMD I0D2 10D1 I0DO0
0 1 1 X X X PWM mode waveform output
) 0 1 Timer mode waveform output (output compare function)
Setting 0 1 0 0
1 X
value . . .
0 Timer mode (input capture function)
1 0 1 X X
1
X:0orl
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12.11 Handling of Unused Pins
Table 12.37 lists the Handling of Unused Pins. Figure 12.7 shows the Handling of Unused Pins.

Table 12.37 Handling of Unused Pins

Pin Name Connection
Ports PO, P1, P2_0to P2_2, « Set each of these pins to input mode and connect the pin to VSS through a
P3_1,P3_3to P3_5,P3_7, resistor (pull-down) or connect it to VCC through a resistor (pull-up). (2)
P4_2,P4 5t04_7 « Set each of these pins to output mode and leave it open. (2. 3)
RESET/PA_ 0 () Connect to VCC through a pull-up resistor. (2)

Notes:

1. When the power-on reset is used.

2. Use lines that are as short as possible (2 cm or shorter) to handle unused pins in the vicinity of the MCU.

3. When these ports are set to output mode and left open, keep the following in mind. They remain in input mode
until they are switched to output mode by a program. The voltage level of these pins may be unstable and the
power current may increase while the ports remain in input mode.

The content of the direction registers may change due to noise or program runaway caused by noise. The
program should periodically reconfigure the content for enhanced reliability.

MCU
Ports PO, P1, (Input mode) AN
P2_0to P2_0, : :
P3 1, ’ :
P3_ 310 P3_5, (Input mode) AN ®
P3_7,
P4:2, (Output mode) Open
P4 _5toP4_7

RESET/PA_0 @ —/\/\/\,j

777
Note:
1. When the power-on reset function is used.
Figure 12.7 Handling of Unused Pins
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12.12 1/0 Port Configuration
Figures 12.8 to 12.22 show the I/O Port Configuration. Figure 12.23 shows the Pin Configuration.

PO 0Oto PO 7
Pull-up selection
Direction
— h = 4
register ] )
Pin function
mapping register -
Output from Open_dr,am
/I individual peripheral selection
function enabled
[ \I O 1
Output from individual H
1

peripheral function i
Data bus —@—{ Portlatch L o O

I IOINSEL E

Pin function
Input to individual peripheral function —Qfﬂ_ mapping register

IOINSEL: Bit in PINSR register

Figure 12.8 I/O Port Configuration (1)
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Output from

individual peripheral
/I function enabled

P1 Oand P1_1
Pull-up selection
Direction
register
Pin function
mapping register

Open-drain

selection

Data bus —@-{ Port latch \ 4

[ \I 4 I
Output from individual .
peripheral function :

— IOINSEL

Pin function
Input to individual peripheral function 40—@_ mapping register

Analog input to A/D converter

Digital

IOINSEL: Bit in PINSR register

o—| e
Input to external interrupt —o- filter

oo

Figure 12.9 I/O Port Configuration (2)
Pl_Z to P1_5 Drive capacity selection
Pull-up selection
Direction
[l register B
Pin function
mapping register Open—drain
Output f )
/I individual beripheral selection
® \I ® function enabled ol
Output from individual |
1

Data bus —@—  Port latch

peripheral function 2.
L 2 O

— IOINSEL

Pin function
Input to individual peripheral function 40—@_ mapping register

Analog input to A/D converter

Digital

)

IOINSEL: Bit in PINSR register

O— X
Input to external interrupt —O~ filter

oo

Drive capacity selection

Figure 12.10 1/O Port Configuration (3)
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P16

Direction | o

Pull-up selection

register

/‘ individual peripheral

Pin function
mapping register
Output from

function enabled

Open-drain
selection

[ 4 \I L 4

Output from individual
peripheral function

%

Data bus —@— Port latch

— IOINSEL

Pin function
Input to individual peripheral function —@_ mapping register

Analog input to A/D converter oo
Reference voltage input to comparator B
IOINSEL: Bit in PINSR register
Figure 12.11 I/O Port Configuration (4)
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P17
Pull-up selection
Direction
[l register B
Pin function
mapping register Open-drain
Output from .
/‘ indi}/idue@l periph;ra‘\jl selection
t
‘ \I ‘ unction enablet o !
Output from individual i
peripheral function QU
Data bus —@—  Port latch L 4 O

— IOINSEL

Pin function
Input to individual peripheral function 40—@ mapping register
Analog input to A/D converter o\c
Analog voltage input to comparator B
_ o D?gital | o
Input to external interrupt —O~ filter
IOINSEL: Bit in PINSR register
Figure 12.12 1/O Port Configuration (5)
RO1UH0023EJ0200 Rev.2.00 RENESAS Page 188 of 581

Mar 07, 2012



R8C/M13B Group

12. 1/0O Ports

Pull-up selection
Direction
— " | o
register
Pin function
mapping register -
Output from Open dr_am
individual peripheral selection
[ /I function enabled

N

Data bus —@—  Port latch

1
Output from individual H
peripheral function {:

L 4 O

— IOINSEL

Input to individual peripheral function

Input to external interrupt

Pin function
mapping register

Digital

O iter

IOINSEL: Bit in PINSR register

Figure 12.13 1/O Port Configuration (6)

P2_1and P2_2

Direction
register

Pull-up selection

Pin function
mapping register
Output from
individual peripheral
function enabled

Open-drain
selection

+—<

Data bus —@—  Port latch

1
Output from individual :
1

peripheral function Q i
L 4 O

— IOINSEL

Pin function

Input to individual peripheral function —@_ mapping register

IOINSEL: Bit in PINSR register

Figure 12.14 1/0O Port Configuration (7)
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P31
Pull-up selection
Direction
register
Pin function
mapping register .
Output from Open drgln
/I individual peripheral selection
function enabled
‘ \I 1
Output from individual H
peripheral function !
Data bus —@—  Port latch ® o

— IOINSEL

Pin function

Input to individual peripheral function —@_ mapping register

P4 5
Pull-up selection
Direction | o
register
Pin function
mapping register .
Output from Open-d r_aln
/I individual peripheral selection
function enabled
[ 4 \I Qi
Output from individual H
peripheral function H
Data bus —@+  Port latch ® o

Input to external interrupt

CKPTO to CKPT1, XRCUT: Bits in EXCKCR register
STPM: Bitin CKSTPR register
IOINSEL: Bit in PINSR register

—— IOINSEL
Sital Pin function
lgital mapping register
O fiter Pping 19

CKPT1 to
CKPTO =
other than 11b
XIN oscillation
circuit

NG

XRCUT

Figure 12.15

1/0 Port Configuration (8)
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P3_3 Drive capacity selection
Pull-up selection
Direction
[l register B
Pin function
mapping register .
Output from Open-drfaun
/‘ indi}/idue@l periph;ra‘\jl selection
t
‘ \I ‘ unction enablet o !
Output from individual :
peripheral function QU
Data bus —@—- Port latch L 4 O

— IOINSEL

Analog voltage input to comparator B

Pin function
Input to individual peripheral function 40—@_ mapping register

Digital Drive capacity selection
9 | ¢ pacity

IOINSEL: Bit in PINSR register

O )
Input to external interrupt —O~ filter

Figure 12.16 1/O Port Configuration (9)
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P3 4

Drive capacity selection

Pull-up selection
Direction
— . B 4
register
Pin function
mapping register .
Output from Open dr_am
/I individual peripheral selection
function enabled
[ 4 \l 4 O

Output from individual

Data bus —@—

peripheral function {:
Port latch 4 O

— IOINSEL

Pin function
Input to individual peripheral function 40—@ mapping register

Reference voltage input to comparator B

Digital | o

O )
Input to external interrupt ﬂ

IOINSEL: Bit in PINSR register

Drive capacity selection :D_

Figure 12.17 1/0O Port Configuration (10)
P3_5 Drive capacity selection
Pull-up selection
Direction
register
Pin function
mapping register .
Output from Open-dr_aln
individual peripheral selection
Py /I function enabled o
~

Output from individual

Data bus —@—

peripheral function {:
Port latch L 4 O

— IOINSEL

Input to individual peripheral function

Digital

O ilter

Input to external interrupt

IOINSEL: Bit in PINSR register

Pin function
mapping register

Drive capacity selection :D_

Figure 12.18
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Drive capacity selection

P3 7
Pull-up selection
Direction
. = 4
register
Pin function
mapping register .
Output from Open—dr_aln
/I indi}/idue@l periphl;ra(\jl selection
t
® \l ® unction enablet o :
Output from individual !
peripheral function {:
Data bus —@—  Port latch L 4 O

— IOINSEL

IOINSEL: Bit in PINSR register

Pin function
Input to individual peripheral function —@_ mapping register

Drive capacity selection

—

Figure 12.19

I/0 Port Configuration (12)
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P4_2

Direction
register

b

Pull-up selection

Pin function
mapping register
Output from
individual peripheral
function enabled

Open-drain
selection

RN

Data bus —@~  Portlatch

1
Output from individual :
]

peripheral function Q.
L 2 O

O

Input to external interrupt

—— IOINSEL
Dioial Pin function
lgital mapping register
filter —g Pping 19

IOINSEL: Bit in PINSR register

Figure 12.20 1/O Port Configuration (13)
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P4 6
Pull-up selection
Direction
register
Pin function
mapping register Open-drain
Output from .
individual peripheral selection
® /I function enabled
1
~ Output from individual h
peripheral function i
Data bus —@— Port latch @ o)
— IOINSEL

Pin function

Input to individual peripheral function —@_ mapping register

P4 7
Pull-up selection
Direction
register
Pin function
mapping register .
Output from Open-d r_am
individual peripheral selection
/I function enabled
[ 4 \I 1
Output from individual H
peripheral function H
Data bus —@— Port latch y'Y ’e)
—— IOINSEL

Input to external interrupt

Digital

Pin function
mapping register

filter

CKPT2 to CKPT3, XCRCUT: Bits in EXCKCR register
STPM: Bit in CKSTPR register
IOINSEL: Bit in PINSR register

O/ ckpPT2=
other than 10b

CKPT3 to

XCIN oscillation
circuit

XCRCUT

Figure 12.21

1/0 Port Configuration (14)
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RESET/PA_O
Direction |
register
. O
Open-drain
HWRSTE selection
! < ? E
N
Data bus —@—  Port latch L 4

— IOINSEL

777
L 4
. |
RESET input signal \{‘
IOINSEL: Bit in PINSR register
HWRSTE: Bit in PAMCR register
Figure 12.22 /0O Port Configuration (15)
MODE
MODE input signal EI O
Figure 12.23 Pin Configuration
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12.13 Notes on I/O Ports

12.13.1 Notes on RESET/PA_0 Pin

The RESET/PA_O0 pin is multiplexed with the hardware reset function (RESET), and this pin functions as the
RESET pin when areset is cleared. After the reset is cleared, the RESET/PA_0 pin functions as the 1/0 port
(PA_0) when the HWRSTE bit in the PAMCR register is set to 0. In this case, an external pull-up resistor must
be connected.

This pin can also be used as CMOS output when it is set as an output port, but be sure not to conflict with an
external reset input signal.

Refer to the following program example to use this pin as N-channel open-drain output as necessary.

 Program example to set PA_0 as an N-channel open-drain output port

FCLR I

BCLR 0, HRPR

BSET 0, HRPR ; Writing to the PAMCR register enabled

FSET I

BSET 0, PAMCR ; Port PA_O function selected, N-channel open-drain output
selected

BSET 0, PDA ; Output mode setting

12.13.2 /O Pins for Peripheral Functions

In this MCU, the pin assignment of the peripheral functions can be changed using the port function mapping
register. However, multiple pins must not be assigned to the same peripheral function input at the same time.
Otherwise, no signal can be input correctly.
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13. Timer RJ2

Timer RJ2 is a 16-hit timer that can be used for pulse output, external input pulse width or period measurement, and
counting an internal source or external pulse. This timer consists of a reload register and down counter which are
allocated to the same address.

13.1 Overview
Table 13.1 lists the Timer RJ2 Specifications. Figure 13.1 shows the Timer RJ2 Block Diagram.

Table 13.1  Timer RJ2 Specifications

Item Description
Operating modes | Timer mode The internal count source is counted.
Pulse output mode The internal count source is counted and the output is
inverted at each underflow of the timer.
Event counter mode An external pulse is counted.
Pulse width measurement mode | An external pulse width is measured.
Pulse period measurement mode | An external pulse period is measured.

Count source f1, f2, 18, fHOCO, fXCIN, fXCIN32, or external pulse
selectable.
Interrupt * When the counter underflows.

* When the measurement of the active width of the external
input (TRJIO) is completed in pulse width measurement
mode.

* When the set edge of the external input (TRJIO) is input in
pulse period measurement mode.
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TCK2 to TCKO

fXCINS2 %‘iggo
xcIN —=2 o

Event is always counted

INT2 high-level period

Event is counted during specified

timer RC output signal period

TRCIOD — 8(1’3 =1b
TRCIOC — 00
TRCIOB :—lbo
TRCIOA ————0 RCCPSEL1to

RCCPSELO

TIPF1to TIPFO

TIPF1 to TIPFO
= other than 00b

TIOGT1 to TIOGTO
= 00b

Event is counted only durin =
Is col y g 01b No—

=10b

RCCPSEL2

TMOD2 to

TMODO

= other than
010b

TMOD?2 to TMODO
=011b or 100b

[~ | selection

Polarity

e

One-way
Digital edge/two-
filter [O way edge
switching

I
TRJIOSEL = 1| TEDGPL

VCOUT1

I
TEDGSEL
TMOD2 to TMODO = 001b

Data bus

TCKCUT TSTART

U

16-bit
reload
register

Underflow signal

16-bit counter
TRJ
counter

Timer RJ2
interrupt

Counter
control circuit

Measurement
complete signal

TRJIO TRJIOSEL = 0 /—'J_CE TOPCR TEDGSEL = 1 02 cK
pin O \ Py Toggle flip-flop [«
TEDGSEL =0 Q
CLR
TRJ_O O \_<:(: Write to TRIMR register
pin Write 1 to TSTOP
TRJIOSEL: Bit in PINSR register
TSTART, TSTOP: Bits in TRICR register
TEDGSEL, TOPCR, TIPFO to TIPF1, TIOGTO to TIOGT1: Bits in TRJIOC register
TMODO to TMOD2, TCKO to TCK2, TCKCUT: Bits in TRIMR register
TEDGPL: Bit in TRIMR register, enabled in event counter mode
RCCPSELO to RCCPSEL2: Bits in TRJISR register
TRCIOA, TRCIOB, TRCIOC, TRCIOD: Output signal pins for timer RC
VCOUT1: When TRJIOSEL =1, VCOUT1 is set to the input for timer RJ2 instead of the TRJIO input function.
In event counter mode, VCOUT1 is set for the count source.
In pulse width/period measurement mode, the width/period of VCOUT1 can be measured.
Figure 13.1 Timer RJ2 Block Diagram
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13.2 1/O Pins
Table 13.2 lists the Timer RJ2 Pin Configuration.

Table 13.2  Timer RJ2 Pin Configuration

Pin Name Assigned Pin I/0 Function
INT2 P3_4,P4 7 | Event counter mode count control
TRJIO M) P1_5,P1 7 I/0 External pulse input and pulse output for timer RJ2
TRJO (1) P1 6, P3 7 (0] Pulse output for timer RJ2

Note:

1. When a pulse is output from TRJIO and TRJO simultaneously, TRJIO is set to the inverted output of TRJO.
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13.3 Registers

Table 13.3 lists the Timer RJ2 Register Configuration.

Table 13.3  Timer RJ2 Register Configuration
Register Name Symbol After Reset Address Access Size
Timer RJ Counter Register TRJ FFh 000D8h 16
FFh 000D%h

Timer RJ Control Register TRJICR 00h 000DAh 8
Timer RJ I/O Control Register TRJIOC 00h 000DBh 8
Timer RJ Mode Register TRIMR 00h 000DCh 8
Timer RJ Event Select Register TRJIISR 00h 000DDh 8
Timer RJ Interrupt Control Register TRJIR 00h 000DEh 8

13.3.1 Timer RJ Counter Register (TRJ), Timer RJ Reload Register

Address 000D8h to 000D9h

Bit b7 b6 b5 b4 b3 b2 bl b0
symbol[_— [ — [ — [ — [ — [ — ] — ] —
After Reset 1 1 1 1 1 1 1
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol| — | — — — — — — —
After Reset 1 1 1 1 1 1 1
Bit Symbol Function Setting Range R/W
b15to b0 | — | 16-bit counter and reload register (1. 2. 3) 0000h to FFFFh RIW

Notes:

1. When 1 is written to the TSTOP bit in the TRICR register, the 16-bit counter is forcibly stopped and set to

FFFFh.

2. The TRJ register must be accessed in 16-bit units. Do not access this register in 8-bit units. When this register is
accessed as 16-bit units, it is accessed twice in 8-bit units.
3. Do not set the TRJ register to 0000h in pulse width measurement mode and pulse period measurement mode.

TRJis a 16-bit register. The write value is written to the reload register and the read value is read from the

counter.

The states of the reload register and the counter are changed depending on the TSTART bit in the TRICR

register. For details, see 13.4.1 Reload Register and Counter Rewrite Operation.
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13.3.2 Timer RJ Control Register (TRICR)
Address 000DAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | TUNDF [ TEDGF | — | TSTOP | TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RJ count start bit (1) 0: Count is stopped R/W
1: Count is started
bl TCSTF | Timer RJ count status flag (1) 0: Count is stopped R
1: Count is in progress
b2 | TSTOP |Timer RJ count forced stop bit (2) When 1 is written to this bit, the count is forcibly W
stopped. The read value is 0.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 TEDGF |Active edge judgement flag 0: No active edge received R/W
1: Active edge received
b5 TUNDF | Timer RJ underflow flag 0: No underflow R/W
1: Underflow
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —
Notes:

1. For notes on using bits TSTART and TCSTF, see 13.5 Notes on Timer RJ2 (2).
2. When 1 (count is forcibly stopped) is written to the TSTOP bit, the counter, the TRJ register, and bits TSTART
and TCSTF are initialized at the same time. The pulse output level is also initialized.

Use the MQV instruction to set the TRICR register in pulse width measurement mode and pulse period
measurement mode. To avoid changing TEDGF and TUNDF at this time, write 1 to these hits.

TSTART Bit (Timer RJ count start bit)

Count operation is started by writing 1 to the TSTART bit and stopped by writing 0. When the TSTART bhit is
set to 1 (count is started), the TCSTF bit is set to 1 (count isin progress) in synchronization with the count
source. Also, after O is written to the TSTART bit, the TCSTF bit is set to 0 (count is stopped) in
synchronization with the count source. For details, see 13.5 Noteson Timer RJ2 (2).

TCSTF Bit (Timer RJ count status flag)

[Conditions for setting to O]

* When 0 is written to the TSTART bhit (the TCSTF hit is set to 0 in synchronization with the count source).
* When 1 iswritten to the TSTOP hit.

[Condition for setting to 1]

* When 1 iswritten to the TSTART bit (the TCSTF hit is set to 1 in synchronization with the count source).

TEDGF Bit (Active edge judgement flag)

[Condition for setting to 0]

* When 0 is written to this bit by a program.

[Conditions for setting to 1]

*When the measurement of the active width of the externa input (TRJO) is completed in pulse width
measurement mode.

* The set edge of the external input (TRJIO) isinput in pulse period measurement mode.

TUNDF Bit (Timer RJ underflow flag)

[Condition for setting to Q]

* When 0 iswritten to this bit by a program.
[Condition for setting to 1]

* When the counter underflows.
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13.3.3 Timer RJ I/O Control Register (TRJIOC)
Address 000DBh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | TIOGT1 | TIOGTO | TIPFL | TIPFO | — | — TOPCR |TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TEDGSEL | /O polarity switch bit Function varies depending on the operating mode. R/W
bl TOPCR | TRJIO output control bit 0: TRJIO output enabled (toggle output is started) R/W
1: TRJIO output disabled (toggle output is stopped)
b2 — Reserved Setto 0. R/W
b3 —
b4 TIPFO | TRJIO input filter select bits bgbé_ No filter R/W
b5 TIPFL 0 1: Filter sampled at f1 RIW
1 O: Filter sampled at 8
1 1: Filter sampled at 32
b6 TIOGTO | TRJIO count control bits b(7) bS_ Event is always counted R/W
b7 TIoGT1 0 1: Event is counted only during Whigh-level period RIW
1 0: Event is counted during timer RC output signal
period specified by RCCPSEL bit in TRJISR register
1 1: Do not set.

TEDGSEL Bit (I/O polarity switch bit)

The TEDGSEL hit is used to switch the TRJO output polarity and the TRJ O 1/0 edge and polarity. In pulse
output mode, only theinversion/non-inversion of toggle flip-flop is controlled. The toggle flip-flop isinitialized

when the TRIMR register iswritten or 1 iswritten to the TSTOP bit in the TRICR register.

Table 13.4  TRJIO I/O Edge and Polarity Switching

Operating Mode Function

Pulse output mode : Output is started at high
: Output is started at low

Event counter mode : Count on rising edge

: Count on falling edge

: Low-level width is measured
: High-level width is measured

Pulse width measurement mode

Pulse period measurement mode | 0: Measure from one rising edge to the next rising edge

: Measure from one falling edge to the next falling edge

P O|lFk Oo|lFk olkro

Table 13.5  TRJO Output Polarity Switching

Operating Mode Function

All modes 0: Output is started at low
1: Output is started at high
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TOPCR Bit (TRJIO output control bit)

The TOPCR hit is enabled only in pulse output mode. When this bit is set to 0, output is toggled. When it is set
to 1, output is disabled and the port selected as the TRJIO function becomes high impedance.

In other operating modes, the functions listed in Table 13.6 are supported regardless of the setting of the
TOPCR hit.

Table 13.6 TRJIO Pin Function

Operating Mode Function
Timer mode Not used
Event counter mode Event input (count source input)

Pulse width measurement mode | Input for pulse width measurement
Pulse period measurement mode | Input for pulse period measurement

Bits TIPFO to TIPF1 (TRJIO input filter select bits)

These bits are used to specify the sampling frequency of the filter for the TRJIO input. If the input to the TRJO
pin is sampled and the value matches three successive times, that value is taken asthe input value.

Bits TIOGTO to TIOGT1 (TRJIO count control bits)

These hits are enabled only in event counter mode.

They are used to select the period to count an event input from the TRJIO pin.

When bits TIOGT 1 to TIOGTO are set to 00b, an event is always counted.

When bits TIOGT1 to TIOGTO are set to 01b, an event is counted while the INT2 pin is held high.

When bits TIOGT1 to TIOGTO are set to 10b, an event is counted for the period corresponding to the timer RC
output set by the TRJI SR register. Bits RCCPSEL 0 to RCCPSEL 1 in the TRJISR register are used to select the
timer RC output signal and the RCCPSEL 2 bit is used to select the level of the timer RC output signal.
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13.3.4 Timer RJ Mode Register (TRIMR)
Address 000DCh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [TCKCUT| TCK2 | TCK1 | TCKO |TEDGPL| TMOD2 | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TMODO | Timer RJ operating mode select bits bébélg Timer mode R/W
(T
bl TMOD1 0 0 1: Pulse output mode RIW
b2 TMOD2 0 1 0: Event counter mode RIW
01 1: Pulse width measurement mode
1 0 O: Pulse period measurement mode
Other than the above: Do not set.
b3 | TEDGPL | TRJIO edge polarity select bit 0: One-way edge R/W
1: Two-way edge
b4 TCKO | Timer RJ count source select bits (1, 2) | b6b5b4 R/W
b5 | TCK1 000:11 RIW
001:f8
b6 | TCK2 01 0: fHOCO RIW
011:f2
1 0 0: fXCIN32
11 0: fXCIN
Other than the above: Do not set.
b7 | TCKCUT | Timer RJ count source cutoff bit (2) 0: Count source is supplied R/W
1: Count source is cut off
Notes:

1. When event counter mode is selected, the external input (TRJIO) is selected as the count source regardless of
the setting of bits TCKO to TCK2.
Do not switch or cut off the count source during count operation. When switching or cutting off the count source,
set the TSTART bit in the TRJICR register to 0 (count is stopped) and the TCSTF bit to O (count is stopped) to
stop the timer count.

2.

Select the operating mode when the count is stopped (the TSTART bit is 0 and the TCSTF bit is 0).
When avalue iswritten to the TRIMR register, the toggle flip-flop isinitialized.

13.3.5 Timer RJ Event Select Register (TRJISR)
Address 000DDh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | —  [RCCPSEL2|RCCPSEL1|RCCPSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |RCCPSELO | Timer RC output signal select b(l)tg — R/W
bl |RCCPSEL1 |bits 0 1: TROIOG R/W
10: TRCIOB
11: TRCIOA
b2 |RCCPSEL2 | Timer RC output signal 0: Low-level period of timer RC output signal is counted | R/W
inversion bit 1: High-level period of timer RC output signal is counted
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —
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13.3.6 Timer RJ Interrupt Control Register (TRJIR)
Address 000DEh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TRJE | TRIF | — | — | — | — [ — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 —
b5 —
b6 TRJIF | Timer RJ interrupt request flag 0: No interrupt requested R/W
1: Interrupt requested
b7 TRJIE |Timer RJ interrupt enable bit 0: Interrupt disabled R/W
1: Interrupt enabled

TRJIF Bit (Timer RJ interrupt request flag)

[Condition for setting to Q]

* When 0 iswritten to this bit after reading it as 1.

[Conditions for setting to 1]

* When timer RJ2 underflows.

*When the measurement of the active width of the external input (TRJO) is completed in pulse width
measurement mode.

« When the set edge of the external input (TRJIO) isinput in pulse period measurement mode.
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13.4 Operation

13.4.1 Reload Register and Counter Rewrite Operation

Regardless of the operating mode, the timing of the rewrite operation to the reload register and the counter
differs depending on the value in the TSTART bit in the TRICR register. When the TSTART bit is O (count is
stopped), the count value is directly written to the reload register, and then to the counter in synchronization
with the system clock (f). When the TSTART bit is 1 (count is started), the value is written to the rel oad register
in synchronization with the count source after two or three cycles, and then to the counter in synchronization
with the next count source.

Figure 13.2 shows the Timing of Rewrite Operation with TSTART Bit Vaue.

Write 5678h to TRJ register by a program Write 1234h to TRJ register by a program @

Count source

TSTART bitin |
TRJCR register

TCSTF bitin |
TRJCR register

TRJ register  FFFFh | 5678h

T
1 ) After the value is written, it is

1 /] 1 written to the reload register after
il 1
)

2 or 3 cycles of the count source

Reload register ~ FFFFh | 5678h 1234h

: The reload register value is reloaded

) to the counter by the first count source

1 The reload register value is reloaded

: to the counter on the completion of the
16-hit count

Timer RJ2 counter FFFFh | 5678h 5677h|5676h|5675h| 5674h|5673h|5672h|5671h|5670h|566Fh|1234h|1233h|1232h

Note:
1. Ittakes 3 or 4 cycles of the count source after 1234h is written to the TRICR register
before the value is reloaded to the counter.

Figure 13.2 Timing of Rewrite Operation with TSTART Bit Value
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13.4.2 Timer Mode

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMR
register.

The count value is decremented by 1 each time the count source is input, and an underflow occurs if the next
count source is input after the count value reaches 0000h. The TRJIF bit in the TRJIR register is set to 1
(interrupt requested) at that time and the value set in the reload register is loaded simultaneously. When the
TRJE bit inthe TRJR register is 1 (interrupt enabled), an interrupt request signal is generated to the CPU.
Figure 13.3 shows an Operation Example in Timer Mode.

Write 1010h to TRJ register by a program

I

Reload register Previous value (0300h) X New value (1010h)
of counter
The counter is reloaded with the reload | The counter is reloaded with the reload register
register value by the first count source. | value on the completion of the 16-bit count.
Timer RJ2

counter

Inte_rrupt Timer RJ2 counter underflow
request signal

A
Set to 0 by a program

Figure 13.3 Operation Example in Timer Mode
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13.4.3 Pulse Output Mode

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMR
register and a pulse is output from the TRJIO pin. The output level isinverted when an underflow occurs.

The count value is decremented by 1 each time the count source is input, and an underflow occurs if the next
count source is input after the count value reaches 0000h. The TRJIF bit in the TRJIR register is set to 1
(interrupt requested) at that time and the value set in the reload register is loaded simultaneously. When the
TRJE bit inthe TRJR register is 1 (interrupt enabled), an interrupt request signal is generated to the CPU.

In addition, a pulse can be output from pins TRJIO and TRJO. The output level is inverted each time an
underflow occurs. The pulse output from the TRJIO pin can be stopped by the TOPCR bit in the TRIIOC
register.

Also, the output level can be selected by the TEDGSEL hit in the TRIOC register.

Figure 13.4 shows an Operation Example in Pulse Output Mode.

Write 0002h to TRJ register by a program  Write 0004h to TRJ register by a program

Count source

1 ]

1 1

TSTART bit in H H
TRJCR register H H
(] ]

] ]

] 1

TRJ register  FFFFh | 0002h | 0004h
i ! i
Reload register  FFFFh | 0002h | 0004h
: : ;
Timer RJ2 counter FFFFh | 0002h |0001h|0000h 0002h|0001h|0000h 0002h|0001h|0000h 0002h|0001h|0004h|0003h|0002h|0001h|0000h|0004h|0003h

TEDGSEL bit in
TRJIOC register

TOPCR bit in
TRJIOC register

1
i
TRJO pin output I | I H
i
1
1
]

L @
TRJIO pin output l 1 High-impedance state
1 1 1
] ] 1
TRJIF bitin |—| I—| I—|
TRJIR register * *
LSet to 0 by a program

Note:
1. The port selected as the TRJIO function becomes high impedance.

Figure 13.4 Operation Example in Pulse Output Mode

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 209 of 581
Mar 07, 2012



R8C/M13B Group

13.4.4 Event Counter Mode

In this mode, the counter is decremented by an external pulse signal input to the TRJIO pin.

Various periods for counting events can be set by bits TIOGTO to TIOGT1 in the TRIOC register and the
TRJISR register. In addition, the filter function for the TRJO input can be specified by bits TIPFOto TIPF1 in
the TRJIOC register.

Also, the output from the TRJO pin can be toggled even in event counter mode.

When event counter mode is used, see 13.5 Noteson Timer RJ2 (3).

Figure 13.5 shows an Operation Example in Event Counter Mode.

Event counter mode is entered

Bits TMOD2 to TMODO
in TRIMR register 010b

Event is always counted on rising edge
Control bitin X 00h
TRJIOC register

TSTART bit in
TRJCR register

Event input is started Event input is completed
TRJIO pin |_| ﬁ
eventinput 1L 1L | Lo
I
1

Timer RJ2 counter FFFFh X FFFEh X FFFDh X: X 0000h X FFFFh FFFEh

o t Counter initial value is set
TRJIF bit in
TRJIR register .
1

Y

Set to 0 by a program

Figure 13.5 Operation Example in Event Counter Mode
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13.4.5 Pulse Width Measurement Mode

In this mode, the pulse width of an external signal input to the TRJIO pin is measured.
When the level specified by the TEDGSEL bit in the TRJIIOC register isinput to the TRJIO pin, the decrement
is started with the selected count source. When the specified level on the TRJIO pin ends, the counter is
stopped, the TEDGF bit in the TRICR register is set to 1 (active edge received), and the TRJF bit in the TRJIIR
register is set to 1 (interrupt requested). The measurement of pulse width datais performed by reading the count
value while the counter is stopped. Also, when the counter underflows during measurement, the TUNDF bit in
the TRJICR register is set to 1 (underflow) and the TRJIF bit in the TRJIR register is set to 1 (interrupt
requested). When the TRJIE bit in the TRJIR register is 1 (interrupt enabled), an interrupt request signal is
generated to the CPU.
Figure 13.6 shows an Operation Example in Pulse Width Measurement Mode.
When accessing bits TEDGF and TUNDF in the TRICR register, see 13.5 Noteson Timer RJ2 (4).

This example applies when the high-level width of the measurement pulse is measured (TEDGSEL bit in TRJIOC register = 1)

FFFFh

Counter content (hex)

0000h

TSTART bitin
TRJCR register

Measurement pulse
input to TRJIO pin

TRJIF bitin
TRJIR register

TEDGF bit in
TRJCR register

TUNDF bit in
TRJCR register

n = TRJ register content

, Measurement is started
—

] Measurement
is stopped

Measurement
is started

Underflow

Measurement

i Measurement

is stopped

T

J

is started

P Time

1

Set to 1 by a program

—

-
¥

Set to 0 by a program

T'[L_I

3

Set to 0 by a program

»

3

Set to 0 by a program

A

Set to 0 by a program

Figure 13.6

Operation Example in Pulse Width Measurement Mode
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13.4.6 Pulse Period Measurement Mode

In this mode, the pulse period of an external signal input to the TRJIO pin is measured.

The counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMR register. When
a pulse with the period specified by the TEDGSEL bit in the TRJIOC register is input to the TRJO pin, the
count value is transferred to the read-out buffer on the rising edge of the count source. The value in the rel oad
register isloaded to the counter on the next rising edge. The TEDGF bit in the TRICR register isset to 1 (active
edge received) and the TRJIF bit in the TRJIR register is set to 1 (interrupt requested) at the same time. The
read-out buffer (TRJ register) isread at this time and the difference from the reload value is the period data of
the input pulse. The period data is retained until the read-out buffer is read. When the counter underflows, the
TUNDEF bit in the TRICR register is set to 1 (underflow) and the TRJIF bit in the TRJIR register is set to 1
(interrupt requested). When the TRJIE bit in the TRJIR register is 1 (interrupt enabled), an interrupt request
signal is generated to the CPU.

Figure 13.7 shows an Operation Example in Pulse Period M easurement Maode.

Only input pulses with a period longer than twice the period of the count source. Also, the low-level and high-
level widths must be both longer than the period of the count source. If a pulse period shorter than these
conditions isinput, the input may be ignored.

This example applies when the initial value in the TRJ register is set to 0300h, the TEDGSEL bit in the TRJIOC register is set to 0, and the
period from one rising edge to the next edge of the measurement pulse is measured.

Count source

TSTART bit in J
TRJCR register

Measurement pulse input

- ———d -
&

r— Counter is reloaded !
Timer RJ2 counter 0300h |02FFh|02FE 0300h|02FF}{OZFE?-{OZFD+2FCV{OZFBV{OZFN{02F9h|02F8h|02F/h|0300h|02FFh|02FEh| osese |0001h|0000h|0300h 02FFh|02FEh
] ]
] |
Content of read-out buffer 0300h |02FFh 02FEh |02FAh|02F9h|02F8h 02F7h | ----- |0001h|0000h 0300h|02FFh

TRJCR register

Set to 0 by a program ©
TRJIF bit in
TRJIR register t *

Set to 0 by a program

] ] )
] ] )
Lower 8-bit read signal H |_| ' |_| :
of counter H : :
E (Note 1) i (Note 1) E
Higher 8-bit read signal ! |_| ! |_| !
of counter ! ' ]
E (Note 2) i (Note 2) E
Read data 1 R Io_°\ ! @—@ !
] ] )
TEDGF bit in (Note 3) I—| (Note 3) I—| ;
)
TRJCR register !
; Set to 0 by a program ) :
TUNDF bit in
)

Notes:

1. Reading from the TRJ register must be performed during the period from when the TEDGF bit is set to 1 (active edge received) until the
next active edge is input. The content of the read-out buffer is retained until the TRJ register is read. If it is not read before the active edge
is input, the measurement result of the previous period is retained.

2. When the TRJ register is read in pulse period measurement mode, the content of the read-out buffer is be read.

3. After the active edge of the measurement pulse is input, the TRJ register is reloaded at the third rising edge of the count source. Then, the
TEDGEF bit in the TRJICR register is set to 1 (active edge received) at the fourth rising edge of the system clock (f).

4. To set to 0 by a program, use the MOV instruction to write 0 to the TEDGF bit in TRICR register, and write 1 to the TUNDF bit at that time.

5. To set to 0 by a program, use the MOV instruction to write O to the TUNDF bit in TRJICR register, and write 1 to the TEDGF bit at that time.

Figure 13.7 Operation Example in Pulse Period Measurement Mode
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13.4.7 Output Settings for Each Mode

Table 13.7  TRJIO Pin Setting
) TRJIOC Register .
Operating Mode TOPCR Bit TEDGSEL Bit TRJIO Pin 1/O
Timer mode Oor1l Oor1l Input
Pulse output mode 1 Ooril Output disabled )
0 1 Output is started at low
0 Output is started at high
Event counter mode Oorl Oorl Input
Pulse width measurement mode
Pulse period measurement mode

Note:

1. The port selected as the TRJIO function becomes high impedance.

Table 13.8

TRJO Pin Setting

Operating Mode

TRJIOC Register

TRJO Pin Output

TEDGSEL Bit
All modes 1 Output is started at high
0 Output is started at low
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13.5 Notes on Timer RJ2

(1) Timer RJ2 stops counting after areset. Start the count only after setting the value in the timer.

(2) After 1 (count is started) is written to the TSTART bit in the TRICR register while the count is stopped, the
TCSTF bit in the TRICR register remains 0 (count is stopped) for two to three cycles of the count source. Do
not access the registers associated with timer RJ2 (1) other than the TCSTF bit until this bit is set to 1 (count is
in progress). The count is started from the first active edge of the count source after the TCSTF bit is set to 1.
After O (count is stopped) is written to the TSTART bit during a count operation, the TCSTF bit remains 1 for
two to three cycles of the count source. When the TCSTF bit is set to 0, the count is stopped. Do not access the
registers associated with timer RJ2 (1) other than the TCSTF bit until this bit is set to 0.

Note:
1. Registersassociated with timer RJ2: TRJ, TRICR, TRJOC, and TRIMR

(3 In event counter mode, set the TSTART bit in the TRICR register to 1 (count is started) and then input an
external pulse.

(4) In pulse width/pulse period measurement modes, bits TEDGF and TUNDF in the TRICR register used are set
to 0 by writing 0 by a program but remain unchanged even if 1 iswritten to these bits. If aread-modify-write
instruction is used to set the TRICR register, bits TEDGF and TUNDF may be erroneously set to 0 depending
on the timing, even when the TEDGF bit is set to 1 (active edge received) and the TUNDF bit isset to 1
(underflow) during execution of the instruction.

In this case, write 1 using the MOV instruction to the TEDGF or TUNDF bit which is not supposed to be set to
0.

(5) Insert NOP instructions between writing to and reading from registers associated with the TRJ counter while
the counter is stopped.

(6) When the TSTART bhit in the TRICR register is 1 (count is started) or the TCSTF hit is 1 (count is in
progress), allow at least three cycles of the count source clock for each write interval when writing to the TRJ
register successively.

(7) When the mode is changed to pulse width measurement mode or pulse period measurement mode from
another mode, the values of bits TEDGF and TUNDF are undefined. Write 0 to bits TEDGF and TUNDF
before starting the timer RJ2 count.

(8) The TEDGF bit may be set to 1 by the first count source signal after the count is started.

(99 When using pulse period measurement mode, allow at least two periods of the count source for timer RJ2
immediately after the count is started and set the TEDGF bit to O before use.

(20) If the count is forcibly stopped by writing 1 to the TSTOP hit in the TRICR register during count operation,
the TRJIF bit in the TRJIR register may be set to 1 (interrupt requested). Set the TRJIF bit to 0 (no interrupt
requested) before restarting the count.

(1) In pulse width measurement mode or pulse period measurement mode, set associated registers and set the
TSTART bit in the TRICR register to 1 (count is started) before inputting an external event.

(12) Do not set the TRJ register to 0000h in pulse width measurement mode and pulse period measurement mode.

(13) Note the following when writing 0 to the TEDGF bit in the TRICR register in pulse width measurement mode
or pulse period measurement mode.

Set the TRJIF bit in the TRJR register to 0 before setting the TEDGF bit to 0.

When reading the TEDGF bit immediately after setting it to O, it is read as 0. However the internal signal of
the TEDGF bit remains 1 for one to two cycles of the count source. If an active edge is input during this
period, the internal signal of the TEDGF bit does not become 0 and the TEDGF bit isread as 1.

Since the TRJIF bit becomes 1 when the internal signal of the TEDGF bit changes from 0 to 1, the TRJIF bit
does not become 1 and no interrupt is generated.

After setting the TEDGF bit to 0, confirm that O can be read after waiting for three or more count source
cyclesin order to accept the next interrupt request.
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14. Timer RB2

Timer RB2 can be used as an 8-bit timer with an 8-bit prescaler or as a 16-hit timer. The prescaler and timer each
consist of areload register and counter which are allocated to the same address. Timer RB2 has timer RB primary and
timer RB secondary reload registers.

14.1 Overview
Table 14.1 lists the Timer RB2 Specifications. Figure 14.1 shows the Timer RB2 Block Diagram.

Table 14.1  Timer RB2 Specifications

Item Description
Operating modes | Timer mode An internal count source or timer RJ2 underflow is counted.
Programmable waveform An arbitrary pulse width is output successively.
generation mode
Programmable one-shot A one-shot pulse is output.
generation mode
Programmable wait one-shot | A delayed one-shot pulse is output.
generation mode
Count source Selectable from f1, f2, f4, f8, f32, 164, 128, and timer RJ2
underflow.
Interrupt Timer RB2 underflow
S Data bus S
TRBPRE /\ TRBSC TRBPR AN
TCK2 to TCKO register register register
= 000b Reload Reload Reload
= TCKCUT register register register
" o0 0 i i i -
Timer RJ2 underflow WO Timer RB2
> = o - - | interrupt
= 100b —| 8-bit counter |—| 8-bit counter [ »-
f32 il—OlEO . 8-b:;‘tinjer w(lzt)h 8-bit prescaler @
f64 :110b * 16-bit timer
f1og =110 4
TMOD1 to TMODO
TSTART =10b or 11b
TOSST
INTO pin O |R Df:lgt]gfl —cDO_ Polarity
| INTOEN selection
I
INOSEG  INOSTG
TOPL=1 o ok
TOCNT =0 O—
Toggle flip-flop |
TRBO pin O—
O— TOCNT =1 TopL=0 Q CLR
Write 1 to TSTOP
TMOD1 to TMODO
=01b, 10b, or 11b
INTOEN: Bit in INTEN register
TSTART, TSTOP: Bits in TRBCR register
TOSST: Bit in TRBOCR register
TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIOC register
TMODO to TMOD1, TCKO to TCK2, TCKCUT: Bits in TRBMR register
Notes:
1. When the TCNT16 bit in the TRBMR register is 0, the 8-bit timer with 8-bit prescaler is selected.
2. When the TCNT16 bit in the TRBMR register is 1, the 16-bit timer is selected.
Figure 14.1  Timer RB2 Block Diagram
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14.2

/0 Pins

Table 14.2 lists the Timer RB2 Pin Configuration.

Table 14.2  Timer RB2 Pin Configuration
Pin Name Assigned Pin I/0 Function
INTO P1 4,P4.5 | External trigger
TRBO P1 3,P3_1,P4 2 (0] Continuous pulse or one-shot pulse output
For detailson INTO, see 11. I nterrupts.
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14.3 Registers
Table 14.3 lists the Timer RB2 Register Configuration.

Table 14.3  Timer RB2 Register Configuration

Register Name Symbol After Reset Address Access Size

Timer RB Control Register TRBCR 00h 000EOh 8

Timer RB One-Shot Control Register TRBOCR 00h 000E1h 8

Timer RB 1/0O Control Register TRBIOC 00h 000E2h 8

Timer RB Mode Register TRBMR 00h 000E3h 8

8-bit timer with 8-bit prescaler: TRBPRE FFh 000E4h 8

Timer RB Prescaler Register

16-bit timer:

Timer RB Primary/Secondary Register (Lower 8 Bits)

8-bit timer with 8-bit prescaler: TRBPR FFh 000E5h 8

Timer RB Primary Register

16-bit timer:

Timer RB Primary Register (Higher 8 Bits)

8-bit timer with 8-bit prescaler: TRBSC FFh 000E6h 8

Timer RB Secondary Register

16-bit timer:

Timer RB Secondary Register (Higher 8 Bits)

Timer RB Interrupt Control Register TRBIR 00h 000E7h 8
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14.3.1 Timer RB Control Register (TRBCR)
Address 000EOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — | TSTOP | TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RB count start bit [When the TMOD1 bit in the TRBMR register is 0] | R/IW
(1) 0: Count is stopped

1: Count is started

[When the TMOD1 bit in the TRBMR register is 1]
0: Count is stopped

1: Count is enabled

bl TCSTF | Timer RB count status flag [When the TMOD1 bit in the TRBMR register is 0] R
(1) 0: Count is stopped

1: Count is in progress

[When the TMOD1 bit in the TRBMR register is 1]
0: Count is stopped

1: Count is enabled

b2 TSTOP |Timer RB count forced stop bit (1. 2) When 1 is written to this bit, the count is forcibly R/W
stopped. The read value is 0.

b3 — Nothing is assigned. The write value must be 0. The read value is 0. —

b4 —

b5 —

b6 —

b7 —

Notes:

1. For notes on using bits TSTART, TCSTF, and TSTOP, see 14.8 Notes on Timer RB2.

2. When 1 (count is forcibly stopped) is written to the TSTOP bit, the counter, registers TRBPRE, TRBPR, and
TRBSC, bits TSTART and TCSTF, and bits TOSST, TOSSP, and TOSSTF in the TRBOCR register are initialized.
The TRBO output is also initialized.

TSTART Bit (Timer RB count start bit)

[Condition for setting to Q]
* When 0 iswritten to this bit.
[Condition for setting to 1]
* When 1 iswritten to this bit.

TCSTF Bit (Timer RB count status flag)

[Conditions for setting to O]

* When 0 iswritten to the TSTART hit.
* When 1 iswritten to the TSTOP hit.
[Condition for setting to 1]

* When 1 iswritten to the TSTART hit.
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14.3.2 Timer RB One-Shot Control Register (TRBOCR)
Address 000E1lh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — |TOSSTF| TOSSP | TOSST
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOSST | Timer RB one-shot start bit (1. 2) When 1 is written to this bit, a one-shot trigger is R/W
generated.
The read value is 0.
bl | TOSSP |Timer RB one-shot stop bit (2. 3) When 1 is written to this bit, the one-shot pulse R/W

count (including wait time) is stopped.

The read value is 0

b2 | TOSSTF | Timer RB one-shot status flag 0: One-shot is stopped R

1: One-shot is operating (including wait period)
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —

Notes:
1. Make sure the TOSSTF bit is O (one-shot is stopped) before writing 1 (one-shot count is started) to the TOSST

bit.

When 0 is written to this bit, the value is invalid.

3. Make sure the TOSSTF bit is 1 (one-shot is operating (including wait period)) before writing 1 (one-shot count is
stopped) to the TOSSP bit.

n

TOSSTF Bit (Timer RB one-shot status flag)

[Conditions for setting to Q]

* When the TSTOP bit in the TRBCR register is set to 1 (count isforcibly stopped).

» When the count value reaches 00h and is reloaded in programmabl e one-shot generation mode.

» When the secondary count value reaches 00h and is rel oaded in programmabl e wait one-shot generation mode.

* When the TOSSP bit is set to 1 (one-shot count is stopped).

* When the TSTART bit in the TRBCR register is set to 0 (count is stopped) and then 1 (count is forcibly
stopped) is written to the TSTOP bit in the TRBCR register.

[Conditions for setting to 1]

* When the TOSST bit is set to 1 (one-shot count is started).

* When atrigger isinput.

The TRBOCR register is enabled when bits TMOD1 to TMODO in the TRBMR register are 10b
(programmable one-shot generation mode) or 11b (programmable wait one-shot generation mode).

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 219 of 581
Mar 07, 2012



R8C/M13B Group 14. Timer RB2

14.3.3 Timer RB I/O Control Register (TRBIOC)
Address 000E2h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — [INOSEG|INOSTG | TOCNT | TOPL

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 TOPL |Timer RB output level select bit See Table 14.4 Functions of Timer RB Output R/W
Level Select Bit.

bl TOCNT | Timer RB output switch bit 0: Waveform output R/W
1: Fixed-value output

b2 | INOSTG | One-shot trigger control bit 0: One-shot trigger to @ pin disabled R/W
1: One-shot trigger to INTO pin enabled

b3 INOSEG | One-shot trigger polarity select bit 0: Falling edge R/W
1: Rising edge

b4 — Nothing is assigned. The write value must be 0. The read value is 0. —

b5 —

b6 —

b7 —

TOCNT Bit (Timer RB output switch bit)

The setting of the TOCNT bit is valid only in programmable waveform, programmable one-shot, and
programmable wait one-shot generation modes.

For details on the change in the states of the TRBO output in each mode, see 14.5.3 TOCNT Bit Setting and
Pin States.

Table 14.4  Functions of Timer RB Output Level Select Bit

Operating Mode Function
Timer mode Set to 0 in timer mode.

Programmable waveform generation mode High-level output during primary period
0 |Low-level output during secondary period
Low-level output at timer stop

Low-level output during primary period
1 | High-level output during secondary period
High-level output at timer stop

High-level one-shot pulse output

Programmable one-shot generation mode

0 Low-level output at timer stop
1 Low-level one-shot pulse output
High-level output at timer stop
Programmable wait one-shot generation mode 0 High-level one-shot pulse output
Low-level output at timer stop and during wait period
1 Low-level one-shot pulse output
High-level output at timer stop and during wait period
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14.3.4 Timer RB Mode Register (TRBMR)
Address 000E3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [TCKCUT| TCK2 | TCK1 [ TCKO | TWRC |TCNT16 | TMOD1 | TMODO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TMODO | Timer RB operating mode select bits (1) |b1B0 R/W

b1 TMOD1 0 O: Timer mode _ RIW
0 1: Programmable waveform generation mode
1 0: Programmable one-shot generation mode
1 1: Programmable wait one-shot generation

mode

b2 TCNT16 | Timer RB counter select bit (1) 0: 8-bit timer with 8-bit prescaler R/W
1: 16-bit timer

b3 TWRC | Timer RB write control bit (2 0: Write to reload register and counter R/W
1: Write to reload register only

b4 TCKO | Timer RB count source select bits (1) b6 b5 b4 R/W

b5 | TCK1 000:f1 RIW
001:f8

b6 TCK2 0 1 0: Timer RJ2 underflow RIW
011:f2
100:f4
101:f32
110:f64
111:f128

b7 | TCKCUT | Timer RB count source cutoff bit (1) 0: Count source is supplied R/W
1: Count source is cut off

Notes:
1. Only change these bits when bits TSTART and TCSTF in the TRBCR register are 0 (count is stopped).
2. For details on writing to the register and counter using the TWRC bit, see 14.5.2 Prescaler and Counter Using
TWRC Bit.
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14.3.5 Timer RB Prescaler Register (TRBPRE)
Address 000E4h

Bit b7 b6 b5 b4 b3 b2 bl b0
smool [ — [ — [ — [ — [ — [ — T — ] —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Initial Value | Setting Range | R/W
b7 to b0 | Timer mode An internal count source or the timer |FFh 00h to FFh R/W
Programmable waveform RJ2 underflow is counted. FFh 00h to FFh RIW
generation mode
Programmable one-shot FFh 00h to FFh R/W
generation mode
Programmable wait one-shot FFh 00h to FFh R/W
generation mode

In the 8-bit timer with 8-bit prescaler, the TRBPRE register is used to set the period of the prescaler. Each time
the prescaler decrements and underflows, the value in the TRBPRE register isreloaded. When read, thevalueis
read from the prescaler.

In the 16-bit timer, the TRBPRE register is used as the lower 8-bit counter. Each time the counter decrements
and underflows, the value in the TRBPRE register is reloaded. When read, the value is read from the lower 8
bits of the counter. Access the TRBPRE register first and then the TRBPR register.

The TRBPRE register is configured with a master — reload register structure, so the reload register is written
simultaneously while the count is stopped. During the counter operation, the timing for updating the reload
register differs in each mode. For details, see Table 14.6 Reload Register Update Timing for Registers
TRBPR and TRBSC in 8-Bit Timer with 8-Bit Prescaler, and Table 14.7 Reload Register Update Timing
for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit Timer. The value is updated in synchronization with
the count source.
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14.3.6 Timer RB Primary Register (TRBPR)

Address 000E5h

Bit b7 b6 b5 b4 b3 b2 bl
symool [ — [ — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1
Function Initial Setting
Bit Mode 8-Bit Timer with 16-Bit Timer Value Range R/W
8-Bit Prescaler
b7 to b0 | Timer mode Timer RB prescaler | An internal count FFh 00h to FFh R/W
underflow is source or the timer
counted. RJ2 underflow is
Programmable waveform Timer RB prescaler | counted. FFh 00h to FFh R/W
generation mode underflow is
counted. (1)
Programmable one-shot Timer RB prescaler FFh 00h to FFh R/W
generation mode underflow is
counted (the one-
shot width is
counted).
Programmable wait one-shot | Timer RB prescaler FFh 00h to FFh R/W
generation mode underflow is
counted (the wait
period is counted).
Note:

1. The values in registers TRBPR and TRBSC are reloaded and counted alternately.

In the 8-bit timer with 8-bit prescaler, the TRBPR register is used to set the period of the counter and the
primary period. When read, the value is from the 8-bit counter.
In the 16-bit timer, the TRBPR register is used to set the period of the higher 8-bit counter and the primary
period. When read, the value is read from the higher 8 bits of the 16-bit timer. Access the TRBPRE register and
then the TRBPR register.
The TRBPR register is configured with a master — reload register structure, so the reload register is written
simultaneously while the count is stopped. During the counter operation, the timing for updating the reload
register differs in each mode. For details, see Table 14.6 Reload Register Update Timing for Registers
TRBPR and TRBSC in 8-Bit Timer with 8-Bit Prescaler, and Table 14.7 Reload Register Update Timing
for RegistersTRBPRE, TRBPR, and TRBSC in 16-Bit Timer.
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14.3.7 Timer RB Secondary Register (TRBSC)
Address 000E6h
Bit b7 b6 b5 b4 b3 b2 bl
smool [ — [ — [ — [ — [ — [ — T —
After Reset 1 1 1 1 1 1 1
Function Initial Setting
Bit Mode -Bit Ti i R/W
8 Bl_t Timer with 16-Bit Timer value Range
8-Bit Prescaler
b7 to b0 | Timer mode Disabled FFh Invalid —
Programmable waveform Timer RB prescaler | Internal count FFh 00h to FFh R/W
generation mode underflow source or timer
RJ2 underflow (1)
Programmable one-shot Disabled FFh Invalid —
generation mode
Programmable wait one-shot | Timer RB prescaler | Internal count FFh 00h to FFh R/W
generation mode underflow source or timer
RJ2 underflow (1)
Note:
1. The values in registers TRBPR and TRBSC are reloaded and counted alternately. The count value can be read

from the TRBPR register while the secondary period is counted.

In the 8-bit timer with 8-bit prescaler, use the following procedure when writing to the TRBSC register.

(1) Writeavaueto the TRBSC register.

(2) Write avalue to TRBPR register (write the same value as the previous one again even if the value is not
changed).

In the 16-hit timer, use the following procedure when writing to the TRBSC register.

(1) Writevaluesto registers TRBPRE and TRBSC.

(2) Write avalue to TRBPR register (write the same value as the previous one again even if the value is not
changed).

In the 8-bit timer with 8-bit prescaler, the TRBSC register is used to set the secondary period used in
programmable waveform and programmable wait one-shot generation modes. When read, the value is read
from the reload register.

In the 16-bit timer, the TRBSC register is used to set the higher 8-bit secondary period used in programmable
waveform and programmable wait one-shot generation modes. This setting can be made in timer mode and
programmabl e one-shot generation mode, but it is not used for counter operation. When read, the value is read
from the reload register.

The TRBSC register is configured with a master — reload register structure, so the reload register is written
simultaneously while the count is stopped. During the counter operation, the timing for updating the reload
register differs in each mode. For details, see Table 14.6 Reload Register Update Timing for Registers
TRBPR and TRBSC in 8-Bit Timer with 8-Bit Prescaler, and Table 14.7 Reload Register Update Timing
for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit Timer.
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14.3.8 Timer RB Interrupt Control Register (TRBIR)
Address 000E7h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TRBIE | TRBIF | — | — | — | — [ — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 —
b5 —
b6 TRBIF | Timer RB interrupt request flag 0: No interrupt requested R/W
1: Interrupt requested
b7 TRBIE | Timer RB interrupt enable bit 0: Interrupt disabled R/W
1: Interrupt enabled

TRBIF Bit (Timer RB interrupt request flag)

[Condition for setting to Q]

* When 0 iswritten to this bit after reading it as 1.
[Condition for setting to 1]

» See Table 14.5 Conditionsfor Setting TRBIF Bit to 1.

Table 14.5  Conditions for Setting TRBIF Bitto 1

Operating Mode Condition
Timer mode When timer RB2 underflows.
Programmable waveform generation mode When timer RB2 underflows during the secondary period.
Programmable one-shot generation mode When timer RB2 underflows.
Programmable wait one-shot generation mode When timer RB2 underflows during the secondary period.
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14.4  Operation

14.4.1 Timer Mode

In this mode, an internally generated count source or the timer RJ2 underflow is counted. Registers TRBOCR
and TRBSC are not used.

When 1 (count is started) is written to the TSTART bit in the TRBCR register, the count is started after the
count source is sampled three times. When O (count is stopped) is written to the TSTART bit, the count is
stopped after the count source is sampled three times. When 1 (count is forcibly stopped) is written to the
TSTOP hit in the TRBCR register, the count is stopped. The actual count state should be monitored with the
TCSTF bit in the TRBCR register.

An interrupt request is generated when timer RB2 underflows.

When registers TRBPRE and TRBPR are read, each count value can be read. When registers TRBPRE and
TRBPR are written to while the count is stopped, values are written to both the reload register and counter,
respectively. When these registers are written during the count operation, values are written to both the reload
register and counter. When the TWRC bit is 1, values are written to the reload register only.

Figure 14.2 shows an Operation Example in Timer Mode.
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TSTART bit in
TRBCR register

Underflow signal
from timer RB

« 8-bit timer with 8-bit prescaler in timer mode

Set to 1 by a program
4

A

Count source |

i

prescaler

Timer RB2 counter (

Interrupt request
signal

01h X 00h x 01h X 00h )
Count is started Timer RB primary is reloaded

« 16-bit timer in timer mode

TSTART bitin
TRBCR register

The above diagram applies under the following conditions:

* TRBPRE register = 02h, TRBPR register = 01h

« TOCNT bit in TRBIOC register = 0 (waveform output)

« TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)

Set to 1 by a program
\ J

Set to 0 by a program

4

3

A

Count source | |

Timer RB2 counter (

0102h XOlOthOlOOhXOOFFhXOOFEh):.

..... .(0001h

H

XOOOOhXOlOZhXOlOthOlOOhXOOFFh)

Interrupt request
signal

*

Count is started

Timer RB primary is reloaded
1

The above diagram applies under the following conditions:
* TRBPRE register = 02h, TRBPR register = 01h

« TOCNT bit in TRBIOC register = 0 (waveform output)

« TCNT16 bit in TRBMR register = 1 (16-bit timer)

A

Set to 0 by a program

Figure 14.2 Operation Example in Timer Mode
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14.4.2 Programmable Waveform Generation Mode

In the 8-bit timer with 8-bit prescaler, the valuesin registers TRBPR and TRBSC are counted alternately.

In the 16-bit timer, the lower 8 bits are counted by the TRBPRE register and the higher 8 bits are counted by
registers TRBPR and TRBSC alternately.

The TRBO pin outputs a signal which is inverted each time the counter underflows. The count is started from
the value set in the TRBPR register. In programmable waveform generation mode, the TRBOCR register is not
used.

When 1 (count is started) is written to the TSTART bit in the TRBCR register, the count is started after the
count source is sampled three times. When 0 (count is stopped) is written to the TSTART bit, the count is
stopped after the count source is sampled three times. When 1 (count is forcibly stopped) is written to the
TSTOP bit in the TRBCR register, the count is stopped. The actual count state should be monitored with the
TCSTF bit in the TRBCR register.

An interrupt request is generated when timer RB2 underflows during the secondary period.

When registers TRBPRE and TRBPR are read, each count value can be read. Read the TRBPR register even
while the secondary period is counted. When registers TRBPRE, TRBPR, and TRBSC are written while the
count is stopped, values are written to both the reload register and counter, respectively. When these registers
are written during the count operation, values are written to the reload register and then transferred to the
counter at the next reload operation.

Figure 14.3 shows an Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Waveform
Generation Mode. Figure 14.4 shows an Example of 16-Bit Timer Operation in Programmable Waveform
Generation Mode.
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TSTART bitin
TRBCR register

Count source

Underflow signal
from timer RB
prescaler

Timer RB2 counter

Interrupt request
signal

TOPL bitin
TRBIOC register

TRBO pin output

Set to 1 by a progral
/

m

A

—

01h

X 00h

02h X 01h X 00h

01h )

A

Timer RB secondary is reloaded
]

[

Timer RB primary is reloaded

Set to 0 by a progra
Y

m
1
1
1
1

) A
]
Set to 0 by a program

Waveform output is started

The level of the initial output is 1
the same as that of the inverted 1
TOPL bit value (fixed-value output)

Y

Waveform output is inverted

Y

The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h, TRBSC register = 02h
* TOPL bit = 0, TOCNT bit = 0 (waveform output) in TRBIOC register

* TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)

Primary period
TRBPR

Waveform output is started

\i

1
U
Secondary period !

TRBSC !

TRBPR

Figure 14.3

Generation Mode

Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Waveform
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Set to 1 by a program

'
TSTART bitin A
TRBCR register

Count source f H

Timer RB2 counter ( 0101h XOlOOhXOOFFh)f ----- '(OOOOhXOZO1hX0200hX01FFh)f ----- XOOOOhXOlOthOlOOh)

Timer RB secondary is reloaded Timer RB primary is reloaded

[}
]
1
1
1
i
Interrupt request !
signal !
1
m

1
]
]
]
[]
1
! : "
Set to 0 by a progral ! '
yaprog . ' Set to 0 by a program
N | i i :
TOPL bit in ! ! :
TRBIOC register ! H :
[] [] []
Waveform output is started Waveform output is inverted Waveform output is started
Y \{ Y
TRBO pin output
1 1 )
- o t 1
The level of the initial output is ! Primary period ‘ Secondary period v Primary period
the same as that of the inverted 1 TRBPRE + TRBPR L TRBPRE + TRBSC v TRBPRE + TRBPR

TOPL bit value (fixed-value output)

The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h, TRBSC register = 02h
* TOPL bit = 0, TOCNT bit = 0 (waveform output) in TRBIOC register

* TCNT16 bit in TRBMR register = 1 (16-bit timer)

Figure 14.4  Example of 16-Bit Timer Operation in Programmable Waveform Generation Mode
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14.4.3 Programmable One-Shot Generation Mode

In this mode, a one-shot pulseis output from the TRBO pin by a program or the INTO pin input. When atrigger

is generated from that point, the timer operates only once to count a given length of the time equal to the setting

value of the TRBPR register.

In the 8-bit timer with 8-bit prescaler, the count value is set in the TRBPR register.

In the 16-bit timer, the count value of the higher 8 bitsis set in the TRBPR register and that of the lower 8 bits

isset in the TRBPRE register.

In programmabl e one-shot generation mode, the TRBSC register is not used.

When 1 (one-shot count is started) is written to the TOSST bit in the TRBOCR register while the TCSTF bit in

the TRBCR register is 1 (count is enabled), the count is started after the count source is sampled three times. If

an enabled trigger isinput to the INTO pin while the TCSTF bit is 1, the count is started after the count sourceis

sampled three times. When the count value in the timer RB secondary overflows and then it is reloaded, the

count is stopped. The count is also stopped with any of the following settings:

* When 1 (one-shot count is stopped) is written to the TOSSP bit in the TRBOCR register, the count is stopped
after the count source is sampled three times.

* When 0 (count is stopped) is written to the TSTART bit in the TRBCR register, the count is stopped after the
count source is sampled three times.

* When 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the count is stopped.

The actual count state must be monitored with the TCSTF bit in the TRBCR register.

An interrupt request is generated when timer RB2 underflows.

When registers TRBPRE and TRBPR are read, each count value can be read. When registers TRBPRE and

TRBPR are written while the count is stopped, values are written to both the reload register and counter,

respectively. When these registers are written during the count operation, values are written to the reload

register and then transferred to the counter at the next rel oad operation.

For the setting of trigger by the INTO input, see 14.7 INTO I nput Trigger Selection.

Figure 14.5 shows an Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable One-Shot

Generation Mode. Figure 14.6 shows an Example of 16-Bit Timer Operation in Programmable One-Shot

Generation Mode.
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The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h

* TOPL bit =0, TOCNT bit = 0 (waveform output),
INOSTG bit = 1 (one-shot trigger to INTO pin enabled), INOSEG bit = 1 (rising edge) in TRBIOC register

* TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)

Figure 14.5

Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable One-Shot

Generation Mode
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\
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The above diagram applies under the following conditions:
« TRBPRE register = 03h, TRBPR register = 00h
« TOPL bit = 0, TOCNT bit = 0 (waveform output),
INOSTG bit = 1 (one-shot trigger to INTO pin enabled), INOSEG bit = 1 (rising edge) in TRBIOC register
« TCNT16 bitin TRBMR register = 1 (16-bit timer)

Waveform output is completed

Figure 14.6 Example of 16-Bit Timer Operation in Programmable One-Shot Generation Mode
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14.4.4 Programmable Wait One-Shot Generation Mode

In this mode, aone-shot pulse is output from the TRBO pin by a program or an external trigger (INTO pin input)

after a specified period. When atrigger is generated from that point, the timer outputs a pulse only once for a

given length of the time equal to the setting value of the TRBSC register after waiting for a given length of time

equal to the setting value of the TRBPR register.

In the 8-bit timer with 8-bit prescaler, set the count value of the wait time in the TRBPR register and set the

count value of the pulse width in the TRBSC register.

In the 16-bit timer, set the count value of the wait time of the higher 8 bitsin the TRBPR register and that of the

lower 8 bits in the TRBPRE register. Set the count value of the pulse width of the higher 8 bitsin the TRBSC

register and that of the lower 8 bitsin the TRBPRE register.

When 1 (one-shot count is started) is written to the TOSST bit in the TRBOCR register while the TCSTF bit in

the TRBCR register is 1 (count is enabled), the count is started after the count source is sampled three times. If

an enabled trigger isinput to the INTO pin while the TCSTF bit is 1, the count is started after the count source is

sampled three times. When the count value in the timer RB secondary underflows and then it is reloaded, the

count is stopped. The count is also stopped with any of the following settings:

* When 1 (one-shot count is stopped) is written to the TOSSP bit in the TRBOCR register, the count is stopped
after the count source is sampled three times.

* When 0 (count is stopped) is written to the TSTART bit in the TRBCR register, the count is stopped after the
count source is sampled three times.

* When 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the count is stopped.

The actual count state must be monitored with the TCSTF bit in the TRBCR register.

An interrupt request is generated when timer RB2 underflows during the secondary period.

When registers TRBPRE and TRBPR areread, each count valueisread. When registers TRBPRE, TRBPR, and

TRBSC are written while the count is stopped, values are written to both the reload register and counter,

respectively. When these registers are written during the count operation, values are written to the reload

register and then transferred to the counter at the next reload operation.

For the setting of trigger by the INTO input, see 14.7 INTO I nput Trigger Selection.

Figure 14.7 shows an Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Wait One-Shot

Generation Mode. Figure 14.8 shows an Example of 16-Bit Timer Operation in Programmable Wait One-Shot

Generation Mode.
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1
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Wait state is started Waveform output is started Waveform output is completed
/ Y
TRBO pin output i
1
1 1 )
H Wait period i One-shot pulse output period :
i TRBPR : TRBSC :

The above diagram applies under the following conditions:
* TRBPRE register = 01h, TRBPR register = 01h, TRBSC register = 03h
* TOPL bit = 0, TOCNT bit = 0 (waveform output),
INOSTG bit = 1 (one-shot trigger to INTO pin enabled), INOSEG bit = 1 (rising edge) in TRBIOC register
* TCNT16 bitin TRBMR register = 0 (8-bit timer with 8-bit prescaler)

Figure 14.7 Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Wait One-
Shot Generation Mode
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-
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TRBO pin output

]
i
i 1
1 )
! Wait period ! One-shot pulse output period
1 TRBPRE + TRBPR 1 TRBPRE + TRBSC

The above diagram applies under the following conditions:
* TRBPRE register = 01h, TRBPR register = 01h, TRBSC register = 03h
* TOPL bit =0, TOCNT bit = 0 (waveform output),
INOSTG bit = 1 (one-shot trigger to INTO pin enabled), INOSEG bit = 1 (rising edge) in TRBIOC register
* TCNT16 bit in TRBMR register = 1 (16-bit timer)

Figure 14.8 Example of 16-Bit Timer Operation in Programmable Wait One-Shot Generation Mode
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14,5 Selectable Functions

14.5.1 Configuration and Update Timing for Registers TRBPRE, TRBPR, and
TRBSC

Registers TRBPRE, TRBPR, and TRBSC are configured with a master — reload register structure. Figure 14.9
shows the Configuration of Registers TRBPRE, TRBPR, and TRBSC. When the TSTART bit in the TRBCR
register is set to 0 (count is stopped), values are updated to the reload registers immediately after the registers
are written. However, when the TSTART bit is 1 (count is started), the timing for updating the reload registers
differsin each mode. In the 8-bit timer with 8-bit prescaler, after the TRBPRE register is written, the TRBPRE
register reload register is updated in synchronization with the count source.
Table 14.6 lists the Reload Register Update Timing for Registers TRBPR and TRBSC in 8-Bit Timer with 8-Bit
Prescaler. Table 14.7 lists the Reload Register Update Timing for Registers TRBPRE, TRBPR, and TRBSC in
16-Bit Timer.

Internal bus

) Maser [ e )

Reload
) Maser [ RO

) Maser [ e )

TRBPRE register

Write to register TRBPRE register
update signal

TRBPR register

N\
Register select signal

Write to register TRBPR register
update signal

TRBSC register

Counter

T~
Write to register TRBSC register
update signal
Figure 14.9 Configuration of Registers TRBPRE, TRBPR, and TRBSC
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Table 14.6  Reload Register Update Timing for Registers TRBPR and TRBSC in 8-Bit Timer with
8-Bit Prescaler

Update Timing ()

Operating Mode

TRBPR Register | TRBSC Register
Timer mode Updated in synchronization with the prescaler underflow.
Programmable waveform TWRC =1 |Updated immediately before the end of the secondary output period
generation mode after the TRBPR register is written.

TWRC =0 |Updated in synchronization with the prescaler underflow after the
TRBPR register is written. ()
Programmable one-shot generation mode | Updated in synchronization with the prescaler underflow. (3)

Programmable wait one-shot | TWRC =1 | Updated immediately before the end of the secondary output period
generation mode after the TRBPR register is written.

TWRC =0 |Updated in synchronization with the prescaler underflow after the
TRBPR register is written. ()

TWRC: Bit in the TRBMR register
Notes:

1. For details, see 14.5.2 Prescaler and Counter Using TWRC Bit.

2. When the TWRC bit is 0 (write to reload register and counter) in programmable waveform and programmable
wait one-shot generation modes, if the data in registers TRBSC and TRBPR is updated during count operation,
the waveform is output for the updated period from that time.

3. When the TWRC bit is O (write to reload register and counter) in programmable one-shot generation mode, if
the data in the TRBPR register is updated during count operation, the waveform is output for the updated period
from that time.

Table 14.7 Reload Register Update Timing for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit
Timer

——
Operating Mode Update Timing

Registers TRBPRE and TRBPR TRBSC Register
Timer mode Updated in synchronization with Updated in synchronization with
the count source after the TRBPR |the count source after the TRBSC
register is written. register is written.
Programmable waveform TWRC =1 |Updated immediately before the end of the secondary output period
generation mode after the TRBPR register is written.

TWRC =0 |Updated in synchronization with the count source after the TRBPR
register is written. (2)

Programmable one-shot generation mode | Updated in synchronization with Updated in synchronization with
the count source after the TRBPR |the count source after the TRBSC

register is written. register is written. (3)
Programmable wait one-shot | TWRC =1 | Updated immediately before the end of the secondary output period
generation mode after the TRBPR register is written.

TWRC =0 |Updated in synchronization with the count source after the TRBPR
register is written. ()

TWRC: Bit in the TRBMR register
Notes:

1. For details, see 14.5.2 Prescaler and Counter Using TWRC Bit.

2. When the TWRC bit is 0 (write to reload register and counter) in programmable waveform and programmable
wait one-shot generation modes, if the data in registers TRBSC and TRBPR is updated during count operation,
the waveform is output for the updated period from that time.

3. When the TWRC bit is O (write to reload register and counter) in programmable one-shot generation mode, if
the data in the TRBPR register is updated during count operation, the waveform is output for the updated period
from that time.
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14.5.2 Prescaler and Counter Using TWRC Bit

In timer RB2, the TWRC bit in the TRBMR register can be used to select whether to write to the reload register
only (TRBPR, TRBSC, TRBPRE) or both the reload register and counter. However, when the TCSTF bit in the
TRBCR register is 0 (count is stopped), both the reload register and counter are written regardless of the setting
of the TWRC hit.

In the 8-bit timer with 8-bit prescaler, when the TWRC bit is O (write to reload register and counter), transfer
from the reload register to the prescaler is performed in synchronization with the count source, and transfer to
the counter is performed in synchronization with prescaler underflows. Therefore, the count value is not
updated immediately after the write instruction is executed. When the TWRC bit is 1 (write to reload register
only), transfer from the reload register to the prescaler is performed in synchronization with prescaler
underflows, and transfer to the counter is performed in synchronization with counter underflows. Only the
value of the prescaler is updated before the counter underflows. Figures 14.10 and 14.11 show Examples of
Prescaler and Counter Operation in 8-Bit Timer with 8-Bit Prescaler.

In the 16-bit timer, when the TWRC bit is O (write to reload register and counter), transfer to the 16-bit counter
is performed in synchronization with the count source. When the TWRC bit is 1 (write to reload register only),
transfer to the 16-bit counter is performed in synchronization with 16-bit counter underflows. Figures 14.12 and
14.13 show Examples of Counter Operation in 16-Bit Timer.

During programmable wait one-shot generation mode, when the TCSTF bit in the TRBCR register is 1 (count is
in progress) and the TOSSTF bit in the TRBOCR register is 0 (one-shot is stopped), the reload register and
counter can be written because the setting of the TWRC bit in the TRBMR register isinvalid.
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* When the TWRC bit in TRBMR register is 0 (write to reload register and counter)
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H
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Count source

I After the value is written, it is writtn to the reload register
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| the reload register at the first underflow |
TRE.BPR Previous value New value (25h)
reload register

Reloaded at the
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Counter 03h X 02h X 01lh X 00h X 25h

The above diagram applies under the following condition:
* When bits TSTART and TCSTF in the TRBCR register are both 1 (count in progress)

Figure 14.10 Example of Prescaler and Counter Operation in 8-Bit Timer with 8-Bit Prescaler
(Timer Mode or Programmable One-Shot Generation Mode)
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Figure 14.11 Example of Prescaler and Counter Operation in 8-Bit Timer with 8-Bit Prescaler

(Programmable Waveform Generation Mode or Programmable Wait One-Shot
Generation Mode)
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Figure 14.12 Example of Counter Operation in 16-Bit Timer
(Timer Mode or Programmable One-Shot Generation Mode)
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* When the TWRC bit in TRBMR register is 0 (write to reload register and counter)
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Figure 14.13

Example of Counter Operation in 16-Bit Timer
(Programmable Waveform Generation Mode or Programmable Wait One-Shot
Generation Mode)
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14.5.3 TOCNT Bit Setting and Pin States

The TOCNT bit in the TRBIOC register can be used to select whether a timer waveform or fixed value is
output. However, regardless of the setting of the TOCNT bit, an undefined value is output in timer mode and a
waveform is output in programmable one-shot and programmable wait one-shot generation modes.

Table 14.8 lists the Output Datain Each Mode.

Table 14.8  Output Data in Each Mode
Operating Mode Output Enabled/Disabled Output Data
Timer mode Output disabled Undefined-value output
Programmable waveform generation mode TCONT 0 Waveform output
1 Fixed value
(inverted value of TOPL)

Programmable one-shot generation mode Output enabled Waveform output
Programmable wait one-shot generation mode

TOPL, TOCNT: Bits in TRBIOC register

If the TOCNT bit is rewritten in programmable waveform generation mode, the pin state is not changed
immediately. The datais reflected in the pin state when one of the following conditions is met. Note that when
the TOCNT bit is 1 (fixed-value output), the value, which is set for the primary period in the TOPL bit in the

TRBIOC register, is output.

[Update conditions for pin states]

* When the TSTART bit in the TRBCR register is changed from O (count is stopped) to 1 (count is started).
* When the TRBPR register is reloaded to the counter.
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14.6 Interrupt Request

When the TRBIF bit in the TRBIR register is 1 (interrupt requested) and the TRBIE bit is 1 (interrupt enabled), an
interrupt request is generated to the CPU. The conditions for setting the TRBIF bit to 1 differ depending on the
mode. See the descriptions of the TRBIF bit and individual modes.

14.7 INTO Input Trigger Selection

In programmable one-shot and programmable wait one-shot generation modes, when 1 (one-shot count is started)
is written to the TOSST bit in the TRBCR register or atrigger is input to the INTO pin with the TCSTF bit in the
TRBCR register set to 1 (count isin progress), one-shot operation is started.

When using the trigger input from the INTO pin, make the following settings beforehand.

(1) Set the port mapping register to set port P1_4 or P4 5 asthe INTO pin.

(2) Set bitsINTOFO to INTOF1 in the INTFO register to select the digital filter sampling clock for the INTO pin.
(3) SettheINTOEN bitinthe INTEN register to 1 (enabled) to enable an interrupt.

(4) Setthe INOSEG hit in the TRBIOC register to select the falling or rising edge.

(5) Set the INOSTG hit in the TRBIOC register to 1 (one-shot trigger to INTO pin enabled).

When an interrupt request is generated by the trigger input from the INTO pin, note the following:
* Set bits INTOSA to INTOSB in the ISCRO register to select the falling edge, rising edge, or two-way edge for the
interrupt.

Even if aone-shot trigger is generated while the TOSSTF bit in the TRBOCR is 1 (one-shot is operating (including
wait period)), timer RB2 operation is not influenced, but the IRIO bit in the IRR3 register is changed.
For details on interrupts, see 11. I nterrupts.
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14.8 Notes on Timer RB2

 Timer RB2 stops counting after areset. Start the count after setting the value in the timer and prescaler.

* Inthe 8-bit timer with 8-bit prescaler, even if the prescaler and timer are read in 16-bit units, they are actually read

sequentialy byte by byte in the MCU. This may cause the value in the timer to be updated during reading of these
two registers.
In the 16-bit timer, access the TRBPRE register first and then the TRBPR register. Read the TRBPRE register
first to read the count value in the lower byte. The count value in the higher byte will be retained. Next, read the
TRBPR register to read the retained value in the higher byte. The timer value is not updated during reading of
these two registers.

* In programmable one-shot and programmable wait one-shot generation modes, when the TOSSP hit in the
TRBOCR register is set to 1 and the one-shot is stopped, the timer reloads the rel oad register value and is stopped.
The timer count value must be read before the timer is stopped.

