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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




General Precautions in the Handling of MPU/MCU Products

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

1.

Handling of Unused Pins

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

manual.

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

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

— The states of internal circuits in the LS| are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

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

Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

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

Clock Signals

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

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

Differences between Products

Before changing from one product to another, i.e. o 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.




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 is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

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

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

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

The following documents apply to the R8C/24 Group, R8C/25 Group. Make sure to refer to the latest versions of these
documents. The newest versions of the documents listed may be obtained from the Renesas Technology Web site.

Document Type Description Document Title | Document No.
Datasheet Hardware overview and electrical characteristics | R8C/24 Group, REJO3B0117
R8C/25 Group
Datasheet
Hardware manual | Hardware specifications (pin assignments, R8C/24 Group, This hardware
memory maps, peripheral function R8C/25 Group manual

specifications, electrical characteristics, timing Hardware Manual
charts) and operation description

Note: Refer to the application notes for details on
using peripheral functions.

Software manual | Description of CPU instruction set R8C/Tiny Series | REJ09B0001
Software Manual
Application note | Information on using peripheral functions and Available from Renesas
application examples Technology Web site.
Sample programs

Information on writing programs in assembly
language and C

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




2. Notation of Numbers and Symbols

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

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PMO03 bit in the PMO register
P3 5 pin, VCC pin

(2) Notation of Numbers
The indication “b™ is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. 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 below.

XXX Register *1
b7 b6 bS5 b4 b3 bZ bl bl
| | I I ‘ 0 I><| ( Symbol Address After Reset
T XXX XXX 00h
1
E Bit Symbol Bit Name Function RW *
1 | —
L XXX bits 1o
1 XXX0 ! 1.0: XXX
01: XXX
10: Do not set.
XXX 11: XXX RW
_______ — Nothing is assigned. If necessary, set to 0.
(b2) When read, the content is undefined. I
R —
---------- (b3) Reserved bits Setto 0. RW .
|- "4
____________ XXX4 XXX bits Function varies according to the operating RW
mode.
--------------- XXX5 WO
- XXX6 RW
bmmmmmees XXXT | XXX bit 9 %% RO

*1
Blank: Set to 0 or 1 according to the application.
0: Setto 0.
1: Setto 1.
X: Nothing is assigned.

*2
RW: Read and write.
RO: Read only.
WO: Write only.
—: Nothing is assigned.

*3
* Reserved bit
Reserved bit. Set to specified value.

*4

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

* Do not set to a value
Operation is not guaranteed when a value is set.

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




4.

List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment bus
110 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
SFR Special Function Registers
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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Address Register Symbol Page Address Register Symbol Page
0000h 0040h
" 0007h 0041h
[ 0002h 0042h
0003h 0043h
0004h | Processor Mode Register 0 PMO 71 0044h
0005h | Processor Mode Register 1 PM1 71 0045h
0006h | System Clock Control Register 0 CMO 75 0046h
[ 0007h | System Clock Control Register 1 WM 76 0047h
[ 0008h | 0048h | Timer RDO Interrupt Control Register TROOIC 107
0009h 00459h | Timer RD1 Interrupt Control Register TRDAIC 107
000Ah | Protect Register PRCR 100 004Ah | Timer RE Interrupt Control Register TREIC 106
000Bh 004Bh
000Ch | Oscillation Stop Detection Register oCcD 77 004Ch
| 000Dh | Watchdog Timer Reset Register WDTR 129 004Dh | Key Input Interrupt Control Register KUPIC 106
000Eh | Watchdog Timer Start Register WOTS 129 | O04ER | A/D Conversion Interrupt Control Register | ADIC 106
000Fh | Watchdog Timer Control Register WDC 128 004Fh | SSUMIC Interrupt Control Register SSUICICIC 107
0010h | Address Match Interrupt Register 0 RMADO 121 0050h
0011h 0051h | UARTO Transmit Interrupt Confrol Register | SOTIC 106
0012h 0052h | UARTO Receive Interrupt Control Register | SORIC 106
| 0013h | Address Match Interrupt Enable Register AIER 121 0053h | UARTT Transmit Interrupt Control Register | S1TIC 106
[ 0014h | Address Match Interrupt Register 1 RMAD1 121 0054h | UARTT Receive Interrupt Control Register | STRIC 106
0015h 0055h | INT2 Interrupt Control Register INT2IC 108
[ 0016h | 0056h | Timer RA Interrupt Control Register TRAIC 106
0017h 0057h
0018h 0058h | Timer RB Interrupt Control Register TRBIC 106
" 0015h | 0059h | INTT Interrupt Control Register [NTAIC 108
[ 001AR [ 005Ah | TNT3 Interrupt Control Register INT3IC 108
001Bh 005Bh
001Ch | Count Source Protection Mode Register CSPR 129 005Ch
001Dh 005Dh | INTO Interrupt Control Register INTOIC 108
001Eh 005Eh
001TFh U05Fh
" 0020h | 0060h
0021h 0061h
0022h 0062h
0023h | High-Speed On-Chip Oscillator Control FRAO 78 0063h
Register 0 0064R
0024h High_@peed On-Chip Oscillator Control FRA1 73 —O0EEh
Register 1
" 0025h | High-Speed On-Chip Oscillator Control FRAZ 79 | 0066h
— Register 2 0067h
—5097h 0068h
0069h
| 0028h | Clock Prescaler Reset Flag CPSRF a0
002%h High_@peed On-Chip Oscillator Control FRA4 79 _g.g.g;
Register 4
" 00ZAh | 006Ch
002Bh | High-Speed On-Chip Oscillator Control FRAB 79 006Dh
Register 6 006ER
" 002Ch | High-Speed On-Chip Oscillator Control FRAY 79
Register 7 006Fh
0070h
[ 0030h 0071h
0031h | Voltage Detection Register 1 VCA1 36 0072h
0032h | Voltage Detection Register 2 VCA2 36, 80 0073h
0033h 0074h
0034h 0075h
" 0035h 0076h
[ 0036h | Voltage Monitor 1 Circuft Control Register VIWAC 33 0077h
0037h | Voltage Monitor 2 Circuit Control Register VIWZC 39 [ 0078h
0038h | Voltage Monitor 0 Circuit Control Register VWOC 7 0075h
0035h 007Ah
003Ah 007Bh
003Bh 007Ch
[ 003Ch 007Dh
003Dh | 007ER
003Eh 007Fh
003Fh
NOTE:
1. The blank regions are reserved. Do not access locations

in these regions.




Address Register Symbol Page Address | Register Symbol Page
0080h 00COh | A/D Register AD 386
—008Th 00CTh
—0082h 0CzZh
0083h 0C3h
0084h 0c4h
0085h 00C5h
0086h 00C6h
—0087h T0CTh
[ 0088h | 00C8h
008%h 00C9h
008Ah 00CAh
008Bh 00CBh
008Ch 00CCh
—008DRh T0CDh
" 008ER [ O0CER
U08Fh O0CFh
0090h 00D0R
0091h 00D1h
0092h 00Dzh
—0093h 003h
[ 0054h 00D4h ™| AID Control Register 2 ADCON2 386
0095h 00D5h
0096h 00D6h | A/D Control Register 0 ADCOND 385
0097h 00D7h | A/D Control Register 1 ADCON1 386
0098h 00D8h
" 0095h | 00D3h
" 0092h [ 00DAR
009Bh 00DBR
009Ch 00DCh
009Dh 00DDh
009ER 00DER
09Fh 0DFh
| 00AOR | UARTO Transmit/Receive Mode Register UOMR 291 | 00EOh | Port PO Register PO 56
00ATh | UARTO Bit Rate Register UOBRG 291 00ETh | Port P1 Register P1 56
00AZh | UARTO Transmit Buffer Register UoTB 290 00E2h | Port PO Direction Register PDO 56
00A3h 00E3h | Port P1 Direction Register PD1 56
00A4h | UARTO Transmit/Receive Control Register 0 | UOCO 292 00E4h | Port P2 Register P2 56
| O0ASh | UARTO TransmitiReceive Control Register 1 | UOCT 293 | O0EBh ™| Port P3 Register P3 56
" 00ABh | UARTO Receive Buffer Register UORB 290 | 00E6h | Port P2 Direction Register PD2 56
00A7h 00E7h | Port P3 Direction Register PD3 56
00AZh | UART1 Transmit/Receive Mode Register U1MR 291 00ES8h | Port P4 Register P4 56
00ASh | UARTT Bit Rate Register U1BRG 291 00ESh
00AAh | UART1 Transmit Buffer Register u1TB 290 00EAh | Port P4 Direction Register PD4 56
TU0ABh U0EBh
| O0ACh | UART1 Transmit/Receive Control Register 0 | U1CO 292 | O0ECh | Port P6 Register P6 56
00ADh | UART1 Transmit/Receive Control Register 1 | U1C1 293 00EDh
00AEh | UART1 Receive Buffer Register U1RB 290 00EEh | Port P& Direction Register PD6 56
00AFh O0EFh
00B0h 00FOh
" 00BTh 00FTh
" 00B2h 00FZh
00B3h 00F3h
00B4h 00F4h | Port P2 Drive Capacity Confrol Register P2DRR 58
00B5h 00F5h | UART1 Function Select Register U1SR 293
00B6h 00F6h
00B7h O0F7h
| 00BBh | S5 Control Register H /11C bus Control Register 1 | SSCRHICCRT | 308, 338 | 00F8h | Port Mode Register FMR 58, 293,
T 00B9h | SS Control Register L/ 1IC bus Control Register 2 | SSCRUICCRZ | 309, 339 314,344
00BAh | SS Mode Register /11C bus Mode Register | SSMIRICMR | 310, 340 00FSh | External Input Enable Register INTEN 115
00BBh | 59 Enable Register /11C bus Interupt Enable Register | SSERICIER | 371, 341 00FAh | INT Input Filter Select Register INTF 116
00BCh | 55 Status Register /11C bus Status Register | SSSRICSR | 312, 342 0O0FBh | Key Input Enable Register KIEN 119
00BDh | 55 Mode Register 2/ Slave Address Register | SSMROISAR | 313, 343 00FCh | Pull-Up Control Register 0 PURD 57
00BER | 55 Transmit Data Register/l[C bus Transmit | SSTDRICDRT | 314, 343 00FDh | Pull-Up Control Register 1 PUR1 57
Data Register 00FEh
00BFh | S5 Receive Data Register/lIC bus Receive | SSRDRACDRR | 314, 344 DOFFh
Data Register
NOTE:
1. The blank regions are reserved. Do not access locations

in these regions.




Address Register Symbol Page Address Register Symbol Page
0100h | Timer RA Control Register TRACR 135 0130h
0101h | Timer RA /O Control Register TRAIOC 135, 137, 140, 0131h
142,144, 147 7739h
0102h | Timer RA Mode Register TRAMR 136 0753h
0103h | Timer RA Prescaler Register TRAPRE 136 0734n
0104h | Timer RA Register TRA 136 0135h
0105h 0736h
0106h | LIN Control Register LINCR 370 0737h | Timer RD Start Register TROSTR 184, 198, 215,
0107h | LIN Status Register LINST n 228, 238, 252
0108h | Timer RB Control Register TRBCR 151 0138h | Timer RD Mode Register TRDMR 184, 198, 215,
010%h | Timer RB One-Shot Control Register TRBOCR 151 —— R OPHR 228, 239, 252
010Ah | Timer RB /0 Conirol Register TRBIOC | 152, 154, 158, 0T3%h | Timer ode Register 185, 199, 216
160, 165 013Ah | Timer RD Function Control Register TRDFCR 186, 200, 217,
070BR | Timer RB Mode Register TRBVR 152 N — 229, 240, 253
070Ch | Timer RE Prescaler Register TRBPRE 153 0138n | Timer RD Output Master Enable Register 201, 218, 250,
010Dh_| Timer RB Secondary Register TRBSC 153 073Ch | Timer RD Output Master Enable Register | TRDOERZ | 201, 216, 230,
010Eh | Timer RB Primary Register TREPR 153 2 241, 254
010Fh 013Dh | Timer RD Output Control Register TRDOCR 202, 219, 255
0110h 013ER | Timer RD Digital Filter Funciion Select TRDDFO 187
0111h Register 0
073Fh | Timer RO Digtal Filter Function Select TRDDF1 187
0112h Register 1
0113h 0140h | Timer RD Control Register 0 TRODCRO 188, 203, 219,
011dh 231, 242, 256
ERED 0141h | Timer RD IO Control Register AD TRDIORAD 189, 204
0116h 0142h | Timer RD IO Control Register C0 TRDIORCO 190, 205
0143h | Timer RD Status Register 0 TRDSRO 191, 206, 220,
onrh 232, 243, 257
0118h -S;T: rRF;I!E;iSSlzrrznnd Data Register / Counter | TRESEC 273, 281 0744h | Timer RD Interrupt Enable Register 0 TROIERD 192, 207, 221,
0715h | Timer RE Minute Data Register | Compare | TREMIN 273, 281 233,244, 258
Data Register 0145h | Timer RD PWM Mode Output Level TRDPOCRO 222
011Ah | Timer RE Hour Data Register TREHR 274 Control Reé]mter 0 5 —
- 0146h | Timer RD Counter 192, 207,222,
011Bh | Timer RE Day of Weell( Data Register TREWK 274 OTA7h 233, 245, 258
011Ch | Timer RE Control Register 1 TRECRT 275, 282 | 0748h | Timer RD General Register AD TROGRAD 193, 208, 223,
011Dh | Timer RE Control Register 2 TRECR2 276, 282 [ 0149n | 234, 245, 259
011Eh | Timer RE Count Source Select Register TRECSR 277,283 014Ah | Timer RD General Register B0 TRDGRBO 193, 208, 223,
01iFh 014ER 234, 245, 255
—0120R 014Ch | Timer RD General Register C0 TRDGRCO 193, 208,
0121h 014Dh 223,234, 255
014Eh | Timer RD General Register DO TRDGRDO 193, 208, 223,
012Zh 074Fh 234,245, 259
0123h 0150h | Timer RD Control Register 1 TROCR1 188, 203,
0124h 219, 242
0125h 0757h | Timer RD 'O Control Register A TRDIORA1 189, 204
—0126h 0752h | Timer RD 'O Control Register C1 TRDIORCAT 190, 205
0127h 0153h | Timer RD Status Register 1 TRDSR1 191, 206, 220,
NERED 232, 243, 257
0154h | Timer RD Interrupt Enable Register 1 TRDIERT 192, 207, 221,
0125n 233, 244, 258
012Ah 0755h | Timer RD PWM Mode Output Level TRDPOCR1 22
012Bh Control Register 1
0156h | Timer RD Counter 1 TRD1 192, 207, 222,
012Ch
07200 0157h 245
0158h | Timer RD General Register A1 TRDGRA1 193, 208, 223,
012Eh 234, 245, 255
012Fh 015Ah | Timer RD General Register B1 TROGRBT | 193, 208, 223,
015Bh 234, 245,255
NOTE: . 015Ch | Timer RD General Register C1 TRDGRC1 193, 208, 223,
1. The blank regions are reserved. Do not access locations 0150h 234, 245, 259
in these regions. 075En | Timer RD General Register D1 TRDGRDT | 193, 208, 223,
U15Fh 234, 245, 255




Address Register Symbol Page Address Register Symbol Page
0160h 01A0h
0161h 01ATh
0162h 01AZh
0163h 01A3h
0164h 01Adh
0165h 01A5h
0166h 01A6h
0167h 01A7h

" 0168h 07A%h
0165h 01ASh
016AR 01AAR
016Bh 01ABh
016Ch 01ACh

" 0160h 01ADR

" 016ER 01AER
016Fh 01AFh
0170h 01BOh
0171h 01B1h
0172h 01B2h
0173h 01B3h | Flash Memory Control Register 4 FMR4 408
0174h 01B4h
0175h 01B5h | Flash Memory Control Register 1 FMR1 A07
0176h 01B6h
0177h 01B7h | Flash Memory Control Register 0 FMRO A06
0178h 01B8h

" 017%h 01ESh
017AR 01EAR
017Bh 01EBh
017Ch 01BCh
017Dh 01BDh
017ER 01BEh
017Fh

[ 0180h FFFFh | Option Function Select Register OFs 27,128, 401
0181h
0182h
0183h
0184h

0185

" 0186h
0187h
0188h
0185h
018Ah

" 018Bh

" 018Ch
018Dh
018Eh
018Fh
0190h
0151h
0192h
0193h
0194h
0195h
0196h
0157h

" 0198h
0195h
019Ah
019Bh
019Ch
019Dh

" 019ER
019Fh

NOTE:

1. The blank regions are reserved. Do not access locations

in these regions.




RENESAS

R8C/24 Group, R8C/25 Group
SINGLE-CHIP 16-BIT CMOS MCU

REJ09B0244-0300
Rev.3.00
Feb 29, 2008

1. Overview

These MCUs are fabricated using a high-performance silicon gate CMOS process, embedding the R8C/Tiny Series
CPU core, and are packaged in a 52-pin molded-plastic LQFP or a 64-pin molded-plastic FLGA. It implements

sophisticated instructions for a high level of instruction efficiency. With 1 Mbyte of address space, they are capable of
executing instructions at high speed.

Furthermore, the R8C/25 Group has on-chip data flash (1 KB x 2 blocks).

The difference between the R8C/24 Group and R8C/25 Group is only the presence or absence of data flash. Their
peripheral functions are the same.

11 Applications

Electronic household appliances, office equipment, audio equipment, consumer products, etc.

Rev.3.00 Feb 29,2008 Page 10f485 .’{ENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 1.Overview

1.2 Performance Overview

Table 1.1 outlines the Functions and Specifications for R8C/24 Group and Table 1.2 outlines the Functions and
Specifications for R8C/25 Group.

Table 1.1 Functions and Specifications for R8C/24 Group
Iltem Specification
CPU Number of fundamental 89 instructions
instructions
Minimum instruction execution 50 ns (f(XIN) = 20 MHz, VCC = 3.0t0 5.5 V)
time 100 ns (f(XIN) = 10 MHz, VCC = 2.7 to 5.5 V)
200 ns (f(XIN) =5 MHz, VCC =2.2t0 5.5 V)
Operating mode Single-chip
Address space 1 Mbyte
Memory capacity Refer to Table 1.3 Product Information for R8C/24 Group
Peripheral Ports 1/O ports: 41 pins, Input port: 3 pins
Functions LED drive ports I/0 ports: 8 pins
Timers Timer RA: 8 bits x 1 channel
Timer RB: 8 bits x 1 channel
(Each timer equipped with 8-bit prescaler)
Timer RD: 16 bits x 2 channels
(Input capture and output compare circuits)
Timer RE: With real-time clock and compare match function
Serial interfaces 2 channels (UARTO, UART1)
Clock synchronous serial I/O, UART
Clock synchronous serial 1 channel
interface I2C bus Interface(1)
Clock synchronous serial I/O with chip select
LIN module Hardware LIN: 1 channel (timer RA, UARTO)
A/D converter 10-bit A/D converter: 1 circuit, 12 channels
Watchdog timer 15 bits x 1 channel (with prescaler)
Reset start selectable
Interrupts Internal: 11 sources, External: 5 sources, Software: 4
sources, Priority levels: 7 levels
Clock Clock generation |3 circuits
circuits + XIN clock generation circuit (with on-chip feedback resistor)
* On-chip oscillator (high speed, low speed)
High-speed on-chip oscillator has a frequency
adjustment function
+ XCIN clock generation circuit (32 kHz)
Real-time clock (timer RE)
Oscillation stop detection function | XIN clock oscillation stop detection function
Voltage detection circuit On-chip
Power-on reset circuit On-chip
Electrical Supply voltage VCC = 3.0 to 5.5 V (f(XIN) = 20 MHz)
Characteristics VCC = 2.7 to 5.5 V (f(XIN) = 10 MHz)
VCC =2.2t0 5.5V (f(XIN) =5 MHz)
Current consumption Typ. 10 mA (VCC =5.0V, f(XIN) = 20 MHz)
Typ. 6 mA (VCC = 3.0 V, f(XIN) = 10 MHz)
Typ. 2.0 pA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz)
Typ. 0.7 pA (VCC = 3.0 V, stop mode)
Flash Memory | Programming and erasure voltage | VCC =2.7t0 5.5V
Programming and erasure endurance | 100 times
Operating Ambient Temperature -20 to 85°C (N version)
-40 to 85°C (D version)(2)
-20 to 105°C (Y version)@)
Package 52-pin molded-plastic LQFP
64-pin molded-plastic FLGA
NOTES:

1. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
2. Specify the D version if D version functions are to be used.
3. Please contact Renesas Technology sales offices for the Y version.

Rev.3.00
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R8C/24 Group, R8C/25 Group 1.Overview

Table 1.2 Functions and Specifications for R8C/25 Group

ltem Specification

CPU Number of fundamental 89 instructions

instructions

Minimum instruction execution |50 ns (f(XIN) = 20 MHz, VCC =3.0t0 5.5 V)

time 100 ns (f(XIN) = 10 MHz, VCC = 2.7 to 5.5 V)

200 ns (f(XIN) =5 MHz, VCC =2.2t0 5.5 V)

Operating mode Single-chip

Address space 1 Mbyte

Memory capacity Refer to Table 1.4 Product Information for R8C/25 Group
Peripheral Ports 1/O ports: 41 pins, Input port: 3 pins
Functions LED drive ports I/O ports: 8 pins

Timers Timer RA: 8 bits x 1 channel

Timer RB: 8 bits x 1 channel

(Each timer equipped with 8-bit prescaler)
Timer RD: 16 bits x 2 channels

(Input capture and output compare circuits)
Timer RE: With real-time clock and compare match function

Serial interface 2 channels (UARTO, UART1)
Clock synchronous serial I/O, UART
Clock synchronous serial 1 channel
interface I2C bus Interface(?)
Clock synchronous serial I/O with chip select
LIN module Hardware LIN: 1 channel (timer RA, UARTO)
A/D converter 10-bit A/D converter: 1 circuit, 12 channels
Watchdog timer 15 bits x 1 channel (with prescaler)
Reset start selectable
Interrupts Internal: 11 sources, External: 5 sources, Software: 4
sources, Priority levels: 7 levels
Clock Clock generation |3 circuits
circuits « XIN clock generation circuit (with on-chip feedback
resistor)

* On-chip oscillator (high speed, low speed)
High-speed on-chip oscillator has a frequency
adjustment function

+ XCIN clock generation circuit (32 kHz)

Real-time clock (timer RE)
Oscillation stop detection function | XIN clock oscillation stop detection function

Voltage detection circuit On-chip
Power-on reset circuit On-chip
Electrical Supply voltage VCC = 3.0 to 5.5 V (f(XIN) = 20 MHz)
Characteristics VCC = 2.7 to 5.5 V (f(XIN) = 10 MHz)
VCC =2.2t0 5.5V (f(XIN) = 5 MHz)
Current consumption Typ. 10 mA (VCC = 5.0V, f(XIN) = 20 MHz)

Typ. 6 mA (VCC = 3.0V, f(XIN) = 10 MHz)

Typ. 2.0 pA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz)
Typ. 0.7 pA (VCC = 3.0 V, stop mode)

Flash memory | Programming and erasure voltage | VCC =2.7t0 5.5V

Programming and erasure 1,0000 times (data flash)
endurance 1,000 times (program ROM)
Operating Ambient Temperature -20 to 85°C (N version)

-40 to 85°C (D version)(2)
-20 to 105°C (Y version)@)
Package 52-pin molded-plastic LQFP
64-pin molded-plastic FLGA

NOTES:
1. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
2. Specify the D version if D version functions are to be used.
3. Please contact Renesas Technology sales offices for the Y version.
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R8C/24 Group, R8C/25 Group

1. Overview

1.3

Block Diagram

Figure 1.1 shows a Block Diagram.

AR AR S S Y S
-
Y Y y vy Y
/O ports | PortPO | | PortP1 | [ PortP2 || PortP3 | [ PortP4 || PortP6 |
Peripheral functions
A/D converter System clock
_ (10 bits x 12 channels) generation circuit
Timers
XIN-XOUT
Timer RA (8 bits) High-speed orH:h_ip o@c_illator
Timer RB (8 bits) UART or Low-speed on-chip oscillator
Timer RD cdlock synchronous serial 110 XCIN-XCOUT
(16 bits = 2 channels) (8 bits « 2 channels)
Timer RE (8 bits)
[2C bus interface or dock synchronous
serial /O with chip select
(8 bits x 1 channel)
LIN module
(1 channel)
Watchdog timer R8C/Tiny Series CPU core Memory
(15 bits)
ROH | ROL | SB | ROM™
R1H R1L
) UsP
R3 ISP
INTB | RAM®@
AD
A1
FB | FLG |
Multiplier
.
NOTES:
1. ROM size varies with MCU type.
2. RAM size varies with MCU type.

Figure 1.1 Block Diagram

Rev.3.00
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R8C/24 Group, R8C/25 Group

1. Overview

1.4 Product Information
Table 1.3 lists the Product Information for R8C/24 Group and Table 1.4 lists the Product Information for R8C/25
Group.

Table 1.3 Product Information for R8C/24 Group Current of Feb. 2008
Type No. ROM Capacity RAM Capacity Package Type Remarks

R5F21244SNFP 16 Kbytes 1 Kbyte PLQPO0052JA-A N version

R5F21245SNFP 24 Kbytes 2 Kbytes PLQPO0052JA-A Blank product

R5F21246SNFP 32 Kbytes 2 Kbytes PLQPO0052JA-A

R5F21247SNFP 48 Kbytes 2.5 Kbytes PLQPO0052JA-A

R5F21248SNFP 64 Kbytes 3 Kbytes PLQPO0052JA-A

R5F21244SNLG 16 Kbytes 1 Kbyte PTLGO0G4JA-A

R5F21246SNLG 32 Kbytes 2 Kbytes PTLGO064JA-A

R5F21244SDFP 16 Kbytes 1 Kbyte PLQPO0052JA-A D version

R5F21245SDFP 24 Kbytes 2 Kbytes PLQPO0052JA-A Blank product

R5F21246SDFP 32 Kbytes 2 Kbytes PLQPO0052JA-A

R5F21247SDFP 48 Kbytes 2.5 Kbytes PLQPO0052JA-A

R5F21248SDFP 64 Kbytes 3 Kbytes PLQPO0052JA-A

R5F21244SNXXXFP 16 Kbytes 1 Kbyte PLQPO0052JA-A N version

R5F21245SNXXXFP 24 Kbytes 2 Kbytes PLQPO0052JA-A Factory

R5F21246SNXXXFP 32 Kbytes 2 Kbytes PLQPO0052JA-A programming

R5F21247SNXXXFP |48 Kbytes 2.5 Kbytes PLQP0052JA-A product(1)

R5F21248SNXXXFP 64 Kbytes 3 Kbytes PLQPO0052JA-A

R5F21244SNXXXLG 16 Kbytes 1 Kbyte PTLG0064JA-A

R5F21246SNXXXLG 32 Kbytes 2 Kbytes PTLGO0064JA-A

R5F21244SDXXXFP 16 Kbytes 1 Kbyte PLQPO0052JA-A D version

R5F21245SDXXXFP 24 Kbytes 2 Kbytes PLQPO0052JA-A Factory

R5F21246SDXXXFP 32 Kbytes 2 Kbytes PLQPO0052JA-A programming

R5F21247SDXXXFP |48 Kbytes 2.5 Kbytes PLQP0052JA-A product(?)

R5F21248SDXXXFP 64 Kbytes 3 Kbytes PLQPO0052JA-A

NOTE:

1. The user ROM is programmed before shipment.

Rev.3.00
REJ09B0244-0300
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R8C/24 Group, R8C/25 Group

1. Overview

Type No.

RSF

21

24 6 S N XXX EP

\— Package type:

FP: PLQP0052JA-A (0.65 mm pin-pitch, 10 mm square body)
LG: PTLG0064JA-A (0.65 mm pin-pitch, 6 mm square body)

ROM number

Classification

N: Operating ambient temperature -20°C to 85°C
D: Operating ambient temperature -40°C to 85°C
Y: Operating ambient temperature -20°C to 105°C("

S: Low-voltage version

ROM capacity
416 KB
5:24 KB
6: 32 KB
748 KB
8: 64 KB

R8C/24 Group

R8C/Tiny Series

Memory type

F: Flash memory

Renesas MCU

Renesas semiconductor

NOTE:

1. Please contact Renesas Technology sales offices for the Y version.

Figure 1.2 Type Number, Memory Size, and Package of R8C/24 Group

Rev.3.00 Feb 29,2008 Page 6 of 485
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R8C/24 Group, R8C/25 Group

1. Overview

Table 1.4 Product Information for R8C/25 Group Current of Feb. 2008
ROM Capacity RAM
Type No. Program ROM Data flash Capacity Package Type Remarks
R5F21254SNFP 16 Kbytes 1 Kbyte x 2 1 Kbyte PLQPO0052JA-A | N version
R5F21255SNFP 24 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0052JA-A |Blank product
R5F21256SNFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO052JA-A
R5F21257SNFP 48 Kbytes 1 Kbyte x 2 2.5 Kbytes |PLQP0052JA-A
R5F21258SNFP 64 Kbytes 1 Kbyte x 2 3 Kbytes PLQPO052JA-A
R5F21254SNLG 16 Kbytes 1 Kbyte x 2 1 Kbyte PTLG0064JA-A
R5F21256SNLG 32 Kbytes 1 Kbyte x 2 2 Kbytes PTLG0064JA-A
R5F21254SDFP 16 Kbytes 1 Kbyte x 2 1 Kbyte PLQPO052JA-A | D version
R5F21255SDFP 24 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0052JA-A |Blank product
R5F21256SDFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO052JA-A
R5F21257SDFP 48 Kbytes 1 Kbyte x 2 2.5 Kbytes |PLQP0052JA-A
R5F21258SDFP 64 Kbytes 1 Kbyte x 2 3 Kbytes PLQPO052JA-A
R5F21254SNXXXFP |16 Kbytes 1 Kbyte x 2 1 Kbyte PLQPO052JA-A | N version
R5F21255SNXXXFP |24 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0052JA-A | Factory
R5F21256SNXXXFP |32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A |programming
R5F21257SNXXXFP |48 Kbytes 1 Kbyte x 2 2.5 Kbytes | PLQP0052JA-A product()
R5F21258SNXXXFP |64 Kbytes 1 Kbyte x 2 3 Kbytes PLQPO0052JA-A
R5F21254SNXXXLG |16 Kbytes 1 Kbyte x 2 1 Kbyte PTLG0064JA-A
R5F21256SNXXXLG |32 Kbytes 1 Kbyte x 2 2 Kbytes PTLG0064JA-A
R5F21254SDXXXFP |16 Kbytes 1 Kbyte x 2 1 Kbyte PLQPO0052JA-A | D version
R5F21255SDXXXFP |24 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0052JA-A | Factory
R5F21256SDXXXFP |32 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0052JA-A |programming
R5F21257SDXXXFP |48 Kbytes 1 Kbyte x 2 2.5 Kbytes | PLQP0052JA-A product()
R5F21258SDXXXFP |64 Kbytes 1 Kbyte x 2 3 Kbytes PLQPO0052JA-A
NOTE:
1. The user ROM is programmed before shipment.
Rev.3.00 Feb 29,2008 Page 7 of 485 :{ENESAS
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R8C/24 Group, R8C/25 Group 1.Overview

Type No. R5F 21256 S N XXX EP
\— Package type:

FP: PLQP0O052JA-A (0.65 mm pin-pitch, 10 mm square body)
LG: PTLG0064JA-A (0.65 mm pin-pitch, 6 mm square body)

ROM number

Classification
N: Operating ambient temperature -20°C to 85°C
D: Operating ambient temperature -40°C to 85°C
Y: Operating ambient temperature -20°C to 105°C("

S: Low-voltage version

ROM capacity
4: 16 KB
5:24 KB
6: 32 KB
748 KB
8: 64 KB

R8C/25 Group

REC/Tiny Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

NOTE:
1. Please contact Renesas Technology sales offices for the Y version.

Figure 1.3 Type Number, Memory Size, and Package of R8C/25 Group

Rev.3.00 Feb 29,2008 Page 8 of 485 .’{ENESAS
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R8C/24 Group, R8C/25 Group 1.Overview

1.5 Pin Assignments

Figure 1.4 shows PLQP0052JA-A Package Pin Assignments (Top View). Figure 1.5 shows PTLG0064JA-A
Package Pin Assignments.

Pin assignments (top view)

NC

39 |

[38 ] <> PO_7/ANO

28 | > P6_6/NT2/TXD1
27 | > P4_5/NTO

|34 | > P3_0/TRAO

[33 ] > P3_1/TRBO
[32 ] > P1_0/KIO/ANS
[31 ] > P1_1/KTT/ANS
30 | <> P1_2/KTI2/AN10
29 | <> P6_7/NT3/RXD1

35 I-d - PE_5/CLK1

[37 | > P6_3
[36 | P6_4

NC [40] 26| NC
PO_6/AN1 <-»[ 41 | 25 | > P1_3/KI3/AN11
PO_5/AN2 <[ 42 | 24 | <> P1_4/TXDO
PO_4/AN3 <[ 43 | 23 | <> P1_5/RXDO/(TRAIO)/(INTT)®
P4_2/VREF —»[ 44 | 22 | <> P1_6/CLKO
P6_0/TREO <[ 45 | 21 | <> P1_7/TRAIO/NTT

R8C/24 Group

P6_2 -w»[ 46| 20 |- P2_0/TRDIOAO/TRDCLK

| R8C/25 Group -

P6_1 - | 47 19 |- P2_1/TRDIOBO
PO_3/AN4 --»| 48 18 |- P2_2/TRDIOCO
PO_2/AN5 - 49 | 17 |- P2_3/TRDIODO
PO_1/ANG | 50 16 |- P2_4/TRDIOA1
PO_O/AN7 | 51 ' -~ 15 |-a P2_5/TRDIOB1
P3_7/SSO «»[ 52| / 14 | -a» P2_6/TRDIOC1

R REEEERREEEE
EEREEAEAREE;
\j
%§5|8E35Li’1$385
w O =+ =
w = 0 O o |0 = = = 0
© %2 30 Ta =X % g4
H4 o 0 P X 5 O + 0
O o ® <+ o) w o o =
Q <, a % = > 5
I © o = o~
[ o o
o
Package: PLQP0052JA-A(52P6A-A)
NOTES: 0.65 mm pin pitch, 10 mm square body

1. P4_7 is an input-only port.
2. Can be assigned to the pin in parentheses by a program.
NC: Non-Connection

Figure 1.4 PLQP0052JA-A Package Pin Assignments (Top View)
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R8C/24 Group, R8C/25 Group

1. Overview

Pin assignments (top perspective view)
A B C D E F G H
o a5 (o 38 (o
.| (3) 60 @8 @6 @5 (N 36 (o) |
P3_3/SSI PO_1/AN6  PO_3/AN4  P6_2  P6_O/TREO P6_4
7N
' NC ' /> C\ (NC
;| 4 B) @9 (o) @4 B4 By (o |,
P3_4/SDA/ PO_O/AN7  PO_2/AN5S P4_2/VREF P3_0/TRAO P6_5/CLK1
SCS
. iy =\ N
o Mo (5) B2 @47 @43 42 (o B3 |
o MODE  P3_7/SSO  P6_1 PO_4/AN3  PO_5/AN2 P3_1/TRBO
5 ) N @ 2 @ @@ @ 38 5
P4_4/XCOUT P4_3/XCIN P3_5/SCL/ P6_3 PO_6/AN1  PO_7/ANO
SSCK
oG (9 (& @ 6) W
o 13 12 0o (9) (8) B2 B 0o |,
P2_7/ VCCI/AVCC xout/ RESET  P1_0/KIO/  P1_1/Ki1/
TRDIOD1 Pa_7 ANS ANg
o) (10 (16) (19 23 (xo) () (30
3 N Y ) v 3
VSS/AVSS  P2_4/ P2_1/  P1_5/RXDO/ P1_2/K12/
TRDIOA1 TRDIOBO (TRAIO)/(INTT)@ AN10
77N - N
| 69 ) a7 20 a9 24 @ 0o |,
XINP4_6  P2_3/ P2_0/TRDIOAO/ P1_4/TXDO  P6_6/INT2/
TRDIODO TRDCLK TXD1
21 (@2 25 29
.| Q4 (a5 (g @) 22 @25 27 @9 |,
P2_6/ P2_5/ P2_2/ P1_7/TRAIO/ P1_6/CLKO P1_3/KI3/ P4_5INTO P6_7/INT3/
QTRDIOC1 TRDIOB1 TRDIOCO INTT AN11 RXD1
A B C D E F G H
Package: PTLG0064JA-A(64F0G)
0.65 mm pin pitch, 6 mm square body
NOTES: R5F21244S
1. P4_7 is an input-only port. NLG
2. Can be assigned to the pin in parentheses by a program. JAPAN
3. In the figure, the numbers in circles are the pin numbers
of the 52-pin LQFP package (PLQP0052JA-A).
NC: Non-Connection O
Pin assignments (top view)

Figure 1.5 PTLG0064JA-A Package Pin Assignments
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R8C/24 Group, R8C/25 Group

1. Overview

1.6

Pin Functions

Table 1.5 lists Pin Functions.

Table 1.5 Pin Functions
Type Symbol I/O Type Description
Power supply input | VCC, VSS | Apply 2.2 V to 5.5 V to the VCC pin. Apply 0 V to the VSS pin.
Analog power AVCC, AVSS I Power supply for the A/D converter.
supply input Connect a capacitor between AVCC and AVSS.
Reset input RESET I Input “L” on this pin resets the MCU.
MODE MODE | Connect this pin to VCC via a resistor.
XIN clock input XIN | These pins are provided for XIN clock generation circuit I/O.
Connect a ceramic resonator or a crystal oscillator between
XIN clock output XOUT 0 the XIN a.nd XOUT pins. To use a.n external clock, input it to
the XIN pin and leave the XOUT pin open.
XCIN clock input XCIN | These pins are provided for XCIN clock generation circuit I/O.
Connect a crystal oscillator between the XCIN and XCOUT
XCIN clock output | XCOUT (0] pins. To use an external clock, input it to the XCIN pin and
leave the XCOUT pin open.
INT interrupt input INTO to INT3 | @nterrupt input pins.
INTO is timer RD input pin. INT1 is timer RA input pin.
Key input interrupt | KI0 to KI3 | Key input interrupt input pins
Timer RA TRAIO /O | Timer RA 1/O pin
TRAO O Timer RA output pin
Timer RB TRBO O Timer RB output pin
Timer RD TRDIOAOQ, TRDIOA1, I/O | Timer RD l/O ports
TRDIOBO, TRDIOB1,
TRDIOCO, TRDIOCA1,
TRDIODO, TRDIOD1
TRDCLK | External clock input pin
Timer RE TREO O Divided clock output pin
Serial interface CLKO, CLK1 /0 | Transfer clock I/O pin
RXDO0, RXD1 | Serial data input pins
TXDO, TXD1 O Serial data output pins
I2C bus interface SCL /0 | Clock I/O pin
SDA I/O | Data /O pin
Clock synchronous | SSI 11O Data I/O pin
serial I/O with chip | g55g I/O | Chip-select signal I/O pin
select SSCK 10 | Clock I/0 pin
SSO I/O | Data /O pin
Reference voltage |VREF | Reference voltage input pin to A/D converter
input
AJ/D converter ANO to AN11 | Analog input pins to A/D converter
1/O port PO Oto PO 7, /0 |CMOS 1/O ports. Each port has an 1/0O select direction
P1 0toP1_ 7, register, allowing each pin in the port to be directed for input
P2 0to P2 7, or output individually.
P3 0,P3 1, Any port set to input can be set to use a pull-up resistor or not
P3 3to P3 5,P3 7, by a program.
P4 3toP4 5, P2 0 to P2_7 also function as LED drive ports.
P6 OtoP6 7
Input port P4 2, P4 6,P4 7 | Input-only ports
I: Input O: Output I/O: Input and output
Rev.3.00 Feb 29,2008 Page 11 of 485 RENESAS
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R8C/24 Group, R8C/25 Group

1. Overview

Table 1.6 Pin Name Information by Pin Number
1/0 Pin Functions for of Peripheral Modules
Pin Control Pi Port Serial S CI:OCK [2C b AD
ontrol Pin o] . eria nchronous us
Number Interrupt Timer Interface Sgrial I/O with | Interface | Converter
Chip Select

2 P3 5 SSCK SCL

3 P3 3 SSi

4 P3 4 SCS SDA

5 MODE

6 XCIN P4 3

7 XCOUT P4 4

8 RESET

9 XOUT P4 7

10 VSS/AVSS

11 XIN P4 6

12 VCC/AVCC

13 P27 TRDIOD1

14 P2 6 TRDIOCA1

15 P2 5 TRDIOB1

16 P2 4 TRDIOA1

17 P2 3 TRDIODO

18 P2 2 TRDIOCO

19 P2 1 TRDIOBO

20 P2 0 TRDIOAO/TRDCLK

21 P17 INT1 TRAIO

22 P16 CLKO

23 P15 | INTTY(D (TRAIO)(M) RXDO

24 P14 TXDO

25 P13 K3 AN11
27 P4_5 INTO INTO

28 P6 6 INT2 TXD1

29 P6 7 INT3 RXD1

30 P12 K2 AN10
31 P11 K1 AN9
32 P10 Klo ANS8
33 P3 1 TRBO

34 P3 0 TRAO

35 P6 5 CLK1

36 P6 4

37 P6 3

38 PO 7 ANO
41 PO 6 AN1
42 PO 5 AN2
43 PO 4 AN3
44 VREF P4 2

45 P6 0 TREO

46 P6 2

47 P6_1

48 PO 3 AN4
49 PO 2 ANS
50 PO 1 ANB
51 PO 0O AN7
52 P3 7 SSO

NOTE:

1.

Can be assigned to the pin in parentheses by a program.
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R8C/24 Group, R8C/25 Group 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU Registers. The CPU contains 13 registers. R0, R1, R2, R3, A0, Al, and FB configure a
register bank. There are two sets of register bank.

b31 bi5 b3b7 b0

1 R2 ROH (high-order of R0)| ROL (low-order of RO))|

I R3 R1H (high-order of R1)| R1L (low-order of R1)| |
R2
R3

Data registers'"

A0 | )
1 Address registers!"
A1

FB | Frame base registert?

b19 b15 b0

| INTBH | INTBL | Interrupt table register
The 4 high order bits of INTB are INTBH and
the 16 low order bits of INTB are INTBL.
b19 b0
| PC | Program counter

b15 b0
UskP User stack pointer

ISP Interrupt stack pointer

SB Static base register

b15 b0
‘ FLG Flag register

-
-----

Carry flag

Debug flag

Zero flag

Sign flag

Register bank select flag
Overflow flag

Interrupt enable flag
Stack pointer select flag
Reserved bit

Processor interrupt priority level
Reserved bit

NOTE:
1. These registers comprise a register bank. There are two register banks.

Figure 2.1 CPU Registers

Rev.3.00 Feb 29,2008 Page 13 of 485 .’{ENESAS
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R8C/24 Group, R8C/25 Group 2. Central Processing Unit (CPU)

21 Data Registers (R0, R1, R2, and R3)

RO is a 16-bit register for transfer, arithmetic, and logic operations. The same applies to R1 to R3. R0 can be split
into high-order bits (ROH) and low-order bits (ROL) to be used separately as 8-bit data registers. R1H and R1L are
analogous to ROH and ROL. R2 can be combined with R0 and used as a 32-bit data register (R2R0). R3R1 is
analogous to R2R0.

2.2 Address Registers (A0 and A1)

A0 is a 16-bit register for address register indirect addressing and address register relative addressing. It is also
used for transfer, arithmetic, and logic operations. Al is analogous to A0. A1 can be combined with A0 and as a 32-
bit address register (A1AOQ).

2.3 Frame Base Register (FB)
FB is a 16-bit register for FB relative addressing.

24 Interrupt Table Register (INTB)
INTB is a 20-bit register that indicates the start address of an interrupt vector table.

2.5 Program Counter (PC)

PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The stack pointers (SP), USP, and ISP, are each 16 bits wide. The U flag of FLG is used to switch between
USP and ISP.

2.7 Static Base Register (SB)
SB is a 16-bit register for SB relative addressing.

2.8 Flag Register (FLG)
FLG is an 11-bit register indicating the CPU state.

281 Carry Flag (C)

The C flag retains carry, borrow, or shift-out bits that have been generated by the arithmetic and logic unit.

2.8.2 Debug Flag (D)
The D flag is for debugging only. Set it to 0.

28.3 ZeroFlag (2)

The Z flag is set to 1 when an arithmetic operation results in 0; otherwise to 0.

2.8.4 Sign Flag (S)

The S flag is set to 1 when an arithmetic operation results in a negative value; otherwise to 0.

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

2.8.6 Overflow Flag (O)

The O flag is set to 1 when an operation results in an overflow; otherwise to 0.

Rev.3.00 Feb 29,2008 Page 14 of 485 T{ENESAS
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R8C/24 Group, R8C/25 Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (I)

The I flag enables maskable interrupts.
Interrupt are disabled when the I flag is set to 0, and are enabled when the I flag is set to 1. The I flag is set to 0
when an interrupt request is acknowledged.

2.8.8 Stack Pointer Select Flag (U)

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

28.9 Processor Interrupt Priority Level (IPL)

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

2.810 Reserved Bit

If necessary, set to 0. When read, the content is undefined.

Rev.3.00 Feb 29,2008 Page 15 of 485 .’{ENESAS
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R8C/24 Group, R8C/25 Group

3.

Memory

3.1 R8C/24 Group

Figure 3.1 is a Memory Map of R8C/24 Group. The R8C/24 group has 1 Mbyte of address space from addresses
00000h to FFFFFh.

The internal ROM is allocated lower addresses, beginning with address OFFFFh. For example, a 48-Kbyte internal
ROM area is allocated addresses 04000h to OFFFFh.

The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. They store the starting address of each
interrupt routine.

The internal RAM is allocated higher addresses, beginning with address 00400h. For example, a 2-Kbyte internal
RAM area is allocated addresses 00400h to 00BFFh. The internal RAM is used not only for storing data but also
for calling subroutines and as stacks when interrupt requests are acknowledged.

Special function registers (SFRs) are allocated addresses 00000h to 002FFh. The peripheral function control
registers are allocated here. All addresses within the SFR, which have nothing allocated are reserved for future use
and cannot be accessed by users.

00000h
SFR

(Refer to 4. Special

Function Registers

002FFh (SFRs)

00400h

Internal RAM

0XXXh

OFFDCh Undefined instruction

Overflow
BRK instruction
Address match
Single step
Watchdog timer/oscillation stop detection/voltage monitor
(Reserved)
(Reserved)
Reset

0YYYYh .—-/

Internal ROM "’"‘
(program ROM)

OFFFFh
OFFFFh Internal ROM

(program ROM)

._
UL UL L LALLALLAL L L AL

AR AN AT A N TR TN R

1222zh
FFFFFh

NOTE:
1. The blank regions are reserved. Do not access locations in these regions.

Internal ROM Internal RAM
Size Address 0YYYYh | Address 1ZZ777h Size Address 0XXXXh

Part Number

R5F21244SNFP, R5F21244SNXXXFP, | 16 Kbytes 0C000h - 1 Kbyte 007FFh
R5F21244SDFP, R5F21244SDXXXFP,
R5F21244SNLG, R5F21244SNXXXLG

R5F21245SNFP, ROF21245SNXXXFP, | 24 Kbytes 0A000N - 2 Kbytes 00BFFh
R5F21245SDFP, R5F212455DXXXFP

R5F21246SNFP, ROF21246SNXXXFP, | 32 Kbytes 08000h - 2 Kbytes 00BFFh
R5F21246SDFP, R5F21246SDXXXFP,
R5F21246SNLG, R5F21246SNXXXLG

R5F21247SNFP, ROF21247SNXXXFP, | 48 Kbytes 04000h - 2.5 Kbytes 00DFFh
R5F21247SDFP, R5F21247SDXXXFP

R5F21248SNFP, R5F21248SNXXXFP, | 64 Kbytes 04000h 13FFFh 3 Kbytes 00FFFh
R5F21248SDFP, R5F21248SDXXXFP

Figure 3.1 Memory Map of R8C/24 Group
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R8C/24 Group, R8C/25 Group 3. Memory

3.2 R8C/25 Group

Figure 3.2 is a Memory Map of R8C/25 Group. The R8C/25 group has 1 Mbyte of address space from addresses
00000h to FFFFFh.

The internal ROM (program ROM) is allocated lower addresses, beginning with address OFFFFh. For example, a
48-Kbyte internal ROM area is allocated addresses 04000h to OFFFFh.

The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. They store the starting address of each
interrupt routine.

The internal ROM (data flash) is allocated addresses 02400h to 02BFFh.

The internal RAM area is allocated higher addresses, beginning with address 00400h. For example, a 2-Kbyte
internal RAM is allocated addresses 00400h to 00BFFh. The internal RAM is used not only for storing data but
also for calling subroutines and as stacks when interrupt requests are acknowledged.

Special function registers (SFRs) are allocated addresses 00000h to 002FFh. The peripheral function control
registers are allocated here. All addresses within the SFR, which have nothing allocated are reserved for future use
and cannot be accessed by users.

00000h
SFR

(Refer to 4. Special
Function Registers

002FFh (SFRs)

00400h

Internal RAM

0XXXXh
02400h

Internal ROM OFFDCh
(data flash)(" s

02BFFh _/

Undefined instruction
Overflow

BRK instruction

Address match
Single step

Watchdog timer/oscillation stop detection/voltage monitor
(Reserved)
(Reserved)
Reset

aYYYYh
Internal ROM f"/

(program ROM)

OFFFFh Internal ROM OFFFFh

(program ROM)

12222h
FFFFFh

NOTES:
1. Data flash block A (1 Kbyte) and B (1 Kbyte) are shown.
2. The blank regions are reserved. Do not access locations in these regions.

Internal ROM Internal RAM
Size Address 0YYYYh | Address 1ZZZ77h Size Address 0XXXXh

R5F21254SNFP, R5F21254SNXXXFP, | 16 Kbytes 0C000h _ 1 Kbyte 007FFh
R5F21254SDFP, R5F21254SDXXXFP,
R5F21254SNLG, R5F21254SNXXXLG

R5F21255SNFP, R5F21255SNXXXFP, | 24 Kbytes 0A000h _ 2 Kbytes 00BFFh
R5F21255SDFP, R5F21255SDXXXFP
R5F21256SNFP, R5F21256SNXXXFP, | 32 Kbytes 08000h _ 2 Kbytes 00BFFh
R5F21256SDFP, R5F21256SDXXXFP,
R5F21256SNLG, R5F21256 SNXXXLG
R5F21257SNFP, R5F21257SNXXXFP, | 48 Kbytes 04000h _ 2.5 Kbytes 00DFFh
R5F21257SDFP, R5F21257SDXXXFP

R5F21258SNFP, RSF21258SNXXXFP, | 64 Kbytes 04000h 13FFFh 3 Kbytes O0FFFh
R5F21258SDFP, R5F21258SDXXXFP

Part Number

Figure 3.2 Memory Map of R8C/25 Group
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R8C/24 Group, R8C/25 Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (special function register) is a control register for a peripheral function. Tables 4.1 to 4.7 list the special
function registers.

Table 4.1 SFR Information (1)(1)

Address Register Symbol After reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 ] UOh
0005h Processor Mode Register 1 Pt 00h
'0006h System Clock Control Register 0 CND 01101000b
0007h System Clock Control Register 1 CM1 00100000b
0008h
0009h
000AR Protect Register PRCR 00h
000Bh
000Ch Oscillation Stop Detection Register oCcD 00000100b
000Dh Watchdog Timer Reset Register WDTR XXh
000Eh Watchdog Timer Start Register WDTS XXh
O00Fh Watchdog Timer Control Register WDC QOXT1111b
0010R Address Match Interrupt Register 0 RMADO Uoh
0011h 00h
0012h 00h
0013h Address Match Interrupt Enable Register AIER 00h
0014h Address Match Interrupt Register 1 RMAD1 00h
0015h 00h
0016h | 00h
0017h
0018h
0019h
001Ah
001Bh
001Ch Count Source Protection Mode Register CSPR 00h
10000000b(6}
001Dh
001Eh
001Fh
0020h
0021h
0022h
0023h High-Speed On-Chip Oscillator Control Register 0 FRAO 00h
0024h High-Speed On-Chip Oscillator Control Register 1 FRA1 When shipping
0025h High-Speed On-Chip Oscillator Control Register 2 FRAZ 00h
0026h
0027h
0028h Clock Prescaler Reset Flag CPSRF 00h
0029h High-Speed On-Chip Oscillator Control Register 4 FRA4 When shipping
002Ah
002Bh High-Speed On-Chip Oscillator Control Register 6 FRAG When shipping
002Ch High-Speed On-Chip Oscillator Control Register 7 FRAT When shipping
0030h
0031h Voltage Detection Register 112) VCA1 00001000b
0032h Voltage Detection Register 2(2) VCA2 00h(3)
00100000b(4)
0033h
0034h
0035h
0036h Voltage Monitor 1 Circuit Control Register(5) VW1C 00001000b
0037h Voltage Monitor 2 Circuit Control Register(>) VW2C 00h
0038h Voltage Monitor 0 Circuit Control Register(2) VWOC 0000X000b(3)
0100X001b(4!
0039h
003Ah
003Eh
003Fh
X: Undefined
NOTES:
1. The blank regions are reserved. Do not access locations in these regions.
2. Software reset, watchdog timer reset, and voltage monitor 1 reset or voltage monitor 2 reset do not affect this register.
3. The LVDOON bit in the OFS register is set to 1 and hardware reset.
4. Power-on reset, voltage monitor O reset or the LVDOON bit in the OFS register is set to 0, and hardware reset.
5. Software reset, watchdog timer reset, and voltage monitor 1 reset or voltage monitor 2 reset do not affect b2 and b3.
6. The CSPROINI bit in the OFS register is set to 0.
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R8C/24 Group, R8C/25 Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2)(1)

Address Register Symbol After reset
0040h
0041h
0042h
0043h
0044h
0045h
0046h
0047h
0048h Timer RDO Interrupt Control Register TRDOIC 2OCOA000b
0049h Timer RD1 Interrupt Control Register TRD1IC 2OCOA000b
004Ah Timer RE Interrupt Control Register TREIC XOOOA000b
004Bh
004Ch
004Dh Key Input Interrupt Control Register KUPIC XXX 000b
004Eh A/D Conversion Interrupt Control Register ADIC 2O0OA000b
004Fh SSU/IC Interrupt Control Register(2) SSUIC/IICIC XXXOXX000b
0050h
0051h UARTO Transmit Interrupt Control Register SOTIC XOOOA000b
0052h UARTO Receive Interrupt Control Register SORIC HOOO000b
0053h UART1 Transmit Interrupt Control Register S1TIC HOOOA000b
0054h UART1 Receive Interrupt Control Register S1RIC HOCOA000b
0055h INT2 Interrupt Control Register INT2IC XX00X000b
0056h Timer RA Interrupt Control Register TRAIC KOOOA000b
0057h
0058h Timer RB Interrupt Control Register TREIC HOCOA000b
0059h INT1 Interrupt Control Register INT1IC XX00X000b
005Ah INT3 Interrupt Control Register INT3IC XX00X000b
005Bh
005Ch
005Dh INTO Interrupt Control Register INTOIC XX00X000b
005Eh
005Fh
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h
006Ah
006Bh
006Ch
006Dh
006Eh
006Fh
0070h
0071h
0072h
0073h
0074h
0075h
0076h
0077h
0078h
0079h
007Ah
007Bh
007Ch
007Dh
007Eh
007Fh

X: Undefined

NOTES:
1. The blank regions are reserved. Do not access locations in these regions.
2. Selected by the IICSEL bit in the PMR register.
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R8C/24 Group, R8C/25 Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3)(1)

Address Register Symbol After reset
0080h
0081h
0082h
0083h
0084h
0085h
0086h
0087h
0088h
008Sh
008Ah
008Bh
008Ch
008Dh
008Eh
008Fh
0090h
0091h
0092h
0093h
0094h
0095h
0096h
0097h
0098h
009%h
009Ah
009Bh
009Ch
009Dh
009Eh
009Fh
00AOh UARTO Transmit/Receive Mode Register UOMR 00h
00A1h UARTO Bit Rate Register UOBRG XXh
00AZh UARTO Transmit Buffer Register UoTB XXh
00A3h XXh
00A4h UARTO Transmit/Receive Control Register 0 uoco 00001000b
00A5h UARTO Transmit/Receive Control Register 1 uoc1 00000010b
00ABh UARTO Receive Buffer Register UORB XXh
00A7h XXh
00ASh UART1 Transmit/Receive Mode Register UIMR 00h
00ASh UART1 Bit Rate Register U1BRG XXh
00AAR UART1 Transmit Buffer Register UTB XXh
00ABh XXh
00ACH UART1 Transmit/Receive Control Register 0 U1co 00001000b
00ADhR UART1 Transmit/Receive Control Register 1 U1c1 00000010b
O0AER UART1 Receive Buffer Register U1RB XXh
00AFh XXh
00BOh
00B1h
00B2h
00B3h
00B4h
00B5h
00B6h
00B7h
00B&h SS Control Register H/ 1IC bus Control Register 1(2) SSCRH/ICCR1 00h
00BSh SS Control Register L/ 1IC bus Control Register 2(2) SSCRL/ICCR2 01111101b
00BAh SS Mode Register / IC bus Mode Register(2) SSMR /ICMR 00011000b
00BBh SS Enable Register / 1IC bus Interrupt Enable Register(2) SSER/ICIER 00h
00BCh SS Status Register / [IC bus Status Registerl2) SSSR/ICSR 00h / 0000X000b
00BDh SS Mode Register 2 / Slave Address Register(2) SSMR2/ SAR 00h
00BEh SS Transmit Data Register / [IC bus Transmit Data Register(2) SSTDR/ICDRT FFh
00BFh SS Receive Data Register / [IC bus Receive Data Register(2) SSRDR/ICDRR FFh

X: Undefined

NOTES:
1. The blank regions are reserved. Do not access locations in these regions.
2. Selected by the IICSEL bit in the PMR register.
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R8C/24 Group, R8C/25 Group 4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4)(1)

Address Register Symbol After reset
00COh A/D Register AD XXh
00C1h XXh
00C2h
00C3h
00C4h
00C5h
00CBh
00C7h
00C8h
00C9h
00CAh
00CBh
00CCh
00CDh
00CEh
00CFh
00D0h
00D1h
00D2h
00D3h
00D4h A/D Control Register 2 ADCON2 00h
00D5h
00D6h A/D Control Register 0 ADCONO 00h
00D7h A/D Control Register 1 ADCON1 00h
00D8h
00D9h
00DAh
00DBh
00DCh
00DDh
00DEh
00DFh
00EOh Port PO Register PO XXh
00E1h Port P1 Register P1 XXh
00EZ2h Port PO Direction Register PDO 00h
00E3h Port P1 Direction Register PD1 00h
00E4h Port P2 Register P2 XXh
00E5h Port P3 Register P3 XXh
00EGh FPort P2 Direction Register PD2 00h
00E7h Port P3 Direction Register PD3 00h
00ESh Port P4 Register P4 XXh
00ESh
O0EAR Port P4 Direction Register PD4 00h
00EBh
00ECh Port P6 Register P& XXh
00EDh
00EEh Port P6 Direction Register PD6 00h
00EFh
00FOh
00F1h
00F2h
00F3h
00F4h Port P2 Drive Capacity Control Register P2DRR 00h
00F5h UART1 Function Select Register U15R XXh
00FBh
00F7h
00F8h Port Mode Register PNR 00h
00FS9h External Input Enable Register INTEN 00h
00FAh INT Input Filter Select Reqgister INTF 00h
00FBh Key Input Enable Register KIEN 00h
00FCh FPull-Up Control Register 0 PURD 00h
00FDh FPull-Up Control Register 1 PUR1 XH00XX00b
00FEh
00FFh

X: Undefined
NOTE:
1. The blank regions are reserved. Do not access locations in these regions.
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R8C/24 Group, R8C/25 Group 4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5)(1)

Address Register Symbol After reset
0100h Timer RA Control Register TRACR 00h
0101h Timer RA /0 Control Register TRAIOC 00h
0102h Timer RA Mode Register TRAMR 00h
0103h Timer RA Prescaler Register TRAPRE FFh
0104h Timer RA Register TRA FFh
0105h
0106h LIN Control Register LINCR 00h
0107h LIN Status Register LINST 00h
0108h Timer RB Control Register TRBCR 00h
0109h Timer RB One-Shot Control Register TRBOCR 00h
010Ah Timer RB /O Control Register TREIOC 00h
010Bh Timer RB Mode Register TRBMR 00h
010Ch Timer RB Prescaler Register TRBPRE FFh
010Dh Timer RB Secondary Register TRBSC FFh
010Eh Timer RB Primary Register TRBPR FFh
010Fh
0110h
0111h
0112h
0113h
0114h
0115h
0116h
0117h
0118h Timer RE Second Data Register / Counter Data Register TRESEC 00h
0119h Timer RE Minute Data Register / Compare Data Register TREMIN 00h
011Ah Timer RE Hour Data Register TREHR 00h
011Bh Timer RE Day of Week Data Register TREWK 00h
011Ch Timer RE Control Register 1 TRECR1 00h
011Dh Timer RE Control Register 2 TRECR2 00h
011Eh Timer RE Count Source Select Register TRECSR 00001000b
011Fh
0120h
0121h
0122h
0123h
0124h
0125h
0126h
0127h
0128h
0129h
012Ah
012Bh
012Ch
012Dh
012Eh
012Fh
0130h
0131h
0132h
0133h
0134h
0135h
0136h
0137h Timer RD Start Register TRDSTR 11111100b
0138h Timer RD Mode Register TRDMR 00001110b
0139h Timer RD PWM Mode Register TRDPMR 10001000b
013Ah Timer RD Function Control Register TRDFCR 10000000b
013Bh Timer RD Output Master Enable Register 1 TRDOER1 FFh
013Ch Timer RD Output Master Enable Register 2 TRDOERZ2 01111111b
013Dh Timer RD Output Control Register TRDOCR 00h
013Eh Timer RD Digital Filter Function Select Register 0 TRDDFO 00h
013Fh Timer RD Digital Filter Function Select Register 1 TRDDF1 00h

X: Undefined
NOTE:
1. The blank regions are reserved. Do not access locations in these regions.
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R8C/24 Group, R8C/25 Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6)(1)

Address Register Symbol After reset

0140h Timer RD Control Register 0 TRDCRO 00h

0141h Timer RD I/O Control Register AQ TRDIORAO 10001000b
0142h Timer RD IO Control Register CO TRDIORCO 10001000b
0143h Timer RD Status Register 0 TRDSRO 11100000b
0144h Timer RD Interrupt Enable Register 0 TRDIERD 11100000b
0145h Timer RD PWM Mode Output Level Control Register 0 TRDPOCRO 11111000b
0146h Timer RD Counter 0 TRDO 00h

0147h 00h

0148h Timer RD General Register A0 TRDGRAO FFh

0149h FFh
014Ah Timer RD General Register BO TRDGREO FFh
014Bh FFh
014Ch Timer RD General Register CO TRDGRCO FFh
014Dh FFh
014Eh Timer RD General Register DO TRDGRDO FFh

014Fh FFh

0150h Timer RD Control Register 1 TRDCR1 00h

0151h Timer RD IO Control Register A1 TRDIORA1 10001000b
0152h Timer RD IO Control Register C1 TRDIORC1 10001000b
0153h Timer RD Status Register 1 TRDSR1 11000000b
0154h Timer RD Interrupt Enable Register 1 TRDIER1 11100000b
0155h Timer RD PWM Mode Output Level Control Register 1 TRDPOCR1 11111000b
0156h Timer RD Counter 1 TRD1 00h

0157h 00h

0158h Timer RD General Register A1 TRDGRA1 FFh

0159h FFh
015Ah Timer RD General Register B1 TRDGREBE1 FFh
015Bh FFh
015Ch Timer RD General Register C1 TRDGRC1 FFh
015Dh FFh
015Eh Timer RD General Register D1 TRDGRD1 FFh

015Fh FFh

0160h

0161h

0162h

0163h

0164h

0165h

0166h

0167h

0168h

0169h

016Ah

016Bh

016Ch

016Dh

016Eh

016Fh

0170h

0171h

0172h

0173h

0174h

0175h

0176h

0177h

0178h

0179h

017Ah

017Bh

017Ch

017Dh

017Eh

017Fh

X: Undefined
NOTE:

1. The blank regions are reserved. Do not access locations in these regions.
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Table 4.7 SFR Information (7)(1)

Address Register Symbol After reset
0180h
0181h
0182h
0183h
0184h
0185h
0186h
0187h
0188h
018%h
018Ah
018Bh
018Ch
018Dh
018Eh
018Fh
0190h
0191h
0192h
0193h
0194h
0195h
0196h
0197h
0198h
0195h
019Ah
019Bh
019Ch
019Dh
019Eh
019Fh
01AOh
01A1h
01A2h
01A3h
01A4h
01A5h
01A6h
01A7h
01A8h
01ASh
01AARh
01ABh
01ACh
01ADh
01AEh
01AFh
01B0h
01B1h
01B2h
01B3h Flash Memory Control Register 4 FIMR4 01000000b
01B4h
01B5h Flash Memory Control Register 1 FMR1 1000000Xb
01B6h
01B7h Flash Memory Control Register 0 FIMRO 00000001b
01B8h
01B%h
01BAh
01BBh
01BCh
01BDh
01BEh
01BFh

| FFFFh | Option Function Select Register | OFS | (Note 2)

X: Undefined
NOTES:
1. The blank regions are reserved. Do not access locations in these regions.
2. The OFS register cannot be changed by a program. Use a flash programmer to write to it.
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5.

Resets

The following resets are implemented: hardware reset, power-on reset, voltage monitor 0 reset, voltage monitor 1
reset, voltage monitor 2 reset, watchdog timer reset, and software reset.
Table 5.1 lists the Reset Names and Sources.

Table 5.1

Reset Names and Sources

Reset Name

Source

Hardware reset

Input voltage of RESET pin is held “L”

Power-on reset

VCC rises

Voltage monitor 0 reset

VCC falls (monitor voltage: Vdet0)

Voltage monitor 1 reset

VCC falls (monitor voltage: Vdet1)

Voltage monitor 2 reset

VCC falls (monitor voltage: Vdet2)

Watchdog timer reset

Underflow of watchdog timer

Software reset

Write 1 to PMO3 bit in PMO register

[ — Hardware reset
RESET O » SFRs
[ Bits VCA25,
[ vwoco, and
| vwocs
| SFRs
[ Bits vcA25,
p t P ; VWOCO, and J
ower-on rese oWer-on rese
VCC (J—o— L r'Y |_ vwocs
circuit
Voltage monitor 0 reset Py ‘%O—b SFRs
Voltage " Bits VCA13, VCA26, VCA2T,
[
detection Voltage monitor 1 reset VWIC2, VW1C3,
ircuit VW2C2, VW2C3, ‘
circul { vwoc1, vvoFo, f
Voltage monitor 2 \_ VWOF1, and VWOCY p
reset
Watchdog timer
Watchdog reset
timer
Pin, CPU, and
SFR bits other than
CPU those listed above
Software reset !
VCA13: Bit in VCA1 register
VCA25, VCA26, VCA2T: Bits in VCAZ register
VWOCO, VWOC1, VWOCE, VWOF0, VWOF 1, VWOCT: Bits in VWOC register
VW1C2, VWAC3: Bits in VW1C register
VW2C2, VW2C3: Bits in VW2C register
Figure 5.1 Block Diagram of Reset Circuit
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Table 5.2 shows the Pin Functions while RESET Pin Level is “L™, Figure 5.2 shows the CPU Register Status after
Reset, Figure 5.3 shows the Reset Sequence, and Figure 5.4 shows the OFS Register.

Table 5.2 Pin Functions while RESET Pin Level is “L”

Content of addresses OFFFEh to OFFFCh

b15 b0

0000h

0000h

0000h
b15 b0

| 0000h
pia---m""" be b7 b0
L PP PP
IPL UIlOBSZDC

Pin Name Pin Functions
PO, P1, P2 Input port
P3 0,P3 1,P3 3toP3 5, P3 7 |Input port
P4 2toP4 7 Input port
P6 Input port
b15 b
0000h Data register(R0)
0000h Data register(R1)
0000h Data register(R2)
0000h Data register(R3)
0000h Address register(AQ0)
0000h Address register(A1)
. 0000h Frame base register(FB)
b19 b0
00000h Interrupt table register(INTB)

Program counter(PC)

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

Flag register(FLG)

Figure 5.2 CPU Register Status after Reset
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rocos [ i
RESET pin |

h—bi 10 cycles or more are needed(’

\4&——» fOCO-5 clock = 32 cycles®

Internal reset
signal
Start time of flash memory CPU clock x 28 cycl

(CPU clock x 14 cycles) =

L |

TS e T T e T o s e

OFFFCh OFFFER
Address
(intemnal address X X )( X
signal)
OFFFDh Content of reset vector
NOTES:
1. Hardware reset.
2. When the “L" input width to the RESET pin is set to fOCO-S clock = 32 cycles or more, setting the RESET pin to “H” also sets the intemnal
reset signal to “H” at the same.
Figure 5.3 Reset Sequence

Option Function Select Register(”
b7 b6 b5 b4 b3 b2 b1 b0
| I 1| | 1 | | | 1 | I Symbol Address When Shipping
OFS OFFFFh FFh®
Bit Symbol Bit Name Function RW
WDTON Watchdgg timer start 0 Starts w atc_hdog tl_rner e_lutorrﬁtlcally after reset RW
select bit 1 : Watchdog timer is inactive after reset
— Reserved bit Setto 1.
(b1) RW
ROM code protect 0 : ROM code protect disabled
ROMCR | gisabled bit 1: ROMCP1 enabled RW
ROMCP1 ROM code protect bit 0 : ROM code protect enabled RW
1 : ROM code protect disabled
— Reserved bit Setto 1. RW
(b4)
Voltage detection 0 0 : Voltage monitor 0 reset enabled after hardw are
circuit start bit® reset
LVDOON 1 : Voltage monitor 0 reset disabled after hardw are RW
reset
— Reserved bit Setto 1. RW
(b6)
Count source protect 0 : Count source protect mode enabled after reset
CSPROINI |mode after reset select |1 : Count source protect mode disabled after reset RW
bit
NOTES:
1. The OFS register is on the flash memory. Write to the OFS register with a program. After w riting is completed, do not
w rite additions to the OFS register.
2. To use the pow er-on reset, set the LVDOON bit to 0 (voltage monitor 0 reset enabled after reset).
3. If the block including the OFS register is erased, FFh is set to the OFS register.

Figure 5.4 OFS Register
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51 Hardware Reset

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the supply voltage
meets the recommended operating conditions, pins, CPU, and SFRs are all reset (refer to Table 5.2 Pin Functions
while RESET Pin Level is “L”"). When the input level applied to the RESET pin changes from “L” to *H”, a
program is executed beginning with the address indicated by the reset vector. After reset, the low-speed on-chip
oscillator clock divided by 8 is automatically selected as the CPU clock.

Refer to 4. Special Function Registers (SFRs) for the state of the SFRs after reset.

The internal RAM is not reset. If the RESET pin is pulled “L” while writing to the internal RAM is in progress, the
contents of internal RAM will be undefined.

Figure 5.5 shows an Example of Hardware Reset Circuit and Operation and Figure 5.6 shows an Example of
Hardware Reset Circuit (Usage Example of External Supply Voltage Detection Circuit) and Operation.

5.11 When Power Supply is Stable

(1) Apply “L” to the RESET pin.
(2) Wait for 10 us or more.
(3) Apply “H” to the RESET pin.

51.2 Power On

(1) Apply “L” to the RESET pin.

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

(3) Wait for td(P-R) or more to allow the internal power supply to stabilize (refer to 20. Electrical
Characteristics).

(4) Wait for 10 us or more.

(5) Apply “H” to the RESET pin.
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VCC

H—+—W—+—0

=1 0.2 VCC or below
ov

—_— —

_| +
NOTE- td(P-R) + 10 ps or more

1. Refer to 20. Electrical Characteristics.

Figure 5.5 Example of Hardware Reset Circuit and Operation

5V
Supply voltage
detection circuit VCC

2_2V/

ov
5V

ov

e e —

td(P-R) + 10 ps or more

Example when
VCC=5V

NOTE:
1. Refer to 20. Electrical Characteristics.

Figure 5.6 Example of Hardware Reset Circuit (Usage Example of External Supply Voltage
Detection Circuit) and Operation
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5.2 Power-On Reset Function

When the RESET pin is connected to the VCC pin via a pull-up resistor, and the VCC pin voltage level rises while
the rise gradient is trth or more, the power-on reset function is enabled and the MCU resets its pins, CPU, and SFR.
When a capacitor is connected to the RESET pin, too, always keep the voltage to the RESET pin 0.8VCC or more.
When the input voltage to the VCC pin reaches the Vdet0 level or above, the low-speed on-chip oscillator clock
starts counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held *“H”
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock divided by 8 is
automatically selected as the CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the states of the SFR after power-on reset.

The voltage monitor 0 reset is enabled after power-on reset.

Figure 5.7 shows an Example of Power-On Reset Circuit and Operation.

VCC

47kQ
(reference)

Ve AN ———
2.2V trih
External frth
Power Vcc
—\/porz2
Vport — <>
twipor1) Sampling time(". 2
Internal
reset signal
(“L” valid) <« > < >
LY 1
foco-s foco-s
NOTES:

1. When using the voltage monitor 0 digital filter, ensure that the voltage is within the MCU operation voltage
range (2.2 V or above) during the sampling time.

2. The sampling clock can be selected. Refer to 6. Voltage Detection Circuit for details.

3. Vdet0 indicates the voltage detection level of the voltage detection 0 circuit. Refer to 6. Voltage Detection

Circuit for details.

Refer to 20. Electrical Characteristics.

To use the power-on reset function, enable voltage monitor O reset by setting the LVDOON bit in the OFS

register to 0, the VWOCO and VWOCS bits in the VWOC register to 1 respectively, and the VCA25 bit in the

VCAZ2 register to 1.

ok

Figure 5.7 Example of Power-On Reset Circuit and Operation
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5.3 Voltage Monitor 0 Reset

A reset is applied using the on-chip voltage detection 0 circuit. The voltage detection 0 circuit monitors the input
voltage to the VCC pin. The voltage to monitor is Vdet0.

When the input voltage to the VCC pin reaches the Vdet0 level or below, the pins, CPU, and SFR are reset.

When the input voltage to the VCC pin reaches the Vdet0 level or above, the low-speed on-chip oscillator clock
start counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held “H”
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock divided by 8 is
automatically selected as the CPU clock after reset.

The LVDOON bit in the OFS register can be used to enable or disable voltage monitor 0 reset after a hardware reset.
Setting the LVDOON bit is only valid after a hardware reset.

To use the power-on reset function, enable voltage monitor 0 reset by setting the LVDOON bit in the OFS register
to 0, the VWO0CO0 and VWOCG bits in the VWOC register to 1 respectively, and the VCA25 bit in the VCA2 register
to 1.

The LVDOON bit cannot be changed by a program. To set the LVDOON bit, write 0 (voltage monitor 0 reset
enabled after hardware reset) or 1 (voltage monitor 0 reset disabled after hardware reset) to bit 5 of address OFFFFh
using a flash programmer.

Refer to Figure 5.4 OFS Register for details of the OFS register.

Refer to 4. Special Function Registers (SFRs) for the status of the SFR after voltage monitor 0 reset.

The internal RAM is not reset. When the input voltage to the VCC pin reaches the Vdet0 level or below while
writing to the internal RAM is in progress, the contents of internal RAM are undefined.

Refer to 6. Voltage Detection Circuit for details of voltage monitor 0 reset.

5.4 Voltage Monitor 1 Reset

A reset is applied using the on-chip voltage detection 1 circuit. The voltage detection 1 circuit monitors the input
voltage to the VCC pin. The voltage to monitor is Vdetl.

When the input voltage to the VCC pin reaches the Vdetl level or below, the pins, CPU, and SFR are reset and a
program is executed beginning with the address indicated by the reset vector. After reset, the low-speed on-chip
oscillator clock divided by 8 is automatically selected as the CPU clock.

The voltage monitor 1 does not reset some portions of the SFR. Refer to 4. Special Function Registers (SFRs) for
details.

The internal RAM is not reset. When the input voltage to the VCC pin reaches the Vdetl level or below while
writing to the internal RAM is in progress, the contents of internal RAM are undefined.

Refer to 6. Voltage Detection Circuit for details of voltage monitor 1 reset.

5.5 Voltage Monitor 2 Reset

A reset is applied using the on-chip voltage detection 2 circuit. The voltage detection 2 circuit monitors the input
voltage to the VCC pin. The voltage to monitor is Vdet2.

When the input voltage to the VCC pin reaches the Vdet2 level or below, the pins, CPU, and SFR are reset and the
program beginning with the address indicated by the reset vector is executed. After reset, the low-speed on-chip
oscillator clock divided by 8 is automatically selected as the CPU clock.

The voltage monitor 2 does not reset some SFRs. Refer to 4. Special Function Registers (SFRs) for details.

The internal RAM is not reset. When the input voltage to the VCC pin reaches the Vdet2 level or below while
writing to the internal RAM is in progress, the contents of internal RAM are undefined.

Refer to 6. Voltage Detection Circuit for details of voltage monitor 2 reset.
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5.6 Watchdog Timer Reset

When the PM12 bit in the PM1 register is set to 1 (reset when watchdog timer underflows), the MCU resets its pins,
CPU, and SFR if the watchdog timer underflows. Then the program beginning with the address indicated by the
reset vector is executed. After reset, the low-speed on-chip oscillator clock divided by 8 is automatically selected as
the CPU clock.

The watchdog timer reset does not reset some SFRs. Refer to 4. Special Function Registers (SFRs) for details.
The internal RAM is not reset. When the watchdog timer underflows, the contents of internal RAM are undefined.
Refer to 13. Watchdog Timer for details of the watchdog timer.

5.7 Software Reset

When the PMO03 bit in the PMO register is set to 1 (MCU reset), the MCU resets its pins, CPU, and SFR. The
program beginning with the address indicated by the reset vector is executed. After reset, the low-speed on-chip
oscillator clock divided by 8 is automatically selected for the CPU clock.

The software reset does not reset some SFRs. Refer to 4. Special Function Registers (SFRs) for details.

The internal RAM is not reset.
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6. Voltage Detection Circuit

The voltage detection circuit monitors the input voltage to the VCC pin. This circuit can be used to monitor the VCC
input voltage by a program. Alternately, voltage monitor 0 reset, voltage monitor 1 interrupt, voltage monitor 1 reset,
voltage monitor 2 interrupt, and voltage monitor 2 reset can also be used.
Table 6.1 lists the Specifications of Voltage Detection Circuit and Figures 6.1 to 6.4 show the Block Diagrams. Figures
6.5 to 6.8 show the Associated Registers.

Table 6.1 Specifications of Voltage Detection Circuit
ltem Voltage Detection 0 Voltage Detection 1 Voltage Detection 2
VCC Monitor | Voltage to monitor | Vdet0 Vdet1 Vdet2
Detection target Whether passing Passing through Vdet1 by | Passing through Vdet2 by
through Vdet0 by rising | rising or falling rising or falling
or falling
Monitor None VW1C3 bit in VW1C VCA13 bit in VCA1
register register
Whether VCC is higher or | Whether VCC is higher or
lower than Vdet1 lower than Vdet2
Process Reset Voltage monitor 0 reset | Voltage monitor 1 reset Voltage monitor 2 reset
When Voltage Reset at Vdet0 > VCC; |Resetat Vdet1 >VCC; |Reset at Vdet2 > VCC;
is Detected restart CPU operation | restart CPU operation restart CPU operation
at VCC > Vdet0 after a specified time after a specified time
Interrupt None Voltage monitor 1 Voltage monitor 2
interrupt interrupt
Interrupt request at Vdet1 | Interrupt request at Vdet2
> VCC and VCC > Vdet1 |>VCC and VCC > Vdet2
when digital filter is when digital filter is
enabled; enabled;
interrupt request at Vdet1 | interrupt request at Vdet2
> VCC or VCC > Vdet1 > VCC or VCC > Vdet2
when digital filter is when digital filter is
disabled disabled
Digital Filter | Switch Available Available Available
enabled/disabled
Sampling time (Divide-by-n of f{OCO-S) | (Divide-by-n of fOCO-S) | (Divide-by-n of fOCO-S)
x 4 x 4 x 4
n:1,2,4,and 8 n:1,2,4,and 8 n1,2,4 and 8
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vee O—

VCA27

Internal
reference
voltage

5

i
;
3
;
3
;

5

\oltage detection 2

Noise i
flter ) e >
= Vdet2
VCA1 register
VCA26 VCA13 bit
! Voltage detection 1
- Noise :
Q) filter ] } signal >
2 Vdett
© VW1C register
VCA25 VW1C3 bit

\oltage detection 0

signal o
=Vdet0
Figure 6.1 Block Diagram of Voltage Detection Circuit
Voltage monitor 0 reset generation circuit
VWOF1 to VIWOFD
= 00b
=01b
) - ro
Voltage detection 0 circuit =10b
Loy
acos—— —
VCAZ25
vee x
Intemal Voliage
reference detection 0
voltage signal
Voltage detection 0 —
signal is held “H" when WVoltage monitor 0
WVCA2S bit is setfo 0 reset signal
(disabled)
VWOCT
VWOCO to VWOC1, VWOFD to VWOF1, VIWOCE, VWOCT: Bits in VWOC register
WVICA25: Bit in VCAZ2 register

Figure 6.2 Block Diagram of Voltage Monitor 0 Reset Generation Circuit
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WVoltage menitor 1 interrupt/reset generation circuit

Voltage detection 1 circuit

VCAZE

VWIF1 to VWIFD
=00b
=01b

WW1C2 bit is set to 0 (not detected) by
writing 0 by a program.
When VCAZS bit is set to 0 (voltage

vee

Moise filter L
Internal :rgt:c??
refel A lon
e (Fiiter width: 200 ns) 1signal

‘Voltage detection 1 signal
is held "H™ when VCAZ6 bit
is set to 0 (disabled)

1 circuit di WW1C2
bit is set fo 0

VWIC1

Watchdog
timer interrupt
signal

Woltage monitor 1
interrupt signal

Non-maskable
interrupt signal

Oscillation stop

detection
interrupt signal

VW1CD
VWICE

‘Voltage monitor 1 o
reset signal

VWICO to VWIC3, VIWIFO, VWIF1, VIW1CE, VW1ICT: Bits in VW1C register

WCAZ6: Bit in VCAZ register

Figure 6.3

Block Diagram of Voltage Monitor 1 Interrupt/Reset Generation Circuit

Voltage detection 2 circuit

Voltage monitor 2 interruptireset generafion circuit

VW2F1 to VW2FD

fOCO-5
VCA2T
— VCA12
VCC
Moise filter b

Internal Voltage
reference - N
voltage (Filter width: 200 ns) 2 signal

‘Voltage detection 2 signal
is held "H™ when VCAZT bit
s set to O (disabled)

Watchdog timer block

VW2C3 I—’

[

Watchdog timer
underflow signal

-

This bit is set to 0 (not detected) by writing 0
by a program.

WW2C2 bit is set to 0 (not detected) by
writing 0 by a program.

When VCAZT bit is set to 0 (woltage
detection 2 circuit disabled), VW2C2
bitis setto 0

WW2C1

VWZCOo

Watchdog
timer interrupt
signal

\oltage monitor 2
interrupt signal

MNon-maskable
interrupt signal

Oscillation stop

detection
interrupt signal

ViW2ce —

-
Voltage monitor 2
reset signal

WW2C0 to VW2C3, VIWZF0, VW2F1, VW2C8, VIN2CT:

WCA13: Bit in VCA1 register
WCAZT: Bit in VCAZ register

Bits in WVW2C register

Figure 6.4

Block Diagram of Voltage Monitor 2 Interrupt/Reset Generation Circuit
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Voltage Detection Register 1

b7 b6 b5 b4 b3 b2 b1 b0

|0|0|0|0| |0|0|0| Symbol Address After Reset®
VCA1 0031h 00001000b
Bit Symbol Bit Name Function RwW
— Reserved bits Set to 0. RW
(b2-b0)
Voltage detection 2 signal monitor 0:VCC <Vdet2
VCA13  |flag™ 1:VCC = Vdet2 or voltage detection 2 RO
circuit disabled
— Reserved bits Setto 0.
(b7-b4) RwW

NOTES:
1. The VCA13 bit is enabled w hen the VCAZ27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit enabled).
The VCA13 bit is set to 1 (VCC = Vdet 2) w hen the VCAZ27 bit in the VCAZ2 register is set to 0 (voltage detection 2
circuit disabled).

2. The softw are reset, w atchdog timer reset, voltage monitor 1 reset, and voltage monitor 2 reset do not affect this
register.

Voltage Detection Register 2
b7 b6 b5 b4 b3 b2 b1 b0

| | I | 0| 0| 0[ 0| | Symbol Address After Reset®

The LVDOON bit in the OFS register is

set to 1 and hardw are reset 2 00h
Pow er-on reset, voltage monitor 0 reset

or LVDOON bit in the OFS register is

VCA2 0032h set to 0, and hardw are reset - 00100000b
Bit Symbol Bit Name Function RwW
Internal pow er low 0 : Disables low consumption
— VCA20 consumption enable bit'® 1: Enables low consumption RW
— Reserved bits Setto 0.

(b4-b1) RW
Voltage detection 0 enable |0 : Voltage detection 0 circuit disabled

VCA25 bit2! 1 : Voltage detection 0 circuit enabled RW

VCA26 Voltage detection 1 enable |0 : Voltage detection 1 circuit disabled RW
bit(3) 1 : Voltage detection 1 circuit enabled

VCA27 Voltage detection 2 enable |0 : Voltage detection 2 circuit disabled RW
bitt) 1 : Voltage detection 2 circuit enabled

NOTES:
1. Set the PRC3 bit in the PRCR register to 1 (w rite enable) before w riting to the VCAZ2 register.

2. To use the voltage monitor 0 reset, set the VCA25 bit to 1.
After the VCAZ25 bit is set to 1 from 0, the voltage detection circuit w aits for td(E-A) to elapse before starting

operation.

3. To use the voltage monitor 1 interrupt/reset or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1.
After the VCAZ26 bit is set to 1 from 0, the voltage detection circuit w aits for td(E-A) to elapse before starting
operation.

4. To use the voltage monitor 2 interrupt/reset or the VCA13 bit in the VCA1 register, set the VCA27 bitto 1.
After the VCAZ27 bit is set to 1 from 0, the voltage detection circuit w aits for td(E-A) to elapse before starting
operation.

5. Softw are reset, w atchdog timer reset, voltage monitor 1 reset, and voltage monitor 2 reset do not affect this
register.

6. Use the VCAZ20 bit only w hen entering to w ait mode. To set the VCA20 bit, follow the procedure shown in Figure
10.9 Procedure for Enabling Reduced Internal Power Consumption Using VCA20 bit.

Figure 6.5 Registers VCA1 and VCA2
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Voltage Monitor 0 Circuit Control Register
b7 b6 b5 b4 b3 b2 b1 b0

| | | I | |0| | | Symbol Address After Reset®

The LVYDOON bit in the OFS register is

set to 1 and hardw are reset - 0000X000b
Pow er-on reset, voltage monitor 0 reset

or LVDOON bit in the OFS register is set

VWoC 0038h to 0, and hardw are reset - 0100X001b
Bit Symbol Bit Name Function RW
\WDCD Voltage monitor 0 reset 0 : Disable -
] enable bit® 1: Enable

=]

Voltage monitor O digital filter |0 : Digital filter enabled mode
disable mode select bit (digital filter circuit enabled)

VWOC1 1 - Digital filter disabled mode RW
(digital filter circuit disabled)
VWOC2 Reserved bit Setto 0. RW
— Reserved bit When read, the content is undefined.
(b3) RO

Sampling clock select bits b5 b4
VWOFO 0 0 : fOCO-S divided by 1 RW
0 1:fOCO-S divided by 2
10 :fOCO-S divided by 4

VWOF1 11 :fOCO-S divided by 8 RW

Voltage monitor O circuit When the VWOCO bit is set to 1 (voltage monitor 0
VWOoCs |mode select bit reset enabled), setto 1. RW

Voltage monitor 0 reset When the VWOC1 bit is set to 1 (digital filter
VWOC7 |generation condition select |disabled mode), setto 1. RW
bitt#

NOTES:
1. Set the PRC3 bit in the PRCR register to 1 (w rite enable) before writing to the VWOC register.
2. The value remains unchanged after a softw are reset, w atchdog timer reset, voltage monitor 1 reset, and voltage
monitor 2 reset.
3. The VWOCO bit is enabled w hen the VCAZ25 bit in the VCA2 register is set to 1 (voltage detection 0 circuit
enabled). Set the VWOCO bit to 0 (disable), w hen the VCA25 bit is set to 0 (voltage detection 0 circuit disabled).

4. The VWOCYT bit is enabled w hen the VWOC1 bit set to 1 (digital filter disabled mode).

Figure 6.6 VWOC Register
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Voltage Monitor 1 Circuit Control Registert"
b7 b6 b5 b4 b3 b2 b1 b0

| | | | | | | | | Symbol Address After Reset®
VW1C 0036h 00001000b
Bit Symbol Bit Name Function RW

VWICO Voltage monitor 1 interrupt/reset |0 : Disable RW
enable bit® 1 : Enable
Voltage monitor 1 digital filter 0 : Digital filter enabled mode
disable mode select bit? (digital filter circuit enabled)

VWICT 1 - Digital filter disabled mode RW

(digital filter circuit disabled)

VWIC2 Voltage change detection 0 : Not detected RW
flag® + & 1:Vdet1 crossing detected
Voltage detection 1 signal monitor |0 : VCC < Vdet1

vwica |flag® ® 1:VCC = Vdet1 or voltage detection 1 RO

circuit disabled

Sampling clock select bits b5 b4

VW1FO 0 0 : fOCO-S divided by 1 RW

0 1: fOCO-S divided by 2
1 0: fOCO-S divided by 4

VWIF 11 :fOCO-S divided by 8 RW
Voltage monitor 1 circuit mode 0 : Voltage monitor 1 interrupt mode

VW1Ce select bit® 1 : Voltage monitor 1 reset mode RW
Voltage monitor 1 interrupt/reset |0 : When VCC reaches Vdet1 or above
generation condition select bit?-® |1 : When VCC reaches Vdet1 or below

VWICT RW

NOTES:
1. Set the PRC3 bit in the PRCR register to 1 (rew rite enable) before w riting to the VW1C register.
2. To use the voltage monitor 1 interrupt to exit stop mode and to return again, w rite 0 to the YW1C1 bit before w riting
1.

3. Bits VW1C2 and VW1C3 are enabled w hen the VCA26 bit in the VCAZ2 register is set to 1 (voltage detection 1 circuit
enabled).

4. Set this bit to 0 by a program. When 0 is written by a program, it is set to 0 (and remains unchanged evenif 1 is
written to it).

5. The VW1CS bit is enabled w hen the VW1CO bit is set to 1 (voltage monitor 1 interrupt/enabled reset).

6. The VW1CO bit is enabled w hen the VCAZ26 bit in the VCAZ2 register is set to 1 (voltage detection 1 circuit enabled).
Set the VW1CO bit to 0 (disable) w hen the VCA26 bit is set to 0 (voltage detection 1 circuit disabled).

7. The VWA1CT bit is enabled w hen the VW1C1 bit is set to 1 (digital filter disabled mode).

8. Bits VW1C2 and VW1C3 remain unchanged after a softw are reset, w atchdog timer reset, voltage monitor 1 reset,
or voltage monitor 2 reset.

9. When the VW1C6 bit is set to 1 (voltage monitor 1 reset mode), set the VW1C7 bit to 1 (w hen VCC reaches Vdet1 or
below ). (Do not setto 0.)

Figure 6.7 VW1C Register
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Voltage Monitor 2 Circuit Control Register!"

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset®
Vw2c 0037h 00h
Bit Symbol Bit Name Function

Voltage monitor 2 interrupt/reset |0 : Disable

VW2C0 | ehable bit® 1: Enable
Voltage monitor 2 digital filter 0 : Digital filter enabled mode
disable mode select bit@ (digital filter circuit enabled)

VW2C1 1 - Digital filter disabled mode RW

(digital filter circuit disabled)

VW2C2 Voltage change detection 0 : Not detected RW
flag®: 48 1:VCC has crossed Vdet2
WOT detection flag® & 0 : Not detected

VW2e3 1 - Detected RW
Sampling clock select bits bS5 b4

VW2F0 0 0 : fOCO-S divided by 1 RW

0 1: fOCO-S divided by 2
1 0: fOCO-S divided by 4

VW2FT 11 :fOCO-S divided by 8 RW

VW206 Voltage monitor 2 circuit mode 0 : Voltage monitor 2 interrupt mode RW
select bit®™ 1 : Voltage monitor 2 reset mode
Voltage monitor 2 interrupt/reset |0 : When VCC reaches Vdet2 or above
generation condition select bit™® |1 : When VCC reaches Vdet2 or below

VW2C7 RW

NOTES:
1.

Set the PRC3 bit in the PRCR register to 1 (w rite enable) before writing to the VW2C register.

2. To use the voltage monitor 2 interrupt to exit stop mode and to return again, write 0 to the VW2C1
bit before writing 1.

3. The VW2C2 bit is enabled w hen the VCA27 bit in the VCAZ register is set to 1 (voltage detection 2 circuit
enabled).

4. Set this bit to 0 by a program. When 0 is written by a program, it is set to 0 (and remains unchanged evenif 1 is
w ritten to it).

5. The VW2CS6 bit is enabled w hen the VW2CO bit is set to 1 (voltage monitor 2 interrupt/enables reset).

6. The VW2CO bit is enabled w hen the VCA27 bit in the VCAZ register is set to 1 (voltage detection 2 circuit
enabled). Set the VW2CO bit to 0 (disable) w hen the VCAZ27 bit is set to 0 (voltage detection 2 circuit disabled).

7. The VW2CY bit is enabled w hen the VW2C1 bit is set to 1 (digital filter disabled mode).

8. Bits VW2C2 and VW2C3 remain unchanged after a softw are reset, w atchdog timer reset, voltage monitor 1 reset,
or voltage monitor 2 reset.

9. When the VW2CE bit is set to 1 (voltage monitor 2 reset mode), set the VW2CT bit to 1 (when VCC reaches Vdet2
or below ). (Do not setto 0.)

Figure 6.8 VW2C Register
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6.1 VCC Input Voltage

6.1.1 Monitoring Vdet0

Vdet0 cannot be monitored.

6.1.2 Monitoring Vdet1

Set the VCAZ26 bit in the VCA2 register to 1 (voltage detection 1 circuit enabled). After td(E-A) has elapsed
(refer to 20. Electrical Characteristics), Vdetl can be monitored by the VWI1C3 bit in the VW 1C register.

6.1.3 Monitoring Vdet2

Set the VCA27 bit in the VCA2 register to 1 (voltage detection 2 circuit enabled). After td(E-A) has elapsed
(refer to 20. Electrical Characteristics), Vdet2 can be monitored by the VCA13 bit in the VCA1 register.
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6.2 Voltage Monitor 0 Reset

Table 6.2 lists the Procedure for Setting Bits Associated with Voltage Monitor Reset and Figure 6.9 shows an
Example of Voltage Monitor 0 Reset Operation. To use the voltage monitor 0 reset to exit stop mode, set the
VWOCI bit in the VWOC register to 1 (digital filter disabled).

Table 6.2 Procedure for Setting Bits Associated with Voltage Monitor Reset

Step When Using Digital Filter | When Not Using Digital Filter
1 Set the VCA25 bit in the VCAZ2 register to 1 (voltage detection 0 circuit enabled)
2 Wait for td(E-A)
Select the sampling clock of the digital filter | Set the VWOC?7 bit in the VWOC register to
3 by the VWOFO to VWOF1 bits in the VWOC |1
register
4 Set the VWOC1 bit in the VWOC register to | Set the VWO0C1 bit in the VWOC register to
0 (digital filter enabled) 1 (digital filter disabled)
5(1) Set the VWOCSG bit in the VWOC register to 1 (voltage monitor 0 reset mode)
6 Set the VWOC2 bhit in the VWOC register to 0
7 Set the CM14 bit in the CM1 registerto 0 |-
(low-speed on-chip oscillator on)
8 Wait for 4 cycles of the sampling clock of |- (No wait time required)
the digital filter
9 Set the VWOCO bit in the VWOC register to 1 (voltage monitor 0 reset enabled)
NOTE:
1. When the VWOCO bit is set to 0, steps 3, 4, and 5 can be executed simultaneously (with 1
instruction).

Sampling clock of Ifocos < ¥
digital filter = 4 cycles r )
|
o | ]
When the VW0C1 bit is set : I
to O (digital filter enabled)  '"termal reset signal ! i
| 1
I ]
1 I
| I
| I
| (-
| ifocos * 32
| E'
|
I 1
‘When the VWOC1 bit is set 1 I
to 1 (digital filter disabled) i ! I
and e VWOCT bit is set Internal reset signal

to1

VWOC1 and VWOCT: Bits in VWOC register

The above applies under the following conditions.

= VCAZ25 bit in VCAZ register = 1 {voltage detection 0 circuit enabled)
= VWOCDO bit in VWOC register = 1 (voltage monitor 0 reset enabled)
= VWOCE bit in VWOC register = 1 (voltage monitor 0 reset mode)

‘When the internal reset signal is held “L", the pins, CPU and SFR are reset.

The internal reset signal level changes from “L" to “H", and a program is executed beginning with the address indicated by
the reset vector.

Refer to 4. Special Function Registers (SFRs) for the SFR status after reset.

Figure 6.9 Example of Voltage Monitor 0 Reset Operation
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6.3

Voltage Monitor 1 Interrupt and Voltage Monitor 1 Reset

Table 6.3 lists the Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt and Reset. Figure 6.10
shows an Example of Voltage Monitor 1 Interrupt and Voltage Monitor 1 Reset Operation. To use the voltage
monitor 1 interrupt or voltage monitor 1 reset to exit stop mode, set the VWICI bit in the VWI1C register to 1
(digital filter disabled).

Table 6.3 Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt and Reset
When Using Digital Filter When Not Using Digital Filter
Step Voltage Monitor 1 Voltage Monitor 1 Voltage Monitor 1 Voltage Monitor 1
Interrupt Reset Interrupt Reset
1 Set the VCA26 bit in the VCA2 register to 1 (voltage detection 1 circuit enabled)
2 Wait for td(E-A)
Select the sampling clock of the digital filter | Select the timing of the interrupt and reset
3 by the VW1FO0 to VW1F1 bits in the VW1C |request by the VW1C7 bit in the VW1C
register register(1)
42 Set the VW1C1 bit in the VW1C register to 0 | Set the VW1C1 bit in the VW1C register to 1
(digital filter enabled) (digital filter disabled)
52) Set the VW1C6 bit in | Set the VW1CB6 bit in | Set the VW1C6 bit in | Set the VW1C6 bit in
the VWA1C register to |the VW1C register to | the VW1C register to |the VW1C register to
0 (voltage monitor 1 | 1 (voltage monitor 1 |0 (voltage monitor 1 |1 (voltage monitor 1
interrupt mode) reset mode) interrupt mode) reset mode)
6 Set the VW1C2 bit in the VW1C register to 0 (passing of Vdet1 is not detected)
7 Set the CM14 bit in the CM1 register to 0 -
(low-speed on-chip oscillator on)
8 Wait for 4 cycles of the sampling clock of the |— (No wait time required)
digital filter
9 Set the VW1CQO bit in the VW1C register to 1 (voltage monitor 1 interrupt/reset enabled)
NOTES:

1. Set the VW1C7 bit to 1 (when VCC reaches Vdet1 or below) for the voltage monitor 1 reset.
2. When the VW1CQO bit is set to 0, steps 3, 4, and 5 can be executed simultaneously (with 1
instruction).
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VCC
Vdet1
2.2 v
1
VW1C3 bit
0
s 4 cycles of sampling clock of digital filter 4 cycles of sampling clock of digital filter
— e
1
VW1C2 bit
0
>
—setto0 by a program —
;.'\flbend}n_? Y#Vlgm bi})lisdsetd ‘/ Set to 0 by interrupt request ~
0 0 (digital filter enabled) Voltage monitor 1 _l acknowledgement _|‘
interrupt request
(VW1C6 = 0)
Internal reset signal
(VWIC6=1)
\
Set to 0 by a program
; | ¥
When the VW1C bit is VWA1C2 bit |
set to 1 (digital filter 0 )
disabled) and the 1 - Setto 0 by interrupt
VWICT bitis setto 0 Voltage monitor 1 4" request
(Vdet1 or above) interrupt request | acknowledgement
L (VWICE=10)
- Set to 0 by a program
1 1
VW1C2 bit
0
When the VW1C1 bit is 4 Setto 0 by interrupt
set to 1 (digital filter Voltage monitor 1 request acknowledgement
dizabled) and the 4 interrupt request
VWA1CT bitis setto 1 (VW1C6 = 0)
(Vdet1 or below)
Internal reset signal
(VWIC6=1)
e
VWICH, VW1C2, VW1C3, VWACE, VW1CT: Bit in VW1C Reagister
The above applies under the following conditions.
* VCAZ26 bit in VCAZ register = 1 (voltage detection 1 circuit enabled)
= VWA1CO bit in VW1C register = 1 (voltage monitor 1 interrupt and voltage monitor 1 reset enabled)
NOTE:
1. If voltage monitor 0 reset is not used, set the power supply to VCC =22,

Figure 6.10 Example of Voltage Monitor 1 Interrupt and Voltage Monitor 1 Reset Operation
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6.4

Voltage Monitor 2 Interrupt and Voltage Monitor 2 Reset

Table 6.4 lists the Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt and Reset. Figure 6.11
shows an Example of Voltage Monitor 2 Interrupt and Voltage Monitor 2 Reset Operation. To use the voltage
monitor 2 interrupt or voltage monitor 2 reset to exit stop mode, set the VW2CI bit in the VW2C register to 1
(digital filter disabled).

Table 6.4 Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt and Reset
When Using Digital Filter When Not Using Digital Filter
Step Voltage Monitor 2 Voltage Monitor 2 Voltage Monitor 2 Voltage Monitor 2
Interrupt Reset Interrupt Reset

1 Set the VCA27 bit in the VCA2 register to 1 (voltage detection 2 circuit enabled)

2 Wait for td(E-A)
Select the sampling clock of the digital filter | Select the timing of the interrupt and reset

3 by the VW2FO0 to VW2F1 bits in the VW2C |request by the VW2CT7 bit in the VW2C
register register(1)

4 Set the VW2C1 bit in the VW2C register to 0 | Set the VW2C1 bit in the VW2C register to 1
(digital filter enabled) (digital filter disabled)

52) Set the VW2C6 bit in | Set the VW2CB6 bit in | Set the VW2C6 bit in | Set the VW2C6 bit in

the VW2C register to |the VW2C register to | the VW2C register to |the VW2C register to
0 (voltage monitor 2 |1 (voltage monitor 2 |0 (voltage monitor 2 | 1 (voltage monitor 2
interrupt mode) reset mode) interrupt mode) reset mode)

6 Set the VW2C2 bit in the VW2C register to 0 (passing of Vdet2 is not detected)

7 Set the CM14 bit in the CM1 register to 0 -
(low-speed on-chip oscillator on)

8 Wait for 4 cycles of the sampling clock of the |— (No wait time required)
digital filter

9 Set the VW2CQO bit in the VW2C register to 1 (voltage monitor 2 interrupt/reset enabled)

NOTES:

1. Set the VW2C7 bit to 1 (when VCC reaches Vdet2 or below) for the voltage monitor 2 reset.
2. When the VW2CO bit is set to 0, steps 3, 4, and 5 can be executed simultaneously (with 1
instruction).
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VCC
Vdet2
2.2 v
1
VCA13 bit
0
s 4 cycles of sampling clock of digital filter 4 cycles of sampling clock of digital filter
— e
1
VW2C2 bit
0
>
—setto0 by a program —
;.'\flbend}n_? Y#Vltzm bi})lisdsetd ‘/ Set to 0 by interrupt request ~
0 0 (digital filter enabled) Voltage monitor 2 _l acknowledgement _|‘
interrupt request
(VW2C6 =0)
Internal reset signal
(VW2C6=1)
\
Set to 0 by a program
; | ¥
When the VW2C1 bit is VW2C2 bit |
set to 1 (digital filter 0 )
disabled) and the A - Set to 0 by interrupt
VW2CT bitis setto 0 Voltage monitor 2 4" request
(Vdet2 or above) interrupt request | acknowledgement
L (VW2C6=10)
- Set to 0 by a program
1 _r
VW2C2 bit
0
When the VW2C1 bit is 4 Setto 0 by interrupt
set to 1 (digital filter Voltage monitor 2 request acknowledgement
dizabled) and the 4 interrupt request
VW2C7 bitis setto 1 (VW2C6 =0)
(Vdet2 or below)
Internal reset signal
(VW2C6=1)
e
VCA13: Bit in VCA1 register
VW2C1, VW2C2, VW2C6, VW2CT: Bits in VW2C register
The above applies under the following conditions.
* VCA2T bit in VCAZ register = 1 (voltage detection 2 circuit enabled)
= VW2CO bit in VW2C register = 1 (voltage monitor 2 interrupt and voltage monitor 2 reset enabled)
NOTE:
1. When voltage monitor 0 reset is not used, set the power supply fo VCC = 2.2

Figure 6.11 Example of Voltage Monitor 2 Interrupt and Voltage Monitor 2 Reset Operation
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7. Programmable I/O Ports

There are 41 programmable Input/Output ports (I/O ports) PO to P2, P3 0,P3 1,P3 3toP3 5,P3 7,P4 3toP4 5,
and P6. Also, P4 6 and P4 7 can be used as input-only ports if the XIN clock oscillation circuit is not used, and the
P4 2 can be used as an input-only port if the A/D converter is not used.
Table 7.1 lists an Overview of Programmable I/O Ports.

Table 7.1 Overview of Programmable 1/O Ports

Ports /0 Type of Output I/0 Setting Internal Pull-Up Resister
PO to P2, P6 I/O |CMOS3 State Set per bit Set every 4 bits(1)
P3 0,P3 1,P3 3to .

—_ —_— 7 —_— - 1
P3 4 P35 P37 /10 [CMOS3 State Set per bit Set every 3 bits(1)
P4 3 I/0 | CMOS3 State Set per bit Set every bit(1)
P4 4, P4 5 I/0 |CMOS3 State Set per bit Set every 2 bits(1)

2
gj:g{ ;4_?{3) I | (No output function) None None
NOTES:

1. In input mode, whether an internal pull-up resistor is connected or not can be selected by registers
PURO and PUR1.

2. When the A/D converter is not used, this port can be used as the input-only port.

3. When the XIN clock oscillation circuit is not used, these ports can be used as the input-only ports.

71 Functions of Programmable 1/O Ports

The PDi _j (j =0 to 7) bit in the PDi (i = 0 to 4, 6) register controls I/O of the ports PO to P2, P3 0,P3 1,P3 3 to
P3 5,P3 7,P4 3toP4 5, and P6. The Pi register consists of a port latch to hold output data and a circuit to read

pin states.

