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Notice

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

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

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

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

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

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; personal electronic equipment; and industrial robots.

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

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

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

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software aloneis very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

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

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

(Note1) “RenesasElectronics’ asused in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

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




General Precautions in the Handling of MPU/MCU Products

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

1. Handling of Unused Pins

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

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

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

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

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

5. Differences between Products

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

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

Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It 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. For
details, refer to the text of the manual.

The following documents apply to the R8C/38T-A Group. Make sure to refer to the latest versions of these documents.
The newest versions of the documents listed may be obtained from the Renesas Electronics Web site.

Document Type Description Document Title Document No.
Datasheet Hardware overview characteristic R8C/38T-A Group | RO1DS0081EJ0010
Datasheet
User’s manual: Hardware | Hardware specifications (pin assignments, R8C/38T-A Group | This User’'s manual
memory maps, peripheral function User’s Manual:
specifications, electrical characteristics, timing | Hardware
charts) and operation description
Note: Refer to the application notes for details
on using peripheral functions.
User’s manual: Software | Description of CPU instruction set R8C/5x Series RO1US0007EJ
User’s manual:
Software

Application note

Information on using peripheral functions and
application examples

Sample programs

Information on writing programs in assembly
language and C

Renesas technical update

Product specifications, updates on
documents, etc.

Available from Renesas Electronics Web

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

Notation of Numbers and Symbols

)

@

©)

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 SRST bit in the PMO register
P3_5 pin, VCC pin

Peripheral Function Names, Register Names, and Pin Names
The number after the underscore (_) in peripheral function names, register names, and pin names indicates the
corresponding number of on-chip modules.
Examples e Peripheral function names

Timer RC: Timer RC_0, Timer RC_1

Timer RJ: Timer RJ_0, Timer RJ_1, Timer RJ_2, Timer RJ_3

e Pin names
Timer RC: TRCCLK_0, TRCCLK 1
UARTO: RXD_0, RXD_1, RXD_2, RXD 3

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.

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

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | XXX7 | XXX6 | XXX5 [ — — — XXX1 XXX0 *1
After Reset 0 0 0 0 0 0 0 0 l
Bit Symbol Bit Name Function R/W
bO | XXX0 [XXX bit XX 'RIW
bl XXX1 0 1: XXX @
1 0: Do not set.
11: XXX
b2 — Nothing is assigned. The write value must be 0. The read value is undefined. —
b3 — Reserved Setto 0. w
b4 — N\
b5 XXX5 | XXX bits Function varies depending on the operating mode. | R/W
b6 | XXX6 \ \ RIW
b7 | XXX7 |XXX bit \ 0: XXX \ R
1: XXX

N \

*2 *3

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

*2
« Reserved
Reserved bits. Set to the specified value. For R/W bits, the written value is read unless otherwise noted.

*3
« 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.
Operation is not guaranteed when a value is set.
« Function varies depending on the operating mode.
The function of the bit varies with the peripheral function mode. For information on the individual modes, refer to

the register diagram.




4. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

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

Address Register Name Symbol Page Address Register Name Symbol Page
00000h 0003Ah | Voltage Monitor 2 Circuit Control Register vw2c 67
00001h 0003Bh
00002h 0003Ch
00003h 0003Dh
00004h | Processor Mode Register 0 PMO 37,48 0003Eh
00005h | Processor Mode Register 1 PM1 38 0003Fh
00006h 00040h
00007h | Protect Register PRCR 39 00041h | Interrupt Control Register FMRDYIC 135
00008h | System Clock Control Register 0 CMO 90, 109 00042h
00009h | System Clock Control Register 1 CM1 91, 110 00043h
0000Ah | Oscillation Stop Detection Register OoCD 92 00044h
0000Bh | System Clock Control Register 3 CM3 93, 111 00045h
0000Ch | System Clock Control Register 4 CM4 94,112 00046h | Interrupt Control Register INT4IC 134
0000Dh 00047h | Interrupt Control Register TRCIC_O 135
0000Eh 00048h
0000Fh 00049h
00010h | Clock Prescaler Reset Flag CPSRF 94 0004Ah | Interrupt Control Register TRE2IC 135
00011h 0004Bh | Interrupt Control Register u2TIC 135
00012h | High-Speed On-Chip Oscillator Control Register 0 | FRAO 95, 113 0004Ch | Interrupt Control Register U2RIC 135
00013h 0004Dh | Interrupt Control Register KUPIC 135
00014h | High-Speed On-Chip Oscillator Control Register 2 | FRA2 96 0004Eh | Interrupt Control Register ADIC 135
00015h 0004Fh | Interrupt Control Register SSUIC_0/IICIC_O0 135
00016h 00050h
00017h 00051h | Interrupt Control Register UOTIC_O 135
00018h 00052h | Interrupt Control Register UORIC_O 135
00019h 00053h | Interrupt Control Register UoTIC_1 135
0001Ah 00054h | Interrupt Control Register UORIC_1 135
0001Bh 00055h | Interrupt Control Register INT2IC 135
0001Ch 00056h | Interrupt Control Register TRJIC_O 135
0001Dh 00057h
0001Eh 00058h | Interrupt Control Register TRB2IC_O 135
0001Fh 00059 | Interrupt Control Register INT1IC 135
00020h | Reset Interrupt Select Register RISR 78 0005Ah | Interrupt Control Register INT3IC 135
00021h | Watchdog Timer Reset Register WDTR 78 0005Bh
00022h | Watchdog Timer Start Register WDTS 79 0005Ch
00023h | Watchdog Timer Control Register WDTC 79 0005Dh | Interrupt Control Register INTOIC 135
00024h | Count Source Protection Mode Register CSPR 80 0005Eh | Interrupt Control Register U2BCNIC 135
00025h 0005Fh
00026h 00060h
00027h 00061h
00028h | Reset Source Determination Register RSTFR 49 00062h
00029h 00063h
0002Ah 00064h
0002Bh 00065h
0002Ch | STBY VDC Power Control Register SVDC 113 00066h
0002Dh 00067h
0002Eh 00068h
0002Fh 00069h
00030h | Voltage Monitor Circuit Control Register CMPA 62 0006Ah
00031h | Voltage Monitor Circuit Edge Select Register VCAC 63 0006Bh
00032h | On-Chip Reference Voltage Control Register OCVREFCR 545 0006Ch
00033h 0006Dh
00034h | Voltage Detection Register 2 VCA2 63, 97 0006Eh
00035h 0006Fh
00036h | Voltage Detection 1 Level Select Register VDI1LS 64 00070h
00037h 00071h
00038h | Voltage Monitor 0 Circuit Control Register vWoC 65 00072h | Interrupt Control Register VCMP1IC 135
00039h | Voltage Monitor 1 Circuit Control Register VW1C 66 00073h | Interrupt Control Register VCMP2IC 135
Note: 00074h
1. Do not access the reserved areas. 00075h | Interrupt Control Register TSCuUIC 135
00076h
00077h
00078h
00079h




Address Register Name Symbol Page Address Register Name Symbol Page
0007Ah 000BAh
0007Bh 000BBh
0007Ch 000BCh
0007Dh 000BDh
0007Eh 000BEh
0007Fh 000BFh
00080h | UARTO_O Transmit/Receive Mode Register UOMR_0 381 000COh | UART2 Transmit/Receive Mode Register U2MR 407
00081h | UARTO_O Bit Rate Register UOBRG_0 382 000C1h | UART2 Bit Rate Register U2BRG 407
00082h | UARTO_O Transmit Buffer Register uoTB_0 382 000C2h | UART2 Transmit Buffer Register u2TB 408
00083h 000C3h
00084h | UARTO_O Transmit/Receive Control Register O u0Co_0 383 000C4h | UART2 Transmit/Receive Control Register 0 u2Co 409
00085h | UARTO_O Transmit/Receive Control Register 1 uoC1_0 384 000C5h | UART2 Transmit/Receive Control Register 1 u2C1 410
00086h | UARTO_O Receive Buffer Register UORB_0 385 000C6h | UART2 Receive Buffer Register U2RB 411
00087h 000C7h
00088h | UARTO_O Interrupt Flag and Enable Register UOIR_O 386 000C8h | UART?2 Digital Filter Function Select Register U2RXDF 412
00089h 000C9h
0008Ah 000CAh
0008Bh 000CBh
0008Ch | LIN_O Special Function Register LINCR2_0 528 000CCh
0008Dh 000CDh
0008Eh | LIN_O Control Register LINCT_O 528 000CEh
0008Fh | LIN_O Status Register LINST_O 529 000CFh
00090h | UARTO_1 Transmit/Receive Mode Register UOMR_1 381 000DOh | UART2 Special Mode Register 5 U2SMR5 413
00091h | UARTO_1 Bit Rate Register UOBRG_1 382 000D1h
00092h | UARTO_1 Transmit Buffer Register uoTB_1 382 000D2h
00093h 000D3h
00094h | UARTO_1 Transmit/Receive Control Register O U0Co_1 383 000D4h | UART2 Special Mode Register 4 U2SMR4 414
00095h | UARTO_1 Transmit/Receive Control Register 1 uoC1_1 384 000D5h | UART2 Special Mode Register 3 U2SMR3 415
00096h | UARTO_1 Receive Buffer Register UORB_1 385 000D6h | UART2 Special Mode Register 2 U2SMR2 416
00097h 000D7h | UART2 Special Mode Register U2SMR 417
00098h | UARTO_1 Interrupt Flag and Enable Register UOIR_1 386 000D8h
0009%h 000D%h
0009Ah 000DAh
0009Bh 000DBh
0009Ch 000DCh
0009Dh 000DDh
0009Eh 000DEh
0009Fh 000DFh
000AOh 000EOh | 12C_0 Control Register IICCR_O 463
000A1lh 000E1h | SS_0 Bit Counter Register SSBR_0 464
000A2h 000E2h | SI_0 Transmit Data Register SITDR_0 465
000A3h 000E3h
000A4h 000E4h | SI_0 Receive Data Register SIRDR_0 465
000A5h 000E5h
000A6h 000E6h | SI_0 Control Register 1 SICR1_0 466
000A7h 000E7h | SI_0 Control Register 2 SICR2_0 468
000A8h 000E8h | SI_0 Mode Register 1 SIMR1_0 470
000A9h 000E9h | SI_0 Interrupt Enable Register SIER_O 472
000AAh 000EAh | SI_O Status Register SISR_0 474
000ABh 000EBh | SI_0 Mode Register 2 SIMR2_0 476
000ACh 000ECh
000ADh 000EDh
000AEh 000EEh
000AFh 000EFh
000BOh 000FOh
000B1h 000F1h
000B2h 000F2h
000B3h 000F3h
000B4h 000F4h
000B5h 000F5h
000B6h 000F6h
00087h 000F7h
000B8h 000F8h
0008sh 000F9h
Note:

1. Do not access the reserved areas.




Address Register Name Symbol Page Address Register Name Symbol Page
000FAh 0013Ah | Timer RC_0 General Register A TRCGRA_O 285
000FBh 0013Bh
000FCh 0013Ch | Timer RC_0 General Register B TRCGRB_0 285
000FDh 0013Dh
000FEh 0013Eh | Timer RC_O General Register C TRCGRC_0 285
000FFh 0013Fh
00100h 00140h | Timer RC_0 General Register D TRCGRD_0 285
00101h 00141h
00102h 00142h | Timer RC_0 Mode Register TRCMR_O 286
00103h 00143h | Timer RC_0 Control Register 1 TRCCR1_0 287
00104h 00144h | Timer RC_O Interrupt Enable Register TRCIER_O 288
00105h 00145h | Timer RC_O Status Register TRCSR_0 289
00106h 00146h | Timer RC_0 I/O Control Register 0 TRCIORO_O 290
00107h 00147h | Timer RC_0 I/O Control Register 1 TRCIOR1_0 291
00108h 00148h | Timer RC_0 Control Register 2 TRCCR2_0 292
00109h 00149h | Timer RC_0 Digital Filter Function Select TRCDF_0 293
0010Ah Register
0010Bh 0014Ah | Timer RC_0 Output Enable Register TRCOER_O 294
0010Ch 0014Bh | Timer RC_0 A/D Conversion Trigger Control | TRCADCR_0 295
Register
0010Dh - - -
0014Ch | Timer RC_0 Output Waveform Manipulation | TRCOPR_0 296
0010Eh Register
0010Fh 0014Dh | Timer RC_0 ELC Cooperation Control TRCELCCR_0O 297
00110h | Timer RJ_O Counter Register TRJ_O 232 Register
00111h 0014Eh
00112h | Timer RJ_O Control Register TRJICR_O 233 0014Fh
00113h | Timer RJ_O I/O Control Register TRJIOC_O 234 00150h
00114h | Timer RJ_O Mode Register TRIMR_O 236 00151h
00115h | Timer RJ_O Event Pin Select Register TRJISR_O 237 00152h
00116h 00153h
00117h 00154h
00118h 00155h
0011%h 00156h
0011Ah 00157h
0011Bh 00158h
0011Ch 00159h
0011Dh 0015Ah
0011Eh 0015Bh
0011Fh 0015Ch
00120h 0015Dh
00121h 0015EN
00122h 0015Fh
00123h 00160h
00124h 001610
00125h
00162h
00126h
o01Z7h 00163h
00164h
00128h
00129h 00165h
00166h
0012Ah 00167h
0012Bh 00168h
0012Ch 00169h
0012Dh 0016AR
0012Eh 0016Bh
0012Fh 0016Ch
00130h | Timer RB2_0 Control Register TRBCR_0 251 0016Dh
00131h | Timer RB2_0 One-Shot Control Register TRBOCR_0O 252 0016EN
00132h | Timer RB2_0 I/O Control Register TRBIOC_O 253 0016Fh
00133h | Timer RB2_0 Mode Register TRBMR 0 254 00170h | Timer RE2 Counter Data Register TRESEC 332,333
00134h | Timer RB2_0 Prescaler Register TRBPRE_0 255 Timer RE2 Second Data Register
00135h | Timer RB2_0 Primary Register TRBPR_O 256 00171h | Timer RE2 Compare Data Register TREMIN 334
00136h | Timer RB2_0 Secondary Register TRBSC_0 257 Timer RE2 Minute Data Register
00137h | Timer RB2_0 Interrupt Request Register TRBIR_O 258 00172h | Timer RE2 Hour Data Register TREHR 335
00138h | Timer RC_0 Counter TRCCNT_O 284 00173h | Timer RE2 Day-of-the-Week Data Register | TREWK 336
0013%h 00174h | Timer RE2 Day Data Register TREDY 337
Note: 00175h | Timer RE2 Month Data Register TREMON 338
1. Do not access the reserved areas. 00176h | Timer RE2 Year Data Register TREYR 339
00177h | Timer RE2 Control Register TRECR 340, 343
00178h | Timer RE2 Count Source Select Register TRECSR 344, 345
00179h | Timer RE2 Clock Error Correction Register TREADJ 346




Address Register Name Symbol Page Address Register Name Symbol Page
0017Ah | Timer RE2 Interrupt Flag Register TREIFR 347, 349 0023Ah | Module Standby Control Register 2 MSTCR2 115
0017Bh | Timer RE2 Interrupt Enable Register TREIER 350, 351 0023Bh | Module Standby Control Register 3 MSTCR3 115
0017Ch | Timer RE2 Alarm Minute Register TREAMN 352 0023Ch | Module Standby Control Register 4 MSTCR4 116
0017Dh | Timer RE2 Alarm Hour Register TREAHR 353 0023Dh
0017Eh | Timer RE2 Alarm Day-of-the-Week Register | TREAWK 354 0023Eh
0017Fh | Timer RE2 Protect Register TREPRC 355, 356 0023Fh
00180h 00240h
to 00241h
001FFh 00242h
00200h | A/D Register 0 ADO 546 00243h
00201h 00244h
00202h | A/D Register 1 AD1 546 00245h
00203h 00246h
00204h | A/D Register 2 AD2 546 00247h
00205h 00248h
00206h | A/D Register 3 AD3 546 00249h
00207h 0024Ah
00208h | A/D Register 4 AD4 546 0024Bh
00209h 0024Ch
0020Ah | A/D Register 5 AD5 546 0024Dh
0020Bh 0024Eh
0020Ch | A/D Register 6 AD6 546 0024Fh
0020Dh 00250h
0020Eh | A/D Register 7 AD7 546 00251h
0020Fh 00252h | Flash Memory Status Register FST 629
00210h 00253h
00211h 00254h | Flash Memory Control Register 0 FMRO 632
00212h 00255h | Flash Memory Control Register 1 FMR1 635
00213h 00256h | Flash Memory Control Register 2 FMR2 637
00214h | A/D Mode Register ADMOD 547 00257h
00215h | A/D Input Select Register ADINSEL 548 00258h
00216h | A/D Control Register 0 ADCONO 549 00259h
00217h | A/D Control Register 1 ADCON1 550 0025Ah
00218h 0025Bh
00219h 0025Ch
0021Ah 0025Dh
0021Bh 0025Eh
0021Ch 0025Fh
0021Dh 00260h | Address Match Interrupt Address OL Register AIADROL 140
0021Eh 00261h
0021Fh 00262h | Address Match Interrupt Address OH Register AIADROH 140
00220h 00263h | Address Match Interrupt Enable 0 Register AIENO 140
00221h 00264h | Address Match Interrupt Address 1L Register AIADR1L 140
00222h 00265h
00223h 00266h | Address Match Interrupt Address 1H Register AIADR1H 140
00224h 00267h | Address Match Interrupt Enable 1 Register AIEN1 140
00225h 00268h
00226h 00269h
00227h 0026Ah
00228h | Comparator B Control Register 0 INTCMP 569 0026Bh
00229h 0026Ch
0022Ah 0026Dh
0022Bh 0026Eh
0022Ch 0026Fh
0022Dh 00270h
0022Eh 00271h
0022Fh 00272h
00230h | External Input Enable Register 0 INTEN 136 00273h
00231h | External Input Enable Register 1 INTEN1 137 00274h
00232h | INT Input Filter Select Register O INTF 138 00275h
00233h | INT Input Filter Select Register 1 INTF1 138 00276h
00234h | INT Input Polarity Switch Register INTPOL 139 00277h
00235h 00278h
00236h | Key Input Interrupt Enable Register KIEN 139 00279h
00237h 0027Ah
00238h | Module Standby Control Register 0 MSTCRO 114 0027Bh
00239h | Module Standby Control Register 1 MSTCR1 114 0027Ch
Note: 0027Dh
1. Do not access the reserved areas. 0027Eh
0027Fh




Address Register Name Symbol Page Address Register Name Symbol Page
00280h | DTC Activation Control Register DTCTL 170 002CO0h | Pull-Up Control Register 0 PURO 216
00281h 002C1h | Pull-Up Control Register 1 PUR1 216
00282h 002C2h | Pull-Up Control Register 2 PUR2 217
00283h 002C3h
00284h 002C4h
00285h 002C5h
00286h 002C6h
00287h 002C7h
00288h | DTC Activation Enable Register 0 DTCENO 171 002C8h | Port P1 Drive Capacity Control Register P1DRR 218
00289h | DTC Activation Enable Register 1 DTCEN1 171 002C9h | Port P2 Drive Capacity Control Register P2DRR 218
0028Ah | DTC Activation Enable Register 2 DTCEN2 171 002CAh
0028Bh | DTC Activation Enable Register 3 DTCEN3 171 002CBh
0028Ch 002CCh | Drive Capacity Control Register 0 DRRO 219
0028Dh | DTC Activation Enable Register 5 DTCEN5 171 002CDh | Drive Capacity Control Register 1 DRR1 220
0028Eh | DTC Activation Enable Register 6 DTCENG6 171 002CEh | Drive Capacity Control Register 2 DRR2 222
0028Fh 002CFh
00290h | SFR Snoop Address Register CRCSAR 667 002D0h | Input Threshold Control Register 0 VLTO 223
00291h 002D1h | Input Threshold Control Register 1 VLT1 224
00292h | CRC Control Register CRCMR 668 002D2h | Input Threshold Control Register 2 VLT2 225
00293h 002D3h
00294h | CRC Data Register CRCD 669 002D4h
00295h 002D5h
00296h | CRC Input Register CRCIN 669 002D6h
00297h 002D7h
00298h 002D8h
00299h 002D%h
0029Ah 002DAh
0029Bh 002DBh
0029Ch 002DCh
0029Dh 002DDh
0029Eh 002DEh
0029Fh 002DFh
002A0h | Timer RJ_O Pin Select Register TRJ_OSR 204 002EOh | Port PO Register PORTO 226
002A1h 002E1h | Port P1 Register PORT1 226
002A2h 002E2h | Port PO Direction Register PDO 227
002A3h 002E3h | Port P1 Direction Register PD1 227
002A4h 002E4h | Port P2 Register PORT2 226
002A5h | Timer RCCLK Pin Select Register TRCCLKSR 205 002E5h | Port P3 Register PORT3 226
002A6h | Timer RC_O Pin Select Register 0 TRC_OSRO 206 002E6h | Port P2 Direction Register PD2 227
002A7h | Timer RC_O Pin Select Register 1 TRC_OSR1 207 002E7h | Port P3 Direction Register PD3 227
002A8h 002E8h | Port P4 Register PORT4 226
002A%h 002E%h | Port P5 Register PORTS5 226
002AAh 002EAh | Port P4 Direction Register PD4 227
002ABh 002EBh | Port P5 Direction Register PD5 227
002ACh 002ECh | Port P6 Register PORT6 226
002ADh | Timer Pin Select Register TIMSR 208 002EDh | Port P7 Register PORT7 226
002AEh | UARTO_O Pin Select Register U_OSR 209 002EEh | Port P6 Direction Register PD6 227
002AFh | UARTO_1 Pin Select Register U_1SR 210 002EFh | Port P7 Direction Register PD7 227
002B0h 002F0h | Port P8 Register PORT8 226
002B1h 002F1h | Port P9 Register PORT9 226
002B2h | UART2 Pin Select Register 0 U2SR0O 211 002F2h | Port P8 Direction Register PD8 227
002B3h | UART2 Pin Select Register 1 U2SR1 212 002F3h | Port P9 Direction Register PD9 227
002B4h 002F4h
002B5h 002F5h
002B6h | INT Interrupt Input Pin Select Register 0 INTSRO 141, 213 002F6h
002B7h 002F7h
002B8h 002F8h
002B%h | I/O Function Pin Select Register PINSR 98, 214 002F%h
002BAh 002FAh
002BBh 002FBh
002BCh 002FCh
002BDh 002FDh
002BEh | Pin Assignment Select Register PMCSEL 215 002FEh
002BFh 002FFh
Note: 00300h
1. Do not access the reserved areas. to
003FFh




Address Register Name Symbol Page Address Register Name Symbol Page
00400h | On-chip RAM On-chip RAM 06B00h | TSCU Control Register 0 TSCUCRO 577
to 06B01h
OS3FFh 06B02h | TSCU Control Register 1 TSCUCR1 579
05400h 06803h
06;?:Fh 06B04h | TSCU Mode Register TSCUMR 580
06A00N | Event Output Destination Select Register 0 | ELSELRO 161 06805h
06A0Lh | Event Output Destination Select Register 1 ELSELRL 161 06B06h | TSCU Timing Control Register 0A TSCUTCROA 581
06A02h | Event Output Destination Select Register 2 ELSELR2 161 06B07h
06A03h | Event Output Destination Select Register 3 ELSELR3 161 06B08h | TSCU Timing Control Register 0B TSCUTCROB 582
06A04h | Event Output Destination Select Register 4 ELSELR4 161 06B09h
06A05h 06BOAh | TSCU Timing Control Register 1 TSCUTCR1 583
06A06h 06B0Bh
06A07h 06BOCh | TSCU Timing Control Register 2 TSCUTCR2 585
06A08h | Event Output Destination Select Register 8 ELSELR8 161 06B0Dh
06A09h | Event Output Destination Select Register 9 ELSELR9 161 06BOEh | TSCU Timing Control Register 3 TSCUTCR3 587
06A0Ah 06BOFh
06A0Bh | Event Output Destination Select Register 11 | ELSELR1L 161 06B10h | TSCU Channel Control Register TSCUCHC 588
06AOCh | Event Output Destination Select Register 12 | ELSELR12 161 068110
06AODh | Event Output Destination Select Register 13 | ELSELR13 161 06B12h | TSCU Flag Register TSCUFR 589
06AO0Eh | Event Output Destination Select Register 14 ELSELR14 161 06B13h
06AOFh | Event Output Destination Select Register 15 | ELSELR15 161 06B14h | TSCU Status Counter Register TSCUSTC 590
06A10h | Event Output Destination Select Register 16 ELSELR16 161 06B15h
06A11h 06B16h | TSCU Secondary Counter Set Register TSCUSCS 591
06A12h 06B17h
06A13h 06B18h | TSCU Secondary Counter TSCUSCC 592
06A14h 06B19h
06A15h 06B1Ah | TSCU Data Buffer Register TSCUDBR 593
06A16h 06B1Bh
06A17h 06B1Ch | TSCU Primary Counter TSCUPRC 594
06A18h 06B1Dh
06A19h 06B1Eh | TSCU Random Value Store Register 0 TSCURVRO 595
06A1AN 06B1Fh
06A1Bh 06B20h | TSCU Random Value Store Register 1 TSCURVR1 596
06A1Ch 06B21h
06A1Dh 06B22h | TSCU Random Value Store Register 2 TSCURVR2 597
06ALEh 06B23h
06A1Fh 06B24h | TSCU Random Value Store Register 3 TSCURVR3 598
06A20h 06B25h
06A21h 06B26h | TSCU Input Enable Register 0 TSIEO 599
06A22h 06827h
06A23h 06B28h | TSCU Input Enable Register 1 TSIE1 600
06A24h 06B829h
06A25h 06B2Ah | TSCU Input Enable Register 2 TSIE2 601
06A26h 06B2Bh
06A27h 06B2Ch | TSCUCHXA Select Register 0 TSCHSELO 602
06A28h 06B2Dh
06A29h 06B2Eh | TSCUCHXA Select Register 1 TSCHSEL1 603
06A2AN 06B2Fh
06A2Bh 06B30h | TSCUCHXA Select Register 2 TSCHSEL2 604
06A2Ch 06B31h
06A2Dh 05?032*‘
O6A2EN 06BFFh
06A2Fh 06CO00h | Area for storing DTC transfer vector 0 175
06A30N 06CO01h | Area for storing DTC transfer vector 1 175
06A31h 06C02h | Area for storing DTC transfer vector 2 175
06 ,_t\(,):,:h 06CO03h | Area for storing DTC transfer vector 3 175
Note: 06C04h | Area for storing DTC transfer vector 4 175
1. Do not access the reserved areas. 06C0Sh
06C06h
06C07h
06C08h | Area for storing DTC transfer vector 8 175
06C09h | Area for storing DTC transfer vector 9 175




Address Register Name Symbol Page Address Register Name Symbol Page
06COAh | Area for storing DTC transfer vector 10 175 06C4Ah | DTC Transfer Count Register 1 DTCCT1 172
06COBh | Area for storing DTC transfer vector 11 175 06C4Bh | DTC Transfer Count Reload Register 1 DTRLD1 173
06COCh | Area for storing DTC transfer vector 12 175 06C4Ch | DTC Source Address Register 1 DTSAR1 173
06CODh | Area for storing DTC transfer vector 13 175 06C4Dh
06COEh | Area for storing DTC transfer vector 14 175 06C4Eh | DTC Destination Address Register 1 DTDAR1 173
06COFh | Area for storing DTC transfer vector 15 175 06C4Fh
06C10h | Area for storing DTC transfer vector 16 175 06C50h | DTC Control Register 2 DTCCR2 172
06C11h | Area for storing DTC transfer vector 17 175 06C51h | DTC Block Size Register 2 DTBLS2 172
06C12h | Area for storing DTC transfer vector 18 175 06C52h | DTC Transfer Count Register 2 DTCCT2 172
06C13h | Area for storing DTC transfer vector 19 175 06C53h | DTC Transfer Count Reload Register 2 DTRLD2 173
06C14h 06C54h | DTC Source Address Register 2 DTSAR2 173
06C15h 06C55h
06C16h | Area for storing DTC transfer vector 22 175 06C56h | DTC Destination Address Register 2 DTDAR2 173
06C17h | Area for storing DTC transfer vector 23 175 06C57h
06C18h | Area for storing DTC transfer vector 24 175 06C58h | DTC Control Register 3 DTCCR3 172
06C19h | Area for storing DTC transfer vector 25 175 06C59h | DTC Block Size Register 3 DTBLS3 172
06C1Ah 06C5Ah | DTC Transfer Count Register 3 DTCCT3 172
06C1Bh 06C5Bh | DTC Transfer Count Reload Register 3 DTRLD3 173
06C1Ch 06C5Ch | DTC Source Address Register 3 DTSAR3 173
06C1Dh 06C5Dh
06C1Eh 06C5Eh | DTC Destination Address Register 3 DTDAR3 173
06C1Fh 06C5Fh
06C20h 06C60h | DTC Control Register 4 DTCCR4 172
06C21h 06C61h | DTC Block Size Register 4 DTBLS4 172
06C22h 06C62h | DTC Transfer Count Register 4 DTCCT4 172
06C23h 06C63h | DTC Transfer Count Reload Register 4 DTRLD4 173
06C24h 06C64h | DTC Source Address Register 4 DTSAR4 173
06C25h 06C65h
06C26h 06C66h | DTC Destination Address Register 4 DTDAR4 173
06C27h 06C67h
06C28h 06C68h | DTC Control Register 5 DTCCR5 172
06C29h 06C69h | DTC Block Size Register 5 DTBLS5 172
06C2Ah | Area for storing DTC transfer vector 42 175 06C6Ah | DTC Transfer Count Register 5 DTCCTS 172
06C2Bh 06C6Bh | DTC Transfer Count Reload Register 5 DTRLDS 173
06C2Ch 06C6Ch | DTC Source Address Register 5 DTSARS 173
06C2Dh 06C6Dh
06C2Eh 06C6Eh | DTC Destination Address Register 5 DTDAR5 173
06C2Fh 06C6Fh
06C30h 06C70h | DTC Control Register 6 DTCCR6 172
06C31h | Area for storing DTC transfer vector 49 175 06C71h | DTC Block Size Register 6 DTBLS6 172
06C32h 06C72h | DTC Transfer Count Register 6 DTCCT6 172
06C33h | Area for storing DTC transfer vector 51 175 06C73h | DTC Transfer Count Reload Register 6 DTRLD6 173
06C34h | Area for storing DTC transfer vector 52 175 06C74h | DTC Source Address Register 6 DTSAR6 173
06C35h | Area for storing DTC transfer vector 53 175 06C75h
06C36h | Area for storing DTC transfer vector 54 175 06C76h | DTC Destination Address Register 6 DTDARG6 173
06C37h 06C77h
06C38h 06C78h | DTC Control Register 7 DTCCR7 172
06C3%h 06C79h | DTC Block Size Register 7 DTBLS7 172
06C3Ah 06C7Ah | DTC Transfer Count Register 7 DTCCT7 172
06C3Bh 06C7Bh | DTC Transfer Count Reload Register 7 DTRLD7 173
06C3Ch 06C7Ch | DTC Source Address Register 7 DTSAR7 173
06C3Dh 06C7Dh
06C3Eh 06C7Eh | DTC Destination Address Register 7 DTDAR7 173
06C3Fh 06C7Fh
06C40h | DTC Control Register 0 DTCCRO 172 06C80h | DTC Control Register 8 DTCCR8 172
06C41h | DTC Block Size Register 0 DTBLSO 172 06C81h | DTC Block Size Register 8 DTBLS8 172
06C42h | DTC Transfer Count Register 0 DTCCTO 172 06C82h | DTC Transfer Count Register 8 DTCCTS8 172
06C43h | DTC Transfer Count Reload Register 0 DTRLDO 173 06C83h | DTC Transfer Count Reload Register 8 DTRLD8 173
06C44h | DTC Source Address Register 0 DTSARO 173 06C84h | DTC Source Address Register 8 DTSARS8 173
06C45h 06C85h
06C46h | DTC Destination Address Register O DTDARO 173 06C86h | DTC Destination Address Register 8 DTDARS8 173
06C47h 06C87h
06C48h | DTC Control Register 1 DTCCR1 172 06C88h | DTC Control Register 9 DTCCR9 172
06C49h | DTC Block Size Register 1 DTBLS1 172 06C89h | DTC Block Size Register 9 DTBLS9 172
Note: 06C8Ah | DTC Transfer Count Register 9 DTCCT9 172
1. Do not access the reserved areas. 06C8Bh | DTC Transfer Count Reload Register 9 DTRLD9 173
06C8Ch | DTC Source Address Register 9 DTSAR9 173
06C8Dh
06C8Eh | DTC Destination Address Register 9 DTDAR9 173
06C8Fh




Address Register Name Symbol Page Address Register Name Symbol Page
06C90h | DTC Control Register 10 DTCCR10 172 06CDOh | DTC Control Register 18 DTCCR18 172
06C91h | DTC Block Size Register 10 DTBLS10 172 06CD1h | DTC Block Size Register 18 DTBLS18 172
06C92h | DTC Transfer Count Register 10 DTCCT10 172 06CD2h | DTC Transfer Count Register 18 DTCCT18 172
06C93h | DTC Transfer Count Reload Register 10 DTRLD10 173 06CD3h | DTC Transfer Count Reload Register 18 DTRLD18 173
06C94h | DTC Source Address Register 10 DTSAR10 173 06CD4h | DTC Source Address Register 18 DTSAR18 173
06C95h 06CD5h
06C96h | DTC Destination Address Register 10 DTDAR10 173 06CD6h | DTC Destination Address Register 18 DTDAR18 173
06C97h 06CD7h
06C98h | DTC Control Register 11 DTCCR11 172 06CD8h | DTC Control Register 19 DTCCR19 172
06C9%h | DTC Block Size Register 11 DTBLS11 172 06CD9h | DTC Block Size Register 19 DTBLS19 172
06C9Ah | DTC Transfer Count Register 11 DTCCT11 172 06CDAh | DTC Transfer Count Register 19 DTCCT19 172
06C9Bh | DTC Transfer Count Reload Register 11 DTRLD11 173 06CDBh | DTC Transfer Count Reload Register 19 DTRLD19 173
06C9Ch | DTC Source Address Register 11 DTSAR11 173 06CDCh | DTC Source Address Register 19 DTSAR19 173
06C9Dh 06CDDh
06C9Eh | DTC Destination Address Register 11 DTDAR11 173 06CDEh | DTC Destination Address Register 19 DTDAR19 173
06C9Fh 06CDFh
06CAOh | DTC Control Register 12 DTCCR12 172 06CEOh | DTC Control Register 20 DTCCR20 172
06CAlh | DTC Block Size Register 12 DTBLS12 172 06CE1h | DTC Block Size Register 20 DTBLS20 172
06CA2h | DTC Transfer Count Register 12 DTCCT12 172 06CE2h | DTC Transfer Count Register 20 DTCCT20 172
06CA3h | DTC Transfer Count Reload Register 12 DTRLD12 173 06CE3h | DTC Transfer Count Reload Register 20 DTRLD20 173
06CA4h | DTC Source Address Register 12 DTSAR12 173 06CE4h | DTC Source Address Register 20 DTSAR20 173
06CA5h 06CES5h
06CA6h | DTC Destination Address Register 12 DTDAR12 173 06CE6h | DTC Destination Address Register 20 DTDAR20 173
06CA7h 06CE7h
06CA8h | DTC Control Register 13 DTCCR13 172 06CE8h | DTC Control Register 21 DTCCR21 172
06CA9h | DTC Block Size Register 13 DTBLS13 172 06CE9h | DTC Block Size Register 21 DTBLS21 172
06CAAh | DTC Transfer Count Register 13 DTCCT13 172 06CEAh | DTC Transfer Count Register 21 DTCCT21 172
06CABh | DTC Transfer Count Reload Register 13 DTRLD13 173 06CEBh | DTC Transfer Count Reload Register 21 DTRLD21 173
06CACh | DTC Source Address Register 13 DTSAR13 173 06CECh | DTC Source Address Register 21 DTSAR21 173
06CADh 06CEDh
06CAEh | DTC Destination Address Register 13 DTDAR13 173 06CEEh | DTC Destination Address Register 21 DTDAR21 173
06CAFh 06CEFh
06CBOh | DTC Control Register 14 DTCCR14 172 06CFOh | DTC Control Register 22 DTCCR22 172
06CB1h | DTC Block Size Register 14 DTBLS14 172 06CF1h | DTC Block Size Register 22 DTBLS22 172
06CB2h | DTC Transfer Count Register 14 DTCCT14 172 06CF2h | DTC Transfer Count Register 22 DTCCT22 172
06CB3h | DTC Transfer Count Reload Register 14 DTRLD14 173 06CF3h | DTC Transfer Count Reload Register 22 DTRLD22 173
06CB4h | DTC Source Address Register 14 DTSAR14 173 06CF4h | DTC Source Address Register 22 DTSAR22 173
06CB5h 06CF5h
06CB6h | DTC Destination Address Register 14 DTDAR14 173 06CF6h | DTC Destination Address Register 22 DTDAR22 173
06CB7h 06CF7h
06CB8h | DTC Control Register 15 DTCCR15 172 06CF8h | DTC Control Register 23 DTCCR23 172
06CB9h | DTC Block Size Register 15 DTBLS15 172 06CF9h | DTC Block Size Register 23 DTBLS23 172
06CBAh | DTC Transfer Count Register 15 DTCCT15 172 06CFAh | DTC Transfer Count Register 23 DTCCT23 172
06CBBh | DTC Transfer Count Reload Register 15 DTRLD15 173 06CFBh | DTC Transfer Count Reload Register 23 DTRLD23 173
06CBCh [ DTC Source Address Register 15 DTSAR15 173 06CFCh | DTC Source Address Register 23 DTSAR23 173
06CBDh 06CFDh
06CBEh | DTC Destination Address Register 15 DTDAR15 173 06CFEh | DTC Destination Address Register 23 DTDAR23 173
06CBFh 06CFFh
06CCOh | DTC Control Register 16 DTCCR16 172 06D00h
06CC1h | DTC Block Size Register 16 DTBLS16 172 to
06CC2h | DTC Transfer Count Register 16 DTCCT16 172 O0BDFFh
06CC3h | DTC Transfer Count Reload Register 16 DTRLD16 173 -
06CCah | DTC Source Address Register 16 DTSARL6 173 OFFDBh | Option Function Select Register 2 OFS2 40, 50,
06CC5h 81
06CC6h | DTC Destination Address Register 16 DTDAR16 173 - - - -

OFFFFh | Option Function Select Register OFS 41, 51,
06CC7h 68, 82,
06CC8h | DTC Control Register 17 DTCCR17 172 639
06CC9h | DTC Block Size Register 17 DTBLS17 172
06CCAh [ DTC Transfer Count Register 17 DTCCT17 172
06CCBh | DTC Transfer Count Reload Register 17 DTRLD17 173
06CCCh | DTC Source Address Register 17 DTSAR17 173
06CCDh
06CCEh | DTC Destination Address Register 17 DTDAR17 173
06CCFh

Note:

1. Do not access the reserved areas.
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1. Overview

1.1 Features

The R8C/38T-A Group of single-chip microcontrollers (MCUSs) incorporates the R8C CPU core, which provides
sophisticated instructions for a high level of efficiency. With 1 Mbyte of address space, the CPU core is capable of
executing instructions at high speed. In addition, it features a multiplier for high-speed arithmetic processing.
Power consumption is low, and additional power control is possible by selecting the operating mode. The R8C/38T-
A Group is also designed to maximize EMI/EMS performance.

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

The R8C/38T-A Group integrates a touch sensor control unit, which enables detection of the floating capacitance of
the electrostatic capacitive touch electrode.

This group also has on-chip data flash (1 KB x 4 blocks) with background operation (BGO) function.

1.1.1  Applications

Electronic household appliances, office equipment, audio equipment, consumer equipment, etc.
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R8C/38T-A Group

1. Overview

1.1.2

Specifications

Tables 1.1 and 1.2 outline Specifications.

Table 1.1 Specifications (1)
Item Function Description
CPU Central R8C CPU core
processing unit |« Number of fundamental instructions: 89
» Minimum instruction execution time:
50 ns (CPU clock =20 MHz, VCC =2.7Vt05.5V)
200 ns (CPU clock =5 MHz, VCC =1.8Vto 5.5V)
* Multiplier: 16 bits x 16 bits — 32 bits
* Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
* Operating mode: Single-chip mode (address space: 1 Mbyte)
Memory ROM, RAM, Refer to Table 1.3 Product List.
data flash
Voltage Voltage detection |« Power-on reset
detection circuit « Voltage detection with three check points (the detection levels for voltage
detection 0 and voltage detection 1 can be selected.)
1/0 ports Programmable * Input only: 1
I/O ports * CMOS 1/O: 75, selectable pull-up resistor
* High current drive ports: 75
Clock Clock generation |« 4 circuits: XIN clock oscillation circuit, XCIN clock oscillation circuit,
circuits high-speed on-chip oscillator (with frequency adjustment function),
low-speed on-chip oscillator
* Oscillation stop detection: XIN clock oscillation stop detection function
* Frequency divider circuit: Divided by 1, 2, 4, 8, or 16 can be selected
» Low-power mode: Standard operating mode (high-speed clock, low-speed
clock, high-speed on-chip oscillator, low-speed on-chip
oscillator), wait mode, stop mode
Interrupts * Number of interrupt vectors: 69

« External interrupt inputs: 9 (INT x 5, key input x 4)
* Priority levels: 7

Event link controller (ELC)

« Events output from peripheral functions can be linked to events input to
different peripheral functions.
(30 sources x 10 types of event link operations)

 Events can be handled independently from interrupt requests.

Watchdog timer

e 14 bits x 1
* Selectable reset start function
* Selectable low-speed on-chip oscillator for the watchdog timer

DTC (data transfer controller)

1 channel
* Activation sources: 27
* Transfer modes: 2 (normal mode, repeat mode)

Timer

Timers RJ_0 16 bits x 1: 1 circuit integrated on-chip
Timer mode (periodic timer), pulse output mode (output level inverted every
period), event counter mode, pulse width measurement mode, pulse period
measurement mode

Timer RB2_0 16 bits x 1: 1 circuit integrated on-chip
Timer mode (periodic timer), programmable waveform generation mode
(PWM output), programmable one-shot generation mode, programmable wait
one-shot generation mode

Timers RC_0 16 bits (with 4 capture/compare registers) x 1: 1 circuit integrated on-chip
Timer mode (input capture function, output compare function), PWM mode
(output: 3 pins), PWM2 mode (PWM output: 1 pin)

Timer RE2 8 bits x 1
Compare match timer mode, real-time clock mode

RO1UH0241EJ0100 Rev.1.00
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R8C/38T-A Group 1. Overview

Table 1.2 Specifications (2)

Item Function Description
Serial interface | UARTO_O and 2 channels
UARTO_1 Clock synchronous serial I/O mode, clock asynchronous serial I/O mode
UART2 1 channel

Clock synchronous serial I/0 mode, clock asynchronous serial /0 mode, 12C
mode (12C-bus), multiprocessor communication mode

Clock (SSuU) 1 channel (also used for the I2C bus)

Synchronous |SSU_O

serial (12C bus) 1 channel (also used for the SSU)

interface 12c 0

LIN HW-LIN_O Hardware LIN

module 1 channel (timer RJ_0, UARTO_O, or UARTO_1 used)

A/D converter Resolution: 10 bits x 20 channels, sample and hold function, sweep mode
Comparator B 2 circuits

Touch sensor control unit (TSCU) | System CH x 4, electrostatic capacitive touch detection x 36

CRC calculator CRC-CCITT (X6 + X12 + X5 + 1), CRC-16 (X16 + X15 + X2 + 1) compliant
Flash memory « Program/erase voltage: VCC =2.7Vto 5.5V

 Program/erase endurance: 10,000 times (data flash)
1,000 times (program ROM)
» Program security: ROM code protect, ID code check
 Debug functions: On-chip debug, on-board flash rewrite function
* BGO (background operation) function (data flash)

Operating frequency/ CPU clock =20 MHz (VCC =2.7V1t05.5V)
Power supply voltage CPU clock =5 MHz (VCC =18V t05.5V)
Current consumption Typ. 6.5 mA (VCC =5.0 V, f(XIN) = 20 MHz)

Typ. 3.5 MA (VCC = 3.0 V, f(XIN) = 10 MHz)
Typ. 4.0 pA (VCC = 3.0 V, wait mode f(XCIN) = 32 kHz)
Typ. 2.2 pA (VCC = 3.0 V, stop mode)

Operating ambient temperature -20°C to 85°C (N version)
-40°C to 85°C (D version) (1)
Package 80-pin LQFP

Package code: PLQPO080KB-A (previous code: 80P6Q-A)

Note:
1. Specify the D version if it is to be used.
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R8C/38T-A Group 1. Overview

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

Table 1.3 Product List Current of Oct 2011

Part No. Internal ROM Capacity Internal RAM Package Type Remarks

Program ROM | Data Flash Capacity

R5F21388SNFP 64 Kbytes 1 Kbyte x 4 6 Kbytes PLQPOO0O80OKB-A [N version

R5F2138ASNFP 96 Kbytes 8 Kbytes

R5F2138CSNFP 128 Kbytes 10 Kbytes

R5F21388SDFP 64 Kbytes 6 Kbytes PLQPO080KB-A | D version

R5F2138ASDFP 96 Kbytes 8 Kbytes

R5F2138CSDFP 128 Kbytes 10 Kbytes

Part No. R5F2138C SNE

\— Package type:

FP: PLQPO0O80KB-A
(0.5 mm pin pitch, 12 x 12 mm square body)

Classification
N: Operating ambient temperature -20°C to 85°C
D: Operating ambient temperature -40°C to 85°C

ROM capacity
8: 64 KB
A: 96 KB
C: 128 KB

R8C/38T-A Group

R8C/3xT-A Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1 Product Part Number Structure
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R8C/38T-A Group

1. Overview

1.3 Block Diagram

Figure 1.2 shows the Block Diagram.