 After 1 (count is started) is written to the TSTART bit in the TRBCR register while the count is stopped, the
TCSTF bit in the TRBCR register remains 0 (count is stopped) for two to three cycles of the count source. Do not
access the registers associated with timer RB2 (1) other than the TCSTF bit until this bit is set to 1 (count isin
progress). The count is started on the first active edge of the counter source after the TCSTF bit is set to 1.

After O (count is stopped) is written to the TSTART bit during count operation, the TCSTF bit remains 1 for two
to three cycles of the count source. When the TCSTF bit is set to O, the count is stopped. Do not access the
registers associated with timer RB2 (1) other than the TCSTF bit until this bit is set to O.
Note:
1. Registers associated with timer RB2:
TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBPR, and TRBSC

« In timer mode, do not set both the TRBPRE and TRBPR registers to 00h at the same time.

* When the TSTART bit in the TRBCR register is 0 (count is stopped), change the values of registers TRBPRE,
TRBPR, and TRBSC, then wait for at least two cycles of the system clock (f) before setting the TSTART bit in
the TRBCR register to 1 (count is started).

* When the TSTART bit in the TRBCR register is 1 (count is started) or the TCSTF bit is 1 (count isin progress),
do not change the values in registers TRBIOC and TRBMR, and the TRBIE bit in the TRBIR register.

* Make sure the TCSTF bit in the TRBCR register is 1 (count is in progress) before writing 1 (one-shot count is
started) to the TOSST bit in the TRBOCR register. When the TCSTF hit is O (count is stopped), writing 1 (one-
shot count is started) to the TOSST bit isinvalid.

« When writing to registers TRBPRE, TRBPR, and TRBSC during count operation (the TSTART bit is 1 or the
TCSTF bit is 1), note the following points:

- When writing to the TRBPRE register successively, alow at least three cycles of the count source for each write
interval.

- When writing to the TRBPR register successively, alow at least three cycles of the count source for each write
interval.

- When writing to the TRBSC register successively, alow at least three cycles of the count source for each write
interval.

* When the TRBPR register is rewritten in programmabl e waveform generation mode, do not write to the TRBPRE,
TRBPR, or TRBSC register during the secondary output period as described below after rewriting.

- 8-bit timer with 8-bit prescaler:

Two cycles of the prescaler underflow before the secondary output period ends.
- 16-bit timer:

Two cycles of the count source clock before the secondary output period ends.

» When the underflow signal from timer RJ2 is used as the count source for timer RB2, set timer RJ2 to timer mode,
pulse output mode, or event counter mode.

* When 1 iswritten to the TOSST bit or the TOSSP bit in the TRBOCR register, the TOSSTF hit is changed after
two to three cycles of the count source. If 1 iswritten to the TOSSP bit from when 1 is written to the TOSST bit
until the TOSSTF bit is set to 1, the TOSSTF bit may be set to 0 or 1 depending on the internal state. Likewise, if
1iswritten to the TOSST bit from when 1 is written to the TOSSP bit until the TOSSTF bit is set to 0, the
TOSSTF may be set to 0 or 1 depending on the internal state.
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* In programmable waveform generation mode and programmable wait one-shot mode, write to the TRBSC
register before writing to the TRBPR register. At the underflow during the secondary period after the TRBPR
register is written, the value written to the TRBPR register is transferred to the counter. If registers TRBPR and
TRBSC are written two or more times after the TRBPR register is written until the underflow during the
secondary period, the last written value is transferred to the counter at the underflow.

* When 1 is written to the TSTOP bit in the TRBCR register during count operation, timer RB2 is immediately
stopped.

« If the count isforcibly stopped by writing 1 to the TSTOP bit during count operation, the TRBIF bit in the TRBIR
register may be set to 1 (interrupt requested). Set the TRBIF bit to O (no interrupt requested) before restarting the
count.

» When the TSTART bit in the TRBCR register is 0 (count is stopped), wait for at least two cycles of the system
clock (f) after writing the values of registers TRBPRE and TRBPR before reading them.
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15. Timer RC

Timer RC is a 16-hit timer that provides output compare and input capture functions and can count external events. It
can be used as a multifunction timer with various applications such as generation of pulse output with an arbitrary duty
cycle using the compare match between the timer RC counter and four general registers.

15.1 Overview

Table 15.1 lists the Timer RC Specifications. Table 15.2 lists the Timer RC Functions. Figure 15.1 shows the
Timer RC Block Diagram. Table 15.3 lists Timer RC Pin Configuration.

Table 15.1  Timer RC Specifications

Item Description
Count sources Operating Internal clock |« f1, f2, f4, f8, or f32:
(counter input clocks) | clock Selected when bits CKS2 to CKSO0 in the TRCCRL1 register
are 000b to 100b.
« fHOCO:
Selected when bits CKS2 to CKSO0 in the TRCCRL1 register
are 110b.
External clock | TRCCLK input:
(externalevent | Selected when bits CKS2 to CKSO0 in the TRCCR1 register
count) are 101b.
Pulse 1/O pins 4
General registers 4
» Can be set as output compare or input capture registers
individually.
» Can be used as buffer registers for output compare or input
capture.
Operating modes Timer mode  Output compare function:

Low-level, high-level, or toggle output can be performed.
* Input capture function:
A rising edge, falling edge, or two-way edge can be
detected.
 Counter clear function: A count period can be set.
PWM mode PWM output with up to three phases.

PWM2 mode | Pulse output with an arbitrary period and duty.

Interrupt sources » Compare match/input capture multiplexed interrupt x 4
sources
« Overflow interrupt
Others * The initial value of the timer RC output can be set arbitrarily.

» A/D conversions triggered by compare matches in registers
TRCGRA, TRCGRB, TRCGRC, and TRCGRD can be set.
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Table 15.2  Timer RC Functions
I/O Pin
Item Counter
TRCIOA TRCIOB TRCIOC TRCIOD
General registers (output | Period setting TRCGRA TRCGRB TRCGRC TRCGRD
compare/input capture with the register register register register
multiplexed registers) TRCGRA In buffer In buffer
register operation operation
Buffer register | Buffer register
forthe TRCGRA | forthe TRCGRB
register register
Counter clear function Input capture/ Input capture/ — — —
compare match |compare match
forthe TRCGRA | forthe TRCGRA
register register
TRCTRG input — — — —
Setting function for initial — Available Available Available Available
output level
Buffer operation — Available Available — —
Compare | Low-level — Available Available Available Available
match output
High-level — Available Available Available Available
output
Toggle output — Available Available Available Available
Input capture function — Available Available Available Available
PWM mode — — Available Available Available
PWM2 mode — — Available — —
Interrupt sources Overflow Compare match/ | Compare match/ | Compare match/ | Compare match/
input capture input capture input capture input capture
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f1, f2, f4, 18, 132, or fHOCO

<—| TRCMR register K,:>
INTL (O— <¢—{ TRCCR1 register |2
INTO (O— <4—]{ TRCIER register (=)
Count source -
TRCCLK O——> selection circuit Comparator <—| TRCSR register K:>
TRCIOA/TRCTRG ()] <4—]{ TRCIORO register (=)
TRCIOB ()] <4—]{ TRCIOR1 register =)
Timer R ntrol circuit
TRCIOC ()P er RC control circu <¢—{ TRCCNT register =)
TRCIOD () <¢—{ TRCGRA register (=) ¢
o
Waveform output <¢—{ TRCGRB register kj> f
manipulation 3
<¢—{ TRCGRC register k(=)
<¢—{ TRCGRD register (=)
<¢—{ TRCCR2register (7>
Timer RC L{ TRCDF register  [(=)
int t t
nierript reques TRCOER register K:>
TRCADCR register (=)
} TRCOPR register K:>
N |
Figure 15.1 Timer RC Block Diagram
Table 15.3  Timer RC Pin Configuration
Pin Name 110 Function
TRCCLK | External clock input
TRCIOA/TRCTRG 110 TRCGRA output compare output/ TRCGRA input capture input/external trigger
input (TRCTRG)
TRCIOB 110 TRCGRB output compare output/TRCGRB input capture input/PWM output (in
PWM mode)
TRCIOC 1/0 TRCGRC output compare output/TRCGRC input capture input/PWM output (in
PWM mode)
TRCIOD 1/0 TRCGRD output compare output/TRCGRD input capture input/PWM output (in
PWM mode)
INTO | Timer output disabling control input
INT1 | Waveform output manipulation event input
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15.2 Registers
Table 15.4 lists the Timer RC Register Configuration.
Table 15.4  Timer RC Register Configuration
Register Name Symbol After Reset Address Access Size
Timer RC Counter TRCCNT 00h 000E8h 16
00h 000ES9h
Timer RC General Register A TRCGRA FFh 000EAh 16
FFh 000EBh
Timer RC General Register B TRCGRB FFh 000ECh 16
FFh 000EDh
Timer RC General Register C TRCGRC FFh 000EEh 16
FFh 000EFh
Timer RC General Register D TRCGRD FFh 000FOh 16
FFh 000F1h
Timer RC Mode Register TRCMR 01001000b 000F2h 8
Timer RC Control Register 1 TRCCR1 00h 000F3h 8
Timer RC Interrupt Enable Register TRCIER 01110000b 000F4h 8
Timer RC Status Register TRCSR 01110000b 000F5h 8
Timer RC 1/O Control Register O TRCIORO 10001000b 000F6h 8
Timer RC 1/O Control Register 1 TRCIOR1 10001000b 000F7h 8
Timer RC Control Register 2 TRCCR2 00011000b 000F8h 8
Timer RC Digital Filter Function Select Register TRCDF 00h 000F9h 8
Timer RC Output Enable Register TRCOER 01111111b 000FAh 8
Timer RC A/D Conversion Trigger Control Register TRCADCR 11110000b 000FBh 8
Timer RC Waveform Output Manipulation Register TRCOPR 00h 000FCh 8
15.2.1 Timer RC Counter (TRCCNT)
Address 000E8h to 000ESh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — — — — —
After Reset 0 0 0 0 0 0 0 0
Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 0 0 0 0 0 0 0 0
Bit Function Setting Range R/W

b15 to bO | 16-bit readable/writable up counter.

When this counter overflows, the OVF bit in the TRCSR register is setto 1. If
the OVIE bit in the TRCIER register is set to 1 (interrupt request (FOVI) by
OVF bit is enabled) at this time, an interrupt request is generated.

0000h to FFFFh R/W

The count source for the TRCCNT register is selected by bits CKS0 to CKS2 in the TRCCRL1 register. When
the CCLR bit in the TRCCR1 register is 1, the TRCCNT register is cleared to 0000h when a compare match

with the TRCGRA register occurs.

TRCCNT register must be accessed in 16-hit units. Do not access this register in 8-bit units. When this register
is accessed as 16-bit units, it is accessed twice in 8-bit units.

RO1UHO023EJ0200 Rev.2.00
Mar 07, 2012

RENESAS

Page 251 of 581



R8C/M13B Group 15. Timer RC

15.2.2 Timer RC General Register A, B, C, and D (TRCGRA, TRCGRB, TRCGRC,
and TRCGRD)

Address 000EAh to 000EBh (TRCGRA), 000ECh to 000EDh (TRCGRB),
00OEEh to 000EFh (TRCGRC), 000FOh to 000F1h (TRCGRD)

Bit b7 b6 b5 b4 b3 b2 bl b0
smool [ — [ — [ — [ — [ — [ — ] — T —
After Reset 1 1 1 1 1 1 1 1
Bit b15 b14 b13 b12 b1l b10 b9 b8
sympol{ — | — | — | = | = | = | = | =
After Reset 1 1 1 1 1 1 1 1

Table 15.5 Functions of TRCGR]j Register when Using Input Capture Function

. . . . Input Capture
Register Setting Register Function ?nput FF’)in
TRCGRA |— General register. Can be used to read the TRC register value | TRCIOA
TRCGRB at input capture. TRCIOB
TRCGRC BUFEA = 0 | General register. Can be used to read the TRC register value | TRCIOC
TRCGRD BUFEB = 0 |atinput capture. TRCIOD
TRCGRC BUFEA =1 |Buffer registers. Can be used to hold transferred value from | TRCIOA
TRCGRD BUFEB = 1 |the general register. (Refer to 15.5.5 Buffer Operation TRCIOB
Timing.)
j=A,B,C,orD

BUFEA, BUFEB: Bits in TRCMR register

Table 15.6  Functions of TRCGRj Register when Using Output Compare Function

. . . . Output Compare
Register Setting Register Function (r))utput Pipn
TRCGRA |— General register. Write a compare value to one of these | TRCIOA
TRCGRB registers. TRCIOB
TRCGRC BUFEA = 0 | General register. Write a compare value to one of these |TRCIOC
TRCGRD BUFEB =0 |registers. TRCIOD
TRCGRC BUFEA =1 |Buffer register. Write the next compare value to one of TRCIOA
TRCGRD BUFEB = 1 |these registers. (Refer to 15.5.5 Buffer Operation TRCIOB
Timing.)
j=A,B,C,orD
BUFEA, BUFEB: Bits in TRCMR register
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Table 15.7 Functions of TRCGRh Register in PWM Mode
Register Setting Register Function PWM Output Pin

TRCGRA — General register. Set the PWM period. —
TRCGRB — General register. Set the PWM output change point. TRCIOB
TRCGRC BUFEA =0 | General register. Set the PWM output change point. TRCIOC
TRCGRD BUFEB =0 TRCIOD
TRCGRC BUFEA =1 | Buffer register. Set the next PWM period. (Refer to 15.5.5 |—

Buffer Operation Timing.)
TRCGRD BUFEB =1 |Buffer register. Set the next PWM output change point. TRCIOB

(Refer to 15.5.5 Buffer Operation Timing.)

h=AB,C,orD
BUFEA, BUFEB: Bits in TRCMR register

Note:

1. The output level does not change even when a compare match occurs if the TRCGRA register value
(PWM period) is the same as the TRCGRB, TRCGRC, or TRCGRD register value.

Table 15.8  Functions of TRCGR]j Register in PWM2 Mode
Register Setting Register Function PWM2 Output Pin

TRCGRA — General register. Set the PWM period. TRCIOB pin

TRCGRB (1) |— General register. Set the PWM output change point.

TRCGRC (1) |BUFEA =0 |General register. Set the PWM output change point (wait
time after trigger).

TRCGRD BUFEB =0 |(Not used in PWM2 mode) —

TRCGRD BUFEB =1 |Buffer register. Set the next PWM output change point. | TRCIOB pin
(Refer to 15.5.5 Buffer Operation Timing.)

j=A,B,C,orD

BUFEA, BUFEB: Bits in TRCMR register

Note:

1. Do not set the TRCGRB and TRCGRC registers to the same value.
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15.2.3 Timer RC Mode Register (TRCMR)
Address 000F2h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CTS | — | BUFEB | BUFEA | PWM2 | PWMD | PWMC | PWMB

After Reset 0 1 0 0 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 PWMB | TRCIOB PWM mode select bit (1) 0: Timer mode R/W

bl | PWMC [TRCIOC PWM mode select bit @ |- PWM mode RIW

b2 | PWMD | TRCIOD PWM mode select hit (1) RIW

b3 PWM2 | PWM2 mode select bit 0: PWM2 mode R/W
1: Timer mode or PWM mode

b4 BUFEA | TRCGRC register function select 0: Output compare or input capture register R/W

bit (2) 1: TRCGRC register is used as a buffer register for
TRCGRA register

b5 BUFEB | TRCGRD register function select bit | 0: Output compare or input capture register R/W

1: TRCGRD register is used as a buffer register for
TRCGRB register

b6 — Nothing is assigned. The write value must be 1. The read value is 1. —

b7 CTS TRCCNT count start bit 0: Count is stopped R/W
1: Count is started

Notes:

1. These bits are enabled when the PWM2 bit is 1 (timer mode or PWM mode).
2. Set the BUFEA bit to 0 (general register) in PWM2 mode.

CTS Bit (TRCCNT count start bit)

[Conditions for setting to O]

* When 0 iswritten to this bit.

« When a compare match occurs while the CSTP hit in the TRCCR2 register is 1 (count is stopped) in PWM2
mode.

[Condition for setting to 1]

* When 1 iswritten to this bit.
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15.2.4 Timer RC Control Register 1 (TRCCR1)
Address 000F3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | CKS2 | CKS1 | CKSO | TOD | TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA | Timer output level select A bit 0: Output value 0 (1) R/W
bl TOB | Timer output level select B bit 1: Output value 1 (1) R/W
b2 TOC | Timer output level select C bit R/W
b3 TOD | Timer output level select D bit R/W
b4 CKSO | Count source select bits b8 DS lg f R/W
b5 CKS1 00 1 f2 R/W
b6 CKS2 010 4 R/W
011:f8
100:f32
1 0 1: Falling edge of TRCCLK input (3)
110: fHOCO
11 1: Do not set.
b7 CCLR | TRCCNT counter clear select bit 0: Clear disabled (free-running operation) R/W
1: TRCCNT counter is cleared by input
capture/compare match A

Notes:
1. The values set by bits TOA to TOD are reflected immediately after they are changed. Set the value when the

CTS bit in the TRCMR register is 0 (count is stopped).
2. When selecting fHOCO, set these bits with the on-chip oscillator operating. When switching the count sources,

set these bits with the counter stopped.
3. The pulse width of an external clock input to TRCCLK must be three or more cycles of the operating clock.

TOA Bit (Timer output level select A bit)

This bit is used to set the output value from the TRCIOA pin until the first compare match A occurs. In PWM
mode, this bit is used to control the output level of the TRCIOA pin.

TOB Bit (Timer output level select B bit)

This bit is used to set the output value from the TRCIOB pin until the first compare match B occurs. In PWM
mode, this bit is used to control the output level of the TRCIOB pin.

TOC Bit (Timer output level select C bit)

This bit is used to set the output value from the TRCIOC pin until the first compare match C occurs. In PWM
mode, this bit is used to control the output level of the TRCIOC pin.

TOD Bit (Timer output level select D bit)

This bit is used to set the output value from the TRCIOD pin until the first compare match D occurs. In PWM
mode, this bit is used to control the output level of the TRCIOD pin.
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15.2.5 Timer RC Interrupt Enable Register (TRCIER)
Address 000F4h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVIE | — | — | — | IMED | IMEC | IMIEB | IMIEA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMIEA | Input capture/compare match A 0: Interrupt request (IMIA) by IMFA bit in TRCSR R/W
interrupt enable bit register is disabled

1: Interrupt request (IMIA) by IMFA bit in TRCSR
register is enabled

bl IMIEB | Input capture/compare match B 0: Interrupt request (IMIB) by IMFB bitin TRCSR | R/W

interrupt enable bit register is disabled

1: Interrupt request (IMIB) by IMFB bit in TRCSR
register is enabled

b2 IMIEC | Input capture/compare match C 0: Interrupt request (IMIC) by IMFC bitin TRCSR | R/W

interrupt enable bit register is disabled

1: Interrupt request (IMIC) by IMFC bit in TRCSR
register is enabled

b3 IMIED | Input capture/compare match D 0: Interrupt request (IMID) by IMFD bitin TRCSR | R/W

interrupt enable bit register is disabled

1: Interrupt request (IMID) by IMFD bit in TRCSR
register is enabled

b4 — Nothing is assigned. The write value must be 1. The read value is 1. —

b5 —

b6 —

b7 OVIE | Timer overflow interrupt enable bit 0: Interrupt request (FOVI) by OVF hitin TRCSR R/W
register is disabled

1: Interrupt request (FOVI) by OVF bitin TRCSR
register is enabled
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15.2.6 Timer RC Status Register (TRCSR)
Address 000F5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVF | — | — | — | IMFD | IMFC IMFB IMFA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMFA | Input capture/compare match A flag | [Condition for setting to 0] R/W
bl IMFB | Input capture/compare match B flag | * When 0 is written to this bit after reading it as R/W
b2 IMFC | Input capture/compare match C flag [ C:lc;riz)ition for setting to 1] R/W
b3 IMFD | Input capture/compare match D flag * See Table 15.9 C(?nditions for Setting Each RIW
Flag to 1.
b4 — Nothing is assigned. The write value must be 1. The read value is 1. —
b5 —
b6 —
b7 OVF | Timer overflow flag [Condition for setting to 0] R/W
* When 0 is written to this bit after reading it as 1.
[Condition for setting to 1]
* See Table 15.9 Conditions for Setting Each
Flag to 1.
Note:

1. The results of writing this bit are as follows.
« If the result of reading this bit is 1, writing 0 to this bit will set it to 0.
« If the result of reading this bit is 0, writing 0 to this bit will not change its value. (If this bit changes from 0 to 1
after the read, the bit will remain 1 even if O is written.)
« Writing 1 has no effect.

Table 15.9  Conditions for Setting Each Flag to 1

Timer Mode
Symbol Input Capture Function Output Cgmpare PWM Mode PWM2 Mode
Function
IMFA When the value in the TRCCNT register | When the values in registers TRCCNT and TRCGRA match.
is transferred to the TRCGRA register
on the input edge (1) of the TRCIOA pin.
IMFB When the value in the TRCCNT register | When the values in registers TRCCNT and TRCGRB match.
is transferred to the TRCGRB register
on the input edge (1) of the TRCIOB pin.
IMFC | When the value in the TRCCNT register | When the values in registers TRCCNT and TRCGRC match. (2)
is transferred to the TRCGRC register
on the input edge (1) of the TRCIOC pin.
IMFD | When the value in the TRCCNT register | When the values in registers TRCCNT and TRCGRD match. ()
is transferred to the TRCGRD register
on the input edge (1) of the TRCIOD pin.
OVF When the TRCCNT register overflows from FFFFh to 0000h.
Notes:
1. The edge is selected by bits 10j0 to 10j1 (j = A, B, C, or D) in registers TRCIO0 and TRCIOR1. However, all of
bits IOA2 and I0B2 in the TRCIORO register and bits IOC2 and 10D2 in the TRCIORL1 register must be set to 1
(input capture function).
2. Includes when bits BUFEA and BUFEB in the TRCMR register are 1 (buffer registers for TRCGRA and
TRCGRB).
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15.2.7 Timer RC I/O Control Register 0 (TRCIORO)
Address 000F6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | 10B2 | I0B1 [ IOBO | — | IOA2 | IOAl IOA0
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOAO0 | TRCGRA control AO bit [IOA2 = 0 (output compare function)] R/W
b1 IOA1 | TRCGRA control Al bit | °2P0 RIW

0 O: Pin output by compare match A is disabled

0 1: Low-level output from TRCIOA pin at compare match A
1 0: High-level output from TRCIOA pin at compare match A
1 1: Toggle output from TRCIOA pin at compare match A
[IOA2 = 1 (input capture function)]

b1 b0

0 0: Rising edge on TRCIOA pin

0 1: Falling edge on TRCIOA pin

1 0: Two-way edge on TRCIOA pin

1 1: Do not set.

b2 IOA2 | TRCGRA control A2 bit (1) | 0: Output compare function R/W
1: Input capture function

b3 — Reserved Setto 1. R/W

b4 IOBO | TRCGRB control BO bit [IOB2 = 0 (output compare function)] R/W

b5 IOB1 |TRCGRB control B1 bit | 202 R/W

0 0: Pin output by compare match B is disabled

0 1: Low-level output from TRCIOB pin at compare match B
1 0: High-level output from TRCIOB pin at compare match B
1 1: Toggle output from TRCIOB pin at compare match B
[IOB2 = 1 (input capture function)]

b5 b4

0 0: Rising edge on TRCIOB pin

0 1: Falling edge on TRCIOB pin

1 0: Two-way edge on TRCIOA pin

1 1: Do not set.

b6 IOB2 |TRCGRB control B2 bit (1) |0: Output compare function R/W
1: Input capture function
b7 — Nothing is assigned. The write value must be 1. The read value is 1. —
Note:

1. When bits BUFEA and BUFEB in the TRCMR register are set to 1, registers TRCGRA and TRCGRC, and
registers TRCGRB and TRCGRD are paired. The same values must be set in the IOA2 bit and the 10C2 bit in
the TRCIORL1 register, and in the IOB2 bit and the 10D2 bit in the TRCIORL register, respectively.

The setting of the TRCIORO register isinvalid in PWM and PWM2 modes.
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15.2.8 Timer RC I/O Control Register 1 (TRCIOR1)

Address 000F7h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| 10D3 | 10D2 | IOD1 [ 10DO | 10C3 | IOC2 [ 10C1 10CO
After Reset 1 0 0 0 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 IOCO |TRCGRC [lOC2 =0, I0C3 = 0 (output from TRCIOA pin at compare match C)] 1. 2) | R/W

control CO bit blb0 -
bl IOC1 | TRCGRC 0 0: Pin output by compare match C is disabled

control C1 bit 0 1: Low-level output from TRCIOA pin at compare match C

1 0: High-level output from TRCIOA pin at compare match C

1 1: Toggle output from TRCIOA pin at compare match C

[l0C2 =0, I0C3 = 1 (output from TRCIOC pin at compare match C)] (1)

b1 b0
0 0: Pin output by compare match C is disabled

0 1: Low-level output from TRCIOC pin at compare match C

1 0: High-level output from TRCIOC pin at compare match C

1 1: Toggle output from TRCIOC pin at compare match C

[I0C2 =1, 10C3 =1 (TRCIOC input edge selected at input capture C)] @)

b1 b0
0 O: Input capture C occurs on the rising edge of TRCIOC input

0 1: Input capture C occurs on the falling edge of TRCIOC input
1 0: Input capture C occurs on the two-way edge of TRCIOC input
1 1: Do not set.

b2 I0OC2 |TRCGRC 0: Output compare function R/W
control C2 bit ¥ | 1: Input capture function

b3 IOC3 |TRCGRC 0: Output from TRCIOA pin at compare match C (8) RIW
control C3 bit | 1: Output from TRCIOC pin at compare match C

b4 IODO | TRCGRD [IOD2 =0, I0D3 = 0 (output from TRCIOB pin at compare match D)] (5. 6) | R/W

control DO bit b5ba S
b5 IOD1 | TRCGRD 0 0: Pin output by compare match D is disabled RIW

control D1 bit 0 1: Low-level output from TRCIOB pin at compare match D

1 0: High-level output from TRCIOB pin at compare match D

1 1: Toggle output from TRCIOB pin at compare match D

[lOD2 =0, I0D3 = 1 (output from TRCIOD pin at compare match D)] ()

b5 b4
0 O: Pin output by compare match D is disabled

0 1: Low-level output from TRCIOD pin at compare match D
1 0: High-level output from TRCIOD pin at compare match D
1 1: Toggle output from TRCIOD pin at compare match D

[lOD2 =1, 10D3 = 1 (TRCIOD input edge selected at input capture D)] (7)
b5 b4
0 0: Input capture D occurs on the rising edge of TRCIOD input

0 1: Input capture D occurs on the falling edge of TRCIOD input

1 0: Input capture D occurs on the two-way edge of TRCIOD input
1 1: Do not set.

b6 IOD2 |TRCGRD 0: Output compare function R/W
control D2 bit 4) | 1: Input capture function

b7 IOD3 | TRCGRD 0: Output from TRCIOB pin at compare match D R/W
control D3 bit 1: Output from TRCIOD pin at compare match D

R/W

Notes:

1. When the BUFEA bit in the TRCMR register is 1 (TRCGRC register is used as a buffer register for TRCGRA
register), the value of the TRCGRC register is transferred to the TRCGRA register at compare match A.

2. When the I0A2 bit in the TRCIORO register is 0 (output compare function), if compare matches A and C occur
simultaneously, the output from the TRCIOA pin at compare match C takes precedence.

3. When the BUFEA bit is 1 (TRCGRC register is used as a buffer register for TRCGRA register), the value of the
TRCGRA register is transferred to the TRCGRC register at input capture A. When the input capture edge of the
TRCIOC pin selected by bits IOCO to IOC1 is input, the IMFC bit in the TRCSR register is set to 1. However, the
count value is not transferred to the TRCGRC register.
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In buffer operation, registers TRCGRA and TRCGRC, and registers TRCGRB and TRCGRD are paired. The
same values must be set in the IOC2 bit and the I0A2 bit in the TRCIORO register, and in the IOD2 bit and the
IOB2 bit in the TRCIORO register, respectively.
When the BUFEB bit in the TRCMR register is 1 (TRCGRD register is used as a buffer register for TRCGRB
register), the value of the TRCGRD register is transferred to the TRCGRB register at compare match B.

When the I0B2 bit in the TRCIORO register is 0 (output compare function), if compare matches B and D occur
simultaneously, the output from the TRCIOB pin at compare match D takes precedence.
When the BUFEB bit is 1 (TRCGRD register is used as a buffer register for TRCGRB register), the value of the
TRCGRB register is transferred to the TRCGRD register at input capture B. When the input capture edge of the
TRCIOD pin selected by bits IODO to I0D1 is input, the IMFD bit in the TRCSR register is set to 1. However, the
count value is not transferred to the TRCGRD register.

When IOC2
When IOD2

=1, do not set the IOC3 bit to 0.
=1, do not set the IOD3 bit to 0.

The setting of the TRCIORL1 register isinvalid in PWM and PWM2 modes.

15.2.9 Timer RC Control Register 2 (TRCCR2)
Address 000F8h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSTP | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |TRCIOB PWM mode output level control 0: Output level is active low R/W
bit (1) 1: Output level is active high
bl POLC |TRCIOC PWM mode output level control R/W
bit (1)
b2 POLD |TRCIOD PWM mode output level control R/W
bit (1)
b3 — Nothing is assigned. The write value must be 1. The read value is 1. —
b4 —
b5 CSTP | Count stop bit 0: Count is continued even after compare R/W
@) match with TRCGRA register
1: Count is stopped at compare match with
TRCGRA register
b6 TCEGO | TRCTRG input edge select bits b7 b6 . ) R/W
b7 TCEGL 1® 8 (; ;R(_ZTRG input disabled RIW
: Rising edge
1 0: Falling edge
1 1: Both rising and falling edges
Notes:
1. Enabled in PWM mode.

2.

3.

Enabled in the output compare function, PWM mode, and PWM2 mode. For notes on PWM2 mode, see 15.7.6
TRCMR Register in PWM2 Mode.
Enabled in PWM2 mode.
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15.2.10 Timer RC Digital Filter Function Select Register (TRCDF)
Address 000F9h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DFCK1 | DFCKO | — [DFTRG | DFD | DFC | DFB | DFA |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DFA | TRCIOA digital filter function bit () 0: Function is not used R/W
bl | DFB [TRCIOB digital filter function bit @ |1+ Functionis used RIW
b2 DFC | TRCIOC digital filter function bit (1) R/W
b3 DFD | TRCIOD digital filter function bit (1) RIW
b4 | DFTRG | TRCTRG digital filter function bit (2) R/W
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 DFCKO | Digital filter clock select bits (1. 2) béb(‘;: (32 R/W
b7 DFCK1 01:18 R/W
10:f1
1 1: Count source (clock selected by bits CKS2 to
CKSO0 in the TRCCR1 register)
Notes:

1. Enabled in the input capture function.
2. Enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b, 10b, or 11b
(TRCTRG trigger input enabled).
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15.2.11 Timer RC Output Enable Register (TRCOER)

Address 000FAh
Bit b7 b6

b4 b3 b2 bl b0

Symbol| PTO | — |

—|ED|EC|EB EA

After Reset 0 1

1 1 1

1 1

Bit Symbol Bit Name

Function

R/W

b0 EA
bit )

TRCIOA output disable

[When the OPE bit in the TRCOPR
output manipulation disabled)] ()

bl EB
bit 3

TRCIOB output disable

0: Output enabled
1: Output disabled
TRCIORO)
[When the OPE bit in the TRCOPR
output manipulation enabled)] )

TRCMR and TRCIORO)

TRCOPR register setting

(dependent on settings of registers TRCMR and TRCIORO)

(independent of settings of registers TRCMR and

0: Output enabled (dependent on settings of registers

1: Output level is fixed or high impedance depending on

register is 0 (waveform R/W

R/W

register is 1 (waveform

b2 EC
bit (3)

TRCIOC output disable

[When the OPE bit in the TRCOPR
output manipulation disabled)] (1)

b3 ED
bit 3)

TRCIOD output disable

0: Output enabled
1: Output disabled

TRCIOR1)
[When the OPE bit in the TRCOPR
output manipulation enabled)] (2)
0: Output enabled

TRCOPR register setting

(dependent on settings of registers TRCMR and TRCIOR1)

(independent of settings of registers TRCMR and

(dependent on settings of registers TRCMR and TRCIOR1)
1: Output level is fixed or high impedance depending on

register is 0 (waveform R/W

R/W

register is 1 (waveform

ba -
b5 -
b6 -

Nothing is assigned. The write value must be 1. The read value is 1. —

b7 PTO

Timer output disable bit

[When the OPE bit in the TRCOPR
output manipulation disabled)]

the INTO pin
set to 1 (output disabled) (For IN
[When the OPE bit in the TRCOPR

output manipulation enabled)]

change even if a low level is input t
can be read or written.

0: Bits EA to ED do not change even if a low level is input to

1: When a low level is input to the INTO pin, bits EA to ED are

The function of the PTO bit is disabled (bits EA to ED do not

register is 0 (waveform R/W

TO, see 11. Interrupts.)
register is 1 (waveform

o the INTO pin). This bit

Notes:

1. Bits EA to ED can be set by software. When the PTO bitis 1 and a low level is input to the INTO pin, bits EA to ED

are set to 1 (output disabled)).

2. Regardless of the set value of the PTO bit, bits EA to ED do not change even if a low level is input to the INTO

pin.

When the RESTATS bit in the TRCOPR register is 1, bits EA to ED cannot be set by software. When the
waveform output manipulation event selected by bits OPSELO to OPSELL1 in the TRCOPR register is input, bits
EA to ED are set to 1. If the waveform output manipulation event is cancelled, bits EA to ED are set to 0.

When the RESTATS bit is 0, bits EA to ED can be set by software. When the waveform output manipulation
event selected by bits OPSELO to OPSEL1 is input, bits EA to ED are set to 1. However, bits EA to ED are not
automatically set to 0 even if the waveform output manipulation event is cancelled. Set these bits to 0 by

software.

3. Disabled when the corresponding pin is used as input capture input.
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15.2.12 Timer RC A/D Conversion Trigger Control Register (TRCADCR)
Address 000FBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — |ADTRGDE|ADTRGCE|ADTRGBE|ADTRGAE|
After Reset 1 1 1 1 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | ADTRGAE | TRCGRA A/D 0: No A/D conversion start trigger occurs at compare match A | R/W
conversion start trigger | 1: An A/D conversion start trigger occurs at compare match A
enable bit

bl | ADTRGBE | TRCGRB A/D 0: No A/D conversion start trigger occurs at compare match B | R/W
conversion start trigger | 1: An A/D conversion start trigger occurs at compare match B
enable bit

b2 | ADTRGCE | TRCGRC A/D 0: No A/D conversion start trigger occurs at compare match C | R/W
conversion start trigger | 1: An A/D conversion start trigger occurs at compare match C
enable bit

b3 | ADTRGDE | TRCGRD A/D 0: No A/D conversion start trigger occurs at compare match D | R/W
conversion start trigger | 1: An A/D conversion start trigger occurs at compare match D
enable bit

b4 — Nothing is assigned. The write value must be 1. The read value is 1. —

b5 —

b6 —

b7 —
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15.2.13 Timer RC Waveform Output Manipulation Register (TRCOPR)
Address 000FCh

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| — | — | OPE |RESTATS| OPOL1 | OPOLO | OPSEL1 | OPSELO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bO OPSELO | Waveform output bé)bg' Waveform output is manipulated during low-level period of RIW
bl OPSEL1 2;?25‘2::2% event comparator B1 (V_COUT}) output Iev_el _ RIW
0 1: Waveform output is manipulated during low-level period of
INT1 input level
Other than the above: Waveform output is manipulated during
low-level period of comparator B1
(VCOUT1) output level or INT1 input
level
b2 OPOLO | aveform output b(3)b(§ When timer RC pin is pulled down, timer RC output level is RIW
b3 OPOLL Eﬁ;:ﬂﬂgﬁlgg@?iis fixed_ to high impc_edance during waveform output RIW
manipulation period
0 1: When timer RC pin is pulled up, timer RC output level is
fixed to high impedance during waveform output
manipulation period
1 0: Timer RC output level is fixed at low during waveform
output manipulation period
1 1: Timer RC output level is fixed at high during waveform
output manipulation period
b4 | RESTATS | Restart method select | 0: Output is restarted by software (3) R/W
bit (2) 1: Output is automatically restarted (4)
b5 OPE Waveform output 0: Waveform output manipulation disabled R/W
manipulation enable 1: Waveform output manipulation enabled
bit )
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —
Notes:

1. When the OPE bit is 1 (waveform output manipulation enabled), bits EA to ED in the TRCOER register are set to
1 (output level is fixed or high impedance depending on TRCOPR register setting) if the waveform output
manipulation event is input.

2. When the OPE bit is 0 (waveform output manipulation disabled), bits EA to ED in the TRCOER register are not
affected by the setting of this bit.

3. When the OPE bit is 1 or the RESTATS bit is 0 (output is restarted by software), bits EA to ED in the TRCOER
register are set to 0 by software. Bits EA to ED are not automatically set to 0 even if the waveform output
manipulation event is cancelled.

4. When the OPE bitis 1 or the RESTATS bit is 1 (output is automatically restarted), bits EA to ED are automatically
set to 0 if the waveform output manipulation event is cancelled.

5. When the OPE bit is 0, only the setting of the TRCOER register is used to manipulate the output for timer RC.
When the OPE bit is 1, regardless of the setting of the PTO bit in the TRCOER register, the waveform output for
timer RC is manipulated with the settings of the TRCOPR register. Bits EA to ED in the TRCOER register are
used as the flags for manipulating the waveform output. When a waveform output manipulation event is input,
bits EA to ED are set to 1.
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15.3 Operation
Table 15.10 lists the Timer RC Operating Modes.

Table 15.10 Timer RC Operating Modes

ltem Description

Timer mode | Timer mode is used by setting the PWM2 bit to 0 and bits PWMB to PWMD to 0 in the TRCMR
register. In this case, the output compare function or input capture function is used by setting bits
IOAOQ to IOA2 and I0BO to I0B2 in the TRCIORO register and bits IOCO to IOC2 and IODO to I0D2 in
the TRCIORL1 register.

PWM mode | PWM mode is used by setting the PWM?2 bit to 0 and bits PWMB to PWMD to 1 in the TRCMR
register.

PWM2 mode |PWM2 mode is used by setting the PWM2 bit in the TRCMR register to 1.

Tables 15.11 to 15.14 list the settings of pins TRCIOA to TRCIOD. For the assignments of pins TRCIOA to
TRCIOD, see 12. /O Ports.

Table 15.11 TRCIOA Pin Settings

Register | TRCOER | TRCMR TRCIORO Function
Bit EA PWM2 I0A2 IOA1 IOA0
0 1 0 0 1 Timer mode waveform output (output compare function)
Setting 1 X
value X 1 1 X X Timer mode (input capture function)
Other than the above 1/0 port
X:0orl
Table 15.12 TRCIOB Pin Settings
Register | TRCOER TRCMR TRCIORO )
- Function
Bit EB PWM2 | PWMB | 10B2 I0B1 I0BO
0 0 X X X X PWM2 mode waveform output
0 1 1 X X X PWM mode waveform output
Setting 0 1 0 0 0 1 Timer mode waveform output (output compare function)
value 1 X
X 1 0 1 X X Timer mode (input capture function)
Other than the above 1/O port
X:0o0r1
Table 15.13 TRCIOC Pin Settings
Register | TRCOER TRCMR TRCIOR1 )
- Function
Bit EC PWM2 | PWMC | 10C2 I0C1 10CO
0 1 1 X X X PWM mode waveform output
) 0 1 Timer mode waveform output (output compare function)
Setting 0 1 0 0
1 X
value . . .
X 1 0 1 X X Timer mode (input capture function)
PWM2 = 1 and other than the above 1/O port
X:0orl
Table 15.14 TRCIOD Pin Settings
Register | TRCOER TRCMR TRCIOR1 )
- Function
Bit ED PWM2 | PWMD | 10D2 I0D1 I0DO0
0 1 1 X X X PWM mode waveform output
) 0 1 Timer mode waveform output (output compare function)
Setting 0 1 0 0
1 X
value - . -
X 1 0 1 X X Timer mode (input capture function)
PWM2 = 1 and other than the above 1/O port
X:0orl
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15.3.1 Timer Mode

The TRCCNT register performs free-running or period count operations. Immediately after a reset, the
TRCCNT register functions as a free-running counter. When the CTS bit in the TRCMR register to set to 1
(count is started), count operation is started. When the TRCCNT register overflows from FFFFh to 0000h, the
OVF bit in the TRCSR register is set to 1, and an interrupt request is generated if the OVIE bit in the TRCIER
register is 1 (interrupt request (FOV1) by OVF flag is enabled).

Figure 15.2 shows an Example of Free-Running Counter Operation.

TRCCNT register value

» Time

cTs Q Flag clearing by software
A\

ovr T

CTS: Bitin TRCMR register
OVF: Bit in TRCSR register

Figure 15.2 Example of Free-Running Counter Operation

When the TRCGRA register for period setting is set to an arbitrary value and the CCLR bit in the TRCCR1
register is set to 1, the TRCCNT register operates for counting periods. When the count value matches the
TRCGRA register, the TRCCNT register changes to 0000h and the IMFA bit in the TRCSR register is set to 1.
If the corresponding IMIEA bit inthe TRCIER register is 1 (interrupt request (IMI1A) by IMFA bit is enabled) at
thistime, an interrupt request is generated. The TRCCNT register continues increment operation from 0000h.
Figure 15.3 shows an Example of Period Counter Operation.

TRCCNT register value

TRCGRA register

0000h

cTs Q Flag clearing by software
A\

IMFA ,74,7

» Time

CTS: Bitin TRCMR register
IMFA: Bit in TRCSR register

Figure 15.3 Example of Period Counter Operation
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By setting the general register as an output compare register, low-level, high-level, or toggle output is
performed by compare matches A to D from pins TRCIOA, TRCIOB, TRCIOC, TRCIOD.

Figure 15.4 shows an Example of Low-Level and High-Level Output Operation. The TRCCNT register is used
for the free-running count operation, alow level is output at compare match B, and a high level is output at
compare match A. When the set level and the pin level are the same, the pin level remains unchanged.

* TOA bitis 0 and TOB bitis 1 in TRCCR1 register

TRCCNT register value

FFFFR o m e e e e e e e e e e e e e e e e

TRCGRA register p============-- il Bttt ettt Dttt ¢
TRCGRB register f--=---= - -E -------------- v 4 re------ Lomeoeee
1 1 1
0000h i ; ; ; ; ; » Time
: : i S i S
TRCIOA H ! ~No change ! ~No change
: i i
] ] ]
] ]
TRCIOB Hl\ HI\
~No change ~No change

Figure 15.4 Example of Low-Level and High-Level Output Operation

Figure 15.5 shows an Example of Toggle Output Operation during Free-Running Count. The TRCCNT register
isused for the free-running count operation, and toggle output is performed at compare matches A and B.

* TOA bitis 0 and TOB hitis 1 in TRCCR1 register

TRCCNT register value

FFFFR o m e e e e e e e e e o e e e e

TRCGRA register f-===========-- ittty ittt (aatainteied Sttt ittt
TRCGRB register f--=---= - -E -------------- <o ————— 4: -------------------- E— -------
0000h i ; i ; ; » Time
E : : : : l Toggle
TRCIOA 45—, E | H output
] ' Toggle
TRCIOB | output
Figure 15.5 Example of Toggle Output Operation during Free-Running Count
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Figure 15.6 shows an Example of Toggle Output Operation during Period Count. The TRCCNT register is used
for the period count operation, and toggle output is performed at compare matches A and B.

* TOA bitis 0 and TOB bitis 1 in TRCCR1 register

TRCCNT register value Counter cleared by compare match with TRCGRA register
4
TRCGRA register f-============osf oo m e m e e oo e
TRCGRB register f-=====sr====mmncmmmn--o
0000h T T 1 !
| i | i

) 1 ]
H H H
) 1 )
] ] ]
' i ' Toggle
TRCIOA : i :' a9
, : output
' i :
[ ' ' Toggle
TRCIOB 99
output

Figure 15.6 Example of Toggle Output Operation during Period Count

» Time

The input capture function can be used to measure the pulse width or period.

By setting the general register to be an input capture register, the value in the TRCCNT register on input edge
detection of pins TRCIOA to TRCIOD is transferred to registers TRCGRA to TRCGRD. This valueis used to
measure the period. The detection edge can be selected to be arising edge, falling edge, or two-way edge.
Figure 15.7 shows an Example of Input Capture Operation. The TRCCNT register is used for the free-running
operation, and a two-way edge is selected for the input capture input to the TRCIOA pin and afalling edgeis
selected for the input capture input to the TRCIOB pin.

TRCCNT register value

N
FOOOh
AA55h
55AAh
1000h
0000h

TRCIOA

TRCGRA register 1000h X FO0Oh | s5Aan

TRCIOB | /
,

TRCGRB register X AA55h

Figure 15.7 Example of Input Capture Operation
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Figure 15.8 shows an Example of Buffer Operation during Input Capture. This example applies when the
TRCGRA register is set as an input capture register and the TRCGRC register is set as a buffer register for the
TRCGRA register. In this example, the TRCCNT register is used for the free-running count operation and both
rising and falling edges are sel ected for the input capture input to the TRCIOA pin. Since buffer operation is set,
the value in the TRCCNT register is stored in the TRCGRA register by input capture A and the value that has
been stored in the TRCGRA register istransferred to the TRCGRC register at the same time.

TRCCNT register value
/
e U
DAQLN fmmmmmm e m e e e e T e
5480h f-mmmmmmmmmmmmmmmmeoe T m e m e Fommmmmmmm o m e
0245h f---mn--- T mmmmmee E» ---------------------- e
0000h E T r » Time
TRCIOA A v )
TRCGRA register | 024sn X 5480h J DA91h
TRCGRC register [ 2 X X 0245h [ 2 5480h
Figure 15.8 Example of Buffer Operation during Input Capture
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15.3.2 PWM Mode

In PWM mode, when the TRCGRA register is set asthe period register and registers TRCGRB, TRCGRC, and
TRCGRD are set as duty registers, a PWM waveform is output from pins TRCIOB, TRCIOC, and TRCIOD
individually. A PWM waveform with up to three phases can be output. In this mode, the general register
automatically functions as an output compare register. The settings of bits |OB2, IOC2, and 10D2 are invalid.
The initial output level of the corresponding pin is set according to the values in bits TOA to TOD in the
TRCCRA1 register and bits POLB to POLD in the TRCCR2 register.

Table 15.15 lists the Initial Output Levels of TRCIOB Pin.

Table 15.15 Initial Output Levels of TRCIOB Pin

TOB Bit in TRCCR1 Register POLB Bit in TRCCR2 Register Initial Output Level
0 1
0
1 0
0 0
1
1 1

The output level is determined by bits POLB to POLD in the TRCCR2 register. When the POLB bit is O (output
level is active low), the TRCIOB output pin is set to low at compare match B and high at compare match A.
When the POLB bit is 1 (output level is active high), the TRCIOB output pin is set to high at compare match B
and low at compare match A.

The setting values of bits PWMD to PWMB in TRCMR take precedence over those in registers TRCIORO and
TRCIOR1. When the values set in the period and duty registers are the same, the output value remains
unchanged even if a compare match occurs.
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Figure 15.9 shows an Operation Example in PWM Mode.

« High-level output when TRCCNT register is cleared at compare match A. Low-level output at compare matches B, C, and D.
(POLB bit = 0, POLC bit = 0, and POLD bit = 0 in TRCCR2 register)

TRCCNT register value Counter cleared by TRCGRA register compare match

TRCGRA register f-—=========—=mmuou—> ?—/— ——————————————————————————————————————— r——-
TRCGRB register f----=======———5f-———f-—-—mm e e bbbl S B

)
TRCGRC register --------- il il Rl Sl il Rl S E—————-———
1 ]
TRCGRD register ————'————-E : ————— '————-E—————i————— ————— .""'E ————— i—————-———
1 1 ]
0000h P P N > Time
' i ' ' i ' : ; :
H ' H ' ! '
TRCIOB : i : i : E
H | I H I I ' I I
—— ; ; —
TRCIOC : : :
) ) )
() (] ]
() ) ]

TRCIOD | l_ l_ l_

« Low-level output when TRCCNT register is cleared at compare match A. High-level output at compare matches B, C, and D.
(POLB bit =1, POLC bit = 1, and POLD bit = 1 in TRCCR2 register)

TRCCNT register value Counter cleared by TRCGRA register compare match

TRCGRA register p--=-==========-----5 '-/- --------------------------------------- r---
TRCGRB register p---==-=-======—5f~———f—————————--——— e el -—==f---

) ) )
TRCGRC register --------—x<---- R S ot R S ot R N
b oo oo
TRCGRD register ————'————-i ————— i— ————————— '————-i ————— i— ————————— '————-E ————— i—————-———
H 1 H H 1 H H 1 H . Ti
0000h : i ; ' : i ; ' : i : —> Time
] 1 ] ] 1 ] ] 1 ]
TRCIOB P P P
! 1 1 ! 1 I ! ] I
, : :
TRCIOC H ] :
] ]
] ]

Figure 15.9 Operation Example in PWM Mode
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Figure 15.10 shows an Example of Buffer Operation in PWM Mode. In this example, the TRCIOB pinis set to
PWM mode and the TRCGRD register is set as the buffer register for the TRCGRB register. The TRCCNT
register is cleared by compare match A, and output is set to low at compare match A and high at compare match
B.

Since buffer operation is set, the output is changed when compare match B occurs, and the value in the buffer
register TRCGRD istransferred to the TRCGRB register at the same time. This operation is repeated each time
compare match B occurs.

TRCCNT register value

TRCGRA register
TRCGRSB register
0000h

TRCGRD register

TRCGRSB register

TRCIOB

Figure 15.10 Example of Buffer Operation in PWM Mode
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Figure 15.11 shows an Operation Example in PWM Mode (Duty Cycle 0%, Duty Cycle 100%).

TRCCNT
register value

* Bits TOB, TOC, and
TOD in TRCCR1
register are 0,
initial output is low.

TRCGRA register

TRCGRSB register
0000h

(Note 1)

e

i I(Note 1)

TRCIOB

TRCCNT
register value

TRCGRA register

TRCGRSB register

1

1

1
Duty cycle 0 % E
Output remains unchanged when compare
matches in the period and duty cycle registers
occur simultaneously.

(Note 1)

'

SR g g g g g S g g
1

6(_N ote 1)

register value

TRCGRA register

TRCGRSB register

0000h : ! : —» Time
! 1 1 1
TRCIOB Duty cycle 100 %
Qutput remains unchanged when compare
T.RtCCNTl matches in the period and duty cycle registers
register vajue (Note 1) Note 1) occur simultaneously.
TRCGRA register p---------Q--—-—-= '__.._::I:I::::::__:::::::::::::__i__.
]
TRCGRSB register . | (Note 1)
0000h L ' — Time
: : : :
TRCIOB Duty cycle 100 % Duty cycle 0 % E
* Bits TOB, TOC, and TRCCNT
TOD in TRCCR1 register value (Note 1)
register are 1, A O —— -
initial output is high. TRCGRA register f--==-=-==J=-==---zcsp--co-oomoooooo-o oo B PO -
(Note 1)
TRCGRSB register T o -
0000h : ! ! ' i—» Time
1 1 1 1 1
! H H !
TRCIOB Duty cycle 100 %
TRCCNT Qutput remains unchanged when compare

matches in the period and duty cycle registers
occur simultaneously.

0000h

TRCIOB

Duty cycle 0 %

TRCCNT
register value

Qutput remains unchanged when compare
matches in the period and duty cycle registers
(Note 1) occur simultaneously.

(Note 1)

TRCGRA register f-========(Or=—=— L o oo e T--
1
TRCGRB register I (Note 1)
0000h 1 —p Time
: i E
TRCIOB i Duty cycle 0% Duty cycle 100 % |
Note:

1. The TRCGRB register is rewritten.

Figure 15.11

Operation Example in PWM Mode (Duty Cycle 0%, Duty Cycle 100%)
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15.3.3 PWM2 Mode

Unlike PWM mode in PWM2 mode, a waveform is output from the TRCIOB pin at a compare match with
registers TRCGRB and TRCGRC. When the BUFEB bit in the TRCMR register is set to 1 (TRCGRD register
is used as a buffer register for TRCGRB register), the TRCGRD register functions as a buffer register for the
TRCGRSB register. The output level is determined by the TOB bit in the TRCCRL1 register.

When the TOB bit is 0 (output value 0), alow level is output at a compare match with the TRCGRB register and
ahigh level is output at a compare match with the TRCGRC register. When the TOB bit is 1 (output value 1), a
high level is output at a compare match with the TRCGRB register and alow level is output at a compare match
with the TRCGRC register.

Table 15.16 lists the Combinations of Pin Functions and General Registers for PWM2 Mode and General

Registers for PWM2 Mode. Figure 15.12 shows the Block Diagram in PWM2 Mode. Figure 15.13 shows the
Timing of Buffer Operations for Registers TRCGRD and TRCGRB in PWM2 Maode.

The value in the TRCGRD register is transferred to the TRCGRB register and the counter is cleared by a
compare match with the TRCGRA register. However, the counter is cleared only when the CCLR bit in the
TRCCR1 register isset to 1 (TRCCNT counter is cleared by input capture/compare match A). Also, when
trigger input is enabled by bits TCEGO to TCEGL in the TRCCR2 register in PWM?2 mode, the value in the
TRCGRD register is transferred to the TRCGRB register and the counter is cleared by atrigger. The timer I/O
pinsthat are not used in PWM2 mode can be used as /O ports.

Table 15.16 Combinations of Pin Functions and General Registers for PWM2 Mode

Pin Name 110 Compare Match Register | Buffer Register
TRCIOA 110 Port function (1/TRCTRG input
TRCIOB (@) TRCGRB register TRCGRD register
TRCGRC register —
TRCIOC 110 Port function )
TRCIOD

Note:
1. To use the port function, set the corresponding bit in registers PMLi (i=0to 4) and PMHi (i=0, 1, 3, or 4) to 0.

Trigger

Compare mW
TRCIOA/TRCTRG O——{ Input
control TRCCNT - M_ TRCGRA (Note 1)
register register

Y

Compare match
[ Comparator . a—< '— .
register register
Compare match
- Togistr
Comparator .
register
Note:

1. The above applies when the BUFEB bit in the TRCMR register is 1 (TRCGRD register is used as a buffer register
for TRCRGB register).

Count clearing

Output [*

TRCIOB
control |

Figure 15.12 Block Diagram in PWM2 Mode
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* Transfer by compare match

SpipEpipipSnininiinl

h
)

TRCCNT register | { 0000h
i

TRCGRA register X
i

TRCGRD register m \X
N\

TRCGRSB register n R m

Compare match

* Transfer by TRCTRG input

SpipipinininipEninl

E

TRCCNT register n X n+1 X 0000h
h
]

TRCGRA register

TRCGRD register m

TRCGRSB register n X\ m
Counter clearing by ’—‘
TRCTRG input

Figure 15.13 Timing of Buffer Operations for Registers TRCGRD and TRCGRB in PWM2 Mode
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In PWM2 mode, the TRCTRG input is used to output a pulse with an arbitrary delay time and width from the
TRCIOB pin.

Set bits TCEG1 to TCEGO in the TRCCR2 register to 10b (falling edge) to set the falling edge for the TRCTRG
input. Set the CSTP bit in the TRCCR2 register to 0 (increment is continued) to continue incrementing when
compare match A with the TRCGRA register occurs. Set the BUFEB bit in the TRCMR register to 1 (TRCGRD
register is used as a buffer register for TRCGRB register) to set the TRCGRD register as the buffer register. Set
the TOB hit in the TRCCRL register to O (output value 0) or 1 (output value 1) to set the initial level of the
output level to 0 or 1. Next, set the CCLR bit in the TRCCR1 register to 1 (TRCCNT counter is cleared by input
capture/compare match A) to clear the TRCCNT register by compare match A.

Figure 15.14 shows an Operation Example in PWM2 Mode When TRCTRG Input is Enabled. Figure 15.15
shows an Operation Example in PWM2 Mode When TRCTRG Input is Disabled. These examples apply when
the PWM2 bit in the TRCMR register is set to 0 (PWM2 mode) and a waveform is output from the TRCIOB
pin.

In PWM2 mode, when the TOB bit in the TRCCRL register is O (output value 0), the TRCTRG input edge is
disabled while a high level is output from the TRCIOB pin. Likewise, when the TOB bit is 1 (output value 1),
the TRCTRG input edge is disabled while alow level is output from the TRCIOB pin. In addition, transfer from
registers TRCGRD to TRCGRB is performed when a compare match with the TRCGRA register or TRCTRG
input occurs. However, if the TRCTRG input is disabled depending on the level of the TRCIOB pin, transfer
from registers TRCGRD to TRCGRB is not performed.

TRCCNT register value

A
FFFFh p==mmm oo e
TRCGRA register f========== == m oo oo o o o e o e o

TRCGRB register p------=-==-=-—q<---------

TRCGRC register f=====s&=====~
0000h

TRCIOA/TRCTRG

TRCIOB 4]
(output change when TOB = 0) .
1

TRCIOB —I—
(output change when TOB = 1)

TRCGRD register A X B

PNV SpEpI S S

TRCGRSB register A

TOB: Bit in TRCCRL1 register

TRCTRG input under the following states is disabled.
* TOB = 0 (output value 0), during high-level output
* TOB = 1 (output value 1), during low-level output

Figure 15.14 Operation Example in PWM2 Mode When TRCTRG Input is Enabled
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TRCGRA register

TRCGRSB register

TRCGRC register

TRCCNT register value

A
FFFFh

0000h

TRCIOA/TRCTRG

[ IO P [ Ay

TRCIOB
(output change when TOB = 0)

TRCIOB
(output change when TOB = 1)

High

P U PP PP FIpur PR,
JRNPREpR RIS SR R R

Data is written to
TRCGRD register by CPU

TRCGRD register

N

TRCGRSB register

A

Data is transferred
from registers

. ) TRCGRD to TRCGRB
CTS: Bitin TRCMR register

TOB: Bit in TRCCR1 register

Figure 15.15 Operation

Example in PWM2 Mode When TRCTRG Input is Disabled
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Figure 15.16 shows an Example of Count Stop Operation in PWM2 Mode. In this example, the TOB bit in the
TRCCRL1 register is set to 0 (output value 0) and the TOB bit is set to 1 (output value 1).

By setting the CSTP bit in the TRCCR2 register to 1 (increment is stopped) and the CCLR bit in the TRCCR1
register to 1 (TRCCNT counter is cleared by input capture/compare match A), the counter is changed to 0000h
and stopped by the compare match between registers TRCCNT and TRCGRA. By setting the CTS bit in the
TRCMR register to 0 (count is stopped), the counter isforcibly stopped and the output is set to the initial level.

TRCCNT register value

A
e T
TRCGRA register F-—==———= == o oo o e

TRCGRB register f====—=====—— oy - oo oo oo o

TRCGRC register f----=
0000h

TRCIOA/TRCTRG

(@}
-
wn

High

TRCIOB
(output change when TOB = 0)

1
TRCIOB
(output change when TOB = 1) I_

CTS: Bitin TRCMR register
TOB: Bit in TRCCR1 register

Figure 15.16 Example of Count Stop Operation in PWM2 Mode
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Figure 15.17 shows an Example of One-Shot Pulse Waveform Output Operation in PWM2 Mode.

The count is started when the CTS bit in the TRCMR register is set to 1 (count is started) under the following
conditions. Then, the counter is changed to 0000h by a compare match with the TRCGRA register, the count
operation is stopped, and a one-shot waveform is output.
 Bits TCEGL1 to TCEGO in the TRCCR2 register are set to 00b (TRCTRG input disabled) to disable the

TRCTRG input.

* The CSTP bit in the TRCCR2 register is set to 1 (increment is stopped) to stop the increment when compare
match A with the TRCGRA register occurs.
* The CCLR hit in the TRCCR1 register is set to 1 (TRCCNT counter is cleared by input capture/compare
match A) to clear the TRCCNT register by compare match A.
* The TOB hit in the TRCCR1 register is set to 0 (output value 0) to set theinitia value of the output level to 0.

FFFFh
TRCGRA register

TRCGRSB register

TRCGRC register
0000h

TRCIOA/ITRCTRG

TRCIOB

TRCCNT register value
A

» Time

High

[EUIpEG EpUU RN EpEIV S S

|

CTS: Bitin TRCMR register

Figure 15.17 Example of One-Shot Pulse Waveform Output Operation in PWM2 Mode
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Figure 15.18 shows an Example of One-Shot Waveform Output Operation in PWM2 Mode (Count is Started by

TRCTRG Input).

After the CTS bit in the TRCMR register is set to 1 (count is started), the increment is started on the rising edge
of TRCIOA/TRCTRG, and the counter is changed to 0000h by a compare match with the TRCGRA register, the

count operation is stopped, and a one-shot waveform is output under the following conditions.

« Bits TCEGL1 to TCEGO in the TRCCR2 register are set to 10b (falling edge) to set the falling edge of the

TRCTRG input.

* The CSTP hit in the TRCCR2 register is set to 1 (increment is stopped) to stop the increment when a compare

match with the TRCGRA register

Ooccurs.

* The CCLR hit in the TRCCR1 register is set to 1 (TRCCNT counter is cleared by input capture/compare
match A) to clear the TRCCNT register by a compare match.
* The TOB hit in the TRCCR1 register is set to 0 (output value 0) to set theinitia value of the output level to 0.

TRCCNT register value

A
FFFFh

TRCGRA register

TRCGRSB register

TRCGRC register
0000h

TRCIOA/TRCTRG

TRCIOB

(@}
il
(72}

RPN Ry R P i ——

CTS: Bitin TRCMR register

High

Figure 15.18 Example of One-Shot Waveform Output Operation in PWM2 Mode (Count is Started

by TRCTRG Input)
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15.4 Selectable Functions

15.4.1 Input Digital Filter for Input Capture

Figure 15.19 shows the Digital Filter Circuit Block Diagram. The TRCIOA to TRCIOD and TRCTRG input
can be latched internally through the digital filter circuit. This circuit consists of three cascaded latch circuits
and a match detection circuit. When the TRCIOA to TRCIOD and TRCTRG input are sampled on the clock
selected by bits DFCKO0 to DFCK1 in the TRCDF register and three outputs from the latch circuits match, the
level is passed forward to the next circuit. If they do not match, the previous level isretained. That is, the pulse
input with awidth of three sampling clocks or more is recognized as asignal. If not, the change in the signal is
recognized as noise and cancelled.

Do not use the digital filter immediately after a reset. Wait for four cycles of the sampling clock and make the
setting for input capture before using the input capture function.

CKSO to CKS2

!

DFCKO to DFCK1

!

fHOCO —» 32—
f32 —» f8 —»
TRCCLK —>o— f1 —
f8 —»»f >
f4 —
f2 — I0A0 to IOAL
10BO to 10B1
fl —
10CO to I0C1
10DO0 to IOD1
DFA to DFD,
Sampling clock orDFTRG  ©°F TCEGO to TCEG1
v v v v !
TRCIOA to Cc c c c Match selection Edge
TRCIOD or D Qr——Db Q D Q D Q |— detection — circuit ] detection
TRCTRG input Latch Latch Latch Latch circuit circuit
Timer RC
operating clock
f1 or fHOCO
C
D Q
Latch

Clock period selected by
CKSO0 to CKS2 or DFCKO to DFCK1

Sampling clock

1 ] 1 1 ] 1
A A N
U J Y
i I—
i
so recognized

1 1
TRCIOA to | i
TRCIOD or H H
TRCTRG input
as a signal change

Input after passing

through digital filter
Signal transmission is

delayed by a maximum of
five sampling clocks.

Matched three times,

N
N

\ /

If the output does not match three
successive times,
it is recognized as noise and not transmitted.

N

CKSO0 to CKS2: Bits in TRCCR1 register

I0AO0 to IOA1, IOBO to I0B1: Bits in TRCIORO register

10CO to IOC1, I0ODO to IOD1: Bits in TRCIOR1 register

DFA to DFD, DFTRG, DFCKO to DFCKZ1: Bits in TRCDF register
TCEGO to TCEGL1.: Bits in TRCCR2 register

Figure 15.19 Digital Filter Circuit Block Diagram
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15.4.2 A/D Conversion Start Trigger
By setting the TRCADCR register, an A/D conversion start trigger can be generated at compare matches A to

D

Figure 15.20 shows a Setting Example of A/D Conversion Start Trigger by Compare Matches B and C.

TRCCNT register value

1
S e

TRCGRA register

TRCGRSB register
TRCGRC register

0000h

ADTRG

A/D conversion A/D conversion
start trigger

start trigger

Figure 15.20 Setting Example of A/D Conversion Start Trigger by Compare Matches B and C

An A/D conversion start trigger is not generated from the buffer register during buffer operation. The TRCGRC
register cannot operate as a buffer register for the TRCGRA register in PWM2 mode.
Table 15.17 lists the States Where A/D Conversion Start Trigger Sources are Generated.

Table 15.17 States Where A/D Conversion Start Trigger Sources are Generated

Operating Mode Buffer Operation A/D Conversion Start Trigger Source
TRCGRA TRCGRB TRCGRC TRCGRD
Input capture Used No No No No
Not used No No No No
Compare match Used Yes Yes No No
Not used Yes Yes Yes Yes
PWM mode Used Yes Yes No No
Not used Yes Yes Yes Yes
PWM2 mode Used Yes Yes Yes No
Not used Yes Yes Yes Yes
Yes: An A/D conversion start trigger is generated.
No: No A/D conversion start trigger is generated.
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15.4.3 Changing Output Pins and General Registers

The settings for bits IOC3 and 10D3 in the TRCIORL1 register can redirect the compare match output with
registers TRCGRC and TRCGRD from pins TRCIOC and TRCIOD to pins TRCIOA and TRCIOB,
respectively. The TRCIOA pin can output a combination of compare matches A and C and the TRCIOB pin can
output a combination of compare matches B and D.
Figure 15.21 shows the Block Diagram for Changing Output Pins and General Registers.

TRCIOA (O

TRCIOC (O

TRCCNT

TRCIOB (O

>—>| Comparator H TRCGRA |

>—>| Comparator H TRCGRC |

TRCIOD (O

>—>| Comparator H TRCGRB |

Compare match
Output [«
control
I0C3=0
Compare match
Output
control le«—Q
I0C3=1
Compare match
Output [«
control
I0D3 =0
Compare match
Output
control |«—Q
I0D3=1

—>| Comparator H TRCGRD |

I0C3, I0D3: Bits in TRCIOR1 register

Figure 15.21 Block Diagram for Changing Output Pins and General Registers

Change output pinsin registers TRDGRC and TRDGRD as follows:

* Set the I0C3 hit in the TRCIORL1 register to 0 (TRCIOA output register) and the IOD3 hit to 0 (TRCIOB
output register).

* Set bits BUFEA and BUFEB in the TRCMR register to O (general register).

* Set different values in registers TRCGRA and TRCGRC. Also, set different values in registers TRCGRB and

TRCGRD.
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Figure 15.22 shows an Operation Example When TRCIOA and TRCIOB Output is not Overlapped. The

following items must be set:

* Set the CCLR bit in the TRCCR1 register to 1 (TRCCNT counter is cleared by input capture/compare match
A) to clear the counter by a compare match and set the TRCCNT register for period count operation.

* Set bits IOA2 to IOAO0 in the TRCIORO register to 011b (toggle output from TRCIOA pin at compare match
A) for toggle output.

* Set bits |OB2 to |0OBO in the TRCIORO register to 011b (toggle output from TRCIOB pin at compare match
B) for toggle output.

* Set bits IOC3 to 10CO0 in the TRCIORL register to 0011b (toggle output from TRCIOA pin at compare match
C) for toggle output.

* Set bits IOD3 to IODO0 in the TRCIOR1 register to 0011b (toggle output from TRCIOB pin at compare match
D) for toggle output.

TRCCNT register value Counter cleared by TRCGRA register compare match

A
FFFFh f-===mmmmmmmmm e e
TRCGRA register [============—— oo m o e o oo e

TRCGRC register f========m=—m e o m e e e e e e e e e e €
TRCGRB register f-=======—>¢---

Y

TRCGRD register f=ox<-=----
0000h

b -

|

TRCIOA

[RpRpEN SR S SN

|
|
L

Figure 15.22 Operation Example When TRCIOA and TRCIOB Output is not Overlapped
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15.4.4 Waveform Output Manipulation Function

By setting the TRCOPR register, the waveform output for timer RC can be controlled by the INT1 input or
comparator B1 output.

When the OPE bit in the TRCOPR register is 0, the waveform output manipulation function is disabled. The
TRCIOA, TRCIOB, TRCIOC, and TRCIOD output from timer RC is output by setting registers TRCIORO,
TRCIOR1, and TRCOER. When the PTO bit in the TRCOER register is 1 (pulse output forced cutoff signal
input INTO enabled), if alow level isinput to the INTO pin, bits EA, EB, EC, and ED in the TRCOER register
areset to al 1 (timer RC output disabled) and output pins TRCIOA to TRCIOD become high impedance.
When the OPE bit in the TRCOPR register is 1, the waveform output manipulation function is enabled. If a
waveform output manipulation event is input, bits EA to ED in the TRCOER register are set to 1. Bits OPOLO
to OPOL 1 in the TRCOPR register enable the output level of the timer RC pin to be fixed at low, high, or to
high impedance during the waveform output manipulation period. After the waveform output manipulation
event is cancelled, the waveform output manipulation for the timer RC pin is stopped and the output is restarted.
Thetiming is automatically synchronized so that less than one cycle of waveform is not output after the output
isrestarted.

Figures 15.23 to 15.26 show Examples of Waveform Output Manipulation Operation.

*When the timer RC pin is pulled down, the OPE bit in the TRCOPR register is 1 (waveform output
mani pulation enabled), bits OPOL 1 to OPOLO are 00b (when timer RC pin is pulled down, timer RC output
level is fixed to high impedance during waveform output manipulation period), and the RESTATS bit is 0
(output is restarted by software).

Waveform output Waveform output
manipulation manipulation
Waveform output event is input event is cancelled
1 T T
manipulation event (1}{\ CI) i Wavef ! ioulation i
(INTT/comparator B1 output) h 1 Waveform output manipulation is
- i 1 stopped by software and output
EB bit in | &is restarted
TRCOER register E !
. 1t 1 ]
oo o mas S e 11 W S s S e S S e S
IRl
manipulation disabled —- L. L+ . L. L. L. l_'_'. L L
]

Timer RC output |_| |_|
TRCIOB_XP (internal signal)
Output control signal

TRCOBE_XN
(internal signal)

TRCIOB output
_____________________ B

During waveform output manipulation

period, timer RC output is fixed to high  Synchronized so that less than

impedance, and at low when timer RC  one cycle of waveform is not
pin is pulled down. output

Figure 15.23 Example of Waveform Output Manipulation Operation (1)
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* When the timer RC pin is pulled up, the OPE hit in the TRCOPR register is 1 (waveform output manipulation
enabled), bits OPOL 1 to OPOLO are 01b (when timer RC pin is pulled up, timer RC output level isfixed to
high impedance during waveform output manipulation period), and the RESTATS bit is O (output is restarted

15. Timer RC

by software).

Waveform output
manipulation

Waveform output
manipulation
event is cancelled

Waveform output event 'Sl input

manipulation event
(INT1/comparator B1 output)

&

i Waveform output manipulation is
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EB bit in 1
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Synchronized so that less than
one cycle of waveform is not
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Figure 15.24 Example of Waveform Output Manipulation Operation (2)

* When the OPE bit in the TRCOPR register is 1 (waveform output manipulation enabled), bits OPOL1 to
OPOLO are 10b (timer RC output level isfixed at low during waveform output manipulation period), and the

RESTATS hit is 1 (output is automatically restarted).

Waveform output
manipulation

Waveform output event 'Sl input

Waveform output
manipulation
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manipulation event
(INT1/comparator B1 output)
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Figure 15.25 Example of Waveform Output Manipulation Operation (3)
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* When the OPE bit in the TRCOPR register is 1 (waveform output manipulation control enabled), bits OPOL 1
to OPOLO are 11b (timer RC output level isfixed at high during waveform output manipulation period), and
the RESTATS bit is 1 (output is automatically restarted).
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Figure 15.26 Example of Waveform Output Manipulation Operation (4)
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15.5 Operation Timing

15.5.1 TRCCNT Register Count Timing
Figure 15.27 shows the Count Operation Timing.

« Internal clock

n L L L LWL LU L
Internal clock Rising edge
TRCCNT ist 1
register —I |—|
internal clock

TRCCNT register n X n+1

——
]
+
N

« External clock
fl
External clock E) Falling edge 22 Falling edge

TRCCNT register ,—| ,—|
internal clock

TRCCNT register n X n+1 X n+2

Figure 15.27 Count Operation Timing
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15.5.2 Output Compare Output Timing

A compare match signal occurs at the last state (timing when the TRCCNT register updates a matched value)
when the TRCCNT register and the general register match. When the compare match occurs, the output value
set by the TRCIOR register is output to the output compare output pins (TRCIOA, TRCIOB, TRCIOC, and
TRCIOD). After the TRCCNT register and the general register match, a compare match signal does not occur
until an input clock to the TRCCNT register is generated.

Figure 15.28 shows the Output Compare Output Timing.

fl
TRCCNT register ,—l
input clock

TRCCNT register n X n+1
Registers n
TRCGRA to TRCGRD
Compare match signal
TRCIOA to TRCIOD X

Figure 15.28 Output Compare Output Timing

15.5.3 Input Capture Input Timing

A falling edge, rising edge, or two-way edge can be selected for input capture input by setting registers
TRCIORO and TRCIORL.
Figure 15.29 shows the Input Capture Input Timing. This applies when afalling edge is selected.

fl
Input capture input
Input capture signal

TRCCNT register :X n-1 X n X n+1 X n+2 X

Registers X\ n
TRCGRA to TRCGRD

Figure 15.29 Input Capture Input Timing
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15.5.4 Timing for Counter Clearing by Compare Match

Figure 15.30 shows the Timing for Counter Clearing by Compare Match. If the value in the TRCGRA register

isn, the counter counts from 0 to n and the period isthus set ton + 1.

o L L L L LT LU
Compare match signal

TRCCNT register n X 0000h

TRCGRA register n

Figure 15.30 Timing for Counter Clearing by Compare Match

15.5.5 Buffer Operation Timing
Figure 15.31 shows the Buffer Operation Timing.

* Output compare

fi
Compare match signal

i
1
TRCCNT register n K n+1
|
Registers i m
TRCGRC and TRCGRD \i
1
Registers
TRCGRA and TRCGRB X\ m

* Input capture

fi
Input capture signal

TRCCNT register n

Registers

i
E
N
TRCGRA and TRCGRB K\
N
°

n+1

Registers
TRCGRC and TRCGRD

(2T

Figure 15.31 Buffer Operation Timing
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15.5.6 Setting Timing at Compare Match

While the TRCSR register functions as an output compare register, bits IMFA to IMFD are set to 1 when
TRCCNT register and the general registers (TRCGRA, TRCGRB, TRCGRC, TRCGRD) match.

A compare match signal occurs at the last state (timing when the TRCCNT register updates a matched value).
Thus, after the TRCCNT register and the general register match, a compare match signal does not occur until an
input clock to the TRCCNT register is generated.

Figure 15.32 shows the Timing at Compare Match.

fl
TRCCNT register ,—l
input clock

TRCCNT register n X n+1
Registers n
TRCGRA to TRCGRD
Compare match signal
IMFA to IMFD |

IMFA to IMFD: Bits in TRCSR register

Figure 15.32 Timing at Compare Match

15.5.7 Setting Timing at Input Capture

While the TRCSR register functions as an input capture register, bits IMFA to IMFD are set to 1 when an input
capture occurs.
Figure 15.33 shows the Timing at Input Capture.

fl
Input capture signal

TRCCNT register n

Registers X
TRCGRA to TRCGRD

IMFA to IMFD |

IMFA to IMFD: Bits in TRCSR register

Figure 15.33 Timing at Input Capture
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15.5.8 Timing for Setting Bits IMFA to IMFD and OVF to O

Bits IMFA to IMFD and OVF are set to 0 when 0 is written after the CPU reads 1.
Figure 15.34 shows the Timing for Setting Bits IMFA to IMFD and OVF by CPU.

Write cycle to TRCSR register

T1 T2
fi
Address X Write X

Write signal

IMFA to IMFD and OVF |

IMFA to IMFD and OVF: Bits in TRCSR register

Figure 15.34 Timing for Setting Bits IMFA to IMFD and OVF by CPU

15.5.9 Timing of A/D Conversion Start Trigger due to Compare Match
Figure 15.35 shows the Timing of A/D Conversion Start Trigger due to Compare Match.

Spipinipininininip

TRCCNT register
input clock

1

TRCCNT register n X n+1
i
1

Registers
TRCGRA to TRCGRD

Compare match signal
A/D conversion start
trigger signal I_,

Figure 15.35 Timing of A/D Conversion Start Trigger due to Compare Match

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 292 of 581
Mar 07, 2012



R8C/M13B Group

15. Timer RC

15.6 Timer RC Interrupt
Timer RC generates atimer RC interrupt request from five sources. The timer RC interrupt uses bits ILVL35 and

ILVL34 inthe ILVL3 register, the IRTC bit in the IRRO register, and a single vector.

Table 15.18 lists the Registers Associated with Timer RC Interrupt, and Figure 15.36 shows a Timer RC Interrupt

Block Diagram.

Table 15.18 Registers Associated with Timer RC Interrupt

) ! . Timer RC Interrupt
Timer RC Status Timer RC Interrupt Timer RC Interrupt : P
) : ; Request Monitor Flag
Register Enable Register Control Register :
Register
TRCSR TRCIER ILVL3 IRRO
IMFA bit
. Timer RC interrupt request
IMIEA bit (IRTC bit in IRRO register)
IMFB bit
IMIEB bit
IMFC bit
IMIEC bit
IMFD bit
IMIED bit —
OVF bit
OVIE bit
IMFA, IMFB, IMFC, IMFD, OVF: Bits in TRCSR register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRCIER register

Figure 15.36 Timer RC Interrupt Block Diagram

Like other maskable interrupts, the timer RC interrupt is controlled by the combination of the | flag, IRTC bit,
bits ILVL35 to ILVL34, and IPL. However, it differs from other maskable interrupts in the following respects
because a single interrupt source (timer RC interrupt) is generated from multiple interrupt request sources.

» The IRTC bit in the IRRO register is set to 1 (interrupt requested) when a bit in the TRCSR register isset to 1
and the corresponding bit in the TRCIER register is also set to 1 (interrupt enabled).

* The IRTC bit is set to O (ho interrupt requested) when the bit in the TRCSR register or the corresponding bit
inthe TRCIER register is set to 0, or both are set to 0. In other words, the interrupt request is not maintained if
the IRTC bit isonce set to 1 but the interrupt is not acknowledged.

« If another interrupt source istriggered after the IRTC bit is set to 1, the IRTC bit remains set to 1 and does not
change.

« If multiple bits in the TRCIER register are set to 1, use the TRCSR register to determine the source of the
interrupt request.

» The bitsin the TRCSR register are not automatically set to 0 when an interrupt is acknowledged. Set them to
0 within the interrupt routine. Refer to 15.2.6 Timer RC Status Register (TRCSR), for the procedure for
setting these bitsto 0.