Figures 7.1 to 7.7 show the Configurations of Programmable I/O Ports. Table 7.2 lists the Functions of
Programmable I/O Ports. Also, Figure 7.9 shows the PDi (i = 0 to 4 and 6) Registers. Figure 7.10 shows the Pi (i=
0 to 4 and 6) Registers, Figure 7.11 shows Registers PURO and PURI, Figure 7.12 shows the PMR Register, Figure
7.13 shows the P2DRR Register.

Table 7.2 Functions of Programmable 1/O Ports
Operation When Value of PDi_j Bit in PDi Register(1)
Accessing |\ hen PDI | Bitis Set to O (Input Mode) | When PDi_j Bit is Set to 1 (Output Mod
Pi Register en PDi_j Bit is Set to 0 (Input Mode) en PDi_j Bitis Set to 1 (Output Mode)
Reading Read pin input level Read the port latch
. . Write to the port latch. The value written to
Writing Write to the port latch the port latch is output from the pin.

i=0to4,6j=0to7

NOTE:

1. Nothing is assigned to bits PD3 2, PD3 6, PD4 0to PD4 2, PD4 6, and PD4 7.
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7.2 Effect on Peripheral Functions

Programmable I/O ports function as I/O ports for peripheral functions (Refer to Table 1.6 Pin Name Information
by Pin Number).

Table 7.3 lists the Setting of PDi_j Bit when Functioning as I/O Ports for Peripheral Functions (i=0to 4,6 j=0to
7). Refer to the description of each function for information on how to set peripheral functions.

Table 7.3 Setting of PDi_j Bit when Functioning as 1/0 Ports for Peripheral Functions (i=0to4,6j=0to 7)

I/O of Peripheral Functions PDi_j Bit Settings for Shared Pin Functions
Input Set this bit to 0 (input mode).
Output This bit can be set to either 0 or 1 (output regardless of the port setting)

7.3 Pins Other than Programmable 1/O Ports
Figure 7.8 shows the Configuration of I/O Pins.
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PO

/N

Pull-up selection
Direction
register =
0—1_D>J & (Note 1)
Data bus —0—4 Port latch I
I

P
—

& (Note 1)

Analog input

Pull-up selection
Direction
register e
o
O & (Note 1)

1

1
Qutgut from individual peripheral|function ! l_D)J
Data bus —0—‘ Port latch I 0 ™0

P1 0toP1 3

/\

74 2 (Note 1)
= v

Input to individual peripheral function

g

Analog input

Pull-up selection
irection
register
| 1
| l_DJ (Note 1)

00

1

Cutgut from individual peripheralfunction i
Data bus —0—| Port latch I 0 O

P1_4

(Note 1)

b

—
I

NOTE:
1. symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Figure 7.1 Configuration of Programmable 1/O Ports (1)
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P1_5and P1_7 Pull-up selection
Direction
register
D DN
¢ O} (Note 1)
Output from individual peripheral function E
Data bus —¢ Port latch O ™0
)/—“ [ j p (Note 1)
T Digital
TT input O ter T %
d
Input to individual peripheral function
P1 6 Pull-up selection
Direction
register
<] N
Ol (Note 1)
Output from individual penpheral function :
Data bus —0—| Port latch I 0 ™NO
/ro [: 5 )c (Note 1)
Input to individual peripheral function \{I
P2 Drive capacity select
Pull-up selection
Direction ! o
register
g .
o1 >J | (Note 1)
Output from individual peripheral function :
Data bus —4¢ Port latch 0 O
/l/—“ '-| (Note 1)
Input to individual peripheral function \{I
Drive capacity select :D_
NOTE:
1. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
Figure 7.2 Configuration of Programmable 1/O Ports (2)
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P3 0and P3 1

Pull-up selection

/

Direction
register
| 1 4&0
¢ | o} | | (Note 1)
Output from individual peripheral function i
Data bus —l>—| Port latch _‘E.)\O
»_Fi [: ) >o (Note 1)
L
P3 3,P3 4,P3 5 andP3 7 Pull-up selection
Direction Lw
register
| 1
O
¢ <4 :‘\0 | | (Note 1)
Cutput from individual peripheral function :
Data bus —|>—| Port latch 0 ™o
\ru [ 5 )U (Note 1)
‘

=

N

Input to individual peripheral function

4

NOTE:
1. symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Figure 7.3 Configuration of Programmable 1/O Ports (3)
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P4_2/VREF ?(Nme )
Data bus—ﬁ O

(Note 1)

P4_3iXCIN Pull-up selection
Direction LDD*
register
I FDJ i (Note 1)
Data bus —l>—| Port latch . O
»_F' % (Note 1)
q > Z
g L
Clocked invertert? ; /
/  (Note 3)
P4_4IXCOUT Pull-up selection q
| Direction LD)—
register DC
I FDJ | (Note 1)
Data bus —|>—| Port latch * O
/ru [: 5 >: % i (Note 1)
NOTES:
1 symbolizes a parasitic diode.

. Ensure the input voltage to each port does not exceed VCC.
2. When CM10 = 1 or CM04 = 0, the clocked inverter is cut off.
3. When CIM04 = 0 the feedback resistor is disconnected.

Figure 7.4 Configuration of Programmable 1/O Ports (4)
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P4_5 Pull-up selection
Direction LD—
register

i q J (Note 1)
% . O

(Note 1)

Data bus —|>—| Port latch I FDJ}

e '
TNTO and Input to individual peripheral function ——O\Oﬁ \_CE!—@~
P4_6/XIN ?(Nm& 1
Data bus{} » i O
-

Clocked inverter® N /

(Note 3)
P4_7/XOUT . F (Noe1)
(Note 4)
Data bus —Q L & O
& (Note 1)
77
NOTES:
1 symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.
2. When CM05 =1, CM10 =1, or CM13 = 0, the clocked inverter is cut off.
3. When CM10 = 1 or CM13 = 0, the feedback resistor is disconnected.
4. When CM05 = CM13 = 1 or CM10 = CM13 = 1, this pin is pulled up.

Figure 7.5 Configuration of Programmable 1/O Ports (5)
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PG—O Pull-up selection
Direction
register —=—
| 1 K
O
T | ! & (Note 1)
QOutput from individual peripheral function !
Data bus —o—| Port latch I _g\c & O
/r" [ i )0 & (Note 1)
la
P6 1,P6 2,P6 3,and P6 4
- - - - Pull-up selection
register O
I l_DJ | % (Note 1)
Data bus —4>—| Port latch I - O
/I/—o [ 5 >c & (Note 1)
a
P6_5 Pull-up selection
Direction
register e
| 1—Q
O
T | ! & (Note 1)
Qutput from individual peripheral function —(ic
Data bus —0—| Port latch } 0 * O
= W
Input to individual peripheral function \@
NOTE:
1. —H— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Figure 7.6 Configuration of Programmable 1/O Ports (6)
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P6 6

Pull-up selection

Direction
register

J & (Note 1)

. O

=& (Note 1)

Cutput from individual peripheral function 4%0
Data bus —0—| Port latch O
rd .

NTZ input o—

If
g;@:gjf

Digital
filter

P6 7

Pull-up selection

Direction
register

I
I
Data bus —l>—| Port latch [

|
-

s

(Note 1)

(Note 1)

5
M gl

Digital

Input to individual peripheral function

E

NOTE:

1. —k— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

Figure 7.7 Configuration of Programmable 1/O Ports (7)

Rev.3.00 Feb 29,2008 Page 54 of 485 .’{ENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 7. Programmable I/0O Ports

MODE
MODE signal input \@ & O
(Note 1)
RESET {Note 1)
RESET signal input \@ O
(Note 1)
NOTE:
1. —H— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Figure 7.8 Configuration of /0 Pins
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R8C/24 Group, R8C/25 Group 7. Programmable I/0O Ports

Port Pi Direction Register (i = 0 to 4, 6)" 2
b7 b6 b5 b4 b3 b2 b1 b0

| | | | | | | | | Symbol Address After Reset

PDO®) 00E2h 00h
PD1 00E3h 00h
PDZ2 00ESh 00h
PD3 00E7h 00h
PD4 00EAh 00h
PD6 00EEh 00h
Bit Symbol Bit Name Function RW
L FDi_ 0 Port A_0 direction bit 0 : Input mode RW
PDi_1 Port Fi_1 direction bit (functions as an input port) RW
PDi_2 |Port Pi_2 direction bit 1 - Output mode RW
PDi 3 Port Fi_3 direction bit (functions as an output port) RW
PDi_4 Port Fi_4 direction bit RW
PDi_5 Port Fi_5 direction bit RW
PDi_6 Port Fi_6 direction bit RW
PDi_7 Port Pi_7 direction bit RW

NOTES:

1. Bits PD3_2 and PD3_6 in the PD3 register are unavailable on this MCU.
If it is necessary to set bits PD3_2 and PD3_6, set to 0 (input mode). When read, the content is 0.

2. Bits PD4_0to PD4_2, PD4 6, and PD4_7 in the PD4 register are unavailable on this MCU.
If it is necessary to set bits PD4_0 to PD4_2, PD4_6 and PD4_7 in the PD4 register, set to 0 (input mode). When read,
the content is 0.

3. Write to the PDO register with the next instruction after that used to set the PRC2 bit in the PRCR register to 1 (w rite
enabled).

Figure 7.9 PDi (i = 0 to 4 and 6) Registers

Port Pi Register (i = 0 to 4, 6)" 2
b7 b6 b5 b4 b3 b2 b1 b0
| | | | | | | | | Symbol Address After Reset
PO 00EOh Undefined
P1 00E1h Undefined
P2 00E4h Undefined
P3 00E5h Undefined
P4 00ES8h Undefined
P6 00ECh Undefined
Bit Symbol Bit Name Function RwW
- Fi_0 Port Pi_0 bit The pin level of any IO port w hich is set RwW
B 1 Port Pi 1 bit to input mode can be read by reading the RW
pi_2 Port 9_2 bit corresponding bit in this register. The pin [T Ry
F‘i_3 Port H_S bit level of any VO port w hich is set to output [TRyy
B 4 Port P14 bit mode can be controlled by writing to the RW
F‘i_5 Port H_S bit corresponding bit in this register. RW
PL6  |PortPL6 DR 0L level RW
- - 1:"H level
PL7 Port Pi_7 bit RW
NOTES:
1. Bits P3_2 and P3_6 in the P3 register are unavailable on this MCU.
If it is necessary to set bits P3_2 and P3_6, setto 0 (“L” level). When read, the content is 0.
2. Bits P4_0 and P4_1 in the P4 register are unavailable on this MCU.
If it is necessary to set bits P4_0 and P4_1, set to 0 (“L” level). When read, the content is 0.

Figure 7.10 Pi (i = 0 to 4 and 6) Registers
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Pull-Up Control Register 0
b7 b6 b5 b4 b3 b2 b1 b0
| I I | I | I I I Symbol Address After Reset
PURO 00FCh 00h
Bit Symbol Bit Name Function RwW
PUOO PO_0to PO_3 pull-upt™ 0 : Not pulled up RW
PUO1 PO_4 to PO_7 pull-upt? 1: Pulled up RW
PUO2 P1_0to P1_3 pull-upt™ 0 : Not pulled up RW
PUO3 P1_4 to P1_7 pull-up® 1: Pulled up RW
PUO4 P2_0to P2_3 pull-upt™ 0 : Not pulled up RW
PUOS P2_4 to P2_7 pull-up® 1: Pulled up RW
PUOG P3 0, P3 1, and P3_3 pll-up® 0 : Not pulled up RW
1 : Pulled up
PUO7 P3_4to P3 5, and P3_7 pll-up™ 0 Not pulled up RW
1 : Pulled up
NOTE:
1. When this bit is set to 1 (pulled up), the pin w hose direction bit is set to 0 (input mode) is pulled up.
Pull-Up Control Register 1
b7 b6 b5 b4 b3 b2 b1 b0
[’(N | |0| 0| | | Symbol Address After Reset
PUR1 00FDh XX00XX00b
Bit Symbol Bit Name Function RwW
P4_3 pull-up™ 0 : Not pulled up
PU10 1- Pulled up RW
PU11 P4 4 and P4_5 pull-up'® 0 Not pulled up RW
1 : Pulled up
— Reserved bits Setto 0.
(b3-b2) RW
PU14 P6_0 to P6_3 pull-upt 0 : Not pulled up RW
PU15 P6_4 to P6_T7 pull-up™ 1: Pulled up RW
— Nothing is assigned. If necessary, set to 0.
(b7-b6) |When read, the contentis 0. o
NOTE:
1. When this bit is set to 1 (pulled up), the pin w hose direction bit is set to 0 (input mode) is pulled up.

Figure 7.11

Registers PURO and PUR1
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R8C/24 Group, R8C/25 Group 7. Programmable I/0O Ports

Port Mode Register

b7 b6 b5 b4 b3 b2 b1 b0

I IOI 0' |0I 0' OI DI Symbol Address After Reset
PMR 00F8h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b3-b0)
Port CLK1/TXD1/RXD1 switch bit |0 : VO ports P6_5, P6_6, P6_7
U1PINSEL 1: CLK1, TXD1, RXD1 RW
— Reserved bits Setto 0.
(b6-b5)
ICSEL SSU/ BC bus switch bit 0 : Selects SSU function_ RW
1: Selects PC bus function
Figure 7.12 PMR Register
Port P2 Drive Capacity Control Register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | | | | | | Symbol Address After Reset
P2DRR 00F4h 00h
Bit Symbol Bit Name Function RwW
F2DRR0O  |P2_0 drive capacity Set P2 output transistor drive capacity RwW
P2DRR1 |P2_1 drive capacity 0:Low RW
P2DRR2 |F2_2 drive capacity 12 High® RW
F2DRR3 |P2_3 drive capacity RwW
F2DRR4  |P2_4 drive capacity RwW
F2DRR5 |P2_5 drive capacity RwW
F2DRR6 |P2_6 drive capacity RwW
F2DRRY |P2_7 drive capacity RwW
NOTE:
1. Both “H" and “L" output are set to high drive capacity.

Figure 7.13 P2DRR Register
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R8C/24 Group, R8C/25 Group

Port settings

7.4
Tables 7.4 to 7.47 list the port settings.
Table 7.4 Port PO_0/AN7
Register PDO ADCONO Functi
Bit PDO_0 CH2 CH1 CHO | ADGSELOD unetion
0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 1 1 1 0 A/D converter input (ANT7)
X 0or1
NOTE:
1. Pulled up by setting the PUQO bit in the PURO register to 1.
Table 7.5 Port PO_1/ANG
Register PDO ADCONO Functi
Bit PDO_1 CH2 CH1 CHO | ADGSELOD unetion
0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 1 1 0 0 A/D converter input (ANG)
X 0or1
NOTE:
1. Pulled up by setting the PUQO bit in the PURO register to 1.
Table 7.6 Port PO_2/AN5
Register PDO ADCONO Functi
Bit PDO_2 CH2 CH1 CHO | ADGSELO unetion
0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 1 0 1 0 A/D converter input (AN5)
X 0or1
NOTE:
1. Pulled up by setting the PUQO bit in the PURO register to 1.
Table 7.7 Port PO_3/AN4
Register PDO ADCONO Functi
Bit PDO_3 CH2 CH1 CHO | ADGSELO unetion
0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 1 0 0 0 A/D converter input (AN4)
X 0or1
NOTE:
1. Pulled up by setting the PUQO bit in the PURO register to 1.
Table 7.8 Port PO_4/AN3
Register PDO ADCONO Functi
Bit PDO_4 CH2 CH1 CHO | ADGSELO unetion
0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 0 1 1 0 A/D converter input (AN3)
X 0or1
NOTE:
1. Pulled up by setting the PUO1 bit in the PURO register to 1.
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7. Programmable I/0O Ports

Table 7.9 Port PO_5/AN2
Register PDO ADCONO i
- Function
Bit PDO_5 CH2 CH1 CHO ADGSELOD
) 0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 0 1 0 0 A/D converter input (AN2)
X 0or1
NOTE:
1. Pulled up by setting the PUO1 bit in the PURO register to 1.
Table 7.10 Port PO_6/AN1
Register PDO ADCONO i
- Function
Bit PDO_6 CH2 CH1 CHO ADGSELOD
) 0 X X X X Input port(1)
Setting 1 X X X X Output port
Value utput po
0 0 0 1 0 A/D converter input (AN1)
X 0or1
NOTE:
1. Pulled up by setting the PUO1 bit in the PURO register to 1.
Table 7.11 Port PO_7/ANO
Register PDO ADCONO i
- Function
Bit PDO_7 CH2 CH1 CHO ADGSELOD
) 0 X X X X Input port(")
Setting 1 X X X X Output port
Value utput po
0 0 0 0 0 A/D converter input (ANO)
X 0or1
NOTE:
1. Pulled up by setting the PUO1 bit in the PURO register to 1.
Table 7.12 Port P1_0/KI0/ANS
Register PD1 KIEN ADCONO }
- Function
Bit PD1_0 KIOEN CH2 CH1 CHO ADGSELO
0 X X X X X Input port(®)
Setting 1 X X X X X Qutput port
Value 0 1 X X X X KIO input
0 X 1 0 0 1 AJ/D converter input (AN8)
X 0or1
NOTE:
1. Pulled up by setting the PUOZ2 bit in the PURO register to 1.
Table 7.13 Port P1_1/KI1/AN9
Register PD1 KIEN ADCONO }
- Function
Bit PD1_1 KIMEN CH2 CH1 CHO ADGSELO
0 X X X X X Input port(1)
Setting 1 X X X X X Qutput port
Value 0 1 X X X X K1 input
0 X 1 0 1 1 AJ/D converter input (AN9)
X 0or1
NOTE:

1. Pulled up by setting the PUOZ2 bit in the PURO register to 1.
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Table 7.14  Port P1_2/KI2/AN10

Register PD1 KIEN ADCONO Function
Bit PD1_2 KI2ZEN CH2 CH1 CHO ADGSELO
0 X X X X X Input port(1)
Setting 1 X X X X X Qutput port
Value 0 1 X X X X Ki2 input
0 X 1 1 0 1 AJD converter input (AN10)
X 0or1
NOTE:

1. Pulled up by setting the PUOZ2 bit in the PURO register to 1.

Table 7.15  Port P1_3/KI3/AN11

Register PD1 KIEN ADCONO Function
Bit PD1_3 KI3EN CH2 CH1 CHO ADGSELO
0 X X X X X Input port(1)
Setting 1 X X X X X Qutput port
Value 0 1 X X X X KI3 input
0 X 1 1 1 1 AJD converter input (AN11)
X 0or1
NOTE:

1. Pulled up by setting the PUOZ2 bit in the PURO register to 1.

Table 7.16  Port P1_4/TXD0

Register PD1 UOMR Function
Bit PD1_4 SMD2 SMD1 SMDO
0 0 0 0 Input port(1)
1 0 0 0 Qutput port
Setting 0 0 1
value X 1 g ? TXDO output(?)
1 1 0
X 0or1
NOTES:
1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. N-channel open drain output by setting the NCH bit in the UOCO register to 1.
Table 7.17  Port P1_5/RXDO0/(TRAIO)/(INT1)
Register PD1 TRAIOC TRAMR INTEN Function
Bit PD1_5 | TIOSEL | TOPCR | TMOD2 | TMOD1 | TMODO | INT1EN
0 X X X X
0 X 1 X X X X Input port(1)
X X Other than 001b
0 X X X X
1 X 1 X X X X Qutput port
Setting X X Other than 001b
Value
0 X X Other than 001b X RXDO input
0 o | o [ 1
0 1 X Other than 001b X TRAIO input
0 1 X Other than 001b 1 TRAIO/INT1 input
X 1 0 o | o [ 1 X TRAIO pulse output
X 0or1
NOTE:

1. Pulled up by setting the PUO3 bit in the PURO register to 1.
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Table 7.18  Port P1_6/CLKO

Register PD1 UOMR )
- Function
Bit PD1.6 | swD2 | sSmD1 | SMDO [ CKDIR
0 Other than 001b X Input port()
nput po
st X | x | X 1 PP
\fa IL”BQ 1 Other than 001b X Output port
0 X X X 1 CLKO (external clock) input
X 0 0 1 0 CLKO (internal clock) output
X 0or1
NOTE:
1. Pulled up by setting the PUO3 bit in the PURO register to 1.
Table 7.19 Port P1_7/TRAIO/INT1
Register PD1 TRAIOC TRAMR INTEN Funcli
unction
Bit PD1_7 | TIOSEL | TOPCR | TMOD2 | TMOD1 | TMODO | INT1EN
1 X X X X
0 X 1 X X X X Input port(!)
X X Other than 001b
) 1 X X X X
Setting 1 X 1 X X X X | output port
Value
X X Other than 001b
0 0 X Other than 001b X TRAIO input
0 0 X Other than 001b 1 TRAIO/INT1 input
X 0 0 0 0 1 X TRAIO pulse output
X 0or1
NOTE:
1. Pulled up by setting the PUO3 bit in the PURO register to 1.
Table 7.20 Port P2_0/TRDIOAO/TRDCLK
Register | PD2 | TRDOER1 TRDFCR TRDIORAOD Funci
uncuon
Bit PD2_0 EAO CMD1 | CMDO | STCLK | PWM3 | I0A2 | 10A1 | IOAD
0 1 X X X X X X X | Input port(!)
1 1 X X X X X X X | Output port(2)
Sett 0 X 0 0 0 1 1 X X Timer mode (input capture function)
\Z ILr;g 0 X X X 1 1 0 0 0 | External clock input (TRDCLK)
X 0 0 0 0 0 X X X PWM3 mode waveform output(2)
0 0 1
X 0 0 0 0 1 Timer mode wavefom output
0 1 X (output compare function)(2)
X 0or1
NOTES:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRRO bit in the P2DRR register to 1.
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Table 7.21 Port P2_1/TRDIOB0

Register | PD2 | TRDOER1 TRDFCR TRDPMR TRDIORAQ Function
Bit PD2_1 EBO CMD1 | CMDO | PWM3 | PWMBO | I0B2 | IOB1 | I0BO
0 1 X X X X X X X | Input port(1)
1 1 X X X X X X X | Qutput port(2)
0 X 0 0 1 0 1 X X | Timer mode (input capture function)
) X 0 ! 0 X X X X X | Complementary PWM mode waveform output
Setting 1 1
Value X 0 0 1 X X X X X | Reset synchronous PWM mode waveform output
X 0 0 0 0 X X X X | PWM3 mode waveform output(2)
X 0 0 0 1 1 X X X | PWM mode waveform output(2)
0 0 1 | Timer mode waveform output (output compare
X 0 0 0 ! 0 0 1 X | function)(@ putloutp P
X 0or1
NOTES:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRR1 bit in the P2DRR register to 1.

Table 7.22  Port P2_2/TRDIOCO

Register | PD2 | TRDOER1 TRDFCR TRDPMR TRDIORCO Function
Bit PD2_2 ECO CMD1 | CMDO | PWM3 | PWMCO |10C2 | 10C1 | I0CO
0 1 X X X X X X X | Input port(1)
1 1 X X X X X X X | Output port(2)
0 X 0 0 1 0 1 X X | Timer mode (input capture function)
1 0 Complementary PWM mode waveform
X 0 X X X X X
Setting 1 1 output(2)
Value
X 0 0 1 X X X X X Reset synchronous PWM mode waveform
output(2)
X 0 0 0 1 1 X X X | PWM mode waveform output(2)
0 0 1 Timer mode waveform output (output
X 0 0 0 ! 0 0 1 X | compare function)(2)
X 0or1
NOTES:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRR2 bit in the P2DRR register to 1.

Table 7.23  Port P2_3/TRDIODO

Register | PD2 | TRDOER1 TRDFCR TRDPMR TRDIORCO Function
Bit PD2_3 EDO CMD1 | CMDO | PWM3 | PWMDO |10D2 | 10D1 | IODO
0 1 X X X X X X X | Input port(1)
1 1 X X X X X X X | Output port(2)
0 X 0 0 1 0 1 X X | Timer mode (input capture function)
1 0 Complementary PWM mode waveform
X 0 X X X X X
Setting 1 1 output(2)
Value
X 0 0 1 X X X X X Reset synchronous PWM mode waveform
output(2)
X 0 0 0 1 1 X X X | PWM mode waveform output(2)
0 0 1 Timer mode waveform output (output
X 0 0 0 ! 0 0 1 X | compare function)(2)
X 0or1
NOTES:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRR3 bit in the P2DRR register to 1.
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Table 7.24  Port P2_4/TRDIOA1

Register | PD2 | TRDOER1 TRDFCR TRDIORA1 Function
Bit PD2_4 EA1 CMD1 | CMDO | PWM3 | I10A2 | IOA1 | IOAD
0 1 X X X X X X | Input port(1)
1 1 X X X X X X | Output port(2)
0 X 0 0 1 1 X X | Timer mode (input capture function)
S\Ztlt:]lg X 0 1 ? X X X X | Complementary PWM mode waveform output(2)
X 0 0 1 X X X X | Reset synchronous PWM mode waveform output(2)
X 0 0 0 1 0 0 1 Timer mode waveform_ output
0 1 X | (output compare function)(2)
X 0or1
NOTES:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRR4 bit in the P2DRR register to 1.

Table 7.25 Port P2_5/TRDIOB1

Register | PD2 | TRDOER1 TRDFCR TRDPMR TRDIORA1 Function
Bit PD2_5 EB1 CMD1 | CMDO | PWM3 | PWMB1 | 10B2 | I0OB1 | IOBO
0 1 X X X X X X X | Input port(1)
1 1 X X X X X X X | Output port(2)
0 X 0 0 1 0 1 X X | Timer mode (input capture function)
1 0 Complementary PWM mode waveform
X 0 X X X X X
Setting 1 1 output(2)
Value
X 0 0 1 X X X X X Reset synchronous PWM mode waveform
output(2)
X 0 0 0 1 1 X X X | PWM mode waveform output(2)
X 0 0 0 1 0 0 0 1 | Timer mode wgveform output (output
0 1 X | compare function)(2)
X 0or1
NOTES:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRRS5 bit in the P2DRR register to 1.

Table 7.26  Port P2_6/TRDIOC1

Register | PD2 | TRDOER1 TRDFCR TRDPMR TRDIORCA Function
Bit PD2_6 ECA CMD1 | CMDO | PWM3 | PWMC1 | 10C2 | IOC1 | IOCO
0 1 X X X X X X X | Input port(1)
1 1 X X X X X X X | Output port(2)
0 X 0 0 1 0 1 X X | Timer mode (input capture function)
1 0 Complementary PWM mode waveform
X 0 X X X X X
Setting 1 1 output(2)
Value
X 0 0 1 X X X X X Reset synchronous PWM mode waveform
output(2)
X 0 0 0 1 1 X X X | PWM mode waveform output(2)
X 0 0 0 1 0 0 0 1 | Timer mode wgveform output (output
0 1 X | compare function)(2)
X 0or1
NOTES:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Qutput drive capacity high by setting the P2ZDRR6 bit in the P2DRR register to 1.
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Table 7.27 Port P2_7/TRDIOD1
Register | PD2 | TRDOER1 TRDFCR TRDPMR TRDIORCA Function
Bit PD2_7 ED1 CMD1 | CMDO | PWM3 | PWMD1 | 10D2 | IOD1 | IODO
0 1 X X X X X X X | Input port(1)
1 1 X X X X X X X | Output port(2)
0 X 0 0 1 0 1 X X | Timer mode (input capture function)
1 0 Complementary PWM mode waveform
Setting X 0 1 1 X X X X X output(2)
Value
X 0 0 1 X X X X X Reset synchronous PWM mode waveform
output(2)
X 0 0 0 1 1 X X X | PWM mode waveform output(2)
X 0 0 0 4 0 0 0 1 | Timer mode waveform_ output
0 1 X | (output compare function)(@)
X 0or1
NOTES:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.

2. Qutput drive capacity high by setting the P2ZDRRY7 bit in the P2DRR register to 1.

Table 7.28 Port P3_0/TRAO
Register PD3 TRAIOC Fundli
Bit PD3_0 TOENA unction
Sett 0 0 Input port(1)
etting
Value 1 0 Qutput port
X 1 TRAO output
X 0or1
NOTE:
1. Pulled up by setting the PUOG bit in the PURO register to 1.
Table 7.29 Port P3_1/TRBO
Register PD3 TRBMR TRBIOC )
- Function
Bit PD3_1 TMOD1 TMODO TOCNT
0 0 0 X Input port(1)
Setting 1 0 0 X
Value X o1b " Qutput port
X Other than 00b 0 TRBO output
X 0or1
NOTE:
1. Pulled up by setting the PUOG bit in the PURO register to 1.
Table 7.30 Port P3_3/SSI
Clock Synchronous Serial I/0 with Chip Select
Register PD3 (Refer to Table 16.4 Association between PMR .
Communication Modes and I/O Pins.) Function
Bit PD3 3 SSI output control SSl input control IICSEL
0 0 0 0 Input port(1)
X X r nput po
Setting 0 0 0
2
Value 1 X X 7| Outeutport
X 0 1 0 SSl input
X 1 0 0 SSI outputl2)
X 0or1
NOTES:

1. Pulled up by setting the PUOG bit in the PURO register to 1.
2. N-channel open drain output by setting the SOOS bit in the SSMR2 register to 1 when this pin functions as output.
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Table 7.31 Port P3_4/SDA/SCS
Register PD3 SSMR2 PMR ICCR1 )
- Function
Bit PD3 4 Css1 CSSs0 IICSEL ICE
0 0 0 0 X Input port(1)
0 0 0 X 0 nput po
! 0 0 0 X Output port(2)
utput po
Value X 0 1 0 X SCS input
1 0 —
X r r 0 X SCS output(2)
X X X 1 1 SDA input/output
X:0or1
NOTES:

1. Pulled up by setting the PUO7 bit in the PURO register to 1.
2. N-channel open drain output by setting the CSOS bit in the SSMR2 register to 1 when this pin functions as output.

Table 7.32 Port P3_5/SCL/SSCK
Clock Synchronous Serial I/O with Chip Select
Register PD3 (Refer to Table 16.4 Association between PMR | ICCR1 )
Communication Modes and I/O Pins.) Function
Bit PD3_5 | SSCK output control SSCK input control IICSEL | ICE
0 0 0 0 X Input port )
0 0 0 X o | PP
i ! 0 0 0 X Output port(2)
Setting 1 0 0 X 0 utput po
Value
X 0 1 0 0 SSCKinput
X 1 0 0 0 SSCK output(2)
X 1 0 1 1 SCL input/output
X 0or1
NOTES:

1. Pulled up by setting the PUO7 bit in the PURO register to 1.
2. N-channel open drain output by setting the CSOS bit in the SSMR2 register to 1 when this pin functions as output.

REJ09B0244-0300

Table 7.33 Port P3_7/SSO
Clock Synchronous Serial 1/O with Chip Select
Register PD3 (Refer to Table 16.4 Association between SSMR2 PMR .
Communication Modes and I/O Pins.) Function
Bit PD3 7 SSO0 output control SSO0 input control S00S5 IICSEL
0 0 0 X 0 Input port(1)
0 X X X I ki
1 0 0 0 0 Outout port
utput po
Setting 1 X X 0 1 putp
Value X 0 1 0 0 SSO input
X 1 0 0 0 SSO0 output (CMOS output)
X 1 0 ’ 0 SSO0 output (N-channel open-drain
output)
X 0or1
NOTE:
1. Pulled up by setting the PUO7 bit in the PURO register to 1.
Table 7.34 Port P4_2/VREF
Roa
egl_ster ADCON1 Function
Bit VCUT
Setting 0 Input port
Value 1 Input port/VREF input
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Table 7.35  Port P4_3/XCIN

Register PD4 CMO CM1 Circuit specifications
Bit PD4 3 | cMo4 | cm10 | cm12 Oscillation FeeQback Function
buffer resistor
0 0 X X OFF OFF Input port(1)
1 0 X X OFF OFF Output port
X ’ 0 0 ON ON XCIN-XCOUT oscillation (on-chip feedback resistor
enabled)
Setting X ’ 0 1 ON OFF X_CIN—XCOUT oscillation (on-chip feedback resistor
Value disabled)
X 1 1 0 OFF ON XCIN-XCOoUT illati 1
1 OFF OFF - oscillation stop
X 1 0 0 ON oN Ext | XCIN input
1 ON OFF emnal inpu
X 0or1
NOTE:

1. Pulled up by setting the PU10 bit in the PUR1 register to 1.

Table 7.36  Port P4_4/XCOUT

Register PD4 CMO CMA1 Circuit specifications
illati Function
Bit PD4 4 | CMo4 | cM10 | cmip | Oscillation | Feedback
buffer resistor
0 0 X X OFF OFF Input port(1)
1 0 X X OFF OFF Output port
X 1 0 0 ON ON XCIN-XCOUT oscillation (on-chip feedback resistor
enabled)
Setting X y 0 1 ON OFF X.CIN—XCOUT oscillation (on-chip feedback resistor
Value disabled)
0 OFF ON
X 1 1 XCIN-XCOUT oscillation stop
1 OFF OFF
X 1 0 0 ON ON Ext | XCOUT output (inverted output of XCIN)(2)
1 ON OFF xterna output (inverted output o )
X 0or1
NOTES:

1. Pulled up by setting the PU11 bit in the PUR1 register to 1.
2. Since the XCIN-XCOUT oscillation buffer operates with internal step-down power, the XCOUT output level cannot be used as
the CMOS level signal directly.

Table 7.37  Port P4_5/INTO

Register PD4 INTEN ]
- Function
Bit PD4_5 INTOEN
Set 0 X Input port(?)
etting
Value 1 X Qutput port
0 1 INTO input
X:0or1
NOTE:

1. Pulled up by setting the PU11 bit in the PUR1 register to 1.
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Table 7.38 Port P4_6/XIN
Register CM1 CMO Circuit specifications
Bit oMi3 CM10 CMO5 Oscillation Feet_iback Function
buffer resistor
0 X X OFF OFF Input port
. 1 0 0 ON ON XIN-XOUT oscillation
Setting -
Value 1 0 1 OFF ON External XIN input
1 1 0 OFF OFF XIN-XOUT oscillation stop
1 1 1 OFF OFF XIN-XOUT oscillation stop
X 0or1
Table 7.39 Port P4_7/XOUT
Register CM1 CMO Circuit specifications
illati Function
Bit CM13 CM10 CMO5 Oscillation Feet_iback
buffer resistor
0 X X OFF OFF Input port
. 1 0 0 ON ON XIN-XOUT oscillation
Setting e
Value 1 0 1 OFF ON XOUT is “"H” pull-up
1 1 0 OFF OFF XIN-XOUT oscillation stop
1 1 1 OFF OFF XIN-XOUT oscillation stop
X 0or1
Table 7.40 Port P6_0/TREO
Register PD6 TRECR1 Funchi
Bit PD6_0 TOENA unetion
Seth 0 0 Input port(1)
etting
Value 1 0 Qutput port
X 1 TREO output
X 0or1
NOTE:
1. Pulled up by setting the PU14 bit in the PUR1 register to 1.
Table 7.41 Port P6_1
Register PD6 Funcii
Bit PD6_1 unction
Setting 0 Input port(1)
Value 1 Output port
NOTE:
1. Pulled up by setting the PU14 bit in the PUR1 register to 1.
Table 7.42 Port P6_2
Register PD6 Funcii
Bit PD6_2 unction
Setting 0 Input port(1)
Value 1 Output port
NOTE:
1. Pulled up by setting the PU14 bit in the PUR1 register to 1.
Table 7.43 Port P6_3
Register PD6 Funcii
Bit PD6_3 unction
Setting 0 Input port(1)
Value 1 Output port
NOTE:

1. Pulled up by setting the PU14 bit in the PUR1 register to 1.

Rev.3.00

REJ09B0244-0300

Feb 29,2008 Page 68 0f485 L XENESAS




R8C/24 Group, R8C/25 Group 7. Programmable I/0O Ports

Table 7.44  PortP6_4

Regl_ster PD6 Function
Bit PD6_4
Setting 0 Input port(?)
Value 1 Output port
NOTE:
1. Pulled up by setting the PU15 bit in the PUR1 register to 1.
Table 7.45 Port P6_5/CLK1
Register PD6 PMR U1MR i
- Function
Bit PD6_5 | UIPINSEL | SMD2 | SMD1 SMDO | CKDIR
X Other than 001b X
0 0 X X X X Input port(1)
) X X X 1
S\Ztﬂjlg X Other than 001b N
1 0 X X X Qutput port
X X X X 0
0 1 X X X 1 CLK1 (external clock) input
X 1 0 0 1 0 CLK1 (internal clock) output
X 0or1
NOTE:

1. Pulled up by setting the PU15 bit in the PUR1 register to 1.

Table 7.46  Port P6_6/INT2/TXD1

Register PD6 PMR U1MR uU1co INTEN Funcion
Bit PD6 6 | UTPINSEL | SMD2 | SMD1 | SMDO NCH INTZEN
X 0 0 0
0 X X (1)
0 X X X Input portt
X 0 0 0
1 X X Qutput port
0 X X X
0 X X X X X 1 INTZ input
) 0 0 1
Setting 1 0 0
Value X 1 , 0 . 0 X TXD1 output (CMOS output)
1 1 0
0 0 1
1 0 0 )
X 1 1 0 1 1 X TXD1 output (N-channel open-drain output)
1 1 0
X:0or1
NOTE:

1. Pulled up by setting the PU15 bit in the PUR1 register to 1.

Table 7.47  Port P6_7/INT3/RXD1

Register PD6 PMR INTEN Eunclion
Bit PD6_7 U1PINSEL INT3EN
0 X X Input port(1)
Setting 1 X X Qutput port
Value 0 X 1 INT3 input
0 1 X RXD1 input
X 0or1
NOTE:

1. Pulled up by setting the PU15 bit in the PUR1 register to 1.
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7.5 Unassigned Pin Handling
Table 7.48 lists the Unassigned Pin Handling.

Table 7.48 Unassigned Pin Handling

Pin Name Connection
Ports PO to P2, P3 0, + After setting to input mode, connect each pin to VSS via a resistor (pull-
P3 1,P3 3to P3 7, down) or connect each pin to VCC via a resistor (pull-up).(2)
P4_3toP4_5,P6 « After setting to output mode, leave these pins open.(1.2)
Ports P4 6, P4 7 Connect to VCC via a pull-up resistor(?)
Port P4 2, VREF Connect to VCC
RESET @) Connect to VCC via a pull-up resistor(?)
NC Open or Connect to VCC and VSS

NOTES:

1. Ifthese ports are set to output mode and left open, they remain in input mode until they are switched
to output mode by a program. The voltage level of these pins may be undefined 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. In order to enhance program reliability, the program should periodically repeat the setting of
the direction registers.

2. Connect these unassigned pins to the MCU using the shortest wire length (2 cm or less) possible.

3. When the power-on reset function is in use.

MCU

Port PO to P2, P3_0, (Input mode ) A%
P3_1,P3_3t0P3_7, : :
P4_3toP4_5 P6

(Input: mode) '\N\/

(Output mode) Open
Port P4_6,P4_7
—A\W——2
RESET!M
NW

Port P4_2/VREF |

NOTE:
1. When the power-on reset function is in use.

Figure 7.14 Unassigned Pin Handling
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8. Processor Mode

8.1 Processor Modes

Single-chip mode can be selected as the processor mode.
Table 8.1 lists Features of Processor Mode. Figure 8.1 shows the PMO Register and Figure 8.2 shows the PM1

Register.

Table 8.1 Features of Processor Mode

Processor Mode

Accessible Areas

Pins Assignable as I/O Port Pins

Single-chip mode

SFR, internal RAM, internal ROM

All pins are |/O ports or peripheral
function /O pins

Processor Mode Register 0"

b7 b6 b5 b4 b3 b2 b1 b0

DDOD ofofo]  sympol Address After Reset
PIVIO 0004h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0. RW
(b2-b0)
Softw are reset bit The MCU is reset w hen this bit is set to 1.
PMO3 When read, the content is 0. RW
— Nothing is assigned. If necessary, set to 0.
(b7-b4) |When read, the content is 0. o
NOTE:
1. Set the PRC1 bit in the PRCR register to 1 (write enable) before rew riting the PMO register.
Figure 8.1 PMO Register
Processor Mode Register 1(
b7 b6 b5 b4 b3 b2 b1 b0
|0|,\/1\/\I)\/N | 0| 0| Symbol Address After Reset
P 0005h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0. RW
(b1-b0)
P12 WOT interrupt/reset switch bit 0 : Watchdog timer interrupt RW
1 : Watchdog timer reset®
— Nothing is assigned. If necessary, set to 0.
(b6-b3) |When read, the content is 0. T
— Reserved bit Setto 0.
®7) RW
NOTES:
1. Set the PRC1 bit in the PRCR register to 1 (w rite enable) before rew riting the PM1 register.
2. The PM12 bit is set to 1 by a program (and remains unchanged even if 0 is written to it).
When the CSPRO bit in the CSPR register is set to 1 (count source protect mode enabled), the PM12 bit is
automatically setto 1.

Figure 8.2 PM1 Register
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9. Bus

The bus cycles differ when accessing ROM/RAM., and when accessing SFR.
Table 9.1 lists Bus Cycles by Access Space of the R8C/24 Group and Table 9.2 lists Bus Cycles by Access Space of

the R8C/25 Group.

ROM/RAM and SFR are connected to the CPU by an 8-bit bus. When accessing in word (16-bit) units, these areas are
accessed twice in 8-bit units.
Table 9.3 lists Access Units and Bus Operations.

Table 9.1 Bus Cycles by Access Space of the R8C/24 Group

Access Area

Bus Cycle

SFR

2 cycles of CPU clock

ROM/RAM

1 cycle of CPU clock

Access Area

Bus Cycle

SFR/Data flash

2 cycles of CPU clock

Program ROM/RAM 1 cycle of CPU clock

Table 9.3 Access Units and Bus Operations

Table 9.2 Bus Cycles by Access Space of the R8C/25 Group

Word access

Address X__0dd X odd+1__ X

Data x Data X

Area SFR, data flash ROM (program ROM), RAM

Even address

Byte access CPU clock | | | | [ CPU clock | | | | r
Address X Even X Address

0Odd add

Byteaaccr\:.d:sS CPU clock | | | | [ CPU clock | | | | [
Data Data

E dd

Word sccess | CPU clock | | | | | HEN CPU clock | | ] | B
Address X Even X Even+1 )( Address X Even x Even+1 X
Data Data

Odd address CPU clock I_l_‘_‘_l_l_l_l_,' CPU clock | I | | l—

Address r Odd X

odd+1__ X

Data

Data

However, only following SFRs are connected with the 16-bit bus:

Timer RD: registers TRDi (i = 0,1), TRDGRAI, TRDGRBI, TRDGRC]i, and TRDGRDI

Therefore, they are accessed once in 16-bit units. The bus operation is the same as “Area: SFR, data flash, even address
byte access™ in Table 9.3 Access Units and Bus Operations, and 16-bit data is accessed at a time.
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10. Clock Generation Circuit

The clock generation circuit has:
* XIN clock oscillation circuit
* XCIN clock oscillation circuit
* Low-speed on-chip oscillator
* High-speed on-chip oscillator
Table 10.1 lists the Specifications of Clock Generation Circuit. Figure 10.1 shows a Clock Generation Circuit. Figures
10.2 to 10.8 show clock associated registers. Figure 10.9 shows the Procedure for Enabling Reduced Internal Power
Consumption Using VCA20 bit.

Table 10.1 Specifications of Clock Generation Circuit
o XIN Clock | XCIN Clock Osillation OOTC?'F’ Osf'llaf;r NP
Oscillation Circuit Circuit Igh-opeed LUn-Lhip ow-opeed LUn-Lhip
Oscillator Oscillator
Applications » CPU clock source |+ CPU clock source » CPU clock source * CPU clock source
« Peripheral function |+ Timer RA and timer RE |« Peripheral function * Peripheral function
clock source clock source clock source clock source
» CPU and peripheral |+ CPU and peripheral
function clock function clock
sources when XIN sources when XIN
clock stops oscillating | clock stops oscillating
Clock frequency |0 to 20 MHz 32.768 kHz Approx. 125 kHz

Connectable

* Ceramic resonator

« Crystal oscillator

Approx. 40 MHz(4)

oscillator « Crystal oscillator
Oscillator XIN, XOUT(1) XCIN, XCOUT(2) -1 )
connect pins
Oscillation stop, | Usable Usable Usable Usable
restart function
Oscillator status | Stop Stop Stop Oscillate
after reset
Others Externally « Externally generated - -
generated clock can | clock can be input
be input(3) *» On-chip feedback
resistor Rf (connected/
not connected,
selectable)
NOTES:

1. These pins can be used as P4 _6 or P4_7 when using the on-chip oscillator clock as the CPU clock while the
XIN clock oscillation circuit is not used.
2. These pins can be used as P4_3 and P4_4 when using the XIN clock oscillation circuit and on-chip oscillator
clock for a CPU clock while the XCIN clock oscillation circuit is not used.
3. Set the CMO5 bit in the CMO register to 1 (XIN clock stopped) and the CM13 bit in the CM1 register to 1 (XIN-
XOUT pin) when an external clock is input.
4. The clock frequency is automatically set to up to 20 MHz by a divider when using the high-speed on-chip
oscillator as the CPU clock source.
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Clock prescaler

I

iC4
iC s fC3z
FRAT register
Frequency
High-spesd
FRADD fOCO40M
oscillator FRAZ register [/ foCco128
A \i
FRAD1=1 o fOCO AD
o [Timer Re] [Timer R [Timer R [comerer| [uaTo] [usrTs
FRAD1=0 On-chip oscillator _
clock [N XX FyY ¥ ,Tuj FY Y Y
CMos Low-speed
—_a }— en-chi -+
cu14 oscilstor | f0CO-5
o . .
Power-on reset O=cillation
Software reset stop
Interrupt request detection
WAIT instruction I clock
\ oCco2 =1 Ig—ngg
cmt3 R - h CMO7=0
o Divder CPU clock
XIN XouT ocbz=0 it—>0
CMOT =1
cMm13 /
CMD3
System clock
CcMD2 T_(D_

b C d e

3

L e 4

12

CMOG
CMI1T to
CM16 = 10b

CMOD2, CM04, CMD5, CMO0&, CMOT: Bits in CMD register
CM10, CM13, CM14, CM18, CM17: Bits in CM1 register
0OCD0, OCD1, OCD2: Bits in OCD repister

FRADD, FRAD1: Bits in FRAD register

CM0G =0
CM17 to CM16 = 01b

CMDG =0
CM17 to CM18 = 00b

—0

CMD§ =0
CM17 to CM16=11b

Detail of divider

Oscillation Stop Detection Circuit

Forcible discharge when OCD0 =0

Pulsz i
ircuit for clock ed Charge,
XIN clock S:f:cti:nr :rﬁjc 8 discharge laticn stop detection

charge. discharge circuit

control circuit

emupt generation
rcuit detection

oco

Watchdog timer
interrupt
Voltage menitor 1
intermupt

Voltage monitor 2-
intermupt

OCD2 bit switch signal

CM14 bit switch signal

Oscillation stop detection,
Watchdog timer,

\oltage monitor 1 interrupt,
\oltage monitor 2 interrupt

Figure 10.1 Clock Generation Circuit
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System Clock Control Register 0(")

b7 b6 b5 b4 b3 b2 b1 b0

| | I | | | |0| 0| Symbol Address After Reset
CMO 0006h 01101000b
Bit Symbol Bit Name Function RW
— Reserved bits Setto 0.
(b1-b0) RW
WAIT peripheral function clock |0 : Peripheral function clock does not stop
stop bit in w ait mode
CMo2 1 : Peripheral function clock stops in w ait RW
mode
XCIN-XCOUT drive capacity 0:Low
3 select bit® 1 : High RW
Port, XCIN-XCOUT sw itch bit® [0 : VO port P4_3, P4_4
4 1 : XCIN-XCOUT pin®™ RW
XIN clock (XIN-XOUT) 0 : XIN clock oscillates
CMOS stop bit 4 1 : XIN clock stops® RW
System clock division select bit |0 : CM16, CM17 enabled
CMOB g6 1 - Divide-by-8 mode RW
CPU clock select bit(® 0 : System clock
cvor 1 XCIN clock RW

NOTES:

1. Set the PRCO bit in the PRCR register to 1 (w rite enable) before rew riting the CMD register.

2. The CMO5 bit stops the XIN clock w hen the high-speed on-chip oscillator mode, low -speed on-chip oscillator mode is
selected. Do not use this bit to detect w hether the XIN clock is stopped. To stop the XIN clock, set the bits in the
follow ing order:

(a) Set bits OCD1 to OCDO in the OCD register to 00b.
(b) Set the OCD2 bit to 1 (selects on-chip oscillator clock).

3. During external clock input, only the clock oscillation buffer is turned off and clock input is acknow ledged.

4. When the CMO05 bit is set to 1 (XIN clock stopped) and the CM13 bit in the CM1 register is setto 0 (P4_6, P4 7), P4 6
and P4_7 can be used as input ports.

5. When entering stop mode, the CMO6 bit is set to 1 (divide-by-8 mode).

6. The CMO4 bit can be set to 1 by a program but cannot be set to 0.

7. To use the XCIN clock, set the CMO04 bit to 1. Also, set ports P4_3 and P4_4 as input ports w ithout pull-up.

8. Set the CMOT bit to 1 from 0 (XCIN clock) after setting the CM04 bit to 1 (XCIN-XCOUT pin) and allow ing XCIN clock

oscillation to stabilize.

9. The MCU enters stop mode, the CMO03 bit is set to 1 (high). Rew rite the CMO3 bit w hile the XCIN clock oscillation
stabilizes.

Figure 10.2 CMO Register
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System Clock Control Register 1(")

b7 b6 b5 b4 b3 b2 b1 b0

| I | | | | | | | Symbol Address After Reset

CMH1 0007h 00100000b
Bit Symbol Bit Name Function RwW
All clock stop control bitt 7 8 0 : Clock operates
CM10 . RW
1 : Stops all clocks (stop mode)
XIN-XOUT on-chip feedback resistor |0 : On-chip feedback resistor enabled
CMm11 select bit 1 : On-chip feedback resistor disabled RW
aM12 XCIN-XCOUT on-chip feedback 0 : On-chip feedback resistor enabled RW
resistor select bit 1 : On-chip feedback resistor disabled
Port XIN-XOUT sw itch bit %! 0 : Input ports P4 6, P4 7
cm13 1 - XIN-XOUT pin RW
M4 Low -speed on-chip oscillation stop |0 : Low -speed on-chip oscillator on RW
bit!: 8.8 1: Low-speed on-chip oscillator off
i i it2) -
o5 XIN-XOUT drive capacity select bit 0 : L[_)w RW
1 High
System clock division select bits 1% |b7b6
CM16 0 0 : No division mode RW
0 1 : Divide-by-2 mode
1 0 : Divide-by-4 mode
M7 11 : Divide-by-16 mode RW
NOTES:
1. Set the PRCO bit in the PRCR register to 1 (write enable) before rew riting the CM1 register.
2. When entering stop mode, the CM15 bit is set to 1 (drive capacity high).
3. When the CMO6 bit is set to 0 (bits CM16, CM17 enabled), bits CM16 to CM17 are enabled.
4 If the CM10 bit is set to 1 (stop mode), the on-chip feedback resistor is disabled.
5. When the OCD2 bit is set to 0 (XIN clock selected), the CM14 bit is set to 1 (low -speed on-chip oscillator stopped).

When the OCD2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (low -speed on-chip
oscillator on). It remains unchanged even if 1 is written to it.

6. When using the voltage monitor 1 interrupt or voltage monitor 2 interrupt (w hen using the digital filter), set the CM14
bit to 0 (low -speed on-chip oscillator on).

7. When the CM10 bit is set to 1 (stop mode) and the CM13 bit is set to 1 (XIN-XOUT pin), the XOUT (P4_7) pin goes “H'.
When the C\M13 bit is set to 0 (input ports, P4_6, P4_7), P4_7 (XOUT) enters input mode.

8. In count source protect mode (Refer to 13.2 Count Source Protection Mode Enabled), the value remains
unchanged even if bits CM10 and CM14 are set.

9. Once the CM13 bit is set to 1 by a program, it cannot be set to 0.

Figure 10.3 CM1 Register
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Oscillation Stop Detection Register!")

b7 b6 b5 b4 b3 b2 b1 b0

10. Clock Generation Circuit

|OI 0' 0| DI | I I I Symbol Address After Reset
OCD 000Ch 00000100b
Bit Symbol Bit Name Function RwW
Oscillation stop detection enable |0 : Oscillation stop detection function
bit™ disabled®
OcDo 1 : Oscillation stop detection function RW
enabled
Oscillation stop detection 0 : Disabled®
OCD1 linterrupt enable bit 1 Enabled RW
System clock select bit™* 0 : Selects XIN clock™
OCD2 1 : Selects on-chip oscillator clock®) RW
Clock monitor bit® & 0 : XIN clock oscillates
OcD3 1 : XIN clock stops RO
— Reserved bits Setto 0.
(b7-b4) RW

NOTES:
1.
2.

Set the PRCO bit in the PRCR register to 1 (write enable) before rew riting to the OCD register.

Set bits OCD1 to OCDO to 00b before entering stop mode, high-speed on-chip oscillator mode, or low -speed on-chip
oscillator mode (XIN clock stops).

The CM14 bit is set to 0 (low -speed on-chip oscillator on) if the OCD2 bit is set to 1 (on-chip oscillator clock
selected).

The OCD?2 bit is automatically set to 1 (on-chip oscillator clock selected) if a XIN clock oscillation stop is detected

w hile bits OCD1 to OCDO are set to 11b. If the OCD3 bit is set to 1 (XIN clock stopped), the OCD2 bit remains
unchanged even w hen set to 0 (XIN clock selected).

The OCD3 bit is enabled w hen the OCDO bit is set to 1 (oscillation stop detection function enabled).

The OCD3 bit remains 0 (XIN clock oscillates) if bits OCD1 to OCDO are set to 00b.

Refer to Figure 10.16 Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock for the switching procedure w hen the XIN clock re-oscillates after detecting an oscillation stop.

Figure 10.4 OCD Register
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b7 b6 b5 b4 b3 b2 b1 b0

High-Speed On-Chip Oscillator Control Register 0"

b7 b6 b5 b4 b3 b2 b1 b0

High-Speed On-Chip Oscillator Control Register 1t

IDI OI 0' OI DI OI I I Symbol Address After Reset
FRAD 0023h 00h
Bit Symbol Bit Name Function RW
FRAOD ngh—spe_ed on-chip oscillator 0 H!gh—speed on—ch!p osc!llator of f RW
enable bit 1 : High-speed on-chip oscillator on
High-speed on-chip oscillator 0 : Selects low -speed on-chip oscillator®®
FRAOD1 i . ; . ) RW
select bit® 1 : Selects high-speed on-chip oscillator
— Reserved bits Setto 0.
(b7-b2) RW
NOTES:

1. Set the PRCO bit in the PRCR register to 1 (w rite enable) before rew riting the FRAO register.

2. Change the FRAO1 bit under the follow ing conditions.
+ FRAOOQ = 1 (high-speed on-chip oscillation)

+ The CM14 bit in the CM1 register = 0 (low -speed on-chip oscillator on)

+ Bits FRA22 to FRA20 in the FRA2 register:

All divide ratio mode settings are supported when VCC=30Vto 55V 000bto 111b

Divide ratio of 4 or more when VCC =27V to 55V

Divide ratio of 8 or more whenVCC =22V to 55V

3. When setting the FRAO1 bit to 0 (low -speed on-chip oscillator selected), do not set the FRAOQO bit to 0 (high-speed
on-chip oscillator off) at the same time.
Set the FRAQO bit to 0 after setting the FRAO1 bit to 0.

010b to 111b (divide by 4 or more)
110b to 111b (divide by 8 or more)

Symbol Address After Reset
FRA1 0024h When Shipping
Function RwW
The frequency of the high-speed on-chip oscillator is adjusted w ith bits 0 to 7.
High-speed on-chip oscillator frequency = 40 MHz (FRA1 register = value w hen shipping)
Setting the FRA1 register to a low er value results in a higher frequency. 2w

Setting the FRA1 register to a higher value results in a low er frequency.®@

NOTES:

1. Set the PRCO bit in the PRCR register to 1 (w rite enable) before rew riting the FRA1 register.
2. When changing the values of the FRA1 register, adjust the FRA1 register so that the frequency of the high-speed
on-chip oscillator clock will be 40 MHz or less.

Figure 10.5 Registers FRAO and FRA1
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High-Speed On-Chip Oscillator Control Register 2(")

b7 b6 b5 b4 b3 b2 b1 b0

|OI 0' 0| DI 0| I I I Symbol Address After Reset
FRAZ 0025h 00h
Bit Symbol Bit Name Function RwW
High-speed on-chip oscillator Selects the dividing ratio for the high-
frequency sw itching bits speed on-chip oscillator clock.
FRAZ20 b2 b1 b0 RW

0 0 0: Divide-by-2 mode
0 0 1: Divide-by-3 mode
0 1 0: Divide-by-4 mode
FRA21 0 1 1: Divide-by-5 mode RW
1 0 0: Divide-by-6 mode
10 1: Divide-by-7 mode
11 0: Divide-by-8 mode
FRA22 11 1: Divide-by-9 mode RW

— Reserved bits Set to 0.
(b7-b3)

RW

NOTE:
1. Set the PRCO bit in the PRCR register to 1 (w rite enable) before rew riting the FRA2 register.

High-Speed On-Chip Oscillator Control Register 4

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
FRA4 0029h When Shipping
Function RwW
Stores data for frequency correction when VCC =2.7 to 5.5 V. (The value is the same as that
of the FRA1 register after a reset.) Optimal frequency correction to match the voltage RO
conditions can be achieved by transferring this value to the FRA1 register.

High-Speed On-Chip Oscillator Control Register 6

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
FRABG 002Bh When Shipping
Function RwW
Stores data for frequency correction when VCC = 2.2 to 5.5 V. Optimal frequency correction
to match the voltage conditions can be achieved by transferring this value to the FRA1 RO
register.

High-Speed On-Chip Oscillator Control Register 7

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
FRAT 002Ch When Shipping
Function RwW
36.864 MHz frequency correction data is stored.
The oscillation frequency of the high-speed on-chip oscillator can be adjusted to 36.864 MHz RO
by transferring this value to the FRA1 register.

Figure 10.6 Registers FRA2, FRA4, FRAG6 and FRA7
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Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 b1 b0
| IUI 0| DI 0| 0| 0| 0] Symbol Address After Reset
CPSRF 0028h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b6-b0) RW
CPSR Clock prescaler reset flag™ Setting this bit to 1 initializes the clock RW
prescaler. (When read, the content is 0)
NOTE:
1. Only write 1 to this bit w hen selecting the XCIN clock as the CPU clock, .
Figure 10.7 CPSRF Register
Voltage Detection Register 2
b7 b6 b5 b4 b3 b2 b1 b0
I I I IOI DI 0' OI I Symbol Address After Reset®
The LVDOON bit in the OFS register is
set to 1 and hardw are reset 2 00h
Pow er-on reset, voltage monitor 0 reset
or LVDOON bit in the OFS register is
VCAZ 0032h set to 0, and hardw are reset 1 00100000b
Bit Symbol Bit Name Function RwW
Internal pow er low 0 : Disables low consumption
— VCA20 consumption enable bit'® 1: Enables low consumption RW
— Reserved bits Setto 0.
(b4-b1) RW
Voltage detection 0 enable |0 : Voltage detection 0 circuit disabled
VCA25 bt 1 : Voltage detection 0 circuit enabled RW
Voltage detection 1 enable |0 : Voltage detection 1 circuit disabled
VCA26 bit® 1 : Voltage detection 1 circuit enabled RW
Voltage detection 2 enable |0 : Voltage detection 2 circuit disabled
VCAZT bit* 1 : Voltage detection 2 circuit enabled RW

NOTES:
1. Set the PRC3 bit in the PRCR register to 1 (w rite enable) before w riting to the VCAZ2 register.

2. To use the voltage monitor 0 reset, set the VCA25 bit to 1.

After the VCAZ25 bit is set to 1 from 0, the voltage detection circuit w aits for td(E-A) to elapse before starting
operation.

3. To use the voltage monitor 1 interrupt/reset or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1.
After the VCAZ26 bit is set to 1 from 0, the voltage detection circuit w aits for td(E-A) to elapse before starting
operation.

4. To use the voltage monitor 2 interrupt/reset or the VCA13 bit in the VCA1 register, set the VCA27 bitto 1.
After the VCAZ27 bit is set to 1 from 0, the voltage detection circuit w aits for td(E-A) to elapse before starting
operation.

5. Softw are reset, w atchdog timer reset, voltage monitor 1 reset, and voltage monitor 2 reset do not affect this
register.

6. Use the VCAZ20 bit only w hen entering to w ait mode. To set the VCAZ20 bit, follow the procedure shown in Figure
10.9 Procedure for Enabling Reduced Internal Power Consumption Using VCA20 bit.

Figure 10.8 VCA2 Register
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Exit wait mode by interrupt

(Note 1)

( In interrupt routine )

Step (5)

VICA20 « 0 (internal power low consumption
disabled )

v

Step (6)

Start XIN clock or high-speed on-chip
oscillator clock

'

Step (7)

(Wait until XIN clock oscillation stabilizes)

v

Step (8)

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

v

Interrupt handling

v

Step (1)

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

v

Step (2)

Stop XIN clock and high-speed on-chip
oscillator clock

v

Step (3)

VICA20 « 1 (internal power low consumption
enabled)@ 2

v

< Interrupt handling completed )

Handling procedure of internal power
low consumption enabled by VCAZ20 bit
Step (1) Enter low-speed clock mode or low-speed
on-chip oscillator mode
Step(2)|  StoP XIN clock and high-speed on-chip
oscillator clock
VCA20 « 1 (internal power low consumption
Step (3) enabled)? 3
Step (4) Enter wait mode*
A
VCA20 « 0 (internal power low consumption
Step (5) disabled)?
Start XIN clock or high-speed on-chip
Step (6) oscillator clock
Step (7)|  (Wait until XIN clock oscillation stabilizes)
Enter high-speed clock mode or
Step (8) high-speed on-chip oscillator mode
NOTES:
1. Execute this routine to handle all interrupts generated in wait mode.
routine.
3. When the VCA20 bit is set to 1, do not set the CM10 bit to 1 (stop mode).
4. When entering wait mode, follow 10.7.2 Wait Mode.
VCA20: Bit in VCA2 register

ITit is necessary to start
the high-speed clock or
the high-speed on-chip
oscillator in the interrupt
routine, execute steps (5)
to (7) in the interrupt
routine.

If the high-speed clock or
high-speed on-chip
oscillator is started in the
interrupt routine, execute
steps (1) to (3) at the last of
the interrupt routine.

However, this does not apply if it is not necessary to start the high-speed clock or high-speed on-chip oscillator during the interrupt

2. Do not set the VCAZ20 bit to 0 with the instruction immediately after setting the VCAZ20 bit to 1. Also, do not do the opposite.

Figure 10.9

Procedure for Enabling Reduced Internal Power Consumption Using VCA20 bit
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10. Clock Generation Circuit

The clocks generated by the clock generation circuits are described below.

10.1  XIN Clock

This clock is supplied by the XIN clock oscillation circuit. This clock is used as the clock source for the CPU and
peripheral function clocks. The XIN clock oscillation circuit is configured by connecting a resonator between the
XIN and XOUT pins. The XIN clock oscillation circuit includes an on-chip feedback resistor, which is
disconnected from the oscillation circuit in stop mode in order to reduce the amount of power consumed by the
chip. The XIN clock oscillation circuit may also be configured by feeding an externally generated clock to the XIN
pin.

Figure 10.10 shows Examples of XIN Clock Connection Circuit.

In reset and after reset, the XIN clock stops.

The XIN clock starts oscillating when the CMO05 bit in the CMO register is set to 0 (XIN clock oscillates) after
setting the CM 13 bit in the CMI1 register to 1 (XIN- XOUT pin).

To use the XIN clock for the CPU clock source, set the OCD2 bit in the OCD register to 0 (select XIN clock) after
the XIN clock is oscillating stably.

The power consumption can be reduced by setting the CMOS5 bit in the CMO register to 1 (XIN clock stops) if the
OCD2 bit is set to 1 (select on-chip oscillator clock).

When an external clock is input to the XIN pin are input, the XIN clock does not stop if the CMOS5 bit is set to 1. If
necessary, use an external circuit to stop the clock.

In stop mode, all clocks including the XIN clock stop. Refer to 10.5 Power Control for details.

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XIN XOUT XIN XOUT
Open
Rf(1 Rd™M

Externally derived clock

U
ICIN

Ceramic resonator external circuit

COouT VCC
- I
p— VSS

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 setting. Use the value recommended by the manufacturer of the oscillator.
Use high drive when oscillation starts and, if it is necessary to switch the oscillation drive capacity, do so
after oscillation stabilizes.

When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator
manufacturer's data sheet specifies that a feedback resistor be added to the chip externally, insert a
feedback resistor between XIN and XOUT following the instructions.

To use this MCU with supply voltage below VCC = 2.7 V, it is recommended to set the CM11 bit in the
CM1 register to 1 (on-chip feedback resistor disabled), the CM15 bit to 1 (high drive capacity), and
connect the feedback resistor to the chip externally.

Figure 10.10 Examples of XIN Clock Connection Circuit
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10.2 On-Chip Oscillator Clocks

These clocks are supplied by the on-chip oscillators (high-speed on-chip oscillator and a low-speed on-chip
oscillator). The on-chip oscillator clock is selected by the FRAO1 bit in the FRAO register.

10.2.1 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,
peripheral function clock, fOCO, and fOCO-S.

After reset, the on-chip oscillator clock generated by the low-speed on-chip oscillator divided by 8 is selected as
the CPU clock.

If the XIN clock stops oscillating when bits OCD1 to OCDO0 in the OCD register are set to 11b, the low-speed
on-chip oscillator automatically starts operating, supplying the necessary clock for the MCU.

The frequency of the low-speed on-chip oscillator varies depending on the supply voltage and the operating
ambient temperature. Application products must be designed with sufficient margin to allow for frequency
changes.

10.2.2 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,
peripheral function clock, fOCO, fOCO-F, and fOCO40M.
To use the high-speed on-chip oscillator clock as the clock source for the CPU clock, peripheral clock, fOCO,
and fOCO-F, set bits FRA20 to FRA22 in the FRA?2 register as follows:
» All divide ratio mode settings are supported when VCC=3.0 Vto 5.5V 000b to 111b
* Divide ratio of 4 or more when VCC=2.7Vto 5.5V 010b to 111b (divide by 4 or more)
» Divide ratio of 8 or more when VCC=22Vto 55V 110b to 111b (divide by 8 or more)

After reset, the on-chip oscillator clock generated by the high-speed on-chip oscillator stops. Oscillation is
started by setting the FRAO0O bit in the FRAO register to 1 (high-speed on-chip oscillator on). The frequency can
be adjusted by registers FRA1 and FRA2.

The frequency correction data (the value is the same as that of the FRA1 register after a reset) corresponding to
the supply voltage ranges VCC = 2.7 V to 5.5 V is stored in FRA4 register. Furthermore, the frequency
correction data corresponding to the supply voltage ranges VCC = 2.2 V to 5.5 V is stored in FRAG6 register. To
use separate correction values to match these voltage ranges, transfer them from FRA4 or FRAG register to the
FRAI register.

The frequency correction data of 36.864 MHz is stored in the FRA7 register. To set the frequency of the high-
speed on-chip oscillator to 36.864 MHz, transfer the correction value in the FRA7 register to the FRA1 register
before use. 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 (refer to Table 15.7 Bit Rate Setting Example in UART Mode (Internal
Clock Selected)).

Since there are differences in the amount of frequency adjustment among the bits in the FRAI register, make
adjustments by changing the settings of individual bits. Adjust the FRA1 register so that the frequency of the
high-speed on-chip oscillator clock will be 40 MHz or less.
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10.3 XCIN Clock

This clock is supplied by the XCIN clock oscillation circuit. This clock is used as the clock source for the CPU
clock, timer RA, and timer RE. The XCIN clock oscillation circuit is configured by connecting a resonator between
the XCIN and XCOUT pins. The XCIN clock oscillation circuit includes an on-chip a feedback resistor, which is
disconnected from the oscillation circuit in stop mode in order to reduce the amount of power consumed in the
chip. The XCIN clock oscillation circuit may also be configured by feeding an externally generated clock to the
XCIN pin.

Figure 10.11 shows Examples of XCIN Clock Connection Circuits.

During and after reset, the XCIN clock stops.

The XCIN clock starts oscillating when the CMO04 bit in the CMO register is set to 1 (XCIN-XCOUT pin).

To use the XCIN clock for the CPU clock source, set the CMO07 bit in the CMO register to 1 (XCIN clock) after the
XCIN clock is oscillating stably. To input an external clock to the XCIN pin, set the CMO04 bit in the CMO register
to 1 (XCIN-XCOUT pin) and leave the XCOUT pin open.

This MCU has an on-chip feedback resistor and on-chip resistor disable/enable switching is possible by the CM12
bit in the CM1 register.

In stop mode, all clocks including the XCIN clock stop. Refer to 10.5 Power Control for details.

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)

XCIN XCOUT XCIN XCOUT

Open
Rf

Rd(™
| |:| I
1]
CIN couT Yole:
— — VSS

External crystal oscillator circuit External clock input circuit

Externally derived clock

NOTE:
1. Insert a damping resistor and feedback resistor if required. The resistance will vary depending on the oscillator and
the oscillation drive capacity setting. Use the value recommended by the manufacturer of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added to the chip extemnally, insert a feedback resistor between
XCIN and XCOUT following the instructions.

Figure 10.11 Examples of XCIN Clock Connection Circuits
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10.4 CPU Clock and Peripheral Function Clock

There are a CPU clock to operate the CPU and a peripheral function clock to operate the peripheral functions. Refer
to Figure 10.1 Clock Generation Circuit.

10.41 System Clock

The system clock is the clock source for the CPU and peripheral function clocks. Either the XIN clock or the
on-chip oscillator clock can be selected.

10.4.2 CPU Clock

The CPU clock is an operating clock for the CPU and watchdog timer.

When the CMO07 bit in the CMO register is set to 0 (system clock), the system clock can be divided by 1 (no
division), 2, 4, 8, or 16 to produce the CPU clock. Use the CMO06 bit in the CMO register and bits CM16 to
CM17 in the CM1 register to select the value of the division.

When the CMO7 bit in the CMO register is set to 1 (XCIN clock), the XCIN clock is used for the CPU clock.
Use the XCIN clock while the XCIN clock oscillation stabilizes.

After reset, the low-speed on-chip oscillator clock divided by 8 provides the CPU clock.

When entering stop mode from high-speed clock mode, the CMO06 bit is set to 1 (divide-by-8 mode).

10.4.3 Peripheral Function Clock (f1, 2, f4, {8, and f32)

The peripheral function clock is the operating clock for the peripheral functions.

The clock fi(i=1, 2, 4, 8, and 32) is generated by the system clock divided by i. The clock fi is used for timers
RA, RB, RD, and RE, the serial interface and the A/D converter.

When the WAIT instruction is executed after setting the CMO2 bit in the CMO register to 1 (peripheral function
clock stops in wait mode), the clock fi stop.

1044 fOCO

fOCO is an operating clock for the peripheral functions.
fOCO runs at the same frequency as the on-chip oscillator clock and can be used as the source for timer RA.
When the WAIT instruction is executed, the clocks fOCO does not stop.

1045 fOCO40M

fOCO40M is used as the count source for timer RD. fOCO40M is generated by the high-speed on-chip
oscillator and supplied by setting the FRAO0O bit to 1.

When the WAIT instruction is executed, the clock fOCO40M does not stop.

fOCO40M can be used with supply voltage VCC=3.0t0 5.5 V.

10.4.6 fOCO-F

fOCO-F is used as the count source for the A/D converter. fOCO-F is generated by the high-speed on-chip
oscillator and supplied by setting the FRAO0O bit to 1.
When the WAIT instruction is executed, the clock fOCO-F does not stop.

10.4.7 fOCO-S

fOCO-S is an operating clock for the watchdog timer and voltage detection circuit. fOCO-S is supplied by
setting the CM 14 bit to 0 (low-speed on-chip oscillator on) and uses the clock generated by the low-speed on-
chip oscillator. When the WAIT instruction is executed or in count source protect mode of the watchdog timer,
fOCO-S does not stop.

1048 fOCO128

fOCO128 is generated by fOCO divided by 128.
The clock fOCO128 is used for capture signal of timer RD (channel 0).
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1049 fC4 and fC32

The clock fC4 and fC32 are used for timer RA and timer RE.
Use fC4 and fC32 while the XCIN clock oscillation stabilizes.
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10.5 Power Control

There are three power control modes. All modes other than wait mode and stop mode are referred to as standard
operating mode.

10.5.1 Standard Operating Mode

Standard operating mode is further separated into four modes.

In standard operating mode, the CPU clock and the peripheral function clock are supplied to operate the CPU
and the peripheral function clocks. Power consumption control is enabled by controlling the CPU clock
frequency. The higher the CPU clock frequency, the more processing power increases. The lower the CPU
clock frequency, the more power consumption decreases. When unnecessary oscillator circuits stop, power
consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source needs to be oscillating
and stable. If the new clock source is the XIN clock or XCIN clock, allow sufficient wait time in a program
until oscillation is stabilized before exiting.

Table 10.2  Settings and Modes of Clock Associated Bits

R((a)g(i:sl,:t)er CM1 Register CMO Register FRAO Register
Modes VAT
OCD2 | 4 | CM14 | CM13 | CMO7 | CMO6 | CMO5 | CMO4 | FRAO1| FRAQO
High-speed | No division 0 00b - 1 0 0 0 - - -
clock mode | Djvide-by-2 0 01b - 1 0 0 0 - - -
Divide-by-4 0 10b - 1 0 0 0 - - -
Divide-by-8 0 - - 1 0 1 0 - - -
Divide-by-16 0 11b - 1 0 0 0 - - -
Low-speed | No division _ _ _ _ 1 _ _ 1 _ _
clock mode
High-speed | No division 1 00b - - 0 0 - - 1 1
on-chip Divide-by-2 1 01b — — 0 0 — — 1 1
ﬁf;'j"eator Divide-by-4 1 100 | - _ 0 0 _ _ 1 1
Divide-by-8 1 - - - 0 1 - - 1 1
Divide-by-16 1 11b - - 0 0 - - 1 1
Low-speed | No division 1 00b 0 - 0 0 - - 0
on-chip Divide-by-2 1 01b 0 - 0 0 - - 0
oscillator  Rivide-by-4 1 10b 0 _ 0 0 _ _ 0 _
mode Divide-by-8 1 _ 0 _ 0 1 _ _ 0 _
Divide-by-16 1 11b 0 - 0 0 - - 0 -

X: can be 0 or 1, no change in outcome
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10.5.1.1 High-Speed Clock Mode

The XIN clock divided by 1 (no division), 2, 4, 8, or 16 provides the CPU clock. Set the CMO6 bit to 1 (divide-
by-8 mode) when transiting to high-speed on-chip oscillator mode, low-speed on-chip oscillator mode. If the
CM14 bit is set to 0 (low-speed on-chip oscillator on) or the FRAOO bit in the FRAO register is set to 1 (high-
speed on-chip oscillator on), fOCO can be used as timer RA. When the FRAOQO bit is set to 1, fOCO40M can be
used as timer RD. When the CM 14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used for the
watchdog timer and voltage detection circuit.

10.5.1.2 Low-Speed Clock Mode

The XCIN clock divided by 1 (no division) provides the CPU clock.

In this mode, stopping the XIN clock and high-speed on-chip oscillator, and setting the FMR47 bit in the FMR4
register to 1 (flash memory low consumption current read mode enabled) enables low consumption operation.
When the FRAOQO bit is set to 1, fOCO40M can be used as timer RD. When the CM 14 bit is set to 0 (low-speed
on-chip oscillator on), fOCO-S can be used for the watchdog timer and voltage detection circuit.

To enter wait mode from low-speed clock mode, setting the VCA20 bit in the VCAZ2 register to 1 (internal
power low consumption enabled) enables lower consumption current in wait mode.

When enabling reduced internal power consumption using the VCAZ20 bit, follow Figure 10.13 Procedure for
Enabling Reduced Internal Power Consumption Using VCA20 bit.

10.5.1.3 High-Speed On-Chip Oscillator Mode

The high-speed on-chip oscillator is used as the on-chip oscillator clock when the FRAO0O0 bit in the FRAO
register is set to 1 (high-speed on-chip oscillator on) and the FRAOQI bit in the FRAO register is set to 1. The on-
chip oscillator divided by 1 (no division), 2, 4, 8, or 16 provides the CPU clock. Set the CMO06 bit to 1 (divide-
by-8 mode) when transiting to high-speed clock mode. If the FRAQO bit is set to 1, fOCO40M can be used as
timer RD. When the CM14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used for the
watchdog timer and voltage detection circuit.

10.5.1.4 Low-Speed On-Chip Oscillator Mode

If the CM14 bit in the CM1 register is set to 0 (low-speed on-chip oscillator on) or the FRAQ1bit in the FRAOQ
register is set to 0, the low-speed on-chip oscillator provides the on-chip oscillator clock.

The on-chip oscillator clock divided by 1 (no division), 2, 4, 8 or 16 provides the CPU clock. The on-chip
oscillator clock is also the clock source for the peripheral function clocks. Set the CMO6 bit to 1 (divide-by-8
mode) when transiting to high-speed clock mode. When the FRAOO bit is set to 1, fOCO40M can be used as
timer RD. When the CM14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used as the
watchdog timer and voltage detection circuit.

In this mode, stopping the XIN clock and high-speed on-chip oscillator, and setting the FMR47 bit in the FMR4
register to 1 (flash memory low consumption current read mode enabled) enables low consumption operation.
To enter wait mode from low-speed on-chip oscillator mode, setting the VCA20 bit in the VCA2 register to 1
(internal power low consumption enabled) enables lower consumption current in wait mode.

When enabling reduced internal power consumption using the VCAZ20 bit, follow Figure 10.13 Procedure for
Enabling Reduced Internal Power Consumption Using VCA20 bit.
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10.5.2 Wait Mode

Since the CPU clock stops in wait mode, the CPU, which operates using the CPU clock, and the watchdog
timer, when count source protection mode is disabled, stop. The XIN clock, XCIN clock, and on-chip oscillator
clock do not stop and the peripheral functions using these clocks continue operating.

10.5.2.1 Peripheral Function Clock Stop Function

If the CMO2 bit is set to 1 (peripheral function clock stops in wait mode), the f1, £2, f4, {8, and £32 clocks stop
in wait mode. This reduces power consumption.

10.5.2.2 Entering Wait Mode

The MCU enters wait mode when the WAIT instruction is executed.

When the OCD2 bit in the OCD register is set to 1 (on-chip oscillator selected as system clock), set the OCD1
bit in the OCD register to 0 (oscillation stop detection interrupt disabled) before executing the WAIT
instruction.

If the MCU enters wait mode while the OCDI bit is set to 1 (oscillation stop detection interrupt enabled),
current consumption is not reduced because the CPU clock does not stop.

10.5.2.3 Pin Status in Wait Mode

The I/O port is the status before wait mode was entered is maintained.
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10.5.2.4 EXxiting Wait Mode

The MCU exits wait mode by a reset or a peripheral function interrupt.

The peripheral function interrupts are affected by the CMO02 bit. When the CMO02 bit is set to 0 (peripheral
function clock does not stop in wait mode). all peripheral function interrupts can be used to exit wait mode.
When the CMO2 bit is set to 1 (peripheral function clock stops in wait mode), the peripheral functions using the
peripheral function clock stop operating and the peripheral functions operated by external signals or on-chip
oscillator clock can be used to exit wait mode.

Table 10.3 lists Interrupts to Exit Wait Mode and Usage Conditions.

Table 10.3 Interrupts to Exit Wait Mode and Usage Conditions

Interrupt CM02=0 CMO02 =1
Serial interface interrupt Usable when operating with internal | Usable when operating with external
or external clock clock
Clock synchronous serial /0 | Usable in all modes (Do not use)

with chip select interrupt / 12C
bus interface interrupt

Key input interrupt Usable Usable
A/D conversion interrupt Usable in one-shot mode (Do not use)
Timer RA interrupt Usable in all modes Can be used if there is no filter in

event counter mode.
Usable by selecting fOCO or fC32
as count source.

Timer RB interrupt Usable in all modes (Do not use)

Timer RD interrupt Usable in all modes Usable by selecting fOCO40M as
count source

Timer RE interrupt Usable in all modes Usable when operating in real time
clock mode

INT interrupt Usable Usable (INTO to INT3 can be used if
there is no filter.)

Voltage monitor 1 interrupt Usable Usable

Voltage monitor 2 interrupt Usable Usable

Oscillation stop detection Usable (Do not use)

interrupt
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Figure 10.12 shows the Time from Wait Mode to Interrupt Routine Execution.
When using a peripheral function interrupt to exit wait mode, set up the following before executing the WAIT
instruction.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO in the interrupt control registers of the peripheral
function interrupts to be used for exiting wait mode. Set bits ILVL2 to ILVLO of the peripheral function
interrupts that are not to be used for exiting wait mode to 000b (interrupt disabled).

(2) Set the I flag to 1.

(3) Operate the peripheral function to be used for exiting wait mode.

When exiting by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the CMO07 bit in the CMO register, as described in Figure 10.12.

The CPU clock, when exiting wait mode by a peripheral function interrupt, is the same clock as the CPU clock
when the WAIT instruction is executed.

FMRO Registerl  CMO Register Time until Flash Memory | Time until CPU Clock | Time for Interrupt Remarks
FMSTP Bit CMO7 Bit is Activated (T1) Is Supplied (T2) Sequence (T3)
0 Period of system clock Period of CPU clock |Period of CPU clock
0 (system clock) % 12 cycles + 30 ps (max.) % 6 cycles % 20 cycles
(flash memory ] oriod of XCIN dlock Following total
operates) enod o cloc time is the time
(XCIN clock) « 12 cycles + 30 ps (max.) Same as above Same as above o it
0 Period of system clock until an interrupt
1 (system clock) %12 S(I:ycles Same as above Same as above | rgutine is
(flash memory - executed.
stops) 1 Period of XCIN clock
(XCIN clock) « 12 cycles Same as above Same as above
T1 N T2 T3
Wait mode Flagh memory CPU clock restart sequence Interrupt sequence
activation sequence
A Interrupt request generated

Figure 10.12 Time from Wait Mode to Interrupt Routine Execution
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10.5.2.5 Reducing Internal Power Consumption

Internal power consumption can be reduced by using low-speed clock mode or low-speed on-chip oscillator
mode. Figure 10.13 shows the Procedure for Enabling Reduced Internal Power Consumption Using VCA20 bit.
When enabling reduced internal power consumption using the VCAZ20 bit, follow Figure 10.13 Procedure for
Enabling Reduced Internal Power Consumption Using VCA20 bit.

Exit wait mode by interrupt
(Note 1)
Handling procedure of internal power . )
@v consumption enabled by VCA20 bit In interrupt routine
Enter low-speed clock mode or low-speed VCA20 « 0 (internal power low consumption
Step (1) on-chip oscillator mode Step (9) disabled)?
Step (2 Stop XIN clock and high-speed on-chip Step (6 Start XIN clock or high-speed on-chip If it is necessary to start
P @2) oscillator clock p(6) oscillator clock the high-speed clock or
the high-speed on-chip
¢ ¢ oscillator in the interrupt
- , routine, execute steps (5)
Step (3)| VA0 « 1 (internal power low consumption Step (7)|  (Wait until XIN clock oscillation stabilizes) to (7) in the interrupt
enabled)® °! routine.
) Enter high-speed clock mode or
)
Step (4) Enter wait mode Step (8) high-speed on-chip oscillator mode
‘ -
step (5| VCA20 < 0 (internal power low consumption Interrupt handling
P (5) disabled)? ¢
¢ Step (1) Enter low-speed clock mode or
Step (6) Start XIN clock or high-speed on-chip p low-speed on-chip oscillator mode
oscillator clock If the high-speed clock or
¢ ¢ high-speed on-chip
Stop XIN clock and high-speed on-chip oscillator is started in the
- - B} Step (2) oscillator clock interrupt routine, execute
Step (7) (Wait until XIN clock oscillation stabilizes) steps (1) to (3) at the last of
¢ ¢ the interrupt routine.
step (3| VCA20 « 1 (internal power low consumption
Step () Enter high-speed clock mode or P 3 enabled)? 2
p high-speed on-chip oscillator mode ¢
< Interrupt handling completed )
NOTES:
1. Execute this routine to handle all interrupts generated in wait mode.
However, this does not apply if it is not necessary to start the high-speed clock or high-speed on-chip oscillator during the interrupt
routine.
2. Do not set the YCAZ20 bit to 0 with the instruction immediately after setting the VCAZ20 bit to 1. Also, do not do the opposite.
3. When the VCA20 bit is set to 1. do not set the CM10 bit to 1 (stop mode).
4. When entering wait mode, follow 10.7.2 Wait Mode.
VCAZ20: Bit in VCAZ2 register

Figure 10.13 Procedure for Enabling Reduced Internal Power Consumption Using VCA20 bit
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10.5.3 Stop Mode

Since the oscillator circuits stop in stop mode, the CPU clock and peripheral function clock stop and the CPU
and peripheral functions that use these clocks stop operating. The least power required to operate the MCU is in
stop mode. If the voltage applied to the VCC pin is VRAM or more, the contents of internal RAM is
maintained.

The peripheral functions clocked by external signals continue operating.

Table 10.4 lists Interrupts to Exit Stop Mode and Usage Conditions.

Table 10.4  Interrupts to Exit Stop Mode and Usage Conditions

Interrupt Usage Conditions

Key input interrupt -

INTO to INT3 interrupt Can be used if there is no filter

Timer RA interrupt Can be used if there is no filter when external pulse is counted in event
counter mode

Serial interface interrupt When external clock is selected

Voltage monitor 1 interrupt Usable in digital filter disabled mode (VW1C1 bit in VW1C register is set
to1)

Voltage monitor 2 interrupt Usable in digital filter disabled mode (VW2C1 bit in VW2C register is set
to1)

10.5.3.1 Entering Stop Mode

The MCU enters stop mode when the CM10 bit in the CMI1 register is set to 1 (all clocks stop). At the same
time, the CMO6 bit in the CMO register is set to 1 (divide-by-8 mode) and the CM15 bit in the CMI1 register is
set to 1 (XIN clock oscillator circuit drive capacity high).

When using stop mode, set bits OCD1 to OCDO to 00b before entering stop mode.

10.5.3.2 Pin Status in Stop Mode

The status before wait mode was entered is maintained.
However, when the CM13 bit in the CM1 register is set to 1 (XIN-XOUT pins), the XOUT(P4 _7) pin is held
“H”. When the CM13 bit is set to 0 (input ports P4 6 and P4 7), the P4 7(XOUT pin) is held in input status.
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10.5.3.3 EXxiting Stop Mode

The MCU exits stop mode by a reset or peripheral function interrupt.

Figure 10.14 shows the Time from Stop Mode to Interrupt Routine Execution.

When using a peripheral function interrupt to exit stop mode, set up the following before setting the CM10 bit
to 1.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used
for exiting stop mode. Set bits ILVL2 to ILVLO of the peripheral function interrupts that are not to be
used for exiting stop mode to 000b (interrupt disabled).

(2) Set the I flag to 1.

(3) Operates the peripheral function to be used for exiting stop mode.

When exiting by a peripheral function interrupt, the interrupt sequence is executed when an interrupt
request is generated and the CPU clock supply is started.

If the clock used immediately before stop mode is a system clock and stop mode is exited by a peripheral
function interrupt, the CPU clock becomes the previous system clock divided by 8.

FMRO Register CMO Register | Time until Flash Memory | Time until CPU Clock | Time for Interrupt Remarks
EMSTP Bit CMO7 Bit is Activated (T2) is Supplied (T3) Sequence (T4)
Period of system clock Period of CPU clock | Period of CPU clock ;
(flash memory 0 (systemclock) | 45 cycles + 30 ps (max.) % B cycles x 20 cycles E%I(Ieog\rflr%got%tal
operates) 1 (XCIN clock) y 1';9&%?92?(%1 gl?rﬁgx) Same as above Same as above ;gr:qs Stls(;aphme
1 0 (system clock) Periodxc;fzsgtéelgns clock Same as above Same as above m%dr?ugtm" an
- handling is
(flash memory stops) 1 (XCIN clock) Pe"c’f 1°2f é%gsclock Same as above Same as above executegd_
P TO P T1 L T2 P T3 P T4 R
- Ik I Oscillation time of Fiash CPU dock restart
op | Internal power |CPU clock source ash memory clock resta
mode | stability time |used immediately activation sequence sequence Interrupt sequence
before stop mode
/\ 150 s
Interrupt ~ (max.)
request
generated

Figure 10.14 Time from Stop Mode to Interrupt Routine Execution
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Figure 10.15 shows the State Transitions in Power Control Mode.

State Transitions in Power Control Mode

Reset )

/— Standard operating mode

Y

Low-speed on-chip oscillator mode

CMO7 =0
CM14=10
ocDz=1
FRAO1=0
FRADD =1
FRAD1 =1
CM04 =1
High-speed clock mode CMO7 =1
CMO05=0 Low-speed clock mode
CMO7=0 CMOd =1
CM13=1 CMO7 =1
ocD2=0 CMO5=10
CMO7 =0
CM14=0 CM13=1
FRAD1=10

8'(“:1;)‘3; :) High-speed on-chip oscillator mode
CMOT =0
OoCD2=1
FRADD =1
FRAD1 =1

Interrupt WAIT instruction Interrupt CM10=1

CPU operation stops All oscillators stop

CMO04, CM05, CMOT: Bits in CMO register
CM13, CM14: Bits in CM1 register
OCD2: Bitin OCD register

FRAQ0, FRAO1: Bits in FRAOD register

Figure 10.15 State Transitions in Power Control Mode
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10.6 Oscillation Stop Detection Function
The oscillation stop detection function detects the stop of the XIN clock oscillating circuit. The oscillation stop

detection function can be enabled and disabled by the OCDO bit in the OCD register.
Table 10.5 lists the Specifications of Oscillation Stop Detection Function.

When the XIN clock is the CPU clock source and bits OCD1 to OCDO are set to 11b, the system is placed in the
following state if the XIN clock stops.

* OCD2 bit in OCD register = 1 (on-chip oscillator clock selected)

* OCD3 bit in OCD register = 1 (XIN clock stops)

* CM14 bit in CM1 register = 0 (low-speed on-chip oscillator oscillates)

* Oscillation stop detection interrupt request is generated.

Table 10.5 Specifications of Oscillation Stop Detection Function

Item Specification
Oscillation stop detection clock and f(XIN) = 2 MHz
frequency bandwidth
Enabled condition for oscillation stop Set bits OCD1 to OCDO to 11b
detection function
Operation at oscillation stop detection | Oscillation stop detection interrupt is generated

10.6.1 How to Use Oscillation Stop Detection Function

* The oscillation stop detection interrupt shares a vector with the voltage monitor 1 interrupt, the voltage
monitor 2 interrupt, and the watchdog timer interrupt. When using the oscillation stop detection interrupt and
watchdog timer interrupt, the interrupt source needs to be determined.

Table 10.6 lists the Determining Interrupt Source for Oscillation Stop Detection, Watchdog Timer, Voltage
Monitor 1, and Voltage Monitor 2 Interrupts. Figure 10.17 shows an Example of Determining Interrupt
Source for Oscillation Stop Detection, Watchdog Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt.
When the XIN clock restarts after oscillation stop, switch the XIN clock to the clock source of the CPU clock
and peripheral functions by a program.

Figure 10.16 shows the Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock.

To enter wait mode while using the oscillation stop detection function, set the CMO02 bit to 0 (peripheral
function clock does not stop in wait mode).

Since the oscillation stop detection function is a function for cases where the XIN clock is stopped by an
external cause, set bits OCD1 to OCDO to 00b when the XIN clock stops or is started by a program, (stop
mode is selected or the CMOS3 bit is changed).

This function cannot be used when the XIN clock frequency is 2 MHz or below. In this case, set bits OCD1 to
OCDO to 00b.

To use the low-speed on-chip oscillator clock for the CPU clock and clock sources of peripheral functions
after detecting the oscillation stop, set the FRAO1 bit in the FRAO register to 0 (low-speed on-chip oscillator
selected) and bits OCD1 to OCDO to 11b.

To use the high-speed on-chip oscillator clock for the CPU clock and clock sources of peripheral functions
after detecting the oscillation stop, set the FRAOQO bit to 1 (high-speed on-chip oscillator on) and the FRAO01
bit to 1 (high-speed on-chip oscillator selected) and then set bits OCD1 to OCDO to 11b.

Rev.3.00 Feb 29,2008 Page 96 of 485 .’{ENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 10. Clock Generation Circuit

Table 10.6 Determining Interrupt Source for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, and Voltage Monitor 2 Interrupts

Generated Interrupt Source Bit Showing Interrupt Cause

Oscillation stop detection (a) OCD3 bit in OCD register = 1

((a) or (b)) (b) OCD1 to OCDO bits in OCD register = 11b and OCD2 bit = 1
Watchdog timer VW2C3 bit in VW2C register = 1

Voltage monitor 1 VWA1C2 bit in VW1C register = 1

Voltage monitor 2 VW2C2 bit in VW2C register = 1

( Switch to XIN clock )

Multiple confirmations
that OCD?3 bit is set to 0 (XIN
clock oscillates) ?

Set OCD1 to OCDO bits to 00b

Set OCD2 bitto 0
(select XIN clock)

=

OCD3 to OCDQO: Bits in OCD register

Figure 10.16 Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock
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( Interrupt sources judgment )

ocD3=17?
{XIN clock stopped)

{oscillation stop detection
interrupt enabled) and OCD2 =1
on-chip oscillator clock selected
as system clock) 7

VW2C3=12?
(Watchdog timer
underflow)

vw2c2=12?
(passing Vdet2)

Set OCD1 bit to 0 (oscillation stop
detection interrupt disabled)."

To oscillation stop detecfion To watchdog timer To voltage monitor 2 To voltage monitor 1
interrupt routine interrupt routine interrupt routine interrupt routine

NOTE:
1. This disables multiple oscillation stop detection interrupts.

OCD1 to OCD3: Bits in OCD register
VW2C2, VW2C3: Bits in VW2C register

Figure 10.17 Example of Determining Interrupt Source for Oscillation Stop Detection, Watchdog
Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt
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10.7

Notes on Clock Generation Circuit

10.7.1 Stop Mode

When entering stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
CMI10 bit in the CM1 register to 1 (stop mode). An instruction queue pre-reads 4 bytes from the instruction
which sets the CM10 bit to 1 (stop mode) and the program stops.

Insert at least 4 NOP instructions following the JMP.B instruction after the instruction which sets the CM10 bit

to 1.

* Program example to enter stop mode

BCLR 1.LFMRO ; CPU rewrite mode disabled
BSET 0.PRCR : Protect disabled
FSET I ; Enable interrupt
BSET 0.CM1 : Stop mode
IJMPB LABEL 001
LABEL 001:
NOP
NOP
NOP
NOP

10.7.2 Wait Mode

When entering wait mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and
execute the WAIT instruction. An instruction queue pre-reads 4 bytes from the WAIT instruction and the
program stops. Insert at least 4 NOP instructions after the WAIT instruction.

* Program example to execute the WAIT instruction
BCLR 1.LFMRO ; CPU rewrite mode disabled

FSET I : Enable interrupt
WAIT ; Wait mode
NOP

NOP

NOP

NOP

10.7.3 Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used if the XIN clock frequency is 2 MHz or below, set
bits OCD1 to OCDO to 00b.

10.7.4 Oscillation Circuit Constants

Ask the manufacturer of the oscillator to specify the best oscillation circuit constants for your system.

To use this MCU with supply voltage below VCC = 2.7 V, it is recommended to set the CM11 bit in the CM1
register to 1 (on-chip feedback resistor disabled), the CM15 bit to 1 (high drive capacity), and connect the
feedback resistor to the chip externally.
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11. Protection

The protection function protects important registers from being easily overwritten when a program runs out of control.
Figure 11.1 shows the PRCR Register. The registers protected by the PRCR register are listed below.

* Registers protected by PRCO bit: Registers CM0, CM1, OCD, FRAO, FRA1, and FRA2

* Registers protected by PRCI1 bit: Registers PMO0 and PM1

* Registers protected by PRC2 bit: PDO0 register

* Registers protected by PRC3 bit: Registers VCA2, VWO0C, VWI1C, and VW2C

Protect Register
b7 b6 b5 b4 b3 b2 b1 bl

| | | 0| 0| | | | | Symbol Address After Reset
PRCR 000Ah 00h
Bit Symbol Bit Name Function RwW
Protect bit 0 Wiriting to registers CMO, CM1, OCD, FRAO, FRA1,
and FRAZ2 is enabled.
PRCO 0 : Disables writing RW
1 : Enables writing
Protect bit 1 Writing to registers PMO and PM1 is enabled.
PRC1 0 : Disables w riting RW
1 : Enables writing
Protect bit 2 Wiriting to the PDO register is enabled.
PRC2 0 : Disables writing RW
1 : Enables w riting'"
Protect bit 3 Wiriting to registers VCA2, VWOC, VW1C, and
VW2C is enabled.
PRC3 0 : Disables writing RW
1 : Enables writing
— Reserved bits Setto 0. RW
(b5-b4)
— Reserved bits When read, the content is 0. RO
(b7-b6)

NOTE:
1. This bit is set to 0 after writing 1 to the PRC2 bit and executing a w rite to any address. Since the other bits are not
setto 0, set themto 0 by a program.

Figure 11.1 PRCR Register
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12. Interrupts
12.1 Interrupt Overview

12.1.1 Types of Interrupts
Figure 12.1 shows the Types of Interrupts.

[ Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

¢ Software
(non-maskable interrupts)

N

Interrupts < i Watchdog timer
Oscillation stop detection
Voltage monitor 1

Special —— < i
(non-maskable interrupts) \S/;:'I';algztrgs(rzl)ltor ?
~ Hardware —— Address break®?

Address match
Peripheral functions(" =

(maskable interrupts)

NOTES:
1. Peripheral function interrupts in the MCU are used to generate peripheral interrupts.
2. Do not use this interrupt. This is for use with development tools only.

Figure 12.1 Types of Interrupts

* Maskable Interrupts: The interrupt enable flag (I flag) enables or disables these interrupts. The
interrupt priority order can be changed based on the interrupt priority level.

* Non-Maskable Interrupts: ~ The interrupt enable flag (I flag) does not enable or disable these interrupts.
The interrupt priority order cannot be changed based on interrupt priority
level.
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12.1.2 Software Interrupts

A software interrupt is generated when an instruction is executed. Software interrupts are non-maskable.

12.1.2.1 Undefined Instruction Interrupt

The undefined instruction interrupt is generated when the UND instruction is executed.

12.1.2.2 Overflow Interrupt

The overflow interrupt is generated when the O flag is set to 1 (arithmetic operation overflow) and the INTO
instruction is executed. Instructions that set the O flag are: ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX,
NEG, RMPA, SBB, SHA, and SUB.

12.1.2.3 BRK Interrupt

A BRK interrupt is generated when the BRK instruction is executed.

12.1.2.4 INT Instruction Interrupt

An INT instruction interrupt is generated when the INT instruction is executed. The INT instruction can select
software interrupt numbers 0 to 63. Software interrupt numbers 3 to 31 are assigned to the peripheral function
interrupt. Therefore, the MCU executes the same interrupt routine when the INT instruction is executed as
when a peripheral function interrupt is generated. For software interrupt numbers 0 to 31, the U flag is saved to
the stack during instruction execution and the U flag is set to 0 (ISP selected) before the interrupt sequence is
executed. The U flag is restored from the stack when returning 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.
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12.1.3 Special Interrupts

Special interrupts are non-maskable.

12.1.3.1 Watchdog Timer Interrupt
The watchdog timer interrupt is generated by the watchdog timer. For details, refer to 13. Watchdog Timer.

12.1.3.2 Oscillation Stop Detection Interrupt

The oscillation stop detection interrupt is generated by the oscillation stop detection function. For details of the
oscillation stop detection function, refer to 10. Clock Generation Circuit.

12.1.3.3 Voltage Monitor 1 Interrupt

The voltage monitor 1 interrupt is generated by the voltage detection circuit. For details of the voltage detection
circuit, refer to 6. Voltage Detection Circuit.

12.1.3.4 Voltage Monitor 2 Interrupt

The voltage monitor 2 interrupt is generated by the voltage detection circuit. For details of the voltage detection
circuit, refer to 6. Voltage Detection Circuit.

12.1.3.5 Single-Step Interrupt, and Address Break Interrupt

Do not use these interrupts. They are for use by development tools only.

12.1.3.6 Address Match Interrupt

The address match interrupt is generated immediately before executing an instruction that is stored at an
address indicated by registers RMADO to RMAD1 when the ATERO or AIER1 bit in the AIER register is set to
1 (address match interrupt enable). For details of the address match interrupt, refer to 12.4 Address Match
Interrupt.

12.1.4 Peripheral Function Interrupt

The peripheral function interrupt is generated by the internal peripheral function of the MCU and is a maskable
interrupt. Refer to Table 12.2 Relocatable Vector Tables for sources of the peripheral function interrupt. For
details of peripheral functions, refer to the descriptions of individual peripheral functions.
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12.1.5 Interrupts and Interrupt Vectors

There are 4 bytes in each vector. Set the starting 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 12.2 shows an Interrupt Vector.

MSB LSB

Vector address (L) Low address

Mid address

0000 High address

Vector address (H) 0000 0000

Figure 12.2 Interrupt Vector

12.1.5.1 Fixed Vector Tables

The fixed vector tables are allocated addresses OFFDCh to OFFFFh.
Table 12.1 lists the Fixed Vector Tables. The vector addresses (H) of fixed vectors are used by the ID code
check function. For details, refer to 19.3 Functions to Prevent Rewriting of Flash Memory.

Table 12.1 Fixed Vector Tables

Vector Addresses

Interrupt Source Address (L) to (H) Remarks Reference
Undefined instruction OFFDCh to OFFDFh | Interrupt on UND R8C/Tiny Series Software
instruction Manual
Overflow OFFEOh to OFFE3h |Interrupt on INTO
instruction
BRK instruction OFFE4h to OFFE7h | If the content of address

OFFE7h is FFh,
program execution
starts from the address
shown by the vector in
the relocatable vector

table.
Address match OFFES8h to OFFEBh 12.4 Address Match
Interrupt
Single step() OFFECh to OFFEFh
Watchdog timer, OFFFOh to OFFF3h 13. Watchdog Timer
Oscillation stop detection, 10. Clock Generation Circuit
Voltage monitor 1, 6. Voltage Detection Circuit
Voltage monitor 2
Address break(!) OFFF4h to OFFF7h
(Reserved) OFFF8h to OFFFBh
Reset OFFFCh to OFFFFh 5. Resets
NOTE:

1. Do not use these interrupts. They are for use by development tools only.

Rev.3.00 Feb 29,2008 Page 104 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

12. Interrupts

12.1.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes beginning from the starting address set in the INTB register.
Table 12.2 lists the Relocatable Vector Tables.

Table 12.2  Relocatable Vector Tables

Interrupt Source Vector Addresses() Isn(iz::;;? Interru pt Control Reference

Address (L) to Address (H) Number Register
BRK instruction(3) +0 to +3 (0000h to 0003h) 0 - R8C/Tiny Series Software
Manual

(Reserved) 1to2 - -
(Reserved) 3to7 - -
Timer RD +32 to +35 (0020h to 0023h) 8 TRDOIC 14.3 Timer RD
(channel 0)
Timer RD +36 to +39 (0024h to 0027h) 9 TRD1IC
(channel 1)
Timer RE +40 to +43 (0028h to 002Bh) 10 TREIC 14.4 Timer RE
(Reserved) Mto12 |- -
Key input +52 to +55 (0034h to 0037h) 13 KUPIC 12.3 Key Input Interrupt
AD +56 to +59 (0038h to 003Bh) 14 ADIC 18. A/ID Converter
Clock synchronous | +80 to +63 (003Ch to 003Fh) 15 SSuUlIC/IICIC 16.2 Clock Synchronous
serial /O with chip Serial I/O with Chip
select / I2C bus Select (SSU),
interface(2) 16.3 I2C bus Interface
(Reserved) 16 - -
UARTO transmit +68 to +71 (0044h to 0047h) 17 SOTIC 15. Serial Interface
UARTO receive +72 to +75 (0048h to 004Bh) 18 SORIC
UART1 transmit +76 to +79 (004Ch to 004Fh) 19 S1TIC
UART1 receive +80 to +83 (0050h to 0053h) 20 S1RIC
INT2 +84 to +87 (0054h to 0057h) 21 INT2IC 12.2 INT Interrupt
Timer RA +88 to +91 (0058h to 005Bh) 22 TRAIC 14.1 Timer RA
(Reserved) 23 - -
Timer RB +96 to +99 (0060h to 0063h) 24 TRBIC 14.2 Timer RB
INT1 +100 to +103 (0064h to 0067h) 25 INT1IC 12.2 INT Interrupt
INT3 +104 to +107 (0068h to 006Bh) |26 INT3IC
(Reserved) 27 - -
(Reserved) 28 - -
INTO +116 to +119 (0074h to 0077h) 29 INTOIC 12.2 INT Interrupt
(Reserved) 30 - -
(Reserved) 31 - -
Software interrupt(3) |+128 to +131 (0080h to 0083h)to [32t0 63 |- R8C/Tiny Series Software

+252 to +255 (00FCh to 00FFh)

Manual

NOTES:

1. These addresses are relative to those in the INTB register.
2. The lICSEL bit in the PMR register switches functions.
3. The | flag does not disable these interrupts.
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12.1.6 Interrupt Control

The following describes enabling and disabling the maskable interrupts and setting the priority for
acknowledgement. The explanation does not apply to nonmaskable interrupts.
Use the I flag in the FLG register, IPL, and bits ILVL2 to ILVLO in each interrupt control register to enable or
disable maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each interrupt control

register.

Figure 12.3 shows the Interrupt Control Register, Figure 12.4 shows Registers TRDOIC, TRD1IC, SSUIC, and
IICIC and Figure 12.5 shows the INTIIC Register.

Interrupt Control Register®
Symbol Address After Reset
TREIC 004Ah XXXXX000b
KUPIC 004Dh XXXXX000b
ADIC 004Eh XXXXX000b
SOTIC 0051h XXXXX000b
SORIC 0052h XXXXX000b
S1TIC 0053h XXXXX000b
S1RIC 0054h XXXXX000b
b7 b6 b5 b4 b3 b2 b1 bO TRAIC 0056h XXXXX000b
DOOD [ ] ] ] TRBIC 0058h XXXXX000b
Bit Symbol Bit Name Function RW
Interrupt priority level select bits  |p2 0100
ILVLO 000 : Level 0 (interrupt disable) RW
001:Level1
010:Level2
011:Level3
v 100: Level4 RW
101:Level5
110:Level6
ILVL2 111:Level 7 RW
R Interrupt request bit 0 Requests _no interrupt RW
1 : Requests interrupt
— Nothing is assigned. If necessary, setto 0.
(b7-b4) When read, the content is undefined. _
NOTES:
1. Only 0 can be written to the IR bit. Do not write 1.
2. Rew rite the interrupt control register w hen the interrupt request w hich is applicable for the register is not generated.
Refer to 12.6.5 Changing Interrupt Control Register Contents.