48

At he e X

: Y

Ao A
‘I 2 A

/O ports | PortP0 | | PortP1 | | PortP2 | [ PortP3 | [ PortP4 | [ PortPs | [ PortP6 |

Peripheral functions

System clock generation circuit

Timers
Timer RJ (16 bits x 1)
Timer RB2 (16 bits x 1)
Timer RC (16 bits x 1)
Timer RE2 (8 bits x 1)

XIN-XOUT
A/D converter XCIN-XCOUT
(10 bits x 20 channels) High-speed on-chip oscillator

Low-speed on-chip oscillator
Low-speed on-chip oscillator
(for watchdog timer)

UARTO
(8 bits x 2 channels) Voltage detection circuit

DTC

UART2
(8 bits x 1 channel)

Comparator B

Event link controller

Synchronous serial
communication unit (SSU/I?C)
(8 bits x 1 channel)

TSCU
(36 channels)

LIN module
(1 channel)
Watchdog timer R8C CPU core Memory
(14 bits)
ROH T _ROL SB ROM @
RIH | RIL T usp ]
CRC calculator R2
RS N RAM @
A
=) [ FLG |
Multiplier
[ PortPo | [ PortPg | | PortP7 |

[ S N W
‘TS

1. ROM size varies with the product.
2. RAM size varies with the product.

Figure 1.2 Block Diagram
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R8C/38T-A Group

1. Overview

1.4 Pin Assignment

Figure 1.3 shows Pin Assignment (Top View). Tables 1.4 to 1.9 list the Pin Name Information by Pin Number.
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[50]
[47]
[45]
m
23]
m
m

P7_3/AN15 4—p

P7_2/AN14 4—p

P7_1/AN13 4—p»

P7_0/AN12 4—p» [67]

PO_7/ANO(/TRCIOC_0) 4—p-
PO_6/AN1(/TRCIOD_0) ¢—p> [65]
PO_5/AN2(/TRCIOB_0) 4—p
PO_4/AN3ITMRE20(/TRCIOB_0) ¢—p» [65]
PO_3/AN4(/CLK_1/TRCIOB_0) ¢—p- [55]
PO_2/AN5(/RXD_1/TRCIOA_O/TRCTRG_0) 4—p
PO_1/AN6(/TXD_1/TRCIOA_O/TRCTRG_0) 4—p»
PO_O/AN7(/TRCIOA_O/TRCTRG_0) 4—p
P6_4(/RXD_1/CH35) 4—p

P6_3(/TXD_1/CH34) 4—p

P6_2(/CLK_1/CH33) 4—p

P6_1(/CH32) 4—p

P6_O('TMRE20/CH31) 4—p»

P9_5(/CH30) 4—p-

P9_4(/CH29) 4—p

P5_7(/CH28) 4—p 50

R8C/38T-A Group

PLQPO080KB-A (80P6Q-A)
(Top view)
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P8_4/CHxB
P8_5/CHXC

P8_6/CHO8

P8_7/CH09

P3_1/CH10

P3_6/CH11

P9_0/CH12

P9_1/CH13

P9_2/CH14

P9_3/CH15
P2_0(INTL/TRCIOB_0/CH16)
P2_1(/TRCIOC_0/CH17)
P2_2(/TRCIOD_0/CH18)
P2_3(/CH19)

P2_4(/CH20)

P2_5(/CH21)

P2_6(/CH22)

P2_7(ICH23)

P3_3/IVCMP3/INT3/SCS_0(/CTS2/RTS2/TRCCLK_0)
P3_4/IVREF3/SSI_0(/RXD2/SCL2/TXD2/SDA2/TRCIOC_0)

Figure 1.3 Pin Assignment (Top View)
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R8C/38T-A Group 1. Overview

Table 1.4 Pin Name Information by Pin Number (INT, URATO, and UART?2) (1)

: INT UARTO UART2
Port | PinNo. INTO INTL INT2 INT3 INT4 | TXD_0 | TXD_1 | RXxD_0 | RXD_1 | CLK. 0 | cLK_1 | TXD2 | RXD2 | CTS2 | RTS2 | SDA2 | scL2 | cLk2
PO_0 72

PO_1 71 TXD_1

PO_2 70 RXD_1

PO_3 69 CLK_1

PO_4 68

PO_5 67

PO_6 66

PO_7 65

P10 56

P11 55

P12 54

P13 53

P14 52 TXD_O

P15 51 INTL RXD_0

P16 50 CLK_0

P17 49 INTL

P2_0 30 INTL

P2_1 29

P2 2 28

P2_3 27

P2_4 26

P25 25

P26 24

P2_7 23

P30 4

P3_1 36

P3_2 3 INTL INT2

P3_3 22 INT3 CTS2 | RTS2

P3_4 21 TXD2 | RXD2 SDA2 | scL2
P35 20 CLK2
P36 35

P3_7 19 TXD2 | RXD2 SDA2 | ScL2
P4_2 5

P4_3 7

P4_4 8

P4_5 48 INTO RXD2 ScL2
P4_6 12

P4_7 10

P5_0 18

P5_1 17

P5_2 16

P5_3 15

P5_4 14

P55 2

P5_6 1

P5_7 80

P6_0 77

P6_1 76

P6_2 75 CLK_1

P6_3 74 TXD_1

P6_4 73 RXD_1

P6_5 47 INT4 CLK_1 CLK2
P6_6 46 INT2 TXD2 SDA2

P6_7 45 INT3

P7_0 64

P7_1 63

P7_2 62

P7_3 61

P7._4 60

P75 59

P76 58

P7_7 57
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R8C/38T-A Group 1. Overview

Table 1.5 Pin Name Information by Pin Number (INT, URATO, and UART?2) (2)

) INT UARTO UART2
Port | PinNo. INTO INTL INT2 INT3 INT4 | TXD_0 | TXD_1 | RXxD_0 | RXD_1 | CLK. 0 | cLK_1 | TXD2 | RXD2 | CTS2 | RTS2 | SDA2 | scL2 | cLk2
P8_0 44
P8_1 43
P8_2 42
P8_3 41
P8_4 40
P8_5 39
P8_6 38
P8_7 37
P9_0 34
P9_1 33
P9_2 32
P9_3 31
P9_4 79
P9_5 78
RO1UH0241EJ0100 Rev.1.00 RENESAS Page 8 of 731
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R8C/38T-A Group

1. Overview

Table 1.6 Pin Name Information by Pin Number (SSU/I2C, Timer RJ, and Timer RB2) (1)
. Ssu/i2C Timer RJ Timer RB2
Port Pin No. ——
SCL_O SDA_0 SSI_0 SCS_0 SSCK_0 SSO_0 TRJO_O TRJIO_O TRBO_0
P0O_0 72
PO_1 71
PO_2 70
PO_3 69
PO_4 68
PO_5 67
PO_6 66
PO_7 65
P10 56
P11 55
P12 54
P13 53 TRBO_0
P14 52
P15 51 TRJIIO_O
P16 50
P17 49
P20 30
P21 29
P22 28
P2 3 27
P2 4 26
P25 25
P26 24
P27 23
P30 4 TRJO_O
P3_1 36
P32 3 TRJIO_O
P3_3 22 SCS_0
P3_4 21 SSI_0
P35 20 SCL_O SSCK_0
P36 35
P37 19 SDA_0 SSO_0
P4_2 5
P4_3 7
P4_4 8
P4_5 48
P4_6 12
P4_7 10
P5_0 18
P5_1 17
P5_2 16
P5_3 15
P5_4 14
P55 2 TRJIIO_O
P5_6 1
P5_7 80
P6_0 77
P6_1 76
P6_2 75
P6_3 74
P6_4 73
P6_5 47
P6_6 46
P6_7 45
P70 64
P7_1 63
P72 62
P7_3 61
P7_4 60
P75 59
P76 58
P7_7 57
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R8C/38T-A Group

1. Overview

Table 1.7 Pin Name Information by Pin Number (SSU/I2C, Timer RJ, and Timer RB2) (2)
. Ssu/i2C Timer RJ Timer RB2
Port Pin No. ——
SCL_O SDA_O SSI_0 SCS_0 SSCK_0 SSO_0 TRJO_O TRJIO_O TRBO_0
P8_0 44
P8 1 43
P8_2 42
P8_3 41
P8_4 40
P8_5 39
P8_6 38
P8_7 37
P9_0 34
P9_1 33
P9_2 32
P9_3 31
P9_4 79
P9 5 78

RO1UH0241EJ0100 Rev.1.00

Oct 31, 2011

RENESAS

Page 10 of 731



R8C/38T-A Group 1. Overview
Table 1.8 Pin Name Information by Pin Number (Timer RC, Timer RE2, and Others) (1)
Port Pin No. Timer RC Timer RE2 Others
TRCCLK_0 TRCIOA_O TRCIOB_0 TRCIOC_0 TRCIOD_0 TRCTRG_0 TMRE20
PO_0 72 TRCIOA_0 TRCTRG_0 AN7
PO_1 71 TRCIOA_O TRCTRG_0 AN6
PO_2 70 TRCIOA_0 TRCTRG_0 ANS
P0_3 69 TRCIOB_0 AN4
PO_4 68 TRCIOB_0 TMRE20 AN3
P0_5 67 TRCIOB_0 AN2
PO_6 66 TRCIOD_0 AN1
P0O_7 65 TRCIOC_0O ANO
P10 56 TRCIOD_0 AN8 Ko
P11 55 TRCIOA_O TRCTRG_0 AN9 KIT
P12 54 TRCIOB_0 AN10 K2
P13 53 TRCIOC_0 AN11 Ki3
P1_4 52 TRCCLK_0
P15 51
P1_6 50 IVREF1 CHOO
P17 49 IVCMP1 CHO1
P2_0 30 TRCIOB_0 CH16
P2_1 29 TRCIOC_O CH17
P2_2 28 TRCIOD_0O CH18
P2_3 27 CH19
P2_4 26 CH20
P2 5 25 CH21
P2_6 24 CH22
P2 7 23 CH23
P3_0 4 CH24
P3_1 36 CH10
P3_2 3 CH25
P3 3 22 TRCCLK_O IVCMP3
P3_4 21 TRCIOC_0O IVREF3
P35 20 TRCIOD_0
P3_6 35 CHI11
P37 19
P4 2 5 VREF
P4_3 7 XCIN
P4_4 8 XCouT
P4_5 48 ADTRG CHO2
P4_6 12 XIN
P4_7 10 XOUT
P5_0 18 TRCCLK_O
P5_1 17 TRCIOA_O TRCTRG_0
P5_2 16 TRCIOB_0
P5_3 15 TRCIOC_0
P5_4 14 TRCIOD_0O
P5_5 2 CH26
P5_6 1 CH27
P5_7 80 CH28
P6_0 77 TMRE20 CH31
P6_1 76 CH32
P6_2 75 CH33
P6_3 74 CH34
P6_4 73 CH35
P6_5 47 TRCIOB_0 CHO03
P6_6 46 TRCIOC_O CHO04
P6_7 45 TRCIOD_0 CHO05
P7_0 64 AN12
P7_1 63 AN13
P7_2 62 AN14
P7_3 61 AN15
P7_4 60 AN16
P7_5 59 AN17
P7_6 58 AN18
P7_7 57 AN19
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R8C/38T-A Group

1. Overview

Table 1.9 Pin Name Information by Pin Number (Timer RC, Timer RE2, and Others) (2)

Timer RC Timer RE2
Port Pin No. Others
TRCCLK_0 TRCIOA_O TRCIOB_0 TRCIOC_0 TRCIOD_0 TRCTRG_0 TMRE20
P8_0 44 CHO06
P8_1 43 CHO7
P8 2 42 CHXAO
P8_3 41 CHxAL
P8_4 40 CHxB
P8_5 39 CHxC
P8_6 38 CHO08
P8_7 37 CHO09
P9 0 34 CH12
P9_1 33 CH13
P9 2 32 CH14
P9_3 31 CH15
P9 4 79 CH29
P9_5 78 CH30
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R8C/38T-A Group

1. Overview

1.5 Pin Functions
Tables 1.10 and 1.11 list Pin Functions.

Table 1.10 Pin Functions (1)
Iltem Pin Name I/O Description
Power supply input VCC, VSS — | Apply 1.8 V through 5.5 V to the VCC pin.
Apply 0 V to the VSS pin.
Analog power supply | AVCC, AVSS — | Power supply input for the A/D converter.
input Connect a capacitor between pins AVCC and AVSS.
Reset input RESET I Applying a low level to this pin resets the MCU.
MODE MODE I Connect this pin to the VCC pin via a resistor.
XIN clock input XIN | I/O for the XIN clock generation circuit.
XIN clock output XOUT /O | Connect a ceramic resonator or a crystal oscillator
between pins XIN and XOUT. (1)
To use an external clock, input it to the XIN pin and
leave the XOUT pin open.
XCIN clock input XCIN I 1/0 for the XCIN clock generation circuit.
XCIN clock output XCOUT /O | Connect a crystal oscillator between pins XCIN and
XCOUT.
To use an external clock, input it to the XCOUT pin and
leave the XCIN pin open.
INT interrupt input INTO to INT4 | INT interrupt input.
Key input interrupt K10 to KI3 I Key input interrupt input.
Timer RJ_0 TRJIO_O I/O | Input/output for timer RJ.
TRJO_O (0] QOutput for timer RJ.
Timer RB2_0 TRBO 0 (0] Output for timer RB2.
Timer RC_0 TRCCLK_O I External clock input.
TRCTRG_O I External trigger input.
TRCIOA_O, TRCIOB_O0, I/O | Input/output for timer RC.
TRCIOC_0, TRCIOD_0O
Timer RE2 TMRE20 (0] Divided clock output.
Serial interface CLK_0,CLK 1 I/O | Transfer clock input/output.
(UARTO) RXD_0, RXD_1 I |Serial data input.
TXD 0, TXD 1 (@) Serial data output.
Serial interface CTS2 I Input for transmission control.
(UART2) RTS2 O | Output for reception control.
SCL2 IO |12C mode clock input/output.
SDA2 I/0 | 12C mode data input/output.
RXD2 I Serial data input.
TXD2 (0] Serial data output.
CLK2 I/O | Transfer clock input/output.
Synchronous serial SSIL 0 I/O | Data input/output.
communication unit SCS_ 0 I/0 | Chip-select input/output.
(SSU_0) SSCK_0 I/O | Clock input/output.
SSO 0 I/O | Data input/output.
I2C bus (12C_0) SCL_O I/0 | Clock input/output.
SDA_O I/O | Data input/output.
Reference voltage VREF I Reference voltage input for the A/D converter.
input
Note:

1. Contact the oscillator manufacturer for oscillation characteristics.
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R8C/38T-A Group 1. Overview
Table 1.11 Pin Functions (2)
Item Pin Name I/O
A/D converter ANO to AN19 I Analog input for the A/D converter.
ADTRG I External trigger input for the A/D converter.
Comparator B IVCMP1, IVCMP3 I Analog voltage input for comparator B.
IVREF1, IVREF3 | Reference voltage input for comparator B.
Touch sensor control CHxAO, CHxA1, CHxB, I/O | Control pins for electrostatic capacitive touch detection.
unit CHxC
CHOO0 to CH35 I Electrostatic capacitive touch detection pins.
1/0O ports PO_0to PO_7, I/O | 8-bit CMOS input/output ports.
P1 OtoP1_7, Each port has an I/O select direction register, enabling
P2_0to P2_7, switching input and output for each pin.
P3_0to P3_7, For input ports, the presence or absence of a pull-up
P4_3to P4_7, resistor can be selected by a program.
P5 0to P5_7, All ports can be used as LED drive (high drive) ports.
P6_0to P6_7,
P7 0to P7_7,
P8_0to P8_7,
P9 0to P9 5
Input port P4_2 Input-only port.
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R8C/38T-A Group 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

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

b31 b15 b8 b7 b0

R2 ROH (RO high-order byte)| ROL (RO low-order byte) [

| R3 R1H (R1 high-order byte)| R1L (R1 low-order byte) || ) L
e Data registers
R2
R3
AO
Al

FB Frame base register

Address registers )

b19 b15 b0
| INTBH | INTBL | Interrupt table register

The higher 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.

b19 )
| PC | Program counter
b15 b0
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 bo
| FLG | Flag register
bt o= b8 b7 boi
LI e [ 1| ] [uli]o]e]s[z[p[c]
Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved bits

Processor interrupt priority level

Reserved bit

Note:
1. These registers form a single register bank.
The CPU has two register banks.

Figure 2.1 CPU Registers
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R8C/38T-A Group 2. Central Processing Unit (CPU)

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

RO is a 16-bit register for transfer, arithmetic, and logic operations. The same applies to R1 through R3.

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

2.2 Address Registers (A0 and Al)

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 functions in the same manner as A0. Al can be combined
with AO and used as a 32-bit address register (A1AQ).

2.3 Frame Base Register (FB)

FB is a 16-bit register used for FB relative addressing.

2.4 Interrupt Table Register (INTB)

INTB is a 20-bit register that indicates the start address of a relocatable interrupt vector table.

2.5 Program Counter (PC)
PC is a 20-bit register that indicates the address of the next instruction to be executed.

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

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

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

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

2.8.1 Carry Flag (C)

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

2.8.2 Debug Flag (D)
The D flag is for debugging only. It must only be set to 0.

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

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

2.8.6  Overflow Flag (O)
The O flag is set to 1 when an operation results in an overflow. Otherwise it is set to 0.
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R8C/38T-A Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (1)

The | flag enables maskable interrupts. Interrupts are disabled when the | flag is 0, and are enabled when the |
flag is 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 0. USP is selected when the U flag is 1. The U flag is set to 0 when a hardware
interrupt request is acknowledged or the INT instruction for a software interrupt numbered from 0 to 31 is
executed.

2.8.9 Processor Interrupt Priority Level (IPL)

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

2.8.10 Reserved Bit

The write value must be 0. The read value is undefined.
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R8C/38T-A Group

3. Address Space

3. Address Space
3.1 Memory Map
Figure 3.1 shows the Memory Map. The R8C/38T-A Group has a 1-Mbyte address space from addresses 00000h to
FFFFFh. Up to 32 Kbytes of the internal ROM (program ROM) is allocated at lower addresses, beginning with
address OFFFFh. The area in excess of 32 Kbytes is allocated at higher addresses, beginning with address 10000h.
For example, a 64-Kbyte internal ROM is allocated at addresses 08000h to 17FFFh.
The fixed interrupt vector table is allocated at addresses OFFDCh to OFFFFh. The start address of each interrupt
routine is stored here.
The internal ROM (data flash) is allocated at addresses 07000h to 07FFFh.
The internal RAM is allocated at higher addresses, beginning with address 00400h. For example, a 6-Kbyte
internal RAM is allocated at addresses 00400h to 01BFFh. The internal RAM is used not only for data storage but
also as a stack area when a subroutine is called or when an interrupt request is acknowledged.
Special function registers (SFRs) are allocated at addresses 00000h to 02FFFh and addresses 06800h to 06FFFh.
Peripheral function control registers are allocated here. All unallocated locations within the SFRs are reserved and
cannot be accessed by users.
00000h
SFR
002FFh
00400h
Internal RAM
OXXXXh
06800h
SFR @
06FFFh LOFFDCh £ Undefined instruction 3
07000h i E Overflow =
Internal RO“{' = BRK instruction 3
(data flash) ® = Address match =
07FFFh E Single-step =
0YYYYh E  Watchdog timer, oscillation stop detection, voltage monitor 5
Internal ROM E Address break 3
(program ROM) E (Reserved) 3
OFFFFh OFFFFh E Reset 3
Internal ROM
(program ROM)
77777h
FFFFFh
Notes:
1. Data flash indicates block A (1 Kbyte), block B (1 Kbyte), block C (1 Kbyte), and block D (1 Kbyte).
2. Addresses 06800h to 06FFFh are used for the ELC, DTC, and TSCU SFR areas.
3. The blank areas are reserved. No access is allowed.
Internal ROM Internal RAM
Part Number - -
Capacity |Address 0YYYYh|Address ZZZzzh| Capacity |Address 0XXXXh
R5F21388SNFP, R5F21388SDFP 64 Kbytes | 08000h 17FFFh 6 Kbytes | O01BFFh
R5F21388SNFP, R5F21388SDFP 96 Kbytes | 08000h 1FFFFh | 8Kbytes | 023FFh
R5F21388SNFP, R5F21388SDFP 128 Kbytes |  08000h 27FFFh | 10 Kbytes | 02BFFh
Figure 3.1 Memory Map
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R8C/38T-A Group

3. Address Space

3.2 Special Function Registers (SFRs)

An SFR (special function register) is a control register for a peripheral function. Tables 3.1 to 3.16 list the SFR
Information. Table 3.17 lists the ID code Area, Option Function Select Area.

Table 3.1 SFR Information (1) (1)

Address Symbol Register Name After Reset Remarks

00000h

00001h

00002h

00003h

00004h | PMO Processor Mode Register 0 00h

00005h | PM1 Processor Mode Register 1 10000000b

00006h

00007h | PRCR Protect Register 00h

00008h | CMO System Clock Control Register 0 00101000b

00009h | CM1 System Clock Control Register 1 00100000b

0000Ah | OCD Oscillation Stop Detection Register 00h

0000Bh | CM3 System Clock Control Register 3 00h

0000Ch | CM4 System Clock Control Register 4 00000001b

0000Dh

0000Eh

0000Fh

00010h | CPSRF Clock Prescaler Reset Flag 00h

00011h

00012h | FRAO High-Speed On-Chip Oscillator Control Register 0 00h

00013h

00014h | FRA2 High-Speed On-Chip Oscillator Control Register 2 00h

00015h

00016h

00017h

00018h

00019h

0001Ah

0001Bh

0001Ch

0001Dh

0001Eh

0001Fh

00020h | RISR Reset Interrupt Select Register 10000000b or (Note 2)
00000000b

00021h | WDTR Watchdog Timer Reset Register FFh

00022h | WDTS Watchdog Timer Start Register FFh

00023h | WDTC Watchdog Timer Control Register 01111111b

00024h | CSPR Count Source Protection Mode Register 10000000b or (Note 2)
00000000b

00025h

00026h

00027h

00028h | RSTFR Reset Source Determination Register O00XXXXXXb

0002%h

0002Ah

0002Bh

0002Ch | SVDC STBY VDC Power Control Register 00h

0002Dh

0002Eh

0002Fh

00030h | CMPA Voltage Monitor Circuit Control Register 00h

00031h |VCAC Voltage Monitor Circuit Edge Select Register 00h

00032h | OCVREFCR On-Chip Reference Voltage Control Register 00h

00033h

00034h | VCA2 Voltage Detection Register 2 00000000b or (Note 3)
00100000b

00035h

00036h | VD1LS Voltage Detection 1 Level Select Register 00000111b

00037h

00038h | VWOC Voltage Monitor O Circuit Control Register 1100XX10b or (Note 3)
1100XX11b

0003%h | VW1C Voltage Monitor 1 Circuit Control Register 10001010b

X: Undefined
Notes:

1. The blank areas are reserved. No access is allowed.
2. Depends on the CSPROINI bit in the OFS register.
3. Depends on the LVDASI bit in the OFS register.

RO1UHO0241EJ0100 Rev.1.00 RENESAS
Oct 31, 2011

Page 19 of 731



R8C/38T-A Group

3. Address Space

Table 3.2

SFR Information (2) @)

Address

Symbol

Register Name

After Reset

Remarks

0003Ah

Vw2C

Voltage Monitor 2 Circuit Control Register

10001010b

0003Bh

0003Ch

0003Dh

0003Eh

0003Fh

00040h

00041h

FMRDYIC

Interrupt Control Register

00h

00042h

00043h

00044h

00045h

00046h

INT4IC

Interrupt Control Register

00h

00047h

TRCIC_0

Interrupt Control Register

00h

00048h

00049h

0004Ah

TRE2IC

Interrupt Control Register

00h

0004Bh

U2TIC

Interrupt Control Register

00h

0004Ch

U2RIC

Interrupt Control Register

00h

0004Dh

KUPIC

Interrupt Control Register

00h

0004Eh

ADIC

Interrupt Control Register

00h

0004Fh

SSUIC_0/ICIC_0

Interrupt Control Register

00h

00050h

00051h

UOTIC_O

Interrupt Control Register

00h

00052h

UORIC_0

Interrupt Control Register

00h

00053h

UOTIC_1

Interrupt Control Register

00h

00054h

UORIC_1

Interrupt Control Register

00h

00055h

INT2IC

Interrupt Control Register

00h

00056h

TRJIC_0

Interrupt Control Register

00h

00057h

00058h

TRB2IC_0

Interrupt Control Register

00h

00059h

INT1IC

Interrupt Control Register

00h

0005Ah

INT3IC

Interrupt Control Register

00h

0005Bh

0005Ch

0005Dh

INTOIC

Interrupt Control Register

00h

0005Eh

U2BCNIC

Interrupt Control Register

00h

0005Fh

00060h

00061h

00062h

00063h

00064h

00065h

00066h

00067h

00068h

00069h

0006Ah

0006Bh

0006Ch

0006Dh

0006Eh

0006Fh

00070h

00071h

00072h

VCMP1IC

Interrupt Control Register

00h

00073h

VCMP2IC

Interrupt Control Register

00h

00074h

00075h

TSCUIC

Interrupt Control Register

00h

00076h

00077h

00078h

00079h

Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A G

roup

3. Address Space

Table 3.3

SFR Information (3) @)

Address

Symbol

Register Name

After Reset

Remarks

0007Ah

0007Bh

0007Ch

0007Dh

0007Eh

0007Fh

00080h

UOMR_0

UARTO_O0 Transmit/Receive Mode Register

00h

00081h

UOBRG_0

UARTO_0 Bit Rate Register

XXh

00082h
00083h

UOTB_0

UARTO_O0 Transmit Buffer Register

XXh

XXh

00084h

U0CO0_0

UARTO_0 Transmit/Receive Control Register O

00001000b

00085h

UOC1 0

UARTO_0 Transmit/Receive Control Register 1

00000010b

00086h
00087h

UORB_0

UARTO_0 Receive Buffer Register

XXXXh

00088h

UOIR_O

UARTO_O Interrupt Flag and Enable Register

00h

00089h

0008Ah

0008Bh

0008Ch

LINCR2_0

LIN_O Special Function Register

00h

0008Dh

0008Eh

LINCT_O

LIN_O Control Register

00h

0008Fh

LINST_O

LIN_O Status Register

00h

00090h

UOMR_1

UARTO_1 Transmit/Receive Mode Register

00h

00091h

UOBRG_1

UARTO_1 Bit Rate Register

XXh

00092h
00093h

U0TB_1

UARTO_1 Transmit Buffer Register

XXh

XXh

00094h

U0CO_1

UARTO_1 Transmit/Receive Control Register O

00001000b

00095h

UOCI_1

UARTO_1 Transmit/Receive Control Register 1

00000010b

00096h
00097h

UORB_1

UARTO_1 Receive Buffer Register

XXXXh

00098h

UOIR_1

UARTO_1 Interrupt Flag and Enable Register

00h

00099h

0009Ah

0009Bh

0009Ch

0009Dh

0009Eh

0009Fh

000AOh

000Alh

000A2h

000A3h

000A4h

000A5h

000A8h

000A9h

000AAh

000ABh

000ACh

000ADh

000AEh

000AFh

000BOh

000B1h

000B4h

000B5h

000B8h

000B9h

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A Group

3. Address Space

Table 3.4

SFR Information (4) (1)

Address

Symbol

Register Name

After Reset

Remarks

000BAh

000BBh

000BCh

000BDh

000BEh

000BFh

000COh

U2MR

UART2 Transmit/Receive Mode Register

00h

000C1h

U2BRG

UART?2 Bit Rate Register

0oh

000C2h

000C3h

u2TB

UART2 Transmit Buffer Register

00h

00h

000C4h

U2CO0

UART?2 Transmit/Receive Control Register 0

00001000b

000C5h

U2C1

UART2 Transmit/Receive Control Register 1

00000010b

000C6h

000C7h

U2RB

UART?2 Receive Buffer Register

0000h

000C8h

U2RXDF

UART?2 Digital Filter Function Select Register

00h

000C9%h

000CAh

000CBh

000CCh

000CDh

000CEh

000CFh

000D0h

U2SMR5

UART2 Special Mode Register 5

00h

000D1h

000D2h

000D3h

000D4h

U2SMR4

UART?2 Special Mode Register 4

00h

000D5h

U2SMR3

UART?2 Special Mode Register 3

00h

000D6h

U2SMR2

UART?2 Special Mode Register 2

00h

000D7h

U2SMR

UART?2 Special Mode Register

00h

000D8h

000D%h

000DAh

000DBh

000DCh

000DDh

000DEh

000DFh

000EOh

IICCR_O

12C_0 Control Register

00001110b

000E1lh

SSBR_0

SS_0 Bit Counter Register

11111000b

000E2h

000E3h

SITDR_0

SI_0 Transmit Data Register

FFh

FFh

000E4h

000E5h

SIRDR_0

SI_0 Receive Data Register

FFh

FFh

000E6h

SICRL 0

SI_0 Control Register 1

00h

000E7h

SICR2_0

SI_0 Control Register 2

01111101b

000E8h

SIMRL_0O

SI_0 Mode Register 1

00010000b

000E9h

SIER_0

SI_0 Interrupt Enable Register

00h

000EAh

SISR_0

SI_0 Status Register

00h

000EBh

SIMR2_0

SI_0 Mode Register 2

00h

000ECh

000EDh

000EEh

000EFh

000FOh

000F1h

000F2h

000F3h

000F4h

000F5h

000F6h

000F7h

000F8h

000F9h

Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A Group

3. Address Space

Table 3.5

SFR Information (5) @)

Address

Symbol

Register Name

After Reset

Remarks

000FAh

000FBh

000FCh

000FDh

000FEh

000FFh

00100h

00101h

00102h

00103h

00104h

00105h

00106h

00107h

00108h

00109h

0010Ah

0010Bh

0010Ch

0010Dh

0010Eh

0010Fh

00110h

00111h

TRJ_O

Timer RJ_0 Counter Register

FFFFh

00112h

TRICR O

Timer RJ_0 Control Register

00h

00113h

TRJIOC_0

Timer RJ_0 I/O Control Register

00h

00114h

TRIMR_O

Timer RJ_0 Mode Register

00h

00115h

TRJISR_O

Timer RJ_0 Event Pin Select Register

00h

00116h

00117h

00118h

00119h

0011Ah

0011Bh

0011Ch

0011Dh

0011Eh

0011Fh

00120h

00121h

00122h

00123h

00124h

00125h

00126h

00127h

00128h

00129h

0012Ah

0012Bh

0012Ch

0012Dh

0012Eh

0012Fh

00130h

TRBCR_0

Timer RB2_0 Control Register

00h

00131h

TRBOCR_0

Timer RB2_0 One-Shot Control Register

00h

00132h

TRBIOC_0O

Timer RB2_0 1/0O Control Register

00h

00133h

TRBMR_O

Timer RB2_0 Mode Register

00h

00134h

TRBPRE_O

Timer RB2_0 Prescaler Register

FFh

00135h

TRBPR_0

Timer RB2_0 Primary Register

FFh

00136h

TRBSC_0

Timer RB2_0 Secondary Register

FFh

00137h

TRBIR_0

Timer RB2_0 Interrupt Request Register

00h

00138h

0013%h

TRCCNT_O

Timer RC_0 Counter

0000h

Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A Group

3. Address Space

Table 3.6

SFR Information (6) )

Address

Symbol

Register Name

After Reset

Remarks

0013Ah

0013Bh

TRCGRA_O

Timer RC_0 General Register A

FFFFh

0013Ch

0013Dh

TRCGRB_0

Timer RC_0 General Register B

FFFFh

0013Eh

0013Fh

TRCGRC_0

Timer RC_0 General Register C

FFFFh

00140h

00141h

TRCGRD_0

Timer RC_0 General Register D

FFFFh

00142h

TRCMR_0

Timer RC_0 Mode Register

01001000b

00143h

TRCCR1_0

Timer RC_0 Control Register 1

00h

00144h

TRCIER_O

Timer RC_0 Interrupt Enable Register

01110000b

00145h

TRCSR_0

Timer RC_0 Status Register

01110000b

00146h

TRCIORO_0O

Timer RC_0 /O Control Register O

10001000b

00147h

TRCIOR1_0

Timer RC_0 /O Control Register 1

10001000b

00148h

TRCCR2_0

Timer RC_0 Control Register 2

00011000b

00149h

TRCDF_0

Timer RC_0 Digital Filter Function Select Register

00h

0014Ah

TRCOER_0

Timer RC_0 Output Enable Register

01111111b

0014Bh

TRCADCR_0

Timer RC_0 A/D Conversion Trigger Control Register

11110000b

0014Ch

TRCOPR_0

Timer RC_0 Output Waveform Manipulation Register

00h

0014Dh

TRCELCCR_0

Timer RC_0 ELC Cooperation Control Register

00h

0014Eh

0014Fh

00150h

00151h

00152h

00153h

00154h

00155h

00156h

00157h

00158h

0015%h

0015Ah

0015Bh

0015Ch

0015Dh

0015Eh

0015Fh

00160h

00161h

00162h

00163h

00164h

00165h

00166h

00167h

00168h

00169h

0016Ah

0016Bh

0016Ch

0016Dh

0016Eh

0016Fh

00170h

TRESEC

Timer RE2 Counter Data Register
Timer RE2 Second Data Register

00h

00171h

TREMIN

Timer RE2 Compare Data Register
Timer RE2 Minute Data Register

00h

00172h

TREHR

Timer RE2 Hour Data Register

00h

00173h

TREWK

Timer RE2 Day-of-the-Week Data Register

00h

00174h

TREDY

Timer RE2 Day Data Register

00000001b

00175h

TREMON

Timer RE2 Month Data Register

00000001b

00176h

TREYR

Timer RE2 Year Data Register

00h

00177h

TRECR

Timer RE2 Control Register

00000100b

00178h

TRECSR

Timer RE2 Count Source Select Register

00001000b

00179h

TREADJ

Timer RE2 Clock Error Correction Register

00h

Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A Group

3. Address Space

Table 3.7 SFR Information (7) (M
Address Symbol Register Name After Reset Remarks
0017Ah | TREIFR Timer RE2 Interrupt Flag Register 00h
0017Bh | TREIER Timer RE2 Interrupt Enable Register 00h
0017Ch | TREAMN Timer RE2 Alarm Minute Register 00h
0017Dh | TREAHR Timer RE2 Alarm Hour Register 00h
0017Eh | TREAWK Timer RE2 Alarm Day-of-the-Week Register 00h
0017Fh | TREPRC Timer RE2 Protect Register 00h
00180h
to
001FFh
00200h | ADO A/D Register 0 00h
00201h 00h
00202h | AD1 A/D Register 1 00h
00203h 00h
00204h | AD2 A/D Register 2 00h
00205h 00h
00206h | AD3 A/D Register 3 00h
00207h 00h
00208h | AD4 A/D Register 4 00h
00209h 00h
0020Ah | AD5 A/D Register 5 00h
0020Bh 00h
0020Ch | AD6 A/D Register 6 00h
0020Dh 00h
0020Eh | AD7 A/D Register 7 00h
0020Fh 00h
00210h
00211h
00212h
00213h
00214h | ADMOD A/D Mode Register 00h
00215h | ADINSEL A/D Input Select Register 11000000b
00216h | ADCONO A/D Control Register 0 00h
00217h | ADCON1 A/D Control Register 1 00h
00218h
00219h
0021Ah
0021Bh
0021Ch
0021Dh
0021Eh
0021Fh
00220h
00221h
00222h
00223h
00224h
00225h
00226h
00227h
00228h | INTCMP Comparator B Control Register 0 00h
00229h
0022Ah
0022Bh
0022Ch
0022Dh
0022Eh
0022Fh
00230h | INTEN External Input Enable Register 0 00h
00231h | INTEN1 External Input Enable Register 1 00h
00232h | INTF INT Input Filter Select Register 0 00h
00233h | INTF1 INT Input Filter Select Register 1 00h
00234h | INTPOL INT Input Polarity Switch Register 00h
00235h
00236h | KIEN Key Input Interrupt Enable Register 00h
00237h
00238h | MSTCRO Module Standby Control Register 0 00h
0023%h | MSTCR1 Module Standby Control Register 1 00h
Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A Group

3. Address Space

Table 3.8

SFR Information (8) )

Address

Symbol

Register Name

After Reset

Remarks

0023Ah

MSTCR2

Module Standby Control Register 2

00h

0023Bh

MSTCR3

Module Standby Control Register 3

00h

0023Ch

MSTCR4

Module Standby Control Register 4

00h

0023Dh

0023Eh

0023Fh

00240h

00241h

00242h

00243h

00244h

00245h

00246h

00247h

00248h

00249h

0024Ah

0024Bh

0024Ch

0024Dh

0024Eh

0024Fh

00250h

00251h

00252h

FST

Flash Memory Status Register

10000X00b

00253h

00254h

FMRO

Flash Memory Control Register 0

00h

00255h

FMR1

Flash Memory Control Register 1

00h

00256h

FMR2

Flash Memory Control Register 2

00h

00257h

00258h

0025%h

0025Ah

0025Bh

0025Ch

0025Dh

0025Eh

0025Fh

00260h

00261h

AIADROL

Address Match Interrupt Address OL Register

XXXXh

00262h

AIADROH

Address Match Interrupt Address OH Register

0000XXXXb

00263h

AIENO

Address Match Interrupt Enable 0 Register

00h

00264h

00265h

AIADR1L

Address Match Interrupt Address 1L Register

XXXXh

00266h

AIADR1H

Address Match Interrupt Address 1H Register

0000XXXXb

00267h

AIEN1

Address Match Interrupt Enable 1 Register

00h

00268h

00269h

0026Ah

0026Bh

0026Ch

0026Dh

0026Eh

0026Fh

00270h

00271h

00272h

00273h

00274h

00275h

00276h

00277h

00278h

00279h

0027Ah

0027Bh

0027Ch

0027Dh

0027Eh

0027Fh

X: Undefined

Note:

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

RO1UH0241EJ0100 Rev.1.00

Oct 31, 2011

RENESAS

Page 26 of 731



R8C/38T-A Group

3. Address Space

Table 3.9

SFR Information (9) @)

Address

Symbol

Register Name

After Reset

Remarks

00280h

DTCTL

DTC Activation Control Register

00h

00281h

00282h

00283h

00284h

00285h

00286h

00287h

00288h

DTCENO

DTC Activation Enable Register 0

00h

00289h

DTCEN1

DTC Activation Enable Register 1

0oh

0028Ah

DTCEN2

DTC Activation Enable Register 2

00h

0028Bh

DTCEN3

DTC Activation Enable Register 3

00h

0028Ch

0028Dh

DTCEN5

DTC Activation Enable Register 5

00h

0028Eh

DTCENG

DTC Activation Enable Register 6

00h

0028Fh

00290h

00291h

CRCSAR

SFR Snoop Address Register

0000h

00292h

CRCMR

CRC Control Register

00h

00293h

00294h

00295h

CRCD

CRC Data Register

0000h

00296h

CRCIN

CRC Input Register

00h

00297h

00298h

0029%h

0029Ah

0029Bh

0029Ch

0029Dh

0029Eh

0029Fh

002A0h

TRJ_OSR

Timer RJ_O0 Pin Select Register

08h

002A1h

002A2h

002A3h

002A4h

002A5h

TRCCLKSR

Timer RCCLK Pin Select Register

00h

002A6h

TRC_OSRO

Timer RC_0 Pin Select Register 0

00h

002A7h

TRC_OSR1

Timer RC_0 Pin Select Register 1

00h

002A8h

002A%h

002AAh

002ABh

002ACh

002ADh

TIMSR

Timer Pin Select Register

00h

002AEh

U_OSR

UARTO_0 Pin Select Register

00h

002AFh

U_1SR

UARTO_1 Pin Select Register

00h

002B0h

002B1h

002B2h

U2SRO

UART?2 Pin Select Register 0

00h

002B3h

U2SR1

UART?2 Pin Select Register 1

00h

002B4h

002B5h

002B6h

INTSRO

INT Interrupt Input Pin Select Register 0

00h

002B7h

002B8h

002B9h

PINSR

1/0 Function Pin Select Register

00h

002BAh

002BBh

002BCh

002BDh

002BEh

PMCSEL

Pin Assignment Select Register

00h

002BFh

Note:

1. The blank areas are reserved. No access is allowed.
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R8C/38T-A Group

3. Address Space

Table 3.10  SFR Information (10) (1)

Address Symbol Register Name After Reset Remarks
002C0h | PURO Pull-Up Control Register 0 00h
002C1h | PUR1 Pull-Up Control Register 1 00h
002C2h | PUR2 Pull-Up Control Register 2 00h
002C3h

002C4h

002C5h

002C6h

002C7h

002C8h | PIDRR Port P1 Drive Capacity Control Register 00h
002C9%h | P2DRR Port P2 Drive Capacity Control Register 00h
002CAh

002CBh

002CCh | DRRO Drive Capacity Control Register 0 00h
002CDh | DRR1 Drive Capacity Control Register 1 00h
002CEh | DRR2 Drive Capacity Control Register 2 00h
002CFh

002DOh | VLTO Input Threshold Control Register 0 00h
002D1h | VLT1 Input Threshold Control Register 1 00h
002D2h | VLT2 Input Threshold Control Register 2 00h
002D3h

002D4h

002D5h

002D6h

002D7h

002D8h

002D%h

002DAh

002DBh

002DCh

002DDh

002DEh

002DFh

002EOh | PORTO Port PO Register XXh
002E1h | PORT1 Port P1 Register XXh
002E2h | PDO Port PO Direction Register 00h
002E3h | PD1 Port P1 Direction Register 00h
002E4h | PORT2 Port P2 Register XXh
002E5h | PORT3 Port P3 Register XXh
002E6h | PD2 Port P2 Direction Register 00h
002E7h | PD3 Port P3 Direction Register 00h
002E8h | PORT4 Port P4 Register XXh
002E9h | PORT5 Port P5 Register XXh
002EAh | PD4 Port P4 Direction Register 00h
002EBh | PD5 Port P5 Direction Register 00h
002ECh | PORT6 Port P6 Register XXh
002EDh | PORT7 Port P7 Register XXh
002EEh | PD6 Port P6 Direction Register 00h
002EFh | PD7 Port P7 Direction Register 00h
002F0h | PORTS8 Port P8 Register XXh
002F1h | PORT9 Port P9 Register XXh
002F2h | PD8 Port P8 Direction Register 00h
002F3h | PD9 Port P9 Direction Register 00h
002F4h

002F5h

002F6h

002F7h

002F8h

002F9h

002FAh

002FBh

002FCh

002FDh

002FEh

002FFh

00300h

to
003FFh
Note:

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

RO1UH0241EJ0100 Rev.1.00
Oct 31, 2011

RENESAS

Page 28 of 731



R8C/38T-A Group

3. Address Space

Table 3.11

SFR Information (11) @)

Address

Symbol

Register Name

After Reset

Remarks

00400h
to
053FFh

On-chip RAM

On-chip RAM

05400h
to
069FFh

06A00h

ELSELRO

Event Output Destination Select Register 0

00h

06A01h

ELSELR1

Event Output Destination Select Register 1

00h

06A02h

ELSELR2

Event Output Destination Select Register 2

00h

06A03h

ELSELR3

Event Output Destination Select Register 3

00h

06A04h

ELSELR4

Event Output Destination Select Register 4

00h

06A05h

06A06h

06A07h

06A08h

ELSELR8

Event Output Destination Select Register 8

00h

06A09h

ELSELR9

Event Output Destination Select Register 9

00h

06A0Ah

06A0Bh

ELSELR11

Event Output Destination Select Register 11

00h

06A0Ch

ELSELR12

Event Output Destination Select Register 12

00h

06A0DI

ELSELR13

Event Output Destination Select Register 13

00h

06A0Eh

ELSELR14

Event Output Destination Select Register 14

00h

06A0Fh

ELSELR15

Event Output Destination Select Register 15

00h

06A10h

ELSELR16

Event Output Destination Select Register 16

00h

06A11h

06A12h

06A13h

06A14h

06A15h

06A16h

06A17h

06A18h

06A19h

06A1Ah

06A1Bh

06A1Ch

06A1Dh

06A1Eh

06A1Fh

06A20h

06A21h

06A22h

06A23h

06A24h

06A25h

06A26h

06A27h

06A28h

06A29h

06A2Ah

06A2Bh

06A2Ch

06A2Dh

06A2Eh

06A2Fh

06A30h

06A31h
to
06AFFh

Note:

1. The blank areas are reserved. No access is allowed.
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3. Address Space

Table 3.12  SFR Information (12) ()

Address Symbol Register Name After Reset Remarks
06B00h | TSCUCRO TSCU Control Register 0 0000h
06B01h
06B02h | TSCUCR1 TSCU Control Register 1 0000000000010000b
06B03h
06B04h | TSCUMR TSCU Mode Register 0000000010000000b
06B05h
06B06h | TSCUTCROA TSCU Timing Control Register 0A 0000000001111111b
06B07h
06B08h | TSCUTCROB TSCU Timing Control Register 0B 0000000001111111b
06B0%h
06BOAh | TSCUTCR1 TSCU Timing Control Register 1 0000000000000001b
06B0Bh
06BOCh | TSCUTCR2 TSCU Timing Control Register 2 0000h
06BODh
06BOEh | TSCUTCR3 TSCU Timing Control Register 3 0000h
06BOFh
06B10h | TSCUCHC TSCU Channel Control Register 0011111100000000b
06B11h
06B12h | TSCUFR TSCU Flag Register 0000h
06B13h
06B14h | TSCUSTC TSCU Status Counter Register 0000h
06B15h
06B16h | TSCUSCS TSCU Secondary Counter Set Register 0000000000100000b
06B17h
06B18h | TSCUSCC TSCU Secondary Counter 0000000000100000b
06B19h
06B1Ah | TSCUDBR TSCU Data Buffer Register 0000h
06B1Bh
06B1Ch | TSCUPRC TSCU Primary Counter 0000h
06B1Dh
06B1Eh | TSCURVRO TSCU Random Value Store Register 0 0000h
06B1Fh
06B20h | TSCURVR1 TSCU Random Value Store Register 1 0000h
06B21h
06B22h | TSCURVR2 TSCU Random Value Store Register 2 0000h
06B23h
06B24h | TSCURVR3 TSCU Random Value Store Register 3 0000h
06B25h
06B26h | TSIEO TSCU Input Enable Register 0 0000h
06B27h
06B28h | TSIE1 TSCU Input Enable Register 1 0000h
06B29h
06B2Ah | TSIE2 TSCU Input Enable Register 2 0000h
06B2Bh
06B2Ch | TSCHSELO TSCUCHXA Select Register 0 0000h
06B2Dh
06B2Eh | TSCHSEL1 TSCUCHXA Select Register 1 0000h
06B2Fh
06B30h | TSCHSEL2 TSCUCHXA Select Register 2 0000h
06B31h
06B32h
to
06BFFh
06CO00h Area for storing DTC transfer vector O XXh
06CO01h Area for storing DTC transfer vector 1 XXh
06C02h Area for storing DTC transfer vector 2 XXh
06C03h Area for storing DTC transfer vector 3 XXh
06C04h Area for storing DTC transfer vector 4 XXh
06CO05h
06C06h
06C07h
06C08h Area for storing DTC transfer vector 8 XXh
06C09h Area for storing DTC transfer vector 9 XXh
X: Undefined
Note:

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

3. Address Space

Table 3.13

SFR Information (13) (1)