Refer to 15.2.5 Timer RC Interrupt Enable Register (TRCIER), for details of the TRCIER register.
Refer to 11.4 Interrupt Control, for details of the ILVL3 register and 11.3.2 Relocatable Vector Table, for
information on interrupt vectors.
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15.7 Notes on Timer RC

15.7.1 TRCCNT Register

The following note applies when the CCLR bit in the TRCCRL register isset to 1 (TRCCNT counter is cleared

by input capture/compare match A).

* When writing avalue to the TRCCNT register by a program while the CTS bit in the TRCMR register is set to
1 (count is started), ensure that the write timing does not coincide with when the TRCCNT register is set to
0000h.

« If the timing when the TRCCNT register is set to 0000h and is written coincide with each other, the value is
not be written and the TRCCNT register is set to 0000h.

If the TRCCNT register is written and read, the value before this register is written may be read. In this case,
execute the IMPB instruction between the write and read instructions.
 Program Example

MOV.W #XXXXh, TRCCNT : Write
JMPB L1 ; JMPB instruction
L1 MOV.W TRCCNT, DATA : Read

15.7.2 TRCCR1 Register

To set bits CKS2 to CKS0 in the TRCCRL register to 110b (fHOCO), set fHOCO to the clock frequency higher
than the system clock frequency.

15.7.3 TRCSR Register

If the TRCSR register is written and read, the value before this register is written may be read. In this case,
execute the IMP.B instruction between the write and read instructions.
* Program Example

MOV.B #XXh, TRCSR : Write
JMPB L1 : JMPB instruction
L1 MOV.B TRCSR, DATA ; Read

15.7.4 Count Source Switching

When switching the count sources, stop the count before switching. After switching the count sources, wait for
at least two cycles of the system clock before writing to the registers (at addresses 000E8h to 000FCh)
associated with timer RC.

* Switching procedure

(1) Setthe CTShit inthe TRCMR register to 0 (count is stopped).

(2) Change bits CKS0 to CKS2 in the TRCCRL register.

(3) Wait for at least two cycles of the system clock.

(4) Writeto the registers (at addresses 000E8h to 000FCh) associated with timer RC.

When changing the count source from fHOCO to another source and stopping fHOCO, wait for at least two
cycles of the system clock after changing the clock setting before stopping fHOCO.

* Switching procedure

(1) Setthe CTShit inthe TRCMR register to O (count is stopped).

(2) Change bits CKS0 to CKS2 in the TRCCRL register.

(3) Wait for at least two cycles of the system clock.

(4) Set the HOCOE hit in the OCOCR register to 0 (high-speed on-chip oscillator off).
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15.7.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used)]
Three or more cycles of the timer RC operation clock (refer to Table 15.1 Timer RC Specifications)
[When the digital filter is used]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 15.19 Digital Filter Circuit Block Diagram)

» The value of the TRCCNT register is transferred to the TRCGR)j register one or two cycles of the timer RC
operation clock after the input capture signal is input to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

15.7.6 TRCMR Register in PWM2 Mode

When the CSTP bit in the TRCCR2 register is 1 (increment is stopped), do not set the TRCMR register when a
compare match occurs between registers TRCCNT and TRCGRA.

15.7.7 MSTCR Register
After stopping the timer RC count, set the MSTTRC bit in the MSTCR register to 1 (standby).

15.7.8 Mode Switching

» When switching the modes during operation, set the CTS hit in the TRCMR register to 0 (count is stopped)
before switching.
« After switching the modes, set each flag in the TRCSR register to 0 before operation is started.

15.7.9 Procedure for Setting Registers Associated with Timer RC

Set the registers associated with timer RC following the procedure below:

(1) Settimer RC operating mode (bits PWMB, PWMC, PWMD, and PWM2 in the TRCMR register).
(2) Set the registers other than that set in (1).

(3) Set the port output to be enabled (bits EA to ED in the TRCOER register).
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16. Timer RK

Timer RK isan 8-bit timer that increments by the input of the count source.

16.1 Overview

Table 16.1 lists the Timer RK Specifications. Figure 16.1 shows the Timer RK Block Diagram. Table 16.2 lists the
Timer RK Pin Configuration.

Table 16.1  Timer RK Specifications

Item

Description

Count sources

be selected.

f1, f2, 8, fHOCO, or an external clock (counting of an external event) can

Operating modes

Interval mode

The timer operates as an 8-bit interval timer.

Pulse output mode

A pulse with inverted polarity is output at each timer overflow.

Output compare mode

The count source is counted and compare matches are detected.

mode.

Interrupt An interrupt is generated by an overflow of the counter or a compare
match.
Other Auto-reload enabled or disabled can be selected for each operating

TKCKSEL2 to TKCKSELO
= 000b

1 =001b +
2 ——o
=010b

f8 ———— o

TRKI pin O=22%0_,

TRKO pin 4—,

Timer RK interrupt

TMKM register K:>

Timer RK control circuit

<—| TMKCR register K:>

<—  TMKIR register K:>

<—>| TMKLD register K:>

TKCKSELO to TKCKSELZ2: Bits in TMKM register

*—{ TMKCMP register K:>

Data bus

Figure 16.1 Timer RK Block Diagram

Table 16.2  Timer RK Pin Configuration

Pin Name

1/0

Function

TRKI

External input for timer RK

TRKO

(0]

Output for timer RK
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16.2 Registers
Table 16.3 lists the Timer RK Register Configuration.
Table 16.3 Timer RK Register Configuration
Register Name Symbol After Reset Address Access Size
Timer RK Mode Register TMKM 00h 00188h 8
Timer RK Control Register TMKCR 00h 00189h 8
Timer RK Load Register TMKLD 00h 0018Ah 8
(TMKCNT)
Timer RK Compare Match Data Register TMKCMP 00h 0018Bh 8
Timer RK Interrupt Request and Status Register TMKIR 00h 0018Ch 8
16.2.1 Timer RK Mode Register (TMKM)
Address 00188h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| TKMD1 | TKMDO | TKLDM | — | — TKCKSEL2|TKCKSEL1|TKCKSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TKCKSELO | Timer RK count source select bits (1) bébébc;) f R/IW
bl | TKCKSEL1 001: 2 R/W
b2 | TKCKSEL2 010:f8 R/W
01 1:fHOCO
1 0 0: External clock
Other than the above: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 TKLDM | Auto-reload bit 0: Auto-reload disabled R/W
1: Auto-reload enabled
b6 TKMDO | Timer RK operating mode select bits (2) |b756 R/IW
b7 TKMDL 0 O: Interval mode RIW
0 1: Pulse output mode
1 0: Output compare mode
1 1: Do not set.
Notes:

1. Set the TSTART bit in the TMKCR register to 0 (count is stopped) before changing bits TKCKSELO to

TKCKSEL2.
2. Set the TSTART bit to 0 before changing bits TKMDO to TKMD1.

When the TMKM register is written, the output level from the TRKO pin is set to the initial output level

specified by the TOLEV bit in the TMKCR register.
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16.2.2 Timer RK Control Register (TMKCR)
Address 00189h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TSTART | TOLEV | IEDGE | — | — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 —
b5 IEDGE | External clock input edge select bit (1) | 0: Rising edge R/W
1: Falling edge
b6 | TOLEV |Timer RK output level select bit (2) 0: Initial output is low R/W
1: Initial output is high
b7 | TSTART | Timer RK count start bit (1. 2) 0: Count is stopped R/W
1: Count is started

Notes:
1. Setthe TSTART bit to O (count is stopped) before changing the IEDGE bit.
2. Set the TSTART bit to 0 (count is stopped) before changing the TOLEV bit.
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16.2.3 Timer RK Load Register (TMKLD (TMKCNT))
Address 0018Ah
Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol | TMKLD7 | TMKLD6 | TMKLD5 | TMKLD4 | TMKLD3 | TMKLD2 | TMKLD1 | TMKLDO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TMKLDO | Count data bit O Write 8-bit count data. R/W
bl | TMKLD1 | Count data bit 1 R/W
b2 | TMKLD2 | Count data bit 2 R/W
b3 | TMKLD3 | Count data bit 3 R/W
b4 | TMKLD4 | Count data bit 4 R/W
b5 | TMKLD5 | Count data bit 5 R/W
b6 | TMKLD6 | Count data bit 6 R/W
b7 | TMKLD7 | Count data bit 7 R/W

16

16

Registers TMKCNT and TMKLD are alocated at the same address.

.2.3.1 Timer RK Counter (TMKCNT)

The TMKCNT register is an 8-bit readable register that is incremented by the input of the count source. The
TMKCNT register can be read at an arbitrary timing. When the TMKCNT register overflows (FFh to 00h or
FFh to the set value of the TMKLD register), the TMKOVIF hit in the TMKIR register is set to 1 (overflow
interrupt requested).
The value of the TMKCNT register after areset is 00h.

.2.3.2 Timer RK load Register (TMKLD)

The TMKLD register is an 8-bit write-only register that sets the reload value of the TMKCNT register. When
thereload value is set in TMKLD register, the value is reloaded to the TMKCNT register at the same time and
the TMKCNT register starts incrementing from the value. If the TMKCNT register overflows with auto reload
enabled, the value of the TMKLD register is reloaded to the TMKCNT register. Thus, the overflow period can
be set to between 1 to 256 clocks of the count source.
The value of the TMKLD register after areset is 00h.
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16.2.4 Timer RK Compare Match Data Register (TMKCMP)
Address 0018Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [TMKCMP7|TMKCMP6 TMKCMP5|TMKCMP4|TMKCMP3|TMKCMP2| TMKCMP 1| TMKCMPO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TMKCMPO | Compare match data bit O Write 8-bit compare match data. R/W
bl | TMKCMP1 | Compare match data bit 1 R/W
b2 | TMKCMP2 | Compare match data bit 2 R/W
b3 | TMKCMP3 | Compare match data bit 3 R/W
b4 | TMKCMP4 | Compare match data bit 4 R/W
b5 | TMKCMP5 | Compare match data bit 5 R/W
b6 | TMKCMP6 | Compare match data bit 6 R/W
b7 | TMKCMP7 | Compare match data bit 7 R/W

16.2.5 Timer RK Interrupt Request and Status Register (TMKIR)
Address 0018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [TMKOVIE| TMKOVIF|[TMKCMIE|TMKCMIF|  — | — | — | —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 | TMKCMIF | Timer RK compare match interrupt 0: No compare match interrupt requested R/W
request flag 1: Compare match interrupt requested
b5 | TMKCMIE | Timer RK compare match interrupt 0: Compare match interrupt disabled R/W
enable bit 1: Compare match interrupt enabled
b6 | TMKOVIF | Timer RK overflow interrupt request flag | 0: No overflow interrupt requested R/W
1: Overflow interrupt requested
b7 | TMKOVIE | Timer RK overflow interrupt enable bit 0: Overflow interrupt disabled R/W
1: Overflow interrupt enabled

TMKCMIF Bit (Timer RK compare match interrupt request flag)

[Condition for setting to 0]

* When 0 iswritten to this bit after reading it as 1.
[Condition for setting to 1]

* When timer RK is compared and matches.

TMKOVIF bit (Timer RK overflow interrupt request flag)

[Condition for setting to 0]

* When 0 iswritten to this bit after reading it as 1.
[Condition for setting to 1]

* When timer RK overflows.
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16.3 Operation

16.3.1 Interval Mode

When bits TKMD1 to TKMDO in the TMKM register are set to 00b (interval mode) and the TSTART bit in the
TMKCR register is set to 1 (count is started), timer RK operates as an 8-bit interval timer. After areset, timer
RK stops because the TSTART bit isset to 0.

Bits TKCKSELO to TKCKSEL 2 bit in the TMKM register can be used to select the timer RK count source
among four internal clocks and an external clock from the TRKI input pin (an active edge selected by the
IEDGE hit in the TMKCR register).

If the count source isinput after the count value of the timer changes to FFh, timer RK overflows and the
TMKOVIF bit in the TMKIR register is set to 1 (overflow interrupt requested). When the TMKOVIE bit in the
TMKIR register is 1 (overflow interrupt enabled), an interrupt request signal is generated to the CPU.

At overflow, the count value of the TMKCNT register changes as follows:

» Auto-reload disabled (TKLDM bit in TMKM register = 0): 00h

» Auto-reload enabled (TKLDM hit in TMKM register = 1): TMKLD register reload value

Increment operation starts from either of the above values. When the TMKLD register is set in interval mode,
the value of the TMKLD register is reloaded to the TMKCNT register at the same time.

The count value is retained while the count is stopped.

Figure 16.2 shows an Operation Example in Interval Mode.
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FFh

22h
00h

TMKOVIF bit in
TMKIR register

Interrupt request
signal

FFh

22h
00h

TMKOVIF bit in
TMKIR register

Interrupt request
signal

* When auto-reload is disabled

TMKCNT register value

A

* When auto-reload is enabled

TMKCNT register value

A

Write 22h to TMKLD register

Write 22h to TMKLD register

Figure 16.2 Operation Example in Interval Mode
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16.3.2 Pulse Output Mode

When bits TKMD1 to TKMDO in the TMKM register are set to 01b (pulse output mode) and the TSTART bit in
the TMKCR register is set to 1 (count is started), timer RK operates as an 8-bit timer. When timer RK
overflows, the output from the TRKO pin isinverted. Theinitial value of the output level (low or high) can be
selected by the TOLEV bit in the TMKCR register.

Bits TKCKSELO to TKCKSEL 2 bit in the TMKM register can be used to select the timer RK count source
among four internal clocks and an external clock from the TRKI input pin (an active edge selected by the
IEDGE bit in the TMKCR register).

If the count source is input after the count value of the timer changes to FFh, timer RK overflows and the
TMKOVIF bit in the TMKIR register is set to 1 (overflow interrupt requested). When the TMKOV I E bit in the
TMKIR register is 1 (overflow interrupt enabled), an interrupt request signal is generated to the CPU.

At overflow, the count value of the TMKCNT register changes as follows:

» Auto-reload disabled (TKLDM bit in TMKM register = 0): 00h

» Auto-reload enabled (TKLDM bit in TMKM register = 1): TMKLD register reload value

Increment operation starts from either of the above values. When the TMKLD register is set in pulse output
mode, the value of the TMKLD register is reloaded to the TMKCNT register at the sametime.

The count value is retained while the count is stopped.

Figure 16.3 shows an Operation Example in Pulse Output Mode.

* When auto-reload is disabled

TMKCNT register value

A
FFh

22h
00h

TRKO pin

Interrupt request
signal

Write 22h to TMKLD register

* When auto-reload is enabled

TMKCNT register value

A
FFh

22h . frmmmmmmmen

0oh i i » Time
TRKO pin
Interrupt request
signal

Write 22h to TMKLD register
Figure 16.3 Operation Example in Pulse Output Mode
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16.3.3 Output Compare Mode

When bits TKMD1 to TKMDO in the TMKM register are set to 10b (output compare mode) and the TSTART
bit in the TMKCR register is set to 1 (count is started), timer RK operates in output compare mode. When the
compare value set in the TMKCMP register and the count value of timer RK match, the output from the TRKO
pin isinverted. When timer RK overflows, the output from the TRKO pin is further inverted. The duty cycle
and period for pulse output can be changed by rewriting the values of registers TMKLD and TMKCMP.

Bits TKCKSELO to TKCKSEL2 inthe TMKM register are used to select the timer RK count source among
four internal clocks and an external clock from the TRKI input pin (an active edge selected by the IEDGE bit in
the TMKCR register).

When the contents of the 8-bit counter and the TMKCMP register match or an overflow occurs, an interrupt
reguest signal is generated in CPU.

At overflow, the count value of the TMKCNT register changes as follows:

» Auto-reload disabled (TKLDM bit in TMKM register = 0): 00h

 Auto-reload enabled (TKLDM bit in TMKM register = 1): TMKLD register reload value

Increment operation starts from either of the above values. When the TMKLD register is set in output compare
mode, the value of the TMKLD register is reloaded to the TMKCNT register at the sametime.

The count value is retained while the count is stopped.

Figure 16.4 shows an Operation Example in Output Compare Mode. Table 16.4 lists the Formula for
Calculating Low-Level or High-Level Width of TRKO Pin (Initial Output is Low in Output Compare Mode).

» When auto-reload is disabled

TMKCNT register value

A
e T R R T P

TMKCMP register f-=-======sf==q=======mm—gmmfmmmmmmmmm o

SO ——

00h

TRKO pin |
Interrupt request
signal

—-f--==q-q---
PR IO P M

1
il
1
|

Write 50h to TMKLD register

* When auto-reload is enabled

TMKCNT register value

A
L s R Rt R P ER

TMKCMP register p-=-======sf==q=mmmmmmm e mmmmmmmm oo f o e e e m e f o e -

50N f----rlmm--

00h

TRKO pin |
Interrupt request
signal

—-f--=-q-9---

|

PR S P M,

1

1

1

1

1

1

>t

)

1

1

1

1

1
L —-

L= q -

Write 50h to TMKLD register

Figure 16.4 Operation Example in Output Compare Mode
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Table 16.4  Formula for Calculating Low-Level or High-Level Width of TRKO Pin (Initial Output is
Low in Output Compare Mode)
. . Low-Level | High-Level
Auto-Reload Values in Registers TMKLD and TMKCMP Width Width

When auto-reload is disabled TMKLD register = 00h, m+1 FEh—m

TMKCMP register = m (other than FFh)

TMKLD register = 00h,

TMKCMP register = FFh FRh+1
When auto-reload is enabled TMKLD register = n, men+1 FEh—m
(TMKLD register < TMKCMP register) TMKCMP register = m (other than FFh)

TMKLD register = n,

TMKCMP register = FFh FFh-n+1
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16.4 Notes on Timer RK

« After writing O (count is stopped) to the TSTART bit in the TMKCR register during count operation, do not
access the registers associated with timer RK (1) for two to three cycles of the count source.
Note:
1. Registers associated with timer RK: TMKM, TMKCR, TMKLD, and TMKIR
» When writing to and reading from the TMKLD register continuously while the count is stopped, insert one NOP
instruction between the instructions used for writing and reading.
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17. Timer RE2

17.1 Overview

Timer RE2 includes a 3-bit counter, a 4-bit counter, and an 8-bit counter.

Timer RE2 supports the following two modes:

* Real-time clock mode
A one-second signal is generated from fXCIN and used to count seconds, minutes, hours, days of the week,
days, months, and years (supporting leap years from 2000 to 2099).

» Compare match timer mode
A count sourceis counted and compare matches are detected.

Table 17.1 lists the Real-Time Clock Mode Specifications. Table 17.2 lists the Compare Match Timer Mode

Specifications. Figure 17.1 shows the Block Diagram in Real-Time Clock Mode. Figure 17.2 shows the Block
Diagram in Compare Match Timer Mode. Table 17.3 lists the Timer RE2 Pin Configuration.

Table 17.1 Real-Time Clock Mode Specifications

Item Description
Count source fXCIN (32 kHz)
Count Starting or stopping the count can be selected.
Reset Reset by the RTCRST bit in the TRECR register
Interrupts * Periodic interrupt

Select one of the following:
- 0.25-second period
- 0.5-second period
- Update of second data
- Update of minute data
- Update of hour data
- Update of day data
- Update of month data
- Update of year data
¢ Alarm interrupt
When time data and alarm data match
TREO pin functions Either of the following is selected:
* Programmable I/O port
« Qutput of f4, 18, f16, f32, 1 Hz, 64 Hz, or fXCIN
Read from and write to timer | The values of the timer RE data registers (TRESEC, TREMIN, TREHR, TREDY,
TREMON, and TREYR) other than the TREWK register are represented by the BCD
code.
Selectable functions * 12-hour mode/24-hour mode switch function
¢ Alarm function
Either of following is detected:
- Minutes, hours, or the day of the week
- Any combination of these
« Second adjustment function
Reset adjustment function and 30-second adjustment function
« Clock error correction function
Automatic correction function or correction by software
« Clock output
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Table 17.2  Compare Match Timer Mode Specifications

Item Description
Count sources 8, f32, f128, 1256, f512, 2048, f4096, or {8192
Count Starting or stopping the count can be selected.
Reset Reset by the RTCRST bit in the TRECR register
Interrupts » Compare match interrupt

« Overflow interrupt

TREO pin functions

Either of the following is selected:
« Programmable I/O port

« Output of f4, 18, f16, f32, or fXCIN
« Output toggled at every compare match
0S2 to OSO
= 000b
fXCIN =001b
(1/8) (1/256) (1/16) g = 010b
32-kHz 3-bit | 8-bit | 4-bit One-second overflow 1Hz =011b o
oscillation circuit counter counter counter =100b T.RE
6 ——O pin
ﬂ ﬂ | 64 Hz =101b
= = 110b
Counter control circuit (correction 32 ———0
function, second adjustment function) | 3 5=econd overfow Fixed low- — 0o
SEIE025, SEIE05 level value
Data bus
@ Overflow @ Overflow @ Overflow @ @ Overflow @ Overflow @
« TRESEC TREMIN TREHR TREWK TREDY TREMON TREYR
register register register register register register register
&— BSY HR24 PM MOIE YRIE —
bit
DYIE )
Timer RE.
HRIE } ‘ )-L Timing | interrupt
control
MNIE —D_
SEIE —i )
\v4 \v4 \v4
| Comparison circuit ALIE }
i i i v
TREAMN TREAHR TREAWK ALIF bit
register register register
BSY: Bit in TRESEC register
PM, HR24: Bits in TRECR register
0OS0 to OS2: Bits in TRECSR register
ALIE: Bit in TREIFR register
SEIE025, SEIEO5, SEIE, MNIE, HRIE, DYIE, MOIE, YRIE: Bits in TREIER register
Figure 17.1 Block Diagram in Real-Time Clock Mode
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OS2 to OS0O
fa i OOOE
fxcIN —201b
8 =010b
8 =011b
32 Fixed low-level value %Oobo TREO
——— 0 in
CS2to CSO . 116 =101b P
Fixed low-level value ————O
= 000b 32 =110b
| Outputtoggled =111b o
fl2s ——2 o
256 ————0 8-bit CLR
512 _—Obo counter T
=101 - Reset
2048 =110b RTCRST
f4096 ———O 1110
8192 —————o0
Overflow signal Timer RE2
v OVIE interrupt
. | Match signal
Comparison circuit
CMIE
A
TRECNT TREMIN
register register
S Data bus S
RTCRST: Bitin TRECR register
CS0 to CS2, OS0 to OS2: Bits in TRECSR register
CMIE, OVIE: Bits in TREIER register
Figure 17.2 Block Diagram in Compare Match Timer Mode
Table 17.3  Timer RE2 Pin Configuration
Pin Name 110 Function
TREO 0] Output for timer RE2
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17.2 Registers
Table 17.4 lists the Timer RE2 Register Configuration.

Table 17.4  Timer RE2 Register Configuration

Register Name Symbol After Reset Address Access Size

Timer RE Second Data Register TRESEC | XXXXXXXXb 00130h 8
Timer RE Counter Data Register TRECNT

Timer RE Minute Data Register TREMIN XXXXXXXXb 00131h 8
Timer RE Compare Data Register

Timer RE Hour Data Register TREHR 00XXXXXXb 00132h 8
Timer RE Day-of-the-Week Data Register TREWK 00000XXXb 00133h 8
Timer RE Day Data Register TREDY 00XXXXXXb 00134h 8
Timer RE Month Data Register TREMON | 000XXXXXb 00135h 8
Timer RE Year Data Register TREYR XXXXXXXXb 00136h 8
Timer RE Control Register TRECR XXX00X0Xb 00137h 8
Timer RE Count Source Select Register TRECSR X0001000b 00138h 8
Timer RE Clock Error Correction Register TREADJ | XXXXXXXXb 00139h 8
Timer RE Interrupt Flag Register TREIFR 00000XXXb 0013Ah 8
Timer RE Interrupt Enable Register TREIER XXXXXXXXb 0013Bh 8
Timer RE Alarm Minute Register TREAMN | XXXXXXXXb 0013Ch 8
Timer RE Alarm Hour Register TREAHR | XXXXXXXXb 0013Dh 8
Timer RE Alarm Day-of-the-Week Register TREAWK | X0000XXXb 0013Eh 8
Timer RE Protect Register TREPRC 00000000b 0013Fh 8
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17.2.1 Timer RE Second Data Register (TRESEC) in Real-Time Clock Mode
Address 00130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BSY | SC12 | SC1l | SC10 | SCO3 | SC02 [ SCO1 | SCO0 |
After Reset X X X X X X X X
After reset by
RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 SCO00 | First digit of second count bits Count from 0 to 9 every second. |0to 9 (BCD code) | R/W
bl SCo1 When the digit increments, 1 is R/W
b2 SC02 added to the second digit of RIW
b3 | SCO3 seconds. RIW
b4 SC10 |Second digit of second count bits | When counting from0to 5,60 |[0to5 (BCD code) | R/W
b5 SC11 seconds are counted. R/W
b6 SC12 R/W
b7 BSY | Timer RE busy flag This bit is set to 1 while timer RE data registers () or R
the PM bit in the TRECR register is updated.

Note:
1. Timer RE data registers: TRESEC, TREMIN, TREHR, TREWK, TREDY, TREMON, and TREYR

Set the PROTECT bit in the TREPRC register to 1 (write enabled) before rewriting the TRESEC register.

Bits SC00 to SCO03 (First digit of second count bits)
Bits SC10 to SC12 (Second digit of second count bits)

Set values from 00 to 59 by the BCD code.
Read or write to these bits when the BSY bit isto O (data not being updated).

BSY Bit (Timer RE busy flag)

Thisbit is set to 1 while datais updated. Read the following registers or bit when this bit is 0 (data not being
updated):
* Timer RE data registers
(TRESEC, TREMIN, TREHR, TREWK, TREDY, TREMON, and TREYR)
« Bits PM and HR24 in the TRECR register

Write to the following registers or bits when the BSY bit is 0 (data not being updated):
* Timer RE data registers
(TRESEC, TREMIN, TREHR, TREWK, TREDY, TREMON, and TREYR)
» Timer RE alarm registers (TREAMN, TREAHR, and TREAWK)
« Bits PM and HR24 in the TRECR register
* Registers and bits associated with correction
(The AADJE bit in the TRECR register, the AADJIM bit in the TRECSR register, and the TREADJ register)
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17.2.2 Timer RE Counter Data Register (TRECNT) in Compare Match Timer Mode
Address 00130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbolf — | — | — | — | — [ — | — | — |
After Reset X X X X X X X X
After reset by
RTCRST bitin 0 0 0 0 0 0 0 0

TRECR register

Bit Function R/W
b7 to b0 | The data of the 8-bit counter can be read. R
The count value is retained even if timer RE stops counting.

When the CCLR bit in the TRECR register is 0, the count continues even if a compare match
occurs, and the TRECNT register is set to 00h when the CCLR bit is 1.

17.2.3 Timer RE Minute Data Register (TREMIN) in Real-Time Clock Mode
Address 00131h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol [ MN7 MN12 MNI1 | MN1O | MNO3 | MNO2 MNO1 MNOQO

After Reset X X X X X X X X
After reset by

RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 MNOO | First digit of minute count bits Count from 0 to 9 every minute. [0to 9 (BCD code) | R/W
bl MNO1 When the digit increments, 1 is R/W
b2 MNO2 added to the second digit of RIW
b3 VINO3 minutes. RIW
b4 MN10 |Second digit of minute count bits | When counting from0to 5,60 |0to5 (BCD code) | R/W
b5 MN11 minutes are counted. R/W
b6 MN12 R/W
b7 MN7 |SettoO. R/W

Set the PROTECT hit in the TREPRC register to 1 (write enabled) before rewriting the TREMIN register.

Bits MNOO to MNO3 (First digit of minute count bits)
Bits MN10 to MN12 (Second digit of minute count bits)
Set values from 00 to 59 by the BCD code.

When the digit increments from the TRESEC register, 1 is added.
Read or write to these bits when the BSY bit in the TRESEC register is 0 (data not being updated).
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17.2.4 Timer RE Compare Data Register (TREMIN) in Compare Match Timer

Mode
Address 00131h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | MN7 MN6 MN5 MN4 MN3 MN2 MN1 MNO
After Reset X X X X X X X X
After reset by
RTCRST bitin 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 MNO | Compare data bit 0 The 8-bit compare data is stored. R/W
b1 MN1 |Compare data bit 1 Write the compare value. RIW
b2 MN2 | Compare data bit 2 R/W
b3 MN3 | Compare data bit 3 R/W
b4 MN4 | Compare data bit 4 R/W
b5 MN5 | Compare data bit 5 R/W
b6 MN6 | Compare data bit 6 R/W
b7 MN7 | Compare data bit 7 R/W

The TREMIN register is always compared with the TRECNT register, and the CMIF bit in the TREIFR register
isset to 1 (interrupt requested) when the values of both the registers match. When the CMIE bit in the TREIER
register is 1 (compare match interrupt enabled), an interrupt request is generated.

Write to the TREMIN register when the RUN bit in the TRECR register is O (count is stopped).
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17.2.5 Timer RE Hour Data Register (TREHR)
Address 00132h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| — | — | HR1l [ HR10 | HRO3 | HR02 HRO1 HROO

After Reset 0 0 X X X X X X
After reset by

RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 HROO | First digit of hour count bits Count from 0 to 9 every hour. 0to 9 (BCD code) | RIW
bl HRO1 When the digit increments, 1 is R/W
b2 HRO2 added to the second digit of RIW
b3 | HRO3 hours. RIW
b4 HR10 | Second digit of hour count bits Count from 0 to 1 when the 0to 2 (BCD code) | RIW
b5 HR11 HR24 bit in the TRECR register R/W

is 0 (12-hour mode).

Count from 0 to 2 when the

HR24 bit is 1 (24-hour mode).

b6 — Nothing is assigned. The write value must be 0. The read value is 0. —

The TREHR register is used in real-time clock mode.
Set the PROTECT bit in the TREPRC register to 1 (write enabled) before rewriting the TREHR register.

Bits HROO to HRO3 (First digit of hour count bits)

Bits HR10 to HR11 (Second digit of hour count bits)
Set values from 00 to 11 by the BCD code when the HR24 bit in the TRECR register is 0 (12-hour mode). Set
values from 00 to 23 by the BCD code when the HR24 bit is 1 (24-hour mode).

When the digit increments from the TREMIN register, 1 is added.
Read or write to these bits when the BSY bit in the TRESEC register is 0 (data not being updated).
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17.2.6 Timer RE Day-of-the-Week Data Register (TREWK)
Address 00133h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | WK2 [ WKL | WKO
After Reset 0 0 0 0 0 X X X
After reset by
RTCRST bitin 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 WKO | Day-of-the-week count bits bébé lg Sunday R/W
bl WK1 0 0 1: Monday RIW
b2 WK2 0 1 0: Tuesday RIW

0 1 1: Wednesday
10 0: Thursday
10 1: Friday

11 0: Saturday
11 1: Do not set.

b3 — Reserved Setto 0. R/W
b4 —
b5 —
b6 —
b7 —

The TREWK register is used in real-time clock mode.
Set the PROTECT bit in the TREPRC register to 1 (write enabled) before rewriting the TREWK register.

Bits WKO to WK2 (Day-of-the-week count bits)

A week is counted by counting from 000b (Sunday) to 110b (Saturday) repeatedly. These bits do not change to
111b. Do not set these bitsto 111b.

When the digit increments from the TREHR register, 1 is added.

Read or write to these bits when the BSY bit in the TRESEC register is 0 (data not being updated).
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17.2.7 Timer RE Day Data Register (TREDY)
Address 00134h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| — | — | DYl | DY10 | DY03 | DY02 DY01 DY00

After Reset 0 0 X X X X X X
After reset by

RTCRST bit in 0 0 0 0 0 0 0 1

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 DYO00 | First digit of day count bits Count from 0 to 9 every day. 0to 9 (BCD code) | RIW
bl DYO1 When the digit increments, 1 is R/W
b2 DYO02 added to the second digit of day. RIW
b3 DYO03 R/W
b4 DY10 |Second digit of day count bits Count from 0 to 3. 0to 3 (BCD code) | RIW
b5 DY11 R/W
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

The TREDY register isused in real-time clock mode.
Set the PROTECT bit in the TREPRC register to 1 (write enabled) before rewriting the TREDY register.

Bits DYO0O to DYO03 (First digit of day count bits)
Bits DY10 to DY11 (Second digit of day count bits)
Set values from 01 to 31 by the BCD code.
When the digit increments from the TREHR register, 1 is added. These bits are used to count the number of the
days (28 to 31) in each month, including February in aleap year, for years from 2000 to 2099.
Read or write to these bits when the BSY bit in the TRESEC register is 0 (data not being updated).

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 316 of 581
Mar 07, 2012



R8C/M13B Group 17. Timer RE2

17.2.8 Timer RE Month Data Register (TREMON)
Address 00135h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll] — | — | — | MO1.0 | MO03 | MOO02 | MOOl | MOOO
After Reset 0 0 0 X X X X X
After reset by
RTCRST bit in 0 0 0 0 0 0 0 1

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 MOO0O0 | First digit of month count bits Count from 0 to 9 every month. |0to 9 (BCD code) | R/W
bl MOO01 When the digit increments, 1 is R/W
b2 MO02 added to the second digit of RIW
b3 | MO03 month. RIW
b4 MO10 |Second digit of month count bit Count from O to 1. 0to 1 (BCDcode) | R/W
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —

b7 —

The TREMON register is used in real-time clock mode.
Set the PROTECT in the TREPRC register to 1 (write enabled) before rewriting the TREMON register.

Bits MOO0O to MOOQ3 (First digit of month count bits)
MO10 Bit (Second digit of month count bit)
Set values from 01 to 12 by the BCD code.

When the digit increments from the TREDY register, 1 is added.
Read or write to these bits when the BSY bit in the TRESEC register is 0 (data not being updated).
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17.2.9 Timer RE Year Data Register (TREYR)
Address 00136h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| YR13 | YR12 | YR1l | YR10 | YRO3 | YRO2 YRO1 YROO

After Reset X X X X X X X X
After reset by

RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 YROO | First digit of year count bits Count from 0 to 9 every hour. 0to 9 (BCD code) | RIW
bl YRO1 When the digit increments, 1 is R/W
b2 YRO2 added to the second digit of RIW
b3 | YRO3 year. RIW
b4 YR10 |Second digit of year count bits Count from O to 9. 0to 9 (BCD code) | RIW
b5 YR11 R/W
b6 YR12 R/W
b7 YR13 R/W

The TREYR register isused in real-time clock mode.
Set the PROTECT bit in the TREPRC register to 1 (write enabled) before rewriting the TREY R register.

Bits YROO to YRO3 (First digit of year count bits)
Bits YR10 to YR13 (Second digit of year count bits)

Set values from 00 to 99 by the BCD code. Fourth digit and third digit of the year are fixed to 20. Years from
2000 to 2099 can be indicated.

When the digit increments from the TREMON register, 1 is added.

Read or write to these bits when the BSY bit in the TRESEC register is 0 (data not being updated).
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17.2.10 Timer RE Control Register (TRECR) in Real-Time Clock Mode
Address 00137h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| RUN | HR24 | PM [RTCRST| CCLR | LFLAG [ — | AADJE |
After Reset X X X 0 0 X 0 X
After reset by
RTCRST bit in 0 0 0 X X 1 X 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 AADJE | Timer RE automatic correction 0: Automatic correction function disabled R/W
function enable bit (correction by software enabled)

1: Automatic correction function enabled
(correction by software disabled)

bl — Reserved Setto 0. R/W

b2 LFLAG |Leap year flag V) 0: Ordinary year R
1: Leap year

b3 CCLR |SettoO. R/W

b4 | RTCRST | Timer RE reset bit (2) When this bit is set to 1, the registers and bits R/W

listed in Table 17.5 are initialized and the counter
control circuit is initialized.

b5 PM a.m./p.m. bit 0:a.m. R/W
1:p.m.

b6 HR24 | Operating mode select bit 0: 12-hour mode R/W
1: 24-hour mode

b7 RUN | Timer RE operation start bit 0: Count is stopped R/W
1: Count is started

Notes:
1. When the RTCRST bit is set to 1, the TREYR register is set to 00h. As year 2000 is a leap year, the initial value
of the LFLAG bit is set to 1.
2. Setthe RTCRST bit to O after setting it to 1.

AADJE Bit (Timer RE automatic correction function enable bit)
Change this bit when the BSY bit in the TRESEC register is 0 (data not being updated).

LFLAG Bit (Leap year flag)

The LFLAG bit isset to 1 (Ieap year) when the value of the TREY R register is 00h or a multiple of four. When
the LFLAG hit is set to 1, the number of daysin February becomes 29.
Read this bit when the BSY hit in the TRESEC register is 0 (data not being updated).
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RTCRST Bit (Timer RE reset bit)
When the RTCRST bit is set to 1, the registers and bits listed in Table 17.5 are initialized and the counter

control circuit isinitialized. Set the RTCRST bit to O after setting it to 1.

Table 17.5  Registers and Bits (1) Initialized by RTCRST Bit
Register Bit to be Initialized Bit to Retain Setting Value
Timer RE data registers () Bits O to 7 —
Timer RE alarm registers (3) Bits 0 to 7 —
TRECR AADJE, LFLAG, PM, HR24, RUN Bit 1, CCLR, RTCRST
TRECSR Bit 7 Bits 0 to 6
TREADJ Bits0to 7 —
TREIFR Bits0to 2,7 Bits 3to 6
TREIER Bits 0to 7 —
TREPRC Bits0to 7 —
Notes:

1. For the corresponding values, see each register value after a reset by the RTCRST bit.
2. Timer RE data registers: TRESEC, TREMIN, TREHR, TREWK, TREDY, TREMON, and TREYR
3. Timer RE alarm registers: TREAMN, TREAHR, and TREAWK
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PM Bit (a.m./p.m. bit)

Set the PROTECT bit in the TREPRC register to 1 (write enabled) before rewriting the PM bit.
Read or write to the PM bit when the BSY bit in the TRESEC register is 0 (data not being updated).
The PM bit is enabled when the HR24 bit is 0 (12-hour mode).
The PM bit changes as follows during count operation.
 Changesto 0 when the PM bit is 1 (p.m.) and the clock increments from 11:59:59 to 00:00:00.
 Changesto 1 when the PM bit is 0 (a.am.) and the clock increments from 11:59:59 to 00:00:00.
Figure 17.3 shows the Definition of Time Representation.

<When the count starts from 0 a.m. of Saturday on January 1, 2000>

Noon
{

HR24bit=1 | TREHRregister | 0 | 1 10|11 ]12]13 22|23 o012 21|22|23| 0] 1]2
(24-hour mode) | pm bit 0
HR24 bit=0 TREHR register | 0 | 1 ofufof1 wlufof1]2 9 JwoJulof1]>2
(12-hour mode) | p\m pit 0 (a.m.) 1 (p.m.) 0 (a.m.) 1 (p.m.) 0 (a.m.)
TREWK register 110 (Sat.) 000 (Sun.) 001 (Mon.) 010 (Tue.)
TREDY register Day 1 Day 2 Day 31 Day 1
TREMON register January February
TREYR register Year 2000
LFLAG bit 1
HR24bit=1 | TREHRregister | 3 | 4 | 5 21222301 ]2 21222301 ]2
(24-hour mode) | pm pit 0
HR24 bit= 0 TREHRregister | 3 [ 4 [ 5 21fwoJufof1]>2 9 [roJuJof1]>2
(12-hour mode) | p\m pit 0 (a.m.) 1 (p.m.) 0 (a.m.) 1 (p.m.) 0 (a.m.)
TREWK register 010 (Tue.) 010 (Tue.) 011 (Wed.) 000 (Sun.) 001 (Mon.)
TREDY register Day 1 Day 29 Day 1 Day 31 Day 1
TREMON register February March December January
TREYR register Year 2000 Year 2001
LFLAG bit 1 0

LFLAG, PM, HR24: Bits in TRECR register

Figure 17.3

Definition of Time Representation

HR24 Bit (Operating mode select bit)

When the HR24 bit is set to 0 (12-hour mode), the TREHR register counts from 0 to 11. When this bit is set to
1 (24-hour mode), the register counts from 0 to 23. Read or write to the HR24 bit when the BSY bit in the
TRESEC register is 0 (data not being updated).
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17.2.11 Timer RE Control Register (TRECR) in Compare Match Timer Mode
Address 00137h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| RUN | HR24 | PM [RTCRST| CCLR | LFLAG [ — | AADJE |
After Reset X X X 0 0 X 0 X
After reset by
RTCRST bit in 0 0 0 X X 1 X 0

TRECR register

Bit | Symbol Bit Name | Function RIW
b0 AADJE |Setto 0. R/W
b1 — | Reserved |Setto 0. R/W
b2 LFLAG |Setto 0. R

b3 CCLR | Counter clear enable bit 0: TRECNT register initialization by compare R/W

match is disabled

1: TRECNT register initialization by compare
match is enabled

b4 | RTCRST | Timer RE reset bit (1) 0: Normal operation R/W

1. The registers (2) are initialized and the counter
control circuit is initialized.

b5 PM Setto 0. R/W
b6 HR24 R/W
b7 RUN | Timer RE operation start bit 0: Count is stopped R/W
1: Count is started
Notes:
1. Setthe RTCRST bit to O after setting it to 1. For the initialized values, see each register value after a reset by the
RTCRST bit.

2. Registers listed in Table 17.5.

CCLR Bit (Counter clear enable bit)

Change this bit when the RUN bit is set to O (count is stopped).
When registers TRECNT and TREMIN are compared and match, the CCLR bit is used to select whether to
initialize the TRESEC register. Thisbit is enabled only when the CS3 hit in the TRECSR register is 0.
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17.2.12 Timer RE Count Source Select Register (TRECSR)
in Real-Time Clock Mode

Address 00138h

Bit b7 b6 b5 b4 b3 b2 b1 bo
Symbol| AADJM | OS2 | OS1 | OS0 CS3 CS2 CS1 CS0
After Reset X 0 0 0 1 0 0 0
After reset by
RTCRST bitin 0 X X X X X X X

TRECR register

Bit Symbol Bit Name Function R/W
b0 CSO | Count source select bits Set to 1000b (fXCIN) in real-time clock mode (CS3 | R/IW
bl Cs1 bit = 1). R/W
b2 Cs2 R/W
b3 CS3 R/W
b4 OS0 | Timer RE output select bits bgbg lg “ R/W
bS | 0S1 00 1: fXCIN RIW
b6 0Ss2 010:f8 R/W

011:1Hz&3

100:f16

101:64Hz 23

110:f32

11 1: Do not set.
b7 AADJM | Automatic correction mode select bit | 0: Corrected every minute R/W

1: Corrected every 10 seconds

Notes:
1. When fC-TRH = 32.768 kHz
When fC-TRH = 32.768 kHz, the output frequency may vary from 1 Hz.
2. When fC-TRH = 32.768 kHz
When fC-TRH = 32.768 kHz, the output frequency may vary from 64 Hz.
3. When the second adjustment or clock error correction is used, the output frequency may vary depending on the
timing.

Bits CSO to CS3 (Count source select bits)
Change these hits when the RUN bit in the TRECR register is 0 (count is stopped).

Bits OS0 to OS2 (Timer RE output select bits)
Change these bit when the RUN bit is O (count is stopped).

AADJM Bit (Automatic correction mode select bit)

This bit is enabled when the AADJE bit in the TRECR register is 1 (automatic correction function enabled
(correction by software disabled)).

When the AADJIM bit is set to 0, correction is performed every minute and the resolution is £0.5 ppm. When
thishit isset to 1, correction is performed every 10 seconds and the resolution is £3 ppm.

Change this bit when the BSY bit in the TRESEC register is 0 (data not being updated).
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17.2.13 Timer RE Count Source Select Register (TRECSR)
in Compare Match Timer Mode

Address 00138h

Bit b7 b6 b5 b4 b3 b2 b1 bo
Symbol| AADJM | OS2 | OS1 | OSO | CS3 CS2 CS1 CS0
After Reset X 0 0 0 1 0 0 0
After reset by
RTCRST bitin 0 X X X X X X X

TRECR register

Bit Symbol Bit Name Function R/W
b0 CSO | Count source select bits Set the following values in compare match timer R/W
b1l CS1 mode (CS3 bit = 0): R/W
b2 cs2 0830 8 RIW
b3 CSs3 0001:f32 R/W

0010:f128

001 1:f256

0100:f512

010 1:f2048

0110:f4096

0111:f8192

Other than the above: Do not set.
b4 OSO0 | Timer RE output select bits bgbg lg “ R/W
b5 | OS1 00 1: fXCIN RIW
b6 0Ss2 010:f8 R/W

01 1: Do not set.

100:f16

10 1: Do not set.

110:f32

11 1: Output toggled at every compare match
b7 AADJM |Setto 0. R/W

Bits CSO to CS3 (Count source select bits)
Change these hits when the RUN bit in the TRECR register is 0 (count is stopped).

Bits OS0 to OS2 (Timer RE output select bits)

Change these bit when the RUN bit is O (count is stopped).
When 111b iswritten to bits OS2 to OS0, theinternal output level is set to low.
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17.2.14 Timer RE Clock Error Correction Register (TREADJ)

Address 00139h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PLUS | MINUS | ADJ5 | ADJ4 | ADJ3 | ADJ2 | ADJ1 | ADJO

After Reset X X X X X X X X
After reset by
RTCRST bitin 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 ADJO | Correction value setting bits Setting range: 00h to 3Fh (00 to 63) R/W
bl ADJ1 R/W
b2 ADJ2 R/W
b3 ADJ3 R/W
b4 ADJ4 R/W
b5 ADJ5 R/W
b6 MINUS | Correction counter bits bébg. Not corrected R/W
b7 PLUS 0 1: Subtraction correction RIW

1 0: Addition correction

1 1: Do not set.

The TREADJregister is used in real-time clock mode.
Change the TREADJ register when the BSY bit in the TRESEC register is 0 (data not being updated).

Bits MINUS to PLUS (Correction counter bits)

The one-second counter is changed depending on the values of bits ADJO to ADJ5.

When the PLUS hit is set to 0 and the MINUS bit is set to 1, the internal counter is corrected to the minus side.
The clock can be set backward when it gains time.

When the PLUS bit is set to 1 and the MINUS bit is set to O, the internal counter is corrected to the plus side.
The clock can be set forward when it loses time.

Theinterval for correction differs depending on the AADJE bit in the TRECR register.

When the AADJE bit is O (automatic correction function disabled (correction by software enabled)), correction
is performed when writing to the TREADJ register. When the AADJE bit is 1 (automatic correction function
enabled (correction by software disabled)), correction is performed for the interval set by the AADJIM bit in the
TRECSR register.

For details on the setting method of the TREADJ register, see 17.3.4 Clock Error Correction Function.
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17.2.15 Timer RE Interrupt Flag Register (TREIFR) in Real-Time Clock Mode

Address 0013Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ TADJSF | — | — [RSTADJ|ADJ30S| ALIE [ RTCF | ALIF |
After Reset 0 0 0 0 0 X X X
After reset by
RTCRST bit in 0 0 0 X X 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 ALIF | Alarm interrupt flag 0: No interrupt requested R/W
1: Interrupt requested
bl RTCF | Real-time clock periodic interrupt flag | 0: No interrupt requested R/W
1: Interrupt requested
b2 ALIE | Alarm interrupt enable bit 0: Alarm interrupt disabled R/W
1: Alarm interrupt enabled
b3 ADJ30S | 30-second adjustment bit When 1 is written to this bit, the value of the W
TRESEC register changes as follows.
When TRESEC register value < 29: TRESEC « 00h
When TRESEC register value > 30:
TRESEC « 00h, TREMIN <~ TREMIN + 1
The read value is 0.
b4 RSTADJ | Second counter reset adjustment bit | When 1 is written to this bit, the value of the W
TRESEC register is set to 00h and the internal
counter is initialized.
The read value is 0.
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 TADJSF | Correction status flag 0: No correction R
1: Being corrected

ALIF Bit (Alarm interrupt flag)

[Condition for setting to Q]

« When 0 is written to this bit after reading it. If the result of reading this bit is 1, writing O to this bit will set it
to 0.

[Condition for setting to 1]

» The contents of the timer RE alarm register (1) and the timer RE data register (2 match (see 17.3.5 Alarm
Function).
If the result of reading this bit is 0, writing O to this bit will not change its value. If this bit changesfrom O to 1
after the read, the bit will remain 1 even if O iswritten. Writing 1 has no effect.
To confirm the match, set an enable bit in the timer RE alarm registers (U to 1.

Notes:
1. Timer RE aarm registers: TREAMN, TREAHR, and TREAWK
2. Timer RE dataregisters: TRESEC, TREMIN, TREHR, TREWK, TREDY, TREMON, and TREYR

RTCF Bit (Real-time clock periodic interrupt flag)

[Condition for setting to Q]

« When 0 is written to this bit after reading it. If the result of reading this bit is 1, writing O to this bit will set it
to 0.

[Condition for setting to 1]

* The interrupt source enabled by the TREIER register is generated.
If the result of reading this bit is 0, writing O to this bit will not change its value. If this bit changesfrom O to 1
after the read, the bit will remain 1 even if O iswritten. Writing 1 has no effect.
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TADJSF Bit (Correction status flag)

While the TADJSF bit is 1 (being corrected), do not change the following bits or register:
* The AADJE bit in the TRECR register

* The AADIM bit in the TRECSR register

» The TREADJregister

[Conditions for setting to O]
* Correction ends.
(1) For addition correction, when the correction value set by bits ADJO to ADJ5 in the TREADJ register is
transferred to the internal counter.
(2) For subtraction correction, when the correction value set by bits ADJO to ADJ5 in the TREADJ register
and the internal counter value are compared and match.
* When 00b (not corrected) is written to bits PLUS to MINUS in the TREADJ register.

[Conditions for setting to 1]
« Correction by software
(1) When 01b (subtraction correction) is written to bits PLUS to MINUS (the TADJSF bit is set to 1 in
synchronization with the count source).
(2) When 10b (addition correction) is written to bits PLUS to MINUS (the TADJSF bit is set to 1 in
synchronization with the count source).
* Automatic correction
When the BSY bit in the TRESEC register is set to 0 (data not being updated) during the seconds which meet
the conditions for subtraction correction.
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17.2.16 Timer RE Interrupt Flag Register (TREIFR) in Compare Match Timer Mode
Address 0013Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ TADJSF| — | — [RSTADJ|ADJ30S| ALIE [ OVIF | CMIF |
After Reset 0 0 0 0 0 X X X
After reset by
RTCRST bit in 0 0 0 X X 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W

b0 CMIF | Compare match interrupt flag 0: No interrupt requested R/W
1: Interrupt requested

bl OVIF | Overflow interrupt flag 0: No interrupt requested R/W
1: Interrupt requested

b2 ALIE |SettoO. R/W

b3 | ADJ30S w

b4 | RSTADJ w

b5 — Nothing is assigned. The write value must be 0. The read value is 0. —

b6 —

b7 TADJSF | Disabled in compare match timer mode. R

CMIF Bit (Compare match interrupt flag)

[Condition for setting to Q]

* When 0 is written to this bit after reading it. If the result of reading this bit is 1, writing O to this bit will set it
to 0.

[Condition for setting to 1]

* The contents of registers TRECNT and TREMIN match.
If the result of reading thisbit is 0, writing O to this bit will not change its value. If this bit changesfrom 0 to 1
after the read, the bit will remain 1 even if 0 iswritten. Writing 1 has no effect.

OVIF Bit (Overflow interrupt flag)

[Condition for setting to Q]

« When 0 is written to this bit after reading it. If the result of reading this bit is 1, writing O to this bit will set it
to 0.

[Condition for setting to 1]

* The 8-bit counter overflows.
If the result of reading this bit is 0, writing 0 to this bit will not change its value. If this bit changesfrom O to 1
after the read, the bit will remain 1 even if O iswritten. Writing 1 has no effect.
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17.2.17 Timer RE Interrupt Enable Register (TREIER) in Real-Time Clock Mode
Address 0013Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| YRIE | MOIE | DYIE | HRIE | MNIE | SEIE [ SEIE05 |SEIE025 |
After Reset X X X X X X X X
After reset by
RTCRST bitin 0 0 0 0 0 0 0 0
TRECR register
Bit Symbol Bit Name Function R/W
b0 | SEIEO25 | Periodic interrupt triggered every | 0: Periodic interrupt triggered every 0.25 seconds R/W
0.25 seconds enable bit disabled
1: Periodic interrupt triggered every 0.25 seconds
enabled
bl SEIEO5 | Periodic interrupt triggered every | 0: Periodic interrupt triggered every 0.5 seconds R/W
0.5 seconds enable bit disabled
1: Periodic interrupt triggered every 0.5 seconds
enabled
b2 SEIE | Periodic interrupt triggered every | O: Periodic interrupt triggered every second disabled R/W
second enable bit 1: Periodic interrupt triggered every second enabled
b3 MNIE | Periodic interrupt triggered every | 0: Periodic interrupt triggered every minute disabled R/W
minute enable bit 1: Periodic interrupt triggered every minute enabled
b4 HRIE |Periodic interrupttriggered every | 0: Periodic interrupt triggered every hour disabled R/W
hour enable bit 1: Periodic interrupt triggered every hour enabled
b5 DYIE | Periodicinterrupttriggered every | O: Periodic interrupt triggered every day disabled R/W
day enable bit 1: Periodic interrupt triggered every day enabled
b6 MOIE | Periodic interrupt triggered every | O: Periodic interrupt triggered every month disabled R/W
month enable bit 1: Periodic interrupt triggered every month enabled
b7 YRIE |Periodicinterrupttriggered every | O: Periodic interrupt triggered every year disabled R/W
year enable bit 1: Periodic interrupt triggered every year enabled

Write to the TREIER register when the RUN bit in the TRECR register is 0 (count is stopped).

An interrupt request can be generated every 0.25 seconds, 0.5 seconds, one second, minute, hour, day, month,
or year. To generate an interrupt request, set one of the following bits to 1 (interrupt enabled): SEIE025,
SEIEO5, SEIE, MNIE, HRIE, DYIE, MOIE, and Y RIE (be sure to set only one bit to 1).
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17.2.18 Timer RE Interrupt Enable Register (TREIER)
in Compare Match Timer Mode

Address 0013Bh

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| YRIE | MOIE | DYIE | HRIE | MNIE SEIE OVIE CMIE
After Reset X X X X X X X X
After reset by
RTCRST bit in 0 0 0 0 0 0 0 0
TRECR register
Bit Symbol Bit Name Function R/W
b0 CMIE | Compare match interrupt enable bit | 0: Compare match interrupt disabled R/W
1: Compare match interrupt enabled
bl OVIE | Overflow interrupt enable bit 0: Overflow interrupt disabled R/W
1: Overflow interrupt enabled
b2 SEIE |Setto 0. R/W
b3 MNIE R/W
b4 HRIE R/W
b5 DYIE R/W
b6 MOIE R/W
b7 YRIE R/W

Write to the TREIER register when the RUN bit in the TRECR register is 0 (count is stopped).
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17.2.19 Timer RE Alarm Minute Register (TREAMN)
Address 0013Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | ENBMN | AMN6 | AMN5 | AMN4 | AMN3 | AMN2 [ AMN1 | AMNO
After Reset X X X X X X X X
After reset by
RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 AMNO | First digit of minute alarm data bits | Store the alarm data. 0to 9 (BCD code) | R/W
bl AMN1 R/W
b2 AMN2 R/W
b3 AMN3 R/W
b4 AMN4 | Second digit of minute alarm data | Store the alarm data. 0to5 (BCD code) | R/W
b5 AMNS5 | bits RIW
b6 AMNG R/W
b7 ENBMN | Minute alarm enable bit 0: Minute alarm disabled R/W

(not compared with the TREMIN register)

1: Minute alarm enabled
(compared with the TREMIN register)

The TREAMN register is used in real-time clock mode.

Write to this register when the BSY bit in the TRESEC register is 0 (data not being updated).

The TREAMN register is compared with the TREMIN register when the ENBMN bit is 1 (minute alarm
enabled). If the values of both the registers match, the ALIF bit in the TREIFR register is set to 1 (interrupt
requested). When the ALIE bit in the TREIFR register is 1 (alarm interrupt enabled), an interrupt request is
generated.

Bits AMNO to AMN3 (First digit of minute alarm data bits)
Bits AMN4 to AMNG (Second digit of minute alarm data bits)

Set values from 00 to 59 by the BCD code.
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17.2.20 Timer RE Alarm Hour Register (TREAHR)
Address 0013Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | ENBHR | APM | AHR5 | AHR4 | AHR3 | AHR2 | AHRL | AHRO
After Reset X X X X X X X X
After reset by
RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function Setting Range R/W
b0 AHRO | First digit of hour alarm data bits | Store the alarm data. 0to 9 (BCD code) | RIW
bl AHR1 R/W
b2 AHR2 R/W
b3 AHR3 R/W
b4 AHR4 | Second digit of hour alarm data Store the alarm data. 0to 2 (BCD code) | R/W
b5 AHRS5 | bits RIW
b6 APM |a.m./p.m. alarm data bit 0: a.m. R/W
1:p.m.
b7 ENBHR |Hour alarm enable bit 0: Hour alarm disabled R/W
(not compared with the TREHR register)
1: Hour alarm enabled
(compared with the TREHR register)

The TREAHR register is used in real-time clock mode.

Write to this register when the BSY bit in the TRESEC register is 0 (data not being updated).

The TREAHR register is compared with the TREHR register when the ENBHR bit is 1 (hour alarm enabled). If
the values of both the registers match, the ALIF bit in the TREIFR register is set to 1 (interrupt requested).
When the ALIE bit in the TREIFR register is 1 (alarm interrupt enabled), an interrupt request is generated.

Bits AHRO to AHRS3 (First digit of hour alarm data bits)
Bits AHR4 to AHR5 (Second digit of hour alarm data bits)

Set values from 00 to 11 by the BCD code when the HR24 bit in the TRECR register is 0 (12-hour mode). Set
values from 00 to 23 by the BCD code when the HR24 bit is 1 (24-hour mode).

APM Bit (a.m./p.m. alarm data bit)
Set the APM hit to 0 (aam.) when the HR24 hit is 1 (24-hour mode).
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17.2.21 Timer RE Alarm Day-of-the-Week Register (TREAWK)
Address 0013Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol[ENBWK | — | — | — | — | AWK2 [ AWKLl | AWKO
After Reset X 0 0 0 0 X X X
After reset by
RTCRST bit in 0 0 0 0 0 0 0 0

TRECR register

Bit | Symbol Bit Name Function R/IW
b0 AWKO | Day-of-the-week alarm data bits *’8"6 %’ Sunday RIW
bl AWK1 0 0 1: Monday RW
b2 AWK2 0 1 0: Tuesday RIW

0 1 1: Wednesday
10 0: Thursday
10 1: Friday

11 0: Saturday
11 1: Do not set.

b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —

b5 —

b6 —

b7 ENBWK | Day-of-the-week alarm enable bit 0: Day-of-the-week alarm disabled R/W

(not compared with the TREWK register)
1: Day-of-the-week alarm enabled
(compared with the TREWK register)

The TREAWK register is used in real-time clock mode.

Write to this register when the BSY bit in the TRESEC register is 0 (data not being updated).

The TREAWK register is compared with the TREWK register when the ENBWK bit is 1 (day-of-the-week
alarm enabled). If the values of both the registers match, the ALIF bit in the TREIFR register isset to 1
(interrupt requested). When the ALIE bit in the TREIFR register is 1 (alarm interrupt enabled), an interrupt
request is generated.

Bits AWKO to AWK?2 (Day-of-the-week alarm data bits)
Set 000b (Sunday) to 110b (Saturday).
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17.2.22 Timer RE Protect Register (TREPRC) in Real-Time Clock Mode

Address 0013Fh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol[PROTECT] — [ — [ — [ — [ — | — T —

After Reset 0 0 0 0 0 0 0 0
After reset by
RTCRST bitin X X 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 —
b5 —
b6 — Reserved Setto 0. R/W
b7 PROTECT | Protect bit Writing to the time data registers R/W
0: Write disabled
1: Write enabled

PROTECT Bit (Protect bit)

The following registers and bit can be changed when this bit is set to 1 (write enabled):

« Timer RE dataregisters (TRESEC, TREMIN, TREHR, TREWK, TREDY, TREMON, and TREYR)

* The PM hit in the TRECR register

When 1 iswritten to the PROTECT bit by a program, this bit remains 1. Use the following procedure to change
the registers protected by this bit:

(1) Write 1 tothe PROTECT bhit.

(2) Write avalueto the register protected by this bit.

(3) Write O (write disabled) to this bit.
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17.2.23 Timer RE Protect Register (TREPRC) in Compare Match Timer Mode

Address 0013Fh
Bit b7 b6 b5 b4 b3 b2 b1l b0
SymbolPROTECT] — [ — [ — [ — | — | — [ — ]

After Reset 0 0 0 0 0 0 0 0
After reset by
RTCRST bitin X X 0 0 0 0 0 0

TRECR register

Bit Symbol Bit Name Function R/W
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 —
b3 —
b4 —
b5 —
b6 — Reserved Setto 0. R/W
b7 PROTECT | Protect bit Writing to the TRECNT register R/W
0: Write disabled
1: Write enabled

PROTECT Bit (Protect bit)

The TRECNT register can be changed when the PROTECT hit is 1 (write enabled).

When 1 iswritten to the PROTECT bit by a program, this bit remains 1. Use the following procedure to change
the TRECNT register:

(1) Write 1 tothe PROTECT bhit.

(2) Writeavaueto the TRECNT register.

(3) Write O (write disabled) to this bit.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 335 of 581

Mar 07, 2

012



R8C/M13B Group 17. Timer RE2

17.3 Operation in Real-Time Clock Mode

17.3.1 Operation Example

(Note 1)

{ appron. | 15 K
i 156ms ) »!
1 [ 05s ‘I :

BSY i

T

1

1
1 1 )
1 L

SC12 to SCO0 58 )( 59 q 00
V
1
1 ]
1 )
MN12 to MNOO 03 : )@ 04

i h
1 )
1 )
H H
AMNG to AMNO 04 i i
1 ]
1 1
1 )

HR11 to HROO (Not changed)

WK2 to WKO (Not changed)

DY11 to DY0O (Not changed)

MO10 to MO00 (Not changed) i

1

YR13t0 YROO  (Not changed) i
i :

———— Setto 0 by a program after reading it as 1 +————

)
A4 i A4 ' v

When SEIEOS bit is 1
(periodic interrupt triggered  RTCF
every 0.5 seconds enabled)

— Set to 0 by a program after reading itas 1 +——
1 1

When SEIE bit is 1 i y ! y
(periodic interrupt triggered  RTCF

every second enabled)

Set to 0 by a program after reading it as 1
1

When MNIE bit is 1 y
(periodic interrupt triggered  RTCF
every minute enabled) )

Set to 0 by a program after reading it as 1

When ALIE bitis 1 ]

(alarm interrupt enabled)

and ENBMN bit is 1 ALIF

(minute alarm enabled)
BSY, SC00 to SC12: Bits in TRESEC register Note:
MNOO to MN12: Bits in TREMIN register 1. The BSY bitis set to 1 while data is updated.
HROO to HR11: Bits in TREHR register Read the following registers or bit when this
WKO to WK2: Bits in TREWK register bit is 0 (data not being updated).
DYO0O0 to DY11: Bits in TREDY register « Timer RE data registers
MOO00 to MO10: Bits in TREMON register * The PM bit in the TRECR register

YROO to YR13: Bits in TREYR register

ALIF, RTCF, ALIE: Bits in TREIFR register
SEIEO5, SEIE, MNIE: Bits in TREIER register
AMNO to AMNG6, ENBHN: Bits in TREAMN register

Figure 17.4 Operation Example in Real-Time Clock Mode
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17.3.2 Example of Setting Associated Registers

In real-time clock mode, areset input does not initialize the registers that store data of seconds, minutes, hours,
days of the week, days, months, and years. Theinitial setting for all these registersis required after power on.
Figure 17.5 shows the Initial Setting Procedure When Timer RE2 is Used in Real-Time Clock Mode. Also,
follow Figure 17.5 when setting these registers again.

RUN bit in TRECR register = 0

ILVL5 « 00h

RTCRST bit in TRECR register = 1

RTCRST bit in TRECR register = 0

Set TRECSR register

Set TREIER register

PROTECT bit in TREPRC register = 1

Set registers TRESEC, TREMIN, TREHR,
TREWK, TREDY, TREMON, and TREYR.
Set bits PM and HR24 in the TRECR register.

PROTECT bit in TREPRC register =0

RUN bit in TRECR register = 1

} Stop the count.

} Disable timer RE2 interrupts

Initialize the registers and the counter control circuit.

Select the count source, timer RE output,
and real-time clock mode.

} Set an interrupt.

} Enable writing to the time data registers.

Set seconds, minutes, hours, days of the week,
days, months, years, a.m./p.m., and operating mode.

} Disable writing to the time data registers.

} Start the count.

Figure 17.5

Initial Setting Procedure When Timer RE2 is Used in Real-Time Clock Mode
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17.3.3 Time Changing and Reading Procedures

17.3.3.1 Time Changing Procedure

Check that the BSY bit in the TRESEC register and change the data registers of seconds, minutes, hours, days
of the week, days, months, and years when the BSY bit isO.
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17.3.3.2 Time Reading Procedure

If the data of seconds, minutes, hours, days of the week, days, months, and years is updated while reading the
time, a correct time will not be obtained, so the time must be read again. Figure 17.6 shows an Example When
Correct Time is not Obtained. In this example, only the TRESEC register is read after the data is updated,
resulting an error of approximately 1 minute.

There are the following four methods for reading a correct time:

« Monitoring method by a program 1
Check the BSY bit in the TRESEC register, and read the data registers of seconds, minutes, hours, days of
the week, days, months, and years after the BSY bit changes from 1 to 0. After the BSY bit is set to 1, the
registers are updated after approximately 15.625 ms, and this bit is set to O.

» Monitoring method by a program 2
Read the data registers of seconds, minutes, hours, days of the week, days, months, and years in the
following order:
(1) Enable aperiodic interrupt.
(2) Monitor the RTCF bit in the TREIFR register.
(3) Confirm that the RTCF hit is set to 1 (interrupt requested).
(4) Check that the BSY bit in the TRESEC register is 0 (data not being updated).
(5) Read the above dataregisters.

« Using an interrupt
Read the required contents of the data registers of seconds, minutes, hours, days of the week, days, months,
and years, and bits HR24 and PM in the TRECR register when the BSY bit is 0 in the timer RE2 interrupt
routine.

» Using the values read only if they are the same value twice
Read the data registers of seconds, minutes, hours, days of the week, days, months, and years consecutively
twice, and use the dataif the read datais the same.

[Before update]
TREYR register = 06h, TREMON register = 07h, TREDY register = 28h, TREWK register = 05h,
TREHR register = 09h, TREMIN register = 53h, TRESEC register = 59h
BSY bit = 0 (data not being updated)
(1) Read the year data register 06h
(2) Read the month data register 07h
> (3) Read the day data register 28h
e} (4) Read the day-of-the week data register  05h
=3 (5) Read the hour data register 09h
B (6) Read the minute data register 53h
§ (7) Read the second data register 59h
o
o BSY bit = 1 (data being updated)
[After update]
TREYR register = 06h, TREMON register = 07h, TREDY register = 28h, TREWK register = 05h,
TREHR register = 09h, TREMIN register = 54h, TRESEC register = 00h
BSY bit = 0 (data not being updated)
v (8) Read the second data register 00h

Figure 17.6 Example When Correct Time is not Obtained
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17.3.4 Clock Error Correction Function

This function corrects input frequency errors in the XCIN clock. The correction amount is set by bits ADJO to
ADJ5 in the TREADJ register. The correction direction is set by bits MINUS to PLUS in the TREADJ register.
Time errors can be corrected by setting bits PLUS to MINUS to 10b (addition correction) when fXCIN is
slower than 32,768 Hz, and by setting these bits to 01b (subtraction correction) when fXCIN is faster than
32,768 Hz.

17.3.4.1 Correction by Software

For correction by software, when 1 is written to the MINUS or PLUS bit in the TREADJ register once,
correction is performed only for that onetime. Figure 17.7 shows an Operation Example of Addition Correction
by Software. For subtraction correction by software, if the TADJSF bit in the TREIFR register is set to 1 (being
corrected) immediately before the counter value and the setting value of bits ADJO to ADJ5 are compared and
match, subtraction correction is performed during the first 1/16 second (see Figure 17.8). If the TADJSF bit is
set to 1 immediately after the counter value and the setting value of bits ADJO to ADJ5 are compared and
match, subtraction correction is performed during the second 1/16 second (see Figure 17.9).

Write 1 to PLUS bit

\

PLUS bitin - ===
TREADJ register
1 3cycles of Addition correction ends
| count source !
[ [ \{
TADJSF bit in
TREIFR register )
1 First 1/16 second J‘ Second 1/16 second !
- -t >
Higher 4-bit counter A X A+1 A+2 X A+3
f A h
i ! i
1 1 1
: ! i
| ! |
Lower 11-bit counter 7FEh X 7FFh X 000h X 001h X cees X?FFh X M XM + 1X cees X?FFh X 000h X 001h

During the second 1/16 second, the correction
amount for the M in 000h to (M - 1) is subtracted
from the counter and the frequency is increased

Lower 11-bit counter
overflow

The above diagram applies under the following conditions:
» AADJE bit in TRECR register = 0 (automatic correction function disabled (correction by software enabled))
* M: Value set in bits ADJO to ADJ5 in TREADJ register

Figure 17.7  Operation Example of Addition Correction by Software
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Write 1 to MINUS bit

A\

MINUS bit in
TREADJ register

3cyclesof  gypiraction correction ends

1
1 count source 1
r————p
]
TADJSF bit in ! I—“‘T
TREIFR register H |
]

1
First 1/16 second

Second 1/16 second

1
-l
>

1

LY.

A+1 X A+2

Higher 4-bit counter A

------.)..(..“.-

e
>
+
w

001hX----X?FFhXOOOhXOOth----X M XM+1X----X7FFhXOOOh

S, .

Lower 11-bit counter 7FFh X 000h X 001h X KR X M
N

Y
During the first 1/16 second, the
correction amount for the M in 001h to
M is added to the counter and the frequency is decreased

N

The counter value and the correction setting value match

The above diagram applies under the following conditions:
* AADJE bit in TRECR register = 0 (automatic correction function disabled (correction by software enabled))
* M: Value set in bits ADJO to ADJ5 in TREADJ register

Figure 17.8 Operation Example of Subtraction Correction by Software
(Correction during First 1/16 Second)

Write 1 to MINUS bit

\
MINUS bitin =7/

TREADJ register

1 3cycles of Subtraction correction ends

count source :
r—————P

Yy

i— ________ -

Second 1/16 second !

»
e}

TADJSF bit in
TREIFR register

First 1/16 second

1
-l
Lt

),

Higher 4-bit counter A A+1 X A+2 XA +3

-----.).(..“.-

Lower 11-bit counter 7FFhiOOOhX001hX----X M XM+1X----X7FFhX000hX001hX----X M XOOthOOZhX----X7FFhkOOOh

The counter value and the

During the second 1/16 correction setting value match

second, the correction amount
for the M in 001h to M is added to the counter

The above diagram applies under the following conditions:
» AADJE bit in TRECR register = 0 (automatic correction function disabled (correction by software enabled))
* M: Value set in bits ADJO to ADJ5 in TREADJ register

Figure 17.9  Operation Example of Subtraction Correction by Software
(Correction during Second 1/16 Second)
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17.3.4.2 Automatic Correction Function

For the automatic correction function, when 1 is written to the MINUS or PLUS bit in the TREADJ register,
correction is performed periodically. The TREADJ register is added/subtracted to/from the internal counter
value every minute or 10 seconds with the AADJM bit in the TRECSR register

Figure 17.10 shows an Operation Example of Addition Correction with Automatic Correction Function. Figure
17.11 shows an Operation Example of Subtraction Correction with Automatic Correction Function.

e 10's ol
[l ]
e - [ _———— ey, _—
Crgeer | N[ A AN B A
TRESEC register | Noo___] 1
: ) | )
1 1
] ]
: i
Registers ; X’ . 4 ; X’ ...... X’ i " i
TRESEC + TREMIN 03 min38s 03min39s 03min40s 03min49s 03min 50 s
Write 1 to PLUS bit H H
: i
: .
PLUS bitin ! !
TREADJ register Addition correction Addition correction
occurs/ends occurs/ends
For addition correction with the automatic correction
function, the TADJSF bit is not set to 1 because

TADJSF bit in

] : .
TREIFR register !—> correction occurs and ends simultaneously

) 1
Lower 11-bit counter N XN+1X X7FFhX M XM+1X X7FFhX M XM+1X----

Time when BSY bit is set to 0 Time when BSY bit is set to 0

The above diagram applies under the following conditions:

When real-time clock mode is selected:

« AADJE bit in TRECR register = 1 (automatic correction function enabled (correction by software disabled))
* AADJM bit in TRECSR register = 1 (corrected every 10 seconds)

* M: Value set in bits ADJO to ADJ5 in TREADJ register

Figure 17.10 Operation Example of Addition Correction with Automatic Correction Function
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BSY bit in T -
TRESEC register

) N

1
1
I O S R . 2

Registers - X’ : X’ i cesens X’ i i

TRESEC + TREMIN 03 min38s 03min39s 03min40s 03 min49s 03 min50 s
Write 1 to MINUS bit |
!

TRE'\/-CIID'\f]US t_)|tt|n Time when BSY
register bit is set to 0 Subtraction Time when BSY Subtraction
Correction starts correction ends bit is setto 0 correction ends
4 A\ ' A J

TADJSF bit in
TREIFR register

Lower 11-bit counter N XN+1X X?FFhXOOOhX----X M XOOth X7FFhX000hX----X M XOOth----

The counter value and the correction The counter value and the correction
value are compared and match value are compared and match

The above diagram applies under the following conditions:

When real-time clock mode is selected:

* AADJE bit in TRECR register = 1 (automatic correction function enabled (correction by software disabled))
* AADJM bit in TRECSR register = 1 (corrected every 10 seconds)

* M: Value set in bits ADJO to ADJ5 in TREADJ register

Figure 17.11 Operation Example of Subtraction Correction with Automatic Correction Function
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17.3.4.3 Procedure for Switching Automatic Correction Function

Figure 17.12 shows the Procedure for Switching from Correction by Software. Figure 17.13 shows the
Procedure for Switching from Automatic Correction Function. Figure 17.14 shows the Procedure for Stopping
Automatic Correction Function.

| Correction operation by software |

'

| Wait for at least 4 cycles of the count source |

Y

When the TADJSF bit = 1, wait for
approx. 62.6 ms (max).

TADJSF bit in TREIFR register = 0

| Set AADJIM bit in TRECSR register |- ---------- -+ Set the automatic correction function.
| Set AADJE bit in TRECR register |- ---------- - Select the automatic correction function.

!

| Set TREADJ register

!

| Automatic correction function operation |

|_ __________ Set the correction direction and the
correction amount.

Note:
1. Write to the TREADJ register again even if the correction direction and the correction amount are not
changed.

The above processing must be performed when the BSY bit in the TRESEC register is 0 (data is not being
updated).

Figure 17.12 Procedure for Switching from Correction by Software
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Automatic correction function operation

|
>

When the TADJSF bit = 1, wait for
approx. 2 ms (max).

TADJSF bit in TREIFR register =0

| Set AADJIM bit in TRECSR register |- ---------- - Set the automatic correction function.
| Set AADJE bit in TRECR register |- ---------- - Select correction by software.

!

| Set TREADJ register

!

| Correction operation by software |

|_ __________ Set the correction direction and the
correction amount.

Note:
1. Write to the TREADJ register again even if the correction direction and the correction amount are not
changed.

The above processing must be performed when the BSY bit in the TRESEC register is 0 (data is not being
updated).

Figure 17.13 Procedure for Switching from Automatic Correction Function

Automatic correction function operation

Y

When the TADJSF bit = 1, wait for
approx. 2 ms (max).

TADJSF bit in TREIFR register = 0

Write 00b (not corrected) to bits PLUS to MINUS
in TREADJ register

!

Automatic correction function stop

The above processing must be performed when the BSY bit in the TRESEC register is 0 (data is not being
updated).

Figure 17.14 Procedure for Stopping Automatic Correction Function
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17.3.4.4 Examples of Setting Clock Error Correction Function

The following shows examples of setting correction by the automatic correction function and correction by
software.

These examples apply under the assumptions:

« External sub oscillator frequency fsub = 32,769.55 Hz

« External sub oscillator frequency error foffsub = (32,769.55 — 32,768)/32,768 x 106 = 47.3 ppm

(1) Example of setting correction by the automatic correction function
The AADJE bit in the TRECR register = 1 (automatic correction function enabled (correction by software
disabled)).
* When the AADJIM bit in the TRECSR register = 0 (corrected every minute), the correction amount is
expressed as follows:
Correction amount = (fsub — 32,768) x 60 = 93 > 63 (maximum setting value of bits ADJO to ADJ5)
Thus, automatic correction cannot be performed every minute.
* When the AADJIM bit in the TRECSR register = 1 (corrected every 10 seconds), the correction amount is
expressed as follows:
Correction amount = (fsub —32,768) x 10 = 15.5~ 16
Thus, set the TREADJ register to 01010000b (MINUS correction, the correction amount = 16).
Clock errors after correction (unit: ppm)
= ((fsub x 10— 16)/(32,768 x 10) — 1) x 106
=-1.5 ppm (slower than the standard clock by 1.5 ppm)

(2) Example of setting correction by software

The AADJE bit in the TRECR register = 0 (automatic correction function disabled (correction by software

enabled)).

» The minimum correction amount when writing to the TREADJ register every second is £1/32,768 =
+30.5 ppm, and the minimum correction amount when writing to the TREADJ register every minuteis
+1/32,768/60 = £0.5 ppm, so corrections every second and every minute are combined to be used.

« |f the correction amount when writing to the TREADJ register every second (writing every second) isA,
and the correction amount when writing to the TREADJ register every minute (writing every minute) is
B,

A =[fsub—32,768] =[1.55] = 1 ([ ] indicates a calculation that results in an integer.)

B =A + (((fsub—32,768) x 60) % 60) = A + (93% 60) = 34

(% indicates a calculation that results in aremainder of the division.)
Thus, correction is performed by writing 01000001b (41h) every second and 01100010b (62h) every
minute to the TREADJ register.
Clock errors after correction (unit: ppm)

= (((fsub — A) x 59 + (fsub — B))/(32,768 x 60) — 1) x 106

=0ppm
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17.3.5 Alarm Function

Generation of an alarm can be set by minutes, hours, or days of the week, or any combination of these. Write 1
to an enable bit in the target alarm register and set the lower bitsto the alarm time. Write O to an enable bit in the
other alarm registers.
When the counter (1) and the alarm (2) time match, the ALIF bit in the TREIFR register is set to 1 (interrupt
reguested). Detection of the alarm can be confirmed by reading the ALIF bit, but usually confirmed by using an
interrupt. When 1 (alarm interrupt enabled) has been written to the ALIE bit in the TREIFR register, an alarm
interrupt request is generated and the alarm can be detected.
The ALIF bit that has changed to 1 is set to 0 by writing 0 by a program.
Notes:
1. The counter data bits are as follows:

* Bits MN12 to MN10 and MNO3 to MNQO in the TREMIN register

¢ Bits HR11 to HR10 and HRO3 to HROO in the TREHR register

* The PM bit in the TRECR register

* Bits WK2 to WKO in the TREWK register
2. The alarm time data bits are as follows:

* Bits AMNG6 to AMN4 and AMN3 to AMNO in the TREAMN register

* Bits AHR5 to AHR4 and AHR3 to AHRO in the TREAHR register

* The APM bit in the TREAHR register

* Bits AWK 2 to AWKO in the TREAWK register

The following shows an alarm setting example:

* Set bits AMNG6 through AMN4 to 5 and bits AMN3 through AMNO to 8 in the TREAMN register (58
minutes).