Figure 12.3 Interrupt Control Register
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Interrupt Control Register(")

Symbol Address After Reset
TRDOIC 0048h XXHXXX000b
b7 b6 b5 b4 b3 b2 b1 b0 TRD1IC 0049h XXXXX000b
N%N&] I l | I SSUIC/ICIC?) 004Fh XXXXX000b
Bit Symbol Bit Name Function RwW
Interrupt priority level select bits  |p2 0100
ILVLO 000 : Level 0 (interrupt disable) RW
001:Level1
010:Level2
011:Level3
v 100: Level4 RW
101:Level5
110:Level6
ILvL2 111:Level 7 RW
Interrupt request bit 0 : Requests no interrupt
R ) . RO
1 : Requests interrupt
— Nothing is assigned. If necessary, set to 0.
(b7-b4) When read, the content is undefined. _

NOTES:

1. Rew rite the interrupt control register w hen the interrupt request w hich is applicable for the register is not generated.
Refer to 12.6.5 Changing Interrupt Control Register Contents.
2. The ICSEL bit in the PMR register switches functions.

Figure 12.4 Registers TRDOIC,

TRD1IC, SSUIC, and IICIC
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INTi Interrupt Control Register (i=0 to 3)@
Symbol Address After Reset
INT2IC 0055h XX00X000b
INT1IC 0059h XX00X000b
b7 b6 b5 b4 b3 b2 b1 b0 INT3IC 005Ah XX00X000b
I/\/\N 0| I | I | I INTOIC 005Dh XX00X000b
Bit Symbol Bit Name Function RwW
Interrupt priority level select bits b2 b1 b0
ILVLO 00 0: Level 0 (interrupt disable) RW
001:Level1
010:Level2
011:Level3
VL1 100: Level 4 RW
101:Level5
110:Level6
LvVL2 111: Level 7 RW
R Interrupt request bit 0 : Requests _no interrupt RW
1 : Requests interrupt
Polarity sw itch bit® 0 : Selects fallng edge
POL 1 : Selects rising edge® RW
— Reserved bit Setto 0.
(b5) RW
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the content is undefined. o
NOTES:
1. Only 0 can be written to the IR bit. (Do not write 1.)
2. Rewrite the interrupt control register w hen the interrupt request w hich is applicable for the register is not generated.
Refer to 12.6.5 Changing Interrupt Control Register Contents.
3. If the INTIPL bit in the INTEN register is set to 1 (both edges), set the POL bit to 0 (selects falling edge).
4. The IR bit may be set to 1 (requests interrupt) w hen the POL bit is rew ritten. Refer to 12.6.4 Changing Interrupt
Sources.

Figure 12.5 INTIIC Register
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12.1.6.1 |

Flag

The I flag enables or disables maskable interrupts. Setting the I flag to 1 (enabled) enables maskable interrupts.

Setting the I flag to 0 (disabled) disables all maskable interrupts.

12.1.6.2 |

R Bit

The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. Then, when the interrupt
request is acknowledged and the CPU branches to the corresponding interrupt vector, the IR bit is set to 0 (=
interrupt not requested).

The IR bit can be set to 0 by a program. Do not write 1 to this bit.

However, the IR bit operations of the timer RD Interrupt, Clock Synchronous Serial I/O with Chip Select
Interrupt and the I2C bus Interface Interrupt are different. Refer to 12.5 Timer RD Interrupt, Clock
Synchronous Serial I/O with Chip Select Interrupts, and I12C bus Interface Interrupt (Interrupts with
Multiple Interrupt Request Sources).

12.1.6.3 Bits ILVL2 to ILVLO and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 12.3 lists the Settings of Interrupt Priority Levels and Table 12.4 lists the Interrupt Priority Levels
Enabled by IPL.

The following are conditions under which an interrupt is acknowledged:
*Iflag=1
* IR bit=1
» Interrupt priority level > IPL

The I flag, IR bit, bits ILVL2 to ILVLO0, and IPL are independent of each other. They do not affect one another.

Table 12.3 Settings of Interrupt Priority Table 12.4  Interrupt Priority Levels Enabled by
Levels IPL

ILVLZ to ILVLO Bits Interrupt Priority Level Priority Order IPL Enabled Interrupt Priority Levels
000b Level 0O (interrupt disabled) - 000b Interrupt level 1 and above

001b Level 1 Low 001b Interrupt level 2 and above

010b Level 2 010b Interrupt level 3 and above

011b Level 3 011b Interrupt level 4 and above

100b Level 4 100b Interrupt level 5 and above

101b Level 5 101b Interrupt level 6 and above

110b Level 6 110b Interrupt level 7 and above

111b Level 7 High 111b All maskable interrupts are disabled
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12.1.6.4 Interrupt Sequence

An interrupt sequence is performed between an interrupt request acknowledgement and interrupt routine
execution.
When an interrupt request is generated while an instruction is being executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following cycle.
However, for the SMOVB, SMOVF, SSTR. or RMPA instruction if an interrupt request is generated while the
instruction is being executed, the MCU suspends the instruction to start the interrupt sequence. The interrupt
sequence is performed as indicated below.
Figure 12.6 shows the Time Required for Executing Interrupt Sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request level) by reading address

00000h. The IR bit for the corresponding interrupt is set to 0 (interrupt not requested).(2)
(2) The FLG register is saved to a temporary register{!) in the CPU immediately before entering the
interrupt sequence.

(3) Thel, D and U flags in the FLG register are set as follows:
The I flag is set to 0 (interrupts disabled).
The D flag is set to 0 (single-step interrupt disabled).
The U flag is set to 0 (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt number 32 to 63
is executed.
) The CPU’s internal temporary register(l) is saved to the stack.
) The PC is saved to the stack.
(6) The interrupt priority level of the acknowledged interrupt is set in the IPL.

) The starting 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 starting address of the interrupt
routine.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Address Bus J Address ¥ Undefined SP-1 sP3 Y VECY VEC+1 X VEC+2 )} PC
Data Bus x o Injerupt X Undefined y sPz | sr1 Y sea Y SP3 xwfecmx VEC+ ng X
RO m Undefined )’ | I I_I
R L LT L

The indeterminate state depends on the instruction queue buffer. A read cycle occurs when the instruction queue buffer is
ready to acknowledge instructions.

Figure 12.6 Time Required for Executing Interrupt Sequence

NOTES:
1. This register cannot be accessed by the user.
2. Referto 12.5 Timer RD Interrupt, Clock Synchronous Serial I/O with Chip Select Interrupts, and
I2C bus Interface Interrupt (Interrupts with Multiple Interrupt Request Sources) for the IR bit
operations of the timer RD Interrupt, Clock Synchronous Serial I/O with Chip Select Interrupt, and the
I2C bus Interface Interrupt.
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12.1.6.5 Interrupt Response Time

Figure 12.7 shows the Interrupt Response Time. The interrupt response time is the period between an interrupt
request generation and the execution of the first instruction in the interrupt routine. The interrupt response time
includes the period between interrupt request generation and the completion of execution of the instruction
(refer to (a) in Figure 12.7) and the period required to perform the interrupt sequence (20 cycles, refer to (b) in
Figure 12.7).

Interrupt request is generated. Interrupt request is acknowledged.

e * * — Time/

. Instruction in
Instruction Interrupt sequence . -
interrupt routine
d _ (a) - 20 cycles (b) _
_ Interrupt response time _

(a) Period between interrupt request generation and the completion of execution of an
instruction. The length of time varies depending on the instruction being executed. The
DIVX instruction requires the longest time, 30 cycles (assuming no wait states and that a
register is set as the divisor).

(b} 21 cycles for address match and single-step interrupts.

Figure 12.7 Interrupt Response Time

12.1.6.6 IPL Change when Interrupt Request is Acknowledged
When an interrupt request of a maskable interrupt is acknowledged, the interrupt priority level of the
acknowledged interrupt is set in the IPL.

When a software interrupt or special interrupt request is acknowledged, the level listed in Table 12.5 is set in
the IPL.

Table 12.5 lists the IPL Value When Software or Special Interrupt Is Acknowledged.

Table 12.5 IPL Value When Software or Special Interrupt Is Acknowledged

Interrupt Source Value Setin IPL
Watchdog timer, oscillation stop detection, voltage monitor 1, 7
voltage monitor 2, Address break
Software, address match, single-step Not changed
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In the interrupt sequence, the FLG register and PC are saved to the stack.

1.6.7 Saving a Register

After an extended 16 bits, 4 high-order bits in the PC and 4 high-order (IPL) and 8 low-order bits in the FLG

register, are saved to the stack, the 16 low-order bits in the PC are saved.

Figure 12.8 shows the Stack State Before and After Acknowledgement of Interrupt Request.
The other necessary registers are saved by a program at the beginning of the interrupt routine. The PUSHM

instruction can save several registers in the register bank being currently used() with a single instruction.

NOTE:
1. Selectable from registers R0, R1, R2, R3, A0, Al, SB, and FB.

Address Stack Address Stack
MSB LSB MSB LSB
[5P]
m-4 m-4 PCL " New SP value
m-3 m-3 PCM
m-2 m-2 FLGL
m-1 m-1 FLGH PCH
[5P]
m Previous stack contents |<— SP value before m Previous stack contents PCH  : 4 high-order bits of PC
interrupt is generated PCM  : 8 middle-order bits of PC
m+1 - m+1 . PCL  : 8 low-order bits of PC
Previous stack contents Previous stack contents FLGH : 4 high-order bits of FLG
/_\_/ /\_/ FLGL : 8 low-order bits of FLG
Stack state before interrupt request Stack state after interrupt request
is acknowledged is acknowledged
NOTE:
1. When executing software number 32 to 63 INT instructions,
this SP is specified by the U flag. Otherwise it is ISP.
Figure 12.8 Stack State Before and After Acknowledgement of Interrupt Request

The register saving operation, which is performed as part of the interrupt sequence, saved in 8 bits at a time in

four steps.

Figure 12.9 shows the Register Saving Operation.

Address Stack

Sequence in which
order registers are
saved

[SP1-5

[SP-4 PCL l— (3)

[SP1-3 PCM - (4)

[SP]-2 FLGL - (1)

[SPI- FLGH PCH [+ @

[5F]
Completed saving
/\/ registers in four

operations.

NOTE:

1. [SP] indicates the initial value of the SP when an interrupt request is acknowledged.

Saved, 8 bits at a time

PCH
PCM
PCL
FLGH
FLGL

After registers are saved, the SP content is [SP] minus 4. When executing
software number 32 to 63 INT instructions, this SP is specified by the U

flag. Otherwise it is ISP.

- 4 high-order bits of PC

: 8 middle-order bits of PC
: 8 low-order bits of PC

: 4 high-order bits of FLG

: 8 low-order bits of FLG

Figure 12.9

Register Saving Operation
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12.1.6.8 Returning from an Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FLG register and PC, which have
been saved to the stack, are automatically restored. The program, that was running before the interrupt request
was acknowledged, starts running again.

Restore registers saved by a program in an interrupt routine using the POPM instruction or others before
executing the REIT instruction.

12.1.6.9 Interrupt Priority

If two or more interrupt requests are generated while a single instruction is being executed, the interrupt with
the higher priority is acknowledged.

Set bits ILVL2 to ILVLO to select the desired priority level for maskable interrupts (peripheral functions).
However, if two or more maskable interrupts have the same priority level, their interrupt priority is resolved by
hardware, and the higher priority interrupts acknowledged.

The priority levels of special interrupts, such as reset (reset has the highest priority) and watchdog timer, are set
by hardware.

Figure 12.10 shows the Priority Levels of Hardware Interrupts.

The interrupt priority does not affect software interrupts. The MCU jumps to the interrupt routine when the
instruction is executed.

Reset High

Address break

Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2

Peripheral function

Single step

Address match
Low

Figure 12.10 Priority Levels of Hardware Interrupts
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12.1.6.10 Interrupt Priority Judgement Circuit

The interrupt priority judgement circuit selects the highest priority interrupt, as shown in Figure 12.11.

Priority level of interrupt Highest

Level 0 (default value) A

| INT3

| Timer RB

| Timer RA

| TNTO

| TNTT

| UART1 receive

Priority of peripheral function interrupts
(if priority levels are same)

| UARTO receive

| A/D conversion

| Timer RE

| Timer RDO

| INTZ

| UART transmit

| UARTO transmit

| SSU / I2C bus!?

rrrr1r1-rrr+ 1T T 1T T T T T T T

| Key input
| Timer RDA v
| IPL Lowest

Interrupt request level
judgment output signal

ii. Interrupt request
| flag acknowledged

Address match

Watchdog timer

Voltage monitor 1

|
|
]
|
Oscillation stop detection ]l
1
]
|
|

Voltage monitor 2

NOTE:
1. The ICSEL bit in the PMR register switches functions.

Figure 12.11 Interrupt Priority Level Judgement Circuit
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122 INT Interrupt

12.2.1 INTi Interrupt (i=0 to 3)

The INTI interrupt is generated by an INTi input. When using the INTIi interrupt, the INTiEN bit in the INTEN
register is set to 1 (enable). The edge polarity is selected using the INTiPL bit in the INTEN register and the
POL bit in the INTIIC register.

Inputs can be passed through a digital filter with three different sampling clocks.

The INTO pin is shared with the pulse output forced cutoff of timer RD and the external trigger input of timer
RB.

Figure 12.12 shows the INTEN Register. Figure 12.13 shows the INTF Register.

External Input Enable Register
b7 b6 b5 b4 b3 b2 b1 b0
| I | | | | | | | Symbol Address After Reset
INTEN 00FSh 00h
Bit Symbol Bit Name Function RwW
INTO input enable bit 0 : Disable
INTOEN 1: Enable RW
INTO input polarity select bit"2! 0 : One edge
INTOPL 1 : Both edges RW
INT1EN INT1 input enable bit 0 Disable RW
1: Enable
INTT input polarity select bit(*2) 0 : One edge
INT1PL 1 : Both edges RW
INT2 input enable bit 0 : Disable
INTZEN 1: Enable RW
INT2 input polarity select bit"2! 0 : One edge
INT2PL 1 : Both edges RW
INT3 input enable bit 0 : Disable
INTSEN 1: Enable RW
INT3 input polarity select bit"2! 0 : One edge
INT3PL 1 : Both edges RW
NOTES:
1. When setting the INTIPL bit (i =0 to 3) to 1 (both edges), set the POL bit in the INTIIC register to 0 (selects falling
edge).
2. The IR bit in the INTIIC register may be set to 1 (requests interrupt) w hen the INTIPL bit is rew ritten. Refer to 12.6.4
Changing Interrupt Sources.

Figure 12.12 INTEN Register
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INTO Input Filter Select Register

b7 b6 b5 b4 b3 b2 b1 b0

HNNEREER

Symbol Address After Reset
INTF 00FAh 00h
Bit Symbol Bit Name Function RwW
INTOFO INTO input filter select bits 31 80: No filter RW
0 1 : Filter with f1 sampling
1 0 : Filter w ith f8 sampling
INTOF1 11 : Filter with f32 sampling RW
. ) . b3 b2
INT1FO INT1 input filter select bits 00 - No filter RW
0 1 : Filter with f1 sampling
1 0 : Filter w ith f8 sampling
INT1F1 11 : Filter with f32 sampling RW
o ] : b5 b4
INT2FO INTZ2 input filter select bits 00 - No filter RW
0 1 : Filter with f1 sampling
1 0 : Filter w ith f8 sampling
INT2F1 11 : Filter with f32 sampling RW
. . . b7 b6
INT3FO INT3 input filter select bits 00 - No filter RW
0 1 : Filter with f1 sampling
1 0 : Filter w ith f8 sampling
INT3F1 11 : Filter with f32 sampling RW

Figure 12.13

INTF Register
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12.2.2 INTi Input Filter (i = 0 to 3)

The INTI input contains a digital filter. The sampling clock is selected by bits INTIiF1 to INTIiFO in the INTF

register.

The INTI level is sampled every sampling clock cycle and if the sampled input level matches three times, the IR

bit in the INTIIC register is set to 1 (interrupt requested).

Figure 12.14 shows the Configuration of INTi Input Filter. Figure 12.15 shows an Operating Example of INTi

Input Filter.
INTiF1 to INTIFO
f1 =01b
s = 1[)bO ~ - Sampling clock
B2 = o INTIEN
Other than
INTIF1 to INTIFO
INTI Digital filter —=222 & TNTi interrupt
_ (input level
F’ortrgggt:gﬁ% matches 3x) =(00b INTFL=0

INTIFO, INTiF1: Bits in INTF register
_INT(i)EN,alNTiPL: Bits in INTEN register
i=0to

NOTE:
1.TNTO: Port P4_5 direction register
INTT: Port P15 direction register when using the P1_5 pin
Port P1_7 direction register when using the P1_7 pin
INTZ: Port P6_6 direction register
INT3: Port P6_7 direction register

Both edges
detection
circuit

—0
INTIPL =1

Figure 12.14 Configuration of INTi Input Filter

TNTI input

Sampling ? T
timing

IR bitin
INTIIC register

This is an operation example when bits INTIF1 to INTIFO in the
INTIF register are set to 01b, 10b, or 11b (digital filter enabled).
i=0to 3

Set to 0 by a program

Figure 12.15 Operating Example of INTI Input Filter
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12.3 Key Input Interrupt

A key input interrupt request is generated by one of the input edges of pins K10 to K13. The key input interrupt can
be used as a key-on wake-up function to exit wait or stop mode.
The KIiEN (i = 0 to 3) bit in the KIEN register can select whether or not the pins are used as KIi input. The KIiPL
bit in the KIEN register can select the input polarity.
When inputting “L” to the KIi pin which sets the KIiPL bit to 0 (falling edge), the input of the other pins K10 to
K13 is not detected as interrupts. Also, when inputting “H” to the KIi pin, which sets the KIiPL bit to 1 (rising
edge), the input of the other pins K10 to K13 is not detected as interrupts.

Figure 12.16 shows a Block Diagram of Key Input Interrupt.

‘i [~ PU02 bitin PURO register
/ L 1
[ Pul-up I—Co— PD1_3 bitin PD1 register
\ ftransistor
AN
KI3EN bit
PD1_3 bit
KI3PL = 0 Lo:
KI3 >—| >o—0O 0
KI3PL = 1
KI2EN bit
[Pulkup PD1_2 bit
transistor/’ KIZPL = 0 p=
L)
RZ o—’I’i-—bo—o 9
KI2PL = 1
KIMEN bit
Pull-up PD1_1 bit
transistor KI1PL = 0 I—O
KIPL =1
p KIOEN bit
Pull-up PD1_0 bit
transistor KIOPL = 0 I—O
Ko OL—DC’—O 0}
KIOPL = 1

| KUPIC register

o Interrupt control Key input interrupt
circuit request

KIOEN, KIHEN, KIZEN, KI3EN,
KIOPL, KI1PL, KIZPL, KI3PL: Bits in KIEN register
PD1_0, PD1_1, PD1_2, PD1_3: Bits in PD1 register

Figure 12.16 Block Diagram of Key Input Interrupt
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Key Input Enable Register("
b7 b6 b5 b4 b3 b2 b1 b0
| I I | I | I I I Symbol Address After Reset
KIEN 00FBh 00h
Bit Symbol Bit Name Function RwW
KIO input enable bit 0 : Disable
KIOEN 1: Enable RW
KIO input polarity select bit 0 : Falling edge
KIOPL 1: Rising edge RW
KI1 input enable bit 0 : Disable
KIEN 1: Enable RW
KIPL KI1 input polarity select bit 0 F'fall_lng edge RW
1: Rising edge
KI2 input enable bit 0 : Disable
KI2EN 1: Enable RW
KIPL KI2 input polarity select bit 0 F'fall_lng edge RW
1: Rising edge
KI3 input enable bit 0 : Disable
KISEN 1: Enable RW
KI3 input polarity select bit 0 : Falling edge
KI3PL 1: Rising edge RW
NOTE:
1. The IR bit in the KUPIC register may be set to 1 (requests interrupt) w hen the KIEN register is rew ritten.
Refer to 12.6.4 Changing Interrupt Sources.

Figure 12.17 KIEN Register
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12.4 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address
indicated by the RMADI register (i = 0 or 1). This interrupt is used as a break function by the debugger. When
using the on-chip debugger, do not set an address match interrupt (registers of AIER, RMADO, and RMADI1 and
fixed vector tables) in a user system.

Set the starting address of any instruction in the RMADI register. Bits AIER0 and ATER1 in the ATERO register can
be used to select enable or disable of the interrupt. The I flag and IPL do not affect the address match interrupt.
The value of the PC (Refer to 12.1.6.7 Saving a Register for the value of the PC) which is saved to the stack when
an address match interrupt is acknowledged varies depending on the instruction at the address indicated by the
RMADI register. (The appropriate return address is not saved on the stack.) When returning from the address match
interrupt, return by one of the following means:

» Change the content of the stack and use the REIT instruction.

* Use an instruction such as POP to restore the stack as it was before the interrupt request was acknowledged.

Then use a jump instruction.

Table 12.6 lists the Values of PC Saved to Stack when Address Match Interrupt is Acknowledged.
Figure 12.18 shows Registers AIER and RMADO to RMADI.

Table 12.6  Values of PC Saved to Stack when Address Match Interrupt is Acknowledged

Address Indicated by RMADI Register (i=0or 1) PC Value Saved(
« Instruction with 2-byte operation code(?) Address indicated by
« Instruction with 1-byte operation code(?) RMADi register + 2
ADD.B:S #lMM8,dest SUB.B:S #IMM8,dest AND.B:S #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S #IMM8,dest STZ #IMM8,dest
STNZ #IMM8,dest STZX #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 A1)
* Instructions other than the above Address indicated by

RMAD:i register + 1

NOTES:
1. Refer to the 12.1.6.7 Saving a Register for the PC value saved.
2. Operation code: Refer to the R8C/Tiny Series Software Manual (REJ09B0001).
Chapter 4. Instruction Code/Number of Cycles contains diagrams showing
operation code below each syntax. Operation code is shown in the bold frame in the
diagrams.

Table 12.7  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 0 AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
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Address Match Interrupt Enable Register
b7 b6 b5 b4 b3 b2 b1 b0
L\(‘I\/\]\/\(]{y\l\/\/l\/\l | I Symbol Address After Reset
AIER 0013h 00h
Bit Symbol Bit Name Function RwW
. Address match interrupt 0 enable bit |0 : Disable
AIERO 1 - Enable RW
AR Address match interrupt 1 enable bit |0 Disable RW
1: Enable
— Nothing is assigned. If necessary, set to 0.
(b7-b2) [When read, the content is 0. -
Address Match Interrupt Registeri (i= 0 or 1)
(b23) (619)  (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 bo
Symbol Address After Reset
RMADO 0012h-0010h 000000h
RMAD1 0016h-0014h 000000h
Function Setting Range RW
Address setting register for address match interrupt 00000h to FFFFFh RwW
— Nothing is assigned. If necessary, setto 0.
(b7-b4) When read, the content is 0. _

Figure 12.18 Registers AIER and RMADO to RMAD1
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12.5 Timer RD Interrupt, Clock Synchronous Serial I/O with Chip Select

Interrupts, and I2C bus Interface Interrupt (Interrupts with Multiple Interrupt
Request Sources)

The timer RD (channel 0) interrupt, timer RD (channel 1) interrupt, clock synchronous serial I/O with chip select
interrupt, and I2C bus interface interrupt each have multiple interrupt request sources. An interrupt request is
generated by the logical OR of several interrupt request factors and is reflected in the IR bit in the corresponding
interrupt control register. Therefore, each of these peripheral functions has its own interrupt request source status
register (status register) and interrupt request source enable register (enable register) to control the generation of
interrupt requests (change the IR bit in the interrupt control register). Table 12.8 lists the Registers Associated with
Timer RD Interrupt, Clock Synchronous Serial I/O with Chip Select Interrupt, and I2C bus Interface Interrupt and
Figure 12.19 shows a Block Diagram of Timer RD Interrupt.

Table 12.8 Registers Associated with Timer RD Interrupt, Clock Synchronous Serial I/O with
Chip Select Interrupt, and I2C bus Interface Interrupt

Status Register of Enable Register of Interrupt Control
Interrupt Request Source | Interrupt Request Source Register
Timer RD |Channel0 |TRDSRO TRDIERO TRDOIC
Channel1 | TRDSR1 TRDIER1 TRD1IC
Clock synchronous serial | SSSR SSER SSuiC
I/O with chip select
12C bus interface ICSR ICIER lIICIC

Channel i

IMFA bit — Timer RD (channel i)
IMIEA bit —— interrupt request

(IR bit in TRDIIC register)
IMFB bit |

IMIEB bit ———

IMFC bit — |
IMIEC bit ——

IMFD bit — |
IMIED bit ——

UDF bit
OVF bit

OVIE bit

o

i=0ori
IMFA, IMFE, IMFC, IMFD, OVF, UDF: Bits in TRDSRi register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRDIER register

Figure 12.19 Block Diagram of Timer RD Interrupt
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As with other maskable interrupts, the timer RD (channel 0) interrupt, timer RD (channel 1) interrupt, clock

synchronous serial I/O with chip select interrupt, and I2C bus interface interrupt are controlled by the combination

of the I flag, IR bit, bits ILVLO to ILVL2, and IPL. However, since each interrupt source is generated by a

combination of multiple interrupt request sources, the following differences from other maskable interrupts apply:
* When bits in the enable register corresponding to bits set to 1 in the status register are set to 1 (enable

interrupt), the IR bit in the interrupt control register is set to 1 (interrupt requested).

When either bits in the status register or bits in the enable register corresponding to bits in the status register, or

both, are set to 0, the IR bit is set to 0 (interrupt not requested). Basically, even though the interrupt is not

acknowledged after the IR bit is set to 1, the interrupt request will not be maintained. Also, the IR bit is not set

to 0 even if 0 is written to the IR bit.

Individual bits in the status register are not automatically set to 0 even if the interrupt is acknowledged.

Therefore, the IR bit is also not automatically set to 0 when the interrupt is acknowledged. Set each bit in the

status register to 0 in the interrupt routine. Refer to the status register figure for how to set individual bits in the

status register to 0.

When multiple bits in the enable register are set to 1 and other request sources are generated after the IR bit is

set to 1, the IR bit remains 1.

When multiple bits in the enable register are set to 1, determine by the status register which request source

causes an interrupt.

Refer to chapters of the individual peripheral functions (14.3 Timer RD, 16.2 Clock Synchronous Serial I/O with

Chip Select (SSU) and 16.3 I2C bus Interface) for the status register and enable register.

Refer to 12.1.6 Interrupt Control for the interrupt control register.
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12.6 Notes on Interrupts

12.6.1 Reading Address 00000h

Do not read address 00000h by a program. When a maskable interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
this time, the acknowledged interrupt IR bit is set to 0.

If address 00000h is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

12.6.2 SP Setting

Set any value in the SP before an interrupt is acknowledged. The SP is set to 0000h after reset. Therefore, if an
interrupt is acknowledged before setting a value in the SP, the program may run out of control.

12.6.3 External Interrupt and Key Input Interrupt

Either “L” level or an “H” level of width shown in the Electrical Characteristics is necessary for the signal input
to pins INTO to INT3 and pins KI0 to KI3, regardless of the CPU clock.

For details, refer to Table 20.21 (VCC = 5V), Table 20.27 (VCC = 3V), Table 20.33 (VCC = 2.2V) External
Interrupt INTi (i =0 to 3) Input.
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12.6.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. When using an interrupt, set the IR bit to 0 (no interrupt requested) after changing the interrupt source.
In addition, changes of interrupt sources include all factors that change the interrupt sources assigned to
individual software interrupt numbers, polarities, and timing. Therefore, if a mode change of a peripheral
function involves interrupt sources, edge polarities, and timing, set the IR bit to 0 (no interrupt requested) after
the change. Refer to the individual peripheral function for its related interrupts.
Figure 12.20 shows an Example of Procedure for Changing Interrupt Sources.

( Interrupt source change >

Disable interrupts 2

Change interrupt source (including mode
of peripheral function)

Set the IR bit to 0 (interrupt not requested)
using the MOV instruction®

Enable interrupts@ 2

2.

( Change completed )

IR bit:  The interrupt control register bit of an

interrupt whose source is changed.

NOTES:
1. Execute the above settings individually. Do not execute two

or more settings at once (by one instruction).

To prevent interrupt requests from being generated, disable

the peripheral function before changing the interrupt

source. In this case, use the | flag if all maskable interrupts

can be disabled. If all maskable interrupts cannot be

disabled, use bits ILVLO to ILVL2 of the interrupt whose

source is changed.

. Refer to 12.6.5 Changing Interrupt Control Register
Contents for the instructions to be used and usage notes.

Figure 12.20 Example of Procedure for Changing Interrupt Sources
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12.6.5 Changing Interrupt Control Register Contents

(a) The contents of an interrupt control register can only be changed while no interrupt requests
corresponding to that register are generated. If interrupt requests may be generated, disable interrupts
before changing the interrupt control register contents.

(b) When changing the contents of an interrupt control register after disabling interrupts, be careful to
choose appropriate instructions.
Changing any bit other than IR bit
If an interrupt request corresponding to a register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt request may be ignored. If this causes a
problem, use the following instructions to change the register: AND, OR, BCLR, BSET
Changing IR bit
If the IR bit is set to 0 (interrupt not requested). it may not be set to 0 depending on the instruction used.
Therefore, use the MOV instruction to set the IR bit to 0.

(c) When disabling interrupts using the I flag, set the I flag as shown in the sample programs below. Refer
to (b) regarding changing the contents of interrupt control registers by the sample programs.

Sample programs 1 to 3 are for preventing the I flag from being set to 1 (interrupts enabled) before the interrupt
control register is changed for reasons of the internal bus or the instruction queue buffer.

Example 1: Use NOP instructions to prevent I flag from being set to 1 before interrupt control register

is changed
INT SWITCHI:
FCLR 1 ; Disable interrupts
AND.B #00H.0056H ; Set TRAIC register to 00h
NOP :
NOP
FSET I ; Enable interrupts

Example 2: Use dummy read to delay FSET instruction

INT SWITCH2:
FCLR 1 ; Disable interrupts
AND.B #00H.0056H ; Set TRAIC register to 00h
MOV.W MEM.,R0 ; Dummy read
FSET I ; Enable interrupts

Example 3: Use POPC instruction to change I flag

INT SWITCH3:
PUSHC FLG
FCLR 1 ; Disable interrupts
AND.B #00H.0056H ; Set TRAIC register to 00h
POPC FLG ; Enable interrupts
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13. Watchdog Timer

The watchdog timer is a function that detects when a program is out of control. Use of the watchdog timer is
recommended to improve the reliability of the system. The watchdog timer contains a 15-bit counter and allows
selection of count source protection mode enable or disable.

Table 13.1 lists information on the Count Source Protection Mode.

Refer to 5.6 Watchdog Timer Reset for details on the watchdog timer.

Figure 13.1 shows the Block Diagram of Watchdog Timer. Figure 13.2 shows the Registers OFS and WDC, Figure
13.3 shows Registers WDTR, WDTS, and CSPR.

Table 13.1 Count Source Protection Mode

ltem Count Source Protection Count Source Protection
Mode Disabled Mode Enabled
Count source CPU clock Low-speed on-chip oscillator
clock
Count operation Decrement
Count start condition Either of the following can be selected
« After reset, count starts automatically
* Count starts by writing to WDTS register
Count stop condition Stop mode, wait mode None
Reset condition of watchdog * Reset
timer * Write 00h to the WDTR register before writing FFh
» Underflow
Operation at the time of underflow | Watchdog timer interrupt or Watchdog timer reset
watchdog timer reset
Prescaler
------------ . CMO7 =0,
WDC7 =0
116
CSPRO =0 PM12=0
1128 o) Watchdog timer
CMO7 =0, interrupt request
WDC7 =1 .
CPU clock ® 1/2 o Watchdog timer o
CMO7 =1 A PM12 = 1
foCO-8 CSPRO = 1 Watchdog
timer reset
Setto
Write to WDTR register TFFFR®
Internal reset signal TN\
(“L" active) 4
CSPRO: Bit in CSPR register
WDCT: Bit in WDC register
PM12: Bitin PM1 register
NOTE: CMO7: Bit in CMO register
1. When the CSPRO bit is set to 1 (count source protection mode enabled), OFFFh is set.

Figure 13.1 Block Diagram of Watchdog Timer
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Option Function Select Register"

b7 b6 b5 b4 b3 b2 b1 b0

NENERNEN

Symbol Address When Shipping
OFS OFFFFh FFh®
Bit Symbol Bit Name Function RwW
WDTON Watchdog timer start 0 : Starts w atchdog timer automatically after reset RW
select bit 1 - Watchdog timer is inactive after reset
— Reserved bit Setto 1.
1) RW
ROM code protect 0 : ROM code protect disabled
ROMCR | gisabled bit 1: ROMCP1 enabled RW
ROM code protect bit 0 : ROM code protect enabled
ROMCP1 1 : ROM code protect disabled RW
— Reserved bit Setto 1.
RW
(b4)
Voltage detection 0 0 : Voltage monitor 0 reset enabled after hardw are
circuit start bit@! reset
LVDOON 1 : Voltage monitor 0 reset disabled after hardw are RW
reset
— Reserved bit Setto 1. RW
(bB)
Count source protect 0 : Count source protect mode enabled after reset
CSPROINI |mode after reset select |1 : Count source protect mode disabled after reset RW
bit

NOTES:

1. The OFS register is on the flash memory. Write to the OFS register w ith a program. After writing is completed, do not
w rite additions to the OFS register.

2. To use the pow er-on reset, set the LVDOON bit to 0 (voltage monitor 0 reset enabled after reset).
3. I the block including the OFS register is erased, FFh is set to the OFS register.

Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 b1 b0

| |0| 0| | | | | | Symbol Address After Reset
WwDC 000Fh 00X11111b
Bit Symbol Bit Name ] Function RwW
— High-order bits of w atchdog timer RO
(b4-b0)
— Reserved bit Set to 0. When read, the content is undefined.
RW
(b3)
— Reserved bit Setto 0. RW
(b6)
Prescaler select bit 0 : Divide-by-16
wber 1 : Divide-by-128 RW
Figure 13.2 Registers OFS and WDC
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Watchdog Timer Reset Register
b7 bo
Symbol Address After Reset
WDTR 000Dh Undefined
Function RwW
When 00h is w ritten before w riting FFh, the w atchdog timer is reset.("
The default value of the w atchdog timer is 7FFFh w hen count source protection
mode is disabled and OFFFh w hen count source protection mode is enabled.® Wo
NOTES:
1. Do not generate an interrupt betw een w hen 00h and FFh are w ritten.
2. When the CSPRO bit in the CSPR register is set to 1 (count source protection mode enabled),
OFFFh is set in the w atchdog timer.
Watchdog Timer Start Register
b7 bo
Symbol Address After Reset
WDTS 000Eh Undefined
Function RwW
The w atchdog timer starts counting after a w rite instruction to this register. WO
Count Source Protection Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| IUI 0| DI 0| 0| 0| OI Symbol Address After Reset()
CSPR 001Ch 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b6-b0) RW
CSPRO Count source protection mode [0 : Count source protection mode disabled RW
select bit®@ 1 : Count source protection mode enabled
NOTES:
1. When 0 is written to the CSPROINI bit in the OFS register, the value after reset is 10000000b.
2. Write 0 before w riting 1 to set the CSPRO bit to 1. 0 cannot be set by a program.

Figure 13.3 Registers WDTR, WDTS, and CSPR
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13.1 Count Source Protection Mode Disabled

The count source of the watchdog timer is the CPU clock when count source protection mode is disabled.
Table 13.2 lists the Watchdog Timer Specifications (with Count Source Protection Mode Disabled).

Table 13.2  Watchdog Timer Specifications (with Count Source Protection Mode Disabled)

ltem Specification
Count source CPU clock
Count operation Decrement
Period Division ratio of prescaler (n) X count value of watchdog timer (32768)(1)
CPU clock

n: 16 or 128 (selected by WDCT7 bit in WDC register)
Example: When the CPU clock frequency is 16 MHz and prescaler
divided by 16, the period is approximately 32.8 ms

Count start condition The WDTON bit(2) in the OFS register (OFFFFh) selects the operation

of the watchdog timer after a reset

* When the WDTON bit is set to 1 (watchdog timer is in stop state after
reset)
The watchdog timer and prescaler stop after a reset and the count
starts when the WDTS register is written to

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

reset
Reset condition of watchdog * Reset
timer * Write 00h to the WDTR register before writing FFh
» Underflow
Count stop condition Stop and wait modes (inherit the count from the held value after exiting
modes)

Operation at time of underflow |+ When the PM12 bit in the PM1 register is set to 0
Watchdog timer interrupt
* When the PM12 bit in the PM1 register is set to 1
Watchdog timer reset (refer to 5.6 Watchdog Timer Reset)

NOTES:

1. The watchdog timer is reset when 00h is written to the WDTR register before FFh. The prescaler is
reset after the MCU is reset. Some errors in the period of the watchdog timer may be caused by the
prescaler.

2. The WDTON bit cannot be changed by a program. To set the WDTON bit, write 0 to bit 0 of address
OFFFFh with a flash programmer.
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13.2 Count Source Protection Mode Enabled

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

Table 13.3 lists the Watchdog Timer Specifications (with Count Source Protection Mode Enabled).

Table 13.3  Watchdog Timer Specifications (with Count Source Protection Mode Enabled)

ltem Specification
Count source Low-speed on-chip oscillator clock
Count operation Decrement
Period Count value of watchdog timer (4096)

Low-speed on-chip oscillator clock
Example: Period is approximately 32.8 ms when the low-speed on-
chip oscillator clock frequency is 125 kHz

Count start condition The WDTON bit(1) in the OFS register (OFFFFh) selects the operation

of the watchdog timer after a reset.

* When the WDTON bit is set to 1 (watchdog timer is in stop state
after reset)
The watchdog timer and prescaler stop after a reset and the count
starts when the WDTS register is written to

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

areset
Reset condition of watchdog * Reset
timer * Write 00h to the WDTR register before writing FFh
» Underflow
Count stop condition None (The count does not stop in wait mode after the count starts.

The MCU does not enter stop mode.)
Operation at time of underflow Watchdog timer reset (Refer to 5.6 Watchdog Timer Reset.)
Registers, bits * When setting the CSPPRO bit in the CSPR register to 1 (count
source protection mode is enabled)(?), the following are set
automatically
- Set OFFFh to the watchdog timer
- Set the CM14 bit in the CM1 register to 0 (low-speed on-chip
oscillator on)
- Set the PM12 bit in the PM1 register to 1 (The watchdog timer is
reset when watchdog timer underflows)
* The following conditions apply in count source protection mode
- Writing to the CM10 bit in the CM1 register is disabled (It remains
unchanged even if it is set to 1. The MCU does not enter stop
mode.)
- Writing to the CM14 bit in the CM1 register is disabled (It remains
unchanged even if it is set to 1. The low-speed on-chip oscillator
does not stop.)

NOTES:
1. The WDTON bit cannot be changed by a program. To set the WDTON bit, write O to bit O of address
OFFFFh with a flash programmer.
2. Even if 0 is written to the CSPROINI bit in the OFS register, the CSPRO bit is set to 1.
The CSPROINI bit cannot be changed by a program. To set the CSPROINI bit, write 0 to bit 7 of
address OFFFFh with a flash programmer.
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14. Timers

The MCU has two 8-bit timers with 8-bit prescalers, two 16-bit timers, and a timer with a 4-bit counter and an 8-bit
counter. The two 8-bit timers with 8-bit prescalers are timer RA and timer RB. These timers contain a reload register to
store the default value of the counter. The 16-bit timer is timer RD, and has input capture and output compare

functions. The 4 and 8-bit counters are timer RE, and has an output compare function. All the timers operate
independently.

Table 14.1 lists Functional Comparison of Timers.
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Table 14.1 Functional Comparison of Timers
ltem Timer RA Timer RB Timer RD Timer RE
Configuration 8-bit timer with 8- | 8-bit timer with 8- | 16-bit free-run timer x 2 | 4-bit counter
bit prescaler (with | bit prescaler (with | (with input capture and 8-bit counter
reload register) reload register) output compare)
Count Decrement Decrement Increment/Decrement Increment
Count sources «f1 « f1 « 1 « f4
« f2 -2 - f2 18
« 18 -8 - f4 « 32
« fOCO » Timer RA - 18 « fC4
« fC32 underflow » f32
« fOCO40M
» TRDIOAO
Function | Timer mode Provided Provided Provided Not provided
(input capture function,
output compare function)
Pulse output mode | Provided Not provided Not provided Not provided
Event counter mode | Provided Not provided Not provided Not provided
Pulse width Provided Not provided Not provided Not provided
measurement mode
Pulse period Provided Not provided Not provided Not provided
measurement mode
Programmable Not provided Provided Not provided Not provided
waveform
generation mode
Programmable one- | Not provided Provided Not provided Not provided
shot generation
mode
Programmable wait | Not provided Provided Not provided Not provided
one-shot generation
mode
Input capture mode | Not provided Not provided Provided Not provided
Output compare Not provided Not provided Provided Provided
mode
PWM mode Not provided Not provided Provided Not provided
Reset synchronized | Not provided Not provided Provided Not provided
PWM mode
Complementary Not provided Not provided Provided Not provided
PWM mode
PWM3 mode Not provided Not provided Provided Not provided
Real-time clock Not provided Not provided Not provided Provided
mode
Input pin TRAIO INTO INTO, TRDCLK, -
TRDIOAO, TRDIOA1,
TRDIOBO, TRDIOB1,
TRDIOCO, TRDIOCA1,
TRDIODOQ, TRDIOD1
Output pin TRAO TRBO TRDIOAO, TRDIOA1, TREO
TRAIO TRDIOBO, TRDIOB1,
TRDIOCO, TRDIOCA1,
TRDIODO, TRDIOD1
Related interrupt Timer RA interrupt | Timer RB interrupt | Compare match/input Timer RE

INT1 interrupt

INTO interrupt

Capture A0 to DO interrupt
Compare match/input
Capture A1 to D1 interrupt
Overflow interrupt
Underflow interrupt(")
INTO interrupt

interrupt

Timer stop

Provided

Provided

Provided

Provided

NOTE:

1. The underflow interrupt can be set to channel 1.
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141 Timer RA

Timer RA is an 8-bit timer with an 8-bit prescaler.

The prescaler and timer each consist of a reload register and counter. The reload register and counter are allocated
at the same address, and can be accessed when accessing registers TRAPRE and TRA (refer to Tables 14.2 to 14.6
the Specifications of Each Mode).

The count source for timer RA is the operating clock that regulates the timing of timer operations such as counting
and reloading.

Figure 14.1 shows a Block Diagram of Timer RA. Figures 14.2 and 14.3 show the registers associated with Timer
RA.

Timer RA has the following five operating modes:

* Timer mode: The timer counts the internal count source.
* Pulse output mode: The timer counts the internal count source and outputs pulses of which
polarity inverted by underflow of the timer.
» Event counter mode: The timer counts external pulses.
* Pulse width measurement mode: The timer measures the pulse width of an external pulse.
* Pulse period measurement mode: The timer measures the pulse period of an external pulse.
g Data bus
TCK2 to TCKO bit Reload Reload
§ =000b TCKCUT bit TMOD2 to TMODO register register
f =001b =otherthan 0106 TCSTF bit
foco =210, Underflow signal
p =011b Counter H Counter = Timer RA interrupt
=100b TMOD2 to TMODO " - L
fC32 ————o . - TRAPRE register & TRA register &
TIPF1 to TIPFO bits 0100 (prescaler) (timer)
' 01b
TR
fp=110 o TMOD2 to TMODO
TIPF1 to TIPFO hits =011bor 100b
TIOSEL =0 =otherthan | pjgity] Polarity Count control
NTT i 000b
[TRAIO (P1_7) pin filter switching circle —

ment complat
TNTA/TRAIO (P1_5) pinC—o ment compleion

TIOSEL =1

TMOD2 to TMODO = 001b
TOPCR bit TED

GSEL=1
o—1

Q
Toggle flip-flop CK |-

TOENA bit CLR

TEDGSEL=10
. LC; Write to TRAMR register
TRAO pin Write 1 to TSTOP bit

TCSTF, TSTOP: Bits in TRACR register
TEDGSEL, TOPCR, TOENA, TIOSEL, TIPF1, TIPFO: Bits in TRAIOC register
TMOD2 to TMOD0, TCK2 to TCK0, TCKCUT: Bits in TRAMR. register

Figure 14.1 Block Diagram of Timer RA
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Timer RA Control Registert*)
b7 b6 b5 b4 b3 b2 b1 b0
DDUT 1] sympol Address After Reset
TRACR 0100h 00h
Bit Symbol Bit Name Function RW
TSTART Timer RA count start bit" 0 : Count stops RW
1 : Count starts
TCSTF Timer RA count status flag' |0 : Count stops RO
1 : During count
Timer RA count forcible stop  [When this bit is set to 1, the count is forcibly
TSTOP bit@ stopped. When read, its content is 0. RW
— Nothing is assigned. If necessary, setto 0.
(b3) When read, the content is 0. o
Active edge judgment 0 : Active edge not received
TEDGF  |flag® ® 1 : Active edge received RW
(end of measurement period)
Timer RA underflow flag® > |0 : No underflow
TUNDF 1 : Underflow RW
— Nothing is assigned. If necessary, setto 0.
(b7-b6) [When read, the content is 0. o

NOTES:

areset.

b7 b6 b5 b4 b3 b2 b1 b0

HINENNEN

Timer RA I/O Control Register

1. Referto 14.1.6 Notes on Timer RA.
2. When the TSTOPbit is set to 1, bits TSTART and TCSTF and registers TPRAPRE and TRA are set to the values after

3. Bits TEDGF and TUNDF can be set to 0 by w riting 0 to these bits by a program. How ever, their value remains
unchanged when 1 is written.

4 In pulse width measurement mode and pulse period measurement mode, use the MOV instruction to set the TRACR
register. If it is necessary to avoid changing the values of bits TEDGF and TUNDF, w rite 1 to them.

5. Setto 0in timer mode, pulse output mode, and event counter mode.

Symbol Address After Reset
TRAIOC 0101h 00h
Bit Symbol Bit Name Function RwW
T SEL TRAIO polarity switch bit Function varies depending on operating mode. RW
T0 TRAIO output control bit RW
TRAO output enable bit
TOENA RW
TIOSEL INT1/TRAIO select bit RW
TIPFO TRAIO input filter select bits RW
TIPF1
— Nothing is assigned. If necessary, setto 0.
(b7-b6) [When read, the contentis 0. o

Figure 14.2 Registers TRACR and TRAIOC
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Timer RA Mode Register("
b7 b6 b5 b4 b3 b2 b1 b0
| | | | N | | | Symbol Address After Reset
TRAMR 0102h 00h
Bit Symbol Bit Name Function RwW
Timer RA operating mode b2 b1b0
TMODO  |select bits 00 0 : Timer mode RW
00 1 : Pulse output mode
0 1 0 : Event counter mode
TMOD1 0 11 : Pulse width measurement mode RW
1 0 0 : Pulse period measurement mode
101:
TMOD2 1105 Do not set. RW
111:
— Nothing is assigned. If necessary, setto 0.
(b3) When read, the content is 0. o
Timer RA count source b6 b5 b4
TCKO select bits 000:f1 RW
001:f8
010:fOCO
TCK1 011:12 RW
100:fC32
101:
TcK2 110 Do not set. RW
111:
Timer RA count source 0 : Provides count source
TeKeut cutoff bit 1 - Cuts off count source RW
NOTE:
1. When both the TSTART and TCSTF bits in the TRACR register are set to 0 (count stops), rew rite this register.
Timer RA Prescaler Register
b7 b0
Symbol Address After Reset
TRAPRE 0103h FFh("
Mode Function Setting Range RwW
Timer mode Counts an internal count source 00h to FFh RwW
Pulse output mode Counts an internal count source 00h to FFh RW
Event counter mode Counts an external count source 00h to FFh RwW
Pulse width Counts internal count source 00h to FFh RW
measurement mode 0
Pulse period 00h to FFh RW
measurement mode 0
NOTE:
1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.
Timer RA Register
b7 bo
Symbol Address After Reset
TRA 0104h FFh(!
Mode Function Setting Range RwW
P Counts on underflow of timer RA prescaler T -
modes register o
NOTE:
1. When the TSTOP bit in the TRACR register is set to 1, the TRA register is set to FFh.

Figure 14.3 Registers TRAMR, TRAPRE, and TRA
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141.1 Timer Mode

In this mode, the timer counts an internally generated count source (refer to Table 14.2 Timer Mode

Specifications).

Figure 14.4 shows the TRAIOC Register in Timer Mode.

Table 14.2

Timer Mode Specifications

ltem

Specification

Count sources

1, 12, 18, fOCO, fC32

Count operations

* Decrement
* When the timer underflows, the contents of the reload register are reloaded
and the count is continued.

Divide ratio

1/(n+1)(m+1)
n: Value set in TRAPRE register, m: Value set in TRA register

Count start condition

1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRACR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request
generation timing

When timer RA underflows [timer RA interrupt].

INT1/TRAIO pin
function

Programmable I/O port, or INT1 interrupt input

TRAO pin function

Programmable 1/O port

Read from timer

The count value can be read by reading registers TRA and TRAPRE.

Write to timer

* When registers TRAPRE and TRA are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 14.1.1.1 Timer Write

14. Timers

Control during Count Operation).

Timer RA I/O Control Register

b7 b6 b5 b4 b3 b2 b1 b0

pdelef fofolo

Symbol Address After Reset
TRAIOC 0101h 00h
Bit Symbol Bit Name Function RwW
TRAIO polarity sw itch bit Set to 0 in timer mode.
TEDGSEL RW
TRAIO output control bit
TOPCR RW
TRAO output enable bit
TOENA RW
TIOSE. INT1/TRAIO select bit 0 : INTT/TRAIO p!n (P1_7) RW
1 INT1T/TRAIO pin (P1_5)
TIPFO TRAIQO input filter select bits |Set to 0 in timer mode. RW
TIPF1
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the content is 0. -

Figure 14.4 TRAIOC Register in Timer Mode
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14.1.1.1 Timer Write Control during Count Operation

Timer RA has a prescaler and a timer (which counts the prescaler underflows). The prescaler and timer each
consist of a reload register and a counter. When writing to the prescaler or timer, values are written to both the
reload register and counter.

However, values are transferred from the reload register to the counter of the prescaler in synchronization with
the count source. In addition, values are transferred from the reload register to the counter of the timer in
synchronization with prescaler underflows. Therefore, if the prescaler or timer is written to when count
operation is in progress, the counter value is not updated immediately after the WRITE instruction is executed.
Figure 14.5 shows an Operating Example of Timer RA when Counter Value is Rewritten during Count
Operation.

Set 01h to the TRAPRE register and 25h to
the TRA register by a program.

gipigigiy

1 H
i i
H

i
i After wﬁting, the reload re'gister is
i written to at the first count source.

Reloads register of .
timer RA prescaler Previous value X MNew value (01h)
Reload at
second count Recllc::#]j at
source ungertiow
A Counter of 06h 05h 04h 01h 00h 01h 00h 01h 00h 01h 00h
timer RA prescaler

After writing, the reload register is
written to at the first underflow.

Reloads r‘?lgni_lsé?h‘g Previous value X New value (25h)

Reload at the sécond underflow

Counter of timer RA 03h x 02h X 25h X 24h X

IR bitin TRAIC
register 0

The IR bit remains unchanged until underflow is -/
generated by a new value.

The above applies under the following conditions.
Both bits TSTART and TCSTF in the TRACR register are set to 1 (During count).

Figure 14.5 Operating Example of Timer RA when Counter Value is Rewritten during Count
Operation
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14.1.2 Pulse Output Mode

In pulse output mode, the internally generated count source is counted, and a pulse with inverted polarity is
output from the TRAIO pin each time the timer underflows (refer to Table 14.3 Pulse Output Mode
Specifications).

Figure 14.6 shows the TRAIOC Register in Pulse Output Mode.

Table 14.3 Pulse Output Mode Specifications

Iltem Specification
Count sources f1, f2, 18, fOCO, fC32
Count operations * Decrement

* When the timer underflows, the contents in the reload register is reloaded and
the count is continued.

Divide ratio 1/(n+1)(m+1)

n: Value set in TRAPRE register, m: Value set in TRA register

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions |+ 0 (count stops) is written to the TSTART bit in the TRACR register.

* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request When timer RA underflows [timer RA interrupt].

generation timing

INT1/TRAIO pin Pulse output, programmable output port, or INT1 interrupt(1)

function

TRAO pin function Programmable 1/O port or inverted output of TRAIO()

Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped, values

are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 14.1.1.1 Timer Write Control
during Count Operation).

Select functions * TRAIO output polarity switch function
The TEDGSEL bit in the TRAIOC register selects the level at the start of pulse
output.(1)

* TRAO output function

Pulses inverted from the TRAIO output polarity can be output from the TRAO
pin (selectable by the TOENA bit in the TRAIOC register).

* Pulse output stop function

Output from the TRAIO pin is stopped by the TOPCR bit in the TRAIOC
register.

«INT1/TRAIO pin select function

P1 7 or P1_5 is selected by the TIOSEL bit in the TRAIOC register.

NOTE:
1. The level of the output pulse becomes the level when the pulse output starts when the TRAMR
register is written to.
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Timer RA I/O Control Register

b7 b6 b5 b4 b3 b2 b1 b0

N/V] 0| 0| | | | | Symbol Address After Reset
TRAIOC 0101h 00h
Bit Symbol Bit Name Function RwW
TRAIO polarity switch bit 0 : TRAIO output starts at “H’
SH- 1 : TRAIO output starts at “L” RW
TRAIO output control bit 0 : TRAIO output
TORCR 1:Port P1_7 or P1_5 RW
TRAO output enable bit 0:PortP3_0
TOENA 1: TRAO output (inverted TRAIO output from P3_0)| RW
TIOSEL INT1/TRAIO select bit 0 : INTT/TRAIO p!n (P1_7) RW
1 INT1T/TRAIO pin (P1_5)
TIPFO TRAIO input filter select bits |Set to 0 in pulse output mode. RwW
TIPF1 RW
— Nothing is assigned. If necessary, set to 0.
(b7-b6) |When read, the contentis 0. o

Figure 14.6 TRAIOC Register in Pulse Output Mode
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14.1.3 Event Counter Mode

In event counter mode, external signal inputs to the INT1/TRAIO pin are counted (refer to Table 14.4 Event
Counter Mode Specifications).
Figure 14.7 shows the TRAIOC Register in Event Counter Mode.

Table 14.4

Event Counter Mode Specifications

ltem

Specification

Count source

External signal which is input to TRAIO pin (active edge selectable by a program)

Count operations

* Decrement
* When the timer underflows, the contents of the reload register are reloaded and
the count is continued.

Divide ratio

1/(n+1)(m+1)
n: setting value of TRAPRE register, m: setting value of TRA register

Count start condition

1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRACR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request
generation timing

* When timer RA underflows [timer RA interrupt].

INT1/TRAIO pin
function

Count source input (INT1 interrupt input)

TRAO pin function

Programmable 1/0 port or pulse output(?)

Read from timer

The count value can be read by reading registers TRA and TRAPRE.

Write to timer

* When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 14.1.1.1 Timer Write Control
during Count Operation).

Select functions

«NT1 input polarity switch function
The TEDGSEL bit in the TRAIOC register selects the active edge of the count
source.

* Count source input pin select function
P1_7 or P1_5is selected by the TIOSEL bit in the TRAIOC register.

* Pulse output function
Pulses of inverted polarity can be output from the TRAO pin each time the timer
underflows (selectable by the TOENA bit in the TRAIOC register).(1)

« Digital filter function
Bits TIPFO and TIPF1 in the TRAIOC register enable or disable the digital filter
and select the sampling frequency.

NOTE:

1. The level of the output pulse becomes the level when the pulse output starts when the TRAMR

register is written to.
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Timer RA I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
N\(] | | | | 0| | Symbol Address After Reset
TRAIOC 0101h 00h
Bit Symbol Bit Name Function RwW
TRAIO polarity switch bit 0 : Starts counting at rising edge of the TRAIO
input or TRAIO starts output at “L”
TEDGSEL 1 Starts counting at falling edge of the TRAIO RW
input or TRAIO starts output at “H’
TRAIO output control bit Set to 0 in event counter mode.
TOPCR RW
TRAQ output enable bit 0:PortP3_0
TOENA 1 TRAO output RW
TIOSEL INT1/TRAIO select bit 0 : INTT/TRAIO p!n (P1_7) RW
1 INT1T/TRAIO pin (P1_5)
TRAIO input filter select b5 b4
TIPFO bits™ 0 0 : No filter
0 1 : Filter with 1 sampling
10 : Filter w ith f8 sampling RW
TIPF1 11 : Filter with f32 sampling
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the content is 0. o
NOTE:
1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.

Figure 14.7 TRAIOC Register in Event Counter Mode
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141.4 Pulse Width Measurement Mode

In pulse width measurement mode, the pulse width of an external signal input to the INT1/TRAIO pin is
measured (refer to Table 14.5 Pulse Width Measurement Mode Specifications).

Figure 14.8 shows the TRAIOC Register in Pulse Width Measurement Mode and Figure 14.9 shows an
Operating Example of Pulse Width Measurement Mode.

Table 14.5 Pulse Width Measurement Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32
Count operations * Decrement

*» Continuously counts the selected signal only when measurement pulse is “H”
level, or conversely only “L” level.

* When the timer underflows, the contents of the reload register are reloaded
and the count is continued.

Count start condition 1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions * 0 (count stops) is written to the TSTART bit in the TRACR register.

* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request * When timer RA underflows [timer RA interrupt].

generation timing * Rising or falling of the TRAIO input (end of measurement period) [timer RA
interrupt]

INT1/TRAIO pin function | Measured pulse input (INT1 interrupt input)

TRAO pin function Programmable |/O port

Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped,

values are written to both the reload register and counter.
* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 14.1.1.1 Timer Write
Control during Count Operation).
Select functions * Measurement level select
The TEDGSEL bit in the TRAIOC register selects the “H” or “L” level period.
* Measured pulse input pin select function
P1_7 or P1_5 is selected by the TIOSEL bit in the TRAIOC register.

» Digital filter function
Bits TIPFO and TIPF1 in the TRAIOC register enable or disable the digital
filter and select the sampling frequency.
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Timer RA I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
[\/\M | | |0| 0| | Symbol Address After Reset
TRAIOC 0101h 00h
Bit Symbol Bit Name Function RwW
TRAIO polarity switch bit 0 : TRAIO input starts at “L”
TEDGSH 1 : TRAIO input starts at “H’ RW
TOPCR TRAIO output control bit Set to 0 in pulse width measurement mode. RW
TOENA TRAQ output enable bit RW
TIOSEL INT1/TRAIO select bit 0 : INTT/TRAIO p!n (P1_7) RW
1 INT1T/TRAIO pin (P1_5)
TRAIO input filter select b5 b4
TIPFO bits™ 0 0 : No filter
0 1 : Filter with f1 sampling
10 - Filter with f8 sampling RW
TIPF1 11 : Filter with f32 sampling
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the content is 0. o
NOTE:
1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.

Figure 14.8 TRAIOC Register in Pulse Width Measurement Mode
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n = high level: the contents of TRA register, low level: the contents of TRAPRE register

FFFFh
Count start Underflow
JE—
n
5 LL L.
= .
E : E C t st
[ P
% i Count stop A _l U stop
5 ] - > |
€
@O
5 | 3
(8] - lmmy
[]
- :
— L
0000h Count Start_l Count start

Period
Set to 1 by program

TSTART bit in
TRACR register 0 J

Measured pulse 1
(TRAIO pin input) 0

Set to 0 when interrupt request is acknowledged, or set by program

IR bit in TRAIC 1
register 0

- Set to 0 by program ~
TEDGF bitin 1 ‘l‘/ >7
TRACR register 0

Set to 0 by program

TUNDF bit in 1
TRACR register 0

The above applies under the following conditions.

* “H” level width of measured pulse is measured. (TEDGSEL = 1)
« TRAPRE = FFh

Figure 14.9 Operating Example of Pulse Width Measurement Mode
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14.1.5 Pulse Period Measurement Mode

In pulse period measurement mode, the pulse period of an external signal input to the INT1/TRAIO pin is
measured (refer to Table 14.6 Pulse Period Measurement Mode Specifications).

Figure 14.10 shows the TRAIOC Register in Pulse Period Measurement Mode and Figure 14.11 shows an
Operating Example of Pulse Period Measurement Mode.

Table 14.6 Pulse Period Measurement Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32
Count operations * Decrement

» After the active edge of the measured pulse is input, the contents of the read-
out buffer are retained at the first underflow of timer RA prescaler. Then timer
RA reloads the contents in the reload register at the second underflow of
timer RA prescaler and continues counting.

Count start condition 1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions * 0 (count stops) is written to TSTART bit in the TRACR register.

* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request * When timer RA underflows or reloads [timer RA interrupt].

generation timing * Rising or falling of the TRAIO input (end of measurement period) [timer RA
interrupt]

INT1/TRAIO pin function | Measured pulse input(1) (INT1 interrupt input)

TRAO pin function Programmable 1/O port

Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped,

values are written to both the reload register and counter.
* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 14.1.1.1 Timer Write
Control during Count Operation).
Select functions * Measurement period select
The TEDGSEL bit in the TRAIOC register selects the measurement period of
the input pulse.
* Measured pulse input pin select function
P1 7 or P1_5 is selected by the TIOSEL bit in the TRAIOC register.

* Digital filter function
Bits TIPFO and TIPF1 in the TRAIOC register enable or disable the digital
filter and select the sampling frequency.

NOTE:
1. Input a pulse with a period longer than twice the timer RA prescaler period. Input a pulse with a
longer “H” and “L” width than the timer RA prescaler period. If a pulse with a shorter period is input to
the TRAIO pin, the input may be ignored.
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Timer RA I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
D\/N | | | 0| 0| | Symbol Address After Reset
TRAIOC 0101h 00h
Bit Symbol Bit Name Function RW
TRAIO polarity switch bit 0 : Measures measurement pulse from one
rising edge to next rising edge
TEDGSH 1 : Measures measurement pulse from one RW
falling edge to next falling edge
TOPCR TRAIO output control bit Set to 0 in pulse period measurement mode. RW
TRAQ output enable bit
TOENA RW
TIOSEL INT1/TRAIO select bit 0 : INTT/TRAIO p!n (P1_7) RW
1 INT1T/TRAIO pin (P1_5)
TRAIO input filter select b5 b4
TIPFO bits™ 00 : No filter
0 1 : Filter with f1 sampling
10 - Filter with 18 sampling RW
TIPF1 11 : Filter with f32 sampling
— Nothing is assigned. If necessary, setto 0.
(b7-b6) [When read, the content is 0. o
NOTE:
1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.

Figure 14.10 TRAIOC Register in Pulse Period Measurement Mode
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Underflow signal of
timer RA prescaler

1 1
MSet to 1 by program

=y

TSTART bitin
TRACR register

Starts counting

Measurement pulse
(TRAIO pininput) 0

TRA reloads

<

Contents of TRA OFh : : 00h
I
Retained { Retained
Contents of read-out 0Dh 0%h oph \ oFnYoEn
bufferi® |
1 /
TRA read® L’
(Note 2) (Note 2)
TEDGF bitin 1
TRACR register
\__ ' 1
Set to 0 by program _44‘9 4 :
i (Note 6)

TUNDF bitin 1
TRACR register

IR bitin TRAIC 1
register

_‘ ;

B
9

Setto 0 by program” (Note 5)

g \ '

Set to 0 when interrupt request is acknowledged, or set by program

Conditions: The period from one rising edge to the next rising edge of the measured pulse is measured (TEDGSEL = 0) with

the default value of the TRA register as OFh.

NOTES:

1. The contents of the read-out buffer can be read by reading the TRA register in pulse period measurement mode.
2. After an active edge of the measured pulse is input, the TEDGF bit in the TRACR register is set to 1 (active edge found) when the timer

RA prescaler underflows for the second time.

3. The TRA register should be read before the next active edge is input after the TEDGF bit is set to 1 (active edge found).
The contents in the read-out buffer are retained until the TRA register is read. If the TRA register is not read before the next active edge

is input, the measured result of the previous period is retained.

4 To set to 0 by a program, use a MOV instruction to wnte 0 to the TEDGF bit in the TRACR register. At the same time, write 1 to the

TUNDF bit in the TRACR register.

5. To set to 0 by a program, use a MOV instruction to write 0 to the TUNDF bit. At the same time, write 1 to the TEDGF bit.
6. Bits TUNDF and TEDGF are both set to 1 if timer RA underflows and reloads on an active edge simultaneously.

Figure 14.11 Operating Example of Pulse Period Measurement Mode
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14.1.6 Notes on Timer RA

» Timer RA stops counting after a reset. Set the values in the timer RA and timer RA prescalers before the
count starts.

Even if the prescaler and timer RA are read out in 16-bit units, these registers are read 1 byte at a time by
the MCU. Consequently, the timer value may be updated during the period when these two registers are
being read.

In pulse period measurement mode, bits TEDGF and TUNDF in the TRACR register can be set to 0 by
writing 0 to these bits by a program. However, these bits remain unchanged if 1 is written. When using the
READ-MODIFY-WRITE instruction for the TRACR register, the TEDGF or TUNDF bit may be set to 0
although these bits are set to 1 while the instruction is being executed. In this case, write 1 to the TEDGF or
TUNDF bit which is not supposed to be set to 0 with the MOV instruction.

When changing to pulse period measurement mode from another mode, the contents of bits TEDGF and
TUNDF are undefined. Write 0 to bits TEDGF and TUNDF before the count starts.

The TEDGF bit may be set to 1 by the first timer RA prescaler underflow generated after the count starts.
When using the pulse period measurement mode, leave two or more periods of the timer RA prescaler
immediately after the count starts, then set the TEDGF bit to 0.

The TCSTF bit retains 0 (count stops) for 0 to 1 cycle of the count source after setting the TSTART bit to 1
(count starts) while the count is stopped.

During this time, do not access registers associated with timer RA() other than the TCSTF bit. Timer RA
starts counting at the first valid edge of the count source after The TCSTF bit is set to 1 (during count).
The TCSTF bit remains 1 for 0 to 1 cycle of the count source after setting the TSTART bit to 0 (count
stops) while the count is in progress. Timer RA counting is stopped when the TCSTF bit is set to 0.
During this time, do not access registers associated with timer RA(1) other than the TCSTF bit.

NOTE:
1. Registers associated with timer RA: TRACR, TRAIOC, TRAMR, TRAPRE, and TRA.

When the TRAPRE register is continuously written during count operation (TCSTF bit is set to 1), allow
three or more cycles of the count source clock for each write interval.

When the TRA register is continuously written during count operation (TCSTF bit is set to 1), allow three
or more cycles of the prescaler underflow for each write interval.
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14.2 Timer RB

Timer RB is an 8-bit timer with an 8-bit prescaler.

The prescaler and timer each consist of a reload register and counter (refer to Tables 14.7 to 14.10 the

Specifications of Each Mode).

Timer RB has timer RB primary and timer RB secondary as reload registers.
The count source for timer RB is the operating clock that regulates the timing of timer operations such as counting

and reloading.

Figure 14.12 shows a Block Diagram of Timer RB. Figures 14.13 to 14.15 show the registers associated with timer

RB.

Timer RB has four operation modes listed as follows:
* Timer mode:

* Programmable waveform generation mode:
* Programmable one-shot generation mode:
* Programmable wait one-shot generation mode:

The timer counts an internal count source (peripheral
function clock or timer RA undertlows).

The timer outputs pulses of a given width successively.
The timer outputs a one-shot pulse.

The timer outputs a delayed one-shot pulse.

I
INTOPL bit

g Data bus )
J TRBSC U TRBPR
register register
Reload Reload Reload
register register register
=00b
f1 - 01b _ Timer RB interrupt
8 ———o0 Counter Counter (timer RB) -
Timer RA underflow %@ TRBPRE register (Timer)
0 =
— © (prescaler) TMOD1 to TMODO bits
=10bor 11b
TSTART bit
TOSSTF bit
INTO interrupt
-
Input polarity
INTG pin O .p Digital filter selected to be one
edge or both edges select

TSTART, TCSTF: Bit in TRBCR register

TOSSTF: Bit in TRBOCR register

TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIOC register

TMOD1 to TMODO, TCK1 to TCKO, TCKCUT: Bits in TRBMR register

INOSEG bit INOSTG bit

TMOD1 to TMODO bits INTOEN bit

=01b.10b, 11b TOGNT 20 TOPL =1 .

. )/‘ 0/6 o Toggle flipflop CK|g
TRBO pin O Y o—oJa CLR
©— P3_1 bit in P3 register TOPL=0
TOCNT =1 \_G: TCSTF bit
TMOD1 to TMODO bits

=01b.10b, 11b

Figure 14.12 Block Diagram of Timer RB
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Timer RB Control Register

b7 b6 b5 b4 b3 b2 b1 b0

NVP/\T)\/N | | | Symbol Address After Reset

TRBCR 0108h 00h
Bit Symbol Bit Name Function RW
Timer RB count start bit" 0 : Count stops
TSTART 1 : Count starts RW
Timer RB count status flag™" |0 : Count stops
TCSTR 1 : During count® RO
Timer RB count forcible stop [When this bit is set to 1, the count is forcibly
TSTOP bit(1. 2) stopped. When read, its content is 0. RW

— Nothing is assigned. If necessary, setto 0.
(b7-b3) [When read, the contentis 0.

NOTES:
1. Referto 14.2.5 Notes on Timer RB.
2. When the TSTOPDbit is set to 1, registers TRBPRE, TRBSC, TRBPR, and bits TSTART and TCSTF, and the TOSSTF bit
in the TRBOCR register are set to values after a reset.

3. Indicates that count operation is in progress in timer mode or programmable w aveform mode. In programmable one-
shot generation mode or programmable w ait one-shot generation mode, indicates that a one-shot pulse trigger has

been acknow ledged.

Timer RB One-Shot Control Register®

b7 b6 b5 b4 b3 b2 b1 b0

DDOODA [ 1] sympol Address After Reset
TRBOCR 0109h 00h
Bit Symbol Bit Name Function RW

Timer RB one-shot start bit  [When this bit is set to 1, one-shot trigger

TOSST generated. When read, its content is 0.

Timer RB one-shot stop bit  [When this bit is set to 1, counting of one-shot
TOSSP pulses (including programmable w ait one-shot RW
pulses) stops. When read, its content is 0.

Timer RB one-shot status 0 : One-shot stopped

flag™ 1 : One-shot operating (Including w ait period) RO

TOSSTF

— Nothing is assigned. If necessary, setto 0.
(b7-b3) [When read, the contentis 0.

NOTES:
1. When 1 is set to the TSTOP bit in the TRBCR register, the TOSSTF bit is set to 0.

2. This register is enabled w hen bits TMOD1 to TMODO in the TRBMR register is set to 10b (programmable one-shot
generation mode) or 11b (programmable w ait one-shot generation mode).

Figure 14.13 Registers TRBCR and TRBOCR
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Timer RB I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
DODDL T T T sympol Address After Reset
TRBIOC 010Ah 00h
Bit Symbol Bit Name Function RwW
TOPL g’:[ner RB output level select |[Function varies depending on operating mode. RW
Timer RB output switch bit
TOCNT RW
One-shot trigger control bit
INOSTG RW
One-shot trigger polarity
INOSEG select bit RW
— Nothing is assigned. If necessary, set to 0.
(b7-b4) [When read, the content is 0. o
Timer RB Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| N | | D/\I | | Symbol Address After Reset
TRBMR 010Bh 00h
Bit Symbol Bit Name Function RW
Timer RB operating mode b1b0
T™ODO |select bits™ 0 0 : Timer mode RW
0 1 : Programmable w aveform generation mode
1 0 : Programmable one-shot generation mode
TMOD1 11 : Programmable w ait one-shot generation mode RW
— Nothing is assigned. If necessary, set to 0.
(b2) When read, the content is 0. _
TWRC Timer RB w rite control bit? |0 : Write to reload register and counter RW
1 : Write to reload register only
Timer RB count source b5 b4
TCKO select bitst™ 00:f1 RW
01:f8
1 0 : Timer RA underflow
TCK1 11:12 RW
— Nothing is assigned. If necessary, set to 0.
(b6) When read, the content is 0. _
TCKCUT Timer RB count source 0 : Provides count source RW
cutoff bit" 1 : Cuts off count source

NOTES:

1. Change bits TMOD1 and TMODO; TCK1 and TCKO; and TCKCUT w hen both the TSTART and TCSTF bits in the TRBCR

register set to 0 (count stops).

The TWRC bit can be set to either 0 or 1 in timer mode. In programmable w aveform generation mode, programmable
one-shot generation mode, or programmable w ait one-shot generation mode, the TWRC bit must be set to 1 (w rite to

reload register only).

Figure 14.14 Registers TRBIOC and TREMR
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Timer RB Prescaler Register("
b7 bo
Symbol Address After Reset
TRBPRE 010Ch FFh
Mode Function Setting Range | RW
Ti d Counts an internal count source or timer RA 00h to FFh RW
imer moade underflow s
Programmable w aveform Counts an internal count source or timer RA 00h to FFh RW
generation mode underflow s
Programmable one-shot Counts an internal count source or timer RA 00h to FFh RW
generation mode underflow s
Programmable w ait one-shot| Counts an internal count source or timer RA 00h to FFh RW
generation mode underflow s
NOTE:
1. When the TSTOP bit in the TRBCR register is set to 1, the TRBPRE register is set to FFh.
Timer RB Secondary Register® 4
b7 bo
Symbol Address After Reset
TRBSC 010Dh FFh
Mode Function Setting Range | RW
Disabled 00h to FFh
Timer mode —
Programmable waveform  |Counts timer RB prescaler underflow s 00h to FFh WOoR
generation mode
Programmable one-shot Disabled 00h to FFh
generation mode o
Programmable w ait one-shot| Counts timer RB prescaler underflow s 00h to FFh WOo
generation mode (one-shot width is counted)

b7

2.
3.
4

NOTES:
1. The values of registers TRBPR and TRBSC are reloaded to the counter alternately and counted.

The count value can be read out by reading the TRBPR register even w hen the secondary period is being counted.

When the TSTOP bit in the TRBCR register is

set to 1, the TRBSC register is set to FFh.

To w rite to the TRBSC register, perform the follow ing steps.

(1) Write the value to the TRBSC register.

(2) Write the value to the TRBPR register. (If the value does not change, write the same value second time.)

Timer RB Primary Register®

b0

Symbol Address After Reset
TRBPR 010Eh FFh
Mode Function Setting Range | RW
Counts i RB I derfl 00h to FFh
Timer mode unts timer prescaler underflow s 0 RW
Programmable waveform  |Counts timer RB prescaler underflow s 00h to FFh RW
generation mode
Programmable one-shot Counts timer RB prescaler underflow s 00h to FFh RW
generation mode (one-shot width is counted)
Programmable w ait one-shot| Counts timer RB prescaler underflow s 00h to FFh RW
generation mode (wait period width is counted)

NOTES:
1. The values of registers TRBPR and TRBSC are reloaded to the counter alternately and counted.

2. When the TSTOP bit in the TRBCR register is set to 1, the TRBPR register is set to FFh.

Figure 14.15 Registers TRBPRE, TRBSC, and TRBPR
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14.2.1 Timer Mode

In timer mode, a count source which is internally generated or timer RA underflows are counted (refer to Table

14.7 Timer Mode Specifications). Registers TRBOCR and TRBSC are not used in timer mode.
Figure 14.16 shows the TRBIOC Register in Timer Mode.

Table 14.7

Timer Mode Specifications

ltem

Specification

Count sources

1, f2, 18, timer RA underflow

Count operations

* Decrement

* When the timer underflows, it reloads the reload register contents before the
count continues (when timer RB underflows, the contents of timer RB primary
reload register is reloaded).

Divide ratio

1/(n+1)(m+1)
n: setting value in TRBPRE register, m: setting value in TRBPR register

Count start condition

1 (count starts) is written to the TSTART bit in the TRBCR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRBCR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRBCR register.

Interrupt request
generation timing

When timer RB underflows [timer RB interrupt].

TRBO pin function

Programmable 1/O port

INTO pin function

Programmable 1/O port or INTO interrupt input

Read from timer

The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer

* When registers TRBPRE and TRBPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBPRE and TRBPR are written to while count operation is in
progress:
If the TWRC bit in the TRBMR register is set to 0, the value is written to both
the reload register and the counter.
If the TWRC bit is set to 1, the value is written to the reload register only.
(Refer to 14.2.1.1 Timer Write Control during Count Operation.)

Timer RB I/O Control Register

b7 b6 b5 b4 b3 b2 b1 b0

LOLefefel

Symbol Address After Reset
TRBIOC 010Ah 00h
Bit Symbol Bit Name Function RwW
TOPL ;':[ner RB output level select |Set to 0 in timer mode. RW
TOCNT Timer RB output switch bit RW
INOSTG One-shot trigger control bit RW
One-shot trigger polarity
INOSEG select bit RW

(b7-bd)

Nothing is assigned. If necessary, set to 0.
When read, the content is 0.

Figure 14.16 TRBIOC Register in Timer Mode
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14.2.1.1 Timer Write Control during Count Operation

Timer RB has a prescaler and a timer (which counts the prescaler underflows). The prescaler and timer each
consist of a reload register and a counter. In timer mode, the TWRC bit in the TRBMR register can be used to
select whether writing to the prescaler or timer during count operation is performed to both the reload register
and counter or only to the reload register.

However, values are transferred from the reload register to the counter of the prescaler in synchronization with
the count source. In addition, values are transferred from the reload register to the counter of the timer in
synchronization with prescaler underflows. Therefore, even if the TWRC bit is set for writing to both the reload
register and counter, the counter value is not updated immediately after the WRITE instruction is executed. In
addition, if the TWRC bit is set for writing to the reload register only, the synchronization of the writing will be
shifted if the prescaler value changes. Figure 14.17 shows an Operating Example of Timer RB when Counter
Value is Rewritten during Count Operation.
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Count source

Reloads register of
timer RB prescaler

Counter of
timer RB prescaler

Reloads register of
timer RB

Counter of timer RB

IR bitin TRBIC
register

Count source

Reloads register of
timer RB prescaler

Counter of
timer RB prescaler

Reloads register of
timer RB

Counter of timer RB

IR bitin TRBIC
register

0

When the TWRC bit is set to 0 (write to reload register and counter)

Set 01h to the TRBPRE register and 25h to
the TRBPR register by a program.

1 1
After \&friling, the reload }egister is
written with the first count source.

JEREEREEEEEREES

e T

Previous value New value (01h)
Eeload with Reload on
e second underflow
count source
0sh X 05h X 04h { 01h X 00h 01h X 0oh x 01h X 00h X 01h 00h x
After writing, lhe'reload register is
written on the ﬁr?l underflow.
Previous value K New value (25h)

Reload on the second
underilow i

03h

X 02h

The IR bit remains unchanged until underflow

is generated by a new value.

When the TWRC bit is set to 1 (write to reload register only)

Set 01h to the TRBPRE register and 25h to
the TRBPR register by a program.

After writing, the reload register is
written with the first count source.

UL LLL

Previous valueX

New value (01h)

Reload on
underflow

|

06h X 05h X 04hX 03h X 02h X 01hX 00h K

01h X 00h x 01h } 0OOh X 01h X 00h

01h

-

L

Aﬂe'r writing, the reluald register is
written on the first underflow.

Previous value

New value (25h)

Reload on
underflow

03h

X 02h

01h

25h

X 00h

—

The above applies under the following conditions.
Both bits TSTART and TCSTF in the TRBCR register are set to 1 (During count).

4l
-«

-
L

Only the prescaler values are updated,
extending the duration until timer RE underflow.

Figure 14.17 Operating Example of Timer RB when Counter Value is Rewritten during Count
Operation
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14.2.2 Programmable Waveform Generation Mode

In programmable waveform generation mode, the signal output from the TRBO pin is inverted each time the
counter underflows, while the values in registers TRBPR and TRBSC are counted alternately (refer to Table
14.8 Programmable Waveform Generation Mode Specifications). Counting starts by counting the setting
value in the TRBPR register. The TRBOCR register is unused in this mode.

Figure 14.18 shows the TRBIOC Register in Programmable Waveform Generation Mode. Figure 14.19 shows
an Operating Example of Timer RB in Programmable Waveform Generation Mode.

Table 14.8 Programmable Waveform Generation Mode Specifications

ltem

Specification

Count sources

f1, f2, 18, timer RA underflow

Count operations

* Decrement
* When the timer underflows, it reloads the contents of the primary reload and
secondary reload registers alternately before the count continues.

Width and period of
output waveform

Primary period: (n+1)(m+1)/fi
Secondary period: (n+1)(p+1)/fi
Period: (n+1){(m+1)+(p+1)}/fi

fi: Count source frequency

n: Value set in TRBPRE register
m: Value set in TRBPR register
p: Value set in TRBSC register

Count start condition

1 (count starts) is written to the TSTART bit in the TRBCR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRBCR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRBCR register.

Interrupt request
generation timing

In half a cycle of the count source, after timer RB underflows during the
secondary period (at the same time as the TRBO output change) [timer RB
interrupt]

TRBO pin function

Programmable output port or pulse output

INTO pin function

Programmable I/O port or INTO interrupt input

Read from timer

The count value can be read out by reading registers TRBPR and TRBPRE(").

Write to timer

* When registers TRBPRE, TRBSC, and TRBPR are written while the count is
stopped, values are written to both the reload register and counter.
* When registers TRBPRE, TRBSC, and TRBPR are written to during count

operation, values are written to the reload registers only.(2)

Select functions

* Qutput level select function
The TOPL bit in the TRBIOC register selects the output level during primary and
secondary periods.

* TRBO pin output switch function
Timer RB pulse output or P3_1 latch output is selected by the TOCNT bit in the
TRBIOC register.(3)

NOTES:

1. Even when counting the secondary period, the TRBPR register may be read.
2. The set values are reflected in the waveform output beginning with the following primary period after
writing to the TRBPR register.
3. The value written to the TOCNT bit is enabled by the following.
* When count starts.
* When a timer RB interrupt request is generated.
The contents after the TOCNT bit is changed are reflected from the output of the following
primary period.
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Timer RB I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
DODDolo] || symol Address After Reset
TRBIOC 010Ah 00h
Bit Symbol Bit Name Function RwW
Timer RB output level select |0 : Outputs “H” for primary period
bit Outputs “L” for secondary period
Outputs “L” w hen the timer is stopped
— TOR 1 : Outputs “L” for primary period RW
Outputs “H" for secondary period
Outputs “H" w hen the timer is stopped
Timer RB output switch bit |0 : Qutputs timer RB waveform
TOCNT 1 : Qutputs value in P3_1 port latch RW
One-shot trigger control bit | Set to 0 in programmable w aveform generation
INOSTG RW
mode.
One-shot trigger polarity
INOSEG select bit RW
— Nothing is assigned. If necessary, set to 0.
(b7-b4) [When read, the content is 0. -

Figure 14.18 TRBIOC Register in Programmable Waveform Generation Mode

TSTART bitin TRBCR 1
register

Count source

TRBO pin output

Timer RB prescaler
underflow signal

_
U UUrUUUUp UL

Set to 1 by program

p

[1T]

Timer RE secondary reloads

[T T LT

Timer RB primary reloads

Counter of timer RB

IR bitin TRBIC 1
register g

TOPL bitinTRBIO 1
register g

01h }( 00h X 02h X 01h H 00h }( 01h ){ 00h X 02h )
| | | |
| 1 | Set to 0 when initerrupt
] | | request is acknowledged,
| I or set by program.
Ll
I 1 I
1 1 1
I | | I
Set to D.m.r program | | |
/ 1 | | ]
i I 1 | I
I 1 | I
-t 3 1 1 i
U T 1 T
Wav'efoml I | |
output starts Waveform output inverted Waveform output staris |
I

o /|

Initial output is the same level |

Primary period |

as during secondary period.

The above applies under the following conditions.

TRBPRE = 01h, TRBPR = 01h, TRBSC = 02h
TRBIOC register TOCNT =0 (timer RB waveform is output from the TRBO pin)

Secondary period | Primary period ]

Figure 14.19 Operating Example of Timer RB in Programmable Waveform Generation Mode
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14.2.3 Programmable One-shot Generation Mode

In programmable one-shot generation mode, a one-shot pulse is output from the TRBO pin by a program or an
external trigger input (input to the INTO pin) (refer to Table 14.9 Programmable One-Shot Generation Mode
Specifications). When a trigger is generated, the timer starts operating from the point only once for a given
period equal to the set value in the TRBPR register. The TRBSC register is not used in this mode.

Figure 14.20 shows the TRBIOC Register in Programmable One-Shot Generation Mode. Figure 14.21 shows
an Operating Example of Programmable One-Shot Generation Mode.

Table 14.9 Programmable One-Shot Generation Mode Specifications

Iltem Specification
Count sources 1, f2, 18, timer RA underflow
Count operations * Decrement the setting value in the TRBPR register

* When the timer underflows, it reloads the contents of the reload register before
the count completes and the TOSSTF bit is set to 0 (one-shot stops).

* When the count stops, the timer reloads the contents of the reload register
before it stops.

One-shot pulse (n+1)(m+1)/fi

output time fi: Count source frequency,

n: Setting value in TRBPRE register, m: Setting value in TRBPR register(2)

Count start conditions | = The TSTART bit in the TRBCR register is set to 1 (count starts) and the next
trigger is generated.

» Set the TOSST bit in the TRBOCR register to 1 (one-shot starts)

* Input trigger to the INTO pin

Count stop conditions | * When reloading completes after timer RB underflows during primary period.

* When the TOSSP bit in the TRBOCR register is set to 1 (one-shot stops).

* When the TSTART bit in the TRBCR register is set to 0 (count stops).

* When the TSTOP bit in the TRBCR register is set to 1 (count forcibly stops).

Interrupt request In half a cycle of the count source, after the timer underflows (at the same time as

generation timing the TRBO output ends) [timer RB interrupt]

TRBO pin function Pulse output

INTO pin functions * When the INOSTG bit in the TRBIOC register is set to 0 (W one-shot trigger
disabled): programmable I/O port or INTO interrupt input

* When the INOSTG bit in the TRBIOC register is set to 1 (W one-shot trigger
enabled): external trigger (ﬁ interrupt input)

Read from timer The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer * When registers TRBPRE and TRBPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBPRE and TRBPR are written during the count, values are
written to the reload register only (the data is transferred to the counter at the
following reload).(1)

Select functions * Output level select function

The TOPL bit in the TRBIOC register selects the output level of the one-shot
pulse waveform.

* One-shot trigger select function

Refer to 14.2.3.1 One-Shot Trigger Selection.

NOTES:
1. The set value is reflected at the following one-shot pulse after writing to the TRBPR register.
2. Do not set both the TRBPRE and TRBPR registers to 00h.
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Timer RB I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
N\(l\/\m | | 0| | Symbol Address After Reset
TRBIOC 010Ah 00h
Bit Symbol Bit Name Function RW
Timer RB Output Level 0 : Outputs one-shot pulse “H’
Select Bit Outputs “L” w hen the timer is stopped
TORL 1 : Outputs one-shot pulse “L” RW
Outputs “H" w hen the timer is stopped
TOCNT Timer RB Output Switch Bit [Set to 0 in programmable one-shot generation RW
mode.
One-Shot Trigger Control : i i i
INOSTG e g9 0:INTO p!n one-shot trpger disabled RW
Bit 1 - INTO pin one-shot trigger enabled
One-Shot Trigger Polarity 0 : Falling edge trigger
INOSEG | ggjact Bit® 1 : Rising edge trigger RW
— Nothing is assigned. If necessary, setto 0.
(b7-b4) |When read, its content is 0. _
NOTE:
1. Referto 14.2.3.1 One-shot Trigger Selection.

Figure 14.20 TRBIOC Register in Programmable One-Shot Generation Mode
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TSTART bitin TRBCR
register

TOSSTF bit in TRBOCR
register

NTO pin input

Count source

Timer RB prescaler
underflow signal

Counter of timer RB

IR bit in TRBIC
register

TOPL bit in
TRBIOC register

TRBIO pin output

1

0

1
0

1#
_

N

Set to 1 by program

_

Set to 1 by setting 1 to —\
TOSST bitin TRBOCR

register

Set to 0 when
counting ends

| Setto 1 by TNTO pin
T input trigger

¥

T
Count starts

il

Timer RE primary reloads

1
Count starts

gf

Timer RE primary reloads

|

Y
01h }{

01h

i
00h }{
I

X 00h }{lmh )

Set to 0 when inte'rrupl request is
acknowledged, or set by program.

Set to 0 by program )

‘Waveform output starts

Y

‘Waveform output ends

TRBPRE = 01h, TRBPR = 01h
TRBIOC register TOPL =0, TOCNT =0
INOSTG = 1 (INTO one-shot trigger enabled)
INOSEG = 1 (edge trigger at rising edge)

The above applies under the following conditions.

‘Waveform oufput starts  Waveform output ends

Y

Yy

Figure 14.21

Operating Example of Programmable One-Shot Generation Mode
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14.2.3.1 One-Shot Trigger Selection

In programmable one-shot generation mode and programmable wait one-shot generation mode, operation starts
when a one-shot trigger is generated while the TCSTF bit in the TRBCR register is set to 1 (count starts).
A one-shot trigger can be generated by either of the following causes:

* 1 is written to the TOSST bit in the TRBOCR register by a program.

» Trigger input from the INTO pin.
When a one-shot trigger occurs, the TOSSTF bit in the TRBOCR register is set to 1 (one-shot operation in
progress) after one or two cycles of the count source have elapsed. Then, in programmable one-shot generation
mode, count operation begins and one-shot waveform output starts. (In programmable wait one-shot generation
mode, count operation starts for the wait period.) If a one-shot trigger occurs while the TOSSTF bit is set to 1,
no retriggering occurs.

To use trigger input from the INTO pin. input the trigger after making the following settings:

* Set the PD4 5 bit in the PD4 register to 0 (input port).

» Select the INTO digital filter with bits INTOF1 and INTOFO in the INTF register.

* Select both edges or one edge with the INTOPL bit in INTEN register. If one edge is selected, further select
falling or rising edge with the INOSEG bit in TRBIOC register.

* Set the INTOEN bit in the INTEN register to 0 (enabled).

» After completing the above, set the INOSTG bit in the TRBIOC register to 1 (INT pin one-shot trigger
enabled).

Note the following points with regard to generating interrupt requests by trigger input from the INTO pin.
* Processing to handle the interrupts is required. Refer to 12. Interrupts, for details.
* If one edge is selected. use the POL bit in the INTOIC register to select falling or rising edge. (The
INOSEG bit in the TRBIOC register does not affect INTO interrupts).
« If a one-shot trigger occurs while the TOSSTF bit is set to 1, timer RB operation is not affected, but the
value of the IR bit in the INTOIC register changes.
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14.2.4 Programmable Wait One-Shot Generation Mode

In programmable wait one-shot generation mode, a one-shot pulse is output from the TRBO pin by a program
or an external trigger input (input to the INTO pin) (refer to Table 14.10 Programmable Wait One-Shot
Generation Mode Specifications). When a trigger is generated from that point, the timer outputs a pulse only
once for a given length of time equal to the setting value in the TRBSC register after waiting for a given length
of time equal to the setting value in the TRBPR register.

Figure 14.22 shows the TRBIOC Register in Programmable Wait One-Shot Generation Mode. Figure 14.23
shows an Operating Example of Programmable Wait One-Shot Generation Mode.
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Table 14.10 Programmable Wait One-Shot Generation Mode Specifications

Iltem Specification
Count sources f1, f2, f8, timer RA underflow
Count operations * Decrement the timer RB primary setting value.

* When a count of the timer RB primary underflows, the timer reloads the
contents of timer RB secondary before the count continues.

* When a count of the timer RB secondary underflows, the timer reloads the
contents of timer RB primary before the count completes and the TOSSTF
bit is set to 0 (one-shot stops).

* When the count stops, the timer reloads the contents of the reload register
before it stops.

Wait time (n+1)(m+1)/i

fi: Count source frequency

n: Value set in the TRBPRE register, m Value set in the TRBPR register(2)

One-shot pulse output time | (n+1)(p+1)/fi

fi: Count source frequency

n: Value set in the TRBPRE register, p: Value set in the TRBSC register

Count start conditions * The TSTART bit in the TRBCR register is set to 1 (count starts) and the
next trigger is generated.

» Set the TOSST bit in the TRBOCR register to 1 (one-shot starts).

* Input trigger to the INTO pin

Count stop conditions * When reloading completes after timer RB underflows during secondary
period.

* When the TOSSP bit in the TRBOCR register is set to 1 (one-shot stops).

* When the TSTART bit in the TRBCR register is set to 0 (count starts).

* When the TSTOP bit in the TRBCR register is set to 1 (count forcibly

stops).
Interrupt request In half a cycle of the count source after timer RB underflows during
generation timing secondary period (complete at the same time as waveform output from the
TRBO pin) [timer RB interrupt].
TRBO pin function Pulse output
INTO pin functions * When the INOSTG bit in the TRBIOC register is set to 0 (INTO one-shot

trigger disabled): programmable 1/O port or INTO interrupt input
* When the INOSTG bit in the TRBIOC register is set to 1 (ﬁ one-shot
trigger enabled): external trigger (m interrupt input)
Read from timer The count value can be read out by reading registers TRBPR and TRBPRE.
Write to timer * When registers TRBPRE, TRBSC, and TRBPR are written while the count
stops, values are written to both the reload register and counter.
* When registers TRBPRE, TRBSC, and TRBPR are written to during count
operation, values are written to the reload registers only.(1)
Select functions * Output level select function
The TOPL bit in the TRBIOC register selects the output level of the one-
shot pulse waveform.
* One-shot trigger select function
Refer to 14.2.3.1 One-Shot Trigger Selection.

NOTES:
1. The set value is reflected at the following one-shot pulse after writing to registers TRBSC and
TRBPR.
2. Do not set both the TRBPRE and TRBPR registers to 00h.
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Timer RB I/O Control Register
b7 b6 b5 b4 b3 b2 b1 b0
N\(l\/\m | | 0| | Symbol Address After Reset
TRBIOC 010Ah 00h
Bit Symbol Bit Name Function RW
Timer RB output level select |0 : Outputs one-shot pulse “H".
bit Outputs “L” w hen the timer stops or during
wait.
TOPL 1 : Outputs one-shot pulse “L". RW
Outputs “H" w hen the timer stops or during
wait.
Timer RB output switch bit  [Set to 0 in programmable w ait one-shot generation
TOCNT RW
mode.
One-shot trigger control bit" | - i - i i
INOSTG gg 0:INTO p!n one-shot trpger disabled RW
1 - INTO pin one-shot trigger enabled
One-shot trigger polarity 0 : Falling edge trigger
INOSEG select bit'" 1 : Rising edge trigger RW
— Nothing is assigned. If necessary, setto 0.
(b7-b4) |When read, the content is 0. o
NOTE:
1. Referto 14.2.3.1 One-shot Trigger Selection.

Figure 14.22 TRBIOC Register in Programmable Wait One-Shot Generation Mode

Rev.3.00 Feb 29,2008 Page 165 of 485 RENESAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group 14.Timers

Set to 1 by program
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TOSSTF bitin TRBOCR 1 1 T
register 0 : :

A I | |
| | |
| | |

o I
NTO pin input —| : | :
| I |
| I |
| | |

Count source

I |
I |
Timer RB prescaler
underflow signal
I I !
Count starts Timer RE secondary reloads Timer RB primary reloads

\J

Counter of timer RB ( 01h ){ 00h X 04h }( 03h }( 02h X 01h X 00h ){ 01h }

Set to 0 when interrupt request is
acknowledged, or set by program.

IR bitin TRBIC 1
register

TOPL bitin 1
TRBIOC register

Set to 0 by program

e ——— e e —————

Wait starts ‘Waveform output starts ‘Waveform output ends
Yy
. 1
TRBIO pin output 0
|
| Wait I One-shot pulse |
| (primary period) ] (secondary period) |
il | ——— -
1 " 1

The above applies under the following conditions.

TRBPRE = 01h, TRBPR = 01h, TRBSC = 04h
INOSTG = 1 (INTO one-shot trigger enabled)
INOSEG = 1 (edge trigger at rising edge)

Figure 14.23 Operating Example of Programmable Wait One-Shot Generation Mode
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14.2.5 Notes on Timer RB

» Timer RB stops counting after a reset. Set the values in the timer RB and timer RB prescalers before the
count starts.

Even if the prescaler and timer RB is read out in 16-bit units, these registers are read 1 byte at a time by the
MCU. Consequently, the timer value may be updated during the period when these two registers are being
read.

In programmable one-shot generation mode and programmable wait one-shot generation mode., when
setting the TSTART bit in the TRBCR register to 0 (count stops) or setting the TOSSP bit in the TRBOCR
register to 1 (one-shot stops), the timer reloads the value of reload register and stops. Therefore, in
programmable one-shot generation mode and programmable wait one-shot generation mode, read the timer
count value before the timer stops.

The TCSTF bit remains 0 (count stops) for 1 to 2 cycles of the count source after setting the TSTART bit to
1 (count starts) while the count is stopped.

During this time, do not access registers associated with timer RB(1) other than the TCSTF bit.

The TCSTF bit remains 1 for 1 to 2 cycles of the count source after setting the TSTART bit to 0 (count
stops) while the count is in progress. Timer RB counting is stopped when the TCSTF bit is set to 0.

During this time, do not access registers associated with timer RB(1 other than the TCSTF bit.

NOTE:
1. Registers associated with timer RB: TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBSC, and
TRBPR.

If the TSTOP bit in the TRBCR register is set to 1 during timer operation, timer RB stops immediately.

If 1 is written to the TOSST or TOSSP bit in the TRBOCR register, the value of the TOSSTF bit changes
after one or two cycles of the count source have elapsed. If the TOSSP bit is written to 1 during the period
between when the TOSST bit is written to 1 and when the TOSSTF bit is set to 1, the TOSSTF bit may be
set to either 0 or 1 depending on the content state. Likewise, if the TOSST bit is written to 1 during the
period between when the TOSSP bit is written to 1 and when the TOSSTF bit is set to 0, the TOSSTF bit
may be set to either 0 or 1.

14.2.5.1 Timer mode

The following workaround should be performed in timer mode.
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the following
points:
* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow
for each write interval.
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14.2.5.2 Programmable waveform generation mode

The following three workarounds should be performed in programmable waveform generation mode.

(1) To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the

following points:

* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each

write interval.

* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow

for each write interval.

(2) To change registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), synchronize
the TRBO output cycle using a timer RB interrupt, etc. This operation should be preformed only once in
the same output cycle. Also, make sure that writing to the TRBPR register does not occur during period
A shown in Figures 14.24 and 14.25.

The following shows the detailed workaround examples.

» Workaround example (a):

As shown in Figure 14.24, write to registers TRBSC and TRBPR in the timer RB interrupt routine. These
write operations must be completed by the beginning of period A.

TRBO pin output

IR bit in

Primary period

TREIC register

Interrupt request
is generated

(a) Interrupt request is
acknowledged

Count source/
prescaler
underflow signal

Secondary period

[y

Ensure sufficient time

1

(b)

+———p!

Interrupt  Instructionin | Set the secondary and then

sequence interrupt routine —— the primary register immediately

the divisor).

(b) 20 cycles. 21 cycles for address match and single-step interrupts.

(a) Period between interrupt request generation and the completion of execution of an instruction. The length of time
varies depending on the instruction being executed.
The DIVX instruction requires the longest time, 30 cycles (assuming no wait states and that a register is set as

Figure 14.24 Workaround Example (a) When Timer RB interrupt is Used
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* Workaround example (b):
As shown in Figure 14.25 detect the start of the primary period by the TRBO pin output level and write to
registers TRBSC and TRBPR. These write operations must be completed by the beginning of period A.
If the port register’s bit value is read after the port direction register’s bit corresponding to the TRBO pin is
set to 0 (input mode), the read value indicates the TRBO pin output value.

Period A

Count source/f
prescaler
underflow signal

TRBO pin output Primary period Secondary period

Read value of the port register's

]

1

H

bit corresponding to the TRBO pin :
(when the bit in the port direction [

1

1

L}

1

ister is setto 0 S g g
register is setto 0) {I) {") (III) < - — »
/ . ; nsure sufficient time

The TRBO output inversion  non detecting (i), set the secondary and

is detected at the end of the i i i i
secondary period. then the primary register immediately.

Figure 14.25 Workaround Example (b) When TRBO Pin Output Value is Read

(3) To stop the timer counting in the primary period, use the TSTOP bit in the TRBCR register. In this case,
registers TRBPRE and TRBPR are initialized and their values are set to the values after reset.

14.2.5.3 Programmable one-shot generation mode

The following two workarounds should be performed in programmable one-shot generation mode.
(1) To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the
following points:

* When the TRBPRE register is written continuously during count operation (TCSTF bit is set to 1), allow
three or more cycles of the count source for each write interval.

* When the TRBPR register is written continuously during count operation (TCSTF bit is set to 1), allow
three or more cycles of the prescaler underflow for each write interval.

(2) Do not set both the TRBPRE and TRBPR registers to 00h.
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14.2.5.4 Programmable wait one-shot generation mode

The following three workarounds should be performed in programmable wait one-shot generation mode.
(1) To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the
following points:
* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow
for each write interval.

(2) Do not set both the TRBPRE and TRBPR registers to 00h.

(3) Set registers TRBSC and TRBPR using the following procedure.

(a) To use “INTO pin one-shot trigger enabled” as the count start condition
Set the TRBSC register and then the TRBPR register. At this time, after writing to the TRBPR
register, allow an interval of 0.5 or more cycles of the count source before trigger input from the
INTO pin.

(b) To use “writing 1 to TOSST bit™ as the start condition
Set the TRBSC register, the TRBPR register, and then TOSST bit. At this time, after writing to the
TRBPR register, allow an interval of 0.5 or more cycles of the count source before writing to the
TOSST bit.
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14.3 Timer RD

Timer RD has 2 16-bit timers (channels 0 and 1). Each channel has 4 I/O pins.
The operation clock of timer RD is f1 or fOCO40M. Table 14.11 lists the Timer RD Operation Clocks.

Table 14.11 Timer RD Operation Clocks

Condition Operation Clock of Timer RD
The count source is f1, 2, {4, 18, 32, or TRDCLK input f1
(bits TCK2 to TCKO in registers TRDCRO and TRDCR1 are set to a value from 000b
to 101b).
The count source is fOCO40M fOCO40M
(bits TCK2 to TCKO in registers TRDCRO and TRDCR1 are set to 110b).

Figure 14.26 shows a Block Diagram of Timer RD. Timer RD has 5 modes:
* Timer mode

- Input capture function Transfer the counter value to a register with an external signal as the
trigger
- Output compare function Detect register value matches with a counter

(Pin output can be changed at detection)

The following 4 modes use the output compare function.
* PWM mode Output pulse of any width continuously
* Reset synchronous PWM mode  Output three-phase waveforms (6) without sawtooth wave modulation
and dead time

* Complementary PWM mode Output three-phase waveforms (6) with triangular wave modulation and
dead time
* PWM3 mode Output PWM waveforms (2) with a fixed period

In the input capture function, output compare function, and PWM mode, channels 0 and 1 have the equivalent
functions, and functions or modes can be selected individually for each pin. Also, a combination of these functions
and modes can be used in 1 channel.

In reset synchronous PWM mode, complementary PWM mode, and PWM3 mode, a waveform is output with a
combination of counters and registers in channels 0 and 1.

Tables 14.12 to 14.20 list the Pin Functions of timer RD.
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Table 14.12 Pin Functions TRDIOAO/TRDCLK(P2_0)

Register | TRDOER1 TRDFCR TRDIORAO Eunction
Bit EA0 | PWM3 | STCLK | CMD1, CMDO | IOA3 | IOAZ_IOAD
0 0 0 00b X XXXb PWM3 mode waveform output
0 1 0 00b 1 001b, 01Xb | Timer mode waveform output (output compare function)
sztlt:;g x 1 0 00b X 1XXb Timer mode trigger input (input capture function)(1)
1 1 XXb X 000b External clock input (TRDCLK)(1)
Other than above /0 port

X: can be 0 or 1, no change in outcome
NOTE:
1.

input (TRDCLK).

Table 14.13 Pin Functions TRDIOBO(P2_1)

Set the PD2_0 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function) and external clock

Register | TRDOER1 TRDFCR TRDPMR | TRDIORAO )
Bit EBO PWM3 | CMD1, CMDO | PWMBO | 1OB2_IOB0O Function

0 X 1Xb X XXXb Complementary PWM mode waveform output
0 X 01b X XXXb Reset synchronous PWM mode waveform output
0 0 00b X XXXb PWM3 mode waveform output

sztr:;g 0 1 00b 1 XXXb | PWM mode waveform output
0 1 00b 0 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 0 1XXb Timer mode trigger input (input capture function)(1)

Other than above /0 port

X: can be 0 or 1, no change in outcome
NOTE:
1.

Table 14.14 Pin Functions TRDIOCO(P2_2)

Set the PD2_1 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).