Address

Symbol

Register Name

After Reset

Remarks

06CO0Ah

Area for storing DTC transfer vector 10

XXh

06COBh

Area for storing DTC transfer vector 11

XXh

06C0OCh

Area for storing DTC transfer vector 12

XXh

06C0Dh

Area for storing DTC transfer vector 13

XXh

06COEh

Area for storing DTC transfer vector 14

XXh

06COFh

Area for storing DTC transfer vector 15

XXh

06C10h

Area for storing DTC transfer vector 16

XXh

06C11h

Area for storing DTC transfer vector 17

XXh

06C12h

Area for storing DTC transfer vector 18

XXh

06C13h

Area for storing DTC transfer vector 19

XXh

06C14h

06C15h

06C16h

Area for storing DTC transfer vector 22

XXh

06C17h

Area for storing DTC transfer vector 23

XXh

06C18h

Area for storing DTC transfer vector 24

XXh

06C19h

Area for storing DTC transfer vector 25

XXh

06C1Ah

06C1Bh

06C1Ch

06C1Dh

06C1Eh

06C1Fh

06C20h

06C21h

06C22h

06C23h

06C24h

06C25h

06C26h

06C27h

06C28h

06C29h

06C2Ah

Area for storing DTC transfer vector 42

XXh

06C2Bh

06C2Ch

06C2Dh

06C2Eh

06C2Fh

06C30h

06C31h

Area for storing DTC transfer vector 49

XXh

06C32h

06C33h

Area for storing DTC transfer vector 51

XXh

06C34h

Area for storing DTC transfer vector 52

XXh

06C35h

Area for storing DTC transfer vector 53

XXh

06C36h

Area for storing DTC transfer vector 54

XXh

06C37h

06C38h

06C39h

06C3Ah

06C3Bh

06C3Ch

06C3Dh

06C3Eh

06C3Fh

06C40h

DTCCRO

DTC Control Register 0

XXh

06C41h

DTBLSO

DTC Block Size Register 0

XXh

06C42h

DTCCTO

DTC Transfer Count Register 0

XXh

06C43h

DTRLDO

DTC Transfer Count Reload Register 0

XXh

06C44h
06C45h

DTSARO

DTC Source Address Register 0

XXXXh

06C46h
06C47h

DTDARO

DTC Destination Address Register 0

XXXXh

06C48h

DTCCR1

DTC Control Register 1

XXh

06C49h

DTBLS1

DTC Block Size Register 1

XXh

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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Table 3.14  SFR Information (14) ()
Address Symbol Register Name After Reset Remarks
06C4Ah | DTCCT1 DTC Transfer Count Register 1 XXh
06C4Bh | DTRLD1 DTC Transfer Count Reload Register 1 XXh
06C4Ch | DTSAR1 DTC Source Address Register 1 XXXXh
06C4Dh
06C4Eh | DTDAR1 DTC Destination Address Register 1 XXXXh
06C4Fh
06C50h | DTCCR2 DTC Control Register 2 XXh
06C51h | DTBLS2 DTC Block Size Register 2 XXh
06C52h | DTCCT2 DTC Transfer Count Register 2 XXh
06C53h | DTRLD2 DTC Transfer Count Reload Register 2 XXh
06C54h | DTSAR2 DTC Source Address Register 2 XXXXh
06C55h
06C56h | DTDAR2 DTC Destination Address Register 2 XXXXh
06C57h
06C58h | DTCCR3 DTC Control Register 3 XXh
06C59h | DTBLS3 DTC Block Size Register 3 XXh
06C5Ah | DTCCT3 DTC Transfer Count Register 3 XXh
06C5Bh | DTRLD3 DTC Transfer Count Reload Register 3 XXh
06C5Ch | DTSAR3 DTC Source Address Register 3 XXXXh
06C5Dh
06C5Eh | DTDAR3 DTC Destination Address Register 3 XXXXh
06C5Fh
06C60h | DTCCR4 DTC Control Register 4 XXh
06C61h | DTBLS4 DTC Block Size Register 4 XXh
06C62h | DTCCT4 DTC Transfer Count Register 4 XXh
06C63h | DTRLD4 DTC Transfer Count Reload Register 4 XXh
06C64h | DTSAR4 DTC Source Address Register 4 XXXXh
06C65h
06C66h | DTDAR4 DTC Destination Address Register 4 XXXXh
06C67h
06C68h | DTCCR5 DTC Control Register 5 XXh
06C69h | DTBLS5 DTC Block Size Register 5 XXh
06C6Ah | DTCCT5 DTC Transfer Count Register 5 XXh
06C6Bh | DTRLD5 DTC Transfer Count Reload Register 5 XXh
06C6Ch | DTSARS DTC Source Address Register 5 XXXXh
06C6Dh
06C6Eh | DTDARS DTC Destination Address Register 5 XXXXh
06C6Fh
06C70h | DTCCR6 DTC Control Register 6 XXh
06C71h | DTBLS6 DTC Block Size Register 6 XXh
06C72h | DTCCT6 DTC Transfer Count Register 6 XXh
06C73h | DTRLD6 DTC Transfer Count Reload Register 6 XXh
06C74h | DTSAR6 DTC Source Address Register 6 XXXXh
06C75h
06C76h | DTDAR6 DTC Destination Address Register 6 XXXXh
06C77h
06C78h | DTCCR7 DTC Control Register 7 XXh
06C79h | DTBLS7 DTC Block Size Register 7 XXh
06C7Ah | DTCCT7 DTC Transfer Count Register 7 XXh
06C7Bh | DTRLD7 DTC Transfer Count Reload Register 7 XXh
06C7Ch | DTSAR7 DTC Source Address Register 7 XXXXh
06C7Dh
06C7Eh | DTDAR7 DTC Destination Address Register 7 XXXXh
06C7Fh
06C80h | DTCCR8 DTC Control Register 8 XXh
06C81h | DTBLS8 DTC Block Size Register 8 XXh
06C82h | DTCCTS8 DTC Transfer Count Register 8 XXh
06C83h | DTRLDS8 DTC Transfer Count Reload Register 8 XXh
06C84h | DTSARS8 DTC Source Address Register 8 XXXXh
06C85h
06C86h | DTDARS DTC Destination Address Register 8 XXXXh
06C87h
06C88h | DTCCR9 DTC Control Register 9 XXh
06C89h | DTBLS9 DTC Block Size Register 9 XXh
06C8Ah | DTCCT9 DTC Transfer Count Register 9 XXh
06C8Bh | DTRLD9 DTC Transfer Count Reload Register 9 XXh
06C8Ch | DTSAR9 DTC Source Address Register 9 XXXXh
06C8Dh
06C8Eh | DTDAR9 DTC Destination Address Register 9 XXXXh
06C8Fh

X: Undefined

Note:

1. The blank areas are reserved. No access is allowed.
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3. Address Space

Table 3.15  SFR Information (15) (1)

Address Symbol Register Name After Reset Remarks
06C90h | DTCCR10 DTC Control Register 10 XXh
06C91h | DTBLS10 DTC Block Size Register 10 XXh
06C92h | DTCCT10 DTC Transfer Count Register 10 XXh
06C93h | DTRLD10 DTC Transfer Count Reload Register 10 XXh
06C94h | DTSAR10 DTC Source Address Register 10 XXXXh
06C95h
06C96h | DTDAR10 DTC Destination Address Register 10 XXXXh
06C97h
06C98h | DTCCR11 DTC Control Register 11 XXh
06C99h | DTBLS11 DTC Block Size Register 11 XXh
06C9Ah |DTCCT11 DTC Transfer Count Register 11 XXh
06C9Bh | DTRLD11 DTC Transfer Count Reload Register 11 XXh
06C9Ch | DTSAR11 DTC Source Address Register 11 XXXXh
06C9Dh
06C9Eh | DTDAR11 DTC Destination Address Register 11 XXXXh
06C9Fh
06CAOh | DTCCR12 DTC Control Register 12 XXh
06CAlh | DTBLS12 DTC Block Size Register 12 XXh
06CA2h | DTCCT12 DTC Transfer Count Register 12 XXh
06CA3h | DTRLD12 DTC Transfer Count Reload Register 12 XXh
06CA4h | DTSAR12 DTC Source Address Register 12 XXXXh
06CA5h
06CA6h | DTDAR12 DTC Destination Address Register 12 XXXXh
06CAT7h
06CA8h | DTCCR13 DTC Control Register 13 XXh
06CA9h | DTBLS13 DTC Block Size Register 13 XXh
06CAAh | DTCCT13 DTC Transfer Count Register 13 XXh
06CABh | DTRLD13 DTC Transfer Count Reload Register 13 XXh
06CACh | DTSAR13 DTC Source Address Register 13 XXXXh
06CADh
06CAEh | DTDAR13 DTC Destination Address Register 13 XXXXh
06CAFh
06CBOh | DTCCR14 DTC Control Register 14 XXh
06CB1h | DTBLS14 DTC Block Size Register 14 XXh
06CB2h | DTCCT14 DTC Transfer Count Register 14 XXh
06CB3h | DTRLD14 DTC Transfer Count Reload Register 14 XXh
06CB4h | DTSAR14 DTC Source Address Register 14 XXXXh
06CB5h
06CB6h | DTDAR14 DTC Destination Address Register 14 XXXXh
06CB7h
06CB8h | DTCCR15 DTC Control Register 15 XXh
06CB9h | DTBLS15 DTC Block Size Register 15 XXh
06CBAh | DTCCT15 DTC Transfer Count Register 15 XXh
06CBBh | DTRLD15 DTC Transfer Count Reload Register 15 XXh
06CBCh | DTSAR15 DTC Source Address Register 15 XXXXh
06CBDh
06CBEh | DTDAR15 DTC Destination Address Register 15 XXXXh
06CBFh
06CCOh | DTCCR16 DTC Control Register 16 XXh
06CC1lh | DTBLS16 DTC Block Size Register 16 XXh
06CC2h | DTCCT16 DTC Transfer Count Register 16 XXh
06CC3h | DTRLD16 DTC Transfer Count Reload Register 16 XXh
06CC4h | DTSAR16 DTC Source Address Register 16 XXXXh
06CC5h
06CC6h | DTDAR16 DTC Destination Address Register 16 XXXXh
06CC7h
06CC8h | DTCCR17 DTC Control Register 17 XXh
06CCOh | DTBLS17 DTC Block Size Register 17 XXh
06CCAh | DTCCT17 DTC Transfer Count Register 17 XXh
06CCBh | DTRLD17 DTC Transfer Count Reload Register 17 XXh
06CCCh | DTSAR17 DTC Source Address Register 17 XXXXh
06CCDh
06CCEh | DTDAR17 DTC Destination Address Register 17 XXXXh
06CCFh

X: Undefined

Note:

1. The blank areas are reserved. No access is allowed.
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3. Address Space

Table 3.16  SFR Information (16) (1)
Address Symbol Register Name After Reset Remarks
06CDOh | DTCCR18 DTC Control Register 18 XXh
06CD1h | DTBLS18 DTC Block Size Register 18 XXh
06CD2h | DTCCT18 DTC Transfer Count Register 18 XXh
06CD3h | DTRLD18 DTC Transfer Count Reload Register 18 XXh
06CD4h | DTSAR18 DTC Source Address Register 18 XXXXh
06CD5h
06CD6h | DTDAR18 DTC Destination Address Register 18 XXXXh
06CD7h
06CD8h | DTCCR19 DTC Control Register 19 XXh
06CD9%h | DTBLS19 DTC Block Size Register 19 XXh
06CDAh | DTCCT19 DTC Transfer Count Register 19 XXh
06CDBh | DTRLD19 DTC Transfer Count Reload Register 19 XXh
06CDCh | DTSAR19 DTC Source Address Register 19 XXXXh
06CDDh
06CDEh | DTDAR19 DTC Destination Address Register 19 XXXXh
06CDFh
06CEOh | DTCCR20 DTC Control Register 20 XXh
06CE1h | DTBLS20 DTC Block Size Register 20 XXh
06CE2h | DTCCT20 DTC Transfer Count Register 20 XXh
06CE3h | DTRLD20 DTC Transfer Count Reload Register 20 XXh
06CE4h | DTSAR20 DTC Source Address Register 20 XXXXh
06CE5h
06CE6h | DTDAR20 DTC Destination Address Register 20 XXXXh
06CE7h
06CE8h | DTCCR21 DTC Control Register 21 XXh
06CE9h | DTBLS21 DTC Block Size Register 21 XXh
06CEAh | DTCCT21 DTC Transfer Count Register 21 XXh
06CEBh | DTRLD21 DTC Transfer Count Reload Register 21 XXh
06CECh | DTSAR21 DTC Source Address Register 21 XXXXh
06CEDh
06CEEh | DTDAR21 DTC Destination Address Register 21 XXXXh
06CEFh
06CFOh | DTCCR22 DTC Control Register 22 XXh
06CF1lh | DTBLS22 DTC Block Size Register 22 XXh
06CF2h | DTCCT22 DTC Transfer Count Register 22 XXh
06CF3h | DTRLD22 DTC Transfer Count Reload Register 22 XXh
06CF4h | DTSAR22 DTC Source Address Register 22 XXXXh
06CF5h
06CF6h | DTDAR22 DTC Destination Address Register 22 XXXXh
06CF7h
06CF8h | DTCCR23 DTC Control Register 23 XXh
06CF9h | DTBLS23 DTC Block Size Register 23 XXh
06CFAh | DTCCT23 DTC Transfer Count Register 23 XXh
06CFBh | DTRLD23 DTC Transfer Count Reload Register 23 XXh
06CFCh | DTSAR23 DTC Source Address Register 23 XXXXh
06CFDh
06CFEh | DTDAR23 DTC Destination Address Register 23 XXXXh
06CFFh
06D00h

to

06FFFh

X: Undefined

Note:

1. The blank areas are reserved. No access is allowed.
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3. Address Space

Table 3.17 ID code Area, Option Function Select Area

| Address | Symbol | Area Name | After Reset | Address size |
| OFF:DBh | OFs2 | Option Function Select Register 2 [ (Note 1) | |
| GFFORT [1D1 [ (Note 2) [ |
| oFFET [1D2 [ (Note 2) [ |
| GFFER [1D3 [ (Note 2) [ |
| GFFEFR [1D4 [ (Note 2) [ |
| OFFFa [1D5 [ (Note 2) [ |
| G [1D6 [ (Note 2) [ |
| GFFFER [1D7 [ (Note 2) [ |
I OFF:FFh [ OFS [ Option Function Select Register [ (Note 1) | |
Notes:

1. The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not perform any additional writes to the option function select area. Erasing the block including the option function select area sets the option

function select area to FFh.

2. The ID code area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program. Do not perform any

additional writes to the ID code area. Erasing the block including the ID code area sets the ID code area to FFh.
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4. Bus Access

4. Bus Access

4.1 Bus Access

The number of bus cycles differs depending on the area accessed: ROM, RAM, DTC vector area, DTC control
data, and SFR. For ROM and SFR, the restrictions on the number of access cycles differ depending on the CPU
clock frequency. Thus the number must be set with the control registers (processor mode register (PM1) and flash

control register (FMR2)).

Table 4.1 lists the Data Bus Widths and Bus Cycles for Accessing Different Areas for the R8C/38T-A Group (with

data flash).

A part of SFR and data flash are connected to the CPU via an 8-bit bus. When these areas are accessed as word (16-
bit) units, they are accessed twice in 8-bit units.

Table 4.1 Data Bus Widths and Bus Cycles for Accessing Different Areas (CPU clock <20 MHz)

. Number of Access Cycles
Access Target Bus Width Number of Word Access Word Access
bit Wait Cycles
(bit) 4 Byte Access (even address) | (odd address)
SFR .
(00002h to 0003Fh) 8 1 wait state 2 4 4
SFR (D)
(other than 00002h to 16 1 wait state 2 2 4
0003Fh)
RAM 16 0 wait state 1 1 2
Data flash 8 1 wait state 2 4 4
Program ROM 16 0 wait state 1 1 2
Note:
1. The number of cycles to write to the following registers is three wait states.
* SSU/IIC: SISR
* Timer RC: TRCSR
The number of cycles to write to the SITDR register for the SSU/IIC is three wait states.
However, the number of cycles to write to the SITDR register by DTC access is one wait state.
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5. System Control

51 Overview

This chapter describes system control functions, such as ID code checking, register access protection, and option
functions.

5.2 Registers
Table 5.1 lists the Register Configuration for System Control.

Table 5.1 Register Configuration for System Control
Register Name Symbol After Reset Address Access Size

Processor Mode Register 0 PMO 00h 00004h 8
Processor Mode Register 1 PM1 10000000b 00005h 8

Protect Register PRCR 00h 00007h 8

Option Function Select Register 2 OFS2 (Note 1) OFFDBh 8

Option Function Select Register OFS (Note 2) OFFFFh 8

Notes:

1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

Do not perform any additional writes to the OFS2 register. Erasing the block including the OFS2 register sets
the OFS2 register to FFh.

2. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform any additional writes to the OFS register. Erasing the block including the OFS register sets the
OFS register to FFh.

5.2.1 Processor Mode Register 0 (PMO)
Address 00004h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | PMO3 | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Set to 0. R/W
bl —
b2 —
b3 PMO03 | Software reset bit 0: State is retained R/W
1: Reset is generated
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

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

PMO03 Bit (Software reset bit)
When the PMO03 bit is set to 1, the entire MCU is reset. The read value is 0.
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5.2.2 Processor Mode Register 1 (PM1)
Address 00005h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PM17 | — [ — | — | — | — — —
After Reset 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto O. R/W
b1l —
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 —
b5 —
b6 —
b7 PM17 |Bus cycle wait bit 0: Peripheral wait cycle is set to 1 wait state R/W
1: Peripheral wait cycle is added

Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting the PM1 register.
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5. System Control

5.2.3 Protect Register (PRCR)

Address 00007h

Bit b7 b6 b5 b4 b3 b2 bl
Symbol| — | — | — — PRC3 | PRC2 | PRC1
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PRCO | Protect bit 0 0: Disabled R/W
b1l PRC1 |Protect bit 1 1: Enabled ) R/W
b2 PRC2 | Protect bit 2 0: Disabled R/W
1: Enabled (@
b3 PRC3 | Protect bit 3 0: Disabled R/W
1: Enabled (1)
b4 — Reserved Setto 0. R/W
b5 — Nothing is assighed. The write value must be 0. The read value is 0. —
b6 —
b7 —
Notes:

1. Once this bit is set to 1, writing remains enabled until it is set to O by a program.

2. The PRC2 bhit is set to 0 after setting it to 1 (write enabled) and writing to the SFR area. The registers protected
by the PRC2 bit must be changed by the instruction after that used to set the PRC2 bit to 1. Interrupts and DTC
activation must be disabled between the instruction to set to the PRC2 bit to 1 and the next instruction.

PRCO Bit (Protect bit 0)
This bit enables/disables writing to registers CM0, CM1, CM3, CM4, OCD, FRAO, FRA2, and CPSRF.

PRCL1 Bit (Protect bit 1)
This bit enables/disables writing to registers PMO0 and PM1.

PRC2 Bit (Protect bit 2)
This bit enables/disables writing to the PDO register.

PRC3 Bit (Protect bit 3)
This bit enables/disables writing to registers OCVREFCR, VCA2, VDI1LS, VWO0C, VW1C, VW2C, and

SVDC.
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R8C/38T-A Group 5. System Control
5.2.4  Option Function Select Register 2 (OFS2)
Address OFFDBh
Bit b7 b6 b5 b4 b3 b2 b0
Symbolfl — | — | — | — |WDTRCS1|WDTRCSO|WDTUFS1|{WDTUFSO

After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 | WDTUFSO | Watchdog timer underflow period set | bl b0 R/W

bl | WDTUFSL |bits 0 0: 03FFh RIW
0 1: OFFFh
1 0: 1FFFh
1 1: 3FFFh

b2 | WDTRCSO | Watchdog timer refresh acceptance b3 b2 R/W

b3 | WDTRCSL | period set bits 0 0: 25% RIW
0 1:50%
1 0: 75%
1 1:100%

b4 — Reserved Set to 1. R/W

b5 —

b6 —

b7 —

Note:

1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. Do not perform any additional writes to the OFS2 register. Erasing the block including the OFS2
register sets the OFS2 register to FFh. The value of the OFS2 register is FFh at shipment of blank products. After
programming, the value is the same as that programmed by the user. At shipment of factory-programmed

products, the value of the OFS2 register is the same as that set in a program by the user.

For an example of the OFS2 register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

Bits WDTRCSO0 and WDTRCS1

(Watchdog timer refresh acceptance period set bits)

These bits are used to select the refresh acceptance period as a percentage. Note that the period from the start of
counting to underflow is 100%.
For details, refer to 8.3.1.1 Refresh Acceptance Period.
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5.2.5  Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [CSPROINI| LVDAS | VDSEL1 [ VDSELO [ROMCP1| ROMCR|[ — | WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON | Watchdog timer start select bit | 0: Watchdog timer automatically starts after reset R/W
1: Watchdog timer is stopped after reset
bl — Reserved Setto 1. R/W
b2 ROMCR | ROM code protect disable bit | 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 | ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
b4 VDSELO | Voltage detection O level %5 161_ 3.80 V (typ.) selected (Vdet0_3) R/W
b5 | VDSEL1 | select bits @ 0 1:2.85V (t>y/z.) selected (Vdet0_2) RIW
1 0:2.35V (typ.) selected (VdetO_1)
1 1:1.90V (typ.) selected (VdetO_0)
b6 LVDAS | Voltage detection O circuit 0: Voltage monitor O reset enabled after reset R/W
start bit 1: Voltage monitor O reset disabled after reset
(©)]
b7 | CSPROINI | Count source protection mode | 0: Count source protect mode enabled after reset R/W
after reset select bit 1: Count source protect mode disabled after reset

Notes:

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

2. The same voltage detection O level selected by bits VDSELO and VDSEL1 is set in both the voltage monitor O
reset and power-on reset functions.

3. Set the LVDAS bit to 0 (voltage monitor O reset enabled after reset) to use the power-on reset or voltage monitor
0 reset.

For an example of the OFS register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

LVDAS Bit (Voltage detection O circuit start bit)
The Vdet0 voltage monitored in the voltage detection 0 circuit is selected by bits VDSELO and VDSEL1.
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53 ID Code Area

53.1 Overview

The ID code area is assigned to certain of the highest addresses for each vector in the fixed vector table,
OFFDFh, OFFE3h, OFFEBh, OFFEFh, OFFF3h, OFFF7h, and OFFFBh.
Figure 5.1 shows the ID Code Area.

ID code area

Address

OFFDFh to OFFDCh

OFFE3h to OFFEOh

OFFE7h to OFFE4h

OFFEBh to OFFE8h

OFFEFh to OFFECh

Undefined instruction vector

Overflow vector

BRK instruction vector

Address match vector

Single-step vector
Wi

atchdog timer, oscillation stop detection,

OFFF3h to OFFFOh voltage monitor 1, voltage monitor 2
OFFF7h to OFFF4h ID6 / Address break vector
OFFFBh to OFFF8h ID7 Reserved area
OFFFFh to OFFFCh OFS Reset vector
1 1
N J
Y
4 bytes
Figure 5.1 ID Code Area
5.3.2 Function

The ID code area is used in standard serial I/0O mode. Its operation differs depending on whether the 3 bytes in
the reset vector at addresses OFFFCh to OFFFEh are FFFFFFh or not.

If the value is not FFFFFFh in standard serial 1/0O mode, the 1D code stored in the ID code area (stored 1D code)
and that sent from the serial programmer or the on-chip debugging emulator are examined to see whether they
match. If they match, the commands are accepted. Otherwise, the commands are not accepted. To use the serial
programmer or the on-chip debugging emulator, write predetermined 1D codes, in advance, to the ID code area.
If the value is FFFFFFh, the ID codes are not examined and all commands are accepted.

The ID code area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

The ID code with the character combination expressed “ALeRASE” in ASCII is the reserved word for the
forced erase function. The ID code “Protect” is the reserved word for the standard serial 1/0 mode disabled
function.

Table 5.2 lists the ID Code Reserved Word. When the combination of ID codes and addresses match those listed
in Table 5.2 respectively, the ID codes form the corresponding reserved word. When the forced erase function
or standard serial 1/0 mode disabled function is not used, use another combination of ID codes.
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Table 5.2 ID Code Reserved Word
ID Code Storage ID Code Reserved Word (ASCII) O
Address ALeRASE Protect
(Forced Erase Function) (Standard Serial /0 Mode Disabled Function)

OFFDFh ID1 41h (upper-case “A”) 50h (upper-case “P”)
OFFE3h ID2 4Ch (upper-case “L”) 72h (lower-case “r")
OFFEBhO ID3 65h (lower-case “e”) 6Fh (lower-case “0”)
OFFEFh ID4 52h (upper-case “R”) 74h (lower-case “t”)
OFFF3h ID5 41h (upper-case “A”) 65h (lower-case “e”)
OFFF7h ID6 53h (upper-case “S”") 63h (lower-case “c”)
OFFFBh ID7 45h (upper-case “E”) 74h (lower-case “t”)

Note:
1. When the combination of ID codes and addresses match those listed in Table 5.2 respectively, the ID codes
form the corresponding reserved word.

5.33 Forced Erase Function

The forced erase function is used in standard serial /0 mode. When the ID code sent from the serial
programmer or the on-chip debugging emulator is the ASCII code “ALeRASE”, the entire data in the user
ROM area will be erased. However, if the stored ID codes are any value other than “ALeRASE” (refer to Table
5.2 ID Code Reserved Word) and when the ROMCR bit is 1 and the ROMCPL1 bit is 0 (ROM code protect
enabled) in the OFS register, a forced erase is not performed and the ID codes are examined with the ID code
check function. Table 5.3 lists the Conditions and Operations of Forced Erase Function.

Also, when the stored ID codes are set to “ALeRASE” in ASCII, if the ID codes sent from the serial
programmer or the on-chip debugging emulator are “ALeRASE”, the data in the user ROM area will be erased.
For ID codes other than “ALeRASE”, the ID codes do not match and no command is accepted, and thus the
user ROM area remains protected.

Table 5.3 Conditions and Operations of Forced Erase Function

Condition

ID code from serial
programmer or
on-chip debugging emulator

Bits ROMCP1 and ROMCR Operation

in OFS register

ID code in ID code
storage address

ALeRASE

ALeRASE

Other than
ALeRASE (1)

Other than 01b
(ROM code protect disabled)

Erasure of whole user ROM
area (forced erase
function)

01b
(ROM code protect enabled)

ID code check
(ID code check function)

Other than ALeRASE ALeRASE — ID code check
(ID code check function.
No ID code match.)
Other than — ID code check

ALeRASE (1) (ID code check function)

Note:
1. Referto 5.3.4 Standard Serial /O Mode Disabled Function for the case where the ID code is “Protect”.
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534 Standard Serial I/O Mode Disabled Function

The standard serial 1/0 mode disabled function is used in standard serial /0 mode. When an ID code is
“Protect” in ASCII (refer to Table 5.2 ID Code Reserved Word), no communication with the serial
programmer or the on-chip debugging emulator is performed. This prevents the flash memory from being read,
written, or erased using the serial programmer or the on-chip debugging emulator.

If the ID code is set to “Protect” in ASCII when the ROMCR bit is 1 and the ROMCP1 bit is 0 (ROM code
protect enabled) in the OFS register, ROM code protection cannot be disabled using the serial programmer or
the on-chip debugging emulator. This prevents the flash memory from being read, written, or erased using the
serial programmer, the on-chip debugging emulator, or the parallel programmer.

5.3.5 Notes on ID Code Area (Setting Example)

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

« To set 55h in all of the ID code area
.org 0OFFDCH

Jword dummy | (55000000h) ; UND

Jword dummy | (55000000h) ; INTO

Iword dummy ; BREAK

Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Iword dummy | (55000000h) ; WDT

Jword dummy | (55000000h) ; ADDRESS BREAK
word dummy | (55000000h) ; RESERVE

Programming formats vary depending on the compiler. Check the compiler manual.
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5.4 Protection

The protection function protects important registers from being easily rewritten if a program runs out of control.
The following registers are protected by the PRCR register.

Table 5.4 PRCR Register Bits and Registers Protected

Bit Register Protected
PRCO Registers CM0, CM1, CM3, CM4, OCD, FRAO, FRA2, and CPSRF
PRC1 Registers PM0 and PM1
PRC2 PDO register
PRC3 Registers OCVREFCR, VCA2, VD1LS, VWO0C, VW1C, VW2C, and SVDC

55 Option Function Select Area

55.1 Overview

The option function select area allows the user to select the MCU state after a reset and to disable rewriting in
parallel 1/0 mode.

This area is allocated at addresses OFFFFh (highest of the reset vector in the fixed vector table) and address
OFFDBAh.

Figure 5.2 shows the Option Function Select Area.

(" Option function select area )

]
Address W
(]
OFFDBh to OFFD8h

]
OFFFFh to OFFFCh | Reset vector
1 1 1

N J

4 bytes

Figure 5.2 Option Function Select Area
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5.6 Notes on System Control

5.6.1 Option Function Select Area Setting Examples

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

* To set FFh in the OFS2 register
.org 0OFFDBH
.byte OFFh
Programming formats vary depending on the compiler. Check the compiler manual.

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

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 46 of 731
Oct 31, 2011



R8C/38T-A Group

6. Resets

6. Resets

The following resets are provided: hardware reset, power-on reset, voltage monitor 0 reset triggered by the voltage
detection circuit, watchdog timer reset, and software reset.

6.1 Overview

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

Table 6.1 Reset Names and Sources
Reset Name

Hardware reset When a low level is applied to the RESET pin.

Power-on reset When VCC is turned on.

Voltage monitor O reset When VCC falls below Vdet0, which is detected by voltage detection circuit O.
Watchdog timer reset When the watchdog timer underflows.

Software reset When 1 is written to the PMO3 bit in the PMO register by a program.

RESET O Hardware reset

Power-on

VCC s
reset circuit

v

Power-on reset

Voltage
detection circuit

Voltage monitor 0
reset

Watchdog timer

Watchdog timer
reset

CPU

Software reset

Note:

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

CPU, SFRs, and I/O ports @

Figure 6.1 Reset Circuit Block Diagram
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6.2 Registers
Table 6.2 lists the Register Configuration for Reset.
Table 6.2 Register Configuration for Reset
Register Name Symbol After Reset Address Access Size
Processor Mode Register 0 PMO 00h 00004h 8
Reset Source Determination Register RSTFR 00XXXXXXb 00028h 8
Option Function Select Register 2 OFS2 (Note 1) OFFDBh 8
Option Function Select Register OFS (Note 2) OFFFFh 8

Notes:

1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a

program.

Do not perform any additional writes to the OFS2 register. Erasing the block including the OFS2 register sets

the OFS2 register to FFh.

2. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a

program.

Do not perform any additional writes to the OFS register. Erasing the block including the OFS register sets the

OFS register to FFh.

6.2.1 Processor Mode Register 0 (PMO)
Address 00004h
Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| — | — | — | — | PMO3 | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
o]0] — Reserved Setto 0. R/W
bl —
b2 —
b3 PMO03 | Software reset bit 0: State is retained R/W

1: Reset is generated

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

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

PMO03 Bit (Software reset bit)

When the PMO3 bit is set to 1, the entire MCU is reset. The read value is 0.
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6.2.2  Reset Source Determination Register (RSTFR)

Address 00028h

Bit b7 b6 b5 b4 b3 b2 bl
Symbol| — | — | — | — WDR | SWR | HWR
After Reset 0 0 X X X X X (Note 1)
Bit Symbol Bit Name Function R/W
b0 CWR | Cold start-up/warm start-up 0: Cold start-up R/W
determine flag 2 3) 1: Warm start-up

bl HWR | Hardware reset detect flag 0: Not detected R
b2 SWR | Software reset detect flag 1: Detected R
b3 WDR | Watchdog timer reset detect flag R
b4 — Reserved The read value is undefined. R
b5 —

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

Notes:

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

2. The CWR bit is set to 1 by writing 1 by a program. (Writing 0 to this bit has no effect.)

3. When the VWOCO bit in the VWOC register is 0 (voltage monitor O reset disabled), the CWR bit is undefined.
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6.2.3  Option Function Select Register 2 (OFS2)
Address OFFDBh
Bit b7 b6 b5 b4 b3 b2 b0
Symbolfl — | — | — | — |WDTRCS1|WDTRCSO|WDTUFS1|{WDTUFSO

After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 | WDTUFSO | Watchdog timer underflow period set | bl b0 R/W

bl | WDTUFSL |bits 0 0: 03FFh RIW
0 1: OFFFh
1 0: 1FFFh
1 1: 3FFFh

b2 | WDTRCSO | Watchdog timer refresh acceptance b3 b2 R/W

b3 | WDTRCSL | period set bits 0 0: 25% RIW
0 1:50%
1 0: 75%
1 1:100%

b4 — Reserved Set to 1. R/W

b5 —

b6 —

b7 —

Note:

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

For an example of the OFS2 register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

Bits WDTRCSO0 and WDTRCS1
(Watchdog timer refresh acceptance period set bits)

These bits are used to select the refresh acceptance period as a percentage. Note that the period from the start of
counting to underflow is 100%.
For details, refer to 8.3.1.1 Refresh Acceptance Period.
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6.2.4  Option Function Select Register (OFS)
Address OFFFFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [CSPROINI| LVDAS | VDSEL1 [ VDSELO [ROMCP1| ROMCR|[ — | WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON | Watchdog timer start select bit | 0: Watchdog timer automatically starts after reset R/W
1: Watchdog timer is stopped after reset
bl — Reserved Setto 1. R/W
b2 ROMCR | ROM code protect disable bit | 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 | ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
b4 VDSELO | Voltage detection O level %5 161_ 3.80 V (typ.) selected (Vdet0_3) R/W
e (2) ;3. yp. .
b5 VDSEL1 | select bits 0 1:2.85V (typ.) selected (Vdet0_2) RIW
1 0:2.35V (typ.) selected (VdetO_1)
1 1:1.90V (typ.) selected (VdetO_0)
b6 LVDAS | Voltage detection O circuit 0: Voltage monitor O reset enabled after reset R/W
start bit 1: Voltage monitor O reset disabled after reset
(©)]
b7 | CSPROINI | Count source protection mode | 0: Count source protect mode enabled after reset R/W
after reset select bit 1: Count source protect mode disabled after reset
Notes:

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

2. The same voltage detection O level selected by bits VDSELO and VDSEL1 is set in both the voltage monitor O
reset and power-on reset functions.

3. Set the LVDAS bit to 0 (voltage monitor O reset enabled after reset) to use the power-on reset or voltage monitor
0 reset.

For an example of the OFS register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

LVDAS Bit (Voltage detection O circuit start bit)
The Vdet0 voltage monitored in the voltage detection 0 circuit is selected by bits VDSELO and VDSEL1.
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6.3 Operation

6.3.1 Reset Sequence

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

time has elapsed.

1S3 e e P Y P Y Y Y B A

RESET pin

re—»1 10 s or more required ¥

l«——»1 fLOCO clock x 32 cycles @

Internal reset
signal

Activation time for flash memory
(CPU clock x 148 cycles)

CPU clock
x 28 cycles

Address

S e I P N

Ll L

[ S e B B A B B e

OFFFCh OFFFEh

(internal
address signal)

Notes:

1. This applies to the hardware reset.
2. When the width of a low-level input to the RESET pin is fLOCO clock x 32 cycles or more, the internal reset
signal goes high and the RESET pin is set high at the same time.

v ¥
) A
*

OFFFDh Content of reset vector

Figure 6.2 Reset Sequence

RO1UH0241EJ0100 Rev.1.00

Oct 31, 2011

RENESAS

Page 52 of 731



R8C/38T-A Group 6. Resets

6.3.2 Hardware Reset

The hardware reset is the reset that is caused by the RESET pin. When a low level is applied to the RESET pin
under the condition that the supply voltage meets the recommended operating conditions, the CPU, SFRs, and
1/0 ports are initialized (refer to Table 6.3 Pin States while RESET Pin Level is Low, Figure 6.8 CPU
Register States after Reset, and Tables 3.1 to 3.16 SFR Information).

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

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

The internal RAM is not initialized. If the RESET pin is set to low while writing to the internal RAM, the RAM
values will be undefined.

Figure 6.3 shows the Hardware Reset Circuit Example and Operation. Figure 6.4 shows the Hardware Reset
Circuit Example (Using External Supply Voltage Detection Circuit) and Operation.

6.3.2.1  When Power Supply is Stable

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

6.3.2.2 When Power Supply is Turned on

(1) Apply alow level to the RESET pin.

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

(3) Wait for td(P-R) until the internal power supply is stabilized (refer to 28. Electrical Characteristics).
(4) Wait for 10 ps.

(5) Apply a high level to the RESET pin.
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i VCC
VCC
=
ov
l RESET
;I/; RESET
0.2 VCC or less
ov

td(P-R) + 10 pus or more

Note:
1. Refer to the Electrical Characteristics chapter.

Figure 6.3 Hardware Reset Circuit Example and Operation
Power supply 5V
voltage

detection circuit

td(P-R) + 10 ps or more

Example when VCC =5V

Note:
1. Refer to the Electrical Characteristics chapter.

Figure 6.4 Hardware Reset Circuit Example (Using External Supply Voltage Detection Circuit)
and Operation
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6.3.3 Power-On Reset

When the RESET pin is connected to the VCC pin via a resistor and the VCC pin voltage level rises, the power-
on reset is activated and the CPU, SFRs, and 1/O ports are initialized. The internal RAM values will be
undefined. In addition, when a capacitor is connected to the RESET pin, ensure that the voltage applied to the
RESET pin is always 0.8 VCC or more.

When the voltage applied to the VCC pin reaches VdetO or above, the low-speed on-chip oscillator clock count
starts. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal goes high and the
MCU proceeds to the reset sequence (refer to Figure 6.2). The low-speed on-chip oscillator clock with no
division is automatically selected as the CPU clock after a reset.

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

To use the power-on reset, set the LVDAS bit in the OFS register to 0 (voltage monitor 0 reset enabled) and
enable the voltage monitor O reset.

Figure 6.5 shows the Power-On Reset Circuit Example and Operation.

VCC
4.7 kQ
(reference)
RESET
vdeto @
External power VCC
05V
tw(por)
h (Note 2) ”
Internal reset signal
4 »
1
———— x 32
fLOCO ~

Notes:
1. VdetO indicates the voltage detection level of the voltage detection O circuit. Refer to the Voltage
Detection Circuit chapter for details.
2. tw(por) is the time required for a power-on reset to be enabled while the external power VCC is being held
below the valid voltage (0.5 V).
When VCC falls with voltage monitor O reset disabled and then turns on, maintain tw(por) for 1 ms or more.
3. To use the power-on reset, enable the voltage monitor 0 reset by setting the LVDAS bit in the OFS register

to 0.
Figure 6.5 Power-On Reset Circuit Example and Operation
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6.3.4  Voltage Monitor O Reset

The voltage monitor O reset is due to the on-chip voltage detection 0 circuit. The voltage detection 0 circuit
monitors the voltage applied to the VCC pin. VVdetO0 is the detection level. To use the voltage monitoring O reset,
set the LVDAS bit in the OFS register to 0 (voltage monitoring 0 reset enabled after reset). The VdetO detection
level can be changed by setting bits VDSELO and VDSELL1 in the OFS register.

When the input voltage to the VCC pin falls to the Vdet0 level or lower, the CPU, SFRs and 1/O ports are
initialized.

When the voltage applied to the VCC pin next rises to the VdetO level or higher, the low-speed on-chip
oscillator clock count starts. When the low-speed on-chip oscillator clock count reaches 32, the internal reset
signal goes high and the MCU proceeds to the reset sequence (refer to Figure 6.2). The low-speed on-chip
oscillator clock with no division is automatically selected as the CPU clock after a reset.

To use the power-on reset, set the LVDAS bit and enable the voltage monitor O reset.

Bits VDSELO, VDSEL1, and LVDAS cannot be changed by a program. To set these bits, write values to b4 to
b6 at address OFFFFh using a flash programmer.

For details on the OFS register, refer to 6.2.4 Option Function Select Register (OFS).

For details on the states of the SFRs after a voltage monitor 0 reset, refer to 3.2 Special Function Registers
(SFRs).

The internal RAM is not initialized. If the voltage applied to the VCC pin falls to VVdetO or lower while writing
to the internal RAM, the RAM values will be undefined.

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

Figure 6.6 shows the Voltage Monitor 0 Reset Circuit Example and Operation.

Vdet0

External power VCC
0.5v

<O

Voltage detection 0
circuit response time

Internal reset signal |

Notes:
1. Vdet0 indicates the voltage detection level of the voltage detection O circuit. For details, refer to the
Voltage Detection Circuit chapter.
2. To use the power-on reset, enable the voltage monitor O reset by setting the LVDAS bit in the OFS
register to 0.

Figure 6.6 Voltage Monitor 0 Reset Circuit Example and Operation
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6.3.5 Watchdog Timer Reset

When the RIS bit in the RISR register is 1 (watchdog timer reset enabled), if the watchdog timer underflows,
the CPU, SFRs, and 1/O ports are initialized. Next, the program located at the address indicated by the reset
vector is executed. The low-speed on-chip oscillator clock with no division is automatically selected as the CPU
clock after a reset.

For the states of the SFR after a watchdog timer reset, refer to 3.2 Special Function Registers (SFRs).

The internal RAM is not initialized. When the watchdog timer underflows while writing to the internal RAM,
the RAM values will be undefined.

The underflow period and refresh acceptance period for the watchdog timer are set by bits WDTUFSO0 and
WDTUFSL1 and bits WDTRCS0 and WDTRCSL1 in the OFS2 register, respectively.

For details on the watchdog timer, refer to 8. Watchdog Timer.

6.3.6 Software Reset

When the PMO03 bit in the PMO register is 1 (MCU reset), the CPU, SFRs, and 1/O ports are initialized. Next, the
program located at the address indicated by the reset vector is executed. The low-speed on-chip oscillator clock
with no division is automatically selected as the CPU clock after a reset.

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

The internal RAM is not initialized.

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

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

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

The cold start-up/warm stat-up determination function uses the voltage monitor 0 reset.

Figure 6.7 shows an Example of Cold Start-Up/Warm Start-Up Function Operation.

SEVA'AVE

Settolbya Settolbya
program / program
CWR bit in RSTFR register
Voltage monitor O reset VJ 1

Figure 6.7 Example of Cold Start-Up/Warm Start-Up Function Operation

6.3.8 Reset Source Determination Function

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

If a hardware reset occurs, the HWR bit in the RSTFR register is set to 1 (detected). If a software reset occurs,
the SWR bit in the RSTFR register is set to 1 (detected). If a watchdog timer reset occurs, the WDR bit in the
RSTFR register is set to 1 (detected).
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6.4 States during Reset

6.4.1 Pin States while RESET Pin Level is Low
Table 6.3 lists the Pin States while RESET Pin Level is Low.

Table 6.3 Pin States while RESET Pin Level is Low

Pin Name Pin Function
PO, P1, P2, P3, P5, P6, P7, P8, P9 _0to P9 5 Input port
P4 2to P4_7 Input port

6.4.2 CPU Register States after Reset
Figure 6.8 shows the CPU Register States after Reset.

b15 b0
0000h I Data register (R0)
0000h I Data register (R1)
0000h I Data register (R2)
0000h | Data register (R3)
0000h | Address register (A0)
0000h | Address register (A1)
0000h I Frame base register (FB)
b19 b0
00000h Interrupt table register (INTB)
Content of addresses OFFFEh to OFFFCh Program counter (PC)
b15 bo
0000h User stack pointer (USP)
0000h Interrupt stack pointer (ISP)
0000h Static base register (SB)
b15 bo
| 0000h | Flag register (FLG)
bis o= b8 b7 boi
[ L T T 1T [v[i[o[e[s[z[o[c]

Figure 6.8 CPU Register States after Reset
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7. Voltage Detection Circuit

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

7.1

Overview

The detection voltage for voltage detection 0O can be selected from four levels with the OFS register.

The detection voltage for voltage detection 1 can be selected from sixteen levels with the VDL1LS register.
The voltage monitor O reset and voltage monitor 1 and 2 interrupts can be used.
Table 7.1 lists the Voltage Detection Circuit Specifications. Figure 7.1 shows the Voltage Detection Circuit Block
Diagram. Figure 7.2 shows the Voltage Monitor 0 Reset Generation Circuit Block Diagram. Figure 7.3 shows the
\Voltage Monitor 1 Interrupt Generation Circuit Block Diagram. Figure 7.4 shows the Voltage Monitor 2 Interrupt
Generation Circuit Block Diagram.

Table 7.1 Voltage Detection Circuit Specifications
Item Voltage Monitor O Voltage Monitor 1 Voltage Monitor 2
VCC Voltage to be Vdet0 Vdetl Vdet2
monitor monitored
Detection target | Whether passing through | Whether passing through | Whether passing through
Vdet0 by falling Vdetl by rising or falling Vdet2 by rising or falling
Detection voltage | Selectable from 4 levels | Selectable from 16 levels | Fixed level
with the OFS register with the VD1LS register
Monitor None The VW1C3 bit in the The VW2C3 bit in the
VW1C register VW?2C register
Higher or lower than Vdetl | Higher or lower than Vdet2
Process at | Reset Voltage monitor O reset None None
voltage Reset at Vdet0 > VCC,
detection CPU operation is
restarted at VCC > VdetO
Interrupts None Voltage monitor 1 interrupt | Voltage monitor 2 interrupt
Non-maskable or Non-maskable or
maskable selectable maskable selectable
Interrupt request at Interrupt request at
Vdetl > VCC and/or Vdet2 > VCC and/or
VCC > Vdetl VCC > Vdet2
Digital filter | Switching No digital filter function Available Available
enabled/disabled
Sampling time — (fLOCO divided by n) x 2 | (fLOCO divided by n) x 2
n:1,2 4,or8 n:1,2 4,or8
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vee O— VCA25
Levgl Voltage detection 0
selection signal
circuit >
(4 levels)
> Vdet0
VDSELO and VDSEL1
VCA26
Leve_l Voltage detection 1
selection signal
circuit >
(16 levels)
>
2 Vdetl VWIC register
VD1SO0 to VD1S3
VCA27 VW1C3
Voltage detection 2
signal‘
Internal reference
voltage 2 vdet2 VW2C register
VW2C3
VW2C3: Bit in VW2C register
VCA25, VCA26, VCAZ27: Bits in VCAZ2 register
VW1C3: Bit in VWIC register
VD1S0 to VD1S3: Bits in VD1LS register
VDSELO, VDSELZ1: Bits in OFS register
Figure 7.1 Voltage Detection Circuit Block Diagram

Voltage detection O circuit

vCC

VCA25

Level
selection

Voltage monitor O reset generation circuit

VDSELO and Voltag.e
VDSEL1 dfetectl(cl))n 0
Internal reference voltage signal

VWOCQO: Bit in VWOC register
VCA25: Bit in VCA2 register
VDSELO, VDSEL1: Bits in OFS register

Note:

\ N
L/ '
Voltage
monitor 0
reset signal
VWOCO

1. When the VCA25 bit is 0 (disabled), the voltage detection O signal will be high.

Figure 7.2

Voltage Monitor 0 Reset Generation Circuit Block Diagram
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Voltage detection 1 circuit

VCA26

Voltage monitor 1 interrupt generation circuit

VWI1F1 and VW1F0

]

vwic3

Level VW1C1 =0 i
Digital
e : °
VD1S0 to oiage | ywici=1 Edge
VD1S3 etect ‘f“ selection
Internal reference voltage signal circuit

VCAC1
VW1Cc7

Watchdog timer
interrupt signal

Voltage monitor 1
interrupt signal  Non-maskable

interrupt signal

Maskable
interrupt signal

'VW1CO to VWIC3, VW1FO to VW1F1, VWICT: Bits in VWIC register
'VCAZ26: Bit in VCA2 register

'VD1S1 to VD1S3: Bits in VDILS register

IRQ1SEL: Bit in COMPA register

'VCACI1.: Bit in VCAC register

Notes:

1. When the VCA26 bit is 0 (disabled), the voltage detection 1 signal will be high.
2. The VWLC2 bitis set to 0 by wiiting 0 (not detected) by a program. When the VCA26 bit is 0 (voltage detection 1 circuit disabled), the VW1C2 bit will be 0.

Figure 7.3

Voltage Monitor 1 Interrupt Generation Circuit Block Diagram

Voltage monitor 2 interrupt ge

eneration circuit

VW2F1 and VW2F0

Voltage detection 2 circuit

fLOCO
VCA27
— VW2C3
VWac1 =0 Digital
> filter
Voltage
" - Edge
VW2C1=1
de:erc‘u?:})z selection
Internal reference voltage signal circuit
T A
VCAC2
VW2C7

vwacz @

VW2C0

IRQ2SEL

Watchdog timer
interrupt signal

Voltage monitor 2
interrupt signal

Non-maskable
interrupt signal

»

Maskable
interrupt signal

VW2CO to VW2C3, VW2F0, VW2F1, VW2CT: Bits in VW2C register
VCA27: Bit in VCA2 register

IRQ2SEL: Bit in CMPA register

VCAC2: Bitin VCAC register

Notes:
1. When the VCA27 bit is 0 (disabled), the voltage detection 2 signal will be high.

2. The VW2C2 bit is set to 0 by Writing 0 (not detected) by a program. When the VCA27 bit is 0 (voltage detection 2 circuit disabled), the VW2C2 bit will be 0.

Figure 7.4

Voltage Monitor 2 Interrupt Generation Circuit Block Diagram
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7.2 Registers
Table 7.2 lists the Voltage Detection Circuit Register Configuration.

Table 7.2 Voltage Detection Circuit Register Configuration

Register Name Symbol After Reset Address Access Size

Voltage Monitor Circuit Control Register CMPA 00h 00030h 8

Voltage Monitor Circuit Edge Select Register VCAC 00h 00031h 8

Voltage Detection Register 2 VCA2 00000000b or 00034h 8
00100000b (1)

Voltage Detection 1 Level Select Register VD1LS 00000111b 00036h 8

Voltage Monitor 0 Circuit Control Register VWOC 1100XX10b or 00038h 8
1100XX11b (1)

Voltage Monitor 1 Circuit Control Register VW1C 10001010b 00039h 8

Voltage Monitor 2 Circuit Control Register vw2C 10001010b 0003Ah 8

Option Function Select Register OFSs (Note 2) OFFFFh 8

Notes:
1. The value after reset differs depending on the LVDAS bit in the OFS register.
2. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not perform any additional writes to the OFS register. Erasing the block including the OFS register sets the
OFS register to FFh.