* Set the APM bit to 0 (aum.) and bits AHR5 through AHRO to 3 (3 0’ clock) in the TREAHR register.

* Set bits AWK 2 to AWKO in the TREAWK register to 001b (Monday).

Table 17.6 lists the Alarm Interrupt Request Generation Conditions. Figure 17.15 shows the Alarm Time
Setting Procedure.

Table 17.6  Alarm Interrupt Request Generation Conditions

ENBWK Bit _in ENBHR Bit _in ENBMN Bit _in Alarm Interrupt Request Generation Condition
TREAWK Reqgister TREAHR Register TREAMN Register

0 0 0 An alarm interrupt request is not generated.

0 0 1 Ar_l alarm interrupt request is generated at 58
minutes and 00 seconds.

0 1 0 An alarm interrupt request is generated at
3:00:00 a.m.

0 1 1 An alarm interrupt request is generated at
3:58:00 a.m.

1 0 0 An alarm interrupt request is generated at
0:00:00 a.m. on Monday.

1 0 1 Ar_l alarm interrupt request is generated at 58
minutes and 00 seconds on Monday.

1 1 0 An alarm interrupt request is generated at
3:00:00 a.m. on Monday.

1 1 1 An alarm interrupt request is generated at
3:58:00 a.m. on Monday.
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Operating in real-time clock mode

Y

ILVL5 « 00h
Disable timer RE2 interrupts

!

| Disable alarm interrupts

!

| Set the alarm time |

!

|_ _____________ To prevent an erroneous interrupt, set the
ALIE bit in the TREIFR register to 0.

Write O to ALIF bit in TREIFR register | While setting the alarm time, set the ALIF
(no interrupt requested) bit to 0 to prevent it from changing to 1.
) J
Enable alarm interrupts |- ------------- Set the ALIE bit to 1.

!

Set IRRO and ILVL5
(IR bit «— 0, select the interrupt priority level)

!

Monitor the alarm time
(Wait for the interrupt or check the ALIF bit)

The above processing must be performed when the BSY bit in the TRESEC register is 0 (data is not being
updated).

Figure 17.15 Alarm Time Setting Procedure
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17.3.6 Second Adjustment Function
Two functions are provided as the second adjustment functions: reset adjustment and 30-second adjustment.

17.3.6.1 Reset Adjustment Function

The reset adjustment function initializes the TRESEC register and the internal counter. When 1 iswritten to the
RSTADJbit in the TREIFR register while the BSY bit in the TRESEC register is 0 (data not being updated), the
TRESEC register is set to 00h in approximately 0.1 ms, and the internal counter is initialized and the count
restarts. When 1 iswritten to the RSTADJ bit while the BSY bit is 1 (data being updated), the TRESEC register
is set to 00h when the data is updated, and the internal counter isinitialized and the count restarts.

The other timer RE data registers are not affected during reset adjustment. After writing 1 to the RSTADJ bit,
alow at least approx. 0.2 msto elapse before writing to the TRESEC register.

* When reset adjustment occurs while the BSY bit in the TRESEC register = 0

[ [}
-«

1\

\
)

1s i
)

BSY bit in
TRESEC register

RSTADJ bit in
TREIFR register

]
]
1
1
Internal counter Count operation X Initialized and count restarts /
H (! i
! i i
Registers - - - 4 -
TRESEC + TREMIN 03 min47s X 03 min48 s .X 03 min 00 s x 03 min01s
1 1! 1
i —> 54— 0.1 ms i
Reset adjustment operation BSY calculation result
TRESEC register is set to 00h, TRESEC register + 1
Internal counter is initialized and restarts
» When reset adjustment occurs while the BSY bit in the TRESEC register = 1
| Ls %
P ]
BSY bit in |—| |—|
TRESEC register \ \

RSTADJ bit in
TREIFR register

)

/

]
1
1
1
1
)
1
1
1
1
)
]
L4
Internal counter Count operation X
]
1
]
1

/

s m—

Initialized and count restarts

e~ |

e

1
]
]
Registers - - y -
TRESEC + TREMIN 03min48's X 03min 00 s x 03 min 01 s

! e
(| 1

Reset adjustment operation Internal counter is initialized BSY calculation result

TRESEC register is set to 00h  and restarts TRESEC register + 1

Figure 17.16 Occurrence of Reset Adjustment
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17.3.6.2 30-Second Adjustment Function

The 30-second adjustment function rounds 29 seconds or less to 00 and 30 seconds or more to 00. When 1 is
written to the ADJ30S bit in the TREIFR register while the BSY bit in the TRESEC register is 0 (data not being
updated), the TRESEC register is adjusted by 30 seconds when the data is updated. When 1 is written to the
ADJ30S hit while the BSY bit is 1 (data being updated), the TRESEC register is adjusted by 30 seconds when
the data is updated the next time. The other timer RE data registers are not affected during 30-second
adjustment.

* When 30-second adjustment (second data > 30) occurs while the BSY bit in the TRESEC register = 0

* When 30-second adjustment (second data > 30) occurs while the BSY bit in the TRESEC register = 1

1 1s :
]

BSY bit in |—| |—|
TRESEC register \

ADJ30S bit in
TREIFR register

"~

|
]
1
1
1

Registers

TRESEC + TREMIN _ 03 Min47s

03 min48s 4 min 00 s

B T T) R
y
o

———— e ——————

+ +

30-second adjustment operation 30-second adjustment result
TRESEC register is set 00h
TREMIN register + 1

:‘ 1s 1

)
] 1

BSY bit in
TRESEC register

1
e
1
e

ADJ30S bit in
TREIFR register

"~

S

P S,

Registers

TRESEC + TREMIN 03 min 48 s

03min49s 4 min 00 s

S SN mpmy
A
————aE ——— e ———
y
o

i
- -

*

30-second adjustment operation BSY calculation result 30-second adjustment result
TRESEC register is set 00h
TREMIN register + 1

Figure 17.17 Occurrence of 30-Second Adjustment (Second Data > 30)
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* When 30-second adjustment (second data < 30) occurs while the BSY bit in the TRESEC register = 0

i 1s i
- | -ry
" |

BSY bit in
TRESEC register

1
|
Pz

ADJ30S bit in
TREIFR register

M~

P S

Registers

TRESEC + TREMIN __03 Min 27's

03 min28s 3min00s

———— e ————f———————

— - = it IRERCELE
o

f

30-second adjustment operation 30-second adjustment result
TRESEC register is set 00h

* When 30-second adjustment (second data < 30) occurs while the BSY bit in the TRESEC register = 1

: 1s 1

[ [y
-«
] 1

BSY bit in
TRESEC register

1
L
1
L

ADJ30S bit in
TREIFR register

"~

N

Registers

TRESEC + TREMIN 03 min 28 s

03min29s 3min 00 s

St — == —
Y
———— e ————
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*

30-second adjustment operation BSY calculation result 30-second adjustment result
TRESEC register is set 00h

Figure 17.18 Occurrence of 30-Second Adjustment (Second Data < 30)
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17.4 Operation in Compare Match Timer Mode

17.4.1 Operation Example

TREMIN register
setting value

0oh

RUN bit in
TRECR register

CMIF bitin
TREIFR register

TREO output

8-bit counter content
(hexadecimal number)

Count starts

|

N R N

Set to 1 by a program

Time

— > Maximum 2 cycles of

count source

Yy ! y

“—— The output polarity is inverted at the compare match ——

The above diagram applies under the following conditions:

« CCLR bit in TRECR register = 1 (TRECNT register initialization by compare match is enabled)
« Bits OS2 to OS0 in TRECSR register = 111b (output toggled at every compare match)

« CMIE bit in TREIER register = 1 (compare match interrupt enabled)

Figure 17.19 Operation Example in Compare Match Timer Mode
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17.4.2 Example of Setting Associated Registers

Figure 17.20 shows the Initial Setting Procedure When Timer RE2 is Used in Compare Match Timer Mode.
Also, follow Figure 17.20 when setting these registers again.

RUN bit in TRECR register = 0

ILVL5 « 00h

RTCRST bit in TRECR register = 1

RTCRST bit in TRECR register = 0

Set TRECSR register

Set TREIER register

Set CCLR bit in TRECR register

PROTECT bit in TREPRC register = 1

Set TRECNT register

PROTECT bit in TREPRC register = 0

Set ILVL5

RUN bit in TRECR register =1

} Stop the count.

} Disable timer RE2 interrupts.

Initialize the registers and the counter control circuit.

Select the count source, timer RE output,

and compare match timer mode.

} Set interrupts.

} Set the counter clear enabled/disabled.

} Enable writing to the compare match registers.

} Set the compare match registers.

} Disable writing to the compare match registers.

} Set the interrupt priority level.

} Start the count.

Figure 17.20

Initial Setting Procedure When Timer RE2 is Used in Compare Match Timer Mode
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17.5 Interrupt Sources

Theinterrupt sources for timer RE2 are listed below:

* Periodic interrupts (0.25 seconds, 0.5 seconds, 1 second, minutes, hours, a day, a month, a year)

 Alarm interrupt

» Compare match interrupt

* Overflow interrupt

Table 17.7 lists Timer RE2 Interrupt Sources.

When an interrupt is used, set the registers other than the TRECR register while the RUN hit in the TRECR register
isO (count is stopped), and set the RUN bit to 1 (count is started).

[Real-time clock mode]

When an enabled periodic interrupt source is generated, the RTCF bit in the TREIFR register is set to 1 (interrupt
requested), and an interrupt request is generated.

When the alarm time and the counter match, the ALIF bit in the TREIFR register is set to 1 (interrupt requested).
When an alarm interrupt is enabled, an interrupt request is generated.

[Compare match timer mode]

When the compare match timer overflows, the OVIF bit in the TREIFR register is set to 1 (interrupt requested).
When the OVIE bit in the TRIER register is 1 (overflow interrupt enabled), an interrupt request is generated.
When the compare match timer is compared and matches, the CMIF bit in the TREIFR register is set to 1 (interrupt
reguested). When the CMIE bit in the TREIER register is 1 (compare match interrupt enabled), an interrupt request

is generated.
Table 17.7  Timer RE2 Interrupt Sources
Source Operating mode Source Name Interrupt Source Interrupt Enable Bit
Real-time clock Real-time clock |Periodic interrupt 0.25-second period SEIE025
period/overflow mode triggered every 0.25
seconds
Periodic interrupt 0.5-second period SEIEQ05
triggered every 0.5
seconds
Periodic interrupt The TRESEC register is SEIE
triggered every updated (one-second
second period).
Periodic interrupt The TREMIN register is MNIE
triggered every minute | updated (one-minute period).
Periodic interrupt The TREHR register is HRIE
triggered every hour | updated (one-hour period).
Periodic interrupt The TREDY register is DYIE
triggered every day updated (one-day period).
Periodic interrupt The TREMON register is MOIE
triggered every month | updated (one-month period).
Periodic interrupt The TREYR register is YRIE
triggered every year updated (one-year period).
Compare match | Overflow interrupt When the compare match OVIE
timer mode timer overflows.
Alarm/compare match | Real-time clock | Alarm interrupt When the alarm time set by ALIE
mode the alarm register (TREAMN,
TREAHR, or TREAWK
register only with enable bit
set as 1) and the counter
match.
Compare match | Compare match When the compare match CMIE
timer mode interrupt timer is compared and
matches.
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17.6 Notes on Timer RE2

* When 0 (count is stopped) iswritten to the RUN bit in the TRECR register, the count is stopped after three cycles
of the count source.

» When switching to module standby, set the RUN hit to O (count is stopped) and allow three or more cycles of the
count source to elapse before setting the MSTTRE bit in the MSTCR register to 1 (standby).

* Switching registers TREIFR and TREIER must be performed as follows:

[Real-time clock mode]

- Switch the TREIER register while the RTCF bit in the TREIFR register is 0 (no interrupt requested).

- Switch the ALIE bit in the TREIFR register while the ALIF bit in the TREIFR register is 0 (no interrupt
reguested).

[Compare match timer mode]

- Switch the CMIE bit in the TREIER register while the CMIF bit in the TREIFR register is 0 (interrupt
reguested).

- Switch the OVIE bit in the TREIER register while the OVIF bit in the TREIFR register is 0 (no interrupt
reguested).

When changing the CS3 bit in the TRECSR register, all of the following conditions must be met:

- The RUN bit is 0 (count is stopped).

- When changing the CS3 bit from 0 to 1, the CMIF bit is O (no interrupt requested) and the OVIF bit is 0 (no

interrupt requested).
- When changing the CS3 bit from 1 to 0, the ALIF bit is 0 (no interrupt requested) and the RTCF bit is 0 (no
interrupt requested).
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18. Serial Interface (UARTi (i =0or 1))
The serid interface consists of two channels; UARTO and UART1.

18.1 Overview

UARTO and UART1 have a dedicated timer to generate the transfer clock and operate independently. It supports
two modes. Clock synchronous serial 1/0 mode and clock asynchronous serial 1/0 (UART) mode.

Table 18.1 liststhe UARTi (i = 0 or 1) Specifications. Figure 18.1 shows the UARTi (i = 0 or 1) Block Diagram.
Figure 18.2 shows the Transmit/Receive Unit Block Diagram. Table 18.2 lists the UARTi (i = 0 or 1) Pin
Configuration. For details, see Table 18.4 Clock Synchronous Serial 1/0 M ode Specifications and Table 18.6
Clock Asynchronous Serial 1/0 Mode Specifications.

Table 18.1 UARTI (i = 0 or 1) Specifications
Item Description
I/O pins 3 pins (CLKi, RXDi, and TXDi)
Clock Transfer data Transfer data length: 8 bits
synchronous | format
serial 1/0 Transfer clock « The CKDIR hit in the UiMR register is 0 (internal clock): fj/2 (n + 1)
mode fj = f1, 18, 32, or fXCIN
n: Value set in the UIBRG register (00h to FFh)
» The CKDIR bit in the UIMR register is 1 (external clock):
fEXT (input from the CLKi pin)
Error detection Overrun error
Clock Transfer data » Character bits (transfer data): Selectable from 7, 8, or 9 bits
asynchronous | format « Start bit: 1 bit
serial I/O « Parity bit: Selectable from odd, even, or none
mode « Stop bit: Selectable from 1 or 2 bits
Transfer clock » The CKDIR bit in the UiMR register is O (internal clock): fk/16 (n + 1)
fk = f1, 18, f32, or fXCIN
n: Value set in the UIBRG register (00h to FFh)
» The CKDIR bit in the UiMR register is 1 (external clock): fEXT/16 (n + 1)
fEXT (input from the CLKi pin)
n: Value set in the UIBRG register (00h to FFh)
Error detection Overrun error, framing error, parity error, error sum flag

Interrupt sources

Transmit buffer empty or transmit complete interrupt (multiplexed), and receive
complete interrupt

i=0or1l
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RxDi O —() TXDi
Receive
1/16 i
CLK1 to CLKO E UART reception K\O_ Receive clock
= 00b CKDIR = 0 ! control
f1 — =Y UBRG : circuit Transmit/
8 = Internal register Clock synchronous type |—O ; _ receive
f32 — O 1/16 — : Transmit | | Transmit unit
fXCIN ﬂo —O E UART transmission O\\O_ control clock
External circuit
CKDIR=1 Clock synchronous type
CKDIR =0
—| 1/2
Clock synchronous type
(internal clock selected) o
Clock synchronous type CKDIR =1
(external clock selected)
CLK Clock synchronous type (internal clock selected)
. polarity
cLki O switch ~d
circuit
i=0orl
CKDIR: Bit in UiMR register
CLKO to CLK1: Bits in UiCO register
Figure 18.1 UARTI (i =0 or 1) Block Diagram
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RxDI (O

Digital
filter

i=0or1l

SP: Stop bit

A d Clock

synchronous

PAR disabledltype
PRYE =0
O

PAR enabled
PRYE=1

Clock
synchronous
type

UART
(7 bits)
UART
(8 bits)

UART

(7 bits) UARTI

Clock
synchronous

type

UART
(9 bits)

receive register

UART
(8 bits)

[

| MSBILSB

conversion circuit |

UART
(9 bits)

YyYvyvy

Y

Y

A

y
[p7ips}ps}p4ipsip2}p1iD0]

UiRB
register

\/

Data bus

PAR enabled
PRYE =1

O
PAR disabled

PRYE=0 |Clock
synchronous Clock UART UARTI
0 type synchronous transmit register

PAR: Parity bit
PRYE: Bit in UiIMR register

Notes:

T T T T T T T
|D7:D6:D5:D4:D3:D2:D1:DO

uiTB
register

Clock
synchronous

type
UART

| MSB/LSB conversion circuit |

UART | (8bits)

(9 bits)
Q

(7 bits)

(7 bits)
UART
(8 bits)

1. Enabled when the DFE bit in the UiCO register is 1 in UART mode.
2. Disabled when the DFE bit in the UiCO register is 0 in UART mode or when in clock synchronous mode.

Figure 18.2 Transmit/Receive Unit Block Diagram
Table 18.2 UARTI (i =0 or 1) Pin Configuration
Pin Name Assigned Pin I/0 Function
CLKO P1 6 I/0 Transfer clock input and output
RXDO P1 4,P1 5 P4 6 | Serial data input
TXDO Pl 4,P4 2,P4 6 (0] Serial data output
CLK1 PO_3 I/O Transfer clock input and output
RXD1 PO_2 | Serial data input
TXD1 PO_1 (0] Serial data output
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18.2 Registers
Table 18.3 liststhe UARTI (i = 0 or 1) Register Configuration.

Table 18.3 UARTI (i = 0 or 1) Register Configuration

Register Name Symbol After Reset Address Access Size
UARTO Transmit/Receive Mode Register UOMR 00h 00080h 8
UARTO Bit Rate Register UOBRG XXh 00081h 8
UARTO Transmit Buffer Register UoTBL XXh 00082h g8
UOTBH XXh 00083h g8
UARTO Transmit/Receive Control Register 0 uoco 00001000b 00084h 8
UARTO Transmit/Receive Control Register 1 uoC1 00000010b 00085h 8
UARTO Receive Buffer Register UORBL XXh 00086h g8
UORBH XXh 00087h 8@
UARTO Interrupt Flag and Enable Register UOIR 00h 00088h 8
UART1 Transmit/Receive Mode Register U1MR 00h 00190h 8
UART1 Bit Rate Register U1BRG XXh 00191h 8
UART1 Transmit Buffer Register UITBL XXh 00192h 8 (1)
U1TBH XXh 00193h g8
UART1 Transmit/Receive Control Register O u1co 00001000b 00194h 8
UART1 Transmit/Receive Control Register 1 UlcC1 00000010b 00195h 8
UART1 Receive Buffer Register U1RBL XXh 00196h g
U1RBH XXh 00197h 8@
UART1 Interrupt Flag and Enable Register UlIR 00h 00198h 8
X: Undefined
Note:

1. For details on access, see the description of the individual registers.

18.2.1 UARTI Transmit/Receive Mode Register (UIMR) (i = 0 or 1)
Address 00080h (UOMR), 00190h (U1MR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | PRYE | PRY | STPS | CKDIR | SMD2 | SMD1 | SMDO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SMDO i its (1, 2) b2 bl b0 R/W
b1 SMDL Serial /O mode select bits 0 0 0: Serial interface disabled RIW
0 0 1: Clock synchronous serial I/O mode
b2 SMD2 1 0 0: UART mode, transfer data 7 bits long Riw

10 1: UART mode, transfer data 8 bits long
11 0: UART mode, transfer data 9 bits long
Other than the above: Do not set.

b3 CKDIR | Internal/external clock select bit 0: Internal clock R/W
1: External clock

b4 STPS | Stop hit length select bit 0: One stop hit R/W
1: Two stop bits

b5 PRY | Odd/even parity select bit (3 0: Odd parity RIW
1: Even parity

b6 PRYE | Parity enable bit 0: Parity disabled R/W
1: Parity enabled

b7 — Reserved Setto 0. R/W

Notes:
1. When setting bits SMD2 to SMDO to 000b (serial interface disabled), set the TE bit in the UiC1 register to 0
(transmission disabled) and the RE bit to O (reception disabled).
2. When bits SMD2 to SMDO are set to 001b (clock synchronous serial /0O mode), the error flags (bits FER, PER,
and SUM) in the UiRB register are disabled. When these bits are read, the values are undefined.
3. The PRY bit is enabled when the PRTYE bit is 1 (parity enabled).
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18.2.2 UARTI Bit Rate Register (UIBRG) (i=0or 1)
Address 00081h (UOBRG), 00191h (U1BRG)

Bit b7 b6 b5 b4 b3 b2 bl b0

smool [ — [ — [ — [ — [ — [ — T — ] —

After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to b0 | If the set value is n, UIBRG divides the count source by n + 1. 00h to FFh w

Write to the UiBRG register using the MOV instruction while transmission and reception are stopped.
Set hits CLKO to CLK1 in the UiCO register before writing to this register.

18.2.3 UARTI Transmit Buffer Register (UiTB) (i =0 or 1)
Address 00082h (UOTBL), 00192h (U1TBL)

Bit b7 b6 b5 b4 b3 b2 bl b0
sympolf — | — | — | = | = | = | = | =
After Reset X X X X X X X X

Address 00083h (UOTBH), 00193h (U1TBH)

Bit b15 b14 b13 b12 b1l b10 b9 b8
smol[ — [ — [ — [ — [ — [ — [ — [ =
After Reset X X X X X X X X

Bit Symbol Function
b0 — Transmit data (D8 to DO)

bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 —
b9 — Nothing is assigned. The write value must be 0. The read value is undefined.
b10 —
b11 —
b12 —
b13 —
b14 —
b15 —

IHEHHEEHEEHE

If the transfer datais 9 bitslong, write to the UiTBH register first and then the UiTBL register in 8-bit units.
Write to the Ui TB register using the MOV instruction. Word access is prohibited.
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18.2.4 UARTI Transmit/Receive Control Register 0 (UiCO) (i=0or 1)
Address 00084h (UOCO), 00194h (U1CO0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | UFORM | CKPOL | NCH | DFE | TXEPT | — | CLK1 | CLKO |
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 CLKO |UIBRG count source select bits (1) bcl)b& (1 R/W
bl CLK1 01:18 R/W
10:f32
1 1: fXCIN
b2 — Reserved Setto 0. R/W
b3 TXEPT | Transmit register empty flag 0: Data present in the transmit register R

(transmission is in progress)
1: The transmit register empty
(transmission is completed)

b4 DFE | RXDi digital filter enable bit (2) 0: Digital filter disabled R/W
1: Digital filter enabled

b5 NCH | Data output select bit 0: TXDi pin is set to CMOS output R/W
1: TXDi pin is set to N-channel open-drain output

b6 CKPOL | CLK polarity select bit (3) 0: Transmit data is output on the falling edge and R/W

receive data is input on the rising edge of the
transfer clock

1: Transmit data is output on the rising edge and
receive data is input on the falling edge of the
transfer clock

b7 UFORM | Transfer format select bit 0: LSB first R/W
1: MSB first

Notes:
1. If the UIBRG count source is changed, set the UIBRG register again.
2. The DFE bit is enabled in clock asynchronous serial I/O mode. In clock synchronous serial I/O mode, set this bit
to O (digital filter disabled).
3. The CKPOL bit is enabled in clock synchronous serial I/O mode.
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18.2.5 UARTI Transmit/Receive Control Register 1 (UiC1) (i=0or 1)
Address 00085h (UOC1), 00195h (U1C1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — JURRM| UIRS | R | RE | T | TE |
After Reset 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 TE Transmit enable bit 0: Transmission disabled R/W
1: Transmission enabled
bl TI Transmit buffer empty flag 0: Data present in the UiTB register R
1: The UiTB register empty
b2 RE Receive enable bit 0: Reception disabled R/W
1: Reception enabled
b3 RI Receive complete flag (1) 0: The UiRB register empty R
1: Data present in the UiRB register
b4 UIIRS | UARTI transmit interrupt source 0: Transmit buffer is empty (Tl = 1) R/W
select bit 1: Transmission is completed (TXEPT = 1)
b5 UIRRM | UARTI continuous receive mode 0: Continuous receive mode disabled R/W
enable bit (1) 1: Continuous receive mode enabled
b6 — Reserved Set to 0. R/W
b7 —
Notes:

1. The RI bit is set to 0 when the UiRBH register is read.
In clock asynchronous 1/0 mode, set the UIRRM bit to 0 (continuous receive mode disabled).

2.
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18.2.6 UARTI Receive Buffer Register (UiRB) (i=0 or 1)
Address 00086h (UORBL), 00196h (U1RBL)

Bit b7 b6 b5 b4 b3 b2 bl b0
sympolf — | — | — | — | — | — | = | —
After Reset X X X X X X X X

Address 00087h (UORBH), 00197h (U1RBH)

Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol| SUM | PER | FER | OER | — — — —
After Reset X X X X X X X X
Bit | Symbol Bit Name | Function RIW
b0 — Receive data (D8 to DO) R
bl — R
b2 — R
b3 — R
b4 — R
b5 — R
b6 — R
b7 — R
b8 — R
b9 — Nothing is assigned. The write value must be 0. The read value is undefined. —
b10 —
b11 —
b12 OER | Overrun error flag (1) 0: No overrun error has occurred R
1: An overrun error has occurred
b13 FER | Framing error flag (1. 2) 0: No framing error has occurred R
1: A framing error has occurred
b14 PER | Parity error flag (1. 2) 0: No parity error has occurred R
1: A parity error has occurred
b15 SUM | Error sum flag (1. 2) 0: No error has occurred R
1: An error has occurred
Note:

1. Bits OER, FER, PER, and SUM are set to 0 (no error has occurred) when bits SMD2 to SMDO in the UiIMR
register are set to 000b (serial interface disabled) or the RE bit in the UiC1 register is set to 0 (reception
disabled).
The SUM bit is set to 0 (no error has occurred) when all of bits OER, FER, and PER are set to O (no error has
occurred). In addition, bits FER and PER are set to 0 when the UiRBH register is read.
When setting bits SMD2 to SMDO in the UiMR register to 000b, set the TE bit in the UiC1 register to 0
(transmission disabled) and the RE bit to O (reception disabled).

2. These error flags are invalid when bits SMD2 to SMDO in the UIMR register are set to 001b (clock synchronous
serial /0O mode). When these bits are read, the values are undefined.

The UiRB register must be accessed in 16-bit units. Do not access this register in 8-bit units. When this register
is accessed as 16-hit units, it is accessed twice in 8-bit units.
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18.2.7 UARTI Interrupt Flag and Enable Register (UilR) (i =0 or 1)
Address 00088h (UOIR), 00198h (U1IR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| UITIF | URIF | — | — | UTIE | URE | — | —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 UIRIE | UARTI receive interrupt enable bit 0: Receive interrupt disabled R/W
1: Receive interrupt enabled
b3 UITIE |UARTI transmit interrupt enable bit 0: Transmit interrupt disabled R/W
1: Transmit interrupt enabled
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 UiRIF | UARTI receive interrupt flag 0: No receive interrupt requested R/W
1: Receive interrupt requested
b7 UITIF | UARTI transmit interrupt flag 0: No transmit interrupt requested R/W
1: Transmit interrupt requested

UiRIF Bit (UARTiI receive interrupt flag)
[Condition for setting to 0]

* When 0 iswritten to this bit after reading it as 1.

[Condition for setting to 1]
* When the RI bit in the UiCL1 register is changed from 0 (the UiRB register empty) to 1 (data present in the
UiRB register).

UITIF Bit (UARTI transmit interrupt flag)
[Condition for setting to O]

* When 0 iswritten to this bit after reading it as 1.

[Condition for setting to 1]
» When the transmit buffer becomes empty or transmission compl etes.
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18.3 Operation

UARTI (i = 0 or 1) supports two modes: Clock synchronous serial 1/0 mode and clock asynchronous serial 1/0
(UART) mode.

18.3.1 Clock Synchronous Serial I/O Mode

In clock synchronous serial 1/0 mode, transmission or reception is performed using a transfer clock.
Table 18.4 lists the Clock Synchronous Serial 1/0 Mode Specifications. Table 18.5 lists the Registers and
Settings Used in Clock Synchronous Serial 1/0 Mode.

Table 18.4  Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format Transfer data length: 8 bits
Transfer clock » The CKDIR bit in the UIMR register is O (internal clock): fj/(2 (n + 1))

fj = 1, 8, f32, or fXCIN
n = Value set in the UiBRG register (00h to FFh)
» The CKDIR bit in the UIMR register is 1 (external clock): fEXT (input from the CLKi pin)

Transmit start conditions | To start transmission, the following requirements must be met: (1)
» The TE bit in the UiC1 register must be 1 (transmission enabled).
» The Tl bit in the UiC1 register must be 0 (data present in the UiTB register).

Receive start conditions | To start reception, the following requirements must be met: (1)

» The RE bit in the UiC1 register must be 1 (reception enabled).

» The TE bit in the UiC1 register must be 1 (transmission enabled).

» The Tl bit in the UiC1 register must be 0 (data present in the UiTB register).

Interrupt request * For transmission: One of the following can be selected.
generation timing - The UIIRS hit in the UiC1 register is 0 (transmit buffer is empty):
When data is transferred from the UiTB register to the UARTI transmit register (at
start of transmission).
- The UIIRS bit in the UiC1 register is 1 (transmission is completed):
When data transmission from the UARTI transmit register is completed.
* For reception:
When data is transferred from the UARTI receive register to the UiRB register (at
completion of reception).
Error detection « Overrun error (2)
This error occurs if the next data reception is started and the 7th bit is received before
the UiRB register is read.
Selectable functions * CLK polarity selection
The output and input timing of transfer data can be selected to be either the rising or the
falling edge of the transfer clock.
* LSB first or MSB first selection
The start bit can be selected to be bit 0 or bit 7 when transmission and reception are
started.
« Continuous receive mode selection
Reading the UiRB register enables reception at the same time.

i=0orl
Notes:
1. When an external clock is selected, the requirements must be met in either of the following states:
« The external clock is set to high when the CKPOL bit in the UiCO register is O (transmit data is output on the
falling edge and receive data is input on the rising edge of the transfer clock).
» The external clock is set to low when the CKPOL bit is 1 (transmit data is output on the rising edge and receive
data is input on the falling edge of the transfer clock).
2. If an overrun error occurs, the receive data (b0 to b7) in the UiRB register is undefined. The UiRIF bit in the UilR
register remains unchanged.
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Table 18.5  Registers and Settings Used in Clock Synchronous Serial 1/0 Mode

Register Bit Function
uiTB b0 to b7 Set the transmit data.
UiRB b0 to b7 The receive data can be read.
OER Overrun error flag
UIBRG b0 to b7 Set the bit rate.
UIMR SMD2 to SMDO | Set to 001b (clock synchronous serial I/O mode).
CKDIR Select an internal or external clock.
UiCo CLKO to CLK1 | Select the UiBRG count source (f1, f8, 32, or fXCIN).
TXEPT Transmit register empty flag
NCH Select the output type (CMOS or N-channel open-drain output) of the TXDi pin.
CKPOL Select the polarity of the transfer clock.
UFORM Select LSB first or MSB first.
uUiCl TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
UiIRS Select the UARTI transmit interrupt source to be transmit buffer empty or transmit
complete.
UIRRM Select continuous receive mode from disabled or enabled.
i=0orl
Note:

1. The write value must be 0 for all bits not listed in this table.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 366 of 581
Mar 07, 2012



R8C/M13B Group 18. Serial Interface (UARTi (i = 0 or 1))

18.3.1.1 Operation Examples

 Transmit timing example (internal clock selected)

TC
— - f-—
Transfer clock
]
TE bitin J ! | |
UiC1 register ! o
]
)

/ Data is set in UiTB register

Tl bitin
UiC1 register \
From UiTB register to UARTI transmit register

TCLK
—

Stopped because TE bitis 0

CLKi

[ ] 1
[IN) ] ]
1 )
oolofozoafosfosfosforfooforfoefosfosfosfosf o7 foojorfoefosfocfosfoe) e
1 ] ]
] ] :
TXEPT bitin ! ! :l:l
UiCO register 1w >
1

i 1

1
1

UITIF bitin i ,— ,—
UiIR register !

< A A A

Set to 0 by acknowledgement of an interrupt request or by a program

The above diagram applies for the following settings: TC=TCLK =2 (n+ 1)/ffj
« CKDIR bit in UiMR register = 0 (internal clock) fj: Frequency of UIBRG count source
« CKPOL bit in UiCO register = 0 (transmit data is output on the falling (f1, 18, 32, or fXCIN)

edge and receive data is input on the rising edge of the transfer clock) n: Value set in UIBRG register

« UIIRS bit in UiC1 register = 0 (transmit buffer is empty)

« Receive timing example (external clock selected)

RE bit in
UiC1 register

TEbitin |
UiC1 register

;( Dummy data is set in UiTB register

Tl bitin

UiC1 register 1
R SN

Ui From UiTB register to UARTI transmit register

1EXT
—

CLKi
Receive data is taken in
Rxoi_ Joofosfozfoafoifosfosf o7 fooforfozfosfosfosos)

A

Set to 0 by acknowledgement of an interrupt request or by a program

From UARTI receive UIRB register is read
RI bitin register to UiRB register \m
UiC1 register I
i
leIF k_)lt in W
UiIR register

fEXT: Frequency of external clock The following requirements must be met when an
input to the CLKi pin is high before data reception:

The above diagram applies for the following settings: * TE bit in UIC1 register — 1 (transmission enabled)

* CKDIR bit in UiMR register = 1 (external clock) * RE bit in UiC1 register — 1 (reception enabled)

« CKPOL bit in UiCO register = 0 (transmit data is output on the falling * Dummy data is written to UiTB register

edge and receive data is input on the rising edge of the transfer clock)

i=0or1l

Figure 18.3 Transmit and Receive Timing in Clock Synchronous Serial I/O Mode
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18.3.1.2  Polarity Select Function

Figure 18.4 shows the Transfer Clock Polarity.
The CKPOL bit in the UiCO register (i = 0 or 1) can be used to select the polarity of the transfer clock.

* CKPOL bit in UiCO register = 0 (transmit data is output on the falling edge and receive data is
input on the rising edge of the transfer clock)

CLKi @

TXDi \ po ¢ b1 | p2) Y\ p3 } pa | ps | pe | D7
X

RXDi f po Y b1 J o2 \ b3 } pa { ps | pe | D7

* CKPOL hit in UiCO register = 1 (transmit data is output on the rising edge and receive data is
input on the falling edge of the transfer clock)

CLKi @
TXDi XDO(X)DlXDZ)XD3XD4XD5XD6XD7
RXDi XDOXDlXIBJZXDSXD4XD5XD6XD7
i=0orl
Notes:

1. The CLKi pin level is high when transfer is not performed.
2. The CLKi pin level is low when transfer is not performed.

Figure 18.4  Transfer Clock Polarity

18.3.1.3 LSB First or MSB First Selection

Figure 18.5 shows the Transfer Format.
The UFORM hit in the UiCO register (i = 0 or 1) can be used to select the transfer format.

« UFORM bit in UiCO register = 0 (LSB first) ()

CLKi

TXDi Y po Y b1 J b2 \ b3 } pa | ps | b6 | D7

RXDi f po Y b1 J b2 \ b3 } pa { ps | pe | D7

« UFORM bit in UiCO register = 1 (MSB first) @

CLKi

TXDi f o7 y pe | ps Y ba | b3 | b2 | b1 | Do
RXDi \ o7 y pe | ps f pa | b3 | b2 } b1 | Do

1. The above applies when the CKPOL bit in the UiCO register = 0 (transmit data is output
on the falling edge and receive data is input on the rising edge of the transfer clock).

Figure 18.5 Transfer Format
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18.3.1.4 Continuous Receive Mode

Continuous receive mode is selected by setting the UiRRM bit in the UiC1 register (i = 0 or 1) to 1 (continuous
receive mode enabled). In this mode, reading the UiRB register sets the Tl bit in the UiC1 register to O (data
present in the UiTB register). When the UiRRM bit is 1, do not write dummy data to the UiTB register by a
program.

18.3.1.5 Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in clock

synchronous seria 1/0 mode, follow the procedure below:

(1) Setthe TE bit in the UiC1 register (i = 0 or 1) to O (transmission disabled) and the RE bit 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) SettheTE bitinthe UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).
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18.3.2 Clock Asynchronous Serial I1/0 (UART) Mode

In clock asynchronous serial 1/0 mode, transmission and reception are performed at an arbitrary bit rate and in
an arbitrary format.

Table 18.6 lists the Clock Asynchronous Serial 1/0 Mode Specifications. Table 18.7 lists the Registers and
Settings Used in Clock Asynchronous Serial 1/0 Mode.

Table 18.6  Clock Asynchronous Serial /0 Mode Specifications

Item Specification
Transfer data format « Character bits (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
« Stop bits: Selectable from 1 or 2 bits
Transfer clock » The CKDIR bit in the UiMR register is 0 (internal clock): fk/16 (n + 1)
fk =f1, f8, f32, or fXCIN
n = Value set in the UiBRG register (O0h to FFh)
» The CKDIR bit in the UIMR register is 1 (external clock): fEXT/16 (n + 1)
fEXT (input from the CLKi pin)
n = Value set in the UIBRG register (00h to FFh)
Transmit start conditions | To start transmission, the following requirements must be met:
» The TE bit in the UiC1 register must be 1 (transmission enabled).
» The Tl bit in the UiC1 register must be 0 (data present in the UiTB register).
Receive start conditions | To start reception, the following requirements must be met:
» The RE bit in the UiC1 register must be 1 (reception enabled).
« Start bit detection
Interrupt request * For transmission: One of the following can be selected.
generation timing - The UIIRS bit in the UiC1 register is 0 (transmit buffer is empty):
When data is transferred from the UiTB register to the UARTI transmit register (at
start of transmission).
- The UIIRS hit in the UiC1 register is 1 (transmission is completed):
When data transmission from the UARTI transmit register is completed.
* For reception:
When data is transferred from the UARTI receive register to the UiRB register (at
completion of reception).
Error detection « Overrun error (1)
This error occurs if the next data reception is started and the next to last bit is received
before the UiRB register is read.
 Framing error
This error occurs when the set number of stop bits is not detected. (2)
* Parity error
This error occurs when parity is enabled, and the number of 1's in the parity and
character bits do not match the set number of 1’s. (2)
* Error sum flag
This flag is set to 1 if an overrun, framing, or parity error occurs.

i=0orl
Notes:
1. If an overrun error occurs, the receive data (b0 to b8) in the UiRB register is undefined. The UiRIF bit in the UilIR
register remains unchanged.
2. The framing error flag and the parity error flag are set to 1 when data is transferred from the UARTI receive
register to the UiRB register.
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Table 18.7 Registers and Settings Used in Clock Asynchronous Serial I/O Mode

Register Bit Function
uiTB b0 to b8 Set the transmit data. (1)
UiRB b0 to b8 The receive data can be read. (2)
OER Overrun error flag
FER Framing error flag
PER Parity error flag
SUM Error sum flag
UIBRG b0 to b7 Set the bit rate.
UIMR SMD2 to SMDO | Set to 100b when transfer data is 7 bits long.

Set to 101b when transfer data is 8 bits long.
Set to 110b when transfer data is 9 bits long.

CKDIR Select an internal or external clock.
STPS Select one or two stop bits.
PRY, PRYE Select whether parity is enabled and whether odd or even.
UiCo CLKO to CLK1 | Select the UIBRG count source (f1, f8, 32, or fXCIN).
TXEPT Transmit register empty flag
NCH Select the output type (CMOS or N-channel open-drain output) of the TXDi pin.
CKPOL Set to 0 (transmit data is output on the falling edge and receive data is input on the
rising edge of the transfer clock).
UFORM Select LSB first or MSB first when transfer data is 8 bits long.
Set to 0 (LSB first) when transfer data is 7 bits or 9 bits long.
UiCl TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
UiIRS Select the UARTI transmit interrupt source to be transmit buffer empty or transmit
complete.
UiRRM Set to 0 (continuous receive mode disabled).
i=0orl
Notes:

1. The bits used are as follows:
« Bits 0 to 6 when transfer data is 7 bits long
« Bits 0 to 7 when transfer data is 8 bits long
« Bits 0 to 8 when transfer data is 9 bits long
2. The contents of the following are undefined: Bits 7 and 8 when transfer data is 7 bits long, and bit 8 when
transfer data is 8 bits long.
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18.3.2.1 Operation Examples

« When transfer data is 8 bits long (parity enabled, one stop bit)

TC
-
Transfer clock
]

[} ] ]
) 1 1
TE bitin J ' i : |
UiC1 register ! ! ! A
: i
1

,7
vic1 Qg'?;té”r 38§ i :
W

TXDi

TXEPT bit in
UiCO register

UIiTIF bit in
UiIR register

.

3/f1 A 3

Set to 0 by acknowledgement of an interrupt request or by a program

The above diagram applies for the following settings: TC =16 (n + 1)/fk or 16 (n + 1)/fEXT

« STPS bit in UIMR register = 0 (one stop bit) fk: Frequency of UiIBRG count source (f1, 8, f32, or fXCIN)
« PRYE bit in UIMR register = 1 (parity enabled) fEXT: Frequency of UIBRG count source (external clock)

« UiIRS bit in UiC1 register = 1 (transmission is completed) n: Value set in UIBRG register

* When transfer data is 9 bits long (parity disabled, two stop bits)
TC

Transfer clock

TE bitin J
UiC1 register

1

Data is set in UiTB register
Tl bitin M’g_i_‘ —I
UiC1 register \:\
From UITB register to UARTI transmit register
1

Start Stop
bit

bit
o rieoororfesfesfesosforkoef sr \sriooorforfefesfesostorkoef se \st

TXEPT bitin ! I:I ,_l
UiCO register -» —
TC/2 + 1/fk 1k
1
UITIF bit in H
UilR register !
3/f1 A A
Set to 0 by acknowledgement of an interrupt request or by a program
The above diagram applies for the following settings: TC =16 (n + 1)/fk or 16 (n + 1L)/fEXT
* STPS bit in UiMR register = 1 (two stop bits) fk: Frequency of UiIBRG count source (f1, f8, f32, or fXCIN)
« PRYE bit in UIMR register = 0 (parity disabled) fEXT: Frequency of UIBRG count source (external clock)
« UiIRS bit in UiC1 register = 0 (transmit buffer is empty) n: Value set in UIBRG register
i=0orl

Figure 18.6  Transmit Timing in Clock Asynchronous Serial I/O Mode

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 372 of 581
Mar 07, 2012



R8C/M13B Group 18. Serial Interface (UARTi (i = 0 or 1))

« When transfer data is 8 bits long (parity disabled, one stop bit)

UIBRG output

RE bit in J __________
UiCl1 register

RXDi 63 Start bit I( 5o x D1 D7 y Stop bit \
o) . N |

Low level is determined Receive data is acquired

Transfer clock

Transmission is started when a transfer

Rl bitin clock is generated on the falling edge From UARTI receive register to UiRB register '
UICL register of the start bit \<)
__________ _—:
UIRIF bit in | Li
L0 ]| =T £ =T i
3/f1 A
Set to 0 by acknowledgement of an interrupt request or by a program
i=0orl

The above diagram applies for the following settings:
« STPS bit in UIMR register = 0 (one stop bit)
* PRYE bit in UIMR register = 0 (parity disabled)

Figure 18.7 Receive Timing in Clock Asynchronous Serial 1/0 Mode
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18.3.2.2 Bit Rate

In clock asynchronous serial 1/0O mode, the bit rate is obtained by dividing the frequency with the UiBRG
register (i = 0 or 1) and further dividing it by 16.
The value to be set in the UiBRG register is calculated as follows:

* When an internal clock is selected

fk

Bit rate x 16 1

Value set in UIBRG register =
fk: Frequency of UIBRG count source (f1, f8, 32, or fXCIN)

* \When an external clock is selected

fEXT

Bit rate x 16 1

Value set in UIBRG register =
fEXT: Frequency of UiIBRG count source (external clock)

Table 18.8  Setting Example for Clock Asynchronous Serial /0 Mode (Internal Clock Selected)

CiRat UIBRG System Clock = 20 MHz System Clock = 18.432 MHz (1) System Clock = 8 MHz
ItRate Value Set Setting | Value Set Setting | Value Set Settin
(bps) Scoouur:te inUBRG | Qgtt‘tfés) Errorg in UBRG | Qgttjt?;s) Errorg in UBRG | o Qgt?t?;s) Errorg
Register (%) Register (%) Register (%)
1200 8 129 (81h) 1201.92 0.16| 119 (77h) 1200.00 0.00| 51 (33h) 1201.92 0.16
2400 8 64 (40h) 2403.85 0.16| 59 (3Bh) 2400.00 0.00| 25 (19h) 2403.85 0.16
4800 f8 32 (20h) 4734.85| -1.36| 29 (1Dh) 4800.00 0.00| 12 (0Ch) 4807.69 0.16
9600 fl 129 (81h) 9615.38 0.16| 119 (77h) 9600.00| 0.00| 51 (33h) 9615.38 0.16
14400 fl 86 (56h) | 14367.82| -0.22| 79 (4Fh)| 14400.00 0.00| 34 (22h)| 14285.71| -0.79
19200 fl 64 (40h) | 19230.77 0.16| 59 (3Bh)| 19200.00| 0.00| 25 (19h)| 19230.77 0.16
28800 fl 42 (2Ah) | 29069.77 0.94| 39 (27h)| 28800.00 0.00| 16 (10h)| 29411.76 2.12
38400 fl 32 (20h) | 37878.79| -1.36| 29 (1Dh)| 38400.00 0.00| 12 (0Ch)| 38461.54 0.16
57600 fl 21 (15h)| 56818.18| -1.36| 19 (13h)| 57600.00 0.00 8 (08h) | 55555.56| -3.55
115200 fl 10 (OAh) | 113636.36| -1.36 9 (09h) | 115200.00| 0.00 — — —
i=0orl
Note:

1. For the high-speed on-chip oscillator, write the adjustment values in registers FR18S0 and FR18S1 to registers
FRV1 and FRV2, respectively.
This applies when the high-speed on-chip oscillator is selected as the system clock and the PHISEL register is
set to 00h (no division). For details on the accuracy of the high-speed on-chip oscillator, see 24. Electrical
Characteristics.
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18.3.2.3 RXDi (i =0 or 1) Digital Filter

When the DFE bit in the UiCO register (i =0 or 1) is 1 (digital filter enabled), the RXDi input is latched
internally through the digital filter circuit for noise cancellation. The noise canceller consists of three cascaded
latch circuits and a match detection circuit. When the RXDi input is sampled on the base clock with frequency
of 16 times the transfer rate and three latch outputs match, the level is passed forward to the next circuit. When
they do not match, the previous level is retained.

That is, if the RXDi input retains the same level for three clocks or more, it isrecognized asasignal. If not, itis
recoghized as noise.

Figure 18.8 showsthe RXDi Digital Filter Block Diagram.

Sampling clock

C C Cc Match DFE bit
RXDi O D Q D Q D Q— detection —— inUICO — Internal RXDi input
Latch Latch Latch ’, circuit |’ register
i=0orl

Figure 18.8 RXDi Digital Filter Block Diagram

18.3.2.4 Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in UART mode,

follow the procedure below:

(1) Setthe TE bit in the UiC1 register (i = 0 or 1) to O (transmission disabled) and the RE bit to O (reception
disabled).

(2) Set bitsSMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 100b (UART mode, transfer data 7 bits long), 101b
(UART mode, transfer data 8 bitslong), or 110b (UART mode, transfer data 9 bits long).

(4) SettheTE bitinthe UiCl register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).
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18.4 UARTI (i=0or 1) Interrupt

The UARTI (i =0 or 1) interrupt requests are the transmit buffer empty or transmit complete interrupt, and the
receive complete interrupt.
Table 18.9 lists the Interrupt Requests.

Table 18.9 Interrupt Requests

Interrupt Request Interrupt Generation Condition
Transmit buffer empty | UITIF = 1 (transmit interrupt requested) and UITIE = 1 (transmit interrupt enabled)
Transmit complete

Receive complete UIRIF = 1 (receive interrupt requested) and UIRIE = 1 (receive interrupt enabled)
i=0or1l

UITIF, UITIE, UiRIF, UIiRIE: Bits in UiIR register

Note:

1. The CPU executes interrupt exception handling when the interrupt generation conditions are met and the | flag
in the FLG register is 1.
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18.5 Notes on Serial Interface (UARTi (i =0 or 1))

Regardless of clock synchronous 1/0 mode or clock asynchronous I/0O mode, read the UiRB register (i =0or 1) in
16-bit units.

When the UiRBH register is read, bits FER and PER in the UiRB register are set to 0 (no framing error, no parity
error). Also, the RI bit in the UiC1 register is set to O (the UiRB register empty).

To check receive errors, use the data read from the UiRB register.

* Program example to read the receive buffer register
MOV.W 0086H, RO ; Read the UORB register

When the transfer data is 9 bits long in clock asynchronous 1/0 mode, write to the UiTB register in the order
UiTBH first and then UiTBL in 8-bit units.

* Program example to write to the transmit buffer register
MOV.B #XXH, 0083H ; Write to the UOTBH register
MOV.B #XXH, 0082H ; Write to the UOTBL register

Do not set the MSTUARTO bit in the MSTCR register or the MSTUART1 bit in the MSTCR1 register to 1
(standby) during communication. When setting the modul e to the standby state, confirm whether communication
has completed. After communication has completed, set bits TE and RE in the UiC1 register to O (communication
disabled) before setting the module to the standby state. After the module standby state is cleared, the initial
settings for communication must be set again.
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19. IrDA (Infrared Data Association) Interface

The IrDA interface performs waveform encoding/decoding conforming to IrDA specification version 1.0, and
performs communication through pins IrTxD and IrRxD. By connecting these pins to an infrared transceiver/receiver,
it is possible to implement infrared transmission and reception conforming to the IrDA specification version 1.0
system.

19.1 Overview

In the IrDA specification version 1.0 system, communication is started at a transfer rate of 9600 bps, and
subsequently the transfer rate can be varied as necessary. The IrDA interface does not include a function to change
the transfer rate automatically. The transfer rate must be changed by a program.

Figure 19.1 showsthe IrDA Interface Block Diagram. Table 19.1 lists the IrDA Interface Pin Configuration.

IrDA
Internal TXDO UART_SEL =0
> Pulse I'TXD UART_SEL =0 PT_TXDO/
> O UART SEL =1 encoder :L o IrTXD O (TXDONIITXD
UARTO — O
UART_SEL=1
Internal
____RXDO UART_SEL=0 PT TXD/
LMD\ (TXDL)ITXD
UART_SEL =1 PT_RXDO/
Ir_wrt)e(BWfI UART SEL=0 — o <BX0__ ~ RxpONIRXD
o)> decoder O - O (RXDL/)IRXD
0O PT_RXD1/
UART1 UART_SEL =1 IrRXD
UART_SEL=0
_Internal RXD1 O)
o—
UART_SEL=1
UART_SEL: Bit in IRCR register
Figure 19.1 IrDA Interface Block Diagram
Table 19.1 IrDA Interface Pin Configuration
Pin Name 110 Function
(RXDO/)IrRXD I IrDA receive data input for channel O
(TXDON)IrTXD (0] IrDA transmit data output for channel 0
(RXD1NIrRXD I IrDA receive data input for channel 1
(TXD1HIrTXD (0] IrDA transmit data output for channel 1
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19.2 Registers

19.2.1 IrDA Control Register (IRCR)
Address 0019Ch

Bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol| IRE | IRCKS2 | IRCKS1 | IRCKSO | IRTXINV [ IRRXINV [UART_SEL —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl | UART_SEL | UARTO or UART1 select bit (1) | 0: UARTO R/W
1: UART1
b2 IRRXINV | IrRXD data inversion bit 0: IrRXD input is used as receive data without R/W
modification
1: IrRXD input is used as receive data in inverted form
b3 IRTXINV | IrTXD data inversion bit 0: Transmit data is output from IrTXD without R/W
modification
1: Transmit data is output from IrTXD in inverted form
Eg :Egizg IDA clock select bits (2 0.0 0 Pulse width = B x 3/16 (3/16 of the bit rate) Em

0 0 1: Pulse width = f2
b6 IRCKS2 01 0: Pulse width =4 R/W
01 1: Pulse width = f8

1 0 O: Pulse width = f16
1 0 1: Pulse width = f32
11 0: Pulse width = f64
11 1: Pulse width = 128

b7 IRE IrDA enable bit 3) 0: IrDA disabled (TXD/IrTXD pin functions as TXD pin, | R/IW
and RXD/IrRXD pin functions as RXD pin)

1: IrDA enabled (TXD/IrTXD pin functions as IrTXD
pin, and RXD/IrRXD pin functions as IrRXD pin)

Notes:
1. Setthe UART_SEL bit while UART operation is stopped (the TE bit is 0 and the RE bit is 0 in the UOC1 or U1C1
register), and the IRE bit is O (IrDA disabled).
2. When an external clock or fXCIN is selected as the UART transfer clock and the IrDA interface is used, set bits
IRCKS2 to IRCKSO to 000b (pulse width = B x 3/16).
3. Change the UART transfer clock when the IRE bit is O (IrDA disabled). In addition, change each bit in the IRCR
register when the IRE bit is O (IrDA disabled).

The IRCR register is used to select the functions of UARTO and UART 1.

IRRXINV Bit (IrRXD data inversion bit)

This bit is used to specify inversion of the logic level for the IrRXD input. At inversion, the high-level pulse
width specified by bits IRCKS0 to IRCKS2 is set to the low-level pulse width.

IRTXINV Bit (IrTXD data inversion bit)

This bit is used to specify inversion of the logic level for the IrTXD output. At inversion, the high-level pulse
width specified by bits IRCKS0 to IRCKS2 is set to the low-level pulse width.

Bits IRCKSO to IRCKS2 (IrDA clock select bits)
These bits are used to set the high-level pulse width in encoding the IrTXD output pulse.
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19.3 Operation

19.3.1 Transmission

In transmission, the output signal from the UART (UART frame) is converted to an IR frame by the IrDA
interface (see Figure 19.2). When the serial datais 0, ahigh-level pulse of 3/16 the bit rate (period equivaent to
the width of one bit) is output (initial value). The high-level pulse width can be changed by bits IRCK SO0 to
IRCKS2 in the IRCR register. In the IrDA specification, the high-level pulse width is fixed at a minimum of
1.41 ps and amaximum of (3/16 + 2.5%) x bit rate or (3/16 x bit rate) + 1.08 ps. When the system clock (f) is
20 MHz, 1.6 pscan be set as the minimum high-level pulse width at 1.41 ps or above. When the serial datais1,
no pulse is output.

P UART frame -
Data
Start bit [« | Stop bit
0 1 0 1 0 0 1 1 0 1
Transmissionl T Reception
P IR frame -
Data
Start bit [« -  Stop bit
0 1 ‘ 0 1 ‘ 0 0 1 ‘ 1 ‘ 0 1
—| Bit period [—— —  |«—— Pulse width is 1.6 ps to 3/16 bit period

Figure 19.2 Example of IrDA Interface Transmit and Receive Operation

19.3.2 Reception

In reception, IR frame data is converted to a UART frame by the IrDA interface and input to the UART. When
ahigh-level pulseis detected, O datais output. If there is no pulse during a one-bit period, 1 datais output. Note
that a pulse shorter than the minimum pulse width of 1.41 uswill also be identified asa 0 signal.

19.3.3 High-Level Pulse Width Selection

When making the pulse width shorter than 3/16 times the bit rate in transmission, see Table 19.2 IRCK SO to
IRCK S2 Bit Settings for applicable IRCK SO to IRCK S2 bit settings (minimum pulse width) and system clock
(f) and bit rate selections.
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Table 19.2 IRCKSO to IRCKS2 Bit Settings

Upper Row: Bit Rate (bps)/Lower Row: Bit Period x 3/16 (us)
System Clock (f)
(MH2) 2400 9600 19200 38400 57600 115200

78.13 19.53 9.77 4.88 3.26 1.63
2 010 010 010 010 010 —
2.097152 010 010 010 010 010 —
2.4576 010 010 010 010 010 —
3 011 011 011 011 011 —
3.6864 011 011 011 011 011 —
49152 011 011 011 011 011 —
5 011 011 011 011 011 011
6 100 100 100 100 100 —
6.144 100 100 100 100 100 —
7.3728 100 100 100 100 100 —
8 100 100 100 100 100 —
9.8304 100 100 100 100 100 —
10 100 100 100 100 100 100
12 101 101 101 101 101 —
12.288 101 101 101 101 101 —
14 101 101 101 101 101 —
14.7456 101 101 101 101 101 —
16 101 101 101 101 101 —
16.9344 101 101 101 101 101 —
17.2032 101 101 101 101 101 —
18 101 101 101 101 101 —
19.6608 101 101 101 101 101 —
20 101 101 101 101 101 101

—: A UART bit rate setting cannot be made.
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19.4

UART and IrDA Setting Procedure

To use the IrDA interface, follow the procedure below:

@
(2
3
(4)
©)
(6)
(")

(8)
(©)

Set the TE bit to O (transmission disabled) and the RE bit to O (reception disabled) in the UiC1 register (i =0
or 1), and then set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

Set the IRE bit in the IRCR register to 0 (IrDA disabled).

Set the UART_SEL bit in the IRCR register to 0 (UARTO) or 1 (UARTY).

Set the function mapping registers (PMLO, PMH1, and PMH4) for ports 0, 1, and 4 to assign the IrRXD pin to
PO_2,P1 5, P1 4, or P4_6.

Set the function mapping registers (PML4, PMH4, PMH1, and PMLO) for ports 0, 1, and 4 to assign the
IrTXD pin to P42, P46, P14, or PO1.

Set the UART communication control bits (bits in registers UIMR, UiBRG, and UiCO; i = 0 or 1) selected in
step (3).

Set the other bits (bit 2 to bit 6) while the IRE bit in the IRCR register is 0 (IrDA disabled).

Set the IRE bit in the IRCR register to 1 (IrDA enabled).

Set the TE bit to 1 (transmission enabled) or the RE bit to 1 (reception enabled) in the UART UiC1 register
selected in step (3).

(10) Write transmit data to the UART transmit buffer register selected in step (3) (at transmission).

Note: For IrDA reception, complete the setting of the initial level of the pin while UART operation is stopped (the
TE bit is 0 and the RE bit is 0 in the UiC1 register) and the IRE bit is O (IrDA disabled).
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20. Clock Synchronous Serial Interface

20.1 Overview
The clock synchronous serial interface is configured as follows:

Clock synchronous serial interface

Synchronous serial communication unit (SSU) ————— Clock synchronous communication mode

L 4-wire bus communication mode

12C businterface (12C) 12C bus interface mode

L——— Clock synchronous serial mode

20.1.1 Mode Selection

The clock synchronous serial interface supports four modes.
Table 20.1 lists the bits associated with mode selection.

Table 20.1 Mode Selections

IICSEL Bit in ICE Bit in MS Bit in
IICCR Register (1) | SICR1 Register (1) | SIMR2 Register (1)

Function Name Mode

0 Synchronous serial | Clock synchronous
0 0 communication unit | communication mode

1 4-wire bus communication mode
1 1 0 I2C bus interface I2C bus interface mode
1 Clock synchronous serial mode
Note:
1. Do not make the settings other than the combinations listed in the above table. Otherwise, operation cannot be
guaranteed.
RO1UHO0023EJ0200 Rev.2.00 .zENESAS Page 383 of 581

Mar 07, 2012



R8C/M13B Group 20. Clock Synchronous Serial Interface

20.1.2 Synchronous Serial Communication Unit (SSU)

The synchronous serial communication unit (SSU) supports clock synchronous serial data communication.
Table 20.2 lists the Synchronous Serial Communication Unit Specifications. Figure 20.1 shows the
Synchronous Serial Communication Unit Block Diagram.

Table 20.2  Synchronous Serial Communication Unit Specifications

ltem Description
Transfer data format Transfer data length: 8 to 16 bits
Communication modes * Clock synchronous communication mode

« 4-wire bus communication mode (including bidirectional communication)
- Master or slave device can be selected.
- Continuous transmission and reception of serial data are supported because the
shift, transmit, and receive registers are independent.
I/O pins SSCK (I/0): Clock I/O pin
SSI (I/O): Data I/O pin
SSO (I/0): Data I/O pin
SCS (1/0): Chip select I/O pin
Transfer clocks * When the MST bit in the SICR1 register is O (slave mode)
External clock (input from the SSCK pin)
« When the MST bit in the SICR1 register is 1 (master mode)
Internal clock (selectable among f1/256, f1/128, f1/64, f1/32, f1/16, f1/8 and f1/4,
output from the SSCK pin)
« The clock polarity and phase can be selected.
Receive error detection Overrun error detection
Indicates an overrun error has occurred during reception and reception is
terminated in error. When the next serial data reception is completed while the
RDREF bit in the SISR register is 1 (data present in the SIRDR register), the
ORER_AL bitis set to 1 (overrun error).
Multimaster error detection Conflict error detection
When starting a serial communication while the MS bit in the SIMR2 register is 1
(4-wire bus communication mode) and the MST bit in the SICR1 register is 1
(master mode), the CE_ADZ bit in the SISR register is set to 1 (conflict error) if the
SCS pin input is low.
When the SCS pin input changes from low to high during transfer while the MS bit
in the SIMR2 register is 1 (4-wire bus communication mode) and the MST bit in the
SICR1 register is 0 (slave mode), the CE_ADZ bit in the SISR register is set to 1.

Interrupt requests 5 requests (transmit end, transmit data empty, receive data full, overrun error, and
conflict error (1))
Selectable functions « Data transfer direction

MSB first or LSB first can be selected.
* SCL clock polarity

The level (low or high) when the clock is stopped can be selected.
* SCL clock phase

The edge for data change and data download can be selected.

Note:
1. A conflict error occurs only in 4-wire bus communication mode.
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fl
Internal clock (f1/i) Internal clock
generation circuit
A
Multiplexer [
SSCK O———p ~
* SIMRL1 register |< p
e[ SicR1 regiser =)
[ SicR2 regisier =)
SCS Ot————® i cireuit SIER register KT
[ SSRregser_|=)
[t SIMR2 register |< p
[%]
>
| [ SioR regter =) 2
vy :
(Note 1)
SSO Ow—» SISDR register
Selector
SSI Oa—
[ SIRDR register =)
: Interrupt requests
(TXI, TEI, RXI, OEl, and CElI)
—’
i=4,8, 16, 32, 64, 128, or 256
Note:
1. The SISDR register (shift register) cannot be read or written by software because
it is an internal register.
Figure 20.1 Synchronous Serial Communication Unit Block Diagram
Table 20.3  Synchronous Serial Communication Unit Pin Configuration
Pin Name 110 Function
SSI /0 Data I/O
SCS 110 Chip select /O
SSCK I/O Clock 110
SSO 1/0 Data 1/0
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20.1.3 12C bus Interface

The I2C bus interface is the circuit that performs serial communication based on the data transfer format of the
Philips 12C bus.

Table 20.4 lists the 12C bus Interface Specifications. Figure 20.2 shows the 12C bus Interface Block Diagram.
Table 20.5 lists the 12C bus Interface Pin Configuration. Figure 20.3 shows an External Circuit Connection
Example for Pins SCL and SDA.

Table 20.4  12C bus Interface Specifications

Item Description
Communication modes « 12C bus interface mode
- Master or slave device can be selected.
- Continuous transmission and reception are supported (because the shift,
transmit, and receive registers are independent).
- Start/stop conditions are automatically generated in master mode.
- Automatic loading of the acknowledge bit during transmission.
- Bit synchronization and wait function are included. (In master mode, the state of
the SCL signal is monitored per bit and the timing is synchronized automatically.
If the transfer is not ready yet, the SCL signal is held low and the interface stands
by.)
- Direct drive of pins SCL and SDA (N-channel open-drain output) is supported.
« Clock synchronous serial mode
Continuous transmission and reception are supported (because the shift, transmit,
and receive registers are independent).

I/O pins SCL (I/O): Serial clock 1/0 pin
SDA (1/O): Serial data 1/O pin
Transfer clocks * When the MST bit in the SICR1 register is 0 (slave mode)

External clock (input from the SCL pin)

* When the MST bit in the SICR1 register is 1 (master mode)
Internal clock selected by bits CKS0 to CKS3 in the SICRL1 register and bits
ICTCTWI and IICTCHALF in the IICCR register (output from the SCL pin)

Receive error detection Overrun error detection (clock synchronous serial mode)

Indicates an overrun error has occurred during reception. When the last bit of the
next data is received while the RDRF bit in the SISR register is 1 (data present in
the SIRDR register), the ORER_AL bit is set to 1 (overrun error).

Interrupt sources « I2C bus interface mode: 6 sources
Transmit data empty (including when slave address matches), transmit end,
receive data full (including when slave address matches), arbitration lost, NACK
detection, and stop condition detection

« Clock synchronous serial mode: 4 sources
Transmit data empty, transmit end, receive data full, and overrun error

Selectable functions « |12C bus interface mode
The output level of the acknowledge signal during reception can be selected.
« Clock synchronous serial mode
MSB first or LSB first can be selected as the data transfer direction.
« SDA digital delay
The digital delay value of the SDA pin can be selected by bits SDADLYO to
SDADLY1 in the IICCR register.
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fl
Transfer clock
generation circuit
(N
o
ScCL control g o SICR1 register (70
Transmit/receive -
control circuit SICR2 register (>
Noise -
canceller - SIMR1 register [T
SITDR register
DA Output [« (Note 1) SIMR2 register [(T)
control | | SISDR register
(2]
. Y 3
Noise o
canceller Address =
comparison circuit
SIRDR register | |
> Bus state
o check circuit
— Avrbitration -
L— check circuit SISR register
SIER register |<
v -
Interrupt
generation circuit
Interrupt requests
(TXI, TEL, RXI, STPI, and NAKI)
Note:
1. The SISDR register (shift register) cannot be read or written by software because it is an internal register.

Figure 20.2 I2C bus Interface Block Diagram

Table 20.5 I2C bus Interface Pin Configuration

Pin Name Function
SCL Clock I/0
SDA Data I/O
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<
(@)
0
<
@)
0

NVN—O0
NVN—O

SCL
SCL input ® & @ SCL _——
SCL output —{
SDA SDA
SDA input L g L & -_———
SDA output —{
SCL SCL
(Master) SCL input SCL input
SCL output —{ SCL output —{
SDA SDA
SDA input SDA input
SDA output —{ SDA output —{
(Slave 1) (Slave 2)
Figure 20.3 External Circuit Connection Example for Pins SCL and SDA
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20.2 Registers

The registers of the clock synchronous serial interface are multiplexed with the SSU and 12C bus functions.
Table 20.6 lists the Clock Synchronous Serial Interface Register Configuration.

Table 20.6  Clock Synchronous Serial Interface Register Configuration

Register Name Symbol After Reset Address Access Size

IIC Control Register IICCR 00001110b 00160h 8

SS Bit Counter Register SSBR 11111000b 00161h 8

S| Transmit Data Register SITDR FFh 00162h 8ori16 1)
FFh 00163h

S| Receive Data Register SIRDR FFh 00164h 8ori16 1)
FFh 00165h

S| Control Register 1 SICR1 00h 00166h 8

S| Control Register 2 SICR2 01111101b 00167h 8

S| Mode Register 1 SIMR1 (Note 6) 00168h 8

Sl Interrupt Enable Register SIER 00h 00169h 8

Sl Status Register SISR 00h 0016Ah 8

S| Mode Register 2 SIMR2 00h 0016Bh 8

Notes:
1. Perform an 8-bit access when the 12C bus function is used and a 16-bit access when the SSU function is used.
2. In standby mode, the values of bits SCLO and SDAO in the SICR2 register, bits BCO to BC3 in the SIMR1
register, and the internal registers are initialized. The other bits in registers SIMR1 and SICR2 and the other
registers are not initialized.
When performing a write access after standby mode, insert at least one NOP instruction.
Do not set to the standby state during operation of the 12C bus or SSU function.
In standby state, all registers cannot be written but can be read.
The value after a reset is 00010000b when the SSU function is used, and 00011000b when the 12C bus function
is used.

o0 hAw
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20.2.1 1IC Control Register (IICCR)
Address 00160h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | SDADLY1 | SDADLYO [IICTCHALF| IICTCTWI — — — IICSEL
After Reset 0 0 0 0 1 1 1 0
Bit Symbol Bit Name Function R/W
b0 IICSEL | SSU/I2C bus switch bit (1) 0: SSU function R/W
1: 12C bus function

bl — Nothing is assigned. The write value must be 1. The read value is 1. —
b2 —

b3 —

b4 IICTCTWI |12C double transfer rate select bit (2. 3) | 0: Transfer rate is the same as the value set R/W

with bits CKS0 to CKS3 in the SICR1 register
1: Transfer rate is twice the value set with bits
CKSO0 to CKS3 in the SICRL1 register

b5 IICTCHALF | 12C half transfer rate select bit (2. 3) 0: Transfer rate is the same as the value set R/W
with bits CKS0 to CKS3 in the SICR1 register

1: Transfer rate is half the value set with bits
CKSO0 to CKS3 in the SICRL1 register

b6 | SDADLYO |SDA pin digital delay select bits (3.4) |b7bs RIW
b7 SDADLYL 0 O: Digital delay of 3 x f1 cycles RIW

0 1: Digital delay of 11 x f1 cycles
1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

Notes:
1. Initialize all the registers before switching between the 12C bus function and the SSU function.
2. Do not set both bits ICTCTWI and IICTCHALF to 1 when the 12C bus function is used. Set both these bits to 0
when the SSU function is used.
3. Set this bit at the initial setting and do not rewrite it during operation.
4. Do not set a digital delay which is half or more than the transfer rate.
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20.2.2 SS Bit Counter Register (SSBR)
Address 00161h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — — | BS3 BS2 BS1 BSO
After Reset 1 1 1 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 BSO | SSU data transfer length setting bits bg bé 161 %Q 16 bits R/W
b1 | Bs1 |2 100 0: 8 bits RIW
b2 BS2 100 1: 9 bits RIW
b3 BS3 101 0: 10 hits RIW
1011:11 bits
1100: 12 bits
1101:13 hits
1110: 14 bits
1111:15bits
Other than the above: Do not set.
b4 — Nothing is assigned. The write value must be 1. The read value is 1. —
b5 —
b6 —
b7 —
Notes:

1. Do not write to bits BSO to BS3 during operation of the SSU function. When the RE_STIE bit in the SIER register
is 0 (data reception disabled) and the TE_NAKIE bit is O (data transmission disabled), write to bits BSO to BS3.
2. The settings other than the determined values are invalid.

The setting of the SSBR register is valid when the SSU function is used. The setting of the SSBR register is
invalid when the 12C bus function is used.

Bits BSO to BS3 (SSU data transfer length setting bits)
Asthe SSU data transfer length, 8 to 16 bits can be used.
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20.2.3 Sl Transmit Data Register (SITDR)
Address 00162h, 00163h

Bit b7 b6 b5 b4 b3 b2 bl b0
smool[_— [ — [ — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1 1
Bit b15 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b15 to b0 | Store the transmit data. (1) RIW

When it is detected that the SISDR register is empty, the stored transmit data is transferred to the
SISDR register and transmission is started.

If the next transmit data has been written to the SITDR register during the data transmission from
the SISDR register, the data can be transmitted consecutively.

When the MLS bit in the SIMR1 register is 1 (data transfer with LSB first), the data with inverted
MSB and LSB is read after writing to the SITDR register.

Note:

1. Use 8-bit access when the 12C bus function is used. Use 16-bit access when the SSU function is used. Do not
access this register in 8-bit units. When this register is accessed as 16-bit units, it is accessed twice in 8-bit units.
When the SITDR register is accessed, TDRE is disabled and transmit operation is started.

20.2.4 Sl Receive Data Register (SIRDR)
Address 00164h, 00165h

Bit b7 b6 b5 b4 b3 b2 bl b0
symool— ] — [ — [ — ] — ] — T — ] —
After Reset 1 1 1 1 1 1 1 1
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b15 to b0 | Store the receive data. (1.2, 3) R

When 1 byte of data has been received by the SISDR register, the receive data is transferred to
the SIRDR register and the receive operation is completed. At this time, the next receive operation
is enabled.

Continuous reception is enabled using registers SISDR and SIRDR.

Notes:

1. When the ORER bit in the SISR register is set to 1 (overrun error), the SIRDR register retains the data received
before an overrun error occurs. The receive data (data in the SISDR register) when an overrun error occurs is
discarded.

2. Use 8-bit access when the 12C bus function is used. Use 16-bit access when the SSU function is used. Do not
access this register in 8-bit units. When this register is accessed as 16-bit units, it is accessed twice in 8-bit units.
When SIRDR is accessed, the RDRF bit is set to 0 (no data in the SIRDR register).

3. Read the SIRDR register when the RDRF bit is 1 (data present in the SIRDR register).
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20.2.5 Sl Control Register 1 (SICR1)
In the SICR1 register, the bit functions differ depending on the SSU function and the I2C bus function.

20.2.5.1 When SSU Function is Used
Address 00166h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | ICE RCVD MST TRS CKS3 CKS2 CKs1 CKSO0
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

E(; giz(l) Transfer clock select bits (1) bgbé %1 80 (1/256 il\le
000 1:f1/128

b2 | CKS2 0010:f1/64 RIW

b3 CKS3 001 1:f1/32 RIW
0100:f1/16
0101:f1/8
0110:f1/4
Other than the above: Do not set.

b4 TRS |Reserved Set to 0 when the SSU function is used. R/W

b5 MST | Master/slave select bit (2,3, 4) 0: Slave mode R/W
1: Master mode

b6 RCVD | Receive disable bit (5) 0: Next receive operation continues R/W
1: Next receive operation disabled

b7 ICE Reserved Set to 0 when the SSU function is used. R/W

Notes:

1. In master mode, make the setting according to the required transfer rate. For details on the transfer rate, see
20.3.1.1 Transfer Clock.
2. If an overrun error occurs in master receive mode of clock synchronous serial mode, the MST bit is set to 0 and
slave receive mode is entered.
3. When the MST bit is 1 (master mode), the SSCK pin functions as the transfer clock output pin. When the

CE_ADZ bit in the SISR register is set to 1 (conflict error), the MST bit is set to 0 (slave mode).

4. In multimaster operation, use the MOV instruction to set the MST bit.
5. The RCVD bit is disabled when the MST bit is 0 (slave mode).
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20.2.5.2  When I2C bus Function is Used

Address 00166h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| ICE | RCVD | MST | TRS | CKS3 | CKS2 CKS1 CKS0
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W
b0 CKSO | Transfer clock select bits (1) b3 b2 b1 b0 RIW

0000:f1/28
bl CKs1 000 1:f1/40 RW

b2 | CKS2 0010:f1/48 Riw
b3 CKS3 001 1:f1/64 R/W
0100:f1/80

0101:f1/100
0110:f1/112
0111:f1/128
1000:f1/56

1001:f1/80

1010:f1/96

1011:f1/128
1100:f1/160
1101:f1/200
1110:f1/224
1111:f1/256
b4 TRS | Transmit/receive select bit (2.3.4,6) | 0: Receive mode R/W
1: Transmit mode
b5 MST | Master/slave select bit (4. 5, 6) 0: Slave mode R/W
1: Master mode
b6 RCVD | Receive disable bit (7) After the SIRDR register is read while TRS =0, R/W
0: Next receive operation continues
1: Next receive operation disabled

b7 ICE I12C bus interface enable bit (8) 0: Output from SCL and SDA is disabled R/W

(Input to SCL and SDA is enabled)
1: Transfer with 12C bus interface function is enabled

Notes:

1. In master mode, make the setting according to the required transfer rate. For details on the transfer rate, see
Tables 20.9 and 20.10 Transfer Rate Examples. In slave mode, a transfer clock is used for maintaining the data
setup time in transmit mode. For details on this function, see « Maintaining Data Setup Time during Slave
Transmit Operation in 20.4.2.5 Slave Transmit Operation.

Rewrite the TRS bit between transfer frames.

3. In slave receive mode, when the first 7 bits after the start condition matches the slave address set in the SIMR2
register and the 8th bit is 1, the TRS bit is set to 1.

4. If arbitration is lost in master mode of 12C bus interface mode, bits MST and TRS are set to 0 and slave receive
mode is entered.

5. When an overrun error occurs in master receive mode of clock synchronous serial mode, the MST bit is set to 0

and slave receive mode is entered.

In multimaster operation, use the MOV instruction to set bits TRS and MST.

When the MST bit is O (slave mode), set the RCVD bit to 0.

8. When 0 is written to the ICE bit in the SICR1 register or 1 is written to the SIRST bit in the SICR2 register while
the 12C bus interface is operating, the values of the BBSY bit in the SICR2 register and the STOP bit in the SISR
register may be undefined.

n

N o

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 394 of 581
Mar 07, 2012



R8C/M13B Group 20. Clock Synchronous Serial Interface

20.2.6 Sl Control Register 2 (SICR2)
In the SICR2 register, the bit functions differ depending on the SSU function and the I2C bus function.

20.2.6.1 When SSU Function is Used
Address 00167h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | BBSY SCP SDAO | SDAOP | SCLO — SIRST —
After Reset 0 1 1 1 1 1 0 1
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 1. The read value is 1. —
bl SIRST | Control block reset bit (4) When a hang-up occurs due to communication R/W

failure during operation, writing 1 to this bit
initializes the control block and the shift register.
The values in the internal registers (1) are retained.

b2 — Nothing is assigned. The write value must be 1. The read value is 1. —
b3 SCLO |Reserved The read value is 1. R
b4 SDAOP | SDAO write protect bit (2) If 0 is written, the output level can be changed by R/W

the SDAO bit.

Writing 1 to the SDAO bit has no effect. The read

value is 1.

b5 SDAO | Serial data output value control bit | When this bit read, serial data output is monitored: | R/W
0: Serial data output is set to low
1: Serial data output is set to high
When written: (2, 3)

0: Data output is set to low

1: Data output is set to high

b6 SCP Reserved The write value is invalid. R/W
b7 BBSY
Notes:

1. Registers SSBR, SITDR, SIRDR, SIMR1, SIMR2, SICR1, SICR2, SIER, and SISR

2. For the data output after serial data transmission, the last bit value of the transmitted serial data is retained. If the
content of the SDAO bhit is rewritten before or after serial data transmission, the change is immediately reflected
in the data output until transfer starts. Do not write to the SDAO bit during data transfer.
Do not rewrite the SDAO bit in 4-wire bus communication mode.

3. When writing to the SDAO bit, write 0 to the SDAOP bit and write 0 or 1 to the SDAO bit simultaneously using the
MOV instruction.