Register | TRDOER1 TRDFCR TRDPMR | TRDIORCO Eunction
Bit ECO PWM3 | CMD1, CMDO | PWMGCO | 10C2_I0CO

0 X 1Xb X XXXb Complementary PWM mode waveform output
0 X 01b X XXXb Reset synchronous PWM mode waveform output

Setting 0 1 00b 1 XXXb PWM mode waveform output

value 0 1 00b 0 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 0 1XXb Timer mode trigger input (input capture function)(1)
Other than above 1/0O port

X: can be 0 or 1, no change in outcome

NOTE:
1. Setthe PD2_2 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).
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Table 14.15 Pin Functions TRDIODO(P2_3)

Register | TRDOER1 TRDFCR TRDPMR | TRDIORCO Eunction
Bit EDO PWM3 | CMD1, CMDO | PWMDO | 10D2_IOD0
0 X 1Xb X XXXb Complementary PWM mode waveform output
0 X 01b X XXXb Reset synchronous PWM mode waveform output
Setting 0 1 00b 1 XXXb PWM mode waveform output
value 0 1 00b 0 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 0 1XXb Timer mode trigger input (input capture function)(1)
Other than above 1/0O port
X: can be 0 or 1, no change in outcome
NOTE:

1. Setthe PD2_3 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).

Table 14.16 Pin Functions TRDIOA1(P2_4)

Register | TRDOER1 TRDFCR TRDIORA1 )
Bit EA1 PWM3 | CMD1, CMDO | 10A2_IOAD Function
0 X 1Xb XXXb Complementary PWM mode waveform output
0 X 01b XXXb Reset synchronous PWM mode waveform output
S\E&ZQ 0 1 00b 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 1XXb Timer mode trigger input (input capture function)(")
Other than above 1/O port
X: can be 0 or 1, no change in outcome
NOTE:

1. Setthe PD2_4 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).

Table 14.17 Pin Functions TRDIOB1(P2_5)

Register | TRDOER1 TRDFCR TRDPMR | TRDIORA1 Eunction
Bit EB1 PWM3 | CMD1, CMDO | PWMB1 10B2_I0B0
0 X 1Xb X XXXb Complementary PWM mode waveform output
0 X 01b X XXXb Reset synchronous PWM mode waveform output
Setting 0 1 00b 1 XXXb PWM mode waveform output
value 0 1 00b 0 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 0 1XXb Timer mode trigger input (input capture function)(1)
Other than above 1/0O port
X: can be 0 or 1, no change in outcome
NOTE:

1. Setthe PD2_5 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).
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Table 14.18 Pin Functions TRDIOC1(P2_6)

Register | TRDOER1 TRDFCR TRDPMR | TRDIORC1 Eunction
Bit EC1 PWM3 | CMD1, CMDO | PWMGC1 | 10C2_I0CO

0 X 1Xb X XXXb Complementary PWM mode waveform output
0 X 01b X XXXb Reset synchronous PWM mode waveform output

Setting 0 1 00b 1 XXXb PWM mode waveform output

value 0 1 00b 0 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 0 1XXb Timer mode trigger input (input capture function)(1)
Other than above 1/0O port

X: can be 0 or 1, no change in outcome

NOTE:

1. Setthe PD2_6 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).

Table 14.19 Pin Functions TRDIOD1(P2_7)

Register | TRDOER1 TRDFCR TRDPMR | TRDIORC1 Eunction
Bit ED1 PWM3 | CMD1,CMDO | PWMD1 | 10D2_IOD0

0 X 1Xb X XXXb Complementary PWM mode waveform output
0 X 01b X XXXb Reset synchronous PWM mode waveform output

Setting 0 1 00b 1 XXXb PWM mode waveform output

value 0 1 00b 0 001b, 01Xb | Timer mode waveform output (output compare function)
X 1 00b 0 1XXb Timer mode trigger input (input capture function)(1)
Other than above 1/0O port

X: can be 0 or 1, no change in outcome

NOTE:

1. Setthe PD2_7 bit in the PD2 register to 0 (input mode) at timer mode trigger input (input capture function).

Table 14.20 Pin Functions INTO(P4_5)

Register | TRDOER2 INTEN PD4 _
Function
Bit PTO INTOPL INTOEN PD4_5
Setting 1 0 1 Pulse output forced cutoff signal input
value Other than above 1/0 port or INTO interrupt input
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Figure 14.26 Block Diagram of Timer RD
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14.3.1 Count Sources

The count source selection method is the same in all modes. However, in PWM3 mode, the external clock
cannot be selected.

Table 14.21 Count Source Selection

Count Source Selection
f1, f2, f4, 18, f32 The count source is selected by bits TCK2 to TCKO in the TRDCRI register.
foOCcoO40M(1) The FRAQO bit in the FRAO register is set to 1 (high-speed on-chip oscillator
frequency).

Bits TCK2 to TCKO in the TRDCRI register is set to 110b (fOCO40M).

External signal input | The STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
to TRDCLK pin Bits TCK2 to TCKO in the TRDCRI register are set to 101b

(count source: external clock).

The valid edge is selected by bits CKEG1 to CKEGO in the TRDCRI register.
The PD2_0 bit in the PD2 register is set to 0 (input mode).

i=0or1
NOTE:
1. The count source fOCO40M can be used with VCC =3.0to 5.5 V.
“ TCK2 to TCKO
= 000b
o =001b o
o =010b o
= Count source
f8 011b ~ TRDi register
32 =100b ~
fOCO40M =110b
=101b
CKEG1 to CKEGO
STCLK :i 1 Valid edge
TRDCLK/ selected
TRDIOAO
STCLK=0
TRDIOAD I/O or programmable 1/0 port
TCK2 to TCKO, CKEG1 to CKEGO: Bits in TRDCRI register
STCLK: Bit in TRDFCR register

Figure 14.27 Block Diagram of Count Source

Set the pulse width of the external clock which inputs to the TRDCLK pin to 3 cycles or above of the operation
clock of timer RD (refer to Table 14.11 Timer RD Operation Clocks).

When selecting fOC0O40M for the count source, set the FRA00 bit in the FRAO register to 1 (high-speed on-
chip oscillator on) before setting bits TCK2 to TCKO0 in the TRDCRI register (i= 0 or 1) to 110b (fOCO40M).
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14.3.2 Buffer Operation

The TRDGRCi (i = 0 or 1) register can be used as the buffer register of the TRDGRAI register, and the
TRDGRD:I register can be used as the buffer register of the TRDGRBI register by means of bits BFCi and BFDi
in the TRDMR register.

* TRDGRAI buffer register: TRDGRCi register

* TRDGRBI buffer register: TRDGRDI register
Buffer operation depends on the mode. Table 14.22 lists the Buffer Operation in Each Mode.
Figure 14.28 shows the Buffer Operation in Input Capture Function, and Figure 14.29 shows the Buffer
Operation in Output Compare Function.

Table 14.22 Buffer Operation in Each Mode

Function and Mode Transfer Timing Transfer Register
Input capture function Input capture signal input Transfer content in TRDGRAI
(TRDGRBI) register to buffer register
Output compare function | Compare match with TRDi register Transfer content in buffer register to

PWM mode and TRDGRAI (TRDGRBI) register TRDGRAI (TRDGRBI) register
Reset synchronous PWM | Compare match withTRDO register | Transfer content in buffer register to
mode and TRDGRADO register TRDGRAI (TRDGRBI) register
Complementary PWM » Compare match with TRDO register | Transfer content in buffer register to
mode and TRDGRAO register registers TRDGRBO0, TRDGRA1, and
* TRD1 register underflow TRDGRB1
PWM3 mode Compare match with TRDO register | Transfer content in buffer register to
and TRDGRADO register registers TRDGRAQ, TRDGRBO,
TRDGRA1, and TRDGRB1
i=0or1
TRDIOA input o
(input capture signal) L‘
TRDGRCi register TRDGRAI )
(buffer) | register TRDI
TRDIOAI input
TRDi register n-1 X n X n+1
\\ Transfer
TRDGRAI register m N n
: Transfer
TRDGRCi register 'Y
(buffer) X m

i=0or1

The above applies under the following conditions:

* The BFCi bit in the TRDMR register is set to 1 (the TRDGRCI register is used as the buffer register of

the TRDGRAiI register).
+ Bits 10A2 to IOAD in the TRDIORAI register are set to 100b (input capture at the falling edge).

Figure 14.28 Buffer Operation in Input Capture Function
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Compare match signal

TRDGRCi register TRDGRAI - P -
(buffer) register p  Comparator [« TRDi
TRDi register m-1 X m m+1

TRDGRAI register m
4

— T ——

- Transfer

TRDGRCI register
(buffer)

TRDIOAI output

i=0or1

The above applies under the following conditions:

+ BFCi bit in the TRDMR register is set to 1 (the TRDGRCI register is used as the buffer register of
the TRDGRAI register).

+ Bits I0OA2 to I0AQ in the TRDIORAI register are set to 001b (“L” output by the compare match).

Figure 14.29 Buffer Operation in Output Compare Function

Perform the following for the timer mode (input capture and output compare functions).
When using the TRDGRCi (i =0 or 1) register as the buffer register of the TRDGRAI register
* Set the IOC3 bit in the TRDIORC: register to 1 (general register or buffer register).
* Set the IOC2 bit in the TRDIORCI register to the same value as the IOA2 bit in the TRDIORA.I register.

When using the TRDGRD:I register as the buffer register of the TRDGRBI register
* Set the IOD3 bit in the TRDIORDI register to 1 (general register or buffer register).
« Set the IOD2 bit in the TRDIORCI register to the same value as the IOB2 bit in the TRDIORAI register.

Bits IMFC and IMFD in the TRDSRI register are set to 1 at the input edge of the TRDIOC! pin when also using
registers TRDGRCi and TRDGRDI as the buffer register in the input capture function.

When also using registers TRDGRCi and TRDGRDI as buffer registers for the output compare function, reset
synchronous PWM mode, complementary PWM mode, and PWM3 mode, bits IMFC and IMFD in the TRDSRi
register are set to 1 by a compare match with the TRDI register.
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14.3.3 Synchronous Operation

The TRDI1 register is synchronized with the TRDO register.

+ Synchronous preset
When the SYNC bit in the TRDMR register is set to 1 (synchronous operation), the data is written to both
the TRDO and TRD1 registers after writing to the TRDIi register.

* Synchronous clear
When the SYNC bit in the TRDMR register is set to 1 and bits CCLR2 to CCLRO in the TRDCRI register
are set to 011b (synchronous clear), the TRDO register is set to 0000h at the same time as the TRD1 register
is set to 0000h.
Also, when the SYNC bit in the TRDMR register is set to 1 and bits CCLR2 to CCLRO in the TRDCRi
register are set to 011b (synchronous clear), the TRD1 register is set to 0000h at the same time as the TRDO
register is set to 0000h.

TRDIOAO input ‘“—l—‘“—

Set to 0000h by input capture
]

Value in ;
TRDO register n writing
v .
1
T L nis set
€
: :
Value in
TRD1 register
H
[V T A — nis set

Fa
A4 4

Set to 0000h with TRDO register

Fgnt

Ty

The above applies under the following conditions:

* The SYNC bit in the TRDMR register is set to 1 (synchronous operation).

+ Bits CCLR2 to CCLRO in the TRDCRO register are set to 001b (set the TRDO register to 0000h in input capture).
Bits CCLR2 to CCLRO in the TRDCR1 register are set to 011b (set the TRD1 register to 0000h synchronizing with
the TRDO register).

* Bits I0A2 to IOAD in the TRDIORAOD register are set to 100b.

* Bits CMD1 to CMDO in the TRDFCR register are set to 00b. } (Input capture at the rising edge of the TRDIOAD input)
The PWM 3 bit in the TRDFCR register is setto 1.

Figure 14.30 Synchronous Operation
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14.3.4 Pulse Output Forced Cutoff

In the output compare function, PWM mode, reset synchronous PWM mode, complementary PWM mode, and
PWM3 mode, the TRDIOji (i=0 or 1, j =either A, B, C, or D) output pin can be forcibly set to a programmable
I/O port by the INTO pin input, and pulse output can be cut off.

The pins used for output in these functions or modes can function as the output pin of timer RD when the
applicable bit in the TRDOERI register is set to 0 (enable timer RD output). When the PTO bit in the
TRDOER?2 register to 1 (INTO of pulse output forced cutoff signal input enabled), all bits in the TRDOER1
register are set to 1 (disable timer RD output, the TRDIOji output pin is used as the programmable I/O port)
after L is applied to the INTO pin. The TRDIOji output pin is set to the programmable I/O port after “L” is
applied to the INTO pin and waiting for 1 to 2 cycles of the timer RD operation clock (refer to Table 14.11
Timer RD Operation Clocks).

Set as below when using this function:
* Set the pin status (high impedance, “L” or “H” output) to pulse output forced cutoff by registers P2 and
PD2.
» Set the INTOEN bit in the INTEN register to 1 (enable INTO input) and the INTOPL bit to 0 (one edge).
* Set the PD4 5 bit in the PD4 register to 0 (input mode).
» Set the INTO digital filter by bits INTOF1 to INTOFO in the INTF register.
« Set the PTO bit in the TRDOER? register to 1 (enable pulse output forced cutoff signal input INTO0).

According to the selection of the POL bit in the INTOIC register and change of the INTO pin input, the IR bit in
the INTOIC register is set to 1 (interrupt request). Refer to 12. Interrupts for details of interrupts.
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TNTO input
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writing value
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Port P2_1
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output data
Port P2_2
output data
Port P2_2
input data
EDO bit
EDObitwiting 7= cla
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output data
Port P2_3
output data
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input data
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EAT bitwritng = cla
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output data
Port P2_4
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input data
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Port P2_6
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writing value
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PortP2_7
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PTO: Bit in TRDOERZ2 reqgister

EAO, EBO, ECO, EDO, EA1, EB1, EC1, ED1: Bits in TRDOER1 register

TRDIOAQ

TRDIOBO

TRDIOCO

TRDIODO

TRDIOA1

TRDIOB1

TRDIOCA

TRDIOD1

Figure 14.31 Pulse Output Forced Cutoff
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14.3.5 Input Capture Function

The input capture function measures the external signal width and period. The content of the TRDi register
(counter) is transferred to the TRDGRji register as a trigger of the TRDIOji (i=0 or 1, j=either A, B, C, or D)
pin external signal (input capture). Since this function is enabled with a combination of the TRDIOji pin and
TRDGR]ji register, the input capture function, or any other mode or function, can be selected for each individual

pin.

The TRDGRADO register can also select f{OCO128 signal as input-capture trigger input.

Figure 14.32 shows a Block Diagram of Input Capture Function, Table 14.23 lists the Input Capture Function
Specifications. Figures 14.33 to 14.43 show the Registers Associated with Input Capture Function, and Figure
14.44 shows an Operating Example of Input Capture Function.

Input capture
signal

TRDIOAI® ()

TRDGRAI

(Note 1) register

TRDi register

TRDGRCIi
register

TRDIOCi
O Input capture

signal

Input capture
signal

TRDIOBI ()

TRDGRBI
(Note 2) register

TRDGRDI
register

e

TRDIODi
l O Input capture

signal

i=0or1

TRDGRAI register).

TRDGRBI register).

fOCO —

TRDIOAO O—oﬁg;}i

NOTE 3: The trigger input of the TRDGRAGO register
can select the TRDIOAD pin input or
fOCO128 signal.

Divided | fOCO128
by 128 I0OA3=0
Input capture

NOTE 1: When the BFCi bit in the TRDMR register is set to 1 (the TRDGRCI register is used as the buffer register of the

NOTE 2: When the BFDi bit in the TRDMR register is set to 1 (the TRDGRDI register is used as the buffer register of the

signal

Figure 14.32 Block Diagram of Input Capture Function
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Table 14.23

Input Capture Function Specifications

ltem

Specification

Count sources

1, f2, f4, 18, 32, fOCO40M
External signal input to the TRDCLK pin (valid edge selected by a
program)

Count operations

Increment

Count period

When bits CCLR2 to CCLRO in the TRDCRI register are set to 000b
(free-running operation).
1/fk x 65536 fk: Frequency of count source

Count start condition

1 (count starts) is written to the TSTARTI bit in the TRDSTR register.

Count stop condition

0 (count stops) is written to the TSTARTI bit in the TRDSTR register
when the CSELi bit in the TRDSTR register is set to 1.

Interrupt request generation
timing

* Input capture (valid edge of TRDIQji input or fOCO128 signal edge)
* TRDi register overflows

TRDIOADOQ pin function

Programmable |/O port, input-capture input, or TRDCLK (external clock)
input

TRDIOBO, TRDIOCO,
TRDIODO, TRDIOA1 to
TRDIOD1 pin functions

Programmable 1/O port, or input-capture input (selectable by pin)

INTO pin function

Programmable I/O port or INTO interrupt input

Read from timer

The count value can be read by reading the TRDi register.

Write to timer

* When the SYNC bit in the TRDMR register is set to 0 (channels 0 and
1 operate independently).
Data can be written to the TRDi register.

* When the SYNC bit in the TRDMR register is set to 1 (channels 0 and
1 operate synchronously).
Data can be written to both the TRDO and TRD1 registers by writing to
the TRDi register.

Select functions

* Input-capture input pin selected
Either 1 pin or multiple pins among TRDIOAI, TRDIOBI, TRDIOCI, or
TRDIODi.
* Input-capture input valid edge selected
The rising edge, falling edge, or both the rising and falling edges
* The timing when the TRDi register is set to 0000h
At overflow or input capture
» Buffer operation (Refer to 14.3.2 Buffer Operation.)
» Synchronous operation (Refer to 14.3.3 Synchronous Operation.)
* Digital filter
The TRDIQji input is sampled, and when the sampled input level
match as 3 times, the level is determined.
* Input-capture trigger selected
fOCO128 can be selected for input-capture trigger input of the
TRDGRAQO register.

i=0or1,j=eitherA,B,C,orD
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b7 b6 b5 b4 b3 b2 b1 b0

DOO 1]

Timer RD Start Register("

NOTE

b7 b6 b5 b4 b3 b2 b1 b0

LT DO |

Timer RD Mode Register

Symbol Address After Reset
TRDSTR 0137h 11111100b
Bit Symbol Bit Name Function RW
TSTARTO TRDO count start flag 0 : Count stops RW
1 : Count starts
TRD1 count start flag 0 : Count stops
TSTART 1 : Count starts RW
CSELO TRDO count operation select bit Set to 1 in the input capture function. RW
CSELA TRD1 count operation select bit Set to 1 in the input capture function. RW
— Nothing is assigned. If necessary, setto 0.
(b7-b4) |When read, the contentis 1. _
1. Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 14.3.12.1
TRDSTR Register of Notes on Timer RD.
Symbol Address After Reset
TRDVR 0138h 00001110b
Bit Symbol Bit Name Function RwW
Timer RD synchronous bit 0 : Registers TRDO and TRD1
operate independently
SYNC - Registers TRDO and TRD1 RW
operate synchronously
— Nothing is assigned. If necessary, setto 0.
(b3-b1) |[When read, the contentis 1. _
BECO TRDGRCO register function select|0 : General register RW
bit 1 : Buffer register of TRDGRAO register
BFDO TRDGRDO register function select|0 : General register RW
bit 1 : Buffer register of TRDGRBO register
BEC TRDGRC1 register function select|0 : General register RW
bit 1 : Buffer register of TRDGRA1 register
BED1 TRDGRD1 register function select|0 : General register RW
bit 1 : Buffer register of TRDGRB1 register

Figure 14.33 Registers TRDSTR and TRDMR in Input Capture Function
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Timer RD PWM Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
M 0' 0| ON OI OI OI Symbol Address After Reset
TRDPMR 0139h 10001000b
Bit Symbol Bit Name Function RW
PWM mode of TRDIOBO select bit Set to 0 (timer mode) in the input capture
PWMBO - RW
function.
PWM mode of TRDIOCO select bit Set to 0 (timer mode) in the input capture
PWMCO - RW
function.
PWMDO PWM mode of TRDIODO select bit Set tc_: 0 (timer mode) in the input capture RW
function.
— Nothing is assigned. If necessary, setto 0.
(b3) When read, the contentis 1. o
PWVB1 PWM mode of TRDIOB1 select bit Set tc_: 0 (timer mode) in the input capture RW
function.
PWMC PWM mode of TRDIOC1 select bit Set tc_: 0 (timer mode) in the input capture RW
function.
PWM mode of TRDIOD1 select bit Set to 0 (timer mode) in the input capture
PWMD1 - RW
function.
— Nothing is assigned. If necessary, setto 0.
(b7) When read, the contentis 1. _

Figure 14.34 TRDPMR Register in Input Capture Function
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Timer RD Function Control Register
b7 b6 b5 b4 b3 b2 b1 b0
| 1' I I I I | DI 0| Symbol Address After Reset
TRDFCR 013Ah 10000000b
Bit Symbol Bit Name Function RwW
oMDO Combination mode select bits™ Set to 00b (timer mode, PWM mode, or RW
PWM3 mode) in the input capture function.
CMD1 RW
Normal-phase output level select bit | This bit is disabled in the input capture
(in reset synchronous PWM mode or |function.
OLS0 complementary PWM mode) RW
Counter-phase output level select bit | This bit is disabled in the input capture
(in reset synchronous PWM mode or |function.
OLS1 complementary PWM mode) RW
AJD trigger enable bit This bit is disabled in the input capture
ADTRG |(in complementary PWM mode) function. RW
AJD trigger edge select bit This bit is disabled in the input capture
ADEG (in complementary PWM mode) function. RW
External clock input select bit 0 : External clock input disabled
STCLK 1 : BExternal clock input enabled RW
PWM3 mode select bit® Set this bit to 1 (other than PWM3 mode) in
PWM3 the input capture function. RW
NOTES:
1. Set bits CMD1 to CMDO w hen both the TSTARTO and TSTART1 bits are set to 0 (count stops).
2. When bits CMD1 to CMDO are set to 00b (timer mode, PWIM mode, or PWIM3 mode), the setting of the PWM3 bit is
enabled.

Figure 14.35 TRDFCR Register in Input Capture Function
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Timer RD Digital Filter Function Select Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
| I [/\/M | I I I Symbol Address After Reset
TRDDFO 013Eh 00h
TRDDF1 013Fh 00h
Bit Symbol Bit Name Function RwW
TRDIOA pin digital filtter function 0 : Function is not used
DFA select bit 1 - Function is used RW
TRDIOB pin digital filter function 0 : Function is not used
DFB select bit 1 - Function is used RW
DEC TRDIOC_pm digital filter function 0 Funct!on !s not used RW
select bit 1 - Function is used
DED TRDIOD_pm digital filter function 0 Funct!on !s not used RW
select bit 1 - Function is used
— Nothing is assigned. If necessary, set to 0.
(b5-b4) [When read, the content is 0. o
Clock select bits for digital fitter b7 b6
function 0 0:f32
DFCKO 01:f8 RW
10:f1
1 1 : Count source (clock selected by
bits TCK2 to TCKO in the
DFCK1 TRDCRI register) RW

Figure 14.36 Registers TRDDF0 to TRDDF1 in Input Capture Function
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Timer RD Control Registeri (i = 0 or 1)
b7 b6 b5 b4 b3 b2 b1 bl

| I | | | | | | | Symbol Address After Reset

TRDCRO 0140h 00h
TRDCR1 0150h 00h
Bit Symbol Bit Name Function RwW
Count source select bits b2 b1 b0
TCKO 000:f1 RW
00 1:f2
010:f4
TCKA1 011:f8 RW
100:f32
1 0 1: TRDCLK inputt®
1 1 0:fOCO40M
TeKk2 1 1 1: Do not set. RW
External clock edge select bits@) |p4b3
CKEGO 0 0 : Count at the rising edge RW
0 1: Count at the falling edge
1 0: Count at both edges
CKEG1 1 1: Do not set. RW

TRDi counter clear select bits b7 b6 b5
0 0 0: Disable clear (free-running

operation)
0 0 1: Clear by input capture in the
TRDGRAI register
0 1 0: Clear by input capture in the
TRDGRBI register
0 1 1:Synchronous clear (clear
simultaneously w ith other
channel counter)®
0 : Do not set.
1 : Clear by input capture in the
TRDGRCi register
1 1 0: Clear by input capture in the
TRDGRDI register
1 1 1: Do not set.

CCLRO

CCLR1

CCLR2

NOTES:
1. This setting is enabled w hen the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
2. Bits CKEG1 to CKEGO are enabled w hen bits TCK2 to TCKO are set to 101b (TRDCLK input) and the STCLK bit in the
TRDFCR register is set to 1 (external clock input enabled).

3. This setting is enabled w hen the SYNC bit in the TRDMR register is set to 1 (registers TRDO and TRD1 operate
synchronously).

Figure 14.37 Registers TRDCRO0 to TRDCR1 in Input Capture Function
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Timer RD I/O Control Register Ai (i= 0 or 1)

b7 b6 b5 b4 b3 b2 b1 b0

[\4 1| | | | 1| | | Symbol Address After Reset
TRDIORAO 0141h 10001000b
TRDIORA1 0151h 10001000b
Bit Symbol Bit Name Function RwW
TRDGRA control bits b1b0
0 0: Input capture to the TRDGRAI register
I0A0 at the rising edge RW

0 1 : Input capture to the TRDGRAI register
at the falling edge

1 0 : Input capture to the TRDGRAI register

I0A1 at both edges RW

1 1: Do not set.

TRDGRA mode select bit'" Set to 1 (input capture) in the input capture

I0A2 ; RwW
function.

Input capture input switch 0 : fOCO128 Signal

bitt3 4 1 : TRDIOAO pin input

TRDGRB control bits b5b4

0 0 : Input capture to the TRDGRBI register

IOBO at the rising edge RwW

0 1 : Input capture to the TRDGRBI register
at the falling edge

1 0 : Input capture to the TRDGRBI register

I0B1 at both edges RW

1 1: Do not set.

IOA3

TRDGRB mode select bit@® Set to 1 (input capture) in the input capture
function.

10B2 RW

— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 1.

NOTES:

1. Toselect 1 (the TRDGRCI register is used as a buffer register of the TRDGRA. register) for this bit by the BFCi bit in
the TRDMR register, set the I0C2 bit in the TRDIORCI register to the same value as the IOAZ2 bit in the TRDIORAI
register.

2. Toselect 1 (the TRDGRDI register is used as a buffer register of the TRDGRBi register) for this bit by the BFDi bit in
the TRDMR register, set the 10D2 bit in the TRDIORCI register to the same value as the I0B2 bit in the TRDIORAI
register.

3. The IOA3 bit is enabled in the TRDIORAD register only. Set to the IOA3 bit in TRDIORA1 to 1.

4. The IOA3 bit is enabled w hen the I0OA2 bit is set to 1 (input capture function).

Figure 14.38 Registers TRDIORAO to TRDIORA1 in Input Capture Function
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Timer RD I/O Control Register Ci (i = 0 or 1)

b7 b6 b5 b4 b3 b2 b1 b0

| 1| 1| | | 1| 1 | | | Symbol Address After Reset
TRDIORCO 0142h 10001000b
TRDIORC1 0152h 10001000b
Bit Symbol Bit Name Function RwW
TRDGRC control bits b1b0
0 0 : Input capture to the TRDGRCI register
I0Co at the rising edge RwW

0 1 : Input capture to the TRDGRCI register
at the falling edge
1 0 : Input capture to the TRDGRCI register

10C1 at both edges RW
1 1: Do not set.
TRDGRC mode select bit™ Set to 1 (input capture) in the input capture
loc2 i RW
function.
TRDGRC register function Set to 1 (general register or buffer register) in
I0C3 ) i i RW
select bit the input capture function.
TRDGRD control bits b5 b4
0 0 : Input capture to the TRDGRDI register
I0D0 at the rising edge RW

0 1 : Input capture to the TRDGRDI register
at the falling edge
1 0 : Input capture to the TRDGRDI register

I0D1 at both edges RW
1 1: Do not set.
-5 - - -
002 TRDGRD mode select bit fSet tq 1 (input capture) in the input capture RW
unction.
003 TRDGRD register function Set to 1 (general register or buffer register) in RW
select bit the input capture function.

NOTES:

1. To select 1 (the TRDGRCI register is used as a buffer register of the TRDGRA. register) for this bit by the BFCi bit in
the TRDMR register, set the I0C2 bit in the TRDIORCI register to the same value as the IOAZ2 bit in the TRDIORAI

register.

2. To select 1 (the TRDGRDI register is used as a buffer register of the TRDGRBi register) for this bit by the BFDi bit in
the TRDMR register, set the 10D2 bit in the TRDIORCI register to the same value as the I0B2 bit in the TRDIORAI
register.

Figure 14.39 Registers TRDIORCO to TRDIORC1 in Input Capture Function
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Timer RD Status Registeri (i=0or 1)
b7 b6 b5 b4 b3 b2 b1 b0
[3(]\/(] | | I | | | Symbol Address After Reset
TRDSRO 0143h 11100000b
TRDSR1 0153h 11000000b
Bit Symbol Bit Name Function RwW
Input capture/compare match |[Source for setting this bit to 0]
flag A Write 0 after read®
[Source for setting this bit to 1]
TRDSRO register:
fOCO128 signal edge w hen the IOA3 bit in the
TRDIORAO register is set to 0 (fOC0O128 signal)
— IMFA TRDIOADO pin input edge w hen the IOA3 bit in the| RW
TRDIORAD register is set to 1 (TRDIOAO input)®
TRDSR1 register:
Input edge of TRDIOA1 pin®®
Input capture/compare match | [Source for setting this bit to 0]
flag B Write 0 after read®
IMFB [Source for setting this bit to 1] RW
Input edge of TRDIOBi pin®™
Input capture/compare match | [Source for setting this bit to 0]
flag C Write 0 after read®
IMFC [Source for setting this bit to 1] RW
Input edge of TRDIOCi pin'*
Input capture/compare match | [Source for setting this bit to 0]
flag D Write 0 after read®
IMFD [Source for setting this bit to 1] RW
Input edge of TRDIODi pin'*
Overflow flag [Source for setting this bit to 0]
Write 0 after read®
OVF [Source for setting this bit to 1] RW
When the TRDi register overflow s
UDF Underflow flag This bit is disabled in the input capture function. RW
— Nothing is assigned. If necessary, setto 0.
(b7-b6) [When read, the contentis 1. -

NOTES:

1. Nothing is assigned to b5 in the TRDSRO register. When w riting to b5, write 0. When reading, the content is 1.
2. The writing results are as follows:
* This bit is set to 0 w hen the read resultis 1 and 0 is w ritten to the same bit.
+ This bit remains unchanged even if the read result is 0 and 0 is w ritten to the same bit. (This bit remains 1 even
if itis set to 1 from 0 after reading, and w riting 0.)

+ This bit remains unchanged if 1 is written to it.

3. Edge selected by bits 10j1 to 10j0 (j = A or B) in the TRDIORAI register.

4. Edge selected by bits 10k1 to IOkO (k = C or D) in the TRDIORCI register
Including w hen the BFKi bit in the TRDMR register is set to 1 (TRDGRKi is used as the buffer register).

Figure 14.40 Registers TRDSRO0 to TRDSR1 in Input Capture Function
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Timer RD Interrupt Enable Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
M/\]X' I | I I I Symbol Address After Reset
TRDIERD 0144h 11100000b
TRDIER1 0154h 11100000b
Bit Symbol Bit Name Function RwW
IMEA Input capture/compare match 0 : Disable interrupt (IMIA) by the IMFA bit RW
interrupt enable bit A 1 : Enable interrupt (IMIA) by the IMFA bit
IMEB Input capture/compare match 0 : Disable interrupt (IMIB) by the IMFB bit RW
interrupt enable bit B 1 : Enable interrupt (IMIB) by the IMFB bit
MEC Input capture/compare match 0 : Disable interrupt (IMIC) by the IMFC bit RW
interrupt enable bit C 1 : Enable interrupt (IMIC) by the IMFC bit
IMED Input capture/compare match 0 : Disable interrupt (IMID) by the IMFD bit RW
interrupt enable bit D 1 : Enable interrupt (IMID) by the IMFD bit
OVIE Overflow /underflow interrupt 0 : Disable interrupt (OVI) by the OVF bit RW
enable bit 1 : Enable interrupt (OVI) by the OVF bit
— Nothing is assigned. If necessary, set to 0.
(b7-b5) [When read, the contentis 1. _
Figure 14.41 Registers TRDIERO to TRDIER1 in Input Capture Function
Timer RD Counter i (i = 0 or 1)"
(b15) (08)
b7 b0 b7 b0
| Symbol Address After Reset
TRDO 0147h-0146h 0000h
TRD1 0157h-0156h 0000h
Function Setting Range RwW
Count the count source. Count operation is incremented. 0000h to FFFFh
| | When an overflow occurs, the OVF bit in the TRDSRI register is set to 1. RW
NOTE:
1. Access the TRDi register in 16-bit units. Do not access it in 8-bit units.

Figure 14.42 Registers TRDO to TRD1 in Input Capture Function
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Timer RD General Registers Ai, Bi, Ci, and Di (i = 0 or 1){"

(b15) (b8)

o b0 b7 b0
Symbol Address After Reset
TRDGRAO 0149h-0148h FFFFh
TRDGRBO 014Bh-014Ah FFFFh
TRDGRCO 014Dh-014Ch FFFFh
TRDGRDO 014Fh-014Eh FEFFh
TRDGRA1 0159h-0158h FFFFh
TRDGRB1 015Bh-015Ah FFFFh
TRDGRC1 015Dh-015Ch FFFFh
TRDGRD1 015Fh-015Eh FEFFh
Function RW
Refer to Table 14.24 TRDGRji Register Functions in Input Capture Function. RW

NOTE:
1. Access registers TRDGRAI to TRDGRDI in 16-bit units. Do not access them in 8-bit units.

Figure 14.43 Registers TRDGRAI, TRDGRBI, TRDGRCIi, and TRDGRDi in Input Capture Function

The following registers are disabled in the input capture function: TRDOER1, TRDOER2, TRDOCR,
TRDPOCRO, and TRDPOCRI.

Table 14.24 TRDGRji Register Functions in Input Capture Function

Register Setting Register Function Input-Capture Input Pin

TRDGRAI |- General register TRDIOAI

TRDGRB The value in the TRDi register can be read at input TRDIOB
capture.

TRDGRCi |BFCi=0 |General register TRDIOCi

TRDGRDI |BEDI =0 The value in the TRDi register can be read at input TRDIOD:
capture.

TRDGRCi |[BFCi=1 |Bufferregister TRDIOAI

" — The value in the TRDi register can be read at input "

TRDGRDI | BFDi =1 capture. (Refer to 14.3.2 Buffer Operation.) TRDIOB

i=0or1,j=eitherA,B,C,orD
BFCi, BFDi: Bits in TRDMR register

Set the pulse width of the input capture signal applied to the TRDIOji pin to 3 cycles or more of the timer RD
operation clock (refer to Table 14.11 Timer RD Operation Clocks) for no digital filter (the DFj bit in the
TRDDFi register set to 0).
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TRDCLK input
cmtsarce U UUUUUUUU--UUUTUUUUUUUUTUUUUUUY

Count value
in TRDi register

FFFFh
-]

@

0009h A

0006h

0000h

TSTARTibitin 1
TRDSTR register

f
Y

65536
TRDIOAI input I !
TRDGRAI register \ 0006h \ 0009h
E \ Transfer \i\Transfer
S ™Y X
TRDGRCI register 0006h
IMFA bit in 1
TRDSRiregister
/1I’
OVF bitin 1 —‘ Set to 0 by a program
TRDSRiregister /

i=0or1

The above applies under the following conditions:

Bits CCLR2 to CCLRO in the TRDCRI register are set to 001b. (the TRDi register set to 0000h by TRDGRAI register input capture).
Bits TCK2 to TCKO in the TRDCRI register are set to 101b (TRDCLK input for the count source).

Bits CKEG1 to CKEGO in the TRDCRI register are set to 01b (count at the falling edge for the count source).

Bits I10AZ2 to I0AD in the TRDIORAI register are set to 101b (input capture at the falling edge of the TRDIOAI input).

The BFCi bit in the TRDMR register is set to 1 (the TRDGRCI register is used as the buffer register of the TRDGRAI register).

Figure 14.44 Operating Example of Input Capture Function
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14.3.5.1 Digital Filter

The TRDIOji input is sampled, and when the sampled input level matches 3 times, its level is determined.

Select the digital filter function and sampling clock by the TRDDFi register.

TCK2 to TCKD DFCKA to DFCKD
FOCO40M

=106 — o

=101k

2z
TROCLK ——— =05 =01b
- B ——O
o = 1005 i
1 —O
. =011b =11p,

Count source

4 =010b o

2 =001b

w =ow @

Sampling clock

c c
Match 0O
TRDIO§i input signal t O a D aQ detection
circuit
Latch Latch 5

Timer RD operation clock

1, fOCO40M)
c
D Q
Laich

Clock period selected by
bits TCK2 to TCKD or
bits DFCK1 to DFCKD

H
&
=

I0AZ to I0AD
I0BZ to 10B0
10C3 to 10CO
1003 to 10D0

l

Edge detection
circuit

Sampling clock | | | | | | | | | |
i

TRDIG4i input signal

?

Recognition of the
signal change with

Input signal through —--.‘.\ /,...-— 3-time match

digital filtering \‘\-...__________,/ \-...__________...-/

Signal transmission delayed
‘\ up to S-sampling clock

Transmission cannot be
performed without 3-time match
because the input signal is
assumed to be noise.

i=0or1, j=either A, B, C, or D

TCHDO to TCK2: Bits in TRDCR register

DFCHKD to DFCK1 and DFj: Bits in TRDDF register

10AD to I0AZ and K080 to I0B2: Bits in TROIORAI register
10C0 fo 10C32 and I0D0 to 10D3: Bits in TRDIORCI register

Figure 14.45 Block Diagram of Digital Filter
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14.3.6 Output Compare Function

This function detects matches (compare match) between the content of the TRDGRji (j = either A, B, C, or D)
register and the content of the TRDi (i = 0 or 1) register. When the content matches, a user-set level is output
from the TRDIOji pin. Since this function is enabled with a combination of the TRDIOji pin and TRDGRji
register, the output compare function, or any other mode or function, can be selected for each individual pin.
Figure 14.46 shows a Block Diagram of Output Compare Function, Table 14.25 lists the Output Compare
Function Specifications. Figures 14.47 to 14.58 list the Registers Associated with Output Compare Function,
and Figure 14.59 shows an Operating Example of Output Compare Function.

Channel 0
TRDO
B Compare match signal
TRDIOAD O outeut

I0C3=0in
l TRDIORCO register <4>| Comparator }4—’ TRDGRAD ‘
Compare match signal
TRDIOCO O Output <—Cﬁc<33:1

control

—>| Comparator }-4—’ TRDGRCO ‘

Compare match signal
10D3=0in
TRDIORDO register ——| Comparator ‘4—' TRDGRBO ‘
Compare match signal
TRDIODO O Output <—(ﬁ§= 1

control

3

Output
control

TRDIOBO (&

—>| Comparator ‘1—( TRDGRDO ‘

Channel 1
TRD1
_ Compare match signal
Output |
TRDIOAT O outeu on |
TRDIORCH register <4>| Comparator H TRDGRA1 ‘
Compare match signal
Output
TRDIOC1 O ool 10C3 = 1
<4>| Comparator }4—’ TRDGRC1 ‘
‘ Compare match signal
Output |~
TRDIOB1 O outeu on |
TRDIORD1 register ‘_>| Comparator H TRDGRB1 ‘
Compare match signal
Output
TRDIOD1 O ool [0 1003 =1
—>| Comparator }4—' TRDGRD1 ‘

Figure 14.46 Block Diagram of Output Compare Function
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Table 14.25 Output Compare Function Specifications

ltem Specification
Count sources 1, 2, 4, 18, 132, fOCO40M
External signal input to the TRDCLK pin (valid edge selected by a program)
Count operations Increment
Count period » When bits CCLR2 to CCLRO in the TRDCRI register are set to 000b (free-

running operation)
1/fk x 656536 fk: Frequency of count source
» Bits CCLR1 to CCLRO in the TRDCRIi register are set to 01b or 10b (set the
TRDi register to 0000h at the compare match in the TRDGRji register).
Frequency of count source x (n+1)
n: Setting value in the TRDGR}ji register

Waveform output timing Compare match
Count start condition 1 (count starts) is written to the TSTARTi bit in the TRDSTR register.
Count stop conditions * 0 (count stops) is written to the TSTARTI bit in the TRDSTR register when the

CSELi bit in the TRDSTR register is set to 1.
The output compare output pin holds output level before the count stops.
» When the CSELi bit in the TRDSTR register is set to 0, the count stops at the
compare match in the TRDGRA. register.
The output compare output pin holds level after output change by the compare

match.
Interrupt request generation » Compare match (content of the TRDi register matches content of the TRDGR)ji
timing register.)
» TRDi register overflows
TRDIOAQO pin function Programmable /O port, output-compare output, or TRDCLK (external clock) input

TRDIOBO, TRDIOCO, TRDIODO, |Programmable I/O port or output-compare output (Selectable by pin)
TRDIOA1 to TRDIOD1 pin

functions
INTO pin function Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt
input
Read from timer The count value can be read by reading the TRDi register.
Write to timer * When the SYNC bit in the TRDMR register is set to 0 (channels 0 and 1 operate
independently).
Data can be written to the TRDi register.
» When the SYNC bit in the TRDMR register is set to 1 (channels 0 and 1 operate
synchronously).
Data can be written to both the TRDO and TRD1 registers by writing to the TRDi
register.
Select functions » Qutput-compare output pin selected

Either 1 pin or multiple pins among TRDIOAI, TRDIOBI, TRDIOCi, or TRDIODi.
* Qutput level at the compare match selected
“L" output, “H” output, or output level inversed
« Initial output level selected
Set the level at period from the count start to the compare match.
» Timing to set the TRDi register to 0000h
Overflow or compare match in the TRDGRA. register
« Buffer operation (Refer to 14.3.2 Buffer Operation.)
» Synchronous operation (Refer to 14.3.3 Synchronous Operation.)
* Qutput pin in registers TRDGRCi and TRDGRDi changed
The TRDGRCi register can be used as output control of the TRDIOAI pin and
the TRDGRDi register can be used as output control of the TRDIOBi pin.
» Pulse output forced cutoff signal input (Refer to 14.3.4 Pulse Output Forced
Cutoff.)
» Timer RD can be used as the internal timer without output.

i=0or1,j=eitherA,B,C,orD
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Timer RD Start Register("
b7 b6 b5 b4 b3 b2 b1 b0
Mf\]‘/\/lv\/\] | I I I Symbol Address After Reset
TRDSTR 0137h 11111100b
Bit Symbol Bit Name Function RW
TRDO count start flag® 0 : Count stops®@
TSTARTO 1 - Count starts RW
TRD1 count start flag® 0 : Count stops®!
TSTART 1 - Count starts RW
TRDO count operation 0 : Count stops at the compare match w ith the
select bit TRDGRAUO register
CSELO 1 : Count continues at the compare match w ith the RW
TRDGRAUO register
TRD1 count operation 0 : Count stops at the compare match w ith the
select bit TRDGRA1 register
CSEL1 1 : Count continues at the compare match w ith the RW
TRDGRA1 register
— Nothing is assigned. If necessary, setto 0.
(b7-b4) |When read, the contentis 1. o
NOTES:
1. Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 14.3.12.1
TRDSTR Register of Notes on Timer RD.
2. When the CSELO bit is set to 1, write 0 to the TSTARTO bit.
3. When the CSEL1 bitis set to 1, write 0 to the TSTART1 bit.
4. When the CSELO bit is set to 0 and the compare match signal (TRDIOAO) is generated, this bit is set to 0 (count
stops).
5. When the CSEL1 bit is set to 0 and the compare match signal (TRDIOA1) is generated, this bit is set to 0 (count
stops).
Timer RD Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| I | | I\/<]>{N | Symbol Address After Reset
TRDVR 0138h 00001110b
Bit Symbol Bit Name Function RwW
Timer RD synchronous bit 0 : Registers TRDO and TRD1
operate independently
SYNC 1 - Registers TRDO and TRD1 RW
operate synchronously
— Nothing is assigned. If necessary, set to 0.
(b3-b1) [When read, the contentis 1. _
BECO TRDGRCO register function select|0 : General register RW
bitt" 1 : Buffer register of TRDGRAOQ register
BEDO TRDGRDO register function select|0 : General register RW
bit!" 1 : Buffer register of TRDGRBO register
BECH TRDGRC1 register function select|0 : General register RW
bitt" 1 : Buffer register of TRDGRA1 register
BED1 TRDGRD1 register function select|0 : General register RW
bit(1) 1 : Buffer register of TRDGRB1 register
NOTE:
1. When selecting 0 (change the TRDGR]ji register output pin) by the 10j3 (j = C or D) bit in the TRDIORCi (i=0 or 1)
register, set the BFji bit in the TRDMR register to 0.

Figure 14.47 Registers TRDSTR and TRDMR in Output Compare Function
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Timer RD PWM Mode Register

b7 b6 b5 b4 b3 b2 b1 b0

M0|0| DNOIOIOI Symbol Address After Reset
TRDPMR 0139h 10001000b
Bit Symbol Bit Name Function RwW
PWM mode of TRDIOBO select bit Set to 0 (timer mode) in the output
PWMBO0 compare function. RW
PWM mode of TRDIOCO select bit Set to 0 (timer mode) in the output
PWMCO RW

compare function.
PWM mode of TRDIODO select bit Set to 0 (timer mode) in the output

PWMDO . RW
compare function.
— Nothing is assigned. If necessary, set to 0.
(b3) When read, the content is 1. o
PWMB1 PWM mode of TRDIOB1 select bit Set to 0 (timer mde) in the output RW
compare function.
PWMC PWM mode of TRDIOC1 select bit Set to 0 (timer mode) in the output RW

compare function.

PWM mode of TRDIOD1 select bit Set to 0 (timer mode) in the output

PWMD1 compare function. Ry

— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 1.

Figure 14.48 TRDPMR Register in Output Compare Function
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Timer RD Function Control Register
b7 b6 b5 b4 b3 b2 b1 b0
| 1] I | I | IOI OI Symbol Address After Reset
TRDFCR 013Ah 10000000b
Bit Symbol Bit Name Function RwW
aMDo Combination mode select bits(" Set to 00b (timer mode, PWM mode, or RW
PWM3 mode) in the output compare
function.
CMDA1 RW
Normal-phase output level select bit | This bit is disabled in the output compare
(in reset synchronous PWM mode or |function.
OLSO complementary PWM mode) RW
Counter-phase output level select bit | This bit is disabled in the output compare
(in reset synchronous PWM mode or |function.
OLS1 complementary PWM mode) RW
ADTRG P_UD trigger enable bit This l_)lt is disabled in the output compare RW
(in complementary PWM mode) function.
ADEG AJD trigger edge select bit This bit is disabled in the output compare RW
(in complementary PWM mode) function.
External clock input select bit 0 : External clock input disabled
STCLK 1 : BExternal clock input enabled RW
PAMG PWM3 mode select bit2) Set this bit to 1 (other than PWM3 mode) in RW
the output compare function.
NOTES:
1. Set bits CMD1 to CMDO w hen both the TSTARTO and TSTART1 bits are set to 0 (count stops).
2. When bits CMD1 to CMDO are set to 00b (timer mode, PWM mode, or PWIM3 mode), the setting of the PWIM3 bit is
enabled.

Figure 14.49 TRDFCR Register in Output Compare Function
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Timer RD Output Master Enable Register 1
b7 b6 b5 b4 b3 b2 b1 b0
| I I | 1] | I I 1] Symbol Address After Reset
TRDOER1 013Bh FFh
Bit Symbol Bit Name Function RwW
TRDIOAO output disable bit 0 : Enable output
EAD 1 : Disable output (The TRDIOAOQ pin is RW
used as a programmable /O port.)
TRDIOBO output disable bit 0 : Enable output
EBO 1 : Disable output (The TRDIOBO pin is RW
used as a programmable /O port.)
TRDIOCO output disable bit 0 : Enable output
ECD 1 : Disable output (The TRDIOCO pin is RW
used as a programmable /O port.)
TRDIODO output disable bit 0 : Enable output
EDD 1 : Disable output (The TRDIODO pin is RW
used as a programmable /O port.)
TRDIOA1 output disable bit 0 : Enable output
EA1 1 : Disable output (The TRDIOA1 pin is RW
used as a programmable /O port.)
TRDIOB1 output disable bit 0 : Enable output
EB1 1 : Disable output (The TRDIOB1 pin is RW
used as a programmable /O port.)
TRDIOC1 output disable bit 0 : Enable output
EC1 1 : Disable output (The TRDIOC1 pin is RW
used as a programmable /O port.)
TRDIOD1 output disable bit 0 : Enable output
EDA1 1 : Disable output (The TRDIOD1 pin is RW
used as a programmable /O port.)
Timer RD Output Master Enable Register 2
b7 b6 b5 b4 b3 b2 b1 b0
| DOODDDN]  sympol Address After Reset
TRDOERZ 013Ch 01111111b
Bit Symbol Bit Name | Function RwW
— Nothing is assigned. If necessary, set to 0.
(b6-b0) [When read, the contentis 1. -
INTO of pulse output forced 0 : Pulse output forced cutoff input disabled
cutoff signal input enabled 1 : Pulse output forced cutoff input enabled
PTO bit'" (All bits in the TRDOER1 register RW
are set to 1 (disable output) w hen “L" is
applied to the INTO pin.)
NOTE:
1. Refer to 14.3.4 Pulse Output Forced Cutoff.

Figure 14.50 Registers TRDOER1 to TRDOER2 in Output Compare Function
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Timer RD Output Control Register!'- )
b7 b6 b5 b4 b3 b2 b1 b0
|0|0| 1| I | I I I Symbol Address After Reset
TRDOCR 013Dh 00h

Bit Symbol Bit Name Function RwW

TRDIOAO output level select bit 0 : Initial output “L”
TOAD 1 - Initial output “H’ RW

TRDIOBO output level select bit 0 : Initial output “L”
TOBO 1 - Initial output “H’ RW

TRDIOCO initial output level select bit |0 : “L”
TOCO 1-"H RW
TODO TRDIODO initial output level select bit RW
TOA1 TRDIOA1 initial output level select bit RW
TOB1 TRDIOB1 initial output level select bit RW
TOCH TRDIOC1 initial output level select bit RW
TOD1 TRDIOD1 initial output level select bit RW
NOTES:
1. Write to the TRDOCR register w hen both the TSTARTO and TSTART1 bits in the TRDSTR register are set to 0 (count
stopped).
2. If the pin function is set for w aveform output (refer to Tables 14.12 to 14.19), the initial output level is output w hen
the TRDOCR register is set.

Figure 14.51 TRDOCR Register in Output Compare Function
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Timer RD Control Registeri (i = 0 or 1)

b7 b6 b5 b4 b3 b2 b1 b0

| I | | | | | | | Symbol Address After Reset

TRDCRO 0140h 00h
TRDCR1 0150h 00h
Bit Symbol Bit Name Function RwW
Count source select bits b2 b1 b0
TCKO 000:f1 RW
00 1:f2
010:f4
TCKA4 011:f8 RW
100:132
1 0 1: TRDCLK inputt®
1 1 0:fOCO40M
TeKk2 1 1 1: Do not set. RW
External clock edge select |p4Db3
CKEGO |bits@ 0 0: Count at the rising edge RW
0 1: Count at the falling edge
1 0: Count at both edges
1 1: Do not set.
CKEG1 RW

TRDi counter clear select b7 b6 b5
hits 0 0 0: Disable clear (free-running operation)

0 0 1: Clear by compare match w ith the

CCLRO oo RW
TRDGRAI register
0 1 0: Clear by compare match w ith the
TRDGRBI register
0 1 1:Synchronous clear (clear
simultaneously w ith other channel
CCLR1 RW

counter)®
1 0 0: Do not set.
1 0 1: Clear by compare match w ith the
TRDGRCI register
1 1 0: Clear by compare match w ith the
CCLR2 TRDGRDI register RwW
1 1 1: Do not set.

NOTES:
1. This setting is enabled w hen the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
2. Bits CKEG1 to CKEGO are enabled w hen bits TCK2 to TCKO are set to 101b (TRDCLK input) and the STCLK bit in the
TRDFCR register is set to 1 (external clock input enabled).

3. This setting is enabled w hen the SYNC bit in the TRDMR register is set to 1 (TRDO and TRD1 operate
synchronously).

Figure 14.52 Registers TRDCRO0 to TRDCR1 in Output Compare Function
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Timer RD I/O Control Register Ai (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
M 0| | | 1|0| | | Symbol Address After Reset
TRDIORAD 0141h 10001000b
TRDIORA1 0151h 10001000b
Bit Symbol Bit Name Function RwW
TRDGRA control bits b1 b0
0 0 : Disable pin output by the compare match
I0AD (TRDIOAI pin functions as programmable RW
'O port)
0 1:“L" output at compare match with
the TRDGRAI register
1 0 :“H output at compare match with
the TRDGRAI register
I0A1 1 1 : Toggle output by compare match RW
w ith the TRDGRA. register
TRDGRA mode select bit™" |Set to 0 (output compare) in the output compare
I0A2 - RW
function.
I0A3 In_put capture input switch [Setto 1. RW
bit
TRDGRB control bits b5 b4
0 0 : Disable pin output by the compare match
I0BO (TRDIOBI pin functions as programmable RW
'O port)
0 1:“L" output at compare match
w ith the TRDGRBI register
1 0 :“H output at compare match
w ith the TRDGRBI
10B1 1 1 : Toggle output by compare match RW
w ith the TRDGRBI register
TRDGRB mode select bit® |Set to 0 (output compare) in the output compare
I0B2 - RW
function.
— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 1. _
NOTES:

1. Toselect 1 (the TRDGRCI register is used as a buffer register of the TRDGRA. register) for this bit by the BFCi bit in
the TRDMR register, set the I0C2 bit in the TRDIORCI register to the same value as the IOAZ2 bit in the TRDIORAI
register.

2. To select 1 (the TRDGRDI register is used as a buffer register of the TRDGRBi register) for this bit by the BFDi bit in
the TRDMR register, set the 10D2 bit in the TRDIORCI register to the same value as the I0B2 bit in the TRDIORAI
register.

Figure 14.53 Registers TRDIORAO to TRDIORA1 in Output Compare Function
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Timer RD I/O Control Register Ci (i = 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
| |0| | | |0| | | Symbol Address After Reset
TRDIORCO 0142h 10001000b
TRDIORC1 0152h 10001000b
Bit Symbol Bit Name Function
TRDGRC control bits b1 b0
0 0 : Disable pin output by compare match
I0CO 0 1 :“L" output at compare match w ith
the TRDGRCi register
1 0 :“H output at compare match with
the TRDGRCi register
10C1 1 1 : Toggle output by compare match
w ith the TRDGRCI register
TRDGRC mode select bit! | Set to 0 (output compare) in the output compare
I0C2 function.
TRDGRC register function |0 : TRDIOA output register
select bit (Refer to 14.3.6.1 Changing Output Pins in
10C3 Registers TRDGRCi (i =0 or 1) and
TRDGRDi.)
1 : General register or buffer register
TRDGRD control bits b5 b4
0 0 : Disable pin output by compare match
I0D0 0 1 :“L" output at compare match w ith
the TRDGRDI register
1 0 :“H output at compare match with
the TRDGRDI register
I0D1 1 1 : Toggle output by compare match
w ith the TRDGRDI register
002 TRDGRD mode select bit® |Set tc_) 0 (output compare) in the output compare
function.
TRDGRD register function |0 : TRDIOB output register
select bit (Refer to 14.3.6.1 Changing Output Pins in
10D3 Registers TRDGRCi (i =0 or 1) and
TRDGRD.)
1 : General register or buffer register
NOTES:

1. Toselect 1 (the TRDGRCI register is used as a buffer register of the TRDGRA. register) for this bit by the BFCi bit in
the TRDMR register, set the I0C2 bit in the TRDIORCI register to the same value as the IOAZ2 bit in the TRDIORAI
register.

2. To select 1 (the TRDGRDI register is used as a buffer register of the TRDGRBi register) for this bit by the BFDi bit in
the TRDMR register, set the 10D2 bit in the TRDIORCI register to the same value as the I0B2 bit in the TRDIORAI
register.

Figure 14.54 Registers TRDIORCO to TRDIORC1 in Output Compare Function
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b7 b6 b5 b4 b3 b2 b1 b0

AT ]

Timer RD Status Registeri (i=0 or 1)

NOTES:

Symbol Address After Reset
TRDSRO 0143h 11100000b
TRDSR1 0153h 11000000b
Bit Symbol Bit Name Function RwW
Input capture/compare match |[Source for setting this bit to 0]
flag A Write 0 after read®@.
IMFA [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRA. register.
Input capture/compare match |[Source for setting this bit to 0]
flag B Write 0 after read®.
IMFB [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRBI register.
Input capture/compare match |[Source for setting this bit to 0]
flag C Write 0 after read®.
IMFC [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRCi registert®.
Input capture/compare match |[Source for setting this bit to 0]
flag D Write 0 after read®.
IMFD [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRDI register®®.
Overflow flag [Source for setting this bit to 0]
Write 0 after read®.
OVF [Source for setting this bit to 1] RW
When the TRDi register overflows.
5 T— - -
UDE Underflow flag™ This bit is disabled in the output compare function. RW
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the contentis 1.

1. Nothing is assigned to b5 in the TRDSRO register. When w riting to b5, write 0. When reading, the contentis 1.
2. The writing results are as follow s:
* This bit is set to 0 w hen the read result is 1 and 0 is w ritten to the same bit.
+ This bit remains unchanged even if the read result is 0 and 0 is w ritten to the same bit. (This bit remains
1evenifitis setto 1 from 0 after reading, and writing 0.)
+ This bit remains unchanged if 1 is written to it.

3. Including w hen the BFji bit in the TRDMR register is set to 1 (TRDGRJi is used as the buffer register).

Figure 14.55 Registers TRDSR0 to TRDSR1 in Output Compare Function
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Timer RD Interrupt Enable Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
M/\N I | I I I Symbol Address After Reset
TRDIERO 0144h 11100000b
TRDIER1 0154h 11100000b
Bit Symbol Bit Name Function RwW
Input capture/compare match - Disable interrupt (IMIA) by the
interrupt enable bit A IMFA bit
IMIEA - Enable interrupt (IMIA) by the RW
IMFA bit
Input capture/compare match - Disable interrupt (IMIB) by the
interrupt enable bit B IMFB bit
IMIEB - Enable interrupt (IMIB) by the RW
IMFB bit
Input capture/compare match - Disable interrupt (IMIC) by the
interrupt enable bit C IMFC bit
IMIEC - Enable interrupt (IMIC) by the RW
IMFC bit
Input capture/compare match - Disable interrupt (IMID) by the
interrupt enable bit D IMFD bit
IMIED - Enable interrupt (IMID) by the RW
IMFD bit
Overflow /underflow interrupt enable |0 : Disable interrupt (OVI) by the
bit OVF bit
OVIE - Enable interrupt (OV1) by the RW
OVF bit
— Nothing is assigned. If necessary, set to 0.
(b7-b5) [When read, the contentis 1. -
Figure 14.56 Registers TRDIERO to TRDIER1 in Output Compare Function
Timer RD Counteri (i = 0 or 1)
(b15) (b83)
b7 b0 b7 b0
I Symbol Address After Reset
TRDO 0147h-0146h 0000h
TRD1 0157h-0156h 0000h
Function Setting Range RwW
Count a count source. Count operation is incremented. 0000h to FFFFh
L | When an overflow occurs, the OVF bit in the TRDSRI register is setto 1. RW
NOTE:
1. Access the TRDi register in 16-bit units. Do not access it in 8-bit units.

Figure 14.57 Registers TRDO to TRD1 in Output Compare Function
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(b15)
b7

(bg)

b0 b7

Timer RD General Register Ai, Bi, Ci and Di (i = 0 or 1)"

b0

NOTE

| Symbol Address After Reset

TRDGRAO 0149h-0148h FFFFh
TRDGRBO 014Bh-014Ah FFFFh
TRDGRCO 014Dh-014Ch FFFFh
TRDGRDO 014Fh-014Eh FFFFh
TRDGRA1 0159h-0158h FFFFh
TRDGRB1 015Bh-015Ah FFFFh
TRDGRC1 015Dh-015Ch FFFFh
TRDGRD1 015Fh-015Eh FEFFh
Function RW
Refer to Table 14.26 TRDGRji Register Function in Qutput Compare Function. R

1. Access registers TRDGRAI to TRDGRDI in 16-bit units. Do not access them in 8-bit units.

Figure 14.58

Registers TRDGRAI, TRDGRBi, TRDGRCi, and TRDGRDi in Output Compare Function

The following registers are disabled in the output compare function: TRDDF0, TRDDF1, TRDPOCRO, and
TRDPOCRI.

Table 14.26 TRDGRji Register Function in Output Compare Function

. Setting . . Output-Compare
Register BFj 10i3 Register Function Output Pin
TRDGRAI |- - General register. Write the compare value. TRDIOAI
TRDGRBI TRDIOBI
TRDGRCi |0 1 General register. Write the compare value. TRDIOCi
TRDGRDi TRDIODi
TRDGRCi |1 1 Buffer register. Write the next compare value. TRDIOAI
TRDGRDI (Refer to 14.3.2 Buffer Operation.) TRDIOBI
TRDGRCi |0 0 TRDIOAI output control. (Refer to 14.3.6.1 Changing | TRDIOAI
TRDGRDI Output Pins in Registers TRDGRCi (i=0 or 1) and | TRDIOBi
TRDGRDI.)

i=0or1,j=eitherA,B,C,orD

BFji: Bit in TRDMR register

10j3: Bit in TRDIORC i register
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Value in TRDi register

Mpemmcccccc e e o

=

L}
D """"" -:_IE """ o == ':_ """" s i
T -4 -t -t Count
|- H |- H |- restarts
} }
Count
stops
TSTARTI bit in 1
TRDSTR register 0 :
— m+1 S m+1 -
:1 i = Qutput level
held
TRDIOAI output - | ! el y
Cutput inverted by compare match S
'
Initial output -L" ; .
IMFAbitin 1 i ! ! !
TRDSRi register 0 : :
1 1
] 1 .
H ‘\r Set to 0 by a program /
i 0+t o i
e - 1 & =
) 1 ' /\
TRDIOBI output ! ‘\ “H" output by compare match \
Output level
n+1 H
A . . ) H , held
- Initial output “L 1 : i
IMFE bit in 1 : i 1
TRDSRiregister i i i H
]
\ Set to 0 by a program /
1 i
L P+1 > ! Output level
1 held
“L" output by compare match :
TRDIOCi output H ’!
Initial output “H* 16} O
i
! +
IMFC bitin 1
TRDSRi register 0

‘\ Set to 0 by a program _/'(—//’4'

i=0or1 M: Value set in TRDGRAI register
n: Value set in TRDGREI register
p: Value set in TRDGRCI register

The above applies under the following conditions:

The CSELi bit in the TRDSTR register is set to 1 (the TRDi register is not stopped by compare match).

Bits BFCi and BFDi in the TRDMR register are set to 0 (registers TRDGRCi and TRDGRDi are not used as buffer registers).

Bits EAI, EBi, and ECi in the TRDOER1 register are set to 0 (enable the TRDIOAI, TRDIOBi and TRDIOCI pin outputs).

Bits CCLR2 to CCLRO in the TRDCRI register are set to 001b (set the TRDi register to 000h by compare match in the TRDGRAI register).

Bits TOAi and TORBi in the TRDOCR register is set to 0 (initial output “L” to compare match), the TOCi bit is set to 1 (initial output “H" to compare match).
Bits 10A2 to 10AD in the TRDIORAI register are zet to 011b (TRDIOAI output inverted at TRDGRAI register compare match).

Bits 10B2 to IOB0 in the TRDIORAI register are set to 010b (TRDIOBI “H” output at TRDGREI register compare match).

Bits 10C3 to 10CO in the TRDIORCI register are set to 1001b (TRDIOCi “L" output at TRDGR.Ci register compare match).

The 10D3 bit in the TRDIORCI register is set to 1 (TRDGRDiI register does not control TRDIOEI pin output).

Figure 14.59 Operating Example of Output Compare Function
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14.3.6.1 Changing Output Pins in Registers TRDGRCi (i = 0 or 1) and TRDGRDi

The TRDGRCI register can be used for output control of the TRDIOAI pin, and the TRDGRDI register can be
used for output control of the TRDIOBI pin. Therefore, each pin output can be controlled as follows:

* TRDIOAI output is controlled by the values in registers TRDGRAI and TRDGRCi.

» TRDIOBI output is controlled by the values in registers TRDGRBi and TRDGRDI.

Change output pins in registers TRDGRCi and TRDGRDI as follows:
* Select 0 (change TRDGR]i register output pin) by the I0j3 (j = C or D) bit in the TRDIORCi register.
» Set the BFji bit in the TRDMR register to 0 (general register).
* Set different values in registers TRDGRCi and TRDGRAI. Also, set different values in registers
TRDGRDI and TRDGRBI.
Figure 14.61 shows an Operating Example When TRDGRCi Register is Used for Output Control of TRDIOAI
Pin and TRDGRDI Register is Used for Output Control of TRDIOBI Pin.
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Channel 0
TRDO
_ Compare match signal
Qutput [
TRDIOAO O o o |
TRDIORCO register —»{ Comparator }<—{ TRDGRAD ‘
Compare match signal
Qutput
TRDIOCO O control [—Q 10c3=1
—»{ Comparator }<—{ TRDGRCO ‘
‘ Compare match signal
Qutput [T
TRDIOBO () oupy . |
TRDIORDO register $—>{ Comparator |«— TRDGRBO |
Compare match signal
Qutput
TRDIODO (O control [ 10D3=1
—»{ Comparator ‘4—{ TRDGRDO ‘
Channel 1
TRD1
B Compare match signal
Qutput [T
TRDIOAT O oupy . |
TRBIORC register $—>| Comparator |«—{ TRDGRAT |
Compare match signal
Qutput
TRDIOC1T O control [€——0O10c3=1
—»{ Comparator H TRDGRC1 ‘
B Compare match signal
Qutput [T
TRDIOB1 O oupy s |
ROIORD! register $—>{ Comparator |«— TRDGRB1 |
Compare match signal
Output _
TRDIOD1 (O control [€—CQ10D3=1
—>{ Comparator }4—{ TRDGRD1 ‘

Figure 14.60 Changing Output Pins in Registers TRDGRCi and TRDGRDi
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Value in TRDi register
FFFFh
TTE oo o o o o o o o o o e - -
=L Q- [
™ 1 L}
—
' _
I ]
L e 1 ([
- 1 : 1
H |
a i . :
’—‘ H I_‘ ' 1 1
0000h
1
m+1 1
_— n+1 el m-n .
_ pe1 H
- L 1
i
IR B P - i
I - - o 1 1
1 1 1
Initial output “L”
TRDIOAI output ¥ 5\ /4
N

IMFAbitin 1
TRDSRi register 0

IMFC bitin 1
TRDSRi register 0

Initial output “L”

TRDIOBEi output

IMFB bitin 1
TRDSRi register 0

IMFD bitin 1
TRDSRi register 0

: Qutput inverted by compare match

B

—

~
Set to 0 by a program

=

E.4
Set to 0 by a program

Qutput

1
1
]
1

N/

inverted by compare match

-

|

1

Set to 0 by a program

Y

1

Set to 0 by a program

%

m: Value set in TRDGRAI register
n: Value set in TRDGRCi register
p: Value set in TRDGREI register

i=0or1 q: Value set in TRDGRDi register

The above applies under the following conditions:

The CSELi bit in the TRDSTR register is set to 1 (the TRDi register is not stopped by compare match).

Bits BFCi and BEFDi in the TRDMR reqgister are set to 0 (registers TRDGRCi and TRDGRDi are not used as buffer register).

Bits EAl and EBi in the TRDOER register are set to 0 (enable TRDIOAI and TRDIOBI pin outputs).

Bits CCLR2 to CCLRO in the TRDCRI register are set to 001b (set the TRDi register to 0000h by compare match in the TRDGRAI register).

Bits TOAI and TOBi in the TRDOCR reqgister are set to 0 (initial output “L" to compare match).

Bits 10A2 to 10AD in the TRDIORAI register are set to 011b (TRDIOAI output inverted at TRDGRAI register compare match).

Bits I0B2 to IOB0 in the TRDIORAI register are set to 011b (TRDIOEBI output inverted at TRDGRBiI register compare match).

Bits 10C3 to 1OCO in the TRDIORCi register are set to 0011b (TRDIOAI output inverted at TRDGRCi register compare match).

Bits 10D3 to 10D0 in the TRDIORCi register are set to 0011b (TRDIOBi output inverted at TRDGRDi register compare match).

Figure 14.61

Pin and TRDGRDI Register is Used for Output Control of TRDIOBI Pin

Operating Example When TRDGRCIi Register is Used for Output Control of TRDIOAI
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14.3.7 PWM Mode

In PWM mode, a PWM waveform is output. Up to 3 PWM waveforms with the same period can be output by 1
channel. Also, up to 6 PWM waveforms with the same period can be output by synchronizing channels 0 and 1.
Since this mode functions by a combination of the TRDIOji (i=0 or 1, j = B, C, or D) pin and TRDGRji
register, the PWM mode, or any other mode or function, can be selected for each individual pin. (However,
since the TRDGRAI register is used when using any pin for PWM mode, the TRDGRAI register cannot be used
for other modes.)

Figure 14.62 shows a Block Diagram of PWM Mode, and Table 14.27 lists the PWM Mode Specifications.
Figures 14.63 to 14.72 show the Registers Associated with PWM Mode, and Figures 14.73 and 14.74 show
Operating Examples of PWM Mode.

TRD

TRD

TRDIOBI O——— »—>| ComparatorH TRDGRAI |«

[ TRDi |

Compare match signal

_ Compare match signal
- | (Note 1)
10Ci O———| Output >—>| Comparator H TRDGRBI I:
control | Compare match signal
10Di O—— >—>| Comparator H TRDGRCI |—
_ Compare match signal (Note 2)
4>| Comparator H TRDGRDi I—

i=0or1

NOTES:
1. When the BFCi bit in the TRDMR register is setto 1 (the TRDGRCI register is used as the
buffer register of the TRDGRAI register).
2. When the BFDi bit in the TRDMR register is setto 1 (the TRDGRDI register is used as the
buffer register of the TRDGRBI register).

Figure 14.62 Block Diagram of PWM Mode

Rev.3.00

Feb 29,2008 Page 213 0f 485 . RENESAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group

14.Timers

Table 14.27 PWM Mode Specifications

ltem

Specification

Count sources

f1, 2, f4, 18, 32, fOCO40M
External signal input to the TRDCLK pin (valid edge selected by a
program)

Count operations

Increment

PWM waveform

PWM period: 1/fk x (m+1)

Active level width: 1/fk x (m-n)

Inactive level width: 1/fk x (n+1)
fk: Frequency of count source
m: Value set in the TRDGRAI register
n: Value set in the TRDGRji register

| L

-
n+1 m-n

m+1

- -

L

(When “L" is selected as the active level)

Count start condition

1 (count starts) is written to the TSTARTI bit in the TRDSTR register.

Count stop conditions

* 0 (count stops) is written to the TSTARTi bit in the TRDSTR register
when the CSELi bit in the TRDSTR register is set to 1.
The PWM output pin holds output level before the count stops.

* When the CSELI bit in the TRDSTR register is set to 0, the count
stops at the compare match in the TRDGRAI register.
The PWM output pin holds level after output change by compare
match.

Interrupt request generation
timing

* Compare match (The content of the TRDi register matches content of
the TRDGRAhi register.)
* TRDi register overflows

TRDIOADOQ pin function

Programmable 1/O port or TRDCLK (external clock) input

TRDIOA1 pin function

Programmable 1/O port

TRDIOBO, TRDIOCO, TRDIODO,
TRDIOB1, TRDIOC1, TRDIOD1
pin functions

Programmable 1/O port or pulse output (selectable by pin)

INTO pin function

Programmable I/O port, pulse output forced cutoff signal input, or INTO
interrupt input

Read from timer

The count value can be read by reading the TRDi register.

Write to timer

The value can be written to the TRDi register.

Select functions

* 1 to 3 PWM output pins selected per 1 channel
Either 1 pin or multiple pins of the TRDIOBI, TRDIOCi or TRDIODi
pin.

* The active level selected by pin.

» Initial output level selected by pin.

* Synchronous operation (Refer to 14.3.3 Synchronous Operation.)

» Buffer operation (Refer to 14.3.2 Buffer Operation.)

* Pulse output forced cutoff signal input (Refer to 14.3.4 Pulse Output
Forced Cutoff.)

i=0or1
j = eitherB, C,orD
h = either A, B, C, orD
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Timer RD Start Register("
b7 b6 b5 b4 b3 b2 b1 b0
M/\I/\/M | I I I Symbol Address After Reset
TRDSTR 0137h 11111100b
Bit Symbol Bit Name Function RwW
TRDO count start flag® 0 : Count stops®@
TSTARTO 1 : Count starts RW
TRD1 count start flag® 0 : Count stops®
TSTART 1 : Count starts RW
TRDO count operation select bit |0 : Count stops at compare match w ith
the TRDGRAO register
CSELO 1 : Count continues at compare match w ith RW
the TRDGRAO register
TRD1 count operation select bit |0 : Count stops at compare match w ith
the TRDGRA1 register
CSEL1 1 : Count continues at compare match w ith RW
the TRDGRA1 register
— Nothing is assigned. If necessary, set to 0.
(b7-b4) [When read, the content is 1. o
NOTES:
1. Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 14.3.12.1
TRDSTR Register of Notes on Timer RD.
2. When the CSELO bit is set to 1, write 0 to the TSTARTO bit.
3. When the CSEL1 bit is set to 1, write 0 to the TSTART1 bit.
4. When the CSELO bit is set to 0 and the compare match signal (TRDIOAO) is generated, this bit is set to 0 (count
stops).
5. When the CSEL1 bit is set to 0 and the compare match signal (TRDIOA1) is generated, this bit is set to 0 (count
stops).
Timer RD Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | N)\M | Symbol Address After Reset
TRDVR 0138h 00001110b
Bit Symbol Bit Name Function RwW
Timer RD synchronous bit 0 : Registers TRDO and TRD1 operate
independently
SYNC 1 : Registers TRDO and TRD1 operate RW
synchronously
— Nothing is assigned. If necessary, set to 0.
(b3-b1) [When read, the contentis 1. -
BFCD TRDGRCO register function 0 : General register RW
select bit 1 : Buffer register of TRDGRAO register
BEDO TRDGRDO register function 0 : General register RW
select bit 1 : Buffer register of TRDGRBO register
BECH TRDGRC1 register function 0 : General register RW
select bit 1 : Buffer register of TRDGRA1 register
BED1 TRDGRIM register function 0 : General register RW
select bit 1 : Buffer register of TRDGRB1 register

Figure 14.63 Registers TRDSTR and TRDMR in PWM Mode
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Timer RD PWM Mode Register
b7 b6 b5 b4 b3 b2 b1 b
M I | I)\1 I I I Symbol Address After Reset
TRDPMR 0139h 10001000b

Bit Symbol Bit Name Function RwW

PWM mode of TRDIOBO select bit 0 : Timer mode
PWMBO 1 PWM mode RW

PWM mode of TRDIOCO select bit 0 : Timer mode
WMCO 1 PWM mode RW

PWM mode of TRDIODO select bit 0 : Timer mode
WMDO 1 PWM mode RW

— Nothing is assigned. If necessary, set to 0.

(b3) When read, the content is 1. o

PWM mode of TRDIOB1 select bit 0 : Timer mode
B1 1 PWM mode RW

PWM mode of TRDIOC1 select bit 0 : Timer mode
WMC 1 PWM mode RW

PWM mode of TRDIOD1 select bit 0 : Timer mode
WMD1 1 PWM mode RW

— Nothing is assigned. If necessary, set to 0.

(b7) When read, the content is 1. _

Figure 14.64 TRDPMR Register in PWM Mode
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Timer RD Function Control Register
b7 b6 b5 b4 b3 b2 b1 b0
| 1] I | I | IOI OI Symbol Address After Reset
TRDFCR 013Ah 10000000b
Bit Symbol Bit Name Function RwW
Combination mode select bits(" Set to 00b (timer mode, PWM mode, or
CMDO PWM3 mode) in PWM mode. RW
CMDA1 RW
Normal-phase output level select Bit | This bit is disabled in PWM mode.
(in reset synchronous PWM mode or
OLSO complementary PWM mode) RW
Counter-phase output level select bit | This bit is disabled in PWM mode.
(in reset synchronous PWM mode or
OLS1 complementary PWM mode) RW
ADTRG P_U’D trigger enable bit This bit is disabled in PWM mode. RW
(in complementary PWM mode)
AJD trigger edge select bit This bit is disabled in PWM mode.
A (in complementary PWM mode) RW
STCOLK External clock input select bit 0 External clock !nput disabled RW
1 : BExternal clock input enabled
PWM3 mode select bit?! Set this bit to 1 (other than PWM3 mode) in
PWM3 PWM mode. RW
NOTES:
1. Set bits CMD1 to CMDO w hen both the TSTARTO and TSTART1 bits are set to 0 (count stops).
2. When bits CMD1 to CMDO are set to 00b (timer mode, PWM mode, or PWIM3 mode), the setting of the PWIM3 bit is
enabled.

Figure 14.65 TRDFCR Register in PWM Mode
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Timer RD Output Master Enable Register 1

b7 b6 b5 b4 b3 b2 b1 b0

| I I I 1] I I | 1] Symbol Address After Reset
TRDOER1 013Bh FFh
Bit Symbol Bit Name Function RwW
TRDIOAO output disable bit 0 : Enable output
EAD 1 : Disable output (The TRDIOAOQ pin is RW
used as a programmable /O port.)
TRDIOBO output disable bit 0 : Enable output
EBD 1 : Disable output (The TRDIOBO pin is RW
used as a programmable /O port.)
TRDIOCO output disable bit 0 : Enable output
ECD 1 : Disable output (The TRDIOCO pin is RW
used as a programmable /O port.)
TRDIODO output disable bit 0 : Enable output
EDO 1 : Disable output (The TRDIODO pin is RW
used as a programmable /O port.)
TRDIOA1 output disable bit 0 : Enable output
EA1 1 : Disable output (The TRDIOA1 pin is RW
used as a programmable /O port.)
TRDIOB1 output disable bit 0 : Enable output
EB1 1 : Disable output (The TRDIOB1 pin is RW
used as a programmable /O port.)
TRDIOC1 output disable bit 0 : Enable output
EC1 1 : Disable output (The TRDIOC1 pin is RW
used as a programmable /O port.)
TRDIOD1 output disable bit 0 : Enable output
ED1 1 : Disable output (The TRDIOD1 pin is RW

used as a programmable /O port.)

Timer RD Output Master Enable Register 2

b7 b6 b5 b4 b3 b2 b1 b0
| DODDDDD]  sympo Address After Reset
TRDOER2 013Ch 01111111b
Bit Symbol Bit Name | Function RW

— Nothing is assigned. If necessary, set to 0.

(b6-b0) [When read, the contentis 1.
INTO of pulse output forced 0 : Pulse output forced cutoff input disabled
cutoff signal input enabled bit™" |1 : Pulse output forced cutoff input enabled
(All bits in the TRDOER1 register
are set to 1 (disable output) w hen “L" is
applied to the INTO pin.)

.

NOTE:
1. Refer to 14.3.4 Pulse Output Forced Cutoff.

Figure 14.66 Registers TRDOER1 to TRDOER2 in PWM Mode
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Timer RD Output Control Register("

b7 b6 b5 b4 b3 b2 b1 b0

| I I | DI | I I DI Symbol Address After Reset
TRDOCR 013Dh 00h
Bit Symbol Bit Name Function RW
TOAO TRDIOAO output level select bit Set this bit to 0 (enable output) in RW
PWM mode.
TOBO TRDIOBO output level select bit® 0 : Initial output is inactive RW
TOCO TRDIOCO initial output level select bit?! level RW
TODO | TRDIODO initial output level select bit® 1 - Initial output is active level RW
TOA1 TRDIOA1 initial output level select bit Set this bit to 0 (enable output) in RW
PWM mode.
TOB1 TRDIOB1 initial output level select bit?! 0 : Inactive level RwW
TOC1 TRDIOC1 initial output level select bit? 1: Active level RW
TOD1 TRDIOD1 initial output level select bit?) RwW
NOTES:
1. Write to the TRDOCR register w hen both the TSTARTO and TSTART1 bits in the TRDSTR register are set to 0 (count
stops).

2. If the pin function is set for w aveform output (refer to Tables 14.13 to 14.15 and Tables 14.17 to 14.19), the initial
output level is output w hen the TRDOCR register is set.

Timer RD Control Registeri (i = 0 or 1)

b7 b6 b5 b4 b3 b2 b1 b0

|0|0| 1| | | | | | Symbol Address After Reset
TRDCRO 0140h 00h
TRDCR1 0150h 00h
Bit Symbol Bit Name Function RwW
Count source select bits b2 b1 b0
TCKO 000:f1 RW
00 1:f2
010:f4
100:f32
1 0 1: TRDCLK inputt®
1 1 0:fOCO40M
TeKk2 1 1 1: Do not set. RW
External clock edge select bits@) |p4b3
CKEGO 0 0: Count at the rising edge RW
0 1: Count at the falling edge
1 0: Count at both edges
CKEG1 1 1: Do not set. RW
CCLRD TRDi counter clear select bits Set to 001b (the TRDi register cleared at RwW
CCLR1 compare match with TRDGRAI register) in PAVM| Rw
CCLR2 mode. RW

NOTES:
1. This setting is enabled w hen the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).

2. Bits CKEG1 to CKEGO are enabled w hen bits TCK2 to TCKO are set to 101b (TRDCLK input) and the STCLK bit in the
TRDFCR register is set to 1 (external clock input enabled).

Figure 14.67 Registers TRDOCR and TRDCRO0 to TRDCR1 in PWM Mode

Rev.3.00 Feb 29,2008 Page 219 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

14. Timers

b7 b6 b5 b4 b3 b2 b1 b0

AT ]

Timer RD Status Registeri (i=0 or 1)

NOTES:

Symbol Address After Reset
TRDSRO 0143h 11100000b
TRDSR1 0153h 11000000b
Bit Symbol Bit Name Function RwW
Input capture/compare match |[Source for setting this bit to 0]
flag A Write 0 after read®@.
IMFA [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRA. register.
Input capture/compare match |[Source for setting this bit to 0]
flag B Write 0 after read®.
IMFB [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRBI register.
Input capture/compare match |[Source for setting this bit to 0]
flag C Write 0 after read®.
MFC [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRCi register®®).
Input capture/compare match |[Source for setting this bit to 0]
flag D Write 0 after read®.
IMFD [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRDI register®.
Qverflow flag [Source for setting this bit to 0]
Write 0 after read®).
OVF [Source for setting this bit to 1] RW
When the TRDi register overflows.
S — -
UDF Underflow flag'" This bit is disabled in PWM mode. RW
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the contentis 1. o

1. Nothing is assigned to b5 in the TRDSRO register. When w riting to b5, w rite 0. When reading, the contentis 1.
2. The writing results are as follow s:
* This bit is set to 0 w hen the read result is 1 and 0 is w ritten to the same bit.
+ This bit remains unchanged even if the read result is 0 and 0 is w ritten to the same bit. (This bit remains
1evenifitis setto 1 fromO0 after reading, and w riting 0.)
+ This bit remains unchanged if 1 is written.

3. Including w hen the BFji bit in the TRDMR register is set to 1 (TRDGRji is used as the buffer register).

Figure 14.68 Registers TRDSR0 to TRDSR1 in PWM Mode
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b7 b6 b5 b4 b3 b2 b1 b0

DL I ]

Timer RD Interrupt Enable Registeri (i= 0 or 1)

Symbol Address After Reset
TRDIERO 0144h 11100000b
TRDIER1 0154h 11100000b
Bit Symbol Bit Name Function RwW
Input capture/compare match - Disable interrupt (IMIA) by the
interrupt enable bit A IMFA bit
IMIEA - Enable interrupt (IMIA) by the RW
IMFA bit
Input capture/compare match - Disable interrupt (IMIB) by the
interrupt enable bit B IMFB bit
IMIEB - Enable interrupt (IMIB) by the RW
IMFB bit
Input capture/compare match - Disable interrupt (IMIC) by the
interrupt enable bit C IMFC bit
IMIEC - Enable interrupt (IMIC) by the RW
IMFC bit
Input capture/compare match - Disable interrupt (IMID) by the
interrupt enable bit D IMFD bit
IMIED - Enable interrupt (IMID) by the RW
IMFD bit
Overflow /underflow interrupt enable |0 : Disable interrupt (OVI) by the
bit OVF bit
OVIE - Enable interrupt (OV1) by the RW
OVF bit
— Nothing is assigned. If necessary, set to 0.
(b7-b5) [When read, the contentis 1. -

Figure 14.69 Registers TRDIERO to TRDIER1 in PWM Mode
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Timer RD PWM Mode Output Level Control Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
M/\T/\/l,\/\b\/l I I I Symbol Address After Reset
TRDPOCRO 0145h 11111000b
TRDPOCR1 0155h 11111000b
Bit Symbol Bit Name Function RwW
PWM mode output level control bit - “L" active TRDIOBI output level is
B selected
POLB - “H" active TRDIOBI output level is RW
selected
PWM mode output level control bit - “L" active TRDIOCI output level is
C selected
POLC - “H" active TRDIOCI output level is RW
selected
PWM mode output level control bit - “L" active TRDIODi output level is
D selected
POLD - “H" active TRDIODI output level is RW
selected
— Nothing is assigned. If necessary, set to 0.
(b7-b3) [When read, the contentis 1. -
Figure 14.70 Registers TRDPOCRO0 to TRDPOCR1 in PWM Mode
Timer RD Counter i (i = 0 or 1)V
(b15) (b8)
b7 b0 b7 b0
I Symbol Address After Reset
TRDO 0147h-0146h 0000h
TRD1 0157h-0156h 0000h
Function Setting Range RW
Count a count source. Count operation is incremented. 0000h to FFFFh
| When an overflow occurs, the OVF bit in the TRDSRI register is setto 1. RW
NOTE:
1. Access the TRDi register in 16-bit units. Do not access it in 8-bit units.

Figure 14.71 Registers TRDO to TRD1 in PWM Mode
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Timer RD General Registers Ai, Bi, Ci, and Di (i = 0 or 1){"

(b15) (b8)

b7 b0 b7 b0
Symbol Address After Reset
TRDGRAOQ 0149h-0148h FFFFh
TRDGRBO 014Bh-014Ah FFFFh
TRDGRCO 014Dh-014Ch FFFFh
TRDGRDO 014Fh-014Eh FFFFh
TRDGRA1 0159h-0158h FFFFh
TRDGRB1 015Bh-015Ah FFFFh
TRDGRC1 015Dh-015Ch FEFFh
TRDGRD1 015Fh-015Eh FFFFh
Function RW
Refer to Table 14.28 TRDGRji Register Functions in PWM Mode. W

NOTE
1. Access registers TRDGRAI to TRDGRDI in 16-bit units. Do not access themin 8-bit units.

Figure 14.72 Registers TRDGRAIi, TRDGRBi, TRDGRCIi, and TRDGRDi in PWM Mode

The following registers are disabled in the PWM mode: TRDDFO0, TRDDF1, TRDIORAO, TRDIORCO,
TRDIORAL, and TRDIORC].

Table 14.28 TRDGRji Register Functions in PWM Mode

Register Setting Register Function PWM Output Pin
TRDGRAI |- General register. Set the PWM period -
TRDGRBI General register. Set the changing point of PWM output | TRDIOBI

TRDGRCi |BFCi=0 General register. Set the changing point of PWM output | TRDIOCI
TRDGRDi |BFDi=0 TRDIODi
TRDGRCi |BFCi=1 Buffer register. Set the next PWM period. -
(Refer to 14.3.2 Buffer Operation.)
TRDGRDi |BFDi=1 Buffer register. Set the changing point of the next PWM | TRDIOBI
output. (Refer to 14.3.2 Buffer Operation.)

i=0or1
BFCi, BFDi: Bits in TRDMR register
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TRDIOBEi output

TRDIOCi output

TRDIODI output

IMFA bit in
TRDSRi register

IMFB bit in
TRDSRi register

IMFC bit in
TRDSRi register

IMFD bit in
TRDSRi register

i=0or1

Value in TRDi register

m - P L L L T T o
=L e (.
™ 1 L}
|
' ]
I | ]
1
AL e [ [
== 1 ) 1]
— |_-
a I i | i
] 1 ] . 1 m+1 ] ! ]
1 1 L] - L 1
_ n+1 i m-n_
Active level “H™ 1 —% Inactive level “L"
;
X initial output “L" fo § - P e m-p ! i
compare match i i
A1
1 ]
W nia output *H" to Inactive level K"
compare match i H
H 1 f [l a1 m-q H
] 1 L] 1 1] 1] 1] [} 1
: ]
Active level “L”
H
1
]
\ Initial output “L" to :
compare match _‘ _‘ :
H :
0 ' i
T T
A A
1 Set to 0 by a program Set to 0 by a program
] | ] | 1
1 1 1
1
]

; e

Pl

Set to 0 by a program

s

A

Set to 0 by a program

—

The above applies under the following conditions:
Bits BFCi and BFDi in the TRDMR register are set to 0 (registers TRDGRCi and TRDGRDiI are nof used as buffer registers).
Bits EBi, ECi and EDi in the TRDOER1 register are zet to 0 (enable TRDIOBI, TRDIOCi and TRDIODI pin outputs).

Bits TOBi and TOCi in the TRDOCR register are set to 0 (inactive level), the TODi bit is sef to 1 (active level).

The POLE bit in the TRDPOCRI register is set to 1 (active level “H"), bits POLC and POLD are set to 0 (active level °L7).

m: Value set in TRDGRAI register
n: Value set in TRDGREI register
p: Value set in TRDGRCI register
q: Value set in TRDGRDiI register

Figure 14.73 Operating Example of PWM Mode
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Value in TRDi register

I U O A e il A A A O L
TTT oo oo o o o o o o o o o gy e e
) S R
H
P
, :
i :
0000h :
;
TSTARTI bitin 1 !
TRDSTR register 0 I H H Since no compare match in the TRDGREBI register is
{ ‘/generated, “L" iz not applied to the TRDIOBI output
[ Fa ¥
g
TRDIOEi output Duty 0% H
1
TRDGREI register n K p (p=m) X q
] 1
““—-——— Rewrite by a program -l-"‘
IMFA bit in 1 1 H
TRDSRiregister : 1
/ Setto 0 b
Set to 0 by a program Elto @ by @ program
IMFB bitin 1
TRDSRi register /

Value in TRDi register

M e e e e e ————r—————
p _____________________
: H
Nipee-- H H
] 1
1] 1
] 1
0000h ] ! :
1 H :
: I I |
i i i i
; - : '
TSTARTibitin 1 y ; :

‘When compare matches with registers TRDGRAI and TRDGREi are generated
0 simultaneously, the compare match with the TRDGREi register has priority.

¥ “L" iz applied to the TRDIOBI output without any change.

L}

TRDIOBI output Duty 100%

TRDSTR register

fany
47

&
T‘\ “L" is applied to TRDIOBI output at compare match
I with the TRDGREi register with no change.

TRDGRBI register n h m X p H
]

* Rewrite by a program

IMFA bitin 1
TRDSRiregister i | !
- N b4
Set to 0 by a program j Set to 0 by a program

waeze W TV B4

i=0or1 m: Value set in TRDGRAI register

The above applies under the following conditions:
The EBi bit in the TRDOER1 register is set to 0 (enable TRDIOBi output).
The POLE bit in the TRDPOCRI register is set to 0 (active level “L~).

Figure 14.74 Operating Example of PWM Mode (Duty 0%, Duty 100%)
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14.3.8 Reset Synchronous PWM Mode

In this mode, 3 normal-phases and 3 counter-phases of the PWM waveform are output with the same period
(three-phase, sawtooth wave modulation, and no dead time).

Figure 14.75 shows a Block Diagram of Reset Synchronous PWM Mode, and Table 14.29 lists the Reset
Synchronous PWM Mode Specifications. Figures 14.76 to 14.83 show the Registers Associated with Reset
Synchronous PWM Mode and Figure 14.84 shows an Operating Example of Reset Synchronous PWM Mode.
Refer to Figure 14.74 Operating Example of PWM Mode (Duty 0%, Duty 100%) for an operating example
of PWM Mode with duty 0% and duty 100%.

Buffer(" Waveform control
TRDGRCO .| TRDGRAO __ :
register ™ register > Period (O TRDIOCO
MNormal-phase
O TRDIOBO
TRDGRDO - TRDGRBO > PWM1 Counter-phase
register register (O TRDIODO
MNormal-phase
() TRDIOA1
TRDGRC1 : - TRDGRA1 - PWM2 Counter-phase
register register O TRDIOC
Normal-pha%
TRDIOB1
TRDGRD1 > TRDGRB1 - PWM3 Counter-phase
register register O TRDIOD1
NOTE:
1. When bits BFCO, BFDO, BFC1, and BFD1 in the TRDMR register are set to 1 (buffer register).

Figure 14.75 Block Diagram of Reset Synchronous PWM Mode
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Table 14.29 Reset Synchronous PWM Mode Specifications

ltem

Specification

Count sources

1, 2, f4, 18, f32, fOCO40M
External signal input to the TRDCLK pin (valid edge selected by a
program)

Count operations

The TRDO register is incremented (the TRD1 register is not used).

PWM waveform

PWM period Sk x (m+1)
Active level width of normal-phase : 1/fk x (m-n)
Active level width of counter-phase: 1/fk x (n+1)
fk: Frequency of count source
m: Value set in the TRDGRAO register
n: Value set in the TRDGRBO register (PWM1 output),
Value set in the TRDGRA1 register (PWM2 output),
Value set in the TRDGRB1 register (PWM3 output)

m+1
- -
-+ -

Mormal-phase | |
-
Counter-phase | |

-
n+1 (When “L" is selected as the active level)

Count start condition

1 (count starts) is written to the TSTARTO bit in the TRDSTR register.

Count stop conditions

* 0 (count stops) is written to the TSTARTO bit in the TRDSTR register
when the CSELDO bit in the TRDSTR register is set to 1.
The PWM output pin holds output level before the count stops
*When the CSELO bit in the TRDSTR register is set to 0, the count
stops at the compare match in the TRDGRAO register.
The PWM output pin holds level after output change at compare
match.

Interrupt request generation
timing

* Compare match (the content of the TRDO register matches content
of registers TRDGRj0, TRDGRA1, and TRDGRB1).
* The TRDO register overflows

TRDIOADOQ pin function

Programmable 1/O port or TRDCLK (external clock) input

TRDIOBO pin function

PWM1 output normal-phase output

TRDIODO pin function

PWM1 output counter-phase output

TRDIOA1 pin function

PWMZ2 output normal-phase output

TRDIOC1 pin function

PWM2 output counter-phase output

TRDIOB1 pin function

PWM3 output normal-phase output

TRDIOD1 pin function

PWM3 output counter-phase output

TRDIOCO pin function

Output inverted every PWM period

INTO pin function

Programmable 1/O port, pulse output forced cutoff signal input, or
INTO interrupt input

Read from timer

The count value can be read by reading the TRDO register.

Write to timer

The value can be written to the TRDO register.

Select functions

* The active level of normal-phase and counter-phase and initial
output level selected individually.

« Buffer operation (Refer to 14.3.2 Buffer Operation.)

* Pulse output forced cutoff signal input (Refer to 14.3.4 Pulse
Output Forced Cutoff.)

j = either A, B, C, orD
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Timer RD Start Register("
b7 b6 b5 b4 b3 b2 b1 b0
M/\I/\/M | I I I Symbol Address After Reset
TRDSTR 0137h 11111100b
Bit Symbol Bit Name Function RwW
TRDO count start flag® 0 : Count stops®@
TSTARTO 1 : Count starts RW
TRD1 count start flag® 0 : Count stops®!
TSTARTI 1 : Count starts RW
TRDO count operation select bit |0 : Count stops at compare match w ith the
TRDGRAO register
CSELO 1 : Count continues at compare match w ith the RW
TRDGRAO register
TRD1 count operation select bit |0 : Count stops at compare match w ith the
TRDGRA1 register
CSEL1 1 : Count continues at compare match w ith the RW
TRDGRA1 register
— Nothing is assigned. If necessary, set to 0.
(b7-b4) [When read, the contentis 1. o
NOTES:
1. Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 14.3.12.1
TRDSTR Register of Notes on Timer RD.
2. When the CSELO bit is set to 1, write 0 to the TSTARTO bit.
3. When the CSEL1 bit is set to 1, write 0 to the TSTART1 bit.
4. When the CSELO bit is set to 0 and the compare match signal (TRDIOAO) is generated, this bit is set to 0 (count
stops).
5. When the CSEL1 bit is set to 0 and the compare match signal (TRDIOA1) is generated, this bit is set to 0 (count
stops).
Timer RD Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | |><]>‘]><| D| Symbol Address After Reset
TRDVR 0138h 00001110b
Bit Symbol Bit Name Function RwW
Timer RD synchronous bit Set this bit to 0 (registers TRDO and TRD1
SYNC operate independently) in reset synchronous | RW
PWM mode.
— Nothing is assigned. If necessary, set to 0.
(b3-b1) [When read, the contentis 1. -
BFCD TRDGRCO register function select|0 : General register RW
bit 1 : Buffer register of TRDGRAUO register
BEDO TRDGRDO register function select|0 : General register RW
bit 1 : Buffer register of TRDGRBO register
BECH TRDGRC1 register function select|0 : General register RW
bit 1 : Buffer register of TRDGRA1 register
BED1 TRDGRD1 register function select|0 : General register RW
bit 1 : Buffer register of TRDGRB1 register

Figure 14.76 Registers TRDSTR and TRDMR in Reset Synchronous PWM Mode
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Timer RD Function Control Register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | I I | D| 1| Symbol Address After Reset
TRDFCR 013Ah 10000000b
Bit Symbol Bit Name Function RW
oMDO Combination mode select bits(!. 2) Set to 01b (reset synchronous PWM RW
mode) in reset synchronous PWM mode.
CMDA1 RW
Normal-phase output level select bit |0 : Initial output “H’
(in reset synchronous PWM mode or Active level “L”
OLS0 complementary PWM mode) 1 Initial output “L” RW
Active level “H’
Counter-phase output level select bit |0 : Initial output “H”
(in reset synchronous PWM mode or Active level “L”
oLS1 complementary PWM mode) 1 : Initial output “L” RW
Active level “H’
AJD trigger enable bit This bit is disabled in reset synchronous
ADTRG (in complementary PWM mode) PWM mode. RW
ADEG AJD trigger edge select bit This bit is disabled in reset synchronous RW
(in complementary PWM mode) PWM mode.
External clock input select bit 0 : BExternal clock input disabled
STCLK 1 : External clock input enabled RW
PWM3 mode select bit™ This bit is disabled in reset synchronous
PWM3 PWM mode. RW
NOTES:
1. When bits CMD1 to CMDO are set to 01b, 10b, or 11b, the MCU enters reset synchronous PWM mode or
complementary PWM mode in spite of the setting of the TRDPMR register.
2. Set bits CMD1 to CMDO w hen both the TSTARTO and TSTART1 bits are set to 0 (count stops).
3. When bits CMD1 to CMDO are set to 00b (timer mode, PWM mode, or PWIM3 mode), the setting of the PWIM3 bit is
enabled.

Figure 14.77 TRDFCR Register in Reset Synchronous PWM Mode
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Timer RD Output Master Enable Register 1
b7 b6 b5 b4 b3 b2 b1 bl

| I I | I | I I 1] Symbol Address After Reset
TRDOER1 013Bh FFh

Bit Symbol Bit Name Function RwW
TRDIOAO output disable bit Set this bit to 1 (the TRDIOAO pin is
EAD used as a programmable VO port) inreset | pw
synchronous PWM mode.
TRDIOBO output disable bit 0 : Enable output

EBD 1 : Disable output (The TRDIOBO pin is RW
used as a programmable /O port.)
TRDIOCO output disable bit 0 : Enable output

ECD 1 : Disable output (The TRDIOCO pin is RW
used as a programmable /O port.)
TRDIODO output disable bit 0 : Enable output

EDD 1 : Disable output (The TRDIODO pin is RW
used as a programmable /O port.)
TRDIOA1 output disable bit 0 : Enable output

EA1 1 : Disable output (The TRDIOA1 pin is RW
used as a programmable /O port.)
TRDIOB1 output disable bit 0 : Enable output

EB1 1 : Disable output (The TRDIOB1 pin is RW
used as a programmable /O port.)
TRDIOC1 output disable bit 0 : Enable output

EC1 1 : Disable output (The TRDIOC1 pin is RW
used as a programmable /O port.)
TRDIOD1 output disable bit 0 : Enable output

EDA1 1 : Disable output (The TRDIOD1 pin is RW
used as a programmable /O port.)

Timer RD Output Master Enable Register 2

b7 b6 b5 b4 b3 b2 b1 b0

| DODDDDD]  sympo Address After Reset
TRDOER2 013Ch 01111111b
Bit Symbol Bit Name | Function RW

— Nothing is assigned. If necessary, set to 0.

(b6-b0) [When read, the contentis 1.

INTO of pulse output forced 0 : Pulse output forced cutoff input disabled
cutoff signal input enabled bit™" |1 : Pulse output forced cutoff input enabled
(All bits in the TRDOER1 register

PTO i R RW
are set to 1 (disable output) when “L” is

applied to the INTO pin.)

.

NOTE:
1. Refer to 14.3.4 Pulse Output Forced Cutoff.

Figure 14.78 Registers TRDOER1 to TRDOER2 in Reset Synchronous PWM Mode
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Timer RD Control Register 0¢)

b7 b6 b5 b4 b3 b2 b1 b0

|0|0| 1| I | I I I Symbol Address After Reset
TRDCRO 0140h 00h
Bit Symbol Bit Name Function RwW
Count source select bits b2 b1b0

TCKO 000:f1 RW
00 1:f2
010:f4

TCKA4 011:f8 RW
100:f32
1 0 1: TRDCLK inputt
1 1 0:fOCO40M

TeKk2 1 1 1: Do not set. RW

External clock edge select bits @) [b4b3

CKEGO 0 0 : Count at the rising edge RW
0 1: Count at the falling edge
1 0: Count at both edges
1 1: Do not set.

CKEG1 RW

CCLRD TRDO counter clear select bits | Set to 001b (TRDO register cleared at compare | RW

CCLR1 match with TRDGRAO register) in reset RW

CCLR? synchronous PWM mode. RW

NOTES:
1. This setting is enabled w hen the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
2. Bits CKEG1 to CKEGO are enabled w hen bits TCK2 to TCKO are set to 101b (TRDCLK input) and the STCLK bit in the
TRDFCR register is set to 1 (external clock input enabled).

3. The TRDCR1 register is not used in reset synchronous PWM mode.

Figure 14.79 TRDCRO Register in Reset Synchronous PWM Mode

Rev.3.00 Feb 29,2008 Page 231 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 14.Timers
Timer RD Status Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
[\(D’J | | | | | | Symbol Address After Reset
TRDSRO 0143h 11100000b
TRDSR1 0153h 11000000b
Bit Symbol Bit Name Function RwW
Input capture/compare match |[Source for setting this bit to 0]
flag A Write 0 after read®@).
IMFA [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRA. register.
Input capture/compare match |[Source for setting this bit to 07]
flag B Write 0 after read®.
IMFB [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRBI register.
Input capture/compare match |[Source for setting this bit to 0]
flag C Write 0 after read®.
MFC [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRCi register®®).
Input capture/compare match |[Source for setting this bit to 0]
flag D Write 0 after read®.
IMFD [Source for setting this bit to 1] RW
When the value in the TRDi register matches w ith
the value in the TRDGRDI register®.
Qverflow flag [Source for setting this bit to 0]
Write 0 after read®.
OVF [Source for setting this bit to 1] RW
When the TRDi register overflows.
€] is bit is di i
UDE Underflow flag This bit is disabled in reset synchronous PWM RW
mode.
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the contentis 1. _
NOTES:
1. Nothing is assigned to b5 in the TRDSRO register. When w riting to b5, write 0. When reading, the content is 1.
2. The writing results are as follow s:
* This bit is set to 0 w hen the read result is 1 and 0 is w ritten to the same bit.
+ This bit remains unchanged even if the read result is 0 and 0 is w ritten to the same bit (this bit remains
1evenifitis setto 1 fromO0 after reading, and w riting 0).
+ This bit remains unchanged if 1 is written to it.
3. Including w hen the BFji bit in the TRDMR register is set to 1 (TRDGRJi is used as the buffer register).

Figure 14.80 Registers TRDSR0 to TRDSR1 in Reset Synchronous PWM Mode

Rev.3.00

Feb 29,2008 Page 232 0f 485 . RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

14. Timers

Timer RD Interrupt Enable Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
M/\N I | I I I Symbol Address After Reset
TRDIERO 0144h 11100000b
TRDIER1 0154h 11100000b
Bit Symbol Bit Name Function RwW
Input capture/compare match - Disable interrupt (IMIA) by the
interrupt enable bit A IMFA bit
IMIEA - Enable interrupt (IMIA) by the RW
IMFA bit
Input capture/compare match - Disable interrupt (IMIB) by the
interrupt enable bit B IMFB bit
IMIEB - Enable interrupt (IMIB) by the RW
IMFB bit
Input capture/compare match - Disable interrupt (IMIC) by the
interrupt enable bit C IMFC bit
MIEC - Enable interrupt (IMIC) by the RW
IMFC bit
Input capture/compare match - Disable interrupt (IMID) by the
interrupt enable bit D IMFD bit
IMIED - Enable interrupt (IMID) by the RW
IMFD bit
Qverflow /underflow interrupt enable |0 : Disable interrupt (OVI) by the
bit OVF bit
OVIE - Enable interrupt (OV) by the RW
OVF bit
— Nothing is assigned. If necessary, set to 0.
(b7-b5) [When read, the contentis 1. _
Figure 14.81 Registers TRDIERO to TRDIER1 in Reset Synchronous PWM Mode
Timer RD Counter 0" 2)
(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
TRDO 0147h-0146h 0000h
Function Setting Range RwW
Count a count source. Count operation is incremented. 0000h to FFFFh
L[| When an overflow occurs, the OVF bit in the TRDSRO register is setto 1. RW
NOTES:
1. Access the TRDO register in 16-bit units. Do not access it in 8-bit units.
2. The TRD1 register is not used in reset synchronous PWM mode.

Figure 14.82 TRDO Registrar in Reset Synchronous PWM Mode
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Timer RD General Registers Ai, Bi, Ci, and Di (i = 0 or 1){"

(b15)
b7

(b3)
b0 b7

b0

NOTE

Symbol Address After Reset

TRDGRAD 0149h-0148h FFFFh
TRDGRBO 014Bh-014Ah FFFFh
TRDGRCO 014Dh-014Ch FFFFh
TRDGRDO 014Fh-014Eh FFFFh
TRDGRA1 0159h-0158h FFFFh
TRDGRB1 015Bh-015Ah FFFFh
TRDGRC1 015Dh-015Ch FEFFh
TRDGRD1 015Fh-015Eh FFFFh

Function RW

Refer to Table 14.30 TRDGRji Register Functions in Reset Synchronous PWM Mode. RW

1. Access registers TRDGRAI to TRDGRDI in 16-bit units. Do not access themin 8-bit units.

Figure 14.83 Registers TRDGRAI, TRDGRBIi, TRDGRCi, and TRDGRDi in Reset Synchronous PWM Mode

The following registers are disabled in the reset synchronous PWM mode: TRDPMR, TRDOCR, TRDDEFO,
TRDDF1, TRDIORAO, TRDIORCO, TRDPOCRO, TRDIORAI, TRDIORCI, and TRDPOCRI.

Table 14.30 TRDGRji Register Functions in Reset Synchronous PWM Mode

Register Setting Register Function PWM Qutput Pin
TRDGRAO - General register. Set the PWM period. (Output inverted every PWM
period and TRDIOCO pin)
TRDGRBO - General register. Set the changing point of | TRDIOBO
PWM1 output. TRDIODO
TRDGRCO BFCO0=0 (These registers are not used in reset -
TRDGRDO BFD0O=0 synchronous PWM mode.)
TRDGRA1 - General register. Set the changing point of | TRDIOA1
PWM2 output. TRDIOC1
TRDGRB1 - General register. Set the changing point of | TRDIOB1
PWM3 output. TRDIOD1
TRDGRCA BFC1=0 (These points are not used in reset -
TRDGRD1 BFD1=0 synchronous PWM mode.)
TRDGRCO BFCO0 =1 Buffer register. Set the next PWM period. | (Output inversed every PWM
(Refer to 14.3.2 Buffer Operation.) period and TRDIOCO pin)
TRDGRDO BFDO =1 Buffer register. Set the changing point of TRDIOBO
the next PWM1 output. TRDIODO
(Refer to 14.3.2 Buffer Operation.)
TRDGRCA1 BFC1 =1 Buffer register. Set the changing point of TRDIOA1
the next PWM2 output. TRDIOCA1
(Refer to 14.3.2 Buffer Operation.)
TRDGRD1 BFD1 =1 Buffer register. Set the changing point of TRDIOB1
the next PWM3 output. TRDIOD1
(Refer to 14.3.2 Buffer Operation.)