7.2.1  Voltage Monitor Circuit Control Register (CMPA)
Address 00030h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |IRQ2SEL[IRQISEL| — | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Set to 0. R/W
bl —
b2 —
b3 —
b4 IRQ1SEL | Voltage monitor 1 interrupt type | 0: Non-maskable interrupt R/W
select bit 1: Maskable interrupt
b5 IRQ2SEL | Voltage monitor 2 interrupt type R/W
select bit
b6 — Reserved Set to 0. R/W
b7 —
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7.2.2  Voltage Monitor Circuit Edge Select Register (VCAC)
Address 00031h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbolfl — | — | — | — | — |[VCAC2|[VCACL| —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl VCACL1 |Voltage monitor 1 circuit edge select bit (1) | 0: One edge R/W
b2 | VCAC2 |Voltage monitor 2 circuit edge select bit @) | 1* Both edges RIW
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —
Notes:

1. When the VCACL bit is set tot O (one edge), the VW1C7 bit in the VW1C register is enabled. Set the VW1C7 bit
after setting the VCAC1 bit to 0.

2. When the VCAC?2 bit is set tot 0 (one edge), the VW2C7 bit in the VW2C register is enabled. Set the VW2C?7 bit
after setting the VCAC2 bit to 0.

7.2.3 Voltage Detection Register 2 (VCA2)
Address 00034h

Bit b7 b6 b5 b4 b3 b2 bl bo

Symbol| VCA27 | VCA26 | VCA25 | — | — | — — —

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

After Reset 0 0 1 0 0 0 0 0

The above applies when the LVDAS bit in the OFS register is 0.

Bit Symbol Bit Name Function R/W

b0 — Reserved Setto 0. R/W

bl —

b2 —

b3 —

b4 —

b5 VCA25 | Voltage detection 0 enable bit (1) 0: Voltage detection O circuit disabled R/W
1: Voltage detection O circuit enabled

b6 VCA26 |Voltage detection 1 enable bit (2) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 VCA27 |Voltage detection 2 enable bit (3) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled

Notes:
1. To use the voltage monitor O reset, set the VCA25 bit to 1.
2. To use the voltage detection 1 interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1.
After the VCAZ26 bit is set from 0 to 1 and td(E-A) has elapsed, the voltage detection 1 circuit operates.
3. To use the voltage detection 2 interrupt or the VW2C3 bit in the VW2C register, set the VCA27 bit to 1.
After the VCA27 bit is set from 0 to 1 and td(E-A) has elapsed, the voltage detection 2 circuit operates. Set the
PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VCA2 register.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VCA2 register.
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7.2.4 Voltage Detection 1 Level Select Register (VD1LS)
Address 00036h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | VDIS3 | VD1S2 | VD1Sl | VD1SO
After Reset 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Function R/W
b0 VD1S0 |Voltage detection 1 level select bits 163 lg %1 18) 219V (Vdet1_0) R/W
bl vD1S1 | (Typical voltage when the voltage falls) 000 1234V (Vdetl 1) R/W
b2 | vD1S2 001 0:249V (Vdetl_2) RIW
b3 | VD1S3 001 1:2.64V (Vdetl_3) RIW
010 0:2.79V (Vdetl_4)
010 1:2.94V (Vdetl_5)
011 0:3.09V (Vdetl_6)
011 1:3.24V (Vdetl_7)
10 0 0:3.39V (Vdetl_8)
10 0 1:3.54 V (Vdetl_9)
10 1 0:3.69V (Vdetl_A)
101 1:3.84V (Vdetl_B)
110 0:3.99V (Vdetl_C)
110 1:4.14V (Vdetl_D)
111 0:4.29V (Vdetl_E)
111 1:4.44V (Vdetl_F)
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —
Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VD1LS register.
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7.2.5  Voltage Monitor 0 Circuit Control Register (VWOC)
Address 00038h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — [ — ][VW0CO
After Reset 1 1 0 0 X X 1 0
The above applies when the LVDAS bit in the OFS register is 1.
After Reset 1 1 0 0 X X 1 1

The above applies when the LVDAS bit in the OFS register is 0.

Bit Symbol Bit Name Function R/W
b0 | VWOCO |Voltage monitor O reset enable bit () 0: Disabled R/W
1: Enabled

bl — Reserved Setto 1. R/W
b2 — Reserved The read value is undefined. R
b3 —

b4 — Reserved Setto 0. R/W
b5 —

b6 — Reserved Setto 1. R/W
b7 —

Note:

1. The VWOCO bit is enabled when the VCA25 bit in the VCA2 register is 1 (voltage detection O circuit enabled).
The value written to the VWOCO bit must be the value after reset.
To set the VWOCO bit to 1, follow the procedure below:
(1) Set the VCA25 bitto 1
(2) Wait for td(E-A) until the detection circuit operates.
(3) Set the VWOCO bit to 1.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VWOC register.
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7.2.6  Voltage Monitor 1 Circuit Control Register (VW1C)
Address 00039h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol| VWIC7 |  — | VWIF1 | VWIFO | VWIC3 | VWI1C2 | VWICL | VW1CO
After Reset 1 0 0 0 1 0 1 0
Bit Symbol Bit Name Function R/W
b0 | VWICO |Voltage monitor 1 interrupt enable bit (1) | 0: Disabled R/W
1: Enabled
bl VW1C1 | Voltage monitor 1 digital filter mode 0: Digital filter enabled mode R/W
select bit (2, 3) (digital filter circuit enabled)

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

b2 | VWI1C2 | Voltage change detection flag (4. 5) 0: Not detected R/W
1: Detected by passing through Vdetl
b3 VW1C3 | Voltage detection 1 signal monitor flag | 0: VCC < Vdetl R
4 1: VCC > Vdetl or voltage detection 1 circuit
disabled
b4 | VWIFO |Sampling clock select bits (3) b5 b4 RIW

0 0: fLOCO divided by 1

b5 | VWIFL 0 1: fLOCO divided by 2 RIW
1 0: fLOCO divided by 4
1 1: fLOCO divided by 8
b6 — Reserved Setto 0. R/W
b7 VW1C7 | Voltage monitor 1 interrupt generation 0: VCC reaches Vdetl or above R/W
condition select bit (6) 1: VCC reaches Vdet1 or below
Notes:

1. The VW1CO bit is enabled when the VCA26 bit in the VCA2 register is 1 (voltage detection 1 circuit enabled).
When the VCAZ26 bit is 0 (voltage detection 1 circuit disabled), set the VW1CO bit to 0 (disabled). To set the
VW1CO hit to 1 (enabled), refer to Table 7.3 Procedure for Setting Bits Associated with Voltage Monitor 1
Interrupt.

2. When the digital filter is used (the VW1CL1 bit is 0), set the CM14 bit in the CM1 register to 0 (low-speed on-chip
oscillator on).

When the voltage monitor 1 interrupt is used to exit stop mode, set the VW1CL1 bit in the VW1C register to 1
(digital filter disabled mode).

3. When the VW1CO bit is 1 (enabled), do not set bits VW1C1 and VW1FO0 to VW1F1 at the same time (with one
instruction).

4. Bits VW1C2 and VW1C3 are enabled when the VC26 bit is 1 (voltage detection 1 circuit enabled).

Set to 0 by a program. This bit is set to 0 by writing O by a program, but writing 1 has no effect.

6. The VWI1CY bit is enabled when the VCAC1 bit in the VCAC register is 0 (one edge). Set the VCACL1 bit to 0
before setting the VW1C?7 bit.

o

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VWIC register. Rewriting the
VWI1C register may set the VWI1C2 bit to 1. Rewrite this register before setting the VW1C2 bit to 0.
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7.2.7  Voltage Monitor 2 Circuit Control Register (VW2C)
Address 0003Ah

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol| VW2C7 | — | VW2F1 | VW2F0 | VW2C3 | VW2C2 | VW2C1 | VW2C0
After Reset 1 0 0 0 1 0 1 0
Bit Symbol Bit Name Function R/W
b0 | VW2CO |Voltage monitor 2 interrupt enable bit (1) | 0: Disabled R/W
1: Enabled
bl VW2C1 | Voltage monitor 2 digital filter mode 0: Digital filter enabled mode R/W
select bit (2, 3) (digital filter circuit enabled)

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

b2 | VW2C2 | Voltage change detection flag (4. 5) 0: Not detected R/W
1: Detected by passing through Vdet2
b3 VW2C3 | Voltage detection 2 signal monitor flag | 0: VCC < Vdet2 R
(5) 1: VCC > Vdet2 or voltage detection 2 circuit
disabled
b4 | VW2FO |Sampling clock select bits (3) b5 b4 RIW

0 0: fLOCO divided by 1

b5 | VW2F1 0 1: fLOCO divided by 2 RIW
1 0: fLOCO divided by 4
1 1: fLOCO divided by 8
b6 — Reserved Setto 0. R/W
b7 VW2C7 | Voltage monitor 2 interrupt generation 0: VCC reaches Vdet2 or above R/W
condition select bit (6) 1: VCC reaches Vdet2 or below
Notes:

1. The VW2CO bit is enabled when the VCA27 bit in the VCA2 register is 1 (voltage detection 2 circuit enabled).
When the VCA27 bit is 0 (voltage detection 2 circuit disabled), set the VW2CO bit to 0 (disabled). To set the
VW2CO hit to 1 (enabled), refer to Table 7.4 Procedure for Setting Bits Associated with Voltage Monitor 2
Interrupt.

2. When the digital filter is used (the VW2CL1 bit is 0), set the CM14 bit in the CM1 register to 0 (low-speed on-chip
oscillator on).

When the voltage monitor 2 interrupt is used to exit stop mode, set the VW2C1 bit to 1 (digital filter disabled
mode).

3. When the VW2CO bit is 1 (enabled), do not set bits VW2C1 and VW2F0 to VW2F1 at the same time (with one
instruction).

4. The VW2C2 bit is enabled when the VC27 bit is 1 (voltage detection 2 circuit enabled).

Set to 0 by a program. This bit is set to 0 by writing O by a program, but writing 1 has no effect.

6. The VW2CY7 bit is enabled when the VCAC2 bit in the VCAC register is 0 (one edge). Set the VCAC2 bit to 0
before setting the VW2C?7 bit.

o

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VW2C register. Rewriting the
VW?2C register may set the VW2C2 bit to 1. Rewrite this register before setting the VW2C2 bit to 0.
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7.2.8  Option Function Select Register (OFS)
Address OFFFFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [CSPROINI| LVDAS | VDSEL1 | VDSELO |[ROMCP1|ROMCR| — | WDTON |
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON | Watchdog timer start select bit | 0: Watchdog timer automatically starts after reset R/W
1: Watchdog timer is stopped after reset
bl — Reserved Set to 1. R/W
b2 ROMCR | ROM code protect disable bit | 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 | ROM code protect bit 0: ROM code protect enabled R/W
1. ROM code protect disabled
b4 VDSELO | Voltage detection O level %“61 3.80 V (typ.) selected (Vdet0_3) R/W
e @) ;3. p.) selecte et0_.
bS | VDSEL1 |select bits 0 1:2.85 V (typ.) selected (Vdet0_2) RW
1 0:2.35V (typ.) selected (Vdet0_1)
1 1:1.90V (typ.) selected (Vdet0_0)
b6 LVDAS | Voltage detection O circuit 0: Voltage monitor 0 reset enabled after reset R/W
start bit 1: Voltage monitor O reset disabled after reset
3
b7 | CSPROINI | Count source protection mode | 0: Count source protect mode enabled after reset R/W
after reset select hit 1: Count source protect mode disabled after reset
Notes:

1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. Do not perform any additional writes to the OFS register. Erasing the block including the OFS register
sets the OFS register to FFh. The value of the OFS register is FFh at shipment of blank products. After
programming, the value is the same as that programmed by the user. At shipment of factory-programmed
products, the value of the OFS register is the same as that set in a program by the user.
The same voltage detection O level selected by bits VDSELO and VDSEL1 is set in both the voltage monitor 0
reset and power-on reset functions.
Set the LVDAS bit to 0 (voltage monitor O reset enabled after reset) to use the power-on reset or voltage monitor

0 reset.

For an example of the OFS register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

LVDAS Bit (Voltage detection O circuit start bit)
The Vdet0 voltage monitored in the voltage detection 0 circuit is selected by bits VDSELO and VDSEL1.
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7.3 Monitoring VCC Input Voltage

7.3.1 Monitoring VdetO
Vdet0 cannot be monitored.

7.3.2 Monitoring Vdetl

Make the following settings and wait for td(E-A) (refer to 28. Electrical Characteristics). After that, the
comparison result from voltage monitor 1 can be monitored with the VW1C3 bit in the VW1C register.

(1) Setbits VD1S0 to VD1S3 in the VD1LS register to select the detection voltage for voltage detection 1.
(2) Setthe VCAZ26 bit in the VCA2 register to 1 (voltage detection 1 circuit enabled).

7.3.3 Monitoring Vdet2

Make the following settings and wait for td(E-A) (refer to 28. Electrical Characteristics). After that, the
comparison result from voltage monitor 2 can be monitored with the VW2C3 bit in the VW2C register.
(1) Setthe VCA27 bit in the VCA2 register to 1 (voltage detection 2 circuit enabled).
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7.4 Voltage Monitor O Reset

To use the voltage monitoring 0 reset, set the LVDAS bit in the OFS register to 0 (voltage monitoring 0 reset
enabled after reset).
Figure 7.5 shows an Example of Voltage Monitor 0 Reset Operation.

vee j‘ ﬁ
VdetO

|

Internal reset signal

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

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

For the states of the SFRs, refer to the Special Function Registers (SFRs) section shown in the Address Space chapter.

Figure 7.5 Example of Voltage Monitor 0 Reset Operation
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7.5

Voltage Monitor 1 Interrupt

Table 7.3 lists the Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt and Figure 7.6 shows an
Example of Voltage Monitor 1 Interrupt Operation.
Set the VW1C1 bit in the VW1C register to 1 (digital filter disabled mode) to use the voltage monitor 1 interrupt to
exit stop mode.

Table 7.3 Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt
Step When Digital Filter is Used When Digital Filter is Not Used
1 Set bits VD1S0 to VD1S3 in the VD1LS register to select the detection voltage for voltage detection 1.
2 Set the VCA26 bit in the VCAZ2 register to 1 (voltage detection 1 circuit enabled).
3 Wait for td(E-A).
4 Set the IRQ1SEL bit in the CMPA register to select the interrupt type.
5 Set bits VW1F0 and VW1F1 in the VW1C register to | Set the VW1CL1 bit in the VW1C register to 1 (digital
select the sampling clock for the digital filter. filter disabled).
6 (1) |Setthe VWI1C1 bit in the VWIC register to 0 (digital —
filter enabled).
7 Set the VCACL1 bit in the VCAC register and the VW1C?7 bit in the VW1C register to select the timing for an
interrupt request.
8 Set the VWI1C2 bit in the VW1C register to O.
9 Set the CM14 bit in the CM1 register to 0 (low-speed —
on-chip oscillator on).
10 Wait for 2 cycles of the sampling clock of the digital — (No wait time)
filter.
11 (@ | Set the VWI1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt enabled).
Notes:

1. When the VW1CO bit is 0, steps 5 and 6 can be performed at the same time (with one instruction).

2. When this setting is made with the voltage monitor 1 interrupt disabled (the VW1CO bit is 0, the VCA26 bit is 0),
if VCC < Vdetl (or VCC > Vdetl) is detected, no interrupt is generated until the voltage monitor 1 interrupt in
step 11 is enabled. If VCC < Vdetl (or VCC > Vdetl) is detected between steps 9 and 11, the VW1C2 bit is set
to 1. Read the VWI1C2 hit after step 11, and perform the processing required for detection if the read value is 1.
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When VW1C1 bit is 0
(digital filter enabled)

and

VCACL1 bitis 1 (both edges)

When VWI1C1 bit is 0

(digital filter enabled),

VCACL1 bitis 0

(one edge),

and

VWIC?7 bitis 0

(VCC reaches Vdetl or above)

When VW1C1 bit is 0

(digital filter enabled),

VCACL1 bitis 0

(one edge),

and

VWI1C7 bitis 1

(VCC reaches Vdetl or below)

When VWIC1 bit is 1
(digital filter disabled)

and

VCAC1 bit is 1 (both edges)

When VWIC1 bit is 1

(digital filter disabled),

VCACL1 bitis 0

(one edge),

and

VWIC?7 bitis 0

(VCC reaches Vdetl or above)

When VWIC1 bitis 1

(digital filter disabled),

VCACL1 bitis 0

(one edge),

and

VWIC7 bitis 1

(VCC reaches Vdetl or below)

Note:

1.8v®

VwWic3

VW1C2

Voltage monitor 1 interrupt
request

Vwic2

Voltage monitor 1 interrupt

request
L

VwWi1c2

Voltage monitor 1 interrupt
request

VW1c2

Voltage monitor 1 interrupt
request

VW1C2

Voltage monitor 1 interrupt
request

Vwic2

Voltage monitor 1 interrupt

request
L

VWI1CL1 to VW1C3, VW1C7: Bits in VW1C register
VCAC1: Bit in VCAC register

The above diagram applies under the following conditions:
« VCAZ26 bit in VCA2 register = 1 (voltage detection 1 circuit enabled)
* VW1CO bit in VWIC register = 1 (voltage detection 1 interrupt enabled)

Digital filter
sampling clock
x 2 cycles

__<

Digital filter :
sampling clock 1
x 2 cycles y

1

Bl i

T
H ¥~ sett00 by a prograny —1
1

-~ Setto 0 by acknowledgement:of ~
an interrupt request 1

¥ \‘J

4 Set to 0 by a program

1

Set to 0 by acknowledgement
of an interrupt request

J ]

& Setto 0 by a program

Setto 0 by
-~ acknowledgement of an
interrupt request

|

]

|

— Set to 0 by a program
&~

Bl

/ Set to 0 by acknowledgement

‘—| 4 of an interrupt request
1

4 Set to 0 by a program

& Setto0 by acknowledgement

of an interrupt request

& Setto 0 by a program

4 Set to 0 by acknowledgement
of an interrupt request

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

Figure 7.6

Example of Voltage Monitor 1 Interrupt Operation
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7.6

Voltage Monitor 2 Interrupt

Table 7.4 lists the Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt and Figure 7.7 shows an
Example of Voltage Monitor 2 Interrupt Operation. When the voltage monitor 2 interrupt is used to exit stop mode,
set the VW2C1 bit in the VW2C register to 1 (digital filter disabled mode).

Table 7.4 Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt
Step When Digital Filter is Used When Digital Filter is Not Used
1 Set the VCA23 bit in the VCAZ2 register to 0 (internal reference voltage).
2 (1) | Setthe VCA27 bit in the VCA2 register to 1 (voltage detection 2 circuit enabled).
3 Wait for td(E-A).
4 Set the IRQ2SEL bit in the CMPA register to select the interrupt type.
5 Set bits VW2F0 and VW2F1 in the VW2C register to | Set the VW2CL1 bit in the VW2C register to 1 (digital
select the sampling clock for the digital filter. filter disabled).
6 Set the VW2C1 bit in the VW2C register to 0 (digital —
filter enabled).
7 Set the VCAC2 bit in the VCAC register and the VW2C?7 bit in the VW2C register to select the timing for an
interrupt request.
8 Set the VW2C bit in the VW2C2 register to 0.
9 Set the CM14 bit in the CM1 register to 0 (low-speed —
on-chip oscillator on).
10 Wait for 2 cycles of the sampling clock of the digital — (No wait time)
filter.
11 B) | Set the VW2CO bit in the VW2C register to 1 (voltage monitor 2 interrupt enabled).
Notes:

1. When the VW2CO bit is 0, steps 1 and 2 can be executed at the same time (with one instruction).

2. When the VW2CO bit is 0, steps 5 and 6 can be performed at the same time (with one instruction).

3. When this setting is made with the voltage monitor 2 interrupt disabled (the VW2CO bit is 0, the VCA27 bit is 0),
if VCC < Vdet2 (or VCC > Vdet2) is detected, no interrupt is generated until the voltage monitor 2 interrupt in
step 11 is enabled. If VCC < Vdet2 (or VCC > Vdet2) is detected between steps 9 and 11, the VW2C2 bit is set
to 1. Read the VW2C2 bit after step 11, and perform the processing required for detection if the read value is 1.

RO1UH0241EJ0100 Rev.1.00

Oct 31, 2011

RENESAS

Page 73 of 731



R8C/38T-A Group

7. Voltage Detection Circuit

When VW2C1 bit is 0
(digital filter enabled)

and

VCAC?2 bitis 1 (both edges)

When VW2C1 bit is 0

(digital filter enabled),

VCAC?2 bitis 0

(one edge),

and

VW2C7 bitis 0

(VCC reaches Vdet2 or above)

When VW2C1 bit is 0

(digital filter enabled),

VCAC?2 bitis 0

(one edge),

and

VW2C7 bitis 1

(VCC reaches Vdet2 or below)

When VW2C1 bitis 1
(digital filter disabled)

and

VCAC?2 bitis 1 (both edges)

When VW2C1 bitis 1

(digital filter disabled),

VCAC2 bitis 0

(one edge),

and

VW2C7 bitis 0

(VCC reaches Vdet2 or above)

When VW2C1 bitis 1

(digital filter disabled),

VCAC2 bitis 0

(one edge),

and

VW2C7 bitis 1

(VCC reaches Vdet2 or below)

vee j‘
Vdet2

|

18v®

VW2C3

VW2C2

Voltage monitor 2 interrupt
request

VW2C2

Voltage monitor 2 interrupt
request

VW2C2

Voltage monitor 2 interrupt

request
L

VW2C2

Voltage monitor 2 interrupt
request

VW2C2

Voltage monitor 2 interrupt
request

VW2C2

Voltage monitor 2 interrupt

L request

Digital filter
sampling clock
x 2 cycles

Digital filter
sampling clock |
x 2 cycles f

¥ — setw00 by a program

Set to 0 by acknowledgement
- of an interrupt request

1]

\

‘—|ISet to 0 by a program

_4— Setto 0 by acknowledgement

1
1
of an interrupt request

& Setto 0 by a program

B

of an interrupt request

_&— Setto 0 by acknowledgement

]

+— Set to 0 by a program
4/J —l ~

\

|____— Set to 0 by acknowledgement

—IA’ of an interrupt request

& Set to 0 by a program

of an interrupt request

& Setto0 by acknowledgement

& Setto 0 by a program

]

_4— Setto 0 by acknowledgement
of an interrupt request

VW2C1 to VW2C3, VW2CT7: Bits in VW2C register
VCAC?2: Bitin VCAC register

Note:

The above diagram applies under the following conditions:
« VCAZ27 bit in VCA2 register = 1 (voltage detection 2 circuit enabled)
« VW2CO bit in VW2C register = 1 (voltage detection 2 interrupt enabled)

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

Figure 7.7

Example of Voltage Monitor 2 Interrupt Operation
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8.

improve system reliability.

8.1 Overview

Watchdog Timer

The watchdog timer is a function for detecting software malfunctions. Using this function is recommended, since it can

The watchdog timer has a 14-bit down counter and count source protection mode can be enabled or disabled.
Table 8.1 lists the Watchdog Timer Specifications.
For details on the watchdog timer reset, refer to 6.3.5 Watchdog Timer Reset.
Figure 8.1 shows the Watchdog Timer Block Diagram.

Table 8.1

Watchdog Timer Specifications

Item

Count Source Protection Mode Disabled

Count Source Protection Mode Enabled

Count source

CPU clock or low-speed on-chip oscillator
clock for the watchdog timer (1/16)

Low-speed on-chip oscillator clock for the
watchdog timer

Decrement

Either of the following can be selected:

* The count is automatically started after a reset.

» The count is started by writing to the WDTS register.

» When the count source is the CPU clock None
divided by 2, 16, or 128, if the MCU enters
wait mode or stop mode, the count is
stopped.

» When the count source is the watchdog
timer low-speed on-chip oscillator clock
divided by 16, even if the MCU enters wait
mode or stop mode, the count is not
stopped.

* Reset

+ 00h and then FFh are written to the WDTR register during the acceptance period (1)
(when an acceptance period is set.)

» Underflow

Watchdog timer interrupt or watchdog timer
reset
* Prescaler division ratio
Selected by bits WDTC6 and WDTC7 in the WDTC register.
» Count source protection mode
- Whether count source protection mode is enabled or disabled after a reset can be
selected by the CSPROINI bit in the OFS register (flash memory).
- If count source protection mode is disabled, whether count source protection mode is
enabled or disabled is selected by the CSPRO bit in the CSPR register (program).
« Start or stop of the watchdog timer after a reset
Selected by the WDTON bit in the OFS register (flash memory).
« Initial value of the watchdog timer
Selected by bits WDTUFSO0 and WDTUFS1 in the OFS2 register.
* Refresh acceptance period for the watchdog timer
Selected by bits WDTRCS0 and WDTRCSL1 in the OFS2 register.

Count operation
Count start condition

Count stop conditions

Watchdog timer
initialization conditions

Operation at underflow Watchdog timer reset

Selectable functions

Note:
1. Only write to the WDTR register during the refresh period when the watchdog timer is counting.
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[ mm -
: Prescalerl
! po------- 1| WDTC7 and WDTC6
| —
! !
[ CPU clock : RIS=0
I ! Watchdog timer
! ; CSPRO =0 interrupt request
| Low-speed on-chip H Watchdog
| oscillator clock for t timer — O—»
watchdog timer i CSPRO =1 O —
..................... — (Note 1) RIS=1
Watchdog
Low-speed on-chip oscillator timer reset
for watchdog timer
Oscillation on when
CSPRO =1, or CSPRO =0 and
bits WDTC7 and WDTC6 = 11b
Internal reset signal
(active low) D
Bits WDTRCS0 and WDTRCS1 — Refresh period
Write to WDTR register —— control circuit
CSPRO: Bit in CSPR register
WDTC6, WDTC?7: Bits in WDTC register
RIS: Bit in RISR register
WDTUFS0, WDTUFS1, WDTRCSO0, WDTRCS1.: Bits in OFS2 register
Note:
1. The value set by bits WDTUFS0 and WDTUFSL1 is set (value when shipped: 3FFFh).
Figure 8.1 Watchdog Timer Block Diagram
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8.2 Registers

Table 8.2 lists the Watchdog Timer Register Configuration.

Table 8.2 Watchdog Timer Register Configuration

Register Name Symbol After Reset Address Access Size

Reset Interrupt Select Register RISR 10000000b or 00020h 8
00000000b (1)

Watchdog Timer Reset Register WDTR FFh 00021h 8

Watchdog Timer Start Register WDTS FFh 00022h 8

Watchdog Timer Control Register WDTC 01111111b 00023h 8

Count Source Protection Mode Register CSPR 10000000b or 00024h 8
00000000b (1)

Option Function Select Register 2 OFS2 (Note 2) OFFDBh 8

Option Function Select Register OFS (Note 3) OFFFFh 8

Notes:

1. The value after reset differs depending on the CSPROINI bit in the OFS register.
2. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a

program.

Do not perform any additional writes to the OFS2 register. Erasing the block including the OFS2 register sets

the OFS2 register to FFh.

3. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a

program.

Do not perform any additional writes to the OFS register. Erasing the block including the OFS register sets the

OFS register to FFh.
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8.2.1 Reset Interrupt Select Register (RISR)
Address 00020h

Bit b7 b6 b5 b4 b3 b2 bl o]0]

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

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

After Reset 0 0 0 0 0 0 0 0

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

Bit Symbol Bit Name Function R/W

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

bl —

b2 —

b3 —

b4 —

b5 —

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

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

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

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

UFIF Bit (WDT underflow detection flag)

[Condition for setting to 0]

* When 0 is written to this bit.

[Conditions for setting to 1]

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

« When a refresh is executed during a period other than the acceptance period (illegal refresh) while the RIS bit
is 0 (watchdog timer interrupt).

8.2.2  Watchdog Timer Reset Register (WDTR)
Address 00021h

Bit b7 b6 b5 b4 b3 b2 b1l o]0]

smbol [ — | — ] — [ — ] — T — ] — T —

After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b7 to b0 | The watchdog timer is initialized by writing 00h and then FFh during the acceptance period. W

The initial value of the watchdog timer is specified by bits WDTUFS0 and WDTUFS1 in the OFS2
register. (1)

Note:
1. Only write to the WDTR register while the watchdog timer is counting.
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8.2.3  Watchdog Timer Start Register (WDTS)
Address 00022h

Bit b7 b6 b5 b4 b3 b2 b1 b0

smool— [ — [ — [ — ] — ] — [ — ] —

After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b7 to b0 | The watchdog timer is started by executing a write instruction to this register. W

8.2.4  Watchdog Timer Control Register (WDTC)
Address 00023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | WDTC7 | WDTC6 | WDTC5 | WDTC4 | WDTC3 | WDTC2 | WDTC1 | WDTCO |

After Reset 0 1 1 1 1 1 1 1

Bit Symbol Bit Name Function R/W

b0 WDTCO | Watchdog timer monitor bits The watchdog timer bits listed in Table 8.3 can be R

b1l WDTC1 read, depending on the set value of bits WDTUFS1

b2 WDTC2 to WDTUFSO in the OFS2 register.

b3 WDTC3

b4 WDTC4

b5 WDTCS

b6 WDTC6 Watchdpg timer count source %7 %6: CPU clock divided by 2 R/W

b7 | WDTC7 | select bits 0 1: CPU clock divided by 16 RIW

1 0: CPU clock divided by 128
1 1: Watchdog timer low-speed on-chip oscillator
clock divided by 16
Table 8.3 Watchdog Timer Bits Indicated by Bits WDTC5 to WDTCO
OFS2 Register WDTC Register
Set value of bits WDTUFS1 to WDTUFSO Corresponding watchdog timer bits indicated by WDTC5 to WDTCO
00b (03FFh) Content of watchdog timer b5 to b0
01b (OFFFh) Content of watchdog timer b7 to b2
10b (1FFFh) Content of watchdog timer b8 to b3
11b (3FFFh) Content of watchdog timer b9 to b4
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8.2.5  Count Source Protection Mode Register (CSPR)
Address 00024h

Bit b7 b6 b5 b4 b3 b2 bl bO

Symbol{CSPRO| — | — | — | — | — | — | —

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

After Reset 0 0 0 0 0 0 0 0

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

Bit Symbol Bit Name Function R/W
bo — Reserved Setto 0. R/W
b1l —
b2 —
b3 —
b4 —
b5 —
b6 —

b7 CSPRO | Count source protection mode select bit (1) | 0: Count source protection mode disabled R/W
1: Count source protection mode enabled

Note:
1. To set the CSPRO bit to 1, first write 0 and then write 1. This bit cannot be set to 0 by a program. Interrupts and
DTC activation must be disabled between writing 0 and writing 1.
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8.2.6 Option Function Select Register 2 (OFS2)
Address OFFDBh
Bit b7 b6 b5 b4 b3 b2 b0
Symbolf — | — | — | — |WDTRCS1|WDTRCSO/WDTUFS1|WDTUFSO|
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 | WDTUFSO | Watchdog timer underflow period set | bl bo R/W
bl | WDTUFSL |bits 0 0: 03FFh RIW
0 1: OFFFh
1 0: 1FFFh
1 1: 3FFFh
b2 | WDTRCSO | Watchdog timer refresh acceptance %3 lg 2604 R/W
eriod set bits S L7
b3 |WDTRCS1 (P 0 1 50% R/W
1 0: 75%
1 1:100%
b4 — Reserved Setto 1. R/W
b5 —
b6 —
b7 —
Note:

1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. Do not perform any additional writes to the OFS2 register. Erasing the block including the OFS2
register sets the OFS2 register to FFh. The value of the OFS2 register is FFh at shipment of blank products. After
programming, the value is the same as that programmed by the user. At shipment of factory-programmed

products, the value of the OFS2 register is the same as that set in a program by the user.

For an example of the OFS2 register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

Bits WDTRCSO and WDTRCS1

(Watchdog timer refresh acceptance period set bits)

These bits are used to select the refresh acceptance period as a percentage. Note that the period from the start of
counting to underflow is 100%.
For details, refer to 8.3.1.1 Refresh Acceptance Period.
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8.2.7  Option Function Select Register (OFS)
Address OFFFFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [CSPROINI| LVDAS | VDSEL1 | VDSELO |[ROMCP1|ROMCR| — | WDTON |
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON | Watchdog timer start select bit | 0: Watchdog timer automatically starts after reset R/W
1: Watchdog timer is stopped after reset
bl — Reserved Set to 1. R/W
b2 ROMCR | ROM code protect disable bit | 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 | ROM code protect bit 0: ROM code protect enabled R/W
1. ROM code protect disabled
b4 VDSELO | Voltage detection O level %“61 3.80 V (typ.) selected (Vdet0_3) R/W
e @) ;3. p.) selecte et0_.
bS | VDSEL1 |select bits 0 1:2.85 V (typ.) selected (Vdet0_2) RW
1 0:2.35V (typ.) selected (Vdet0_1)
1 1:1.90V (typ.) selected (Vdet0_0)
b6 LVDAS | Voltage detection O circuit 0: Voltage monitor 0 reset enabled after reset R/W
start bit 1: Voltage monitor O reset disabled after reset
3
b7 | CSPROINI | Count source protection mode | 0: Count source protect mode enabled after reset R/W
after reset select hit 1: Count source protect mode disabled after reset
Notes:

1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. Do not perform any additional writes to the OFS register. Erasing the block including the OFS register
sets the OFS register to FFh. The value of the OFS register is FFh at shipment of blank products. After
programming, the value is the same as that programmed by the user. At shipment of factory-programmed
products, the value of the OFS register is the same as that set in a program by the user.
The same voltage detection O level selected by bits VDSELO and VDSEL1 is set in both the voltage monitor 0
reset and power-on reset functions.
Set the LVDAS bit to 0 (voltage monitor O reset enabled after reset) to use the power-on reset or voltage monitor

0 reset.

For an example of the OFS register settings, refer to 5.6.1 Option Function Select Area Setting Examples.

LVDAS Bit (Voltage detection O circuit start bit)
The Vdet0 voltage monitored in the voltage detection 0 circuit is selected by bits VDSELO and VDSEL1.
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8.3 Operation
8.3.1 Items Common to Multiple Modes

8.3.1.1 Refresh Acceptance Period

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

Refresh Acceptance Period.

When the period from the start of counting to underflow is 100%, a refresh operation executed during the
acceptance period is accepted as shown below. A refresh operation executed during a period other than the
acceptance period is processed as an illegal write, generating a watchdog timer interrupt or watchdog timer

reset (selected by the RIS bit in the RISR register).

Do not perform a refresh operation when the watchdog timer is stopped.

Watchdog timer period

1 Refresh acceptable

\

Underflow Refresh acceptance period

Processed as

.
P

WDTRCS0, WDTRCSL1.: Bits in OFS2 register

Note:

]
] ]
] ]
1 ]
1 ]
1 ]
i illegal write @ Refresh acceptable E
] ] ]
i ! |
E Processed as illegal write @ Refresh acceptable i
> ! [ o
e : > >
] ] 1 ]
' ! ! Refresh '
' Processed as illegal write acceptable 1
'@ ] 1 el »!
e : : > >
| H 1 ) )
1 \ 1 ) )
1 \ 1 ) )
1 \ 1 ) )
; ! ! | ;
B fmmmmm - it ittty -
0% 25% 50% 75%

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

100% (WDTRCS1 and WDTRCSO = 11b)

75% (WDTRCS1 and WDTRCSO0 = 10b)

50% (WDTRCS1 and WDTRCSO = 01b)

25% (WDTRCS1 and WDTRCSO = 00b)

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

When count source protection mode is disabled, the count source for the watchdog timer is the CPU clock or the
low-speed on-chip oscillator clock for the watchdog timer.
Table 8.4 lists the Watchdog Timer Specifications when Count Source Protection Mode is Disabled.

Table 8.4 Watchdog Timer Specifications when Count Source Protection Mode is Disabled

Item

Specification

Count source

CPU clock or low-speed on-chip oscillator clock for the watchdog timer (1/16)

Count operation

Decrement

Period

Prescaler division ratio (n) x Count value of the watchdog timer (m) (1)

Count source

n: 2, 16, or 128 (selected by bits WDTC6 and WDTCY7 in the WDTC register)

However, when bits WDTC7 and WDTC6 are 11b (the count source is the low-speed on-

chip oscillator for the watchdog timer), n is 16.

m: Value set by bits WDTUFSO0 and WDTUFSL1 in the OFS2 register

Ex.: When the prescaler divides a CPU clock of 20 MHz by 16, and bits WDTUFS1 and
WDTUFSO are 11b (3FFFh), the period is approx. 13.1 ms.

Watchdog timer
initialization conditions

* Reset
+ 00h and then FFh are written to the WDTR register ()
» Underflow

Count start conditions

The operation of the watchdog timer after a reset is selected by the WDTON bit (3) in the
OFS register (address OFFFFh).
* When the WDTON bit is 1 (watchdog timer is stopped after reset)
The watchdog timer and the prescaler are stopped after a reset, and only start counting
when the WDTS register is written.
» When the WDTON bit is 0 (watchdog timer automatically starts after reset)
The watchdog timer and the prescaler automatically start counting after a reset.

Count stop conditions

» When the count source is obtained by dividing the CPU clock by 2, 16, or 128, if the MCU
enters wait mode or stop mode, count stops.

* When the count source is obtained by dividing the watchdog timer low-speed on-chip
oscillator clock by 16, even if the MCU enters wait mode or stop mode, count does not
stop.

Operation at underflow

» When the RIS bit in the RISR register is 0
Watchdog timer interrupt
* When the RIS bit in the RISR register is 1
Watchdog timer reset (refer to 6.3.5 Watchdog Timer Reset.)

Notes:

1. The watchdog timer is initialized by writing 00h and then FFh to the WDTR register. The prescaler is initialized

after a reset. This results in discrepancies in the watchdog timer period due to the prescaler.
. Only write to the WDTR register while the watchdog timer is counting.

. The WDTON bit cannot be changed by a program. To set this bit, write O to bit 0 at address OFFFFh with a flash

programmer.
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8.3.3 When Count Source Protection Mode is Enabled

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

Table 8.5 lists the Watchdog Timer Specifications when Count Source Protection Mode is Enabled.

Table 8.5 Watchdog Timer Specifications when Count Source Protection Mode is Enabled
Item Specification
Count source Low-speed on-chip oscillator clock for the watchdog timer
Count operation Decrement
Period Count value of the watchdog timer (m)

Low-speed on-chip oscillator clock for the watchdog timer

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

Watchdog timer * Reset
initialization conditions |« 00h and then FFh are written to the WDTR register (1)
* Underflow

Count start conditions | The operation of the watchdog timer after a reset is selected by the WDTON bit (2) in the
OFS register (address OFFFFh).
* When the WDTON bit is 1 (watchdog timer is stopped after reset)
The watchdog timer and the prescaler are stopped after a reset, and only start counting
when the WDTS register is written.
» When the WDTON bit is 0 (watchdog timer automatically starts after reset)
The watchdog timer and the prescaler automatically start counting after a reset.

Count stop condition None (Once count has started, it will not stop even in wait mode or stop mode.)
Operation at underflow | Watchdog timer reset (refer to 6.3.5 Watchdog Timer Reset.)

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

* The low-speed on-chip oscillator for the watchdog timer oscillates.
» The RIS bit in the RISR register is set to 1 (watchdog timer reset).

Notes:
1. Only write to the WDTR register while the watchdog timer is counting.
2. The WDTON bit cannot be changed by a program. To set this bit, write 0 to bit O at address OFFFFh with a flash
programmer.
3. The CSPRO bit is set to 1 even if 0 is written to the CSPROINI bit in the OFS register. The CSPROINI bit cannot
be changed by a program. To set this bit, write O to bit 7 at address OFFFFh with a flash programmer.
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9. Clock Generation Circuit

9.1 Overview

The following five circuits are included in the clock generation circuit:

« XIN clock oscillation circuit

* XCIN clock oscillation circuit

« Low-speed on-chip oscillator

« High-speed on-chip oscillator

« Low-speed on-chip oscillator for the watchdog timer

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

Table 9.1 Clock Generation Circuit Specifications
Oscillators - -Chi
XIN Clock Oscillation | XCIN Clock Oscillation : Low-Speed On-Chip
Item o o High-Speed Low-Speed Oscillator for
Circuit Circuit . - § . )
On-Chip Oscillator On-Chip Oscillator Watchdog Timer
Applications » CPU clock source * CPU clock source * CPU clock source » Watchdog timer
« Peripheral function « Peripheral function « Peripheral function clock source clock source
clock source clock source « CPU and peripheral function clock sources
when the XIN clock oscillation stops.
Clock frequency 0 to 20 MHz 32.768 kHz Approx.40 MHz (4) Approx.125 kHz Approx. 125 kHz
Connectable oscillator » Ceramic resonator « Crystal oscillator o o
« Crystal oscillator
Oscillator connect pins XIN, XOUT @) XCIN, XCOUT (@) —@ —
Oscillation start and stop Usable Usable Usable Usable
State after reset Stopped )
Stopped Stopped Stopped _pp
Oscillates (6)
Others « An externally « An externally
generated clock can generated clock can
be input. 3 be input.
« A feedback resistor o o
Rf is included
(connected or not
connected can be
selected).
Notes:
1. When the on-chip oscillator clock is used as the CPU clock without using the XIN clock oscillation circuit, these pins can be used as P4_6 and
P4_7.

2. When the XIN clock oscillation circuit or the on-chip oscillator clock is used as the CPU clock without using the XCIN clock oscillation circuit,
these pins can be used as P4_3 and P4_4.

3. When inputting an external clock, set the CMO05 bit in the CMO register to 0 (oscillates), the CMO07 bit in the CMO register to 1 (XIN clock is
supplied by external clock input to XOUT pin), and the CM13 bit in the CM1 register to 1 (XIN-XOUT pin).

4. When the high-speed on-chip oscillator is used as the CPU clock source, the frequency will be a maximum of 20 MHz by setting the divider.

5. This applies when the CSPROINI bit in the OFS register is 1 (count source protection mode disabled after reset).

6. This applies when the CSPROINI bit is 0 (count source protection mode enabled after reset).
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N
Low-speed on-chip oscillator]
CSPRO for watchdog timer fLocownt
fC1
XCIN clock fc2
fc1 I
EE }—l—{ 12— v —————1c32
Registers FRA24 and FRA25
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ERAQO High-speed |
H on-chip - fHOCO
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— on-chip r-on
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1/32
cm13 f32 y,
—o ’_Di— XIN clock
Divider
XIN XOUT j Jo— CPU clock
fLoco
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CM13 CcMO2
CMO05

CMO02 to CMO06: Bits in CMO register

CM10, CM13, CM14, CM16, CM17: Bits in CM1 register
CM30: Bit in CM3 register

CM40 to CM42: Bits in CM4 register

OCDO0, OCD1: Bits in OCD register

FRA00, FRAO1, FRAO3: Bits in FRAQ register

FRAZ20 to FRA22, FRA24, FRA25: Bits in FRA2 register
CSPRO: Bit in CSPR register

Oscillation Stop Detection Circuit

Forcible discharge when OCDO = 0

Pulse generation
circuit for clock edge Charge/
XIN clock detection and discharge
charge/discharge circuit
control
OoCD1

Oscillation stop detection
Interrupt generation circuit

Watchdog timer interrupt

Voltage monitor 1 interrupt.
Voltage monitor 2 interrupt

Oscillation stop detection,

watchdog timer,

voltage monitor 1 interrupt,
voltage monitor 2 interrupt

Figure 9.1

Clock Generation Circuit Block Diagram
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fC1

fC32

fHOCO

fOCO128

fOCO ——

fHOCO-F

fLOCOWDT » Watchdog
timer

A

\ AR vyVv X Y v v Ssu/
|INTO| |Timer RJ| |Timer RB2 |Timer RCl |Timer RE2| |A/D converter | |UARTO| |UART2| I°C bus
A A A AAA AAAAA |AAAAA A A A A A A A A A AA A A

32

CPU clock » CPU, bus

Figure 9.2 Supply of Peripheral Function Clocks

Table 9.2 Clock Generation Circuit Pin Configuration
Pin Name I/0 Function
XIN Input XIN clock oscillation circuit input
XOuUT Input/Output | XIN clock oscillation circuit input/external clock input
XCIN Input XCIN clock oscillation circuit input/external clock input
XCOoUT Input/Output | XCIN clock oscillation circuit output
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9.2 Registers
Table 9.3 lists the Clock Generation Circuit Register Configuration.

Table 9.3 Clock Generation Circuit Register Configuration
Register Name Symbol After Reset Address Access Size
System Clock Control Register O CMO 00101000b 00008h 8
System Clock Control Register 1 CM1 00100000b 00009h 8
Oscillation Stop Detection Register OCD 00h 0000Ah 8
System Clock Control Register 3 CM3 00h 0000Bh 8
System Clock Control Register 4 CM4 00000001b 0000Ch 8
Clock Prescaler Reset Flag CPSRF 00h 00010h 8
High-Speed On-Chip Oscillator Control Register 0 FRAO 00h 00012h 8
High-Speed On-Chip Oscillator Control Register 2 FRA2 00h 00014h 8
Voltage Detection Register 2 VCA2 00000000b or 00034h 8
00100000b (1)
I/O Function Pin Select Register PINSR 00h 002B9h 8
Note:
1. The value after reset differs depending on the LVDAS bit in the OFS register.
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9.2.1  System Clock Control Register 0 (CMO0)
Address 00008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CM07 | CM06 | CMO5 | CM04 | CMO3 | CMO2 — —
After Reset 0 0 1 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. R/W
bl — R/W
b2 CMO02 | Peripheral function clock stop bit in 0: Peripheral function clock does not stop in R/W
wait mode wait mode
1: Peripheral function clock stops in wait mode
b3 CMO03 | XCIN clock stop bit 0: Oscillates R/W
1: Stops
b4 CMO04 XCIN buffer external input set bit (1) 0: External clock input from XCIN R/W
1: Xtal used
b5 CMO05 XIN clock (XIN-XOUT) stop bit (2. 3) 0: Oscillates R/W
1: Stops 4
b6 CMO06 | CPU clock division ratio select bit 0 () |0: Bits CM16 and CM17 in CM1 register R/W
enabled
1: Divide-by-8 mode
b7 CMO7 | XIN clock supply set bit (6) 0: XIN clock is supplied by oscillator (external R/W
ceramic resonator, etc.)
1: XIN clock is supplied by external clock input
to XOUT pin

Notes:
1. The CMO04 bit can be set to 1 by a program, but cannot be set to 0.
2. The CMO5 bit is used to stop the XIN clock. This bit cannot be used to detect whether the XIN clock has stopped.
To stop the XIN clock, make the following settings:
(1) Set hits OCD1 and OCDO in the OCD register to 00b (oscillation stop detection function disabled).
(2) Set hits CM42 to CM40 in the CM4 register to 001b (fLOCO clock) or 101b (fFHOCO-F clock).
3. P4_6 and P4_7 can be used as I/O ports only when the CM05 bit is 1 (XIN clock stops) and the CM13 bit in the
CM1 register is 0 (P4_6 and P4_7).
4. When an external clock is input, the clock input itself is not accepted.
When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).
6. When the MCU exits stop mode or wait mode, do not set the CMO5 bit again if switching to the XIN clock.

o

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CMO register.
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9.2.2  System Clock Control Register 1 (CM1)
Address 00009h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol{ CM17 | CM16 | — [ CM14 | CM13 | CM12 | CM1l | CM10
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 | All clock stop control bit (2. 2) 0: Clocks oscillate R/W
1: All clocks stop (stop mode)
bl CM11 | XIN-XOUT on-chip feedback resistor | 0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 | XCIN-XCOUT on-chip feedback R/W
resistor select bit
b3 CM13 | Port/XIN-XOUT switch bit 3) 0: I/O ports P4_6 and P4_7 R/W
1: XIN-XOUT pin
b4 CM14 | Low-speed on-chip oscillator oscillation | 0: Low-speed on-chip oscillator on R/W
stop bit (4, 5) 1: Low-speed on-chip oscillator off
b5 — Reserved Setto 1. R/W
Es gmis CPU clock division select bits 1 (6) tg 166: D?vide—by-l mode E;x
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode
Notes:

1. Ifthe CM10 bitis 1 (stop mode), the on-chip feedback register is disabled. If the CM10 bit is 1 (stop mode), when
the CM13 bitis 1 (XIN-XOUT pin), the XOUT (P4_7) pin is set to high. When the CM13 bitis 1, P4_6 and P4_7
are set to input state.