4. After writing 1 to the SIRST bit, write O to bits RE_STIE and TE_NAKIE in the SIER register. When 1 is then
written to bits RE_STIE and TE_NAKIE, transmission and reception can be performed again.
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20.2.6.2  When I2C bus Function is Used
Address 00167h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BBSY | SCP | SDAO [ SDAOP | SCLO | — SIRST —
After Reset 0 1 1 1 1 1 0 1
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 1. The read value is 1. —

bl SIRST |12C bus control block reset bit (6. 7. 8) | When hang-up occurs due to communication failure | R/W
during operation, writing 1 initializes the control
block without setting ports or resetting registers (1.

b2 — Nothing is assigned. The write value must be 1. The read value is 1. —

b3 SCLO | SCL monitor flag 0: Internal SCL signal is set to low R
1: Internal SCL signal is set to high

b4 SDAOP | SDAO write protect bit When rewriting the SDAO bit, write O to this bit R/W

simultaneously. (2)

The read value is 1.

b5 SDAO | Serial data output value control bit | When read R/W

0: SDA pin output is held low

1: SDA pin output is held high

When written: (2, 3)

0: SDA pin output is changed to low

1: SDA pin output is changed to high-impedance
(High-level output via an external pull-up resistor)

b6 SCP | Start/stop condition generation When writing to the BBSY bit, write 0 to this bit R/W
disable bit simultaneously. (4)
The read value is 1. Writing 1 is invalid.
b7 BBSY | Bus busy bit (. 8) When read: R/W

0: Bus is released (SDA signal changes from low to
high while SCL signal is held high)

1: Bus is occupied (SDA signal changes from high
to low while SCL signal is held high)

When written:

0: Stop condition generated

1: Start condition generated

Notes:

1. All SFRs except the shift register, bits SCLO and SDAO, and bits BCO to BC3 in the SIMRL1 register.

2. When rewriting the SDAO bit, write 0 to the SDAOP bit simultaneously using the MOV instruction.

3. For the data output after serial data transmission, the last bit value of the transmitted serial data is retained. If the
content of the SDAO bit is rewritten before or after serial data transmission, the change is immediately reflected
in the data output until transmission starts. Do not write to the SDAO bit during transfer operation.

4. Enabled in master mode with the 12C bus function. When writing to the BBSY bit, write 0 to the SCP bit
simultaneously using the MOV instruction. Execute the same way when a start condition is regenerated.

5. Disabled in clock synchronous serial mode.

6. To reset the control block in 12C bus interface mode, follow 20.4.7 Procedure for Resetting Control Block in
I2C bus Interface Mode. In clock synchronous serial mode, set bits RE_STIE and TE_NAKIE in the SIER
register again after writing 1 to the SIRST bit.

7. When the SIRST bit is set to 1 in I2C bus interface mode, the STOP bit in the SISR register may be set to 1 (a
stop condition is detected after the frame is transferred).

8. When 0 is written to the ICE bit in the SICR1 register or 1 is written to the SIRST bit in the SICR2 register while
the I2C bus interface is operating, the values of the BBSY bit in the SICR2 register and the STOP bit in the SISR
register may be undefined.

Even if a start condition is generated by writing 0 to the SDAO bit, the state does not change the transfer
enabled state. Only generation of a start condition by writing 1 to the BBSY hit isvalid.

Sincethe SCL signal isfixed at low, no stop condition can be generated by writing 1 to the SDAO bit. Generate
a stop condition by writing O to the BBSY hit.
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20.2.7 Sl Mode Register 1 (SIMR1)
In the SIMR1 register, the bit functions differ depending on the SSU function and the I2C bus function.

20.2.7.1 When SSU Function is Used

Address 00168h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | MLS | CPOS_WAIT| CPHS — BC3 BC2 BC1 BCO
After Reset 0 0 0 1 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 BCO Bit counters 0 to 3 bgbé%l%o_ Remaining 16 bit
o1 51 : Remaining its

0 00 1: Remaining 1 bit
b2 BC2 0 0 1 0: Remaining 2 bits
b3 BC3 00 1 1: Remaining 3 bits
0 1 0 0: Remaining 4 bits
0 1 0 1: Remaining 5 bits
0 1 1 0: Remaining 6 bits
011 1: Remaining 7 bits
1 0 0 0: Remaining 8 bits
1 00 1: Remaining 9 bits
1 01 0: Remaining 10 bits
101 1: Remaining 11 bits
11 0 0: Remaining 12 bhits
11 0 1: Remaining 13 bits
111 0: Remaining 14 bits
111 1: Remaining 15 bits
b4 — Nothing is assigned. The write value must be 1. The read value is 1. —

b5 CPHS Transfer clock phase select bit (1) 0: Data change at odd edge R/W
(data download at even edge)
1: Data change at even edge
(data download at odd edge)
b6 CPOS_WAIT | Clock select/wait insertion bit (1) 0: High when clock is stopped R/W
1: Low when clock is stopped
b7 MLS MSB first/LSB first select bit 0: Data transfer with MSB first R/W
1: Data transfer with LSB first

||V

Note:
1. For the settings of bits CPHS and CPOS_WAIT, see 20.3.1.2 Association between Transfer Clock Polarity,
Phase, and Data.
When the MS bit in the SIMR2 register is 0 (clock synchronous communication mode), set the CPHS bit to 0 and
the CPOS_WAIT bit to 0.

Bits BCO to BC3 (Bit counters 0 to 3)
The state of the shift register during transmission can be read.
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20.2.7.2  When I2C bus Function is Used
Address 00168h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| MLS [CPOS_WAIT| CPHS | — | BC3 | BC2 BC1 BCO
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 BCO Bit counters 0 to 2 I2C bus interface mode (Read: Number of R/W
bl BC1 remaining transfer bits; Write: Number of next R/W
b2 BC2 transfer data bits) (1, 2) R/W
b2 bl b0
00 0: 9 bits ®
00 1: 2 hits
01 0: 3 bits
01 1: 4 bits
100: 5 bits
10 1: 6 bits
110:7 bits
11 1: 8 bits
Clock synchronous serial mode (Read: Number
of remaining transfer bits; Write: Always 000b)
b2 bl b0
0 0 0: 8 bits
001:1 bit
0 10: 2 hits
01 1: 3 hits
10 0: 4 bits
10 1: 5 bits
11 0: 6 bits
11 1:7 bits
b3 BC3 Bit counter 3 When rewriting bits BCO to BC2, write 0 to this | RIW
bit simultaneously. (2, 4)
The read value is 1.
b4 — Nothing is assigned. The write value must be 1. The read value is 1. —
b5 CPHS Reserved Set to 0. R/W
b6 CPOS_WAIT | Wait insertion bit (5) 0: No wait states (Data and the acknowledge bit | R/W
are transferred consecutively)
1: Wait states (After the clock of the last data bit
falls, a low-level period is extended for two
transfer clocks)
b7 MLS MSB first/LSB first select bit 0: Data transfer with MSB first (6) R/W
1: Data transfer with LSB first
Notes:
1. Rewrite between transfer frames. When writing values other than 000b, write when the SCL signal is held low.
2. When writing to bits BCO to BC2, write 0 to the BC3 bit simultaneously using the MOV instruction. The write
value of bits BCO to BC2 when 1 is written is invalid.
3. After data including the acknowledge bit is transferred, bits BC2 to BCO are automatically set to 000b. When a
start condition is detected, these bits are automatically set to 000b.
4. Do not rewrite this bit in clock synchronous serial mode.
5. The setting value is valid in master mode of I2C bus interface mode. The value is invalid in slave mode of 12C bus
interface mode and in clock synchronous serial mode
6. Setto 0in I2C bus interface mode.
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20.2.8 Sl Interrupt Enable Register (SIER)
In the SIER register, the bit functions differ depending on the SSU function and the 12C bus function.

20.2.8.1 When SSU Function is Used
Address 00169h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIE | TEIE RIE TE_NAKIE |RE_STIE| ACKE | ACKBR CEIE_ACKBT|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | CEIE_ACKBT | Conflict error interrupt enable bit 0: Conflict error interrupt request disabled R/W
1: Conflict error interrupt request enabled
bl ACKBR Reserved The read value is 0. R
b2 ACKE Reserved Setto 0. R/W
b3 RE_STIE |Receive enable bit (1) 0: Reception disabled R/W
1: Reception enabled
b4 TE_NAKIE | Transmit enable bit 0: Transmission disabled R/W
1: Transmission enabled
b5 RIE Receive interrupt enable bit 0: Receive data full and overrun error R/W
interrupt requests disabled
1: Receive data full and overrun error
interrupt requests enabled
b6 TEIE Transmit end interrupt enable bit 0: Transmit end interrupt request disabled R/W
1: Transmit end interrupt request enabled
b7 TIE Transmit interrupt enable bit 0: Transmit data empty interrupt request R/W
disabled
1: Transmit data empty interrupt request
enabled
Note:

1. In 4-wire bus (multidirectional) communication mode, do not set both bits TE_NAKIE and RE_STIE to 1. If these
bits are setto 1, the RE_STIE is set to 0.
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20.2.8.2
Address 00169h

Bit b7

When 12C bus Function is Used

b6 b5 b4

b3 b2 bl b0

Symbol [ TIE
After Reset 0

| TEEE | RIE | TE_NAKIE [RE_STIE| ACKE | ACKBR |CEIE_ACKBT

0 0 0

0 0 0 0

Bit

Symbol

Bit Name

Function

R/W

b0 | CEIE_ACKBT

Transmit acknowledge select bit

: In receive mode, 0 is transmitted as the
acknowledge bit

. In receive mode, 1 is transmitted as the
acknowledge bit

R/W

bl

ACKBR

Receive acknowledge bit

. In transmit mode, the acknowledge bit
received from the receive device is 0

: In transmit mode, the acknowledge bit
received from the receive device is 1

b2

ACKE

Acknowledge bit detection select bit

: Content of the receive acknowledge bit is
ignored and continuous transfer is
performed

: When the receive acknowledge bit is 1,
transfer is halted

R/W

b3

RE_STIE

Stop condition detection interrupt
enable bit

: Stop condition detection interrupt request
disabled

: Stop condition detection interrupt request
enabled (1)

R/W

b4

TE_NAKIE

NACK receive interrupt enable bit

: NACK receive interrupt request and
arbitration lost/overrun error interrupt
request disabled

: NACK receive interrupt request and
arbitration lost/overrun error interrupt
request (2)

R/W

b5

RIE

Receive interrupt enable bit

. Receive data full and overrun error
interrupt request disabled

: Receive data full and overrun error
interrupt request enabled (3)

R/W

b6

TEIE

Transmit end interrupt enable bit

= O

: Transmit end interrupt request disabled
: Transmit end interrupt request enabled

R/W

b7

TIE

Transmit interrupt enable bit

: Transmit data empty interrupt request
disabled

: Transmit data empty interrupt request
enabled

R/W

Notes:

1. When the STOP bit in the SISR register is 0, set the RE_STIE bit to 1 (stop condition detection interrupt request
enabled).

n

Enabling of an overrun error interrupt request by the TE_NAKIE bit is invalid in I2C bus interface mode.

3. An overrun error interrupt request is generated when the clock synchronous serial mode is used.
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20.2.9 Sl Status Register (SISR)

In the SISR register, the bit functions differ depending on the SSU function and the 12C bus function.

20.2.9.1 When SSU Function is Used
Address 0016Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TDRE TEND RDRF NACKF STOP |ORER_AL| AAS CE_ADZ |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | CE_ADZ | Conflict error flag (1) 0: No conflict error RIW
1: Conflict error (2)
bl AAS Reserved Setto 0. R/W
b2 ORER_AL | Overrun error flag (1) 0: No overrun error R/W
1: Overrun error (3
b3 STOP |Reserved Setto 0. R/W
b4 NACKF R/W
b5 RDRF | Receive data register full flag (1. 4) 0: No data in the SIRDR register R/W
1: Data present in the SIRDR register
b6 TEND | Transmit end flag (1. 5) 0: The TDRE bit is 0 when the last bit of transmit | R/W
data is transmitted
1: The TDRE bit is 1 when the last bit of transmit
data is transmitted
b7 TDRE | Transmit data empty flag (. 5. 6) 0: Data is not transferred from registers SITDR to | R/W
SISDR
1: Data is transferred from registers SITDR to
SISDR
Notes:
1. Writing 1 to bits CE_ADZ, ORER_AL, RDRF, TEND, and TDRE is invalid. To set any of these bits to 0, write 0

after reading it as 1.

2. When starting a serial communication while the MS bit in the SIMR2 register is 1 (4-wire bus communication
mode) and the MST bit in the SICR1 register is 1 (master mode), the CE_ADZ bit is set to 1 if the SCS pin input
is low. See 20.3.3.4 SCS Pin Control and Arbitration.

When the SCS pin input changes from low to high during transfer while the MS bit in the SIMR2 register is 1 (4-
wire bus communication mode) and the MST bit in the SICR1 register is 0 (slave mode), the CE_ADZ bit is set to
1.

3. Indicates an overrun error has occurred during reception and reception is terminated in error. If the next serial
data receive operation is completed while the RDRF bit is 1 (data present in the SIRDR register), the ORER_AL
bit is set to 1.

After the ORER_AL bit is set to 1 (overrun error), no reception can be performed while this bit is 1. No
transmission can also be performed while the MST bit is 1 (master mode).

4. The RDRF bit is set to 0 when data is read from the SIRDR register. Do not clear this bit by writing O in any mode
other than 12C bus interface mode.

5. Bits TEND and TDRE are set to 0 when data is written to the SITDR register.

6. When the SSU function used, the TDRE bit is set to 1 when the TE_NAKIE bit in the SIER register is set to 1
(transmission enabled).

When accessing the SISR register consecutively, insert at least one NOP instruction between the instructions for
access.
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20.2.9.2  When I2C bus Function is Used
Address 0016Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TDRE | TEND | RDRF | NACKF | STOP |ORER_AL| AAS |CE_ADZ |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CE_ADZ |General call address This flag is set to 1 when a general call address is R/W
recognition flag (. 2) detected.
bl AAS Slave address recognition This flag is set to 1 when the first frame immediately after | R/IW
flag @) the start condition matches bits SVAQ to SVAG in the

SIMR?2 register in slave receive mode (slave address
detection, general call address detection).

b2 |ORER_AL | Arbitration lost flag/overrun | In 12C bus interface mode, this flag indicates that R/W
error flag M arbitration is lost in master mode. This flag is set to 1
when: )

 The internal SDA signal and SDA pin level do not match
at the rising edge of the SCL signal in master transmit
mode

» The SDA pin is held high at start condition detection in
master transmit/receive mode

In clock synchronous serial mode, this bit indicates that
an overrun error has occurred. This flag is set to 1 when:
« The last bit of the next data is received while the RDRF

bit is set to 1.
b3 STOP | Stop condition detection This flag is set to 1 when a stop condition is detected R/W
flag 4. 7) after the frame is transferred.
b4 NACKF | No acknowledge detection This flag is set to 1 when no ACKnowledge is detected R/W
flag (1. 4) from the receive device after transmission.
b5 RDRF | Receive data register full This flag is set to 1 when receive data is transferred from | R/W
flag (1. 5) registers SISDR to SIRDR.
b6 TEND | Transmit end flag (2. 6) In 12C bus interface mode, this flag is set to 1 at the rising | R/W
edge of the 9th clock cycle of the SCL signal while the
TDRE bit is 1.

In clock synchronous mode, this flag is set to 1 when the

last bit of the transmit frame is transmitted.

b7 TDRE | Transmit data empty flag (1. 6) | This flag is set to 1 when: R/W

« Data is transferred from registers SITDR to SISDR and
the SITDR register becomes empty.

* The TRS bit in the SICR1 register is set to 1 (transmit
mode)

« A start condition is generated (including retransmission)

« Slave receive mode is changed to slave transmit mode

Notes:

1. Each bitis set to 0 by writing O after reading it as 1.

2. Enabled in slave receive mode of I12C bus interface mode.

3. When two or more master devices attempt to occupy the bus at nearly the same time, if the 12C bus interface
monitors the SDA pin and the data which the 12C bus interface transmits is different, the ORER_AL bit is set to 1
indicating the bus is occupied by another master.

4. The NACKF bit is enabled when the ACKE bit in the SIER register is 1 (when the receive acknowledge bit is 1,

transfer is halted).

The RDREF bit is set to 0 when data is read from the SIRDR register.

Bits TEND and TDRE are set to 0 when data is written to the SITDR register.

When 0 is written to the ICE bit in the SICR1 register or 1 is written to the SIRST bit in the SICR2 register while
the I2C bus interface is operating, the values of the BBSY bit in the SICR2 register and the STOP bit in the SISR
register may be undefined.

Noo

When accessing the SISR register consecutively, insert one or more NOP instructions between the instructions
for access.
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20.2.10 Sl Mode Register 2 (SIMR2)
In the SIMR2 register, the bit functions differ depending on the SSU function and the I2C bus function.

20.2.10.1 When SSU Function is Used
Address 0016Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | BIDE SCKS Css1 CSSO | SCKOS | SOOS | CSsOs MS
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MS Mode select bit (1) 0: Clock synchronous communication mode R/W
1: 4-wire bus communication mode
bl CSOS | SCS pin open-drain output select bit 6) | 0: CMOS output R/W
1: N-channel open-drain output
b2 SOOS | Serial data open-drain output select bit (1) | 0: CMOS output (2) RIW
1: N-channel open-drain output
b3 SCKOS | SSCK pin open-drain output select bit 0: CMOS output R/W
1: N-channel open-drain output
Eg 2222 SCS pin select bits (3) "%, Functions as a port_ | im
0 1: Functions as the SCS input pin
1 0: Functions as the SCS output pin ()
1 1: Functions as the SCS output pin (4)
b6 SCKS | SSCK pin select bit 0: Functions as a port R/W
1: Functions as the serial clock pin
b7 BIDE | Bidirectional mode enable bit (1, 5) 0: Standard mode (communication using two R/W
pins for data input and data output)
1: Bidirectional mode (communication using
one pin for data input and data output)
Notes:
1. See 20.3.1.3 Association between Data I/0 Pins and SS Shift Register for information on combinations of
data I/O pins.

2. When the SOOS bit is 0 (CMOS output), set the port direction register bits corresponding to pins SSI and SSO to
0 (input mode). _

3. When the MS bit is 0 (clock synchronous communication mode), the SCS pin functions as a port regardless of
the content of bits CSS0 and CSS1.

4. This bit functions as the SCS input pin before transfer starts.

The BIDE bit is disabled when the MS bit is O (clock synchronous communication mode).

6. When using 4-wire bus communication mode, use the SCS pin as N-channel open-drain.

o
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20.2.10.2 When I12C bus Function is Used
Address 0016Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| SVA6 | SVA5 | SVA4 | SVA3 | SVA2 | SVAlL SVAO MS
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MS Mode select bit 0: 12C bus interface mode RIW
1: Clock synchronous serial mode
bl SVAO | slave addresses (1) Set an address different from that of the other R/W
b2 SVA1 slave devices connected to the I2C bus. R/W
b3 SVA2 When the higher 7 bits of the first frame RIW
ba SVA3 tSr?/r;\sOmtlttgc\i/ :ggr thle start andlftlgcl; rEatch tblt? RIW
0 in slave mode o us interface
b5 SVA4 mode, the MCU operates as a slave device. RIW
b6 SVA5 R/W
b7 SVA6 R/W
Note:
1. Do not set to 1111XXXb and 0000XXXb as slave addresses.
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20.3 Synchronous Serial Communication Unit (SSU) Operation

20.3.1 Items Common to Clock Synchronous Communication Mode and 4-Wire
Bus Communication Mode

20.3.1.1 Transfer Clock

The transfer clock can be selected from among seven internal clocks (f1/256, f1/128, 1/64, f1/32, f1/16, f1/8,
and f1/4) and an external clock.

To use the synchronous serial communication unit, set the SCKS bit in the SIMR2 register to 1 and then select
the SSCK pin as the serial clock pin.

When the MST bit in the SICR1 register is 1 (master mode), an internal clock is selected and the SSCK pin
functions as output. When transfer is started, the SSCK pin outputs a clock of the transfer rate selected by bits
CKS0 to CKS2 in the SICR1 register.

When the MST bit in the SICRL1 register is 0 (slave mode), an external clock is selected and the SSCK pin
functions as input.

20.3.1.2 Association between Transfer Clock Polarity, Phase, and Data

The association between the transfer clock polarity, phase and data changes according to the combinations of
the M S bit in the SIMR2 register and bits CPHS and CPOS_WAIT in the SIMR1 register. Figure 20.4 shows
the Association between Transfer Clock Polarity, Phase, and Transfer Data.

Also, the M SB-first transfer or LSB-first transfer can be selected by setting the ML S bit in the SIMRL1 register.
When the ML S hit is 1, transfer is started from the LSB and proceeds to the MSB. When the MLS bit is O,
transfer is started from the MSB and proceeds to the L SB.
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¢ MS = 0 (clock synchronous communication mode), CPHS = 0 (data change at odd edge),
CPOS_WAIT = 0 (high when clock is stopped), and MLS = 1 (LSB-first transfer)

SSCK

SSO, SSi

* MS =1 (4-wire bus communication mode), CPHS = 0 (data change at odd edge), and
MLS = 1 (LSB-first transfer)

SSCK
(high when clock is stopped)
SSCK

CPOS_WAIT =1
(low when clock is stopped)

SSO, SSI

o] ~

* MS =1 (4-wire bus communication mode), CPHS = 1 (data download at odd edge), and
MLS = 1 (LSB-first transfer)

SSCK
CPOS_WAIT =0
(high when clock is stopped)
SSCK

CPOS_WAIT=1
(low when clock is stopped)

SSO, SSI

CPHS, CPOS_WAIT, MLS: Bits in SIMRL1 register
MS: Bit in SIMR2 register

Figure 20.4  Association between Transfer Clock Polarity, Phase, and Transfer Data
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20.3.1.3 Association between Data I/O Pins and SS Shift Register

The connection between the data I/O pins and the SISDR register changes according to the combinations of the
MST bit in the SICR1 register and the MS bit in the SIMR2 register. The connection also changes according to
the BIDE bit in the SIMR2 register. Figure 20.5 shows the Association between Data I/0 Pins and SISDR

Register.

* MS = 0 (clock synchronous communication mode)

SISDR register

SISDR register > . SSO
|
|
|

-
|

* MS =1 (4-wire bus communication mode), BIDE = 0
(standard mode), and MST = 0 (slave mode)

¢ MS =1 (4-wire bus communication mode), BIDE =0

(standard mode), and MST = 1 (master mode)

SISDR register

= 1 (bidirectional mode)

SISDR register

A

OB

|

-t QSSI
|
|

¢ MS =1 (4-wire bus communication mode) and BIDE

SSO

SSO

Figure 20.5 Association between Data I/O Pins and SISDR Register

20.3.1.4 Interrupt Requests

The synchronous serial communication unit has five interrupt requests: transmit data empty, transmit end,
receive data full, overrun error, and conflict error. Because these interrupt requests are assigned to the
synchronous serial communication unit interrupt vector table, interrupt sources must be determined using flags.
Table 20.7 lists the Interrupt Requests of Synchronous Serial Communication Unit.

Table 20.7 Interrupt Requests of Synchronous Serial Communication Unit

Interrupt Request Abbreviation Generation Condition
Transmit data empty TXI TIE=1and TDRE=1
Transmit end TEI TEIE=1and TEND =1
Receive data full RXI RIE =1 and RDRF =1
Overrun error OEl RIE =1 and ORER_AL =1
Conflict error CEl CEIE_ACKBT =1 and CE_ADZ =1 ()

CEIE_ACKBT, RIE, TEIE, TIE: Bits in SIER register
CE_ADZ, ER_AL, RDRF, TEND, TDRE: Bits in SISR register

Note:

1. Not generated in clock synchronous communication mode.
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If the generation conditionsin Table 20.7 are met, a synchronous serial communication unit interrupt request is
generated. Set each interrupt source to 0 by the synchronous serial communication unit interrupt routine.

Note that bits TDRE and TEND in the SISR register are automatically set to 0 by writing transmit data to the
SITDR register and the RDRF bit in the SISR register is automatically set to 0 by reading the SIRDR register. In
particular, the TDRE bit is set back to 1 (datais transferred from registers SITDR to SISDR) at the same time
transmit data is written to the SITDR register. If the TDRE bit is set to O (data is not transferred from registers
SITDR to SISDR) by any method other than the above (register access by software), additional 1 byte of
transferred data may be transmitted.

20.3.1.5 Communication Modes and Pin Functions

The synchronous serial communication unit switches the functions of the I/O pinsin each communication mode
according to the settings of the MST bit in the SICR1 register and bits RE_STIE and TE_NAKIE in the SIER
register. Table 20.8 lists the Association between Communication Modes and 1/0 Pins.

Table 20.8  Association between Communication Modes and I/O Pins
Communication Bit Setting Pin State

Mode MS BIDE MST TE_NAKIE | RE_STIE SSi SSO SSCK
Clock synchronous 0 Disabled 0 0 1 Input — Input
communication 1 0 — Output Input
mode 1 Input | Output | Input
1 0 1 Input — Output
1 0 — Output | Output
1 Input Output | Output
4-wire bus 1 0 0 0 1 — Input Input
communication 1 0 Output — Input
mode 1 Output | Input Input
1 0 1 Input — Output
1 0 — Output | Output
1 Input Output | Output
4-wire bus 1 1 0 0 1 — Input Input
(bidirectional) 1 0 — Output | Input
communication 1 0 1 — Input Output
mode (1 1 0 — Output | Output

—: Used as a programmable I/O port.

MS, BIDE: Bits in SIMR2 register

MST: Bit in SICR1 register
TE_NAKIE, RE_STIE: Bits in SIER register

Note:

1. Do not set both bits TE_NAKIE and RE_STIE to 1 in 4-wire bus (bidirectional) communication mode.
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20.3.2 Clock Synchronous Communication Mode

20.3.2.1

Initialization in Clock Synchronous Communication Mode

Figure 20.6 shows the Initialization in Clock Synchronous Communication Mode. Before data transmission or
reception, set the TE_NAKIE bit in the SIER register to O (transmission disabled) and the RE_ STIE bit to 0
(reception disabled) for initialization.
To change the communi cation mode (select clock synchronous communication mode by the mode select M S bit
in the SIMR2 register) or the communication format, set the TE_NAKIE bit to 0 and the RE_STIE bit to 0
before making the change.
Even if the RE_STIE bit is set to 0, the contents of flags RDRF and ORER_AL and the SIRDR register are

retained.

SIER register

RE_STIE bit < 0
TE_NAKIE bit < 0

| SSBR register Set bits BS0O to BS3

| SIMR2 register MS bit « 0

SIMRL1 register

CPHS bit « 0
CPOS_WAIT bit < 0
Set MLS bit

SICRL1 register Set MST bit

SIMR2 register

SCKS hit «— 1
Set SOOS bit

SICRL1 register

Set bits CKSO to CKS2
Set RCVD bit

SISR register ORER bit < 0 @

SIER register

RE_STIE bit « 1 (receive)
TE_NAKIE bit « 1 (transmit)
Set bits RIE, TEIE, TIE

Note:

End

Reception disabled
Transmission disabled

SSU data transfer length setting

Mode selected (clock synchronous communication mode)

Clock phase selected (data change at odd edge)
Clock state selected (high at when stopped)
MSBI/LSB first selected

Master/slave mode selected

SSCK pin selected (serial clock pin)
SSCK pin open-drain output selected

Clock period setting
Receive disable bit setting

Overrun error flag cleared

Transmission/reception enable setting
Interrupt enable setting

1. To set the ORER bit to 0, write O after reading it as 1.

Figure 20.6

Initialization in Clock Synchronous Communication Mode
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20.3.2.2 Data Transmission

Figure 20.7 shows an Operation Example during Data Transmission (Clock Synchronous Communication
Mode, 8-Bit SSU Data Transfer Length). During data transmission, the synchronous serial communication unit
operates as described below. (The data transfer length can be set from 8 to 16 bits using the SSBR register.)
When the MCU is set as the master device, it outputs a synchronous clock and data. When the MCU isset asa
slave device, it outputs data synchronized with the input clock.

When the TE_NAKIE bit is set to 1 (transmission enabled) before writing the transmit data to the SITDR
register, the TDRE bit is automatically set to O (datais not transferred from registers SITDR to SISDR) and the
datais transferred from registers SITDR to SISDR. Then, the TDRE bit is set to 1 (data is transferred from
registers SITDR to SISDR) and transmission is started. If the TIE bit in the SIER register is 1 at this time, the
TXI interrupt request is generated.

When one frame of data is transferred while the TDRE bit is O, data is transferred from registers SITDR to
SISDR and the next frame transmission is started. If the 8th bit is transmitted while the TDRE bit is 1, the
TEND bit in the SISR register is set to 1 (the TDRE hit is 1 when the last bit of transmit datais transmitted) and
the state isretained. If the TEIE bit in the SIER register is 1 (transmit end interrupt request enabled) at thistime,
the TEI interrupt request is generated. The SSCK pin isfixed at high after transmission is completed.
Transmission cannot be performed while the ORER_AL bit in the SISR register is 1 (overrun error). Confirm
that the ORER_AL hit is 0 before transmission.

Figure 20.8 shows a Sample Flowchart for Data Transmission (Clock Synchronous Communication Mode).

* MS = 0 (clock synchronous communication mode), CPHS = 0 (data change at odd edge),
CPOS_WAIT =0 (high when clock is stopped), MLS = 1 (LSB-first transfer), and BS3 to BS0 =
1000b (8 bits)

SSCK 1 2 7 8 1
1 ]
1 1
! ( ! (¢
SSO X b0 X bl X ” b6 X b7 X b0 X ” b6 X b7
i « ) (¢
)] »

Clock is stopped

?#

1 ]
L One frame ‘i One frame o
- -l a »
TDRE bitin )
SISR register ()(> i TEl interrupt
request generated \
TEND bit in TXI interrupt TXI interrupt request
SISR register request generated « generated «
) )
Program  Write data to SITDR register BSO0 to BS3: Bits in SSBR register
processing CPHS, CPOS_WAIT, MLS: Bits in SIMRL1 register

MS: Bit in SIMR2 register

Figure 20.7 Operation Example during Data Transmission (Clock Synchronous Communication
Mode, 8-Bit SSU Data Transfer Length)
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Start

i

| Initialization

<

| Read TDRE bit in SISR register

Yes

No

Write transmit data to SITDR register

Data
transmission
continues?

No

to 0.

Read TEND bit in SISR register

Yes

No

| SISR register

TEND bit < 0@

| SIER register

TE_NAKIE bit «- 0

End

Note:

1. To set the TEND bit to 0, write O after reading it as 1.

(1) After confirming the TDRE bit is 1 by reading the
SISR register, write the transmit data to the SITDR
(1) register. When the transmit data is written to the
SITDR register, the TDRE bit is automatically set

) (2) Determine whether data transmission continues.

(3) When data transmission is completed, the TEND
3) bit is set to 1. Set the TEND bit from 1 to 0 and set
the TE_NAKIE bit to 0 to end transmit mode.

Figure 20.8

Sample Flowchart for Data Transmission (Clock Synchronous Communication Mode)
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20.3.2.3 Data Reception

Figure 20.9 shows an Operation Example during Data Reception (Clock Synchronous Communication Mode,
8-Bit SSU Data Transfer Length). During data reception, the synchronous serial communication unit operates
as described below. (The data transfer length can be set from 8 to 16 bits using the SSBR register.)

When the MCU is set as the master device, it outputs a synchronous clock and inputs data. When the MCU is
set asaslave device, it inputs data synchronized with the input clock.

When the MCU is set as the master device, it outputs a receive clock and reception is started by performing a
dummy read of the SIRDR register.

After 8 bits of data are received, the RDRF bit in the SISR register is set to 1 (data present in the SIRDR
register) and receive datais stored in the SIRDR register. If the RIE bit in the SIER register is 1 (RXI and OEI
interrupt requests enabled) at thistime, the RXI interrupt request is generated. When the SIRDR register isread,
the RDRF hit is automatically set to O (no datain the SIRDR register).

When setting the MCU as the master device to compl ete reception, set the RCVD bit in the SICR1 register to 1
(receive operation is completed after 1 byte of data is received) and then read the received data. The
synchronous serial communication unit outputs a clock for receiving 8 bits of data and stops. After that, set the
RE_STIE bit in the SIER register to O (reception disabled) and the RCVD bit to O (receive operation continues
after the 1 byte of datais received), and then read the last received data from the SIRDR register. If the SIRDR
register is read while the RE_STIE bit is 1 (reception enabled), areceive clock is output again.

When the 8th clock rises while the RDRF bit is 1, the ORER_AL hit in the SISR register is set to 1 (overrun
error: OEI) and the operation is stopped. While the ORER_AL bit is 1, reception cannot be performed. Confirm
that the ORER_AL bit is O before restarting reception. If an overrun error occurs, the data received in the frame
where the error has occurred is discarded.

Figure 20.10 shows a Sample Flowchart for Data Reception (MST = 1) (Clock Synchronous Communication
Mode).

* MS = 0 (clock synchronous communication mode), CPHS = 0 (data download at even edge),
CPOS_WAIT =0 (high when clock is stopped), MLS = 1 (LSB-first transfer), and BS3 to BS0 =

1000b (8 bits)
Clock is stopped

]
SSCK 1 8 1 8 1 8
: ! ! !
' i alar ala
1
ssI §< b0 >< b7 EX b0 >< b7 9< bo >< b7
’ « y « y « !
» » » :
)
1

) ] 1
L One frame J‘ One frame ‘L Last frame _
- >l -l >
(¢
RDREF bit in D)
SISR register « «
A ) A ) f A A
RCVD bit in RXI interrupt request generated RXI interrupt request generated (>()
SICR1 register « « RXI interrupt
) D)) request
generated
Program Dummy read Read data from Set RCVD bitto 1 Read data from
processing SIRDR register SIRDR register SIRDR register

BSO0 to BS3: Bits in SSBR register
CPHS, CPOS_WAIT, MLS: Bits in SIMR1 register
MS: Bit in SIMR2 register

Figure 20.9 Operation Example during Data Reception (Clock Synchronous Communication
Mode, 8-Bit SSU Data Transfer Length)
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| Initialization |
(1) | Dummy read of SIRDR register | (1) After setting each register for the synchronous serial
communication unit, the receive operation is started
by performing a dummy read of the SIRDR register.
2 Last_data (2) Determine whether it is the last 1 byte of data to be
received? . . .
received. If so, set to stop after the data is received.
Read ORER bit in SISR register
Yes . .
3) ORER =17 (3) If a receive error occurs, perform error processing
(6) after reading the ORER bit. Then set the ORER bit
No to 0. Transmission/reception cannot be restarted
while the ORER bit is 1.
Read RDRF bit in SISR register
(4) No (4) Confirm that the RDRF bit is 1. If the RDRF bit is set
RDRF =172 to 1, read the receive data in the SIRDR register.
When the SIRDR register is read, the RDRF bit is
Yes automatically set to 0.
| Read receive data in SIRDR register |
[
I
(5) | SICR1 register RCVD bit« 1 | (5) Before the last 1 byte of data is received, set the
RCVD bit in the SICR1 register to 1 and stop after
»{ the data is received.
| Read ORER bit in SISR register |
Yes
(6)
No
Read RDRF bit in SISR register
No RDRF = 17 (7) Confirm that the RDRF bit is 1. To complete the
) - receive operation, set the RCVD bit to 0 and the
RE_STIE bit to 0 before reading the last 1 byte of data.
Yes If the SIRDR register is read without setting the
| SICR1 register  RCVD bit < 0 | RE__STIE bit to 0, the receive operation is restarted
again.
| Overrun
| SIER register RE_STIE bit < 0 | error
| processing
| Read receive data in SIRDR register |
End

Figure 20.10 Sample Flowchart for Data Reception (MST = 1) (Clock Synchronous Communication
Mode)
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20.3.2.4 Data Transmission/Reception

Figure 20.11 shows an Operation Example during Data Transmission/Reception (Clock Synchronous
Communication Mode, 8-Bit SSU Data Transfer Length).

Data transmission/reception is an operation combining data transmission and reception which were described
earlier.

Transmission/reception is started by writing data to the SITDR register. While the TDRE bit is 1 (datais
transferred from registers SITDR to SISDR), if the last transfer clock (the data transfer length can be set from 8
to 16 bits using the SSBR register) rises or the ORER_AL bit is set to 1 (overrun error), the transmit/receive
operation is stopped.

When switching from transmit mode (TE_NAKIE = 1) or receive mode (RE_STIE = 1) to transmit/receive
mode (TE_NAKIE = RE_STIE = 1), set the TE_NAKIE bit to 0 and RE_STIE bit to 0 once before making the
change. After confirming the TEND bit is O (the TDRE bit is O when the last bit of transmit datais transmitted),
the RDRF bit is 0 (no datain the SIRDR register), and the ORER_AL bit is 0 (no overrun error), set bits
TE_NAKIE and RE_STIE to 1.

Figure 20.12 shows a Sample Flowchart for Data Transmission/Reception (Clock Synchronous Communication
Mode).

When cancelling transmit/receive mode after this mode is used (TE_NAKIE = RE_STIE = 1), aclock may be
output if transmit/receive mode is cancelled after reading the SIRDR register. To avoid any clock outputs, use
either of the following procedures:

« First set the RE_STIE bit to 0, and then set the TE_NAKIE bit to 0.

* Set hits TE_NAKIE and RE_STIE to 0 at the same time.

When switching to receive mode (TE_NAKIE = 0 and RE_STIE = 1) after that, write 1 to the SRES bit and
then set this bit to 0 to initialize the SSU control block and the SISDR register before setting the RE_STIE bit to
1

« MS = 0 (clock synchronous communication mode), CPHS = 0 (data change at odd edge),
CPOS_WAIT =0 (high when clock is stopped), MLS = 1 (LSB-first transfer), and BS3 to BS0 =
1000b (8 bits)

SSCK 1 2 7 8 1

Clock is stopped

?&

! [ )
1 ] ]
| 5 - g =
]
SSI §< b0 >< b1l >< >< b6 >< b7 §< b0 >< b6 >< b7 )}
] « ! « !
! » ! » g
1 ()() H ()() E
SSO 9< b0 >< bl >< « b6 >< b7 9< b0 >< >< b6 >< b7 E
i » ! T
i One frame P One frame o
:‘ V:‘ V.
RDREF bitin
SISR register « «
) A A » A
RCVD bit in RXlinterrupt ~ Read data from RXI interrupt
SICR1 register 0 request generated  SIRDR register request generated
TDRE bitin
SISR register i TEl interrupt
request generated \
TEND bit in TXl interrupt TXI interrupt request
SISR register request generated generated

BSO to BS3: Bits in SSBR register
CPHS, CPOS_WAIT, MLS: Bits in SIMRL1 register
MS: Bit in SIMR2 register

Program

- Write data to SITDR register
processing

Figure 20.11 Operation Example during Data Transmission/Reception (Clock Synchronous
Communication Mode, 8-Bit SSU Data Transfer Length)
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Start

i

Initialization |

<

Read TDRE bit in SISR register |

No

Yes

Write transmit data to SITDR register |

>

Read RDRF bit in SISR register |

No
RDRF =17

Yes

Read receive data in SIRDR register

®

Data
transmission
continues?

No

4)

Read TEND bit in SISR register

No

Yes

®)

SISR register TEND bit < 0 ®

(6)

SIER register RE_STIE bit« 0

TE_NAKIE bit < 0

Read receive data in SIRDR register |

End

Note:

(1) After confirming the TDRE bit is 1 by reading the
SISR register, write the transmit data to the
SITDR register. When the transmit data is written
to the SITDR register, the TDRE bit is
automatically set to 0.

(2) Confirm that the RDRF bit is 1. If the RDRF bit is
1, read the receive data in the SIRDR register.
When the SIRDR register is read, the RDRF bit is
automatically set to 0.

(3) Determine whether the data transmission
continues.

(4) When the data transmission is completed, the
TEND bit in the SISR register is set to 1.

(5) Set the TEND bit to 0.

(6) Set bits RE_STIE and TE_NAKIE in the SIER
register to 0 to end transmit/receive mode.

1. To set the TEND bit to 0, write O after reading it as 1.

Figure 20.12 Sample Flowchart for Data Transmission/Reception (Clock Synchronous

Communication Mode)
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20.3.3 4-Wire Bus Communication Mode

In 4-wire bus communication mode, a 4-wire bus consisting of a clock line, adatainput line, a data output line,
and a chip select lineisused for communication. This mode includes bidirectional mode in which the data input
line and data output line function as asingle pin.

The datainput line and output line change according to the settings of the MST bit in the SICR1 register and the
BIDE bit in the SIMR2 register. For details, see 20.3.1.3 Association between Data I/O Pinsand SS Shift
Register. In this mode, the association between clock polarity, phase, and data are set using bits CPOS WAIT
and CPHS in the SIMR1 register. For details, see 20.3.1.2 Association between Transfer Clock Polarity,
Phase, and Data.

The chip select line controls output for the master device, and it controls input for the slave device. For the
master device, the chip select line controls output of the SCS pin or controls output of an I/O port when the
CSS1 bit in the SIMR2 register is set to 1. For the slave device, the chip select line sets the SCS pin to function
as an input pin when bits CSS1 and CSSO in the SIMR2 register are set to 01b.

In 4-wire bus communication mode, the MLS bit in the SIMRL1 register is set to 0 and communication is
performed with MSB first.
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20.3.3.1

Initialization in 4-Wire Bus Communication Mode

Figure 20.13 shows the Initialization in 4-Wire Bus Communication Mode. Before data transmission/reception,
set the TE_NAKIE bit in the SIER register to O (transmission disabled), the RE_STIE bit O (reception disabled)
for initialization.
To change the communication mode or the communication format, set the TE_NAKIE bit to 0 and the
RE_STIE bit to 0 before making the change.
Even if the RE_STIE bit is set to O, the contents of flags RDRF and ORER_AL and the SIRDR register are
retained.
After datais received in save mode, when the mode is switched to master mode, the SCS pin may be set to low
even if no transfer start condition iswritten.

SIER register

RE_STIE bit < 0
TE_NAKIE bit < 0

| SSBR register Set bits BSO to BS3

| SIMR2 register MS bit < 0

SIMRL1 register

CPHS bit < 0
CPOS_WAIT bit < 0
Set MLS bit

SICR1 register Set MST bit

SIMR2 register

SCKS bit «- 1
Set bits SOOS, CSS0, CSS1,
BIDE

SICRL1 register

Set bits CKSO0 to CKS2
Set RCVD bit

SISR register ORER bit <~ 0 ®

SIER register

RE_STIE bit «— 1 (receive)
TE_NAKIE bit < 1 (transmit)
Set bits RIE, TEIE, TIE

Note:

End

Reception disabled
Transmission disabled

SSU data transfer length setting

Mode selected (4-wire system communication mode)

Clock phase selected (data change at odd/even edge)
Clock state selected (high/low when stopped)
MSB first selected

Master/slave mode selected

SSCK pin selected (port function)
SSCK pin open-drain output selected
SCS pin I/0 setting

Bidirectional mode setting

Clock period setting
Receive disable bit setting

Overrun error flag cleared

Transmission/reception enable setting
Interrupt enable setting

1. To set the ORER bit to O, write O after reading it as 1.

Figure 20.13

Initialization in 4-Wire Bus Communication Mode
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20.3.3.2 Data Transmission

Figure 20.14 shows an Operation Example during Data Transmission (4-Wire Bus Communication Mode, 8-Bit
SSU Data Transfer Length). During data transmission, the synchronous serial communication unit operates as
described below. (The data transfer length can be set from 8 to 16 bits using the SSBR register.)

When the MCU is set as the master device, it outputs a synchronous clock and data. When the MCU isset asa
slave device, it outputs data synchronized with the input clock while the SCS pin input is held low.

When the transmit data is written to the SITDR register after setting the TE_NAKIE bit to 1 (transmission
enabled), the TDRE bit isautomatically set to O (datais not transferred from registers SITDR to SISDR) and the
dataistransferred from registers SITDR to SISDR. After that, the TDRE bit is set to 1 (datais transferred from
registers SITDR to SISDR) and transmission is started. If the TIE bit in the SIER register is 1 at this time, the
TXI interrupt request is generated.

After one frame of data is transferred while the TDRE bit is 0, the data is transferred from registers SITDR to
SISDR and the next frame transmission is started. If the 8th bit is transmitted while TDRE is 1, the TEND bit in
the SISR register is set to 1 (the TDRE bit is 1 when the last bit of transmit data is transmitted) and the state is
retained. If the TEIE bit in the SIER register is 1 (transmit end interrupt request enabled) at this time, the TEI
interrupt request is generated. After transmission is completed, the SSCK pin isfixed at high and the SCS pin is
set to high. To perform transmission continuously while the SCS pin is held low, write the next transmit data to
the SITDR register before transmitting the 8th bit.

Transmission cannot be performed while the ORER_AL bit in the SISR register is 1 (overrun error). Confirm
that the ORER_AL hit is 0 before transmission.

In contrast to the clock synchronous communication mode, the SSO pin becomes the high-impedance state
while the SCS pin isin the high-impedance state in master device operation, and the SSI pin becomes the high-
impedance state while the SCS pin input is held high in slave device operation.

The sample flowchart is the same as that for the clock synchronous communication mode (see Figure 20.8
Sample Flowchart for Data Transmission (Clock Synchronous Communication Mode)).
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« CPHS =0 (data change at odd edge), CPOS_WAIT = 0 (high when clock is stopped), MLS =0
(MSB-first transfer), and BS3 to BSO = 1000b (8 bits)

I High-impedance
SCS 9 P

(output)

) [}
| : « ;
s — (T O -
»

1
L One frame ‘L One frame J
T o « i
TDRE bitin P
SISR register (>(> i TEl interrupt request generated
TEND bit in TXI interrupt TXI interrupt request generated
SISR register request generated ()() ()()

Program  Write data to SITDR register
processing

* CPHS =1 (data change at even edge), CPOS_WAIT = 0 (high when clock is stopped), MLS =0
(MSB-first transfer), and BS3 to BSO = 1000b (8 bits)

N High-impedance
SCS 9 P

(output)

S B E) V) 9 T3 TR S ER TS

P One frame ) One frame !
- >l « >
TDRE bitin )
SISR register i 7y ()() i TEl interrupt request generated
TEND bit in TXI interrupt TXI interrupt request generated \‘—
SISR register request generated ()() ()()

Program  Write data to SITDR register
processing

BSO0 to BS3: Bits in SSBR register
CPHS, CPOS_WAIT, MLS: Bits in SIMRL1 register

Figure 20.14 Operation Example during Data Transmission (4-Wire Bus Communication Mode, 8-
Bit SSU Data Transfer Length)
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20.3.3.3 Data Reception

Figure 20.15 shows an Operation Example during Data Reception (4-Wire Bus Communication Mode, 8-Bit
SSU Data Transfer Length). During data reception, the synchronous serial communication unit operates as
described below. (The data transfer length can be set from 8 to 16 bits using the SSBR register.)

When the MCU is set as the master device, it outputs a synchronous clock and inputs data. When the MCU is
set as aslave device, it outputs data synchronized with the input clock while the SCS pin input is held low.
When the MCU is set as the master device, it outputs a receive clock and reception is started by performing a
dummy read of the SIRDR register.

After 8 bits of data are received, the RDRF bit in the SISR register is set to 1 (data present in the SIRDR
register) and receive datais stored in the SIRDR register. If the RIE bit in the SIER register is 1 (RXI and OEI
interrupt requests enabled) at thistime, the RXI interrupt request is generated. When the SIRDR register isread,
the RDRF hit is automatically set to 0 (no datain the SIRDR register).

When setting the MCU as the master device to compl ete reception, set the RCVD bit in the SICR1 register to 1
(receive operation is completed after 1-byte data is received) and then read the receive data. The synchronous
serial communication unit outputs a clock for receiving 8 bits of data and stops. After that, set the RE_STIE hit
in the SIER register to O (reception disabled) and the RCVD bit to O (receive operation continues after 1-byte
dataisreceived), and then read the receive data. When the SIRDR register is read while the RE_STIE bit is set
to 1 (receive enabled), areceive clock is output again.

When the 8th clock rises while the RDRF bit is 1, the ORER_AL hit in the SISR register is set to 1 (overrun
error: OEI) and the operation is stopped. When the ORER_AL hit is 1, reception cannot be performed. Confirm
that the ORER_AL bit is 0 before restarting reception.

The timing with which bits RDRF and ORER_AL are set to 1 varies depending on the setting of the CPHS hit
in the SIMRL1 register. Figure 19.15 shows this timing. If the CPHS bit is set to 1 (data download at odd edge),
care must be taken when reception is completed because these bits are set to 1 at some point during the frame.
The sample flowchart is the same as that for the clock synchronous communication mode (see Figure 20.10
Sample Flowchart for Data Reception (M ST = 1) (Clock Synchronous Communication Mode)).

[Notes on when an overrun error occurs]
After an overrun error occurs, use the following procedure to cancel the overrun error:

* In master mode

(1) Complete the transfer operation (confirm that the SCS pin becomes high impedance).
(2) Read thelast received data (data before an overrun error occurs).

(3) Setthe ORER_AL bittoO.

* In slave mode

(1) Complete the transfer operation (confirm that a conflict error).
(2) Read thelast received data (data before an overrun error occurs).
(3) Set bitsCE_ADZ and ORER_AL to 0.
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¢ CPHS =0 (data download at even edge), CPOS_WAIT = 0 (high when clock is stopped), MLS =0
(MSB-first transfer), and BS3 to BSO = 1000b (8 bits)

High-impedance

SCS
(output)
SSCK E
! 1 1 :
! 1 1 )
: ()() ] ()() ] ()() :
)
SSi —CX b7 >< b0 X b7 >< b0 X b7 >< b0 >—
| « | (¢ | ( )
! ) ! ) ! ) )
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RDREF bitin P
SISR register « «
A » A A 2 A A A
RCVD bit in RXI interrupt request generated RXl interrupt request ()()
SICR1 register « (¢ 9enerated RXI interrupt
)) )) A request generated
Program  Dummy read Read data from Set RCVD bitto 1 Read data from
processing SIRDR register SIRDR register SIRDR register

¢ CPHS =1 (data download at odd edge), CPOS_WAIT = 0 (high when clock is stopped), MLS =0
(MSB-first transfer), and BS3 to BSO = 1000b (8 bits)

N High-impedance
SCS g P

(output)

«

SSI AK b7 ” X b0 X b7 ” X b0 X b7 ” X b0 X:>7
« « « ;
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1
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RDRF bitin )
SISR register « «
A » A AD A A A
RCVD bit in RXI interrupt request generated RXl interrupt request (>()
SICR1 register « (¢ 9enerated RXI interrupt
)) )) A request generated
Program  Dummy read Read data from Set RCVD bitto 1 Read data from
processing  SIRDR register SIRDR register SIRDR register

BSO0 to BS3: Bits in SSBR register
CPHS, CPOS_WAIT, MLS: Bits in SIMR1 register

Figure 20.15 Operation Example during Data Reception (4-Wire Bus Communication Mode, 8-Bit

SSU Data Transfer Length)
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20.3.3.4 SCS Pin Control and Arbitration

When the MS bit in the SIMR2 register is set to 1 (4-wire bus communication mode) and the CSS1 bit is set to
1 (functions as the SCS output pin), set the MST bit in the SICR1 register to 1 (master mode) and check the
arbitration of the SCS pin before starting serial transfer. If the synchronous serial communication unit detects
that the synchronized internal SCS signal is held low in this period, the CE_ADZ bit in the SISR register is set
to 1 (conflict error) and the MST bit is automatically set to O (slave mode).

Figure 20.16 shows the Arbitration Check Timing.

Future transmit operations are not performed while the CE_ADZ bit is 1. Set the CE_ADZ hit to 0 (no conflict
error) before starting transmission.

SCS input

Internal SCS
(synchronization)

MST bit in
SICRL1 register

CE_ADZ

Data write to |
SITDR register ! !

\JJ_

L

Transfer start

High-irﬁpedance

SCS output

___|___________l___________- -

1 Maximum time for SCS internal

! synchronization

]
———— P
]

During arbitration detection

Figure 20.16  Arbitration Check Timing
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20.4 12C bus Interface Operation
20.4.1 Items Common to I2C bus Interface and Clock Synchronous Serial Mode

20.4.1.1 Transfer Clock

When the MST bit in the SICR1 register is 0, the transfer clock is the external clock input from the SCL pin.
When the MST bit in the SICR1 register is 1, the transfer clock is the internal clock selected by bits CKS0 to
CKS3in the SICR1 register and bits ICTCTWI and IICTCHALF in the 1| CCR register, and the transfer clock
is output from the SCL pin. Tables 20.9 and 20.10 list the Transfer Rate Examples.

Table 20.9  Transfer Rate Examples (1)

IICCR Register SICR1 Register Transfer Rate
Transfer g — fl= fl= fl= fl=
IICTCHALF | IICTCTWI | CKS3|CKS2|CKS1|CKso| Clock 5 MHz 8 MHz 10 MHz 16 MHz 20 MHz
0 1/28 179kHz | 286kHz | 357kHz | 571kHz | 714 kHz
0 1 1/40 125kHz | 200kHz | 250kHz | 400kHz | 500 kHz
0 1 0 1/48 104kHz | 167kHz | 208kHz | 333kHz | 417 kHz
1 f1/64 78.1kHz | 125kHz | 156 kHz | 250kHz | 313 kHz
0 0 1/80 62.5kHz | 100kHz | 125kHz | 200kHz | 250 kHz
1 0 1 f1/100 | 50.0kHz | 80.0kHz | 100kHz | 160kHz | 200 kHz
1 0 f1/112 | 44.6kHz | 71.4kHz | 89.3kHz | 143kHz | 179 kHz
1 f1/128 | 39.1kHz | 62.5kHz | 78.1kHz | 125kHz | 156 kHz
0 0 0 1/56 89.3kHz | 143kHz | 179kHz | 286 kHz | 357 kHz
0 1 1/80 62.5kHz | 100kHz | 125kHz | 200kHz | 250 kHz
0 1 0 1/96 52.1kHz | 83.3kHz | 104kHz | 167 kHz | 208 kHz
1 1 f1/128 | 39.1kHz | 62.5kHz | 78.1kHz | 125kHz | 156 kHz
0 f1/160 | 31.3kHz | 50.0kHz | 62.5kHz | 100kHz | 125kHz
1 0 1 f1/200 | 25.0kHz | 40.0kHz | 50.0kHz | 80.0kHz | 100 kHz
1 0 f1/224 | 22.3kHz | 35.7kHz | 44.6kHz | 71.4kHz | 89.3kHz
1 f1/256 | 19.5kHz | 31.3kHz | 39.1kHz | 62.5kHz | 78.1kHz
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Table 20.10 Transfer Rate Examples (2)

IICCR Register SICR1 Register Transfer Rate
Transfer 4 — f1= f1= f1= f1=
IICTCHALF | IICTCTWI | CKS3|CKS2|CKS1|CKs0| Clock 5 MHz 8 MHz 10 MHz 16 MHz 20 MHz
0 f1/28 358 kHz 572 kHz 714 kHz 1142 kHz | 1428 kHz
0 1 f1/40 250 kHz 400 kHz 500 kHz 800 kHz 1000 kHz
0 1 0 f1/48 208 kHz 334 kHz 416 kHz 666 kHz 834 kHz
1 fl1/64 156 kHz 250 kHz 312 kHz 500 kHz 626 kHz
0 0 f1/80 125 kHz 200 kHz 250 kHz 400 kHz 500 kHz
1 0 1 f1/100 100 kHz 160 kHz 200 kHz 320 kHz 400 kHz
1 0 f1/112 89 kHz 143 kHz 179 kHz 286 kHz 358 kHz
1 f1/128 78 kHz 125 kHz 156 kHz 250 kHz 312 kHz
0 ! 0 0 f1/56 179 kHz 286 kHz 358 kHz 572 kHz 714 kHz
0 1 f1/80 125 kHz 200 kHz 250 kHz 400 kHz 500 kHz
1 0 f1/96 104 kHz 167 kHz 208 kHz 334 kHz 416 kHz
1 1 f1/128 78 kHz 125 kHz 156 kHz 250 kHz 312 kHz
0 0 f1/160 63 kHz 100 kHz 125 kHz 200 kHz 250 kHz
1 1 f1/200 50 kHz 80 kHz 100 kHz 160 kHz 200 kHz
1 0 f1/224 45 kHz 71 kHz 89 kHz 143 kHz 179 kHz
1 f1/256 39 kHz 63 kHz 78 kHz 125 kHz 156 kHz
0 0 f1/28 90 kHz 143 kHz 179 kHz 286 kHz 357 kHz
0 1 f1/40 63 kHz 100 kHz 125 kHz 200 kHz 250 kHz
1 0 f1/48 52 kHz 84 kHz 104 kHz 167 kHz 209 kHz
0 1 f1/64 39 kHz 63 kHz 78 kHz 125 kHz 157 kHz
0 0 f1/80 31 kHz 50 kHz 63 kHz 100 kHz 125 kHz
1 1 f1/100 25 kHz 40 kHz 50 kHz 80 kHz 100 kHz
1 0 f1/112 22 kHz 36 kHz 45 kHz 72 kHz 90 kHz
1 0 1 f1/128 20 kHz 31 kHz 39 kHz 63 kHz 78 kHz
0 0 f1/56 45 kHz 72 kHz 90 kHz 143 kHz 179 kHz
0 1 f1/80 31 kHz 50 kHz 63 kHz 100 kHz 125 kHz
1 0 f1/96 26 kHz 42 kHz 52 kHz 84 kHz 104 kHz
1 1 f1/128 20 kHz 31 kHz 39 kHz 63 kHz 78 kHz
0 0 f1/160 16 kHz 25 kHz 31 kHz 50 kHz 63 kHz
1 1 f1/200 13 kHz 20 kHz 25 kHz 40 kHz 50 kHz
1 0 f1/224 11 kHz 18 kHz 22 kHz 36 kHz 45 kHz
1 f1/256 10 kHz 16 kHz 20 kHz 31 kHz 39 kHz
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20.4.1.2

SDA Pin Digital Delay Selection

Thedigital delay value of the SDA pin can be selected by bits SDADLY0 and SDADLY 1inthe IICCR register.
Figure 20.17 shows the Operation Example of Digital Delay for SDA Pin.

SCL

* SDADLY1 to SDADLYO = 00b
(3 x f1 cycles)

SDA

20 ps (transfer rate = 50 kHz)

A

X

(11 x f1 cycles)

SDA

» SDADLY1 to SDADLYO = 10b
(19 x f1 cycles)

SDA

11 x f1 cycles

)
)
)
)
)
]
]
]
)
)
)
]
]
]
b X
— |
] 1 ! ]
i g
! 3 xf1 cycles ! 300 ns (f1 = 10 MHz)
) )
« SDADLY1 to SDADLYO = 01b E E
i i
) )
E [ X
] |
, ! : !

1.1 ps (f1 = 10 MHz)

—_——

_1

19 x f1 cycles

SDADLYO to SDADLY1: Bits in IICCR register

I"

0.95 ps (f1 = 20 MHz)

Figure 20.17 Operation Example of Digital Delay for SDA Pin
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20.4.1.3 Interrupt Requests

The I12C bus interface has six interrupt requests in 12C bus interface mode and four interrupt requests in clock
synchronous serial mode. Table 20.11 lists the Interrupt Requests of 12C bus Interface.

Because these interrupt requests are assigned to the 12C bus interface interrupt vector table, interrupt sources
must be determined using hits.

Table 20.11 Interrupt Requests of 12C bus Interface

Format
Interrupt Request Generation Condition 2C bus Clocksynghronous
serial
Transmit data empty TXI TIE=1and TDRE =1 Enabled Enabled
Transmit end TEI TEIE=1and TEND =1 Enabled Enabled
Receive data full RXI RIE =1 and RDRF =1 Enabled Enabled
Stop condition detection STPI |RE_STIE=1and STOP =1 Enabled Disabled
NACK detection NAKI | TE_NAKIE =1 and ORER_AL =1 Enabled Disabled
Arbitration lost (or TE_NAKIE =1 and NACKF =1)  [Enabled Disabled
Overrun error Disabled Enabled

RE_STIE, TE_NAKIE, RIE, TEIE, TIE: Bits in SIER register
ORER_AL, STOP, NACKF, RDRF, TEND, TDRE: Bits in SISR register

When generation conditions listed in Table 20.11 are met, an 12C bus interface interrupt request is generated.
Set the interrupt generation conditions to 0 by the I2C bus interface interrupt routine.

Note that bits TDRE and TEND are automatically set to O by writing transmit data to the SITDR register and
the RDRF bit is automatically set to 0 by reading the SIRDR register. In particular, the TDRE bit isset to 0
when transmit data is written to the SITDR register and set to 1 when data is transferred from registers SITDR
to SISDR. If the TDRE bit is further set to 0, additional 1 byte may be transmitted. Because the datais retained
in the transmit buffer, the datais shifted to the shift register by atrigger (the TDRE bit in the SISR register is 0),
and thus the same data is retransmitted.

Also, set the RE_STIE bit in the SIER register to 1 (stop condition detection interrupt request enabled) only
when the STOP bit in the SISR register is 0.
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20.4.2 12C bus Interface Mode

20.4.2.1 12C bus Format

When the MS bit in the SIMR2 register is set to 0, 12C bus interface mode is used for communication.

Figure 20.18 shows the 12C bus Format and Bus Timing. The first frame following the start condition consists
of 8 bits.

(1) I2C bus format

(a) I°C bus format (MS = 0)

S SLA | RIW | A | DATA | A | | AA | P |
L1 7 PRI n L1 1 1 !
I< >< >|< =I< >« >|< :I |<—><—>| Number of transfer bits (n = 1 to 8)
1 m
< > < > Number of transfer frames (m = 1 or more)
(b) I2C bus format (When Start Condition is Retransmitted, MS = 0)

S ; SLA | R/W| A | DATA | | AR | S | SLA | R/W| A | DATA | | AR | P |
lelole 7 slelslelsle nt > letpletple 7 slelslelsle n2 > < olels
[ P> > [P P> >

& 1 »la- ml > < 1 »la- m2 »

Upper: Number of transfer bits (n1, n2 = 1 to 8)
Lower: Number of transfer frames (m1, m2 = 1 or more)

(2) I12C bus timing

VAN S W VO S O
W AW A R AW A A VATA Y

S SLA RW A DATA A DATA A P

Legend:
S : Start condition
The master device changes the SDA signal from high to low while the SCL signal is held high.
SLA : Slave address
R/W : Indicates the direction of data transmission/reception. Data is transmitted when:
R/W value is 1: From the slave device to the master device
R/W value is 0: From the master device to the slave device
A : Acknowledge
The receive device sets the SDA signal to low.
DATA: Transmit/receive data
P : Stop condition
The master device changes the SDA signal from low to high while the SCL signal is held high.

Figure 20.18 I2C bus Format and Bus Timing

20.4.2.2 12C bus Slave Addressing

In the 12C bus format, the first 1 byte immediately after a start condition is specified as a slave address. When
this modul e operates as a slave device, slave addresses can be programmed using bits SVAO to SVAG6 in the
SIMR2 register. However, this does not apply to the “general call address’ and the “start byte” defined in the
12C bus specification.
» General call address (0000_000_0)

Since all the devices are addressed, an acknowledge signal is returned.
« Start byte (0000_000_1)

All the devices cannot return any acknowledge signal.
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20.4.2.3 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and data, and the slave device returns an
acknowledge signal. Figures 20.19 and 20.20 show the Operation Timing in Master Transmit Mode (12C bus
Interface Mode).

The transmit procedure and operation in master transmit mode are shown below:

(1) Set the STOP bit in the SISR register to O for initialization. Set the ICE bit in the SICR1 register to 1
(transfer operation enabled). Then, set bits CPOS_WAIT and MLS in the SIMR1 register and bits CKS0 to
CKS3inthe SICR1 register (initial setting).

(2) After confirming the busis released by reading the BBSY bit in the SICR2 register, set bits TRS and MST
in the SICR1 register to master transmit mode. Then, write 1 to the BBSY bit and 0 to the SCP bit with the
MOQV instruction (start condition generated). Thiswill generate a start condition.

(3) After confirming the TDRE bit in the SISR register is 1, write transmit data to the SITDR register (datain
which a slave address and R/W are indicated in the 1st byte). The TDRE bit is automatically set to O at this
time and datais transferred from registers SITDR to SISDR, and then the TDRE hit is set to 1 again.

(4) When 1 byte of datatransmission is completed while the TDRE bit is 1, the TEND bit in the SISR register
isset to 1 at the rising edge of the 9th clock cycle of the transmit clock. After confirming the slave device
is selected by reading the ACKBR bit in the SIER register, write the 2nd byte of data to the SITDR
register. Since the slave device is not acknowledged when the ACKBR bit is 1, generate a stop condition.
A stop condition is generated by writing O to the BBSY bit and O to the SCP bit with the MOV instruction.
The SCL signal isfixed at low until datais ready or a stop condition is generated.

(5) Write the transmit data after the 2nd byte to the SITDR register every time the TDRE bit is set to 1.

(6) When the number of bytes to be transmitted is written to the SITDR register, wait until the TEND bit is set
to 1 whilethe TDRE bit is 1. Or wait for NACK (NACKF bit in SISR register = 1) from the receive device
while the ACKE bit in the SIER register is 1 (when the receive acknowledge bit is 1, transfer is halted).
Then, generate a stop condition and set the TEND bit or the NACKF bit to O.

(7) When the STOP bit in the SISR register is set to 1, return to slave receive mode.

To generate arestart condition after receiving NACK, use the following procedure:
(1) ConfirmaNACK error.

(2) Generate arestart condition.

(3) Confirm therising edge of the SCL signal.

(4) Set bitsNACKF and TEND in the SISR register to 0.

* Operation and Switching Flow When Start/Stop Condition is Detected during
Master Transmit Operation

(1) Detect arbitration islost and enter to slave receive mode.
(2) Set bits ORER_AL and TDRE in the SISR register to 0.
(3) Confirmthe BBSY bit in the SICR2 register.
— If thishitis 1, receive aslave address.
— If thisbit is 0, master and slave operations are both possible.
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SCL
(master output)

SDA
(master output)

SDA
(slave output)

TDRE bitin
SISR register

TEND bit in
SISR register

SITDR register

SISDR register

Program
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A

Slave address

-
-
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M
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/x Data 1
\
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A
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(2) Instruction for start
condition generation
BSSY=1,SCP=0

(3) Write data to SITDR
register (1st byte).

(4) Write data to SITDR
register (2nd byte).

\

(5) Write data to SITDR
register (3rd byte).

Figure 20.19 Operation Timing in Master Transmit Mode (12C bus Interface Mode) (1)

SCL
(master output)

SDA
(master output)

SDA
(slave output)

TDRE bit in
SISR register

TEND bit in
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Program
processing

\_ AR

Datan
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(3) Write data to SITDR register.

v/

(6) Generate a stop condition
and set TEND bit to 0. A

(7) Set to slave receive mode.

Figure 20.20 Operation Timing in Master Transmit Mode (I12C bus Interface Mode) (2)
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20.4.2.4  Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data from the slave device, and
returns an acknowledge signal. Figures 20.21 and 20.22 show the Operation Timing in Master Receive Mode
(12C bus Interface Mode).

The receive procedure and operation in master receive mode are as follows:

(1) After setting the TEND bit in the SISR register to 0, set the TRS bit in the SICRL1 register to 0 to switch
from master transmit mode to master receive mode. Then, set the TDRE hit in the SISR register to 0.

(2) Reception is started by performing a dummy read of the SIRDR register. The receive clock is output in
synchronization with the internal clock and datais received. The master device outputs the level set by the
CEIE_ACKBT bit in the SIER register to the SDA pin at the rising edge of the 9th clock cycle of the
receive clock.

(3) When one frame of data reception is completed, the RDRF bit in the SISR register is set to 1 at the rising
edge of the 9th clock cycle of the receive clock. If the SIRDR register isread at thistime, the received data
can be read and the RDRF bit is set to O at the same time.

(4) Reception can be performed continuously by reading the SIRDR register every time the RDRF bit is set to
1. If reading of the SIRDR register is delayed by another process and the 8th clock cycle falls while the
RDRF hit is 1, the SCL signal isfixed at low until the SIRDR register isread. No stop condition or repeat
start condition can be generated at thistime.

(5) If the next frame is the last receive frame, set the RCVD bit in the SICR1 register to 1 (next receive
operation disabled) and the CEIE_ACKBT bit to 1 before reading the SIRDR register. This enables
returning NACK to the slave device and a stop condition can be generated after the next reception.

(6) When the RDRF bit is set to 1 at the rising edge of the 9th clock cycle of the receive clock, generate a stop
condition.

(7) When the STOP bit in the SISR register is set to 1, read the SIRDR register. Then, set the RCVD bit to 0
(next receive operation continues).

(8) Returnto dave receive mode.

» Flow for Generating Repeat Start Condition during Master Receive Mode

To generate arepeat start condition after transmitting NACK, use the following procedure:

(1) The same applies as the flow for generating a stop condition until step (5).

(2) After the RDRF bit isset to 1 at the rising edge of the 9th clock of the receive clock, generate arepeat start
condition (write 1 to BBSY and 0 to SCP with the MOV instruction).

(3) Read the SIRDR register after setting to master transmit mode. Then set the RCVD bit to 0 (next receive
operation continues).

(4) Writethe dataindicating a slave address and R/W to the SITDR.

Note 1: After arepeat start condition is generated (write 1 to BBSY and 0 to SCP with the MOV instruction),
the SCL and SDA signals are held low after 2.5 cycles or more of the transfer clock. Be sure to set to
master transmit mode before that.

» Operation and Switching Flow When Stop Condition is Detected during
Master Receive Operation

(1) Detect astop condition and enter to slave receive mode.
(2) Confirm the BBSY hit inthe SICR2 register is 0.

(3) Set the STOP hit in the SISR register to 0.

(4) Reset the control block.
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Master transmit mode --t———

SCL
(master output)

SDA
(master output)

SDA A
(slave output)

TDRE bit in
SISR register

TEND bit in
SISR register

TRS bit in
SICR1 register

o | f / \ [
/ 1 \ |

N
i \ oun
i \

Program (1) After setting bits TEND and TRS to O, (2) Read SIRDR register. (3) Read SIRDR register.
processing set TDRE bit to 0.

Figure 20.21 Operation Timing in Master Receive Mode (I2C bus Interface Mode) (1)
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SCL
(master output) 9 1 2 3 4 5 6 7 8 9

SDA
(master output)
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(slave output)
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SISDR register Datg n-1
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SIRDR register X Data n-1 \ / X Data I’]//
\ / //

Program (5) Read SIRDR register after (6) Generate a stop condition. (7) Set RCVD bit to O after
processing setting RCVD bit to 1. reading SIRDR register. A

(8) Set to slave receive mode.

Figure 20.22 Operation Timing in Master Receive Mode (I12C bus Interface Mode) (2)
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20.4.2.5 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data while the master device outputs the receive
clock and returns an acknowledge signal. Figures 20.23 and 20.24 show the Operation Timing in Slave
Transmit Mode (12C bus Interface Mode).

The transmit procedure and operation in slave transmit mode are as follows:

(1) Set the ICE bit in the SICR1 register to 1 (transfer operation enabled). Then, set bits CPOS WAIT and
MLS in the SIMR1 register and bits CKS0 to CKS3 in the SICR1 register (initial setting). Next, set bits
TRS and MST in the SICR1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the slave address matches at the first frame after detecting the start condition, the slave device
outputs the level set by the CEIE_ACKBT bit in the SIER register to the SDA pin between the falling edge
of the 8th clock cycle and the falling edge of the 9th clock cycle. If the 8th bit of data (R/W) is 1, the TRS
bit and the TDRE hit in the SISR register are set to 1, and the mode is switched to slave transmit mode
automatically. Continuous transmission is enabled by writing transmit data to the SITDR register every
timethe TDRE bit isset to 1.

(3) When the TDRE bit is set to 1 after the last transmit data is written to the SITDR register, wait until the
TEND bit isset to 1 while the TDRE bhit is 1. After the TEND bit is set to 1, set the TEND bit to O.

(4) Set the TRS bit to 0 and perform a dummy read of the SIRDR register to complete the process. This will
release the SCL signal.

(5) Setthe TDRE bit to 0.

* Maintaining Data Setup Time during Slave Transmit Operation

During data transfer, if the 9th clock cycle falls while the TDRE bit is 1 and the TEND bit is 1, the SCL signa
isfixed at low until transmit data is written to the transmit register. After transmit data is written, maintain the
data setup time set with the CKS3 bit after the transmit dataiis output to the SDA pin and release the SCL signal
(rising) (See Figure 20.25 Data Setup Time during Slave Transmit Operation).
The CKS3 hit 0:9, 10 Teyc
1: 17 to 20 Teyc (1 Teye = 1/f1 (9))

The setup time is doubled when the IICTCHALF bit in the IICCR register is set to 1, and halved when the
IICTCTWI bitinthe lICCR register isset to 1.

* Operation and Switching Flow When Stop Condition is Detected during Slave
Transmit Operation
(1) Setto slavereceive mode.
(2) Setthe TDRE hit in the SISR register to O.

When a start condition is detected during slave transmit operation, any address following that condition cannot
be received. Reset the control block and input a start condition again.
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]
Slave receive mode €——— ! —— Slave transmit mode
]

SCL
(master output) 9 1 2 3 4 5 6 7 8 9 1
SDA A
(master output)

SCL
(slave output)
(slaveoutsp?nA) \ A/ X b7 X b6 X b5 X ba X b3 X b2 X b1 X bo / X b7 X

TDRE bit in
SISR register
3

TEND bit in
SISR register

TRS bit in
SICR1 register

SITDR register Data 1 Data 2 Data 3
\

= ]

/ |
SIRDR register / \ I
P \ I

Program (1) Write data to SITDR (2) Write data to SITDR (2) Write data to SITDR
processing register (data 1). register (data 2). register (data 3).

SISDR register

|
— |
>

Figure 20.23 Operation Timing in Slave Transmit Mode (I2C bus Interface Mode) (1)
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Slave receive
mode

SCL
(master output)

SDA
(master output)

SCL
(slave output)

SDA
(slave output)

TDRE bitin
SISR register

TEND bit in
SISR register

TRS bit in
SICR1 register

SITDR register Data\n / /

SISDR register

SIRDR register / /

Program (3) Set TEND bit to 0. (4) Dummy read SIRDR register (5) Set TDRE bit
processing after setting TRS bit to 0. to 0.

Data n

——

-
I~
I~

Figure 20.24 Operation Timing in Slave Transmit Mode (I2C bus Interface Mode) (2)

Data setup time using
,  SCLsignal is fixed at low by slave CKS3 bit
1 device ! !
1V | ]
] ] ]
scL \ / \ ! m
I : 1
] 1 1
| | I
] [ N
SDA bit9 (ACK) ! bit1 ! bit 2
| i ! !
] 1 ]
y ' i
TDRE bitin ! !
SISR register : :
1 1 1
] I ]
4 | 1
TEND bit in i i
SISR register : : :
1 T T
d | g
Program Transmit data is written
processing
Figure 20.25 Data Setup Time during Slave Transmit Operation
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20.4.2.6  Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and data, and the slave device returns an

acknowledge signal. Figures 20.26 and 20.27 show the Operation Timing in Slave Receive Mode (12C bus
Interface Mode).

The receive procedure and operation in slave receive mode are as follows:

(1) Set the ICE bit in the SICR1 register to 1 (transfer operation enabled). Then, set bits CPOS WAIT and
MLS in the SIMR1 register and bits CKS0 to CKS3 in the SICR1 register (initial setting). Next, set bits
TRS and MST in the SICR1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the slave address matches at the first frame after the start condition is detected, the slave device
outputs the level set inthe CEIE_ACKBT bit in the SIER register to the SDA pin between the falling edge
of the 8th clock cycle and the falling edge of the 9th clock cycle. Since the RDRF bit in the SISR register
is set to 1 simultaneously, perform a dummy read of the SIRDR register (the read data is unnecessary
because it indicates the slave address and R/W).

(3) Read the SIRDR register every time the RDRF bit is set to 1. If the 8th clock cycle falls while the RDRF
bit is 1, the SCL signal is fixed at low until the SIRDR register is read. The setting change of the
acknowledge signal returned to the master device before reading the SIRDR register takes effect from the
following transfer frame.

(4) If the next frame is the last receive frame, set the CEIE_ACKBT hit in the SIER register to 1 before
reading the SIRDR register. This enables returning NACK to the master device and a stop can be generated
after the next reception.

(5) Reading thelast byte is also performed by reading the SIRDR register.
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SCL
(master output)

SDA
(master output)

SCL
(slave output)

SDA
(slave output)

RDRF bit in
SISR register

SISDR register

SIRDR register

Program
processing

miE

]

s

L

i
-

I

f
|

|

Data 1

\
\

f
/X Data 2
/

\ 1
A

e

v/

(2) Dummy read SIRDR register.

v/

(2) Read SIRDR register.

Figure 20.26 Operation Timing in Slave Receive Mode (12C bus Interface Mode) (1)

SCL
(master output)

SDA
(master output)

SCL
(slave output)

SDA
(slave output)

RDREF bit in
SISR register

SISDR register

SIRDR register

Program
processing

Data 2

|

Data 1

(3) Set CEIE_ACKBT bit to 1.

(3) Read SIRDR register.

(4) Read SIRDR register.

Figure 20.27 Operation Timing in Slave Receive Mode (I12C bus Interface Mode) (2)
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20.4.3 Clock Synchronous Serial Mode

20.4.3.1 Clock Synchronous Serial Format

When the MS bit in the SIMR2 register is set to 1, the clock synchronous serial format is used for
communication.
Figure 20.28 shows the Transfer Format for Clock Synchronous Serial Mode.

When the MST bit in the SICR1 register is 1, the transfer clock is output from the SCL pin. When the MST bit
isset to 0, the external clock isinput.

The transfer data is output between successive falling edges of the SCL clock, and data is determined at the
rising edge of the SCL clock. MSB first or LSB first can be selected as the order of the data transfer by setting
the MLS bit in the SIMR1 register. The SDA output level can be changed by the SDAO bit in the SICR2
register during transfer standby.

SDA XbOXlebZXb3Xb4Xb5Xb6Xb7

Figure 20.28 Transfer Format for Clock Synchronous Serial Mode
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20.4.3.2  Transmit Operation

In transmit mode, transmit data is output from the SDA pin in synchronization with the falling edge of the
transfer clock. Thetransfer clock is output when the MST bit in the SICR1 register is 1 and input when the MST
bitisO.

Figure 20.29 shows the Operation Timing in Transmit Mode (Clock Synchronous Serial Mode).

The transmit procedure and operation in transmit mode are as follows:

(1) SetthelCE bitinthe SICR1 register to 1 (transfer operation enabled). Then, set bits CKS0 to CKS3 in the
SICR1 register and the MST bit (initial setting).

(2) Setthe TRSbit in the SICR1 register to 1 to select transmit mode. Thiswill set the TDRE bit in the SISR
register to 1.

(3) After confirming the TDRE bit is 1, write transmit data to the SITDR register. Data is transferred from
registers SITDR to SISDR and the TDRE bit is automatically set to 1. Continuous transmission is enabled
by writing data to the SITDR register every time the TDRE bit is set to 1. To switch from transmit to
receive mode, set the TRS bit to 0 while the TDRE bit is 1.

AT £ ) 03 63 E 0 6D E Y

TRS bitin
SICR1 register

‘r ((
TDRE bitin ))
SISR register (( | L
f i ‘ () () 1 ( f i f
SITDR register /X Data 1 X \ (;(; Data 2 (;(; / X Data 3 /X:
I\ A\ (« « / /N [1
SISDR register // X \ \ (« Data 1 Data 2 ( // X Data 3 //
l / \\ )) ) / / / /
(3) Write data to . ) .
Program SITDR register. ~ (3) Write data to (3) Write data to (3) Write data to
processing SITDR register. SITDR register. SITDR register.

(2) Set TRS bit to 1.

Figure 20.29 Operation Timing in Transmit Mode (Clock Synchronous Serial Mode)
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20.4.3.3 Receive Operation

In receive mode, data is latched at the rising edge of the transfer clock. The transfer clock is output when the
MST bit in the SICR1 register is 1 and input when the MST bit isO.
Figure 20.30 shows the Operation Timing in Receive Mode (Clock Synchronous Serial Mode).