BFCO, BFDO, BFC1, BFD1: Bits in TRDMR register
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Value in TRDO register

3 e

nke==== = —————

qp====== cmm=- - leeaa -
0000h |

L

TSTARTI bit in 1
TRDSTR register 0
e m+1 o ]
- : " |
-
TRDIOBD output
— n+1 -
TRDIODO output !
- mp -
- - i
TRDIOA1 output :
- p+1 -
TRDIOC1 output
- mq -
TRDIOE1 output :
Initial output “H” H T
. Active e
‘ g+l ive level “L
TRDIOD1 output

4
Active level °L”

TRDIOCO output

Initial output “H”

IMFA bit in 1
TRDSRO register 0

. Set to 0 by a program Set to 0 by a program
IMFE bitin 1 L~ : -
TRDSRO register o : e

IMFA bit in 1
TRDSRA1 register 0 :
7 AN !
- Set to 0 by a program Setto 0 by a program
IMFE bitin 1 i
TRDSR1 register / : i

Transfer from the buffer register to the Transfer from the buffer register to the
general register during buffer operation general register during buffer operation

L}
1
]
1]

m: Value set in TRDGRAD register
. n: Value set in TRDGREOD register
i=0or1 p: Value set in TRDGRA1 register
q: Value set in TRDGRE1 register
The above applies under the following conditions:
Bits OLS1 and OLS0 in the TRDFCR register are set to 0 (initial output level “H”, active level °L").

Figure 14.84 Operating Example of Reset Synchronous PWM Mode
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14.3.9 Complementary PWM Mode

In this mode, 3 normal-phases and 3 counter-phases of the PWM waveform are output with the same period
(three-phase, triangular wave modulation, and with dead time).
Figure 14.85 shows a Block Diagram of Complementary PWM Mode, and Table 14.31 lists the
Complementary PWM Mode Specifications. Figures 14.86 to 14.94 show the Registers Associated with
Complementary PWM Mode, Figure 14.95 shows the Output Model of Complementary PWM Mode, and
Figure 14.96 shows an Operating Example of Complementary PWM Mode.

Buffer

TRDGRDO
register

TRDGRAO
register

Waveform control

TRDGRC1
register

Y

TRDGRBO
register

TRDGRD1
register

A

TRDGRA1
register

Y

Y

TRDGRB1
register

Y

Period O TROIOCO
Normal-phase (O TRDIOBO
PWM1 Counter-phase (O TRDIODO
Normal-phase (O TRDIOA1
PWM2 Counter-phase (O TRDIOC1
Normal-phase (O TRDIOB1
PWM3 Counter-phase () TRDIOD1

Figure 14.85 Block Diagram of Complementary PWM Mode
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Table 14.31 Complementary PWM Mode Specifications

ltem Specification

Count sources f1, f2, f4, 18, {32, fOCO40M

External signal input to the TRDCLK pin (valid edge selected by a program)

Set bits TCK2 to TCKO in the TRDCR1 register to the same value (same count
source) as bits TCK2 to TCKO in the TRDCRO register.

Count operations Increment or decrement

Registers TRDO and TRD1 are decremented with the compare match in registers
TRDO and TRDGRAO during increment operation. The TRD1 register value is
changed from 0000h to FFFFh during decrement operation, and registers TRDO and
TRD1 are incremented.

PWM operations PWM period: 1/fk x (m+2-p) x 2(1)
Dead time: p
Active level width of normal-phase: 1/fk * (m-n-p+1) x 2
Active level width of counter-phase: 1/fk x (n+1-p) x 2
ftk: Frequency of count source
m: Value set in the TRDGRAQO register
n: Value set in the TRDGRBO register (PWM1 output)
Value set in the TRDGRA1 register (PWM2 output)
Value set in the TRDGRB1 register (PWM3 output)
p: Value set in the TRDO register

m+2-p

Y

Mormal-phase |

Counter-phase H

et -

A A

A

n+1-p T p o 1m—p—n+1' (When “L" is selected as the active level)
Count start condition 1 (count starts) is written to bits TSTARTO and TSTART1 in the TRDSTR register.
Count stop conditions 0 (count stops) is written to bits TSTARTO and TSTART1 in the TRDSTR register

when the CSELO bit in the TRDSTR register is set to 1.
(The PWM output pin holds output level before the count stops.)

Interrupt request generation |« Compare match (The content of the TRDi register matches content of the TRDGR;ji

timing register.)
* The TRD1 register underflows
TRDIOAQO pin function Programmable I/O port or TRDCLK (external clock) input
TRDIOBO pin function PWM1 output normal-phase output
TRDIODO pin function PWM1 output counter-phase output
TRDIOA1 pin function PWM2 output normal-phase output
TRDIOC1 pin function PWM2 output counter-phase output
TRDIOB1 pin function PWM3 output normal-phase output
TRDIOD1 pin function PWM3 output counter-phase output
TRDIOCO pin function Output inverted every 1/2 period of PWM
INTO pin function Programmable I/0 port, pulse output forced cutoff signal input or INTO interrupt input
Read from timer The count value can be read by reading the TRDi register.
Write to timer The value can be written to the TRDi register.
Select functions * Pulse output forced cutoff signal input (Refer to 14.3.4 Pulse Output Forced
Cutoff.)

* The active level of normal-phase and counter-phase and initial output level
selected individually

« Transfer timing from the buffer register selected

« A/D trigger generated

i=0or1,j=eitherA,B,C,orD
NOTE:
1. After a count starts, the PWM period is fixed.
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Timer RD Start Register'”

b7 b6 b5 b4 b3 b2 b1 b0

b\/l\/\[\/\]/\(] I | I | Symbol Address After Reset
TRDSTR 0137h 11111100b
Bit Symbol Bit Name Function RW
TSTARTO TRDO count start flag® 0 : Count stops®@ RW
1 : Count starts
TSTARTY TRD1 count start flag® 0 : Count stops®! RW
1 : Count starts
TRDO count operation select bit |0 : Count stops at compare match w ith
the TRDGRAO register
CSELO 1 : Count continues at compare match w ith RW
the TRDGRAO register
TRD1 count operation select bit |0 : Count stops at compare match w ith
the TRDGRA1 register
CsBL1 1 : Count continues at compare match w ith RW
the TRDGRA1 register
— Nothing is assigned. If necessary, setto 0.
(b7-b4) |When read, the contentis 1. o

NOTES:

1. Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 14.3.12.1

TRDSTR Register of Notes on Timer RD.
When the CSELO bit is set to 1, write 0 to the TSTARTO bit.
When the CSEL1 bitis set to 1, write 0 to the TSTART1 bit.

When the CSELO bit is set to 0 and the compare match signal (TRDIOAD) is generated, this bit is set to 0 (count

stops).

When the CSEL1 bit is set to 0 and the compare match signal (TRDIOA1) is generated, this bit is set to 0 (count

stops).

Figure 14.86 TRDSTR Register in Complementary PWM Mode
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Timer RD Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| I I | D]\)\/l\/\l\/q DI Symbol Address After Reset
TRDVR 0138h 00001110b
Bit Symbol Bit Name Function RwW
Timer RD synchronous bit Set this bit to 0 (registers TRDO and TRD1
operate independently) in complementary
SYNC PWM mode. RW
— Nothing is assigned. If necessary, set to 0.
(b3-b1) [When read, the contentis 1. _
TRDGRCO register function select bit | Set this bit to 0 (general register) in
BECO complementary PWM mode. RW
TRDGRDO register function select bit |0 - General register
BEDO 1 : Buffer register of TRDGRBO register RW
TRDGRC1 register function select bit |0 - General register
BECA 1 : Buffer register of TRDGRA1 register RW
TRDGRD1 register function select bit |0 - General register
BEDA1 1 : Buffer register of TRDGRB1 register RW

Figure 14.87 TRDMR Register in Complementary PWM Mode
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Timer RD Function Control Register
b7 b6 b5 b4 b3 b2 b1 bl

| I | | | | | | | Symbol Address After Reset

TRDFCR 013Ah 10000000b
Bit Symbol Bit Name Function RwW
Combination mode select bits("2) b1b0
1 0 : Complementary PWIM mode
(transfer from the
CMDO buffer register to the general RwW

register at the underflow in
the TRD1 register)
1 1 : Complementary PWM mode
(transfer from the
buffer register to the general
CMD1 register at the compare match w ith RW
registers TRDO and TRDGRAOD.)
Other than above : Do not set.

Normal-phase output level select bit |0 : Initial output “H’
(in reset synchronous PWM mode or Active level “L”
oLsg |complementary PWM mode) 1 : Inttial output “L” RW
Active level “H’

Counter-phase output level select bit |0 : Initial output “H”
(in reset synchronous PWM mode or Active level “L”
oLS1 complementary PWM mode) 1 : Inttial output “L” RW
Active level “H’

AJD trigger enable bit 0 : Disable A/D trigger

ADTRG |(in complementary PWIM mode) 1 : Enable A/D trigger® RW
AJD trigger edge select bit 0 : A/D trigger is generated at
(in complementary PWM mode) compare match betw een registers

ADEG TRDO and TRDGRAO RW

1 : A/D trigger is generated at underflow
in the TRD1 register

External clock input select bit 0 : External clock input disabled
STCLK 1 : BExternal clock input enabled RW
it This bit is disabled in complementary PWM
PWM3 PWM3 mode select bit e mp ry RW
e
NOTES:
1. When setting bits CMD1 to CMDO to 10b or 11b, the MCU enters complementary PWM mode in spite of the setting of
the TRDPMR register.

2. Set bits CMD1 to CMDO w hen both the TSTARTO and TSTART1 bits are set to 0 (count stops).
Set the ADCAP bit in the ADCONO register to 1 (starts by timer RD).

4. When bits CMD1 to CMDO are set to 00b (timer mode, PWM mode, or PWIM3 mode), the setting of the PWIM3 bit is
enabled.

@

Figure 14.88 TRDFCR Register in Complementary PWM Mode
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Timer RD Output Master Enable Register 1
b7 b6 b5 b4 b3 b2 b1 b0
| I I | I | I I 1] Symbol Address After Reset
TRDOER1 013Bh FFh
Bit Symbol Bit Name Function RwW
TRDIOAO output disable bit Set this bit to 1 (the TRDIOAO pin is
used as a programmable IO port) in
EAO complementary PWM mode. RW
TRDIOBO output disable bit 0 : Enable output
EBD 1 : Disable output (The TRDIOBO pin is RW
used as a programmable /O port.)
TRDIOCO output disable bit 0 : Enable output
ECD 1 : Disable output (The TRDIOCO pin is RW
used as a programmable /O port.)
TRDIODO output disable bit 0 : Enable output
EDD 1 : Disable output (The TRDIODO pin is RW
used as a programmable /O port.)
TRDIOA1 output disable bit 0 : Enable output
EA1 1 : Disable output (The TRDIOA1 pin is RW
used as a programmable /O port.)
TRDIOB1 output disable bit 0 : Enable output
EB1 1 : Disable output (The TRDIOB1 pin is RW
used as a programmable /O port.)
TRDIOC1 output disable bit 0 : Enable output
EC1 1 : Disable output (The TRDIOC1 pin is RW
used as a programmable /O port.)
TRDIOD1 output disable bit 0 : Enable output
EDA1 1 : Disable output (The TRDIOD1 pin is RW
used as a programmable /O port.)
Timer RD Output Master Enable Register 2
b7 b6 b5 b4 b3 b2 b1 b0
| DOODDDN]  sympol Address After Reset
TRDOERZ 013Ch 01111111b
Bit Symbol Bit Name | Function RwW
— Nothing is assigned. If necessary, set to 0.
(b6-b0) [When read, the contentis 1. -
INTO of pulse output forced 0 : Pulse output forced cutoff input disabled
cutoff signal input enabled bit™" |1 : Pulse output forced cutoff input enabled
(All bits in the TRDOER1 register
PTO i R RW
are set to 1 (disable output) when “L” is
applied to the INTO pin.)
NOTE:
1. Refer to 14.3.4 Pulse Output Forced Cutoff.

Figure 14.89 Registers TRDOER1 to TRDOER2 in Complementary PWM Mode
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Timer RD Control Registeri (i = 0 or 1)

b7 b6 b5 b4 b3 b2 b1 b0

|0|0| 0| | | | | | Symbol Address After Reset
TRDCRO 0140h 00h
TRDCR1 0150h 00h
Bit Symbol Bit Name Function RwW
Count source select bits@ b2 b1 b0
TCKO 000:f1 RW
001:f2
010:f4
TCKA4 011:f8 RW
100:132
1 0 1: TRDCLK inputt
1 1 0:fOCO40M
TeKk2 1 1 1: Do not set. RW
External clock edge select bits@3) [b4b3
CKEGO 0 0 : Count at the rising edge RW
0 1 : Count at the falling edge
1 0: Count at both edges
1 1: Do not set.
CKEG1 RW
TRDi counter clear select bits Set to 000b (disable clearing (free-running
CCLRO . . RW
operation)) in complementary PWM mode.
CCLR1 RW
CCLR2 RW

NOTES:
1. This setting is enabled w hen the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
2. Set bits TCK2 to TCKO and bits CKEG1 to CKEGO in registers TRDCR0O and TRDCR1 to the same values.

3. Bits CKEG1 to CKEGO are enabled w hen bits TCK2 to TCKO are set to 101b (TRDCLK input) and the STCLK bit in the
TRDFCR register is set to 1 (external clock input enabled).

Figure 14.90 Registers TRDCR0 to TRDCR1 in Complementary PWM Mode
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Timer RD Status Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
[\(D’J | | | | | | Symbol Address After Reset
TRDSRO 0143h 11100000b
TRDSR1 0153h 11000000b
Bit Symbol Bit Name Function RwW
Input capture/compare match flag A |[Source for setting this bit to 0]
Write 0 after read®@).
[Source for setting this bit to 1]
| IMFA When the value in the TRDi register RW
matches with the value in the TRDGRAI
register.
Input capture/compare match flag B |[Source for setting this bit to 0]
Write 0 after read®@).
[Source for setting this bit to 1]

MFB When the value in the TRDi register RW
matches w ith the value in the TRDGRBI
register.

Input capture/compare match flag C |[Source for setting this bit to 0]
Write 0 after read®.
[Source for setting this bit to 1]

IMFC When the value in the TRDi register RW
matches w ith the value in the TRDGRCI
register®.

Input capture/compare match flag D |[Source for setting this bit to 0]
Write 0 after read®.
[Source for setting this bit to 1]

IMFD When the value in the TRDi register RW
matches w ith the value in the TRDGRDI
register®.

Qverflow flag [Source for setting this bit to 0]
Write 0 after read®.

OVF [Source for setting this bit to 1] RW

When the TRDi register overflow s.
Underflow flag™ [Source for setting this bit to 0]
Write 0 after read®@).
UDF [Source for setting this bit to 1] RW
When the TRD1 register underflow s.
— Nothing is assigned. If necessary, set to 0.
(b7-b6) [When read, the contentis 1. _
NOTES:

1. Nothing is assigned to b5 in the TRDSRO register. When w riting to b5, write 0. When reading, the content is 1.
2. The writing results are as follow s:

* This bit is set to 0 w hen the read result is 1 and 0 is w ritten to the same bit.

+ This bit remains unchanged even if the read result is 0 and 0 is w ritten to the same bit (this bit remains

1evenifitis setto 1 fromO0 after reading, and w riting 0).

+ This bit remains unchanged if 1 is written to it.

3. Including w hen the BFji bit in the TRDMR register is set to 1 (TRDGRJi is used as the buffer register).

Figure 14.91 Registers TRDSR0 to TRDSR1 in Complementary PWM Mode
Rev.3.00 Feb29,2008 Page2430f485 . RLENESANAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group

14. Timers

b7 b6 b5 b4 b3 b2 b1 b0

DL I ]

Timer RD Interrupt Enable Registeri (i= 0 or 1)

Symbol Address After Reset
TRDIERO 0144h 11100000b
TRDIER1 0154h 11100000b
Bit Symbol Bit Name Function RwW
Input capture/compare match - Disable interrupt (IMIA) by the
interrupt enable bit A IMFA bit
IMIEA - Enable interrupt (IMIA) by the RW
IMFA bit
Input capture/compare match - Disable interrupt (IMIB) by the
interrupt enable bit B IMFB bit
IMIEB - Enable interrupt (IMIB) by the RW
IMFB bit
Input capture/compare match - Disable interrupt (IMIC) by the
interrupt enable bit C IMFC bit
IMIEC - Enable interrupt (IMIC) by the RW
IMFC bit
Input capture/compare match - Disable interrupt (IMID) by the
interrupt enable bit D IMFD bit
IMIED - Enable interrupt (IMID) by the RW
IMFD bit
Overflow /underflow interrupt enable |0 : Disable interrupt (OVI) by the
bit OVF and UDF bits
OVIE - Enable interrupt (OV1) by the RW
OVF and UDF bits
— Nothing is assigned. If necessary, set to 0.
(b7-b5) [When read, the contentis 1. -

Figure 14.92 Registers TRDIERO to TRDIER1 in Complementary PWM Mode
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Timer RD Counter 0
(b15) (08)
b7 b0 b7 b0
Symbol Address After Reset
TRDO 0147h-0146h 0000h
Function Setting Range RwW
Set the dead time. 0000h to FFFFh
Count a count source. Count operation is incremented or decremented.
“|When an overflow occurs, the OVF bit in the TRDSRO register is set to 1. RW
NOTE:
1. Access the TRDO register in 16-bit units. Do not access it in 8-bit units.
Timer RD Counter 1)
(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
TRD1 0157h-0156h 0000h
Function Setting Range RW
Select 0000h. 0000h to FFFFh
Count a count source. Count operation is incremented or decremented.
|When an underflow occurs, the UDF bit in the TRDSR1 register is setto 1. RW
NOTE:
1. Access the TRD1 register in 16-bit units. Do not access it in 8-bit units.
Figure 14.93 Registers TRDO0 to TRD1 in Complementary PWM Mode
Timer RD General Registers Ai, Bi, C1, and Di (i = 0 or 1){"- 2
(b15) (08)
b7 b0 b7 b0
Symbol Address After Reset
TRDGRAO 0149h-0148h FFFFh
TRDGRBO 014Bh-014Ah FFFFh
TRDGRDO 014Fh-014Eh FFFFh
TRDGRA1 0159h-0158h FFFFh
TRDGRB1 015Bh-015Ah FFFFh
TRDGRC1 015Dh-015Ch FFFFh
TRDGRD1 015Fh-015Eh FFFFh
Function RwW
Refer to Table 14.32 TRDGRji Register Functions in Complementary PWM Mode. RW
NOTES:
1. Access registers TRDGRAI to TRDGRDI in 16-bit units. Do not access themin 8-bit units.
2. The TRDGRCO register is not used in complementary PWM mode.

Figure 14.94 Registers TRDGRAI, TRDGRBIi, TRDGRC1, and TRDGRDi in Complementary PWM Mode

The following registers are disabled in the complementary PWM mode: TRDPMR, TRDOCR, TRDDFO,
TRDDF1, TRDIORAOQ, TRDIORCO, TRDPOCRO, TRDIORAI, TRDIORCI, and TRDPOCRI.
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Table 14.32 TRDGRji Register Functions in Complementary PWM Mode

Register

Setting

Register Function

PWM Output Pin

TRDGRAO

General register. Set the PWM period at initialization.

Setting range: Setting value or above in TRDO register
FFFFh - TRDO register setting value or below

Do not write to this register when the TSTARTO and TSTART1

bits in the TRDSTR register are set to 1 (count starts).

(Output inverted every half
period of TRDIOCO pin)

TRDGRBO

General register. Set the changing point of PWM1 output at

initialization.

Setting range: Setting value or above in TRDO register
TRDGRAQO register - TRDO register setting
value or below

Do not write to this register when the TSTARTO and TSTART1

bits in the TRDSTR register are set to 1 (count starts).

TRDIOBO
TRDIODO

TRDGRA1

General register. Set the changing point of PWM2 output at

initialization.

Setting range: Setting value or above in TRDO register
TRDGRAQO register - TRDO register setting
value or below

Do not write to this register when the TSTARTO and TSTART1

bits in the TRDSTR register are set to 1 (count starts).

TRDIOA1
TRDIOC1

TRDGRB1

General register. Set the changing point of PWM3 output at

initialization.

Setting range: Setting value or above in TRDO register
TRDGRAQO register - TRDO register setting
value or below

Do not write to this register when the TSTARTO and TSTART1

bits in the TRDSTR register are set to 1 (count starts).

TRDIOB1
TRDIOD1

TRDGRCO

This register is not used in complementary PWM mode.

TRDGRDO

BFDO = 1

Buffer register. Set the changing point of next PWM1 output.

(Refer to 14.3.2 Buffer Operation.)

Setting range: Setting value or above in TRDO register
TRDGRAQO register - TRDO register setting
value or below

Set this register to the same value as the TRDGRBO register

for initialization.

TRDIOBO
TRDIODO

TRDGRCA1

BFC1=1

Buffer register. Set the changing point of next PWM2 output.

(Refer to 14.3.2 Buffer Operation.)

Setting range: Setting value or above in TRDO register
TRDGRAQO register - TRDO register setting
value or below

Set this register to the same value as the TRDGRA1 register

for initialization.

TRDIOA1
TRDIOC1

TRDGRD1

BFD1 =1

Buffer register. Set the changing point of next PWM3 output.

(Refer to 14.3.2 Buffer Operation.)

Setting range: Setting value or above in TRDO register
TRDGRAQO register - TRDO register setting
value or below

Set this register to the same value as the TRDGRB1 register

for initialization.

TRDIOB1
TRDIOD1

BFCO, BFDO, BFC1, BFD1: Bits in TRDMR register

Since values cannot be written to the TRDGRB0, TRDGRAI1, or TRDGRBI register directly after count
operation starts (prohibited item), use the TRDGRDO0, TRDGRCI1, or TRDGRDI1 register as a buffer register.
However, to write data to the TRDGRDO, TRDGRC1, or TRDGRDI register, set bits BFD0, BFC1, and BFD1
to 0 (general register). After this, bits BFD0, BFC1, and BFD1 may be set to 1 (buffer register).
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Value in TRDi register

Value in TROGRAO | ____ e A N ROttt
ist
register H Value in TRD1 register :
0 1
1 1

Value in TRDGREOD

register | /I
1

Value in TRDGRA1
register

e e e A e s Lt

Value in TRDGRE1
register

L ol ST

. X\-

—mpmm——

:\ --3----- S S N

0000h H

TRDIOBO output H H [

TRDICODO output

TRDIOAT output I ! 1

TRDIOCT output H

TRDIOB output i

TRDIOD1 output

TRDIOCO output

i=0or1

Figure 14.95 Output Model of Complementary PWM Mode
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Count source

Value in TRDi register

m+1 - -
m -
Value in TRDO register
n -
Value in TRD1 register
p -
0000h |
Set fo
FFFFh § |}
Bits TSTARTD and TSTART1 1
in TRDSTR register
TRDIOBOD cutput ‘\ —‘.’/"
Initial output “H"
¥ —
Active level “L”
TRDICDO output /
TRDIOCO cufput \
Initial output “H"
_ m+2-p o
. n+1 - ‘m-p-n+1__
- n+1-p R - g n+1-p -
-t - -t
Bl - -
(m-p-n+1) =2 Dead (n+1-p) =2
Width of normal- time Width of counter-phase active level
phase active level
UDF bit in 1
TRDSR1 register 0
IMFA bit in 1 | Set to 0 by a program
TRDSRO register e

TRDGRED register n n
X 4

E Transfer (when bits CMD1 to CMDO
1 are sef to 10b)

T
Transfer (when bits CMD1 to CMDO are set to 11b)
'

TRDGRDO register n Following data

‘\ Modify with a program

IMFB bit in 1 Set to 0 by a program . Set to 0 by a program
TRDSRO register g |t/ ¥ 2 preg Vel yaprg

CMDO, CMD1: Bits in TRDFCR register m: Value set in TRDGRAD register
n: Value set in TRDGRED register
i=0or1 p: Value set in TRDO register

The above applies under the following conditions:
Bits OLS1 and OLS0 in TRDOFCR are set to 0 {initial output level “*H", active level “L” for normal-phase and counter-phase)

Figure 14.96 Operating Example of Complementary PWM Mode
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14.3.9.1 Transfer Timing from Buffer Register

* Transfer from the TRDGRDO0O, TRDGRCI, or TRDGRDI register to the TRDGRB0, TRDGRALI, or
TRDGRBI register.
When bits CMDI1 to CMDO in the TRDFCR register are set to 10b, the content is transferred when the
TRD1 register underflows.
When bits CMDI to CMDO are set to 11b, the content is transferred at compare match between registers
TRDO and TRDGRAJ.

14.3.9.2 A/D Trigger Generation

Compare match between registers TRD0 and TRDGRAO and TRD1 underflow can be used as the conversion
start trigger of the A/D converter. The trigger is selected by bits ADEG and ADTRG in the TRDFCR register.
Also, set the ADCAP bit in the ADCONO register to 1 (starts by timer RD).
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14.3.10 PWM3 Mode

In this mode, 2 PWM waveforms are output with the same period.

Figure 14.97 shows a Block Diagram of PWM3 Mode, and Table 14.33 lists the PWM3 Mode Specifications.
Figures 14.98 to 14.106 show the Registers Associated with PWM3 Mode, and Figure 14.107 shows an
Operating Example of PWM3 Mode.

Buffer

Compare match signal

\ | TRDO |——>| ComparatorH TRDGRAO I

Output
TRDIOAD O— control | _Compare match signal

TRDGRCO

TRDGRCA1

Compare match signal

»—pl Comparator H TRDGRBO I

Output
TRDIOBO (O— confml __ Compare match signal

.

TRDGRDO

TRDGRD1

9]
Q
3
=R
)
8
8
_|
A
[w]
2

9]
[=]
3
=
2
)
g
_|
A
lw)]
o}
A
2

Figure 14.97 Block Diagram of PWM3 Mode
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Table 14.33 PWM3 Mode Specifications

Item Specification
Count sources f1, f2, 4, 18, 32, fOCO40M
Count operations The TRDO register is incremented (the TRD1 is not used).
PWM waveform PWM period: 1/fk x (m+1)

Active level width of TRDIOAO output: 1/fk x (m-n)
Active level width of TRDIOBO output: 1/fk x (p-q)
fk: Frequency of count source
m: Value set in the TRDGRAO register
n: Value set in the TRDGRA1 register
p: Value set in the TRDGRBO register
q: Value set in the TRDGRB1 register

- m+1 et
: n+1 o -
pE .
&Ly
TRDIOAD output : :
TRDICEO output
-t oo -
(When “H" is selected as the active level)
Count start condition 1 (count starts) is written to the TSTARTO bit in the TRDSTR register.
Count stop conditions * 0 (count stops) is written to the TSTARTO bit in the TRDSTR register

when the CSELO bit in the TRDSTR register is set to 1.
The PWM output pin holds output level before the count stops
* When the CSELO bit in the TRDSTR register is set to 0, the count
stops at the compare match with the TRDGRAO register.
The PWM output pin holds level after output change by compare

match.
Interrupt request generation * Compare match (The content of the TRDi register matches content
timing of the TRDGRji register.)
* The TRDO register overflows
TRDIOAO, TRDIOBO pin PWM output

functions
TRDIOCO, TRDIODO, TRDIOA1 |Programmable 1/O port
to TRDIOD1 pin functions

INTO pin function Programmable 1/O port, pulse output forced cutoff signal input, or
INTO interrupt input
Read from timer The count value can be read by reading the TRDO register.
Write to timer The value can be written to the TRDO register.
Select functions * Pulse output forced cutoff signal input (Refer to 14.3.4 Pulse
Output Forced Cutoff.)

» Buffer Operation (Refer to 14.3.2 Buffer Operation.)
* Active level selectable by pin

i=0or1,j=eitherA,B, C,orD
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Timer RD Start Register("
b7 b6 b5 b4 b3 b2 b1 b0
M/\T/\/M | I I I Symbol Address After Reset
TRDSTR 0137h 11111100b
Bit Symbol Bit Name Function RwW
TSTARTO TRDO count start flag® 0 : Count stops@ RW
1 : Count starts
TRD1 count start flag® 0 : Count stops®
TSTART 1 : Count starts RW
TRDO count operation select bit 0 : Count stops at compare match w ith
the TRDGRAO register
CSELO 1 : Count continues at compare match w ith RW
the TRDGRAO register
TRD1 count operation select bit 0 : Count stops at compare match w ith
[this bit is not used in PWM3 mode] the TRDGRA1 register
CSEL1 1 : Count continues at compare match w ith RW
the TRDGRA1 register
— Nothing is assigned. If necessary, set to 0.
(b7-b4) [When read, the content is 1. o
NOTES:
1. Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 14.3.12.1
TRDSTR Register of Notes on Timer RD.
2. When the CSELO bit is set to 1, write 0 to the TSTARTO bit.
3. When the CSEL1 bit is set to 1, write 0 to the TSTART1 bit.
4. When the CSELO bit is set to 0 and the compare match signal (TRDIOAO) is generated, this bit is set to 0 (count
stops).
5. When the CSEL1 bit is set to 0 and the compare match signal (TRDIOA1) is generated, this bit is set to 0 (count
stops).
Timer RD Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
LTTT DD | symeo Address After Reset
TRDVR 0138h 00001110b
Bit Symbol Bit Name Function RwW
SYNC Timer RD synchronous bit Set this bit to 0 (TRDO and TRD1 operate RW
independently) in PWM3 mode.
— Nothing is assigned. If necessary, set to 0.
(b3-b1) [When read, the contentis 1. _
BFCD TRDGRCO register function select |0 : General register RW
bit 1 : Buffer register of TRDGRAOQ register
BEDO TRDGRDO register function select |0 : General register RW
bit 1 : Buffer register of TRDGRBO register
BECH TRDGRC1 register function select |0 : General register RW
bit 1 : Buffer register of TRDGRA1 register
BED1 TRDGRD1 register function select |0 : General register RW
bit 1 : Buffer register of TRDGRB1 register

Figure 14.98 Registers TRDSTR and TRDMR in PWM3 Mode
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Timer RD Function Control Register
b7 b6 b5 b4 b3 b2 b1 b0
|OI 0[ | I | IOI 0] Symbol Address After Reset
TRDFCR 013Ah 10000000b
Bit Symbol Bit Name Function RwW
Combination mode select bits(" Set to 00b (timer mode, PWM mode, or
CMDO PWM3 mode) in PWM3 mode. RW
CMDA1 RW
Normal-phase output level select bit This bit is disabled in PWM3 mode.
(enabled in reset synchronous PWM
OLSO mode or complementary PWM mode) RW
Counter-phase output level select bit This bit is disabled in PWM3 mode.
(enabled in reset synchronous PWM
OLS1 mode or complementary PWM mode) RW
AJD trigger enable bit This bit is disabled in PWM3 mode.
ADTRG |(enabled in complementary PWM mode) RW
AJD trigger edge select bit This bit is disabled in PWM3 mode.
ADEG (enabled in complementary PWM mode) RW
External clock input select bit Set this bit to 0 (external clock input
STCLK disabled) in PWM3 mode. RW
it Set this bit to 0 (PWM3 mode) in PWIM3
PAMG PWM3 mode select bit ( ) RW
mode.
NOTES:
1. Set bits CMD1 to CMDO w hen both the TSTARTO and TSTART1 bits are set to 0 (count stops).
2. When bits CMD1 to CMDO are set to 00b (timer mode, PWM mode, or PWIM3 mode), the setting of the PWIM3 bit is
enabled.

Figure 14.99 TRDFCR Register in PWM3 Mode
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Timer RD Output Master Enable Register 1
b7 b6 b5 b4 b3 b2 b1 b0
|1|1|1|1I1|1| I I Symbol Address After Reset
TRDOER1 013Bh FFh
Bit Symbol Bit Name Function RwW
TRDIOAO output disable bit 0 : Enable output
EAD 1 : Disable output (The TRDIOAOQ pin is RW
used as a programmable /O port.)
TRDIOBO output disable bit 0 : Enable output
EBO 1 : Disable output (The TRDIOBO pin is RW
used as a programmable /O port.)
ECO TRDIOCO output disable bit Set these bits to 1 (programmable VO port)| RW
EDO TRDIODO output disable bit in PWM3 mode. RW
EA1 TRDIOA1 output disable bit RW
EB1 TRDIOB1 output disable bit RW
EC1 TRDIOC1 output disable bit RW
ED1 TRDIOD1 output disable bit RW
Timer RD Output Master Enable Register 2
b7 b6 b5 b4 b3 b2 b1 b0
| [K])KM)QXN Symbol Address After Reset
TRDOER?2 013Ch 01111111b
Bit Symbol Bit Name | Function RW
— Nothing is assigned. If necessary, setto 0.
(b6-b0) [When read, the contentis 1. _
INTO of pulse output forced 0 : Pulse output forced cutoff input disabled
cutoff signal input enabled 1 : Pulse output forced cutoff input enabled
bit (All bits in the TRDOER1 register
PTO i P RW
are set to 1 (disable output) when “L" is
applied to the INTO pin.)
NOTE:
1. Refer to 14.3.4 Pulse Output Forced Cutoff.

Figure 14.100 Registers TRDOER1 to TRDOER2 in PWM3 Mode
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Timer RD Output Control Register("
b7 b6 b5 b4 b3 b2 b1 b0
| I | | | | | | | Symbol Address After Reset
TRDOCR 013Dh 00h
Bit Symbol Bit Name Function RwW
TRDIOAO output level select |0 : Active level “H,
bit2) initial output “L”,
output “H’" at compare match w ith the
TRDGRA 1register,
output “L" at compare match w ith the
TRDGRADO register
L TOAO 1 : Active level “L”, RW
initial output “H",
output “L" at compare match w ith the
TRDGRA 1register,
output “H’" at compare match w ith the
TRDGRAO register
TRDIOBO output level select |0 : Active level “H’,
bit®? initial output “L",
output “H’" at compare match w ith the
TRDGRB1register,
output “L" at compare match w ith the
TRDGRBO register
TOBO 1 : Active level “L”, RW
initial output “H",
output “L" at compare match w ith the
TRDGRB1register,
output “H’" at compare match w ith the
TRDGRBO register
TOCO TRDIOCQ initial output level These bits are disabled in PWM3 mode. RW
select bit
TODO TRDIOD[_) initial output level RW
select bit
TOA1 TRDIOA 1 initial output level RW
select bit
TRDIOB1 initial output level
TOB1 select bit RW
TRDIOC1 initial output level
ToC select bit RW
TOD1 TRDIOD1 initial output level RW
select bit
NOTES:
1. Write to the TRDOCR register w hen both bits TSTARTO and TSTART1 in the TRDSTR register are set to 0 (count
2. If the pin function is set for w aveform output (refer to Tables 14.12 and 14.13), the initial output level is output w hen
the TRDOCR register is set.

Figure 14.101 TRDOCR Register in PWM3 Mode
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Timer RD Control Register 0()

b7 b6 b5 b4 b3 b2 b1 b0

|0|0| 1| I | I I I Symbol Address After Reset
TRDCRO 0140h 00h
Bit Symbol Bit Name Function RwW
Count source select bits b2 b1b0
TCKO 000:f1 RW
00 1:f2
010:f4
TCKA4 011:f8 RW
100:f32
1 0 1: Do not set.
1 1 0:fOCO40M
TeKk2 1 1 1: Do not set. RW
CKEGO |External clock edge select bits'"’ | These bits are disabled in PWM3 mode. RW
CKEG1 RW
CCLRD TRDO counter clear select bits | Set to 001b (the TRDO register cleared at RwW
CCLR1 compare match with TRDGRAD register) in RW
CCLR2 PWM3 mode. RW

NOTES:

TRDFCR register is set to 1 (external clock input enabled).
2. The TRDCR1 register is not used in PWM3 mode.

1. Bits CKEG1 to CKEGD are enabled w hen bits TCK2 to TCKO are set to 101b (TRDCLK input) and the STCLK bit in the

Figure 14.102 TRDCRO Register in PWM3 Mode
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Timer RD Status Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
[\(D’J\/(] | | | | | Symbol Address After Reset
TRDSRO 0143h 11100000b
TRDSR1 0153h 11000000b
Bit Symbol Bit Name Function RwW
Input capture/compare match flag A |[Source for setting this bit to 0]
Write 0 after read).
[Source for setting this bit to 1]
| IMFA When the value in the TRDi register RW
matches with the value in the TRDGRAI
register.
Input capture/compare match flag B |[Source for setting this bit to 0]
Write 0 after read"".
[Source for setting this bit to 1]

IMFB When the value in the TRDi register RW
matches w ith the value in the TRDGRBI
register.

Input capture/compare match flag C |[Source for setting this bit to 0]
Write 0 after read"".
[Source for setting this bit to 1]

IMFC When the value in the TRDi register RW
matches w ith the value in the TRDGRCI
register?.

Input capture/compare match flag D |[Source for setting this bit to 0]
Write 0 after read"".
[Source for setting this bit to 1]

IMFD When the value in the TRDi register RW
matches w ith the value in the TRDGRDI
register@®.

Overflow flag [Source for setting this bit to 0]
Write 0 after read'".
OVF [Source for setting this bit to 1] RW
When the TRDi register overflow s.
Underflow flag™ This bit is disabled in PWM3 mode.
UDF RW
— Nothing is assigned. If necessary, set to 0.
(b7-b6) |When read, the content is 1. -
NOTES:
1. The writing results are as follow s:
+ This bit is set to 0 w hen the read resultis 1 and 0 is written to the same bit.
+ This bit remains unchanged even if the read result is 0 and 0 is w ritten to the same bit (this bit remains
1evenifitis setto 1 fromO0 after reading, and w riting 0).
+ This bit remains unchanged if 1 is written to it.
2. Including w hen the BFji (j = C or D) bit in the TRDMR register is set to 1 (TRDGRJji is used as the buffer register).

Figure 14.103 Registers TRDSRO0 to TRDSR1 in PWM3 Mode
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Timer RD Interrupt Enable Registeri (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
Mf\]‘/\/] I | I I I Symbol Address After Reset
TRDIERD 0144h 11100000b
TRDIER1 0154h 11100000b
Bit Symbol Bit Name Function RwW
Input capture/compare match - Disable interrupt (IMIA) by the
interrupt enable bit A IMFA bit
IMIEA - Enable interrupt (IMIA) by the RW
IMFA bit
Input capture/compare match - Disable interrupt (IMIB) by the
interrupt enable bit B IMFB bit
IMIEB - Enable interrupt (IMIB) by the RW
IMFB bit
Input capture/compare match - Disable interrupt (IMIC) by the
interrupt enable bit C IMFC bit
IMIEC - Enable interrupt (IMIC) by the RW
IMFC bit
Input capture/compare match - Disable interrupt (IMID) by the
interrupt enable bit D IMFD bit
IMIED - Enable interrupt (IMID) by the RW
IMFD bit
Overflow /underflow interrupt enable |0 : Disable interrupt (OVI) by the
bit OVF bit
OVIE - Enable interrupt (OV1) by the RW
OVF bit
— Nothing is assigned. If necessary, set to 0.
(b7-b5) |When read, the contentis 1. o
Figure 14.104 Registers TRDIERO to TRDIER1 in PWM3 Mode
Timer RD Counter 0 2
(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
TRDO 0147h-0146h 0000h
Function Setting Range RW
Count a count source. Count operation is incremented. 0000h to FFFFh
L| When an overflow occurs, the OVF bit in the TRDSRO register is set to 1. RW
NOTES:
1. Access the TRDO register in 16-bit units. Do not access it in 8-bit units.
2. The TRD1 register is not used in PWM3 mode.

Figure 14.105 TRDO Register in PWM3 Mode
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Timer RD General Registers Ai, Bi, Ci, and Di (i = 0 or 1)

NOTE

(b15) (b8)
b7 bl b7 b0
Symbol Address After Reset
TRDGRAD 0149h-0148h FFFFh
TRDGRBO 014Bh-014Ah FFFFh
TRDGRCO 014Dh-014Ch FFFFh
TRDGRDO 014Fh-014En FFFFh
TRDGRAT 0159h-0158h FFFFh
TRDGRB1 015Bh-015Ah FFFFh
TRDGRC1 015Dh-015Ch FFFFh
TRDGRD1 015Fh-015En FFFFh
Function RW
Refer to Table 14.34 TRDGRji Register Functions in PWM3 Mode. RW

1. Access registers TRDGRAI to TRDGRDI in 16-bit units. Do not access themin 8-bit units.

Figure 14.106 Registers TRDGRAIi, TRDGRBi, TRDGRCi, and TRDGRDi in PWM3 Mode

The following registers are disabled in the PWM3 mode function: TRDPMR, TRDDF0, TRDDFI1,

TRDIORAO, TRDIORCO, TRDPOCRO, TRDIORA1, TRDIORC1, and TRDPOCRI.
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Table 14.34 TRDGRji Register Functions in PWM3 Mode

Register | Setting Register Function PWM Output Pin
TRDGRAOQO |- General register. Set the PWM period. TRDIOAO
Setting range: Value set in TRDGRA1 register or above
TRDGRA1 General register. Set the changing point (the active level

timing) of PWM output.
Setting range: Value set in TRDGRAO register or below
TRDGRBO General register. Set the changing point (the timing that TRDIOBO
returns to initial output level) of PWM output.
Setting range: Value set in TRDGRB1 register or above
Value set in TRDGRAO register or below
TRDGRB1 General register. Set the changing point (active level timing) of
PWM output.
Setting range: Value set in TRDGRBO register or below
TRDGRCO |BFCO = 0| (These registers is not used in PWM3 mode.) -
TRDGRC1 |BFC1=0
TRDGRDO |BFD0O=0
TRDGRD1 |BFD1=0
TRDGRCO |BFCO = 1 | Buffer register. Set the next PWM period. TRDIOAO
(Refer to 14.3.2 Buffer Operation.)
Setting range: Value set in TRDGRC1 register or above
TRDGRC1 |BFC1 = 1| Buffer register. Set the changing point of next PWM output.
(Refer to 14.3.2 Buffer Operation.)
Setting range: Value set in TRDGRCO register or below
TRDGRDO |BFDO = 1 | Buffer register. Set the changing point of next PWM output. TRDIOBO
(Refer to 14.3.2 Buffer Operation.)
Setting range: Value set in TRDGRD1 register or above,
setting value or below in TRDGRCO register.

TRDGRD1 |BFD1 = 1| Buffer register. Set the changing point of next PWM output.
(Refer to 14.3.2 Buffer Operation.)
Setting range: Value set in TRDGRDO register or below

BFCO, BFDO, BFC1, BFD1: Bits in TRDMR register

Registers TRDGRCO0, TRDGRC1, TRDGRDO0, and TRDGRDI are not used in PWM3 mode. To use them as
buffer registers, set bits BFC0, BFC1, BFDO, and BFDI1 to 0 (general register) and write a value to the
TRDGRCO0, TRDGRC1, TRDGRDO, or TRDGRDI1 register. After this, bits BFC0, BFC1, BFDO0, and BFD1
may be set to 1 (buffer register).
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Count source |||||| --||||| ---||||| ||||-- ||||-- ||||||
Value in TRDO register
FFFFh
M pe——————————— —_—— JI
4 i
- L]
—
' I
P hememe——————— J S
A [
-~ L]
—
q p====== 4 e
0000h |
TSTARTO bitin 1
TRDSTR register g
! ! ! Count stop
1
CSELODbitin 1 Set to 0 by a program
TRDSTR register 1/
_— m+1 -
I - I n+1 o1 m-n o
< Pl
g1 1 pg
CQutput “H" at compare
match with the =~ +2—%
TRDIOAD output TRDGRA1 register '
\ =
Qutput °L” at compare match
Initial output “L” with the TRDGRAD register 1
TRDIOBO output )/ |
1
IMFAbitin 1
TRDSRO register 0
Set to 0 by a program Set to 0 by a program
IMFB bitin 1
TRDSRO register 0
Set to 0 by a program Set to 0 by a program
TRDGRAD register m m
r.A X
11
Jﬁ ransfer E Transfer
TRDGRCO register m X Following data
[] ]
Transfer from buifer register to Transfer from bufier register to
general register general register
m: Value set in TRDGRAD register
n: Value set in TRDGRA1 register
p: Value set in TRDGRED register
j=either A or B q: Value set in TRDGRE1 register
The above applies under the following conditions:
* Both the TOAD and TOBO bits in the TRDOCR register are set to 0 (initial output level “L", output “H" by compare match with the
TRDGRj1 register, output “L" at compare match with the TRDGR]O register).
* The BFCO bit in the TRDMR register is set to 1 ({the TRDGRCO register is used as the buffer register of the TRDGRAD register).

Figure 14.107 Operating Example of PWM3 Mode

Rev.3.00 Feb 29,2008 Page 261 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

14.Timers

14.3.11 Timer RD Interrupt

Timer RD generates the timer RD interrupt request based on 6 sources for each channel. The timer RD interrupt
has 1 TRDIIC register (bits IR, and ILVLO to ILVL2), and 1 vector for each channel.
Table 14.35 lists the Registers Associated with Timer RD Interrupt, and Figure 14.108 shows a Block Diagram
of Timer RD Interrupt.

Table 14.35 Registers Associated with Timer RD Interrupt

IMFC bit ——]
IMIEC bit ——

Timer RD Timer RD Timer RD
Status Register Interrupt Enable Register | Interrupt Control Register
Channel 0 TRDSRO TRDIERO TRDOIC
Channel 1 TRDSR1 TRDIER1 TRD1IC
Channel i
IMFA bit —]
. Timer RD interrupt t

IMIEA bit (IR bitin TRDIG register)

IMFB bit

IMIEB bit ——

IMFD bit ——
IMIED bit

QVIE

i=0or1

UDF bit
OVF bit

bit

IMFA, IMFE, IMFC, IMFD, OVF, UDF: Bits in TRDSRi register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRDIER register

Figure 14.108 Block Diagram of Timer RD Interrupt

As with other maskable interrupts, the timer RD interrupt is controlled by the combination of the I flag, IR bit,
bits ILVLO to ILVL2, and IPL. However, since the interrupt source (timer RD interrupt) is generated by a
combination of multiple interrupt request sources, the following differences from other maskable interrupts

apply:

* When bits in the TRDSRI register corresponding to bits set to 1 in the TRDIERI register are set to 1 (enable

interrupt), the IR bit in the TRDIIC register is set to 1 (interrupt requested).

* When either bits in the TRDSRI register or bits in the TRDIERI register corresponding to bits in the
TRDSRI register, or both of them, are set to 0, the IR bit is set to 0 (interrupt not requested). Therefore,
even though the interrupt is not acknowledged after the IR bit is set to 1, the interrupt request will not be

maintained.

* When the conditions of other request sources are met, the IR bit remains 1.

* When multiple bits in the TRDIERI register are set to 1, which request source causes an interrupt is
determined by the TRDSRI register.

» Since each bit in the TRDSRI register is not automatically set to 0 even if the interrupt is acknowledged, set
each bit to 0 in the interrupt routine. For information on how to set these bits to 0, refer to the descriptions
of the registers used in the different modes (Figures 14.40, 14.55, 14.68, 14.80, 14.91, and 14.103).
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Refer to Registers TRDSRO0 to TRDSR1 in each mode (Figures 14.40, 14.55, 14.68, 14.80, 14.91, and
14.103) for the TRDSRI register. Refer to Registers TRDIERO to TRDIERI1 in each mode (Figures 14.41,
14.56, 14.69, 14.81, 14.92, and 14.104) for the TRDIERI register.

Refer to 12.1.6 Interrupt Control for information on the TRDIIC register and 12.1.5.2 Relocatable Vector
Tables for the interrupt vectors.
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14.3.12 Notes on Timer RD

14.3.12.1 TRDSTR Register
* Set the TRDSTR register using the MOV instruction.

* When the CSELi (i = 0 to 1) is set to 0 (the count stops at compare match of registers TRDi and
TRDGRAI), the count does not stop and the TSTARTI bit remains unchanged even if 0 (count stops) is
written to the TSTARTI bit.

*» Therefore, set the TSTARTI bit to 0 to change other bits without changing the TSTARTi bit when the
CSELi bit is se to 0.

* To stop counting by a program, set the TSTARTI bit after setting the CSELI bit to 1. Although the CSELI
bit is set to 1 and the TSTARTI bit is set to 0 at the same time (with 1 instruction), the count cannot be
stopped.

» Table 14.36 lists the TRDIOji (j = A, B, C, or D) Pin Output Level when Count Stops to use the TRDIOji
(j=A., B, C, or D) pin with the timer RD output.

Table 14.36  TRDIOQji (j = A, B, C, or D) Pin Output Level when Count Stops

Count Stop TRDIOji Pin Output when Count Stops
When the CSELi bit is set to 1, set the TSTARTI bit to 0 and the count | Hold the output level immediately before the
stops. count stops.
When the CSELi bit is set to 0, the count stops at compare match of | Hold the output level after output changes by
registers TRDi and TRDGRA.. compare match.

14.3.12.2 TRDi Register (i = 0 or 1)

* When writing the value to the TRDI register by a program while the TSTARTI bit in the TRDSTR register
is set to 1 (count starts), avoid overlapping with the timing for setting the TRDI register to 0000h, and then
write. If the timing for setting the TRDI register to 0000h overlaps with the timing for writing the value to
the TRDI register, the value is not written and the TRDI register is set to 0000h.

These precautions are applicable when selecting the following by bits CCLR2 to CCLRO in the
TRDCRI register.

- 001b (Clear by the TRDi register at compare match with the TRDGRAI register.)

- 010b (Clear by the TRDi register at compare match with the TRDGRBI register.)

- 011b (Synchronous clear)

- 101b (Clear by the TRDi register at compare match with the TRDGRCi register.)

- 110b (Clear by the TRDi register at compare match with the TRDGRDI register.)

* When writing the value to the TRDI register and continuously reading the same register, the value before
writing may be read. In this case, execute the JMP.B instruction between the writing and reading.

Program example MOV.W #XXXXh, TRDO :Writing
JMP.B L1 :JMP.B
Ll1: MOV.W TRDO0.DATA :Reading

14.3.12.3 TRDSRI Register (i=0 or 1)

When writing the value to the TRDSRI register and continuously reading the same register, the value before
writing may be read. In this case, execute the JMP.B instruction between the writing and reading.

Program example MOV.B #XXh, TRDSRO :Writing
JMP.B L1 :JMP.B
Ll: MOV.B TRDSRO,DATA :Reading
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14.3.12.4 Count Source Switch

» Switch the count source after the count stops.

Change procedure
(1) Setthe TSTARTI (i=0 or 1) bit in the TRDSTR register to 0 (count stops).
(2) Change bits TCK2 to TCKO in the TRDCRI register.

* When changing the count source from fOCO40M to another source and stopping fOCO40M, wait 2 cycles
of f1 or more after setting the clock switch, and then stop fOCO40M.
Change procedure
(1) Setthe TSTARTI (i=0 or 1) bit in the TRDSTR register to 0 (count stops).
(2) Change bits TCK2 to TCKO in the TRDCRI register.
(3) Wait 2 or more cycles of fl.
(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator stops).

14.3.12.5 Input Capture Function

* Set the pulse width of the input capture signal to 3 or more cycles of the timer RD operation clock (refer to
Table 14.11 Timer RD Operation Clocks).

* The value in the TRDi register is transferred to the TRDGR]ji register 2 to 3 cycles of the timer RD
operation clock after the input capture signal is applied to the TRDIOji pin (i=0 or 1, j =either A, B, C, or
D) (no digital filter).

14.3.12.6 Reset Synchronous PWM Mode

* When reset synchronous PWM mode is used for motor control, make sure OLS0 = OLS].
* Set to reset synchronous PWM mode by the following procedure:
Change procedure
(1) Set the TSTARTO bit in the TRDSTR register to 0 (count stops).
) Set bits CMD1 to CMDO0 in the TRDFCR register to 00b (timer mode, PWM mode, and PWM3 mode).
(3) Set bits CMD1 to CMDO to 01b (reset synchronous PWM mode).
) Set the other registers associated with timer RD again.

14.3.12.7 Complementary PWM Mode

* When complementary PWM mode is used for motor control, make sure OLS0 = OLSI.
* Change bits CMD1 to CMDO in the TRDFCR register in the following procedure.
Change procedure: When setting to complementary PWM mode (including re-set), or changing the transfer
timing from the buffer register to the general register in complementary PWM mode.
) Set both the TSTARTO and TSTART1 bits in the TRDSTR register to 0 (count stops).
) Set bits CMD1 to CMDO0 in the TRDFCR register to 00b (timer mode, PWM mode, and PWM3 mode).
(3) Set bits CMD1 to CMDO to 10b or 11b (complementary PWM mode).
) Set the registers associated with other timer RD again.

Change procedure: When stopping complementary PWM mode
(1) Set both the TSTARTO0 and TSTART1 bits in the TRDSTR register to 0 (count stops).
(2) Set bits CMDI1 to CMD to 00b (timer mode, PWM mode, and PWM3 mode).

* Do not write to TRDGRAO, TRDGRB0, TRDGRA1, or TRDGRBI register during operation.
When changing the PWM waveform, transfer the values written to registers TRDGRD0, TRDGRC]1, and
TRDGRDI to registers TRDGRBO0, TRDGRA, and TRDGRBI1 using the buffer operation.
However, to write data to the TRDGRDO0, TRDGRC1, or TRDGRDI1 register, set bits BFD0, BFCI, and
BFDI1 to 0 (general register). After this, bits BFD0, BFC1, and BFD1 may be set to 1 (buffer register).
The PWM period cannot be changed.
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» If the value in the TRDGRAO register is assumed to be m, the TRDO register counts m-1, m, m+1, m, m-1,
in that order, when changing from increment to decrement operation.
When changing from m to m+1, the IMFA bit is set to 1. Also, bits CMDI to CMDO0 in the TRDFCR
register are set to 11b (complementary PWM mode, buffer data transferred at compare match between
registers TRD0O and TRDGRAUO), the content in the buffer registers (TRDGRDO0, TRDGRC]1, and
TRDGRDI) is transferred to the general registers (TRDGRBO0, TRDGRAI1, and TRDGRBI).
During m+1, m, and m-1 operation, the IMFA bit remains unchanged and data are not transferred to
registers such as the TRDGRADO register.

Count value in TRDO
register

m+1
Setting value in
TRDGRAQ peeececmamceaaa

register m

Set to 0 by a program ~
o 1 No change
IMFA bit in
TRDSRO register 0

Transferred from

Not transferred from buffer register

buffer register \ i /
1
- N 1 When bits CMD1 to CMDO in the
%ngﬁ? :gg:zg K\ TRDFCR register are set to 11b
TRDGRB1 register J (transfer from the buffer register to the
g general register at compare match of

between registers TRDO and
TRDGRAD).

Figure 14.109 Operation at Compare Match between Registers TRD0 and TRDGRAUO in
Complementary PWM Mode
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* The TRDI register counts 1, 0, FFFFh, 0, 1, in that order, when changing from decrement to increment
operation.

The UDF bit is set to 1 when changing between 1, 0, and FFFFh operation. Also, when bits CMDI1 to
CMDO in the TRDFCR register are set to 10b (complementary PWM mode, buffer data transferred at
underflow in the TRDI register), the content in the buffer registers (TRDGRDO0, TRDGRCI1, and
TRDGRDI) is transferred to the general registers (TRDGRBO0, TRDGRA1, and TRDGRBI1). During

FFFFh, 0, 1 operation, data are not transferred to registers such as the TRDGRBO register. Also, at this
time, the OVF bit remains unchanged.

Count value in TRDO
register

FFFFh

Set to 0 by a program

P

UDF bitin
TRDSRO register
OVF bitin ! No change
TRDSRO register 0
Transferred_ from Not transferred from buffer register
buffer register \ / _ )
__ When bits CMD1 to CMDO in the
TRDGRBO register Y TRDFCR register are set to 10b
TRDGRA1 register (transfer from the buffer register to the
TRDGRB1 register general register when the TRD1 register
- underflows).

Figure 14.110 Operation when TRD1 Register Underflows in Complementary PWM Mode
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* Select with bits CMDI1 to CMDO the timing of data transfer from the buffer register to the general register.
However, transfer takes place with the following timing in spite of the value of bits CMD1 to CMDO in the

following cases:

Value in buffer register = value in TRDGRAUO register:
Transfer take place at underflow of the TRDI1 register.
After this, when the buffer register is set to 0001h or above and a smaller value than the value of the
TRDGRADO register, and the TRD1 register underflows for the first time after setting, the value is
transferred to the general register. After that, the value is transferred with the timing selected by bits CMD1

to CMDO.

Count value in TRDO
register

register

TRDGRDO register

TRDGREOD register

TRDIOBO output

TRDIODO output

R SS—

Transfer with timing set by
bits CMD1 to CMDO

register because of
n3=m

register because
of first setting to
nz=m

n2 X n3 n1
\\ \\ AN
Transfer
Transfer J ransfer
S M S P
nl K n2 ( n3 K n2 ( ni
1

Transfer at ™ Transfer at Transfer with timing set by
underflow of TRD1  underflow of TRD1

bits CMD1 to CMDO

The above applies under the following conditions:
= Bits CMD1 to CMDO in the TRDFCR register are set to 11b (data in the buffer register is transferred at compare match

between registers TRDO and TRDGRAD in complementary PWM mode).
= Both the OSL0 and OLS1 bits in the TRDFCR register are set to 1 (active ‘H” for normal-phase and counter-phase).

m: Value set in TRDGRAD register

- )
Count value in TRD1

Figure 14.111 Operation when Value in Buffer Register = Value in TRDGRAO Register in

Complementary PWM Mode
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When the value in the buffer register is set to 0000h:

Transfer takes place at compare match between registers TRD0 and TRDGRAO.

After this, when the buffer register is set to 0001h or above and a smaller value than the value of the
TRDGRAUO register, and a compare match occurs between registers TRD0 and TRDGRAUO for the first time
after setting, the value is transferred to the general register. After that, the value is transferred with the
timing selected by bits CMD1 to CMDO.

Count value in TRDO register

Count value in TRD1 register

0000h

TRDGRDO register ni X 1 0000h X ni
}( A\ (BN AN AW

1
T T
i i Transfer\l Transfer Transfer  \Transfer
N, .
TRDGRED register n2 : ni : : 0000h i ni :: !
; ! / Transfer at col - Transfer at compare
Transfer with timing mpare MPErey | Transfer with timing
1 by bits CMD1 to | § ot between match between set by bits CMD1 to
zim):) s O 1 lrogisters TRDOand  registers TRDOand § } CMD{,
TRDGRAD because TRDGRAD because
H content in of first setting to
! TRDGRDO register 000th=ni=m
1 is set to 00000

TRDIOBO output

TRDIODO output

m: Value set in TRDGRAD register

The above applies under the following conditions:

» Bits CMD1 to CMDO in the TRDFCR register are set to 10b (data in the buffer register is fransferred at underflow of the TRD1 register in
PWM mode).

+ Both the OLS0 and OLS1 bits in the TRDFCR register are set to 1 (active “H” for normal-phase and counter-phase).

Figure 14.112 Operation when Value in Buffer Register Is Set to 0000h in Complementary PWM
Mode

14.3.12.8 Count Source fOCO40M

* The count source f{OCO40M can be used with supply voltage VCC = 3.0 to 5.5 V. For supply voltage other
than that, do not set bits TCK2 to TCKO in registers TRDCRO0 and TRDCR to 110b (select fOCO40M as

the count source).
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14.4 Timer RE

Timer RE has the 4-bit counter and 8-bit counter. Timer RE has the following 2 modes:
» Real-time clock mode Generate 1-second signal from fC4 and count seconds, minutes, hours, and days of
the week.
* Qutput compare mode Count a count source and detect compare matches.

The count source for timer RE is the operating clock that regulates the timing of timer operations.
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1441 Real-Time Clock Mode

In real-time clock mode, a 1-second signal is generated from fC4 using a divide-by-2 frequency divider, 4-bit
counter, and 8-bit counter and used to count seconds, minutes, hours, and days of the week. Figure 14.113
shows a Block Diagram of Real-Time Clock Mode and Table 14.37 lists the Real-Time Clock Mode
Specifications. Figures 14.114 to 14.118, and Figures 14.120 and 14.121 show the Registers Associated with
Real-Time Clock Mode. Table 14.38 lists the Interrupt Sources, Figure 14.119 shows the Definition of Time

Representation and Figure 14.122 shows the Operating Example in Real-Time Clock Mode.

H12_H24, PM, INT: Bits in TRECR1 register
BSY: Bit in registers TRESEC, TREMIN, TREHR, and TREWK

(1/16) (1/256)
. . (1s)
fC4 12 4-bit counter 8-bit counter —‘ Overflow
P, Data bus
@ Overflow @ Overflow @ Overflow @

) TRESEC TREMIN | o TREHR TREWK

register register register register

A A LC 000

3
H12_H24(| PM WKIE— )
bit bit
DYIE—D—_\_—_,_/\
=)
HRIE — J
=)
MNIE — J
R
SEIE — J
| | BSY
bit

Timing
control

A

INT
bit

Timer RE
interrupt

Figure 14.113 Block Diagram of Real-Time Clock Mode
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Table 14.37 Real-Time Clock Mode Specifications

Item Specification
Count source fC4
Count operation Increment
Count start condition 1 (count starts) is written to TSTART bit in TRECR1 register
Count stop condition 0 (count stops) is written to TSTART bit in TRECR1 register
Interrupt request generation | Select any one of the following:
timing * Update second data

* Update minute data
* Update hour data

» Update day of week data
* When day of week data is set to 000b (Sunday)
TREO pin function Programmable 1/O ports or output of f2, 4, or f8
Read from timer When reading TRESEC, TREMIN, TREHR, or TREWK register, the count

value can be read. The values read from registers TRESEC, TREMIN,
and TREHR are represented by the BCD code.

Write to timer When bits TSTART and TCSTF in the TRECR1 register are set to 0 (timer
stops), the value can be written to registers TRESEC, TREMIN, TREHR,
and TREWK. The values written to registers TRESEC, TREMIN, and
TREHR are represented by the BCD codes.

Select function » 12-hour mode/24-hour mode switch function
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Timer RE Second Data Register
b7 b6 b5 b4 b3 b2 b1 b0
| | I I I I | I | Symbol Address After Reset
TRESEC 0118h 00h
Bit Symbol Bit Name Function Setting | oy
Range

SC00 1st digit of second count bits | Count 0 to 9 every second. When the|0to 9 RW
SC01 digit moves up, 1 is added to the 2nd |[(BCD RW
SC02 digit of second. code) RW
SC03 RW
SC10 2nd digit of second count bits  |When counting 0 to 5, 60 seconds Oto 5 RW
S5C11 are counted. (BCD RW
SC12 code) RW

Timer RE busy flag This bit is set to 1 w hile registers TRESEC,

TREMIN, TREHR, and TREWK are updated.
BSY RO

Figure 14.114 TRESEC Register in Real-Time Clock Mode
Timer RE Minute Data Register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | I I | | | Symbol Address After Reset
TREMIN 0119h 00h
Bit Symbol Bit Name Function Setting | oy
Range

MNOO 1st digit of minute count bits Count 0 to 9 every minute. When the |0to 9 RW
MNO1 digit moves up, 1 is added to the 2nd |(BCD RW
MNO2 digit of minute. code) RW
MNO3 RW
MN10 2nd digit of minute count bits  |When counting 0 to 5, 60 minutes are |0 to 5 RW
NN counted. (BCD RW
MN12 code) RW

Timer RE busy flag This bit is set to 1 w hile registers TRESEC,

TREMIN, TREHR, and TREWK are updated.
BSY RO

Figure 14.115 TREMIN Register in Real-Time Clock Mode
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Timer RE Hour Data Register
b7 b6 b5 b4 b3 b2 b1 b0
I M I I I I I I Symbol Address After Reset
TREHR 011Ah 00h
Bit Symbol Bit Name Function setting | oy
Range
HROO 1st digit of hour count bits Count 0 to 9 every hour. When the Oto9 RwW
HRO1 digit moves up, 1 is added to the 2nd |(BCD RW
HRO?2 digit of hour. code) RW
HRO3 RW
HR10 2nd digit of hour count bits Count 0 to 1 when the H12_H24 bitis [0 to 2 RW
set to 0 (12-hour mode). (BCD
Count 0 to 2 when the H12_H24 bit is | code)
HR11 set to 1 (24-hour mode). RW
— Nothing is assigned. If necessary, setto 0.
(b6) When read, the content is 0. -
Timer RE busy flag This bit is set to 1 w hile registers TRESEC,
BSY TREMIN, TREHR, and TREWK are updated. RO
Figure 14.116 TREHR Register in Real-Time Clock Mode
Timer RE Day of Week Data Register
b7 b6 b5 b4 b3 b2 b1 b0
| N)(D/I&] | | | Symbol Address After Reset
TREWK 011Bh 00h
Bit Symbol Bit Name Function RwW
Day of week count bits 02 b10b0
WKO 00 0 : Sunday RW
00 1 : Monday
010 : Tuesday
011 : Wednesday
WKI 100 : Thursday RW
101 : Friday
11 0 : Saturday
WK2 111: Do not set. RW
— Nothing is assigned. If necessary, setto 0.
(b6-b3) [When read, the content is 0. o
Timer RE busy flag This bit is set to 1 w hile registers TRESEC,
BSY TREMIN, TREHR, and TREWK are updated. RO

Figure 14.117 TREWK Register in Real-Time Clock Mode
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Timer RE Control Register 1
b7 b6 b5 b4 b3 b2 b1 bd
| | | | | | | [&I Symbol Address After Reset
TRECR1 011Ch 00h
Bit Symbol Bit Name | Function RW
— Nothing is assigned. If necessary, setto 0.
(b0) When read, the content is 0. o
TCSTE Timer RE count status flag 0 Count_stopped RO
1 : Counting
TREO pin output enable bit 0 : Disable clock output
TOENA 1 : Enable clock output RW
Interrupt request timing bit Set to 1 in real-time clock mode.
INT RW
Timer RE reset bit When setting this bit to 0, after setting it to 1, the
follow ings will occur.
* Registers TRESEC, TREMIN, TREHR, TREWK,
and TRECR2 are set to 00h.
TRERST - Bits TCSTF, INT, PM, H12_H24, and TSTART RW
in the TRECR1 register are set to 0.
* The 8-bit counter is set to 00h and
the 4-bit counter is set to Oh.
A.m./p.m. bit When the H12_H24 bit is setto 0
(12-hour mode)(1)
0:am
P 1-pm RW
When the H12_H24 bit is set to 1 (24-hour
mode), its value is undefined.
Operating mode select bit 0 : 12-hour mode
H12_H24 1 : 24-hour mode RW
Timer RE count start bit 0 : Count stops
TSTART 1 : Count starts RW

NOTE

1. This bit is automatically modified w hile timer RE counts.

Figure 14.118 TRECR1 Register in Real-Time Clock Mode

NTn
H12_H24 bit = 1
Contents of | (24 hour mode) 11213456789 |10(11[12]|1314|15]16]17
TREHR Register | H12 H24 bit=0
(12-hour mode) 11213456789 |10(M11[0|1]2]|3]4]5

Contents of PM bit

0(am)

1(p-m)

Contents in TREWK register

000 (Sunday)

Date changes

v

H12_H24 bit =1
Contents of (24-hour mode) 1819|2021 (22123 0| 1 213
TREHR Register | H12_H24 bit=0
(12-hour mode) 7189|1011 ]0]|1 213
Contents of PM bit 1(p.m.) 0(am)
Contents in TREWK register 000 (Sunday) 001 (Monday)

PM bit and H12_H24 bits: Bits in TRECR1 register
The above applies to the case when count starts from a.m. 0 on Sunday.

Figure 14.119 Definition of Time Representation
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Timer RE Control Register 2
b7 b6 b5 b4 b3 b2 b1 b0
D(l\(\l DI I I | I | Symbol Address After Reset
TRECR2 011Dh 00h
Bit Symbol Bit Name Function RW
Periodic interrupt triggered every 0 : Disable periodic interrupt triggered
second enable bit(" every second
SHE 1 : Enable periodic interrupt triggered RW
every second
Periodic interrupt triggered every 0 : Disable periodic interrupt triggered
minute enable bit™" every minute
MNIE 1 : Enable periodic interrupt triggered RW
every minute
Periodic interrupt triggered every 0 : Disable periodic interrupt triggered
hour enable bit" every hour
HRIE 1 : Enable periodic interrupt triggered RW
every hour
Periodic interrupt triggered every day |0 : Disable periodic interrupt triggered
enable bit™" every day
DYIE 1 : Enable periodic interrupt triggered RW
every day
Periodic interrupt triggered every 0 : Disable periodic interrupt triggered
w eek enable bit" every week
WKIE 1 : Enable periodic interrupt triggered RW
every week
COME Compare match interrupt enable bit  |Set to 0 in real-time clock mode. RW
_ Nothing is assigned. If necessary, setto 0.
(b7-b6) When read, the content is 0. _
NOTE
1. Do not set multiple enable bits to 1 (enable interrupt).

Figure 14.120 TRECR2 Register in Real-Time Clock Mode

Table 14.38 Interrupt Sources

Factor Interrupt Source Interrupt Enable Bit
Periodic interrupt Value in TREWK register is set to 000b (Sunday) WKIE
triggered every week (1-week period)
Periodic interrupt TREWK register is updated (1-day period) DYIE
triggered every day
Periodic interrupt TREHR register is updated (1-hour period) HRIE
triggered every hour
Periodic interrupt TREMIN register is updated (1-minute period) MNIE
triggered every minute
Periodic interrupt TRESEC register is updated (1-second period) SEIE
triggered every second
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Timer RE Count Source Select Register

b7 b6 b5 b4 b3 b2 b1 b0

M I M 1 | OI OI OI Symbol Address After Reset
TRECSR 011Eh 00001000b
Bit Symbol Bit Name Function RwW
Count source select bits Set to 00b in real-time clock mode.
RCS0 RwW
RCS1 RwW
4-bit counter select bit Set to 0 in reak-time clock mode.
RCS2 RW
RCS3 Real-time clock mode select bit Set to 1 in reaktime clock mode. RW
— Nothing is assigned. If necessary, set to 0.
(b4) When read, the content is 0. o
Clock output select bits!" b6 b5
RCS5 00:72 RW
01:f4
10:18
11 : Do not set.
RCS6 RwW

— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 0.

NOTE:
1. Write to bits RCS5 to RCS6 w hen the TOENA bit in the TRECR1 register is set to 0 (disable clock output).

Figure 14.121 TRECSR Register in Real-Time Clock Mode
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BSY bit

Bits SC12 to SCO0 in
TRESEC register

Bits MN12 to MNOO in
TREMIN register

Bits HR11 to HROO in
TREHR register

PM bit in
TRECR1 register

Bits WK2 to WKO in
TREWK register

IR bit in TREIC register

(when SEIE bit in TRECRZ2 register iz set
to 1 (enable periodic interrupt triggered
every second))

IR bit in TREIC register

(when MNIE bit in TRECRZ2 register is set
to 1 (enable periodic interrupt triggered
every minute))

: 1s
1 Approx. i 1 Approx.
1 625ms 1 625ms
]
58 E 59 00
1
03 04
(Not changed)

(Mot changed)

(Mot changed)

of interrupt request
or a program

—‘/

Set to 0 by acknowledgement

o~

BSY: Bit in registers TRESEC, TREMIN, TREHR, and TREWK

Figure 14.122 Operating Example in Real-Time Clock Mode
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14.4.2 Output Compare Mode

In output compare mode, the internal count source divided by 2 is counted using the 4-bit or 8-bit counter and
compare value match is detected with the 8-bit counter. Figure 14.123 shows a Block Diagram of Output
Compare Mode, and Table 14.39 lists the Output Compare Mode Specifications. Figures 14.124 to 14.128 show
the Registers Associated with Output Compare Mode, and Figure 14.129 shows the Operating Example in

Output Compare Mode.

TRERST, TOEMNA: Bits in TRECR1 register
COMIE: Bit in TRECR2 register

RCS0 to RCS2, RCS5 to RCSE: Bits in TRECSR register

circuit

i RCS6 to RCS5
® = 00b -
RCS1 1o RCSO o TOENA bit
=(00b =01b,
= 10b 112 a-ot . =11b
32 o) 1 | counter 8-bit T Q——0
= counter
fC4 1 R
RCS2=10 Reset
TRERST bit
Match
Comparison| Signal

Y *

TRESEC TREMIN

§ ¢

- ] D—» Timer RE interrupt
COMIE bit

)

Data bus

Figure 14.123 Block Diagram of Output Compare Mode
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Table 14.39 Output Compare Mode Specifications

Iltem Specification
Count sources f4, 18, 132, fC4
Count operations * Increment

* When the 8-bit counter content matches with the TREMIN register
content, the value returns to 00h and count continues. The count value
is held while count stops.

Count period * When RCS2 = 0 (4-bit counter is not used)

1fix2 x (n+1)

* When RCS2 = 1 (4-bit counter is used)

1/fi x 32 x (n+1)

fi: Frequency of count source

n: Setting value of TREMIN register

Count start condition 1 (count starts) is written to the TSTART bit in the TRECR1 register
Count stop condition 0 (count stops) is written to the TSTART bit in the TRECR1 register
Interrupt request generation | When the 8-bit counter content matches with the TREMIN register content
timing

TREO pin function Select any one of the following:

* Programmable I/O ports
* Output 2, f4, or f8
» Compare output

Read from timer When reading the TRESEC register, the 8-bit counter value can be read.
When reading the TREMIN register, the compare value can be read.
Write to timer Writing to the TRESEC register is disabled.

When bits TSTART and TCSTF in the TRECR1 register are set to 0 (timer

stops), writing to the TREMIN register is enabled.

Select functions * Select use of 4-bit counter

» Compare output function
Every time the 8-bit counter value matches the TREMIN register value,
TREO output polarity is reversed. The TREO pin outputs “L” after reset
is deasserted and the timer RE is reset by the TRERST bit in the
TRECR1 register. Output level is held by setting the TSTART bitto 0
(count stops).
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Timer RE Counter Data Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
TRESEC 0118h 00h
Function RwW

8-bit counter data can be read.
Although Timer RE stops counting, the count value is held. RO
The TRESEC register is set to 00h at the compare match.

Figure 14.124 TRESEC Register in Output Compare Mode

Timer RE Compare Data Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
TREMIN 0119h 00h
Function RwW

8-bit compare data is stored.

Figure 14.125 TREMIN Register in Output Compare Mode
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Timer RE Control Register 1
b7 b6 b5 b4 b3 b2 b1 b0
| IOI 0| Iol I [V] Symbol Address After Reset
TRECR1 011Ch 00h
Bit Symbol Bit Name | Function RwW
— Nothing is assigned. If necessary, set to 0.
(b0) When read, the content is 0. -
TCSTE Timer RE count status flag 0 : Count stopped RO
1 : Counting
10 TREO pin output enable bit 0 : Disable clock output -
ENA 1 : Enable clock output
INT Interrupt request timing bit Set to 0 in output compare mode. RW
Timer RE reset bit When setting this bit to 0, after setting it to 1, the
follow ing will occur.
+ Registers TRESEC, TREMIN, TREHR, TREWK,
and TRECR2 are set to 00h.
TRERST « Bits TCSTF, INT, PM, H12_H24, and TSTART RW
in the TRECR1 register are set to 0.
+ The 8-bit counter is set to 00h and
the 4-bit counter is set to Oh.
PM A.m.J/p.m. bit Set to 0 in output compare mode. RwW
H12_H24 |Operating mode select bit RwW
Timer RE count start bit 0 : Count stops
TSTART 1 : Count starts RW
Figure 14.126 TRECR1 Register in Output Compare Mode
Timer RE Control Register 2
b7 b6 b5 b4 b3 b2 b1 b0
[)< {] | D| 0| 0| 0| Ol Symbol Address After Reset
TRECR2 011Dh 00h
Bit Symbol Bit Name Function RwW
Periodic interrupt triggered every Set to 0 in output compare mode.
SHE second enable bit RW
Periodic interrupt triggered every
MNIE minute enable bit RW
Periodic interrupt triggered every
HRIE hour enable bit RW
DYIE Periodic |nterrupt triggered every RW
day enable bit
WKE Periodic |nterru_pt triggered every RW
w eek enable bit
COME Compare match interrupt enable bit |0 Disable compare rnatch.interrupt RW
1 : Enable compare match interrupt
_ Nothing is assigned. If necessary, set to 0.
(b7-b6) When read, the content is 0. -

Figure 14.127 TRECR2 Register in Output Compare Mode
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b7 b6 b5 b4 b3 b2 b1 b0

ANNECHEN

Timer RE Count Source Select Register

NOTE

Symbol Address After Reset
TRECSR 011Eh 00001000b
Bit Symbol Bit Name Function RwW
Count source select bits b1b0
RCSO 00:f4 RW
01:f8
10:f32
11:fC4
RCS1 RW
RCS2 4-bit counter select bit 0 : Not used RW
1: Used
RCS3 Real-time clock mode select bit Set to 0 in output compare mode. RW
— Nothing is assigned. If necessary, set to 0.
(b4) When read, the content is 0. o
Clock output select bits!" b6 b5
RCS5 00:12 RW
01:f4
10:f8
RCSB 11 : Compare output RW
— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 0. _

1. Write to bits RCS5 to RCS6 w hen the TOENA bit in the TRECR1 register is set to 0 (disable clock output).

Figure 14.128 TRECSR Register in Output Compare Mode

Rev.3.00 Feb 29,2008 Page 283 of 485 RENESAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group

14. Timers

TREMIN register
setting value

8-hit counter content
(hexadecimal number)

00h

TSTARTbitin 1
TRECR1 register ()

TCSTFbitin 1
TRECR1 register

IRbitin 1
TREIC register

TREO output |

Count starts

——®  Matched
Y

Matched

Matched

~a

-]

'
ym—=d
]

;

;

e

1
=
]

;

1
PRI
]

-]

— .

v
R

Setto 1 by a program
p

Time

2 cycles of maximum count source

IV
1

Set to 0 by acknowledgement of interrupt request o

|
T

r a program

]

N

The above applies under the following conditions.
TOENA bit in TRECR1 register = 1 (enable clock output)
COMIE bit in TRECR2 register = 1 (enable compare match interrupt)
RCS6 to RCS5 bits in TRECSR register = 11b (compare output)

™~

T

Output polarity is inverted
when the compare matches

/"

Figure 14.129 Operating Example in Output Compare Mode
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14.4.3 Notes on Timer RE

14.4.3.1 Starting and Stopping Count

Timer RE has the TSTART bit for instructing the count to start or stop, and the TCSTF bit, which indicates
count start or stop. Bits TSTART and TCSTF are in the TRECR1 register.

Timer RE starts counting and the TCSTF bit is set to 1 (count starts) when the TSTART bit is set to 1 (count
starts). It takes up to 2 cycles of the count source until the TCSTF bit is set to 1 after setting the TSTART bit to
1. During this time, do not access registers associated with timer RE(D other than the TCSTF bit.

Also, timer RE stops counting when setting the TSTART bit to 0 (count stops) and the TCSTF bit is set to 0
(count stops). It takes the time for up to 2 cycles of the count source until the TCSTF bit is set to 0 after setting

the TSTART bit to 0. During this time, do not access registers associated with timer RE other than the TCSTF
bit.

NOTE:
1. Registers associated with timer RE: TRESEC, TREMIN, TREHR, TREWK, TRECR1, TRECR2, and
TRECSR.

14.4.3.2 Register Setting

Write to the following registers or bits when timer RE is stopped.
* Registers TRESEC, TREMIN, TREHR, TREWK, and TRECR2
* Bits H12 H24, PM, and INT in TRECR1 register
» Bits RCS0 to RCS3 in TRECSR register
Timer RE is stopped when bits TSTART and TCSTF in the TRECRI register are set to 0 (timer RE stopped).

Also, set all above-mentioned registers and bits (immediately before timer RE count starts) before setting the
TRECR2 register.

Figure 14.130 shows a Setting Example in Real-Time Clock Mode.
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v

TSTART in TRECR1 =0

> Stop timer RE operation

TCSTF in TRECR1 =07?

_/
TREIC<«-00h
(disable timer RE interrupt)
| TRERSTiInTRECR1=1 | )
+ \ Timer RE register
and control circuit reset
| TRERSTiInTRECR1=0 | D
+ —
Setting of registers TRECSR, Select clock output
TRESEC, TREMIN, TREHR, . Select clock source
TREWK, and bits H12_H24, PM, Seconds, minutes, hours, days of week, operating mode
and INT in TRECR1 register Set a.m./p.m., interrupt timing
_/

v

Setting of TRECR2 | } Select interrupt source

v

Setting of TREIC (IR bit<-0,
select interrupt priority level)

Y

TSTART in TRECR1 =1

> Start timer RE operation

Figure 14.130 Setting Example in Real-Time Clock Mode
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14.4.3.3 Time Reading Procedure of Real-Time Clock Mode

In real-time clock mode, read registers TRESEC, TREMIN, TREHR, and TREWK when time data is updated
and read the PM bit in the TRECRI1 register when the BSY bit is set to 0 (not while data is updated).

Also, when reading several registers, an incorrect time will be read if data is updated before another register is
read after reading any register.

In order to prevent this, use the reading procedure shown below.

» Using an interrupt
Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register in the timer RE interrupt routine.

* Monitoring with a program 1
Monitor the IR bit in the TREIC register with a program and read necessary contents of registers TRESEC,
TREMIN, TREHR, and TREWK and the PM bit in the TRECRI1 register after the IR bit in the TREIC
register is set to 1 (timer RE interrupt request generated).

* Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to 0 after the BSY bit is set to 1 (approximately 62.5 ms while the BSY
bit is set to 1).

(3) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register after the BSY bit is set to 0.

» Using read results if they are the same value twice
(1) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register.
(2) Read the same register as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match with the previous contents.
Also, when reading several registers, read them as continuously as possible.
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15. Serial Interface

The serial interface consists of two channels (UARTO0 and UART1). Each UARTi (i= 0 or 1) has an exclusive timer to

generate the transfer clock and operates independently.

Figure 15.1 shows a UARTI (i= 0 or 1) Block Diagram. Figure 15.2 shows a UARTI Transmit/Receive Unit.
UARTI has two modes: clock synchronous serial 'O mode and clock asynchronous serial I'O mode (UART mode).

Figures 15.3 to 15.6 show the Registers Associated with UARTI.

control circuit

External
CKDIR =1
Clock synchronous type O CKDIR =0
{when internal clock is selected)
Clock synchronous type _
(when external clock is selected) CKDIR =1
U1PINSEL Clock synchronous type
(when internal clock is selected)
CIK U1PINSEL
polarity
CLK1 (O switch J
circuit

(UARTO)
RxD0 O () TXDO
UART reception Receive
CLK1 to CLKO = 00b CKDIR =10 Clock Reception conirol clock
1 o Internal synchronous type |’°E circuit Transmit/
=01y UOBRG regist i receive
8 —10b © ”(nrg‘g—lf)er UART transmission ! Transmit unit
f32 ——o 5 Clock Transmission clock
oc control circuit
External synchronous type
CKDIR =1
Clock synchronous type ) CKDIR =0
(when internal clock is selected)
Clock synchronous type _
Clock synchronous type (when external clock is selected) CKDIR =1
(when internal clock is selected)
N
polarity
CLKO switch J
circuit
TXD1EN »
(UART1)
RXD1 O > TXD1
UART reception Receive
CLK1 to CLKO = 00b CKDIR=10 Clock Reception control| clock
ircut B
1 A Internal synchronous type E circul TrElnS.mlt.lr
=01b U1BRG register : | recene
8 =10b g UART transmission ! Transmit unit
32 ——o Transmission clock

Figure 15.1 UARTI (i = 0 or 1) Block Diagram
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Clock
synchronous
type

ERYE =0 | ciock

disabled %‘SE”UHOUS UART (7 bits) UART (7 bits)

UART (8 bits)

FAR Clock
25P enabled  UART synchronous
FRYE =1 type
UART (8 bits)

UART (9 bits)

UARTI receive register

[D7 iD6 i D5{ D4 D302} D1} DO |URE register

| MSB/LSB conversion circuit |

Data bus high-order bits

S Data bus low-order bits
[D7 { D6 § D5 | D4 § D3 { D2 } D1} DO |UITB register
UART (8 bits)
UART (9 bits)
- Clock
ERYE=1 UART (9 bits) synchronous
25P enabled
o) O
’_. o O TXDi
1P UART (7 bits) UART (7 bits) UARTI transmit register
UART (8 bits)
i=0or1
Clock ! )
synchronous SP: Stop bit
fype PAR: Parity bit

Figure 15.2 UARTI Transmit/Receive Unit
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UARTI Transmit Buffer Register (i = 0 or 1) 2

(b15) (b8)
b0 p7 b0

b7
DODDODD] | | sympol Address After Reset
| UoTB 00A3h-00A2h Undefined
u1TB 00ABh-00AAh Undefined
Function RW

— Transmit data

—1  (b8-b0) wo
— Nothing is assigned. If necessary, setto 0.

(b15-b9) |When read, the content is undefined.

NOTES:
1. When the transfer data length is 9 bits, write data to high byte first, then low byte.
2. Use the MOV instruction to w rite to this register.

UARTI Receive Buffer Register (i = 0 or 1)V

(b15) (b3)
b0 b7 b0

b7
L1 DDA | | symbol Address After Reset
UORB  O00A7h-00A6h Undefined

U1RB 00AFh-00AER Undefined

Bit Symbol Bit Name Function RW
— Receive data (D7 to DO)
(b7-b0)
— Receive data (D8)

(b8)

— Nothing is assigned. If necessary, set to 0.
(b11-b9) |When read, the content is undefined.

Overrun error flag@

8

- No overrun error
- Overrun error

OER

Framing error flag® - No framing error

- Framing error

FER

Parity error flag®’ - No parity error

- Parity error
- No error
- Error

PER

8|1 8|88

Error sum flag®
SUM 9

= Q| = O] = O =~ O

NOTES:

1. Read out the UIRB register in 16-bit units.

2. Bits SUM, PER, FER, and OER are set to 0 (no error) w hen bits SMD2 to SMDO in the UIMR register are set to 000b
(serial interface disabled) or the RE bit in the UiC1 register is set to 0 (receive disabled). The SUMbit is set to 0 (no
error) w hen bits PER, FER, and OER are set to 0 (no error). Bits PER and FER are set to 0 even w hen the higher byte
of the UIRB register is read out.

Also, bits PER and FER are set to 0 w hen reading the high-order byte of the UIRB register.

Figure 15.3 Registers UOTB to U1TB and UORB to U1RB
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UARTI Bit Rate Register (i = 0 or 1)(":% 2

b7 bo
I Symbol Address After Reset
UOBRG 00A1h Undefined
U1BRG 00ASh Undefined
Function Setting Range RW
Assuming the set value is n, UBRG divides the count source by n+1 00h to FFh WO
NOTES:
1. Wirite to this register w hile the serial VO is neither transmitting nor receiving.
2. Use the MOV instruction to w rite to this register.
3. After setting the CLKO to CLK1 bits of the UICO register, write to the UIBRG register.
UARTI Transmit/Receive Mode Register (i = 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
|0| | | | | | | | Symbol Address After Reset
UOMR 00AOh 00h
UTMVR 00A8h 00h
Bit Symbol Bit Name Function RwW
Serial VO mode select bits b2 b1 b0
SMDO 0 0 0 : Serial interface disabled RwW
00 1 : Clock synchronous serial 'O mode
1 0 0 : UART mode transfer data 7 bits long
SMD1 10 1 : UART mode transfer data 8 bits long RW
11 0 : UART mode transfer data 9 bits long
SMD2 Other than above : Do not set. RW
Internal/external clock select bit |0 : Internal clock
CKDIR 1 : External clock RW
Stop bit length select bit 0 : 1 stop bit
STPS 1: 2 stop bits RW
Odd/even parity select bit Enable when PRYE=1
PRY 0 : Odd parity RW
1 : Even parity
PRYE Parity enable bit 0 : Parity disabled RW
1 - Parity enabled
— Reserved bit Setto 0. RW
(b7)

NOTE:
1. Set the PD1_6 bit in the PD1 register to 0 (input).

Figure 15.4 Registers UOBRG to U1BRG and UOMR to U1MR

Rev.3.00 Feb 29,2008 Page 291 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

15. Serial Interface

b7 b6 b5 b4 b3 b2 b1 b0

HERKECER

UARTI Transmit/Receive Control Register 0 (i = 0 or 1)

NOTE

Symbol Address After Reset
uoco 00A4h 00001000b
u1Cco 00ACh 00001000b
Bit Symbol Bit Name Function RW
BRG count source select [b1bd
CLKD bits 00 : Selects f1 RW
01 : Selects 8
10 : Selects 32
CLK1 11 : Do not set. RW
— Reserved bit Setto 0.
(b2) RW
Transmit register empty 0 : Data in transmit register (during transmit)
TXEPT |[flag 1 - No data in transmit register (transmit completed) RO
— Nothing is assigned. If necessary, set to 0.
(b4) When read, the content is 0. o
NCH Data output select bit 0 : TXDi pin is for CMOS output RW
1 : TXDi pin is for N-channel open drain output
CLK polarity select bit 0 : Transmit data is output at falling edge of transfer
clock and receive data is input at rising edge
CKPOL 1 : Transmit data is output at rising edge of transfer RW
clock and receive data is input at falling edge
Transfer format select bit |0 : LSB first
UFORM 1 MSB first RW

1. If the BRG count source is switched, set the UBRG register again.

Figure 15.5 Registers U0OCO to U1C0
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UARTI Transmit/Receive Control Register 1 (i= 0 or 1)
b7 b6 b5 b4 b3 b2 b1 b0
N\(] | | | | | | Symbol Address After Reset
uocC1 00AS5h 00000010b
u1cC1 00ADhR 00000010b
Bit Symbol Bit Name Function RW
Transmit enable bit("! 0 : Disables transmission
TE 1: Enables transmission RW
Transmit buffer empty flag 0 : Data in UITB register
m 1 : No data in UiTB register RO
Receive enable bit 0 : Disables reception
RE 1 : Enables reception RW
Receive complete flag™ 0 : No data in UiRB register
RI 1 Data in UIRB register RO
UIRS UARTI transmit interrupt cause 0 : Transmission buffer empty (Ti=1) RW
! select bit 1 : Transmission completed (TXEFPT=1)
Ui UARTI continuous receive mode 0 : Disables continuous receive mode RW
: enable bit® 1 : Enables continuous receive mode
— Nothing is assigned. If necessary, setto 0.
(b7-b6) |When read, the content is 0. o
NOTES:
1. The Ribit is set to 0 when the higher byte of the UIRB register is read out.
2. Set the URRM bit to 0 (disables continuous receive mode) in UART mode.
UART1 Function Select Register
b7 bo
Symbol Address After Reset
U1SR 00F5h Undefined
Function RW
Set to OFh w hen using UART1.
As aresult, UART1 can be used for clock synchronous or clock asynchronous serial VO.
Do not set values other than OFh. wo
When read, its content is undefined.
Port Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| |0| 0| |0| 0| 0| 0| Symbol Address After Reset
PVIR 00F8h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b3-b0) T
Port CLK1/TXD1/RXD1 switch bit |0 : VO ports P6_5, P6_6, P6_7
UTPINSEL 1- CLK1, TXD1, RXD1 RW
— Reserved bits Setto 0.
(b6-b5) o
SSU/ PC bus switch bit 0 : Selects SSU function
ICSEL 1: Selects PC bus function RW

Figure 15.6 Registers U0OC1 to U1C1, U1SR, and PMR
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15.1 Clock Synchronous Serial /O Mode

In clock synchronous serial I/O mode, data is transmitted and received using a transfer clock.
Table 15.1 lists the Clock Synchronous Serial I/O Mode Specifications. Table 15.2 lists the Registers Used and
Settings in Clock Synchronous Serial I/'O Mode.

Table 15.1 Clock Synchronous Serial /0 Mode Specifications

Item Specification
Transfer data format * Transfer data length: 8 bits
Transfer clocks * CKDIR bit in UIMR register is set to 0 (internal clock): fi/(2(n+1))

fi = f1, f8, f32 n = value set in UIBRG register: 00h to FFh
* The CKDIR bit is set to 1 (external clock): input from CLKi pin

Transmit start conditions |- Before transmission starts, the following requirements must be met(1)
- The TE bit in the UiC1 register is set to 1 (transmission enabled)
- The Tl bit in the UiC1 register is set to 0 (data in the UiTB register)

Receive start conditions |« Before reception starts, the following requirements must be met(1)
- The RE bit in the UiC1 register is set to 1 (reception enabled)
- The TE bit in the UiC1 register is set to 1 (transmission enabled)
- The Tl bit in the UiC1 register is set to 0 (data in the UiTB register)
Interrupt request * When transmitting, one of the following conditions can be selected
generation timing - The UIIRS bit is set to 0 (transmit buffer empty):
When transferring data from the UiTB register to UARTI transmit register
(when transmission starts).
- The UIIRS bit is set to 1 (transmission completes):
When completing data transmission from UARTI transmit register.
* When receiving
When data transfer from the UARTI receive register to the UiRB register
(when reception completes).
Error detection « Qverrun error?)
This error occurs if the serial interface starts receiving the next data item
before reading the UiRB register and receives the 7th bit of the next data.
Select functions * CLK polarity selection
Transfer data input/output can be selected to occur synchronously with the
rising or the falling edge of the transfer clock.
» LSB first, MSB first selection
Whether transmitting or receiving data begins with bit O or begins with bit 7
can be selected.
» Continuous receive mode selection
Receive is enabled immediately by reading the UiRB register.

i=0or1
NOTES:

1. If an external clock is selected, ensure that the external clock is “H” when the CKPOL bit in the UiC0O
register is set to 0 (transmit data output at falling edge and receive data input at rising edge of
transfer clock), and that the external clock is “L” when the CKPOL bit is set to 1 (transmit data output
at rising edge and receive data input at falling edge of transfer clock).

2. If an overrun error occurs, the receive data (b0 to b8) of the UiRB register will be undefined. The IR
bit in the SIiRIC register remains unchanged.
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Table 15.2  Registers Used and Settings in Clock Synchronous Serial 1/0 Mode(1)
Register Bit Function
UiTB Oto7 Set data transmission
UiRB Oto7 Data reception can be read
OER Overrun error flag
UiBRG Oto7 Set bit rate
UiMR SMD2 to SMDO Set to 001b
CKDIR Select the internal clock or external clock
uUiCco CLK1 to CLKO Select the count source in the UIBRG register
TXEPT Transmit register empty flag
NCH Select TXDi pin output mode
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first
UiC1 TE Set this bit to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UiIRS Select the UARTI transmit interrupt source
UiRRM Set this bit to 1 to use continuous receive mode
i=0or1
NOTE:

1. Set bits which are not in this table to 0 when writing to the above registers in clock synchronous
serial /0 mode.

Table 15.3 lists the I/O Pin Functions in Clock Synchronous Serial I/O Mode. The TXDi pin outputs “H” level
between the operating mode selection of UARTI (i =0 or 1) and transfer start. (If the NCH bit is set to 1 (N-channel
open-drain output), this pin is in a high-impedance state.)

Table 15.3 1/0 Pin Functions in Clock Synchronous Serial /0 Mode
Pin Name Function Selection Method

TXDO (P1_4) |Output serial data (Outputs dummy data when performing reception only)

RXDO (P1_5) [Input serial data PD1_5 bit in PD1 register =0
(P1_5 can be used as an input port when performing
transmission only)

CLKO (P1_86) |Output transfer clock |CKDIR bit in UOMR register = 0

Input transfer clock CKDIR bit in UOMR register = 1

PD1_6 bit in PD1 register = 0

TXD1 (P6_6) |Output serial data U1PINSEL bit in PMR register = 1
(Outputs dummy data when performing reception only)

RXD1 (P6_7) |Input serial data U1PINSEL bit in PMR register = 1
PD6_7 bit in PD6 register = 0
(P6_7 can be used as an input port when performing
transmission only)

CLK1 (P6_5) |Output transfer clock |U1PINSEL bit in PMR register = 1
CKDIR bit in UIMR register =0

Input transfer clock U1PINSEL bit in PMR register = 1
PD6_5 bit in PD6 register = 0
CKDIR bit in U1MR register = 1
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+ Example of transmit timing (when internal clock is selected)

TC

e

Transfer clock

TE bit in UiC1 1J

register 0 Set data in UiTE register | |

TibitinUict 1 /
register 0 "\
Transfer from UTB register to UARTI transmit register

TCL Stop pulsing because the TE bitis setto O

o IDEEREEEONRECECCENCORE0E0E
TXEPT bitin 1

UiCO register

IR bitin SITIC 1 | | |

register
4\ N

Set to 0 when interrupt request is acknowledged, or set by a program

TC=TCLK=2(n+1)ffi
fi: Freguency of UIBRG count source (f1, 18, 132)
The above applies under the following settings: n: Setting value to UIBRG register
+ CKDIR bit in UIMR: register = 0 (internal clock)
* CKPOL bit in UiCD register = 0 {output transmit data at the falling edge and input receive data at the rising edge of the transfer clock)
» UIlRS bit in UiC1 register = 0 (an interrupt request iz generated when the transmit buffer is empty)

+ Example of receive timing (when external clock is selected)

REbitin UiC1 1
register

=

TE bit in UiC1
register
Tl bit in UiC1
register

Write dummy data to UiTB register

1 ¥ e

Transfer from UTB register to UARTI transmit register
AFEXT

I

CLKi

Receive data is taken in

RO [0o) ot 0203 #f os os o7} oofor [ 2 3 o] o3}

Transfer from UARTI receive register to

Ribitin LIC1 4 UiRE register \ther
register 0

IRbitinSiRIC 1 |
register 0
/

Set to 0 when interrupt request is acknowledged, or set by a program

The above applies under the following setfings:
* CKDIR bit in UIMR register = 1 {external clock)
* CKPOL bit in UiC0 register = 0 {output transmit data at the falling edge and input receive data at the rising edge of the transfer clock)

The following conditions are met when “H” is applied to the CLKI pin before receiving data:
= TE bit in UiC1 register = 1 (enables transmit)
* RE bit in UiC1 register = 1 (enables receive)
= Write dummy data to the UITB register

fEXT: Freguency of external clock
i=0or1

Figure 15.7 Transmit and Receive Timing Example in Clock Synchronous Serial /O Mode
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15.1.1 Polarity Select Function

Figure 15.8 shows the Transfer Clock Polarity. Use the CKPOL bit in the UiCO (i = 0 or 1) register to select the
transfer clock polarity.

» When the CKPOL bit in the UiCO register = 0 (output transmit data at the falling
edge and input receive data at the rising edge of the transfer clock)

CLKi"

TXDi XDO D1X3}XD3XD4XD5XDBXD?
RXDi XDOXD1X5‘2XD3XD4XD5XDBXD?

» When the CKPOL bit in the UiCO register = 1 (output transmit data at the rising
edge and input receive data at the falling edge of the transfer clock)

ED DD
RXDi XDUXD1XD2X 3XD4XD5XDBXD?

NOTES:
1. When not transferring, the CLKi pin level is *H".
2. When not transferring, the CLKi pin level is “L".

i=0or1

Figure 15.8 Transfer Clock Polarity

15.1.2 LSB First/MSB First Select Function

Figure 15.9 shows the Transfer Format. Use the UFORM bit in the UiCO0 (i = 0 or 1) register to select the
transfer format.

» When UFORM bit in UiCO register = 0 (LSB first)™"

o W o0 X o W o2 X o5 Y o0 X 5 Y o6 X o
SH € 8 €3 D 3 & €3
» When UFORM bit in UiCO register = 1 (MSB first)(")

o L L L LT
TXDi X D7 X D6 X D5 X D4 X D3 X D2 X D1 >< Do
RXDi X D7 X D& X D5 X D4 X D3 X D2 X 01 X Do

NOTE:

1. The above applies when the CKPOL bit in the UiCO register is
set to O (output transmit data at the falling edge and input receive
data at the rising edge of the transfer clock).

i=0or1

Figure 15.9 Transfer Format
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15.1.3 Continuous Receive Mode

Continuous receive mode is selected by setting the UiRRM (i = 0 or 1) bit in the UiC1 register to 1 (enables
continuous receive mode). In this mode, reading the UiRB register sets the TI bit in the UiC1 register to 0 (data
in the UiTB register). When the UiRRM bit is set to 1, do not write dummy data to the UiTB register by a

program.
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15.2 Clock Asynchronous Serial /0 (UART) Mode

The UART mode allows data transmission and reception after setting the desired bit rate and transfer data format.
Table 15.4 lists the UART Mode Specifications. Table 15.5 lists the Registers Used and Settings for UART Mode.

Table 15.4 UART Mode Specifications

Iltem Specification
Transfer data formats » Character bit (transfer data): Selectable among 7, 8 or 9 bits
« Start bit: 1 bit
* Parity bit: Selectable among odd, even, or none
» Stop bit: Selectable among 1 or 2 bits
Transfer clocks * CKDIR bhit in UIMR register is set to 0 (internal clock): fj/(16(n+1))
fj = f1, 18, f32 n = value set in UIBRG register: 00h to FFh
* CKDIR bit is set to 1 (external clock): fEXT/(16(n+1))
fEXT: Input from CLKi pin, n = value set in UIBRG register: 00h to FFh
Transmit start conditions * Before transmission starts, the following are required
- TE bit in UiC1 register is set to 1 (transmission enabled)
- Tl bit in UiC1 register is set to 0 (data in UiTB register)
Receive start conditions * Before reception starts, the following are required
- RE bit in UiC1 register is set to 1 (reception enabled)
- Start bit detected
Interrupt request * When transmitting, one of the following conditions can be selected
generation timing - UiIRS bit is set to 0 (transmit buffer empty):
When transferring data from the UiTB register to UARTI transmit
register (when transmission starts).
- UiIRS bit is set to 1 (transfer ends):
When serial interfac.e completes transmitting data from the UARTI
transmit register
* When receiving
When transferring data from the UARTI receive register to UiRB register
(when reception ends).
Error detection - Overrun error(?)
This error occurs if the serial interface starts receiving the next data item
before reading the UiRB register and receive the bit preceding the final
stop bit of the next data item.
* Framing error
This error occurs when the set number of stop bits is not detected.
* Parity error
This error occurs when parity is enabled, and the number of 1's in parity
and character bits do not match the number of 1's set.
* Error sum flag
This flag is set is set to 1 when an overrun, framing, or parity error is
generated.

i=0or1
NOTE:
1. If an overrun error occurs, the receive data (b0 to b8) of the UiRB register will be undefined. The IR
bit in the SIiRIC register remains unchanged.
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Table 15.5 Registers Used and Settings for UART Mode
Register Bit Function
uiTB Oto8 Set transmit data(1)
UiRB Oto8 Receive data can be read(!. 2)
OER,FER,PER,SUM | Error flag
UiBRG Oto7 Set a bit rate
UIMR SMD2 to SMDOQ 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 the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
UiCo CLKO, CLK1 Select the count source for the UIBRG register
TXEPT Transmit register empty flag
NCH Select TXDi pin output mode
CKPOL Setto 0
UFORM LSB first or MSB first can be selected when transfer data is 8 bits
long. Set to 0 when transfer data is 7 or 9 bits long.
uiC1 TE Set to 1 to enable transmit
TI Transmit buffer empty flag
RE Set to 1 to enable receive
RI Receive complete flag
UiIRS Select the source of UARTI transmit interrupt
UiRRM Setto 0
i=0or1
NOTES:

1. The bits used for transmit/receive data 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 following bits are undefined: Bits 7 and 8 when transfer data is 7 bits long; bit 8 when transfer
data is 8 bits long.

Table 15.6 lists the I/O Pin Functions in UART Mode. After the UARTi (i =0 or 1) operating mode is selected, the
TXDi pin outputs “H” level. (If the NCH bit is set to 1 (N-channel open-drain output), this pin is in a high-
impedance state) until transfer starts.)

REJ09B0244-0300

Table 15.6 /O Pin Functions in UART Mode
Pin name Function Selection Method
TXDO (P1_4) |Output serial data (Cannot be used as a port when performing reception only)
RXDO (P1_5) | Input serial data PD1_5 bit in PD1 register = 0
(P1_5 can be used as an input port when performing transmission only)
CLKO (P1_8) |Programmable I/O Port CKDIR bit in UOMR register = 0
Input transfer clock CKDIR bit in UOMR register = 1
PD1_6 bit in PD1 register = 0
TXD1 (P6_8) | Output serial data U1PINSEL bit in PMR register = 1
(Cannot be used as a port when performing reception only)
RXD1 (P6_7) | Input serial data U1PINSEL bit in PMR register = 1
PD6_7 bit in PD6 register = 0
(P6_7 can be used as an input port when performing transmission only)
CLK1 (P6_5) |Programmable I/O Port CKDIR bit in UTMR register = 0
Input transfer clock U1PINSEL bit in PMR register = 1
PD6_5 bit in PD6 register = 0
CKDIR bit in UTMR register = 1
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* Transmit timing when transfer data is 8 bits long (parity enabled, 1 stop bit)

TC

T

Transfer clock | | | | | | | | | | |
TE bitin UiC1 1 J |
Write data to UiTB register

register i}

o
=
[
' i
Tl bit in UiC1 1 ® i
register 0 ‘\ H
Transfer from UTB register to UARTI transmit register Stop pulsing
Start b ause‘the TE bit iz setto 0
a Parity Stop
bit oty bi b

Py

S (0 €

%]

bit 1
vo —\ sl s o e e e e

TXEPT bitin 1
UiCD register [i]

IR bit SITIC 1 [ |
register i}

Set to 0 when interrupt request is acknowledged, or set by a program

The above fiming diagram applies under the following conditions: TC=16 (n+1)/fjor 16 (n + 1)/ fEXT
* PRYE bit in UiMR register = 1 (parity enabled) fi: Frequency of UIBRG count source (f1, f8, f32)
* STPS bit in UiMR register = 0 (1 stop bit) fEXT: Frequency of UIBRG count source (external clock)
* UilRS bit in UiC1 register = 1 (an interrupt request is ted when i 1

n: Setting value to UIBRG register
i=0to1

* Transmit timing when transfer data is 9 bits long (parity disabled, 2 stop bits)

TC

e

—

TE bit in UiC1 1 J

register i}
TI bit in UiC1 1 / d
register 0 )\

Transfer from UITE register to UARTI fransmit register

Write data to UiTB register |

st Stop Stop
bt by

art
I it bt
v\ e AR

o

sThoefor)

TXEPT bitin 1
UiCD register [i]

IR bit in SITIC 1
register i}

Set to 0 when interrupt request is acknowledged, or set by a program

The above fiming diagram applies under the following conditions:

L T I~ TC=16(n+1)/fjor 16 (n + 1)}/ fEXT
* PRYE bit in UiMR register = 0 (parity disabled) N
« STPS bit in UiMR register = 1 (2 stop bits) fi: Frequency of UIBRG count source (f1, f8, 32)
* UilRS bit in UiC1 register = 0 (an interrupt request is generated when transmit buffer is empty) fEXT: Frequency of UIBRG count source (extemal clock)
n: Setting value to UIBRG register
i=0to1

Figure 15.10 Transmit Timing in UART Mode
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+ Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

UIBRG output ||||||||||||||||||||||||||||||||||||||||||||”| ||||||||||||||||||||||||||||||

UIC1 register 1 J

RE bit 0
Stop bit

Determined to be “L"{ Receive data taken in

RXDi

Start bit /(

P}
o

Transfer clock

Reception triggered when transfer clock
is generated by falling edge of start bit

Transferred from UARTI receive
register to UiRB register \

UIC1 register 1
RI bit 0 e _——
SIRIC register 1
IR bit 0 ——e I

v

Set to 0 when interrupt request is accepted, or set by a program

The above timing diagram applies when the register bits are set as follows:
« UIMR register PRYE bit = 0 (parity disabled)
« UIMR register STPS bit = 0 (1 stop bit)
i=0or1

Figure 15.11 Receive Timing Example in UART Mode
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15.2.1 Bit Rate
In UART mode, the bit rate is the frequency divided by the UiBRG (i = 0 or 1) register.