2. When the SVCO bit in the SVDC register is 1 (transition to low-power-consumption mode enabled), do not set the
CM10 bit to 1 (stop mode).

3. Once the CM13 hit is set to 1 by a program, it cannot be set to 0. Set the CM13 bitto 1 to use P4_6 and P4_7 as
the XCIN-XCOUT pin (the XCSEL bit in the PINSR register is 0 and the CMO0L1 bit in the CM10 register is 1) or to
use as the XIN-XOUT pin.

4. The CM14 bit can be set to 1 (low-speed on-chip oscillator off) when bits CM42 to CM40 in the CM4 register are
000b (XIN clock). When bits CM42 to CM40 are set to 001b (fLOCO clock), the CM14 bit is set to O (low-speed
on-chip oscillator on). Writing 1 to this bit has no effect.

5. To use a voltage monitor 1 interrupt or a voltage monitor 2 interrupt (when the digital filter is used), set the CM14
bit to 0 (low-speed on-chip oscillator on).

6. When the CMO06 bit in the CMO register is 0 (bits CM16 and CM17 enabled), bits CM16 and CM17 are enabled.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CML1 register.
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9.2.3  Oscillation Stop Detection Register (OCD)
Address 0000Ah
Bit b6 b5 b4 b3 b2 b1 b0
Symbol | | — | — — | OCD3 | OCD2 | OCD1 | OCDO
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 OCDO | Oscillation stop detection enable bit (1) | 0: Oscillation stop detection function disabled (2) | R/W
1: Oscillation stop detection function enabled
bl OCD1 |Oscillation stop detection interrupt 0: Disabled @ R/W
enable bit 1: Enabled
b2 OCD2 | Oscillation stop detection flag ) 0: Oscillating R
1: Oscillation stop is detected
b3 OCD3 | Oscillation stop monitor bit (4) 0: Oscillation frequency > Approx. 2 MHz R/W
1: Oscillation frequency < Approx. 2 MHz
b4 — Reserved Setto 0. R/W
b5 —
b6 —
b7 —
Notes:

1. Refer to Figure 9.5 Procedure for Switching from Low-Speed On-Chip Oscillator to XIN Clock for the
switching procedure when the XIN clock reoscillates after the oscillation stop is detected.
2. Set bhits OCD1 and OCDO to 00b before entering stop mode, high-speed on-chip oscillator mode, or low-speed

on-chip oscillator mode (XIN clock stops).

3. The OCD2 hit is set to 1 if oscillation stop is detected when the OCDO bit is 1 (oscillation stop detection function
enabled) and the OCD1 bit is 1 (oscillation stop interrupt enabled).
The OCD2 bit is cleared by setting the OCD1 bit to 0 (oscillation stop interrupt disabled).
4. The OCD3 bit is enabled when the OCDO bit is 1 (oscillation stop detection function enabled). Determine the
state of the selected clock by reading the OCD3 bit several times.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCD register.
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9.2.4  System Clock Control Register 3 (CM3)
Address 0000Bh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| CM37 | CM36 | CM35 | — | — | — — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30 | Wait control bit (1) 0: Not in wait mode R/W
1: MCU enters wait mode
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 —
b5 CM35 | CPU clock division ratio select bit when | 0: Settings of CM06 bit in CMO register and bits | R/W
exiting wait mode (@ CM16 and CM17 in CM1 register enabled
1: No division
b6 CM36 | System clock select bits when exiting tg 166 MCU exits using the CPU clock used R/W
b7 CM37 | wait mode or stop mode (2 immediately before entering wait mode or RIW
stop mode
0 1: Do not set.
1 0: High-speed on-chip oscillator clock
selected 4)
1 1: XIN clock selected ()
Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (not in wait mode).

2. Setthe CM35 hit to 0 in stop mode. When the MCU enters wait mode, if the CM35 bit is 1 (no division), the CM06
bit in the CMO register is set to 0 (bits CM16 and CM17 in CM1 register enabled) and bits CM17 and CM16 are
set to 00b (divide-by-1 mode).

3. To enter wait mode or stop mode while the FMR27 bit in the FMR2 register is 1 (flash memory low-current-
consumption read mode enabled), set bits CM37 and CM36 to 00b (MCU exits using the CPU clock used
immediately before entering wait mode or stop mode) and set the CM35 bit to 0 (settings of CM06 bit in CMO0
register and bits CM16b and CM17 in CM1 register enabled). During low-current-consumption read mode, do not
set the FMSTP bit in the FMRO register to 1 (flash memory stops).

4. When bits CM37 and CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode or stop mode.

« Bits CM42 to CM40 in CM4 register = 001b (fLOCO clock)
« FRAOQO bit in FRAO register (high-speed on-chip oscillator on)
« Bits CM42 to CM40 in CM4 register = 101b (fHOCO-F clock)

5. When bits CM37 and CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait

mode or stop mode.

* CMO5 bit in CMO register = 1 (XIN clock oscillates)

¢ CM13 bit in CM1 register = 1 (XIN-XOUT pin)

* Bits CM42 to CM40 in CM4 register = 000b (XIN clock selected)

When entering wait mode while the CMO05 bit in the CMO register is 1 (XIN clock stops), if the XIN clock is
selected as the CPU clock used to exit wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35 bit to
0.

However, if an externally generated clock is used as the XIN clock, do not set bits CM37 and CM36 to 11b (XIN
clock selected).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CM3 register.
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CM30 Bit (Wait control bit)

When the CM30 bit is set to 1 (MCU enters wait mode), the CPU clock stops (wait mode). Since the XIN,
XCIN, low-speed on-chip oscillator, high-speed on-chip oscillator, and watchdog timer low-speed on-chip
oscillator clocks do not stop, the peripheral functions that use these clocks continue operating. When setting the
CM30 hitto 1, set the | flag to 0 (maskable interrupt disabled).

A reset or a peripheral function interrupt is used to exit wait mode. When a peripheral function interrupt is used
to exit wait mode, the MCU resumes executing the instruction immediately after the instruction to set the CM30
bit to 1.

However, when using the WAIT mode to enter wait mode, set the | flag to 1 (maskable interrupt enabled). With
this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.

9.2.5 System Clock Control Register 4 (CM4)
Address 0000Ch

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | — | CM42 [ CM41l | CM40
After Reset 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Function R/W
b0 CM40 CPU clock select bits *62 %l lg XIN clock R/W
bl CMal 00 l fLOCO clock RIW
b2 CM42 0 1 0: XCIN clock RIW
0 1 1: Do not set.
1 0 0: Do not set.
1 0 1: fHOCO-F clock
Other than the above: Do not set.
b3 — Reserved Setto 0. R/W
b4 —
b5 —
b6 —
b7 —
Set the PRCO bit in the PRCR register to 1 (write enabled) before setting the CM4 register.
9.2.6  Clock Prescaler Reset Flag (CPSRF)
Address 00010h
Bit b7 b6 b5 b4 b3 b2 b1 bo
Symbol| CPSR | — | — | — | — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
b1 —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CPSR Clock prescaler reset bit When this bit is set to 1, the clock prescaler is R/W
initialized (the read value is 0).
Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CPSR register.
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9.2.7  High-Speed On-Chip Oscillator Control Register 0 (FRAO)
Address 00012h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symboll — | — | — | — | FRA0B| — [ FRAOL | FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO |High-speed on-chip oscillator enable |0: High-speed on-chip oscillator off R/W
bit 1: High-speed on-chip oscillator on
bl FRAO1 |fOCO clock source select bit (1) 0: Low-speed on-chip oscillator selected () R/IW
1: High-speed on-chip oscillator selected
b2 — Reserved Setto 0. R/W
b3 FRAO3 |fOCO128 clock select bit 0: fLOCO divided by 128 selected R/W
1: fHOCO-F divided by 128 selected
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —
Notes:

1. Setthe FRAO1 bit under the following conditions:
* FRAOQO bit = 1 (high-speed on-chip oscillator on)
* CM14 bit in the CM1 register = 0 (low-speed on-chip oscillator on)
* Bits FRA22 to FRA20 in the FRAZ register:
All division modes can be set when VCC = 2.7 to 5.5 V: 000b to 111b
Division ratio of 8 or more when VCC = 1.8 to 5.5 V: 110b (divide-by-8 mode), 111b (divide-by-9 mode)
2. When writing 0 (low-speed on-chip oscillator selected) to the FRAOL bit, do not write 0 (high-speed on-chip
oscillator off) to the FRAOO bit at the same time. After the FRAOL bit is set to 0, set the FRAOO bit to O.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRAO register.
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9.2.8  High-Speed On-Chip Oscillator Control Register 2 (FRA2)
Address 00014h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | FRA25 | FRA24 | — | FRA22 | FRA21 | FRA20 |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRA20 |High-speed on-chip oscillator division %2 161 %) Divide-bv-2 mode R/W
bl FRA21 | ratio select bits 00 L Divide-bz-s mode RIW
b2 FRA22 0 1 0: Divide-by-4 mode RIW

0 1 1: Divide-by-5 mode

1 0 O: Divide-by-6 mode

1 0 1: Divide-by-7 mode

1 1 0: Divide-by-8 mode

1 1 1: Divide-by-9 mode
b3 — Reserved Set to 0. R/W
b4 FRA24 | High-speed on-chip oscillator %5 16{ 40 MHz R/W
b5 FRA25 |frequency switch bits 0 1: 36.864 MHz

1 0: 32 MHz

1 1: The same applies as with the setting of

00b

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

When rewriting the FRAZ register, set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting
while the high-speed on-chip oscillator is stopped.
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9.2.9

Voltage Detection Register 2 (VCA2)
Address 00034h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| VCA27 | VCA26 | VCA25 | — | — | — — —
0 0 0 0 0 0 0

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

0 1 0

0 0 0 0

Bit Symbol Bit Name Function R/W

b0 — Reserved Setto 0. R/W

bl —

b2 —

b3 —

b4 —

b5 VCA25 | Voltage detection O enable bit (1) 0: Voltage detection O circuit disabled R/W
1: Voltage detection 0 circuit enabled

b6 VCA26 | Voltage detection 1 enable bit (2) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 VCA27 | Voltage detection 2 enable bit (3) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled

Notes:

1. To use the voltage monitor O reset, set the VCA25 bit to 1.
2. To use the voltage detection 1 interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1.
After the VCA26 bit is set from 0 to 1 and td(E-A) has elapsed, the voltage detection 1 circuit operates.
3. To use the voltage detection 2 interrupt or the VW2C3 bit in the VW2C register, set the VCA27 bit to 1.
After the VCA27 bit is set from 0 to 1 and td(E-A) has elapsed, the voltage detection 2 circuit operates. Set the
PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VCA2 register.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VCAZ2 register.
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9.2.10 /O Function Pin Select Register (PINSR)
Address 002B9h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — JIOINSEL|] — | — | XCSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 XCSEL | XCIN/XCOUT pin 0: XCIN not connected to P4_3, XCOUT not connected to P4_4 | R/W
connect bit 1: XCIN connected to P4_3, XCOUT connected to P4 _4
bl — Reserved Set to 0. R/W
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 | IOINSEL |I/O port input function 0: The I/O port input function depends on the PDi (i=0to 9) R/W
select bit register.

When the PDi_j (j = 0 to 7) bit in the PDi register is set to 0

(input mode), the pin input level can be read.

When the PDi_j bit in the PDi register is set to 1 (output

mode), the value of the port latch can be read.

1: The I/O port input function can read the pin input level

regardless of the PDi register
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

XCSEL Bit (XCIN/XCOUT pin connect bit)

The XCSEL bit is used to select whether to assign XCIN and XCOUT to P4_3 and P4_4. If set to 0, XCIN is
not assigned to P4_3 and XCOUT is not assigned to P4_4. If setto 1, XCIN is assigned to P4_3 and XCOUT is
assigned to P4_4. Refer to 9. Clock Generation Circuit for information on how to set XCIN and XCOUT.

IOINSEL Bit (I/O port input function select bit)

When the PDi_j bit in the PDi register is 1 (output mode), the IOINSEL bit is used to select whether the value
read from the PORTi register is the port latch or the pin input level of the I/O port. If set to 0, the value of the
port latch is read. If set to 1, the pin input level of the I/O port is read.

Table 9.4 lists I/O Port Values Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of all 1/O ports.

Table 9.4 I/O Port Values Read by Using IOINSEL Bit

PDi_j Bit in PDi Register 0 (Input Mode) 1 (Output Mode)
IOINSEL bit 0 | 1 0 1
1/0 port values read Pin input level Port latch value Pin input level
i=0t09,j=0to 7
RO1UH0241EJ0100 Rev.1.00 RENESAS Page 98 of 731

Oct 31, 2011



R8C/38T-A Group 9. Clock Generation Circuit

9.3 XIN Clock

The XIN clock is supplied by the XIN clock oscillation circuit. This clock is used as the clock source for the CPU
clock and the peripheral function clock. The XIN clock oscillation circuit is configured by connecting an oscillator
between pins XIN and XOUT. The XIN clock oscillation circuit includes an on-chip feedback resistor, which is
disconnected from the oscillation circuit in stop mode to reduce power consumption. The XIN clock oscillation
circuit also allows an externally generated clock to be input to the XOUT pin.

Figure 9.3 shows Connection Examples of XIN Clock Oscillation Circuit.

The XIN clock is stopped during and after a reset.

After setting the CM13 bit in the CM1 register to 1 (XIN-XOUT pin), when the CMO5 bit in the CMO register is set
to 0 (XIN clock oscillates), the XIN clock starts oscillating. After the XIN clock oscillation stabilizes, when bits
CM42 to CM40 in the CM4 register are set to 000b (XIN clock selected), the XIN clock is used as the clock source
for the CPU.

In stop mode, all clocks including the XIN clock are stopped. For details, refer to 10. Power Control.

The settings listed in Table 9.5 are necessary to set the XIN clock, corresponding to the external oscillator or
external clock input.

Table 9.5 CMO and CM1 Register Settings

CMO Register CM1 Register XIN Clock
CMO5 Bit CMO7 Bit CM13 Bit
1 0 1 Oscillation stops
0 0 1 Oscillation enabled
1 1 1 External clock stops
0 1 1 External clock input enabled
» When CMO05 bit in CMO register is 0 « When CMO5 bit in CMO register is 0
(oscillates), CMO07 bit in CMO register (oscillates), CMOQ7 bit in CMO register
to 0 (XIN clock is supplied by oscillator to 1 (XIN clock is supplied by external
(external ceramic resonator, etc.)), clock input to XOUT pin), and CM13
and CM13 bit in CM1 register is 1 bit in CM1 register is 1 (XIN-XOUT
(XIN-XOUT pin) pin)
MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XIN XOuUT XIN XOUT
/ Open -
Rf
Rd ()
H:H Externally generated clock
CIN CouT VCC
External ceramic resonator connected circuit External clock input circuit
Notes:
1. Insert a damping resistor if necessary. The resistance will vary depending on the oscillator and the
oscillation drive capacity. Use the values recommended by the oscillator manufacturer.
If the manufacturer specifies that a feedback resistor be added to the chip externally, insert a feedback
resistor between XIN and XOUT following the instructions.
2. Insert a damping resistor if required to prevent overshoot from occurring.

Figure 9.3 Connection Examples of XIN Clock Oscillation Circuit
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9.4 On-Chip Oscillator Clocks

These clocks are supplied by the on-chip oscillators. There are high-speed and low-speed on-chip oscillators as on-
chip oscillators. The clock for the on-chip oscillator selected by the FRAO1 bit in the FRAO register will be the on-
chip oscillator clock.

9.4.1 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, fLOCO, and fOC0128.

After a reset, the on-chip oscillator clock with no division generated by the low-speed oscillator will be the CPU
clock.

While bits OCD1 and OCDO in the OCD register are 11b, when the XIN clock is stopped, the low-speed on-
chip oscillator automatically starts operating and supplies the clock.

The frequency of the on-chip oscillator clock will vary greatly depending on the supply voltage and operating
ambient temperature. Application products must be designed with sufficient margin to allow for these variations
in frequency.

9.4.2 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, fHOCO-F, fHOCO, and fOCO128.

The on-chip oscillator clock generated by the high-speed on-chip oscillator is stopped after a reset. When the
FRAQOO bit in the FRAQ register is set to 1 (on-chip oscillator on), the clock starts oscillating.

To adjust the frequency of the high-speed on-chip oscillator clock to 36.864 MHz, set bits FRA25 and FRA24
in the FRA2 register to 01b. 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.

To adjust the frequency of the high-speed on-chip oscillator clock to 32 MHz, set bits FRA25 and FRA24 to
10b.
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95 XCIN Clock

The XCIN clock is supplied by the XCIN clock oscillation circuit. This clock is used as the clock source for the
CPU clock and the peripheral function clock. The XCIN clock oscillation circuit is configured by connecting an
oscillator between pins XCIN and XCOUT. The XCIN clock oscillation circuit includes an on-chip feedback
resistor, which is disconnected from the oscillation circuit in stop mode to reduce power consumption. The XCIN
clock oscillation circuit also allows an externally generated clock to be input to the XCIN pin.

Figure 9.4 shows Connection Examples of XCIN Clock Oscillation Circuit.

The XCIN clock is stopped during and after a reset.

After the XCSEL bit in the PINSR register is set to 1 (XCIN is connected to P4_3 and XCOUT is connected to
P4 _4) and the CMO04 bit in the CMO register is set to 1 (Xtal used), when the CMO03 bit in the CMO register is set to
0 (XCIN clock oscillates), the XCIN clock starts oscillating. After the XIN clock oscillation stabilizes, when bits
CM42 to CM40 in the CM4 register are set to 010b (XCIN clock), the XCIN clock is used as the clock source for
the CPU. When inputting an externally generated clock to the XCIN pin, set the CM04 bit to 0 (external clock input
from XCIN). Leave the XCOUT pin open at this time.

The R8C/38T-A Group has an on-chip feedback resistor, which can be disabled/enabled by the CM12 bit in the
CML1 register.

In stop mode, all clocks including the XCIN clock are stopped. For details, refer to 10. Power Control.

» When XCSEL bit in PINSR register is *» When XCSEL bit in PINSR register is
1 (XCIN is connected to P4_3 and 1 (XCIN is connected to P4_3 and
XCOUT is connected to P4 _4), CM03 XCOUT is connected to P4_4), CM03
bit in CMO register is 0 (oscillates), bit in CMO register is 0 (oscillates),
and CMO04 bit in CMO register is 1 and CMO04 bit in CMO register is 0
(Xtal used) (external clock input from XCIN)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XCIN XCOUT XCIN XCOoUT
T Open
@
Rf e

Externally generated clock

||:||
1|
CIN CouT VCC

e - ws LI L L

External ceramic resonator connected circuit External clock input circuit

Note:

1. Insert a damping resistor or feedback resistor if necessary. The resistance will vary depending on the
oscillator and the oscillation drive capacity. Use the values recommended by the oscillator manufacturer.
When the oscillation drive capacity is set to low, check that the oscillation is stable even in that state. If the
manufacturer specifies that a feedback resistor be added to the chip externally, insert a feedback resistor
between XCIN and XCOUT following the instructions.

Figure 9.4 Connection Examples of XCIN Clock Oscillation Circuit
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9.6 CPU Clock and Peripheral Functional Clock

There are a CPU clock to operate the CPU and a peripheral function clock to operate the peripheral functions (refer
to Figure 9.1 Clock Generation Circuit Block Diagram).

9.6.1 System Clock

This clock is used as the clock source for the CPU clock and the peripheral function clock. The XIN clock,
XCIN clock, or on-chip oscillator clock can be selected.

9.6.2 CPU Clock

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

The CPU clock can be obtained by dividing the system clock by 1 (no division), 2, 4, 8, or 16. The frequency
division ratio can be selected by the CMO06 bit in the CMO register and bits CM16 and CM17 in the CM1
register.

After a reset, the low-speed on-chip oscillator clock with no division will be the CPU clock.

When entering stop mode, the CM06 bit is set to 1 (divide-by-8 mode). To enter stop mode, set the CM35 bit in
the CM3 register to 0 (settings of CMO06 bit and bits CM16 and CM17 enabled).

9.6.3 Peripheral Function Clocks (f1, f2, f4, f8, and f32)

These clocks are operating clocks for the peripheral functions.

fi (i=1, 2, 4,8, or 32) is obtained by dividing the system clock by i. fi is used for timer RJ, timer RB2, timer
RC, timer RE2, the serial interface, and the A/D converter.

When the MCU enters wait mode after the CMO02 bit in the CMO register are set to 1 (peripheral function clock
stops in wait mode), fi is stopped.

9.6.4 fOCO

This clock is an operating clock for the peripheral functions.
This clock runs at the same frequency as the on-chip oscillator clock and can be used for timer RJ.
In wait mode, fOCO is not stopped.

9.6.5 fHOCO

This clock is used as the count source for timer RC.

fHOCO is generated by the high-speed on-chip oscillator and supplied by setting the FRAQO bit in the FRAO
register to 1.

In wait mode, fHOCO is not stopped.

9.6.6 fHOCO-F

This clock is used as the count source for timer RC and the A/D converter.

fHOCO-F is a clock generated by the high-speed on-chip oscillator and divided by i (i=2, 3,4,5,6, 7,8, 0r 9;
division ratio selected by the FRAZ register), and it is supplied by setting the FRAQO bit to 1.

In wait mode, fHOCO-F is not stopped.

9.6.7 fLOCO

This clock is an operating clock for the voltage detecting circuit.

fLOCO is generated by the low-speed on-chip oscillator and supplied by setting the CM14 bit in the CM1
register o 0 (low-speed on-chip oscillator on).

In wait mode, fLOCO is not stopped.
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9.6.8 fOCO128
This clock is generated by dividing fLOCO or fHOCO-F by 128. When the FRAO3 bit in the FRAO register is
set to 0, fLOCO divided by 128 is selected. When this bit is set to 1, fHOCO-F divided by 128 is selected.
fOCO128 is configured as the capture signal used in the TRCGRA register for timer RC.

9.6.9 fC1,fC2, and fC32

These clocks are used for timer RJ, timer RE2, and the serial interface.
Use theses clocks while the XCIN clock oscillation are stable.

9.6.10 fLOCOWDT
This is an operating clock for the watchdog timer.
fLOCOWDT is generated by the low-speed on-chip oscillator for the watchdog timer and supplied by setting
the CSPRO bit in the CSPR register to 1 (count source protection mode enabled).
In count source protection mode for the watchdog timer, fLOCOWNDT is not stopped.
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9.7 Oscillation Stop Detection Function

The oscillation stop detection function is used to detect whether the XIN clock oscillation is stopped.
The oscillation stop detection function can be enabled or disabled with the OCDO bit in the OCD register.
Table 9.6 lists the Oscillation Stop Detection Function Specifications.

When the XIN clock is the CPU clock source and bits OCD1 and OCDO are 11b, if the XIN clock is stopped, the
states will change as follows:

« Bits CM42 to CM40 in CM4 register = 001b (fLOCO)

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

« An oscillation stop detection interrupt is generated

Table 9.6 Oscillation Stop Detection Function Specifications
Item Specification

Clock frequency range for oscillation f(XIN) > 2 MHz
stop detection
Condition for enabling the oscillation Set bits OCD1 and OCDO in the OCD register to 11b.
stop detection function
Operation at oscillation stop detection | An oscillation stop detection interrupt is generated.

9.7.1 How to Use Oscillation Stop Detection Function

« The oscillation stop detection interrupt shares a vector with the watchdog timer, voltage monitor 1, and

voltage monitor 2 interrupts. To use both the oscillation stop detection and watchdog timer interrupts, the
interrupt source needs to be determined.
Table 9.7 lists How to Determine Interrupt Source for Oscillation Stop Detection Interrupt, Watchdog Timer
Interrupt, Voltage Monitor 1 Interrupt, or Voltage Monitor 2 Interrupt. Figure 9.6 shows an Example of How to
Determine Interrupt Sources for Oscillation Stop Detection Interrupt, Watchdog Timer Interrupt, Voltage
Monitor 1 Interrupt, or Voltage Monitor 2 Interrupt.

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

Figure 9.5 shows the Procedure for Switching from Low-Speed On-Chip Oscillator to XIN Clock.

* When entering wait mode while using the oscillation stop detection function, set the CMO02 bit in the CMO
register 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 and OCDO to 00b to stop or oscillate the XIN clock by a program (to select stop
mode or change the CMO05 bit in the CMO5 register).

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

* To use the low-speed on-chip oscillator clock for the clock source for the CPU clock and the peripheral

functions after oscillation stop is detected, set the OCD6 bit in the OCD register to 0 (low-speed on-chip
oscillator selected) before setting bits OCD1 and OCDO to 11b.
To use the high-speed on-chip oscillator clock for the clock source for the CPU clock and the peripheral
functions after oscillation stop is detected, set the FRAQO bit in the FRAO register to 1 (high-speed on-chip
oscillator on) and the OCD®6 bit to 1 (high-speed on-chip oscillator selected) before setting bits OCD1 and
OCDO to 11b.
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Table 9.7 How to Determine Interrupt Source for Oscillation Stop Detection Interrupt,
Watchdog Timer Interrupt, Voltage Monitor 1 Interrupt, or Voltage Monitor 2 Interrupt

Item

Specification

Oscillation stop detection

OCD2 bit in OCD register = 1

Watchdog timer

UFIF bit in RISR register = 1

Voltage monitor 1

VW1C2 bit in VW1C register = 1

Voltage monitor 2

VW2C2 bit in VW2C register = 1

CSWitching to XIN cIock)

Check several times
whether OCD3 bit is set to 0
(XIN clock oscillates)

NO

Set bits OCD1 and OCDO to 00b

Set bits CM42 to CM40 to 000b
(XIN clock selected)

=

OCDO0, OCD1, OCD3: Bits in OCD register
CM40 to CM42: Bits in CM4 register

Figure 9.5 Procedure for Switching from Low-Speed On-Chip Oscillator to XIN Clock
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Determination of
interrupt sources

OCD3=1?
(XIN clock stops)

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

UFIF = 1?
‘watchdog timer underflow

VW2C2 =1?
(Vdet2 passed)

Set OCD1 bitto 0
(oscillation stop detection
interrupt disabled) @

To oscillation stop detection 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

Example of How to Determine Interrupt Sources for Oscillation Stop Detection

Figure 9.6
Interrupt, Watchdog Timer Interrupt, Voltage Monitor 1 Interrupt, or Voltage Monitor 2
Interrupt
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9.8 Notes on Clock Generation Circuit

9.8.1 Oscillation Stop Detection Function

The oscillation stop detection function cannot be used when the XIN clock frequency is below 2 MHz. In this
case, set bits OCD1 and OCDO in the OCD register to 00b.

9.8.2 Oscillation Circuit Constants

Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.
When the MCU is operated with the power supply voltage (VCC) below 2.7 V, set the CM11 bit in the CM1
register to 1 (on-chip feedback resistor disabled), and connect an external feedback resistor to the chip.
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10. Power Control

Power control refers to the control of power consumption by selecting or stopping the CPU clock and the peripheral

function clocks.

10.1 Overview

There are three power control modes. All modes other than wait mode and stop mode will be referred to here as

standard operating mode.

Figure 10.1 shows the State Transitions in Power Control Mode.

( Reset )

-

Standard operating mode

/

Modes usable for transition to
wait mode or stop mode

High-speed clock
mode

Low-speed on-chip
oscillator mode
CM14=0
CM42 to CM40 = 001b

CM05=0
CM13=1
CM42 to CM40 = 000b

High-speed on-chip
oscillator mode
FRAOO =1
CM42 to CM40 = 101b

Low-speed clock

CM42 to CM40 = 011b

mode
CMO04 =1
CM03=0

FRAOO: Bit in FRAO register

Interrupt WAIT instruction or Interrupt CM10=1
CM30=1
Wait mode Stop mode

CPU operation is stopped

CMO03 to CMO5: Bits in CMO register
CM10, CM13, CM14: Bits in CML1 register
CM40 to CM42: Bits in CM4 register

All oscillations are stopped
(except LOCOWDT)

Figure 10.1

State Transitions in Power Control Mode
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10.2

Registers

Table 10.1 lists the Register Configuration for Power Control.

Table 10.1 Register Configuration for Power Control

Register Name Symbol After Reset Address Access Size
System Clock Control Register O CMO 00101000b 00008h 8
System Clock Control Register 1 CM1 00100000b 00009h 8
System Clock Control Register 3 CM3 00h 0000Bh 8
System Clock Control Register 4 CM4 00000001b 0000Ch 8
High-Speed On-Chip Oscillator Control Register 0 FRAO 00h 00012h 8
STBY VDC Power Control Register SvDC 00h 0002Ch 8
Module Standby Control Register O MSTCRO 00h 00238h 8
Module Standby Control Register 1 MSTCR1 00h 00239%9h 8
Module Standby Control Register 2 MSTCR2 00h 0023Ah 8
Module Standby Control Register 3 MSTCR3 00h 0023Bh 8
Module Standby Control Register 4 MSTCR4 00h 0023Ch 8

10.2

.1 System Clock Control Register 0 (CMO)

Address 00008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CMO07 | CM06 | CMO5 | CM04 | CMO3 | CMO2 — —
After Reset 0 0 1 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Setto 0. R/W
bl — R/W
b2 CMO02 | Peripheral function clock stop bit in 0: Peripheral function clock does not stop in R/W
wait mode wait mode
1: Peripheral function clock stops in wait mode
b3 CMO03 | XCIN clock stop bit 0: Oscillates R/W
1: Stops
b4 CMO04 | XCIN buffer external input set bit (1) 0: External clock input from XCIN R/W
1: Xtal used
b5 CMO5 | XIN clock (XIN-XOUT) stop bit (2. 3) 0: Oscillates R/W
1: Stops 4
b6 CMO06 CPU clock division ratio select bit 0 ®) | 0: Bits CM16 and CM17 in CM1 register R/W
enabled
1: Divide-by-8 mode
b7 CMO7 XIN clock supply set bit (6) 0: XIN clock is supplied by oscillator (external R/W
ceramic resonator, etc.)
1: XIN clock is supplied by external clock input
to XOUT pin
Notes:
1. The CMO04 bit can be set to 1 by a program, but cannot be set to 0.
2. The CMO5 bit is used to stop the XIN clock. This bit cannot be used to detect whether the XIN clock has stopped.
To stop the XIN clock, make the following settings:
(1) Set bits OCD1 and OCDO in the OCD register to 00b (oscillation stop detection function disabled).
(2) Set bits CM42 to CM40 in the CM4 register to 001b (fLOCO clock) or 101b (fFHOCO-F clock).
3. P4_6 and P4_7 can be used as I/O ports only when the CMO5 bit is 1 (XIN clock stops) and the CM13 bit in the
CM1 register is 0 (P4_6 and P4_7).
4. When an external clock is input, the clock input itself is not accepted.
5. When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).
6. When the MCU exits stop mode or wait mode, do not set the CMO05 bit again if switching to the XIN clock.
Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CMO register.
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10.2.2 System Clock Control Register 1 (CM1)
Address 00009h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| CM17 | CM16 | — | CM14 | CM13 | CM12 [ CMI1l | CMIO
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 | All clock stop control bit (2. 2) 0: Clocks oscillate R/W
1: All clocks stop (stop mode)
bl CM11 | XIN-XOUT on-chip feedback resistor | 0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 | XCIN-XCOUT on-chip feedback R/W
resistor select bit
b3 CM13 | Port/XIN-XOUT switch bit (3) 0: I/O ports P4_6 and P4_7 R/W
1: XIN-XOUT pin
b4 CM14 | Low-speed on-chip oscillator oscillation | 0: Low-speed on-chip oscillator on R/W
stop bit (4, 5) 1: Low-speed on-chip oscillator off
b5 — Reserved Setto 1. R/W
E? gmis CPU clock division select bits 1 (6) tg 166: D?v?de-by-l mode Zx
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode
Notes:

1. Ifthe CM10 bitis 1 (stop mode), the on-chip feedback register is disabled. If the CM10 bit is 1 (stop mode), when
the CM13 bit is 1 (XIN-XOUT pin), the XOUT (P4_7) pin is set to high. When the CM13 bitis 1, P4 6 and P4_7
are set to input state.

2. When the SVCO bit in the SVDC register is 1 (transition to low-power-consumption mode enabled), do not set the
CM10 bit to 1 (stop mode).

3. Once the CM13 hit is set to 1 by a program, it cannot be set to 0. Set the CM13 bitto 1 to use P4_6 and P4_7 as
the XCIN-XCOUT pin (the XCSEL bit in the PINSR register is 0 and the CMOL1 bit in the CM10 register is 1) or to
use as the XIN-XOUT pin.

4. The CM14 bit can be set to 1 (low-speed on-chip oscillator off) when bits CM42 to CM40 in the CM4 register are
000b (XIN clock). When bits CM42 to CM40 are set to 001b (fLOCO clock), the CM14 bit is set to 0 (low-speed
on-chip oscillator on). Writing 1 to this bit has no effect.

5. To use a voltage monitor 1 interrupt or a voltage monitor 2 interrupt (when the digital filter is used), set the CM14
bit to 0 (low-speed on-chip oscillator on).

6. When the CMO06 bit in the CMO register is 0 (bits CM16 and CM17 enabled), bits CM16 and CM17 are enabled.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CML1 register.
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10.2.3 System Clock Control Register 3 (CM3)
Address 0000Bh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| CM37 | CM36 | CM35 | — | — | — — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30 | Wait control bit (1) 0: Not in wait mode R/W
1: MCU enters wait mode
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 —
b5 CM35 | CPU clock division ratio select bit when | 0: Settings of CM06 bit in CMO register and bits | R/W
exiting wait mode (@ CM16 and CM17 in CM1 register enabled
1: No division
b6 CM36 | System clock select bits when exiting tg 166 MCU exits using the CPU clock used R/W
b7 CM37 | wait mode or stop mode (2 immediately before entering wait mode or RIW
stop mode
0 1: Do not set.
1 0: High-speed on-chip oscillator clock
selected 4)
1 1: XIN clock selected ()
Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (not in wait mode).

2. Setthe CM35 hit to 0 in stop mode. When the MCU enters wait mode, if the CM35 bit is 1 (no division), the CM06
bit in the CMO register is set to 0 (bits CM16 and CM17 in CM1 register enabled) and bits CM17 and CM16 are
set to 00b (divide-by-1 mode).

3. To enter wait mode or stop mode while the FMR27 bit in the FMR2 register is 1 (flash memory low-current-
consumption read mode enabled), set bits CM37 and CM36 to 00b (MCU exits using the CPU clock used
immediately before entering wait mode or stop mode) and set the CM35 bit to 0 (settings of CM06 bit in CMO0
register and bits CM16b and CM17 in CM1 register enabled). During low-current-consumption read mode, do not
set the FMSTP bit in the FMRO register to 1 (flash memory stops).

4. When bits CM37 and CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode or stop mode.

* Bits CM42 to CM40 in CM4 register = 001b (fLOCO clock)
* FRAOQO bit in FRAO register (high-speed on-chip oscillator on)
« Bits CM42 to CM40 in CM4 register = 101b (fHOCO-F clock)

5. When bits CM37 and CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait

mode or stop mode.

* CMO5 bit in CMO register = 1 (XIN clock oscillates)

e CM13 bit in CM1 register = 1 (XIN-XOUT pin)

« Bits CM42 to CM40 in CM4 register = 000b (XIN clock selected)

When entering wait mode while the CMO05 bit in the CMO register is 1 (XIN clock stops), if the XIN clock is
selected as the CPU clock used to exit wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35 bit to
0.

However, if an externally generated clock is used as the XIN clock, do not set bits CM37 and CM36 to 11b (XIN
clock selected).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CM3 register.
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CM30 Bit (Wait control bit)

When the CM30 bit is set to 1 (MCU enters wait mode), the CPU clock stops (wait mode). Since the XIN,
XCIN, low-speed on-chip oscillator, high-speed on-chip oscillator, and watchdog timer low-speed on-chip
oscillator clocks do not stop, the peripheral functions that use these clocks continue operating. When setting the
CM30 hitto 1, set the | flag to 0 (maskable interrupt disabled).
A reset or a peripheral function interrupt is used to exit wait mode. When a peripheral function interrupt is used
to exit wait mode, the MCU resumes executing the instruction immediately after the instruction to set the CM30

bit to 1.

However, when using the WAIT mode to enter wait mode, set the | flag to 1 (maskable interrupt enabled). With
this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.

10.2.4 System Clock Control Register 4 (CM4)
Address 0000Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | | - | = | — | CM42 [ CM41l | CMA40
After Reset 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Function R/W
b0 CM40 CPU clock select bits *62 %1 lg XIN clock R/W
bl CM41 00 l fLOCO clock RIW
b2 CMm42 0 1 0: XCIN clock RIW
0 1 1: Do not set.
1 0 0O: Do not set.
1 0 1: fHOCO-F clock
Other than the above: Do not set.
b3 — Reserved Setto 0. R/W
b4 —
b5 —
b6 —
b7 —

Set the PRCO bit in the PRCR register to 1 (write enabled) before setting the CM4 register.
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10.2.5 High-Speed On-Chip Oscillator Control Register 0 (FRAO)
Address 00012h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symboll — | — | — | — | FRA0B| — [ FRAOL | FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO |High-speed on-chip oscillator enable |0: High-speed on-chip oscillator off R/W
bit 1: High-speed on-chip oscillator on
bl FRAO1 |fOCO clock source select bit (1) 0: Low-speed on-chip oscillator selected (2) R/IW
1: High-speed on-chip oscillator selected
b2 — Reserved Set to 0. R/W
b3 FRAO3 |fOCO128 clock select bit 0: fLOCO divided by 128 selected R/W
1: fHOCO-F divided by 128 selected
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —
Notes:

1. Setthe FRAO1 bit under the following conditions:
* FRAOQO bit = 1 (high-speed on-chip oscillator on)
* CM14 bit in the CM1 register = 0 (low-speed on-chip oscillator on)
« Bits FRA22 to FRA20 in the FRAZ register:
All division modes can be set when VCC = 2.7 to 5.5 V: 000b to 111b
Division ratio of 8 or more when VCC = 1.8 to 5.5 V: 110b (divide-by-8 mode), 111b (divide-by-9 mode)
2. When writing 0O (low-speed on-chip oscillator selected) to the FRAOL bit, do not write 0 (high-speed on-chip
oscillator off) to the FRAOO bit at the same time. After the FRAOL bit is set to 0, set the FRAOO bit to 0.

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

10.2.6 STBY VDC Power Control Register (SVDC)
Address 0002Ch

Bit b7 b6 b5 b4 b3 b2 bl bO
Symbolf — | — | — | — | — [ — | — | svCo |
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SVCO Low-power-consumption mode 0: Transition to low-power-consumption mode R/W
transition enabled bit (1) disabled
1: Transition to low-power-consumption mode
enabled
b1l — Reserved Setto 0. R/W
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. Do not set the SVCO bit to 1 (transition to low-power-consumption mode enabled) when using a DTC transfer
during wait mode.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the SVDC register.
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10.2.7 Module Standby Control Register 0 (MSTCRO)
Address 00238h

Bit b7 b6 b5 b4 b3 b1l b0
Symbol| — | — | — [MSTURT2] — IMSTURT_1|MSTURT_0
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MSTURT_O | UARTO_O module standby bit 0: UARTO_O normal operation R/W
1: UARTO_O standby
bl MSTURT_1 | UARTO_1 module standby bit 0: UARTO_1 normal operation R/W
1: UARTO_1 standby
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 MSTURT2 | UART2 module standby bit 0: UART2 normal operation R/W
1: UART2 standby
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —
10.2.8 Module Standby Control Register 1 (MSTCR1)
Address 00239
Bit b7 b6 b5 b4 b3 bl b0
Symbol| — | — | — [ — | — | —  |MSTIIC_0]
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MSTIIC_O0 |IICSSU_0 module standby bit 0: ICSSU_0 normal operation R/W
1: ICSSU_0 standby
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
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10.2.9 Module Standby Control Register 2 (MSTCR2)
Address 0023Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — |[MSTTRC O] — [MSTTRBO] — [ — — MSTTRJ_O
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MSTTRJ_O |Timer RJ_0 module standby bit 0: Timer RJ_0 normal operation R/W
1: Timer RJ_O standby
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 MSTTRB_O | Timer RB2_0 module standby bit 0: Timer RB2_0 normal operation R/W
1: Timer RB2_0 standby
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 MSTTRC_O | Timer RC_0 module standby bit 0: Timer RC_0 normal operation R/W
1: Timer RC_0 standby
b7 — Nothing is assigned. The write value must be 0. The read value is 0. —
10.2.10 Module Standby Control Register 3 (MSTCR3)
Address 0023Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — |MSTIRE] — — |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl —
b2 MSTTRE | Timer RE2 module standby bit 0: Timer RE2 normal operation R/W
1: Timer RE2 standby
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —
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10.2.11 Module Standby Control Register 4 (MSTCRA4)
Address 0023Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf| — | — | — | — | — | — | — [MSTsCU
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MSTSCU | TSCU module standby bit 0: TSCU normal operation R/W
1: TSCU standby
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
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10.3 Standard Operating Mode

Standard operating mode is further divided into four modes.

In standard operating mode, the CPU clock and the peripheral function clock are supplied to operate the CPU and
the peripheral functions. Power consumption control is implemented by controlling the frequency of the CPU
clock. To operate the peripheral functions using a clock other than the peripheral clocks (f1, f2, f4, f8, and f32), the
oscillation of the target clock needs to be stable. The higher the CPU clock frequency, the higher processing power.
The lower the CPU clock frequency, the lower the power consumption. Stopping unnecessary oscillation circuits
will further reduce power consumption.

When the clock sources for the CPU clock are switched, the new clock needs to be oscillating and stable. Allow the
new clock oscillation to stabilize in a program before switching the clocks.

Table 10.2  Settings and Modes of Clock Associated Bits

. . CMO FRAO
Mode CM4 Register CML1 Register Register Register
B e O | She Ml | cM14Bit | CM13Bit | CMOGBit | FRAOO Bit
High-speed clock mode No division 000b 00b — 1 0 —
Divide-by-2 000b 01b — 1 0 —
Divide-by-4 000b 10b — 1 0 —
Divide-by-8 000b — — 1 1 —
Divide-by-16 000b 11b — 1 0 —
High-speed on-chip No division 101b 00b — — 0 1
oscillator mode Divide-by-2 101b 01b — — 0 1
Divide-by-4 101b 10b — — 0 1
Divide-by-8 101b — — — 1 1
Divide-by-16 101b 11b — — 0 1
Low-speed on-chip No division 001b 00b 0 — 0 —
oscillator mode Divide-by-2 001b 01b 0 — 0 —
Divide-by-4 001b 10b 0 — 0 —
Divide-by-8 001b — 0 — 1 —
Divide-by-16 001b 11b 0 — 0 —
Low-speed clock mode No division 010b 00b — — 0 —
Divide-by-2 010b 01b — — 0 —
Divide-by-4 010b 10b — — 0 —
Divide-by-8 010b — — — 1 —
Divide-by-16 010b 11b — — 0 —
—: Indicates that either O or 1 can be set
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10.3.1 High-Speed Clock Mode

When the CM13 bit in the CM1 register is 1 (XIN-XOUT pin) and bits CM42 to CM40 in the CM4 register are
000b, the XIN clock is used as the system clock, and the CPU clock is obtained by dividing the system clock by
1 (no division), 2, 4, 8, or 16.

10.3.2 Low-Speed Clock Mode

When bits CM42 to CM40 in the CM4 register are 010b, the XCIN clock is used as the system clock, and the
CPU clock is obtained by dividing the system clock by 1 (no division), 2, 4, 8, or 16.

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

For details on how to reduce power consumption, refer to 10.6 Reducing Power Consumption.

10.3.3 High-Speed On-Chip Oscillator Mode

When the FRAOQO bit is 1 (high-speed on-chip oscillator on) and bits CM42 to CM40 in the CM4 register are
101b, the high-speed on-chip oscillator is used as the system clock. At this time, the CPU clock is obtained by
dividing the system clock by 1 (no division), 2, 4, 8, or 16.

10.3.4 Low-Speed On-Chip Oscillator Mode

When the CM14 bit is 0 (low-speed on-chip oscillator on) and bits CM42 to CM40 are 001b, the low-speed on-
chip oscillator is used as the system clock. At this time, the CPU clock is obtained by dividing the system clock
by 1 (no division), 2, 4, 8, or 16.

In this mode, low-power operation can be enabled by stopping the XIN clock and the high-speed on-chip
oscillator and setting the FMR27 bit to 1 (low-current-consumption read mode enabled). Low-power-
consumption mode can be used when the CPU clock is the low-speed on-chip oscillator divided by 4, 8 or 16.
When the CPU clock is the low-speed on-chip oscillator divided by 1 (no division) or 2, do not use low-power-
consumption mode. Set the FMR27 bit to 1 after setting the division ratio for the CPU clock.

Furthermore, if the MCU enters wait mode from this mode, current consumption in wait mode can be reduced
even further by setting the SVDO bit to 1 (transition to low-power-consumption mode enabled).

For details on how to reduce power consumption, refer to 10.6 Reducing Power Consumption.
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10.4 Wait Mode

The CPU clock is stopped in wait mode. Thus the CPU, which operates using the CPU clock, and the watchdog
timer with the CPU clock selected as the count source are stopped. The oscillations of the XIN clock, XCIN clock,
high-speed on-chip oscillator, low-speed on-chip oscillator, and watchdog timer low-speed on-chip oscillator are
not stopped, so the peripheral functions that use these clocks continue operating.

10.4.1 Peripheral Function Clock Stop Function

When the CMO02 bit in the CMO register is 1 (peripheral function clock stops in wait mode), power consumption
is reduced because f1, f2, f4, f8, and 32 are stopped in wait mode.

10.4.2 Entering Wait Mode

The MCU enters wait mode when the WAIT instruction is executed or the CM30 bit in the CM3 register is set
to 1 (MCU enters wait mode).

When bits CM42 to CM40 bit in the CM4 register are set to 001b (fLOCO selected as CPU clock) or 101b
(FHOCO-F clock selected as CPU clock), set the OCD1 bit in the OCD register to 0 (oscillation stop detection
disabled) before executing the WAIT instruction or set the CM30 bit to 1 (MCU enters wait mode).

If the MCU enters wait mode while the OCDL1 bit is 1 (oscillation stop detection enabled), power consumption
is not reduced because the CPU is not stopped.

To enter wait mode or stop mode while the FMR27 bit in the FMR2 register is 1 (low-current-consumption read
mode enabled), set bits CM37 and CM36 in the CM3 register to 00b (MUC exits using the CPU clock used
immediately before entering wait mode or stop mode) and the CM35 bit in the CM3 register to 0 (settings of
CMO6 bit in CMO register and bits CM16b and CM17 in CML1 register enabled).

10.4.3 Pin States in Wait Mode
The 1/O ports retain the states immediately before the MCU enters wait mode.
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10.4.4 Exiting Wait Mode

A reset or a peripheral function interrupt is used to exit wait mode.

Peripheral function interrupts are affected by the CMO02 bit in the CMO register. When the CMO02 bit is 0
(peripheral function clock does not stop in wait mode), peripheral function interrupts other the A/D conversion
interrupt can be used to exit wait mode. When the CMO2 bit is 1 (peripheral function clock stops in wait mode),
the peripheral functions that use the peripheral function clock are stopped. Only the peripheral function
interrupts that operate using external signals or the fHOCO, fOC0128, fOCO, fHOCO-F, and fLOCOWDT
clocks can be used to exit wait mode.