The receive procedure and operation in receive mode are as follows:

(1) SetthelCE bitinthe SICR1 register to 1 (transfer operation enabled). Then, set bits CKS0 to CKS3 in the
SICR1 register and the MST bit (initial setting).

(2) Setthe MST hit to 1 while the transfer clock is being output. Thiswill start the output of the receive clock.

(3) When the receive operation is completed, data is transferred from registers SISDR to SIRDR and the
RDREF bit in the SISR register is set to 1. When the MST bit is set to 1, the clock is output continuously
since the next byte of datais enabled for reception. Continuous reception is enabled by reading the SIRDR
register every time the RDRF bit is set to 1. If the 8th clock cycle falls while the RDRF bit is 1, an overrun
is detected and the ORER_AL hit in the SISR register is set to 1. At this time, the last receive datais
retained in the SIRDR register.

(4) When the MST bit is 1, set the RCVD bit in the SICR1 register to 1 (next receive operation disabled)
before reading the SIRDR register. The SCL signal is fixed at high after the following byte of data
reception is completed.

SCL X X 1 X X 2 X X 7 8 1 7 8 1 2
(.SDA) \ b0 X b1 X ;X:X b6 X b7 X bo X iX:X b6 X b7 X bo X
input

MST bitin
SICR1 register

TRS bitin
SICR1 register 0

I~
~
~
I~
~
~

RDRF bitin
SISR register

SISDR register

X Data 1

Data 2 X Datf 3

SIRDR register

|
|
|
|
|

NS~~~

I~ I~ U~ I~ U~
[ alY O R ~
N N N R R
—
—
A allV oW oAy

~
—

Program (2) Set MST bit to 1 (when (3) Read SIRDR register. (3) Read SIRDR register.
processing transfer clock is output).

Figure 20.30 Operation Timing in Receive Mode (Clock Synchronous Serial Mode)
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20.4.4 Register Setting Examples
Figures 20.31 to 20.34 show examples of register setting when the 12C businterface is used.

Start

t

« Set the STOP bit in the SISR register to 0.

| Initial setting

| « Set the IICSEL bit in the [ICCR register to 1.

—]

« Set the MSTICSU bit in the MSTCRL1 register to 0.

[ ReadBBSY bitin SICR2 register

(1) Determine the state of the SCL and SDA lines.
(2) Set to master transmit mode.

(3) Generate a start condition.

(5) Wait until 1 byte of data is transmitted.

No ~BBsy =02
Yes
SICR1register TRS bit« 1
MST bit « 1
I
SICR2 register ~ SCP bit <~ 0
BBSY bit «— 1

[©)] (6) Determine the ACKBR bit from the specified slave device.

(7) Set the transmit data after 2nd byte (except the last byte).

| Write transmit data to SITDR register

—]

(8) Wait until the SITDR register is empty.

| Read TEND bit in SISR register

| (9) Set the transmit data of the last byte.

No
Yes

(5) (10) Wait for end of transmission of the last byte.
(11) Set the TEND bit to 0.

(12) Set the STOP bit to 0.

Read ACKBR bit in SIER register

ACKBR = 0?

Yes

Transmit
mode?

(13) Generate a stop condition.
(6) (14) Wait until a stop condition is generated.

(15) Set to slave receive mode.
. Set the TDRE bit to 0.

I Master receive mode I

| Write transmit data to SITDR register

]

| |Jo

| Read TDRE bit in SISR register |
8
No 8)
Yes -
No
)
Yes
| Write transmit data to SITDR register |
| Read TEND bit in SISR register | N
1
No (10)
Yes -
[ SiSRregister  TEND bit 0 | :| (1)
I
[ SisRregister  STOP bit < 0 | :| 12)
I
SICR2 register ~ SCP bit «- 0 13
BBSY bit« 0

—

| Read STOP bit in SISR register

14
No (14)
Yes :
SICR1register TRS bit« 0
MST bit < 0
T (15)
| SISR register  TDRE bit < 0 |
End

(4) Set the transmit data of the 1st byte (slave address + R/W).

Figure 20.31 Register Setting Example in Master Transmit Mode (I12C bus Interface Mode)
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(1) Set the TEND bit to 0 and set to master receive
mode. Set the TDRE bit to 0. 42

(2) Set the ACKBT bit to the transmit device. @
(3) Dummy read the SIRDR register. @

(4) Wait until 1 byte is received.

(5) Determine (last receive - 1).

(6) Read the receive data.

(7) Set the ACKBT bit of the last byte and set continuous
receive operation to disable (RCVD = 1). @

(8) Read the receive data of (last byte - 1).
(9) Wait until the last byte is received.

(10) Set the STOP bit to 0.

(11) Generate a stop condition.

(12) Wait until a stop condition is generated.
(13) Read the receive data of the last byte.
(14) Set the RCVD bit to 0.

(15) Set to slave receive mode.

| | Master receive mode | |
| SISR register  TEND bit < 0 |
[
| SICR1 register TRS bit < 0 | o)
[
| SISR register  TDRE bit < 0 |
[
| SIER register CEIE_ACKBT bit<0 | :| @)
[
| Dummy read SIRDR register | :I ?3)
[ ReadRDRFbitinSISRregister | |
4
Last receive - 1? (5)
| Read SIRDR register | :I (6)
T
[ —
| SIER register  CEIE_ACKBT bit 1 |
[ ()]
| SICR1 register RCVD bit « 1 |
| _
| Read SIRDR register | :I (8)
|
| _
| Read RDRF bit in SISR register |
9
No 9)
Yes -
SISR register  STOP bit < 0 | :| (10)
[ _
SICR2 register SCP bit « 0 1)
BBSY bit « 0
| -
| _
Read STOP bit in SISR register
12
No (12)
Yes -
| Read SIRDR register | :I (13)
[
[ SICR1 register RCVD bit < 0 | :| (14)
[
[ SICR1 register MST bit < 0 | :| (15)
End
Notes:
1. Do not generate interrupts during process steps (1) to (3).
2. For 1 byte of data reception, skip steps (2) to (6) after step (1) and jump to process step (7).
Process step (8) is a dummy read from the SIRDR register.

Figure 20.32 Register Setting Example in Master Receive Mode (12C bus Interface Mode)
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| |Slave transmit mode| |

[ SisRregister  AASbit 0 | :| N (1) Set the AAS bit to 0.

|
|

- - - (2) Set the transmit data (except the last byte).
| Write transmit data to SITDR register | :I 2)

>I (3) Wait until the SITDR register is empty.
| Read TDRE bit in SISR register |

(4) Set the transmit data of the last byte.

3 (5) Wait until the last byte is transmitted.

(6) Set the TEND bit to 0.

— (7) Set to slave receive mode.

No (8) Dummy read the SIRDR register to release the

SCL signal.

Last byte?

()]
(9) Set the TDRE bit to 0.
| Write transmit data to SITDR register |
| -
> _
| Read TEND bit in SISR register |
5
No (5)
Yes -
[ SiSRregister  TEND bit < 0 | :| ®)
I
| SICR1 register TRS bit« 0 | :I (@)
[
| Dummy read SIRDR register | :I (8)
I
| SISR register TDRE bit« 0 | :I 9)
End

Figure 20.33 Register Setting Example in Slave Transmit Mode (I12C bus Interface Mode)
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| | Slave receive mode | |

| SISR register  AAS bit« 0

| SIER register CEIE_ACKBT bit « 0

| Dummy read SIRDR register

| Read RDRF bit in SISR register

Last receive - 1?

4)

®)

| Read SIRDR register

| SIER register CEIE_ACKBT bit« 1

| Read SIRDR register

|

1

| Read RDRF bit in SISR register

No

Yes

9)

Read SIRDR register

| Jeo

End

Note:
1. For 1 byte of data reception, skip steps (2) to (6) after step (1) and jump to process step (7).

Process step (8) is a dummy read from the SIRDR register.

(1) Set the AAS bit to 0. ©

(2) Set the ACKBT bit to the transmit device.
(3) Dummy read the SIRDR register.

(4) Wait until 1 byte is received.

(5) Determine (last receive - 1).

(6) Read the receive data.

(7) Set the ACKBT bit of the last byte. ()

(8) Read the receive data of (last byte - 1).
(9) Wait until the last byte is received.

(10) Read the receive data of the last byte.

Figure 20.34 Register Setting Example in Slave Receive Mode (12C bus Interface Mode)
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20.4.5 Noise Canceller

The states of pins SCL and SDA are routed through the noise canceller before being latched internally. Figure
20.35 shows the Noise Canceller Block Diagram.

The noise canceller consists of two cascaded latch and match detection circuits. When the SCL pin input signal
(or SDA pininput signal) is sampled on f1 and two latch outputs match, the level is passed forward to the next
circuit. When they do not match, the former valueis retained.

»\

SCL or SDA
input signal

Y
y

—P Internal SCL

»

" or SDA signal

f1 sampling clock —e . r

Figure 20.35 Noise Canceller Block Diagram

20.4.6 Bit Synchronization Circuit

When the I2C bus interface is set to master mode, the high-level period may become shorter if:

« The SCL signal isheld low by aslave device.

* The rise speed of the SCL signal isreduced by aload (load capacity or pull-up resistor) on the SCL line.
Therefore, the SCL signal is monitored and communication is synchronized bit by bit.

Figure 20.36 shows the Timing of Bit Synchronization Circuit. Table 20.12 lists the Time between Changing
SCL Signal from Low-Level Output to High Impedance and Monitoring SCL Signal.

j;

Reference clock of ‘ '
SCL monitor timing ‘ !

}
|1

\

\
\

-
\

-
-

. TN
o . Y
nterna ] 1 | T
SCL_E_OJ b HI— L
Figure 20.36 Timing of Bit Synchronization Circuit
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Table 20.12 Time between Changing SCL Signal from Low-Level Output to High Impedance and
Monitoring SCL Signal

SICR1 Register . )
SCL Monitoring Time (MT)
IICTCHALF IICTCTW1 CKS3 CKS2
0 0 0 0 7.5 Teye
1 19.5 Teyc
1 0 17.5 Teyc
1 41.5 Teyc
0 1 0 0 2.5 Teye
1 8.5 Teyc
1 0 7.5 Teye
1 19.5 Teye
1 0 0 0 17.5 Teyce
1 41.5 Teyc
1 0 37.5 Teye
1 85.5 Teyc

1 Teyc = 1/f1 (s)

When SCK = 1000b, the bit synchronization circuit does not function even if the high-level period of the SCL

signal is 600 ns or less (breach of the 12C specification).
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20.4.7 Procedure for Resetting Control Block in I2C bus Interface Mode

In 12C bus interface mode, writing 1 to the SIRST bit in the SICR2 register can reset some of the 12C bus
function registers and the control block. Figure 20.37 shows the Procedure for Resetting Control Block in 12C
bus Interface Mode.

When the control block is reset ((2) in Figure 20.37), the corresponding IR bit for the ICU may be set to 1
(interrupt requested). For the notes on clearing the IR bit, see 11. Interrupts.

. . 2
| ICE bit in SICR1. register « 0 | :I 1) 1) D|saple the pin output for the I°C bus
| function.

| SIRST bit in SICR2 register « 1 | :I (2) (2) Reset the control block.
| TRS bit in SICR1 register < 0, MST bit < 0 | :I (3) (3) Enter I2C slave receive mode.

SCL=Hand SDA=H :I (4) (4) Wait until the bus is released.

(5) Enter clock synchronous serial mode
| MS bit in SIMR2 register « 1 | :I 5) (the BBSY bit in the SICR2 register is
| set to O (stop condition generated)).

| MS bit in SIMR2 register «- 0 | :I (6) (6) Enter I2C bus interface mode.
- . (7) Each bit in the SISR register is set to
| Set each bit in the SISR register to 0 | :I ©) 0 by writing 0 after reading it as 1.

| SIRST bit in SICR2 register < 0 | :I (8) (8) Release the control block reset.

Set registers IICCR, SICR1, SICR2, SIMR1, SIER, ©) (9) Initial setting for data transfer in 12C
and SIMR2 bus interface mode.

ICE bit in SICR1 register « 1

(10) Enable the pin output for the 12C bus
(10) )
function.

End

Figure 20.37 Procedure for Resetting Control Block in 12C bus Interface Mode
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20.5 Notes on Clock Synchronous Serial Interface

20.5.1 Notes on Synchronous Serial Communication Unit
To use the synchronous serial communication unit, set the IICSEL bit in the ICCR register to 0 (SSU function).

20.5.2 Notes on I2C bus Interface
To use the 12C businterface, set the IICSEL bit in the IICCR register to 1 (12C bus function).

Notes regarding the 12C specification

Do not use the 12C interface with the settings that do not meet the 12C specification.

(1) Inthe I2C specification, the transfer rate is a maximum of 400 kHz and the low-level period of the SCL
signal is aminimum of 1.3 usin high-speed mode. Since the duty cycle for the 12C bus interface in this
MCU is 50%, this minimum of 1.3 us for the low-level period of the SCL signal cannot be met during
operation at 400 kHz. To meet this minimum of 1.3 us for the low-level period of the SCL signal, set the
transfer rate to 384.6 kHz or below to use the 12C bus interface.

(2) There must be a delay of a minimum of 300 ns for the SDA pin to change at the rising edge of the SCL
signal. For the 12C bus interface in this MCU, the delay value can be set by bits SDADLY 0 to SDADLY 1
in the IICCR register. The delay value must be determined for the system. When f1 is set to 11 MHz or
above, set bits SDADLY 1 to SDADLYO0 in the IICCR register to 01b (digital delay of 11 x f1 cycles) or
10b (digital delay of 19 x f1 cycles).

(3) Thereisno compatibility with the CBUS.

(4) 10-bit addressing cannot be used.

(5) When a start condition is detected while data is transmitted in slave transmission, any address following
that condition cannot be received and the operation is stopped. Follow the procedure for resetting the
control block to reset the 12C bus interface.

(6) Do not set to 1111XXXb and 0000X X Xb as slave addresses.

(7) When starting communication by the master after a stop condition is detected, set the STOP bit in the SISR
register to 0.
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20.5.3 ICE Bit in SICR1 Register and SIRST Bit in SICR2 Register

When writing 0 to the ICE bit or 1 to the SIRST bit during an 12C bus interface operation, the BBSY bit in the
SICR2 register and the STOP hit in the SISR register may become undefined.

20.5.3.1 Conditions When Bits Become Undefined

« When this module occupies the 12C bus in master transmit mode (bits M ST and TRS in the SICR1 register are
1).

« When this module occupies the 12C busin master receive mode (the MST bit is 1 and the TRS bit is 0).

* When this modul e transmits data in slave transmit mode (the MST hbit is 0 and the TRS bitis 1).

* When this modul e transmits an acknowledge in slave receive mode (bits MST and TRS are 0).

20.5.3.2 Countermeasures

» When the start condition (the SDA falling edge when SCL is high) isinput, the BBSY bit becomes 1.

» When the stop condition (the SDA rising edge when SCL is high) isinput, the BBSY hit becomes 0.

* When writing 1 to the BBSY hit, 0 to the SCP bit, and the start condition (the SDA falling edge when SCL is
high) is output while SCL and SDA are high in master transmit mode, the BBSY hit becomes 1.

» When writing 0 to bits BBSY and SCP, the stop condition (the SDA rising edge when SCL is high) is output
while SDA islow, and thisis the only module that holds SCL low in master transmit mode or master receive
mode, the BBSY bit becomes 0.

* When writing 1 to the FS bit in the SAR register, the BBSY bit becomes 0.

20.5.3.3  Additional Descriptions Regarding SIRST Bit

* When writing 1 to the SIRST bit, bits SDAO and SCLO in the SICR2 register become 1.

* When writing 1 to the SIRST bit in master transmit mode and slave transmit mode, the TDRE bit in the SISR
register becomes 1.

« While the control block of the 12C bus interface is reset by setting the SIRST bit to 1, writing to bits BBSY,
SCP, and SDAO is disabled. Write 0 to the SIRST bit before writing to the BBSY bit, SCP bit, or SDAO bit.

« Even when writing 1 to the SIRST bit, the BBSY hit does not become 0. However, the stop condition (the
SDA rising edge when SCL is high) may be generated depending on the states of SCL and SDA and the
BBSY bit may become 0.

There may also be asimilar effect on other bits.

« While the control block of the 12C bus interface is reset by setting the SIRST bit to 1, data
transmission/reception is stopped. However, the function to detect the start condition, stop condition, or
arbitration lost operates. The values in the SICR1 register, SICR2 register, or SISR register may be updated
depending on the signals applied to pins SCL and SDA.
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21. A/D Converter

This MCU features a 10-bit successive approximation A/D converter that can process analog inputs for up to eight
channels.

21.1 Overview
Table 21.1 liststhe A/D Converter Specifications. Figure 21.1 shows the A/D Converter Block Diagram.

Table 21.1  A/D Converter Specifications

Item Specification
A/D conversion method | Successive approximation (with capacitive coupling amplifier)
Analog input voltage 0Vto AvVCC

Input channels 8 channels (ANO to AN7)

Resolution 10 bits

A/D conversion clock f1, f2, f4, 18, or fAD

Conversion time 2.2 ps (A/D conversion clock = 20 MHz)

A/D operating modes * One-shot mode:

A/D conversion is performed on the specified single channel for a single round.
* Repeat mode:

A/D conversion is performed on the specified single channel repeatedly.
« Single sweep mode:

A/D conversion is performed on the specified two channels for a single round.
* Repeat sweep mode:

A/D conversion is performed on the specified two channels repeatedly.

A/D conversion data 16-bit data register corresponding to each channel group where the A/D conversion result
register (x 2) is stored (valid data length: 10 bits).
A/D conversion start « Software trigger
conditions « Conversion start trigger from timer RC
 External trigger
Interrupt source An A/D conversion interrupt is generated when A/D conversion completes.
Others The A/D converter is set to standby by the MSTAD bit in the MSTCR register.
Note:

1. The symbol of the conversion clock $AD shown in Electrical Characteristics indicates the A/D conversion clock.
Make sure the measurement condition is $AD = the A/D conversion clock.
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Figure 21.1 A/D Converter Block Diagram

Table 21.2 liststhe A/D Converter Pin Configuration.
Pins AVCC and AV SS are used for the power supply to the analog block in the A/D converter.
The eight analog input pins are divided into four channel groups.

Table 21.2  A/D Converter Pin Configuration

Pin Name Assigned Pin I/0 Function
AVCC VCC | Power supply input for the A/D converter
AVSS VSS |
ANO P10 | Analog input for channel group 0
AN1 P11 |
AN2 P12 | Analog input for channel group 1
AN3 P1_3 |
AN4 P1 4 | Analog input for channel group 2
AN7 P1_7 |
AN5 P15 | Analog input for channel group 3
AN6 P1_6 |
ADTRG P3 7,P4 5 | External trigger input for starting A/D conversion
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21.2 Registers

Table 21.3 liststhe A/D Converter Register Configuration.

Table 21.3  A/D Converter Register Configuration

Register Name Symbol After Reset Address Access Size

A/D Register 0 Lower 8 bits ADOL XXh 00098h 8ori6 @
Higher 2 bits ADOH 000000XXb 00099h

A/D Register 1 Lower 8 bits AD1L XXh 0009Ah 8ori16 ()
Higher 2 bits AD1H 000000XXb 0009Bh

A/D Mode Register ADMOD 00h 0009Ch 8

A/D Input Select Register ADINSEL 00h 0009Dh 8

A/D Control Register 0 ADCONO 00h 0009Eh 8

A/D Interrupt Control Status Register ADICSR 00h 0009Fh 8

X: Undefined
Note:

1. For details on access, see the description of the individual registers.
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21.2.1 A/D Registeri (ADi) (i=0or 1)
Address 00098h (ADOL), 0009Ah (AD1L)

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympbol[ — | — | — | — | — — — —
After Reset X X X X X X X X

Address 00099h (ADOH), 0009Bh (AD1H)

Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol| — | — | — | — — — — —
After Reset 0 0 0 0 0 0 X X
Bit Symbol Function R/W
b7 to b0 — Lower 8 bits in the A/D conversion result R
b8 — Higher 2 bits in the A/D conversion result R
b9 —
b10 — Nothing is assigned. The write value must be 0. The read value is 0. —
b11 —
b12 —
b13 —
b14 —
b15 —

ADi (i =0or 1) isa16-bit read-only register that stores the A/D conversion results. It is divided into ADiL
(lower) and ADiH (higher). Table 21.4 lists the Correspondence between Analog Input Channels and ADi
Register.

When the higher 6 bitsin the ADiH register are read, the value is 0. Access can be made in 8-bit or 16-bit units.
To read the ADi register as 8-bit units, read the ADIL register first and then ADiH register. When the ADi
register isread as 16-bit units, it isread twice in 8-bit units.

Mar 07, 2012

Table 21.4  Correspondence between Analog Input Channels and ADi Register
Analog Input Channel A/D Data
Register that
Channel Group 0 Channel Group 1 Channel Group 2 Channel Group 3 Stores
(ADGSEL1 to (ADGSEL1 to (ADGSEL1 to (ADGSEL1 to Conversion
ADGSELO = 00b) ADGSELO = 01b) ADGSELO = 10b) ADGSELO = 11b) Result
ANO AN2 AN4 AN5 ADO register
AN1 AN3 AN7 ANG AD1 register
ADGSELO to ADGSEL1: Bits in ADINSEL register
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21.2.2 A/D Mode Register (ADMOD)

Address 0009Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |[ADCAP1 |[ADCAPO| — | MD1 | MDO CKS2 CKS1 CKS0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CKSO | A/D conversion clock select bébé %J . R/W
bl CKS1 |bits 001 f4 RIW
b2 CKS2 010:f2 R/W
011:f1
100: fAD
Other than the above: Do not set.
b3 MDO | A/D operating mode select bsbg_ One-shot mode R/W
b4 MD1 | bits 0 1: Repeat mode RIW
1 0: Single sweep mode
1 1: Repeat sweep mode
b5 — Reserved Setto 0. R/W
b6 ADCAPO | A/D conversion trigger select |b7b6 . . o R/W
b7 | ADCAP1 | bits 0 0: A/D conversion start by external trigger is disabled RIW

0 1: Do not set.

1 0: A/D conversion is started by conversion trigger from
timer RC

1 1: A/D conversion is started by external trigger (ADTRG)

The ADMOD register must be written only when A/D conversion is stopped.

Bits CKSO to CKS2 (A/D conversion clock select bits)
These bits are used to select the clock for A/D conversion.

Bits ADCAPO to ADCAP1 (A/D conversion trigger select bits)

These bits are used to select or disable the trigger for starting A/D conversion.
When using a software trigger, set bits ADCAP1 to ADCAPO to avalue other than 01b.
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21.2.3 A/D Input Select Register (ADINSEL)

Address 0009Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ADGSEL1[ADGSELO| — | — | — | — — CHO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CHO Channel select bit See Table 21.5 Channel Groups and A/D R/W
Converter Input Channels.
bl — Reserved Setto 0. R/W
b2 —
b3 —
b4 —
b5 —
b6 | ADGSELO | A/D input group select bits béb& Channel group 0 (ANO, AN1) R/W
b7 | ADGSEL1 0 1: Channel group 1 (AN2, AN3) RIW
1 0: Channel group 2 (AN4, AN7)
1 1: Channel group 3 (AN5, AN6)

The ADINSEL register must be written only when A/D conversion is stopped.

CHO Bit (Channel select bit)

Theinput channel must be selected when the ADST hit in the ADCONO register is0 (A/D conversion stops).

Table 21.5 Channel Groups and A/D Converter Input Channels
. . . One-Shot Mode Single Sweep Mode
ADGSEL1 Bit | ADGSELO Bit CHO Bit Repoat Mode Repgeat Swee% Mo
Channel group 0 0 0 0 ANO ANO, AN1
1 AN1
Channel group 1 0 1 0 AN2 AN2, AN3
1 AN3
Channel group 2 1 0 0 AN4 AN4, AN7
1 AN7
Channel group 3 1 1 0 AN5 AN5, AN6
1 ANG
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21.2.4 A/D Control Register 0 (ADCONO)
Address 0009Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — - | = | = — ADST
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADST | A/D conversion start bit 0: A/D conversion stops R/W
1: A/D conversion starts

bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —

b3 —

b4 —

b5 —

b6 —

b7 —

The ADCONQO register is used to control A/D conversion operation.

ADST Bit (A/D conversion start bit)

[Conditions for setting to O]
* When A/D conversion is completed in one-shot mode or single sweep mode.
* When 0 is written to this bit by software (A/D conversion stops).

[Conditions for setting to 1]
* When 1 is written to this bit by software (A/D conversion starts).

* When the A/D conversion start trigger enabled by the TRCADCR register isinput.

* When an external trigger (ADTRG) isinput.
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21.2.5 A/D Interrupt Control Status Register (ADICSR)
Address 0009Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| ADF | ADE | — | — — | = | = —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 ADIE | A/D interrupt enable bit 0: Interrupt disabled R/W
1: Interrupt enabled
b7 ADF | A/D conversion complete flag 0: No interrupt requested R/W ()
1: Interrupt requested
Note:

1. Only 0 (no interrupt requested) can be written to the ADF bit.

ADF Bit (A/D conversion complete flag)

This bit indicates whether an A/D conversion interrupt is requested. It also indicates whether A/D conversion
has compl eted.

[Conditions for setting to Q]

When 0 is written to this bit after reading it as 1.

[Conditions for setting to 1]
* When A/D conversion is completed in one-shot mode or single sweep mode.
* When A/D conversion is completed on all the selected channels in repeat mode or repeat sweep mode.
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21.3 Operation

This A/D converter provides operating four modes: One-shot, repeat, single sweep, and repeat sweep modes. This
converter is a successive approximation type with 10-bit resolution.

The operating mode, analog input channel, and A/D conversion clock should be switched whilethe ADST bit in the
ADCONQO register is0 (A/D conversion stops).

21.3.1 Items Common to Multiple Modes

21.3.1.1 Input Sampling and A/D Conversion Time

The A/D converter includes a sample and hold circuit. When the ADST bit in the ADCONO register isset to 1
(A/D conversion is in progress), the A/D converter samples the input and starts conversion after the A/D
conversion start delay time (tD) has elapsed.
Figure 21.2 showsthe A/D Conversion Timing. Table 21.6 lists the A/D Conversion Time.
As shown in Figure 21.2, the A/D conversion time (tCONV) includes tD and the input sampling time (tSPL).
Here, tD is determined by the timing for writing to the ADCONO register and is not a fixed value. The
conversion time, therefore, varies within the range shown in Table 21.6.
In one-shot mode and single sweep mode, the ADF bit in the ADICSR register is set to 1 during end processing
time, and the last A/D conversion result is stored in the ADi register.
* In one-shot mode
A/D conversion time (tCONV) + end processing time (tEND)
» When two channels are selected in single sweep mode
A/D conversion time (tCONV) + A/D conversion time (tCONV with no start delay time (tD) included) + end
processing time (tEND)

1
1
ADST bit in ADCONO register _l

1
1
1
Input sampling timing |
— .
1 ]
A/D comparison timing i E
1 1 I N
i i ! : ’
ADF bit in ADICSR register | 5 ! ; l_
1 i i 1 )
1 ] ] 1 ]
i D tSPL i tCMP { tEND |
< T T > |
i i tCONV i i
! ! : ! !

tD: A/D conversion start delay time
tSPL: Input sampling time

tCMP: A/D comparison time
tCONV: A/D conversion time
tEND: End processing time

Figure 21.2  A/D Conversion Timing
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Table 21.6  A/D Conversion Time
A/D Conversion Clock
fl f2 f4 8 fAD
Item Symbol| CKS0=1 CKS0=0 CKS0=1 CKS0=0 CKS0=0
CKS1=1 CKS1=0 CKS1=0
CKS2=0@® CKS2=1(
A/D conversion start |tD 3 3to4 3to6 3to10 3
delay time (3
Input sampling time | tSPL 16 31 61 121 16
A/D comparison time | tCMP 25 50 100 200 25
A/D conversion time |tCONV 44 84 to 85 164 to 167 324 t0 331 44
End processing time |tEND 2 to 3 cycles of fAD

CKSO0, CKS1, CKS2: Bits in ADMOD register

Notes:

1. The numerical values in the table indicate the number of system clock (f) cycles.

2. The numerical values in the table indicate the number of fAD cycles.
3. Inrepeat mode, single sweep mode, and repeat sweep mode, there is no delay time during the A/D conversion
time (tCONV) for the second and subsequent rounds.

21.3.1.2

External Trigger Input Timing

A/D conversion can also be started by an external trigger input. When bits ADCAPL to ADCAPO in the
ADMOD register are 11b (A/D conversion is started by external trigger (ADTRG)), an external trigger can be
input to the ADTRG pin. The ADST bitinthe ADCONO register isset to 1 (A/D conversion starts) on therising
edge of the ADTRG input pin and A/D conversion is started. Other operations are the same as when the ADST
bit in the ADCONO register set to 1 by software.

Figure 21.3 shows the External Trigger Input Timing.

fAD

ADTRG

ADST bit in ADCONO register

- A/D conversion _

-t
%

Internal synchronization period
(2 to 3 cycles of fAD)

-

-

Figure 21.3

External Trigger Input Timing
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21.3.2 One-Shot Mode

Figure 21.4 shows an Operation Example in One-Shot Mode When Channel 1 is Selected.

In one-shot mode, A/D conversion of an analog input is performed for the specified single channel asingle time

asfollows:

(1) When the ADST bit in the ADCONO register is set to 1 (A/D conversion starts) by software trigger, timer

RC trigger, or external trigger input, A/D conversion is started on the selected channel.

(2) When A/D conversion completes, the result is transferred to the ADi register (i = 0 or 1) corresponding to

the channel.

(3) When A/D conversion completes, the ADF bit in the ADICSR register is set to 1 (interrupt requested). If
the ADIE bit in the ADICSR register is 1 (A/D conversion interrupt enabled) at this time, an A/D

conversion interrupt is generated.
Writing O after reading the value 1 sets the ADF bit to O (no interrupt requested).

(4) The ADST bit remains at 1 (A/D conversion starts) during A/D conversion. When conversion completes,
the ADST bit is automatically set to O (A/D conversion stops) and the A/D converter enters the standby
state. When the ADST bit is set to O during A/D conversion, A/D conversion is stopped and the A/D

converter enters the standby state.

ADST bit in
ADCONO register

ADF bit in
ADICSR register

Channel 0 (ANO)
in operation

Channel 1 (AN1)
in operation

Channel 2 (AN2)
in operation

Channel 3 (AN3)
in operation

Channel 4 (AN4)
in operation

Channel 5 (AN5)
in operation

Channel 6 (AN6)
in operation

Channel 7 (AN7)
in operation

ADO register

ADL1 register

Set to 1 by a program

A

Set to 1 by a program

__ Setto 0 by
" aprogram

 Setto 0 by
" aprogram

Standby for convers|

n

--r-s

Standby for
conversion

AID

} Standby for conversion
conversion 1

A/ID

; Standby for conversion
conversion 2

Standby for conversipn

Standby for convers|

n

Standby for convers|

edecdegatand

n

Standby for convers|

n

Standby for convers|

n

Standby for convers

n

cdeedeceatcadefiabectafeaeategedenalF

A/D conversion re;.ult 1

A/D conversion result 2

Conversion result is read

Figure 21.4 Operation Example in One-Shot Mode When Channel 1 is Selected
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21.3.3 Repeat Mode

Figure 21.5 shows an Operation Example in Repeat Mode When Channel 1 is Selected.

In repeat mode, A/D conversions of an analog input are performed for the specified single channel repeatedly as
follows:

(1) When the ADST bit in the ADCONO register is set to 1 (A/D conversion starts) by software trigger, timer
RC trigger, or external trigger input, A/D conversion is started on the selected channel.

When A/D conversion completes, the result is transferred to the ADi register (i = O or 1) corresponding to
the channel.

When A/D conversion completes, the ADF bit in the ADICSR register is set to 1 (interrupt requested). If
the ADIE bit in the ADICSR register is 1 (A/D conversion interrupt enabled) at this time, an A/D
conversion interrupt is generated.

Writing O after reading the value 1 sets the ADF bit to O (no interrupt requested).

Whilethe ADST hitis1 (A/D conversion starts), steps between (2) and (3) are repeated. When the ADST
bit is set to 0 (A/D conversion stops), A/D conversion is stopped and the A/D converter enters the standby
state. Then, when the ADST bit isset to 1, A/D conversion is restarted on the selected channel.

2
©)

(4)

Setto 1 by a program A/D conversion is performed repeatedly Set to 0 by a program
V i i i y
ADST bitin  A/D conversion . i i
ADCONO register starts H i |
! i i i i
! ! ! ! ! __ Setto 0 by
ADF bit in ! ! ! ! [~ a program
ADICSR register [ ! ' 1
! i | i i
| : : : :
1 1 | 1 I
Channel 0 (ANO) i H Standtly for conversion } H
in operation ! ! i H H
1 T T T T
! i i i i
Channel 1 (AN1) Standby for A/D A/D AID A/ID .
in operation conversion conversion 1 conversion 2 conversion 3 conversion 4 @ | Standby for conversion
1
= | i a i
]
Channel 2 (AN2) H i Standby for conversion 1 i
in operation H ! i ! !
! ! ! ! !
: : : : :
1
Chaqnel s (AN3) ! ' Standh'y for conversion | :
in operation H 1 I 1 1
I 1 i 1 1
1 1 1 ] 1
t 1 1 1 1
] ) ] ]
Channel 4 (AN4) i H Standtly for conversion } H
in operation ! H H H \
1 T 1 T T
: | | | |
H ] 1 ] 1
Channel 5 (ANS) | H Standly for conversion | H
in operation ! H h ) 1
t T T T T
! ; | ; ;
T I 1 1 I
Chan_nel 6 (ANB) 1 ! Standly for conversion | !
in operation ! H ! H H
1 T T T T
! i i i i
L T 1 T T
Channel 7 (AN7) : i Standbly for conversion 1 i
in operation 1 ! ! ! !
! ! ! ! !
: [} 1 ] ]
: ! ! ! !
ADO register H 1 i 1 1
i : ! : :
T
H 1 1 1 1
! | | i i
AD1 register H A/D conversion § A/D conversion § A/D conversion
9 ! result 1 result 2 result 3
: i i i i
Note:
1. When the ADST bit is set to 0 by a program, the result of the corresponding A/D conversion is not stored in
the ADi register.

Figure 21.5

Operation Example in Repeat Mode When Channel 1 is Selected
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21.3.4

Single Sweep Mode

Figure 21.6 shows an Operation Example in Single Sweep Mode When Channels 0 and 1 are Selected.
In single sweep mode, A/D conversions of the analog inputs are performed for the specified two channels a
singletime asfollows:

@

)
©)

(4)

When the ADST bit in the ADCONO register is set to 1 (A/D conversion starts) by software trigger, timer
RC trigger, or external trigger input, A/D conversion is started from ANO when channel group O is
selected, and AN2 when channel group 1 is selected. A/D conversion is started from ANO when channel
group O is selected, and AN2 when channel group 1 is selected. A/D conversion is started from AN4 when
channel group 2 is selected, and AN5 when channel group 3 is selected.

When A/D conversion has completed on each channel, the result is transferred to the corresponding ADi
register (i =0or 1).

When A/D conversion has completed on al the selected channels, the ADF bit in the ADICSR register is
set to 1 (interrupt requested).

Writing O after reading the value 1 sets the ADF bit to O (no interrupt requested).

The ADST bit remains a 1 (A/D conversion starts) during A/D conversion. When conversion has
completed on al the selected channels, the ADST bit is automatically set to O (A/D conversion stops) and
the A/D converter enters the standby state. When the ADST bit is set to O during A/D conversion, A/D
conversion is stopped and the A/D converter enters the standby state.

ADCONO register

ADICSR register

Channel 0 (ANO)

Channel 1 (AN1)

Channel 2 (AN2)

Setto 1 by Lo
a program A/D conversion is
P performed |

A H

ADST bitin  A/D conversion
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-<4— Set to 0 by a program
ADF bitin yaprog

Standby for
conversion

AID

. Standby for conversion
conversion 1

in operation

A/ID

Standby fon conversion !
conversion 2

Standby for conversion

in operation

1
) ) StandHy for conversion
in operation

21. A/D Converter

Channel 3 (AN3)
in operation

Channel 4 (AN4)
in operation

Channel 5 (AN5)
in operation

Channel 6 (AN6)
in operation

Channel 7 (AN7)
in operation

ADO register

AD1 register

]
Standly for conversion
1

Standb:y for conversion
1

]
]
]
|
Standbly for conversion

Standdy for conversion
]

]
StandHy for conversion

A/D conversion result 1

A/D conversion result 2

;
)

Figure 21.6

Operation Example in Single Sweep Mode When Channels 0 and 1 are Selected

RO1UHO023EJ0200 Rev.2.00

Mar 07, 2012

RENESAS

Page 462 of 581



R8C/M13B Group 21. A/D Converter

21.3.5 Repeat Sweep Mode

Figure 21.7 shows an Operation Example in Repeat Sweep Mode When Channels 0 and 1 are Selected.

In repeat sweep mode, A/D conversions of the analog inputs are performed for the specified two channels
repeatedly as follows:

(1) When the ADST bit in the ADCONO register is set to 1 (A/D conversion starts) by software trigger, timer
RC trigger, or external trigger input, A/D conversion is started from ANO when channel group O is
selected, and AN2 when channel group 1 is selected. A/D conversion is started from AN4 when channel
group 2 is selected, and AN5 when channel group 3 is selected.

When A/D conversion has completed on each channel, the result is transferred to the corresponding ADi
register (i =0or 1).

When A/D conversion has completed on al the selected channels, the ADF bit in the ADICSR register is
set to 1 (interrupt requested).

Writing O after reading the value 1 sets the ADF bit to O (no interrupt requested).

While the ADST bhitis1 (A/D conversion starts), steps between (2) and (3) are repeated. When the ADST
bit is set to 0 (A/D conversion stops), A/D conversion is stopped and the A/D converter enters the standby
state. Then, when the ADST bit isset to 1, A/D conversion is restarted from ANO when channel group O is
selected, and AN2 when channel group 1 is selected. When channel group 2 is selected, A/D conversion is
started from AN4.

@
©)

(4)

Set to 1 by a program Set to 0 by a program

A/D conversions are performed repeatedly

y A

Y

]
ADST bitin  A/D conversion H
ADCONO register starts !
1
i Setto O by a
ADF bit in program

ADICSR register

Channel 0 (ANO) Standby for A/ID Standby for A/D .
. . . . . : Standby for conversion
in operation conversion conversion 1 conversion conversion 3 !
1 1 1 :
Channel 1 (AN1) . AID Standby for AID .
in operation Standby fon conversion conversion 2 conversion conversion 4 @ | Standby for conversion

Channel 2 (AN2)

. ) StandHy for conversion
in operation 1

Channel 3 (AN3)

1
: ; StandHy for conversion
in operation H

Channel 4 (AN4)

. . Stand
in operation

ly for conversion

Channel 5 (AN5)

i
]
q
1
]
1
1
H
in operation bu

Standhy for conversion

Channel 6 (AN6)
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StandHy for conversion
]

1
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1
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1
!
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Note:
1. When the ADST bit is set to 0 by a program, the result of the corresponding A/D conversion is not stored in
the ADi register.

Figure 21.7 Operation Example in Repeat Sweep Mode When Channels 0 and 1 are Selected
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21.4  A/D Converter Interrupt

Table 21.7 lists the A/D Converter Interrupt.
When A/D conversion completes, the ADF bit in the ADICSR register is set to 1 (interrupt requested). If the ADIE

bitis 1 (interrupt enabled), an A/D conversion interrupt is generated.

Table 21.7

A/D Converter Interrupt

Interrupt Source

Interrupt Name

Interrupt Flag

Completion of A/D conversion

A/D conversion interrupt

The ADF bit in the ADICSR register
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21.5 Notes on A/D Converter

21.5.1 A/D Converter Standby Setting

The A/D converter can be set to standby or active using the MSTAD bit in the MSTCR register.
Stop A/D conversion before setting to modul e standby. Register access is enabled by clearing the A/D converter
standby state. For details, see 5. System Controal.

21.5.2 Sensor Output Impedance during A/D Conversion
To perform A/D conversion accurately, charging of the internal capacitor C shown in Figure 21.8 must be
completed within the period of time specified as T (sampling time). Let the output impedance of the sensor

equivalent circuit be RO, the internal resistance of the microcomputer be R, the accuracy (error) of the A/D
converter be X, and the resolution of A/D converter be Y (Y is 1024 in 10-bit mode).

1
VCisgenerally VC = VIN{l_e C(RO+R) }

Andwhent=T, VC = VIN—:{—<VIN = VIN(l—é)

1

e C(RO+ R)T - X
Y
_;T = |n)_<
C(RO+R) Y
Hence, RO = — — " Z-R
Celn=
Y

Figure 21.8 shows the Analog Input Pin and External Sensor Equivalent Circuit. The user can obtain an
impedance RO that makes the pin-to-pin voltage VC increase from 0 to VIN — (0.1/1024) VIN withintime T
when the difference between VIN and VC becomes 0.1 LSB. The value, (0.1/1024) indicates a precondition for
the calculation of RO when the degradation due to insufficient capacitor chargeis suppressed to 0.1 LSB during
A/D conversion in 10-bit mode. The actual error, however, is the absolute accuracy plus 0.1 LSB.

A/D conversion clock = 20 MHz, T = 0.8 ps. Output impedance RO through which an capacitor C is fully
charged within T is obtained as follows:

T=08us, R=10kQ,C=6.0pF X =0.1,and Y = 1024. Hence,

6
RO = - 08x10 T —10x 103~ 44 x 103
6.0%x 10712 ¢ In—2=

1024

Thus the maximum output impedance of a sensor circuit for an accuracy (error) of 0.1 LSB or lessis 4.4 kQQ
maximum.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 465 of 581
Mar 07, 2012



R8C/M13B Group 21. A/D Converter

___________________________ MCU
Sensor equivalent circuit i
]
RO i R (10 kQ)
W ——O——/
VIN|] E C (6.0 pF)
]
7-|7-7 i "
!
___________________________ i

Figure 21.8  Analog Input Pin and External Sensor Equivalent Circuit

21.5.3 Register Setting

* Registers ADMOD and ADINSEL must be written only when A/D conversion is stopped.

* Do not enter stop mode during A/D conversion.

* Do not enter wait mode during A/D conversion while the WCKSTP bit in the CKSTPR register is 1 (system
clock is stopped in wait mode).

* Do not set the FMSTP bit in the FMRO register to 1 (flash memory is stopped) or the FMR27 hit in the FMR2
register to 1 (low-current-consumption read mode enabled) during A/D conversion.

* During A/D conversion, if the ADST bit in the ADCONO register is set to 0 (A/D conversion is stopped) by a
program to forcibly terminate the conversion, the conversion result from the A/D converter will be undefined
and no interrupt will be generated. The value of the ADi register (i = 0 or 1) which is not engaged in A/D
conversion may also be undefined.

If the ADST bit is set to 0 by a program, do not use any of the values of the ADi register.
* When using the A/D converter, it is recommended that the average of the conversion results be taken.
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22. Comparator B
Comparator B consists of two independent comparators, B1 and B3, which compare an analog input voltage with a
reference input voltage.

22.1 Overview

The comparison result between the reference input voltage and the analog input voltage can be read by software.
Table 22.1 lists the Comparator B Specifications. Figure 22.1 shows the Comparator B Block Diagram. Table 22.2

lists the Comparator B Pin Configuration.

Table 22.1  Comparator B Specifications

Iltem Specification
Input voltage Reference input | Input from the reference pin (IVREFi)
Analog input Input voltage from the analog pin (IVCMPi)
Comparison result The result can be read from the WCBIOUT bit in the WCMPR register or

monitored with the VCOUTI pin.

Interrupt request generation timing | When the comparison result changes.

Digital filter function « The digital filter can be enabled or disabled.
« The sampling frequency can be selected (f1, f8, or f32).

i=1lor3
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WCB3F1 to WCB3F0
i iOlb 2 Sampling clock
i8 : 10b ampling cloc
32 ﬂo
WCB3F1 to WCBSINTEN To interrupt
WCB3F0
. Digital filter | = other than 00b
IVEMP3 O ! (matches t_hree L o Edge WCB3F
IVREF3 (O successive detection
times) circuit
= 00b
L
_D L vcouts
WCB30UT
WCB1F1 to WCB1FO
n = AN Sampling clock
8 : 10b ampling cloc
32 ﬂo
WCB1F1 to WCBLINTEN To interrupt
WCB1F0
. Digital filter = other than 00b
IVCMP1 O ! (matches three Lo Edge WCBLF
IVRerL () successive detection
times) circuit
= 00b
4
_D L——(O vcoutt
WCB10OUT
WCB1OUT, WCB3OUT: Bits in WCMPR register
WCB1FO to WCB1F1, WCB1INTEN: Bits in WCB1INTR register
WCB3FO to WCB3F1, WCB3INTEN: Bits in WCB3INTR register
Figure 22.1 Comparator B Block Diagram
Table 22.2  Comparator B Pin Configuration
Pin Name Assigned Pin I/O Function
IVCMP1 P17 | Analog voltage input for comparator B1
IVREF1 P16 | Reference voltage input for comparator B1
VCOUT1 P15 @) Comparison result output for comparator B1
IVCMP3 P33 | Analog voltage input for comparator B3
IVREF3 P3_4 | Reference voltage input for comparator B3
VCOUT3 P3_5 @) Comparison result output for comparator B3
Note:

1. When port P1_5 is set as the VCOUTL1 pin while operation of comparator B1 is disabled (WCB1MO = 0), the
initial level of the pin is set to low. When port P3_5 is set as the VCOUT3 pin while operation of comparator B3
is disabled (WCB3MO0 = 0), the initial level of the pin is set to low.
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22.2 Registers

Table 22.3 lists the Comparator B Register Configuration.

Table 22.3  Comparator B Register Configuration
Register Name Symbol After Reset Address Access Size
Comparator B Control Register WCMPR 00h 00180h 8
Comparator B1 Interrupt Control Register WCBI1INTR 00h 00181h 8
Comparator B3 Interrupt Control Register WCB3INTR 00h 00182h 8
22.2.1 Comparator B Control Register (WCMPR)
Address 00180h
Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol WCB3OUT| — | — | WCB3MO |WCBIOUT| — — WCB1MO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 WCB1MO | Comparator B1 operation enable bit | 0: Operation disabled R/W
1: Operation enabled
bl — Reserved Setto 0. R/W
b2 —

b3 |WCB1OUT | Comparator B1 monitor flag 0: IVCMP1 < IVREF1 or comparator B1 disabled R

1: IVCMP1 > IVREF1

b4 WCB3MO | Comparator B3 operation enable bit | 0: Operation disabled R/W
1: Operation enabled

b5 — Reserved Setto 0. R/W

b6 —

b7 |WCB3OUT | Comparator B3 monitor flag 0: IVCMP3 < IVREF3 or comparator B3 disabled R

1: IVCMP3 > IVREF3
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22.2.2 Comparator B1 Interrupt Control Register (WCB1INTR)
Address 00181h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol | WCB1F |WCBLINTEN| WCB1S1 | WCB1SO | — | — | WCBIFl | WCBI1FO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 WCB1F0 |Comparator B1 filter select bits b1 b0 . R/W
b1 WCBLFL 0o0: N.o filter RIW
0 1: Filter sampled at f1
1 0: Filter sampled at f8
1 1: Filter sampled at 32
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 WCB1S0 |Comparator B1 interrupt edge select bgbal When the analog input voltage is lower R/W
b5 wcB1s1 | bits than the reference input voltage RIW
0 1: When the analog input voltage is higher
than the reference input voltage
1 0: Do not set.
1 1: When the analog input voltage is lower or
higher than the analog input voltage
b6 | WCBIINTEN | Comparator B1 interrupt enable 0: Interrupt disabled R/W
signal bit 1: Interrupt enabled
b7 WCB1F Comparator B1 interrupt request flag | 0: No interrupt requested R/W
1: Interrupt requested
WCB1F Bit (Comparator B1 interrupt request flag)
[Condition for setting to 0]
* When O iswritten to this bit.
[Condition for setting to 1]
* When an interrupt request is generated.
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22.2.3 Comparator B3 Interrupt Control Register (WCB3INTR)
Address 00182h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol | WCB3F |WCB3INTEN| WCB3S1 | WCB3SO | — | — | WCB3Fl | WCB3FO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 WCB3F0 | Comparator B3 filter select bits b1 b0 . R/W
b1 WCB3F1 0o0: N.o filter RIW
0 1: Filter sampled at f1
1 0: Filter sampled at f8
1 1: Filter sampled at 32
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 WCB3S0 | Comparator B3 interrupt edge select bgbal When the analog input voltage is lower R/W
b5 wcBss1 | bits than the reference input voltage RIW
0 1: When the analog input voltage is higher
than the reference input voltage
1 0: Do not set.
1 1: When the analog input voltage is lower or
higher than the analog input voltage
b6 | WCB3INTEN | Comparator B3 interrupt enable 0: Interrupt disabled R/W
signal bit 1: Interrupt enabled
b7 WCB3F Comparator B3 interrupt request flag | 0: No interrupt requested R/W
1: Interrupt requested
WCB3F Bit (Comparator B3 interrupt request flag)
[Condition for setting to 0]
* When O iswritten to this bit.
[Condition for setting to 1]
* When an interrupt request is generated.
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22.3 Operation

Comparator B1 and comparator B3 compare an input voltage from the reference voltage input pin (IVREFi) and an
input voltage from the analog input voltage pin (IVCMPi) (i =1 or 3).

22.3.1 Comparator Bi Digital Filter (i=1 or 3)

In comparator Bi, the digital filter can be used. The sampling clock can be selected by bits WCBIiFO0 to WCBIiF1
in the WCBIINTR register. The WCBiOUT signal output from comparator Bi is sampled on every sampling
clock. When the level matches three successive times, the WCBIF bit in the WCBIINTR register isset to 1
(interrupt requested).

Figure 22.2 shows an Example of Comparator Bi Digital Filter Operation.

WCBIOUT signal

Sampling timing f * ? f ‘r ? ¢ ¢ f ? f

WCBIF bit in
WCBIINTR register

A
Set to 0 by a program

i=lor3

Note:
1. This example applies when bits WCBIiF1 to WCBIFO in the WCBIINTR register are 01b, 10b, or 11b (filter used).

Figure 22.2 Example of Comparator Bi Digital Filter Operation
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22.3.2 Comparator Bi (i =1 or 3) Setting Procedure and Operation Example

Comparator B1 and comparator B3 operate independently of each other.
Table 22.4 lists the Procedure for Setting Registers Associated with Comparator B.

Table 22.4  Procedure for Setting Registers Associated with Comparator B
Step | Register | Bit | Setting Value
1 | Select the functions of pins IVCMPi and IVREFi. For the settings, see 12. /0O Ports.

2 |WCBIINTR |WCBIF1 to WCBIFO » Enable or disable the digital filter.
« Select the sampling frequency.

3 |WCMPR WCB1MO 1 (operation enabled)
WCB3MO0
4 | Wait for the comparator stabilization time (100 pus max.).
5 |ILVL2 ILVL21 to ILVL20 When an interrupt is used:
Select the interrupt priority level for comparator B1.
ILVL25 to ILVL24 When an interrupt is used:

Select the interrupt priority level for comparator B3.
6 |WCBIINTR |WCBIS1to WCBISO When an interrupt is used: Select the input polarity.

7 |WCBIINTR |WCBIF 0 (no interrupt requested)
8 |WCBIINTR |WCBIINTEN When an interrupt is used: 1 (interrupt enabled)
i=lor3

Figure 22.3 shows an Example of Comparator Bi (i = 1 or 3) Operation.

When the analog input voltage is higher than the reference input voltage, the WCBIOUT bit in the WCMPR
register is set to 1. When the analog input voltage is lower than the reference input voltage, the WCBIiOUT bit
issettoO.

When a comparator Bi interrupt (i = 1 or 3) is used, set the WCBIINTEN bit in the WCBIINTR register to 1
(interrupt enabled). If the comparison result changes at thistime, acomparator Bi interrupt request is generated.
For details on interrupts, see 11. I nterrupts.
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WCBIF bit in ,— ,—
WCBIINTR register

A

S IVCMPi
]
(=]
8
°
> -
5 Referenceinput| /N S NL. IVREEi
= voltage ) ) i
o | i i
S : : :
a E i
1 1 1
i
]
0 v
1 1 1
] ] 1
] ] 1
] ] ]
' ] ]
) ) 1
1 ] 1
WCBIOUT bit in i
WCMPR register .
i
]
i
4

A

-

———— Set to 0 by a program ————

i=lor3

The above diagram applies under the following conditions:
« Bits WCBIF1 to WCBIFO0 = 00b (no filter), bits WCBIiS1 to WCBISO0 = 11b (when the analog input voltage is lower
or higher than the reference input voltage) in WCBIINTR register

Figure 22.3 Example of Comparator Bi (i =1 or 3) Operation
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23. Flash Memory

The flash memory supports two rewrite modes. CPU rewrite mode and standard serial 1/0 mode.

23.1 Overview

Table 23.1 lists the Flash Memory Specifications (see Tables 1.1 and 1.2 Specifications for items not listed in
Table 23.1). Table 23.2 outlines Flash Memory Rewrite Mode.

Table 23.1 Flash Memory Specifications

Item Specification
Flash memory operating modes 2 modes (CPU rewrite and standard serial I/O modes)
Erase block division See Figure 23.1 Flash Memory Block Diagram.
Programming method Byte units
Erase method Block erase
Program/erase control method (1) Program/erase control by software commands
Rewrite control method | Blocks 1 to 3 Rewrite protect control in block units by lock bits
(program ROM) (2)
Blocks A and B Individual rewrite control on blocks A and B by bits FMR16 to FMR17
(data flash) in the FMR1 register
Number of commands 6 commands
Program/erase Blocks 1to 3 10,000 times
endurance ) (program ROM) (2)
Blocks A and B
(data flash)
ID code check function (4) Standard serial I/0 mode supported
Notes:
1. When programming/erasing the program ROM and the data flash, use a VCC supply voltage in the range of 1.8
Vto55V.

2. The number of blocks and their division differ depending on products. For details, see Figure 23.1 Flash
Memory Block Diagram.

3. Definition of program/erase endurance
The number of program/erase cycles is defined on a per-block basis.
If the number of cycles is 10,000, each block can be erased 10,000 times.
For example, if 1,024 cycles of 1-byte-write are performed to different addresses in 1 Kbyte of block A, and then
the block is erased, the number of cycles is counted as one. When rewrites are performed 100 or more times,
the actual erase count can be reduced by executing program operations in such a way that all blank areas are
used up before performing an erase operation. Avoid rewriting only particular blocks and average out the
number of programming/erasure of the blocks. It is also advisable to retain data on the number of erasure of
each block and limit the number to a certain extent.

4. For details on the ID code check function, see 23.3 ID Code Check Function.

Table 23.2 Flash Memory Rewrite Mode

Flash Memory Rewrite Mode CPU Rewrite Mode Standard Serial I/O Mode
Function The user ROM area is rewritten by The user ROM area is rewritten using
executing software commands from | a dedicated serial programmer.
the CPU.
Rewritable area User ROM User ROM
Rewrite programs User program Standard boot program
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23.2

Memory Map

The flash memory contains a user ROM area and a boot ROM area (reserved).
Figure 23.1 shows the Flash Memory Block Diagram.

The user ROM area contains program ROM and data flash.

* Program ROM: Flash memory mainly used for storing programs
« Data flash: Flash memory mainly used for storing data to be rewritten
The user ROM areais divided into several blocks.
The rewrite control program (standard boot program) for standard serial 1/0 mode is stored in the boot ROM area

when the MCU is shipped. The boot ROM areais allocated separately from the user ROM area.

Product with 4 KB-ROM Product with 8 KB-ROM Product with 16 KB-ROM
03000h 03000h 03000h
%%%'BEH Block A: 1 Kbyte %%i'égﬂ Block A: 1 Kbyte %%%EER Block A: 1 Kbyte Data flash
Block B: 1 K Block B: 1 K Block B: 1 K
037FFh oc byte 037FFh oc byte 037FFh oc byte
1 H ' : : :
] ] 1 1 ] ]
] 1 ] ] ] ]
] 1 ] ] 1 1
) 1 ] ] 1 1
) 1 ) ) 1 1
] 1 ) ) 1 1
] ] ) ) ] ]
] 1 ) ] ] ]
] 1 ] ] ] 1
1 1 ] ] 1 1
] 1 ] ) 1 1
) 1 ) ] 1 1
] 1 ] ] 1 1
] 1 ] ]
1 1 ] ]
] ] ] ]
: i | I 0C000h
] 1 ] 1
] 1 ] ]
] 1 ] ]
) 1 ) )
] 1 ) )
] 1 ] ]
] ] ] ]
] ] ] 1
] 1 ) ]
) 1 ) )
] 1 ) ]
] 1 ) )
) 1 ) )
| H : :
! ! ! ! Block 3: 8 Kbytes
: H : :
] ]
] ]
1 ]
] ]
1 1
] 1 ] ]
] 1 ] ]
] 1 ) ]
) 1
] 1
: :
! ‘ ODFFFh
: ! OE00ON 0E000h 7~ Program ROM
i |
] 1
: H
! ! Block 2: 4 Kbytes Block 2: 4 Kbytes
E i
| H
] i OEFFFh OEFFFh
0F000h 0F000h 0F000h
Block 1: 4 Kbytes Block 1: 4 Kbytes Block 1: 4 Kbytes
OFFFFh OFFFFh OFFFFh
User ROM area User ROM area User ROM area
Figure 23.1 Flash Memory Block Diagram
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23.3 ID Code Check Function

The ID code check function prevents the flash memory from being read, rewritten, or erased when standard serial
I/0 mode is used. This function isimplemented by checking the ID codes written in the ID code area.

The ID code areais assigned to certain of the highest addresses for each vector in the fixed vector table, OFFDFh,
OFFE3h, OFFEBh, OFFEFh, OFFF3h, OFFF7h, and OFFFBh. The ID code areais allocated in the flash memory, not
in the SFRs. Set appropriate values as ROM data by a program.
Figure 23.2 showsthe ID Code Area.

Address

OFFDCh to OFFDFh

OFFEOh to OFFE3h

OFFE4h to OFFE7h

OFFES8h to OFFEBh

OFFECh to OFFEFh

OFFFOh to OFFF3h

OFFF4h to OFFF7h

OFFF8h to OFFFBh

ID code area

Undefined instruction vector

BRK instruction vector

Address match vector

)
1
)
]
]
[]
1
]
1
T
\IDZ} 1 Overflow vector
]
1
]
1
]
]
]
1
1
]

| Watchdog timer, oscillation stop detection,

/ ID4 \ Single-step vector
1
’ | voltage monitor 1

ID6 /i (Reserved)
ND7/ i (Reserved)

OFFFCh to OFFFFh OFS Reset vector
\ J
Y
4 bytes
Figure 23.2 ID Code Area
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23.3.1 Operation

The ID code check function is used in standard serial 1/0O mode. Its operation differs depending on whether the
three bytes in the reset vector at addresses OFFFCh to OFFFEh are FFFFFFh or not.

If the value is FFFFFFh, the ID codes are not examined and all commands are accepted.

If the value is not FFFFFFh, the ID codes stored in the ID code area (stored 1D code) and those sent from the
serial programmer or the on-chip debugging emulator are examined to see whether they match. If they match,
the commands are accepted. Otherwise, the commands are not accepted. To use the serial programmer or the
on-chip debugging emulator, write predetermined ID codes, in advance, to the ID code area. In addition to the
reserved word (see 23.3.2 Reserved Words), any ID codes can be used.

The ID code areais alocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

23.3.2 Reserved Words

The ID code with the character combination “ALeRASE” in ASCII is the reserved word for the forced erase
function. The ID code “Protect” is the reserved word for the standard serial 1/0O mode disabled function. Table
23.3 lists the ID Code Reserved Words. When the combination of 1D codes and addresses match those listed in
Table 23.3, respectively, the ID codes forms the reserved word. When the forced erase function or standard
serial 1/0 mode disabled function is not used, use another combination of ID codes.

23. Flash Memory

Table 23.3  ID Code Reserved Words

ID Code Storage Reserved Word of ID Code (ASCII) (1)

Address ALeRASE Protect
(forced erase function) (standard serial /0O mode disabled function)

OFFDFh ID1 41h: A (upper-case) 50h: P (upper-case)
OFFE3h ID2 4Ch: L (upper-case) 72h: r (lower-case)
OFFEBh ID3 65h: e (lower-case) 6Fh: o (lower-case)
OFFEFh ID4 52h: R (upper-case) 74h: t (lower-case)
OFFF3h ID5 41h: A (upper-case) 65h: e (lower-case)
OFFF7h ID6 53h: S (upper-case) 63h: c (lower-case)
OFFFBh ID7 45h: E (upper-case) 74h: t (lower-case)

Note:

1. When the combination of ID codes and addresses match those listed in Table 23.3 respectively, the set of
characters forms the corresponding reserved word.
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23.3.2.1 Forced Erase Function

This function is used in standard serial 1/0 mode. When the sent ID codes are “ALeRASE” in ASCII and the
stored ID codes are the same, the entire data in the user ROM area will be erased (forced erase). Even if the
stored ID codes are other than “ALeRASE” (see Table 23.3 ID Code Reserved Words), the entire datain the
user ROM area will be erased if bits ROMCP1 to ROMCR in the OFS register are any value other than 01b
(ROM code protect disabled). If the stored 1D codes are any value other than “ALeRASE” (see Table 23.3 ID
Code Reserved Words) and when bits ROMCP1 to ROMCR in the OFS register are 01b (ROM code protect
enabled), aforced eraseis not performed and the ID codes are examined with the ID code check function.
Table 23.4 lists the Conditions and Operations of Forced Erase Function.

Also, when the stored ID codes are set to “ALeRASE” in ASCI|, if the sent ID codes are “ALeRASE”, the data
in the user ROM areawill be erased. If the sent ID codes are any value other than “ALeRASE”, the ID codes do
not match and no command is accepted, thus the user ROM area remains protected.

Table 23.4  Conditions and Operations of Forced Erase Function

Condition
ID Code from Serial Programmer | ID Code in ID Code | Bits ROMCP1 to ROMCR Operation
or On-Chip Debugging Emulator | Storage Address in OFS Register
ALeRASE ALeRASE — Erasure of the whole user
Other than Other than 01b ROM area (forced erase
ALeRASE (1) (ROM code protect disabled) | function)
01b ID code examination
(ROM code protect enabled) | (ID code check function)
Other than ALeRASE ALeRASE — ID code examination
(ID code check function.
No ID code match.)
Other than — ID code examination
ALeRASE (V) (ID code check function)

Note:
1.

See 23.3.2.2 Standard Serial I/O Mode Disabled Function for the case where the ID codes are “Protect”.

23.3.2.2 Standard Serial I/0O Mode Disabled Function

This function is used in standard serial 1/0 mode. When the stored 1D codes are “Protect” in ASCII (see Table
23.3 ID Code Reserved Words), no communication with the serial programmer or the on-chip debugging
emulator is performed. This prevents the flash memory from being read, written, or erased using the serial
programmer or the on-chip debugging emulator.

If the stored ID codes are set to “ Protect” in ASCIIl when bits ROMCP1 to ROMCR in the OFS register are 01b
(ROM code protect enabled), ROM code protection cannot be disabled using the serial programmer or the on-
chip debugging emulator. This prevents the flash memory from being read, written, or erased using the serial
programmer or the on-chip debugging emulator.
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23.4 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the CPU.
Therefore, the user ROM area can be rewritten directly with the MCU mounted on a board without using a ROM
programmer. Software commands should be executed only for blocks in the user ROM area.

The MCU has a suspend function (program-suspend, erase-suspend) which halts erase or program operation
temporarily in CPU rewrite mode. During suspend, the flash memory can be read and the read lock bit status
command can be sent. For erase-suspend only, the flash memory can be programmed and the read lock bit statusis

enabled. For program-suspend only, the read lock bit status of the flash memory is enabled.
Erase-write 0 mode (EWO0 mode) and erase-write 1 mode (EW1 mode) are available in CPU rewrite mode.
Table 23.5 lists the Differences between EW0 Mode and EW1 Mode.

Table 23.5  Differences between EW0 Mode and EW1 Mode
Item EWO0 Mode EW1 Mode
Operating mode User mode User mode
Area where rewrite control program |User ROM User ROM
can be allocated
Areas where rewrite control program | RAM User ROM or RAM

can be executed

(The rewrite control program must be
transferred before being executed.)

Rewritable area

User ROM

User ROM
(Other than blocks which contain the
rewrite control program.)

Software command restrictions

Program and block erase commands
cannot be executed to any block
which contains the rewrite control
program.

Mode after programming or block
erasure or after entering suspend

Read array mode

Read array mode

CPU state during programming/block
erase

The CPU operates.

The CPU is put in the hold state.
(I/O ports retain the states before the
command is executed.)

Flash memory status detection

Read bits FST2 to FST7 in the FST
register by a program.

Read bits FST2 to FST7 in the FST
register by a program.

Conditions for entering
erase/program-suspend

* Set bits FMR20 to FMR21 in the
FMR2 register to 1 by a program.

* Set bits FMR20 and FMR22 in the
FMR2 register to 1 and the enabled
maskable interrupt is generated.

Set bits FMR20 and FMR22 in the
FMR2 register to 1 and the enabled
maskable interrupt is generated.

CPU clock

Max. 20 MHz

Max. 20 MHz
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23.5 Registers (CPU Rewrite Mode)
Table 23.6 lists the Flash Memory Register Configuration.

Table 23.6 Flash Memory Register Configuration

Register Name Symbol After Reset Address Access Size
Flash Memory Status Register FST 10000000b 001A%h 8
Flash Memory Control Register 0 FMRO 00h 001AAh 8
Flash Memory Control Register 1 FMR1 00h 001ABh 8
Flash Memory Control Register 2 FMR2 00h 001ACh 8
Flash Memory Refresh Control Register FREFR 00h 001ADh 8

23.5.1 Flash Memory Status Register (FST)
Address 001A%9h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| FST7 | FST6 | FST5 | FST4 | FST3 | FST2 [ BSYAEl | RDYSTI
After Reset 1 0 0 0 0 X 0 0
Bit Symbol Bit Name Function R/W
b0 RDYSTI | Flash ready status interrupt request flag | 0: No flash ready status interrupt requested R/W
1,4 1: Flash ready status interrupt requested
bl BSYAEI | Flash access error interrupt request flag | 0: No flash access error interrupt requested R/W
(2,4) 1: Flash access error interrupt requested
b2 FST2 |LBDATA monitor flag 0: Locked R
1: Not locked
b3 FST3 | Program-suspend status flag 0: Program not suspended R
1: Program suspended
b4 FST4 | Program error status flag 0: No program error R
3 1: Program error
b5 FST5 | Erase error/blank check error status flag | O: No erase error/blank check error R
(©) 1: Erase error/blank check error
b6 FST6 | Erase-suspend status flag 0: Erase not suspended R
1: Erase suspended
b7 FST7 |Ready/busy status flag 0: Busy R
1: Ready

Notes:

1. The RDYSTI bit cannot be set to 1 (flash ready status interrupt requested) by a program.
Read this bit (dummy read) before writing 0 (no flash ready status interrupt requested) to the RDYSTI bit.
To check this bit, set the RDYSTIE bit in the FMRO register to 1 (flash ready status interrupt enabled).

2. The BSYAEI bit cannot be set to 1 (flash access error interrupt requested) by a program.
Read this bit (dummy read) before writing 0 (no flash access error interrupt requested) to the BSYAEI bit.
To check this bit, set the BSYAEIE bit in the FMRO register to 1 (flash access error interrupt enabled) or set the
CMDERIE bit in the FMRO register to 1 (erase/write error interrupt enabled).

3. This bitis also set to 1 (error) when a command sequence error occurs.

4. When this bit is 1, do not set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled).

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 481 of 581
Mar 07, 2012



R8C/M13B Group 23. Flash Memory

RDYSTI Bit (Flash ready status interrupt request flag)
When the RDY STIE bit in the FMRO register is set to 1 (flash ready status interrupt enabled) and auto-
programming or auto-erase completes, or suspend mode is entered, the RDY ST1 bit is set to 1 (flash ready
status interrupt requested).
During interrupt handling, set the RDY ST bit to 0 (no flash ready status interrupt requested).

[Condition for setting to 0]

* When 0 iswritten to this bit after reading it as 1.

[Condition for setting to 1]

« |f the flash memory status transits from busy to ready when the RDY STIE bit in the FMRO register is 1 (flash
ready status interrupt request enabled).

The status changes from busy to ready in the following states:

» Completion of programming/erasing the flash memory

« Suspend acknowledgement

» Completion of forced termination

« Completion of the lock bit program

» Completion of the read lock hit status

» Completion of the block blank check

* When the flash memory can be read after it has been activated from disabling flash memory stop.

BSYAEI Bit (Flash access error interrupt request flag)

The BSYAE! hit is set to 1 (flash access error interrupt requested) if the user ROM areais read or written while
the flash memory is busy when the BSYAEIE bit in the FMRO register is 1 (flash access error interrupt
enabled). The BSYAEI bit is also set to 1 if a block erase error, program error, block blank check error,
command sequence error, or lock bit program error occurs when the CMDERIE bit in the FMRO register is 1
(interrupt enabled).

During interrupt handling, set the BSYAEI bit to 0 (no flash access error interrupt requested).

[Conditions for setting to Q]

(1) When 0 iswritten to this bit after reading it as 1.

(2) When the clear status register command is executed.

[Conditions for setting to 1]

(1) If the user ROM area is read or written while the flash memory is busy when the BSYAEIE bit in the
FMRO register is 1 (flash access error interrupt enabled).
(Note that the read value is undefined. Writing has no effect.)

(2) If ablock erase error, program error, block blank check error, command sequence error, or lock bit
program error occurs when the CMDERIE bit in the FMRO register is 1 (interrupt enabled).
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FST2 Bit (LBDATA monitor flag)

Thisis aread-only bit indicating the lock bit status. To confirm the lock bit status, execute the read lock bit
status command and then read the FST2 bit after the FST7 bit is set to 1 (ready).

This bit is updated when the program, erase, and read lock bit status commands are generated. When the read
lock bit status command is input, the FST7 bit is set to 0 (busy). When the FST7 bit is set to 1 (ready), the lock
bit statusis stored in the FST2 bit. The datain the FST2 bit is retained until the next command isinput.

FST3 Bit (Program-suspend status flag)

This is aread-only bit indicating the suspend status. This bit is set to 1 when a program-suspend request is
acknowledged and a program-suspend status is entered; otherwiseit isset to 0.

FST4 Bit (Program error status flag)

Thisis aread-only bit indicating the auto-programming status. The bit is set to 1 if a program error occurs;
otherwiseit isset to 0. For details, see the description in 23.6.7 Full Status Check.

FSTS5 Bit (Erase error/blank check error status flag)

Thisisaread-only bit indicating the status of auto-erase or block blank check command. The bitisset to 1 if an
erase error or blank check error occurs; otherwise it is set to 0. For details, see the description in 23.6.7 Full
Satus Check.

FST6 Bit (Erase-suspend status flag)

Thisis aread-only bit indicating the suspend status. This bit is set to 1 when an erase-suspend request is
acknowledged and an erase-suspend status is entered; otherwiseit is set to 0.

FST7 Bit (Ready/busy status flag)

When the FST7 bit is set to 0 (busy), the flash memory isin one of the following states:
* During programming

* During erasure

« During the lock bit program

* During the read lock bit status

* During the block blank check

« During forced stop operation

* The flash memory is being stopped

« The flash memory is being activated

Otherwise, the FST7 hit is set to 1 (ready).
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23.5.2 Flash Memory Control Register 0 (FMRO)
Address 001AAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [RDYSTIE | BSYAEIE [CMDERIE| CMDRST | FMSTP | FMR02 | FMRO1 —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. R/W
bl FMRO1 |CPU rewrite mode select bit 0: CPU rewrite mode disabled R/W
4 1: CPU rewrite mode enabled
b2 FMRO02 |EW1 mode select bit 0: EWO0 mode R/W
1.5 1: EW1 mode
b3 FMSTP | Flash memory stop bit (2) 0: Flash memory operates R/W
1: Flash memory is stopped
b4 | CMDRST | Erase/write sequence reset bit (3) | 0: No erase/write sequence reset R/IW
1: Erase/write sequence reset
b5 | CMDERIE | Erase/write error, blank check Erase/write error, blank check error, command R/W

error, command sequence error sequence error

interrupt enable bit 0: Interrupt disabled
1: Interrupt enabled
b6 BSYAEIE | Flash access error interrupt enable | 0: Flash access error interrupt disabled R/W
bit ) 1: Flash access error interrupt enabled
b7 RDYSTIE | Flash ready status interrupt enable | 0: Flash ready status interrupt disabled R/W
bit (5) 1: Flash ready status interrupt enabled

Notes:

1. To set this bit to 1, first write 0 and then write 1 immediately. Interrupts must be disabled between writing O and
then writing 1.

2. Only write to the FMSTP bit by a program transferred to the RAM. The FMSTP bit is enabled when the FMRO1
bit is 1 (CPU rewrite mode enabled). Set the FMSTP bit to 1 (flash memory is stopped) when the FST7 bit in the
FST register is 1 (ready).

3. The CMDRST bit can be set when the FMRO1 bit is 1 (CPU rewrite mode enabled) and the FST7 bit in the FST
register is 0 (busy).

4. Set the FMRO1 bit to 0 (CPU rewrite mode disabled) only when the RDYSTI bit in the FST register is 0 (no flash
ready status interrupt requested) and the BSYAEI bit is 0 (no flash access error interrupt requested).

5. This bit is set to 0 when the FMROL1 bit is 0 (CPU rewrite mode disabled).

FMRO1 Bit (CPU rewrite mode select bit)

When the FMRO1 bit is set to 1 (CPU rewrite mode enabled), the MCU is made ready to accept software
commands.

FMRO2 Bit (EW1 mode select bit)
When the FMRO2 bit is set to 1 (EW1 mode), EW1 mode is selected.

FMSTP Bit (Flash memory stop bit)

This bit is used to initialize the control circuits and to reduce the amount of current consumed in the flash
memory. When the FMSTP hit is set to 1 (flash memory is stopped), the flash memory cannot be accessed.
Therefore, only write to the FMSTP bit by a program transferred to the RAM.

To reduce the power consumption further in low-speed clock mode (XIN clock is stopped), high-speed on-chip
oscillator mode, and low-speed on-chip oscillator mode (XIN clock is stopped), set the FMSTP hit to 1 (flash
memory is stopped). Do not set the FMSTP hit in the FMRO register to 1 (flash memory is stopped) during A/D
conversion.

Do not set the FMR27 bit to 1 while the FMSTP bit (flash memory stop bit) in the FMRO register is 1 (flash
memory is stopped).

For details on the setting of this bit, see 10.5.11 Stopping Flash Memory.
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CMDRST Bit (Erase/write sequence reset bit)

Thisbit is used to initialize the flash memory sequence and forcibly stop a program or block erase command.

If the program or block erase command is forcibly stopped using the CMDRST bit in the FM RO register,
execute the clear status register command after the FST7 bit in the FST register is changed to 1 (ready). To
program the same address again, execute the block erase command again and ensure it has been completed
normally before programming. If the addresses and blocks which the program or block erase command is
forcibly stopped are allocated in the program area, set the FMR13 bit in the FMR1 register to 1 (lock bit
disabled) before executing the block erase command again.

When the CMDRST bit is set to 1 (erasure/writing stopped) during erase-suspend, the suspend statusis also
initialized. Thus execute block erasure again to the block which the block erasure is being suspended.

When td(CMDRST-READY)) has elapsed after the CMDRST bit is set to 1 (erasure/writing stopped), the
executing command is forcibly terminated and reading from the flash memory is enabled.

CMDERIE Bit (Erase/write error, blank check error, command sequence error
interrupt enable bit)

This hit enables a flash command error interrupt to be generated if the following errors occur:

* Program error

* Block erase error

« Command sequence error

* Block blank check error

« Lock bit program error

When the CMDERIE bit is set to 1 (interrupt enabled), an interrupt is generated if the above errors occur.

If aflash command error interrupt is generated, execute the clear status register command during interrupt
handling.

To change the CMDERIE hit from 0 (interrupt disabled) to 1 (interrupt enabled), make the setting as follows:
(1) Execute the clear status register command.

(2) Setthe CMDERIE bitto 1.

BSYAEIE Bit (Flash access error interrupt enable bit)

This bit enables flash access error interrupt generation if the flash memory being rewritten is accessed.

To change the BSYAEIE bit from O (flash access error interrupt disabled) to 1 (flash access error interrupt
enabled), follow the steps below:

(1) Readthe BSYAEI bit in the FST register (dummy read).

(2) Write 0 (no flash access error interrupt requested) to the BSYAEI hit.

(3) Setthe BSYAEIE bit to 1 (flash access error interrupt enabled).

RDYSTIE Bit (Flash ready status interrupt enable bit)

This bit enables flash ready status interrupt generation when the status of the flash memory sequence changes
from busy to ready.

To change the RDY STIE bit from 0 (flash ready status interrupt disabled) to 1 (flash ready status interrupt
enabled), follow the steps below:

(1) Readthe RDYSTI bit in the FST register (dummy read).

(2) Write O (no flash ready status interrupt requested) to the RDY STI bit.

(3) Setthe RDYSTIE hit to 1 (flash ready status interrupt enabled).
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23.5.3 Flash Memory Control Register 1 (FMR1)
Address 001ABh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| FMR17 | FMR16 | — | — | FMR13 |WTFMSTP — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. R/W
bl —
b2 |WTFMSTP | Flash memory stop bit in wait 0: Flash memory operates in wait mode R/W
mode 1: Flash memory is stopped in wait mode
b3 FMR13 | Lock bit disable select bit (1) 0: Lock bit enabled R/W
1: Lock bit disabled
b4 — Nothing is assigned. The write value must be 0. The read value is O. —
b5 —
b6 FMR16 |Data flash block A rewrite disable | 0: Rewrite enabled (software commands acceptable) | R/W
bit 1: Rewrite disabled (software commands not
2,3 acceptable, no error occurred)
b7 FMR17 | Data flash block B rewrite disable R/W
bit
(2.3)
Notes:

1. To set this bit to 1, first write 0 and then write 1 immediately. Interrupts must be disabled between writing 0 and
then writing 1.

2. To set this bit to 0O, first write 1 and then write 0 immediately. Interrupts must be disabled between writing 1 and
then writing 0.

3. This bit is set to 0 when the FMROL1 bit in the FMRO register is set to 0 (CPU rewrite mode disabled).

WTFEMSTP Bit (Flash memory stop bit in wait mode)
When the WTFMSTP hit is 1 (flash memory is stopped in wait mode), the flash memory is stopped when wait
mode is entered. To perform A/D conversion in wait mode, set the WTFM STP bit to O (flash memory operates
in wait mode).

FMR213 Bit (Lock bit disable select bit)
When the FMR13 hit is set to 1 (lock bit disabled), the lock bit is disabled. When the FMR13 hit is set to O, the
lock bit is enabled. For details on the lock bit, see 23.6.5 Data Protect Function.
The FMR13 bit is used to enable the lock bit function only and the lock bit data remains unchanged. However,
when a block erase command is executed while the FMR13 bit is 1 (lock bit disabled), the lock bit data set to 0
(lock bit enabled) is changed to 1 (lock bit disabled) after erase completes.