UART mode

* Internal clock selected

) ) ) _ fj
UIiBRG register setting value = Bit Rate < 16 -1

FJ: Count source frequency of the UIBRG register (f1, f8, or f32)

» External clock selected

UIiBRG register setting value = fFEXT -1

Bit Rate x 16

fEXT: Count source frequency of the UIBRG register (external clock)

i=0or1

Figure 15.12 Calculation Formula of UIBRG (i = 0 or 1) Register Setting Value

Table 15.7 Bit Rate Setting Example in UART Mode (Internal Clock Selected)
System Clock = 20 MHz System Clock = 18.432 MHz(1) System Clock = 8 MHz

BitRate UIBRG UBRG Setti UiBRG Setti UBRG Actual | Setti
Count i etting i . etting i ua etting
(bps) Source | Setting Actual Time Error | Setting ACtl(.ls I;I';me Error | Setting Time Error
P (%) | Value | (bps) | (%)

Value (bps) %) | Value
1200 || f8 |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 (OCh) | 4807.69| 0.16
9600 || f1_ |129(81h)| 9615.38| 0.16[119(77h)| 9600.00] 0.00| 51(33h) | 9615.38| 0.16
14400 || f1 | 86(56h) | 14367.82| -0.22| 79 (4Fh) | 14400.00| 0.00| 34 (22h) |14285.71| -0.79
19200 || f1 | 64 (40h) | 19230.77| 0.16] 59 (3Bh) | 19200.00| 0.00| 25 (19h) |19230.77| 0.16
28800 || 1 | 42(2Ah) | 29069.77| 0.94| 39 (27h) | 28800.00] 0.00| 16 (10h) | 29411.76| 2.12
38400 || f1_ | 32(20h) | 37878.79| -1.36| 29 (1Dh) | 38400.00] 0.00| 12 (OCh) |38461.54| 0.16
57600 || f1_ | 21(15h) | 56818.18| -1.36| 19 (13h) | 57600.00] 0.00| 8 (08h) |55555.56| -3.55
115200]] f1_ | 10 (0Ah) | 113636.36| -1.36| 9(09h) | 115200.00] 0.00| - - -
i=0or1

NOTE:

1. For the high-speed on-chip oscillator, the correction value in the FRA7 register should be written into the FRA1
register.
This applies when the high-speed on-chip oscillator is selected as the system clock and bits FRA22 to FRA20
in the FRAZ2 register are set to 000b (divide-by-2 mode). For the precision of the high-speed on-chip oscillator,
refer to 20. Electrical Characteristics.
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15.3 Notes on Serial Interface

* When reading data from the UiRB (i= 0 or 1) register either in the clock synchronous serial I/O mode or in the
clock asynchronous serial I/O mode. Ensure the data is read in 16-bit units. When the high-order byte of the
UiRB register is read, bits PER and FER in the UiRB register and the RI bit in the UiC1 register are set to 0.
To check receive errors, read the UiRB register and then use the read data.

Example (when reading receive buffer register):
MOV.W 00AG6H.RO ;: Read the UORB register

* When writing data to the UiTB register in the clock asynchronous serial I/O mode with 9-bit transfer data
length, write data to the high-order byte first then the low-order byte, in 8-bit units.

Example (when reading transmit buffer register):
MOVB #XXH,00A3H ; Write the high-order byte of UOTB register
MOVB #XXH,00A2H ; Write the low-order byte of UOTB register

Rev.3.00 Feb 29,2008 Page 304 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 16. Clock Synchronous Serial Interface

16. Clock Synchronous Serial Interface

The clock synchronous serial interface is configured as follows.
Clock synchronous serial interface

Clock synchronous serial I/O with chip select (SSU) ———

Clock synchronous communication mode

4-wire bus communication mode

I2C bus Interface I2C bus interface mode

Clock synchronous serial mode

The clock synchronous serial interface uses the registers at addresses 00B8h to 00BFh. Registers, bits, symbols, and
functions vary even for the same addresses depending on the mode. Refer to the register diagrams of each function for
details.

Also, the differences between clock synchronous communication mode and clock synchronous serial mode are the
options of the transfer clock, clock output format, and data output format.

16.1 Mode Selection

The clock synchronous serial interface has four modes.
Table 16.1lists the Mode Selections. Refer to 16.2 Clock Synchronous Serial I/O with Chip Select (SSU) and the
sections that follow for details of each mode.

Table 16.1 Mode Selections

ioseL o1 | ou7moneen | SLIDTED |

in PMR | (ICEBItinICCR1 - L Function Mode

Register Register) Register, F.S Bit in

SAR Register)
0 0 0 Clock synchronous Clock synchronous
serial I/O with chip communication mode

0 0 1 select 4-wire bus communication mode
1 1 0 [2C bus interface [2C bus interface mode
1 1 1 Clock synchronous serial mode
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16.2 Clock Synchronous Serial /0O with Chip Select (SSU)

Clock synchronous serial I/O with chip select supports clock synchronous serial data communication.

Table 16.2 lists the Clock Synchronous Serial I/O with Chip Select Specifications, and Figure 16.1 shows a Block
Diagram of Clock Synchronous Serial I/O with Chip Select. Figures 16.2 to 16.9 show Clock Synchronous Serial
I/O with Chip Select Associated Registers.

Table 16.2 Clock Synchronous Serial I/O with Chip Select Specifications

Iltem Specification
Transfer data format * Transfer data length: 8 bits
Continuous transmission and reception of serial data are supported since
both transmitter and receiver have buffer structures.

Operating modes * Clock synchronous communication mode

* 4-wire bus communication mode (including bidirectional communication)
Master/slave device Selectable
I/O pins SSCK (I/0): Clock I/O pin

SSI (I/O): Data I/O pin

SSO (I/O): Data I/O pin

SCS (I/0): Chip-select I/0 pin

Transfer clocks * When the MSS bit in the SSCRH register is set to 0 (operates as slave
device), external clock is selected (input from SSCK pin).

* When the MSS bit in the SSCRH register is set to 1 (operates as master
device), internal clock (selectable among f1/256, f1/128, f1/64, f1/32, f1/16,
f1/8 and f1/4, output from SSCK pin) is selected.

» Clock polarity and phase of SSCK can be selected.

Receive error detection |+ Overrun error

Overrun error occurs during reception and completes in error. While the

RDREF bit in the SSSR register is set to 1 (data in the SSRDR register) and

when next serial data receive is completed, the ORER bit is set to 1.

Multimaster error * Conflict error

detection When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus

communication mode) and the MSS bit in the SSCRH register is set to 1

(operates as master device) and when starting a serial communication, the

CE bit in the SSSR register is set to 1 if “L” applies to the SCS pin input.

When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus

communication mode), the MSS bit in the SSCRH register is set to 0

(operates as slave device) and the SCS pin input changes state from “L” to

“H”, the CE bit in the SSSR register is set to 1.

Interrupt requests 5 interrupt requests (transmit-end, transmit-data-empty, receive-data-full,

overrun error, and conflict error).(1)

Select functions » Data transfer direction
Selects MSB-first or LSB-first

* SSCK clock polarity
Selects “L” or “H” level when clock stops

* SSCK clock phase
Selects edge of data change and data download

NOTE:
1. Clock synchronous serial I/O with chip select has only one interrupt vector table.
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1

v

Internal clock (f1/i) Internal clock
generation
circuit
// A
P

Multiplexer [~-—

SsSCK Q4¢—— ~
$ I SSMR register |< .

[ SSCRL register }¢=)
5 Ot T e e
- I SSMR2 register |< P
| SSTDR register [(==)

Data bus

vy

Selector

$S0 Oa—»
Ssl Oa—p]

SSTRSR register

SSRDR register [T )

L p» Interrupt requests
(TXI, TEI, RXI, OEI, and CEI)

i=4,8, 16,32, 64, 128, or 256

Figure 16.1 Block Diagram of Clock Synchronous Serial /0 with Chip Select
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SS Control Register H

b7 b6 b5 b4 b3 b2 b1 b0

M I |><|><I I I I Symbol Address After Reset

SSCRH 00B8h 00h
Bit Symbol Bit Name Function RwW
Transfer clock rate select bits™ b2 b1 b0
CKSD 000:f1/256 RW
001:f1/128
010:f1/64
CKS1 011:f1/32 RW
100:f1/16
101:f1/8
o 110:f1/4 RW
111 : Do not set.
— Nothing is assigned. If necessary, set to 0.
(b4-b3) [When read, the content is 0. -
MSS Master/slave device select bit®? 0 : Operates as slave device RW
1 : Operates as master device
Receive single stop bit® 0 : Maintains receive operation after
receiving 1 byte of data
RSSTP 1 : Completes receive operation after RW
receiving 1 byte of data
— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 0. _

NOTES:
1. The set clock is used w hen the internal clock is selected.
2. The SSCK pin functions as the transfer clock output pin w hen the MSS bit is set to 1 (operates as master device).
The MSS bit is set to 0 (operates as slave device) w hen the CEDbit in the SSSR register is set to 1 (conflict error
occurs).

3. The RSSTPbit is disabled w hen the MSS bit is set to O (operates as slave device).

Figure 16.2 SSCRH Register
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SS Control Register L

b7 b6 b5 b4 b3 b2 b1 b0

N\(] | M\/\/] N Symbol Address After Reset

SSCRL 00B%h 01111101b
Bit Symbol Bit Name Function RwW

— Nothing is assigned. If necessary, set to 0.
(b0) When read, the content is 1. -

Clock synchronous When this bit is set to 1, the clock synchronous serial
serial VO w ith chip VO with chip select control block and SSTRSR register
select control part are reset.
SRES  |rgset bit The values of the registers in the clock synchronous RW

serial VO w ith chip select register are maintained.

— Nothing is assigned. If necessary, set to 0.
(b3-b2) [When read, the contentis 1. o

SOL w rite protect bit®! | The output level can be changed by the SOL bit w hen
this bit is set to 0.

The SOLP bit remains unchanged even if 1 is w ritten to
it. When read, the content is 1.

SOLP

Serial data output value | When read

setting bit 0 : The serial data output is set to “L".
1 : The serial data output is set to “H".
SOL When w ritten23 RW
0 : The data output is “L" after the serial data output.
1 : The data output is “H’ after the serial data output.

— Nothing is assigned. If necessary, set to 0.
(b6) When read, the content is 1. -

— Nothing is assigned. If necessary, set to 0.
(b7) When read, the content is 0. -

NOTES:
1. Registers SSCRH, SSCRL, SSMR, SSER, SSSR, SSMR2, SSTDR, and SSRDR.
2. The data output after serial data is output can be changed by w riting to the SOL bit before or after transfer. When
w riting to the SOL bit, set the SOLP bit to 0 and the SOL bit to 0 or 1 simultaneously by the MOV instruction.

3. Do not write to the SOL bit during data transfer.

Figure 16.3 SSCRL Register
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SS Mode Register

b7 b6 b5 b4 b3 b2 b1 b0

| I I [y\] 1| I I I Symbol Address After Reset
SSMR 00BAh 00011000b
Bit Symbol Bit Name Function RwW
Bits counter 2to 0 b2 b1 b0
BCO 000 : 8 bits left RO
001:1bitleft
010: 2 bits left
BCA 011 : 3 bits left RO
100 : 4 bits left
101 : 5 bits left
110 : 6 bits left
BC2 RO

111:7 bits left

— Reserved bit Setto 1. RW
(b3) When read, the content is 1.
— Nothing is assigned. If necessary, set to 0.
(b4) When read, the content is 1. _
SSCK clock phase select bit™ 0 : Change data at odd edge
(Dow nload data at even edge)
CPHS 1 : Change data at even edge RW
(Dow nload data at odd edge)
s SSCK clock polarity select bit™ 0 : “H’ w hen clock stops AW
CPO 1 :“L" when clock stops
MSB first/LSB first select bit 0 : Transfers data MSB first RW
MLS 1: Transfers data LSB first
NOTE:
1. Referto 16.2.1.1 Association between Transfer Clock Polarity, Phase, and Data for the settings of the CPHS
and CPOS bits.

Figure 16.4 SSMR Register
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SS Enable Register

b7 b6 b5 b4 b3 b2 b1 b0

| | I | I I>®<I | Symbol Address After Reset
SS5ER 00BBh 00h
Bit Symbol Bit Name Function RW
Conflict error interrupt enable bit |0 : Disables conflict error interrupt request
1 : Enables conflict error interrupt request
CHE RwW
— Nothing is assigned. If necessary, setto 0.
(b2-b1) |When read, the content is 0. o
Receive enable bit 0 : Disables receive
RE 1 : Enables receive RW
Transmit enable bit 0 : Disables transmit
TE 1 : Enables transmit RW
Receive interrupt enable bit 0 : Disables receive data full and overrun
error interrupt request
RE 1 - Enables receive data full and overrun RW
error interrupt request
THE Transmit end interrupt enable bit |0 : Disables transmit end interrupt request RW
1 : Enables transmit end interrupt request
Transmit interrupt enable bit 0 : Disables transmit data empty interrupt
request
TIE 1 : Enables transmit data empty interrupt RW
request

Figure 16.5 SSER Register
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SS Status Register”

b7 b6 b5 b4 b3 b2 b1 b0

| I I D/\‘[)\/I [\/\] I Symbol Address After Reset
SSSR 00BCh 00h
Bit Symbol Bit Name Function RwW
Conflict error flag™ 0 : No conflict errors generated
CE . - RW
1 : Conflict errors generated®
— Nothing is assigned. If necessary, setto 0.
(b1) When read, the content is 0. T
€] -
ol Overrun error flag 0 : No overrun errors generated RW
1: Overrun errors generated®
— Nothing is assigned. If necessary, setto 0.
(b4-b3) |When read, the content is 0. o
Receive data register full 0 : No data in SSRDR register
RDRF (14 1" Data in SSRDR register RW
Transmit end‘ > 0 : The TDRE bit is set to 0 w hen transmitting
the last bit of transmit data
TEND 1: The TDREbit is set to 1 w hen transmitting RW
the last bit of transmit data
Transmit data empty('- 3. 8) 0 : Data is not transferred from registers SSTDR to
SSTRSR
TDRE 1 : Data is transferred from registers SSTDR to RW
SSTRSR

NOTES:
1.
2.

~N oo

Writing 1 to CE, ORER, RDRF, TEND, or TDRE bits invalid. To set any of these bits to 0, first read 1 then w rite 0.
When the serial communication is started w hile the SSUMS bit in the SSMR2 register is set to 1 (four-w ire bus
communication mode) and the MSS bit in the SSCRH register is set to 1 (operates as master device), the CEbit is set
to 1 if “L” is applied to the SCS pin input. Refer to 16.2.7 SCS Pin Control and Arbitration for more information.
When the SSUMS bit in the SSMR2 register is set to 1 (four-w ire bus communication mode), the MSS bit in the
SSCRH register is set to 0 (operates as slave device) and the SCS pin input changes the level from “L” to “H during
transfer, the CEbit is setto 1.

Indicates w hen overrun errors occur and receive completes by error reception. If the next serial data receive
operation is completed w hile the RDRF bit is set to 1 (data in the SSRDR register), the ORER bit is set to 1. After the
ORER bit is set to 1 (overrun error), transmit and receive operations are disabled w hile the bit remains 1.

The RDRF bit is set to 0 w hen reading out the data from the SSRDR register.

Bits TEND and TDRE are set to 0 w hen writing data to the SSTDR register.

The TDRE bit is set to 1 when the TE bit in the SSER register is set to 1 (transmit enabled).

When accessing the SSSR register continuously, insert one or more NOP instructions betw een the instructions to
access it.

Figure 16.6 SSSR Register
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SS Mode Register 2
b7 b6 b5 b4 b3 b2 b1 b0
| | | | I I | | | Symbol Address After Reset
SSMR2 00BDh 00h
Bit Symbol Bit Name Function RW
SSUMS Clock synchronous serial VO w ith|0 : Clock synchronous communication mode RW
chip select mode select bit!" 1 : Four-w ire bus communication mode
CSOS SCS pln_open drain output 0 : CMOS output . RW
select bit 1 - N-channel open drain output
- - - - 5
S00S Serial de_1t1a pin open output drain |0 : CMOS outputt . RW
select bit" 1 : N-channel open drain output
SSCK pin open drain output 0 : CMOS output
SCKOS select bit 1 : N-channel open drain output RW
SCS pin select bits@ b5 b4
CSSO 00: Functfons as port _ _ RW
0 1 : Functions as SCS input pin
1 0 : Functions as SCS output pin®
- i T8 in®
cSS1 11 : Functions as SCS output pin RW
SCKS SSCK pin select bit 0 : Functions as port RW
1 : Functions as serial clock pin
Bidirectional mode enable bit"- 4 |0 : Standard mode (communication using 2
pins of data input and data output)
BIDE 1 : Bidirectional mode (communication using RW
1 pin of data input and data output)
NOTES:
1. Referto 16.2.2.1 Association between Data I/O Pins and S§S Shift Register for information on combinations of
data /O pins.
2. The SCS pin functions as a port, regardless of the values of bits CSS0 and C551 w hen the SSUMS bit is setto 0
(clock synchronous communication mode).
3. This bit functions as the SCS input pin before starting transfer.
4. The BIDE bit is disabled w hen the SSUMS bit is set to 0 (clock synchronous communication mode).
5. The SSlpin and SSO pin corresponding port direction bits are set to 0 (input mode) w hen the SOOS bit is set to 0
(CMOS output).

Figure 16.7 SSMR2 Register
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SS Transmit Data Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
SSTDR 00BEh FFh
Function RW

Store the transmit data.

The stored transmit data is transferred to the SSTRSR register and transmission is started
w hen it is detected that the SSTRSR register is empty.

When the next transmit data is written to the SSTDR register during the data transmission from RW
the SSTRSR register, the data can be transmitted continuously.

When the MLS bit in the SSMR register is set to 1 (transfer data w ith LSB-first), the data in
w hich MSB and LSB are reversed is read, after w riting to the SSTDR register.

SS Receive Data Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
SSRDR 00BFh FFh
Function RW

Store the receive data ("

The receive data is transferred to the SSRDR register and the receive operation is completed
when 1 byte of data has been received by the SSTRSR register. At this time, the next receive| R
operation is possible. Continuous reception is possible using registers SSTRSR and SSRDR.

NOTE:
1. The SSRDR register retains the data received before an overrun error occurs (ORER bit in the SSSR register set to 1
(overrun error)). When an overrun error occurs, the receive data may contain errors and therefore should be
discarded.

Figure 16.8 Registers SSTDR and SSRDR

Port Mode Register

b7 b6 b5 b4 b3 b2 b1 b0

| |0| 0| |0| 0| 0| 0| Symbol Address After Reset
PMVR 00F8h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Set to 0.
(b3-b0) -
Port CLK1/TXD1/RXD1 switch bit |0 : VO ports P6_5, P6_6, P6_7
UTPINSEL 1 CLK1, TXD1, RXD1 RW
— Reserved bits Set to 0.
(b6-b5) -
ICSEL SSU/ BC bus switch bit 0 : Selects SSU function RW

1: Selects PC bus function

Figure 16.9 PMR Register
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16.2.1 Transfer Clock

The transfer clock can be selected from among seven internal clocks (£1/256, f1/128, f1/64, f1/32, f1/16, f1/8,
and f1/4) and an external clock.

When using clock synchronous serial I/O with chip select, set the SCKS bit in the SSMR2 register to 1 and
select the SSCK pin as the serial clock pin.

When the MSS bit in the SSCRH register is set to 1 (operates as master device), an internal clock can be
selected and the SSCK pin functions as output. When transfer is started, the SSCK pin outputs clocks of the
transfer rate selected by bits CKS0 to CKS2 in the SSCRH register.

When the MSS bit in the SSCRH register is set to 0 (operates as slave device), an external clock can be selected
and the SSCK pin functions as input.

16.2.1.1 Association between Transfer Clock Polarity, Phase, and Data

The association between the transfer clock polarity, phase and data changes according to the combination of the
SSUMS bit in the SSMR2 register and bits CPHS and CPOS in the SSMR register.

Figure 16.10 shows the Association between Transfer Clock Polarity, Phase, and Transfer Data.

Also, the MSB-first transfer or LSB-first transfer can be selected by setting the MLS bit in the SSMR register.
When the MLS bit is set to 1, transfer is started from the LSB and proceeds to the MSB. When the MLS bit is
set to 0, transfer is started from the MSB and proceeds to the LSB.
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» SSUMS = 0 (clock synchronous communication mode), CPHS bit = 0 (data change at odd
edge), and CPOS bit = 0 (“H” when clock stops)

SSCK

X X
S50, sslI XbDXMXbZXbSXMXbSXbGXbT

» SSUMS = 1 (4-wire bus communication mode) and CPHS = 0 (data change at odd edge)

SSCK
CPOS=0 | | | | | | | | |

(“H" when clock stops)

SSCK
CPOS=1
(“L" when clock stops)

S e Y S O O ey e
w | |

+ SSUMS = 1 (4-wire bus communication mode) and CPHS = 1 (data download at odd edge)

SSCK
CPOS=0 | | | | | | | | |

(“H" when clock stops)

S5CK
CPOS =1
(“L" when clock stops)

SSO,SSI—(FOXEX[EX%XMX%XEGXbu?><:>—
e —

CPHS and CPOS: Bits in SSMR register, SSUMS: Bits in SSMR2 register

Figure 16.10 Association between Transfer Clock Polarity, Phase, and Transfer Data
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16.2.2 SS Shift Register (SSTRSR)

The SSTRSR register is a shift register for transmitting and receiving serial data.

When transmit data is transferred from the SSTDR register to the SSTRSR register and the MLS bit in the
SSMR register is set to 0 (MSB-first), the bit 0 in the SSTDR register is transferred to bit 0 in the SSTRSR
register. When the MLS bit is set to 1 (LSB-first), bit 7 in the SSTDR register is transferred to bit 0 in the
SSTRSR register.

16.2.2.1 Association between Data I/O Pins and SS Shift Register

The connection between the data I/O pins and SSTRSR register (SS shift register) changes according to a
combination of the MSS bit in the SSCRH register and the SSUMS bit in the SSMR2 register. The connection
also changes according to the BIDE bit in the SSMR2 register.

Figure 16.11 shows the Association between Data I/O Pins and SSTRSR Register.

« SSUMS =0 * SSUMS = 1 (4-wire bus communication mode),
(clock synchronous communication mode) BIDE = 0 (standard mode), and MSS = 1 (operates as

master device)

|
]

ss0 | SSTRSR register OSSO
|

1
| SSTRSR register
1 I
<—d> ssl <—d> ssl
1 I
* SSUMS = 1 (4-wire bus communication mode), * SSUMS = 1 (4-wire bus communication mode) and
BIDE = 0 (standard mode), and MSS = 0 (operates BIDE = 1 (bidirectional mode)

as slave device) |

—»{ SSTRSR register SS0 | SSTRSR register SSO

SSi -— éSSI

Figure 16.11 Association between Data I/O Pins and SSTRSR Register
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16. Clock Synchronous Serial Interface

16.2.3 Interrupt Requests

Clock synchronous serial I/O with chip select has five interrupt requests: transmit data empty, transmit end,
receive data full, overrun error, and conflict error. Since these interrupt requests are assigned to the clock
synchronous serial I/O with chip select interrupt vector table, determining interrupt sources by flags is required.
Table 16.3 shows the Clock Synchronous Serial I/O with Chip Select Interrupt Requests.

Table 16.3  Clock Synchronous Serial I/O with Chip Select Interrupt Requests

Interrupt Request

Abbreviation

Generation Condition

Transmit data empty

TXI

TIE=1, TDRE =1

Transmit end TEI TEIE=1, TEND =1
Receive data full RXI RIE =1, RDRF =1
Overrun error QEl RIE=1, ORER =1
Conflict error CEl CEIE=1,CE=1

CEIE, RIE, TEIE and TIE: Bits in SSER register

ORER, RDRF, TEND and TDRE: Bits in SSSR register

If the generation conditions in Table 16.3 are met, a clock synchronous serial I/O with chip select interrupt request
is generated. Set each interrupt source to 0 by a clock synchronous serial I/O with chip select interrupt routine.

However, the TDRE and TEND bits are automatically set to 0 by writing transmit data to the SSTDR register and
the RDRF bit is automatically set to 0 by reading the SSRDR register. In particular, the TDRE bit is set to 1 (data
transmitted from registers SSTDR to SSTRSR) at the same time transmit data is written to the SSTDR register.
Setting the TDRE bit to 0 (data not transmitted from registers SSTDR to SSTRSR) can cause an additional byte of

data to be transmitted.
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16.2.4 Communication Modes and Pin Functions

Clock synchronous serial I/O with chip select switches the functions of the I/O pins in each communication
mode according to the setting of the MSS bit in the SSCRH register and bits RE and TE in the SSER register.
Table 16.4 shows the Association between Communication Modes and I/O Pins.

Table 16.4 Association between Communication Modes and |/O Pins

Communication Mode Bit Setting Pin State
SSUMS | BIDE MSS TE RE SSi SSO SSCK
Clock synchronous 0 Disabled |0 0 1 Input —(1 Input
communication mode 1 0 _M Output | Input
1 Input Output | Input
1 0 1 Input —(1 Output
1 0 —(1) Output | Output
1 Input Output | Output
4-wire bus 1 0 0 0 1 —(1) Input Input
communication mode 1 0 Output |—(1) Input
1 Output | Input Input
1 0 1 Input —(1) Output
1 0 M Output | Output
1 Input Output | Output
4-wire bus 1 1 0 0 1 -1 Input Input
(bidirectional) 1 0 —(1) Output |Input
communication mode(2) 1 0 1 M Input Output
1 0 - Output | Output
NOTES:

1. This pin can be used as a programmable 1/O port.

2. Do not set both bits TE and RE to 1 in 4-wire bus (bidirectional) communication mode.
SSUMS and BIDE: Bits in SSMR2 register
MSS: Bit in SSCRH register
TE and RE: Bits in SSER register
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16.2.5 Clock Synchronous Communication Mode

16.2.5.1 Initialization in Clock Synchronous Communication Mode

Figure 16.12 shows Initialization in Clock Synchronous Communication Mode. To initialize, set the TE bit in
the SSER register to 0 (transmit disabled) and the RE bit to 0 (receive disabled) before data transmission or
reception.

Set the TE bit to 0 and the RE bit to 0 before changing the communication mode or format.

Setting the RE bit to 0 does not change the contents of flags RDRF and ORER or the contents of the SSRDR

register.

SSER register REDbit« 0
TE bit « 0

| SSMR2 register SSUMS bit < 0 ‘

SSMR register CPHS bit« 0
CPOS bit« 0
Set MLS bit

SSCRH register Set MSS bit

SSMR2 register SCKS bit « 1
Set SOOS bit

SSCRH register  Set bits CKSO0 to CKS2
Set RSSTP bit

‘ SSSR register  ORER bit « 0" |

SSER register RE bit « 1 (receive)
TE bit « 1 (transmit)
Set bits RIE, TEIE, and TIE

End

NOTE:
1. Write 0 after reading 1 to set the ORER bit to 0.

Figure 16.12 Initialization in Clock Synchronous Communication Mode
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16.2.5.2 Data Transmission

Figure 16.13 shows an Example of Clock Synchronous Serial I/O with Chip Select Operation for Data
Transmission (Clock Synchronous Communication Mode). During data transmission, the clock synchronous
serial I/O with chip select operates as described below.

When clock synchronous serial I/O with chip select is set as a master device, it outputs a synchronous clock and
data. When clock synchronous serial I/O with chip select is set as a slave device, it outputs data synchronized
with the input clock.

When the TE bit is set to 1 (transmit enabled) before writing the transmit data to the SSTDR register, the TDRE
bit is automatically set to 0 (data not transferred from registers SSTDR to SSTRSR) and the data is transferred
from registers SSTDR to SSTRSR.

After the TDRE bit is set to 1 (data transferred from registers SSTDR to SSTRSR), transmission starts. When
the TIE bit in the SSER register is set to 1, the TXI interrupt request is generated. When one frame of data is
transferred while the TDRE bit is set to 0, data is transferred from registers SSTDR to SSTRSR and
transmission of the next frame is started. If the 8th bit is transmitted while the TDRE bit is set to 1, the TEND
bit in the SSSR register is set to 1 (the TDRE bit is set to 1 when the last bit of the transmit data is transmitted)
and the state is retained. The TEI interrupt request is generated when the TEIE bit in the SSER register is set to
1 (transmit-end interrupt request enabled). The SSCK pin is fixed “H” after transmit-end.

Transmission cannot be performed while the ORER bit in the SSSR register is set to 1 (overrun error). Confirm
that the ORER bit is set to 0 before transmission.

Figure 16.14 shows a Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode).

» SSUMS = 0 (clock synchronous communication mode), CPHS = 0 (data change at
odd numbers), and CPOS = 0 (“H” when clock stops)

SS0 b0 b1 ‘g b?'l b0 b1 g b7
B R D D

1 frame 1 frame

-l
-

TDRE bit in 17 | ‘ 5
SSSR register i ) 5’ TEI interrupt request
v.\ r /' generation

TEND bit in 1 TXI interrupt request generation
SSSR register

A

Y

o

o

Processing - i
by program Write data to SSTDR register

Figure 16.13 Example of Clock Synchronous Serial I/O with Chip Select Operation for Data
Transmission (Clock Synchronous Communication Mode)
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Start

i

‘ Initialization ‘
-t

(1) ‘ Read TDRE bit in SSSR register ‘ (1) After reading the SSSR register and confirming
that the TDRE bit is set to 1, write the transmit
data to the SSTDR register. When the transmit
data is written to the SSTDR register, the TDRE

No o A
bit is automatically set to 0.
Yes

Write transmit data to SSTDR register

Data
transmission

Yes

@

(2) Determine whether data transmission continues.

continues?
No
) Read TEND bit in SSSR register (3) When data transmission is completed, the TEND
bit is set to 1. Set the TEND bit to 0 and the TE bit
to 0 and complete transmit mode.
No
Yes

‘ SSSRregister  TEND bit « 0™ ‘

‘ SSER register TEbit« 0 ‘

End

NOTE:
1. Write 0 after reading 1 to set the TEND bit to 0.

Figure 16.14 Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode)
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16.2.5.3 Data Reception

Figure 16.15 shows an Example of Clock Synchronous Serial I/O with Chip Select Operation for Data
Reception (Clock Synchronous Communication Mode).

During data reception, clock synchronous serial I/O with chip select operates as described below. When the
clock synchronous serial I/O with chip select is set as the master device, it outputs a synchronous clock and
inputs data. When clock synchronous serial I/O with chip select is set as a slave device, it inputs data
synchronized with the input clock.

When clock synchronous serial I/O with chip select is set as a master device, it outputs a receive clock and starts
receiving by performing dummy read of the SSRDR register.

After 8 bits of data are received, the RDRF bit in the SSSR register is set to 1 (data in the SSRDR register) and
receive data is stored in the SSRDR register. When the RIE bit in the SSER register is set to 1 (RXI and OEI
interrupt requests enabled), the RXI interrupt request is generated. If the SSDR register is read, the RDRF bit is
automatically set to 0 (no data in the SSRDR register).

Read the receive data after setting the RSSTP bit in the SSCRH register to 1 (after receiving 1 byte of data, the
receive operation is completed). Clock synchronous serial I/O with chip select outputs a clock for receiving 8
bits of data and stops. After that, set the RE bit in the SSER register to 0 (receive disabled) and the RSSTP bit to
0 (receive operation is continued after receiving the 1 byte of data) and read the receive data. If the SSRDR
register is read while the RE bit is set to 1 (receive enabled), a receive clock is output again.

When the 8th clock rises while the RDRF bit is set to 1, the ORER bit in the SSSR register is set to 1 (overrun
error: OEI) and the operation is stopped. When the ORER bit is set to 1, receive cannot be performed. Confirm
that the ORER bit is set to 0 before restarting receive.

Figure 16.16 shows a Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication
Mode).

» SSUMS = 0 (clock synchronous communication mode), CPHS = 0 (data download at
even edges), and CPOS bit = 0 (“H"” when clock stops)

e aminrpininFelninNeln
SSi 1'5(5(( ¥ b7 g b7 b0 X}g{ X b7

1
_ 1 frame __L 1 frame
- >l >
RDRF bit in 1 Sf T B
555R register
0 A 55 /1 A g /" A
RXI interrupt request RXI interrupt request 55_ !
RSSTP bitin 1 generation generation [ i
SSCRH register 0 j}f RXI interrupt request
generation
Processing Dummy read in Read data in SSRDR Set RSSTP bit to 1 Read data in
by program S5RDR register register S5RDR register

Figure 16.15 Example of Clock Synchronous Serial I/O with Chip Select Operation for Data
Reception (Clock Synchronous Communication Mode)
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‘ Initialization |

(M | Dummy read of SSRDR register ‘ (1) After setting each register in the clock synchronous

serial I/0 with chip select register, a dummy read of
the SSRDR register is performed and the receive
operation is started.

Last data
received?

(2)
(2) Determine whether it is the last 1 byte of data to be
received. If so, set to stop after the data is received.

Read ORER bit in SSSR register

(3) ORER =17 (3) If a receive error occurs, perform error

(6) Processing after reading the ORER bit. Then set
the ORER bit to 0. Transmission/reception cannot

No be restarted while the ORER bit is setto 1.

Read RDRF bit in SSSR register

(4) No (4) Confirm that the RDRF bit is set to 1. If the RDRF
RDRF =17 bit is set to 1, read the receive data in the SSRDR
register. When the SSRDR register is read, the
RDRF bit is automatically set to 0.

Yes

| Read receive data in SSRDR register ‘

(5) | SSCRH register RSSTP bit « 1 ‘ (5) Before the last 1 byte of data is received, set the
RSSTP bit to 1 and stop after the data is

>| received.

| Read ORER bit in SSSR register ‘

(6)

No
Read RDRF in SSSR register

(7) Confirm that the RDRF bit is set to 1. When the

RDRF =17 receive operation is completed, set the RSSTP bit to
(7) 0 and the RE bit to 0 before reading the last 1 byte
Yes of data. If the SSRDR register is read before setting
the RE bit to 0, the receive operation is restarted
| SSCRH register RSSTP bit < 0 | again.
| Overrun
| SSER reqister RE bit « 0 | error
‘ processing

| Read receive data in SSRDR register |

End

Figure 16.16 Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication
Mode)
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16.2.5.4 Data Transmission/Reception

Data transmission/reception is an operation combining data transmission and reception which were described
earlier. Transmission/reception is started by writing data to the SSTDR register.

When the 8th clock rises or the ORER bit is set to 1 (overrun error) while the TDRE bit is set to 1 (data is
transferred from registers SSTDR to SSTRSR), the transmit/receive operation is stopped.

When switching from transmit mode (TE = 1) or receive mode (RE = 1) to transmit/receive mode (Te =RE =
1). set the TE bit to 0 and RE bit to 0 before switching. After confirming that the TEND bit is set to 0 (the
TDRE bit is set to 0 when the last bit of the transmit data is transmitted), the RDRF bit is set to 0 (no data in the
SSRDR register), and the ORER bit is set to 0 (no overrun error), set bits TE and RE to 1.

Figure 16.17 shows a Sample Flowchart of Data Transmission/Reception (Clock Synchronous Communication
Mode).
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Start

i

‘ Initialization |
g

(1 | Read TDRE bit in SSSR register ‘ (1) After reading the SSSR register and confirming
that the TDRE bit is set to 1, write the transmit
data to the SSTDR register. When the transmit
data is written to the SSTDR register, the TDRE

No - )
bit is automatically set to 0.
Yes

| Write transmit data to SSTDR register ‘

>

2) ‘ Read RDRF bit in SSSR register | .
(2) Confirm that the RDRF bit is setto 1. If the RDRF
bit is set to 1, read the receive data in the SSRDR
No register. When the SSRDR register is read, the
RDRF = 1 2 RDREF bit is automatically set to 0.
Yes

Read receive data in SSRDR register

Data
transmission®

Yes (3) Determine whether the data transmission

(3)

continues? continues
No
) Read TEND bit in SSSR register (4) When the data transmission is completed, the

TEND bit in the SSSR register is set to 1.

No
Yes
(5) SSSRregister  TEND bit « 0 (5) Set the TEND bit to 0 and bits RE and TE in
(6) the SSER register to 0 before ending transmit/
receive mode.
SSER register RE bit« 0
) TE bit < 0

End

NOTE:
1. Write 0 after reading 1 to set the TEND bit to 0.

Figure 16.17 Sample Flowchart of Data Transmission/Reception (Clock Synchronous
Communication Mode)
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16.2.6 Operation in 4-Wire Bus Communication Mode

In 4-wire bus communication mode, a 4-wire bus consisting of a clock line, a data input line, a data output line,
and a chip select line is used for communication. This mode includes bidirectional mode in which the data input
line and data output line function as a single pin.

The data input line and output line change according to the settings of the MSS bit in the SSCRH register and
the BIDE bit in the SSMR2 register. For details, refer to 16.2.2.1 Association between Data I/O Pins and SS
Shift Register. In this mode, clock polarity, phase, and data settings are performed by bits CPOS and CPHS in
the SSMR register. For details, refer to 16.2.1.1 Association between Transfer Clock Polarity, Phase, and
Data.

When this MCU is set as the master device, the chip select line controls output. When clock synchronous serial
I/0 with chip select is set as a slave device, the chip select line controls input. When it is set as the master
device, the chip select line controls output of the SCS pin or controls output of a general port according to the
setting of the CSS1 bit in the SSMR2 register. When the MCU is set as a slave device, the chip select line sets
the SCS pin as an input pin by setting bits CSS1 and CSSO0 in the SSMR2 register to 01b.

In 4-wire bus communication mode, the MLS bit in the SSMR register is set to 0 and communication is
performed MSB-first.

16.2.6.1 Initialization in 4-Wire Bus Communication Mode

Figure 16.18 shows Initialization in 4-Wire Bus Communication Mode. Before the data transit/receive
operation, set the TE bit in the SSER register to 0 (transmit disabled), the RE bit in the SSER register to 0
(receive disabled), and initialize the clock synchronous serial I/O with chip select.

To change the communication mode or format, set the TE bit to 0 and the RE bit to 0 before making the change.
Setting the RE bit to 0 does not change the settings of flags RDRF and ORER or the contents of the SSRDR
register.

Rev.3.00 Feb 29,2008 Page 327 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 16. Clock Synchronous Serial Interface

Start

SSER register REbit <« 0
TEbit« 0

SSMR2 register SSUMS bit « 1

|

(1 SSMR register Set bits CPHS and CPOS (1) The MLS bit is set to 0 for MSB-first transfer.
MLS bits « 0 The clock polarity and phase are set by bits
‘ CPHS and CPOS.

SSCRH register Set MSS bit

SSMR2 register ~ SCKS bit « 1 (2) Set the BIDE bit to 1 in bidirectional mode and
) Set bits SO0S, CSS0 to set the I/O of the SCS pin by bits CSS0 and
CSS1, and BIDE CSS1.

|

SSCRH register  Set bits CKS0 to CKS2
Set RSSTP bit

|

SSSR register ORER bit « 0"

|

SSER register RE bit < 1 (receive)
TE bit « 1 (transmit)
Set bits RIE, TEIE, and TIE

End

NOTE:
1. Write 0 after reading 1 to set the ORER bit to 0.

Figure 16.18 Initialization in 4-Wire Bus Communication Mode
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16.2.6.2 Data Transmission

Figure 16.19 shows an Example of Clock Synchronous Serial I/O with Chip Select Operation during Data
Transmission (4-Wire Bus Communication Mode). During the data transmit operation, clock synchronous
serial I/O with chip select operates as described below.

When the MCU is set as the master device, it outputs a synchronous clock and data. When the MCU is set as a
slave device, it outputs data in synchronization with the input clock while the SCS pin is “L”.

When the transmit data is written to the SSTDR register after setting the TE bit to 1 (transmit enabled), the
TDRE bit is automatically set to 0 (data has not been transferred from registers SSTDR to SSTRSR) and the
data is transferred from registers SSTDR to SSTRSR. After the TDRE bit is set to 1 (data is transferred from
registers SSTDR to SSTRSR), transmission starts. When the TIE bit in the SSER register is set to 1, a TXI
interrupt request is generated.

After 1 frame of data is transferred while the TDRE bit is set to 0, the data is transferred from registers SSTDR
to SSTRSR and transmission of the next frame is started. If the 8th bit is transmitted while TDRE is set to 1.
TEND in the SSSR register is set to 1 (when the last bit of the transmit data is transmitted, the TDRE bit is set
to 1) and the state is retained. If the TEIE bit in the SSER register is set to 1 (transmit-end interrupt requests
enabled), a TEI interrupt request is generated. The SSCK pin remains “H” after transmit-end and the SCS pin is
held “H”. When transmitting continuously while the SCS pin is held “L”, write the next transmit data to the
SSTDR register before transmitting the 8th bit.

Transmission cannot be performed while the ORER bit in the SSSR register is set to 1 (overrun error). Confirm
that the ORER bit is set to 0 before transmission.

In contrast to the clock synchronous communication mode, the SSO pin is placed in high-impedance state while
the SCS pin is placed in high-impedance state when operating as a master device and the SSI pin is placed in
high-impedance state while the SCS pin is placed in “H” input state when operating as a slave device.

The sample flowchart is the same as that for the clock synchronous communication mode (refer to Figure 16.14
Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode)).
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» CPHS bit = 0 (data change at odd edges) and CPOS bit = 0 (“H” when clock stops)

High-impedance
SCS

(output) | [
= —OCDC K DD G D

1 frame o1 1 frame
. - -
TDRE bit in 1 ,g
S33R register 0 g TEl interrupt request is
A L i generated
o TXI interrupt request is TXI interrupt request is EE——
gg’;g bit '_”t 1 generated j’; generated j‘f
register 0
Processing Data write to SSTDR register
by program

* CPHS bit = 1 (data change at even edges) and CPOS bit = 0 (“H” when clock stops)
High-impedance

5CS — —

{output)

]
1 frame _ L 1 frame E
TDRE bitin
SSSR register TEI interrupt request is
0 5’ 1 generated \
o TXI interrupt request is TXI interrupt request is ——
TEND bit in 1 generated “ generated
SS5SR register 0 L )j’ 5/(
Processing Data write to SSTDR register
by program

CPHS, CPOS: Bits in SSMR. register

Figure 16.19 Example of Clock Synchronous Serial I/O with Chip Select Operation during Data
Transmission (4-Wire Bus Communication Mode)
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16.2.6.3 Data Reception

Figure 16.20 shows an Example of Clock Synchronous Serial I/O with Chip Select Operation during Data
Reception (4-Wire Bus Communication Mode). During data reception, clock synchronous serial I/O with chip
select operates as described below.

When the MCU is set as the master device, it outputs a synchronous clock and inputs data. When the MCU is
set as a slave device, it outputs data synchronized with the input clock while the SCS pin receives “L” input.
When the MCU is set as the master device, it outputs a receive clock and starts receiving by performing a
dummy read of the SSRDR register.

After 8 bits of data are received, the RDRF bit in the SSSR register is set to 1 (data in the SSRDR register) and
receive data is stored in the SSRDR register. When the RIE bit in the SSER register is set to 1 (RXI and OEI
interrupt requests enabled), an RXI interrupt request is generated. When the SSRDR register is read, the RDRF
bit is automatically set to 0 (no data in the SSRDR register).

Read the receive data after setting the RSSTP bit in the SSCRH register to 1 (after receiving 1-byte data, the
receive operation is completed). Clock synchronous serial I/O with chip select outputs a clock for receiving 8
bits of data and stops. After that, set the RE bit in the SSER register to 0 (receive disabled) and the RSSTP bit to
0 (receive operation is continued after receiving 1-byte data) and read the receive data. When the SSRDR
register is read while the RE bit is set to 1 (receive enabled), a receive clock is output again.

When the 8th clock rises while the RDRF bit is set to 1, the ORER bit in the SSSR register is set to 1 (overrun
error: OEI) and the operation is stopped. When the ORER bit is set to 1, reception cannot be performed.
Confirm that the ORER bit is set to 0 before restarting reception.

The timing with which bits RDRF and ORER are set to 1 varies depending on the setting of the CPHS bit in the
SSMR register. Figure 16.20 shows when bits RDRF and ORER are set to 1.

When the CPHS bit is set to 1 (data download at the odd edges), bits RDRF and ORER are set to 1 at some
point during the frame.

The sample flowchart is the same as that for the clock synchronous communication mode (refer to Figure 16.16
Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication Mode)).
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SCSs
(output) |

» CPHS bit = 0 (data download at even edges) and CPOS bit = 0 (“H” when clock stops)

High-impedance

—

SSCK

T U UL U

RXI interrupt request

Processing Dummy read in

by program

S5RDR register

Data read in SSRDR

register

1

E‘ 1 frame b 1 frame ._i
RDRF bitin 1
555R register

0— § . 5
L RXI interrupt request RXI interrupt request

RSSTP bit in 1 : !
SSCRH register 0 5, is generated 5 is generated

Set RSSTP
bitto 1

is generated

Data read in SSRDR
register

» CPHS bit = 1 (data download at odd edges) and CPOS bit = 0 (*H” when clock stops)

High-impedance
(output) I I
SSCK

|-55

RXI interrupt request

Data read in SSRDR
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Dummy read in
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by program
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1
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o 1 RXI interrupt request RXI interrupt request

RSSTP bit in is generated is generated
SSCRH register 0 ‘g g T

is generated

Set RSSTP
bitto 1

Data read in SSRDR
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Figure 16.20 Example of Clock Synchronous Serial I/O with Chip Select Operation during Data

Reception (4-Wire Bus Communication Mod

e)
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16.2.7 SCS Pin Control and Arbitration

When setting the SSUMS bit in the SSMR2 register to 1 (4-wire bus communication mode) and the CSS1 bit in
the SSMR2 register to 1 (functions as SCS output pin), set the MSS bit in the SSCRH register to 1 (operates as
the master device) and check the arbitration of the SCS pin before starting serial transfer. If clock synchronous
serial I/O with chip select detects that the synchronized internal SCS signal is held “L” in this period, the CE bit
in the SSSR register is set to 1 (conflict error) and the MSS bit is automatically set to 0 (operates as a slave

device).

Figure 16.21 shows the Arbitration Check Timing.

Future transmit operations are not performed while the CE bit is set to 1. Set the CE bit to 0 (no conflict error)

before starting transmission.

SCS input

Internal SCS
(synchronization)

MSS bit in
SSCRH register

Transfer start

CE

SCS output

1
0

Data write to
SSTDR register

%

High-impedance

-

Maximum time of SCS internal

ol
i
1 synchronization

During arbitration detection

Figure 16.21

Arbitration Check Timing
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16.2.8 Notes on Clock Synchronous Serial /0 with Chip Select

Set the IICSEL bit in the PMR register to 0 (select clock synchronous serial I/O with chip select function) to use
the clock synchronous serial I/O with chip select function.
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16.3 12C bus Interface

The I2C bus interface is the circuit that performs serial communication based on the data transfer format of the
Philips I2C bus.
Table 16.5 lists the I2C bus Interface Specifications, Figure 16.22 shows a Block Diagram of I2C bus interface, and

Figure 16.23 shows the External Circuit Connection Example of Pins SCL and SDA. Figures 16.24 to 16.31 show
the registers associated with the I2C bus interface.

* I2C bus is a trademark of Koninklijke Philips Electronics N. V.

Table 16.5 I12C bus Interface Specifications

Iltem Specification
Communication formats |« |2C bus format
- Selectable as master/slave device
- Continuous transmit/receive operation (because the shift register, transmit
data register, and receive data register are independent)
- Start/stop conditions are automatically generated in master mode
- Automatic loading of acknowledge bit during transmission
- Bit synchronization/wait function (In master mode, the state of the SCL
signal is monitored per bit and the timing is synchronized automatically. If
the transfer is not possible yet, the SCL signal goes “L” and the interface
stands by.)
- Support for direct drive of pins SCL and SDA (N-channel open drain output)
* Clock synchronous serial format
- Continuous transmit/receive operation (because the shift register, transmit
data register, and receive data register are independent)

I/O pins SCL (l/O): Serial clock I/O pin
SDA (I/O): Serial data I/0 pin
Transfer clocks * When the MST bit in the ICCR1 register is set to 0

The external clock (input from the SCL pin)
* When the MST bit in the ICCR1 register is set to 1
The internal clock selected by bits CKS0 to CKS3 in the ICCR1 register
(output from the SCL pin)
Receive error detection |+ Overrun error detection (clock synchronous serial format)
Indicates an overrun error during reception. When the last bit of the next data
itemn is received while the RDRF bit in the ICSR register is set to 1 (data in the
ICDRR register), the AL bit is set to 1.
Interrupt sources *12C bus format .........ccccoeeveiieienee 6 sources()
Transmit data empty (including when slave address matches), transmit ends,
receive data full (including when slave address matches), arbitration lost,
NACK detection, and stop condition detection.

» Clock synchronous serial format ...... 4 sources(1)
Transmit data empty, transmit ends, receive data full and overrun error
Select functions * |2C bus format

- Selectable output level for acknowledge signal during reception
* Clock synchronous serial format
- MSB-first or LSB-first selectable as data transfer direction

NOTE:
1. All sources use one interrupt vector for 12C bus interface.
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1

v

Transfer clock
generation
circuit
(\_/
Qutput [——
scL control < ICCR1 register K
Transmit/receive
control circuit ICCR2 register [(7—
Noi
can?:lsﬁer — P ICMR register [0
ICDRT register
SAR register
SDA Qutput [« _
control |- ICDRS register
w
3
0
Noisﬁ = 4 Ad(!ess comparison §
canceller circuit
ICDRR register | »
@ Bus state judgment
Pl circuit
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_...
ICIER register | >
4 ~
Interrupt generation
L =
circuit -

Interrupt request
(TXI, TEL, RXI, STPI, NAKI)

Figure 16.22 Block Diagram of I12C bus interface
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VCC VCC
Q
SCL SCL
SCL input L 4 L 4 —-———-
SCL output—{
SDA SDA
SDA input ® L 4 ® -
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 16.23 External Circuit Connection Example of Pins SCL and SDA
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lIC bus Control Register 1

b7 b6 b5 b4 b3 b2 b1 bl

| I I | I | | | I Symbol Address After Reset
ICCR1 00B8h 00h

Bit Symbol Bit Name Function RwW
Transmit clock select bits 3 to [ b3b2b1b0

o 0000:f1/28
CKSO0 0001:f1/40 RW
0010:f1/48
0011:f1/64
0100:f1/80
CKS1 0101:f1/100 RW
0110:f1/112
0111:f1/128
1000:11/56
1001:11/80 RW
1010:11/96
1011:f1/128
1100:f1/160
1101:11/200
CKS3 1110:11/224 RW
1111:1f1/256

CKS2

Transfer/receive select bit b5 b4
TRS 2.3.8) 0 0 : Slave Receive Mode®® RW
0 1 : Slave Transmit Mode
Master/slave select bit® 10: Master Receive Mode

MST 11 : Master Transmit Mode RW
Receive disable bit After reading the ICDRR register w hile the TRS bit
issetto0
RCVD 0 : Maintains the next receive operation RW

1 : Disables the next receive operation

IIC bus interface enable bit 0 : This module is halted

(Pins SCL and SDA are set to port function)
ICE 1 : This module is enabled for transfer RW
operations

(Pins SCL and SDA are bus drive state)

NOTES:
1. Set according to the necessary transfer rate in master mode. Refer to Table 16.6 Transfer Rate
Examples for the transfer rate. This bit is used for maintaining of the setup time in transmit mode of slave mode.
The time is 10Tcyc w hen the CKS3 bit is set to 0 and 20Tcyc w hen the CKS3 bit is set to 1. (1Teyc = 1/f1(s))
2. Rewrite the TRS bit betw een transfer frames.
3. When the first 7 bit after the start condition in slave receive mode match with the slave address set in the SAR
register and the 8th bit is set to 1, the TRS bit is set to 1.

4. In master mode with the BC bus format, w hen arbitration is lost, bits MST and TRS are setto 0
and the lIC enters slave receive mode.

5. When an overrun error occurs in master receive mode of the clock synchronous serial format, the MST bit
is set to 0 and the lIC enters slave receive mode.

6. In multimaster operation use the MOV instruction to set bits TRS and MST.

Figure 16.24 ICCR1 Register
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lIC bus Control Register 2

b7 b6 b5 b4 b3 b2 b1 b0

| I | | | ly\l D(] Symbol Address After Reset
ICCR2 00B%h 01111101b
Bit Symbol Bit Name Function RwW

— Nothing is assigned. If necessary, set to 0.
(b0) When read, the content is 1.
IIC control part reset bit  |When hang-up occurs due to communication failure
during PC bus interface operation, write 1, to reset the
ICRST control block of the PC bus interface without setting RW
ports or initializing registers.

— Nothing is assigned. If necessary, set to 0.
(b2) When read, the content is 1.

SCL monitor flag 0 : SCL pin is set to “L”

1: SCL pin is set to “H’

SDAOQ write protect bit  |When rew rite to SDAQ bit, w rite 0 simultaneously "
When read, the content is 1.

SCLO RO

SDAOP

SDA output value control| When read

bit 0 : SDA pin output is held “L”

1 : SDA pin output is held “H"

SDAO When w ritten.2) RW

0 : SDA pin output is changed to “L”

1 : SDA pin output is changed to high-impedance
(“H" output via external pull-up resistor)

Start/stop condition When w riting to the to BBSY bit, write 0

generation disable bit simultaneously @)

When read, the content is 1.

Writing 1 is invalid.

Bus busy bit® When read

0 : Bus is in released state
(SDA signal changes from “L” to “H" w hile SCL
signal is in “H" state)

1: Bus is in occupied state

BBSY (SDA signal changes from “H’ to “L” w hile SCL RW
signal is in “H" state)

When w ritten®

0 : Generates stop condition

1 : Generates start condition

SCP

NOTES:
1. When writing to the SDAO bit, write 0 to the SDAOP bit using the MOV instruction simultaneously .

2. Do not write during a transfer operation.

3. This bit is enabled in master mode. When w riting to the BBSY bit, write 0 to the SCP bit using the MOV
instruction simultaneously. Execute the same w ay w hen the start condition is regenerating.

4. This bit is disabled w hen the clock synchronous serial format is used.

Figure 16.25 ICCR2 Register
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IIC bus Mode Register
b7 b6 b5 b4 b3 b2 b1 b0
| I | OM | | | | Symbol Address After Reset
ICMR 00BAhA 00011000b
Bit Symbol Bit Name Function RwW
Bits counter 2to 0 FC bus format (remaining transfer bit count w hen
read out and data bit count of next transfer w hen
w ritten) .12
b2 b1 b0
BCO 000 :9 bits® RW
001 :2bits
010:3bits
011:4bits
100:5bits
101:6 bits
110:7 bits
111:8bits
BC1 Clock synchronous serial format (w hen read, the RwW
remaining transfer bit count and w hen w ritten
000b).
b2 b1 bl
000:8hbits
001:1bit
010:2bits
011:3bits
BC2 100:4 b_rts RW
101:5bits
110:6 bits
111:7 bits
BC w rite protect bit When rew riting bits BCO to BC2, write 0
BCWP simultaneously RW
When read, the content is 1.
— Nothing is assigned. If necessary, set to 0.
(b4) When read, the content is 1. o
— Reserved bit Setto 0.
(b5) R
Wait insertion bit®® 0 : No wait
(Transfer data and acknow ledge bit
consecutively)
WAIT 1 Wait RW
(After the clock falls for the final
data bit, “L" period is extended for tw o
transfer clocks cycles)
MSB-first/LSB-first select |0 : Data transfer w ith MSB-first®
MS | 1 Data transfer with LSB-first RW
NOTES:
1. Rew rite betw een transfer frames. When writing values other than 000b, w rite w hen the SCL signal is “L".
2. When w riting to bits BCO to BC2, write 0 to the BCWP bit using the MOV instruction.
3. After data including the acknow ledge bit is transferred, these bits are automatically set to 000b. When the start
condition is detected, these bits are automatically set to 000b.
4. Do not rew rite w hen the clock synchronous serial format is used.
5. The setting value is enabled in master mode of the PC bus format. It is disabled in slave mode of the FC
bus format or w hen the clock synchronous serial format is used.
6. Setto 0w hen the PC bus format is used.

Figure 16.26 ICMR Register
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lIC bus Interrupt Enable Register
b7 b6 b5 b4 b3 b2 b1 b0
| I | | | | | | | Symbol Address After Reset
ICIER 00BBh 00h
Bit Symbol Bit Name Function RwW
Transmit acknow ledge 0 : 0 is transmitted as acknow ledge bit in
select bit receive mode.
ACKBT 1 :1is transmitted as acknow ledge bit in RW
receive mode.
Receive acknow ledge bit |0 : Acknow ledge bit received from
receive device in transmit mode is set to 0.
ACKBR 1 : Acknow ledge bit received from RO
receive device in transmit mode is setto 1.
Acknow ledge bit judgment |0 : Value of receive acknow ledge bit is ignored
select bit and continuous transfer is performed.
ACKE 1 : When receive acknow ledge bit is setto 1, RW
continuous transfer is halted.
Stop condition detection |0 : Disables stop condition detection interrupt
interrupt enable bit request
STIE 1 : Enables stop condition detection interrupt RW
request?
NACK receive interrupt 0 : Disables NACK receive interrupt request and
enable bit arbitration lost/overrun error interrupt request
NAKIE i o RW
1 : Enables NACK receive interrupt request and
arbitration lost/overrun error interrupt request®
Receive interrupt enable |0 : Disables receive data full and overrun
bit error interrupt request
RE 1 : Enables receive data full and overrun RW
error interrupt request"
Transmit end interrupt 0 : Disables transmit end interrupt request
TEE enable bit 1 : Enables transmit end interrupt request RW
Transmit interrupt enable |0 : Disables transmit data empty interrupt request
TIE bit 1 : Enables transmit data empty interrupt request RW
NOTES:
1. Anoverrun error interrupt request is generated w hen the clock synchronous format is used.
2. Set the STIE bit to 1 (enable stop condition detection interrupt request) w hen the STOP bit in the ICSR register is set
to 0.
Figure 16.27 ICIER Register
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lIC bus Status Register'”

b7 b6 b5 b4 b3 b2 b1 b0

| | | | | | | | | Symbol Address After Reset

ICSR 00BCh 0000X000b
Bit Symbol Bit Name Function RwW
ADZ Genera_l.call address When the general call address is detected, this flag RW
recognition flag-2) is setto 1.
Slave address recognition | This flag is set to 1 w hen the first frame follow ing
flag™" start condition matches bits SVAO to SVAG in the
AAS RW

SAR register in slave receive mode. (Detect the
slave address and generate call address)

Arbitration lost When the EC bus format is used, this flag indicates
flag/overrun error flagt"  |that arbitration has been lost in master mode. In the
follow ing cases, this flag is set to 1®).
+ When the internal SDA signal and SDA pin
level do not match at the rise of the SCL signal
in master transmit mode
AL * When the start condition is detected and the SDA RW
pin is held “H" in master transmit/receive mode
This flag indicates an overrun error w hen the clock
synchronous format is used.
In the follow ing case, this flag is set to 1.
* When the last bit of the next data item is
received w hile the RDRF bit is set to 1

Stop condition detection  |When the stop condition is detected after the frame

STOP flag™ is transferred, this flag is set to 1. RW
NACKFE No acknow ledge detection|When no acknow ledge is detected from the receive RW
flag®4 device after transmission, this flag is setto 1.
RDRF Receive data register When receive data is transferred from in registers RW
fullts) ICDRS to ICDRR , this flag is setto 1.
Transmit end®® When the 9th clock cycle of the SCL signal in the FC
bus format occurs w hile the TDRE bit is set to 1, this
TEND flag is setto 1. RW

This flag is set to 1 w hen the final bit of the transmit
frame is transmitted in the clock synchronous format.

Transmit data empty 6! In the follow ing cases, this flag is setto 1.

« Data is transferred fromregisters ICDRT to ICDRS
and the ICDRT register is empty

+ When setting the TRS bit in the ICCR1

TDRE register to 1 (transmit mode) RW

+ When generating the start condition
(including retransmit)

+ When changing from slave receive mode to
slave transmit mode

NOTES:

1. Each bitis set to 0 by reading 1 before writing 0.

2. This flag is enabled in slave receive mode of the PC bus format.

3. When tw o or more master devices attempt to occupy the bus at nearly the same time, if the EC bus Interface
monitors the SDA pin and the data w hich the PC bus Interface transmits is different, the AL flag is set to 1 and the
bus is occupied by another master.

4. The NACKF bit is enabled w hen the ACKE bit in the ICIER register is set to 1 (w hen the receive acknow ledge bit is
set to 1, transfer is halted).

5. The RDRF bit is set to 0 w hen reading data from the ICDRR register.

Bits TEND and TDRE are set to 0 w hen w riting data to the ICDRT register.
7. When accessing the ICSR register continuously, insert one or more NOP instructions betw een the instructions to
access it.

o

Figure 16.28 ICSR Register
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Slave Address Register
b7 b6 b5 b4 b3 b2 b1 bl

| I I | I | I | I Symbol Address After Reset

SAR 00BDh 00h
Bit Symbol Bit Name Function RW
S Format select bit 0 : PC bus format RW
1 : Clock synchronous serial format
SVAD Slave address 6to 0 Set an address different from that of the other RW
SVA1 slave devices w hich are connected to the PC RW
SVA2 bus. When the 7 high-order bits of the first frame | Ry
SVAS transmitted after the starting condition match bits RW
SVAZ SVAOD to SVAB in slave mode of the PC bus RW
SVAS format, the MCU operates as a slave device. RW
SVAB RW
lIC bus Transmit Data Register
b7 b6 b5 b4 b3 b2 b1 b
| I | | | | | | Symbol Address After Reset
ICDRT 00BEh FFh
Function RwW

Store transmit data

When it is detected that the ICDRS register is empty, the stored transmit data itemis
transferred to the ICDRS register and data transmission starts.

When the next transmit data item is w ritten to the ICDRT register during transmission of the RW
data in the ICDRS register, continuous transmit is enabled. When the MLS bit in the ICMR
register is set to 1 (data transferred LSB-first) and after the data is w ritten to the ICDRT
register, the MSB-LSB inverted data is read.

Figure 16.29 Registers SAR and ICDRT
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lIC bus Receive Data Register
b7 b6 b5 b4 b3 b2 b1 bl

| I | | | | | | Symbol Address After Reset
ICDRR 00BFh FFh
Function RwW

Store receive data
When the ICDRS register receives 1 byte of data, the receive data is transferred to the ICDRR | RO
register and the next receive operation is enabled.

IIC bus Shift Register

b7 b6 b5 b4 b3 b2 b1 b0

LLLL[TTT] symoo

ICDRS

Function RwW
This register is used to transmit and receive data.
The transmit data is transferred from registers ICRDT to the ICDRS and data is transmitted
fromthe SDA pin w hen transmitting.
After 1 byte of data received, data is transferred from registers ICDRS to ICDRR w hile
receiving.

Figure 16.30 Registers ICDRR and ICDRS

Port Mode Register

b7 b6 b5 b4 b3 b2 b1 b0

| |0| 0| |0| 0| 0| 0| Symbol Address After Reset
PVR 00F8h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b3-b0) o
Port CLK1/TXD1/RXD1 switch bit |0 : VO ports P6_5, P6_6, P6_7
UTPINSEL 1 CLK1, TXD1, RXD1 RW
— Reserved bits Set to 0.
(b6-b5) -
SSU/ BC bus switch bit 0 : Selects SSU function
ICSEL RwW

1: Selects PC bus function

Figure 16.31 PMR Register
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16.3.1 Transfer Clock

When the MST bit in the ICCR1 register is set to 0, the transfer clock is the external clock input from the SCL
pin. When the MST bit in the ICCR1 register is set to 1, the transfer clock is the internal clock selected by bits
CKSO0 to CKS3 in the ICCR1 register and the transfer clock is output from the SCL pin.

Table 16.6 lists the Transfer Rate Examples.

Table 16.6 Transfer Rate Examples

ICCR1 Register Transfer Transfer Rate
CKS3|CKS2|CKS1|CKSO| Clock |f1 =5MHz|f1 =8 MHz|f1 =10 MHz |f1 = 16 MHz | f1 = 20 MHz
0 0 0 0 f1/28 179 kHz | 286 kHz 357 kHz 571 kHz 714 kHz

1 f1/40 125kHz | 200 kHz 250 kHz 400 kHz 500 kHz

1 0 f1/48 104 kHz 167 kHz 208 kHz 333 kHz 417 kHz

1 f1/64 78.1kHz | 125kHz 156 kHz 250 kHz 313 kHz

1 0 0 f1/80 62.5kHz | 100 kHz 125 kHz 200 kHz 250 kHz
1 f1/100 | 50.0 kHz | 80.0 kHz 100 kHz 160 kHz 200 kHz

1 0 f1/112 | 446kHz | 71.4kHz | 89.3kHz 143 kHz 179 kHz

1 f1/128 | 39.1kHz | 62.5kHz | 78.1 kHz 125 kHz 156 kHz

1 0 0 0 f1/56 89.3kHz | 143 kHz 179 kHz 286 kHz 357 kHz
1 f1/80 62.5kHz | 100 kHz 125 kHz 200 kHz 250 kHz

1 0 f1/96 52.1 kHz | 83.3 kHz 104 kHz 167 kHz 208 kHz

1 f1/128 | 39.1kHz | 62.5kHz | 78.1 kHz 125 kHz 156 kHz

1 0 0 f1/160 | 31.3kHz | 50.0kHz | 62.5kHz 100 kHz 125 kHz
1 f1/200 | 25.0kHz | 40.0kHz | 50.0 kHz 80.0 kHz 100 kHz

1 0 f1/224 | 22.3kHz | 35.7kHz | 44.6 kHz 71.4 kHz 89.3 kHz

1 f1/256 | 19.5kHz | 31.3kHz | 39.1 kHz 62.5 kHz 78.1 kHz
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16.3.2 Interrupt Requests

The I2C bus interface has six interrupt requests when the I2C bus format is used and four interrupt requests
when the clock synchronous serial format is used.

Table 16.7 lists the Interrupt Requests of I2C bus Interface.

Since these interrupt requests are allocated at the I2C bus interface interrupt vector table, determining the source
bit by bit is necessary.

Table 16.7 Interrupt Requests of 12C bus Interface

Interrupt Request Generation Condition Format
I2C bus Clock
Synchronous

Serial
Transmit data empty TXI TIE=1and TDRE =1 Enabled Enabled
Transmit ends TEI TEIE =1 and TEND =1 Enabled Enabled
Receive data full RXI RIE =1 and RDRF =1 Enabled Enabled
Stop condition detection STPI STIE =1 and STOP =1 Enabled Disabled
NACK detection NAKI NAKIE =1 and AL =1 (or Enabled Disabled
Arbitration lost/overrun error NAKIE = 1 and NACKF =1) |Enabled Enabled

STIE, NAKIE, RIE, TEIE, TIE: Bits in ICIER register
AL, STOP, NACKF, RDRF, TEND, TDRE: Bits in ICSR register

When the generation conditions listed in Table 16.7 are met, an I2C bus interface interrupt request is generated.
Set the interrupt generation conditions to 0 by the I2C bus interface interrupt routine. However, bits TDRE and
TEND are automatically set to 0 by writing transmit data to the ICDRT register and the RDRF bit is
automatically set to 0 by reading the ICDRR register. When writing transmit data to the ICDRT register, the
TDRE bit is set to 0. When data is transferred from registers ICDRT to ICDRS, the TDRE bit is set to 1 and by
further setting the TDRE bit to 0, 1 additional byte may be transmitted.

Set the STIE bit to 1 (enable stop condition detection interrupt request) when the STOP bit is set to 0.
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16.3.3 12C bus Interface Mode

16.3.3.1 12C bus Format

Setting the FS bit in the SAR register to 0 enables communication in I2C bus format.

Figure 16.32 shows the I2C bus Format and Bus Timing. The 1st frame following the start condition consists of
8 bits.

(1) I2C bus format

(a) 12C bus format (FS = 0)

s ! SLA | RW | A | DATA | A | | AR | P |
1 7 1 1 n 1 1 1
If. 14 3%!. =J|~‘. 1% =]|1 =]| |1—0'—.| Transfer bit count (n =110 8)
1 m
+ |4 - Transfer frame count {m = from 1)

(b) 12C bus format (when start condition is retransmitted, FS = 0)

5 ; SLA |R|’\-_'\|'| A | DATA | |AFI| ] l SLA |R}W| A | DATA | |A.I'X| P |

1 1 7 | 1 | 1 ni e ! 1 7 | 1 | 1 n2 1 1
fo—sfe rle—sle—sle N sle—sle—sle > e

< >l > - >l >
-+ >4 L + L

Upper: Transfer bit count (n1, n2 = 110 8)
Lower: Transfer frame count (m1, m2 = 1 or more)

(2) I2C bus timing

A T T
« B S A o AT

5 SLA RW A DATA A DATA A P
Explanation of symbols
5 : Start condition

The master device changes the SDA signal from “H” to “L” while the SCL signal is held “H".
SLA  : Slave address

RMW  :Indicates the direction of dafa tr it/ ive
Data is transmitted from the slave device to the master device when RAW value is 1 and from the master device to the slave device when
R/W value is 0.

A - Acknowledge

The receive device seis the SDA signal to “L".
DATA - Transmit / receive data
P : Stop condition
The master device changes the SDA signal from “L” to “H" while the SCL signal is held “H".

Figure 16.32 I12C bus Format and Bus Timing
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16.3.3.2 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 16.33 and 16.34 show the Operating Timing in Master Transmit Mode (I2C bus Interface Mode).

The transmit procedure and operation in master transmit mode are as follows.

(1) Set the STOP bit in the ICSR register to 0 to reset it. Then set the ICE bit in the ICCR1 register to 1
(transfer operation enabled). Then set bits WAIT and MLS in the ICMR register and set bits CKSO0 to
CKS3 in the ICCRI1 register (initial setting).

(2) Read the BBSY bit in the ICCR2 register to confirm that the bus is free. Set bits TRS and MST in the
ICCRI1 register to master transmit mode. The start condition is generated by writing 1 to the BBSY bit
and 0 to the SCP bit by the MOV instruction.

(3) After confirming that the TDRE bit in the ICSR register is set to 1 (data is transferred from registers
ICDRT to ICDRS), write transmit data to the ICDRT register (data in which a slave address and R/'W
are indicated in the Ist byte). At this time, the TDRE bit is automatically set to 0, data is transferred
from registers ICDRT to ICDRS, and the TDRE bit is set to 1 again.

(4) When transmission of 1 byte of data is completed while the TDRE bit is set to 1, the TEND bit in the
ICSR register is set to 1 at the rise of the 9th transmit clock pulse. Read the ACKBR bit in the ICIER
register, and confirm that the slave is selected. Write the 2nd byte of data to the ICDRT register. Since
the slave device is not acknowledged when the ACKBR bit is set to 1, generate the stop condition. The
stop condition is generated by the writing 0 to the BBSY bit and 0 to the SCP bit by the MOV
instruction. The SCL signal is held “L” until data is available and the stop condition is generated.

(5) Write the transmit data after the 2nd byte to the ICDRT register every time the TDRE bit is set to 1.

(6) When writing the number of bytes to be transmitted to the ICDRT register, wait until the TEND bit is
set to 1 while the TDRE bit is set to 1. Or wait for NACK (the NACKEF bit in the ICSR register is set to
1) from the receive device while the ACKE bit in the ICIER register is set to 1 (when the receive
acknowledge bit is set to 1, transfer is halted). Then generate the stop condition before setting bits
TEND and NACKEF to 0.

(7) When the STOP bit in the ICSR register is set to 1, return to slave receive mode.
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SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2
SDA
(master output) b7 b6 b5 b4 b3 b2 b1 b0 b7 b6
A A
Sl ddi
- ave address > RW

SDA
(slave output)

|
U | 1
TDRE bitin
ICSR register
o | -
A
|
TEND bit in 1
ICSR register
” \
ICDRT register / Address + RFW // A Data 1 x \Data 2
Y i1
h] . Al
ICDRS register Address + RAW Data 1

/.
/4 \

—

Processing  (2) Instruction of (3) Data write to ICDRT (4) Data write to ICDRT (5) Da‘_al“‘”‘g ‘d";CtDRT
by program start condition register (1st byte) register (2nd byte) register (3rd byte)
generation

Figure 16.33 Operating Timing in Master Transmit Mode (12C bus Interface Mode) (1)

SCL
(master output) 9 1 2 3 4 5 6 7 8 9

et ] %T = ] H

SDA - r‘
(slave output) A / \_ AlA

TDRE bitin
ICSR register
0
|
TEND bit in 1
ICSR register
] f
ICDRT register :1 Datan //
LY

| N\ /]
consrr | AN /]

\ W

Processing (3) Dal_a write to ICDRT (6) Generate stop condition and
by program register set TEND bit to 0 A\ J

(7) Set to slave receive mode

Figure 16.34 Operating Timing in Master Transmit Mode (I2C bus Interface Mode) (2)
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16.3.3.3 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 16.35 and 16.36 show the Operating Timing in Master Receive Mode (I2C bus Interface Mode).

The receive procedure and operation in master receive mode are shown below.

(1) After setting the TEND bit in the ICSR register to 0, switch from master transmit mode to master
receive mode by setting the TRS bit in the ICCRI register to 0. Also, set the TDRE bit in the ICSR
register to 0.

(2) When performing the dummy read of the ICDRR register and starting the receive operation, the receive
clock is output in synchronization with the internal clock and data is received. The master device
outputs the level set by the ACKBT bit in the ICIER register to the SDA pin at the rising edge of the 9th
clock cycle of the receive clock.

(3) The 1-frame data receive is completed and the RDRF bit in the ICSR register is set to 1 at the rise of the
9th clock cycle. At this time, when reading the ICDRR register, the received data can be read and the
RDREF bit is set to 0 simultaneously.

(4) Continuous receive operation is enabled by reading the ICDRR register every time the RDRF bit is set
to 1. If the 8th clock cycle falls after the ICDRR register is read by another process while the RDRF bit
is set to 1, the SCL signal is fixed “L” until the ICDRR register is read.

(5) If the next frame is the last receive frame and the RCVD bit in the ICCRI register is set to 1 (disables
the next receive operation) before reading the ICDRR register, stop condition generation is enabled
after the next receive operation.

(6) When the RDRF bit is set to 1 at the rise of the 9th clock cycle of the receive clock, generate the stop
condition.

(7) When the STOP bit in the ICSR register is set to 1, read the ICDRR register and set the RCVD bit to 0
(maintain the following receive operation).

(8) Return to slave receive mode.
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Master transmit mode <f———

SCL
(master output)

SDA
(master output)

SDA
(slave output)

TDRE bit in
ICSR register

TEND bitin
ICSR register

TRS bit in
ICCR1 register

1
]
]
1
1
1
' Y
RDRF bitin !
ICSR register H
0 H
1
]
1
]
]
i
H
1

I \ \
ICDRS register ’ / X \ Data 1 X
. Y
ICDRR register Data 1
' \
Processing (1) Set TEND and TRS bits to 0 before (2) Read ICDRR register (3) Read ICDRR register
by program setting TDRE bits to 0

Figure 16.35 Operating 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) \ A , Lm’ \_F
SDA
(slave output) / \ b7 X bs X b5 X b4 X b3 X b2 b1 b0
Y Y
RDRF bit in !
ICSR register
=9 0 f L
J 3
g /
RCVD bit in
ICCR1 register |_
0 % /
ICDRS register Data IMN \ / Datan / /
AN N
N
AN / N_//

A}
ICDRR register X Data n-1

: &) Stop condition
Processing (5) Set RCVD bit to 1 before ©) gen%ration (7) Read ICDRR register before

by program reading ICDRR register setting RCVD bit to 0 \J
(8) Set to slave receive mode

Figure 16.36 Operating Timing in Master Receive Mode (I2C bus Interface Mode) (2)
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16.3.3.4 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 16.37 and 16.38 show the Operating Timing in Slave Transmit Mode (I2C bus Interface Mode).

The transmit procedure and operation in slave transmit mode are as follows.

(1)

(2)

(3)

4)
(5)

Set the ICE bit in the ICCRI register to 1 (transfer operation enabled). Set bits WAIT and MLS in the
ICMR register and bits CKS0 to CKS3 in the ICCRI1 register (initial setting). Set bits TRS and MST in
the ICCR1 register to 0 and wait until the slave address matches in slave receive mode.

When the slave address matches at the 1st frame after detecting the start condition, the slave device
outputs the level set by the ACKBT bit in the ICIER register to the SDA pin at the rise of the 9th clock
cycle. At this time, if the 8th bit of data (R/W) is 1, bits TRS and TDRE in the ICSR 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 ICDRT register every time the TDRE bit is set to 1.

When the TDRE bit in the ICDRT register is set to 1 after writing the last transmit data to the ICDRT
register, wait until the TEND bit in the ICSR register is set to 1 while the TDRE bit is set to 1. When the
TEND bit is set to 1, set the TEND bit to 0.

The SCL signal is released by setting the TRS bit to 0 and performing a dummy read of the ICDRR
register to end the process.

Set the TDRE bit to 0.
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. [l
Slave receive mode <——— ! — Slave fransmit mode
)

SCL

(master output) 9 1 2

SDA
(master output)

]

SCL
(slave output)

SDA b6 b4 b2 b1 b0 b7
(slave output) a ( b7 X X ps X P3
¥
TDRE bit in 1
ICSR register
0 ; A \
- 1
o1 H
TEND bit in !
ICSR register :
0 H \
]
L1
TRS bitin
ICCR1 register 0
)
)
1]
_ )
ICDRT register ' X Data 1 X \ Data 2 X Data 3
H ‘ \ AN
)
]
1]
T \j X
ICDRS register E\ X / Data 1 \ X Data 2 I
'\ \ I
)
H
] A
ICDRR register :
)
Y \ 1l
Processing (1) Data write to ICDRT (2) Data write to ICDRT (2) Data write to ICDRT
by program register (data 1) register (data 2) register (data 3)

Figure 16.37 Operating Timing in Slave Transmit Mode (I2C bus Interface Mode) (1)
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Slave receive
. mode

Slave transmit mode «——— ! _—
1

scL i
(master output) i
i
T 1
SDA . :
(master output) \_ A ’ A ;\ ! '
i
i
SCL :

(slave output)

[

(slaveoutsp?l?) \DTXDGXDSXMXDSXMXMXDO/

TDRE bitin |
ICSR register

-
'

TEND bit in

ICSR register
0
L1
TRS bit in
ICCRI register /4

B 7717
\ A

]
1
1
1
]
L]
T
1
1
1
Al 1
ICDRS register Datan H
1
1
1
1
1
1
]
1
]
1

ICDRR register // / /
¥ I/

Processing (3) Set the TEND bitto 0 (4) Dummy read of ICDRR register
by program after setting TRS bit to 0

S Py ——— I ————-—-

(9)Set TDRE bitto 0

Figure 16.38 Operating Timing in Slave Transmit Mode (I2C bus Interface Mode) (2)
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16.3.3.5 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 16.39 and 16.40 show the Operating Timing in Slave Receive Mode (I2C bus Interface Mode).

The receive procedure and operation in slave receive mode are as follows.

(1) Set the ICE bit in the ICCRI register to 1 (transfer operation enabled). Set bits WAIT and MLS in the
ICMR register and bits CKS0 to CKS3 in the ICCRI1 register (initial setting). Set bits TRS and MST in
the ICCRI1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the slave address matches at the 1st frame after detecting the start condition, the slave device
outputs the level set in the ACKBT bit in the ICIER register to the SDA pin at the rise of the 9th clock
cycle. Since the RDRF bit in the ICSR register is set to 1 simultaneously, perform the dummy read (the
read data is unnecessary because it indicates the slave address and R/W).

(3) Read the ICDRR register every time the RDRF bit is set to 1. If the 8th clock cycle falls while the
RDREF bit is set to 1, the SCL signal is fixed “L” until the ICDRR register is read. The setting change of
the acknowledge signal returned to the master device before reading the ICDRR register takes affect
from the following transfer frame.

(4) Reading the last byte is performed by reading the ICDRR register in like manner.
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SCL
(master output)

SDA f‘ '1 :(
(master output) \ DTX b6 X b5 X b4 X b3 X b2 X b1 X b0 / b7

9 1 2 3 4 5 6 T 8 9 1

SCL
(slave output)

SDA \ I || f
(slave output) A A

RODRF bit in 1
ICSR register
D f f
ICDRS register \ / X Data 1 /X Data 2

ICDRR register X‘ \ / X /Dala1
v/ v/

(2) Read ICDRR register

Processing (2) Dummy read of ICDRR register
by program

Figure 16.39 Operating Timing in Slave Receive Mode (I2C bus Interface Mode) (1)

SCL
(master output)

SDA
(master output) o7 bé b5 b4 b3 b2 b1 b0

SCL
(slave output)

SDA \ I ‘1 r‘
(slave output) A 4

e i |
0 —— f jh
\

Y
ICDRS register X Data 1 / / \ \ Data 2

ICDRR register X / \ / X ‘\ Data 1
Processing (3) Set ACKET bit to 1 (3) Read ICDRR register (4) Read ICDRR register
by program

Figure 16.40 Operating Timing in Slave Receive Mode (12C bus Interface Mode) (2)
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16.3.4 Clock Synchronous Serial Mode

16.3.4.1 Clock Synchronous Serial Format

Set the FS bit in the SAR register to 1 to use the clock synchronous serial format for communication.
Figure 16.41 shows the Transfer Format of Clock Synchronous Serial Format.

When the MST bit in the ICCR1 register is set to 1, the transfer clock is output from the SCL pin, and when the
MST bit is set to 0, the external clock is input.

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 ICMR register. The SDA output level can be changed by the SDAO bit in the ICCR2 register
during transfer standby.

SDA XbOXb1Xb2Xb3Xb4Xb5Xb6Xb?

Figure 16.41 Transfer Format of Clock Synchronous Serial Format
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16.3.4.2 Transmit Operation

In transmit mode, transmit data is output from the SDA pin in synchronization with the falling edge of the
transfer clock. The transfer clock is output when the MST bit in the ICCR1 register is set to 1 and input when

the MST bit is set to 0.

Figure 16.42 shows the Operating Timing in Transmit Mode (Clock Synchronous Serial Mode).

The transmit procedure and operation in transmit mode are as follows.
(1) Set the ICE bit in the ICCR1 register to 1 (transfer operation enabled). Set bits CKS0 to CKS3 in the

ICCRI1 register and set the MST bit (initial setting).

(2) The TDRE bit in the ICSR register is set to 1 by selecting transmit mode after setting the TRS bit in the

ICCRI1 register to 1.

(3) Data is transferred from registers ICDRT to ICDRS and the TDRE bit is automatically set to 1 by
writing transmit data to the ICDRT register after confirming that the TDRE bit is set to 1. Continuous
transmission is enabled by writing data to the ICDRT register every time the TDRE bit is set to 1. When
switching from transmit to receive mode, set the TRS bit to 0 while the TDRE bit is set to 1.

w  \UAUA A UL

o

5 5
(OL:';)?S \ b0 X b1 X:j’j:x b6 X b7 X b0 [55:)( b6 X b7

TRS bit in |
ICCR1 register

TDRE bit in
ICSR register -

-

« /1 f

S
; L
ICDRT register Data 1 5( Data 2
J

[t

B
=
RS W,

Data 2

T

/AN
ICDRS register I / / X paa \\ 5::(
[ )

Processing (3) Data write to (3) Data write to
by program ICDRT register ICDRT register

(2) Set TRS bit to 1

=
/ l

(3) Data write to (3) Data write to
ICDRT register ICDRT register

Figure 16.42 Operating Timing in Transmit Mode (Clock Synchronous Serial Mode)
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16.3.4.3 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 ICCRI1 register is set to 1 and input when the MST bit is set to 0.
Figure 16.43 shows the Operating Timing in Receive Mode (Clock Synchronous Serial Mode).

The receive procedure and operation in receive mode are as follows.

(1)
(2)
(3)

(4)

Set the ICE bit in the ICCR1 register to 1 (transfer operation enabled). Set bits CKS0 to CKS3 in the
ICCRI1 register and set the MST bit (initial setting).

The output of the receive clock starts when the MST bit is set to 1 while the transfer clock is being
output.

Data is transferred from registers ICDRS to ICDRR and the RDRF bit in the ICSR register is set to 1,
when the receive operation is completed. Since the next byte of data is enabled when the MST bit is set
to 1, the clock is output continuously. Continuous reception is enabled by reading the ICDRR register
every time the RDRF bit is set to 1. An overrun is detected at the rise of the 8th clock cycle while the
RDREF bit is set to 1, and the AL bit in the ICSR register is set to 1. At this time, the last receive data is
retained in the ICDRR register.

When the MST bit is set to 1, set the RCVD bit in the ICCRI1 register to 1 (disables the next receive
operation) and read the ICDRR register. The SCL signal is fixed “H"™ after reception of the following
byte of data is completed.

S AN AN AW AVANANL W AVAVAYAN
§ )
(irﬁ)?:; \ b0 X b1 X:):(] b6 X b7 X b0 X:lg:x b6 X b7 X b0 [

MST bit in
ICCR1 register

_

TRS bitin ! x
|

\

\
\
\

ICCR1 register

RDRF bit in
ICSR register

ICDRS register
ICDRR register

Processing (2) Set MST bit to 1 (3) Read ICDRR register (3) Read ICDRR register
by program (when transfer clock is output)

s £

1

0

0

f f |—
5 A f j)( A f
X Data 1 55_ x / L( Data 2 XData 3/
A |
X / Data 1 K Data 2 /

(

| T |

Figure 16.43 Operating Timing in Receive Mode (Clock Synchronous Serial Mode)
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16.3.5 Noise Canceller

The states of pins SCL and SDA are routed through the noise canceller before being latched internally.

Figure 16.44 shows a Block Diagram of Noise Canceller.

The noise canceller consists of two cascaded latch and match detector circuits. When the SCL pin input signal
(or SDA pin input signal) is sampled on fl and two latch outputs match, the level is passed forward to the next
circuit. When they do not match, the former value is retained.

f1 (sampling clock)

C C
SCL or SDA » D Q > Match
input signal . Internal SCL
Latch Latch det_ectl_o n or SDA signal
|—> circuit
Period of f1

L ]

f1 (sampling clock) i| —| ﬂ ﬂ

Figure 16.44 Block Diagram of Noise Canceller
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16.3.6 Bit Synchronization Circuit

When setting the I2C bus interface to master mode, the high-level period may become shorter in the following

two cases:

» If the SCL signal is driven L level by a slave device

» If the rise speed of the SCL signal is reduced by a load (load capacity or pull-up resistor) on the SCL line.

Therefore, the SCL signal is monitored and communication is synchronized bit by bit.

Figure 16.45 shows the Timing of Bit Synchronization Circuit, and Table 16.8 lists the Time between Changing

SCL Signal from “L” Output to High-Impedance and Monitoring of SCL Signal.

Reference clock of

S

SCL monitor timing

|

A
v
1
A
L

--------------

O---

—

Figure 16.45 Timing of Bit Synchronization Circuit

Table 16.8 Time between Changing SCL Signal from “L” Output to High-Impedance and
Monitoring of SCL Signal

ICCR1 Register

Time for Monitoring SCL

CKS3 CKS2
0 0 7.5Teye
1 19.5Teye
1 0 17 .5Teye
1 41.5Teye

1Teye = 1/f1(s)
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16.3.7 Examples of Register Setting
Figures 16.46 to 16.49 show Examples of Register Setting When Using I2C bus interface.

| Initial setting

» Set the STOP bit in the ICSR registerto 0
| + Setthe IICSEL bit in the PMR register to 1

| Read BBSY bitin ICCR2 register |

(1) Judge the state of the SCL and SDA lines

S)] (2) Set to master transmit mode
BBSY=07
(3) Generate the start condition

Ye
(4) Set the transmit data of the 1st byte
ICCR1 register TRS bit «1 slave address + R/W)
‘ MST bit « 1 | :I @ ¢
| (5) Wait for 1 byte to be transmitted
ICCR2 register SCP bit <0 )]
BESY bit « 1 (6) Judge the ACKER bit from the specified slave device
[ )
| Write fransmit data to ICDRT register | :l ey (7) Set the transmit data after 2nd byte (except the last byte)
—"1 _ (8) Wait until the ICRDT register is empty

| Read TEND bit in ICSR register |

(9) Set the transmit data of the last byte
No (5) (10) Wait for end of transmission of the last byte
(11) Set the TEND bit to 0
Yes -

Read ACKBR bitin ICIER register | | (12) Set the STOP bit to 0

(13) Generate the stop condition

6
® (14) Wait until the stop condition is generated

(15) Set to slave receive mode

— Set the TDRE bitto 0
Transmit Master receive
mode ? mode

| Write transmit data to ICDRT register | :l )

| Read TDRE bit in ICSR register |

No ()

Yes -

No

(9)
Yes
| Write transmit data to ICDRT register |

| Read TEND bit in ICSR register |

No 1o

Yes

Jan

| ICSR register ~ TEND bit « 0
[

| ICSR register ~ STOP bit 0 | :| (12)
|
ICCR2 register SCPbit« 0 (13)
EBSY bit « 0
E—— _
| Read STOP bitin ICSR register |
14
No (14}
Yes -
ICCR1 register TRS bit « 0
MST bit « 0
I (15}
| ICSR register TDRE bit « 0 |

!

Figure 16.46 Example of Register Setting in Master Transmit Mode (I2C bus Interface Mode)
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| | IMaster receive mode | |

| ICSR register ~ TEND bit « 0

| ICCR1 register ~ TRS bit « 0

| ICSR register ~ TDRE bit « 0

| ICIER register ACKBT bit « 0

| Dummy read in ICDRR register

Yes
Last receive
-17?

| Read ICDRR register

| ICIER register ACKBT bit « 1

| ICCR1 register RCWVD bit « 1

| Read ICDRR register

.|
1

| Read RDRF bit in IC5SR register

MNo

Yes

ICSR register STOP bit « 0

ICCR2 register SCP bit « 0
BBSY bit « 0

-l
— 1

Read STOP bit in ICSR register

Mo

Yes

| Read ICDRR register

| ICCR1 register RCWVD bit « 0

| ICCR1 register ~ MST bit « 0

End

NOTES:

1. Do not generate the interrupt while processing steps (1) to (3).
2. When receiving 1 byte, skip steps (2) to (6) after (1) and jump to process of step (7).

(1

Je
J@

4)

@)

J a0

(11)

(12)

Processing step (8) is dummy read of the ICDRR register.

(1) Set the TEND bit to 0 and set to master receive mode.
Set the TDRE bit to 002

(2) Set the ACKBT bit to the transmit device!"
(3) Dummy read the ICDRR register”

(4) Wait for 1 byte to be received

(5) Judge (last receive - 1)

(6) Read the receive data

(7) Set the ACKET bit of the last byte and set to disable
continuous receive operation (RCVD = 1)@

(8) Read the receive data of (last byte - 1)
(9) Wait until the last byte is received

(10) Set the STOP bitto 0

(11) Generate the stop condition

(12) Wait until the 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

Figure 16.47 Example of Register Setting in Master Receive Mode (I12C bus Interface Mode)
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| | Slave transmit mode ‘ |

‘ ICSR register  AAS bit < 0

.|

bl

‘ Wirite transmit data to ICDRT register

Read TDRE bit in ICSR register

Last byte ?

‘ Wirite transmit data to ICDRT register

Read TEND bit in ICSR register

=

‘ ICSR register  TEND bit < 0

| ICCR1 register TRSbit« 0

Dummy read in ICDRR register

‘ ICSR register TDRE bit < 0

End

(3)

(4)

(3)

(1) Set the AAS bitto 0

(2) Set the transmit data (except the last byte)
(3) Wait until the ICRDT register is empty

(4) Set the transmit data of the last byte

(5) Wait until the last byte is transmitted

(6) Set the TEND bit to 0

(7) Set to slave receive mode

(8) Dummy read the ICDRR register to release the
SCL signal

(9) Set the TDRE bitto 0

Figure 16.48 Example of Register Setting in Slave Transmit Mode (I2C bus Interface Mode)
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| | Slave receive mode | |

| ICSR register ~ AAS bit < 0

[

| ICIER register ACKBT bit « 0

I

| Dummy read ICDRR. register

Yes

Last receive Y
-1?
No

| Read ICDRR register

[
| ICIER register ACKBT bit « 1

[

| Read ICDRR register

.
]|

| Read RDRF bit in ICSR register

No

Yes

Read ICDRR register

NOTE:

@

®)

)

] ao)

1. When receiving 1 byte, skip steps (2) to (6) after (1) and jump to processing step (7).
Processing step (8) is dummy read of the ICDRR register.

(1) Set the AAS bit to 0

(2) Set the ACKBT bit to the transmit device
(3) Dummy read the ICDRR register

(4) Wait until 1 byte is received

(5) Judge (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 16.49 Example of Register Setting in Slave Receive Mode (I2C bus Interface Mode)
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16.3.8 Notes on I2C bus Interface
Set the IICSEL bit in the PMR register to 1 (select I2C bus interface function) to use the I2C bus interface.

16.3.8.1 Multimaster Operation

The following actions must be performed to use the I2C bus interface in multimaster operation.

* Transfer rate
Set the transfer rate by 1/1.8 or faster than the fastest rate of the other masters. For example, if the fastest
transfer rate of the other masters is set to 400 kbps, the I2C-bus transfer rate in this MCU should be set to
223 kbps (= 400/1.18) or more.

* Bits MST and TRS in the ICCR1 register setting

(a) Use the MOV instruction to set bits MST and TRS.

(b) When arbitration is lost, confirm the contents of bits MST and TRS. If the contents are other than the
MST bit set to 0 and the TRS bit set to 0 (slave receive mode), set the MST bit to 0 and the TRS bit to 0
again.

16.3.8.2 Master Receive Mode

Either of the following actions must be performed to use the I2C bus interface in master receive mode.

(a) In master receive mode while the RDRF bit in the ICSR register is set to 1, read the ICDRR register
before the rising edge of the 8th clock.

(b) In master receive mode, set the RCVD bit in the ICCRI1 register to 1 (disables the next receive
operation) to perform 1-byte communications.
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17. Hardware LIN

The hardware LIN performs LIN communication in cooperation with timer RA and UARTO.

17.1 Features

The hardware LIN has the features listed below.
Figure 17.1 shows a Block Diagram of Hardware LIN.

Master mode
* Generates Synch Break
» Detects bus collision

Slave mode
* Detects Synch Break
* Measures Synch Field
* Controls Synch Break and Synch Field signal inputs to UARTO
* Detects bus collision

NOTE:
1. The WakeUp function is detected by INT1.
Hardware LIN
r-r—-r——"F"""f""~""™—~"—"™>"~"""""="=>"=>"""™>"™"™=""™>"™>"™""™>"™>"7= B
. | Synch Field I

RXDO pin O : O— control : Timer RA
I circuit I
| TIOSEL =0 |
| N RXD data |
! - | Timer RA
| LSTART bit —— RXDO input TIOSEL = 1 I underflow signal
: SBE bit—— control i

i circuit L Timer RA

| LINE bt Interrupt | | interrupt
| control >
| Bus collision circuit |
I detection I I 1 UARTO
| f:rC”" BCIE, SBIE, |
| and SFIE bits |
| | UARTO transfer clock
: ! UARTO TE bit
| | Timer RA output pulse
| I
| MST bit |
| |

TXDO pin O+ | UARTO TXD data
| I
LINE, MST, SBE, LSTART, BCIE, SBIE, SFIE: Bits in LINCR register
TIOSEL: Bit in TRAIOC register
TE: Bit in UOC1 register

Figure 17.1 Block Diagram of Hardware LIN
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17.2 Input/Output Pins
The pin configuration of the hardware LIN is listed in Table 17.1.

Table 17.1 Pin Configuration

Name Abbreviation | Input/Output Function
Receive data input RXDO Input Receive data input pin of the hardware LIN
Transmit data output TXDO Output Transmit data output pin of the hardware LIN

Rev.3.00 Feb 29,2008 Page 369 of 485 RENESAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group

17. Hardware LIN

17.3

Register Configuration

The hardware LIN contains the registers listed below.
These registers are detailed in Figures 17.2 and 17.3.
* LIN Control Register (LINCR)
» LIN Status Register (LINST)

LIN Control Register
b7 b6 b5 b4 b3 b2 b1 b0
| I | | | | | | I Symbol Address After Reset
LINCR 0106h 00h
Bit Symbol Bit Name Function RW
Synch Field measurement- 0 : Disables Synch Field measurement-
completed interrupt enable bit completed interrupt
SFIE 1 : Enables Synch Field measurement- RW
completed interrupt
SBIE Synch Break detection interrupt |0 : Disables Synch Break detection interrupt RW
enable bit 1 : Enables Synch Break detection interrupt
BCE Bus collision detection interrupt |0 : Disables bus collision detection interrupt RW
enable bit 1 : Enables bus collision detection interrupt
RXDO0 input status flag 0 : RXDO input enabled
RXDSF 1 - RXDO input disabled RO
Synch Break detection start When this bit is set to 1, timer RA input is
LSTART |bit(1) enabled and RXDO input is disabled. RW
When read, the content is 0.
RXDO input unmasking timing 0 : Unmasked after Synch Break is detected
SBE select bit (effective only in slave|1 : Unmasked after Synch Field measurement RW
mode) is completed
LIN operation mode setting bit? [0 : Slave mode
(Synch Break detection circuit actuated)
MST 1 : Master mode RW
(timer RA output OR'ed w ith TXDQO)
LINE LIN operation start bit 0 : Causes LINto stop RW
1 : Causes LIN to start operating®
NOTES:
1. After setting the LSTART bit, confirm that the RXDSF flag is set to 1 before Synch Break input starts.
2. Before changing LIN operation modes, temporarily stop the LIN operation (LINE bit = 0).
3. Inputs to timer RA and UARTO are prohibited immediately after this bit is set to 1. (Refer to Figure 17.5 Example of
Header Field Transmission Flowchart (1) and Figure 17.9 Example of Header Field Reception Flowchart
(2).)

Figure 17.2

LINCR Register
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LIN Status Register

b7 b6 b5 b4 b3 b2 bl b0

ly\l\/\/l | I | | I | Symbol Address After Reset
LINST 0107h 00h
Bit Symbol Bit Name Function RW
SFDCT Synch Field measurement- 1 show s Synch Field measurement completed. RO
completed flag
SBDCT Synch Break detection flag 1 show s Synch Break detected or Synch RO
Break generation completed.
Bus collision detection flag 1 show s Bus collision detected
BCDCT RO
SFDCT bit clear bit When this bit is set to 1, the SFDCT bit is set to
BOCLR 0. RW
When read, the content is 0.
SBDCT bit clear bit When this bit is set to 1, the SBDCT bit is set to
B1CLR 0. RW
When read, the content is 0.
BCDCT bit clear bit When this bit is set to 1, the BCDCT bit is set to
B2CLR 0. RW

When read, the content is 0.

— Nothing is assigned. If necessary, set to 0.
(b7-b6) |When read, the content is 0.

Figure 17.3 LINST Register
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17.4 Functional Description

17.4.1 Master Mode

Figure 17.4 shows typical operation of the hardware LIN when transmitting a header field in master mode.
Figures 17.5 and 17.6 show a flowchart of the procedure for transmitting a header field.
When transmitting a header field, the hardware LIN operates as described below.

(1) When the TSTART bit in the TRACR register for timer RA is set by writing 1 in software, the hardware
LIN outputs “L” level from the TXDO pin for the period that is set in registers TRAPRE and TRA for
timer RA.

(2) When timer RA underflows upon reaching the terminal count, the hardware LIN reverses the output of
the TXDO pin and sets the SBDCT flag in the LINST register to 1. Furthermore, if the SBIE bit in the
LINCR register is set to 1, it generates a timer RA interrupt.

(3) The hardware LIN transmits 55h via UARTO.

(4) The hardware LIN transmits an ID field via UARTO after it finishes sending 55h.

(5) The hardware LIN performs communication for a response field after it finishes sending the ID field.

4Synch Break’ Synch Field IDENTIFIER

—

TXDOpin (« [T L LT [TTTTTTTT

P2
Set by writing 1 to the
— B1CLR bit in the LINST
register

SBDCT flag in the
LINST register 0

I

Cleared to 0 upon
| — acceptance of interrupt
IR bit in the TRAIC request or by a program

register

(s
i

(M @ @ (4) (5)

The above applies under the following conditions:
LINE=1, MST =1, SBIE =1

Figure 17.4 Typical Operation when Sending a Header Field

Rev.3.00 Feb 29,2008 Page 372 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

17. Hardware LIN

Timer RA Set to timer mode
Bits TMODO to TMOD2 in TRAMR register «~ 000b

l

Timer RA Set the pulse output level from low to start
TEDGSEL bit in TRAIOC register « 1

'

Timer RA Set the INT1/TRAIO pin to P1_5
TIOSEL bit in TRAIOC register « 1

!

Timer RA Set the count source (f1, 12, f8, f{OCO)
Bits TCKO to TCK2 in TRAMR register

'

Timer RA Set the Synch Break width
TRAPRE register
TRA register

v

UARTO Set to transmit/receive mode
(Transfer data length: 8 bits, Internal clock, 1 stop bit,
Parity disabled)
UOMR register

'

UARTO Set the BRG count source (f1, f8, f32)

UOCOCLKO to 1 bit

UARTO Set the bit rate

UOBRG register

v

Hardware LIN Set the LIN operation to stop
LINCR register LINE bit « 0

v

Hardware LIN Set to master mode

MST bit in LINCR register « 1

'

Hardware LIN Set the LIN operation to start

LINE bit in LINCR register « 1

v

Hardware LIN Set the register to enable interrupts
(Bus collision detection, Synch Break detection,
Synch Field measurement)

Bits BCIE, SBIE, SFIE in LINCR register

!

Hardware LIN Clear the status flags
(Bus collision detection, Synch Break detection,
Synch Field measurement)

Bits B2CLR, B1CLR, BOCLR in LINST register « 1

®

 For the hardware LIN
function, set the TIOSEL bit
_J inthe TRAIOC register to 1.

Set the count source and
registers TRA and TRAPRE
as suitable for the Synch
Break period.

Set the BRG count source
and UOBRG register as
appropriate for the bit rate.

During master mode, the
Synch Field measurement-
completed interrupt cannot be
used.

Figure 17.5 Example of Header Field Transmission Flowchart (1)
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P

Timer RA Set the timer to start counting
TSTART bit in TRACR register « 1

L«
¥

Timer RA Read the count status flag
TCSTF flag in TRACR register

YES [«

Hardware LIN Read the Synch Break detection flag
SBDCT flag in LINST register

SBDCT =17 NO

YES

Timer RA Set the timer to stop counting
TSTART bit in TRACR register « 0

|A
v

Timer RA Read the count status flag
TCSTF flag in TRACR register

NO

TCSTF=07

YES

UARTO Communication via UARTO
TE bit in UOC1 register « 1
UOTB register « 0055h

l

UARTO Communication via UARTO
UOTB register « ID field

Timer RA generates Synch Break.

If registers TRAPRE and TRA for
timer RA do not need to be read or
the register settings do not need to be
changed after writing 1 to the
TSTART bit, the procedure for reading
TCSTF flag = 1 can be omitted.

Zero to one cycle of the timer RA
count source is required after timer
RA starts counting before the TCSTF
flag is setto 1.

The timer RA interrupt may be used
to terminate generation of Synch
Break.

One to two cycles of the CPU clock
are required after Synch Break
generation completes before the
SBDCT flag is set to 1.

After timer RA Synch Break is
generated, the timer should be made
to stop counting.

If registers TRAPRE and TRA for timer
RA do not need to be read or the
register settings do not need to be
changed after writing 0 to the TSTART
bit, the procedure for reading TCSTF
flag = 0 can be omitted.

Zero to one cycle of the timer RA count
source is required after timer RA stops
counting before the TCSTF flag is set
to 0.

Transmit the Synch Field.

Transmit the ID field.

Figure 17.6 Example of Header Field Transmission Flowchart (2)
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Slave Mode

Figure 17.7 shows typical operation of the hardware LIN when receiving a header field in slave mode. Figure
17.8 through Figure 17.10 show a flowchart for the procedure for receiving a header field.
When receiving a header field, the hardware LIN operates as described below.

(1)
(2)

(3)

4)
(5)
(6)

Synch Break detection is enabled by writing 1 to the LSTART bit in the LINCR register of the hardware
LIN.

When “L” level is input for a duration equal to or greater than the period set in timer RA, the hardware
LIN detects it as Synch Break. At this time, the SBDCT flag in the LINST register is set to 1.
Furthermore, if the SBIE bit in the LINCR register is set to 1, the hardware LIN generates a timer RA
interrupt. Then it goes to Synch Field measurement.

The hardware LIN receives a Synch Field (55h). At this time, it measures the period of the start bit and
bits 0 to 6 by using timer RA. In this case, it is possible to select whether to input the Synch Field signal
to RXDO0 of UARTO by setting the SBE bit in the LINCR register accordingly.

The hardware LIN sets the SFDCT flag in the LINST register to 1 when it finishes measuring the Synch
Field. Furthermore, if the SFIE bit in the LINCR register is set to 1, it generates a timer RA interrupt.
After it finishes measuring the Synch Field, calculate a transfer rate from the count value of timer RA
and set to UARTO and registers TRAPRE and TRA of timer RA again.

The hardware LIN performs communication for a response field after it finishes receiving the ID field.

¢ Synch Break) le Synch Field N> IDENTIFIER
i 1
RXDO
pin & LML HEEEEEEE
RXDO inputfor 1 | | | | | | | | |
UARTO O s
L gg Egmlg?gb:t }ﬁ Cleared to 0 when Synch
- +—1 Field measurement
the LINCR register ;
RXDSF flaginthe 1 . 9 |}/ finishes

LINCR register 0 —

SBDCT flag inthe 1 4l the LINST register
LINST register

SFDCT flag in the
LINST register

IR bitin the TRAIC 1

Set by writing 1 to
—the B1CLR bit in

Set by writing 1 to the
+— |BOCLR bit in the LINST
register

Measure this period

< » f

]

Cleared to 0 upon

_acceptance of
¥ interrupt request or | ¥
by a program

register

M @ @ 4 ®) (6)

The above applies under the following conditions:
LINE=1, MST=0,SBE=1,SBIE=1, SFIE=1

Figure 17.7 Typical Operation when Receiving a Header Field
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Timer RA Set to pulse width measurement mode

Bits TMODO to TMOD?2 in the TRAMR register « 011b

|

Timer RA Set the pulse width measurement level low

TEDGSEL bit in the TRAIOC register « 0

I

Timer RA Set the INT1/TRAIO pinto P1_5

TIOSEL bit in the TRAIOC register « 1

!