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

Table 10.3  Interrupts Used to Exit Wait Mode and Usage Conditions

Interrupt When CM02 =0 When CM02 = 1
Serial interface interrupt Usable with an internal clock or external | Usable with an external clock supplied.
clock supplied.

Synchronous serial Usable in all modes. — (Do not use.)

communication unit/I2C bus

interface

Key input interrupt Usable Usable

A/D interrupt — (Do not use.) — (Do not use.)

Timer RJ interrupt Usable in all modes. Usable without a filter in event counter
mode.
Usable when fOCO, fC1, or fC32 is
selected as the count source.

Timer RB2 interrupt Usable in all modes. — (Do not use.)

Timer RC interrupt Usable in all modes. Usable when fHOCO or fHOCO-F is
selected as the count source.

Timer RE2 interrupt Usable in all modes. Usable when fC1 is selected as the count
source.

INT interrupt Usable Usable (usable when INTO to INT4 are
used without a 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 10.2 shows the Time from Wait Mode to First Instruction Execution after Exit after CM30 Bit in CM3
Register is Set to 1 (MCU Enters Wait Mode).
To use a peripheral function interrupt to exit wait mode, the following items must be set before setting the

CM30 bit to 1:

(1) Setthe I flag in the FLG register to 0 (maskable interrupts disabled).
(2) Set the interrupt priority level in bits ILVLO to ILVL2 in the interrupt priority level registers for the
peripheral function interrupts that are used to exit wait mode. Also, set 000b (interrupt disabled) in bits
ILVL2 to ILVLO in the interrupt priority level registers for the peripheral function interrupts that are not to
be used to exit wait mode.

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

When a peripheral function interrupt is used to exit, the time (number of cycles) from interrupt request
generation to the next instruction execution is as shown in Figure 10.2, depending on the settings of the FMSTP

bit in the FMRO register and the SVCO bit in the SVDC register.

The CPU clock when a peripheral function interrupt is used to exit wait mode is the clock set by bits CM35,
CM36, and CM37 in the CM3 register. At this time, the CMO06 bit in the CMO register and bits CM16 and
CM17 in the CML1 register are automatically changed.

FMRO Register| SVDC Register Internal Power Time until Time until
- - Stabilization Flash Memory CPU Clock Remarks
FMSTP Bit SVCO Bit Time (T0) Activation (T1) Supply (T2)
0
0 (transition to low-power 0 us
(flash consumption mode disabled) Period of system clock | Period of CPU clock | The total on the
memory 1 x 1 cycle + 60 us (max.) x 2 cycles left amounts to
operates) (transition to low-power 100 ps (max.) the time from
consumption mode enabled) wait mode until
0 the first
1 (transition to low-power 0 us instruction is
(flash consumption mode disabled) Period of system clock s b executed after
memory 1 x 1 cycle ame as apove exiting.
stops) (transition to low-power 100 ps (max.)
consumption mode enabled)
< TO »le Tl > T2 >
. Internal power Flash memory CPU clock
Wait mode I L
stabilization time activation sequence restart sequence
A 100 ps (max.)
Interrupt request generated
Figure 10.2  Time from Wait Mode to First Instruction Execution after Exit after CM30 Bit in CM3

Register is Set to 1 (MCU Enters Wait Mode)
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Figure 10.3 shows the Time from Wait Mode after WAIT Instruction Execution to Interrupt Routine Execution.
To use a peripheral function interrupt to exit wait mode, the following items must be set before executing the

WAIT
)

instruction:

Set the interrupt priority level in bits ILVLO to ILVL2 in the interrupt priority level registers for the

peripheral function interrupts that are used to exit wait mode. Also, set 000b (interrupt disabled) in bits
ILVL2 to ILVLO for the peripheral function interrupts that are not to be used to exit wait mode.

)
@)

Operate the peripheral functions to be used to exit wait mode.
Set the | flag in the FLG register to 1.

When a peripheral function interrupt is used to exit, the time (number of cycles) from interrupt request
generation to the next instruction execution is as shown in Figure 10.3, depending on the settings of the FMSTP
bit in the FMRO register and the SVCO bit in the SVDC register.
The CPU clock when a peripheral function interrupt is used to exit wait mode is the clock set by bits CM35,
CM36, and CM37 in the CM3 register. At this time, the CMO06 bit in the CMO register and bits CM16 and
CM17 in the CML1 register are automatically changed.

FMRO Register SVDC Register Internal Power Time until Time until Time for
- - Stabilization Flash Memory CPU Clock Interrupt Remarks
FMSTP Bit SVCO Bit Time (T0) Activation (T1) Supply (T2) Sequence (T3)
0
0 (transition to low-power 0pus
(flash consumption mode disabled) Period of system clock | Period of CPU clock | Period of CPU clock
memory 1 x 1 cycle + 60 us (max.) x 2 cycles x 20 cycles The total on the
operates) (transition to low-power 100 ps (max.) left amounts to
consumption mode enabled) the time from
0 wait mode to
1 (transition to low-power Ous interrupt routine
(flash consumption mode disabled) Period of system clock Same as above Same as above execution.
memory 1 x 1 cycle
stops) (transition to low-power 100 ps (max.)
consumption mode enabled)
< 10 >l T > 12 > 13 >
. Internal power Flash memory CPU clock
Wait mode I o Interrupt sequence
stabilization time activation sequence restart sequence
A 100 ps (max.)
Interrupt request generated
Figure 10.3  Time from Wait Mode after WAIT Instruction Execution to Interrupt Routine Execution
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10.5 Stop Mode

All oscillators except LOCOWDT are stopped in stop mode. Thus, the CPU clock and the peripheral function
clock are stopped and the CPU and the peripheral functions that operate using these clocks are stopped. Power
consumption is lowest compared to other modes. When the voltage applied to the VCC pin is VRAM or above, the
content of the internal RAM is retained.

The peripheral functions clocked by external signals continue operating.

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

Table 10.4  Interrupts Used to Exit Stop Mode and Usage Conditions

Interrupt Usage Condition

Key input interrupt Usable

INTO to INT4 interrupts Usable without a filter.

Timer RJ interrupt Usable when an external pulse is counted without a filter in event counter mode.

Serial interface interrupt When an external clock is selected.

Voltage monitor 1 interrupt Usable in digital filter disabled mode (when the VW1C1 bit in the VW1C register
is 1).

Voltage monitor 2 interrupt Usable in digital filter disabled mode (when the VW2C1 bit in the VW2C register
is 1).

10.5.1 Entering Stop Mode

The MCU enters stop mode when the CM10 bit in the CM1 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).

To use stop mode, set bits OCD1 and OCDO in the OCD register to 00b and the CM35 bit in the CM3 register to
0 (settings of CMO06 bit in CMO register and bits CM16 and CM17 in CM1 register enabled) before entering the
mode.

To enter wait mode or stop mode while the FMR27 bit in the FMR2 register is 1 (low-current-consumption read
mode enabled), set bits CM37 and CM36 to 00b (MCU exits using the CPU clock used immediately before
entering wait mode or stop mode) and the CM35 bit to 0.

10.5.2 Pin States in Stop Mode

The 1/0O ports retain the states immediately before the MCU enters stop mode.
However, when the CM13 bit in the CML1 register is 1, the XOUT (P4_7) pin is set to high. When the CM13 bit
is O (input ports P4_6 and P4_7), P4_7 (XOUT) is set to input state.
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10.5.3 Exiting Stop Mode

A reset or a peripheral function interrupt is used to exit stop mode.

Figure 10.4 shows the Time from Stop Mode to Interrupt Routine Execution.

To use a peripheral function interrupt to exit stop mode, the following items must be set before setting the

CM10 bit in the CML1 register to 1:

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

(2) Operate the peripheral functions to be used to exit stop mode.

(3) Setthe | flag in the FLG register to 1.

When a peripheral function interrupt is used to exit stop mode, the interrupt sequence is executed after the
interrupt request is generated and the supply of the CPU clock starts.

The CPU clock when a peripheral function interrupt is used to exit stop mode is a divide-by-8 of the clock used
immediately before entering stop mode. When entering stop mode, set the CM35 bit in the CM3 register to 0
(settings of CMO6 bit in CMO register and bits CM16 and CM17 in CML1 register enabled).

FMRO Register Internal Power Time until Time until Time for
- Stabilization Time Flash Memory CPU Clock Interrupt Remarks
FMSTP Bit (T0) Activation (T2) Supply (T3) Sequence (T4)
0 Period of system clock [Period of CPU clock|Period of CPU clock| The total of TO to T4

100 ps (max.) x 1 cycle + 60 us (max.) x 2 cycles x 20 cycles amounts to the time

from stop mode to

(flash memory operates)

1 Period of system clock interrupt routine
(flash memory stops) 100 ps (max.) x 1 cycle Same as above Same as above execution.
TO T1 T2 T3 T4
< >ie >ie e i< >
Stop  |Internal power| Oscillation time of CPU clock Flash memory CPU clock Interrupt
mode Statililr%:“on Sourbceef;:,zeggg]miﬂlgtely activation sequence restart sequence sequence
AIOO us (max.)
Interrupt request generated
Figure 10.4  Time from Stop Mode to Interrupt Routine Execution
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10.6 Reducing Power Consumption
The following describes key points and processing methods for reducing power consumption.

10.6.1 \Voltage Detection Circuit

If voltage monitor 1 is not used, set the VCA26 bit in the VCAZ2 register to 0 (voltage detection 1 circuit
disabled). If voltage monitor 2 is not used, set the VCA27 bit in the VCA2 register to 0 (voltage detection 2
circuit disabled).

If the power-on reset and voltage monitor O reset are not used, set the VCA25 bit in the VCAZ2 register to 0
(voltage detection O circuit disabled).

10.6.2 Ports

Even after the MCU enters wait mode or stop mode, the states of the 1/O ports are retained. Current flows into
the output ports in the active state. Shoot-through current flows into the input ports in the high-impedance state.
Unnecessary ports should be set to input and fixed to a stable electric potential before the MCU enters wait
mode or stop mode.

10.6.3 Clocks

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

Stopping low-speed on-chip oscillator oscillation: CM14 bit in CM1 register
Stopping high-speed on-chip oscillator oscillation: FRAOO bit in FRAO register

10.6.4 Wait Mode, Stop Mode

Power consumption can be reduced in wait mode and stop mode. For details, refer to 10.4 Wait Mode and 10.5
Stop Mode.

10.6.5 Stopping Peripheral Function Clocks

If the peripheral function f1, 2, f4, 8, and 32 clocks are not necessary in wait mode, set the CMO2 bit in the
CMO register to 1 (peripheral function clock stops in wait mode). This will stop the f1, f2, f4, f8, and f32 clocks
in wait mode.

10.6.6 Timers

When timer RJ is not used, set the corresponding MSTTRJ_0 bit in the MSTCR2 register for the unused timer
RJto 1 (standby).

When timer RB2 is not used, set the corresponding MSTTRB_0 bit in the MSTCR2 register for the unused
timer RB2 to 1 (standby).

When timer RC is not used, set the corresponding MSTTRC_0 bit in the MSTCR2 register for the unused timer
RC to 1 (standby).

When timer RE2 is not used, set the MSTTRE bit in the MSTCR3 register to 1 (standby).

10.6.7 A/D Converter

When the A/D converter is not used, power consumption can be reduced by setting the ADSTBY bit in the
ADCONLI register to 0 (A/D operation stops (standby)) to shut off any analog circuit current flow.
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10.6.8 Clock Synchronous Serial Interface and Serial Interfaces

When both the SSU and 12C bus functions are not used, set the corresponding MSTIIC_0 bit in the MSTCR1
register for the unused SSU function or the 12C bus function to 1 (standby).

When UARTO is not used, set the corresponding MSTURT _j (j = 0 or 1) bit in the MSTCRO register for the
unused UARTO to 1 (standby).

When UART?2 is not used, set the MSTURT2 bit in the MSTCRO register to 1 (standby).

10.6.9 Reducing Internal Power Consumption (Low-Power-Consumption Mode)

When entering wait mode using low-speed clock mode or low-speed on-chip oscillator mode (the oscillations
of the XIN clock and the high-speed on-chip oscillator are stopped), internal power consumption can be
reduced using the SVCO bit in the SVDC register. Figure 10.5 shows the Procedure for Reducing Internal

Power Consumption Using SVCO Bit. To enable the transition to low-power-consumption mode using the
SVCO bit, follow this procedure.
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Exit from wait mode
by an interrupt (Note 1)
Procedure for reducing internal power In the interrunt routine
consumption enabled by SVCO P
Sten (1 Enter low-speed clock mode or SVCO « 0 (transition to low-power-consumption
ep (1) low-speed on-chip oscillator mode Step (5) mode disabled) @
(The above isautomatically set
¢ when exiting wait mode)
Step (2) . Stop the XIN cIoclf and ¢
high-speed on-chip oscillator clock
Step (6) Start the XIN clock or
¢ P high-speed on-chip oscillator clock
If it is necessary to
SVCO «-1 ¢ start the high-speed
Step (3) (transition to low-power-consumption mode clock or high-speed
2, 3) . . . . . . .
enabled) *? Step (7) (Wait until the XIN clock or high-speed on-chip on-chip oscillator in
P oscillator clock oscillation stabilizes) the interrupt
routine, execute
¢ steps (6) and (7) in
Step (4) Enter wait mode the routine.
Enter high-speed clock mode or
Step (8) high-speed on-chip oscillator mode
Y Y
SVCO « 0
Step (5) (transition to low-power-consumption mode Interrupt handling
disabled) @
Start the XIN clock or Enter low-speed clock mode or
Step (6) high-speed on-chip oscillator clock Step (1) low-speed on-chip oscillator mode
If the high-speed
¢ ¢ clock or high-speed
on-chip oscillator
Step (7) (Wait until the XIN clock or high-speed on-chip Step (2) Stop the XIN clock and starts in the
P oscillator clock oscillation stabilizes) P high-speed on-chip oscillator clock interrupt routine,
execute steps (1) to
¢ ¢ (3) at the end of the
routine.
. SVCO « 1
Step (8) ‘Enter hlgh—speeq clock mode or Step (3) (transition to low-power-consumption mode
high-speed on-chip oscillator mode @3
enabled)
Interrupt handling completed
SVCO: Bit in SVDC register
Notes:
1. Execute this routine for all interrupt processing that occurs in wait mode.
However, this is not required if it is not necessary to start the high-speed clock or high-speed on-chip oscillator in the interrupt routine.
2. Do not write 0 to the SVCO bit with the instruction immediately after 1 is written to the SVCO bit. Sequential writes in the opposite order are
also not allowed.
3. When the SVCO bit is 1, do not set the CM10 bit in the CM1 register to 1 (stop mode).
4. For entering wait mode, refer to the Wait Mode section in the Notes on Power Control section.

Figure 10.5 Procedure for Reducing Internal Power Consumption Using SVCO Bit
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10.6.10 Stopping Flash Memory

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

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

When entering stop mode or wait mode with CPU rewrite mode disabled, the power supply for the flash
memory is automatically turned off. It is turned on again when the MCU exits stop mode or wait mode. This
eliminates the need to set the FMRO register.

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

FMSTP bit setting program

i After writing O to the FMRO1 bit, write 1
Transfer the FMSTP bit setting program (CPU rewrite mode enabled)
to the RAM ¢

Write 1 to the FMSTP bit (flash memory stops.
low power consumption state) @

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

by the program in the RAM)

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

v

Stop the high-speed on-chip oscillator

v

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

v

| Switch the clock source for the CPU clock @ |

v

| Write O to the FMSTP bit (flash memory operates) |

v

Write 0 to the FMROL1 bit
(CPU rewrite mode disabled)

v

Wait until the flash memory circuit stabilizes
©
FMRO1, FMSTP: Bits in FMRO register (60 ps)

Notes: ¢

1. Eatsﬂ':'i';':fi)oi bit to 1 (CPU rewrite mode enabled) and then set the Jump to the specified address
2. When switching the clock source for the CPU clock, the new clock in the flash memory
must be stable.
3. Provide a wait time of 60 pus by a program.
Do not access the flash memory during this wait time.

Figure 10.6 Procedure for Reducing Power Consumption Using FMSTP Bit
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10.6.11 Low-Current-Consumption Read Mode

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

Low-current-consumption read mode can be used when the CPU clock is set to either of the following:

» The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

« The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is 3
kHz or below.

After setting the division ratio of the CPU clock, set the FMR27 bit to 1.

When entering wait mode or stop mode, set the FMR27 bit to 0 (low-current-consumption read mode disabled)
before entering. Do not enter wait mode or stop mode while the FMR27 bit is 1.

Figure 10.7 shows the Procedure for Using Flash Memory Low-Current-Consumption Read Mode.

Handling procedure for enabling
low-current-consumption read mode
using FMR27

v

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

v

Step (2) | Stop the high-speed on-chip oscillator clock

v

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

Step (1)

Step (3)

A 4

Step (4) | Enter low-current-consumption read mode @

y

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

Step (5)

A 4

Step (6) | Start the high-speed on-chip oscillator clock

v

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

v

Step (8) Enter high-speed on-chip oscillator mode

Step (7)

FMR27: Bit in FMR2 register

Notes:

1. To set the FMR27 bit to 1 (low-current-consumption read mode enabled), first write 0 and then write 1
immediately.
Interrupts and DTC activation must be disabled between writing 0 and writing 1.

2. In low-current-consumption read mode, set the FMROL1 bit in the FMRO register to 0 (CPU rewrite mode
disabled).
When entering wait mode or stop mode, set the FMR27 bit to 0 (low-current-consumption read mode disabled)
before entering. Do not enter wait mode or stop mode while the FMR27 bit is 1.

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

10.7.1 Stop Mode

To enter stop mode, set the FMRO01 bit in the FMRO register to 0 (CPU rewrite mode disabled) before setting the
CM10 bit in the CM1 register to 1 (stop mode). The 4 bytes of instruction data following the instruction that
sets the CM10 bit to 1 (stop mode) are prefetched from the instruction queue and then the program stops.

Insert at least four NOP instructions following the JMP.B instruction immediately after the instruction that sets
the CM10 bit to 1.

« Program example for entering stop mode

BCLR 1, FMRO
BSET 0, PRCR
FSET |
BSET 0,CM1
JMP.B LABEL_001

LABEL_001:
NOP
NOP
NOP
NOP

; CPU rewrite mode disabled
; Protection disabled

; Interrupt enabled

; Stop mode

10.7.2 Wait Mode

To enter wait mode by setting the CM30 bit in the CM3 register to 1, set the FMRO01 bit to 0 (CPU rewrite mode
disabled) before setting the CM30 bit to 1.

To enter wait mode with the WAIT instruction, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode
disabled) before executing the WAIT instruction. The 4 bytes of instruction data following the instruction that
sets the CM30 bit to 1 (MCU enters wait mode) or the WAIT instruction are prefetched from the instruction
queue and then the program stops. Insert at least four NOP instructions after the instruction that sets the CM30
bit to 1 (MCU enters wait mode) or the WAIT instruction.

 Program example for executing the WAIT instruction
BCLR 1, FMRO ; CPU rewrite mode disabled
FSET | ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP

 Program example for executing the instruction that sets the CM30 bit to 1

BCLR 1, FMRO ; CPU rewrite mode disabled
BSET 0, PRCR ; Writing to CM3 register enabled
FCLR | ; Interrupt enabled

BSET 0, CM3 ; Wait mode

NOP

NOP

NOP

NOP

BCLR 0, PRCR ; Writing to CM3 register disabled
FSET | ; Interrupt enabled

To perform DTC transfers using DTC activation by the TSCU function during wait mode, the following settings
are required:

« Set the FMR11 bit in flash memory control register 1 = 1 (flash memory operation during wait mode enabled)
« Set the FMR27 bit in flash memory control register 2 = 1 (low-current-consumption read mode enabled)

« Set the SVCO bit in the STBY VDC power register = 0 (transition to low-power-consumption mode disabled)
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11. Interrupts

11.1  Overview

Interrupts are classified as either non-maskable or maskable interrupts. These differ in whether or not the interrupt
can be enabled or disabled by the interrupt enable flag (I flag) in the FLG register and in whether or not the

interrupt priority level can be changed as listed in Table 11.1.

Table 11.1 Maskable/Non-Maskable Interrupts

Enabling or Disabling Interrupts by
Interrupt Enable Flag (I Flag)

Changing Priority by Setting Interrupt
Priority Level

Non-maskable interrupts Not possible

Not possible

Maskable interrupts Possible

Possible

11.1.1 Types of Interrupts
Figure 11.1 shows the Types of Interrupts.

~ Software
(non-maskable interrupts)

Interrupts <

Special

(non-maskable interrupts)
\- Hardware

Peripheral function

(maskable interrupts)
Notes:

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Watchdog timer
Oscillation stop detection
Voltage monitor 1 ®
Voltage monitor 2
Single-step ©

Address break ®
Address match

1. Peripheral function interrupts are generated by the peripheral functions in the MCU.

2. For the voltage monitor 1 or voltage monitor 2 interrupt, non-maskable or maskable
can be selected by bits IRQ1SEL and IRQ2SEL in the CMPA register.

3. Do not use these interrupt. They are provided exclusively for use in development tools.

Figure 11.1

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

11.1.2.1 Undefined Instruction Interrupt
An unidentified instruction interrupt is generated when the UND instruction is executed.

11.1.2.2 Overflow Interrupt

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

11.1.2.3 BRK Interrupt

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

11.1.2.4 INT Instruction Interrupt

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

For software interrupt numbers 0 to 31, the U flag in the FLG register is saved on 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 the MCU returns from the interrupt routine. For software interrupt numbers 32 to
63, the U flag does not change state during instruction execution, and the selected SP is used.

11.1.3 Special Interrupts
Special interrupts are non-maskable.

11.1.3.1 Watchdog Timer Interrupt

This interrupt is generated by the watchdog timer.
For details on the watchdog timer, refer to 8. Watchdog Timer.

11.1.3.2 Oscillation Stop Detection Interrupt

This interrupt is generated by the oscillation stop detection function.
For details on the oscillation stop detection function, refer to 9. Clock Generation Circuit.

11.1.3.3 Voltage Monitor 1 Interrupt

This interrupt is generated by the voltage detection circuit. A non-maskable or maskable interrupt can be
selected by IRQ1SEL bit in the CMPA register.
For details on the voltage detection circuit, refer to 7. Voltage Detection Circuit.

11.1.3.4 Voltage Monitor 2 Interrupt

This interrupt is generated by the voltage detection circuit. A non-maskable or maskable interrupt can be
selected by IRQ2SEL bit in the CMPA register.
For details on the voltage detection circuit, refer to 7. Voltage Detection Circuit.

11.1.3.5 Single-Step Interrupt, Address Break Interrupt
Do not use these interrupts. They are provided exclusively for use in development tools.
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11.1.3.6 Address Match Interrupt

When either the AIENOO bit in the AIENO register or the AIEN10 bit in the AIEN1 register is 1 (address match
interrupt enabled), an address match interrupt is generated immediately before executing the instruction that is
stored at an address indicated by the corresponding AIADROj or AIADR1j register (j = L or H).

For details on the address match interrupt, refer to 11.7 Address Match Interrupt.

11.1.3.7 Peripheral Function Interrupts

A peripheral function interrupt is generated by a peripheral function in the MCU. Peripheral function interrupts
are maskable. For the interrupt sources for the corresponding peripheral function interrupt, refer to the
interrupts and the vector table addresses listed in Tables 11.4 and 11.5 Relocatable Vector Table. For details on
the peripheral functions, refer to the descriptions of individual peripheral functions.
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11.2 Registers

Table 11.2 lists the Register Configuration for Interrupts.

Table 11.2 Register Configuration for Interrupts
Register Name Symbol After Reset Address Access Size
Interrupt Control Register FMRDYIC 00h 00041h 8
Interrupt Control Register INT4IC 00h 00046h 8
Interrupt Control Register TRCIC_O 00h 00047h 8
Interrupt Control Register TRE2IC 00h 0004Ah 8
Interrupt Control Register U2TIC 00h 0004Bh 8
Interrupt Control Register U2RIC 00h 0004Ch 8
Interrupt Control Register KUPIC 00h 0004Dh 8
Interrupt Control Register ADIC 00h 0004Eh 8
Interrupt Control Register SSUIC_0/IICIC_O 00h 0004Fh 8
Interrupt Control Register UOTIC_O 00h 00051h 8
Interrupt Control Register UORIC_O 00h 00052h 8
Interrupt Control Register UOTIC_1 00h 00053h 8
Interrupt Control Register UORIC_1 00h 00054h 8
Interrupt Control Register INT2IC 00h 00055h 8
Interrupt Control Register TRJIC_O 00h 00056h 8
Interrupt Control Register TRB2IC_0 00h 00058h 8
Interrupt Control Register INT1IC 00h 00059h 8
Interrupt Control Register INT3IC 00h 0005Ah 8
Interrupt Control Register INTOIC 00h 0005Dh 8
Interrupt Control Register U2BCNIC 00h 0005Eh 8
Interrupt Control Register VCMP1IC 00h 00072h 8
Interrupt Control Register VCMP2IC 00h 00073h 8
Interrupt Control Register TSCUIC 00h 00075h 8
External Input Enable Register 0 INTEN 00h 00230h 8
External Input Enable Register 1 INTEN1 00h 00231h 8
INT Input Filter Select Register 0 INTF 00h 00232h 8
INT Input Filter Select Register 1 INTF1 00h 00233h 8
INT Input Polarity Switch Register INTPOL 00h 00234h 8
Key Input Interrupt Enable Register KIEN 00h 00236h 8
Address Match Interrupt Address OL Register AIADROL XXXXh 00260h 16
Address Match Interrupt Address OH Register AIADROH 0000XXXXb 00262h 8
Address Match Interrupt Enable 0 Register AIENO 00h 00263h 8
Address Match Interrupt Address 1L Register AIADR1L XXXXh 00264h 16
Address Match Interrupt Address 1H Register AIADR1H 0000XXXXb 00266h 8
Address Match Interrupt Enable 1 Register AIEN1 00h 00267h 8
INT Interrupt Input Pin Select Register 0 INTSRO 00h 002B6h 8
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11.2.1

Interrupt Control Register
(FMRDYIC, INT4IC,TRCIC_O, TREZ2IC, U2TIC, U2RIC, KUPIC, ADIC,
SSUIC_0/ICIC_0, UOTIC_0, UORIC_0, UOTIC_1, UORIC_1, INT2IC, TRJIC_O,
TRB2IC_O, INT1IC, INT3IC, INTOIC, U2BCNIC, VCMP1IC, VCMP2IC,
TSCUIC)
Address 00041h (FMRDYIC), 00046h (INT4IC), 00047h (TRCIC_0), 0004Ah (TRE2IC), 0004Bh (U2TIC),
0004Ch (U2RIC), 0004Dh (KUPIC), 0004Eh (ADIC), 0004Fh (SSUIC_O/IICIC_0), 00051h (UOTIC_0),
00052h (UORIC_0), 00053h (UOTIC_1), 00054h (UORIC_1), 00055h (INT2IC), 00056h (TRJIC_0),

00058h (TRB2IC_0), 00059h (INT1IC), 0005Ah (INT3IC), 0005Dh (INTOIC), 0005Eh (U2BCNIC),
00072h (VCMP1IC), 00073h (VCMP2IC), 00075h (TSCUIC)

Bit b7 b6 b5 b4 b2 b1l b0
Symbol | | - | = | = | VL2 [ ILVLL | VLo |
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO |Interrupt priority level select bits fg%llg Level 0 (interrupt disabled) R/W
: Lev interrupt disa
bl ILVL1 00 1 Level 1 R/W
b2 ILvL2 0 1 0:Level2 RIW
01 1:Level 3
1 0 0:Level4
10 1:Level5
11 0:Level 6
11 1:Level7
b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested 1
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —
Note:

1. Only 0 can be written to the IR bit. (Do not write 1 to this bit.)

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.

Refer to 11.9.5 Rewriting Interrupt Control Register.
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11.2.2

External Input Enable Register O (INTEN)
Address 00230h

Bit b7 b6 b5 b4 b3 b2 b1l o]0]
Symbol | INT3PL | INT3EN | INT2PL [ INT2EN | INT1PL | INT1EN [ INTOPL | INTOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INTOEN m input enable bit 0: Disabled R/W
1: Enabled

bl INTOPL | iRTo input polarity select bit (. 2) 0: One edge RIW
1: Both edges

b2 INT1EN m input enable bit 0: Disabled R/W
1: Enabled

b3 INTIPL \1q71 input polarity select bit (. 2) 0: One edge RIW
1: Both edges

b4 INT2EN m input enable bit 0: Disabled R/W
1: Enabled

b5 INT2PL | {572 input polarity select bit (. 2) 0: One edge RIW
1: Both edges

b6 INT3EN m input enable bit 0: Disabled R/W
1: Enabled

b7 INTSPL | iN73 input polarity select bit (. 2) 0: One edge RIW
1: Both edges

Notes:

1. To set the INTIPL bit (i = 0 to 3) to 1 (both edges), set the INTIPOL bit in the INTPOL register to O (falling edge
selected).
2. The IR bit in the INTIIC register may be set to 1 (interrupt requested) if the INTEN register is rewritten.
Refer to 11.9.4 Changing Interrupt Sources.
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11.2.3 External Input Enable Register 1 (INTEN1)

Address 00231h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — — | — [ INT4PL | INT4EN
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INT4EN Winputenable bit 0: Disabled R/W
1: Enabled
bl INT4PL INT4 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges
b2 — Reserved Setto 0. R/W
b3 —
b4 —
b5 —
b6 —
b7 —
Notes:

1. To set the INT4PL bit to 1 (both edges), set the INT4POL bit in the INTPOL register to 0 (falling edge selected).
2. The IR bit in the INT4IC register may be set to 1 (interrupt requested) if the INTENL1 register is rewritten.

Refer to 11.9.4 Changing Interrupt Sources.
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11.2.4 INT Input Filter Select Register O (INTF)
Address 00232h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | INT3F1 | INT3FO | INT2F1 | INT2FO | INTIFL | INT1FO | INTOF1 | INTOFO
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
Eg :EIgECl) INTO input filter select bits %l %): No filter :x
0 1: Filter enabled, sampling at f1
1 0: Filter enabled, sampling at f8
1 1: Filter enabled, sampling at f32
Ez :EEE‘; INT1 input filter select bits tg %2: No filter :x
0 1: Filter enabled, sampling at f1
1 O: Filter enabled, sampling at f8
1 1: Filter enabled, sampling at f32
E‘s" :2152 INT2 input filter select bits %5 lg: No filter :x
0 1: Filter enabled, sampling at f1
1 O: Filter enabled, sampling at f8
1 1: Filter enabled, sampling at f32
Es :EI:ES INT3 input filter select bits lg tg: No filter Zx
0 1: Filter enabled, sampling at f1
1 O: Filter enabled, sampling at f8
1 1: Filter enabled, sampling at f32
11.2.5 INT Input Filter Select Register 1 (INTF1)
Address 00233h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — — | — [ INT4F1 | INT4FO
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
Eg :EE:E(; INT4 input filter select bits %1 %): No filter :x
0 1: Filter enabled, sampling at f1
1 O: Filter enabled, sampling at f8
1 1: Filter enabled, sampling at f32
b2 — Reserved Set to 0. R/W
b3 —
b4 —
b5 —
b6 —
b7 —
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11.2.6 INT Input Polarity Switch Register (INTPOL)
Address 00234h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — [INTAPOL|INT3POL|INT2POL |[INT1POL [INTOPOL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOPOL |iNTO polarity switch bit 0: Falling e((jjge " R/W
p— 1: Rising edge
bl INTIPOL |{NTT polarity switch bit 9eds RIW
b2 INT2POL | iNT2 polarity switch bit RIW
b3 INT3POL |iNT3 polarity switch bit RIW
b4 INT4POL | iNT2 polarity switch bit RIW
b5 — Reserved Set to 0. R/W
b6 —
b7 —
Notes:

1. Changing the INTIPOL bit (i = 0 to 4) may set the IRKI bit in the INTIIC register to 1 (interrupt requested).

Refer to 11.9.4 Changing Interrupt Sources.

2. If the INTIPL bit in registers INTEN and INTENL1 is set to 1 (both edges), set the INTIPOL bit to 0 (falling edge

selected).

11.2.7 Key Input Interrupt Enable Register (KIEN)
Address 00236h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI3PL | KI3EN | KI2PL | KI2EN | KIIPL | KI1EN [ KIOPL | KIOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KIOEN K_|0 input enable bit 0: Disabled R/W
1: Enabled

bl KIOPL | 10 input polarity select bit 0: Falling edge RIW
1: Rising edge

b2 KI1EN m input enable bit 0: Disabled R/W
1: Enabled

b3 KITPL K11 input polarity select bit 0: Falling edge RIW
1: Rising edge

b4 KI2EN m input enable bit 0: Disabled R/W
1: Enabled

b5 KI2ZPL K12 input polarity select bit 0: Falling edge RIW
1: Rising edge

b6 KI3EN m input enable bit 0: Disabled R/W
1: Enabled

b7 KIPL 1 K13 input polarity select bit 0: Falling edge RIW
1: Rising edge

The IR bit in the KUPIC register may be set to 1 (interrupt requested) if the KIEN register is rewritten.

Refer to 11.9.4 Changing Interrupt Sources.
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11.2.8 Address Match Interrupt Address ij Register (AIADRIj) (i=0or 1,j=L or H)
Address 00260h (AIADROL), 00262h (AIADROH), 00264h (AIADR1L), 00266h (AIADR1H)

Bit b7 b6 b5 b4 b3 b2 b1l b0
smol — [ — [ — [ — [ — [ — [ — [ — ]
After Reset X X X X X X X X
Bit  bl5 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset X X X X X X X X
Bit  b23 b22 b21 b20 b19 b18 b17 b16
Symbol[ — — — — — — — — |
After Reset 0 0 0 0 X X X X
Bit Symbol Function Settable Value R/W
b19 to b0 — Target PC value: 20 bits 00000h to FFFFFh R/W
b20 — Nothing is assigned. The write value must be 0. The read value is 0. —
b21 —
b22 —
b23 —

11.2.9 Address Match Interrupt Enable i Register (AIENi) (i =0 or 1)
Address 00263h (AIENO), 00267h (AIEN1)

Bit b7 b6 b5 b4 b3 b2 bl bO
Sympoll — | — | — | — | — | — [ — | AENO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 AIENIO | Address match interrupt enable bit 0: Disabled R/W
1: Enabled
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
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11.2.10 INT Interrupt Input Pin Select Register 0 (INTSRO)

Address 002B6h
Bit b7

b6 b5

b3 b2 bl b0

Symbol [INT3SEL1|INT3SELO|INT2SEL1|INT2SELO[INTISEL2|INTISEL1[INTISELO| —

After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
bl |INTISELO |iNTL pin select bits *S’ %2 tbl; P1_7 assigned RIW
b2 INT1SEL1 0 0 1: P1_5 assigned RIW
b3 | INTLSEL2 0 1 0: P2 0 assigned RIW
0 1 1: Do not set
1 0 0: P3_2 assigned
Other than the above: Do not set.
b4 |INT2SELO |iNT2 pin select bits tg tg: P6_6 assigned RIW
b5 | INT2SELL 0 1: P3_2 assigned RIW
Other than the above: Do not set.
b6 |INT3SELO |iNT3 pin select bits tg tg: P3_3 assigned RIW
b7 | INT3SEL1 0 1: Do not set. R/W
1 0: P6_7 assigned
1 1: Do not set.

The INTSRO register is used to select which pin is assigned to INTi (i = 1 to 3) input. To use INTI, set this

register.

Set the INTSRO register before setting the registers associated with INTi. Also, do not change the set value of
this register during INTi operation.
INTO is assigned to P4 _5 regardless of the INTSRO register.
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11.3 Interrupts and Interrupt Vectors

There are 4 bytes in each vector. Store the start address of an interrupt routine in each interrupt vector. When an
interrupt request is acknowledged, the CPU branches to the address set in the corresponding interrupt vector.
Figure 11.2 shows an Interrupt Vector.

MSB LSB
Vector address (L) Lower address
Middle address
0000 Higher address
Vector address (H) 0000 0000

Figure 11.2 Interrupt Vector

11.3.1 Fixed Vector Table
The fixed vector table is allocated at addresses OFFDCh to OFFFFh.
Table 11.3 lists the Fixed Vector Table. The vector addresses (H) of the fixed vectors are used by the ID code
check function. Refer to 26.4 Functions to Prevent Flash Memory from being Rewritten for details.

Table 11.3 Fixed Vector Table

Vector Addresses

Address (L) to (H) Reference

Interrupt Source Remarks

Undefined instruction

OFFDCh to OFFDFh

Interrupt with UND
instruction

Overflow

OFFEOh to OFFE3h

Interrupt with INTO
instruction

BRK instruction

OFFE4h to OFFE7h

If the content of address
OFFEG6h is FFh,
program execution
starts from the address
shown by the vector

in the relocatable
vector table.

R8C/5x Series
User’s manual: Software

Address match

OFFE8h to OFFEBh

11.7 Address Match
Interrupt

Single step ()

OFFEChH to OFFEFh

Watchdog timer,
Oscillation stop detection,
Voltage monitor 1 (2), Voltage monitor 2 (2)

OFFFOh to OFFF3h

8. Watchdog Timer,
9. Clock Generation
Circuit,
7. Voltage Detection
Circuit

Address break (1)

OFFF4h to OFFF7h

(Reserved) OFFF8h to OFFFBh
Reset OFFFCh to OFFFFh 6. Resets
Notes:

1. Do not use this interrupt. It is provided exclusively for use in development tools.
2. For the voltage monitor 1 or voltage monitor 2 interrupt, non-maskable or maskable can be selected by the
IRQ1SEL or IRQ2SEL bit in the CMPA register.
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11.3.2

Relocatable Vector Table

The relocatable vector table occupies 256 bytes beginning from the start address set in the INTB register.
Tables 11.4 and 11.5 list the Relocatable Vector Table.

1. These addresses are relative to that indicated by the INTB register.
2. These interrupts are not disabled by the | flag.

Table 11.4 Relocatable Vector Table (1)
Software Interrupt
Interrupt Source A dc:iiztsc}ESdtgrzzzer:s(;) H) Interrupt Coqtré)l Reference
Number Register
BRK instruction (2) +0 to +3 (00000h to 00003h) 0 — R8C/5x Series
User’s manual: Software
Flash memory +4 to +7 (00004h to 00007h) 1 FMRDYIC |26. Flash Memory
— (Reserved) +8 to +11 (00008h to 00007Bh) 2 — —
— (Reserved) +12 to +15 (0000Ch to 0000Fh) 3 —
— (Reserved) +16 to +19 (00010h to 00013h) 4 —
— (Reserved) +20 to +23 (00014h to 00017h) 5 —
INT4 +24 to +27 (00018h to 0001Bh) 6 INT4IC 11.5 INT Interrupt
Timer RC_0O +28 to +31 (0001Ch to 0001Fh) 7 TRCIC_O0 |17. Timer RC
— (Reserved) +32 to +35 (00020h to 00023h) 8 — —
— (Reserved) +36 to +39 (00024h to 00027h) 9 —
Timer RE2 +40 to +43 (00028h to 0002Bh) 10 TRE2IC 18. Timer RE2
UART2 transmit/NACK2 +44 to +47 (0002Ch to 0002Fh) 11 U2TIC 20. Serial Interface
UART2 receive/ACK2 +48 to +51 (00030h to 00033h) 12 U2RIC | (UART2)
Key input +52 to +55 (00034h to 00037h) 13 KUPIC 11.6 Key Input Interrupt
A/D conversion +56 to +59 (00038h to 0003Bh) 14 ADIC 23. A/D Converter
Synchronous serial +60 to +63 (0003Ch to 0003Fh) 15 SSUIC_0/ |21. Clock Synchronous
communication unit/ lICIC_O Serial Interface
I2C bus interface
— (Reserved) +64 to +67 (00040h to 00043h) 16 — —
UARTO_O transmit +68 to +71 (00044h to 00047h) 17 UOTIC_O |19. Serial Interface
UARTO_O receive +72 to +75 (00048h to 0004Bh) 18 UORIC_0 |(UARTO)
UARTO_1 transmit +76 to +79 (0004Ch to 0004Fh) 19 UOTIC_1
UARTO_1 receive +80 to +83 (00050h to 00053h) 20 UORIC_1
INT2 +84 to +87 (00054h to 00057h) 21 INT2IC 11.5 INT Interrupt
Timer RJ_0 +88 to +91 (00058h to 0005Bh) 22 TRJIC_O |[15. Timer RJ
— (Reserved) +92 to +95 (0005Ch to 0005Fh) 23 — —
Timer RB2_0 +96 to +99 (00060h to 00063h) 24 TRB2IC_0 |16. Timer RB2
INT1 (multiplexed with +100 to +103 (00064h to 00067h) | 25 INTLIC | 11.5 INT Interrupt
comparator B)
INT3 (multiplexed with +104 to +107 (00068h to 26 INT3IC
comparator B) 0006Bh)
— (Reserved) +108 to +111 (0006Ch to 27 — —
0006Fh)
— (Reserved) +112 to +115 (00070h to 00073h) 28 —
INTO +116 to +119 (00074h to 00077h) 29 INTOIC 11.5 INT Interrupt
UART?2 bus collision +120 to +123 (00078h to 30 U2BCNIC | 20. Serial Interface
detection 0007Bh) (UART2)
— (Reserved) +124 to +127 (0007Ch to 31 — —
0007Fh)
Notes:
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Table 11.5 Relocatable Vector Table (2)

| Vector Addresses (1) Software | Interrupt

nterrupt Source Interrupt Control Reference

Address (L) to Address (H) Number Reqister
g
Software (2 +128 to +131 (00080h to 00083h) to | 32 to 41 — R8C/5x Series
+164 to +167 (000A4h to 000A7h) User’s manual: Software
— (Reserved) +168 to +171 (0O00A8h to 000ABh) 42 — —
— (Reserved) +172 to +175 (000ACh to O00AFh) 43 —
— (Reserved) +176 to +179 (000BOh to 000B3h) 44 —
— (Reserved) +180 to +183 (000B4h to 000B7h) 45 —
— (Reserved) +184 to +187 (000B8h to 000BBh) 46 —
— (Reserved) +188 to +191 (000BCh to 000BFh) 47 —
— (Reserved) +192 to +195 (000COh to 000C3h) 48 —
— (Reserved) +196 to +199 (000C4h to 000C7h) 49 —
Voltage monitor 1 (3) +200 to +203 (000C8h to 000CBh) 50 VCMPL1IC |7. Voltage Detection Circuit
Voltage monitor 2 (3) +204 to +207 (000CCh to 000CFh) 51 VCMP2IC
— (Reserved) +208 to +211 (000DOh to 000D3h) 52 — —
TSCU +212 to +215 (000D4h to 000D7h) 53 TSCUIC | 25. Touch Sensor Control
Unit
— (Reserved) +216 to +219 (000D8h to 000DBh) | 54 to 56 — —
to +224 to +227 (O0OOEOh to 000E3h)

— (Reserved) +228 to +231 (0O00E4h to 000ET7h) 57 —
— (Reserved) +232 to +235 (000E8h to 000EBh) 58 —
— (Reserved) +236 to +239 (000ECh to O00EFh) 59 —
— (Reserved) +240 to +243 (000FO0h to 000F3h) 60 —
— (Reserved) +244 to +247 (000F4h to 000F7h) 61 —
— (Reserved) +248 to +251 (0O00F8h to 000FBh) 62 —
— (Reserved) +252 to +255 (0O00FCh to 000FFh) 63 —
Notes:

1. These addresses are relative to that indicated by the INTB register.

2. These interrupts are not disabled by the | flag.
3. For the voltage monitor 1 or voltage monitor 2 interrupt, non-maskable or maskable can be selected by the
IRQ1SEL or IRQ2SEL bit in the CMPA register.
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11.4  Interrupt Control

The following describes enabling and disabling maskable interrupts and setting the priority for acknowledgement.
This description does not apply to non-maskable interrupts.

Use the | flag in the FLG register, IPL, and bits ILVL2 to ILVLO in the corresponding interrupt control register to
enable or disable a maskable interrupt. Whether an interrupt is requested or not is indicated by the IR bit in the
corresponding interrupt control register.

11.4.1 |Flag

The | flag enables or disables maskable interrupts. Setting the | flag to 1 (enabled) enables maskable interrupts.
Setting the | flag to 0 (disabled) disables all maskable interrupts.

11.4.2 IR Bit

The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. After the interrupt request is
acknowledged and the CPU branches to the corresponding interrupt vector, the IR bit is set to 0 (no interrupt
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 RC interrupt, the timer RE2 interrupt, the synchronous serial
communication unit/I2C bus interface interrupt, and the flash memory interrupt are different. Refer to 11.8
Timer RC Interrupt, Timer RE2 Interrupt, Synchronous Serial Communication Unit/I12C bus Interface,
and Flash Memory Interrupt (Interrupts with Multiple Interrupt Request Sources).

11.4.3 Bits ILVL2 to ILVLO, IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 11.6 lists the Interrupt Priority Level Settings. Table 11.7 lists the Interrupt Priority Levels Enabled by

IPL.

The following are the conditions when an interrupt is acknowledged:
elflag=1

*IRbit=1

« Interrupt priority level > IPL

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

Table 11.6 Interrupt Priority Level Settings Table 11.7 Interrupt Priority Levels Enabled by

Bits ILVL2 to Interrupt Priority Level Priority PL
ILVLO IPL Enabled Interrupt Priority Level
000b Level O (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
R0O1UH0241EJ0100 Rev.1.00 RENESAS Page 145 of 731

Oct 31, 2011



R8C/38T-A Group 11. Interrupts

11.4.4 Interrupt Sequence

The following describes the interrupt sequence performed from when an interrupt request is acknowledged until
the interrupt routine is executed.

When an interrupt request is generated while an instruction is being executed, the CPU determines its interrupt
priority level after the instruction has completed. The CPU starts the interrupt sequence from the following
cycle. However, for the SMOVB, SMOVF, SSTR, and RMPA instructions, if an interrupt request is generated
while the instruction is being executed, the MCU suspends the instruction to start the interrupt sequence.

The interrupt sequence is performed as described below.

Figure 11.3 shows the Time Required for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading address
00000h. Then, the corresponding bit for the interrupt is set to 0 (no interrupt requested).(?)

(2) The FLG register is saved to a temporary register () in the CPU immediately before the interrupt sequence
is entered.

(3) Thel, D, and U flags in the FLG register are set as follows:
The | flag is 0 (interrupt disabled)
The D flag is 0 (single-step interrupt disabled)
The U flag is set to 0 (ISP selected).
However, the U flag does not change if an INT instruction for software interrupts numbered 32 to 63 is
executed.

(4) The CPU internal temporary register (2) is saved on the stack.

(5) The PC is saved on the stack.

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

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

After the interrupt sequence is completed, instructions are executed from the start address of the interrupt
routine.

Notes:

1. Refer to 11.8 Timer RC Interrupt, Timer RE2 Interrupt, Synchronous Serial Communication
Unit/I2C bus Interface, and Flash Memory Interrupt (Interrupts with Multiple Interrupt Request
Sources) for the IR bit operations of the timer RC interrupt, timer RE2 interrupt, synchronous serial
communication unit/I2C bus interface interrupt, and flash memory interrupt.

2. Temporary registers cannot be used by the user.

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

Address bus XAddress OOOOOhX Undefined X SP-2 X SP-1 X SP—4X SP-3 X VEC X VEC+1 X VEC+2 X PC

Data bus X Interrupt X Undefined X SP-2 X sP1 X sPa XSP—B contentsX VEC XVEC+1 contentsXVEC+2 comentsX

information contents f\contents |\ contents contents,

RD u_\( Undefined y |_|
WR
Note:

1. The length of the undefined state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to accept instructions.

Figure 11.3 Time Required for Executing Interrupt Sequence

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 146 of 731
Oct 31, 2011



R8C/38T-A Group 11. Interrupts

11.4.5 Interrupt Response Time

Figure 11.4 shows the Interrupt Response Time. The interrupt response time is the period from when an
interrupt request is generated until the first instruction in the interrupt routine is executed. This time consists of
two periods: the first period ranges from when an interrupt request is generated until the currently executing
instruction is completed ((a) in Figure 11.4) and the second from when an interrupt request is acknowledged
until the interrupt sequence is executed (20 cycles (b)).