[Conditions for setting to O]

« When the FST7 bit in the FST register is changed from 0 (busy) to 1 (ready) and the program/erase command
compl etes.

* When the FST7 bit in the FST register is changed from 0 (busy) to 1 (ready) and program-suspend/erase-
suspend is entered.

» When a command sequence error occurs.

* When the FMROL bit in the FMRO register is set to 0 (CPU rewrite mode disabled).

* When the FMSTP hit in the FM RO register is set to 1 (flash memory is stopped).

* When the CMDRST hit in the FM RO register is set to 1 (erase/write sequence reset).

[Condition for setting to 1]

* When 1 iswritten to this bit by a program.
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FMR16 Bit (Data flash block A rewrite disable bit)
When the FMR16 bit is set to 0, data flash block A accepts program and block erase commands.

FMR17 Bit (Data flash block B rewrite disable bit)
When the FMR17 bit is set to 0, data flash block B accepts program and block erase commands.
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23.5.4 Flash Memory Control Register 2 (FMR2)
Address 001ACh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| FMR27 | — | — | — | — | FMR22 [ FMR21l | FMR20

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 FMR20 | Suspend enable bit 0: Suspend disabled R/W
(1) 1: Suspend enabled

bl FMR21 | Suspend request bit 0: Restart R/W
) 1: Suspend request

b2 FMR22 | Interrupt request suspend request 0: Suspend request disabled by interrupt request | R/W
enable bit V) 1: Suspend request enabled by interrupt request

b3 — Reserved Setto 0. R/W

b4 —

b5 —

b6 —

b7 FMR27 | Low-current-consumption read mode | O: Low-current-consumption read mode disabled R/W
enable bit (1, 3) 1: Low-current-consumption read mode enabled

Notes:

1. To set this bit to 1, first write 0 and then write 1 immediately. Interrupts must be disabled between writing O and
then writing 1.

2. The FMR21 bit can be set when the FMRO1 bit in the FMRO register is 1 (CPU rewrite mode enabled) and the
FMR20 bit is 1 (suspend enabled).

3. In low-current-consumption read mode, set the FMRO1 bit in the FMRO register to 0 (CPU write mode disabled).
Set this bit to O to perform A/D conversion.

FMR20 Bit (Suspend enable bit)
When the FMR20 bit is set to 1 (enabled), the suspend function is enabled.

FMR21 Bit (Suspend request bit)

When the FMR21 bit is set to 1 (suspend request), program/erase-suspend mode is entered. When the FMR22
bit is 1 (suspend request enabled by interrupt request), if an interrupt request for the enabled interrupt is
generated, the FMR21 bit is automatically set to 1 (suspend request) and suspend mode is entered. To restart
auto-erase or auto-programming, set the FMR21 bit to O (restart).

[Condition for setting to 0]
* When 0 is written to this bit by a program.
[Conditions for setting to 1]

* When the FMR22 hit is 1 (suspend request enabled by interrupt request) at the time an interrupt request is
generated.
* When 1 iswritten to this bit by a program while the flash memory is busy.

FMR22 Bit (Interrupt request suspend request enable bit)

When the FMR22 bit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit is automatically
set to 1 (suspend reguest) at the time an interrupt request is generated during auto-erase or auto-programming.
Set the FMR22 bit to 1 when erase-suspend is used while the user ROM areais rewritten in EW1 mode.
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FMR27 Bit (Low-current-consumption read mode enable bit)

When the FMR27 bit is set to 1 (low-current-consumption read mode enabled) in low-speed clock mode (XIN
clock stopped) or low-speed on-chip oscillator mode (XIN clock stopped), current consumption when reading
the flash memory can be reduced. When setting the FMR27 bit to 1, set the CPU clock (fs) to afrequency in the
range of 3 kHz to 50 kHz. The flash memory circuit needs to be refreshed periodically in low-current-
consumption read mode. Setting the FREFR register allows the MCU to perform a refresh automatically. Set
the FMR27 bit in the FMR2 register to 0 (low-current-consumption read mode disabled) and then set the
FREFR register. After that, set the FMR27 bit to 1 (low-current-consumption read mode enabled). For details
on the setting of the FREFR register, see 23.5.5 Flash Memory Refresh Control Register (FREFR).

For details on the lock bit, see 10.5.12 L ow-Current-Consumption Read M ode.

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

» The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

» The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is
3 kHz or below. After setting the division ratio of the CPU clock, set the FMR27 bit to 1.

Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).

Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

When the FMR27 bit is set to 1 (low-current-consumption read mode enabled), do not execute the program,
block erase, or lock bit program command. To change the FMSTP bit from 1 (flash memory is stopped) to 0
(flash memory operates), make the setting when the FMR27 bit is set to O (low-current-consumption read mode
disabled).
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23.5.5 Flash Memory Refresh Control Register (FREFR)
Address 001ADh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | REF5 | REF4 | REF3 | REF2 | REFl | REF0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 REFO | Periodic refresh interval control bits | Value in the FREFR register = fs/103 (the result R/W
bl REF1 value is expressed as an integer) R/W
b2 REF2 If the clock source for the CPU clock (fs) is the low- [T rw
n-chi illator, it is taken h
5 | Rers e sy " [
b4 REF4 Ex: Value set in the FREFR register when the CPU RIW
b5 REF5 clock (fs) is set to 12.5 kHz: RIW
(12.5 x 103/103) = 12 = 001100b
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

The FREFR register is used to control theinterval between refresh operations when the FMR27 bit in the FMR2
register is 1 (low-current-consumption read mode enabled). Set the FMR27 bit in the FMR2 register to 0 (low-
current-consumption read mode disabled) and then set the value of thisregister. After that, set the FMR27 bit to
1 (low-current-consumption read mode enabled).
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23.6 CPU Rewrite Mode

Each mode is described as bel ow.

23.6.1 EWO Mode

When the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode enabled), CPU rewrite mode is
entered and software commands are accepted. Since the FMRO2 bit in the FMRO register is 0 at thistime, EWO0
mode s selected.

Software commands are used to control programming/erase. The FST register can be used to confirm the status
when programming/erase is completed.

To enter suspend during auto-erase or auto-programming, set the FMR20 bit to 1 (suspend enabled) and the
FMR21 bit to 1 (suspend request). Next, verify the FST7 bit in the FST register is set to 1 (ready), then verify
the FST3 hit is set to 1 (during program-suspend) or the FST6 bit is set to 1 (during erase-suspend) before
accessing the flash memory. When the FST3 bit is set to O, programming completes. When the FST6 bit is set to
0, erasure completes.

When the FMR21 bit in the FMR2 register is set to O (restart), auto-erase or auto-programming is restarted. To
confirm whether auto-programming or auto-erase has restarted, verify the FST7 bit in the FST register is set to
0, then verify the FST3 bit is set to 0 (other than program-suspend) or the FST6 bit is set to 0 (other than erase-
suspend).

23.6.2 EW1 Mode

When the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode enabled) and then the FMRO02 bit is set
to 1 (EW1 mode), EW1 mode is selected. The FST register can be used to confirm the status when
programming/erase is compl eted.

To enable the suspend function during auto-erase or auto-programming, set the FMR20 bit in the FMR2 register
to 1 (suspend enabled) and the FMR22 bit to 1 (suspend request enabled by interrupt request) and then execute
the block program/erase command. The interrupt to enter suspend must be enabled beforehand.

When an interrupt request is generated, the FMR21 bit in the FMR2 register is automatically set to 1 (suspend
reguest) and auto-erase or auto-programming is suspended after td(SR-SUS). Set the FMR21 bit to O (restart) to
restart auto-erase or auto-programming after interrupt handling is completed.
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23.6.3 Suspend Operation

The erase-suspend function temporarily halts the auto-erase during the operation.

The program suspend function temporarily halts the auto-programming during the operation.

When auto-erase or auto-programming is suspended, the following operation can be executed (see Table 23.7

Executable Operation during Suspend).

» When auto-erase of any block in the user ROM is suspended, auto-programming and reading of another block
in the user ROM can be executed.

* When auto-programming of any block in the user ROM is suspended, reading of another block in the user
ROM can be executed.

Table 23.7 Executable Operation during Suspend

Operation during Suspend
Block where erase or program operation is | Block where erase or program operation is
executed before entering suspend not yet executed before entering suspend
Read Read
Erase | Program | lock bit Read Erase | Program | lock bit Read
status status
Command in | Erase No No No No No Yes Yes Yes
execution Program No No No No No No Yes Yes

Note:
1. “Yes” indicates operation is possible by using the suspend function and “No” indicates operation is disabled.
2. The block erase command can be executed for erasure. The program and lock bit program commands can be
executed for programming.
The clear status register command can be executed when the FST7 bit in the FST register is set to 1 (ready).
The block blank check operation is disabled during suspend.
3. The MCU enters read array mode immediately after entering suspend.

Figure 23.3 shows the Timing for Erase-Suspend Operation. Figure 23.4 shows the Timing for Program-

Suspend Operation.
Erase command Set FMR21to 1 Program command Set FMR21t0 0
Y $ td(SR-SUS) \ A
User ROM User Erase Suspend Program Suspend Erase User
program (readable) (readable) program
FMR21
FST7
1is set l 1lis set
FST6 automatically 1is set automatically
¥ automatically
RDYSTI
A A A
- Set to 0 by a program 7
RDYSTI, FST6, FST7: Bits in FST register
FMR21: Bit in FMR2 register
Figure 23.3  Timing for Erase-Suspend Operation
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Program command Set FMR21to 1 Set FMR21to O
\ ; td(SR-SUS) \ ]
User ROM User Program Suspend (readable) Program User
program program
FMR21
FST7
1 is set automatically lisset
FST3 automatically
RDYSTI
A A
- Set to 0 by a program 7
RDYSTI, FST3, FST7: Bits in FST register
FMR21: Bit in FMR2 register
Figure 23.4  Timing for Program-Suspend Operation
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23.6.4 Setting and Cancelling Each Mode
Figure 23.5 shows Setting and Cancelling EWO0 Mode. Figure 23.6 shows Setting and Cancelling EW1 Mode.

23. Flash Memory

EWO Mode Execution Procedure

* Rewrite control program---* ---------------------- 1
] ]
Transfer a rewrite mode program which E Write 0 and then 1 (CPU rewrite mode enabled) E
uses CPU rewrite mode to the RAM ! to the FMRO1 bit !
1 ]
1 ]
! ; i ;
Jump to the rewrite control program ! !
transferred to RAM E Execute software commands i
(The subsequent processing is performed H H
by the rewrite control program in the RAM) i + E
H Write 0 (CPU rewrite mode disabled) '
' to the FMRO1 bit :
1 ]
[} ]
! v !
i i
! Jump to any address in the flash memory H
] ]
] ]
1 ]
1 ]
R Y e j
FMRO1: Bit in FMRO register
Note:
1. To set the FMROL1 bit to 1, first write O and then 1 immediately. Interrupts must be disabled between writing 0
and then writing 1.
Writing to the FMRO1 bit must be performed in the RAM.
Figure 23.5 Setting and Cancelling EWO0 Mode
EW1 Mode Execution Procedure Program in ROM
Write 0 and then 1 (CPU rewrite mode enabled)
to the FMRO1 bit @
Write 0 and then 1 (EW1 mode)
to the FMRO02 bit
Execute software commands
Write 0 (CPU rewrite mode disabled)
to the FMRO1 bit
FMRO01, FMRO2: Bits in FMRO register
Note:
1. To set the FMRO1 bit to 1, first write O and then 1 immediately. Interrupts must be disabled between writing 0
and then writing 1.
Figure 23.6 Setting and Cancelling EW1 Mode
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23.6.5 Data Protect Function

Each block in the program ROM in the flash memory has a nonvolatile lock bit. The lock bit is enabled when
the FMR13 bit in the FMRL1 register is 0 (lock bit enabled). The lock bit can be used to disable (lock)
programming/erasing each block. This prevents data from being written or erased inadvertently. The block
status changes according to the lock bit as follows:

* When the lock bit datais 0: locked (the block cannot be programmed/erased)

* When the lock bit datais 1: not locked (the block can be programmed/erased)

The lock bit datais set to O (locked) when the lock bit program command is executed, and 1 (not locked) when
the block is erased. There are no commands that can be used to set only the lock bit datato 1.
Thelock bit data can be read using the read lock bit status command.

When the FMR13 bit is set to 1 (lock bit disabled), the lock bit function is disabled and no blocks are locked.

Thelock bit data remains unchanged. When the FMR13 bit is set to O (lock bit enabled), the lock bit function is

enabled. Thelock bit datais retained.

When the block erase command is executed while the FMR13 bit is 1 (lock bit disabled), the target block is

erased regardless of the lock bit status. The lock bit for the erase-target block is set to 1 after erase is completed.

For details on individual commands, see 23.6.6 Software Commands.

The FMR13 bit is set to O after auto-erase is completed. This bit is also set to 0 when one of the following

conditions is met. To program/erase a block with alock bit in a different state, set the FMR 13 bit to 1 (lock bit

disabled) again and execute the program command or the block erase command.

* When the FST7 bit in the FST register is changed from 0 (busy) to 1 (ready) and the program/erase command
compl etes.

* When the FST7 bit in the FST register is changed from 0 (busy) to 1 (ready) and program-suspend/erase-
suspend is entered.

» When a command sequence error occurs.

* When the FMROL bit in the FMRO register is set to 0 (CPU rewrite mode disabled).

* When the FMSTP bit in the FM RO register is set to 1 (flash memory is stopped).

* When the CMDRST bit in the FM RO register is set to 1 (erase/write sequence reset).

Figure 23.7 shows the Timing for FMR13 Bit Operation.

Erase operation starts Erase operation completes
Y A
Operation i Erase
i
FST7 H
i ! Set to 0 on rising
[ H edge of FST7 bit
FMR13
A ﬂk
Set to 1 by a program Lock bit is enabled

FST7: Bit in FST register
FMR13: Bit in FMRL1 register

Figure 23.7 Timing for FMR13 Bit Operation
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23.6.6 Software Commands

The software commands are described below. Commands must be read or written and data in 8-bit units.
Do not input any command other than those listed in the table bel ow.

Table 23.8 Software Commands

First Command Second Command ()
Command

Mode Address Data Mode Address Data
Read array Write X FFh
Clear status register Write X 50h
Program Write WA 40h Write WA WD
Block erase Write X 20h Write BA DOh
Lock bit program Write BT 77h Write BT DOh
Read lock bit status Write X 71h Write BT DOh
Block blank check Write X 25h Write BA DOh

WA: Write address
WD: Write data
BA: Any address in the block
BT: Start address in the block
Block 3 — 0C000h
Block 2 — OEO00Oh
Block 1 — OFO00h
x: Any address in the user ROM area
Note:
1. For block erase, lock bit program, read lock bit status, and block blank check commands, if FFh is written as the
second command, the command code written as the first command becomes invalid. A command sequence
error does not occur.

The data flash does not have alock bit, so the lock bit program and the read lock bit status commands are
handled asillegal.

23.6.6.1 Read Array

This command is used to read the flash memory.

When FFh is written as the first command, the MCU enters read array mode. When the read addressisinput in
the following cycles, the content of the specified address can be read in 8-bit units.

Since read array mode is retained until another command is written, the contents of multiple addresses can be
read continuoudly.

In addition, after areset, the MCU entersread array mode after a program, block erase, block blank check, read
lock bit status, or clear status register command, or after entering suspend.
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23.6.6.2 Clear Status Register

The clear status register command is used to set bits FST4 and FST5 in the FST register to 0.
When 50h iswritten as the first command, bits FST4 and FST5 in the FST register are set to 0.

23.6.6.3 Program

This command writes data to the flash memory in 1-byte units.

When 40h is written as the first command and data is written to the write address with the second command,
auto-programming (a data program and verify operation) starts. The address value for the first command must
be the same address as the write address specified with the second command.

The FST7 bit in the FST register can be used to confirm whether auto-programming has completed. The FST7
bit is set to 0 during auto-programming and is set to 1 when auto-programming compl etes.

After auto-programming has compl eted, the auto-program result can be confirmed by the FST4 bit in the FST
register (see 23.6.7 Full Satus Check).

Do not write additions to the already programmed addresses.

For each block in the program ROM, the program command can be disabled using the lock bit.

When the FMR16 bit in the FMRL1 register is 1 (rewrite disabled), the program command for block A of data
flash is not accepted. When the FMR17 bit is 1 (rewrite disabled), the program command for block B is not
accepted.

Figure 23.8 shows the Program Flowchart (Flash Ready Status Interrupt Disabled and Suspend Disabled).
Figure 23.9 shows the Program Flowchart in EW0 Mode (Flash Ready Status Interrupt Disabled and Suspend
Enabled). Figure 23.10 shows the Program Flowchart in EWO0 Mode (Flash Ready Status Interrupt Enabled and
Suspend Enabled). Figure 23.11 shows the Program Flowchart in EW1 Mode (Flash Ready Status Interrupt
Disabled and Suspend Enabled)

In EW1 mode, do not execute this command for any address where the rewrite control program is allocated.

When the RDY STIE bit in the FMRO register is 1 (flash ready status interrupt enabled), a flash ready status
interrupt is generated when auto-programming is compl eted.

When the RDY STIE bit in the FMRO register is 1 (flash ready status interrupt enabled) and the FMR20 bit in
the FMR2 register is 1 (suspend enabled), a flash ready status interrupt is generated when the FMR21 bit is set
to 1 (suspend request) and auto-programming is suspended. The result can be confirmed by reading the FST
register in the interrupt routine.

C = )
'

| Write the command code 40h |

!

| Write data to the write address |

»

A

No
FST7 =17

Yes

| | Full status check | |

Y

C Program completed ) FST7: Bitin FST register

Figure 23.8 Program Flowchart (Flash Ready Status Interrupt Disabled and Suspend Disabled)
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( Start ) ( Maskable interrupt )

| FMR20 =1 | | FMR21=1@ |
Y 2
| Write the command code 40h | No
| I = 1 (interrupt enabled) | Yes
¢ | Access the flash memory |
| Write data to the write address | ¢
V‘ | FMR21 =0 |
FST7 =17 No ¢

( REIT )

Yes

| | Full status check | |

¢ I: Flag in CPU register
FST3, FST7: Bits in FST register
( Program completed ) FMR20, FMR21: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be
allocated to an area other than the programming target area.
2. td(SR-SUS) is required from when the FMR21 bit is set to 1 until suspend is
acknowledged. The interrupt to enter the suspend state must be enabled beforehand.

Figure 23.9 Program Flowchart in EWO0 Mode (Flash Ready Status Interrupt Disabled and
Suspend Enabled)
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( Start

) C

'

Maskable interrupt () )

| RDYSTIE=1

!

A

FMR21=1® |

| FMR20 =1

!

!

REIT )

| Write the command code 40h

!

| | =1 (interrupt enabled)

'

| Write data to the write address

!

C Program completed

)

( Flash ready status interrupt &3

FST3=1?

Yes

No

y

Access the flash memory

| | | Full status check | |

!

FMR21 =0

RDYSTI=0

| I: Flag in CPU register

!

REIT

) RDYSTIE: Bit in FMRO register

Notes:

1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area

other than the programming target area.

2. td(SR-SUS) is required from when the FMR21 bit is set to 1 until suspend is acknowledged.
The interrupt to enter the suspend state must be enabled beforehand.
3. Aflash ready status interrupt is generated when auto-programming is suspended.

RDYSTI, FST3: Bits in FST register

FMR20, FMR21: Bits in FMR2 register

Figure 23.

10 Program Flowchart in EWO0 Mode (Flash Ready Status Interrupt Enabled and Suspend

Enabled)
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When the FMR22 hit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit is automatically
set to 1 (suspend request) when an interrupt request is generated during auto-programming. Set the FMR22 hit

to 1 when suspend is used while the user ROM areais rewritten in EW1 mode.

( Start ) ( Maskable interrupt @ )
| FMR20 =1 | | Access the flash memory |
| FMR22 =1 | C REIT )

Write the command code

40h

| | =1 (interrupt enabled) |

y

JMP.S CMD2 |

y

| NOP |

cMD2: ¢

Write data to the write
address @

v

Flash memory dummy

read @

NOP instruction x 4

) 4 Flash memory dummy
read
FST7=17
No
FMR21=0
Yes
FST3=07
No
Yes

|| Full status check ||

¢ I: Flag in CPU register
( Program completed ) FST3, FST7: Bits in FST register

Notes:
the programming target area.

The interrupt to enter suspend must be enabled beforehand.
3. Use one of the following instructions for the second command writing:

e MOV.B RnH,[An] e MOV.B RnH,abs16  MOV.B RnL,[An]
* MOV.B RnL,abs16

« MOV.B [An],RnL « MOV.B [An],RnH « MOV.W [An],Rn

FMR20, FMR21, FMR22: Bits in FMR2 register

1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than

2. td(SR-SUS) is required from when the maskable interrupt is generated until suspend is acknowledged.

« MOV.B [AO],[A1] or MOV.B [A1],[A0] « MOV.B #IMM,[An] « MOV.B #IMM,abs16

4. Use one of the following instructions to read the same address as the second command write address.

Figure 23.11 Program Flowchart in EW1 Mode (Flash Ready Status Interrupt Disabled and

Suspend Enabled)
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23.6.6.4 Block Erase

When 20h is written as the first command and then DOh is written to any address in the block with the second
command, an auto-erase (erase and erase-verify operation) is started in the specified block.

The FST7 bit in the FST register can be used to confirm whether auto-erase is completed. The FST7 bit is set to
0 during auto-erase and changed to 1 when auto-erase is completed. After auto-erase completes, all datain the
block is set to FFh.

After auto-erase is completed, the result can be confirmed by the FST5 bit in the FST register (see 23.6.7 Full
Satus Check).

For each block in the program ROM, the program erase command can be disabled using the lock bit.

When the FMR16 bit in the FMR1 register is 1 (rewrite disabled), the block erase command for block A of data
flash is not accepted. When the FMR17 bit is 1 (rewrite disabled), the block erase command for block B is not
accepted.

Figure 23.12 shows the Block Erase Flowchart (Flash Ready Status Interrupt Disabled and Suspend Disabled).
Figure 23.13 shows the Block Erase Flowchart in EW0 Mode (Flash Ready Status Interrupt Disabled and
Suspend Enabled). Figure 23.14 shows the Block Erase Flowchart in EW0 Mode (Flash Ready Status Interrupt
Enabled and Suspend Enabled). Figure 23.15 shows the Block Erase Flowchart in EW1 Mode (Flash Ready
Status Interrupt Disabled and Suspend Enabled).

In EW1 mode, do not execute this command for the block where the rewrite control program is allocated.

When the RDY STIE bit in the FMRO register is 1 (flash ready status interrupt enabled), a flash ready status
interrupt is generated when auto-erase is completed. When the RDY STIE bit in the FMRO register is 1 (flash
ready status interrupt enabled) and the FMR20 bit in the FMR2 register is 1 (suspend enabled), a flash ready
status interrupt is generated when the FMR21 bit is set to 1 (suspend request) and auto-erase is suspended. The
result can be confirmed by reading the FST register in the interrupt routine.

C = )
'

| Write the command code 20h |

!

Write DOh to any address
in the block

No

| | Full status check | |

!

( Block erase completed ) FST7: Bitin FST register

Figure 23.12 Block Erase Flowchart (Flash Ready Status Interrupt Disabled and Suspend
Disabled)
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( Start ) C Maskable interrupt )

| FMR20 =1 | | FMR21=1® |

Y I

| Write the command code 20h |

!

| I =1 (interrupt enabled) |

!

Write DOh to any address
in the block

-
-«

Y

No
FST7 =17

Yes

| | Full status check | |

I: Flag in CPU register
¢ FST6, FST7: Bits in FST register

FMR20, FMR21: Bits in FMR2 register
C Block erase completed )

Notes:
1. The interrupt vector table and interrupt routine to be used must be allocated
to an area other than the erase-target area.
2. td(SR-SUS) is required from when the FMR21 bit is set to 1 until suspend is
acknowledged. The interrupt to enter suspend must be enabled beforehand.

Figure 23.13 Block Erase Flowchart in EWO0 Mode (Flash Ready Status Interrupt Disabled and
Suspend Enabled)
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Start

) ( Maskable interrupt () )

'

Y

RDYSTIE=1

| | FMR21=1® |

'

!

FMR20 =1

| ( REIT )

'

Write the command code 20h

Y

| =1 (interrupt enabled)

'

Write DOh to any address
in the block

!

( Block erase completed )

2.

3.

( Flash ready status interrupt 3 )

No

FST6 =17

Yes
A

Access the flash memory | | | Full status check | |

!

FMR21 =0 |

¢<

RDYSTI =0 | . .
I: Flag in CPU register

¢ RDYSTI, FST6: Bits in FST register

REIT

RDYSTIE: Bit in FMRO register
) FMR20, FMR21: Bits in FMR2 register

Notes:
1.

the erase-target area.

The interrupt vector table and interrupt routine to be used must be allocated to an area other than

td(SR-SUS) is required from when the FMR21 bit is set to 1 until suspend is acknowledged.
The interrupt to enter suspend must be enabled beforehand.
A flash ready status interrupt is generated when auto-erase is suspended.

Figure 23.14

Block Erase Flowchart in EW0 Mode (Flash Ready Status Interrupt Enabled and

Suspend Enabled)
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When the FMR22 hit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit is automatically
set to 1 (suspend regquest) when an interrupt request is generated during auto-erase. Set the FMR22 bit to 1 when
suspend is used while the user ROM areais rewritten in EW1 mode.

( Start ) ( Maskable interrupt @ >
| FMR20 =1 | | Access the flash memory |
| FMR22 =1 | ( REIT )

Write the command code

20h

I =1 (interrupt enabled) |

y

JMP.S CMD2 |

v

| NOP |

CMD2: ¢

Write DOh to any block
address @

y

Flash memory dummy

read @

NOP instruction x 4

»
il
»
al
Y Flash memory dummy
read ¥
FST7=17? I
No
FMR21 =0
Yes
FST6=07?
No
Yes
| | Full status check | |
¢ I: Flag in CPU register

FST6, FST7: Bits in FST register
FMR20, FMR21, FMR22: Bits in FMR2 register

( Program completed )

Notes:

1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than

the programming target area.

2. td(SR-SUS) is required from when the maskable interrupt is generated until suspend is acknowledged.
The interrupt to enter suspend must be enabled beforehand.

3. Use one of the following instructions for the second command writing:
* MOV.B [AQ],[A1] or MOV.B [A1],[A0] * MOV.B #IMM,[An]
e MOV.B RnH,[An] e MOV.B RnH,abs16
e MOV.B RnL,abs16

4. Use one of the following instructions to read the same address as the second command write address.
e MOV.B [An],RnL * MOV.B [An],RnH ¢ MOV.W [An],Rn

« MOV.B #IMM,abs16
« MOV.B RnL,[An]

Figure 23.15 Block Erase Flowchart in EW1 Mode (Flash Ready Status Interrupt Disabled and

Suspend Enabled)
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23.6.6.5 Lock Bit Program

This command is used to set the lock bit for any block in the program ROM areato 0 (locked).

When 77h is written as the first command and DOh is written to the start address in the block with the second
command, 0 iswritten to the lock bit in the specified block. The address for the first command must be the same
asthat for the second which specifies the start addressin the block.

Figure 23.16 shows the Lock Bit Program Flowchart.

Thelock bit status (lock bit data) can be read using the read lock bit status command.

The FST7 bit in the FST register can be used to confirm whether writing to the lock bit is completed.

For details on the lock bit function and how to set the lock bit to 1 (not locked), see 23.6.5 Data Protect
Function.

C = )
'

| Write the command code 77h |

!

Write DOh to the start address
in the block

No

| | Full status check | |

!

( Completed ) FST7: Bit in FST register

Figure 23.16 Lock Bit Program Flowchart
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23.6.6.6 Read Lock Bit Status Command

This command is used to read the lock bit status for any block in the program ROM area.
When 71h is written as the first command and DOh is written to the start address in the block with the second

command, the lock bit status in the specified block is stored in the FST2 bit in the FST register. Read the FST2
bit after the FST7 bit in the FST register has changed to 1 (ready).
Figure 23.17 shows the Read L ock Bit Status Flowchart.

C = )
'

| Write the command code 71h |

!

Write DOh to the start address
in the block

-l
ot

Y

No

FST7 =17

Yes

Full status check | |

N
FST2 =17 0

Yes

A
( Block not locked ) ( Block locked ) FST2, FST7: Bits in FST register

Figure 23.17 Read Lock Bit Status Flowchart
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23.6.6.7 Block Blank Check

This command is used to confirm that all addressesin any block are blank data, FFh.

When 25h is written as the first command and DOh is written to any address in the block with the second
command, a blank check is started for the specified block. The FST7 bit in the FST register can be used to
confirm whether blank check is completed. The FST7 hit is set to 0 during the blank-check period and changed
to 1 when the blank check has completed.

After the blank check has completed, the result can be determined by reading the FST5 bit in the FST register
(see 23.6.7 Full Satus Check). This command is also used to verify the target block has not been written. To
confirm whether erase has completed normally, execute the full status check.

Do not execute the block blank check command when the FST6 bit in the FST register is 1 (erase suspended) or
the FST3 bit is 1 (program suspended).
Figure 23.18 shows the Block Blank Check Flowchart.

C = )
'

| Write the command code 25h |

!

Write DOh to any address
in the block

[
-t

Yes

| | Full status check | |

!

( Completed ) FST7: Bitin FST register

Figure 23.18 Block Blank Check Flowchart

This command isintended for programmer manufacturers, not for general users.
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23.6.7 Full Status Check

If an error occurs, bits FST4 to FST5 in the FST register are set to 1, indicating the occurrence of the error. The
execution result can be confirmed by checking these status bits (full status check).

Table 23.9 lists the Errors and FST Register States. Figure 23.19 shows the Full Status Check and Handling
Procedures for Individual Errors.

Table 23.9 Errors and FST Register States

FST Register States
FST5 Bit FST4 Bit

1 1 Command sequence error |« When a command is not written correctly.

» When data other than valid data (i.e., DOh or FFh) is
written as the second command of the block erase, lock
bit program, read lock bit status, or block blank check
command ().

» The erase command is executed during erase-suspend
or the block blank check command is executed.

» The program, lock bit program, erase, or block blank
check command is executed during program-suspend.

» The program, lock bit program, erase, or block blank
check command is executed to the block during suspend.

* The lock bit program or read lock bit status commands
are executed to the data flash.

Error Error Occurrence Condition

1 0 Erase error When the block erase command is executed and auto-
erase does not complete normally.
Blank check error When the block blank check command is executed and
data other than the blank data, FFh, is read.
0 1 Program error When the program command is executed and auto-
programming does not complete normally.
Lock bit program error When the lock bit command is executed, but the lock bit is

not set to O (locked).

Note:
1. When FFh is written as the second command of these commands, the MCU enters read array mode.
At the same time, the command code written as the first command becomes invalid.
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Command sequence error

Execute the clear status register command
(Set bits FST4 through FST5 to 0)

!

| Check if the command was correctly input

v
C )

Re-execute the command

Command sequence
error

Erase error/blank check error

Execute the clear status register command
(Set bits FST4 through FST5 to 0)

Erase error/
blank check error

Is the lock bit disabled?

Yes

Erase command
re-execution times < 37

Yes

No

Set FMR13 bit to 1

The erase
target block
cannot be used

/

A

| Program error

Full status check
completed

FST4, FST5: Bits in FST register

Note:

1. To write again to the address where a program error
occurred, execute the block erase command and confirm
that the full status check is completed normally before
writing to the address.

| | ( Re-execute the block erase command )
Program error

Execute the clear status register command
(Set bits FST4 through FST5 to 0)

Is the lock bit disabled?

Yes

Specify a program address other than the
write address where the error occurred @

No

Set FMR13 bitto 1

Y
C Re-execute the program command )

Figure 23.19 Full Status Check and Handling Procedures for Individual Errors
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23.7 Standard Serial 1/0 Mode

In standard serial 1/0 mode, a serial programmer that supports the MCU can be used to rewrite the user ROM area
with the MCU mounted on-board.

There are three standard serial 1/0 modes:

« Standard seria 1/0 mode 1: Connection to a serial programmer via clock synchronous serial 1/0

« Standard seria 1/0 mode 2: Connection to a serial programmer via clock asynchronous serial 1/0

« Standard seria 1/0 mode 3: Connection to a serial programmer via specia clock asynchronous serial 1/0

Standard serial 1/0 modes 2 and 3 can be used with the MCU.

See Appendix 2. Connection Examples between Serial Programmer and On-Chip Debugging Emulator for
examples of connecting a serial programmer. Contact the manufacturer for more information on the serial
programmer. Also, see the user’s manual for how to use the serial programmer.

Table 23.10 lists the Pin Functions (Flash Memory Standard Serial 1/O Mode 2). Figure 23.20 shows a Pin

Handling Example in Standard Serial 1/0 Mode 2. Table 23.11 lists the Pin Functions (Flash Memory Standard
Seria 1/0 Mode 3). Figure 23.21 shows a Pin Handling Example in Standard Serial 1/0 Mode 3.

When a program in the flash memory isrun in user mode after the pins are handled as shown in Table 23.11 and the
flash memory is rewritten with the programmer, input a high level to the MODE pin and reset the hardware.

For details on the ID code check function, see 23.3 D Code Check Function.
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Table 23.10 Pin Functions (Flash Memory Standard Serial I/O Mode 2)
Pin Name Name 1/0 Description
VCC, VSS Power supply input — Apply the guaranteed program/erase voltage to the VCC pin and
0 V to the VSS pin.
RESET Reset input I Reset input.
P3_1/XIN P3_1 input/clock input | When operating with the on-chip oscillator clock, it is not
P4 5/XOUT |P4_5 input/clock output 1/0 necessary to connect an oscillation circuit. Operation is not
affected even if an external oscillator is connected in the user
system.
MODE MODE I/O Input a low level.
P1 4 TXD output @) Serial data output.
P16 RXD input I Serial data input.
Other pins Input a low level or a high level, or leave the pin open.
MCU
MODE E
User reset signal ————— »{ RESET i
VSS 17
XIN XOuUT
v
Connect an oscillator @
Notes:
1. In this example, modes are switched between single-chip mode and standard serial I/O mode by
controlling the MODE input with a switch.
2. When operating on the on-chip oscillator clock, it is not necessary to connect an oscillation circuit.
See Appendix Figure 2.1 MF Ten Nine Cable (M3A-0652CBL) Connection Examples.

Figure 23.20 Pin Handling Example in Standard Serial I/O Mode 2
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Table 23.11  Pin Functions (Flash Memory Standard Serial I1/O Mode 3)
Pin Name Name 1/0 Description
VCC, VSS Power supply input — Apply the guaranteed program/erase voltage to the VCC pin and
0 V to the VSS pin.
RESET Reset input I Reset input.
P3_1/XIN P3_1 input/clock input | When operating with the on-chip oscillator clock, it is not
P4 5/XOUT |P4_5 input/clock output 1/0 necessary to connect an oscillation circuit. Operation is not
affected even if an external oscillator is connected in the user
system.
MODE MODE I/O Serial data 1/0. Connect this pin to a flash programmer.
Other pins Input a low level or a high level, or leave the pin open.
[
N MCU
User reset signal VSS
XIN XOuUT
\/
Connect an oscillator ®
Notes:
1. Controlled pins and external circuits vary depending on the programmer. For details, see the programmer manual.
2. In this example, modes are switched between single-chip mode and standard serial I/O mode by connecting a
programmer.
3. When operating on the on-chip oscillator clock, it is not necessary to connect an oscillation circuit.

Figure 23.21 Pin Handling Example in Standard Serial I/O Mode 3
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23.8 Notes on Flash Memory

23.8.1 ID Code Area Setting Example

The ID code areais alocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. The following shows a setting example.

* To set 55h in dl of the ID code area

.org OOFFDCH

Jword dummy | (55000000h) ; UND

Jword dummy | (55000000h) ; INTO

Jword dummy ; BREAK

Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT

Jword dummy | (55000000h) ; RESERVE

Jword dummy | (55000000h) ; RESERVE

Programming formats vary depending on the compiler. Check the compiler manual.
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23.8.2 CPU Rewrite Mode

23.8.2.1 Prohibited Instructions

The following instructions cannot be used while the program ROM area is being rewritten in EW0 mode
because they reference datain the flash memory:
UND, INTO, and BRK

23.8.2.2 Interrupts
Tables 23.12 and 23.13 list the Interrupt Handling during CPU Rewrite Operation.

Table 23.12 Interrupt Handling during CPU Rewrite Operation (EW0 Mode)

Data Flash/Program ROM
Interrupt Type _ Suspend Disabled
Suspend Enabled (FMR20 = 1) (FMR20 = 0)
Maskable interrupt | When an interrupt request is acknowledged, interrupt handling is | Interrupt handling is
executed. (The interrupt vector is allocated in the RAM) executed with auto-erase
The suspend state can be entered by either of the following: or auto-programming
(1) When the FMR22 bit is 1 (suspend request enabled by executed (The interrupt
interrupt request), the FMR21 bit is automatically set to 1 vector is allocated in the
(suspend request). RAM)
The flash memory suspends auto-erase or auto-programming
after td(SR-SUS).
(2) When the FMR22 bit is 0 (suspend request disabled by
interrupt request) and suspend is required, set the FMR21 bit
to 1 (suspend request) in the interrupt handling.
The flash memory suspends auto-erase or auto-programming
after td(SR-SUS).
While auto-erase is suspended, auto-programming and reading
can be executed for any block other than the blocks being auto-
erased.
While auto-programming is suspended, any block other than the
blocks being auto-programmed can be read.
Auto-erase can be restarted by setting the FMR21 bit to O (restart).
Address match Do not use during auto-erasing or auto-programming.
UND, INTO, and
BRK instructions
Single-step
Watchdog timer When an interrupt request is acknowledged, auto-erase or auto-programming is forcibly stopped
Oscillation stop immediately and the flash memory is reset. After the specified period, the flash memory is
detection restarted before interrupt handling is started. Since auto-erase or auto-programming is forcibly
Voltage monitor 1 stopped, the correct values may not be read from the block being auto-erased or the address
being auto-programmed. After the flash memory is restarted, execute auto-erase again and
verify it complete normally. The watchdog timer does not stop while the command is executing,
so interrupt requests may be generated. Initialize the watchdog timer periodically using the
erase-suspend function. Since the flash memory control registers are initialized in this case,
these registers must be set again. (1)

FMR20, FMR21, FMR22: Bits in FMR2 register
Note:
1. Registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop detection, or voltage
monitor 1 interrupt is generated while the flash memory is busy.
When the FMRO1 bit in the FMRO register is 1 (CPU rewrite mode enabled) and the FMSTP bit is 1 (flash
memory is stopped), registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop
detection, or voltage monitor 1 interrupt is generated.
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Table 23.13 Interrupt Handling during CPU Rewrite Operation (EW1 Mode)

Data Flash/Program ROM
Interrupt Type _ Suspend Disabled
Suspend Enabled (FMR20 = 1) (FMR20 = 0)
Maskable interrupt | When an interrupt request is acknowledged, the FMR21 bit is Auto-erase or auto-
automatically set to 1 (suspend request) if the FMR22 hit is 1 programming has priority.
(suspend request enabled by interrupt request). Interrupt handling is
The flash memory suspends auto-erase or auto-programming after | executed after auto-erase
td(SR-SUS) and interrupt handling is executed. or auto-programming.
When auto-erase is being suspended, auto-programming and
reading can be executed for any block other than the blocks being
auto-erased.
When auto-programming is being suspended, any block other than
the blocks being auto-programmed can be read.
After interrupt handling completes, auto-erase or auto-
programming can be restarted by setting the FMR21 bit is set to O
(restart).
If the FMR22 bit is set to 0 (suspend request disabled by interrupt
request), auto-erasure and auto-programming have priority and
interrupt requests are put on standby.
Interrupt handling is executed after auto-erase and auto-program
complete.
Address match Do not use during auto-erasing or auto-programming.
UND, INTO, and
BRK instructions
Single-step
Watchdog timer When an interrupt request is acknowledged, auto-erase or auto-programming is forcibly stopped
Oscillation stop immediately and the flash memory is reset. After the specified period, the flash memory is
detection restarted before interrupt handling is started. Since auto-erase or auto-programming is forcibly
Voltage monitor 1 stopped, the correct values may not be read from the block being auto-erased or the address
being auto-programmed. After the flash memory is restarted, execute auto-erase again and
verify it complete normally. The watchdog timer does not stop while the command is executing,
S0 interrupt requests may be generated. Initialize the watchdog timer periodically using the
erase-suspend function. Since the flash memory control registers are initialized in this case,
these registers must be set again. (1)

FMR20, FMR21, FMR22: Bits in FMR2 register
Note:
1. Registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop detection, or voltage
monitor 1 interrupt is generated while the flash memory is busy.
When the FMRO1 bit in the FMRO register is 1 (CPU rewrite mode enabled) and the FMSTP bit is 1 (flash
memory is stopped), registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop
detection, or voltage monitor 1 interrupt is generated.
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23.8.2.3 Access Methods

To set one of the following bitsto 1, first write O and then 1 immediately. Interrupts must be disabled between
writing 0 and then writing 1.

* The FMRO01 or FMRO02 bit in the FM RO register

* The FMR13 bit in the FMR1 register

* The FMR20, FMR22, or FMR27 bit in the FMR2 register

To set one of the following bitsto O, first write 1 and then O immediately. Interrupts must be disabled between
writing 1 and then writing O.
The FMR16 or FMR17 bit in the FMR1 register

23.8.2.4 Rewriting User ROM Area

When EWO0 mode is used and the supply voltage falls while rewriting a block where a rewrite control program
is stored, the rewrite control program is not be rewritten correctly. As aresult, it may not be possible to rewrite
the flash memory afterwards. Use standard serial 1/0 mode to rewrite this block.

23.8.2.5 Programming
Do not perform even asingle additional write to an already programmed address.

23.8.2.6  Entering Wait Mode or Stop Mode

Do not enter wait mode or stop mode during suspend.

When the FST7 bit in the FST register is 0 (busy) while programming or erasing the flash memory, do not enter
wait mode or stop mode.

Do not set the FMR27 bit to 1 while the FMSTP bit (flash memory stop bit) in the FMRO register is 1 (flash
memory is stopped).

23.8.2.7 Flash Memory Programming and Erase Voltages

When performing a program/erase operation, use a VCC supply voltage in the range of 1.8 V to 5.5 V. Do not
perform a program/erase operation at lessthan 1.8 V.

23.8.2.8 Block Blank Check

Do not execute ablock blank check command during erase-suspend.
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23.8.29 EW1 Mode

When setting the FMRO1 bit in the FMRO register to 1 (CPU rewrite mode enabled) and the FMRO2 hit to 1
(EW1 mode) to execute CPU rewrite mode, follow the procedure below in EW1 mode. Figure 23.22 shows the
Procedure for Software Command Execution When Suspend is Disabled. Figure 23.23 shows the Procedure for

Software Command Execution When Suspend is Enabled.

When the FMRO1 bit is 1 (CPU rewrite mode enabled), the FMRO02 bit is 1 (EW1 mode),
and the FMR20 bit is 0 (suspend disabled)

using the program command:
First command writing

¢ Program example for the countermeasure when

MOV.B #40h,[A1] ; First command writing

v

Additional{ Flash memory dummy

FST7: Bit in the FST register
Notes:

necessary.
2. Use one of the following instructions for the second command writing:

e MOV.B RnH,[AN] e MOV.B RnH,abs16 e MOV.B RnL,[An]
¢ MOV.B RnL,abs16

e« MOV.B [AnJRNL e MOV.B [An],RnH e MOV.W [An],Rn

JMP.S CMD2
¢ NOP
CMD2:
JMP.S CMD2 MOV.B [A0],[A1l] ; Second command writing @
Additional MOV.B [A1],ROL ; Dummy read @
processing ¢ LABEL:
NOP BTST FST7 ; Flash memory status confirmed
JNC LABEL
CMD2: 4
Specify instruction Second command
to be used writing @?

processing read ®
»i
Y
No
FST7 =17
FMRO01, FMRO02: Bits in the FMRO register
Yes FMR20: Bit in the FMR2 register

1. When executing the read array command and clear status register command, this countermeasure is not
¢ MOV.B [A0],[A1] or MOV.B [A1],JA0] ¢ MOV.B #IMM,[An] e MOV.B #IMM,abs16

3. Use one of the following instructions to read the same address as the second command write address.

Figure 23.22 Procedure for Software Command Execution When Suspend is Disabled
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When the FMRO1 bit is 1 (CPU rewrite mode enabled), the FMRO02 bit is 1 (EW1 mode),
and the FMR20 bit is 1 (suspend enabled) ()

!

Program example for the countermeasure when
First command writing using the program command:
MOV.B #40h,[Al] ; First command writing
# FSET | ; Interrupts enabled
=1 JMP.S CMD2
(interrupts enabled) NOP
CMD2:
MOV.B [AO0],[A1] ; Second command writing ¢
MOV.B [A1],ROL ; Dummy read ¢
JMP.S CMD2 NOP
Additional ¢ ng
processing NOP
NOP LABEL1:
BTST FST7 ; Flash memory status confirmed
JNC LABEL1
Specif CMD2: y BTST FST3 ; Suspend status confirmed @)
. pectly Second command JNC LABEL2
instruction writing @ BCLR FMR21
to be used MOV.B [A1],ROL ; Dummy read ®
¢ JMP LABEL1
Additional Flash memory dummy LABELZ2:
processing read
NOP instruction x 4
< |
Flash memory Additional
dummy read ©® processing
|
FMR21= 0
No
Suspend
tatus confirmed ¢
I: Flag in the CPU register
FMRO1, FMRO2: Bits in the FMRO register
FMR20, FMR21: Bits in the FMR2 register
FST3, FST6, FST7: Bits in the FST register
Notes:

1. When executing the read array command and clear status register command, this countermeasure is
not necessary.

2. Use one of the following instructions for the second command writing:
e MOV.B [AO],[A1] or MOV.B [A1],[A0] e MOV.B #IMM,[An] e MOV.B #IMM,abs16
¢ MOV.B RnH,[An] *« MOV.B RnH,abs16 ¢ MOV.B RnL,[An]
e MOV.B RnL,abs16

3. Use one of the following instructions to read the same address as the second command write
address.
e MOV.B [An],RnL ¢ MOV.B [An],RnH e MOV.W [An],Rn

4. Confirm the suspend status using the FST3 bit for the program command, and the FST6 bit for the
block erase command.

Figure 23.23 Procedure for Software Command Execution When Suspend is Enabled
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23.8.3 Notes on Flash Memory Stop and Operation Transition

(1) Do not enter stop mode while the FMSTP bit is 1 (the flash memory is stopped).

(2) Do not enter wait mode while the FMSTP bit is 1 (the flash memory is stopped) and the WTFMSTP bit is
1 (the flash memory is stopped in wait mode).

(3) Do not enter flash memory stop state for 42 us after entering from flash memory stop state to flash
memory operation state. And do not rewrite the LOCODI S bit in the OCOCR register for 42 ps.

Conditions when entering flash memory operation state from flash memory stop state.

* Set the FM STP hit to 0 (the flash memory operates).

* Return from wait mode while the WTFM STP bit is 1 (the flash memory is stopped in wait mode).
* Return from stop mode.

Conditions when entering flash memory stop state from flash memory operation state.

* Set the FM STP bit to 1 (the flash memory is stopped).

« Enter wait mode while the WTFMSTP bit is 1 (the flash memory is stopped in wait mode).
« Enter stop mode.
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24. Electrical Characteristics

Table 24.1  Absolute Maximum Ratings

Symbol Parameter Condition Rated Value Unit
Vcc/AVcce | Power supply voltage -0.3t06.5 \%
Vi Input voltage XIN XIN-XOUT oscillation on -0.3t0 1.9 \

(oscillation circuit used) (1)
XIN-XOUT oscillation off -0.3to Vec +0.3 \Y,
(oscillation circuit not used) (1)
Other pins -0.3to Vec +0.3 \
Vo Output voltage XOUT XIN-XOUT oscillation on -0.3t0 1.9 \%
(oscillation circuit used) ()
XIN-XOUT oscillation off -0.3to Vec +0.3 \%
(oscillation circuit not used) (1)
Other pins -0.3to Vec +0.3 \
Pd Power consumption -40 °C < Topr <85 °C 500 mw
Topr Operating ambient temperature -20 to 85 (N version)/ °C
-40 to 85 (D version)
Tstg Storage temperature -60 to 150 °C
Note:

1. When the oscillation circuit is used: bits CKPT1 to CKPTO in the EXCKCR register are set to 11b
When the oscillation circuit is not used: bits CKPT1 to CKPTO in the EXCKCR register are set to any value other than 11b
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Table 24.2 Recommended Operating Conditions
. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vcc/AVee | Power supply voltage 1.8 — 55 \%
Vss/AVss | Power supply voltage — 0 — \%
VIH Input high voltage Other than CMOS input 0.8 Vcc — Vce \
CMOS input 40V <Vcc<55V 0.65 Vcc — Vce \%
27V<Vecc<4.0V 0.7 Vcc — Vcce \Y
18V<Veec<27V 0.8 Vcc — Vcce \Y
ViL Input low voltage Other than CMOS input 0 — 0.2Vec| V
CMOS input 40V <Vcc<55V 0 — 0.4Vcc| V
27V<Vcc<4.0V 0 — 0.3Vce| V
18V<Veec<27V 0 — 0.2Vce| V
|OH(sum) Peak sum output high Sum of all pins [oH(peak) — — -160 | mA
current
|OH(sum) Average sum output high | Sum of all pins IoH(avg) — — -80 mA
current
IoH(peak) Peak output high current When drive capacity is low — — -10 mA
When drive capacity is high () — — -40 mA
IoH(avg) Average output high current When drive capacity is low — — -5 mA
When drive capacity is high () — — -20 mA
loL(sum) Peak sum output low Sum of all pins loL(peak) — — 160 mA
current
loL(sum) Average sum output low | Sum of all pins loL(avg) — — 80 mA
current
loL(peak) Peak output low current When drive capacity is low — — 10 mA
When drive capacity is high () — — 40 mA
IoL(avg) Average output low current When drive capacity is low — — 5 mA
When drive capacity is high () — — 20 mA
f(xiny XIN oscillation frequency 27V <Vcc<55V 2 — 20 MHz
18V<Vcec<27V 2 — 5 MHz
XIN clock input oscillation frequency 27V<Vcc<55V 0 — 20 MHz
18V<Veec<27V 0 — 5 MHz
f(xcin) XCIN clock input oscillation frequency 1.8V<Vecc<55V — 32.768 — kHz
fHOCO High-speed on-chip oscillator oscillation 1.8V<Vcc<55V — 20 — MHz
frequency ()
fLOCO Low-speed on-chip oscillator oscillation 1.8V<Vcc<55V — 125 — kHz
frequency 4
— System clock frequency 27V<Vecc<55V — — 20 MHz
18V<Veec<27V — — 5 MHz
fs CPU clock frequency 27V<Vecc<55V 0 — 20 MHz
18V<Veec<27V 0 — 5 MHz
Notes:

1. Vec=1.8Vto5.5V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.

a b wN

. The average output current indicates the average value of current measured during 100 ms.

. For details, see Table 24.10 High-Speed On-Chip Oscillator Circuit Electrical Characteristics.
. For details, see Table 24.11 Low-Speed On-Chip Oscillator Circuit Electrical Characteristics.
. The pins with high drive capacity are P1_2, P1_3,P1 4,P1_5,P3 3,P3 4,P3_5,and P3_7.
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PO
P1
P2
P3
P4

30 pF

Figure 24.1 Ports PO to P4 Timing Measurement Circuit
Table 24.3  A/D Converter Characteristics
. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
— Resolution — — 10 Bit
— Absolute accuracy AvVcc=5.0V ANO to AN7 input — — +3 LSB
Avcc=3.0V ANO to AN7 input — — 5 LSB
Avcc =18V ANO to AN7 input — — 5 LSB
— A/D conversion clock 40V <AVcc<55V (@ 2 — 20 MHz
3.2V<AvVcc<55VvV(® 2 — 16 MHz
2.7V<AVcc<55V 2 2 — 10 MHz
1.8V <AVcc <55V (@ 2 — 5 MHz
— Permissible signal source 3 kQ
impedance
tConv Conversion time Avcc =5.0 V, $AD = 20 MHz 2.20 — — us
tsamp Sampling time 6AD = 20 MHz 0.80 — — us
Via Analog input voltage 0 — Avce \%
Notes:

1. Vcc/AVec =1.8V1t05.5V and Vss =0V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise
specified.

2. The A/D conversion result will be undefined in stop mode, or when the flash memory is in low-current-consumption read mode
or stopped. Do not perform A/D conversion in these states. Do not enter these states during A/D conversion.

Table 24.4  Comparator B Electrical Characteristics
- Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vref IVREF1, IVREF3 input reference voltage 0 — Vee-1.4 \
Vi IVCMP1, IVCMP3 input voltage -0.3 — Vee +0.3 \
— Offset — 5 100 mV
td Comparator output delay time (2) Vi = Vref £ 100 mV — 0.1 — us
Icmp Comparator operating current Vcec=5.0V — 17.5 — HA
Notes:

1. Vec=2.7Vto 5.5V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.
2. When the digital filter is disabled.
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Table 24.5  Flash Memory (Program ROM) Electrical Characteristics
- Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
— Program/erase endurance (2) 10,000 3 — — times
— Byte programming time — 80 — us
(program/erase endurance < 1,000
times)
— Byte programming time — 160 — us
(program/erase endurance > 1,000
times)
— Block erase time — 0.12 — s
td(sr-sus) | Transition time to suspend — — 0.25+CPUclock | ms
x 3 cycles
— Time from suspend until erase restart — — 30 + CPU clock us
x 1 cycle
tdicMprsT | Time from when command is forcibly — — 30 + CPU clock us
READY) terminated until reading is enabled x 1 cycle
— Program/erase voltage 1.8 — 5.5 \%
— Read voltage 1.8 — 5.5 \%
— Program/erase temperature 0 — 60 °C
— Data hold time () Ambient temperature = 85 °C 10 — — years
Notes:

1. Vec=2.7Vt0 5.5V and Topr =0 °C to 60 °C, unless otherwise specified.

2. Definition of program/erase endurance
The number of program/erase cycles is defined on a per-block basis.
If the number of cycles is 10,000, each block can be erased 10,000 times.
For example, if 1,024 cycles of 1-byte-write are performed to different addresses in 1 Kbyte of block A, and then the block is
erased, the number of cycles is counted as one. Note, however, that the same address must not be programmed more than
once before completion of an erase (overwriting prohibited).

3. This indicates the number of times up to which all electrical characteristics can be guaranteed after the last programming/
erase operation. Operation is guaranteed for any number of operations in the range of 1 to the specified minimum (Min).

. In a system that executes multiple programming operations, the actual erase count can be reduced by shifting the write
addresses in sequence and programming so that as much of the flash memory as possible is used before performing an erase
operation. For example, when programming in 16-byte units, the effective number of rewrites can be minimized by
programming up to 128 units before erasing them all in one operation. It is also advisable to retain data on the number of
erase operations for each block and establish a limit for the number of erase operations performed.

. If an error occurs during a block erase, execute a clear status register command and then a block erase command at least
three times until the erase error does not occur.

. For information on the program/erase failure rate, contact a Renesas technical support representative.

. The data hold time includes the time that the power supply is off and the time the clock is not supplied.
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Table 24.6  Flash Memory (Blocks A and B of Data Flash) Electrical Characteristics

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
— Program/erase endurance (2) 10,000 ®) | — — times
— Byte programming time — 150 — us
— Block erase time — 0.05 1 s
td(sr-sus) | Time delay from suspend request until — — 10.25+CPUclock | ms
suspend x 3 cycles
— Time from suspend until erase restart — — 30 + CPU clock us
x 1 cycle
td(cmMDRST- | Time from when command is forcibly — — 30 + CPU clock us
READY) stopped until reading is enabled x 1 cycle
— Program/erase voltage 1.8 — 5.5 \%
— Read voltage 1.8 — 55 \%
— Program/erase temperature -20 — 85 °C
(N version)
-40 — 85 °C
(D version)
— Data hold time (7) Ambient temperature = 85 °C 10 — — years

Notes:

1. Vcc=2.7V 10 5.5V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.

2. Definition of program/erase endurance
The number of program/erase cycles is defined on a per-block basis.

If the number of cycles is 10,000, each block can be erased 10,000 times.

For example, if 1,024 cycles of 1-byte-write are performed to different addresses in 1 Kbyte of block A, and then the block is
erased, the number of cycles is counted as one. Note, however, that the same address must not be programmed more than
once before completion of an erase (overwriting prohibited).

3. This indicates the number of times up to which all electrical characteristics can be guaranteed after the last programming/
erase operation. Operation is guaranteed for any number of operations in the range of 1 to the specified minimum (Min).

4. In a system that executes multiple program operations, the actual erase count can be reduced by shifting the write addresses
in sequence and programming so that as much of the flash memory as possible is used before performing an erase operation.
For example, when programming in 16-byte units, the effective number of rewrites can be minimized by programming up to
128 units before erasing them all in one operation. It is also advisable to retain data on the number of erase operations for
each block and establish a limit for the number of erase operations performed.

5. If an error occurs during a block erase, execute a clear status register command and then a block erase command at least
three times until the erase error does not occur.

6. For information on the program/erase failure rate, contact a Renesas technical support representative.

7. The data hold time includes the time that the power supply is off and the time the clock is not supplied.

Suspend request A
(FMR21)

1
FST7 T

FST6

Clock-dependent
Fixed time time

Access restart
1

i‘ td(SR-SUS) _
FST6, FST7: Bits in FST register
FMR21: Bit in FMR2 register
Figure 24.2  Transition Time until Suspend
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Table 24.7  Voltage Detection 0 Circuit Electrical Characteristics

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vdeto Voltage detection level Vdet0_0 (2) 1.80 1.90 2.05 \%
Voltage detection level Vdet0_1 (2) 2.15 2.35 2.50 \Y
Voltage detection level Vdet0_2 (2) 2.70 2.85 3.05 \Y
Voltage detection level Vdet0_3 (2) 3.55 3.80 4.05 \Y
— Voltage detection O circuit response time (3) | When Vcc decreases from 5 V — 30 — us
to (Vdet0_0-0.1) V
— Self power consumption in voltage detection | VCOE =1, Vcc=5.0V — 15 — pA
circuit
td(E-A) Wait time until voltage detection circuit — — 100 us
operation starts (4)

Notes:

1. The measurement condition is Vcc = 1.8 V to 5.5 V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version).
Select the voltage detection level with bits VDSELO and VDSEL1 in the OFS register.
The response time is from when the voltage passes Vdet0 until the voltage monitor O reset is generated.
The wait time is necessary for the voltage detection circuit to operate when the VCOE bit in the VCA2 register is set to 0 and
then 1.

pwD

Table 24.8  Voltage Detection 1 Circuit Electrical Characteristics

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.

Vdet1 Voltage detection level Vdetl 1 () When Vcc decreases 2.15 2.35 2.55 \
Voltage detection level Vdetl 3 () When Vcc decreases 2.45 2.65 2.85 \Y
Voltage detection level Vdetl 5 (2) When Vcc decreases 2.75 2.95 3.15 \%
Voltage detection level Vdetl 7 () When Vcc decreases 3.00 3.25 3.55 Vv
Voltage detection level Vdetl 9 () When Vcc decreases 3.30 3.55 3.85 Vv
Voltage detection level Vdetl B (2) When Vcc decreases 3.60 3.85 4.15 Vv
Voltage detection level Vdetl D @ When Vcc decreases 3.90 4.15 4.45 \Y
Voltage detection level Vdetl_F (2) When Vcc decreases 4.20 4.45 4.75 \Y

— Hysteresis width at the rising of Vcc in Vdetl 1 to Vdetl_5 selected — 0.07 — \%
voltage detection 1 circuit Vdetl_7 to Vdetl_F selected — 0.10 — Y,

— Voltage detection 1 circuit response time (3) | When Vcc decreases from 5 V — 60 150 us

to (Vdetl_0-0.1) V

— Self power consumption in voltage detection | VC1E =1, Vcc=5.0V — 1.7 — pA
circuit

td(E-A) Wait time until voltage detection circuit — — 100 us
operation starts (4)

Notes:

1. The measurement condition is Vcc = 1.8 V to 5.5 V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version).
Select the voltage detection level with bits VD1S1 to VD1S3 in the VD1LS register.
The response time is from when the voltage passes Vdet1 until the voltage monitor 1 interrupt request is generated.
The wait time is necessary for the voltage detection circuit to operate when the VC1E bit in the VCA2 register is set to 0 and
then 1.

pwD
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Table 24.9  Power-On Reset Circuit (2

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
trth External power Vcc rise gradient 0 — 50,000 | mV/msec
Notes:

1. The measurement condition is Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.

2. To use the power-on reset function, enable the voltage monitor O reset by setting the LVDAS bit in the OFS register to 0.

Vvdet0 @
trth
trth
05V e >
External power Vcc T —— !
‘ . Voltage detection 0
T twpon @ circuit response time
Internal reset signal | Ii
(low active)

x 256 x 256

fLOCO fLOCO

Notes:
1. VdetO indicates the voltage detection level of the voltage detection O circuit. For details, see 7. Voltage Detection Circuit.
2. tw(por) is required for a power-on reset to be enabled with the external power Vcc held below the valid voltage (0.5 V) to

enable a power-on reset. When Vcc decreases with voltage monitor 0 reset disabled and then turns on, maintain tw(por) for
1 ms or more.

Figure 24.3 Power-On Reset Circuit Electrical Characteristics
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Table 24.10 High-Speed On-Chip Oscillator Circuit Electrical Characteristics

-, Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
— High-speed on-chip oscillator frequency after |Vcc=1.8Vto5.5YV, 19.2 20.0 20.8 MHz
reset is cleared -20 °C < Topr <85 °C
Vec=18Vto55V, 19.0 20.0 21.0 MHz
-40°C < Topr<85°C
High-speed on-chip oscillator frequency when |Vcc=1.8Vto 5.5V, 17.694 18.432 19.169 MHz
the FR18S0 register adjustment value is -20°C < Topr <85 °C
written into the FRV1 register and the FR18S1 |yvcc=1.8Vt0 5.5V, 17.510 18.432 19.353 | MHz
register adjustment value into the FRV2 -40 °C < Topr <85 °C
register (2)
— Oscillation stabilization time — — 30 us
— Self power consumption at oscillation Vee =5.0V, Topr=25°C — 530 — pA

Notes:
1. Vec=1.8Vto 5.5V, Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.
2. This enables the setting errors of bit rates such as 9600 bps and 38400 bps to be 0% when the serial interface is used in

UART mode.

Table 24.11 Low-Speed On-Chip Oscillator Circuit Electrical Characteristics

- Standard .

Symbol Parameter Condition - Unit
Min. Typ. Max.

fLOCO Low-speed on-chip oscillator frequency 60 125 250 kHz

— Oscillation stabilization time — — 35 us

— Self power consumption at oscillation Vee =5.0V, Topr =25 °C — 2 — pA

Note:
1. Vec=1.8Vto 5.5V, Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.

Table 24.12 Power Supply Circuit Timing Characteristics

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
td(P-R) Time for internal power supply stabilization — — 2,000 us
during power-on (2)
Notes:
1. The measurement condition is Vcc = 1.8 V to 5.5 V and Topr = 25 °C.
2. Wait time until the internal power supply generation circuit stabilizes during power-on.
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Table 24.13 Timing Requirements of Synchronous Serial Communication Unit (SSU)

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
tsucyc SSCK clock cycle time 4 — — tcyc @
tHI SSCK clock high width 0.4 — 0.6 tsucyc
tLo SSCK clock low width 0.4 — 0.6 tsucyc
tRISE SSCK clock rising time Master — — 1 tcyc @
Slave — — 1 us
tFALL SSCK clock falling time Master — — 1 tcyc @
Slave — — 1 us
tsu SSO, SSI data input setup time 100 — — ns
tH SSO, SSI data input hold time 1 — — tcye @
tLEAD SCS setup time Slave 1tcvc + 50 — — ns
tLAG SCS hold time Slave 1tcyc + 50 — — ns
tob SSO, SSI data output delay time — — 1 tcyc @
tsa SSI slave access time 27V<Vcc<h5V — — 1.5tcyc + 100 ns
1.8V<Vee<27V — — 1.5tcyc + 200 ns
tor SSI slave out open time 27V<Veec<h5V — — 1.5tcyc + 100 ns
1.8V<Vee<27V — — 1.5tcyc + 200 ns
Notes:

1. Vec=1.8Vto5.5V,Vss=0V, and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.
2. ltcyc = 1/f1 (s)
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4-Wire Bus Communication Mode, Master, CPHS = 1

VIH or VoH
SCS (output)
VIL or VoL «

P

tHI tFALL tRISE
- » > e e
SSCK (output) - a
(CPOS_WAIT Z
=1) v - | - 7
tLo
[ E— ]
tHI
SSCK (output) ] I~ X - a
(CPOS_WAIT -
=0) - 7
tLo | tsucyc N

((

X
X
[\

SSO (output)

A

toD »
D |

)
SSI (input) >§ §< >< ><
- 7 «
t

Sy tH »
- -t L

n
|

4-Wire Bus Communication Mode, Master, CPHS =0

VIH or VoH
SCS (output)
ViL or VoL «

»

tHI tFALL
-t - —-
' A

SSCK (output)

(CPOS_WAIT X Z Z
=1 |

SSCK (output)

(CPOS_WAIT Z X X
= O)

_tio _ tsucyc

SSO (output) ﬂ
-
SSiI (input) ><

_tsu tH

tRISE
-

=t
L

O
0

Figure 24.4 I/0 Timing of Synchronous Serial Communication Unit (SSU) (Master)

=

A

CPHS, CPOS_WAIT: Bits in SIMR1 register
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4-Wire Bus Communication Mode, Slave, CPHS = 1

VIH or VoH
SCS (input) Z
= VIL or VoL

(¢ 7
)
tLEAD tHI tFALL {RISE tLAG
- > - » - — - >
SSCK (input) I~
(CPOS_WAIT
=1 7 | o I
_to |
_tHE
SSCK (input) a - a - a
(CPOS_WAIT
= 0) |
Lo tsucyc
[ E— ] -t L
(¢
' A )
SSO (input)
- 7 (¢
tsu | [t )
(¢
' r D) R
SSI (output) 4<
- - ()() 7
=tSA= to& e toi .

4-Wire Bus Communication Mode, Slave, CPHS =0

VIH or VoH 1
SCS (input) Z
= ViL or VoL « ~
»
tLEAD tHI tFALL tRISE tLAG
- > - » —> > - - >
SSCK (input) -
(CPOS_WAIT
= 1)
7 - 7
_to
tHi
SSCK (input) : -
(CPOS_WAIT
= 0)
- y
_to _ tsucyc -~
(
/ A D
SSO (input) >< §<
- 7 ((
Ctsu [ |t »
(6
I I D A
SSI (output) ~< >< ><
- - (C 7
tsaA top ) tor
— -— — - - -

CPHS, CPOS_WAIT: Bits in SIMRL1 register

Figure 24.5 I/O Timing of Synchronous Serial Communication Unit (SSU) (Slave)
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VIH or VoH
SSCK
ViL or VoL

tHi

\

tsucyc

(({

SSO (output)

X

(

))

(({

SSI (input)

X

)

tsu |

tH

A

Figure 24.6 I/0 Timing of Synchronous Serial Communication Unit (SSU) (Clock Synchronous
Communication Mode)
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Table 24.14 Timing Requirements of 12C bus Interface

Symbol Parameter Condition - Standard Unit

Min. Typ. Max.
tscL SCL input cycle time 12 tcye + 600 (2 — — ns
tscLH SCL input high width 3tcyc + 300 (@ — — ns
tscLL SCL input low width 5 tcyc + 500 (@ — — ns
tsf SCL, SDA input fall time — — 300 ns
tsp SCL, SDA input spike pulse rejection time — — 1 tcyc @) ns
tBUF SDA input bus-free time 5tcyc @ — — ns
tSTAH Start condition input hold time 3tcyc @ — — ns
tsTAS Retransmit start condition input setup time 3tcyc @ — — ns
tstop Stop condition input setup time 3tcyc @ — — ns
tSbAs Data input setup time 1tcyc +40 @ — — ns
tSDAH Data input hold time 10 — — ns
Notes:

1. Vec=1.8Vto5.5V,Vss=0V, and Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise specified.
2. ltcyc=1/f1 (s)

Al
SDA
-
:
E ISTAH tscLH
H /m— -
:
SCL ! Z X
)
: . = \L -
)
| I
tst LSO e s
tscL
- »| 4— tSDAH

Notes:
1. Start condition
2. Stop condition
3. Retransmit start condition

Figure 24.7 I/0 Timing of 12C bus Interface
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Table 24.15 DC Characteristics (1) [4.0 V<Vcc <5.5V]

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
VOoH Output high voltage |P1_2,P1_3, P1_4,P1_5, When drive loH=-20mA [Vcc-2.0| — Vce \
P3_3, P3_4, P3_5, P3_7 (2) | capacity is high
When drive loH=-5mA |Vcc-20| — Vce \
capacity is low
PO_0, PO_1, P0_2, P0O_3, loH=-5mA |Vcc-20| — Vce \%
PO_4, PO_5, P0O_6, PO_7,
P1_0,P1_1,P1_6,P1 7,
P2 0,P2_1,P2_2,P3_1,
P4 2,P4 5,P4 6,P4_7,
PA_O
VoL Output low voltage P1 2,P1 3,P1_4,P1 5, When drive loL =20 mA — — 2.0 \%
P3_3, P3_4, P3_5, P3_7 (2) | capacity is high
When drive loL=5mA — — 2.0 \
capacity is low
PO_0, PO_1, PO_2, PO_3, loL =5 mA — — 2.0 \Y,
PO_4, PO_5, PO_6, PO_7,
P1 0,P1_1,P1_6,P1_7,
P2 _0,P2_1,P2_2,P3_1,
P4 2,P4 5,P4 6,P4_7,
PA_O
VT+-VT- | Hysteresis INTO, INTZ, INT2, INT3, Vee=5V 0.1 1.2 — Y,
KIO, KI1, K12, KI3,
TRJIO, TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
RXDO, CLKO
RESET Vec=5V 0.1 1.2 — \%
IH Input high current Vi=5V,Vcc=5.0V — — 5.0 pA
I Input low current Vi=0V,Vcc=5.0V — — -5.0 pA
RpuLLup | Pull-up resistance Vi=0V,Vcc=5.0V 25 50 100 kQ
RfxIN Feedback resistance | XIN — 2.2 — MQ
RfxcIN Feedback resistance | XCIN — 14 — MQ
VRAM RAM hold voltage In stop mode 1.8 — — \Y
Notes:

1. 4.0V <Vce <5.5V and Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), f(XIN) = 20 MHz, unless otherwise
specified.
2. High drive capacity can also be used while the peripheral output function is used.
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R8C/M13B Group 24. Electrical Characteristics

Table 24.16 DC Characteristics (2) [4.0 V<Vcc <5.5V]
(Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise

specified)
Condition
Symbol | Parameter Oscillation Circuit O:.—Chhlp Osc:l_lator cPU CLow.powfr. o Standard Unit
igh- ow- onsumption er )
2 Clock . 3
XIN@ | XCIN Speed Speed Setting Min. | Typ. @) | Max.
Icc Power High-speed | 20 MHz Off Off 125 kHz No — — 35 7.0 | mA
supply clock mode division
current (1) 16 MHz |  Off Off 125kHz | No — — | 28 [ 60| mA
division
10 MHz Off Off 125 kHz No — — 1.8 — | mA
division
20 MHz Off Off 125 kHz | Division — — 2.0 — | mA
by 8
16 MHz Off Off 125 kHz | Division — — 1.7 — | mA
by 8
10 MHz Off Off 125 kHz | Division — — 1.1 — | mA
by 8
High-speed Off Off 20 MHz | 125 kHz No — 4.0 7.5 | mA
on-chip division
oscillator off off 20 MHz | 125 kHz | Division — | 25 [ — [ mA
mode by 8
Off Off 4 MHz 4 | 125 kHz | Division | MSTTRC =1 — 1.0 — | mA
by 16
Low-speed Off Off Off 125 kHz | Division | FMR27 = 1 — 70 270 | pA
on-chip by8 |[LPE=0
oscillator
mode
Low-speed Off 32 kHz Off Off — FMR27 =1 — 65 270 | pA
clock mode LPE=0
Off 32 kHz Off Off — FMSTP =1 Flashmemory | — 45 — A
LPE=0 stopped
during
program
operation in
RAM
Wait mode Off Off Off 125 kHz — VC1E =0 Peripheral — 15 100 | pA
VCOE =0 clock supplied
LPE=1 during WAIT
instruction
execution
Off Off Off 125 kHz — VC1E=0 Peripheral — 5.0 90 | pA
VCOE =0 clock stopped
LPE=1 during WAIT
WCKSTP =1 | instruction
execution
Off 32 kHz Off Off — VCIE=0 Peripheral — 35 — | pA
VCOE =0 clock stopped
LPE=1 during WAIT
WCKSTP =1 | instruction
execution
Stop mode Off Off Off Off — VCIE=0 Topr =25°C — 1.0 40 | pA
VCOE =0 Peripheral
STPM =1 clock stopped
off off off Off — |VCiE=0 Topr = 85 °C — 1.9 — | A
VCOE=0 Peripheral
STPM =1 clock stopped

Notes:
1. Vec =4.0 Vto 5.5V, single-chip mode, output pins are open, and other pins are connected to Vss.

2. When the XIN input is a square wave.
3. Vec=5.0V
4. Set the system clock to 4 MHz with the PHISEL register.
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Timing Requirements (Vcc =5V, Vss =0V at Topr = 25 °C, unless otherwise specified) [Vcc =5 V]

Table 24.17 External Clock Input (XIN, XCIN)

Standard .
Symbol Parameter - Unit
Min. Max.
te(XIN) XIN input cycle time 50 — ns
TWH(XIN) XIN input high width 24 — ns
TWL(XIN) XIN input low width 24 — ns
tc(XCIN) XCIN input cycle time 20 — us
twH(xciN) | XCIN input high width 10 — us
twrxein) | XCIN input low width 10 — us
P tC(XIN), tC(XCIN) _ Vee =5V
B TWH(XIN), -
_ tWH(XCIN) _ |
External clock input
- TWL(XIN), tWL(XCIN) _
- >
Figure 24.8 External Clock Input Timing Diagram When Vcc =5V
Table 24.18 TRJIO Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TRJIO) TRJIO input cycle time 100 — ns
twH(TRJI0) | TRJIO input high width 40 — ns
twiTrII0) | TRJIO input low width 40 — ns
P tC(TRIIO) o Vece=5V
:tWH(TRJIO)‘ -
TRJIO input
‘ tWL(TRJIO) _
- >
Figure 24.9 TRJIO Input Timing When Vcc =5V
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Table 24.19 Serial Interface

Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 200 — ns
tW(CKH) CLKi input high width 100 — ns
tw(CKL) CLKi input low width 100 — ns
td(C-Q) TXDi output delay time — 50 ns
th(C-Q) TXDi hold time 0 — ns
tsu(D-C) RXDi input setup time 50 — ns
th(C-D) RXDi input hold time 90 — ns
i=0orl
B tcck) _ Vec=5V
_ tw(ckH)
CLKi
P tw(CKL) _
th(C-Q)
TXDi >< ><
td(c- tsu(D-
- €9 > ue-C) th(c-D)
RXDi
i=0orl
Figure 24.10 Serial Interface Timing When Vcc =5V
Table 24.20 External Interrupt INTi Input, Key Input Interrupt Kli (i =0 to 3)
Standard .
Symbol Parameter - Unit
Min. Max.
tW(INH) INTi input high width, KIi input high width 250 (1) — ns
tw(NL) INTI input low width, Kli input low width 250 @ — ns

Notes:
1. When the digital filter is enabled by the INTi input filter select bit, the INTi input high width is (1/digital filter clock frequency x 3)
or the minimum value of the standard, whichever is greater.

2. When the digital filter is enabled by the INTi input filter select bit, the INTi input low width is (1/digital filter clock frequency x 3)
or the minimum value of the standard, whichever is greater.

Vec=5V

- tW(INL)
INTI input
KIi input
(i=0t03)

TW(INH)

Figure 24.11 Timing for External Interrupt INTi Input and Key Input Interrupt Kli When Vce =5V
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Table 24.21 DC Characteristics (3) [2.7 V <Vcc < 4.0 V]

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
VOH Output high voltage |P1_2,P1_3,P1_4,P1 5, When drive loH=-5mA [Vcc-05| — Vce \
P3_3, P3_4, P3_5, P3_7 (2) | capacity is high
When drive loH=-1mA |Vcc-05| — Vce \
capacity is low
PO_0, PO_1, P0_2, P0O_3, loH=-1mA |Vcc-05| — Vce \%
PO_4, PO_5, PO_6, PO_7,
P1 0,P1_1,P1_6,P1_7,
P2 0,P2_1,P2_2,P3_1,
P4 2,P4 5,P4 6,P4_7,
PA_O
VoL Output low voltage P1 2,P1 3,P1 _4,P1 5, When drive loL=5mA — — 0.5 \%
P3_3, P3_4, P3_5, P3_7 (2) | capacity is high
When drive loL=1mA — — 0.5 \
capacity is low
PO_0, PO_1, PO_2, PO_3, loL=1mA — — 0.5 Y,
PO_4, PO_5, PO_6, PO_7,
P1 0,P1_1,P1_6,P1_7,
P2 _0,P2_1,P2_2,P3_1,
P4 2,P4 5,P4 6,P4_7,
PA_O
VT+-VT- | Hysteresis INTO, INTZ, INT2, INT3, Vee=3V 0.1 0.4 — Y,
KIO, KI1, KI2, KI3,
TRJIO, TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
RXDO, CLKO
RESET Vece=3V 0.1 0.5 — \%
IH Input high current Vi=3V,Vcc=3.0V — — 4.0 pA
liL Input low current Vi=0V,Vcc=3.0V — — -4.0 pA
RpuLLuP | Pull-up resistance Vi=0V,Vcc=3.0V 42 84 168 kQ
RfxIN Feedback resistance | XIN — 2.2 — MQ
RfxcIN Feedback resistance | XCIN — 14 — MQ
VRAM RAM hold voltage In stop mode 1.8 — — \Y
Notes:

1. 2.7V <Vcec < 4.0 V and Topr = -20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), f(XIN) = 10 MHz, unless otherwise
specified.
2. High drive capacity can also be used while the peripheral output function is used.
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Table 24.22 DC Characteristics (4) [2.7 V <Vcc < 4.0 V]
(Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise

specified)
Condition
Symbol | Parameter Oscillation Circuit O:.—Chhip Oscill_lator cPU CLow.powfr. o Standard Unit
igh- ow- onsumption er )
XIN@ | XCIN Spged Spowa | €10 Setting Min. | Typ. @ | Max.
Icc Power High-speed | 20 MHz Off Off 125 kHz No — — 35 7.0 | mA
supply clock mode division
current (1) 16 MHz |  Off Off 125kHz | No — — | 27 [ 60| mA
division
10 MHz Off Off 125 kHz No — — 1.7 5.0 | mA
division
20 MHz Off Off 125 kHz | Division — — 1.9 — | mA
by 8
16 MHz Off Off 125 kHz | Division — — 1.6 — | mA
by 8
10 MHz Off Off 125 kHz | Division — — 1.0 45 | mA
by 8
High-speed Off Off 20 MHz | 125 kHz No — 3.9 7.5 | mA
on-chip division
oscillator Off Off 20 MHz | 125 kHz | Division — | 25 | — | mA
mode by 8
Off Off 10 MHz (4 | 125 kHz No — 24 — | mA
division
off off 10 MHz (4) | 125 kHz | Division — 1.6 — | mA
by 8
off Off 4 MHz @ | 125 kHz | Division | MSTTRC = 1 — 1.0 — | mA
by 16
Low-speed Off Off Off 125 kHz | Division | FMR27 =1 — 60 260 | pA
on-chip by8 |[LPE=0
oscillator
mode
Low-speed Off 32 kHz Off Off — FMR27 =1 — 60 260 | pA
clock mode LPE=0
Off 32 kHz Off Off — FMSTP =1 Flashmemory | — 40 — pHA
LPE=0 stopped
during
program
operation in
RAM
Wait mode Off Off Off 125 kHz — VC1E=0 Peripheral — 15 90 | pA
VCOE =0 clock supplied
LPE=1 during WAIT
instruction
execution
Off Off Off 125 kHz — VCIE=0 Peripheral — 5.0 80 | pA
VCOE =0 clock stopped
LPE=1 during WAIT
WCKSTP =1 | instruction
execution
Off | 32kHz Off off — |VvCiE=0 Peripheral — 3.2 — | pA
VCOE =0 clock stopped
LPE=1 during WAIT
WCKSTP =1 | instruction
execution
Stop mode off off off Off — |VCiE=0 Topr = 25 °C — 1.0 | 40 | pA
VCOE =0 Peripheral
STPM =1 clock stopped
Off Off Off Off — VC1E=0 Topr =85 °C — 1.7 — HA
VCOE =0 Peripheral
STPM =1 clock stopped

Notes:
1. Vecc =2.7 V to 4.0V, single-chip mode, output pins are open, and other pins are connected to Vss.