Timer RA Set the count source (f1, f2, f8, fOCO)

Bits TCKO to TCK2 in the TRAMR register

|

Timer RA Set the Synch Break width

TRAPRE register
TRA register

'

Hardware LIN Set the LIN operation to stop

LINE bit in the LINCR register « 0

|

Hardware LIN Set to slave mode

MST bit in the LINCR register « 0

'

Hardware LIN Set the LIN operation to start

LINE bit in the LINCR register « 1

|

Hardware LIN Set the RXDO input unmasking timing

(After Synch Break detection, or after Synch
Field measurement)
SBE bit in the LINCR register

'

Hardware LIN Set the register to enable interrupts

(Bus collision detection, Synch Break detection,
Synch Field measurement)
Bits BCIE, SBIE, SFIE in the LINCR register

®

For the hardware LIN
function, set the TIOSEL bit
in the TRAIOC register to 1.

Set the count source and registers
TRA and TRAPRE as appropriate
for the Synch Break period.

Select the timing at which to
unmask the RXDO input for UARTO.
If the RXDO input is chosen to be
unmasked after detection of Synch
Break, the Synch Field signal is
also input to UARTO.

Figure 17.8 Example of Header Field Reception Flowchart (1)
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?

Hardware LIN Clear the status flags
(Bus collision detection, Synch Break
detection, Synch Field measurement)

register « 1

Bits B2CLR, B1CLR, BOCLR in the LINST

v

Timer RA Set to start a pulse width measurement
TSTART bit in the TRACR register « 1

|«

¥é

Timer RA Read the count status flag
TCSTF flag in the TRACR register

Timer RA waits until the timer starts
counting.

Zero to one cycle of the timer RA
count source is required after timer
RA starts counting before the TCSTF

TCSTE=17 NO ﬂag is set to 1.
_) Hardware LIN waits until the RXDO
YES —, input for UARTO is masked.

Hardware LIN Set to start Synch Break detection
LSTART bit in the LINCR register « 1

IJ

¢

Hardware LIN Read the RXDO input status flag
RXDSF flag in the LINCR register

Do not apply “L” level to the RXD pin
until the RXDSF flag reads 1 after
writing 1 to the LSTART bit. This is
because the signal applied during this
time is input directly to UARTO.

One to two cycles of the CPU clock
and zero to one cycle of the timer RA
count source are required after the
LSTART bit is set to 1 before the

RXDSF=17? NO RXDSF flag is set to 1. After this,
input to timer RA and UARTO is
g — enabled.
YES ¢ —

Hardware LIN Read the Synch Break detection flag
SBDCT flag in the LINST register

Hardware LIN detects a Synch Break.
The interrupt of the timer RA may be
used.

When Synch Break is detected, timer
RA is reloaded with the initially set
count value.

Even if the duration of the input “L”
level is shorter than the set period,
timer RA is reloaded with the initially
set count value and waits until the
next “L” level is input.

One to two cycles of the CPU clock
are required after Synch Break
detection before the SBDCT flag is
setto 1.

When the SBE bit in the LINCR
register is set to 0 (unmasked after
Synch Break is detected), timer RA
can be used in timer mode after the
SBDCT flag in the LINST register is
get to 1 and the RXDSF flag is set to

Figure 17.9 Example of Header Field Reception Flowchart (2)
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YE

*‘1

Hardware LIN Read the Synch Field measurement-
completed flag
SFDCT flag in the LINST register

NO

SFDCT=17

YES

UARTO Set the UARTO communication rate

UOBRG register

Timer RA Set the Synch Break width again
TRAPRE register
TRA register

v

UARTO Communication via UARTO

Hardware LIN measures the Synch
Field.

The interrupt of timer RA may be
used (the SBDCT flag is set when
the timer RA counter underflows
upon reaching the terminal count).
When the SBE bit in the LINCR
register is set to 1 (unmasked after
Synch Field measurement is
completed), timer RA may be used
in timer mode after the SFDCT bit in
the LINST register is set to 1.

Set a communication rate based on
the Synch Field measurement
result.

Communication via UARTO
(The SBDCT flag is set when the

Clock asynchronous serial interface (UART) mode

Transmit ID field timer RA counter underflows upon

_J reaching the terminal count.)

Figure 17.10 Example of Header Field Reception Flowchart (3)
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17.4.3 Bus Collision Detection Function
The bus collision detection function can be used when UARTO is enabled for transmission (TE bit in the U0C1
register =1).
Figure 17.11 shows the Typical Operation when a Bus Collision is Detected.

™D0pn Ll i | L
. 1
RXDOpin o Lo L d | L

rl N et
’_| T
y_l
y_l
y_l

Transfer clock g} —|_—|_I—|_I—IJ1

. Set to 1 by a program

LINE bitinthe 1
LINCR register 0 ——

- Set to 1 by a program

TE bitinthe UOC1 1
register 00—

Set by writing 1 to
fthe B2CLR bit in the
I__INST r(_agister

BCDCT flag in the |
LINST register 0

—

Cleared to 0 upon
—acceptance of interrupt
IR bit in the TRAIC request or by a program

register 0 i i i

—

Figure 17.11 Typical Operation when a Bus Collision is Detected
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17.44 Hardware LIN End Processing

Figure 17.12 shows an Example of Hardware LIN Communication Completion Flowchart.
Use the following timing for hardware LIN end processing:
» If the hardware bus collision detection function is used
Perform hardware LIN end processing after checksum transmission completes.
» If the bus collision detection function is not used
Perform hardware LIN end processing after header field transmission and reception complete.

Timer RA  Set the tim_er_ to stop counti_ng
TSTART bit in TRACR register «<— 0 Set the timer to stop counting.

l¢
v .
Timer RA Read the count status flag Zero to one cycle of the timer

. : RA count source is required
TCSTF 1l TRACR i(
a9 n register after timer RA starts counting

before the TCSTF flag is set to

TCSTF=07? NO 1
YES
M When the bus collision
UARTO Complete transmission via UARTO detection function is not used,
—/ end processing for the UARTO
l —. transmission is not required.

Hardware LIN  Clear the status flags
(Bus collision detection, Synch Break
detection, Synch Field measurement)

Bits B2CLR, B1CLR, BOCLR in the LINST Atfter clf:laaringi ha;ﬁware LIN
ist 1 status flag, stop the
register < J, hardware LIN operation.

Hardware LIN  Set the LIN operation to stop
LINE bit in the LINCR register « 0

Figure 17.12 Example of Hardware LIN Communication Completion Flowchart
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17. Hardware LIN

17.5 Interrupt Requests

There are four interrupt requests that are generated by the hardware LIN: Synch Break detection, Synch Break
generation completed, Synch Field measurement, and bus collision detection. These interrupts are shared with

timer RA.

Table 17.2 lists the Interrupt Requests of Hardware LIN.

Table 17.2 Interrupt Requests of Hardware LIN

Interrupt Request Status Flag Cause of Interrupt

Synch Break detection SBDCT Generated when timer RA has underflowed after measuring
the “L” level duration of RXDO input, or when a “L” level is
input for a duration longer than the Synch Break period
during communication.

Synch Break generation Generated when “L” level output to TXDO for the duration set

completed by timer RA completes.

Synch Field SFDCT Generated when measurement for 6 bits of the Synch Field

measurement by timer RA is completed.

Bus collision detection BCDCT Generated when the RXDO input and TXDO output values

differed at data latch timing while UARTO is enabled for
transmission.
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17.6 Notes on Hardware LIN

For the time-out processing of the header and response fields, use another timer to measure the duration of time
with a Synch Break detection interrupt as the starting point.
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18. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a capacitive coupling
amplifier. The analog input shares pins PO 0to PO _7, and P1 0to P1 3. Therefore, when using these pins, ensure that
the corresponding port direction bits are set to 0 (input mode).

When not using the A/D converter, set the VCUT bit in the ADCONI1 register to 0 (Vref unconnected) so that no
current will flow from the VREF pin into the resistor ladder. This helps to reduce the power consumption of the chip.
The result of A/D conversion is stored in the AD register.

Table 18.1 lists the Performance of A/D converter. Figure 18.1 shows a Block Diagram of A/D Converter.

Figures 18.2 and 18.3 show the A/D converter-related registers.

Table 18.1 Performance of A/D converter

ltem Performance
A/D conversion method Successive approximation (with capacitive coupling amplifier)
Analog input voltage(1) 0VtoAVCC
Operating clock $AD(2) 42V <AVCC<55V f1,1f2, f4, fOCO-F
22V<AVCC<4.2V {2, f4,fOCO-F
Resolution 8 bits or 10 bits selectable
Absolute accuracy AVCC =Vref =5V, $AD = 10 MHz

+» 8-bit resolution  +2 LSB
* 10-bit resolution +3 LSB
AVCC = Vref =3.3V, $AD = 10 MHz
+» 8-bit resolution  +2 LSB
* 10-bit resolution +5 LSB
AVCC = Vref =2.2V, $AD = 5 MHz
+» 8-bit resolution  +2 LSB
* 10-bit resolution +5 LSB
Operating mode One-shot and repeat(3)
Analog input pin 12 pins (ANO to AN11)
A/D conversion start condition |+ Software trigger
Set the ADST bit in the ADCONO register to 1 (A/D conversion starts)
* Capture
Timer RD interrupt request is generated while the ADST bit is set to 1
Conversion rate per pin * Without sample and hold function
8-bit resolution: 49¢AD cycles, 10-bit resolution: 59¢AD cycles
* With sample and hold function
8-bit resolution: 28¢pAD cycles, 10-bit resolution: 330AD cycles

NOTES:

1. The analog input voltage does not depend on use of a sample and hold function.
When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh
in 10-bit mode and FFh in 8-bit mode.

2. When 2.7 V < AVCC < 5.5V, the frequency of $AD must be 10 MHz or below.
When 2.2 V < AVCC < 2.7 V, the frequency of §AD must be 5 MHz or below.
Without a sample and hold function, the $AD frequency should be 250 kHz or above.
With a sample and hold function, the $AD frequency should be 1 MHz or above.

3. In repeat mode, only 8-bit mode can be used.
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CKS0 =1
fOCO-F —O A/D conversion rate selection
O
f1 40/0 CKS1 = 1
CKS0=0 CKSD =1 6AD
f2——™°
4 CKS1=0
CKSD0=0
VCUT =0
AVSS()—0
VCUT =1 Resistor ladder
VREF (Q———
A

ftetetttd
[TTITITTT]

Successive conversion register

[
[

ADCAP =0

Software trigger ADCONO
T SN Trigger "'L"""

Timer RD——0

interrupt request ADCAP =1 Yyy Veom
[ AD register |- Decoder
Comparator
7 VIN
S Data bus 5
Y
oo 0| mon-u
PO_6/AN1 O CH2 tn CHO = 010b 2
0 =
Eg—iiﬁmg 8 CH2 to CHO = 011b g ADGSELO=0
P0_3!‘AN4 O CH2 to CHO = 100b ) Q\O;
PO_Z!‘ANS O CH2 to CHO = 101b S
_ - o
PO_1/AN6 O gg;:" ggg - 1:?2 o ADGSELO = 1
PO_0/AN7 O oS 9)
—
v omn o] oenoo-n
P1_1/AN9 O oL 2 10b 5
CH2 to CHO = 110b
P1_2/AN10 O CH2 to CHO = 111b Qj
P1_3/AN11 O O

CHO to CH2, ADGSELO0, CKSO: Bits in ADCONO register
CKS1, VCUT: Bits in ADCON1 register

Figure 18.1 Block Diagram of A/D Converter
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A/D Control Register 0(")

b7 b6 b5 b4 b3 b2 b1 b0

| I | | | | | | I Symbol Address After Reset

ADCONO 00D6h 00h
Bit Symbol Bit Name Function RwW
Analog input pin select bits |(Note 4
CHO g Input p ( ) RW
CH1 RW
CH2 RW
A/D operating mode select - One-shot mode
MD bit! : Repeat mode RW
ADGSELO RW

- Selects port P1 group (ANS to AN11)

- Starts at softw are trigger (ADST bit)
- Starts at timer RD RW
(complementary PWM mode)

A/D conversion automatic
ADCAP start bit

0
1
A/D input group select bit*! |0 : Selects port PO group (ANO to AN7)
1
0
1

A/D conversion start flag |0 : Stops A/D conversion

ADST 1 : Starts A/D conversion RW
Frequency select bit 0 [When CKS1 in ADCON1 register = 0]
0: Selects f4
1: Selects f2
CKSO [When CKS1 in ADCON1 register = 1] RW

0 : Selects 1@
1: Selects fOCO-F

NOTES:
1. If the ADCONO register is rew ritten during A/D conversion, the conversion result is undefined.
2. When changing A/D operating mode, set the analog input pin again.
3. Set 8AD frequency to 10 MHz or below .
4. The analog input pin can be selected according to a combination of bits CHO to CH2 and the ADGSELO bit.

CH2 to CHO | ADGSHLO =0 ADGSH 0 =1
000b ANO Do not set.
001b AN1
010b AN2
011b AN3
100b AN4 AN8
101b AN AN9
110b ANG AN10
111b AN7 ANT11

Figure 18.2 ADCONO Register
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A/D Control Register 1)

b7 b6 b5 b4 b3 b2 b1 b0

|0| 0| | | |0| 0| 0| Symbol Address After Reset
ADCONT1 00D7h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b2-b0) RW
8/10-bit mode select bit? |0 : 8-bit mode
BITS 1 10-bit mode RW
. Frequency select bit 1 Refer to the description of the CKSO0 bit in the W
ADCONMO register function
Vref connect bit® 0 : Vref not connected
veut 1 : Vref connected RW
— Reserved bits Setto 0.
(b6-b7) RW
NOTES:
1. If the ADCONT1 register is rew ritten during A/D conversion, the conversion result is undefined.
2. Set the BITS bit to 0 (8-bit mode) in repeat mode.
3. When the VCUT bit is set to 1 (connected) from 0 (not connected), wait for 1 us or more before starting
A/D conversion.
A/D Control Register 2(")
b7 b6 b5 b4 b3 b2 b1 b0
N\(l\/&)\/] 0| 0| D| | Symbol Address After Reset
ADCON2 00D4h 00h
Bit Symbol Bit Name Function RwW
A/D conversion method select bit 0 : Without sample and hold
SMP 1 - With sample and hold RW
— Reserved bits Setto 0. RW
(b3-b1)
— Nothing is assigned. If necessary, set to 0.
(b7-b4) [When read, the content is 0. o
NOTE:
1. If the ADCONZ register is rew ritten during A/D conversion, the conversion result is undefined.
A/D Register
(b15) (b8)
b7 b0 b7 b0
N>$§N,\<N I Symbol Address After Reset
AD 00C1h-00COh Undefined
Function RW
When BITS bit in ADCON1 register is set to 1 When BITS bit in ADCON1 register is setto 0 RW
(10-bit mode). (8-bit mode).
8 low -order bits in A/D conversion result A/D conversion result RO
2 high-order bits in A/D conversion result When read, the content is undefined. RO

Nothing is assigned. If necessary, setto 0.

When read, the content is 0.

Figure 18.3 Registers ADCON1, ADCON2, and AD
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18.1 One-Shot Mode

In one-shot mode, the input voltage of one selected pin is A/D converted once.
Table 18.2 lists the One-Shot Mode Specifications. Figures 18.4 and 18.5 show Registers ADCONO and ADCON1
in One-Shot Mode.

Table 18.2  One-Shot Mode Specifications

Item Specification
Function The input voltage of one pin selected by bits CH2 to CHO and ADGSELO is
A/D converted once
Start condition * When the ADCAP bit is set to 0 (software trigger):

Set the ADST bit to 1 (A/D conversion starts)

* When the ADCAP bit is set to 1 (starts in timer RD (complementary PWM
mode):
A compare match between registers TRDO and TRDGRAOQ or a TRD1
underflow is generated while the ADST bit is set to 1

Stop condition » A/D conversion completes (when the ADCAP bit is set to 0 (software
trigger) ADST bit is set to 0)
» Set the ADST bitto 0
Interrupt request generation | A/D conversion completes
timing
Input pin Select one of ANO to AN11
Reading of A/D conversion |Read AD register
result
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A/D Control Register 0(")

b7 b6 b5 b4 b3 b2 b1 b0

| I | | |0| | | I Symbol Address After Reset
ADCONO 00D6h 00h
Bit Symbol Bit Name Function RwW
Analog input pin select bits |(Note 4
CHO g Input p ( ) RW
CH1 RW
CH2 RW
VD A_ID operating mode select |0 : One-shot mode RW
hit2)
i it® o
ADGSELO A/D input group select bit - Selects port PO group (ANO to ANT) RW

- Selects port P1 group (ANS to AN11)

- Starts at softw are trigger (ADST bit)
- Starts at timer RD RW
(complementary PWM mode)

A/D conversion automatic
ADCAP start bit

—= O = O

A/D conversion start flag |0 : Stops A/D conversion
ADST 1: Starts A/D conversion RW

Frequency select bit 0 [When CKS1 in ADCON1 register = 0]
0 : Selects T4

1: Selects 2

CKs0 [When CKS1 in ADCONA register = 1] RW
0 : Selects f1&

1: Selects fOCO-F

NOTES:
1. If the ADCONO register is rew ritten during A/D conversion, the conversion result is undefined.
2. After changing the A/D operating mode, select the analog input pin again.
3. Set 8AD frequency to 10 MHz or below .
4. The analog input pin can be selected according to a combination of bits CHO to CH2 and the ADGSELO bit.

CH2 to CHO | ADGSHLO =0 ADGSH 0 =1
000b ANO Do not set.
001b AN1
010b AN2
011b AN3
100b AN4 AN8
101b AN AN9
110b ANG AN10
111b AN7 ANT11

Figure 18.4 ADCONO Register in One-Shot Mode
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b7 b6 b5 b4 b3 b2 b1 b0

[efe] ] Jo[elo]

A/D Control Register 1(")

A/D conversion.

Symbol Address After Reset
ADCONT1 00D7h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0.
(b2-b0) RW
8/10-bit mode select bit 0 : 8-bit mode
BITS 1: 10-bit mode RW
CKS1 Frequency select bit 1 Refer to the description of the CKSO0 bit in the RW
ADCONO register function
Vref connect bit@ 1 : Vref connected
VCUT RW
— Reserved bits Setto 0. RW
(b6-b7)
NOTES:

1. If the ADCONT1 register is rew ritten during A/D conversion, the conversion result is undefined.
2. When the VCUT bit is set to 1 (connected) from 0 (not connected), w ait for 1 ys or more before starting

Figure 18.5 ADCON1 Register in One-Shot Mode
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18.2 Repeat Mode

In repeat mode, the input voltage of one selected pin is A/D converted repeatedly.
Table 18.3 lists the Repeat Mode Specifications. Figures 18.6 and 18.7 show Registers ADCONO0 and ADCONI in
Repeat Mode.

Table 18.3 Repeat Mode Specifications

ltem Specification
Function The Input voltage of one pin selected by bits CH2 to CHO and ADGSELO is
A/D converted repeatedly
Start conditions * When the ADCAP bit is set to 0 (software trigger):

Set the ADST bit to 1 (A/D conversion starts)

* When the ADCAP bit is set to 1 (starts in timer RD (complementary PWM
mode)):
A compare match between registers TRDO and TRDGRAOQ or a TRD1
underflow is generated while the ADST bit is set to 1

Stop condition Set the ADST bitto 0
Interrupt request generation | Not generated

timing

Input pin Select one of ANO to AN11
Reading of result of A/D Read AD register
converter
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A/D Control Register 0(")

b7 b6 b5 b4 b3 b2 b1 b0

| | | | | 1 | | | | Symbol Address After Reset
ADCONO 00D6h 00h
Bit Symbol Bit Name Function RW
Analog input pin select bits |(Note 4
CHO g Input p ( ) RW
CH1 RW
CH2 RW
VD A_! D operating mode select |1 : Repeat mode RW
bit®
ADGSELO A/D input group select bit*! |0 : Selects port PO group (ANO to AN7) RW

- Selects port P1 group (ANS to AN11)

0

1
A/D conversion automatic |0 : Starts at softw are trigger (ADST bit)
ADCAP start bit 1 : Starts at timer RD RW
(complementary PWM mode)

A/D conversion start flag |0 : Stops A/D conversion
1

ADST . Starts A/D conversion RW
Frequency select bit 0 [When CKS1 in ADCONT1 register = 0]
0: Selects T4
1: Selects 2
CKS0 [When CKS1 in ADCON1 register = 1] RwW
0 : Selects 1@
1 : Do not set.
NOTES:
1. If the ADCONO register is rew ritten during A/D conversion, the conversion result is undefined.
2. After changing A/D operation mode, select the analog input pin again.
3. Set oAD frequency to 10 MHz or below .
4. The analog input pin can be selected according to a combination of bits CHO to CH2 and the ADGSELO bit.
CH2 to CHO | ADGSELO =0 ADGSELO =1
000b ANO Do not set.
001b AN1
010b AN2
011b AN3
100b AN4 ANS
101b ANS AN9
110b ANG AN10
111b ANT7 ANT11

Figure 18.6 2 ADCONO Register in Repeat Mode
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A/D Control Register 1(")

b7 b6 b5 b4 b3 b2 b1 b0

|0|0|1| |0|0|0|0| Symbol Address After Reset
ADCON1 00D7h 00h
Bit Symbol Bit Name Function RwW
— Reserved bits Setto 0. RW
(b2-b0)
8/10-bit mode select bit®? [0 : 8-bit mode
BITS RwW
CKS1 Frequency select bit 1 Refer to the description of the CKSO0 bit in the RW
ADCONO register function
VeUT Vref connect bit® 1 : Vref connected RW
— Reserved bits Setto 0.
(b6-b7) RW

NOTES:
1. If the ADCONT1 register is rew ritten during A/D conversion, the conversion result is undefined.
2. Set the BITS bit to 0 (8-bit mode) in repeat mode.

3. When the VCUT bit is set to 1 (connected) from 0 (not connected), wait for 1 us or more before starting
A/D conversion.

Figure 18.7 ADCONA1 Register in Repeat Mode

Rev.3.00 Feb 29,2008 Page 392 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

18.3 Sample and Hold

18. A/D Converter

When the SMP bit in the ADCON?2 register is set to 1 (sample and hold function enabled), the A/D conversion rate
per pin increases. The sample and hold function is available in all operating modes. Start A/D conversion after

selecting whether the sample and hold circuit is to be used or not.
Figure 18.8 shows a Timing Diagram of A/D Conversion.

Sample and hold

disabled Conversion time of 1st bit 2nd bit
< > g
Sampling time Comparison | Sampling time | Comparison | Sampling time | Comparison
49 AD cycles time 2.58 AD cycles time 2.58 AD cycles time
L * Repeat until conversion ends
Sample and hold ond bit
enabled Conversion time of 1st bit napl
< Pt i g
Sampling time Comparison | Comparison | Comparison | Comparison
49 AD cycles time time time time
L * Repeat until conversion ends

Figure 18.8 Timing Diagram of A/D Conversion

18.4 A/D Conversion Cycles
Figure 18.9 shows the A/D Conversion Cycles.

Conversion time at the 2nd

Conversion time at the 1st bit bit and the follows

< [
Lt |

End process

[
L |

A/D Conversion Mode Coq_\;fngion SaTninmpgng Cor_rllfrireison Sa_lr_lier]IGiBng Con;?g‘reison End process
Without Sample & Hold | 8 bits 496AD 46AD 2.06AD 2.5¢AD 2.5AD 8.0¢AD
Without Sample & Hold | 10 bits 596AD 49AD 2.0¢AD 2.5¢AD 2.5AD 8.00AD

With Sample & Hold 8 bits 280AD 46AD 2.5¢AD 0.0¢AD 2.5¢AD 4.06AD
With Sample & Hold 10 bits 33¢AD 49AD 2.50AD 0.0¢AD 2.5¢AD 4.06AD

Figure 18.9  A/D Conversion Cycles
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18.5 Internal Equivalent Circuit of Analog Input
Figure 18.10 shows the Internal Equivalent Circuit of Analog Input.

VCC
VCC V5SS
. AVCC
o L o ON Resistor
Parasitic Diode Zx ON Resistor! Wiring Resistor APProx. 0.6k0 ; '
ANO Approx. 2k A;g?gx S Szlﬁgr Analog Input :C = Approx.1.5pF i
O o o ! vy -O/C Voltage 1 || NAMP
swi 1 w2 | VN P
N 1 H esistor|
Parasitic Diode Zk i : i Approx. 5ko| !
| ! I H
i ! Sampling i | —O) O— i
777 i !\ Control Signal i SW3 !
vss ! ; | Swa4 i
. i Ladder-type | i Ladder- \
i=12 | [ Suiches | \WanaeRdPe O Chopper-type
N : ) AVSS mplifier
ory )
~ 2ken Wiring Resistor|
s I'(Q;f\pprox_ 0.2k
AN11—H-0""0
T“” NERNERNREN
A/D Successive
mm Reference Conversion Register
A/D Control Register 0 Control Signal
VREF O)—m— Vref
—o0— o .
Resistor SW5 Comﬁanson
ON Resistor ~ VO't2ge
ladder . Approx. 0.6k V_
AVSS O—0— O+ < A/D Conversion
Interrupt Request

Comparison reference voltage
(Vref) generator

pling | Conpenisn SW1 conducts only on the ports selected for analog input.
) 00 SW2 and SW3 are open when A/D conversion is not in progress;
Control signal | | | their status varies as shown by the waveforms in the diagrams on the left.
for SW2 G o
CGomedttoo SW4 conducts only when A/D conversion is not in progress.
Control signal r SW5 conducts when compare operation is in progress.
for SW3 Caretio®
NOTE:

1. Use only as a standard for designing this data.
Mass production may cause some changes in device characteristics.

Figure 18.10 Internal Equivalent Circuit of Analog Input
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18.6 Output Impedance of Sensor under A/D Conversion

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 18.11 has to be completed
within a specified period of time. T (sampling time) as the specified time. Let output impedance of sensor
equivalent circuit be RO, internal resistance of microcomputer be R, precision (error) of the A/D converter be X,
and the resolution of A/D converter be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode).
1
——t
VCis generally VC= VINJl —-e C(RO+R) }

|

Andwhent=T, VC = VIN—é VIN =VIN[1 —Q

1

T
. C(ROFR) _

X
Y
N SUNE JHD,

C(RO+R) Y

T
C01D§
Y

Hence, R0O= — -R

Figure 18.11 shows the Analog Input Pin and External Sensor Equivalent Circuit. When the difference between
VIN and VC becomes 0.1LSB, we find impedance RO when voltage between pins VC changes from 0 to VIN-
(0.1/1024) VIN in time T. (0.1/1024) means that A/D precision drop due to insufficient capacitor charge is held to
0.1LSB at time of A/D conversion in the 10-bit mode. Actual error however is the value of absolute precision
added to 0.1LSB.

When f(XIN) = 10 MHz, T = 0.25 pus in the A/D conversion mode without sample & hold. Output impedance R0
for sufficiently charging capacitor C within time T is determined as follows.

T=0.25pus,R=28kQ C=6.0pF, X=0.1, and Y = 1024. Hence,

0.25x 1070

6.0x10 2 1n10;1

024

RO=

2.8x10° ~ 1.7x10°

Thus, the allowable output impedance of the sensor equivalent circuit, making the precision (error) 0.1LSB or less,
is approximately 1.7 kQQ maximum.

MCU

Sensor equivalent
circuit

RO R (2.8 kQ)
V!

D e AVAYA
VI C (6.0 F)i
bl I 0p
7 e

)
.

NOTE:
1. The capacity of the terminal is assumed to be 4.5 pF.

Figure 18.11 Analog Input Pin and External Sensor Equivalent Circuit
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18.7 Notes on A/D Converter

* Write to each bit (other than bit 6) in the ADCONO register, each bit in the ADCONI register, or the SMP bit
in the ADCON?2 register when A/D conversion is stopped (before a trigger occurs).

* When the VCUT bit in the ADCONI1 register is changed from 0 (VREF not connected) to 1 (VREF
connected), wait for at least 1 us before starting the A/D conversion.

» After changing the A/D operating mode, select an analog input pin again.

* When using the one-shot mode, ensure that A/D conversion is completed before reading the AD register. The
IR bit in the ADIC register or the ADST bit in the ADCONO register can be used to determine whether A/D
conversion is completed.

* When using the repeat mode, select the frequency of the A/D converter operating clock ¢ AD or more for the
CPU clock during A/D conversion.

Do not select the fOCO-F for the ¢AD.

» If the ADST bit in the ADCONO register is set to 0 (A/D conversion stops) by a program and A/D conversion
is forcibly terminated during an A/D conversion operation, the conversion result of the A/D converter will be
undefined. If the ADST bit is set to 0 by a program, do not use the value of the AD register.

* Connect 0.1 UF capacitor between the P4 2/VREF pin and AVSS pin.

* Do not enter stop mode during A/D conversion.

* Do not enter wait mode when the CMO02 bit in the CMO register is set to 1 (peripheral function clock stops in
wait mode) during A/D conversion.
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19. Flash Memory

19. Flash Memory

19.1 Overview

In the flash memory, rewrite operations to the flash memory can be performed in three modes: CPU rewrite,

standard serial I/O, and parallel I/O.

Table 19.1 lists the Flash Memory Performance (refer to Table 1.1 Functions and Specifications for R8C/24
Group and Table 1.2 Functions and Specifications for R8C/25 Group for items not listed in Table 19.1).

Table 19.1

Flash Memory Performance

ltem

Specification

Flash memory operating mode

3 modes (CPU rewrite, standard serial /O, and parallel 1/0)

Division of erase block

Refer to Figure 19.1 and Figure 19.2

Programming method

Byte unit

Erase method

Block erase

Programming and erasure control method(2)

Program and erase control by software command

Rewrite control method

Rewrite control for blocks 0 and 1 by FMRO2 bit in FMRO register

Rewrite control for block 0 by FMR15 bit and Block 1 by FMR16 bit in

FMR1 register

Number of commands

5 commands

Programming and | Blocks 0 and 1 (program | R8C/24 Group: 100 times; R8C/25 Group: 1,000 times
erasure ROM)
endurance(") Blocks A and B (data | 10,000 times

flagh)(2)

ID code check function

Standard serial /O mode supported

ROM code protect

Parallel /O mode supported

NOTES:

1. Definition of programming and erasure endurance
The programming and erasure endurance is defined on a per-block basis. If the programming and erasure
endurance is n (n = 100 or 10,000), each block can be erased n times. For example, if 1,024 1-byte writes are
performed to block A, a 1-Kbyte block, and then the block is erased, the erase count stands at one. When
performing 100 or more rewrites, the actual erase count can be reduced by executing programming operations
in such a way that all blank areas are used before performing an erase operation. Avoid rewriting only particular
blocks and try to average out the programming and erasure endurance of the blocks. It is also advisable to
retain data on the erase count of each block and limit the number of erase operations to a certain number.

wmn

Blocks A and B are implemented only in the R8C/25 group.
To perform programming and erasure, use VCC = 2.7 \ to 5.5 V as the supply voltage. Do not perform

programming and erasure at less than 2.7 V.

Table 19.2

Flash Memory Rewrite Modes

Flash memory
Rewrite mode

CPU Rewrite Mode

Standard Serial /O
Mode

Parallel 1/O Mode

Function

User ROM area is rewritten by executing
software commands from the CPU.
EWO0 mode: Rewritable in the RAM
EW1 mode: Rewritable in flash memory

User ROM area is
rewritten by a
dedicated serial
programmer.

User ROM area is
rewritten by a
dedicated parallel
programmer.

Areas which can |User ROM area

be rewritten

User ROM area

User ROM area

Operating mode | Single chip mode

Boot mode

Parallel I/O mode

None

ROM Programmer

Serial programmer

Parallel programmer
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19. Flash Memory

19.2

Memory Map

The flash memory contains a user ROM area and a boot ROM area (reserved area). Figure 19.1 shows the Flash
Memory Block Diagram for R8C/24 Group. Figure 19.2 shows a Flash Memory Block Diagram for R8C/25 Group.
The user ROM area of the R8C/25 Group contains an area (program ROM) which stores MCU operating programs
and blocks A and B (data flash) each 1 Kbyte in size.
The user ROM area is divided into several blocks. The user ROM area can be rewritten in CPU rewrite mode and
standard serial I/O and parallel I/O modes.
When rewriting blocks 0 and 1 in CPU rewrite mode, set the FMRO02 bit in the FMRO register to 1 (rewrite
enabled). When the FMR15 bit in the FMR1 register is set to 0 (rewrite enabled), block 0 is rewritable. When the
FMR16 bit is set to 0 (rewrite enabled), block 1 is rewritable.
The rewrite control program for standard serial I/O mode is stored in the boot ROM area before shipment. The boot
ROM area and the user ROM area share the same address, but have separate memory areas.

48 Kbytes ROM product 64 Kbytes ROM product
04000h 04000h
32 Kbytes ROM product
08000h Block 1: 32 Kbytes(" Block 1: 32 Kbytes("
Block 1: 16 Kbytes(™
0BFFFh 0BFFFh 0BFFFh
0CO000h 0C000h 0C000h
Block 0: 16 Kbytes!” Block 0: 16 Kbytes!”
OFFFFh
OFFFFh OFFFFh 10000h| Block 0 32 Kbytest
User ROM area User ROM area
13FFFh
User ROM area
24 Kbytes ROM product
0A000R
Block 1: 8 Kbytes("
O0BFFFh 16 Kbytes ROM product
0C000h 0C000h
Block 0: 16 Kbytes!" Block 0: 16 Kbytes"
OFFFFh OFFFFh
User ROM area User ROM area
NOTES:
1. When the FMRO02 bit in the FMRO register is set to 1 (rewrite enabled) and the FMR15 bit in the FMR1 register is set to 0 (rewrite
enabled), block 0 is rewntable. When the FMR16 bit is set to 0 (rewrite enabled), block 1 is rewritable (only for CPU rewrite mode).
2. This area is for storing the boot program provided by Renesas Technology.

> Program ROM

Program ROM

0E00Oh

8 Kbytes
OFFFFh

Boot ROM area
(reserved area)®

Figure 19.1 Flash Memory Block Diagram for R8C/24 Group
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32 Kbytes ROM product 48 Kbytes ROM product 64 Kbytes ROM product
0240001 Bjock A: 1 Kbyte 0240001 Bjock A: 1 Kbyte | 02400n|  Block A: 1 Kbyte } Data fash
ata flas
02BEFh Block B: 1 Kbyte 02BFFR Block B: 1 Kbyte 02BFEN Block B: 1 Kbyte
! ! I 1 1 |
! ! | 1 1 |
! ! I 1 1 1
: : I 1 1 |
: : 04000h 04000h M
1 I
1 I
08000n Block 1: 32 Kbytes(" Block 1: 32 Kbytes("
Block 1: 16 Kbytest™
OBFFFh OBFFFh OBFFFh
0C000h 0C000h 0C000h
Block 0: 16 Kbytes™ Block 0: 16 Kbytes
OFFFFh OFFFFh OFFFFh : (1)
User ROM area User ROM area 10000n| Block 0- 32 Kbytes
13FFFh )
User ROM area
24 Kbytes ROM product 16 Kbytes ROM product
024000 | Bjlock A: 1 Kbyte 02400n|  Block A: 1 Kbyte
Block B: 1 Kb Block B: 1 Kb Data flash
02BFFh ock B-1KOYe | homren ock B: 1 Kbyte
1
[ 1
1 1
| | : :
I I | |
| | | |
I ! | |
1 1 | I
1 1 i |
1 I | |
' i [ |
1 I | |
' X [ |
0A000h ! :
Block 1: 8 Kbytes : |
OBFFFh
0C000h 0C000h
- (1) - (1)
Block 0: 16 Kbytes Block 0: 16 Kbytes 0E000h
OFFFFh OFFFFh OFFFFh
User ROM area User ROM area
NOTES:
1. When the FMRO2 bit in the FMRO register is set to 1 (rewrite enabled) and the FMR15 bit in the FMR1 register is set to 0 (rewrite
enabled), block 0 is rewritable. When the FMR16 bit is set to 0 (rewrite enabled), block 1 is rewritable (only for CPU rewrite mode).
2. This area is for storing the boot program provided by Renesas Technology.

> Program ROM

Program ROM

8 Kbytes

Boot ROM area
(reserved area)®

Figure 19.2 Flash Memory Block Diagram for R8C/25 Group
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19.3 Functions to Prevent Rewriting of Flash Memory

Standard serial I/O mode has an ID code check function, and parallel I/O mode has a ROM code protect function to
prevent the flash memory from being read or rewritten easily.

19.3.1

ID Code Check Function

This function is used in standard serial I/O mode. Unless the flash memory is blank, the ID codes sent from the
programmer and the ID codes written in the flash memory are checked to see if they match. If the ID codes do
not match, the commands sent from the programmer are not acknowledged. The ID codes consist of 8 bits of
data each, the areas of which, beginning with the first byte, are 00FFDFh, 00FFE3h, 00FFEBh, 00FFEFh,
00FFF3h, 00FFF7h, and 00FFFBh. Write programs in which the ID codes are set at these addresses and write
them to the flash memory.

Address
00FFDFh to 00FFDCh

00FFE3h to 00FFEOQh

00FFETh to 00FFE4h

0OFFEBh to O0FFESh

00OFFEFh to 00FFECh

00FFF3h to 00FFFOh

00FFF7h to 00FFF4h

00FFFBh to 00FFF&h

00FFFFh to 00FFFCh

NOTE:

_—-:"——_._hh
4 e ::-"“‘*—_—_—_—::-—-—'5'/
D1 Undefined instruction vector
D2 Overflow vector
! BRK instruction vector
ID3 Address match vector
D4 Single step vector
ID5 | imarvotage oo |
Monior 2 saar o ottage
D6 Address break
ID7 (Reserved)
(Note 1) ! Reset vector
o I _——
"
4 bytes

1. The OFS register is assigned to 00FFFFh.
Refer to Figure 19.4 OFS Register for OFS register details.

Figure 19.3

Address for Stored ID Code
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19.3.2 ROM Code Protect Function

The ROM code protect function disables reading or changing the contents of the on-chip flash memory by the
OFS register in parallel I/O mode. Figure 19.4 shows the OFS Register.

The ROM code protect function is enabled by writing 0 to the ROMCPI1 bit and 1 to the ROMCR bit. It disables
reading or changing the contents of the on-chip flash memory.

Once ROM code protect is enabled, the content in the internal flash memory cannot be rewritten in parallel I/O
mode. To disable ROM code protect, erase the block including the OFS register with CPU rewrite mode or
standard serial I/O mode.

Option Function Select Register(”
b7 b6 b5 b4 b3 b2 b1 bO
| | 1| | 1 | | | 1 | | Symbol Address When Shipping
OFS OFFFFh FFhi)
Bit Symbol Bit Name Function RW
WDTON Watchdog timer start 0 : Starts w atchdog timer automatically after reset RW
select bit 1 - Watchdog timer is inactive after reset
— Reserved bit Setto 1. RW
(b1)
RO ROM code protect 0 : ROM code protect disabled RW
MCR disabled bit 1 : ROMCP1 enabled
ROMCP1 ROM code protect bit 0 : ROM code protect enabled RW
1 : ROM code protect disabled
— Reserved bit Setto 1.
(b4) RW
Voltage detection 0 0 : Voltage monitor 0 reset enabled after hardw are
circuit start bit® reset
LVDOON 1 : Voltage monitor 0 reset disabled after hardw are RW
reset
— Reserved bit Setto 1.
(b6) RW
Count source protect 0 : Count source protect mode enabled after reset
CSPROINI |mode after reset select |1 : Count source protect mode disabled after reset RW
bit
NOTES:
1. The OFS register is on the flash memory. Write to the OFS register w ith a program. After w riting is completed, do not
w rite additions to the OFS register.
2. To use the pow er-on reset, set the LVDOON bit to 0 (voltage monitor 0 reset enabled after reset).
3. I the block including the OFS register is erased, FFh is set to the OFS register.

Figure 19.4 OFS Register
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19.4 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 while the MCU is mounted on a board without using a
ROM programmer. Execute the program and block erase commands only to blocks in the user ROM area.

The flash module has an erase-suspend function when an interrupt request is generated during an erase operation in
CPU rewrite mode. It performs an interrupt process after the erase operation is halted temporarily. During erase-
suspend, the user ROM area can be read by a program.

In case an interrupt request is generated during an auto-program operation in CPU rewrite mode, the flash module
has a program-suspend function which performs the interrupt process after the auto-program operation is
suspended. During program-suspend, the user ROM area can be read by a program.

CPU rewrite mode has an erase write 0 mode (EW0 mode) and an erase write 1 mode (EW1 mode). Table 19.3 lists
the Differences between EW0 Mode and EW1 Mode.

Table 19.3 Differences between EW0 Mode and EW1 Mode

ltem EWO0 Mode EW1 Mode
Operating mode Single-chip mode Single-chip mode
Areas in which a rewrite User ROM area User ROM area
control program can be
located
Areas in which a rewrite Necessary to transfer to any area other | Executing directly in user ROM or RAM
control program can be than the flash memory (e.g., RAM) before | area possible
executed executing
Areas which can be User ROM area User ROM area
rewritten However, blocks which contain a rewrite
control program are excluded(?)
Software command None * Program and block erase commands
restrictions Cannot be run on any block which
contains a rewrite control program
» Read status register command
Cannot be executed
Modes after program or Read status register mode Read array mode
erase
Modes after read status Read status register mode Do not execute this command
register
CPU status during auto- Operating Hold state (I/O ports hold state before the
write and auto-erase command is executed)
Flash memory status * Read bits FMR0O0, FMRO06, and FMRO7 | Read bits FMR00, FMR06, and FMRO7 in
detection in the FMRO register by a program the FMRO register by a program
*» Execute the read status register
command and read bits SR7, SR5, and
SR4 in the status register.
Conditions for transition to | Set bits FMR40 and FMR41 in the FMR4 | The FMR40 bit in the FMR4 register is set
erase-suspend register to 1 by a program. to 1 and the interrupt request of the
enabled maskable interrupt is generated
Conditions for transitions to | Set bits FMR40 and FMR42 in the FMR4 | The FMR40 bit in the FMR4 register is set
program-suspend register to 1 by a program. to 1 and the interrupt request of the
enabled maskable interrupt is generated
CPU clock 5 MHz or below No restriction (on clock frequency to be
used)
NOTE:

1. When the FMRO2 bit in the FMRO register is set to 1 (rewrite enabled), rewriting block 0 is enabled by setting
the FMR15 bit in the FMR1 register to O (rewrite enabled), and rewriting block 1 is enabled by setting the
FMR16 bit to O (rewrite enabled).
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19.41 EWO Mode

The MCU enters CPU rewrite mode and software commands can be acknowledged by setting the FMRO1 bit in
the FMRO register to 1 (CPU rewrite mode enabled). In this case, since the FMR11 bit in the FMR1 register is
set to 0, EW0 mode is selected.

Use software commands to control program and erase operations. The FMRO register or the status register can
be used to determine when program and erase operations complete.

During auto-erasure, set the FMR40 bit to 1 (erase-suspend enabled) and the FMR41 bit to 1 (request erase-
suspend). Wait for td(SR-SUS) and ensure that the FMR46 bit is set to 1 (read enabled) before accessing the
user ROM area. The auto-erase operation can be restarted by setting the FMR41 bit to 0 (erase restarts).

To enter program-suspend during the auto-program operation, set the FMR40 bit to 1 (suspend enabled) and the
FMRA42 bit to 1 (request program-suspend). Wait for td(SR-SUS) and ensure that the FMR46 bit is set to 1 (read
enabled) before accessing the user ROM area. The auto-program operation can be restarted by setting the
FMR42 bit to 0 (program restarts).

19.4.2 EW1 Mode

The MCU is switched to EW1 mode by setting the FMR11 bit to 1 (EW1 mode) after setting the FMRO1 bit to
1 (CPU rewrite mode enabled).

The FMRO register can be used to determine when program and erase operations complete. Do not execute
commands that use the read status register in EW1 mode.

To enable the erase-suspend function during auto-erasure, execute the block erase command after setting the
FMR40 bit to 1 (erase-suspend enabled). The interrupt to enter erase-suspend should be in interrupt enabled
status. After waiting for td(SR-SUS) after the block erase command is executed, the interrupt request is
acknowledged.

When an interrupt request is generated, the FMR41 bit is automatically set to 1 (requests erase-suspend) and the
auto-erase operation suspends. If an auto-erase operation does not complete (FMROO bit is 0) after an interrupt
process completes, the auto-erase operation restarts by setting the FMR41 bit to 0 (erasure restarts)

To enable the program-suspend function during auto-programming, execute the program command after setting
the FMR40 bit to 1 (suspend enabled). The interrupt to enter program-suspend should be in interrupt enabled
status. After waiting for td(SR-SUS) after the program command is executed, an interrupt request is
acknowledged.

When an interrupt request is generated, the FMR42 bit is automatically set to 1 (request program-suspend) and
the auto-program operation suspends. When the auto-program operation does not complete (FMRO0O bit is 0)
after the interrupt process completes, the auto-program operation can be restarted by setting the FMR42 bit to 0
(programming restarts).
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Figure 19.5 shows the FMRO Register. Figure 19.6 shows the FMR1 Register. Figure 19.7 shows the FMR4
Register.

19.4.2.1 FMROO Bit

This bit indicates the operating status of the flash memory. The bits value is 0 during programming, erasure
(including suspend periods), or erase-suspend mode; otherwise, it is 1.

19.4.2.2 FMRO1 Bit
The MCU is made ready to accept commands by setting the FMRO1 bit to 1 (CPU rewrite mode).

19.4.2.3 FMRO02 Bit

Rewriting of blocks 0 and 1 does not accept program or block erase commands if the FMRO02 bit is set to 0
(rewrite disabled).

Rewriting of blocks 0 and 1 is controlled by bits FMR15 and FMR16 if the FMRO2 bit is set to 1 (rewrite
enabled).

19.4.2.4 FMSTP Bit

This bit is used to initialize the flash memory control circuits, and also to reduce the amount of current
consumed by the flash memory. Access to the flash memory is disabled by setting the FMSTP bit to 1.
Therefore, the FMSTP bit must be written to by a program transferred to the RAM.
In the following cases, set the FMSTP bit to 1:
* When flash memory access resulted in an error while erasing or programming in EW0 mode (FMROO bit
not reset to 1 (ready))
* To provide lower consumption in high-speed on-chip oscillator mode, low-speed on-chip oscillator mode
(XIN clock stops), and low-speed clock mode (XIN clock stops).
Figure 19.11 shows the handling to provide lower consumption in high-speed on-chip oscillator mode, low-
speed on-chip oscillator mode (XIN clock stops), and low-speed clock mode (XIN clock stops). Handle
according to this flowchart. Note that when going to stop or wait mode while the CPU rewrite mode is disabled,
the FMRO register does not need to be set because the power for the flash memory is automatically turned off
and is turned back on again after returning from stop or wait mode.

19.4.2.5 FMRO6 Bit

This is a read-only bit indicating the status of an auto-program operation. The bit is set to 1 when a program
error occurs; otherwise, it is set to 0. For details, refer to the description in 19.4.5 Full Status Check.

19.4.2.6 FMRO7 Bit

This is a read-only bit indicating the status of an auto-erase operation. The bit is set to 1 when an erase error
occurs; otherwise, it is set to 0. Refer to 19.4.5 Full Status Check for details.

19.4.2.7 FMR11 Bit
Setting this bit to 1 (EW1 mode) places the MCU in EW1 mode.

19.4.2.8 FMR15 Bit

When the FMRO2 bit is set to 1 (rewrite enabled) and the FMR15 bit is set to 0 (rewrite enabled), block 0
accepts program and block erase commands.

19.4.29 FMR16 Bit

When the FMRO2 bit is set to 1 (rewrite enabled) and the FMR16 bit is set to 0 (rewrite enabled), block 1
accepts program and block erase commands.
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19.4.2.10 FMR40 Bit
The suspend function is enabled by setting the FMR40 bit to 1 (enable).

19.4.2.11 FMR41 Bit

In EW0 mode, the MCU enters erase-suspend mode when the FMR41 bit is set to 1 by a program. The FMR41
bit is automatically set to 1 (request erase-suspend) when an interrupt request of an enabled interrupt is
generated in EW1 mode, and then the MCU enters erase-suspend mode.

Set the FMR41 bit to 0 (erase restarts) when the auto-erase operation restarts.

19.4.2.12 FMR42 Bit

In EW0 mode, the MCU enters program-suspend mode when the FMR42 bit is set to 1 by a program. The
FMR42 bit is automatically set to 1 (request program-suspend) when an interrupt request of an enabled
interrupt is generated in EW1 mode, and then the MCU enters program-suspend mode.

Set the FMR42 bit to 0 (program restart) when the auto-program operation restarts.

19.4.2.13 FMR43 Bit

When the auto-erase operation starts, the FMR43 bit is set to 1 (erase execution in progress). The FMR43 bit
remains set to 1 (erase execution in progress) during erase-suspend operation.
When the auto-erase operation ends, the FMR43 bit is set to 0 (erase not executed).

19.4.2.14 FMR44 Bit

When the auto-program operation starts, the FMR44 bit is set to 1 (program execution in progress). The FMR44
bit remains set to 1 (program execution in progress) during program-suspend operation.
When the auto-program operation ends, the FMR44 bit is set to 0 (program not executed).

19.4.2.15 FMRA46 Bit

The FMRA46 bit is set to 0 (reading disabled) during auto-program or auto-erase execution and set to 1 (reading
enabled) in suspend mode. Do not access the flash memory while this bit is set to 0.

19.4.2.16 FMR47 Bit

Power consumption when reading the flash memory can be reduced by setting the FMR47 bit to 1 (enabled) in
low-speed clock mode (XIN clock stops) and low-speed on-chip oscillator mode (XIN clock stops).
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Flash Memory Control Register 0

b7 b6 b5 b4 b3 b2 b1 b0

| | |0| 0| I | | | Symbol Address After Reset
FMRO 01B7h 00000001b
Bit Symbol Bit Name Function RwW
FMRO00 RY/BY status flag 0 Busy (w riting or erasing in progress) RO
1: Ready
CPU rew rite mode select bit" 0 : CPU rew rite mode disabled
FVMRO1 1 : CPU rew rite mode enabled RW
Block 0, 1 rew rite enable bit & |0 : Disables rewrite
FMRO2 1: Enables rew rite RW
Flash memory stop biti 3) 0 : Enables flash memory operation
1 : Stops flash memory
FMSTP (enters low -pow er consumption state RW
and flash memory is reset)
— Reserved bits Setto 0. RW
(b5-b4)
@ -
FMROG Program status flag 0 : Oorrpleted successfully RO
1 : Terminated by error
@ -
FMRO7 Erase status flag 0 : Oorrpleted successfully RO
1 : Terminated by error

NOTES:
1. Toset this bitto 1, set it to 1 immediately after setting it first to 0. Do not generate an interrupt betw een setting the bit
to 0 and setting it to 1. Enter read array mode and set this bit to 0.
2. Set this bit to 1 immediately after setting it first to 0 w hile the FMRO1 bit is set to 1.
Do not generate an interrupt betw een setting the bit to 0 and setting itto 1.
3. Set this bit by a program transferred to the RAM.
4_ This bitis set to 0 by executing the clear status command.

5. This bit is enabled w hen the FMRO1 bit is set to 1 (CPU rew rite mode enabled). When the FMRO1 bit is set to 0,
writing 1 to the FMSTP bit causes the FMSTP bit to be set to 1. The flash memory does not enter low -pow er
consumption state nor is it reset.

6. When setting the FMR01 bit to 0 (CPU rew rite mode disabled), the FMRO2 bit is set to 0 (disables rew rite).

Figure 19.5 FMRO Register
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Flash Memory Control Register 1

b7 b6 b5 b4 b3 b2 b1 b0

| 1] I IDI OI 0' | I Symbol Address After Reset
FMR1 01B5h 1000000Xb
Bit Symbol Bit Name Function RwW
— Reserved bit When read, the content is undefined.
RO
(b0)
EW1 mode select bit'"- 2! 0 : BW0 mode
FMR11 1: BW1 mode RW
— Reserved bits Set to 0.
(b4-b2) RW
Block 0 rew rite disable bit?* 0 : Enables rew rite
FMRTS 1 : Disables rew rite RW
Block 1 rew rite disable bit23) 0 : Enables rew rite
FMR16 1 : Disables rew rite RW
— Reserved bit Setto 1. RW
(b7)

NOTES:
1. Toset this bitto 1, set it to 1 immediately after setting it first to 0 w hile the FMRO1 bit is set to 1 (CPU rew rite mode
enable). Do not generate an interrupt betw een setting the bit to 0 and setting it to 1.
2. This bitis set to 0 by setting the FMR01 bit to 0 (CPU rew rite mode disabled).
3. When the FMRO01 bit is set to 1 (CPU rew rite mode enabled), bits FMR15 and FMR16 can be w ritten to.
To set this bit to 0, set it to 0 immediately after setting it first to 1.
To set this bitto 1, setitto 1.

Figure 19.6 FMR1 Register
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Flash Memory Control Register 4

b7 b6 b5 b4 b3 b2 b1 b0

19. Flash Memory

| | |0| | I | | | Symbol Address After Reset
FMR4 01B3h 01000000b
Bit Symbol Bit Name Function RwW
Erase-suspend function 0 : Disable
FMRA40 enable bit™" 1 : Enable RW
VR4 Erase-suspend request bit®! [0 Erase restart RW
1 : Brase-suspend request
FEIGE
FMR42 Program-suspend request bit™ [0 : Program restart RW
1 : Program-suspend request
FVRA3 Erase command flag 0 Erase not exe_-cut_ed RO
1 : Brase execution in progress
FMVR44 Program command flag 0 Program not exep ut_ed RO
1 : Program execution in progress
— Reserved bit Setto 0.
(b5) RO
Read status flag 0 : Disables reading
FMR46 1 : Enables reading RO
EVRAT Low -pow er consumption read |0 : Disable RW
mode enable bit (1. 4.5 1: Enable

NOTES:
1.

To set this bit to 1, set it to 1 immediately after setting it first to 0. Do not generate an interrupt betw een setting the bit
to 0 and setting itto 1.

. This bit is enabled w hen the FMR40 bit is set to 1 (enable) and it can be w ritten to during the period betw een issuing

an erase command and completing the erase. (This bit is set to 0 during periods other than above.)
In EW0 mode, it can be setto 0 or 1 by a program.

In EAV1 mode, it is automatically set to 1 if a maskable interrupt is generated during an erase
operation w hile the FMR40 bit is set to 1. Do not set this bit to 1 by a program (0 can be written).

. The FMR42 bit is enabled only w hen the FMR40 bit is set to 1 (enable) and programming to the FMR42 bit is enabled

until auto-programming ends after a program command is generated. (This bit is set to 0 during periods other than the
above.)

In EW0 mode, 0 or 1 can be programmed to the FMR42 bit by a program.

In EV1 mode, the FMR42 bit is automatically set to 1 by generating a maskable interrupt during auto-programming

w hen the FMR40 bit is set to 1. 1 cannot be w ritten to the FMR42 bit by a program.

In high-speed clock mode and high-speed on-chip oscillator mode, set the FMR47 bit to 0 (disabled).

Set the FMRO1 bit in the FMRO register to 0 (CPU rew rite mode disabled) in low -pow er consumption read mode.

Figure 19.7 FMR4 Register
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Figure 19.8 shows the Timing of Suspend Operation.

NOTE:

the erase-operation
has not ended. ended.

Erasure Erasure Programming Programming Programming Programming Erasure Erasure
starts suspends starts suspends restarts ends restarts ends
\ J \/ \J Y Y Y Y Y
During erasure Curing programing During programing During erasure
FMROO bit in 1 Remains 0 during suspend i
FMRO register 0 ¥
FMRA46 bit in 1 '
FMRA4 register 0
FMR44 bit in 1
FMRA register 0 \
H
i
FMRA43 bit in 1 \\ HI
FMR4 register 0 | Remains 1 during suspend
1
A + A A
Check that the Check that the Check the status, Check the status,
FMRA43 bit is set to 1 FMR44 bit is set to 1 and that the and that the
(during erase (during program programming ends erasure ends
execution), and that execution), and that normally. normally.

the program has not

The above figure shows an example of the use of program-suspend during programming following erase-suspend.

1. If program-suspend is entered during erase-suspend, always restart programming.

Figure 19.8

Timing of Suspend Operation
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Figure 19.9 shows the How to Set and Exit EW0 Mode. Figure 19.10 shows the How to Set and Exit EW1
Mode.

EWO0 Mode Operating Procedure

— Rewrite control program

A
Write 0 to the FMRO01 bit before writing 1
(CPU rewrite mode enabled)2

: ¢

Set registers"’ CM0 and CM1
| | Execute software commands | ‘

Y
Transfer a rewrite control program which uses CPU ¢
rewrite mode to the RAM. |

Execute the read array command® ‘

'

\ 4 Write 0 to the FMRO1 bit
Jump to the rewrite control program which has been (CPU rewrite mode disabled)
transferred to the RAM.
(The subsequent process is executed by the rewrite
control program in the RAM.)

Jump to a specified address in the flash memory
NOTES:

1. Select 5 MHz or below for the CPU clock by the CMOG bit in the CMO register and bits CM16 to CM17 in the CM1 register.

2. To set the FMR01 bit to 1, write 0 to the FIMRO01 bit before writing 1. Do not generate an interrupt between writing 0 and 1.
Write to the FMRO1 bit in the RAM.

3. Disable the CPU rewrite mode after executing the read array command.

Figure 19.9 How to Set and Exit EW0 Mode

EW1 Mode Operating Procedure

Program in ROM

v

Write 0 to the FMRO1 bit before writing 1 (CPU
rewrite mode enabled)"
Write 0 to the FMR11 bit before writing 1 (EW1

mode)
v

| | Execute software commands ‘ |

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

NOTE:
1. To set the FMRO1 bit to 1, write 0 to the FMRO1 bit before writing 1.
Do not generate an interrupt between writing 0 and 1.

Figure 19.10 How to Set and Exit EW1 Mode
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High-speed on-chip oscillator mode,
low-speed on-chip oscillator mode
(XIN clock stops), and low-speed

¢ clock mode (XIN clock stops)
program

Transfer a high-speed on-chip oscillator mode, low- 4
speed on-chip oscillator mode (XIN clock stops), and
low-speed clock mode (XIN clock stops) program to Write 0 to the FMRO1 bit before writing 1
the RAM. (CPU rewrite mode enabled)
Jump to the high-speed on-chip oscillator mode, low- Write 1 to the FMSTP bit (flash memory stops.
speed on-chip oscillator mode (XIN clock stops), and low power consumption mode)
low-speed clock mode (XIN clock stops) program
which has been transferred to the RAM. ¢
(The subf:,equent processing is executed by the Switch the clock source for the CPU clock.
program in the RAM.) Turn XIN off

v

Process in high-speed on-chip oscillator
mode, low-speed on-chip oscillator mode
(XIN clock stops), and low-speed clock
mode (XIN clock stops)

v

Turn XIN clock on — wait until oscillation
stabilizes — switch the clock source for CPU

clock®
Write 0 to the FMSTP bit
(flash memory operation)
Write 0 to the FMRO1 bit
NOTES: (CPU rewrite mode disabled)
1. Set the FMRO1 bit to 1 (CPU rewrite mode enabled) before setting the v
FMSTP bit to 1. Wait until the fiash Uit stabil
2. Before switching to a different clock source for the CPU, make sure al ur:al} & flash memory circuit stabrlizes
the designated clock is stable. (30 ps)
3. Insert a 30 ps wait time in a program. Do not access to the flash +

memory during this wait time.
Jump to a specified address in the flash memory

v

Figure 19.11 Process to Reduce Power Consumption in High-Speed On-Chip Oscillator Mode,
Low-Speed On-Chip Oscillator Mode (XIN Clock Stops) and Low-Speed Clock Mode

(XIN Clock Stops)
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19.4.3 Software Commands

The software commands are described below. Read or write commands and data in 8-bit units.

Table 19.4 Software Commands
First Bus Cycle Second Bus Cycle
Command Data Data
Mode Address (D7 to DO) Mode Address (D7 to DO)
Read array Write X FFh
Read status register Write 70h Read X SRD
Clear status register Write 50h
Program Write WA 40h Write WA WD
Block erase Write X 20h Write BA DOh

SRD: Status register data (D7 to DO)
WA: Write address (ensure the address specified in the first bus cycle is the same address as the write

address specified in the second bus cycle.)

WD: Write data (8 bits)
BA: Given block address

x: Any specified address in the user ROM area

19.4.3.1

Read Array Command

The read array command reads the flash memory.
The MCU enters read array mode when FFh is written in the first bus cycle. When the read address is entered in

the following bus cycles, the content of the specified address can be read in 8-bit units.

Since the MCU remains in read array mode until another command is written, the contents of multiple
addresses can be read continuously.

In addition, the MCU enters read array mode after a reset.

19.4.3.2 Read Status Register Command

The read status register command is used to read the status register.
When 70h is written in the first bus cycle, the status register can be read in the second bus cycle (refer to 19.4.4

Status Registers). When reading the status register, specify an address in the user ROM area.

Do not execute this command in EW1 mode.
The MCU remains in read status register mode until the next read array command is written.

19.4.3.3 Clear Status Register Command

The clear status register command sets the status register to 0.
When 50h is written in the first bus cycle, bits FMR06 to FMRO7 in the FMRO register and SR4 to SRS in the
status register are set to 0.
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19.4.3.4 Program Command

The program command writes data to the flash memory in 1-byte units.

By writing 40h in the first bus cycle and data in the second bus cycle to the write address, an auto-program
operation (data program and verify) will start. Make sure the address value specified in the first bus cycle is the
same address as the write address specified in the second bus cycle.

The FMROO bit in the FMRO register can be used to determine whether auto-programming has completed.
When suspend function disabled, the FMROO bit is set to 0 during auto-programming and set to 1 when auto-
programming completes. When suspend function enabled, the FMR44 bit is set to 1 during auto-programming
and set to 0 when auto-programming completes.

The FMRO6 bit in the FMRO register can be used to determine the result of auto-programming after it has been
finished (refer to 19.4.5 Full Status Check).

Do not write additions to the already programmed addresses.

When the FMRO2 bit in the FMRO register is set to 0 (rewriting disabled), or the FMRO2 bit is set to 1 (rewrite
enabled) and the FMR15 bit in the FMR1 register is set to 1 (rewriting disabled), program commands targeting
block 0 are not acknowledged. When the FMR16 bit is set to 1 (rewriting disabled), program commands
targeting block 1 are not acknowledged.

Figure 19.12 shows the Program Command (When Suspend Function Disabled). Figure 19.13 shows the
Program Command (When Suspend Function Enabled).

In EW1 mode, do not execute this command for any address which a rewrite control program is allocated.

In EW0 mode, the MCU enters read status register mode at the same time auto-programming starts and the
status register can be read. The status register bit 7 (SR7) is set to 0 at the same time auto-programming starts
and set back to 1 when auto-programming completes. In this case, the MCU remains in read status register
mode until the next read array command is written. The status register can be read to determine the result of
auto-programming after auto-programming has completed.

( Start )
v

Write the command code 40h to
the write address

v

Write data to the write address

4l
-
4

FMROO =17

| ‘ Full status check | |

A 4
( Program completed )

Figure 19.12 Program Command (When Suspend Function Disabled)
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EWO0 Mode ( ( Maskable interrupt!" )

Start )

r
‘ FMRA40 = 1 | No

v

Write the command code 40h Yes
to the write address |

FMR42 = 1@

¢ [P

| = 1 (enable interrupt)®

¢ No

Y

Write data to the write address Yes |

Access flash memory

Access flash memory |

v

FMR42 = 0 |

FMR44 =07

+
REIT )

N

|| Full status check H

v

( Program completed )

EW1 Mode (

Start )
‘ FMRA40 = 1 |

v

( Maskable interrupt )

Access flash memory |

v

REIT )

I

Write the command code 40h

'

| =1 (enable interrupt) |

v

Write data to the write address

#—

FMR42 = 0 |

FMR44 =07

| | Full status check | |

v

( Program completed )

NOTES:

should be in interrupt enabled status.
3. When no interrupt is used, the instruction to enable interrupts is not needed.
4_1d(SR-SUS) is needed until program is suspended after the FMR42 bit in the FMRA4 register is set to 1.

1. In EW0 mode, the interrupt vector table and interrupt routine for interrupts to be used should be allocated to the RAM area.
2.1d(SR-5US) is needed until the interrupt request is acknowledged after it is generated. The interrupt to enter suspend

Figure 19.13 Program Command (When Suspend Function Enabled)
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19.4.3.5 Block Erase

When 20h is written in the first bus cycle and DOh is written to a given address of a block in the second bus
cycle, an auto-erase operation (erase and verify) of the specified block starts.

The FMROO bit in the FMRO register can be used to determine whether auto-erasure has completed.

The FMROO bit is set to 0 during auto-erasure and set to 1 when auto-erasure completes.

The FMRO7 bit in the FMRO register can be used to determine the result of auto-erasure after auto-erasure has
completed (refer to 19.4.5 Full Status Check).

When the FMRO2 bit in the FMRO register is set to 0 (rewriting disabled) or the FMRO2 bit is set to 1 (rewriting
enabled) and the FMR15 bit in the FMRI1 register is set to 1 (rewriting disabled), the block erase commands
targeting block 0 are not acknowledged. When the FMR 16 bit is set to 1 (rewriting disabled), block erase
commands targeting block 1 are not acknowledged.

Do not use the block erase command during program-suspend.

Figure 19.14 shows the Block Erase Command (When Erase-Suspend Function Disabled). Figure 19.15 shows
the Block Erase Command (When Erase-Suspend Function Enabled).

In EW1 mode, do not execute this command for any address to which a rewrite control program is allocated.

In EW0 mode, the MCU enters read status register mode at the same time auto-erasure starts and the status
register can be read. The status register bit 7 (SR7) is set to 0 at the same time auto-erasure starts and set back to
1 when auto-erasure completes. In this case, the MCU remains in read status register mode until the next read
array command is written.

( Start )
v

Wirite the command code 20h

A 4

Write DOh to a given block
address

4
. |

b4

FMROO = 1?

Yes
‘| Full status check ||

v

( Block erase completed )

Figure 19.14 Block Erase Command (When Erase-Suspend Function Disabled)
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EWO0 Mode ( Start ) C Maskable interrupt(® )
v
| FMRA40 = 1 | No
| Write the command code 20h | Yes
¢ FMR41 = 1@ |

el

I
| | =1 (enable interrupt)® | <

T No

Write DO to any block ‘ A J

address Access flash memory
Yes
‘ Access flash memory |
No ¢
| FMR41=0 |
Yes I
""

H Full status check H

v

( Block erase completed )

7Y
m
_|

\_/

EW1 Mode ( Start ) ( Maskable interrupt @ )
| FMR40 =1 | | Access flash memory ‘

v
REIT )

| Write the command code 20h |

v

| | = 1 (enable interrupt) |

v

Write DOh to any block

)

address
b—
FMR41 =0 ‘
No
Yes

‘ ‘ Full status check

v

( Block erase completed )

NOTES:
1. In EW0 mode, the interrupt vector table and interrupt routine for interrupts to be used should be allocated to the RAM area.
2.1d(SR-SUS) is needed until the interrupt request is acknowledged after it is generated. The interrupt to enter suspend
should be in interrupt enabled status.
3. When no interrupt is used, the instruction to enable interrupts is not needed.
4. 1d{SR-3US) is needed until erase is suspended after the FMR41 bit in the FMR4 register is set to 1.

Figure 19.15 Block Erase Command (When Erase-Suspend Function Enabled)
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19.4.4 Status Registers

The status register indicates the operating status of the flash memory and whether an erase or program operation
has completed normally or in error. Status of the status register can be read by bits FMR00, FMRO06, and
FMRO7 in the FMRO register.
Table 19.5 lists the Status Register Bits.
In EWO0 mode, the status register can be read in the following cases:

* When a given address in the user ROM area is read after writing the read status register command

* When a given address in the user ROM area is read after executing program or block erase command but

before executing the read array command.

19.4.41 Sequencer Status (Bits SR7 and FMRO00)

The sequencer status bits indicate the operating status of the flash memory. SR7 is set to 0 (busy) during auto-
programming and auto-erasure, and is set to 1 (ready) at the same time the operation completes.

19.4.4.2 Erase Status (Bits SRS and FMRO07)
Refer to 19.4.5 Full Status Check.

19.4.4.3 Program Status (Bits SR4 and FMRO06)
Refer to 19.4.5 Full Status Check.

Table 19.5  Status Register Bits

Status Register Bit FMRO Register Status Name Description Value after
Bit 0 1 Reset

SRO (D0) - Reserved - - -
SR1 (D1) - Reserved - - -
SR2 (D2) - Reserved - - -
SR3 (D3) - Reserved - - -
SR4 (D4) FMRO6 Program status | Completed Error 0

normally
SR5 (D5) FMRO7 Erase status Completed Error 0

normally
SR6 (D6) - Reserved - - -
SR7 (D7) FMROO Sequencer Busy Ready 1

status

D0 to D7: Indicate the data bus which is read when the read status register command is executed.

Bits FMRO7 (SR5) to FMRO06 (SR4) are set to 0 by executing the clear status register command.

When the FMRO7 bit (SR5) or FMRO06 bit (SR4) is set to 1, the program and block erase commands cannot
be accepted.
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19.4.5 Full Status Check

When an error occurs, bits FMR06 to FMRO07 in the FMRO register are set to 1, indicating the occurrence of an
error. Therefore, checking these status bits (full status check) can be used to determine the execution result.
Table 19.6 lists the Errors and FMRO Register Status. Figure 19.16 shows the Full Status Check and Handling
Procedure for Individual Errors.

Table 19.6 Errors and FMRO Register Status
FMRO Register (Status

Register) Status Error Error Occurrence Condition
FMRO7(SR5) | FMRO6(SR4)
1 1 Command * When a command is not written correctly
sequence * When invalid data other than that which can be written
error in the second bus cycle of the block erase command is

written (i.e., other than DOh or FFh)("

* When the program command or block erase command
is executed while rewriting is disabled by the FMRO02 bit
in the FMRO register, or the FMR15 or FMR16 bit in the
FMR1 register.

* When an address not allocated in flash memory is input
during erase command input

* When attempting to erase the block for which rewriting
is disabled during erase command input.

* When an address not allocated in flash memory is input
during write command input.

* When attempting to write to a block for which rewriting
is disabled during write command input.

1 0 Erase error * When the block erase command is executed but auto-
erasure does not complete correctly
0 1 Program error |+ When the program command is executed but not auto-

programming does not complete.

NOTE:

1. The MCU enters read array mode when FFh is written in the second bus cycle of these commands.
At the same time, the command code written in the first bus cycle is disabled.
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‘ | Command sequence error | ‘

Full status check ¢
Execute the clear status register command
(zet these status flags fo 0)

v

Check if command is properly input

| Command sequence error | ‘

( Re-execute the command )
Y
Yes ‘ | Erase error | ‘
FMRO7 =17 | Erase error | |
No ¢
Execute the clear status register command
(et these status flags to 0)
Erase command Elock targefing for erasure
re-execution times < 3 times? cannot be used
Y
Yes
FMROG = 17 | Program error | ‘
N (Re—execute block erase command )
0

‘ | Program error | ‘

Execute the clear status register
command
v (zet these status flags fo 0)

( Full status check completed ] ¢
Specify the other address besides the

write address where the error occurs for
the program address'"

NOTE:
1. To rewrite to the address where the program error occurs, check if the full
status check is complete normally and write to the address after the block ( Re-execute program command )
erase command is executed.

Figure 19.16 Full Status Check and Handling Procedure for Individual Errors
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19.5 Standard Serial I/O Mode

In standard serial I/O mode, the user ROM area can be rewritten while the MCU is mounted on-board by using a
serial programmer which is suitable for the MCU.
There are three types of Standard serial I/O modes:

» Standard serial /O mode 1 ............ Clock synchronous serial I/O used to connect with a serial programmer

» Standard serial /O mode 2 ............ Clock asynchronous serial I/O used to connect with a serial programmer

» Standard serial /O mode 3 ............ Special clock asynchronous serial /O used to connect with a serial
programmer

This MCU uses Standard serial /O mode 2 and Standard serial I/O mode 3.

Refer to Appendix 2. Connection Examples between Serial Writer and On-Chip Debugging Emulator.
Contact the manufacturer of your serial programmer for details. Refer to the user’s manual of your serial
programmer for instructions on how to use it.

Table 19.7 lists the Pin Functions (Flash Memory Standard Serial I/O Mode 2), Table 19.8 lists the Pin Functions
(Flash Memory Standard Serial I/O Mode 3), and Figure 19.17 shows Pin Connections for Standard Serial 1/O
Mode 3.

After processing the pins shown in Table 19.8 and rewriting the flash memory using the programmer, apply “H” to
the MODE pin and reset the hardware to run a program in the flash memory in single-chip mode.

19.5.1 ID Code Check Function

The ID code check function determines whether the ID codes sent from the serial programmer and those written
in the flash memory match (refer to 19.3 Functions to Prevent Rewriting of Flash Memory).

Table 19.7 Pin Functions (Flash Memory Standard Serial I/O Mode 2)

Pin Name 110 Description

VCC,VSS Power input Apply the voltage guaranteed for programming and
erasure to the VCC pin and 0 V to the VSS pin.

RESET Reset input I Reset input pin.

P4 6/XIN P4 6 input/clock input || Connect a ceramic resonator or crystal oscillator
between the XIN and XOUT pins.

P4 7/XOUT P4 7 input/clock output |1/O

P4 3/XCIN P4 3 input/clock input |1 Connect crystal oscillator between pins XCIN and
XCOUT.

P4 4/XCOUT P4 4 input/clock output |1/O

PO O0to PO 7 Input port PO I Input “H” or “L” level signal or leave the pin open.

P1 0toP1 7 Input port P1 I Input “H” or “L” level signal or leave the pin open.

P2 0toP2 7 Input port P2 I Input “H” or “L” level signal or leave the pin open.

P3 0,P3 1,P3 3to |Input port P3 I Input “H” or “L” level signal or leave the pin open.

P3 5 P3 7

P4 2/\VREF, P4 5 Input port P4 I Input “H” or “L” level signal or leave the pin open.

P6 OtoP6 5 Input port P6 I Input “H” or “L” level signal or leave the pin open.

MODE MODE I Input “L” level signal.

P6 6 TXD output O | Serial data output pin.

P6 7 RXD input I Serial data input pin.
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Table 19.8 Pin Functions (Flash Memory Standard Serial I/O Mode 3)
Pin Name /0 Description

VCC,VSS Power input Apply the voltage guaranteed for programming and
erasure to the VCC pin and 0 V to the VSS pin.

RESET Reset input | Reset input pin.

P4 6/XIN P4 6 input/clock input | Connect a ceramic resonator or crystal oscillator
between the XIN and XOUT pins when connecting

P4 7/XOUT P4 7 input/clock output 1/0 | external oscillator. Apply “H” and “L” or leave the pin
open when using as input port.

P4 3/XCIN P4 3 input/clock input | Connect crystal oscillator between pins XCIN and
XCOUT when connecting external oscillator. Apply “H”

P4 4/XCOUT |P4 4 input/clock output /0 |and “L” or leave the pin open when using as a port.

PO 0to PO _7 |Input port PO I Input “H” or “L” level signal or leave the pin open.

P1 0toP1_7 |Input port P1 I Input “H” or “L” level signal or leave the pin open.

P2 0to P2 7 |Input port P2 I Input “H” or “L” level signal or leave the pin open.

P3 0,P3 1, Input port P3 I Input “H” or “L” level signal or leave the pin open.

P3 3to P3 5,

P3 7

P4 2/\VREF, Input port P4 I Input “H” or “L” level signal or leave the pin open.

P4 5

P6 0toP6 7 |Input port P6 I Input “H” or “L” level signal or leave the pin open.

MODE MODE I/O | Serial data I/0O pin. Connect to the flash programmer.
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\_______/
Connect oscillator circuit™
Mode setting
Signal Value

MODE | Voltage from programmer
RESET | VSS — VCC

Package: PLQP0052JA-A

NOTE:
1. It is not necessary to connect an oscillating circuit
when operating with the on-chip oscillator clock.

Figure 19.17 Pin Connections for Standard Serial I/O Mode 3
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19.5.1.1 Example of Circuit Application in Standard Serial I/O Mode

Figure 19.18 shows an Example of Pin Processing in Standard Serial I/O Mode 2. and Figure 19.19 shows an
Example of Pin Processing in Standard Serial I/O Mode 3. Since the controlled pins vary depending on the
programmer, refer to the manual of your serial programmer for details.

MCU

( Data Output st TXD

v
<
=}

( Datalnput }

MODE

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. Connecting the oscillation is necessary. Set the main clock frequency 1
MHz to 20 MHz. Refer to Appendix Figure 2.1 Connection Example
with M16C Flash Starter (M3A-0806).

Figure 19.18 Example of Pin Processing in Standard Serial I/O Mode 2

MCU

MODE I/O MODE

Reset input

User reset signal

NOTES:
1. Controlled pins and external circuits vary depending on the programmer.
Refer to the programmer manual for details.
2. In this example, modes are switched between single-chip mode and
standard serial I/O mode by connecting a programmer.
3. When operating with the on-chip oscillator clock, it is not necessary to

connect an oscillating circuit.

Figure 19.19 Example of Pin Processing in Standard Serial I/O Mode 3
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19.6 Parallel I/0 Mode

Parallel I/O mode is used to input and output software commands, addresses and data necessary to control (read,
program, and erase) the on-chip flash memory. Use a parallel programmer which supports this MCU. Contact the

manufacturer of the parallel programmer for more information, and refer to the user’s manual of the parallel
programmer for details on how to use it.

ROM areas shown in Figures 19.1 and 19.2 can be rewritten in parallel /O mode.

19.6.1 ROM Code Protect Function

The ROM code protect function disables the reading and rewriting of the flash memory. (Refer to 19.3
Functions to Prevent Rewriting of Flash Memory.)
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19.7 Notes on Flash Memory
19.7.1 CPU Rewrite Mode

19.7.1.1 Operating Speed

Before entering CPU rewrite mode (EW0 mode), select 5 MHz or below for the CPU clock using the CMO06 bit
in the CMO register and bits CM16 to CM17 in the CM1 register. This does not apply to EW1 mode.

19.7.1.2 Prohibited Instructions

The following instructions cannot be used in EW0 mode because they reference data in the flash memory:
UND, INTO, and BRK.

19.7.1.3 Interrupts
Table 19.9 lists the EW0 Mode Interrupts, and Table 19.10 lists the EW1 Mode Interrupts.

Table 19.9 EWO0 Mode Interrupts

When Watchdog Timer, Oscillation Stop

Mode Status When Maskable Interrupt Detection, Voltage Monitor 1, or Voltage
Request is Acknowledged Monitor 2 Interrupt Request is
Acknowledged
EWO | During auto-erasure |Any interrupt can be used by Once an interrupt request is
allocating a vector in RAM acknowledged, auto-programming or

auto-erasure is forcibly stopped
immediately and the flash memory is
reset. Interrupt handling starts after the
fixed period and the flash memory
restarts. Since the block during auto-
erasure or the address during auto-
Auto-programming programming is forcibly stopped, the
normal value may not be read. Execute
auto-erasure again and ensure it
completes normally.

Since the watchdog timer does not stop
during the command operation,
interrupt requests may be generated.
Reset the watchdog timer regularly.

NOTES:
1. Do not use the address match interrupt while a command is being executed because the vector of
the address match interrupt is allocated in ROM.
2. Do not use a non-maskable interrupt while block 0 is being automatically erased because the fixed
vector is allocated in block 0.
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Table 19.10 EW1 Mode Interrupts

When Maskable Interrupt

When Watchdog Timer, Oscillation Stop
Detection, Voltage Monitor 1, or Voltage

(erase-suspend
function enabled)

td(SR-SUS) and interrupt
handling is executed. Auto-
erasure can be restarted by
setting the FMR41 bit in the
FMR4 register to O (erase restart)
after interrupt handling
completes.

During auto-erasure
(erase-suspend
function disabled)

Auto-erasure has priority and the
interrupt request
acknowledgement is put on
standby. Interrupt handling is
executed after auto-erasure
completes.

During auto-
programming
(program suspend
function enabled)

Auto-programming is suspended
after td(SR-SUS) and interrupt
handling is executed.
Auto-programming can be
restarted by setting the FMR42 bit
in the FMR4 register to 0
(program restart) after interrupt
handling completes.

During auto-
programming
(program suspend
function disabled)

Auto-programming has priority
and the interrupt request
acknowledgement is put on
standby. Interrupt handling is
executed after auto-programming
completes.

Mode Status Request is Acknowledged Monitor 2 Interrupt Request is
Acknowledged
EW1 | During auto-erasure |Auto-erasure is suspended after |Once an interrupt request is

acknowledged, auto-programming or
auto-erasure is forcibly stopped
immediately and the flash memory is
reset. Interrupt handling starts after the
fixed period and the flash memory
restarts. Since the block during auto-
erasure or the address during auto-
programming is forcibly stopped, the
normal value may not be read. Execute
auto-erasure again and ensure it
completes normally.

Since the watchdog timer does not stop
during the command operation,
interrupt requests may be generated.
Reset the watchdog timer regularly
using the erase-suspend function.

NOTES:
Do not use the address match interrupt while a command is executing because the vector of the
address match interrupt is allocated in ROM.
Do not use a non-maskable interrupt while block 0 is being automatically erased because the fixed
vector is allocated in block 0.

1.

2.
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19.7.1.4 How to Access

Write 0 before writing 1 when setting the FMRO1, FMRO02, or FMR11 bit to 1. Do not generate an interrupt
between writing 0 and 1.

19.7.1.5 Rewriting User ROM Area

In EW0 Mode, if the supply voltage drops while rewriting any block in which a rewrite control program is
stored, it may not be possible to rewrite the flash memory because the rewrite control program cannot be
rewritten correctly. In this case, use standard serial /O mode.

19.7.1.6 Program

Do not write additions to the already programmed address.

19.7.1.7 Entering Stop Mode or Wait Mode

Do not enter stop mode or wait mode during erase-suspend.

19.7.1.8 Program and Erase Voltage for Flash Memory

To perform programming and erasure, use VCC = 2.7 to 5.5 V as the supply voltage. Do not perform
programming and erasure at less than 2.7 V.
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20. Electrical Characteristics

The electrical characteristics of N version (Topr = -20 to 85°C) and D version (Topr = -40 to 85°C) are listed
below.
Please contact Renesas Technology sales offices for the electrical characteristics in the Y version (Topr = -20 to

105°C).

Table 20.1 Absolute Maximum Ratings

Symbol Parameter Condition Rated Value Unit
Vcc/Avee Supply voltage -03to65 \
Vi Input voltage 0.3toVecc+0.3 \
Vo Output voltage 03tovecc+0.3 \
Pd Power dissipation Topr = 25°C 500(1) mw
Topr Operating ambient temperature -20 to 85 (N version) / °C

-40 to 85 (D version)
Tstg Storage temperature -65to 150 °C
NOTE:

1. 300 mW for the PTLGD064JA-A package.
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Table 20.2 Recommended Operating Conditions
Symbol Parameter Conditions - Standard Unit
Min. Typ. Max.
Vcc/Avee | Supply voltage 22 - 55 A\
Vss/AVSS | Supply voltage - 0 - \
VIH Input “H” voltage 0.8Vcc - vee \
ViL Input “L" voltage 0 - 0.2Vce \
|OH(sum) Peak sum output | Sum of all pins 10H(peak) - — -160 mA
“H” current
|OH(sum) Average sum Sum of all pins 10H(avg) - — -80 mA
output “H” current
|0H(peak) Peak output “H” Except P2 0to P2_7 - - -10 mA
current P2 0toP2_7 - - -40 mA
|OH(avg) Average output ExceptP2_0to P2_7 - — -5 mA
“H" current P2 0toP2 7 - - -20 mA
10L(sum) Peak sum output | Sum of all pins 10L(peak) - — 160 mA
“L” current
10L(sum) Average sum Sum of all pins I0L(avg) - - 80 mA
output “L” current
10L(peak) Peak output “L" Except P2 0to P2_7 - - 10 mA
current P2 0to P2_7 - 40 mA
0L (avg) Average output ExceptP2_0to P2_7 - — 5 mA
“L” current P2 0toP2 7 - - 20 mA
f(XIN) XIN clock input oscillation frequency 30V=EVec=£55V 0 - 20 MHz
27V=Veec<30V 0 - 10 MHz
22V=Vee <27V 0 - 5 MHz
f(XCIN) XCIN clock input oscillation frequency 22V=Veec=£55V 0 - 70 kHz
- System clock ocD2=0 30V=Vec=55V 0 - 20 MHz
XIN clock selected 27V=Vec <30V 0 - 10 MHz
22V=Vee <27V 0 - 5 MHz
OCD2 =1 FRAO1=0 - 125 - kHz
On-chip oscillator clock Low-speed on-chip
selected oscillator clock selected
FRAO1 =1 - - 20 MHz
High-speed on-chip
oscillator clock selected
30V=Vecc=55V
FRAO1 =1 - - 10 MHz
High-speed on-chip
oscillator clock selected
27V=Vecc=55V
FRAO1 =1 - - 5 MHz
High-speed on-chip
oscillator clock selected
22V=Vec =55V
NOTES:

1. Vcc=2210 55V at Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.
2. The average output current indicates the average value of current measured during 100 ms.
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Table 20.3 A/D Converter Characteristics

Symbol Parameter Conditions - Standard Unit
Min. Typ. Max.
- Resolution Vref = AVCC - - 10 Bit
- Absolute 10-bit mode $AD = 10 MHz, Vref= AVCC=5.0V - - +3 LSB
accuracy 8-bit mode $AD = 10 MHz, Vref= AVCC=5.0V - - +2 LSB
10-bit mode $AD = 10 MHz, Vref= AVCC=3.3 V - - 5 LSB
8-bit mode $AD = 10 MHz, Vref= AVCC=3.3 V - - +2 LSB
10-bit mode $AD =5 MHz, Vref = AVCC =22V - - 5 LSB
8-bit mode $AD =5 MHz, Vref = AVCC =22V - - +2 LSB
Riadder Resistor ladder Vref = AVCC 10 - 40 kQ
teonv Conversion time | 10-bit mode ®AD = 10 MHz, Vref = AVCC =50V 33 - - us
8-bit mode $AD = 10 MHz, Vref= AVCC=5.0V 28 - - us
Vref Reference voltage 22 - AVce \
Via Analog input voltage(2) 0 - Avce Y
- A/D operating Without sample and hold | Vief= AVCC=271t055V 025 - 10 MHz
clock frequency | with sample and hold Vref= AVCC=2T7 1055V 1 - 10 MHz
Without sample and hold | Vief= AVCC=221t055V 025 - 5 MHz
With sample and hold Vief= AVCC=221t055V 1 - 5 MHz

NOTES:
1. AVcc=221to 55V at Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.
2. When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh in 10-bit mode and FFh in
8-bit mode.

PO ' O
P1
P2 30pF
P3
P4

Figure 20.1 Ports PO to P4, P6 Timing Measurement Circuit
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Table 20.4  Flash Memory (Program ROM) Electrical Characteristics

Symbol Parameter Conditions - Standard Unit
Min. Typ. Max.
- Program/erase endurance(2) R8C/24 Group 100(3) - - times
R8C/25 Group 1,00003) - - times
- Byte program time - 50 400 us
- Block erase time - 0.4 9 S
td(SR-5US) Time delay from suspend request until - - 97+CPUclock | ps
suspend % 6 cycles
- Interval from erase start/restart until 650 - - us
following suspend request
- Interval from program start/restart until 0 - — ns
following suspend request
- Time from suspend until program/erase - - 3+CPU clock us
restart % 4 cycles
- Program, erase voltage 27 - 55 \
- Read voltage 22 - 55 \
- Program, erase temperature 0 - 60 °C
- Data hold time(?) Ambient temperature = 55°C 20 - - year

NOTES:
1. Vcc=2710 55V at Topr = 0 to 60°C, unless otherwise specified.

2. Definition of programming/erasure endurance
The programming and erasure endurance is defined on a per-block basis.

If the programming and erasure endurance is n (n = 100 or 10,000), each block can be erased n times. For example, if 1,024
1-byte writes are performed to block A, a 1 Kbyte block, and then the block is erased, the programming/erasure endurance
still stands at one.

However, the same address must not be programmed more than once per erase operation (overwriting prohibited).

3. Endurance to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

4. In a system that executes multiple programming operations, the actual erasure count can be reduced by writing to sequential
addresses in turn so that as much of the block as possible is used up before performing an erase operation. For example,
when programming groups of 16 bytes, the effective number of rewrites can be minimized by programming up to 128 groups
before erasing them all in one operation. It is also advisable to retain data on the erase count of each block and limit the
number of erase operations to a certain number.

5. If an error occurs during block erase, attempt to execute the clear status register command, then execute the block erase
command at least three times until the erase error does not occur.

6. Customers desiring program/erase failure rate information should contact their Renesas technical support representative.

7. The data hold time includes time that the power supply is off or the clock is not supplied.
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Table 20.5 Flash Memory (Data flash Block A, Block B) Electrical Characteristics(4)

Symbol Parameter Conditions - Standard Unit
Min. Typ. Max.

- Program/erase endurance(2) 10,00003) | - - times

- Byte program time - 50 400 us
(program/erase endurance = 1,000 times)

- Byte program time - 65 - us
(program/erase endurance > 1,000 times)

- Block erase time - 02 9 S
(program/erase endurance = 1,000 times)

- Block erase time - 03 - S
(program/erase endurance > 1,000 times)

td(SR-3US) Time delay from suspend request until - - 97+CPUclock | pus
suspend % 6 cycles

- Interval from erase start/restart until 650 - - us
following suspend request

- Interval from program start/restart until 0 - - ns
following suspend request

- Time from suspend until program/erase - - 3+CPUclock | ps
restart % 4 cycles

- Program, erase voltage 27 - 55 \

- Read voltage 22 - 55 \

- Program, erase temperature -20(8) - 85 °C

- Data hold time(®) Ambient temperature = 55 °C 20 - - year

NOTES:
1. Vcc=2710 55V at Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.

2. Definition of programming/erasure endurance
The programming and erasure endurance is defined on a per-block basis.

If the programming and erasure endurance is n (n = 100 or 10,000), each block can be erased n times. For example, if 1,024
1-byte writes are performed to block A, a 1 Kbyte block, and then the block is erased, the programming/erasure endurance
still stands at one.

However, the same address must not be programmed more than once per erase operation (overwriting prohibited).

3. Endurance to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

4 Standard of block A and block B when program and erase endurance exceeds 1,000 times. Byte program time to 1,000 times
is the same as that in program ROM.

5. In a system that executes multiple programming operations, the actual erasure count can be reduced by writing to sequential
addresses in turn so that as much of the block as possible is used up before performing an erase operation. For example,
when programming groups of 16 bytes, the effective number of rewrites can be minimized by programming up to 128 groups
before erasing them all in one operation. It is also advisable to retain data on the erase count of each block and limit the
number of erase operations to a certain number.

6. If an error occurs during block erase, attempt to execute the clear status register command, then execute the block erase
command at least three times until the erase error does not occur.

7. Customers desiring program/erase failure rate information should contact their Renesas technical support representative.

-40°C for D version.

The data hold time includes time that the power supply is off or the clock is not supplied.

© o
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Suspend request
(maskable interrupt request)

FMR46

Clock-dependent !

Fixed time - time AN
™, Access restart

A
A
A

1 td(srR-sUS)

y §
Y

Figure 20.2 Time delay until Suspend

Table 20.6  Voltage Detection 0 Circuit Electrical Characteristics

Standard
Symbol Parameter Condition - ancar Unit
Min. Typ. Max.
\det0 Voltage detection level 22 23 24 \
- Voltage detection circuit self power consumption VCA25=1,Vcc=50V - 09 - pA
td(E-A) Waiting time until voltage detection circuit operation - - 300 us
starts(2)

Veemin MCU operating voltage minimum value 22 - - \
NOTES:

1. The measurement condition is VcC = 2.2 to 5.5 V and Topr = -20 to 85°C (N version) / -40 to 85°C (D version).
2. Necessary time until the voltage detection circuit operates when setting to 1 again after setting the VCAZ25 bit in the VCA2

register to 0.

Table 20.7  Voltage Detection 1 Circuit Electrical Characteristics

" Standard .
Symbol Parameter Condition Vi Typ. Max Unit
Vdet1 Voltage detection level 270 285 3.00 \"
- Voltage monitor 1 interrupt request generation time(2) - 40 - us
- Voltage detection circuit self power consumption VCA26 =1,Vcc=50V - 06 - pA
td(E-A) Waiting time until voltage detection circuit operation - - 100 us
starts(3)
NOTES:

1. The measurement condition is VcC = 2.2 to 5.5 V and Topr = -20 to 85°C (N version) / -40 to 85°C (D version).
2. Time until the voltage monitor 1 interrupt request is generated after the voltage passes Vdet1.
3. Necessary time until the voltage detection circuit operates when setting to 1 again after setting the VCA26 bit in the VCA2

register to 0.

Table 20.8  Voltage Detection 2 Circuit Electrical Characteristics

Standard
Symbol Parameter Condition - andar Unit
Min. Typ. Max.
Vdst2 Voltage detection level 33 36 39 \
- Voltage monitor 2 interrupt request generation time(2) - 40 - us
- Voltage detection circuit self power consumption VCA27 =1,Vcc=50V - 06 - pA
td(E-A) Waiting time until voltage detection circuit operation - - 100 us
starts(3)

NOTES:

1. The measurement condition is VcC = 2.2 to 5.5 V and Topr = -20 to 85°C (N version) / -40 to 85°C (D version).
2. Time until the voltage monitor 2 interrupt request is generated after the voltage passes Vdet2.
3. Necessary time until the voltage detection circuit operates after setting to 1 again after setting the VCAZ27 bit in the VCA2

register to 0.
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Table 20.9 Power-on Reset Circuit, Voltage Monitor 0 Reset Electrical Characteristics(3)

Symbol Parameter Condition Standard Unit
Min. Typ. Max.
Vport Power-on reset valid voltage(4) - - 0.1 \
Vpor2 Power-on reset or voltage monitor 0 reset valid 0 - \det0 \
voltage
trth External power VCC rise gradient(2) 20 - - mV/msec
NOTES:

1. The measurement condition is Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.

2. This condition (external power VCC rise gradient) does not apply if Vcc = 1.0 V.

3. To use the power-on reset function, enable voltage monitor 0 reset by setting the LVDOON bit in the OFS register to 0, the
VWOCO0 and VWOCE bits in the VWOC register to 1 respectively, and the VCA25 bit in the VCAZ2 register to 1.

4. tw(por1) indicates the duration the external power VCC must be held below the effective voltage (Vpor1) to enable a power on
reset. When turning on the power for the first time, maintain twipor1) for 30 s or more if -20°C = Topr < 85°C, maintain tw{por1) for
3,000 s or more if -40°C =< Topr <-20°C.

Vaero® ‘\ —V/deto®®
22V trih
External trth
Power Vcc
—\/porz2
Vport — 4>
twipor1) Sampling time('.2)
Internal
reset signal
(“L” valid) < » < N
N x 32 1 « 32
foco-s foco-s
NOTES:

1. When using the voltage monitor 0 digital filter, ensure that the voltage is within the MCU operation voltage
range (2.2 V or above) during the sampling time.

2. The sampling clock can be selected. Refer to 6. Voltage Detection Circuit for details.

3. Vdeto indicates the voltage detection level of the voltage detection 0 circuit. Refer to 6. Voltage Detection
Circuit for details.

Figure 20.3 Power-on Reset Circuit Electrical Characteristics

Rev.3.00 Feb 29, 2008 Page 434 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group 20. Electrical Characteristics

Table 20.10 High-speed On-Chip Oscillator Circuit Electrical Characteristics

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.
fOCO40M High-speed on-chip oscillator frequency Vee=475t0525V 392 40 4038 MHz
temperature « supply voltage dependence 0°C < Topr < 60°C(2)
Vec=45t055V 388 40 40.8 MHz
-20°C < Topr = 85°C
Vec=45t055V 384 40 40.8 MHz
-40°C < Topr = 85°C
Vee=30to 55V 388 40 412 MHz
-20°C < Topr = 85°C(2)
Vee=30to 55V 384 40 416 MHz
-40°C <= Topr =< 85°C(2)
Vee=27t055V 38 40 42 MHz
-20°C < Topr < 85°C(2)
Vee=27t055V 376 40 424 MHz
-40°C < Topr = 85°C(2)
Vee=22t055V 352 40 448 MHz
-20°C < Topr = 85°C(3)
Vee=22t055V 34 40 46 MHz
-40°C < Topr = 85°C(3)
High-speed on-chip oscillator frequency when Vee =50V, Topr = 25°C — 36.864 MHz
correction value in FRAT register is written to Vec=30t055V _304 — 30 [
FRA1 register(4) -20°C < Topr < 85°C
- Value in FRA1 register after reset 08h — F7h -
- Oscillation frequency adjustment unit of high- Adjust FRA1 register — +0.3 - MHz
speed on-chip oscillator (value after reset) to -1
- Oscillation stability time - 10 100 us
- Self power consumption at oscillation Vee =50V, Topr = 25°C — 400 - A

NOTES:
1. Vecc=2210 55V, Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.
2. Standard values when the FRA1 register value after reset is assumed.
3. Standard values when the corrected value of the FRAG register has been written to the FRA1 register.
4. 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 20.11 Low-speed On-Chip Oscillator Circuit Electrical Characteristics

N Standard )
Symbol Parameter Condition Vin Typ. Vax Unit
fOCO-S Low-speed on-chip oscillator frequency 30 125 250 kHz
- Oscillation stability time - 10 100 us
- Self power consumption at oscillation Vee =50V, Topr = 25°C - 15 — pA
NOTE:
1. Vecc=2210 55V, Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.
Table 20.12 Power Supply Circuit Timing Characteristics
Symbol Parameter Condition - Standard Unit
Min. | Typ. | Max.
td(P-R) Time for internal power supply stabilization during 1 - 2000 us
power-on(2)
td(R-5) STOP exit time(3) - - 150 us

NOTES:
1. The measurement condition is Vcc = 2.2 to 5.5 V and Topr = 25°C.
2. Waiting time until the internal power supply generation circuit stabilizes during power-on.
3. Time until system clock supply starts after the interrupt is acknowledged to exit stop mode.
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Table 20.13 Timing Requirements of Clock Synchronous Serial I/0 with Chip Select(1)

N Standard Unit
Symbol Parameter Conditions i Typ. Viax

tsucyc SSCK clock cycle time 4 - - toye(2)
tHI SSCK clock “H” width 04 - 06 tsucyc
tLo SSCK clock “L” width 04 - 06 tsucyc
tRISE SSCK clock rising Master - — 1 teyel()

time Slave - - 1 us
tFALL SSCK clock falling Master - — 1 teyel()

time Slave - - 1 us

tsu S80, SSI data input setup time 100 — - ns
tH 5SSO0, SSI data input hold time 1 - - teyc()

fLEAD SCS setup time Slave 1tcye + 50 - - ns

fLaG SCS hold time Slave 1tcye + 50 - - ns
ton SS80, 5SSl data output delay time - — 1 teyel()

tsa S5l slave access time 27V=Vecc=55V - - 1.5tcyc + 100 ns

22V=vVee <27V - - 1.5tcyc + 200 ns

tor SSl slave out open time 27V=sVeec=55V - — 1.5tcyc + 100 ns

22V=vVee <27V - - 1.5tcyc + 200 ns

NOTES:

1. Vecc=221t055V,Vss =0V at Topr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.
2. ftcyc = 1/f1(s)
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4-Wire Bus Communication Mode, Master, CPHS =1

VIH or VoH
SCS (output)
VIH or VoH Ia

P

tH traLL tRISE
> e— > |

NN AVANRWA

|
I Y

o
1

7 7
< Lo -
tHI >
— I
SSCK (output)
(CPOS =0) \ / \_/

fLo tsucyc

r

=<
—
=<

SSO0 (output)
top P
—>
I
" B P
SSI (input) X §< X X >< X
- 7 (
tsu tH ))(
o R S

4-Wire Bus Communication Mode, Master, CPHS =0
VIH or VoH
SCS (output)
ViH or VoH I
z Z_ | [ |
SSCK (output) /
(CPOS =1) / 55

=

Lo
tHI

A A
¥ v Ly

SSCK (output)
(CPOS =0)

b
-
.

o, . tsucvc

SSO0 (output) ﬂ
SSI (input) ><
-

_tsu tH

4
A 4
3

CPHS, CPOS: Bits in SSMR register

Figure 20.4 1/0 Timing of Clock Synchronous Serial I/O with Chip Select (Master)
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4-Wire Bus Communication Mode, Slave, CPHS =1

Vin or Viou 7
SCS (input)
- Vin or Vou e

A

tLEAD tHi traLL trRISE tLac
- » — —»
SSCK (input)
(CPOS =1) Z
tLo ;j

T

SSCK (input) kS SRy
(CPOS =0)
[ (K )| ¢ toucye | -
(
p))
SS0 (input) X >< >< X >< ><
o (1
tsu ] | tH N 2
-
. : C )
SSI (output) —< X >< X §—<:
tsa i ,5( .
< S 95 e

4-Wire Bus Communication Mode, Slave, CPHS =0

SCS (input) 1X Vis or Viou o
— ViHoor Vou I

tLEAD

traLL trisE tLac
—

SSCK (input) ‘ ~ a
(CPOS =1) \ / \
] - Lo X 55 —
tHI
SSCK (input) | - 5
(CPOS =0)
L
t

tsucyc
SSO0 (input) X
le—

[y
¥

L ¥ L4

tHi
o >
=1

»

IO

ff

[ )

SSI (output) __S X >< X :>—<:
tsa ton _‘_;g tor [

CPHS, CPOS: Bits in SSMR register

Figure 20.5 1/0 Timing of Clock Synchronous Serial I/O with Chip Select (Slave)
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PRUIN
ViH or VoH v
SSCK Z
ViH or VoH F
o tsucyc

—%
SSO0 (output) X X X >< X

(1

top - JS

—»

r i
SSI (input) >< ;X >< >< X

-

- tsu tH '6

< ¥

Figure 20.6 1/0 Timing of Clock Synchronous Serial /0 with Chip Select (Clock Synchronous
Communication Mode)
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Table 20.14 Timing Requirements of I2C bus Interface(1)

Symbol Parameter Condition - Standard unit
Min. Typ. Max.

tscL SCL input cycle time 12tcyc + 600(2) - - ns
tsCLH SCL input “H” width 3tcyc + 300(2) - - ns
tscLL SCL input “L” width 5teyc + 50002) - - ns
tsf SCL, SDA input fall time - — 300 ns
tsp SCL, SDA input spike pulse rejection time - - 1teye(@) ns
tBUF SDA input bus-free time 5tcyc(2) - - ns
tSTAH Start condition input hold time 3tcyel2) - - ns
tsTAS Retransmit start condition input setup time 3tcyel2) - - ns
tsToP Stop condition input setup time 3tcyel2) - - ns
tsDas Data input setup time 1teye + 2002) - - ns
tsDAH Data input hold time 0 — - ns
NOTES:

1. Vec=221t055V,Vss =0V and Tepr =-20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.
2. ftcyc = 1/f1(s)

SDA
]
tscLH
SCL
tsr
4L «— tspaH

NOTES:
1. Start condition
2. Stop condition
3. Retransmit start condition

Figure 20.7 I/0 Timing of I2C bus Interface

Rev.3.00 Feb 29,2008 Page 440 of 485 RENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

20. Electrical Characteristics

Table 20.15 Electrical Characteristics (1) [Vcc=5V]

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.
VOH Output “H” voltage | Except P2_0to P2_7, | loH =-5 mA Vee-20 - Vcee \
Xout IoH = -200 pA vee-05 - vee v
P2 OtoP2_7 Drive capacity HIGH | loH =-20 mA | Vcc-2.0 - Vcee \
Drive capacity LOW |l0H =-5 mA Vee-20 - Vcee \
XouT Drive capacity HIGH | loH =-1 mA Vee-20 - Vcee \
Drive capacity LOW |loH =-500 pA| Vcc-2.0 - Vcee \
VoL Output “L” voltage | ExceptP2_0toP2_7, [loL=5mA - - 20 \%
Xout loL = 200 pA - - 0.45 v
P2 0toP2_7 Drive capacity HIGH | loL = 20 mA - - 20 V
Drive capacity LOW |loL =5 mA - - 20 \
XouT Drive capacity HIGH | loL = 1 mA - - 20 \
Drive capacity LOW | 1oL = 500 pA - - 20 \
VT+VT- | Hysteresis INTO, INT1, INT2, 01 05 - A
KI3, TRAIO, RXDO,
RXD1, CLKO, CLK1,
SS8I, SCL, SDA, SSO
RESET 0.1 1.0 -
IiH Input “H” current VI=5V, Vcc =5V - - 50 pA
liL Input “L” current VI=0V, Vcc =5V - - 50 pA
RPULLUP | Pull-up resistance VI=0V, Vcc =5V 30 50 167 kQ)
REXIN Feedback XIN - 1.0 - MQ
resistance
R#XCIN Feedback XCIN - 18 - MQ
resistance
VRAM RAM hold voltage During stop mode 18 - - \
NOTE:

1. Vcc=4210 55V at Topr =-20 to 85°C (N version) / -40 to 85°C (D version), f(XIN) = 20 MHz, unless otherwise specified.
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20. Electrical Characteristics

Table 20.16 Electrical Characteristics (2) [Vcc=5V]
(Topr = -20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.)

Symbol

Parameter

Condition

Standard

Min.

Typ.

Max.

Unit

Icc

Power supply
current
(Vcc=33t055V)
Single-chip mode,
output pins are
open, other pins
are Vss

High-speed
clock mode

XIN = 20 MHz (square wave)

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
No division

10

17

mA

XIN = 16 MHz (square wave)

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
No division

15

mA

XIN = 10 MHz (square wave)

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
No division

mA

XIN = 20 MHz (square wave)

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

mA

XIN = 16 MHz (square wave)

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

mA

XIN = 10 MHz (square wave)

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

25

mA

High-speed
on-chip
oscillator mode

XIN clock off

High-speed on-chip oscillator on fOCO = 20 MHz
Low-speed on-chip oscillator on = 125 kHz

No division

10

15

mA

XIN clock off

High-speed on-chip oscillator on fOCO = 20 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

mA

XIN clock off

High-speed on-chip oscillator on fOCO = 10 MHz
Low-speed on-chip oscillator on = 125 kHz

No division

55

10

mA

XIN clock off

High-speed on-chip oscillator on fOCO = 10 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

25

mA

Low-speed
on-chip
oscillator mode

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8, FMR47 = 1

130

300

Low-speed
clock mode

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
FMRA47 =1

130

300

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
Program operation on RAM
Flash memory off, FMSTP = 1

30
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20. Electrical Characteristics

Table 20.17 Electrical Characteristics (3) [Vcc=5V]
(Topr = -20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.)

Symbol

Parameter

Condition

Standard

Min.

Typ.

Max.