Interrupt request Interrupt request
generated acknowledged
/ * * —» Time /
. Instruction in
Instruction Interrupt sequence . :
interrupt routine
/ ‘ (@ Sl 20 cycles (b) L /

Interrupt response time

A
\

(a) The period from when an interrupt request is generated until the currently executing instruction is completed.
The length of this time varies with the instruction being executed. The DIVX instruction requires the longest
time, 30 cycles (no wait states, and the divisor is a register).

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

Figure 11.4 Interrupt Response Time

11.4.6 IPL Change when Interrupt Request is Acknowledged

When a maskable interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt
is set in the IPL.

For a software interrupt or special interrupt request, the level listed in Table 11.8 is set in the IPL.

Table 11.8 lists the IPL Value when Software or Special Interrupt is Acknowledged.

Table 11.8 IPL Value when Software or Special Interrupt is Acknowledged

Interrupt Source without Interrupt Priority Level Value Set in IPL
Watchdog timer, oscillation stop detection, voltage monitor 1,

voltage monitor 2, address break 7
Software, address match, single-step Not changed
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11.4.7 Saving Registers

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

After a total of 16 bits: higher 4 bits in the PC, higher 4 (IPL) and lower 8 bits in the FLG register, are saved on
the stack, the lower 16 bits in the PC are saved.

Figure 11.5 shows the Stack State Before and After Interrupt Request is Acknowledged.

Any other necessary registers should be saved at the beginning of the interrupt routine. The PUSHM instruction

can save all registers (1) other than the SP with a single instruction.

Note:
1. Selected from registers R0, R1, R2, R3, A0, Al, SB, and FB.

Stack Stack
MSB LSB MSB LSB
Address Address
} } [SP]
m-4 m-4 PCL " New SP value @
m-3 m-3 PCM
m-2 :: > m-2 FLGL
m-1 m-1| FLGH PCH
[SP]
m | Previous stack contents |-— SP value before interrupt m | Previous stack contents
request is acknowledged )
m+1 | Previous stack contents m+1 | Previous stack contents
Stack state before interrupt Stack state after interrupt
request is acknowledged request is acknowledged

PCL: Lower 8 bits of PC
PCM: 8 bits in the middle of PC

Note: PCH: Higher 4 bits of PC
1. When an INT instruction for software interrupts numbered 32 to 63 FLGL: Lower 8 bits of FLG
has been executed, this SP is the SP specified by the U flag. FLGH: Higher 4 bits of FLG

Otherwise it is ISP.

Figure 11.5 Stack State Before and After Interrupt Request is Acknowledged
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The register saving operation in the interrupt sequence uses four operations, each one of which saves 8 bits.

Figure 11.6 shows the Register Saving Operation.

Note:

Stack
MSB LSB
Address
Sequence in which registers are saved
[SP]-5
[SP]-4 PCL a— (3)
[SP]-3 PCM - (4)
Saved, 8 bits at a time
[SP]-2 FLGL -— (1)
[SP]-1 FLGH PCH l-— (2)
[SP]
Register saving completed in four operations

1. [SP] indicates the SP initial value when an interrupt request is acknowledged.
After registers are saved, the SP content becomes [SP] minus 4.

When an INT instruction for software interrupts numbered 32 to 63 has been
executed, this SP is the SP specified by the U flag. Otherwise it is ISP.

PCL: Lower 8 bits of PC

PCM: 8 bits in the middle of PC
PCH: Higher 4 bits of PC
FLGL: Lower 8 bits of FLG
FLGH: Higher 4 bits of FLG

Figure 11.6

Register Saving Operation
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11.4.8 Returning from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FLG register and PC, which have
been saved on the stack, are restored. Then, the processing before acknowledgement of the interrupt request
starts again.

The registers saved by a program in the interrupt routine should be restored using the POPM or similar
instruction before executing the REIT instruction.

11.4.9 Interrupt Priority

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

Any maskable interrupt (peripheral function) priority level can be selected by bits ILVLO to ILVL2. However, if
two or more maskable interrupts have the same priority level, the interrupt with higher priority given by
hardware is acknowledged.

The priority of special interrupts such as the watchdog timer interrupt is set by hardware.

Figure 11.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If a software interrupt instruction is executed, the
MCU will execute the corresponding interrupt routine.

Reset High

Address break A

Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2

Peripheral function

Single step v

Address match Low

Figure 11.7 Hardware Interrupt Priority
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11.4.10 Interrupt Priority Level Selection Circuit

The interrupt priority level selection circuit is used to select the highest priority interrupt.
Figure 11.8 shows the Interrupt Priority Level Selection Circuit.

Priority level of interrupts

Level 0 Highest
(initial value) A

| Voltage monitor 1

| UART?2 bus collision detection interrupt

| UARTO_1 receive interrupt

| Voltage monitor 2

| INT2 interrupt

| T3 interrupt

B S U S N B

<P R R e R e < <]

| Timer RB2_0 interrupt

| Timer RJ_O interrupt

| T4 interrupt

| TSCU interrupt

| INTO interrupt

Peripheral function interrupt priority
(if the priority levels are same)

B I S I

| T1 interrupt

| Timer RC_O interrupt

| UARTO_O receive interrupt

| AJD conversion interrupt

| UART2 receive interrupt

| Timer RE2 interrupt

O T O Y

| UARTO_1 transmit interrupt

| UARTO_O transmit interrupt

| SSU_O interrupt/lIC_0 interrupt

| Key input interrupt |—

| UART2 transmit interrupt |—

| Flash memory interrupt |—

v

Lowest

[ IPL

Output signal to select interrupt
request levels

I flag I Interrupt request
acknowledgement

Address match

Oscillation stop detection

Voltage monitor 1

I
I
| Watchdog timer
I
I
| Voltage monitor 2

Figure 11.8 Interrupt Priority Level Selection Circuit
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11.5 INT Interrupt

11.5.1 INTi Interrupt (i =0 to 4)

The INTIi interrupt is generated by an INTI input. To use the INTI interrupt, set the INTiEN bit in the INTEN or
INTENL1 register to 1 (enabled). The edge polarity can be selected by the INTiPL bit in the INTEN register and
the INTIPOL bit in the INTPOL register. The input pins used as the INT1 to INT4 input can be selected.

Inputs can be passed through a digital filter with three different sampling clocks. The INTO pin is multiplexed
with the pulse output forced cutoff input for timer RC and the external trigger input for timer RB2. The INT2
pin is multiplexed with the event input enabled for timer RJ.
Table 11.9 lists the Pin Configuration for INTi Interrupts (i = 0 to 4).

Table 11.9 Pin Configuration for INTi Interrupts (i =0to 4)
Pin Name I/0 Function
INTO Input INTO interrupt input
INT1 Input INT1 interrupt input
INT2 Input INT2 interrupt input
INT3 Input INT3 interrupt input
INTZ Input INT4 interrupt input
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11.5.2 INTi Input Filter (i=0to 4)
The INTI input includes a digital filter. The sampling clock can be selected by bits INTiFO and INTiF1 in
registers INTF and INTF1. The INTi level is sampled every sampling clock cycle, and the corresponding IR bit
in the INTIIC register is set to 1 (interrupt requested) when the sampled input level matches three times.
Figure 11.9 shows the INTi Input Filter Configuration and Figure 11.10 shows an Example of INTi Input Filter
Operation.

INTIF1 and INTiFO

f1 =01b
8 M :Sélmpling clock
82 —= e INTIEN
Other than INTIPOL =1
INTIF and INTIFO TNTI interrupt request
wm O Digital fiter [————0 Output for ELC
(matches . .
3 times) =00b Peripheral trigger

Both edges
detection
circuit

o
INTIPL=1

INTiFO, INTiF1: Bits in registers INTF and INTF1
INTIEN, INTIPL: Bits in registers INTEN and INTEN1
INTiPOL: Bit in INTPOL register

Figure 11.9 INTi Input Filter Configuration (i =0 to 4)

me | AT

Sampling timing ﬂ‘

AN
IR bit in (
INTIIC register
g ) ) ‘
1\ /T b \
If the level does not match three Since the level matched Set to 0 by a program
times, it is assumed to be noise three times, it is recognized
and the IR bit does not change as a signal change and the

IR bitis setto 1

Note:
1. In this example, bits INTiF1 and INTiFO in registers INTF and INTF1 are set to 01b, 10b, or 11b (filter used).

Figure 11.10 Example of INTi Input Filter Operation (i = 0 to 4)
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11.6 Key Input Interrupt
A key input interrupt request is generated by one of the input edges on pins KI0 to KI3. The key input interrupt is

used as a key-on wake-up function to cancel wait mode or stop mode.

The KIiEN bit (i = 0 to 3) in the KIEN register is used to select whether the pins are used as the Kli input. The
KIiPL bit in the KIEN register can be used to select the input polarity.
When a low level is input to the Kli pin, which sets the KIiPL bit to 0 (falling edge), inputs to the other pins KI0 to
KI3 are not detected as interrupts. Likewise, when a high level is input to the Kli pin, which sets the KIiPL bit to 1
(rising edge), inputs to the other pins K10 to KI3 are not detected as interrupts.
Figure 11.11 shows the Key Input Interrupt Block Diagram (i = 0 to 3). Table 11.10 lists the Key Input Interrupt Pin
Configuration.

i

KI2

=y

i

Pull-up
transistor
Pull-up
transistor

WOL

Pull-up
transistor

RO

ol . PU02
( ull-up ) PD1_3
transistor ) -

KISPL =0

KI3EN

;

KI3PL =1

KI2PL=0

;

KI2PL=1

i

KI1PL =0

;

KIlPL=1

KIOPL =0

KIOEN

A

KIOPL =1

KIEN, KIiPL: Bits in KIEN register
PD1_i: Bit in PD1 register

PD1_0

KUPIC register

\

Interrupt
control circuit|

= Key input interrupt request

Figure 11.11

Key Input Interrupt Block Diagram (i = 0 to 3)

Table 11.10 Key Input Interrupt Pin Configuration

Pin Name 110 Function
KIO Input KIO interrupt input
KI1 Input KI1 interrupt input
KI2 Input KI2 interrupt input
KI3 Input KI3 interrupt input

RO1UH0241EJ0100 Rev.1.00

Oct 31, 2011

RENESAS

Page 154 of 731



R8C/38T-A Group 11. Interrupts

11.7 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address

indicated by the AIADRIj register (i=0or 1, j = L or H). This interrupt is used as a break function for the debugger.

When the on-chip debugger is used, do not set an address match interrupt (registers AIENi, AIADRIj, and fixed

vector table) in the user system.

Set the start address of any instruction in the AIADRIj register. The AIENIO bit in the AIENI register can be used to

enable or disable the interrupt. The address match interrupt is not affected by the I flag in the FLG register and IPL.

The PC value (refer to 11.4.7 Saving Registers), which is saved on the stack when an address match interrupt

request is acknowledged, will differ depending on the instruction at the address indicated by the AIADRIj register.

(The appropriate return address is not saved on the stack.) Therefore, when returning from the address match

interrupt, use one of the following methods:

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

«Use an instruction such as POP to restore the stack to its previous state where the interrupt request was
acknowledged. Then use a jump instruction to return.

Table 11.11 lists the PC Value Saved when Address Match Interrupt Request is Acknowledged. Table 11.12 lists the

Correspondence between Address Match Interrupt Sources and Associated Registers.

Table 11.11
Instruction at Address Indicated by AIADRIj Register (i=0or 1,j=L or H)

PC Value Saved when Address Match Interrupt Request is Acknowledged
PC Value Saved (1)

« Instruction with 2-byte operation code (2)
« Instruction with 1-byte operation code (2)

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

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

JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM, dest (however, dest = A0 or Al)

Address indicated by
AIADRIj register + 2

Instructions other than above

Address indicated by
AIADRIj register + 1

Notes:
1. PC value saved: Refer to 11.4.7

Saving Registers.

2. Operation code: Refer to the R8C/5x Series User’s manual: Software (ROLUS0007EJ).
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 11.12 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 AIENOQO AIADROQj
Address match interrupt 1 AIEN10 AIADR1j
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11.8 Timer RC Interrupt, Timer RE2 Interrupt, Synchronous Serial
Communication Unit/I2C bus Interface, and Flash Memory Interrupt
(Interrupts with Multiple Interrupt Request Sources)

The timer RC, timer RE2, synchronous serial communication unit/I2C bus interface, and flash memory interrupts
each have multiple interrupt request sources. An interrupt request is generated by the logical OR of several
interrupt request sources and is reflected in the 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 of the IR bit
in the interrupt control register). Table 11.13 lists the Registers Associated with Timer RC, Timer REZ2,
Synchronous Serial Communication Unit/I2C bus Interface, and Flash Memory Interrupts.

Table 11.13 Registers Associated with Timer RC, Timer RE2, Synchronous Serial Communication
Unit/I2C bus Interface, and Flash Memory Interrupts

Peripheral Function Status Register of Enable Register of Interrupt Control
Name Interrupt Request Source | Interrupt Request Source Register
Timer RC TRCSR TRCIER TRCIC
Timer RE2 TREIFR TREIER TRE2IC
Synchronous serial SISR_0 SIER_O SSUIC_0O/lIICIC_0
communication unit/I2C bus
interface
Flash memory RDYSTI RDYSTIE FMRDYIC
BSYAEI BSYAEIE
CMDERIE

As with other maskable interrupts, the timer RC, timer RE2, synchronous serial communication unit/12C bus
interface, and flash memory interrupts are controlled by the combination of the 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 are set to 1 and the corresponding bits in the status register are set to 1 (interrupt
enabled), the IR bit in the interrupt control register is set to 1 (interrupt requested).
« When either bits in the status register or the corresponding bits in the enable register, or both are set to 0, the IR bit
is set to O (no interrupt requested).
That is, even if the interrupt is not acknowledged after the IR bit is set to 1, the interrupt request will not be
retained.
Also, if 0 is written to the IR bit, this bit is temporarily set to 0 (for five cycles of the CPU clock) and then set back
to 1.
« Individual bits in the status register are not automatically set to 0 even if the interrupt is acknowledged.
The IR bit is also not automatically set to 0 when the interrupt is acknowledged.
Set individual bits 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, use the status register to determine which request source
causes an interrupt.

Refer to the chapters of the individual peripheral functions (17. Timer RC, 18. Timer RE2, 21. Clock
Synchronous Serial Interface, and 26. Flash Memory) for the status register and enable register.
For the interrupt control register, refer to 11.4 Interrupt Control.

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 156 of 731
Oct 31, 2011



R8C/38T-A Group 11. Interrupts

11.9 Notes on Interrupts

11.9.1 Reading Address 00000h

Do not read address 00000h by a program. When an external interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from address 00000h in the interrupt
sequence. At this time, the corresponding IR bit in the interrupt control register for the acknowledged interrupt
is set to 0.

If a program is used to read address 00000h, the corresponding 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.

11.9.2 SP Setting

Set a value in the SP before any interrupt is acknowledged. The SP is 0000h after a reset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

11.9.3 External Interrupt, Key Input Interrupt

Signal input to pins INTO to INT4 and pins KI0 to KI3 must meet either the low-level width or the high-level
width requirements shown in External Interrupt INTO to INT4 Input in the Electrical Characteristics, regardless
of the CPU operating clock.
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11.9.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source is
changed. To use an interrupt, set the IR bit to 0 (no interrupt requested) after changing interrupt sources.
Changing interrupt sources as referred to here includes all factors that change the source, polarity, or timing of
the interrupt assigned to a software interrupt number. Therefore, if a mode change of a peripheral function
involves the source, polarity, or timing of an interrupt, set the IR bit to 0 (no interrupt requested) after making
these changes. Refer to the descriptions of the individual peripheral functions for related interrupts.

Figure 11.12 shows a Procedure Example for Changing Interrupt Sources.

C Interrupt source change )

Disable interrupts ©

Change interrupt sources
(including mode of peripheral function)

Set the IR bit to 0 (no interrupt requested)
Using the MOV instruction ©

Enable interrupts @

( Change completed )

IR bit: Corresponding interrupt control register bit for the interrupt whose source is to be changed

Notes:

1. The above settings must be executed individually. Do not execute two or more
settings simultaneously (using one instruction).

2. 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 for the interrupt
whose source is to be changed.

3. To change the interrupt source to an input with the digital filter used, wait for at least
three cycles of the digital filter sampling clock + two cycles of the bus clock before
setting the IR bit to 0 (no interrupt requested).

Refer to 11.9.5 Rewriting Interrupt Control Registers for the instructions to use and
related notes.

Figure 11.12 Procedure Example for Changing Interrupt Sources
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11.9.5 Rewriting Interrupt Control Register

(@) The contents of the interrupt control register can be rewritten only while no interrupt requests
corresponding to that register are generated. If an interrupt request may be generated, disable the interrupt
before rewriting the contents of the interrupt control register.

(b) When rewriting the contents of the interrupt control register after disabling the interrupt, be careful to
choose appropriate instructions
Changing any bit other than the IR bit
If an interrupt request corresponding to the register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt may be ignored. If this causes a problem, use
one of the following instructions to rewrite the contents of the register:
Applicable instructions....... AND, OR, BCLR, and BSET

Changing the IR bit
Depending on the instruction used, the IR bit may not be set to 0 (no interrupt requested). Use the MOV
instruction to set the IR bit to 0.

(c) When using the I flag to disable an interrupt, set the | flag as shown in the sample programs below. (Refer
to (b) regarding rewriting the contents of interrupt control registers using the sample programs.)

Examples 1 to 3 show how to prevent the | flag from being set to 1 (interrupt enabled) before the contents of the
interrupt control register are rewritten due to effects of the internal bus and the instruction queue buffer.

Example 1: Use the NOP instructions to pause the program until the interrupt control register is

rewritten
INT_SWITCH1:
FCLR | ; Interrupt disabled
AND.B  #00H, 0056H ; Set the TRJIC_O register to 00h
NOP ;
NOP
FSET | ; Interrupt enabled
Example 2: Use a dummy read to delay the FSET instruction
INT_SWITCH2:
FCLR | ; Interrupt disabled
AND.B  #00H, 0056H ; Set the TRJIC_O register to 00h
MOV.W  MEM, RO ; Dummy read
FSET | ; Interrupt enabled
Example 3: Use the POPC instruction to change the I flag
INT_SWITCHS3:
PUSHC FLG
FCLR | ; Interrupt disabled
AND.B  #00H, 0056H ; Set the TRJIIC_O register to 00h
POPC FLG ; Interrupt enabled
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12. Event Link Controller (ELC)

The event link controller (ELC) mutually connects (links) events output from each peripheral function. By linking

events, it becomes possible to coordinate operation between peripheral functions directly without going through the
CPU.

12.1 Overview

The ELC has the following functions.

« Capable of directly linking event signals from 44 types of peripheral functions to specified peripheral functions
« Event signals can be used as activation sources for operating any one of 15 peripheral functions

Figure 12.1 shows the Event Link Controller Block Diagram (n =0to 4, 8, 9, 11 to 16).

( Internal bus )

Il
U

Event output destination select register
ELSELRN

Y

Peripheral function | Event control Peripheral function
(Event output side) [ (Link connection processor) | (Event reception side)

\
A
/

Figure 12.1 Event Link Controller Block Diagram (n =0to 4, 8, 9, 11 to 16)
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12.2 Registers
Table 12.1 lists the ELC Register Configuration.

Table 12.1  ELC Register Configuration

Register Name Symbol After Reset Address Access Size
Event Output Destination Select Register 0 ELSELRO 00h 06A00h 8
Event Output Destination Select Register 1 ELSELR1 00h 06A01h 8
Event Output Destination Select Register 2 ELSELR2 00h 06A02h 8
Event Output Destination Select Register 3 ELSELR3 00h 06A03h 8
Event Output Destination Select Register 4 ELSELR4 00h 06A04h 8
Event Output Destination Select Register 8 ELSELRS 00h 06A08h 8
Event Output Destination Select Register 9 ELSELR9 00h 06A09h 8
Event Output Destination Select Register 11 | ELSELR11 00h 06A0Bh 8
Event Output Destination Select Register 12 | ELSELR12 00h 06A0Ch 8
Event Output Destination Select Register 13 | ELSELR13 00h 06A0DNh 8
Event Output Destination Select Register 14 | ELSELR14 00h 06A0Eh 8
Event Output Destination Select Register 15 | ELSELR15 00h 06A0Fh 8
Event Output Destination Select Register 16 | ELSELR16 00h 06A10h 8

12.2.1 Event Output Destination Select Register n (ELSELRn) (n=0t0 4, 8§, 9, 11
to 16)

Address 06A00h (ELSELRO) to 06A04h (06A04h), 06A08h (ELSELRS), 06A09h (ELSELRY),
06A0Bh (ELSELR11) to 06A10h (ELSELR16)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symboll — | — | — | — [ELSEL3|ELSEL2[ELSELl | ELSELO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ELSELO |Event link select O bit b3 b2 bl b0 R/W

0 0 0 0: Event link disabled

bl ELSEL1 | Eventlink select 1 bit 0001 to 1111: Select operation of peripheral RIW
b2 ELSEL2 |Event link select 2 bit function to link @) R/W
b3 ELSEL3 |Event link select 3 bit R/W
b4 — Reserved The read value is 0. R
b5 —

b6 —

b7 —

Note:

1. Refer to Table 12.3 Correspondence between Values Set to ELSELRn (n =0to 4, 8, 9, 11 to 16) Registers
and Operation of Link Destination Peripheral Functions at Reception.

An ELSELRn register links each event signal to an operation of an event-receiving peripheral function (link
destination peripheral function) at reception.

Do not set multiple event inputs to the same event output destination (event reception side). The operation of
the event-receiving peripheral function will become undefined, and event signals may not be received correctly.
Set an ELSELRn register during a period when no event output peripheral functions are generating event
signals.

Tables 12.2 lists the Correspondence between ELSELRn Registers and Peripheral Functions, and Table 12.3
lists the Correspondence between Values Set to ELSELRn (n =0to 4, 8, 9, 11 to 16) Registers and Operation of
Link Destination Peripheral Functions at Reception.
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Table 12.2 Correspondence between ELSELRn (n =0to 4, 8, 9, 11 to 16) Registers and Peripheral
Functions (1)

Register Name Event Generator (Output Origin of Event Input n) Event Description
ELSELRO External interrupt INTO input level
ELSELR1 External interrupt INT1 input level/comparison result change
ELSELR2 External interrupt INT2 input level
ELSELR3 External interrupt INT3 input level/comparison result change
ELSELR4 External interrupt INT4 input level
ELSELR8 External interrupt Key input event
ELSELR9 Timer RJ_0 Timer RJ_0 underflow
ELSELR11 Timer RE2 Timer RE2 compare match
ELSELR12 Timer RB2_0 Timer RB2_0 underflow

ELSELR13 Timer RC_0

Timer RC_0 compare match A

ELSELR14 Timer RC_0

Timer RC_0 compare match B

ELSELR15 Timer RC_0

Timer RC_0 compare match C

ELSELR16 Timer RC_0

Timer RC_0 compare match D

Table 12.3  Correspondence between Values Set to ELSELRn (h =0t0 4, 8, 9, 11 to 16) Registers

and Operation of Link Destination Peripheral Functions at Reception

Bits ELSEL3 to ELSELO in
ELSELRnN Register

Link Destination Peripheral
Function

Operation when Receiving Event

0001b

10-bit A/D converter

A/D conversion start trigger

0010b

Timer RJ_0

Event count operation

0011b (1)

0100b (D)

0101b (D)

0110b

Timer RB2_0

Count start trigger of programmable one-shot generation
mode, count start trigger of programmable wait one-shot
generation mode

0111b (1)

1000b

Timer RC_0

Input capture, external trigger of PWM2 mode

1001b

TSCU

Touch detection start trigger

1010b (1)

1011b )

1100b (M)

1101b @)

1110b (1)

1111b (D)

Note:
1. Do not set any value.
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12.3 Operation

The path for using an event signal generated by a peripheral function as an interrupt request to the interrupt control
circuit is independent from the path for using it as an ELC event. Therefore, each event signal can be used as an
event signal for operation of an event-receiving peripheral function, regardless of interrupt control.

In addition, event link operation can be performed without being influenced by the presence or absence of a CPU
clock supply. However, the operating clock of a peripheral function needs to be supplied and be in an operational
state.

Figure 12.2 shows the Relationship between Interrupt Handling and ELC. This figure shows the connection with
the ELC, using an example of a peripheral function such as timer RC that has a status flag and a register that
controls enabling of interrupts. The figure also indicates that the interrupt request (event signal) is not affected by
control on enabling of interrupts.

An event signal applied to the ELC is input each time an event is generated. This event signal allows the event
receiving peripheral function to perform operations at event reception. Thus, it is unnecessary to clear the status
flag or the interrupt request bit (IR bit) by software.

Table 12.4 lists the Responses of Event Receiving Peripheral Functions.

A peripheral function which receives an event from the ELC will perform the operation corresponding to the event-
receiving peripheral function after reception of an event (Refer to Table 12.3 Correspondence between Values
Setto ELSELRn (n=0to04, 8,9, 11 to 16) Registers and Operation of Link Destination Peripheral Functions
at Reception).

Peripheral function (Event output side)

Interrupt request ELC | Peripheral function
(Event signal) | (Event reception side)

\

| Status flag |

. | Interrupt control o
Inter(r:l:)[r)]ttreor;able : ) > circuit . CPU
Figure 12.2 Relationship between Interrupt Handling and ELC
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Table 12.4 Responses of Event Receiving Peripheral Functions

Event Reception Link . .
Side No. Destination Operation after Event Reception Real-Timeliness of Opt_eratlon after Event
(Event Trigger No.) Module Reception

1 A/D Converter | A/D conversion start trigger A conversion start trigger is generated 2 or 3 cycles
of the A/D converter operating clock (1) after ELC
event generation.

2 Timer RJ_0 Event count operation An event from the ELC is used directly as the count
clock. (No time lag in sampling at the internal clock,
etc.)

6 Timer RB2_0 Count start trigger of one-shot A conversion start trigger is generated 2 or 3 cycles
generation mode/count start trigger | of the timer RB2 operating clock after ELC event
of delayed one-shot generation generation.
mode

8 Timer RC_0O Input capture/external trigger of Input capture, PWM2 mode:

PWM2 mode A count start trigger is generated 2 or 3 cycles of
the timer RC operating clock (1) after ELC event
generation.

Note:

1. Refer to the chapter of each peripheral function for details on the operating clock.
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13. DTC

The DTC (data transfer controller) is a function that transfers data between the SFR and on-chip memory without using
the CPU. The DTC is activated by a peripheral function interrupt to perform data transfers. The DTC and CPU use the
same bus, and the DTC takes priority over the CPU in using the bus.

To control DTC data transfers, control data comprised of a transfer source address, a transfer destination address, and
operating modes are allocated in the DTC control data area. Each time the DTC is activated, the DTC reads control
data to perform data transfers.

13.1 Overview

Table 13.1 lists the DTC Specifications.

Table 13.1 DTC Specifications

Item Specification
Activation sources 27 sources
Allocatable control data 24 sets

Address space which can be

64 Kbytes (00000h to OFFFFh)

transferred

Maximum Normal mode 256 times
number of Repeat mode | 255 times
transfers

Maximum size | Normal mode 256 bytes
of blocktobe  |Repeat mode |255 bytes
transferred

Unit of transfers Byte

Transfer mode

Normal mode

Transfers end on completion of the transfer causing the DTCCT] register value to
change from 1 to O.

Repeat mode

On completion of the transfer causing the DTCCT] register value to change from
1to 0, the repeat area address is initialized and the DTRLD] register value is
reloaded to the DTCCT]j register to continue transfers.

Address control

Normal mode

Fixed or incremented

Repeat mode

Addresses of the area not selected as the repeat area are fixed or incremented.

Priority of activation sources

Refer to Table 13.8 DTC Activation Sources and DTC Vector Addresses.

Interrupt
request

Normal mode

When the data transfer causing the DTCCT] register value to change from 1 to O
is performed, the activation source interrupt request is generated for the CPU,
and interrupt handling is performed on completion of the data transfer.

Repeat mode

When the data transfer causing the DTCCT] register value to change from 1 to O
is performed while the RPTINT bit in the DTCCR]j register is 1 (interrupt
generation enabled), the activation source interrupt request is generated for the
CPU, and interrupt handling is performed on completion of the transfer.

Transfer start

When bits DTCENIO to DTCENI7 in the DTCENi registers are set to 1 (activation
enabled), data transfer is started each time the corresponding DTC activation
sources are generated.

Transfer stop

Normal mode

» When bhits DTCENIO to DTCENI7 are set to 0 (activation disabled).
» When the data transfer causing the DTCCT] register value to change from 1 to
0 is completed.

Repeat mode

» When bits DTCENIO to DTCENI7 are set to 0 (activation disabled).
» When the data transfer causing the DTCCT] register value to change from 1 to
0 is completed while the RPTINT bit is 1 (interrupt generation enabled).

i=0to3,5,0r6,j=0to 23
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/N
CPU
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=% DTCENi DTC activation = - "
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S DTCTL © [ DTRLD) | g
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E DTSAR]
Peripheral interrupt -
request DTDAR;
T 0
s| |=| |25
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- @ [a g g
Interrupt controller | Bus interface Q=
. . < Peripheral bus >
DTCCR;j: DTC control register
DTBLS;j: DTC block size register
DTCCTj: DTC transfer count register
DTRLDj: DTC transfer count reload register
DTSARj: DTC source address register
DTDARj: DTC destination address register
DTCTL: DTC activation control register
DTCENI: DTC activation enable register i
Figure 13.1 DTC Block Diagram (i=0to 3,5, 0r 6,j =0to 23)
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13.2 Registers

When the DTC is activated, control data (DTCCRj, DTBLSj, DTCCTj, DTRLDj, DTSARj, and DTDARj, j=0to
23) allocated in the RAM control data area is read, and then transferred to the control registers (DTCCR, DTBLS,
DTCCT, DTRLD, DTSAR, and DTDAR) in the DTC. On completion of the DTC data transfer, the contents of the
DTC control registers are written back to the control data area.

The DTCCR, DTBLS, DTCCT, DTRLD, DTSAR, and DTDAR registers cannot be accessed directly.
DTCCRj, DTBLSj, DTCCTj, DTRLDj, DTSARj, and DTDAR]j can be directly accessed by the system bus.
Also, registers DTCTL and DTCEN:I (i = 0 to 3, 5, or 6) can be accessed via the peripheral bus.

Tables 13.2 to 13.5 list the DTC Register Configuration.

Table 13.2  DTC Register Configuration (1)

Register Name Symbol After Reset Address Access Size
DTC Activation Control Register DTCTL 00h 00280h 8
DTC Activation Enable Register O DTCENO 00h 00288h 8
DTC Activation Enable Register 1 DTCEN1 00h 00289h 8
DTC Activation Enable Register 2 DTCEN2 00h 0028Ah 8
DTC Activation Enable Register 3 DTCENS3 00h 0028Bh 8
DTC Activation Enable Register 5 DTCENS5 00h 0028Dh 8
DTC Activation Enable Register 6 DTCENG 00h 0028Eh 8
DTC Control Register 0 DTCCRO XXh 06C40h 8
DTC Block Size Register 0 DTBLSO XXh 06C41h 8
DTC Transfer Count Register 0 DTCCTO XXh 06C42h 8
DTC Transfer Count Reload Register O DTRLDO XXh 06C43h 8
DTC Source Address Register O DTSARO XXXXh 06C44h 16
DTC Destination Address Register 0 DTDARO XXXXh 06C46h 16
DTC Control Register 1 DTCCR1 XXh 06C48h 8
DTC Block Size Register 1 DTBLS1 XXh 06C49h 8
DTC Transfer Count Register 1 DTCCT1 XXh 06C4Ah 8
DTC Transfer Count Reload Register 1 DTRLD1 XXh 06C4Bh 8
DTC Source Address Register 1 DTSAR1 XXXXh 06C4Ch 16
DTC Destination Address Register 1 DTDAR1 XXXXh 06C4Eh 16
DTC Control Register 2 DTCCR2 XXh 06C50h 8
DTC Block Size Register 2 DTBLS2 XXh 06C51h 8
DTC Transfer Count Register 2 DTCCT2 XXh 06C52h 8
DTC Transfer Count Reload Register 2 DTRLD2 XXh 06C53h 8
DTC Source Address Register 2 DTSAR2 XXXXh 06C54h 16
DTC Destination Address Register 2 DTDAR2 XXXXh 06C56h 16
DTC Control Register 3 DTCCR3 XXh 06C58h 8
DTC Block Size Register 3 DTBLS3 XXh 06C59h 8
DTC Transfer Count Register 3 DTCCT3 XXh 06C5Ah 8
DTC Transfer Count Reload Register 3 DTRLD3 XXh 06C5Bh 8
DTC Source Address Register 3 DTSAR3 XXXXh 06C5Ch 16
DTC Destination Address Register 3 DTDARS3 XXXXh 06C5Eh 16
DTC Control Register 4 DTCCR4 XXh 06C60h 8
DTC Block Size Register 4 DTBLS4 XXh 06C61h 8
DTC Transfer Count Register 4 DTCCT4 XXh 06C62h 8
DTC Transfer Count Reload Register 4 DTRLD4 XXh 06C63h 8
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Table 13.3  DTC Register Configuration (2)

Register Name Symbol After Reset Address Access Size
DTC Source Address Register 4 DTSAR4 XXXXh 06C64h 16
DTC Destination Address Register 4 DTDAR4 XXXXh 06C66h 16
DTC Control Register 5 DTCCR5 XXh 06C68h 8
DTC Block Size Register 5 DTBLS5 XXh 06C69h 8
DTC Transfer Count Register 5 DTCCT5 XXh 06C6Ah 8
DTC Transfer Count Reload Register 5 DTRLD5 XXh 06C6Bh 8
DTC Source Address Register 5 DTSAR5 XXXXh 06C6Ch 16
DTC Destination Address Register 5 DTDARS XXXXh 06C6Eh 16
DTC Control Register 6 DTCCR6 XXh 06C70h 8
DTC Block Size Register 6 DTBLS6 XXh 06C71h 8
DTC Transfer Count Register 6 DTCCT6 XXh 06C72h 8
DTC Transfer Count Reload Register 6 DTRLD6 XXh 06C73h 8
DTC Source Address Register 6 DTSAR6 XXXXh 06C74h 16
DTC Destination Address Register 6 DTDARG6 XXXXh 06C76h 16
DTC Control Register 7 DTCCR7 XXh 06C78h 8
DTC Block Size Register 7 DTBLS7 XXh 06C79h 8
DTC Transfer Count Register 7 DTCCT7 XXh 06C7Ah 8
DTC Transfer Count Reload Register 7 DTRLD7 XXh 06C7Bh 8
DTC Source Address Register 7 DTSAR7 XXXXh 06C7Ch 16
DTC Destination Address Register 7 DTDAR7 XXXXh 06C7Eh 16
DTC Control Register 8 DTCCRS8 XXh 06C80h 8
DTC Block Size Register 8 DTBLS8 XXh 06C81h 8
DTC Transfer Count Register 8 DTCCT8 XXh 06C82h 8
DTC Transfer Count Reload Register 8 DTRLDS8 XXh 06C83h 8
DTC Source Address Register 8 DTSARS8 XXXXh 06C84h 16
DTC Destination Address Register 8 DTDARS XXXXh 06C86h 16
DTC Control Register 9 DTCCR9 XXh 06C88h 8
DTC Block Size Register 9 DTBLS9 XXh 06C89h 8
DTC Transfer Count Register 9 DTCCT9 XXh 06C8Ah 8
DTC Transfer Count Reload Register 9 DTRLD9 XXh 06C8Bh 8
DTC Source Address Register 9 DTSAR9 XXXXh 06C8Ch 16
DTC Destination Address Register 9 DTDAR9 XXXXh 06C8Eh 16
DTC Control Register 10 DTCCR10 XXh 06C90h 8
DTC Block Size Register 10 DTBLS10 XXh 06C91h 8
DTC Transfer Count Register 10 DTCCT10 XXh 06C92h 8
DTC Transfer Count Reload Register 10 DTRLD10 XXh 06C93h 8
DTC Source Address Register 10 DTSAR10 XXXXh 06C94h 16
DTC Destination Address Register 10 DTDAR10 XXXXh 06C96h 16
DTC Control Register 11 DTCCR11 XXh 06C98h 8
DTC Block Size Register 11 DTBLS11 XXh 06C99h 8
DTC Transfer Count Register 11 DTCCT11 XXh 06C9Ah 8
DTC Transfer Count Reload Register 11 DTRLD11 XXh 06C9Bh 8
DTC Source Address Register 11 DTSAR11 XXXXh 06C9Ch 16
DTC Destination Address Register 11 DTDAR11 XXXXh 06C9Eh 16
DTC Control Register 12 DTCCR12 XXh 06CAOh 8
DTC Block Size Register 12 DTBLS12 XXh 06CAlh 8
DTC Transfer Count Register 12 DTCCT12 XXh 06CA2h 8
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Table 13.4 DTC Register Configuration (3)
Register Name Symbol After Reset Address Access Size
DTC Transfer Count Reload Register 12 DTRLD12 XXh 06CA3h 8
DTC Source Address Register 12 DTSAR12 XXXXh 06CA4h 16
DTC Destination Address Register 12 DTDAR12 XXXXh 06CAG6h 16
DTC Control Register 13 DTCCR13 XXh 06CA8h 8
DTC Block Size Register 13 DTBLS13 XXh 06CA9h 8
DTC Transfer Count Register 13 DTCCT13 XXh 06CAAh 8
DTC Transfer Count Reload Register 13 DTRLD13 XXh 06CABh 8
DTC Source Address Register 13 DTSAR13 XXXXh 06CACh 16
DTC Destination Address Register 13 DTDAR13 XXXXh 06CAEh 16
DTC Control Register 14 DTCCR14 XXh 06CBOh 8
DTC Block Size Register 14 DTBLS14 XXh 06CB1h 8
DTC Transfer Count Register 14 DTCCT14 XXh 06CB2h 8
DTC Transfer Count Reload Register 14 DTRLD14 XXh 06CB3h 8
DTC Source Address Register 14 DTSAR14 XXXXh 06CB4h 16
DTC Destination Address Register 14 DTDAR14 XXXXh 06CB6h 16
DTC Control Register 15 DTCCR15 XXh 06CB8h 8
DTC Block Size Register 15 DTBLS15 XXh 06CB9h 8
DTC Transfer Count Register 15 DTCCT15 XXh 06CBAh 8
DTC Transfer Count Reload Register 15 DTRLD15 XXh 06CBBh 8
DTC Source Address Register 15 DTSAR15 XXXXh 06CBCh 16
DTC Destination Address Register 15 DTDAR15 XXXXh 06CBEh 16
DTC Control Register 16 DTCCR16 XXh 06CCOh 8
DTC Block Size Register 16 DTBLS16 XXh 06CC1lh 8
DTC Transfer Count Register 16 DTCCT16 XXh 06CC2h 8
DTC Transfer Count Reload Register 16 DTRLD16 XXh 06CC3h 8
DTC Source Address Register 16 DTSAR16 XXXXh 06CC4h 16
DTC Destination Address Register 16 DTDAR16 XXXXh 06CC6h 16
DTC Control Register 17 DTCCR17 XXh 06CC8h 8
DTC Block Size Register 17 DTBLS17 XXh 06CC9h 8
DTC Transfer Count Register 17 DTCCT17 XXh 06CCAh 8
DTC Transfer Count Reload Register 17 DTRLD17 XXh 06CCBh 8
DTC Source Address Register 17 DTSAR17 XXXXh 06CCCh 16
DTC Destination Address Register 17 DTDAR17 XXXXh 06CCEh 16
DTC Control Register 18 DTCCR18 XXh 06CDOh 8
DTC Block Size Register 18 DTBLS18 XXh 06CD1h 8
DTC Transfer Count Register 18 DTCCT18 XXh 06CD2h 8
DTC Transfer Count Reload Register 18 DTRLD18 XXh 06CD3h 8
DTC Source Address Register 18 DTSAR18 XXXXh 06CD4h 16
DTC Destination Address Register 18 DTDAR18 XXXXh 06CD6h 16
DTC Control Register 19 DTCCR19 XXh 06CD8h 8
DTC Block Size Register 19 DTBLS19 XXh 06CD%h 8
DTC Transfer Count Register 19 DTCCT19 XXh 06CDAhO 8
DTC Transfer Count Reload Register 19 DTRLD19 XXh 06CDBh 8
DTC Source Address Register 19 DTSAR19 XXXXh 06CDCh 16
DTC Destination Address Register 19 DTDAR19 XXXXh 06CDEh 16
DTC Control Register 20 DTCCR20 XXh 06CEOh 8
DTC Block Size Register 20 DTBLS20 XXh 06CE1lh 8
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Table 13.5 DTC Register Configuration (4)
Register Name Symbol After Reset Address Access Size
DTC Transfer Count Register 20 DTCCT20 XXh 06CE2h 8
DTC Transfer Count Reload Register 20 DTRLD20 XXh 06CE3h 8
DTC Source Address Register 20 DTSAR20 XXXXh 06CE4h 16
DTC Destination Address Register 20 DTDAR20 XXXXh 06CE6h 16
DTC Control Register 21 DTCCR21 XXh 06CES8h 8
DTC Block Size Register 21 DTBLS21 XXh 06CE9h 8
DTC Transfer Count Register 21 DTCCT21 XXh 06CEAh 8
DTC Transfer Count Reload Register 21 DTRLD21 XXh 06CEBh 8
DTC Source Address Register 21 DTSAR21 XXXXh 06CECh 16
DTC Destination Address Register 21 DTDAR21 XXXXh 06CEEh 16
DTC Control Register 22 DTCCR22 XXh 06CFOh 8
DTC Block Size Register 22 DTBLS22 XXh 06CF1h 8
DTC Transfer Count Register 22 DTCCT22 XXh 06CF2h 8
DTC Transfer Count Reload Register 22 DTRLD22 XXh 06CF3h 8
DTC Source Address Register 22 DTSAR22 XXXXh 06CF4h 16
DTC Destination Address Register 22 DTDAR22 XXXXh 06CF6h 16
DTC Control Register 23 DTCCR23 XXh 06CF8h 8
DTC Block Size Register 23 DTBLS23 XXh 06CF9h 8
DTC Transfer Count Register 23 DTCCT23 XXh 06CFAh 8
DTC Transfer Count Reload Register 23 DTRLD23 XXh 06CFBh 8
DTC Source Address Register 23 DTSAR23 XXXXh 06CFCh 16
DTC Destination Address Register 23 DTDAR23 XXXXh 06CFEh 16
13.2.1 DTC Activation Control Register (DTCTL)
Address 00280h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — — | = — | NMIF —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved Set to 0. R/W
bl NMIF | Non-maskable interrupt generation bit 0: Non-maskable interrupts not generated R/W
@ 1: Non-maskable interrupts generated
b2 — Nothing is assigned. The read value is 0. R
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. This bit is set to 0 when the read result is 1 and then 0 is written to the same bit. This bit remains unchanged
even if the read result is 0 and then 0 is written to the same bit. This bit remains unchanged if 1 is written to it.

NMIF Bit (Non-maskable interrupt generation bit)

The NMIF bit is set to 1 when a watchdog timer interrupt, an oscillation stop detection interrupt, a voltage
monitor 1 interrupt, or a voltage monitor 2 interrupt is generated.

When the NMIF bit is 1, the DTC is not activated even if an interrupt which enables DTC activation is
generated. If the NMIF bit is changed to 1 during a DTC transfer, the transfer continues until it has completed.
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13.2.2 DTC Activation Enable Register i (DTCENI) (i=0to 3,5, or 6)

Address 00288h (DTCENO), 00289h (DTCEN1), 0028Ah (DTCENZ2), 0028Bh (DTCEN3),
0028Dh (DTCENS), 0028Eh (DTCEN®)

Bit b7

b6

b5

b4

b3

b2

bl

bo

Symbol |[DTCENI7 | DTCENi6 | DTCENi5| DTCENi4 | DTCENi3|DTCENi2|DTCENi1 | DTCENIO|

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W
b0 DTCENIO | DTC activation enable bits 0: Activation disabled R/W
bl DTCENiI1 1: Activation enabled R/W
b2 DTCENI2 R/W
b3 DTCENI3 R/W
b4 DTCENi4 R/W
b5 DTCENI5 R/W
b6 DTCENI6 R/W
b7 DTCENI7 R/W

The DTCEN:I registers enable or disable DTC activation by interrupt sources. Table 13.6 lists the
Correspondences between Bits DTCENIO to DTCENI7 (i =0 to 3, 5, or 6) and Interrupt Sources.

Table 13.6  Correspondences between Bits DTCENiO to DTCENI7 (i =0to 3, 5, or 6) and Interrupt
Sources
Register DTCENI7 DTCENI6 DTCENI5 DTCENi4 DTCENI3 DTCENi2 DTCENIl DTCENIO
9 Bit Bit Bit Bit Bit Bit Bit Bit
DTCENO INTO INT1 INT2 INT3 INT4 - - -
. A/ID UARTO_O UARTO_O UARTO_1 UARTO_1 UART2 UART2
DTCEN1 Key input . - LT . . . .
conversion reception | transmission reception | transmission reception | transmission
Timer RC_0 | Timer RC_0O
SSU _0/12C_0|SSU _0/12C_0 Voltage Voltage input- input-
DTCEN2 | receive data | transmit data . 9 . 9 — — capture/ capture/
monitor 2 monitor 1
full empty compare- compare-
match A match B
Timer RC_0 | Timer RC_0
input- input-
DTCEN3 capture/ capture/ — — — — — —
compare- compare-
match C match D
DTCEN5 — — Timer RE2 — — — — —
TSCU
DTCENG6 — Timer RJ_0 — Timer RB2 Flash ready TSC.U DTC measurement —
- status activation
complete
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13.2.3 DTC Control Register j (DTCCR}j) (j = 0to 23)
Address Refer to Table 13.7 Control Data Allocation Addresses
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |RPTINT| CHNE |DAMOD | SAMOD | RPTSEL | MODE
After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 MODE | Transfer mode select bit 0: Normal mode R/W
1: Repeat mode
bl RPTSEL | Repeat area select bit (1) 0: Transfer destination is the repeat area R/W
1: Transfer source is the repeat area
b2 | SAMOD | Source address control bit (2) 0: Fixed R/W
b3 | DAMOD | Destination address control bit (2) 1: Incremented RIW
b4 CHNE | Chain transfer enable bit (3) 0: Chain transfers disabled R/W
1: Chain transfers enabled
b5 RPTINT | Repeat mode interrupt enable bit (1) | O: Interrupt generation disabled R/W
1: Interrupt generation enabled
b6 — Reserved Set to 0. The read value is undefined. R/W
b7 —
Notes:
1. Enabled when the MODE bit is 1 (repeat mode).
2. Settings of bits SAMOD and DAMOD are invalid for the repeat area.
3. Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).
13.2.4 DTC Block Size Register j (DTBLSj) (j = 0to 23)
Address Refer to Table 13.7 Control Data Allocation Addresses
Bit b7 b6 b5 b4 b3 b2 bl b0
smol[ — | — [ — [ — [ — [ — [ — [ — ]
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to b0 | These bits specify the size of the data block to be transferred by one 00h to FFh (1) R/W
activation.
Note:
1. When the DTBLS register is set to 00h, the block size is 256 bytes.
The value that can be specified in repeat mode is between 01h to FFh (1 to 255 bytes).
13.2.5 DTC Transfer Count Register j (DTCCT]j) (j =0to 23)
Address Refer to Table 13.7 Control Data Allocation Addresses
Bit b7 b6 b5 b4 b3 b2 bl b0
smol[ — [ — [ — [ — [ — [ — [ — [ — ]
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to b0 | These bits specify the number of times of DTC data transfers. 00h to FFh (1) R/W

Note:

1. When the DTCCT register is set to 00h, the number of transfer times is 256. The number is decremented by 1

each time the DTC is activated.
The value that can be specified in repeat mode is between 01h to FFh (1 to 255 times).
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13.2.6 DTC Transfer Count Reload Register j (DTRLDj) (j = 0to 23)
Address Refer to Table 13.7 Control Data Allocation Addresses
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — [ — | — [ — | — [ = | — [ — |
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to b0 | This register value is reloaded to the DTCCT register in repeat mode. 00h to FFh (1) R/W
Note:
1. Set the initial value of the DTCCT register.
The value that can be specified in repeat mode is between 01h to FFh (1 to 255 times).
13.2.7 DTC Source Address Register j (DTSARj) (j = 0 to 23)
Address Refer to Table 13.7 Control Data Allocation Addresses
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — [ — | — [ = | = [ = | = [ —
After Reset X X X X X X X X
Bit  bl5 b14 b13 b12 b1l b10 b9 b8
Symbol| — — — — — — — — |
After Reset X X X X X X X X
Bit Function Setting Range R/W
b15 to b0 | These bits specify a transfer source address for data transfer. 0000h to FFFFh R/W
13.2.8 DTC Destination Address Register j (DTDAR]j) (j = 0 to 23)
Address Refer to Table 13.7 Control Data Allocation Addresses
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — [ — | — [ = | = [ = | = [ — |
After Reset X X X X X X X X
Bit  bil5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset X X X X X X X X
Bit Function Setting Range R/W
b15 to b0 | These bits specify a transfer destination address for data transfer. 0000h to FFFFh R/W
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13.3 Operation

13.3.1 Overview

When the DTC is activated, control data () is read from the DTC control data area to perform data transfers and
control data after data transfer is written back to the DTC control data area. Twenty-four sets of control data can
be stored in the DTC control data area, which allows 24 types of data transfers to be performed.
There are two transfer modes: normal mode and repeat mode. When the CHNE bit in the DTCCRj (j = 0 to 23)
register is set to 1 (chain transfers enabled), multiple control data is read and data transfers are continuously
performed by one activation source (chain transfers).
A transfer source address is specified by the 16-bit register DTSAR], and a transfer destination address is
specified by the 16-bit register DTDAR]. The values in the registers DTSAR]j and DTDAR;j are separately fixed
or incremented according to the control data on completion of the data transfer.
Note:
1. For details on control data, refer to 13.2.3 DTC Control Register j (DTCCR}) (j = 0 to 23) to 13.2.8
DTC Destination Address Register j (DTDAR]) (j = 0 to 23), and Table 13.7 Control Data
Allocation Addresses.