2. When the XIN input is a square wave.
3. Vec=3.0V
4. Set the system clock to 10 MHz or 4 MHz with the PHISEL register.
RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 538 of 581

Mar 07, 2012



R8C/M13B Group 24. Electrical Characteristics

Timing Requirements (Vcc =3V, Vss =0V at Topr = 25 °C, unless otherwise specified) [Vcc = 3 V]

Table 24.23 External Clock Input (XIN, XCIN)

Standard .
Symbol Parameter - Unit
Min. Max.
te(XIN) XIN input cycle time 50 — ns
TWH(XIN) XIN input high width 24 — ns
TWL(XIN) XIN input low width 24 — ns
tc(XCIN) XCIN input cycle time 20 — us
twH(xciN) | XCIN input high width 10 — us
twrxein) | XCIN input low width 10 — us
tC(XIN), tC(XCIN) _ Vee =3V
B TWH(XIN), o
tWH(XCIN)
External clock input
TWL(XIN), tWL(XCIN) _
- >
Figure 24.12 External Clock Input Timing Diagram When Vcc =3V
Table 24.24 TRJIO Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TRJIO) TRJIO input cycle time 300 — ns
twH(TRJI0) | TRJIO input high width 120 — ns
twiTRrII0) | TRJIO input low width 120 — ns
P tC(TRIIO) o Vee=3V
:tWH(TRJIO)‘ -
TRJIO input
‘ tWL(TRJIO) _
- >
Figure 24.13 TRJIO Input Timing When Vcc =3V
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Table 24.25 Serial Interface

Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 300 — ns
tW(CKH) CLKi input high width 150 — ns
tW(CKL) CLKi input low width 150 — ns
td(C-Q) TXDi output delay time — 80 ns
th(C-Q) TXDi hold time 0 — ns
tsu(D-C) RXDi input setup time 70 — ns
th(C-D) RXDi input hold time 90 — ns
i=0orl
B tcck) _ Vec=3V
_ tw(ckH)
CLKi
P tw(CKL) _
th(C-Q)
TXDi >< ><
td(c- tsu(D-
- €9 > ue-C) th(c-D)
RXDi
i=0orl
Figure 24.14  Serial Interface Timing When Vcc =3V
Table 24.26  External Interrupt INTi Input, Key Input Interrupt Kli (i =0 to 3)
Standard .
Symbol Parameter - Unit
Min. Max.
tW(INH) INTi input high width, KIi input high width 380 (1) — ns
tw(NL) INTI input low width, Kli input low width 380 @ — ns

Notes:
1. When the digital filter is enabled by the INTi input filter select bit, the INTi input high width is (1/digital filter clock frequency x 3)
or the minimum value of the standard, whichever is greater.

2. When the digital filter is enabled by the INTi input filter select bit, the INTI input low width is (1/digital filter clock frequency x 3)
or the minimum value of the standard, whichever is greater.

Vec=3V

- tW(INL)
INTI input
KIi input
(i=0to 3)

TW(INH)

Figure 24.15 Timing for External Interrupt INTi Input and Key Input Interrupt Kli When Vce =3V
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24. Electrical Characteristics

Table 24.27 DC Characteristics (5) [1.8 V <Vcc < 2.7 V]

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
VOH Output high voltage |P1_2,P1_3,P1_4,P1 5, When drive loH=-2mA |[Vcc-05| — Vce \
P3_3, P3_4, P3_5, P3_7 (2) | capacity is high
When drive loH=-1mA |Vcc-05| — Vce \
capacity is low
PO_0, PO_1, P0_2, P0O_3, loH=-1mA |Vcc-05| — Vce \%
PO_4, PO_5, PO_6, PO_7,
P1 0,P1_1,P1_6,P1_7,
P2 0,P2_1,P2_2,P3_1,
P4 2,P4 5,P4 6,P4_7,
PA_O
VoL Output low voltage P1 2,P1 3,P1 _4,P1 5, When drive loL=2 mA — — 0.5 \%
P3_3, P3_4, P3_5, P3_7 (2) | capacity is high
When drive loL=1mA — — 0.5 \
capacity is low
PO_0, PO_1, PO_2, PO_3, loL=1mA — — 0.5 Y,
PO_4, PO_5, PO_6, PO_7,
P1 0,P1_1,P1_6,P1_7,
P2 _0,P2_1,P2_2,P3_1,
P4 2,P4 5,P4 6,P4_7,
PA_O
VT+-VT- | Hysteresis INTO, INTZ, INT2, INT3, Vee=2.2V 0.05 0.20 — Y,
KIO, KI1, KI2, KI3,
TRJIO, TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
RXDO, CLKO
RESET Vece=2.2V 0.05 0.20 — \%
IH Input high current Vi=22V,Vcc=22V — — 4.0 pA
liL Input low current Vi=0V,Vcc=2.2V — — -4.0 pA
RpuLLuP | Pull-up resistance Vi=0V,Vcc=22V 70 140 300 kQ
RfxIN Feedback resistance | XIN — 2.2 — MQ
RfxcIN Feedback resistance | XCIN — 14 — MQ
VRAM RAM hold voltage In stop mode 1.8 — — \Y
Notes:

1. 1.8V <Vce< 2.7V and Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), f(XIN) =5 MHz, unless otherwise
specified.
2. High drive capacity can also be used while the peripheral output function is used.
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Table 24.28 DC Characteristics (6) [1.8 V <Vcc < 2.7 V]
(Topr =-20 °C to 85 °C (N version)/-40 °C to 85 °C (D version), unless otherwise

specified)
Condition
Symbol | Parameter Oscillation Circuit O:.—Chhlp Osc:l_lator cPU CLow.powfr. o Standard Unit
igh- ow- onsumption er )
2 Clock . 3
XIN@ | XCIN Speed Speed Setting Min. | Typ. @) | Max.
Icc Power High-speed | 5 MHz Off Off 125 kHz No — — 1.1 — | mA
supply clock mode division
current (1) 5 MHz off Off 125 kHz | Division — — | 08 | — [ mA
by 8
High-speed Off Off 5 MHz 4 | 125 kHz No — 1.8 6.5 | mA
on-chip division
oscillator off off | 5MHz @ |125kHz | Division — [ 16 | — [mA
mode by 8
Off Off 4 MHz 4 | 125 kHz | Division | MSTTRC =1 — 1.3 — | mA
by 16
Low-speed Off Off Off 125 kHz | Division | FMR27 =1 — 60 200 | pA
on-chip by8 |[LPE=0
oscillator
mode
Low-speed Off 32 kHz Off Off — FMR27 =1 — 55 200 | pA
clock mode LPE=0
Off 32 kHz Off Off — FMSTP =1 Flashmemory | — 30 — A
LPE=0 stopped
during
program
operation in
RAM
Wait mode Off Off Off 125 kHz — VCIE=0 Peripheral — 15 90 | pA
VCOE =0 clock supplied
LPE=1 during WAIT
instruction
execution
Off Off Off 125 kHz — VCIE=0 Peripheral — 45 80 | pA
VCOE =0 clock stopped
LPE=1 during WAIT
WCKSTP =1 | instruction
execution
Off 32 kHz Off Off — VC1E=0 Peripheral — 3 — HA
VCOE =0 clock stopped
LPE=1 during WAIT
WCKSTP =1 | instruction
execution
Stop mode off off off Off — |VvCiE=0 Topr = 25 °C — 1 4.0 | pA
VCOE =0 Peripheral
STPM =1 clock stopped
Off Off Off Off — |VvCciE=0 Topr = 85 °C — 1.6 — | pA
VCOE =0 Peripheral
STPM =1 clock stopped

Notes:
1. Vec =1.8V to 2.7V, single-chip mode, output pins are open, and other pins are connected to Vss.

2. When the XIN input is a square wave.
3. Vec=2.2V
4. Set the system clock to 5 MHz or 4 MHz with the PHISEL register.
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Timing Requirements (Vcc =2.2V, Vss =0V at Topr = 25 °C, unless otherwise specified) [Vcc =2.2 V]

Table 24.29 External Clock Input (XIN, XCIN)

Standard .
Symbol Parameter - Unit
Min. Max.
te(XIN) XIN input cycle time 200 — ns
TWH(XIN) XIN input high width 90 — ns
TWL(XIN) XIN input low width 90 — ns
tc(XCIN) XCIN input cycle time 20 — us
twH(xciN) | XCIN input high width 10 — us
twrxein) | XCIN input low width 10 — us
» LC(XIN), tC(XCIN) - Vec =22V
TWH(XIN),
- tWH(XCIN) |
External clock input
P tWL(XIN), tWL(XCIN) _
<« >
Figure 24.16 External Clock Input Timing Diagram When Vcc =2.2V
Table 24.30 TRJIO Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TRJIO) TRJIO input cycle time 500 — ns
twH(TRJI0) | TRJIO input high width 200 — ns
twiTRrII0) | TRJIO input low width 200 — ns
P tC(TRIIO) _ Vee=2.2V
‘tWH(TRJIO)‘
TRJIO input
‘ tWL(TRJIO) _
- >
Figure 24.17 TRJIO Input Timing When Vcc =2.2V
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Table 24.31  Serial Interface

Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 800 — ns
tW(CKH) CLKi input high width 400 — ns
tW(CKL) CLKi input low width 400 — ns
td(C-Q) TXDi output delay time — 200 ns
th(C-Q) TXDi hold time 0 — ns
tsu(D-C) RXDi input setup time 150 — ns
th(C-D) RXDi input hold time 90 — ns
i=0orl
B tcck) _ Vece=2.2V
_ tw(ckH)
CLKi
P tw(CKL) _
th(C-Q)
TXDi >< ><
td(c- tsu(D-
- €9 > ue-C) th(c-D)
RXDi
i=0orl
Figure 24.18 Serial Interface Timing When Vcc =2.2V
Table 24.32 External Interrupt INTi Input, Key Input Interrupt Kli (i =0 to 3)
Standard .
Symbol Parameter - Unit
Min. Max.
tW(INH) INTi input high width, KIi input high width 1,000 (@) — ns
tw(NL) INTI input low width, Kli input low width 1,000 @ — ns

Notes:
1. When the digital filter is enabled by the INTI input filter select bit, the INTI input high width is (1/digital filter clock frequency x 3)
or the minimum value of the standard, whichever is greater. -
2. When the digital filter is enabled by the INTi input filter select bit, the INTi input low width is (1/digital filter clock frequency x 3)
or the minimum value of the standard, whichever is greater.

Vec=22V

- tW(INL)
INTI input
KIi input
(i=0t03)

TW(INH)

Figure 24.19 Timing for External Interrupt INTi Input and Key Input Interrupt Kli When Vce = 2.2V
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25. Usage Notes

25.1 Notes on System Control

25.1.1 Option Function Select Area Setting Example

The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

* To set FFh in the OFS2 register
.org OOFFDBH
.byte OFFh
Programming formats vary depending on the compiler. Check the compiler manual.

* To set FFh in the OFS register
.org OOFFFCH
Jword reset | (OFFO00000h) ; RESET
Programming formats vary depending on the compiler. Check the compiler manual.

25.2 Notes on Watchdog Timer

* Do not switch the count sources during watchdog timer operation.

» Thereisadelay of two cycles of the count source from awrite to the WDTR register until the initialization of the
watchdog timer.

« Allow at least three cycles of the count source between the previous and the next initialization of the watchdog
timer.

25.3 Notes on Clock Generation Circuit

25.3.1 Oscillation Stop Detection Function

The oscillation stop detection function cannot be used when the XIN clock frequency is below 2 MHz, so set
bits CKSWIE to XINBAKE in the BAKCR register to 00b (interrupt request disabled, oscillation stop detection
function disabled).

25.3.2 Oscillation Circuit Constants
Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.
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25.4 Notes on Power Control

25.4.1 Program Restrictions When Entering Wait Mode

To enter wait mode by setting the WAITM bit to 1, set the FMROL bit in the FMRO register to 0 (CPU rewrite
mode disabled) before setting the WAITM bit to 1.

To enter wait mode with the WAIT instruction, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode
disabled) before executing the WAIT instruction. The 4 bytes of instruction data following the instruction that
sets the WAITM bit to 1 (wait mode is entered) or the WAIT instruction are prefetched from the instruction
queue and then the program stops. Insert at least four NOP instructions after the instruction that sets the
WAITM bhit to 1 (wait mode is entered) or after the WAIT instruction.

* Program exampl e to execute the WAIT instruction

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
* Program example to set the WAITM bitto 1
BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to SCKCR register enabled
FCLR I ; Interrupt disabled
BSET 5, SCKCR ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to the SCKCR register disabled
FSET I ; Interrupt enabled

25.4.2 Program Restrictions When Entering Stop Mode

When entering stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) before
setting the STPM bit in the CKSTPR register to 1 (all clocks are stopped (stop mode)). The four bytes of
instruction data following the instruction that sets the STPM bit to 1 are prefetched from the instruction queue
and then the program stops.

Insert at least four NOP instructions following the IMPB instruction immediately after the instruction that sets
the STPM hit to 1.

* Program example to enter stop mode

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CKSTPR register enabled
FSET I ; Interrupt enabled
BSET 0, CKSTPR ; Stop mode
JMPB LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP
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25.5 Notes on Interrupts

25.5.1 Reading Address 00000h
Do not read address 00000h by a program. When an external interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from address 00000h in the interrupt
sequence. At thistime, the corresponding bit in the IRR3 register for the acknowledged interrupt is set to O.
If aprogram is used to read address 00000h, the corresponding bit in the IRR3 register for the interrupt which
has the highest priority among the enabled interruptsis set to 0. This may cause the interrupt to be canceled, or
an unexpected interrupt to be generated.

25.5.2 SP Setting
Set avalue in the SP before any interrupt is acknowledged. The SP is 0000h after a reset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

25.5.3 External Interrupt and Key Input Interrupt
Signal input to pins INTO to INT3 and pins KI0 to K13 must meet either the low-level width or the high-level
width requirements shown in External Interrupt INTi Input (i = O to 3) in the Electrical Characteristics,
regardless of the CPU operating clock. For details, see Table 24.20 (Vcc = 5 V), Table 24.26 (Vcc = 3 V), and
Table 24.32 (Vcc = 2.2 V) External Interrupt INTi Input, Key Input Interrupt Kli (i =0to 3).
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25.5.4 Rewriting Registers PMLi (i =1 to 4), PMHi (i = 1, 3, or 4), ISCRO, INTEN,
and KIEN

When changing the functions of the INTO to INT3 and K10 to K13 interrupts, an interrupt request flag may be
set to 1 by rewriting registers PMLi (i = 1to 4), PMHi (i = 1, 3, or 4), ISCRO, and KIEN. When an interrupt
function is switched, rewrite these registers with interrupt requests disabled, and wait for a certain period (1)
before setting the interrupt request flag to O.

Figure 25.1 shows the Procedure for Manipulating Registers PMLi (i = 1 to 4), PMHi (i = 1, 3, or 4), ISCRO,
INTEN, and KIEN, and Setting Interrupt Request Flag to 0.

Note:

1. A period of two to three cycles x the system clock (f) when the digital filter isdisabled and INTOto INT3
or KI0 to KI3 are used. It isfive to six cycles x the sampling clock when the digital filter is enabled and
INTOto INT3 are used.

When all maskable interrupts can be disabled, use the | flag.

When all maskable interrupts cannot be disabled, use the
Interrupt disabled @ -«—— corresponding bits ILVLjO to ILVLj1 or bits ILVLj4 to ILVLj5
(i=6, A, C, D, or E) for the interrupt whose source to be
+ changed.
Rewrite registers PMLi (i = 1 to 4), R
PMHi (i = 1, 3, or 4), ISCRO,
INTEN, and KIEN
. . . . . W
Wait for a certain period ® > After manl_pulatlng the registers, wait for a certain period
to set the interrupt request flag to 0.
Set the interrupt request flag to 0 @
+ /
Interrupt enabled @ -«—— The interrupt is enabled.

Notes:

1. A period of two to three cycles x the system clock (f) when the digital filter is disabled and INTO to INT3
or KIO to KI3 are used. It is five to six cycles x the sampling clock when the digital filter is enabled and
INTO to INT3 are used.

2. See 11.9.7 Changing Interrupt Priority Levels and Flag Registers for the instructions to use and
related notes.

Figure 25.1 Procedure for Manipulating Registers PMLi (i =1to 4), PMHi (i = 1, 3, or 4), ISCRO,
INTEN, and KIEN, and Setting Interrupt Request Flag to 0
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25.5.5 INTi Input Filter (i = 0to 3) When Returning from Wait Mode or Stop Mode
to Standard Operating Mode

When atransition is made to wait mode or stop mode with the WCKSTP bit in the CKSTPR register set to 1
(system clock stopped in wait mode) while in use of the INTI filter, the INTI interrupt cannot be used to return
to standard mode.

When the INTi interrupt is used to return, set the WCKSTP bit to 1 and bits INTiF1 to INTiFO in the INTFO
register to 00b (no filter) before a transition is made to wait mode or stop mode. When the filter is used again,
select the sampling clock with bits INTiFO to INTiF1 to enable the INTIEN bit in the INTEN register.

Figure 25.2 shows the Register Setting Procedure When INTI Input Filter (i = 0to 3) is Used.

When all maskable interrupts can be disabled, use the | flag.

When all maskable interrupts cannot be disabled, use the
Interrupt disabled -«——— corresponding bits ILVLjO to ILVLj1 or bits ILVLj4 to ILVLj5
(=6, A, C, D, or E) for the interrupt whose source to be
* changed.

i Rewrite registers PMLK (k = 1 to i
1 4), PMHK (k = 1, 3, or 4), and i
) ISCRO if necessary !
] (]

Set the INTIEN bit (i =0 to 3) in
the INTEN register to 0

v

Set the bits INTIFO to INTiF1
(i=0to 3) in INTFO register

'

Set the INTIEN bit (i = 0 to 3) in
the INTEN register to 1

v

Wait for a certain period

'

Set the interrupt request flag to 0

'

Interrupt enabled -«——— The interrupt is enabled.

Note:
1. A period of two to three cycles x the system clock (f) when the digital filter is disabled and
INTO to INT3 are used. It is five to six cycles x the sampling clock when the digital filter is
enabled and INTO to INT3 are used.

Figure 25.2 Register Setting Procedure When INTi Input Filter (i =0 to 3) is Used
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25.5.6 Setting Procedure When INTi Input Filter (i =0 to 2) is Used for Peripheral

Functions

Figure 25.3 shows the Register Setting Procedure When INTi Input Filter (i = 0 to 2) is Used for Peripheral
Functions (Timer RJ2, Timer RB2, and Timer RC).

Rewrite registers PMLj (j=1to
4) and PMHj (j =1, 3, or 4)

v

Set the INTIEN bit (i=0to 2) in
the INTEN register to 0

v

Set bits INTIFO to INTiF1
(i=0to 2)in INTFO register

'

Set the INTIEN bit (i=0to 2) in
the INTEN register to 1

v

Wait for a certain period @

v

Set the registers associated with
the peripheral functions

Note:

1. A period of two to three cycles x the system clock (f) when the digital filter is disabled and
INTO to INT2 are used. It is five to six cycles x the sampling clock when the digital filter is

enabled and INTO to INT2 are used.

Figure 25.3

Register Setting Procedure When INTi Input Filter (i = 0to 2) is Used for Peripheral
Functions (Timer RJ2, Timer RB2, and Timer RC)
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25.5.7 Changing Interrupt Priority Levels and Flag Registers

(a) The interrupt priority level and the flag register must be changed only while no interrupt requests are
generated. If an interrupt may be generated, using the | flag to disable the interrupt before changing the
interrupt priority level and the flag register.

(b) When using the | flag to disable an interrupt, set the | flag as shown in the sample programs bel ow.

Examples 1 to 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the interrupt
priority level and the flag register are changed due to effects of the internal bus and the instruction queue buffer.

Example 1: Use the NOP instructions to pause the program until the interrupt priority level register is rewritten

INT_SWITCHL:
FCLR I ; Disable interrupts
AND.B #CFH, ILVLE ; Set INTO interrupt priority level 0
NOP ;
NOP
FSET I ; Enable interrupts

Example 2: Use a dummy read to delay the FSET instruction

INT_SWITCH2:
FCLR I ; Disable interrupts
AND.B #CFH, ILVLE : Set INTO interrupt priority level 0
MOV.W MEM, RO ; Dummy read
FSET I ; Enable interrupts

Example 3: Use the POPC instruction to change the | flag

INT_SWITCH3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B #CFH, ILVLE ; Set INTO interrupt priority level 0
POPC FLG ; Enable interrupts
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25.6 Notes on I/O Ports

25.6.1 Notes on RESET/PA_0 Pin

The RESET/PA_O0 pin is multiplexed with the hardware reset function (RESET), and this pin functions as the
RESET pin when areset is cleared. After the reset is cleared, the RESET/PA_0 pin functions as the 1/0 port
(PA_0) when the HWRSTE bit in the PAMCR register is set to 0. In this case, an external pull-up resistor must
be connected.

This pin can also be used as CMOS output when it is set as an output port, but be sure not to conflict with an
external reset input signal.

Refer to the following program example to use this pin as N-channel open-drain output as necessary.

 Program example to set PA_0 as an N-channel open-drain output port

FCLR I

BCLR 0, HRPR

BSET 0, HRPR ; Writing to the PAMCR register enabled

FSET I

BSET 0, PAMCR ; Port PA_O function selected, N-channel open-drain output
selected

BSET 0, PDA ; Output mode setting

25.6.2 1/0 Pins for Peripheral Functions

In this MCU, the pin assignment of the peripheral functions can be changed using the port function mapping
register. However, multiple pins must not be assigned to the same peripheral function input at the same time.
Otherwise, no signal can be input correctly.
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25.7 Notes on Timer RJ2

(1) Timer RJ2 stops counting after areset. Start the count only after setting the value in the timer.

(2) After 1 (count is started) is written to the TSTART bit in the TRICR register while the count is stopped, the
TCSTF bit in the TRICR register remains 0 (count is stopped) for two to three cycles of the count source. Do
not access the registers associated with timer RJ2 (1) other than the TCSTF bit until this bit is set to 1 (count is
in progress). The count is started from the first active edge of the count source after the TCSTF bit is set to 1.
After O (count is stopped) is written to the TSTART bit during a count operation, the TCSTF bit remains 1 for
two to three cycles of the count source. When the TCSTF bit is set to 0, the count is stopped. Do not access the
registers associated with timer RJ2 (1) other than the TCSTF bit until this bit is set to 0.

Note:
1. Registersassociated with timer RJ2: TRJ, TRICR, TRJOC, and TRIMR

(3 In event counter mode, set the TSTART bit in the TRICR register to 1 (count is started) and then input an
external pulse.

(4) In pulse width/pulse period measurement modes, bits TEDGF and TUNDF in the TRICR register used are set
to 0 by writing 0 by a program but remain unchanged even if 1 iswritten to these bits. If aread-modify-write
instruction is used to set the TRICR register, bits TEDGF and TUNDF may be erroneously set to 0 depending
on the timing, even when the TEDGF bit is set to 1 (active edge received) and the TUNDF bit isset to 1
(underflow) during execution of the instruction.

In this case, write 1 using the MOV instruction to the TEDGF or TUNDF bit which is not supposed to be set to
0.

(5) Insert NOP instructions between writing to and reading from registers associated with the TRJ counter while
the counter is stopped.

(6) When the TSTART bhit in the TRICR register is 1 (count is started) or the TCSTF hit is 1 (count is in
progress), allow at least three cycles of the count source clock for each write interval when writing to the TRJ
register successively.

(7) When the mode is changed to pulse width measurement mode or pulse period measurement mode from
another mode, the values of bits TEDGF and TUNDF are undefined. Write 0 to bits TEDGF and TUNDF
before starting the timer RJ2 count.

(8) The TEDGF bit may be set to 1 by the first count source signal after the count is started.

(99 When using pulse period measurement mode, allow at least two periods of the count source for timer RJ2
immediately after the count is started and set the TEDGF bit to O before use.

(20) If the count is forcibly stopped by writing 1 to the TSTOP hit in the TRICR register during count operation,
the TRJIF bit in the TRJIR register may be set to 1 (interrupt requested). Set the TRJIF bit to 0 (no interrupt
requested) before restarting the count.

(1) In pulse width measurement mode or pulse period measurement mode, set associated registers and set the
TSTART bit in the TRICR register to 1 (count is started) before inputting an external event.

(12) Do not set the TRJ register to 0000h in pulse width measurement mode and pulse period measurement mode.

(13) Note the following when writing 0 to the TEDGF bit in the TRICR register in pulse width measurement mode
or pulse period measurement mode.

Set the TRJIF bit in the TRJR register to 0 before setting the TEDGF bit to 0.

When reading the TEDGF bit immediately after setting it to O, it is read as 0. However the internal signal of
the TEDGF bit remains 1 for one to two cycles of the count source. If an active edge is input during this
period, the internal signal of the TEDGF bit does not become 0 and the TEDGF bit isread as 1.

Since the TRJIF bit becomes 1 when the internal signal of the TEDGF bit changes from 0 to 1, the TRJIF bit
does not become 1 and no interrupt is generated.

After setting the TEDGF bit to 0, confirm that O can be read after waiting for three or more count source
cyclesin order to accept the next interrupt request.
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25.8 Notes on Timer RB2

 Timer RB2 stops counting after areset. Start the count after setting the value in the timer and prescaler.

* Inthe 8-bit timer with 8-bit prescaler, even if the prescaler and timer are read in 16-bit units, they are actually read

sequentialy byte by byte in the MCU. This may cause the value in the timer to be updated during reading of these
two registers.
In the 16-bit timer, access the TRBPRE register first and then the TRBPR register. Read the TRBPRE register
first to read the count value in the lower byte. The count value in the higher byte will be retained. Next, read the
TRBPR register to read the retained value in the higher byte. The timer value is not updated during reading of
these two registers.

* In programmable one-shot and programmable wait one-shot generation modes, when the TOSSP hit in the
TRBOCR register is set to 1 and the one-shot is stopped, the timer reloads the rel oad register value and is stopped.
The timer count value must be read before the timer is stopped.

 After 1 (count is started) is written to the TSTART bit in the TRBCR register while the count is stopped, the
TCSTF bit in the TRBCR register remains 0 (count is stopped) for two to three cycles of the count source. Do not
access the registers associated with timer RB2 (1) other than the TCSTF bit until this bit is set to 1 (count isin
progress). The count is started on the first active edge of the counter source after the TCSTF bit is set to 1.

After O (count is stopped) is written to the TSTART bit during count operation, the TCSTF bit remains 1 for two
to three cycles of the count source. When the TCSTF bit is set to O, the count is stopped. Do not access the
registers associated with timer RB2 (1) other than the TCSTF bit until this bit is set to O.
Note:
1. Registers associated with timer RB2:
TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBPR, and TRBSC

« In timer mode, do not set both the TRBPRE and TRBPR registers to 00h at the same time.

* When the TSTART bit in the TRBCR register is 0 (count is stopped), change the values of registers TRBPRE,
TRBPR, and TRBSC, then wait for at least two cycles of the system clock (f) before setting the TSTART bit in
the TRBCR register to 1 (count is started).

* When the TSTART bit in the TRBCR register is 1 (count is started) or the TCSTF bit is 1 (count isin progress),
do not change the values in registers TRBIOC and TRBMR, and the TRBIE bit in the TRBIR register.

* Make sure the TCSTF bit in the TRBCR register is 1 (count is in progress) before writing 1 (one-shot count is
started) to the TOSST bit in the TRBOCR register. When the TCSTF hit is O (count is stopped), writing 1 (one-
shot count is started) to the TOSST bit isinvalid.

« When writing to registers TRBPRE, TRBPR, and TRBSC during count operation (the TSTART bit is 1 or the
TCSTF bit is 1), note the following points:

- When writing to the TRBPRE register successively, alow at least three cycles of the count source for each write
interval.

- When writing to the TRBPR register successively, alow at least three cycles of the count source for each write
interval.

- When writing to the TRBSC register successively, alow at least three cycles of the count source for each write
interval.

* When the TRBPR register is rewritten in programmabl e waveform generation mode, do not write to the TRBPRE,
TRBPR, or TRBSC register during the secondary output period as described below after rewriting.

- 8-bit timer with 8-bit prescaler:

Two cycles of the prescaler underflow before the secondary output period ends.
- 16-bit timer:

Two cycles of the count source clock before the secondary output period ends.

» When the underflow signal from timer RJ2 is used as the count source for timer RB2, set timer RJ2 to timer mode,
pulse output mode, or event counter mode.

* When 1 iswritten to the TOSST bit or the TOSSP bit in the TRBOCR register, the TOSSTF hit is changed after
two to three cycles of the count source. If 1 iswritten to the TOSSP bit from when 1 is written to the TOSST bit
until the TOSSTF bit is set to 1, the TOSSTF bit may be set to 0 or 1 depending on the internal state. Likewise, if
1iswritten to the TOSST bit from when 1 is written to the TOSSP bit until the TOSSTF bit is set to 0, the
TOSSTF may be set to 0 or 1 depending on the internal state.

RO1UHO0023EJ0200 Rev.2.00 RENESAS Page 554 of 581
Mar 07, 2012



R8C/M13B Group 25. Usage Notes

* In programmable waveform generation mode and programmable wait one-shot mode, write to the TRBSC
register before writing to the TRBPR register. At the underflow during the secondary period after the TRBPR
register is written, the value written to the TRBPR register is transferred to the counter. If registers TRBPR and
TRBSC are written two or more times after the TRBPR register is written until the underflow during the
secondary period, the last written value is transferred to the counter at the underflow.

* When 1 is written to the TSTOP bit in the TRBCR register during count operation, timer RB2 is immediately
stopped.

« If the count isforcibly stopped by writing 1 to the TSTOP bit during count operation, the TRBIF bit in the TRBIR
register may be set to 1 (interrupt requested). Set the TRBIF bit to O (no interrupt requested) before restarting the
count.

» When the TSTART bit in the TRBCR register is 0 (count is stopped), wait for at least two cycles of the system
clock (f) after writing the values of registers TRBPRE and TRBPR before reading them.
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25.9 Notes on Timer RC

25.9.1 TRCCNT Register

The following note applies when the CCLR bit in the TRCCRL register isset to 1 (TRCCNT counter is cleared

by input capture/compare match A).

* When writing avalue to the TRCCNT register by a program while the CTS bit in the TRCMR register is set to
1 (count is started), ensure that the write timing does not coincide with when the TRCCNT register is set to
0000h.

« If the timing when the TRCCNT register is set to 0000h and is written coincide with each other, the value is
not be written and the TRCCNT register is set to 0000h.

If the TRCCNT register is written and read, the value before this register is written may be read. In this case,
execute the IMPB instruction between the write and read instructions.
 Program Example

MOV.W #XXXXh, TRCCNT : Write
JMPB L1 ; JMPB instruction
L1 MOV.W TRCCNT, DATA : Read

25.9.2 TRCCR1 Register

To set bits CKS2 to CKS0 in the TRCCRL register to 110b (fHOCO), set fHOCO to the clock frequency higher
than the system clock frequency.

25.9.3 TRCSR Register

If the TRCSR register is written and read, the value before this register is written may be read. In this case,
execute the IMP.B instruction between the write and read instructions.
* Program Example

MOV.B #XXh, TRCSR : Write
JMPB L1 : JMPB instruction
L1 MOV.B TRCSR, DATA ; Read

25.9.4 Count Source Switching

When switching the count sources, stop the count before switching. After switching the count sources, wait for
at least two cycles of the system clock before writing to the registers (at addresses 000E8h to 000FCh)
associated with timer RC.

* Switching procedure

(1) Setthe CTShit inthe TRCMR register to 0 (count is stopped).

(2) Change bits CKS0 to CKS2 in the TRCCRL register.

(3) Wait for at least two cycles of the system clock.

(4) Writeto the registers (at addresses 000E8h to 000FCh) associated with timer RC.

When changing the count source from fHOCO to another source and stopping fHOCO, wait for at least two
cycles of the system clock after changing the clock setting before stopping fHOCO.

* Switching procedure

(1) Setthe CTShit inthe TRCMR register to O (count is stopped).

(2) Change bits CKS0 to CKS2 in the TRCCRL register.

(3) Wait for at least two cycles of the system clock.

(4) Set the HOCOE hit in the OCOCR register to 0 (high-speed on-chip oscillator off).
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25.9.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used)]
Three or more cycles of the timer RC operation clock (refer to Table 15.1 Timer RC Specifications)
[When the digital filter is used]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 15.19 Digital Filter Circuit Block Diagram)

» The value of the TRCCNT register is transferred to the TRCGR)j register one or two cycles of the timer RC
operation clock after the input capture signal is input to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

25.9.6 TRCMR Register in PWM2 Mode

When the CSTP bit in the TRCCR2 register is 1 (increment is stopped), do not set the TRCMR register when a
compare match occurs between registers TRCCNT and TRCGRA.

25.9.7 MSTCR Register
After stopping the timer RC count, set the MSTTRC bit in the MSTCR register to 1 (standby).

25.9.8 Mode Switching

» When switching the modes during operation, set the CTS hit in the TRCMR register to 0 (count is stopped)
before switching.
« After switching the modes, set each flag in the TRCSR register to 0 before operation is started.

25.9.9 Procedure for Setting Registers Associated with Timer RC

Set the registers associated with timer RC following the procedure below:

(1) Settimer RC operating mode (bits PWMB, PWMC, PWMD, and PWM2 in the TRCMR register).
(2) Set the registers other than that set in (1).

(3) Set the port output to be enabled (bits EA to ED in the TRCOER register).
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25.10 Notes on Timer RK

« After writing O (count is stopped) to the TSTART bit in the TMKCR register during count operation, do not
access the registers associated with timer RK (1) for two to three cycles of the count source.
Note:
1. Registers associated with timer RK: TMKM, TMKCR, TMKLD, and TMKIR
» When writing to and reading from the TMKLD register continuously while the count is stopped, insert one NOP
instruction between the instructions used for writing and reading.

25.11 Notes on Timer RE2

* When 0 (count is stopped) iswritten to the RUN bit in the TRECR register, the count is stopped after three cycles
of the count source.

» When switching to module standby, set the RUN hit to O (count is stopped) and allow three or more cycles of the
count source to elapse before setting the MSTTRE bit in the MSTCR register to 1 (standby).

« Switching registers TREIFR and TREIER must be performed as follows:

[Real-time clock mode]

- Switch the TREIER register while the RTCF bit in the TREIFR register is 0 (no interrupt requested).

- Switch the ALIE bit in the TREIFR register while the ALIF bit in the TREIFR register is 0 (no interrupt
reguested).

[Compare match timer mode]

- Switch the CMIE bit in the TREIER register while the CMIF bit in the TREIFR register is 0 (interrupt
reguested).

- Switch the OVIE bit in the TREIER register while the OVIF bit in the TREIFR register is 0 (no interrupt
reguested).

When changing the CS3 bit in the TRECSR register, all of the following conditions must be met:

- The RUN bit is 0 (count is stopped).

- When changing the CS3 bit from 0 to 1, the CMIF bit is O (no interrupt requested) and the OVIF bit is 0 (no

interrupt requested).
- When changing the CS3 bit from 1 to 0, the ALIF bit is 0 (no interrupt requested) and the RTCF bit is 0 (no
interrupt requested).
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25.12 Notes on Serial Interface (UARTi (i =0 or 1))

Regardless of clock synchronous 1/0 mode or clock asynchronous I/0O mode, read the UiRB register (i =0or 1) in
16-bit units.

When the UiRBH register is read, bits FER and PER in the UiRB register are set to 0 (no framing error, no parity
error). Also, the RI bit in the UiC1 register is set to O (the UiRB register empty).

To check receive errors, use the data read from the UiRB register.

* Program example to read the receive buffer register
MOV.W 0086H, RO ; Read the UORB register

When the transfer data is 9 bits long in clock asynchronous 1/0 mode, write to the UiTB register in the order
UiTBH first and then UiTBL in 8-bit units.

* Program example to write to the transmit buffer register
MOV.B #XXH, 0083H ; Write to the UOTBH register
MOV.B #XXH, 0082H ; Write to the UOTBL register

Do not set the MSTUARTO bit in the MSTCR register or the MSTUART1 bit in the MSTCR1 register to 1
(standby) during communication. When setting the modul e to the standby state, confirm whether communication
has completed. After communication has completed, set bits TE and RE in the UiC1 register to O (communication
disabled) before setting the module to the standby state. After the module standby state is cleared, the initial
settings for communication must be set again.
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25.13 Notes on Clock Synchronous Serial Interface

25.13.1 Notes on Synchronous Serial Communication Unit
To use the synchronous serial communication unit, set the IICSEL bit in the ICCR register to 0 (SSU function).

25.13.2 Notes on I2C bus Interface
To use the 12C businterface, set the IICSEL bit in the IICCR register to 1 (12C bus function).

Notes regarding the 12C specification

Do not use the 12C interface with the settings that do not meet the 12C specification.

(1) Inthe I2C specification, the transfer rate is a maximum of 400 kHz and the low-level period of the SCL
signal is aminimum of 1.3 usin high-speed mode. Since the duty cycle for the 12C bus interface in this
MCU is 50%, this minimum of 1.3 us for the low-level period of the SCL signal cannot be met during
operation at 400 kHz. To meet this minimum of 1.3 us for the low-level period of the SCL signal, set the
transfer rate to 384.6 kHz or below to use the 12C bus interface.

(2) There must be a delay of a minimum of 300 ns for the SDA pin to change at the rising edge of the SCL
signal. For the 12C bus interface in this MCU, the delay value can be set by bits SDADLY 0 to SDADLY 1
in the IICCR register. The delay value must be determined for the system. When f1 is set to 11 MHz or
above, set bits SDADLY 1 to SDADLYO0 in the IICCR register to 01b (digital delay of 11 x f1 cycles) or
10b (digital delay of 19 x f1 cycles).

(3) Thereisno compatibility with the CBUS.

(4) 10-bit addressing cannot be used.

(5) When a start condition is detected while data is transmitted in slave transmission, any address following
that condition cannot be received and the operation is stopped. Follow the procedure for resetting the
control block to reset the 12C bus interface.

(6) Do not set to 1111XXXb and 0000X X Xb as slave addresses.

(7) When starting communication by the master after a stop condition is detected, set the STOP bit in the SISR
register to 0.
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25.13.3 ICE Bit in SICR1 Register and SIRST Bit in SICR2 Register

When writing 0 to the ICE bit or 1 to the SIRST bit during an 12C bus interface operation, the BBSY bit in the
SICR2 register and the STOP hit in the SISR register may become undefined.

25.13.3.1 Conditions When Bits Become Undefined

« When this module occupies the 12C bus in master transmit mode (bits M ST and TRS in the SICR1 register are
1).

« When this module occupies the 12C busin master receive mode (the MST bit is 1 and the TRS bit is 0).

* When this modul e transmits data in slave transmit mode (the MST hbit is 0 and the TRS bitis 1).

* When this modul e transmits an acknowledge in slave receive mode (bits MST and TRS are 0).

25.13.3.2 Countermeasures

» When the start condition (the SDA falling edge when SCL is high) isinput, the BBSY bit becomes 1.

» When the stop condition (the SDA rising edge when SCL is high) isinput, the BBSY hit becomes 0.

* When writing 1 to the BBSY hit, 0 to the SCP bit, and the start condition (the SDA falling edge when SCL is
high) is output while SCL and SDA are high in master transmit mode, the BBSY hit becomes 1.

» When writing 0 to bits BBSY and SCP, the stop condition (the SDA rising edge when SCL is high) is output
while SDA islow, and thisis the only module that holds SCL low in master transmit mode or master receive
mode, the BBSY bit becomes 0.

* When writing 1 to the FS bit in the SAR register, the BBSY bit becomes 0.

25.13.3.3 Additional Descriptions Regarding SIRST Bit

* When writing 1 to the SIRST bit, bits SDAO and SCLO in the SICR2 register become 1.

* When writing 1 to the SIRST bit in master transmit mode and slave transmit mode, the TDRE bit in the SISR
register becomes 1.

« While the control block of the 12C bus interface is reset by setting the SIRST bit to 1, writing to bits BBSY,
SCP, and SDAO is disabled. Write 0 to the SIRST bit before writing to the BBSY bit, SCP bit, or SDAO bit.

« Even when writing 1 to the SIRST bit, the BBSY hit does not become 0. However, the stop condition (the
SDA rising edge when SCL is high) may be generated depending on the states of SCL and SDA and the
BBSY bit may become 0.

There may also be asimilar effect on other bits.

« While the control block of the 12C bus interface is reset by setting the SIRST bit to 1, data
transmission/reception is stopped. However, the function to detect the start condition, stop condition, or
arbitration lost operates. The values in the SICR1 register, SICR2 register, or SISR register may be updated
depending on the signals applied to pins SCL and SDA.
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25.14 Notes on A/D Converter

25.14.1 A/D Converter Standby Setting

The A/D converter can be set to standby or active using the MSTAD bit in the MSTCR register.
Stop A/D conversion before setting to modul e standby. Register access is enabled by clearing the A/D converter
standby state. For details, see 5. System Controal.

25.14.2 Sensor Output Impedance during A/D Conversion
To perform A/D conversion accurately, charging of the internal capacitor C shown in Figure 25.4 must be
completed within the period of time specified as T (sampling time). Let the output impedance of the sensor

equivalent circuit be RO, the internal resistance of the microcomputer be R, the accuracy (error) of the A/D
converter be X, and the resolution of A/D converter be Y (Y is 1024 in 10-bit mode).

1
VCisgenerally VC = VIN{l_e C(RO+R) }

Andwhent=T, VC = VIN—:{—<VIN = VIN(l—é)

1

e C(RO+ R)T - X
Y
_;T = |n)_<
C(RO+R) Y
Hence, RO = — — " Z-R
Celn=
Y

Figure 25.4 shows the Analog Input Pin and External Sensor Equivalent Circuit. The user can obtain an
impedance RO that makes the pin-to-pin voltage VC increase from 0 to VIN — (0.1/1024) VIN withintime T
when the difference between VIN and VC becomes 0.1 LSB. The value, (0.1/1024) indicates a precondition for
the calculation of RO when the degradation due to insufficient capacitor chargeis suppressed to 0.1 LSB during
A/D conversion in 10-bit mode. The actual error, however, is the absolute accuracy plus 0.1 LSB.

A/D conversion clock = 20 MHz, T = 0.8 ps. Output impedance RO through which an capacitor C is fully
charged within T is obtained as follows:

T=08us, R=10kQ,C=6.0pF X =0.1,and Y = 1024. Hence,

6
RO = - 08x10 T —10x 103~ 44 x 103
6.0%x 10712 ¢ In—2=

1024

Thus the maximum output impedance of a sensor circuit for an accuracy (error) of 0.1 LSB or lessis 4.4 kQQ
maximum.
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___________________________ MCU
Sensor equivalent circuit i
]
RO i R (10 kQ)
W ——O——/
VIN|] E C (6.0 pF)
]
7-|7-7 i "
!
___________________________ i

Figure 25.4  Analog Input Pin and External Sensor Equivalent Circuit

25.14.3 Register Setting

* Registers ADMOD and ADINSEL must be written only when A/D conversion is stopped.

* Do not enter stop mode during A/D conversion.

* Do not enter wait mode during A/D conversion while the WCKSTP bit in the CKSTPR register is 1 (system
clock is stopped in wait mode).

* Do not set the FMSTP bit in the FMRO register to 1 (flash memory is stopped) or the FMR27 hit in the FMR2
register to 1 (low-current-consumption read mode enabled) during A/D conversion.

* During A/D conversion, if the ADST bit in the ADCONO register is set to 0 (A/D conversion is stopped) by a
program to forcibly terminate the conversion, the conversion result from the A/D converter will be undefined
and no interrupt will be generated. The value of the ADi register (i = 0 or 1) which is not engaged in A/D
conversion may also be undefined.

If the ADST bit is set to 0 by a program, do not use any of the values of the ADi register.
* When using the A/D converter, it is recommended that the average of the conversion results be taken.
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25.15 Notes on Flash Memory

25.15.1 ID Code Area Setting Example

The ID code areais alocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. The following shows a setting example.

* To set 55h in dl of the ID code area

.org OOFFDCH

Jword dummy | (55000000h) ; UND

Jword dummy | (55000000h) ; INTO

Jword dummy ; BREAK

Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT

Jword dummy | (55000000h) ; RESERVE

Jword dummy | (55000000h) ; RESERVE

Programming formats vary depending on the compiler. Check the compiler manual.
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25.15.2 CPU Rewrite Mode

25.15.2.1 Prohibited Instructions

The following instructions cannot be used while the program ROM area is being rewritten in EW0 mode
because they reference datain the flash memory:
UND, INTO, and BRK

25.15.2.2 Interrupts
Tables 25.1 and 25.2 list the Interrupt Handling during CPU Rewrite Operation.

Table 25.1 Interrupt Handling during CPU Rewrite Operation (EW0 Mode)

Data Flash/Program ROM
Interrupt Type _ Suspend Disabled
Suspend Enabled (FMR20 = 1) (FMR20 = 0)
Maskable interrupt | When an interrupt request is acknowledged, interrupt handling is | Interrupt handling is
executed. (The interrupt vector is allocated in the RAM) executed with auto-erase
The suspend state can be entered by either of the following: or auto-programming
(1) When the FMR22 bit is 1 (suspend request enabled by executed (The interrupt
interrupt request), the FMR21 bit is automatically set to 1 vector is allocated in the
(suspend request). RAM)
The flash memory suspends auto-erase or auto-programming
after td(SR-SUS).
(2) When the FMR22 bit is 0 (suspend request disabled by
interrupt request) and suspend is required, set the FMR21 bit
to 1 (suspend request) in the interrupt handling.
The flash memory suspends auto-erase or auto-programming
after td(SR-SUS).
While auto-erase is suspended, auto-programming and reading
can be executed for any block other than the blocks being auto-
erased.
While auto-programming is suspended, any block other than the
blocks being auto-programmed can be read.
Auto-erase can be restarted by setting the FMR21 bit to O (restart).
Address match Do not use during auto-erasing or auto-programming.
UND, INTO, and
BRK instructions
Single-step
Watchdog timer When an interrupt request is acknowledged, auto-erase or auto-programming is forcibly stopped
Oscillation stop immediately and the flash memory is reset. After the specified period, the flash memory is
detection restarted before interrupt handling is started. Since auto-erase or auto-programming is forcibly
Voltage monitor 1 stopped, the correct values may not be read from the block being auto-erased or the address
being auto-programmed. After the flash memory is restarted, execute auto-erase again and
verify it complete normally. The watchdog timer does not stop while the command is executing,
so interrupt requests may be generated. Initialize the watchdog timer periodically using the
erase-suspend function. Since the flash memory control registers are initialized in this case,
these registers must be set again. (1)

FMR20, FMR21, FMR22: Bits in FMR2 register
Note:
1. Registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop detection, or voltage
monitor 1 interrupt is generated while the flash memory is busy.
When the FMRO1 bit in the FMRO register is 1 (CPU rewrite mode enabled) and the FMSTP bit is 1 (flash
memory is stopped), registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop
detection, or voltage monitor 1 interrupt is generated.
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Table 25.2 Interrupt Handling during CPU Rewrite Operation (EW1 Mode)

Data Flash/Program ROM
Interrupt Type _ Suspend Disabled
Suspend Enabled (FMR20 = 1) (FMR20 = 0)
Maskable interrupt | When an interrupt request is acknowledged, the FMR21 bit is Auto-erase or auto-
automatically set to 1 (suspend request) if the FMR22 hit is 1 programming has priority.
(suspend request enabled by interrupt request). Interrupt handling is
The flash memory suspends auto-erase or auto-programming after | executed after auto-erase
td(SR-SUS) and interrupt handling is executed. or auto-programming.
When auto-erase is being suspended, auto-programming and
reading can be executed for any block other than the blocks being
auto-erased.
When auto-programming is being suspended, any block other than
the blocks being auto-programmed can be read.
After interrupt handling completes, auto-erase or auto-
programming can be restarted by setting the FMR21 bit is set to O
(restart).
If the FMR22 bit is set to 0 (suspend request disabled by interrupt
request), auto-erasure and auto-programming have priority and
interrupt requests are put on standby.
Interrupt handling is executed after auto-erase and auto-program
complete.
Address match Do not use during auto-erasing or auto-programming.
UND, INTO, and
BRK instructions
Single-step
Watchdog timer When an interrupt request is acknowledged, auto-erase or auto-programming is forcibly stopped
Oscillation stop immediately and the flash memory is reset. After the specified period, the flash memory is
detection restarted before interrupt handling is started. Since auto-erase or auto-programming is forcibly
Voltage monitor 1 stopped, the correct values may not be read from the block being auto-erased or the address
being auto-programmed. After the flash memory is restarted, execute auto-erase again and
verify it complete normally. The watchdog timer does not stop while the command is executing,
S0 interrupt requests may be generated. Initialize the watchdog timer periodically using the
erase-suspend function. Since the flash memory control registers are initialized in this case,
these registers must be set again. (1)

FMR20, FMR21, FMR22: Bits in FMR2 register
Note:
1. Registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop detection, or voltage
monitor 1 interrupt is generated while the flash memory is busy.
When the FMRO1 bit in the FMRO register is 1 (CPU rewrite mode enabled) and the FMSTP bit is 1 (flash
memory is stopped), registers FMRO, FMR1, and FMR2 are initialized if a watchdog timer, oscillation stop
detection, or voltage monitor 1 interrupt is generated.
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25.15.2.3 Access Methods

To set one of the following bitsto 1, first write O and then 1 immediately. Interrupts must be disabled between
writing 0 and then writing 1.

* The FMRO01 or FMRO02 bit in the FM RO register

* The FMR13 bit in the FMR1 register

* The FMR20, FMR22, or FMR27 bit in the FMR2 register

To set one of the following bitsto O, first write 1 and then O immediately. Interrupts must be disabled between
writing 1 and then writing O.
The FMR16 or FMR17 bit in the FMR1 register

25.15.2.4 Rewriting User ROM Area

When EWO0 mode is used and the supply voltage falls while rewriting a block where a rewrite control program
is stored, the rewrite control program is not be rewritten correctly. As aresult, it may not be possible to rewrite
the flash memory afterwards. Use standard serial 1/0 mode to rewrite this block.

25.15.2.5 Programming
Do not perform even asingle additional write to an already programmed address.

25.15.2.6 Entering Wait Mode or Stop Mode

Do not enter wait mode or stop mode during suspend.

When the FST7 bit in the FST register is 0 (busy) while programming or erasing the flash memory, do not enter
wait mode or stop mode.

Do not set the FMR27 bit to 1 while the FMSTP bit (flash memory stop bit) in the FMRO register is 1 (flash
memory is stopped).

25.15.2.7 Flash Memory Programming and Erase Voltages

When performing a program/erase operation, use a VCC supply voltage in the range of 1.8 V to 5.5 V. Do not
perform a program/erase operation at lessthan 1.8 V.

25.15.2.8 Block Blank Check

Do not execute ablock blank check command during erase-suspend.
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25.15.2.9 EW1 Mode

When setting the FMRO1 bit in the FMRO register to 1 (CPU rewrite mode enabled) and the FMRO2 hit to 1
(EW1 mode) to execute CPU rewrite mode, follow the procedure below in EW1 mode. Figure 25.5 shows the
Procedure for Software Command Execution When Suspend is Disabled. Figure 25.6 shows the Procedure for

Software Command Execution When Suspend is Enabled.

2.

When the FMRO1 bit is 1 (CPU rewrite mode enabled), the FMRO02 bit is 1 (EW1 mode),
and the FMR20 bit is 0 (suspend disabled)

¢ Program example for the countermeasure when
using the program command:

MOV.B #40h,[A1] ; First command writing

First command writing

JMP.S CMD2
¢ NOP
CMD2:
JMP.S CMD2

MOV.B [A0],[A1l] ; Second command writing @

Additional MOV.B [A1,ROL ; Dummy read ©
processing ¢ LABEL:
BTST FST7 ; Flash memory status confirmed
NOP IJNC  LABEL
CMD2: 4
Specify instruction Second command
to be used writing @

v

Flash memory dummy
read @

»i
Y
FST7 =17

Additional
processing

FMRO01, FMRO02: Bits in the FMRO register
Yes FMR20: Bit in the FMR2 register
FST7: Bit in the FST register

Notes:
1.

When executing the read array command and clear status register command, this countermeasure is not
necessary.

Use one of the following instructions for the second command writing:
¢ MOV.B [A0],[A1] or MOV.B [A1],JA0] ¢ MOV.B #IMM,[An] e MOV.B #IMM,abs16

e MOV.B RnH,[AN] ¢ MOV.B RnH,abs16 e MOV.B RnL,[An]
¢ MOV.B RnL,abs16

. Use one of the following instructions to read the same address as the second command write address.

« MOV.B [An]RNL e MOV.B [An],RnH e MOV.W [An],Rn

Figure 25.5

Procedure for Software Command Execution When Suspend is Disabled
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2.

When the FMRO1 bit is 1 (CPU rewrite mode enabled), the FMRO02 bit is 1 (EW1 mode),
and the FMR20 bit is 1 (suspend enabled) ()

25. Usage Notes

!

Program example for the countermeasure when
First command writing using the program command:
MOV.B #40h,[Al] ; First command writing
# FSET | ; Interrupts enabled
=1 JMP.S CMD2
(interrupts enabled) NOP
CMD2:
MOV.B [A0],[A1] ; Second command writing ¢
MOV.B [A1],ROL ; Dummy read ©
JMP.S CMD2 NOP
Additional ¢ Hgg
processing NOP
NOP LABELL1:
BTST FST7 ; Flash memory status confirmed
JNC LABEL1
Specif CMD2: y BTST FST3 ; Suspend status confirmed )
. pectly Second command JNC LABEL2
instruction writing @ BCLR FMR21
to be used MOV.B [A1],ROL ; Dummy read ®
¢ JMP LABEL1
Additional Flash memory dummy LABELZ2:
processing read
NOP instruction x 4
»i
< |
Flash memory Additional
dummy read ©® processing
|
FMR21= 0
No
Suspend
tatus confirmed ¢
I: Flag in the CPU register
FMRO1, FMRO2: Bits in the FMRO register
FMR20, FMR21: Bits in the FMR2 register
FST3, FST6, FST7: Bits in the FST register
Notes:
1. When executing the read array command and clear status register command, this countermeasure is

not necessary.

Use one of the following instructions for the second command writing:

e MOV.B [AO],[A1] or MOV.B [A1],[A0] e MOV.B #IMM,[An] e MOV.B #IMM,abs16
¢ MOV.B RnH,[An] « MOV.B RnH,abs16 ¢ MOV.B RnL,[An]

e MOV.B RnL,abs16

Use one of the following instructions to read the same address as the second command write
address.

¢ MOV.B [An],RnL ¢ MOV.B [An],RnH e MOV.W [An],Rn

. Confirm the suspend status using the FST3 bit for the program command, and the FST6 bit for the

block erase command.

Figure 25.6 Procedure for Software Command Execution When Suspend is Enabled
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25.15.3 Notes on Flash Memory Stop and Operation Transition

(1) Do not enter stop mode while the FMSTP bit is 1 (the flash memory is stopped).

(2) Do not enter wait mode while the FMSTP bit is 1 (the flash memory is stopped) and the WTFMSTP bit is
1 (the flash memory is stopped in wait mode).

(3) Do not enter flash memory stop state for 42 us after entering from flash memory stop state to flash
memory operation state. And do not rewrite the LOCODI S bit in the OCOCR register for 42 ps.

Conditions when entering flash memory operation state from flash memory stop state.

* Set the FM STP hit to 0 (the flash memory operates).

* Return from wait mode while the WTFM STP bit is 1 (the flash memory is stopped in wait mode).
* Return from stop mode.

Conditions when entering flash memory stop state from flash memory operation state.

* Set the FM STP bit to 1 (the flash memory is stopped).

« Enter wait mode while the WTFMSTP bit is 1 (the flash memory is stopped in wait mode).
« Enter stop mode.
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25.16 Notes on Noise

25.16.1 Inserting a Bypass Capacitor between Pins VCC and VSS as a

Countermeasure against Noise and Latch-up

Connect a bypass capacitor (approximately 0.1 uF) across pins VCC and V SS using the shortest and thickest
possible wiring.

25.16.2 Countermeasures against Noise Error in Port Control Registers

During rigorous noise testing or the like, external noise (mainly power supply system noise) can exceed the
capacity of the MCU’s internal noise control circuitry. In such cases the contents of the port related registers
may be changed.
As afirmware countermeasure, it is recommended that the port registers, port direction registers, and pull-up
control registers be reset periodically. However, examine the control processing fully before introducing the
reset routine as conflicts may occur between the reset routine and interrupt routines.

25.17 Note on Power Supply Voltage Fluctuation

After areset is cleared, the supply voltage applied to the VCC pin must meet either or both of the allowable
ripple voltage Vr(vcc) and the ripple voltage falling gradient dVr(vec)/dt shown in Figure 25.7.

Standard .
Symbol Parameter in Tvp Mo Unit
Vr(vee) Allowable ripple voltage 0.1vCcC \
dVr(vcc)/dt | Ripple voltage falling gradient 10 Vims
Jy
VCC Vr(vee)
Y
Figure 25.7 Ripple Voltage Definition
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26. Notes on On-Chip Debugger

When using the on-chip debugger to develop and debug programs for the R8BC/M13B Group, attention must be paid to
the following restrictions:

(1) Some of the user flash memory and RAM areas are used by the on-chip debugger. These areas cannot be accessed
by the user.
See the on-chip debugger manual for which areas are used.

(2) Do not set the address match interrupt (registers AIENi and AIADRI (i = 0 or 1) and fixed vector table) in a user
system.

(3) Do not usethe BRK instruction in a user system.

(4) The debugging is possible with VCC in the range of 1.8 V to 5.5 V. Set the supply voltage to 2.7 V or above for
rewriting the flash memory.

There are some special restrictions on connecting and using the on-chip debugger. For details, see the on-chip
debugger manual.
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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.

JEITA Package Code [ RENESAS Code [  Previous Code | MASS[Typ] |
P-LQFP32-7x7-0.80 | PLQP0032GB-A | 32P6U-A | 029 |

24 17
H H H H H H H H N D IMENSIONS *+17 AND "+2*
—] DO NOT INC\:UI?E MOLD FLASH.
2 I Fe # INGCUBE TR OFFSET. '
(1 1
o - >
i ),
= R & 5 © Dimension in Millimeters
(i 1] Symeol "Min | Nom | Max
(mim | D [69]70] 71
i Terminal cross section E 6.9 7.0 71
# L Q A5y - Ar | |14 —
ﬁ H H H H H H * Ho | 88 ] 9.0 | 9.2
L He [ 88 ] 9.0 9.2
! 8 Al —[— 117
) Index mark A1 0 01 02
F < £ b, 1 0.32]0.37] 042
"‘ \ b | —[035] —
i @ ¢ 10.09|0.145| 0.20
[] [ ] . 1 ¢ 0125
L [ 0° | — 8°
e | — 1108 —
E . Detail F X P — 0.20
el % ST @ y | — [ — 0.0
Zop | — | 07| —
Zg | — | 07| —
L 03] 05| 07
Li [— 110 —
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Appendix 2. Connection Examples between Serial Programmer and On-
Chip Debugging Emulator

Appendix Figure 2.1 shows a MF Ten Nine Cable (M3A-0652CBL) Connection Example. Appendix Figure 2.2 shows
a E8a Emulator (ROEOO008AK CEQ00) Connection Example.

VCC ?
)
T
E s
MODE> [2] Z
O
O =
B &
(= o
—7 £ 5]
(5]
mwmmww?%
o0 29
o Xe! 7 VSS Connect oscillation circuit )
ool
RXD 4] ~
00 1 VCC P
A
MF Ten Nine Cable
(M3A-0652CBL)
Note:
1. Itis not necessary to connect an oscillation circuit when operating with the on-chip oscillator clock.

Appendix Figure 2.1  MF Ten Nine Cable (M3A-0652CBL) Connection Example
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VCC T

Open collector

buffer
47k or more > [l [l l 111 1]

N

[]
[2] 3
s S
. [« =
T : &
oo 4.7kQ +10% [ ] %)
12 RESET —L 7| s
10 © O MODE> 5]
O O 1, vooe —
LTtfo o FEEEEEEE
—O O
00
2 ~—
VSS_O © Connect oscillation circuit )
A
E8a emulator
(ROEOOOO8AKCEOQO)

Note:
1. When operating on the on-chip oscillator clock, it is not necessary to connect an oscillation circuit.

Appendix Figure 2.2  E8a Emulator (ROEOO008AKCEOQ0) Connection Example
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Appendix 3. Oscillation Evaluation Circuit Example
Appendix Figure 3.1 shows an Oscillation Evaluation Circuit Example.

o
Qeco—9
plaEaiEalEE

O

~

SEIEE
BE|EIEEEEE

CTETETEIETETE

777 Connect oscillation circuit @

Note:
1. After areset, the XIN and XCIN clocks are stopped. Write a program to oscillate the
XIN and XCIN clocks.

Appendix Figure 3.1  Oscillation Evaluation Circuit Example
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Appendix 4. Comparison between R8C/M12A Group and R8C/M13B
Group

Appendix Table 4.1 lists Specification Comparison between R8C/M12A Group and R8C/M13B Group.
For details on the RBC/M 12A Group specifications, refer to the RBC/M11A Group, R8BC/M12A Group User’'s Manual:
Hardware.

Appendix Table 4.1 Specification Comparison between R8C/M12A Group and R8C/M13B Group

Item Function R8C/M12AGroup R8C/M13B Group
Memory ROM 2 KB, 4 KB, 8 KB 4 KB, 8 KB, 16 KB
RAM 256 bytes, 384 bytes, 512 bytes 384 bytes, 512 bytes, 1K bytes
Clock generation | XCIN clock Not available Available
circuit generation
circuit
I/O port Number of pins |20 32

Added ports:
P2_2/TRCIOD/TRKI/SSO/SDA
P2_1/TRCIOC/TRKO/SSCK/SCL
P2_0/TRCIOB/TRKO/INT1
P3_1/XIN/TRBO
PO_7/TRCIOC/TRKO
PO_6/TRCIOD
PO_5/TRCIOB
PO_4/TRCIOB/TREO
PO_3/TRCIOB/CLK1
PO_2/TRCIOA/TRCTRG/RXD1/IrRXD
PO_1/TRCIOA/TRCTRG/TXD1/IFTXD
PO_O/TRCIOA/TRCTRG

Number of 17 29
CMOS I/O ports Added ports:
P2 2,P2 1,P2 0,P3 1,P0 _7,P0 6,
PO_5,P0_4,P0_3,P0_2,P0_1,P0_0
Timer Timer RE2 Not available Available
Timer RK Not available Available
Serial interface UARTL1 Not available Available
Clock IIC/SSU Not available Available
synchronous
serial interface
IrDA interface Not available Available
A/D converter Number of A/ID |6 channels 8 channels
channels Added channels:
AN5, AN6
Package 20-pin LSSOP 32-pin LQFP
20-pin DIP
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Appendix 4. Comparison between R8C/M12A Group and R8C/M13B Group

Appendix Tables 4.2 and 4.3 list the Register Comparison between R8C/M12A Group and R8C/M13B Group.

For details on the RBC/M12A Group registers, refer to the RBC/M11A Group, R8BC/M12A Group User’s Manual:

Hardware.

Appendix Table 4.2 Register Comparison between R8C/M12A Group and R8C/M13B Group (1)

Related Function Register Address Bit Remarks
System Control MSTCR 00012h MSTTRE Functions added
MSTCR1 00017h MSTUART1, MSTTRK, MSTICSU, Register added
MSTIRDA
Clock EXCKCR 00020h CKPT1, CKPTO Functions changed
XCRCUT, XCINNC1, XCINNCO, Functions added
CKPT3, CKPT2
SCKCR 00022h LSCKSEL Functions added
Interrupt ILVL1 00041h ILVL11, ILVL1O0 Register added
ILVL5 00045h ILVL51, ILVL50 Functions added
ILVL7 00047h ILVL75, ILVL74 Functions added
ILVL9 00049h ILVL95, ILVL94 Functions added
ILVLA 0004Ah ILVLAL, ILALAO Functions added
IRRO 00050h IRS1R, IRS1T, IRTE Functions added
IRR1 00051h IRTK, IRIS Functions added
PO PDO 000A8h Register added
PO 000AEh Register added
PURO 000B4h Register added
PODO 000COh Register added
PMLO 000C6h Register added
PMHO 000C7h Register added
P1 0,P1_2, PML1 000C8h P12SEL1, P12SELO, P10SEL1, Functions changed
P1 4,P1 5 P16 P10SELO
PMH1 000C9%h P16SEL1, P16SELO, P15SEL1, Functions changed
P15SELO, P14SEL1, P14SELO
P2 _0,P2_1,P2 2|PD2 000AAhQ PD2_2,PD2_1,PD2_0 Register added
P2 000BOh P2 2,P2 1,P2 0 Register added
PUR2 000B6h PU2_2,PU2_1,PU2 0 Register added
POD2 000C2h POD2_2, POD2_1, POD2_0 Register added
PML2 000CAh P22SEL1, P22SELO, P21SEL1, Register added
P21SELO, P20SEL1, P20SELO
P3_1,P3_3,P3_4|PD3 000ABh PD3 1 Functions added
P3 000B1h P3 1 Functions added
PUR3 000B7h PU3 1 Functions added
POD3 000C3h POD3_1 Functions added
PML3 000CCh P33SEL1, P33SELO Functions changed
P31SEL1, P31SELO Functions added
PMH3 000CDh P34SEL1, P34SELO Functions changed
P4 2, P45, PML4 000CEh P42SEL1, P42SELO Functions changed
P4_6, P4_7 PMH4 000CFh PA7SEL1, PA7SELO, P46SEL1, Functions changed
P46SELO, P45SEL1, P45SELOQ
AN5, AN6 ADINSEL 0009Dh ADGSEL1, ADGSELO Functions changed
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Appendix Table 4.3 Register Comparison between R8C/M12A Group and R8C/M13B Group (2)

Related Function Register Address Bit Remarks
Timer RK TMKM 00188h Registers added
TMKCR 00189h
TMKLD 0018Ah
TMKCMP 0018Bh
TMKIR 0018Ch
Timer RE2 TRESEC 00130h Registers added
(TRECNT)
TREMIN 00131h
TREHR 00132h
TREWK 00133h
TREDY 00134h
TREMON 00135h
TREYR 00136h
TRECR 00137h
TRECSR 00138h
TREADJ 00139h
TREIFR 0013Ah
TREIER 0013Bh
TREAMN 0013Ch
TREAHR 0013Dh
TREAWK 0013Eh
TREPRC 0013Fh
UART1 U1MR 00190h Registers added
U1BRG 00191h
UITBL 00192h
UITBH 00193h
ulco 00194h
UlcC1l 00195h
U1RBL 00196h
U1RBH 00197h
UlIR 00198h
IrDA IRCR 0019Ch Register added
IIC/SSU IICCR 00160h Registers added
SSBR 00161h
SITDR 00162h
SIRDR 00164h
SICR1 00166h
SICR2 00167h
SIMR1 00168h
SIER 00169h
SISR 0016Ah
SIMR2 0016Bh
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Index

[A] OF S e 32,41
ADCOND oo et OF S22 it 31,40
ADi(i=0or1)
ADICSR ............. .
ADINSEL oottt ettt ettt
ADMOD ..o
AIADRi (i=0or1) .. .
AIENT (1 20 08 1) oiiiiiieiieeiie it

P 169
Pa 176

[B]
BAKCR ..ot

[C]
CKRSCR .o
CKSTPR .. .
CSPR oo

[E]
EXCKCR oot

[F]

FR18SO0 ...
FR18S1 ...
FREFR e

(1] [R]

[M]

MSTCR ... (T]

MSTCR1

OCOCR oo 79 TMKLD (TMKCNT) ittt 299
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TIMKM oo [W]

TRBCR .ttt WCBI1INTR ...
TRBIOC ..ot WCB3INTR ...
TRBIR .....
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1.00 Mar 11, 2011 All pages | “Preliminary” and “Under development” deleted
B-1 00021h, 00028h, 00030h, 00035h, 000DEh and 000E7h revised
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Table 1.1 Watchdog timer: revised
Table 1.4 “Voltage Detection Circuit” deleted
Table 1.5: Description revised
13 3.1 “02FFFh” — “02FFh”
14 Table 3.1 00021h, 00028h, 00030h to 00033h, 00035h revised
17 Table 3.4 000DEh and 000E7h revised
18 Table 3.5 00167h revised
22 Table 3.9 Notes 1 and 2 revised
23 4. revised
24 Table 5.2 Notes 3 and 4 revised
25 5.2.1 “For details, see 6. Resets.” added
26 5.2.2 After Reset: “MSTINT” — “MSTINI", Note 4 revised
“When changing ...l function beforehand.” added
27 5.2.3 b3 revised, 5.2.4 Note 1 added
28 5.2.5b2: “Setto 0.” — “Set to 1.”, “When changing ...I function beforehand.” added
31, 32 5.2.7 and 5.2.8 Note 1 revised
33 Table 5.2 “PRC3" revised,
5.4 “Table 5.3 lists ... Register (HRPR).” and Table 5.3 added
37 Table 6.2 Notes 2 and 3 revised, 6.2.1 “For details, see 6. Resets.” added
40, 41 6.2.3 and 6.2.4 Note 1 revised
42 Figure 6.2 Note 1 revised
43 6.3.2 “Figure 6.3 shows ... “ deleted
44 Figure 6.3 deleted
62 “7.6 Digital Filter for Voltage Detection Circuits 0 and 1" and Figure 7.6 added
63 Table 8.1 revised, Note 1 deleted
64 Figure 8.1 revised
65 Table 8.2 and 8.2.1 title revised, Note 1 “Do not write ... set to 1.” deleted
66 8.2.2 revised, 8.2.3 After Reset revised
67 8.2.6 title, b6 bit name, and “[Condition for setting to 1]” revised, Note 1 added
68 8.3.1.1 “In addition, ... set to 1.” added, Figure 8.2 revised
69 Table 8.3 Specification revised, Note 2 deleted
70 Table 8.4 Specification revised, Notes 1 to 3 deleted
71 Table 8.5 revised, Note 1 added, Figure 8.3 “and ... period: 25 %)” added
72 8.4 revised
73 Table 9.1: “Clock frequency”, “Others” revised, Notes 2 and 4 deleted
74 Figure 9.1 revised
76 Table 9.3 Register Name revised, “XCIN Clock Control Register” added
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1.00 Mar 11, 2011 77,78 9.2.1 b0 to b3: Function revised, “Bits CKPTO to CKPT1", “Bits CKPT2 to
CKPT3", “XRCUT Bit", and “XCRCUT Bit” revised
79 9.2.2 “HOCOE Bit” and “LOCODIS Bit", Table 9.5 revised
80 9.2.3 b0 to b2: Bit Name and Function revised, b6 and b7 Function revised,
“LSCKSEL Bit" deleted
81 9.2.4 revised
82 9.2.5 b0 Function and “SCKSEL Bit”, “WCKSTP Bit” revised
83, 84 9.2.6 b5: Bit Name revised, b6 and b7: Bit Name and Function revised,
Note 1 added, “Bits CKSTO to CKST3"” and Table 9.7 revised, “WAITRS Bit” and
“STOPRS Bit” deleted
85 9.2.7 b2: Bit Name, b1 and b2: Function, Note 1 and “[Condition for setting to 1]"
revised, 9.2.8 added
87t089 |9.3.1t09.3.4 revised
90t0 93 |9.4.1t09.4.5revised, 9.4.6, 9.4.6.1 and 9.4.6.2 added
94 9.5 “The XINHALT bit in the BAKCR register = 1” — “The XINHALT bit in the
BAKCR register = 0", 9.5.1 “See 11.8 ... interrupt sources.” added
95, 535 9.6.2 and 25.3.2 “When the MCU is ... to the chip.” deleted
97 Figure 10.1 revised
99 10.2.1 and 10.2.2 “fHOCO can be ... 1 (high-speed on-chip oscillator on)” deleted
100 10.3 and 10.3.1 “that use these clocks” — “that use the system clock and ... by
the prescaler”
101 to 104 |10.3.4 revised, Table 10.3 “Watchdog timer interrupt” deleted, Figure 10.3 added
105 10.4.2 revised
106 10.4.3 revised
107 to 110 |10.5, 10.5.1 t0 10.5.12 added
111, 536 |10.6.1 and 25.4.1 revised
112 Table 11.1 “Enable or” deleted
115 11.2.1 Note 1 added
117 Note 1 “KIiPL bit” — “bits KIiPL or KIEEN"
119 11.2.6 and 11.2.7 “See 11.4.2.1 ... peripheral function interrupts.” added
120 11.2.8 b0 and b1 “Set to 0.” — “The read value is 0.”,
“The IRR2 register is ... peripheral function interrupts.” added
122 11.2.10 and 11.2.11 “This register remains ... or software reset.” added
123 Table 11.5 BRK instruction: “OFFE7h” — “OFFE6h”
125 11.4.2 revised, 11.4.2.1
126 Table 11.7 and 11.4.2.2 added
127 11.4.3 “Each flag ... IRR3 = 1" — “The interrupt request ... flag (IRR3) = 1"
128 11.4.4 (1) revised
130 11.4.7 revised, Note 1 added
133 Figure 11.8 Note 1 deleted
134 11.5.1 “Several input ... to INTO". - “The input ... can be selected.”
135 11.5.2 “The INTi input ... in the INTFO register” deleted
136 Figure 11.11 revised
138 Figure 11.12 revised
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145 Table 12.3 Port PA Mode Control Register: “00010001b” — “00010011b”
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185 Figure 12.10 added
194 Figure 12.21 revised
196, 541 |12.13.1, 25.6.1 revised, 12.13.2 and 25.6.2 added
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198 Figure 13.1 revised
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203 Table 13.6 “I/O port” — “Not used”
205 13.3.6 title revised
208,209 |13.4.3 and 13.4.4 revised
213,542 |[13.5 and 25.7 (3): “external event” — “external pulse”, (13) added
215 14.2 “Do not use ... INTO pin enabled).” deleted
216 Table 14.3 Register name revised
217 14.3.1 Notes 2 and 3 deleted
224 14.3.8 title revised
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251 15.2.2 “TRCCRD” — “TRCGRD”,
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253 15.2.4 b5 and b6: Function revised
272 Table 15.12: Note 1 revised
279 Figure 15.19 revised
282 15.4.1 “TRCIOD” — “TRCIOB”
283 to 285 |Figures 15.23 to 15.26 “TRCOAE_XN”" — “TRCOBE_XN"
286 Figure 15.27 revised
291,545 |15.6.2,15.6.4, 25.9.2 and 25.9.4 “CPU clock” — “system clock”,
15.6.7, 25.9.7 “MSTR Register” — “MSTCR Register”
355 Figure 18.2 revised
360 18.2.6 revised
371 Table 18.8: Note 1 revised
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430, 433 [20.4.2.5, 20.4.2.6 (2) revised
446 Table 21.1 revised, Note 1 added
447 Figure 21.1 and Table 21.2: Function revised
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450 21.2.2 revised
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452,453 |21.2.4 and 21.2.5 revised
454 21.3, 21.3.1.1, Figure 21.2 revised
455 Table 21.6 and Figure 21.3 revised, Note 3 added, Table 21.7 deleted
456 21.3.2 (1) and Figure 21.4 revised
457 21.3.3 (2), (3) and Figure 21.5 revised
458 21.3.4, Figure 21.6 revised
459 21.3.5, Figure 21.7 revised
460 21.4 revised, 21.5 deleted
461, 462, |21.5.1t021.5.3, and 25.14.1 to 25.14.3 revised,
552,553 |[21.5.2, Figure 21.10, 25.14.2, Figure 25.4 deleted
464 Table 22.2: Note 1 added
469 Table 22.4 step 4: “(TBD ps max.)” — “(100 us max.)”
479 23.5.2 Note 2 revised, Note 5 added
482 23.5.4 Note 2 added, “FMR27 Bit” revised
483 23.5.5 revised, Function: “TBD kHz" — “60 kHz",
485 Table 23.7: Note 3 added
487 Figures 23.5 and 23.6 revised
489 Table 23.8 revised, 23.6.6.1 added
490, 494 | Figure 23.8 and 23.12 to 23.14 title revised
491, 492 | Figures 23.9 and 23.10 title, Note 1 revised
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501 Table 23.9: Note 1 revised
504 Figure 23.20 revised
509, 555 |23.8.2.9, 23.8.2.10, 25.15.2.9, and 25.15.2.10 deleted
517 Table 24.11 revised
519 Tables 24.10 and 24.11 revised, Note 3 deleted
522 Table 24.14 revised
523, 527, |Tables 24.15, 24.21, 24.27 “RixciN” added
531
524,528, |Tables 24.16, 24.22, 24.28 revised
532
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83 9.2.6 Note 2 added
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87 9.3.1 Description, Figure 9.3 revised
88 9.3.2 Description, Figure 9.4 revised
90 9.4.4 Table 9.8 revised
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93 Figure 9.7 revised
97 Figure 10.1 revised
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109 Figure 10.6 revised
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“25.5.7 Changing Interrupt Priority Levels and Flag Registers” added
199 Figure 13.1 revised
201 13.3.1 Note 3 added
203 13.3.3 b6 and b7: Function revised
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207 13.4.1 and Figure 13.2 revised
208 Figure 13.3 revised
209 Figure 13.4 revised
212 Figure 13.7 revised
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281 Figure 15.19 revised
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556, 557
298 16.2.2 Note 2 added
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363 18.2.6 Note 1 revised, Note 2 added
370 Table 18.6 Note 2 added
376 18.4 Description revised
379 19.2.1 Bits IRCKSO to IRCKS2: Description revised
382 19.4 revised
393 20.2.5.1 b4 and b7: Function revised
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