Unit

Icc

Power supply
current
(Vcc=33t055V)
Single-chip mode,
output pins are
open, other pins
are Vss

Wait mode

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock operation

VCA27 =VCA26 =VCA25=0

VCA20 =1

25

75

LA

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock off

VCA27 =VCA26 =VCA25=0

VCA20 =1

23

60

XIN clock off

High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (high drive)
While a WAIT instruction is executed

VCA27 =VCA26 =VCA25=0

VCA20 =1

4.0

XIN clock off

High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (low drive)
While a WAIT instruction is executed
VCA27 =VCA26 =VCA25=0

VCA20 =1

22

Increase during
A/D converter
operation

Without sample & hold

26

mA

With sample & hold

16

mA

Stop mode

XIN clock off, Tepr = 25°C
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 =VCA26 =VCA25=0

0.8

3.0

XIN clock off, Tepr = 85°C
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 =VCA26 =VCA25=0

12
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Timing Requirements
(Unless Otherwise Specified: Vcc =5V, Vss =0V at Topr = 25°C) [Vcc=5V]

Table 20.18 XIN Input, XCIN Input

Standard
Symbol Parameter - andar Unit
Min. Max.
te(XIN) XIN input cycle time 50 - ns
HWHXIN) XIN input “H” width 25 - ns
HWLEAN) XIN input “L” width 25 - ns
te(XCIN) XCIN input cycle time 14 - us
HWH(XCIN) XCIN input “H” width 7 - us
HWL(XCIN) XCIN input “L” width 7 - us
p teoan) X Vcec=5V
< TWHXIN) >
XIN input \
< TWLEKIN) N
3 tC(XCIN) ’
<« LWH(XCIN)
XCIN input \
‘ twi(xcIny >
Figure 20.8 XIN Input and XCIN Input Timing Diagram when Vcc =5V
Table 20.19 TRAIO Input
Standard
Symbol Parameter - andar Unit
Min. Max.
tc(TRAIO) TRAIO input cycle time 100 - ns
tWH(TRAIO) TRAIO input “H” width 40 - ns
tWL(TRAIO) TRAIO input “L" width 40 - ns
fc(TRAIO) N Veec=56V

-
% >

_ tWH(TRAIO)

TRAIO input

tWL(TRAIO) N

ES

Figure 20.9 TRAIO Input Timing Diagram when Vcc =5V
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Table 20.20 Serial Interface

Standard
Symbol Parameter - andar Unit
Min. Max.
te(CK) CLKi input cycle time 200 - ns
tW(CKH) CLKi input “H” width 100 - ns
tWiCKL) CLKi input “L" 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=0or1
) te(ck) R Vcc=5V
TW(CKH)
CLKi
twickL) .
thic-)
TXDi >( ><
_ tdicy tsu(D-C) th(c-D)
RXDi }‘
i=0or1

Figure 20.10 Serial Interface Timing Diagram when Vcc =5V

Table 20.21 External Interrupt INTi (i = 0 to 3) Input

Symbol Parameter - Standard Unit
Min. Max.
BAV(INH) INTO input “H” width 250(1) - ns
tu(INL) INTO input “L” width 250(2) - ns

NOTES:
1. When selecting the digital filter by the INTI input filter select bit, use an INTi input HIGH width of either (1/digital filter clock
frequency = 3) or the minimum value of standard, whichever is greater.
2. When selecting the digital filter by the INTI input filter select bit, use an INTI input LOW width of either (1/digital filter clock
frequency = 3) or the minimum value of standard, whichever is greater.

Vce=5V
twNL

Z

Ti input
twiINH)

»
A

i=0to3

Figure 20.11 External Interrupt INTi Input Timing Diagram when Vcc =5V
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Table 20.22 Electrical Characteristics (3) [Vcc=3V]

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.
VOH Output “H” voltage ExceptP2_0toP2_7, [IOH=-1mA Vee-0.5 - Vce \
XOouT
P2 _0toP2_7 Drive capacity IoH=-5mA | Vcc-0.5 - Ve V
HIGH
Drive capacity IOH =-1 mA Vee-0.5 - Vce \
LOW
xXouT Drive capacity loH=-01mA| Vcc-05 - Vce \
HIGH
Drive capacity IoH=-50pA | Vcc-0.5 - Vce \
LOW
VoL Output “L” voltage Except P2 0to P2_7, |loL =1 mA - - 05 \%
XOouT
P2 OtoP2_7 Drive capacity loL =5 mA — - 05 \
HIGH
Drive capacity loL =1 mA — - 05 \
LOW
xXouT Drive capacity loL=0.1 mA — - 05 \
HIGH
Drive capacity loL = 50 pA — - 05 \
LOW
VT+VT- | Hysteresis INTO, INT1, INT2, 0.1 0.3 - A
KI3, TRAIO, RXDO,
RXD1, CLKO, CLK1,
S8, SCL, SDA, SS0O
RESET 0.1 04 -
IiH Input “H” current VI=3V Vec =3V - - 40 pA
liL Input “L” current VI=0V, Vec =3V - - -4.0 pA
RPULLUP | Pull-up resistance VI=0V, Vcec =3V 66 160 500 kQ)
RfXIN Feedback resistance | XIN - 3.0 - MQ
RfXCIN Feedback resistance | XCIN - 18 - MQ
VRAM RAM hold voltage During stop mode 18 - - \
NOTE:

1. Vcec =2.7 to 3.3 V at Topr = -20 to 85°C (N version) / -40 to 85°C (D version), f(XIN) = 10 MHz, unless otherwise specified.
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Table 20.23 Electrical Characteristics (4) [Vcc =3 V]
(Topr = -20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.)

Standard
Min. | Typ. | Max.

XIN = 10 MHz (square wave) — 6 -
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
No division

XIN = 10 MHz (square wave) — 2 -
High-speed on-chip oscillator off

Symbol Parameter Condition Unit

Icc Power supply current mA
(Mcc=2T71t03.3V)
Single-chip mode,
output pins are open,

other pins are Vss

High-speed
clock mode

mA

Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

High-speed on-
chip oscillator
mode

XIN clock off

High-speed on-chip oscillator on fOCO = 10 MHz
Low-speed on-chip oscillator on = 125 kHz

No division

mA

XIN clock off

High-speed on-chip oscillator on fOCO = 10 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

mA

Low-speed on-
chip oscillator
mode

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8, FMR47 = 1

130

300

Low-speed
clock mode

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
FMRA47 =1

130

300

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
Program operation on RAM

Flash memory off, FMSTP =1

30

Wait mode

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock operation

VCA27 = VCA26 =VCA25=0

VCA20 =1

25

70

XIN clock off

High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock off

VCA27 = VCA26 =VCA25=0

VCA20 =1

23

55

XIN clock off

High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (high drive)
While a WAIT instruction is executed

VCA27 = VCA26 =VCA25=0

VCA20 =1

3.8

XIN clock off

High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (low drive)
While a WAIT instruction is executed
VCA27 = VCA26 =VCA25=0

VCA20 =1

20

Increase during
A/D converter
operation

Without sample & hold

09

mA

With sample & hold

0.5

mA

Stop mode

XIN clock off, Topr = 25°C
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 = VCA26 =VCA25=0

0.7

3.0

XIN clock off, Topr = 85°C
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 = VCA26 =VCA25=0

11
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R8C/24 Group, R8C/25 Group 20. Electrical Characteristics

Timing requirements
(Unless Otherwise Specified: Vcc =3V, Vss =0V at Topr = 25°C) [Vcc=3V]

Table 20.24 XIN Input, XCIN Input

Standard
Symbol Parameter - andar Unit
Min. Max.
te(XIN) XIN input cycle time 100 - ns
HWHXIN) XIN input “H” width 40 - ns
HWLEAN) XIN input “L” width 40 - ns
te(XCIN) XCIN input cycle time 14 - us
HWH(XCIN) XCIN input “H” width 7 - us
HWL(XCIN) XCIN input “L” width 7 - us
< tepan) . Vece=3V
» TWH(XIN) >
XIN input \
« TWLEKIN) »
P tC(XCIN) »
< tWH(XCIN},;
XCIN input \
< tWLXCIN) N
Figure 20.12 XIN Input and XCIN Input Timing Diagram when Vcc =3V
Table 20.25 TRAIO Input
Symbol P f Standard Unit
ymbo arameter i ey ni
tc(TRAIO) TRAIO input cycle time 300 - ns
tWH(TRAIO) TRAIO input “H” width 120 - ns
tWL(TRAIO) TRAIO input “L" width 120 - ns
tC(TRAIO) Vee=3V

"
d >

_ twH(TRAIO),

TRAIO input

tWL(TRAIO)

A
.

Figure 20.13 TRAIO Input Timing Diagram when Vcc =3V
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20. Electrical Characteristics

Table 20.26 Serial Interface

Standard
Symbol Parameter - andar Unit
Min. Max.
te(CK) CLKi input cycle time 300 - ns
tW(CKH) CLKi input “H” width 150 - ns
tWiCKL) CLKi Input “L” 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=0or1
) tecek) N Vec=3V
< tW(CKH)
CLKi
twickL) N
thec-a)
TXDi >< ><
e tsu(p-c) sl INC-D)
RXDi
i=0or1
Figure 20.14 Serial Interface Timing Diagram when Vcc =3V
Table 20.27 External Interrupt INTi (i = 0 to 3) Input
Standard
Symbol Parameter - andar Unit
Min. Max.
tW(INH) INTO input “H” width 380(1) - ns
twiInL) INTO input “L” width 38002 - ns
NOTES:

1. When selecting the digital filter by the INTI input filter select bit, use an INTI input HIGH width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.

2. When selecting the digital filter by the INTI input filter select bit, use an INTI input LOW width of either (1/digital filter clock
frequency = 3) or the minimum value of standard, whichever is greater.

Vee=3V
TW(NL,
INTi input
) tW(INH) N
[ >|
i=0to 3
Figure 20.15 External Interrupt INTi Input Timing Diagram when Vcc =3V
Rev.3.00 Feb 29,2008 Page4490f485 . RLENESANAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group

20. Electrical Characteristics

Table 20.28 Electrical Characteristics (5) [Vcc =2.2 V]

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.
VOH Output “H” voltage ExceptP2_0toP2_7, [IOH=-1mA Vee-0.5 - Vce \
XOouT
P2 _0toP2_7 Drive capacity IoH=-2mA | Vcc-0.5 - Ve V
HIGH
Drive capacity IOH =-1 mA Vee-0.5 - Vce \
LOW
xXouT Drive capacity loH=-01mA| Vcc-05 - Vce \
HIGH
Drive capacity IoH=-50pA | Vcc-0.5 - Vce \
LOW
VoL Output “L” voltage Except P2 0to P2_7, |loL =1 mA - - 05 \%
XOouT
P2 OtoP2_7 Drive capacity loL =2 mA — - 05 \
HIGH
Drive capacity loL =1 mA — - 05 \
LOW
xXouT Drive capacity loL=0.1 mA — - 05 \
HIGH
Drive capacity loL = 50 pA — - 05 \
LOW
VT+VT- | Hysteresis INTO, INT1, INT2, 0.05 0.3 - A
KI3, TRAIO, RXDO,
RXD1, CLKO, CLK1,
S8, SCL, SDA, SS0O
RESET 0.05 0.15 -
IH Input “H” current Vi=22V - - 40 pA
I Input “L” current Vi=0V - - 4.0 pA
RPULLUP | Pull-up resistance Vi=0V 100 200 600 kQ)
RfXIN Feedback resistance | XIN - 5 - MQ
RfXCIN Feedback resistance | XCIN - 35 - MQ
VRAM RAM hold voltage During stop mode 18 - - \
NOTE:

1. Vcec =22V at Topr =-20 to 85°C (N version) / -40 to 85°C (D version), f(XIN) = 5 MHz, unless otherwise specified.
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R8C/24 Group, R8C/25 Group 20. Electrical Characteristics

Table 20.29 Electrical Characteristics (6) [Vcc =2.2 V]
(Topr = -20 to 85°C (N version) / -40 to 85°C (D version), unless otherwise specified.)

- Standard ]
Symbol Parameter Condition Min_ | Typ. | Max. Unit
Icc Power supply current | High-speed clock | XIN = 5 MHz (square wave) — 35 - mA

(Vcc=22t027V) |mode High-speed on-chip oscillator off
: - Low-speed on-chip oscillator on = 125 kHz
S|ng|91—c_h|p mode, No division
outpu plns are open, XIN = 5 MHz (square wave) — 15 - mA
other pins are Vss High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8
High-speed on- XIN clock off — 35 - mA
hi illat High-speed on-chip oscillator on fOCO = 5 MHz
; {l}% :: sciflator Low-speed on-chip oscillator on = 125 kHz
No division
XIN clock off - 15 - mA
High-speed on-chip oscillator on fOCO =5 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8
Low-speed on- XIN clock off - 100 | 230 | pA
hi illat High-speed on-chip oscillator off
; {l}% :: sciflator Low-speed on-chip oscillator on = 125 kHz
Divide-by-8, FMRA47 = 1
Low-speed clock | XIN clock off - 100 | 230 | pA
mode High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
FMRAT =1

XIN clock off - 25 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
Program operation on RAM

Flash memory off, FMSTP =1

Wait mode XIN clock off - 22 60 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock operation

VCA27 =VCA26 =VVCA25=0

VCA20 =1

XIN clock off - 20 55 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock off

VCA27 =VCA26 =VCA25=0

VCA20 =1

XIN clock off - 3.0 - pA
High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (high drive)
While a WAIT instruction is executed

VCA27 =VCA26 =VCA25=0

VCA20 =1

XIN clock off - 18 - pA
High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (low drive)
While a WAIT instruction is executed

VCA27 =VCA26 =VCA25=0

VCA20 =1
Increase during Without sample & hold — 04 - mA
A/D converter With sample & hold - 0.3 - mA
operation
Stop mode XIN clock off, Topr = 25°C — 07 3.0 pA

High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 =VCA26 =VCA25=0
XIN clock off, Topr = 85°C - 11 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 =VCA26 =VCA25=0
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Timing requirements
(Unless Otherwise Specified: Vcc =2.2V, Vss =0V at Topr = 25°C) [Vcc=2.2V]

Table 20.30 XIN Input, XCIN Input

Standard
Symbol Parameter - andar Unit
Min. Max.
te(XIN) XIN input cycle time 200 - ns
HWHXIN) XIN input “H” width 90 - ns
HWLEAN) XIN input “L” width 90 - ns
te(XCIN) XCIN input cycle time 14 - us
HWH(XCIN) XCIN input “H” width 7 - us
HWL(XCIN) XCIN input “L” width 7 - us
« texiny . Vce =22V
+ LWH(XIN) ,
XIN input \
< TWLXIN) N
B tcxcing .
p tWH{XCIN}_;
XCIN input \
p twLXcINg N

Figure 20.16 XIN Input and XCIN Input Timing Diagram when Vcc =22V

Table 20.31 TRAIO Input

Standard )

Symbol Parameter Vi Max Unit

tc(TRAIO) TRAIO input cycle time 500 - ns

tWH(TRAIO) TRAIO input “H” width 200 - ns

tWL(TRAIO) TRAIO input “L" width 200 - ns
« tC(TRAIO) N Vcec=22V

| WH(TRAIO)

TRAIO input

tWL(TRAIO)

s

Figure 20.17 TRAIO Input Timing Diagram when Vcc =22V
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Table 20.32 Serial Interface

Standard
Symbol Parameter - andar Unit
Min. Max.
te(CK) CLKi input cycle time 800 - ns
tW(CKH) CLKi input “H” width 400 - ns
tWiCKL) CLKi input “L" 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=0or1
) tecK) N Vcc=22V
tW(CKH) N
CLKi \
P twickL) N
h " thic-Q)
TXDi >< ><
_ tdca) tsu(p-C) th(c-D)
RXDi +
i=0or1

Figure 20.18 Serial Interface Timing Diagram when Vcc=2.2V

Table 20.33 External Interrupt INTi (i = 0 to 3) Input

Symbol Parameter Min-Standariaax- Unit
BAV(INH) INTO input “H” width 1000(1) - ns
tu(INL) INTO input “L” width 1000(2) - ns

NOTES:

1. When selecting the digital filter by the INTI input filter select bit, use an INTI input HIGH width of either (1/digital filter clock
frequency = 3) or the minimum value of standard, whichever is greater.

2. When selecting the digital filter by the INTI input filter select bit, use an INTI input LOW width of either (1/digital filter clock
frequency = 3) or the minimum value of standard, whichever is greater.

Vee=22V
tW(INL)

INTi input

tWiNH)

i=0to3

Figure 20.19 External Interrupt INTi Input Timing Diagram when Vcc =2.2V
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21. Usage Notes
21.1 Notes on Clock Generation Circuit

21.1.1 Stop Mode

When entering stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
CMI10 bit in the CM1 register to 1 (stop mode). An instruction queue pre-reads 4 bytes from the instruction

which sets the CM10 bit to 1 (stop mode) and the program stops.
Insert at least 4 NOP instructions following the JMP.B instruction after the instruction which sets the CM10 bit

to 1.

* Program example to enter stop mode

BCLR 1.LFMRO ; CPU rewrite mode disabled
BSET 0.PRCR : Protect disabled
FSET I : Enable interrupt
BSET 0.CM1 : Stop mode
JMP.B LABEL 001
LABEL 001 :
NOP
NOP
NOP
NOP

21.1.2 Wait Mode

When entering wait mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and
execute the WAIT instruction. An instruction queue pre-reads 4 bytes from the WAIT instruction and the
program stops. Insert at least 4 NOP instructions after the WAIT instruction.

* Program example to execute the WAIT instruction
BCLR 1.LFMRO ; CPU rewrite mode disabled

FSET I : Enable interrupt
WAIT ; Wait mode
NOP

NOP

NOP

NOP

21.1.3 Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used if the XIN clock frequency is 2 MHz or below, set
bits OCD1 to OCDO to 00b.

21.1.4 Oscillation Circuit Constants

Ask the manufacturer of the oscillator to specify the best oscillation circuit constants for your system.

To use this MCU with supply voltage below VCC = 2.7 V, it is recommended to set the CM11 bit in the CM1
register to 1 (on-chip feedback resistor disabled), the CM15 bit to 1 (high drive capacity), and connect the
feedback resistor to the chip externally.
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21.2 Notes on Interrupts

21.21 Reading Address 00000h

Do not read address 00000h by a program. When a maskable interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
this time, the acknowledged interrupt IR bit is set to 0.

If address 00000h is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

21.2.2 SP Setting

Set any value in the SP before an interrupt is acknowledged. The SP is set to 0000h after reset. Therefore, if an
interrupt is acknowledged before setting a value in the SP, the program may run out of control.

21.2.3 External Interrupt and Key Input Interrupt

Either “L” level or an “H” level of width shown in the Electrical Characteristics is necessary for the signal input
to pins INTO to INT3 and pins KI0 to KI3, regardless of the CPU clock.

For details, refer to Table 20.21 (VCC = 5V), Table 20.27 (VCC = 3V), Table 20.33 (VCC = 2.2V) External
Interrupt INTi (i =0 to 3) Input.
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21. Usage Notes

21.2.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. When using an interrupt, set the IR bit to 0 (no interrupt requested) after changing the interrupt source.
In addition, changes of interrupt sources include all factors that change the interrupt sources assigned to
individual software interrupt numbers, polarities, and timing. Therefore, if a mode change of a peripheral
function involves interrupt sources, edge polarities, and timing, set the IR bit to 0 (no interrupt requested) after
the change. Refer to the individual peripheral function for its related interrupts.
Figure 21.1 shows an Example of Procedure for Changing Interrupt Sources.

( Interrupt source change >

Disable interrupts 2

Change interrupt source (including mode
of peripheral function)

Set the IR bit to 0 (interrupt not requested)
using the MOV instruction®

Enable interrupts@ 2

2.

( Change completed )

IR bit:  The interrupt control register bit of an

interrupt whose source is changed.

NOTES:
1. Execute the above settings individually. Do not execute two

or more settings at once (by one instruction).

To prevent interrupt requests from being generated, disable

the peripheral function before changing the interrupt

source. In this case, use the | flag if all maskable interrupts

can be disabled. If all maskable interrupts cannot be

disabled, use bits ILVLO to ILVL2 of the interrupt whose

source is changed.

. Refer to 12.6.5 Changing Interrupt Control Register
Contents for the instructions to be used and usage notes.

Figure 21.1 Example of Procedure for Changing Interrupt Sources
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21.2.5 Changing Interrupt Control Register Contents

(a) The contents of an interrupt control register can only be changed while no interrupt requests
corresponding to that register are generated. If interrupt requests may be generated, disable interrupts
before changing the interrupt control register contents.

(b) When changing the contents of an interrupt control register after disabling interrupts, be careful to
choose appropriate instructions.
Changing any bit other than IR bit
If an interrupt request corresponding to a register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt request may be ignored. If this causes a
problem, use the following instructions to change the register: AND, OR, BCLR, BSET
Changing IR bit
If the IR bit is set to 0 (interrupt not requested). it may not be set to 0 depending on the instruction used.
Therefore, use the MOV instruction to set the IR bit to 0.

(c) When disabling interrupts using the I flag, set the I flag as shown in the sample programs below. Refer
to (b) regarding changing the contents of interrupt control registers by the sample programs.

Sample programs 1 to 3 are for preventing the I flag from being set to 1 (interrupts enabled) before the interrupt
control register is changed for reasons of the internal bus or the instruction queue buffer.

Example 1: Use NOP instructions to prevent I flag from being set to 1 before interrupt control register

is changed
INT SWITCHI:
FCLR 1 ; Disable interrupts
AND.B #00H.0056H ; Set TRAIC register to 00h
NOP :
NOP
FSET I ; Enable interrupts

Example 2: Use dummy read to delay FSET instruction

INT SWITCH2:
FCLR 1 ; Disable interrupts
AND.B #00H.0056H ; Set TRAIC register to 00h
MOV.W MEM.,R0 ; Dummy read
FSET I ; Enable interrupts

Example 3: Use POPC instruction to change I flag

INT SWITCH3:
PUSHC FLG
FCLR 1 ; Disable interrupts
AND.B #00H.0056H ; Set TRAIC register to 00h
POPC FLG ; Enable interrupts
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21.3 Notes on Timers

21.3.1 Notes on Timer RA

» Timer RA stops counting after a reset. Set the values in the timer RA and timer RA prescalers before the
count starts.

» Even if the prescaler and timer RA are read out in 16-bit units, these registers are read 1 byte at a time by
the MCU. Consequently, the timer value may be updated during the period when these two registers are
being read.

* In pulse period measurement mode, bits TEDGF and TUNDF in the TRACR register can be set to 0 by
writing 0 to these bits by a program. However, these bits remain unchanged if 1 is written. When using the
READ-MODIFY-WRITE instruction for the TRACR register, the TEDGF or TUNDF bit may be set to 0
although these bits are set to 1 while the instruction is being executed. In this case, write 1 to the TEDGF or
TUNDF bit which is not supposed to be set to 0 with the MOV instruction.

* When changing to pulse period measurement mode from another mode, the contents of bits TEDGF and
TUNDF are undefined. Write 0 to bits TEDGF and TUNDF before the count starts.

» The TEDGF bit may be set to 1 by the first timer RA prescaler underflow generated after the count starts.

» When using the pulse period measurement mode, leave two or more periods of the timer RA prescaler
immediately after the count starts, then set the TEDGF bit to 0.

» The TCSTF bit retains 0 (count stops) for 0 to 1 cycle of the count source after setting the TSTART bit to 1
(count starts) while the count is stopped.

During this time, do not access registers associated with timer RA(1 other than the TCSTF bit. Timer RA
starts counting at the first valid edge of the count source after The TCSTF bit is set to 1 (during count).
The TCSTF bit remains 1 for 0 to 1 cycle of the count source after setting the TSTART bit to 0 (count
stops) while the count is in progress. Timer RA counting is stopped when the TCSTF bit is set to 0.
During this time, do not access registers associated with timer RA(1) other than the TCSTF bit.

NOTE:
1. Registers associated with timer RA: TRACR, TRAIOC, TRAMR, TRAPRE, and TRA.

» When the TRAPRE register is continuously written during count operation (TCSTF bit is set to 1), allow
three or more cycles of the count source clock for each write interval.

* When the TRA register is continuously written during count operation (TCSTF bit is set to 1), allow three
or more cycles of the prescaler underflow for each write interval.
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21.3.2 Notes on Timer RB

» Timer RB stops counting after a reset. Set the values in the timer RB and timer RB prescalers before the
count starts.

Even if the prescaler and timer RB is read out in 16-bit units, these registers are read 1 byte at a time by the
MCU. Consequently, the timer value may be updated during the period when these two registers are being
read.

In programmable one-shot generation mode and programmable wait one-shot generation mode., when
setting the TSTART bit in the TRBCR register to 0 (count stops) or setting the TOSSP bit in the TRBOCR
register to 1 (one-shot stops), the timer reloads the value of reload register and stops. Therefore, in
programmable one-shot generation mode and programmable wait one-shot generation mode, read the timer
count value before the timer stops.

The TCSTF bit remains 0 (count stops) for 1 to 2 cycles of the count source after setting the TSTART bit to
1 (count starts) while the count is stopped.

During this time, do not access registers associated with timer RB(!) other than the TCSTF bit.

The TCSTF bit remains 1 for 1 to 2 cycles of the count source after setting the TSTART bit to 0 (count
stops) while the count is in progress. Timer RB counting is stopped when the TCSTF bit is set to 0.

During this time, do not access registers associated with timer RB(1 other than the TCSTF bit.

NOTE:
1. Registers associated with timer RB: TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBSC, and
TRBPR.

If the TSTOP bit in the TRBCR register is set to 1 during timer operation, timer RB stops immediately.

If 1 is written to the TOSST or TOSSP bit in the TRBOCR register, the value of the TOSSTF bit changes
after one or two cycles of the count source have elapsed. If the TOSSP bit is written to 1 during the period
between when the TOSST bit is written to 1 and when the TOSSTF bit is set to 1, the TOSSTF bit may be
set to either 0 or 1 depending on the content state. Likewise, if the TOSST bit is written to 1 during the
period between when the TOSSP bit is written to 1 and when the TOSSTF bit is set to 0, the TOSSTF bit
may be set to either 0 or 1.

21.3.2.1 Timer mode

The following workaround should be performed in timer mode.
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the following
points:
» When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
» When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow
for each write interval.
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21.3.2.2 Programmable waveform generation mode

The following three workarounds should be performed in programmable waveform generation mode.
(1) To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the
following points:
» When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
» When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow
for each write interval.

(2) To change registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), synchronize
the TRBO output cycle using a timer RB interrupt, etc. This operation should be preformed only once in
the same output cycle. Also, make sure that writing to the TRBPR register does not occur during period
A shown in Figures 21.2 and 21.3.

The following shows the detailed workaround examples.

» Workaround example (a):
As shown in Figure 21.2, write to registers TRBSC and TRBPR in the timer RB interrupt routine. These
write operations must be completed by the beginning of period A.

Count source/
prescaler
underflow signal

TRBO pin output Primary period Secondary period

IR bit in (a) Interrupt requestis Ensure sufficient time
TREIC register acknowledged == .
T
L]

b
; D I
Interrupt  Instructionin __| Set the secondary and then

Intigrgr:%te:z?::st sequence interrupt routine ™ the primary register immediately

(a) Period between interrupt request generation and the completion of execution of an instruction. The length of time
varies depending on the instruction being executed.
The DIVX instruction requires the longest time, 30 cycles (assuming no wait states and that a register is set as
the divisor).

(b) 20 cycles. 21 cycles for address match and single-step interrupts.

Figure 21.2  Workaround Example (a) When Timer RB interrupt is Used
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» Workaround example (b):
As shown in Figure 21.3 detect the start of the primary period by the TRBO pin output level and write to
registers TRBSC and TRBPR. These write operations must be completed by the beginning of period A.
If the port register’s bit value is read after the port direction register’s bit corresponding to the TRBO pin is
set to 0 (input mode), the read value indicates the TRBO pin output value.

Count source/f
prescaler
underflow signal

TRBO pin output Primary period Secondary period

Read value of the port register's
bit corresponding to the TRBO pin
(when the bit in the port direction
register is set to 0)

(i) (i) (iii) < — >
Ensure sufficient time
/ X

The TRBO output inversion  jnon getecting (i), set the secondary and

is detected at the end of the i i i i
secondary period. then the primary register immediately.

Figure 21.3 Workaround Example (b) When TRBO Pin Output Value is Read

(3) To stop the timer counting in the primary period, use the TSTOP bit in the TRBCR register. In this case,
registers TRBPRE and TRBPR are initialized and their values are set to the values after reset.

21.3.2.3 Programmable one-shot generation mode

The following two workarounds should be performed in programmable one-shot generation mode.
(1) To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the
following points:
» When the TRBPRE register is written continuously during count operation (TCSTF bit is set to 1), allow
three or more cycles of the count source for each write interval.
» When the TRBPR register is written continuously during count operation (TCSTF bit is set to 1), allow

three or more cycles of the prescaler underflow for each write interval.
(2) Do not set both the TRBPRE and TRBPR registers to 00h.
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21.3.2.4 Programmable wait one-shot generation mode

The following three workarounds should be performed in programmable wait one-shot generation mode.
(1) To write to registers TRBPRE and TRBPR during count operation (TCSTF bit is set to 1), note the
following points:

» When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.

» When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow
for each write interval.

(2) Do not set both the TRBPRE and TRBPR registers to 00h.

(3) Set registers TRBSC and TRBPR using the following procedure.

(a) To use “INTO pin one-shot trigger enabled” as the count start condition
Set the TRBSC register and then the TRBPR register. At this time, after writing to the TRBPR
register, allow an interval of 0.5 or more cycles of the count source before trigger input from the
INTO pin.

(b) To use “writing 1 to TOSST bit™ as the start condition
Set the TRBSC register, the TRBPR register, and then TOSST bit. At this time, after writing to the
TRBPR register, allow an interval of 0.5 or more cycles of the count source before writing to the
TOSST bit.
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21.3.3 Notes on Timer RD

21.3.3.1 TRDSTR Register
» Set the TRDSTR register using the MOV instruction.

* When the CSELi (i = 0 to 1) is set to 0 (the count stops at compare match of registers TRDi and
TRDGRAI), the count does not stop and the TSTARTI bit remains unchanged even if 0 (count stops) is
written to the TSTARTI bit.

» Therefore, set the TSTARTI bit to 0 to change other bits without changing the TSTARTi bit when the
CSELi bit is se to 0.

» To stop counting by a program, set the TSTARTI bit after setting the CSELI bit to 1. Although the CSELI
bit is set to 1 and the TSTARTI bit is set to 0 at the same time (with 1 instruction), the count cannot be
stopped.

» Table 21.1 lists the TRDIOji (j = A, B, C, or D) Pin Output Level when Count Stops to use the TRDIOji (]
= A, B, C, or D) pin with the timer RD output.

Table 21.1 TRDIQji (j = A, B, C, or D) Pin Output Level when Count Stops

Count Stop TRDIOji Pin Output when Count Stops
When the CSELi bit is set to 1, set the TSTARTI bit to 0 and the count | Hold the output level immediately before the
stops. count stops.
When the CSELi bit is set to 0, the count stops at compare match of | Hold the output level after output changes by
registers TRDi and TRDGRA.. compare match.

21.3.3.2 TRDi Register (i=0or 1)

» When writing the value to the TRDI register by a program while the TSTARTI bit in the TRDSTR register
is set to 1 (count starts), avoid overlapping with the timing for setting the TRDI register to 0000h, and then
write. If the timing for setting the TRDI register to 0000h overlaps with the timing for writing the value to
the TRDI register, the value is not written and the TRDI register is set to 0000h.

These precautions are applicable when selecting the following by bits CCLR2 to CCLRO in the
TRDCRI register.

- 001b (Clear by the TRDi register at compare match with the TRDGRAI register.)

- 010b (Clear by the TRDi register at compare match with the TRDGRBI register.)

- 011b (Synchronous clear)

- 101b (Clear by the TRDi register at compare match with the TRDGRCi register.)

- 110b (Clear by the TRDi register at compare match with the TRDGRDI register.)

» When writing the value to the TRDi register and continuously reading the same register, the value before
writing may be read. In this case, execute the JMP.B instruction between the writing and reading.

Program example MOV.W #XXXXh, TRDO :Writing
JMP.B L1 :JMP.B
Ll1: MOV.W TRDO0.DATA :Reading

21.3.3.3 TRDSRI Register (i=0 or 1)

When writing the value to the TRDSRI register and continuously reading the same register, the value before
writing may be read. In this case, execute the JMP.B instruction between the writing and reading.

Program example MOV.B #XXh, TRDSRO :Writing
JMP.B L1 :JMP.B
Ll: MOV.B TRDSRO,DATA :Reading
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21.3.3.4 Count Source Switch

» Switch the count source after the count stops.

Change procedure
(1) Setthe TSTARTI (i=0 or 1) bit in the TRDSTR register to 0 (count stops).
(2) Change bits TCK2 to TCKO in the TRDCRI register.

* When changing the count source from fOCO40M to another source and stopping fOCO40M, wait 2 cycles
of f1 or more after setting the clock switch, and then stop fOCO40M.
Change procedure
(1) Setthe TSTARTI (i=0 or 1) bit in the TRDSTR register to 0 (count stops).
(2) Change bits TCK2 to TCKO in the TRDCRI register.
(3) Wait 2 or more cycles of fl.
(4) Set the FRAOQO bit in the FRAO register to 0 (high-speed on-chip oscillator stops).

21.3.3.5 Input Capture Function

* Set the pulse width of the input capture signal to 3 or more cycles of the timer RD operation clock (refer to
Table 14.11 Timer RD Operation Clocks).

* The value in the TRDi register is transferred to the TRDGR]ji register 2 to 3 cycles of the timer RD
operation clock after the input capture signal is applied to the TRDIOji pin (i=0 or 1, j =either A, B, C, or
D) (no digital filter).

21.3.3.6 Reset Synchronous PWM Mode

» When reset synchronous PWM mode is used for motor control, make sure OLS0 = OLSI.

* Set to reset synchronous PWM mode by the following procedure:
Change procedure
(1) Set the TSTARTO bit in the TRDSTR register to 0 (count stops).
(2) Set bits CMD1 to CMDO in the TRDFCR register to 00b (timer mode, PWM mode, and PWM3 mode).
(3) Set bits CMD1 to CMDO to 01b (reset synchronous PWM mode).
) Set the other registers associated with timer RD again.

21.3.3.7 Complementary PWM Mode

» When complementary PWM mode is used for motor control, make sure OLS0 = OLS].

* Change bits CMD1 to CMDO in the TRDFCR register in the following procedure.
Change procedure: When setting to complementary PWM mode (including re-set), or changing the transfer
timing from the buffer register to the general register in complementary PWM mode.
) Set both the TSTARTO and TSTART1 bits in the TRDSTR register to 0 (count stops).
) Set bits CMD1 to CMDO0 in the TRDFCR register to 00b (timer mode, PWM mode, and PWM3 mode).
(3) Set bits CMD1 to CMDO to 10b or 11b (complementary PWM mode).
) Set the registers associated with other timer RD again.

Change procedure: When stopping complementary PWM mode
(1) Set both the TSTARTO0 and TSTART1 bits in the TRDSTR register to 0 (count stops).
(2) Set bits CMDI1 to CMD to 00b (timer mode, PWM mode, and PWM3 mode).

* Do not write to TRDGRAO, TRDGRB0, TRDGRA1, or TRDGRBI register during operation.
When changing the PWM waveform, transfer the values written to registers TRDGRD0, TRDGRC]1, and
TRDGRDI to registers TRDGRBO0, TRDGRA, and TRDGRBI1 using the buffer operation.
However, to write data to the TRDGRDO0, TRDGRC1, or TRDGRDI1 register, set bits BFD0, BFCI, and
BFDI1 to 0 (general register). After this, bits BFDO, BFC1, and BFD1 may be set to 1 (buffer register).
The PWM period cannot be changed.
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» If the value in the TRDGRAO register is assumed to be m, the TRDO register counts m-1, m, m+1, m, m-1,
in that order, when changing from increment to decrement operation.
When changing from m to m+1, the IMFA bit is set to 1. Also, bits CMDI to CMDO0 in the TRDFCR
register are set to 11b (complementary PWM mode, buffer data transferred at compare match between
registers TRD0O and TRDGRAUO), the content in the buffer registers (TRDGRDO0, TRDGRC]1, and
TRDGRDI) is transferred to the general registers (TRDGRBO0, TRDGRAI1, and TRDGRBI).
During m+1, m, and m-1 operation, the IMFA bit remains unchanged and data are not transferred to
registers such as the TRDGRADO register.

Count value in TRDO
register

m+1

Setting value in
TRDGRAQ pe===semmeeaa-
register m

Set to 0 by a program -
IMFA bitin ! |
TRDSRO register 0

Transferred from

buffer register \ /
! When bits CMD1 to CMDO in the

TRDGRBO register X\ }TRDFCR register are setto 11b

/ No change

Not transferred from buffer register

TRDGRA1 register )

TRDGRB1 register (transfer fro_m the buffer register to the
general register at compare match of
between registers TRDO and
TRDGRAD).

Figure 21.4  Operation at Compare Match between Registers TRD0 and TRDGRAUO in
Complementary PWM Mode
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» The TRDI1 register counts 1, 0, FFFFh, 0, 1, in that order, when changing from decrement to increment
operation.
The UDF bit is set to 1 when changing between 1, 0, and FFFFh operation. Also, when bits CMDI1 to
CMDO in the TRDFCR register are set to 10b (complementary PWM mode, buffer data transferred at
underflow in the TRDI register), the content in the buffer registers (TRDGRDO0, TRDGRCI1, and
TRDGRDI) is transferred to the general registers (TRDGRBO0, TRDGRA1, and TRDGRBI1). During

FFFFh, 0, 1 operation, data are not transferred to registers such as the TRDGRBO register. Also, at this
time, the OVF bit remains unchanged.

Count value in TRDO
register

FFFFh

Set to 0 by a program

Vs

UDF bitin
TRDSRO register
OVF bitin 1 No change
TRDSRO register 0
Transferred from ;
buffer register \ / Not transferred from buffer regl:.ster _
When bits CMD1 to CMDO in the
TRDGRBO register Y TRDFCR register are set to 10b
TRDGRA1 register (transfer from the buffer register to the
TRDGRB1 register general register when the TRD1 register
underflows).

Figure 21.5 Operation when TRD1 Register Underflows in Complementary PWM Mode
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* Select with bits CMDI1 to CMDO the timing of data transfer from the buffer register to the general register.
However, transfer takes place with the following timing in spite of the value of bits CMDI1 to CMDO in the

following cases:

Value in buffer register = value in TRDGRAUO register:
Transfer take place at underflow of the TRDI1 register.
After this, when the buffer register is set to 0001h or above and a smaller value than the value of the
TRDGRADO register, and the TRD1 register underflows for the first time after setting, the value is
transferred to the general register. After that, the value is transferred with the timing selected by bits CMD1

to CMDO.

n3

n2

ni

0000h

TRDGRDO register

TRDGREOD register

TRDIOBO output

TRDIODO output

w

A

Count value in TRDO
register

Count value in TRD1
register

Transfer with timing set by
bits CMD1 to CMDO

1 Transfer at -
underflow of TRD1
register because of
n3=m

Transfer at
underflow of TRD1
register because
of first setting to
nz=m

n2 X n3 X n2 X ni
\\ \\ AN \\
Transfer
Transfer J ransfer Transfer
ni ( in2 ( n3 n2 14 ( ni

Transfer with timing set by
bits CMD1 to CMDO

The above applies under the following conditions:
= Bits CMD1 to CMDO in the TRDFCR register are set to 11b (data in the buffer register is transferred at compare match

between registers TRDO and TRDGRAD in complementary PWM mode).
= Both the OSL0 and OLS1 bits in the TRDFCR register are set to 1 (active ‘H” for normal-phase and counter-phase).

m: Value set in TRDGRAD register

Figure 21.6 Operation when Value in Buffer Register = Value in TRDGRAO Register in
Complementary PWM Mode

Rev.3.00 Feb 29,2008 Page 467 of 485 s LENESANAS

REJ09B0244-0300



R8C/24 Group, R8C/25 Group 21. Usage Notes

When the value in the buffer register is set to 0000h:

Transfer takes place at compare match between registers TRD0 and TRDGRAO.

After this, when the buffer register is set to 0001h or above and a smaller value than the value of the
TRDGRAUO register, and a compare match occurs between registers TRD0 and TRDGRAUO for the first time
after setting, the value is transferred to the general register. After that, the value is transferred with the
timing selected by bits CMD1 to CMDO.

Count value in TRDO register

Count value in TRD1 register

0000h

TRDGRDO register ni X 1 0000h X ni
}( A\ (BN AN AW

1
T T
i i Transfer\l Transfer Transfer  \Transfer
N .-
TRDGRED register n2 : ni : : 0000h i ni :: !

; ! / Transfer at compare - Transfer at compare

Transfer with timing 03 Transfer with timing

set by bits CMD1 to | § oic between match between set by bits CMD1 to
¥ 1 Vregisters TRDOand ~ registers TRDO and | |

CMDO TRDGRAD because  TRDGRAD because + + CMDO
H content in of first setting to
! TRDGRDO register 000th=ni=m
1 is set to 00000

TRDIOBO output

TRDIODO output

m: Value set in TRDGRAD register

The above applies under the following conditions:

* Bits CMD1 to CMDO in the TRDFCR register are set to 10b (data in the buffer register is transferred at underflow of the TRD1 register in
PWM mode).

* Both the OLS0 and OLS1 bits in the TRDFCR register are set to 1 (active “H” for normal-phase and counter-phase).

Figure 21.7 Operation when Value in Buffer Register Is Set to 0000h in Complementary PWM
Mode

21.3.3.8 Count Source fOC0O40M

* The count source f{OCO40M can be used with supply voltage VCC = 3.0 to 5.5 V. For supply voltage other
than that, do not set bits TCK2 to TCKO in registers TRDCRO0 and TRDCR to 110b (select fOCO40M as

the count source).
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21.3.4 Notes on Timer RE

21.3.41 Starting and Stopping Count

Timer RE has the TSTART bit for instructing the count to start or stop, and the TCSTF bit, which indicates
count start or stop. Bits TSTART and TCSTF are in the TRECR1 register.

Timer RE starts counting and the TCSTF bit is set to 1 (count starts) when the TSTART bit is set to 1 (count
starts). It takes up to 2 cycles of the count source until the TCSTF bit is set to 1 after setting the TSTART bit to
1. During this time, do not access registers associated with timer RE(D other than the TCSTF bit.

Also, timer RE stops counting when setting the TSTART bit to 0 (count stops) and the TCSTF bit is set to 0
(count stops). It takes the time for up to 2 cycles of the count source until the TCSTF bit is set to 0 after setting

the TSTART bit to 0. During this time, do not access registers associated with timer RE other than the TCSTF
bit.

NOTE:
1. Registers associated with timer RE: TRESEC, TREMIN, TREHR, TREWK, TRECR1, TRECR2, and
TRECSR.

21.3.4.2 Register Setting

Write to the following registers or bits when timer RE is stopped.
* Registers TRESEC, TREMIN, TREHR, TREWK, and TRECR2
* Bits H12 H24, PM, and INT in TRECR1 register
*» Bits RCS0 to RCS3 in TRECSR register
Timer RE is stopped when bits TSTART and TCSTF in the TRECRI register are set to 0 (timer RE stopped).

Also, set all above-mentioned registers and bits (immediately before timer RE count starts) before setting the
TRECR2 register.

Figure 21.8 shows a Setting Example in Real-Time Clock Mode.
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v

TSTART in TRECR1 =0

> Stop timer RE operation

TCSTF in TRECR1 =07?

_/
TREIC<«-00h
(disable timer RE interrupt)
| TRERSTiInTRECR1=1 | )
+ \ Timer RE register
and control circuit reset
| TRERSTiInTRECR1=0 | D
+ —
Setting of registers TRECSR, Select clock output
TRESEC, TREMIN, TREHR, . Select clock source
TREWK, and bits H12_H24, PM, Seconds, minutes, hours, days of week, operating mode
and INT in TRECR1 register Set a.m./p.m., interrupt timing
_/

v

Setting of TRECR2 | } Select interrupt source

v

Setting of TREIC (IR bit<-0,
select interrupt priority level)

Y

TSTART in TRECR1 =1

> Start timer RE operation

Figure 21.8 Setting Example in Real-Time Clock Mode
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21.3.4.3 Time Reading Procedure of Real-Time Clock Mode

In real-time clock mode, read registers TRESEC, TREMIN, TREHR, and TREWK when time data is updated
and read the PM bit in the TRECRI1 register when the BSY bit is set to 0 (not while data is updated).

Also, when reading several registers, an incorrect time will be read if data is updated before another register is
read after reading any register.

In order to prevent this, use the reading procedure shown below.

» Using an interrupt
Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register in the timer RE interrupt routine.

* Monitoring with a program 1
Monitor the IR bit in the TREIC register with a program and read necessary contents of registers TRESEC,
TREMIN, TREHR, and TREWK and the PM bit in the TRECRI1 register after the IR bit in the TREIC
register is set to 1 (timer RE interrupt request generated).

» Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to 0 after the BSY bit is set to 1 (approximately 62.5 ms while the BSY
bit is set to 1).

(3) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register after the BSY bit is set to 0.

» Using read results if they are the same value twice
(1) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register.
(2) Read the same register as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match with the previous contents.
Also, when reading several registers, read them as continuously as possible.
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21.4 Notes on Serial Interface

* When reading data from the UiRB (i= 0 or 1) register either in the clock synchronous serial I/O mode or in the
clock asynchronous serial I/O mode. Ensure the data is read in 16-bit units. When the high-order byte of the
UiRB register is read, bits PER and FER in the UiRB register and the RI bit in the UiC1 register are set to 0.
To check receive errors, read the UiRB register and then use the read data.

Example (when reading receive buffer register):
MOV.W 00AG6H.RO ;: Read the UORB register

* When writing data to the UiTB register in the clock asynchronous serial I/O mode with 9-bit transfer data
length, write data to the high-order byte first then the low-order byte, in 8-bit units.

Example (when reading transmit buffer register):
MOVB #XXH,00A3H ; Write the high-order byte of UOTB register
MOVB #XXH,00A2H ; Write the low-order byte of UOTB register
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21.5 Notes on Clock Synchronous Serial Interface

21.5.1 Notes on Clock Synchronous Serial I/O with Chip Select

Set the IICSEL bit in the PMR register to 0 (select clock synchronous serial I/O with chip select function) to use
the clock synchronous serial I/O with chip select function.

21.5.2 Notes on I2C bus Interface
Set the IICSEL bit in the PMR register to 1 (select I2C bus interface function) to use the I2C bus interface.

21.5.2.1 Multimaster Operation

The following actions must be performed to use the I2C bus interface in multimaster operation.

* Transfer rate
Set the transfer rate by 1/1.8 or faster than the fastest rate of the other masters. For example, if the fastest
transfer rate of the other masters is set to 400 kbps, the I2C-bus transfer rate in this MCU should be set to
223 kbps (= 400/1.18) or more.

*» Bits MST and TRS in the ICCRI1 register setting

(a) Use the MOV instruction to set bits MST and TRS.

(b) When arbitration is lost, confirm the contents of bits MST and TRS. If the contents are other than the
MST bit set to 0 and the TRS bit set to 0 (slave receive mode), set the MST bit to 0 and the TRS bit to 0
again.

21.5.2.2 Master Receive Mode

Either of the following actions must be performed to use the I2C bus interface in master receive mode.

(a) In master receive mode while the RDRF bit in the ICSR register is set to 1, read the ICDRR register
before the rising edge of the 8th clock.

(b) In master receive mode, set the RCVD bit in the ICCRI1 register to 1 (disables the next receive
operation) to perform 1-byte communications.
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21.6 Notes on Hardware LIN

For the time-out processing of the header and response fields, use another timer to measure the duration of time
with a Synch Break detection interrupt as the starting point.
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21.7 Notes on A/D Converter

* Write to each bit (other than bit 6) in the ADCONO register, each bit in the ADCONI register, or the SMP bit
in the ADCON?2 register when A/D conversion is stopped (before a trigger occurs).

* When the VCUT bit in the ADCONI1 register is changed from 0 (VREF not connected) to 1 (VREF
connected), wait for at least 1 ps before starting the A/D conversion.

» After changing the A/D operating mode, select an analog input pin again.

* When using the one-shot mode, ensure that A/D conversion is completed before reading the AD register. The
IR bit in the ADIC register or the ADST bit in the ADCONO register can be used to determine whether A/D
conversion is completed.

* When using the repeat mode, select the frequency of the A/D converter operating clock ¢ AD or more for the
CPU clock during A/D conversion.

Do not select the fOCO-F for the $AD.

* If the ADST bit in the ADCONO register is set to 0 (A/D conversion stops) by a program and A/D conversion
is forcibly terminated during an A/D conversion operation, the conversion result of the A/D converter will be
undefined. If the ADST bit is set to 0 by a program, do not use the value of the AD register.

* Connect 0.1 UF capacitor between the P4 2/VREF pin and AVSS pin.

* Do not enter stop mode during A/D conversion.

* Do not enter wait mode when the CMO02 bit in the CMO register is set to 1 (peripheral function clock stops in
wait mode) during A/D conversion.
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21.8 Notes on Flash Memory
21.8.1 CPU Rewrite Mode

21.8.1.1 Operating Speed

Before entering CPU rewrite mode (EW0 mode), select 5 MHz or below for the CPU clock using the CMO06 bit
in the CMO register and bits CM16 to CM17 in the CM1 register. This does not apply to EW1 mode.

21.8.1.2 Prohibited Instructions

The following instructions cannot be used in EW0 mode because they reference data in the flash memory:
UND, INTO, and BRK.

21.8.1.3 Interrupts
Table 21.2 lists the EW0 Mode Interrupts, and Table 21.3 lists the EW1 Mode Interrupts.

Table 21.2 EWO0 Mode Interrupts

When Watchdog Timer, Oscillation

Mode Status When Maskable Interrupt Stop Detection, Voltage Monitor 1, or
Request is Acknowledged Voltage Monitor 2 Interrupt Request is
Acknowledged
EWO | During auto-erasure |Any interrupt can be used by Once an interrupt request is
allocating a vector in RAM acknowledged, auto-programming or

auto-erasure is forcibly stopped
immediately and the flash memory is
reset. Interrupt handling starts after the
fixed period and the flash memory
restarts. Since the block during auto-
erasure or the address during auto-
Auto-programming programming is forcibly stopped, the
normal value may not be read. Execute
auto-erasure again and ensure it
completes normally.

Since the watchdog timer does not stop
during the command operation,
interrupt requests may be generated.
Reset the watchdog timer regularly.

NOTES:
1. Do not use the address match interrupt while a command is being executed because the vector of
the address match interrupt is allocated in ROM.
2. Do not use a non-maskable interrupt while block 0 is being automatically erased because the fixed
vector is allocated in block 0.

Rev.3.00 Feb 29,2008 Page 476 of485 :LENESAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group

21. Usage Notes

Table 21.3 EW1 Mode Interrupts
When Watchdog Timer, Oscillation
Mode Status When Maskable Interrupt Stop Detection, Voltage Monitor 1, or
Request is Acknowledged Voltage Monitor 2 Interrupt Request is
Acknowledged
EW1 | During auto-erasure |Auto-erasure is suspended after |Once an interrupt request is

(erase-suspend
function enabled)

td(SR-SUS) and interrupt
handling is executed. Auto-
erasure can be restarted by
setting the FMR41 bit in the
FMR4 register to 0 (erase restart)
after interrupt handling
completes.

During auto-erasure
(erase-suspend
function disabled)

Auto-erasure has priority and the
interrupt request
acknowledgement is put on
standby. Interrupt handling is
executed after auto-erasure
completes.

During auto-
programming
(program suspend
function enabled)

Auto-programming is suspended
after td(SR-SUS) and interrupt
handling is executed.
Auto-programming can be
restarted by setting the FMR42 bit
in the FMRA4 register to 0
(program restart) after interrupt
handling completes.

During auto-
programming
(program suspend
function disabled)

Auto-programming has priority
and the interrupt request
acknowledgement is put on
standby. Interrupt handling is
executed after auto-programming
completes.

acknowledged, auto-programming or
auto-erasure is forcibly stopped
immediately and the flash memory is
reset. Interrupt handling starts after the
fixed period and the flash memory
restarts. Since the block during auto-
erasure or the address during auto-
programming is forcibly stopped, the
normal value may not be read. Execute
auto-erasure again and ensure it
completes normally.

Since the watchdog timer does not stop
during the command operation,
interrupt requests may be generated.
Reset the watchdog timer regularly
using the erase-suspend function.

NOTES:

1. Do not use the address match interrupt while a command is executing because the vector of the
address match interrupt is allocated in ROM.
2. Do not use a non-maskable interrupt while block 0 is being automatically erased because the fixed
vector is allocated in block 0.
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21.8.1.4 Howto Access

Write 0 before writing 1 when setting the FMRO1, FMRO02, or FMR11 bit to 1. Do not generate an interrupt
between writing 0 and 1.

21.8.1.5 Rewriting User ROM Area

In EW0 Mode, if the supply voltage drops while rewriting any block in which a rewrite control program is
stored, it may not be possible to rewrite the flash memory because the rewrite control program cannot be
rewritten correctly. In this case, use standard serial /O mode.

21.8.1.6 Program

Do not write additions to the already programmed address.

21.8.1.7 Entering Stop Mode or Wait Mode

Do not enter stop mode or wait mode during erase-suspend.

21.8.1.8 Program and Erase Voltage for Flash Memory

To perform programming and erasure, use VCC = 2.7 to 5.5 V as the supply voltage. Do not perform
programming and erasure at less than 2.7 V.
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21.9 Notes on Noise

21.9.1 Inserting a Bypass Capacitor between VCC and VSS Pins as a Countermeasure
against Noise and Latch-up

Connect a bypass capacitor (at least 0.1 pF) using the shortest and thickest write possible.

21.9.2 Countermeasures against Noise Error of 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 a firmware 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 be created between the reset routine and interrupt routines.
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22. Notes on On-Chip Debugger

When using the on-chip debugger to develop and debug programs for the R8C/24 Group and R8C/25 Group take note
of the following.

(1) Do not access the related UART registers.

(2) Some of the user flash memory and RAM areas are used by the on-ship debugger. These areas cannot be
accessed by the user.
Refer to the on-chip debugger manual for which areas are used.

(3) Do not set the address match interrupt (registers AIER, RMADO, and RMADI and fixed vector tables) in a
user system.

(4) Do not use the BRK instruction in a user system.

(5) Debugging is available under the condition of supply voltage VCC = 2.7 to 5.5 V. Debugging with the on-chip
debugger under less than 2.7 V is not allowed.

Connecting and using the on-chip debugger has some special restrictions. Refer to the on-chip debugger manual for
details.

Rev.3.00 Feb 29,2008 Page 480 0f485 s:LENESANAS
REJ09B0244-0300



R8C/24 Group, R8C/25 Group Appendix 1. Package Dimensions

Appendix 1. Package Dimensions

Diagrams showing the latest package dimensions and mounting information are available in the “Packages™ section of
the Renesas Technology website.
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Appendix 2. Connection Examples between Serial Writer and On-Chip
Debugging Emulator

Appendix Figure 2.1 shows a Connection Example with M16C Flash Starter (M3A-0806), and Appendix Figure 2.2
shows a Connection Example with E8 Emulator (ROE000080KCEQO).
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NOTE:
1. An oscillation circuit must be connected, even when
operating with the on-chip oscillator clock.

Appendix Figure 2.1 Connection Example with M16C Flash Starter (M3A-0806)
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(ROEOQO080KCEQD) 1. It is not necessary to connect an oscillation circuit

when operating with the on-chip oscillator clock.

Appendix Figure 2.2 Connection Example with E8 Emulator (ROE000080KCEO00)
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Appendix 3. Example of Oscillation Evaluation Circuit

Appendix Figure 3.1 shows an Example of Oscillation Evaluation Circuit.
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NOTE:
1. After reset, the XIN and XCIN clocks stop.
Write a program to oscillate the XIN and XCIN clocks.

Appendix Figure 3.1 Example of Oscillation Evaluation Circuit
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[A] PURT oo

ADCONO ...
ADCON1 ...
ADCON2 ... .

[C]

[F]
FMR4 ...

FRAO ...
FRAT ...
FRAG ...

FRAT oo [T]

TRA ..

[ TRAIC ___..
ICCR2 ...

ICDRR ...

ICDRS ... .
ICMR ...
ICSR ...
liCIC ... .
INTEN ... .

TRBIC _....

TRBPRE .
TRDO 192 207 222 233
TRDOIC
TRD1 ...
TRD1IC ... .
[K] TRDCRO 188 203 219 231

- 192 207

KUPIC . 108 TRDDFO ..
TRDFCR . 186 20[]I 217 229

[L] TRDGRAI (i= 010 1) ................. 193, 208, 223, 234,
LINCR . 370 TRDGRBi (i=0t01) .........._193, 208, 223, 234,
...193, 208, 223, 234,
TRDGRDI (i=0t0o1) .........._193, 208, 223, 234,
TRDIERO oo 192, 207, 221, 233,
TROIERT o192, 207, 221, 233
OCD e T TRDIORAQ oo
...189, 204
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190, 205
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o TRDOER1 .. ~..201, 218, 230,
Pi(i=0to4 and 6) ..... ... 96 TRDOER?

PMR 58 293 314 344
PRCR .. - 100
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TRDPOCRT ...
TRDSRO 191 206 220 232

TRACR -
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121
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222 245
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TRDSRY oo 191, 206, 220, 232, 243, 257
TRDSTR oo 184, 198, 215, 228, 238, 252
TRECR1 ... . 275,282
TRECRZ oo 2T6, 282
TRECSR oo 27T, 283
TREHR ... . 274
TREIC oo 106
TREMIN oo 273, 281
TRESEC ... 273,281
TREWK oo 2T4

[U]

uoct ... ... 293
UOMR ... .. 291
UORB ... ... 2980
uoTB ... ... 2980
U1BRG .. .. 291
U1Co ... ... 292
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Description
Rev. Date
Page Summary
0.10 | Jul 27, 2005 - First Edition issued
0.20 | Jan 16, 2006 | all pages |* “Preliminary” deleted
* Symbol name “TRDMDR” — “TRDMR”", “SSUAIC” — “SSUIC”,
“IIC2AIC” — “lICIC”, and “TSTOPO, TSTOP1” — “CSELO, CSEL1”
revised
* Pin name “TCLK” — “TRDCLK" revised
* Bit name “TPSCO0 to TPSC2" — “TCKO to TCKZ2", “TRDO count stop bit”
— “TRDO count operation select bit”, and “TRD1 count stop bit” —»
“TRD1 count operation select bit” revised
2 Table 1.1 Functions and Specifications for R8C/24 Group revised
3 Table 1.2 Functions and Specifications for R8C/25 Group revised
4 Figure 1.1 Block Diagram;
“Peripheral Functions” added,
“System Clock Generation” — “System Clock Generator” revised
5 Table 1.3 Product Information for R8C/24 Group revised
6 Table 1.4 Product Information of R8C/25 Group revised
7 Figure 1.4 Pin Assignment (Top View);
“VSS” —» “VSS/AVSS” and “VCC” — “VCC/AVCC” revised
8 Table 1.5 Pin Functions;
“Analog power supply input” added, “Reference voltage input” revised
9 Table 1.6 Pin Name Information by Pin Number
“VSS” —» “VSS/AVSS” and “VCC” — “VCC/AVCC” revised
10 Figure 2.1 CPU Registers;
“Reserved Area” — “Reserved Bit” revised
12 2.8.10 Reserved Area;
“Reserved Area” — “Reserved bit” revised
13 Figure 3.1 Memory Map of R8C/24 Group;
“Program area” — “program ROM” revised
14 3.2 R8C/25 Group, Figure 3.2 Memory Map of R8C/25 Group;
“Data area” — “data flash”, “Program area” — “program ROM" revised
15 Table 4.1 SFR Information(1);
0012h: “X0h” — “00h”
0016h: “X0h” — “00h”
0024h: “TBD” — “When shipping”
NOTES 3 and 4 revised
24 Figure 5.4 OFS Register; NOTE1 revised and NOTE3 added
25 5.1.1 When Power Supply is Stable (2) revised
5.1.2 Power On (4) revised
26 Figure 5.5 Example of Hardware Reset Circuit and Operation and Figure

5.6 Example of Hardware Reset Circuit (Usage Example of External
Supply Voltage Detection Circuit) and Operation revised
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0.20 | Jan 16, 2006 27 5.2 Power-On Reset Function “When a capacitor is ... or more.” added
Figure 5.7 Example of Power-On Reset Circuit and Operation revised
28 5.4 Voltage Monitor 1 Reset;
“When ... VCC pin drops the Vdet1 ...” = “When ... VCC pin reaches to
the Vdet1 ..." revised
30 to 67 |[“6. Programmable 1/0O Ports” — “6. Voltage Detection Circuit” and
“7. Voltage Detection Circuit” — “7. Programmable I/O Ports” revised
33 Figure 6.5 Registers VCA1 and VCA2; VCAZ2 register revised
34 Figure 6.6 VWOC Register revised
46 Figure 7.2 Configuration of Programmable 1/O Ports (2) revised
47 Figure 7.3 Configuration of Programmable 1/O Ports (3) revised
49 Figure 7.5 Configuration of Programmable 1/O Ports (5) revised
50 Figure 7.6 Configuration of Programmable 1/0O Ports (6) revised
51 Figure 7.7 Configuration of Programmable 1/O Ports (7) revised
56 to 66 |7.4 Port setting added; o
Table 7.4 Port PO_0/AN7 to Table 7.47 Port P6_7/INT3/RXD1 added
67 Table 7.48 Unassigned Pin Handling revised
69 9. Bus revised;
“However, only following SFRs are ... accessed at a time.” added
Table 9.2 Bus Cycles by Access Space of the R8C/25 Group added,
Table 9.3 Access Unit and Bus Operations;
“SFR” — “SFR, data flash”,
“ROM/RAM” — “ROM (program ROM), RAM” revised
71 Figure 10.1 Clock Generation Circuit revised
72 Figure 10.2 CMO Register revised
73 Figure 10.3 CM1 Register revised
75 Figure 10.5 Registers FRAQ and FRA1; FRAO register revised
77 Figure 10.8 VCA2 Register added
78 Figure 10.9 Examples of XIN Clock Connection Circuit revised
79 10.2.2 High-Speed On-Chip Oscillator Clock;
“To use the high-speed on-chip ... or more).” added
80 10.3 XCIN Clock “To input an external clock ... pin open.” added
81 10.4.2 CPU Clock “Use the XCIN clock while ... stabilizes.” added
10.4.3 Peripheral Function Clock (f1, f2, f4, f8, {32, fC4, and fC32);
“Use fC4 and fC32 while the XCIN clock oscillation stabilizes.” added
10.4.5 fOCO40M,;
“fOCO40M can be ... supply voltage VCC = 3.0 to 5.5 V.” added
10.4.8 fOCO128 added
82 Table 10.2 Settings and Modes of Clock Associated Bits revised
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0.20 | Jan 16, 2006 83 10.5.1.2 Low-Speed Clock Mode;
“In this mode, stopping the XIN clock ... the VCA20 bit.” added
10.5.1.4 Low-Speed On-Chip Oscillator Mode;
“In this mode, stopping the XIN clock ... the VCA20 bit.” added
84 Figure 10.11 Handling Procedure of Internal Power Low Consumption
Enabled by VCAZ20 bit added
88 Figure 10.12 State Transition in Power Control Mode revised
89 10.6.1 How to Use Oscillation Stop Detection Function;
“e This function cannot be... is 2 MHz or below. ...” —
“e This function cannot be... is below 2 MHz. ...” revised
92 10.7.1 Stop Mode and 10.7.2 Wait Mode — 10.7.1 Stop Mode and Wait
Mode revised
10.7.3 Oscillation Stop Detection Function;
“Since ... is 2 MHz or below, ...” — “Since ... is below 2 MHz. ...” revised
“To use this MCU with supply voltage ... to the chip externally.” added
10.7.4 fOCO40M added
107 Figure 12.11 Interrupt Priority Level Judgement Circuit; NOTE2 deleted
114 Figure 12.18 Registers AIER and RMADO to RMAD1;
AIER and RMADO to RMAD1 register revised
119 12.6.7 Entering Wait Mode after Oscillation Stop Detection Interrupt is
Detected added
121 Figure 13.2 Registers OFS and WDC; OFS register NOTE1 revised and
NOTES added, and WDC register NOTE1 deleted
126 Table 14.1 Functional Comparison of Timers;
Input Pin: Timer RD “TRDCLK” added
127 Figure 14.1 Block Diagram of Timer RA revised
135 Table 14.3 Pulse Output Mode Specifications revised
142 Table 14.6 Pulse Period Measurement Mode Specifications revised
144 Figure 14.11 Operating Example of Pulse Period Measurement Mode revised
146 Figure 14.12 Block Diagram of Timer RB revised
147 Figure 14.13 Registers TRBCR and TRBOCR; TRBOCR register revised
149 Figure 14.15 Registers TRBPRE, TRBSC, and TRBPR,;
TRBPR register revised
158 Figure 14.20 TRBIOC Register in Programmable One-Shot Generation
Mode
Figure 14.23 Registers TRBIOC and TRBMR in Programmable One-
Shot Generation Mode; TRBIOC register NOTE2 revised
162 Figure 14.25 Registers TRBIOC and TRBMR in Programmable Wait
One-Shot Generation Mode; TRBIOC register NOTEZ2 revised
165 -Output compare function;

“(Pin output can be changed at detection)” added
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0.20 | Jan 16, 2006 | 166 to 168 |Tables 14.12 Pin Functions TRDIOAO/TRDCLK(P2_0)
Tables 14.13 Pin Functions TRDIOBO(P2_1)
Tables 14.14 Pin Functions TRDIOCO(P2_2)
Tables 14.15 Pin Functions TRDIODO(P2_3)
Tables 14.16 Pin Functions TRDIOA1(P2_4)
Tables 14.17 Pin Functions TRDIOB1(P2_5)
Tables 14.18 Pin Functions TRDIOC1(P2_6)
Tables 14.19 Pin Functions TRDIOD1(P2_7)
Tables 14.20 Pin Functions INTO(P4_5) added
170 14.3.1 Mode Selection deleted
170 Table 14.21 Count Source Selection revised
14.3.1 Count Sources;
“TRDCRI register to ...” - “TRDCRIi register (i = 0 or 1) to ...” revised
171 Figure14.29 Buffer Operation in Input Capture Function revised
172 Figure14.30 Buffer Operation in Output Capture Function revised
14.3.2 Buffer Operation;
“input capture and ...” — “timer mode (input capture and ...”
“the I0C2 to IOCO bits in ...” — “the IOC2 bitin ..."
“the IOA2 to I0AQ bits in ...” — “the IOA2 bitin ...”
“the 10D2 to IODO bits in ...” — “the IOD2 bit in ..."
“the I0B2 to I0CO bits in ...” — “the |OB2 bit in ...” revised
“Bits IMFC and IMFD in the TRDSRI...input capture function.” added
173 14.3.3 Synchronous Operation;
“For the synchronous operation, ... register = 110b).” deleted
174 14.3.4 Pulse Output Forced Cutoff;
“P2D” — “PD2", “P4D” — “PD4”, and “P4 5" — “PD4 5", revised
“According to the selection ... details of interrupts.” added
176 14.3.5 Input Capture Function;
“The TRDGRADO register can also ... trigger input.” added
Figure 14.33 Block Diagram of Input Capture Function revised
177 Table 14.23 Specifications of Input Capture Function revised
178 Figure 14.34 Registers TRDSTR and TRDMR in Input Capture Function
revised
179 Figure 14.35 TRDPMR Register in Input Capture Function revised
180 Figure 14.36 TRDFCR Register in Input Capture Function revised
183 Figure 14.39 Registers TRDIORAO to TRDIORA1 in Input Capture
Function revised
184 Figure 14.40 Registers TRDIORCO to TRDIORC1 in Input Capture
Function revised
185 Figure 14.41 Registers TRDSRO0 to TRDSR1 in Input Capture Function
revised
187 Table 14.25 Input Pin Function in Input Capture Function deleted
189 14.3.5.1 Digital Filter;

“TRDDEF register ...” — “TRDDFi register ...” revised
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0.20 | Jan 16, 2006 192 Figure 14.48 Registers TRDSTR and TRDMR in Qutput Compare
Function revised
193 Figure 14.49 TRDPMR Register in Output Compare Function revised
194 Figure 14.50 TRDFCR Register in Output Compare Function revised
195 Figure 14.51 Registers TRDOER1 to TRDOER2 in Output Compare
Function;
TRDOERZ register: NOTE1 added
198 Figure 14.54 Registers TRDIORAO to TRDIORA1 in Output Compare
Function revised
199 Figure 14.55 Registers TRDIORCO to TRDIORC1 in Output Compare
Function revised
200 Figure 14.56 Registers TRDSRO0 to TRDSR1 in Output Compare
Function revised
209 Figure 14.64 Registers TRDSTR and TRDMR in PWM Mode revised
210 Figure 14.65 TRDPMR Register in PWM Mode revised
211 Figure 14.66 TRDFCR Register in PWM Mode revised
212 Figure 14.67 Registers TRDOER1 to TRDOER2 in PWM Mode;
TRDOERZ register: NOTE1 added
214 Figure 14.69 Registers TRDSRO0 to TRDSR1 in PWM Mode revised
222 Figure 14.77 Registers TRDSTR to TRDMR in Reset Synchronous
PWM Mode revised
223 Figure 14.78 TRDFCR Register in Reset Synchronous PWM Mode
revised
224 Figure 14.79 Registers TRDOER1 to TRDOER2 in Reset Synchronous
PWM Mode;
TRDOERZ register: NOTE1 added
226 Figure 14.81 Registers TRDSRO0 to TRDSR1 in Reset Synchronous
PWM Mode revised
232 Figure 14.87 TRDSTR Register in Complementary PWM Mode revised
233 Figure 14.88 TRDMR Register in Complementary PWM Mode revised
234 Figure 14.89 TRDFCR Register in Complementary PWM Mode revised
235 Figure 14.90 Registers TRDOER1 to TRDOER2 in Complementary
PWM Mode;
TRDOERZ register: NOTE1 added
237 Figure 14.92 Registers TRDSRO0 to TRDSR1 in Complementary PWM
Mode revised
244 Figure 14.98 Block Diagram of PWM3 Mode revised
245 Table 14.33 Specifications of PWM3 Mode revised
246 Figure 14.99 TRDSTR Register in PWM3 Mode revised
247 Figure 14.100 TRDMR Register in PWM3 Mode revised
248 Figure 14.101 TRDFCR Register in PWM3 Mode revised
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0.20 | Jan 16, 2006 249 Figure 14.102 Registers TRDOER1 to TRDOERZ2 in PWM3 Mode;
TRDOERZ register: NOTE1 added
251 Figure 14.104 TRDCRO Register in PWM3 Mode NOTE1 deleted
252 Figure 14.105 TRDSRO Register in PWM3 Mode revised
253 Figure 14.106 TRDIERO Register in PWM3 Mode revised
255 Table 14.34 TRDGRji Register Functions in PWM3 Mode revised
256 Figure 14.109 Operating Example of PWM3 Mode revised
259 14.3.12.1 TRDSTR Register (i = 0 or 1) added
260 14.3.12.4 “Count Clock Source Switch” — “Count Source Switch”
revised
264 14.3.12.9 Count Source fOCO40M added
275 Table 14.39 Output Compare Mode Specifications revised
281 Figure 14.132 Setting Example in Real-Time Clock Mode revised
285 Figure 15.3 Registers UOTB to U1TB and UORB to U1RB revised
286 Figure 15.4 Registers UOBRG to U1BRG and UOMR to U1MR; UOBRG
to U1BRG register revised
287 Figure 15.5 Registers UOCO to U1C0 NOTE1 added
295 Table 15.5 Registers Used and Settings for UART Mode;
UiBRG: =" — “0 to 7” revised
300 Table 16.1 Mode Selections revised
358 Figure 16.46 Example of Register Setting in Master Transmit Mode
(Clock Synchronous Serial Mode);
“e Set the IICSEL bit in the PMR register to 1” added
377 Table 18.1 Performance of A/D converter revised
378 Figure 18.1 Block Diagram of A/D Converter;
“VSS” — “"AVSS” and “Vref’ — “Vcom” revised
387 to 389 |18.4 A/D Conversion Cycles to 18.6 Inflow Current Bypass Circuit added
390 18.7 Notes on A/D Converter
“e Connect 0.1uF capacitor ... VSS pin.” —»
“e Connect 0.1uF capacitor ... AVSS pin.” revised
391 Table 19.1 Flash Memory Version Performance;
* Program and Erase Endurance:(Program area) — (Program ROM),
(Data area) — (Data flash) revised
* NOTE3 added
392 19.2 Memory Map;
“The user ROM ... area ... Block A and B.” —»
“The user ROM ... area (program ROM) ... Block A and B (data flash).”
revised
Figure 19.1 Flash Memory Block Diagram for R8C/24 Group revised
393 Figure 19.2 Flash Memory Block Diagram for R8C/25 Group revised
395 Figure 19.4 OFS Register; NOTE1 revised and NOTES added
398 19.4.2.4 FMSTP Bit revised
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0.20 | Jan 16, 2006 399 19.4.2.16 FMR47 Bit revised

402 Figure 19.7 FMR4 Register NOTE4 revised

405 Figure 19.11 Process to Reduce Power Consumption in High-Speed On-
Chip Oscillator Mode, Low-Speed On-Chip Oscillator Mode (XIN Clock
Stops) and Low-Speed Clock Mode (XIN Clock Stops) revised

408 19.4.3.5 Block Erase;

“The block erase command cannot be ... program-suspend.” added

409 Figure 19.14 Block Erase Command (When Using Erase-Suspend
Function) revised

412 Figure 19.15 Full Status Check and Handling Procedure for Individual
Errors revised

414 Figure 19.16 Pin Connections for Standard Serial /O Mode revised

419 19.7.1.9 Program and Erase Voltage for Flash Memory added

420 Table 20.1 Absolute Maximum Ratings;

“Vcc” —»"Vec/Avcec” revised

Table 20.2 Recommended Operating Conditions revised

421 Table 20.3 A/D Converter Characteristics revised

422 Table 20.4 Flash Memory (Program ROM) Electrical Characteristics
revised

423 Table 20.5 Flash Memory (Data flash Block A, Block B) Electrical revised

424 Table 20.6 Voltage Detection 0 Circuit Electrical Characteristics revised
Table 20.7 Voltage Detection 1 Circuit Electrical Characteristics revised
Table 20.8 Voltage Detection 2 Circuit Electrical Characteristics revised

425 Table 20.9 Reset Circuit Electrical Characteristics (When Using Voltage
Monitor 0 Reset) NOTEZ2 revised

426 Table 20.11 High-speed On-Chip Oscillator Circuit Electrical
Characteristics revised
Table 20.12 Low-speed On-Chip Oscillator Circuit Electrical
Characteristics revised
Table 20.13 Power Supply Circuit Timing Characteristics revised

427 Table 20.14 Timing Requirements of Clock Synchronous Serial /O with
Chip Select revised

431 Table 20.15 Timing Requirements of 12C bus Interface NOTE1 revised

432 Table 20.16 Electrical Characteristics (1) [Vcc = 5 V] revised

433 Table 20.17 Electrical Characteristics (2) [Vcc = 5 V] revised

434 Table 20.18 XIN Input, XCIN Input revised

435 Table 20.20 Serial Interface revised

436 Table 20.22 Electrical Characteristics (3) [Vcc = 3 V] revised

437 Table 20.23 Electrical Characteristics (4) [Vcc = 3 V] revised

438 Table 20.24 XIN Input, XCIN Input revised

439 Table 20.26 Serial Interface revised

440 Table 20.28 Electrical Characteristics (5) [Vcc = 2.2 V] revised
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0.20 | Jan 16, 2006 441 Table 20.29 Electrical Characteristics (6) [Vcc = 2.2 V] revised
442 Table 20.30 XIN Input, XCIN Input revised
Table 20.31 TRAIO Input, INT1 Input revised
443 Table 20.32 Serial Interface reviﬁd
Table 20.33 External Interrupt INTi (i = 0, 2, 3) Input
444 21.1.1 Stop Mode and 21.1.2 Wait Mode — 21.1.1 Stop Mode and Wait
Mode revised
21.1.3 Oscillation Stop Detection Function;
“Since ... is 2 MHz or below, ...” — “Since ... is below 2 MHz. ...” revised
“To use this MCU with supply voltage ... to the chip externally.” added
21.1.4 fOCO40M added
447 21.2.7 Entering Wait Mode after Oscillation Stop Detection Interrupt is
Detected added
462 21.7 Notes on A/D Converter
“e Connect 0.1puF capacitor ... VSS pin.” —
“e Connect 0.1uF capacitor ... AVSS pin.” revised
465 21.8.1.9 Program and Erase Voltage for Flash Memory added
467 22. Notes for On-Chip Debugger;
(1) and (6) added, “(2) Do not use addresses ... addresses.” deleted
468 Appendix 1. Package Dimensions;
“TBD” — “PLQP0052JA-A (52P6A-A)” added
469 Appendix Figure 2.1 Connection Example with M16C Flash Starter
(M3A-0806) revised
Appendix Figure 2.2 Connection Example with E8 Emulator
(ROEOOQO080KCEOQOQ) revised
470 Appendix Figure 3.1 Example of Oscillation Evaluation Circuit revised
1.00 |May 31, 2006 | all pages |“Under development” deleted
3 Table 1.2 Functions and Specifications for R8C/25 Group revised
4 Figure 1.1 Block Diagram;
“System clock generator” — “System clock generation circuit” revised
5to6 |Table 1.3 Product Information for R8C/24 Group and Table 1.4 Product
Information for R8C/25 Group; A part of (D) mark is deleted.
9 Table 1.6 Pin Name Information by Pin Number NOTE1 added
15 Table 4.1 SFR Information(1);
001Ch: “00h” — “00h, 10000000b” revised
0029h: High-Speed On-Chip Oscillator Control Register 4 FRA4 When shipping added
002Bh: High-Speed On-Chip Oscillator Control Register 6 FRA6 When shipping added
NOTES6 added
19 Table 4.5 SFR Information(5);

0118h: Timer RE Second Data Register / Counter Data Register,
0119h: Timer RE Minute Data Register / Compare Data Register
register name revised
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1.00 | May 31, 2006 20 Table 4.6 SFR Information(6);
0143h: “11000000b” — “11100000b” revised
24 Figure 5.4 OFS Register NOTEZ2 revised
25 5.1.1 When Power Supply is Stable (2) revised
5.1.2 Power On (4) revised
26 Figure 5.5 Example of Hardware Reset Circuit and Operation and Figure
5.6 Example of Hardware Reset Circuit (Usage Example of External
Supply Voltage Detection Circuit) and Operation revised
27 Figure 5.7 Example of Power-On Reset Circuit and Operation revised
28 5.3 Voltage Monitor 0 Reset revised
33 Figure 6.5 Registers VCA1 and VCA2; VCAZ2 register NOTEG revised
45 to 51 |Figures 7.1 to .7.7 Configuration of Programmable I/O Ports NOTE1 added
53 Figure 7.9 PDi (i = 0 to 4 and 6) Registers NOTE3 added
54 Figure 7.11 Registers PURO and PUR1; After Reset revised
62 Table 7.31 Port P3_4/SDA/SCS revised
70 Table 10.1 Specifications of Clock Generation Circuit revised
71 Figure 10.1 Clock Generation Circuit revised
72 Figure 10.2 CMO Register; NOTEG6 deleted and NOTE9 revised
74 Figure 10.4 OCD Register revised
75 Figure 10.5 Registers FRAO and FRA1; FRAOQ register NOTE2 revised
76 Figure 10.6 Registers FRA2, FRA4, and FRAG;
FRAZ2 register NOTEZ2 deleted, registers FRA4 and FRAG added
77 Figure 10.8 VCA2 Register NOTESG revised
78 Figure 10.9 Examples of XIN Clock Connection Circuit NOTE1 revised
79 10.2.2 High-Speed On-Chip Oscillator Clock revised
81 10.4.3 Peripheral Function Clock (f1, f2, f4, f8, and f32) revised
82 10.4.9 fC4 and fC32 added
83 Table 10.2 Settings and Modes of Clock Associated Bits revised
84 10.5.1.2 Low-Speed Clock Mode revised
85 10.5.2.2 Entering Wait Mode and 10.5.2.3 Pin Status in Wait Mode
revised
86 10.5.2.4 Exiting Wait Mode;
“When using a peripheral ...instruction is executed.” page changed
Table 10.3 Interrupts to Exit Wait Mode and Usage Conditions revised
87 10.5.2.4 Exiting Wait Mode;
“When exiting by a peripheral ... CPU clock supply is started.” —
“When exiting by a peripheral ... CMO7 bit in the CMO register.” revised
Figure 10.11 Time between Wait Mode and Interrupt Routine Execution added
88 10.5.2.5 Reducing the Internal Power Consumption added

Figure 10.12 Handling Procedure of Internal Power Low Consumption
Enabled by VCA20 bit revised
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1.00 | May 31, 2006 89 Table 10.4 Interrupts to Exit Stop Mode and Usage Conditions revised
90 Figure 10.13 Time between Stop Mode and Interrupt Routine Execution
added
92 10.6.1 How to Use Oscillation Stop Detection Function revised
93 Figure 10.15 Procedure for Switching Clock Source from Low-Speed
On-Chip Oscillator to XIN Clock revised
94 Figure 10.16 Example of Determining Interrupt Source for Oscillation
Stop Detection, Watchdog Timer, Voltage Monitor 1, or Voltage Monitor 2
Interrupt revised
95 10.7.1 Stop Mode and Wait Mode revised and 10.7.4 fOCO40M deleted
97 Figure 12.1 Interrupts revised
107 Table 12.5 IPL Value When Software or Special Interrupt Is
Acknowledged revised
109 Figure 12.10 Priority Levels of Hardware Interrupts revised
122 12.6.7 Entering Wait Mode after Oscillation Stop Detection Interrupt is
Detected deleted
123 Figure 13.1 Block Diagram of Watchdog Timer revised
124 Figure 13.2 Registers OFS and WDC; OFS Register NOTEZ2 revised
128 14. Timers; “The count source for each timer ... and reloading.” deleted
130 14.1 Timer RA; “The count source for timer RA ... and reloading.” added
Figure 14.1 Block Diagram of Timer RA revised
131 Figure 14.2 Registers TRACR and TRAIOC revised
132 Figure 14.3 Registers TRAMR, TRAPRE, and TRA revised
133 Table 14.2 Timer Mode Specifications revised
Figure 14.4 TRAIOC Register in Timer Mode revised
(Figure 14.4 TRACR Register in Timer Mode deleted, Figure 14.5
Registers TRAIOC and TRAMR in Timer Mode TRAMR register deleted)
134 14.1.1.1 Timer Write Control during Count added
Figure 14.5 Operating Example of Timer RA when Count Value is
Rewritten during Count added
135 Table 14.3 Pulse Output Mode Specifications revised
136 Figure 14.6 TRAIOC Register in Pulse Output Mode revised
(Figure 14.6 Registers TRACR and TRAIOC in Pulse Output Mode TRACR
register deleted, Figure 14.7 TRAMR Register in Pulse Output Mode deleted)
137 Table 14.4 Event Counter Mode Specifications revised
138 Figure 14.7 TRAIOC Register in Event Counter Mode revised
(Figure 14.8 Registers TRACR and TRAIOC in Event Counter Mode
TRACR register deleted, Figure 14.9 TRAMR Register in Event
Counter Mode deleted)
139 Table 14.5 Pulse Width Measurement Mode Specifications revised
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1.00 | May 31, 2006 140 Figure 14.8 TRAIOC Register in Pulse Width Measurement Mode revised
(Figure 14.10 Registers TRACR and TRAIOC in Pulse Width
Measurement Mode TRACR register deleted, Figure 14.11 TRAMR
Register in Pulse Width Measurement Mode deleted)
141 Figure 14.9 Operating Example of Pulse Width Measurement Mode revised
142 Table 14.6 Pulse Period Measurement Mode Specifications revised
143 Figure 14.10 TRAIOC Register in Pulse Period Measurement Mode revised
(Figure 14.13 Registers TRACR and TRAIOC in Pulse Period
Measurement Mode TRACR register deleted, Figure 14.14 TRAMR
Register in Pulse Period Measurement Mode deleted)
144 Figure 14.11 Operating Example of Pulse Period Measurement Mode revised
146 14.2 Timer RB; “The count source for timer RB ... and reloading.” added
o Timer mode: ... (peripheral function clock ... added
Figure 14.12 Block Diagram of Timer RB revised
147 Figure 14.13 Registers TRBCR and TRBOCR revised
148 Figure 14.14 Registers TRBIOC and TRBMR revised
149 Figure 14.15 Registers TRBPRE, TRBSC, and TRBPR revised
150 Table 14.7 Timer Mode Specifications revised
Figure 14.16 TRBIOC Register in Timer Mode revised
(Figure 14.20 Registers TRBIOC and TRBMR in Timer Mode TRBMR
register deleted)
151 14.2.1.1 Timer Write Control during Count added
152 Figure 14.17 Operating Example of Timer RB when Count Value is
Rewritten during Count added
153 Table 14.8 Programmable Waveform Generation Mode Specifications
revised
154 Figure 14.18 TRBIOC Register in Programmable Waveform Generation
Mode revised
(Figure 14.20 Registers TRBIOC and TRBMR in Timer Mode TRBMR
register deleted)
Figure 14.19 Operating Example of Timer RB in Programmable
Waveform Generation Mode revised
155 Table 14.9 Programmable One-Shot Generation Mode Specifications revised
156 Figure 14.20 TRBIOC Register in Programmable One-Shot Generation
Mode revised
(Figure 14.23 Registers TRBIOC and TRBMR in Programmable One-
Shot Generation Mode TRBMR register deleted)
157 Figure 14.21 Operating Example of Programmable One-Shot
Generation Mode revised
158 14.2.3.1 Selecting One-shot Trigger added
159 Table 14.10 Programmable Wait One-Shot Generation Mode

Specifications revised
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1.00 | May 31, 2006 161 Figure 14.22 TRBIOC Register in Programmable Wait One-Shot
Generation Mode
(Figure 14.25 Registers TRBIOC and TRBMR in Programmable Wait
One-Shot Generation Mode TRBMR register deleted)
162 Figure 14.23 Operating Example of Programmable Wait One-Shot
Generation Mode revised
163 14.2.5 Notes on Timer RB;
“e ... Timer RB starts counting at the first ... 1 (during count).” deleted
“e When the TSTOP bit in the TRBCR register ... immediately stops.
o |f the TOSST bit or the TOSSP bit ... also be set to 0 or 1.” added
165 Table 14.12 Pin Functions TRDIOAO/TRDCLK(P2_0) revised
167 Table 14.20 Pin Functions m(P«ﬂr_S) revised
179 Figure 14.33 TRDFCR Register in Input Capture Function NOTEZ2 revised
193 Figure 14.47 TRDFCR Register in Output Compare Function NOTE2 revised
210 Figure 14.63 TRDFCR Register in PWM Mode NOTE2 revised
220 Table 14.29 Reset Synchronous PWM Mode Specifications revised
222 Figure 14.75 TRDFCR Register in Reset Synchronous PWM Mode
NOTES 1 and 3 revised
225 Figure 14.78 Registers TRDSRO0 to TRDSR1 in Reset Synchronous
PWM Mode revised
227 Table 14.30 TRDGRji Register Functions in Reset Synchronous PWM
Mode revised
233 Figure 14.86 TRDFCR Register in Complementary PWM Mode NOTES
1 and 4 revised
239 14.3.9 Complementary PWM Mode;
“Since a value cannot be written to ... BFC1, and BFD1.” added
244 Table 14.33 Specifications of PWM3 Mode revised
247 Figure 14.98 TRDFCR Register in PWM3 Mode NOTEZ2 revised
254  |Table 14.34 TRDGR)ji Register Functions in PWM3 Mode revised,
14.3.10 PWM3 Mode; “Registers TRDGRCQO, ... and BFD1.” added
258 14.3.12.1 TRDSTR Register (i =0 or 1);
“e Table 14.36 lists the TRDIQji (j = A, B, C, ... timer RD output.” added
259 14.3.12.6 Reset Synchronous PWM Mode; Change procedure (2) revised
14.3.12.7 Complementary PWM Mode;
*Change bits CMD1 to CMDO in the TRDFCR register in the ... ;
Change procedure: When setting to complementary ... (2),
Change procedure: When stopping complementary ... (1) and (2) revised
*Do not write to ... ; “However, set to the TRDGRDO, ... BFD1.” added
263 14.3.12.8 PWM3 Mode deleted
264 14.4 Timer RE; “The count source for timer RE ... operations.” added
265 Figure 14.112 Block Diagram of Real-Time Clock Mode revised
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1.00 | May 31, 2006 287 Figure 15.6 Registers UOC1 to U1C1, U1SR, and PMR,;
UOC1 to U1C1 register NOTE2 added
288 Table 15.1 Clock Synchronous Serial I/O Mode Specifications revised
289 15.1 Clock Synchronous Serial /0 Mode;
“Table 15.3 ... The TXDO pin ...” — “Table 15.3 ... The TXDi pin ...” revised
294 15.2 Clock Asynchronous Serial I/0O (UART) Mode;
“Table 15.6 ... The TXDO pin ...” — “Table 15.6 ... The TXDi pin ...” revised
296 Figure 15.11 Receive Timing Example in UART Mode;
“RI bit” — “IR bit” revised
300 Table 16.2 Clock Synchronous Serial I/0O with Chip Select Specifications;
“o” — “f1” revised and NOTEZ2 deleted
304 Figure 16.4 SSMR Register
307 Figure 16.7 SSMR2 Register revised
308 Figure 16.8 Registers SSTDR and SSRDR; SSTDR registers NOTE1 deleted
309 16.2.1 Transfer Clock; “¢” — “f1” revised
314 16.2.5.2 Data Transmission;
“When setting the MCU is set as a slave device, ... enabled.” deleted
316 Figure 16.14 Sample Flowchart of Data Transmission (Clock
Synchronous Communication Mode) NOTE2 deleted
319 16.2.5.4 Data Transmission/Reception;
“When the MCU is set as the slave device, ... enabled.” deleted
320 Figure 16.17 Sample Flowchart of Data Transmission/Reception (Clock
Synchronous Communication Mode) NOTE2 deleted
322 Figure 16.18 Initialization in 4-Wire Bus Communication Mode revised
323 16.2.6.2 Data Transmission;
“When the MCU is set as a slave device, ... enabled.” deleted
358 Figure 16.47 Example of Register Setting in Master Receive Mode (12C
bus Interface Mode) revised
362 to 375 |17. Hardware LIN;
“Sync Break” — “Synch Break” and “Sync Field” — “Synch Field” revised
362 Figure 17.1 Block Diagram of Hardware LIN revised
364 Figure 17.2 LINCR Register revised
365 Figure 17.3 LINST Register revised
366 Figure 17.4 Typical Operation when Sending a Header Field
“RAIC” — “TRAIC” revised
367 Figure 17.5 Example of Header Field Transmission Flowchart (1) revised
368 Figure 17.6 Example of Header Field Transmission Flowchart (2) revised
369 17.4.2 Slave Mode (5) revised
Figure 17.7 Typical Operation when Receiving a Header Field revised
370 Figure 17.8 Example of Header Field Reception Flowchart (1) revised
371 Figure 17.9 Example of Header Field Reception Flowchart (2) revised

Cc-13




REVISION HISTORY

R8C/24 Group, R8C/25 Group Hardware Manual

Description
Rev. Date
Page Summary
1.00 | May 31, 2006 372 Figure 17.10 Example of Header Field Reception Flowchart (3) revised
373 Figure 17.11 Typical Operation when a Bus Collision is Detected;
“RAIC” - “TRAIC” revised
374 17.5 Interrupt Requests;
“There are four ... Sync Break generation completed, ..., and bus collision
detection.” — “There are three ... , and bus collision detection.” revised
Table 17.2 Interrupt Requests of Hardware LIN revised
376 Table 18.1 Performance of A/D converter revised
380 Table 18.2 One-Shot Mode Specifications revised
384 Figure 18.6 ADCONO Register in Repeat Mode revised
386 18.3 Sample and Hold;
“... to 28 $AD cycles for 8-bit resolution or 33 $AD resolution” and
“When performing A/D conversion, charge the sampling time.” deleted
387 Figure 18.10 Internal Equivalent Circuit of Analog Input revised
388 18.6 Inflow Current Bypass Circuit deleted
18.6 Output Impedance of Sensor under A/D Conversion added
389 18.7 Notes on A/D Converter revised
394 Figure 19.4 OFS Register NOTEZ2 revised
395 Table 19.3 Differences between EW0 Mode and EW1 Mode revised
397 19.4.2.1 FMROO Bit
“... (including suspend periods) ...” added
399 Figure 19.5 FMRO Register NOTE6 added
401 Figure 19.7 FMR4 Register; NOTES 2, 3 and 4 revised and NOTES added
402 Figure 19.8 Timing of Suspend Operation revised
405 19.4.3.1 Read Array Command
“The MCU also enters read array mode after a reset.” added
19.4.3.2 Read Status Register Command
“The MCU remains in read status mode ... command is written.” added
406 19.4.3.4 Program Command;
“When suspend function disabled, ...", “When suspend function
enabled, the FMR44 bit ... when auto-programming completes.” added
Figure 19.12 Program Command (When Suspend Function Disabled) title revised
407 Figure 19.13 Program Command (When Suspend Function Enabled) added
408 19.4.3.5 Block Erase revised
Figure 19.14 Block Erase Command (When Erase-Suspend Function
Disabled) title revised
409 Figure 19.15 Block Erase Command (When Erase-Suspend Function
Enabled) revised
410 Table 19.5 Status Register Bits revised
413 19.5 Standard Serial 1/0 Mode revised
Table 19.7 Pin Functions (Flash Memory Standard Serial /O Mode 2) added
414 Table 19.8 Pin Functions (Flash Memory Standard Serial I/O Mode 3) revised
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1.00 | May 31, 2006 415 Figure 19.17 Pin Connections for Standard Serial /0 Mode 3 title revised
416 Figure 19.18 Pin Processing in Standard Serial /O Mode 2 added,
Figure 19.19 Pin Processing in Standard Serial I/O Mode 3 title revised
420 19.7.1.7 Reset Flash Memory deleted
421 Table 20.2 Recommended Operating Conditions revised
422 Figure 20.1 Ports PO to P4, P6 Timing Measurement Circuit; title revised
423 Table 20.4 Flash Memory (Program ROM) Electrical Characteristics
revised
424 Table 20.5 Flash Memory (Data flash Block A, Block B) Electrical
Characteristics revised
425 Figure 20.2 Time delay until Suspend title revised
426 Table 20.9 Voltage Monitor 0 Reset Electrical Characteristics — Table
20.9 Power-on Reset Circuit, Voltage Monitor O Reset Electrical
Characteristics revised
Table 20.10 Power-on Reset Circuit Electrical Characteristics (When Not
Using Voltage Monitor 0 Reset) deleted
Figure 20.3 Power-on Reset Circuit Electrical Characteristics revised
427 Table 20.10 High-speed On-Chip Oscillator Circuit Electrical
Characteristics revised
Table 20.11 Low-speed On-Chip Oscillator Circuit Electrical
Characteristics revised
434 Table 20.16 Electrical Characteristics (2) [Vcec = 5 V] revised
438 Table 20.22 Electrical Characteristics (4) [Vce = 3 V] revised
442 Table 20.28 Electrical Characteristics (6) [Vcc = 2.2 V] revised
445 21.1.1 Stop Mode and Wait Mode revised and 21.1.4 fOCO40M deleted
448 21.2.7 Entering Wait Mode after Oscillation Stop Detection Interrupt is
Detected deleted
450 21.3.2 Notes on Timer RB;
“e ... Timer RB starts counting at the first ... 1 (during count).” deleted
“e When the TSTOP bit in the TRBCR register ... immediately stops.
o |f the TOSST bit or the TOSSP bit ... also be set to 0 or 1.” added
451 21.3.3.1 TRDSTR Register (i = 0 or 1) revised
452 21.3.3.6 Reset Synchronous PWM Mode; Change procedure (2) revised
21.3.3.7 Complementary PWM Mode;
*Change bits CMD1 to CMDO in the TRDFCR register in the .._;
Change procedure: When setting to complementary ... (2),
Change procedure: When stopping complementary ... (1) and (2) revised
*Do not write to ...; “However, set to the TRDGRDO, ... BFD1.” added
456 21.3.3.8 PWM3 Mode deleted
462 21.6 Notes on Hardware LIN; “Sync Break” — “Synch Break” revised
463 21.7 Notes on A/D Converter revised
466 21.8.1.7 Reset Flash Memory deleted
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1.00 | May 31, 2006 468 22. Notes on On-Chip Debugger; (2) revised
469 Appendix 1. Package Dimensions
“The latest package ... Renesas Technology website.” added
2.00 | Nov 01, 2006 | all pages |"PTLG0064JA-A (64F0G)” package added
Y version added
Factory programming product added
1 1. Overview; “... or a 64-pin molded-plastic FLGA.” added
2,3 Table 1.1 Functions and Specifications for R8C/24 Group, Table 1.2
Functions and Specifications for R8C/25 Group;
Package: “64-pin molded-plastic FLGA” added
9 Figure 1.4 PLQP0052JA-A Package Pin Assignments (Top View);
NOTES revised
10 Figure 1.5 PTLG0064JA-A Package Pin Assignments added
18 Table 4.1 revised
36 Figure 6.5 NOTESG revised
61 Table 7.17 revised
62 Table 7.19 revised
66 Table 7.33, Table 7.35 revised
67 Table 7.36 revised
78 Figure 10.5 NOTEZ2 added
80 Figure 10.8 NOTESG revised
81 Figure 10.9 revised
82 10.2.2 “Adjust the FRA1 register so that .... 40 MHz or less.” added
90 Figure 10.11 revised
91 Figure 10.12 revised
93 Figure 10.13 revised
98 10.7.1 revised, 10.7.2 added
123 12.6.3 “and Table 20.18 (VCC = 5V), ... TRAIO Input, INT1 Input.”
deleted
127 Figure 13.2; Watchdog Timer Control Register: After Reset “When read,
the content is undefined.” added
140 Table 14.4; TRAO pin function: Specification “or pulse output” added
198 Figure 14.49 NOTEZ2 added
215 Figure 14.65 Timer RD Output Control Register NOTE2 added
220 Figure 14.71 revised
252 Figure 14.100 NOTEZ2 added
262 14.3.12.7 “Do not use the TRDGRCO register in complementary PWM
mode.” deleted
291 Table 15.1 NOTEZ2 revised
296 Table 15.4 NOTE1 revised
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2.00 | Nov 01, 2006 298 Figure 15.10 revised
306 Figure 16.3 NOTEZ2 revised
337 Figure 16.26 NOTE3 revised
344 to 349 |Figure 16.32, Figure 16.33, Figure 16.34, Figure 16.35, Figure 16.36
revised
370 Figure 17.5 revised
374 Figure 17.9 revised
375 Figure 17.10 revised
377 17.4 .4 added
378 Table 17.2 Cause of Interrupt “8” — “6”
384 Table 18.2; Stop condition: Specification “when the ADCAP .... (software
trigger)” added, Input pin: Specification “AN8" — “ANQ”
395 Figure 19.1 revised
396 Figure 19.2 revised
411 Figure 19.13 NOTE3 added
413 Figure 19.15 NOTE3 added
416 Figure 19.16 revised
425 Table 20.1 Absolute Maximum Ratings; NOTE1 added
432 Table 20.10; “Vcc =4.5V to 5.5V -20°C < Topr < 85°C”, “Vcc =4.5V to
5.5V -40°C < Topr < 85°C” added
Oscillation stability time: Condition “Vcc = 5.0 V, Topr = 25°C” deleted
Table 5.11; Oscillation stability time: Condition “Vcc =5.0V,
Topr = 25°C” deleted
438 Table 20.15; IiH, i, RruLLUP Condition: “Vce = 5V” added
439 Table 20.16; Condition: High-speed on-chip oscillator mode revised
440 Table 20.17 added
441 Figure 20.8 revised
443 Table 20.22; IiH, liL, RruLLUP Condition: “Vce = 3V” added
444 Table 20.23; Condition “Increase during A/D converter operation” added
445 Figure 20.12 revised
448 Table 20.29; Condition “Increase during A/D converter operation” added
449 Figure 20.16 revised
475 Package Dimensions; “PTLG0064JA-A (64F0G)” added
3.00 | Feb 29, 2008 - “RENESAS TECHNICAL UPDATE?" reflected:
TN-16C-A164A/E, TN-16C-A165A/E, TN-16C-A166A/E,
TN-16C-A167A/E
2,3 Table 1.1, Table 1.2 Clock; “Real-time clock (timer RE)” added
57 Table 1.3, Table 1.4 revised
6,8 Figure 1.2, Figure 1.3; ROM number “XXX" added
16, 17 |Figure 3.1, Figure 3.2; “Expanded area” deleted
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3.00 | Feb 29, 2008 18 Table 4.1; “002Ch” added, “003Bh” “003Ch” “003Dh” deleted
27 Figure 5.3 revised
27,128, |[Figure 5.4, Figure 13.2, Figure 19.4; “OFS Register” revised

401
28 5.1.1, 5.1.2; “Wait for 1/fOCO-S x 20.” — “Wait for 10 us or more.”
29 Figure 5.5, Figure 5.6 revised
30 5.2, Figure 5.7 revised
36 Figure 6.5 NOTESG revised

61,62 |[Table 7.17, Table 7.19 revised
65 Table 7.29, Table 7.30 revised
70 Table 7.48 revised
73 10. “(with oscillation stop detection function)” deleted
74 Figure 10.1 revised
75 Figure 10.2 NOTE4 revised
78 Figure 10.5 NOTEZ2 revised
79 Figure 10.6 “FRA7 Register” added
80 Figure 10.8 NOTESG revised
81 Figure 10.9 added
83 10.2.2 revised
88 10.5.1.2, 10.5.1.4 revised
90 Table 10.3 revised
92 10.5.2.5, Figure 10.13 revised
94 Figure 10.14 revised
96 10.6.1 revised
99 10.7.1, 10.7.2 revised
103 12.1.3.1 revised
105 Table 12.2 “Reference” revised
115 12.2.1 revised
120 Table 12.6 revised, NOTE2 added
124 12.6.4 deleted
125 Figure 12.20 NOTEZ2 revised
133 Table 14.1 “- fC32” deleted
134 Figure 14.1 “TSTART” — “TCSTF”
138 Figure 14.5 “... to 0 (During count).” — “... to 1 (During count).”
149 14.1.6 revised, “» When the TRAPRE ..."” “» When the TRA ...” added
150 14.2 “The reload register ...” deleted

Figure 14.12 revised

153 Table 14.15 revised
156 Figure 14.17 “... to 0 (During count).” — “... to 1 (During count).”
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3.00 | Feb 29, 2008 159 Table 14.9 NOTEZ2 added
“...0 (one-shot stops).” — “...1 (one-shot stops).”
“TRBP pin function” — “TRBO pin function”
160 Figure 14.20 “... When write, ...” — “... If necessary, ...”
164 Table 14.10 NOTE2 added
167 to 170 |14.2.5 revised
14.251,14.2.5.2,14.2.5.3, 14.2.5.4 added
197, 214 |Table 14.25, Table 14.27,
“at the same time as the TRDi register ... 0000h” deleted
198, 215 |Figure 14.47, Figure 14.63; “TRDSTR register” revised
201 Figure 14.50 “TRDOER1 register” revised
206 Figure 14.55 revised
209 Figure 14.59 “of counter clear” deleted
212 Figure 14.61 revised
214 Table 14.27 revised
220 Figure 14.68 revised
227, 251 |Table 14.29, Table 14.33;
“at the same time as the TRDO register ... 0000h” deleted
228 Figure 14.76 revised
232 Figure 14.80 revised
238 Figure 14.86 revised
239 Figure 14.87 revised
243 Figure 14.91 revised
252 Figure 14.98 “TRDSTR register” revised
257 Figure 14.103 revised
261 Figure 14.107 revised
264 14.3.12.1, Table 14.36; “after the count is cleared” deleted
277 Figure 14.121 00" — “00b”
286 Figure 14.130 revised
291 Figure 15.4 “UARTI Transmit/Receive Mode Register” NOTE2 deleted
293 Figure 15.6 “(b7-b4)” — “(b7-b6)”
300 Table 15.5 NOTEZ2 added
303 Table 15.7 revised
304 15.3 revised
308 Figure 16.2 NOTE4 deleted
309 Figure 16.3 revised, NOTE4 deleted
310 Figure 16.4 NOTEZ2 deleted
311 Figure 16.5 NOTE1 deleted
312 Figure 16.6 NOTEZ2, NOTE7 revised
313 Figure 16.7 NOTES revised
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3.00 | Feb 29, 2008 314 Figure 16.8;
SSTDR register: NOTE1 deleted, SSRDR register: NOTE2 deleted
328 Figure 16.18 revised
334 16.2.8.1 deleted
338 Figure 16.24 NOTESG revised
339 Figure 16.25 NOTES deleted
340 Figure 16.26 NOTE?7 deleted
341 Figure 16.27 NOTE3 revised
342 Figure 16.28 NOTE?7 revised
343, 344 |Figure 16.29, Figure 16.30; NOTE1 deleted
367 16.3.8.1 revised, 16.3.8.2 added
368 Figure 17.1 revised
373 Figure 17.5 “... in LINST register - 0" — “... in LINST register —» 1"
374 Figure 17.6 revised
375 Figure 17.7 revised
377 Figure 17.9 revised
379 Figure 17.11 “SCDCT” — “BCDCT"
380 Figure 17.12 revised
385, 388, |Figure 18.2, Figure 18.4, Figure 18.6; NOTE4 revised
391
394 Figure 18.10 revised
396 18.7 revised
397 Table 19.2 revised
402 Table 19.3 revised
403 19.4.1,19.4.2; “(SR-ES)” — “(SR-SUS)"
404 19.4.2 .4 “located outside ... memory.” — “transferred to the RAM.”
405 19.4.2.15 revised
406 Figure 19.5 NOTE3, NOTES revised
408 Figure 19.7 NOTES revised
410 Figure 19.9 revised
411 Figure 19.11 revised
413 19.4.3.4 revised
414 Figure 19.13 revised
416 Figure 19.15 revised
418 Table 19.6 “FRMO00 Register’ — “FRMO Register”
420 Table 19.7 revised
429 Table 20.2 NOTEZ2 revised
435 Table 20.10 revised, NOTE4 added
454 21.1.1, 21.1.2 revised
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3.00 | Feb 29, 2008 455 21.2.4 deleted
456 Figure 21.1 NOTEZ2 revised
458 21.3.1 revised, “» When the TRAPRE ..." “» When the TRA ...” added
459 to 462 |21.3.2 revised
21.3.21,21.3.2.2,21.3.2.3, 21.3.2.4 added
463 21.3.1.1, Table 21.1; “after the count is cleared” deleted
470 Figure 21.8 revised
472 21.4 revised
473 2.5.1.1 deleted, 2.5.2.1 revised, 2.5.2.2 added
475 21.7 revised
482 Appendix Figure 2.1, Appendix Figure 2.2 revised
483 Appendix Figure 3.1 revised
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