13.3.2 Activation Sources

The DTC is activated by an interrupt source. Figure 13.2 is a Block Diagram Showing Control of DTC

Activation Sources (i =0 to 3, 5, or 6).

The interrupt sources to activate the DTC are selected with the DTCENI (i =0 to 3, 5, or 6) registers.

The DTC sets 0 (activation disabled) to the corresponding bit among bits DTCENIiO to DTCENI7 in the

DTCENIi register during operation when the setting of data transfer (the first transfer in chain transfers) is either

of the following:

« Transfer causing the DTCCT] (j = 0 to 23) register value to change to 0 in normal mode

« Transfer causing the DTCCT] register value to change to 0 while the RPTINT bit in the DTCCR] register is 1
(interrupt generation enabled) in repeat mode

If the data transfer setting is not either of the above, the DTC sets 0 to the interrupt source flag corresponding to

the activation source during operation.

If multiple activation sources are simultaneously generated, the DTC activation will be performed according to

the DTC activation source priority.

If multiple activation sources are simultaneously generated on completion of DTC operation, the next transfer

will be performed according to the priority.

DTC activation is not affected by the | flag or interrupt control register, unlike with interrupt request operation.

Therefore, even if interrupt requests cannot be acknowledged because interrupts are disabled, DTC activation

requests can be acknowledged. The IR bit in the interrupt control register does not change even when an

interrupt source to enable DTC activation is generated.
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1. For the clock synchronous serial interface (SSU/I?C), the interrupt source flag is cleared by DTC data transfer.
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Figure 13.2

Block Diagram Showing Control of DTC Activation Sources (i=0to 3, 5, or 6)

13.3.3 Control Data Allocation and DTC Vector Table

Control data is allocated in the order: Registers DTCCRj, DTBLSj, DTCCTj, DTRLDj, DTSARj, and DTDAR]j
(j = 0to 23). Table 13.7 lists the Control Data Allocation Addresses.
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Table 13.7  Control Data Allocation Addresses
DTSARj | DTSARj | DTDAR] | DTDAR]j
Control Data Address DTQCRj DTBLSj DTQCTj DTRLDj Register Register Register Register
No. Register | Register | Register | Register (Lower (Higher (Lower (Higher
8 Bits) 8 Bits) 8 Bits) 8 Bits)
Control data 0 | 06C40h to 06C47h | 06C40h | 06C41h | 06C42h | 06C43h | 06C44h | 06C45h | 06C46h | 06C47h
Control data 1 | 06C48h to 06C4Fh | 06C48h | 06C49h | 06C4Ah | 06C4Bh | 06C4Ch | 06C4Dh | 06C4Eh | 06C4Fh
Control data 2 | 06C50h to 06C57h | 06C50h | 06C51h | 06C52h | 06C53h | 06C54h | 06C55h | 06C56h | 06C57h
Control data 3 | 06C58h to 06C5Fh | 06C58h | 06C59h | 06C5Ah | 06C5Bh | 06C5Ch | 06C5Dh | 06C5Eh | 06C5Fh
Control data 4 | 06C60h to 06C67h | 06C60h | 06C61h | 06C62h | 06C63h | 06C64h | 06C65h | 06C66h | 06C67h
Control data 5 | 06C68h to 06C6Fh | 06C68h | 06C69h | 06C6Ah | 06C6Bh | 06C6Ch | 06C6Dh | 06C6Eh | 06C6Fh
Control data 6 | 06C70h to 06C77h | 06C70h | 06C71h | 06C72h | 06C73h | 06C74h | 06C75h | 06C76h | 06C77h
Control data 7 | 06C78h to 06C7Fh | 06C78h | 06C79h | 06C7Ah | 06C7Bh | 06C7Ch | 06C7Dh | 06C7Eh | 06C7Fh
Control data 8 | 06C80h to 06C87h | 06C80h | 06C81h | 06C82h | 06C83h | 06C84h | 06C85h | 06C86h | 06C87h
Control data 9 | 06C88h to 06C8Fh | 06C88h | 06C89%h | 06C8Ah | 06C8Bh | 06C8Ch | 06C8Dh | 06C8Eh | 06C8Fh
Control data 10 | 06C90h to 06C97h | 06C90h | 06C91h | 06C92h | 06C93h | 06C94h | 06C95h | 06C96h | 06C97h
Control data 11 | 06C98h to 06C9Fh | 06C98h | 06C99%h | 06C9Ah | 06C9Bh | 06C9Ch | 06C9Dh | 06C9Eh | 06C9Fh
Control data 12 | 06CAOh to 06CA7h | 06CAOh | 06CAlh | 06CA2h | 06CA3h | 06CA4h | 06CA5h | 06CA6h | 06CA7h
Control data 13 | 06CA8h to 06CAFh | 06CA8h | 06CA9h | 06CAAh | 06CABh | 06CACh | 06CADh | 06CAEh | 06CAFh
Control data 14 | 06CBOh to 06CB7h | 06CBOh | 06CB1lh | 06CB2h | 06CB3h | 06CB4h | 06CB5h | 06CB6h | 06CB7h
Control data 15 | 06CB8h to 06CBFh | 06CB8h | 06CB9h | 06CBAh | 06CBBh | 06CBCh | 06CBDh | 06CBEh | 06CBFh
Control data 16 | 06CCOh to 06CC7h | 06CCOh | 06CC1h | 06CC2h | 06CC3h | 06CC4h | 06CC5h | 06CC6h | 06CC7h
Control data 17 | 06CC8h to 06CCFh | 06CC8h | 06CC9h | 06CCAh | 06CCBh | 06CCCh | 06CCDh | 06CCEh | 06CCFh
Control data 18 | 06CDOh to 06CD7h | 06CDOh | 06CD1h | 06CD2h | 06CD3h | 06CD4h | 06CD5h | 06CD6h | 06CD7h
Control data 19 | 06CD8h to 06CDFh | 06CD8h | 06CD9h | 06CDAh | 06CDBh | 06CDCh | 06CDDh | 06CDEh | 06CDFh
Control data 20 | 06CEOh to 06CE7h | 06CEOh | 06CElh | 06CE2h | 06CE3h | 06CE4h | 06CE5h | 0O6CE6h | 06CE7h
Control data 21 | 06CE8h to 06CEFh | 06CE8h | 06CESh | 06CEAh | 06CEBh | 06CECh | 0O6CEDh | 06CEEh | 06CEFh
Control data 22 | 06CFOh to 06CF7h | 06CFOh | 06CF1h | 06CF2h | 06CF3h | 06CF4h | 06CF5h | 06CF6h | 06CF7h
Control data 23 | 06CF8h to 06CFFh | 06CF8h | 06CF9h | 06CFAh | 06CFBh | 06CFCh | 06CFDh | 06CFEh | 06CFFh
j=0to 23
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When the DTC is activated, one control data is selected according to the data read from the vector table which
has been assigned to each activation source, and the selected control data is read from the DTC control data

area.

Table 13.8 lists the DTC Activation Sources and DTC Vector Addresses. One-byte vector table area is assigned
to each activation source and one value from 00000000b to 00010111b (control data numbers in Table 13.7) is

stored in each area to select one of the 24 control data sets.

Figures 13.3 to 13.7 show the DTC Internal Operation Flowchart.

Table 13.8 DTC Activation Sources and DTC Vector Addresses

Interrupt Request Interrupt Name Source No.| DTC Vector Address Priority
Source

External input INTO 0 06CO00h High
INT1 1 06C01h A
INT2 2 06C02h
INT3 3 06C03h
INT4 4 06C04h

Key input Key input 8 06C08h

A/D A/D conversion 9 06C0%9h

UARTO_O UARTO_O reception 10 06COAh
UARTO_O transmission 11 06C0OBh

UARTO_1 UARTO_1 reception 12 06CO0Ch
UARTO_1 transmission 13 06CO0Dh

UART2 UART?2 reception 14 06COEh
UART?2 transmission 15 06COFh

SSU 0 SSU_0 receive data full 16 06C10h
SSU_0 transmit data empty 17 06C11h

Voltage detection Voltage monitor 2 18 06C12h

circuit Voltage monitor 1 19 06C13h

Timer RC_0O Input-capture/compare-match A 22 06C16h
Input-capture/compare-match B 23 06C17h
Input-capture/compare-match C 24 06C18h
Input-capture/compare-match D 25 06C19h

Timer RE2 Compare-match/RTC 42 06C2Ah

Timer RJO Underflow, measurement completion 49 06C31h

Timer RB2 Underflow 51 06C33h

Flash memory Flash ready status 52 06C34h

TSCU DTC activation (1) 53 06C35h \
TSCU measurement complete (2) 54 06C36h Low

Notes:

1. The TSCU DTC activation source must be used only for DTC transfers with interrupts set to be disabled.

Note that only this source can be used for DTC transfers during wait mode.

2. The measurement complete source must be used while DTC transfers are disabled (the DTCENG61 bit in the
DTCENS register is 0).
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DTC activation source
generation

Read DTC vector |

!

|

Branch 1

0 is written to the bit among bits DTCENIO to DTCENI7 and an interrupt request is generated

when transfer is either of the following:

- Transfer causing the DTCCT] register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in

repeat mode

DTCENIO to DTCENI7: Bits in DTCENi registers

RPTINT, CHNE: Bits in DTCCR; register

NMIF: Bit in DTCTL register

Read control data |

< onan s

No

—

}

Write 0 to the bit among
DTCENIO to DTCENI7
Generate an interrupt request
for the CPU

:

l,i

Transfer data |

| Read control data |

| Transfer data

| Read control data |

:

'

|

!

Write back control data |

Transfer data |

| Write back control data

| Transfer data |

Yes
CHNE = 1?

No

!

Write back control data |

— e =

No

T

End )

!

CHNE =17

Yes

|

| Write back control data |

— e

No

( Interrupt handling )

Figure 13.3

DTC Internal Operation Flowchart (i=0to 3,5, or 6) (j =0to 23) when DTC Activation

Source is not Timer RC, Timer RE2, SSU/I2C bus, Flash Memory, or TSCU Interrupt

Source

DTC activation source
generation

Read DTC vector |

!

Read control data |

e

No

Write O to the interrupt source
flag in the status register

|

Branch 1

0 is written to the bit among bits DTCENiO to DTCENI7 and an interrupt request is generated

when transfer is either of the following:

- Transfer causing the DTCCT] register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in

repeat mode

DTCENIO to DTCEN:I7: Bits in DTCENi registers

RPTINT, CHNE: Bits in DTCCR] register

NMIF: Bit in DTCTL register

P —

| Read control data |

Write 0 to the bit among
DTCENIO to DTCENI7
Generate an interrupt request
for the CPU

—

| Read control data |

'

:

l

Transfer data |

!

| Transfer data |

| Transfer data

| Transfer data |

!

|

!

| Write back control data |

| Write back control data |

| Write back control data

| Write back control data |

CHNE = 1? Yes

No

— e

No

( End )

!

CHNE = 1?

Yes

— e

No

( Interrupt handling

Figure 13.4

Source is Timer RC, Timer RE2, or TSCU Interrupt Source

DTC Internal Operation Flowchart (i=0to 3,5, or 6) (j =0to 23) when DTC Activation
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(DTC activation source generalion) Branch 1

0 is written to the bit among bits DTCENIO to DTCENI7 and an interrupt request is generated
when transfer is either of the following:

— - Transfer causing the DTCCT] register value to change from 1 to 0 in normal mode
¢ - Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bit is 1 in

repeat mode

DTCENIO to DTCEN:I7: Bits in DTCENi registers

RPTINT, CHNE: Bits in DTCCR]j register
| Read DTC vector | NMIF: Bitin DTCTL register
l RDREF: Bit in SISR register

| Read control data |

Write 0 to the bit among
DTCENIO to DTCENi7

Yes Generate an interrupt request
for the CPU

CE e — | P
Transfer data | Read control data | Transfer data | Read control data
(Reading the receive data register (Reading the receive data register
Sets the RDRF bit to 0) l does not set the RDRF bit to 0) l
l Transfer data l Transfer data
(Reading the receive data register (Reading the receive data register
Write back control data | sets the RDRF bit to 0) | Write back control data | does not set the RDRF bit to 0)
CHNE = 1?2 Yes | Write back control data | CHNE = 1? Yes | Write back control data |
No No
No No
( End ) ( Interrupt handling )

Note:

1. When the DTC activation source is SSU/I’C bus receive data full, the DTC does not set the RDRF bit in the SISR register to 0. Instead, reading
the receive data register during DTC data transfer sets the RDRF bit to 0.

Figure 13.5 DTC Internal Operation Flowchart when DTC Activation Source is SSU/I2C bus
Receive Data Full (i=0to 3,5, or 6) (j =0to 23)

(DTC activation source generation) Branch 1

0 is written to the bit among bits DTCENiO to DTCENi7 when transfer is either of the following:
- Transfer causing the DTCCTi] register value to change from 1 to 0 in normal mode

— - Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in
@ repeat mode

DTCENIO to DTCEN:I7: Bits in DTCEN:i registers
RPTINT, CHNE: Bits in DTCCR] register
| Read DTC vector NMIF: Bit in DTCTL register
i TDRE: Bit in SISR register

| Read control data |

Yes Write 0 to the bit among
DTCENIO to DTCENi7
No —1.7 ] DU

~ Transferdata | Read control data | Transfer data | Read control data |
(writing the transmit data register (writing the transmit data register
sets the TDRE bit to 0) @ l sets the TDRE bit to 0) l
l Transfer data l Transfer data

Write back control data

(writing the transmit data register - (writing the transmit data register
| sets the TDRE bit to 0) | Write back control data | sets the TDRE bit to 0) )

' ! '

CHNE = 1?2 Yes | Write back control data | ? Yes | Write back control data |
No No
No No

=)

Note:

1. When the DTC activation source is SSU/I’C bus transmit data empty, the DTC does not set the TDRE bit in the SISR register to 0. Instead, writing data
to the transmit data register during DTC data transfer sets the TDRE bit to 0.

Figure 13.6 DTC Internal Operation Flowchart when DTC Activation Source is SSU/I2C bus
Transmit Data Empty (i=0to 3,5, or 6) (j =0to 23)
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DTC activation source
generation

Branch 1

0 is written to the bit among bits DTCENIO to DTCENI7 when transfer is either of the following:

- Transfer causing the DTCCT] register value to change from 1 to 0 in normal mode

- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in
repeat mode

DTCENIO to DTCENI7: Bits in DTCEN:i register
RPTINT, CHNE: Bits in DTCCR]j register
Read DTC vector | NMIF: Bit in DTCTL register

!

Read control data |

No Write O to the bit among
—ki DTCENIO to DTCENi7 —l<7

Write 0 to the interrupt source Write O to the interrupt source
flag in the status register | Read control data | flag in the status register | Read control data |
| Transfer data | | Transfer data | | Transfer data | | Transfer data |
| Write back control data | | Write back control data | | Write back control data | | Write back control data |
Yes Yes Yes
No No No No

Figure 13.7 DTC Internal Operation Flowchart when DTC Activation Source is Flash Ready Status
(i=0to 3,5,0r6) (j =0to 23)
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13.3.4 Normal Mode

One to 256 bytes of data are transferred by one activation. The number of transfer times can be 1 to 256. When
the data transfer causing the DTCCT]j (j = 0 to 23) register value to change to 0 is performed, an interrupt
request for the CPU is generated during DTC operation.

Table 13.9 shows Register Functions in Normal Mode.

Figure 13.8 shows Data Transfers in Normal Mode (j = 0 to 23).

Table 13.9  Register Functions in Normal Mode
Register Symbol Function
DTC block size register j DTBLSj Size of the data block to be transferred by one activation
DTC transfer count register j DTCCT]j Number of times of data transfers
DTC transfer count reload register j | DTRLD;j Not used
DTC source address register j DTSARj Data transfer source address
DTC destination address register j | DTDAR]j Data transfer destination address

j=0to0 23

Transfer source

SRC

Transfer destination

DST }

Size of the data block to be transferred
by one activation (N bytes)

DTBLSj =N
DTSAR] = SRC
DTDARj = DST

Bits b3 to b0 in Source address | Destination address Source address Destination address

DTCCR register control control after transfer after transfer
00X0b Fixed Fixed SRC DST
01X0b Incremented Fixed SRC +N DST
10X0b Fixed Incremented SRC DST + N
11X0b Incremented Incremented SRC +N DST +N

X:0o0r1
Figure 13.8 Data Transfers in Normal Mode (j = 0 to 23)
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13.3.5 Repeat Mode

One to 255 bytes of data are transferred by one activation. Either the transfer source or destination should be
specified as the repeat area. The number of transfer times can be 1 to 255. On completion of the specified
number of transfer times, the DTCCT] (i =0 to 23) register and the address specified for the repeat area are
initialized to continue transfers. When the data transfer causing the DTCCT] register value to change to 0 is
performed while the RPTINT bit in the DTCCR;j register is 1 (interrupt generation enabled), an interrupt request

for the CPU is generated during DTC operation.

The lower 8 bits of the initial value for the repeat area address must be 00h. The size of data to be transferred

must be set to 255 bytes or less before the specified number of transfer times is completed.

Table 13.10 lists Register Functions in Repeat Mode. Figure 13.9 shows Data Transfers in Repeat Mode (j =0

to 23).

Table 13.10 Register Functions in Repeat Mode

Register Symbol Function
DTC block size register j DTBLSj Size of the data block to be transferred by one activation
DTC transfer count register j DTCCT]j Number of times of data transfers

DTC transfer count reload register j | DTRLD]

This register value is reloaded to the DTCCT register

(Data transfer count is initialized)

DTC source address register j

DTSAR]

Data transfer source address

DTC destination address register j | DTDAR]

Data transfer destination address

j=0to 23
DTCCTij reqgister # 1
Transfer source Transfer destination
SRC DST Size of the data block to be transferred by
one activation (N bytes)
DTBLSj=N
DTCCTj # 1
DTSARj = SRC
DTDARj = DST
Bits b3 to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
0X11b Repeat area Fixed SRC +N DST
1X11b Repeat area Incremented SRC +N DST +N
X001b Fixed Repeat area SRC DST + N
X101b Incremented Repeat area SRC +N DST+N
X:0or1
DTCCTj reqgister = 1
Repeat area
SRCO/DSTO Address of the repeat area is initialized
after a transfer.
DTBLSj=N
SRC/DST DTCCTj=1
DTSARj = SRC
DTDAR]j = DST
Bits b3 to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
0X11b Repeat area Fixed SRCO DST
1X11b Repeat area Incremented SRCO DST + N
X001b Fixed Repeat area SRC DSTO
X101b Incremented Repeat area SRC +N DSTO
SRCO: Initial source address value
DSTO: Initial destination address value
X:0orl
Figure 13.9 Data Transfers in Repeat Mode (j =0 to 23)
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13.3.6 Chain Transfers

When the CHNE bit in registers DTCCRO to DTCCR22 are 1 (chain transfers enabled), multiple data transfers
can be continuously performed by one activation source. Figure 13.10 shows a Flow of Chain Transfers.

When the DTC is activated, one control data is selected according to the data read from the DTC vector address
corresponding to the activation source, and the selected control data is read from the DTC control data area.
When the CHNE bit for the control data is 1, the next control data immediately following the current control
data is read and transferred after the current transfer is completed. This operation is repeated until the data
transfer with the control data for which the CHNE bit is 0 (chain transfers disabled) is completed.

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Data transfers corresponding to each activation source can be set to either normal mode or repeat mode.

For details on data transfer operations, refer to 13.3.4 Normal Mode and 13.3.5 Repeat Mode.

DTC activation source
generation

\
| Read DTC vector |

\
| Read control data 1 |

DTC control data area

\
Transfer data |

Control data 1
CHNE =1 |

Control data 2

CHNE=0 | Y

Write back control data 1 |

\
| Read control data 2 |

\
| Data transfer |

A

Write back control data 2

A

CHNE: Bit in DTCCR register | End of DTC transfers |

Figure 13.10 Flow of Chain Transfers

13.3.7 Interrupt Sources

When the data transfer causing the DTCCT]j (j = 0 to 23) register value to change to 0 is performed in normal
mode, and when the data transfer causing the DTCCT] register value to change to 0 is performed while the
RPTINT bit in the DTCCR] register is 1 (interrupt generation enabled) in repeat mode, the interrupt request
corresponding to the activation source is generated for the CPU during DTC operation. However, no interrupt
request is generated for the CPU when the activation source is SSU/I2C bus transmit data empty or flash ready
status.

Interrupt requests for the CPU are affected by the | flag or interrupt control register. In chain transfers, whether
the interrupt request is generated or not is determined either by the number of transfer times specified for the
first type of the transfer or the RPTINT bit. When an interrupt request is generated for the CPU, the bit among
bits DTCENIO to DTCENI7 in the DTCENI (i =0 to 3, 5, or 6) registers corresponding to the activation source
is set to O (activation disabled).
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13.3.8 Operation Timings

The DTC requires five clock cycles to read control data allocated in the DTC control data area. The number of
clock cycles required to write back control data differs depending on the control data settings.

Figure 13.11 shows an Example of DTC Operation Timings and Figure 13.12 shows Example of DTC
Operation Timings in Chain Transfers.

Table 13.11 lists the Specifications of Control Data Write-Back Operation.

CPU clock
EIED D D G G D G S W N C=I s
Re:ad veztc:)r Read control data ::Transfer dat: ;Vrite back control dat:
Figure 13.11 Example of DTC Operation Timings

Uiy

CPU clock

13. DTC

Address

<+
Read vector

Read control data

Transfer data

Write back control

data

Read control data

Transfer data Write back control data

<!Esed by CPU

Figure 13.12 Example of DTC Operation Timings in Chain Transfers
Table 13.11 Specifications of Control Data Write-Back Operation
Bits b3 to b0 in . Address Control Control Data to be Written Back Number of
Operating - - - -
DTCCR Mode source | Destination | DTCCTi | DTRLD] | DTSAR| | DTDAR] Clock
Register Register Register Register Register Cycles
00X0b Fixed Fixed | Written back | Written back | 'Ot Written | Not written 1
back back
01X0b Normal Incremented Fixed Written back | Written back | Written back NOL\;V(';IIEten 2
mode Not writt
10X0b Fixed Incremented | Written back | Written back Ob\;vgk en Written back 2
11X0b Incremented | Incremented | Written back | Written back | Written back | Written back 3
0X11b Fixed Written back | Written back | Written back Not written 2
Repeat area back
1X11b Repeat Incremented | Written back | Written back | Written back | Written back 3
mode i
X001b Fixed Written back | Written back Not written Written back 2
Repeat area back

X101b Incremented Written back | Written back | Written back | Written back 3

j=0to23

X:0o0rl

The specifications for writing back control data in chained transfer operations depend on either normal mode or
repeat mode as listed in Table 13.11 for each activation source, according to the operating mode set for each

activation source.
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13.3.9 Number of DTC Execution Cycles

Table 13.12 shows the Operations Following DTC Activation and Required Number of Cycles for each
operation.
Table 13.13 lists the Number of Clock Cycles Required for Data Transfers.

Table 13.12 Operations Following DTC Activation and Required Number of Cycles

Control Data . .
Vector Read - Data Read Data Write Internal Operation
Read Write-back
1 5 (Note 1) (Note 2) (Note 2) 1
Notes:

1. For the number of clock cycles required for control data write-back, refer to Table 13.11 Specifications of
Control Data Write-Back Operation.

2. For the number of clock cycles required for data read/write, refer to Table 13.13 Number of Clock Cycles
Required for Data Transfers.

Data is transferred as described below, when the DTBLSj (j = 0 to 23) register = N,

(1) When N = 2n (even), two-byte transfers are performed n times.

(2) When N = 2n + 1 (odd), two-byte transfers are performed n times followed by one time of one-byte
transfer.

Table 13.13 Number of Clock Cycles Required for Data Transfers

Internal RAM
. Internal Internal SFR SFR (DTC Control
) (During DTC SFR
. Unit of ROM ROM (Word Access) Data Area)
Operation Transfers Transfers) (Program | (Data (Byte
Even | Odd RSM) flash) | Even | odd | Access) [ Even | Odd
Address | Address Address | Address Address | Address
1-byte 1 1@ 4 3 3 1
Data read
2-byte 1 [ 2 1 8 3 | 6 6 EE
Data write 1-byte 1 — — 2 2 1
2-byte 1 | 2 — — 2 | a4 4 1 | 2
Note:

1. This value applies when using page access.
Two cycles are required for 2 bytes and an odd address.
An additional cycle is required when accessing across a page boundary. An additional cycle is also required
when using any access other than page access.

The total number of required execution cycles can be obtained by the following formula:

Number of required execution cycles = 1 + ¥ [formula A] + 2
%: Sum of the cycles for the number of transfer times performed by one activation source ([the number of
transfer times for which the CHNE bit is set to 1] + 1)
(1) For N =2n (even)
FormulaA=J+neSK2+neSL2
(2) ForN=2n+1 (odd)
FormulaA=J+neSK2+1eSK1+neSL2+1eSL1
J: Number of cycles required to read control data (5 cycles) + number of cycles required to write back
control data

To read data from or write data to the register that to be accessed in 16-bit units, set an even value of 2 or greater
to the DTBLS] (j = 0 to 23) register.
The DTC performs accesses in 16-bit units.
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13.3.10 DTC Activation Source Acknowledgement and Interrupt Source Flags

13.3.10.1 Interrupt Sources Except for Clock Synchronous Serial Interface
(SSU/I12C) and Flash Memory

When the DTC activation source is an interrupt source except for the SSU/I2C or the flash memory, after
transfer is started by the interrupt source, the same DTC activation source cannot be acknowledged for 8 to 12
cycles of the CPU clock. If a DTC activation source is generated during DTC operation and acknowledged, the
same DTC activation source cannot be acknowledged for 8 to 12 cycles of the CPU clock on completion of the
DTC transfer immediately before the DTC is activated by the source.

13.3.10.2 Flash Memory

When the DTC activation source is flash ready status, even if a flash ready status interrupt request is generated,
it is not acknowledged as the DTC activation source after the RDYSTI bit in the FST register is set to 1 (flash
ready status interrupt requested) and before the DTC sets the RDYSTI bit to 0 (no flash ready status interrupt
requested). If a flash ready status interrupt request is generated after the DTC sets the RDYSTI bit to 0, the
DTC acknowledges it as the activation source. 8 to 12 cycles of the CPU clock are required after the DTC starts
transfer when the RDYSTI bit is set to 1 and before the DTC sets the interrupt request flag to 0.

13.3.10.3 SSU/I2C bus Receive Data Full

When the DTC activation source is SSU/12C bus receive data full, read the SIRDR register using a data transfer.
The RDRF bit in the SISR register is set to 0 (no data in SIRDR register) by reading the SIRDR register. If an
interrupt source for receive data full is subsequently generated, the DTC acknowledges it as the activation
source.

13.3.10.4 SSU/I2C bus Transmit Data Empty

When the DTC activation source is SSU/I2C bus transmit data empty, write to the SITDR register using a data
transfer. The TDRE bit in the SISR register is set to 0 (data is not transferred from registers SITDR to SIDR) by
writing to the SITDR register. If an interrupt source for transmit data empty is subsequently generated, the DTC
acknowledges it as the activation source.
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13.4 Notes on DTC

13.4.1 DTC Activation Source

« Do not generate any DTC activation sources before entering wait mode or during wait mode.

« Do not generate any DTC activation sources before entering stop mode or during stop mode.

« The DTC activation sources for the TSCU can be used for DTC transfers during wait mode.

«To use a DTC activation source for the TSCU to perform DTC transfers, set the source address in the
corresponding TSCU register and the destination address in RAM in advance.

13.4.2 DTCEN:I Registers (i=0to 3, 5, or 6)

« Modify bits DTCENIO to DTCENI7 only while an interrupt request corresponding to the bit is not generated.

«When the interrupt source flag in the status register for the peripheral function is 1, do not modify the
corresponding activation source bit among bits DTCENIO to DTCEN:I7.

« Do not access the DTCENI registers using DTC transfers.

13.4.3 Peripheral Modules

« Do not set the status register bit for the peripheral function to 0 using a DTC transfer.

» When the DTC activation source is SSU/I?C receive data full, read the SIRDR register using a DTC transfer.
The RDRF bit in the SISR register is set to 0 (no data in the SIRDR register) by reading the SIRDR register.
However, the RDRF bit is not set to 0 by reading the SIRDR register when the DTC data transfer setting is
either of the following:

- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bit in the DTCCR]j
register is 1 (interrupt generation enabled) in repeat mode.

» When the DTC activation source is SSU/I2C transmit data empty, write to the SITDR register using a DTC
transfer. The TDRE bit in the SISR register is set to 0 (data is not transferred from registers SITDR to SISDR)
by writing to the SITDR register.

« The DTC activation sources for the TSCU must be used only for DTC transfers with interrupts set to be
disabled.

13.4.4 Interrupt Requests

« When the DTC activation source is either SSU/I2C transmit data empty or flash ready status, no interrupt
request is generated for the CPU in either of the following cases:
-When the DTC performs a data transfer that causes the DTCCT] register value to change to 0 in normal
mode.
-When the DTC performs a data transfer that causes the DTCCR] register value to change to 0 while the
RPTINT bit in the DTCCR] register is 1 in repeat mode.

13.4.5 DTC Activation
* When the DTC is activated, operation may be shifted for one cycle before reading a vector.
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14. 1/O Ports
14.1 Overview
There are 75 1/0O ports PO to P3, P4_3 to P4_7, P5, P6, P7, P8, and P9_0 to P9 5. (P4_3 and P4_4 can be used as
1/0 ports if the XCIN clock oscillation circuit is not used. P4_6 and P4_7 can be used as I1/O ports if the XIN clock
oscillation circuit is not used.)
If the A/D converter is not used, P4_2 can be used as an input-only port.
Table 14.1 lists the 1/O Port Overview.
Table 14.1 I/O Port Overview
Output . Internal Pull-Up | Drive Capacity Input Level
Ports Vo Type VO Setting Resister Switch Switch
PO, P3, P5, P6, P7, P8, e CMOS3 | Setin 1-bit units | Set in 4-bit units | Set in 4-bit units | Set in 8-bit units
and P9 O0to P9 5 state €)) ) 3)
P1, P2 /o CMOS3 | Setin 1-bit units | Set in 4-bit units | Setin 1-bit units | Set in 8-bit units
state (6h) “ (©)
P4 305 1o CMOS3 | Setin 1-bit units | Setin 1-bit units | Setin 1-bit units | Set in 6-bit units
state @ (@) (3)
P4_4 ), P4_5, o CMOS3 | Setin 1-bit units | Set in 4-bit units | Set in 4-bit units
P4 6 (6), P4 7 (6) state (1) 2
P4_2 () (No None None None
| output
function)
Notes:
1. In input mode, whether an internal pull-up resistor is connected or not can be selected by registers PURO to
PURZ2.
2. Whether the drive capacity of the output transistor is set to low or high can be selected by registers DRRO to
DRR2.
3. The input threshold value can be selected from three voltage levels (0.35 VCC, 0.50 VCC, and 0.70 VCC) using
registers VLTO to VLT2.
4. Whether the drive capacity of the output transistor is set to low or high can be selected by registers PLDRR and
P2DRR.

5. When the XCIN clock oscillation circuit is not used, these ports can be used as 1/O ports.
6. When the XIN clock oscillation circuit is not used, these ports can be used as I/O ports.
7. When the A/D converter is not used, this port can be used as an input-only port.
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R8C/38T-A Group 14. 1/0 Ports

14.2 1/O Port Functions

The PDi_j(i=0t0 9, j=0to 7) bitin the PDi register controls the 1/0 of ports PO to P3, P4 3 to P4_7, P5, P6, P7,
P8, and P9 _0 to P9 5. The PORTI register consists of a port latch to hold output data and a circuit to read the pin
states.

Figures 14.1 to 14.11 show the 1/O Port Configuration and Table 14.2 lists the 1/0 Port Functions.

Table 14.2 I/0 Port Functions

Operation when Accessing Value of PDi_j Bit in PDi Register
PORTI Register When PDi_j Bitis Set to O (Input Mode) | When PDi_j Bit is Set to 1 (Output Mode)
Read Read the pin input level. Read the port latch.
Write Write to the port latch. Write to the port latch. The value written to
the port latch is output from the pin.
i=0t09,j=0to 7
Notes:

1. Nothing is assigned to bits PD4_0 to PD4_2, PD9_6, and PD9_7.

Nothing is assigned to bits P4_0, P4_1, P9_6, and P9_7.

When the PORT4 register is read, bits P4_0 and 4_1 are set to 0.

When the PORT9 register is read, bits P9_6 and P9_7 are set to 0.

When using bits P4_3 and P4_4 as XCIN and XCOUT, the pin input level cannot be read even if the PORT4

register is read. Bits P4_3 and P4_4 are set to 1. Also, even if bits PD4_3 and PD4_4 are set to 1 (output

mode), the values of these bits will not be output from the pins.

6. When using bits P4_6 and P4_7 as XIN and XOUT, the pin input level cannot be read even if the PORT4
register is read. Bits P4_6 and P4_7 are set to 1. Also, even if bits PD4_6 and PD4_7 are set to 1 (output
mode), the values of these bits will not be output from the pins.

apwd

14.3 Pins Other than 1/O Ports
Figure 14.12 shows the Pin Configuration.
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PO_1

Pull-up selection

Drive capacity selection

IOINSEL

— D

register Pin select ) fa fa) O
register A\
Output from individual
peripheral function enabled
Lo i ;J E J (Note 1)
Output from individual !
peripheral function !
Data bus Port latch o] *—4
4 (Note 1)
IOINSEL ~[><> d E I
CMOS output/ ———
N-channel open-drain output switching 777
Input level
switch function
Pin select register
Input to individual peripheral function S
Analog input of A/D converter O\O
A/D converter
input enabled
Drive capacity selection :D—
PO _0,PO 2toPO_7,and P1 OtoP1 3
Drive capacity selection
Pull-up selection
Direction a
register Pin select ~ ~
register
Output from individual
peripheral function enabled \
< — 1 (Note 1)
Output from individual H
peripheral function_Q'\o_
Data bus —o—‘ Port latch O
3 R | R T

Input level

Pin select register

]

T

Input to individual peripheral function

switch function

oo

Analog input of A/D converter

Note:

IOINSEL: Bit in PINSR register

1. —k— symbolizes a parasitic diode.

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

A/D converter
input enabled

Drive capacity selection :D_

Figure 14.1 I/O Port Configuration (1)
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R8C/38T-A Group 14. 1/0 Ports
P2 0to P2 2,P3 2,P6 0,P6 2, and P6_7
Drive capacity selection
Pull-up selection
Direction -
register Pin select P Py
register
Output from individual
peripheral function enabled
o 0, (Note 1)
Output from individual !
peripheral function_Q'\O_
Data bus Port latch O
4 (Note 1)
@ IOINSEL d I
Input level
switch function
Pin select register
Input to individual peripheral function ﬁ_
Analog input of touch sensor control unit
Drive capacity selection :D_
P1 7
Drive capacity selection
Pull-up selection
Direction )3
register ~ ~
(Note 1)
Data bus Port latch
y (Note 1)
@ IOINSEL ~[>c> d I
CMOS output/ — 8 —
N-channel open-drain output switching
Input level
switch function
Pin select register
Input to individual peripheral function ﬁ_
Analog input of touch sensor control unit
Analog input of comparator
Drive capacity selection :D_
Note:
1. —K— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register

Figure 14.2

I/O Port Configuration (2)
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P16

Drive capacity selection

Pull-up selection

Direction ®
register ~ ~ ~

OutpTut from individual
peripheral function enabled )
L [ J (Note 1)
Output from individual H
peripheral function Q'
Data bus Port latch O
@b ,_l (Note 1)
IOINSEL ~[>&
CMOS output/ ———
N-channel open-drain output switching

Input level
switch function

Input to individual peripheral function —@_

Analog input of touch sensor control unit

Analog input of comparator

Drive capacity selection :D_

P1_4, P35, and P3_7

Drive capacity selection

Pull-up selection

Direction
register Pin select o o o

register
Output from individual
peripheral function enabled \
L ! J (Note 1)
Output from individual !
peripheral function Q'
Data bus Port latch o}
p ._l (Note 1)
IOINSEL ~[>o-
CMOS output/———
-channel open-drain output switching

N
Input level

switch function
Pin select register

Input to individual peripheral function ﬂ_

Drive capacity selection :D_

Note:

1. —K— symbolizes a parasitic diode.

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

IOINSEL: Bit in PINSR register

Figure 14.3 I/O Port Configuration (3)
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P1 5and P5 1toP5 4
Drive capacity selection
Pull-up selection
Direction -
register Pin select Fa
register
Output from individual
peripheral function enabled \
¢ L O, (Note 1)
Output from individual !
peripheral function_({'\o_
Data bus Port latch O
4 (Note 1)
IOINSEL
Input level
switch function
Pin select register
Input to individual peripheral function w
Drive capacity selection :D_
P3 3and P3 4 _ _ _
- - Drive capacity selection
Pull-up selection
register Pin select P
register
Output from individual
peripheral function enabled
— (Note 1)
Output from individual
peripheral function
Data bus Port latch O
b (Note 1)
IOINSEL ~[>c>
CMOS output/ ——
N-channel open-drain output switching
Input level
switch function
Pin select register
Input to individual peripheral function W
Analog input of comparator
Drive capacity selection :D_
Note:
1. —J¢—— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bitin PINSR register

Figure 14.4  1/O Port Configuration (4)
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P30

Pull-up selection

Drive capacity selection

Direction
register

Output from individual
peripheral function enabled

—<

Output from individual

O

Data bus —0—‘ Port latch

peripheral function_Q\O_
O
@— IOINSEL

Input level

7
¥

P6_4

Analog input of touch sensor control unit

switch function

Pull-up selection —D

Drive capacity selection

Drive capacity selection

— 1

Direction
register

—<

Data bus —0—‘ Port latch

]
@ IOINSEL

D

Input level

T
B

Note:
1.

Analog input of touch sensor control unit

Pin select register J

Input to individual peripheral function na

(Note 1)

(Note 1)

switch function

symbolizes a parasitic diode.

IOINSEL: Bit in PINSR register

Drive capacity selection

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

—1

(Note 1)

(Note 1)

Figure 14.5 I/O Port Configuration (5)
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P7 0to P7_7

Data bus —0—‘ Port latch

Input to individual
peripheral function —@

Pull-up selection —D

Drive capacity selection

Direction
register

—<

(=

——IOINSEL

Input level

[J:::)}<J

’a
B

Analog input of A/D converter

switch function

o

A/D converter

input enabled

Drive capacity selection :D_

Drive capacity selection

Pull-up selection —D

(Note 1)

(Note 1)

L

P5 0
Direction
register
q
Data bus —¢ Port latch

IOINSEL

Input level

TRl

switch function

Note:

1. —H— symbolizes a parasitic diode.

Drive capacity selection :D_

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

IOINSEL: Bit in PINSR register

(Note 1)

(Note 1)

Figure 14.6

I/O Port Configuration (6)
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P8_2to P8 5

Drive capacity selection

. Pull-up selection
Direction
register

Databus—o—‘ Port latch l_D_<
(Note 1)
AT o e DH|
Input level
switch function

Analog I/0O of touch sensor control unit

.J J (Note 1)

Drive capacity selection :D_

Note:

1. —K— symbolizes a parasitic diode.

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

IOINSEL: Bit in PINSR register

Figure 14.7 I/O Port Configuration (7)
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P2 3toP2_7,P3 1,P3 6,P5 6,P5 7,P6 1,
P8_0, P8_1, P8_6, P8_7, and P9_0 to P9_5 Drive capacity selection
_ Pull-up selection —D
Direction
register ~ ~
0—<} l_D_oJ J (Note 1)
Data bus —0—‘ Port latch
Note 1
F{‘FCL—IOINSEL ~[>@l_z><'—| I (Note 1
q
g Input level
switch function
Analog input of touch sensor control unit
Drive capacity selection :D_
Note:
1. —H— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 14.8 I/O Port Configuration (8)
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P5 5

i peripheral
Data bus —0—‘ Port latch

e
B

: peripheral
Data bus —o—‘ Port latch

va
B

Pin select register J

Note:

1. —H— symbolizes a parasitic diode.

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

P4_5, P6_3, P6_5, and P6_6

Pull-up selection

Drive capacity selection

Direction a
register T Pin select

Outpl

register
ut from individual
function enabled

Output from individual
peripheral function

r(F

IOINSEL

CMOS output/

N-channel open-drain output switching
Input level

Input to indiv

peripheral function

Analog input of touch sensor control unit

Direction -

Pin select register J

idual
A

switch function

Pull-up selection

Drive capacity selection 4D_

Drive capacity selection

register

Outpl

Pin select
register

ut from individual
function enabled

O

Output from individual

peripheral function _Ql\o—
O

r(F

IOINSEL

—D

(Note 1)

(Note 1)

Input level

Input to indiv
peripheral fun

Analog input of touch sensor control unit

idual
ction Qs

switch function

IOINSEL: Bit in PINSR register

Drive capacity selection 4D_

(Note 1)

(Note 1)

Figure 14.9

I/O Port Configuration (9)
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R8C/38T-A Group 14. 1/0 Ports

P4_2/VREF
(Note 1)
| Input level
Data bus | switch function O
(Note 1)
VREF for AD converter
P4_3/XC| N Drive capacity selection

Pull-up selection

Direction
register

D

Data bus Port latch

l_D_< % (Note 1)
o O
| OINSEL _[>QT__Z>O_‘D—| —l 77|l7 (Note 1)

CMO04 and XCSEL

Input level
switch function

KC

T '
| L i
]
Drive capacity selection ! H
] CM12
i :
]
XCIN oscillation circuit } H
1 RXCIN ¢
] )
] )
P4_4/XCOUT Drive capacity selection ' :
] )
] )
[} )

Pull-up selection

Direction EI:}
register
o—<} l_D_< (Note 1)
Data bus _qp—i Port latch A O
(Note 1)
»_{»CL—IOINSEL i I
[
Input level
switch function
Drive capacity selection :D_
Note:
1. symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
CMO03, CM04: Bits in CMO register
CM12: Bit in CM1 register
XCSEL, IOINSEL: Bits in PINSR register
Figure 14.10 1/O Port Configuration (10)
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P4_6/ XIN Drive capacity selection

Pull-up selection

D
D

(Note 1)

. % O
%, (Note 1)

T

Data bus —¢

g
1

—IOINSEL

VS

Input level cM13
switch function 00

Drive capacity selection :D_

XIN

! i
) 1
) 1
) 1
) 1
) 1
XN :
oscillation } oS :
circuit } ROGN ¢

]
P4_7/XOUT Drive capacity selection H i
) ]
) ]

Pull-up selection
Direction o—
register O O o
»—Q FDJ (Note 1)
Data bus —1>—| Port latch

D—l —I (Note 1)

Input level
switch function

Drive capacity selection :D_

Note:

1. —K— symbolizes a parasitic diode.

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

CMO5: Bit in CMO register
CM11, CM13: Bits in CM1 register
IOINSEL: Bit in PINSR register

Figure 14.11 I/O Port Configuration (11)
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MODE
MODE signal input \{} L 4 O
(Note 1)
RESET (Note 1)
‘RESET signal input \{} O
(Note 1)
Note:
1. —N— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Figure 14.12 Pin Configuration
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14.4 1/O of Peripheral Functions

14.4.1 Peripheral Function I/O and PDi Bit (i=0to 9)

The 1/0 ports function as 1/O for the peripheral functions. Peripheral function I/0 may be affected by the PDi
bit of the 1/0O port sharing the pins. Table 14.3 lists the PDi_j Bit (i=0to 9, j = 0 to 7) Settings when
Functioning as Peripheral Function I/O. Refer to the description of each function for information on how to set
up the peripheral functions.

Table 14.3 PDi_jBit (i=0t09,j=0to 7) Settings when Functioning as Peripheral Function I/O

Peripheral Function I/O PDi_j Bit Settings for Ports Sharing Pin
Input Set to O (input mode).
Output Can be set to either 0 or 1 (output regardless of the port setting).

14.4.2 Peripheral Mapping Controller

The peripheral mapping controller (referred to as PMC hereafter) can be used to change the pin assignment of
1/0 ports to either timer function priority or communication function priority. Changing pins must be performed
using bits PMCSELO to PMCSEL?2 in the PMCSEL register (pin assignment select register).

The 80-pin product does not have the PMC function.

14.4.3 Allocation of Peripheral Functions
Table 14.4 lists the I/O Port Pin Assignment Information by Pin Number for 80-Pin Product.
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Table 14.4 I/O Port Pin Assignment Information by Pin Number for 80-Pin Product

Pin No Standard Assignment Pin No Standard Assignment
1 P5_6/CH27 41 | P8_3/CHxAl
2 P5_5/TRJIO_0/CH26 42 | P8_2/CHXAOD
3 P3_2/INT2/TRJIO_O/INT1/CH25 43 P8_1/CHO7
4 P3_0/TRJO_0/CH24 44 | P8_0/CHO6
5 P4_2/VREF 45 | P6_7/INT3/TRCIOD_0/CHO5
6 MODE 46 | P6_6/INT2/TXD2/SDA2/TRCIOC_0/CHO4
7 P4_3/XCIN 47 | P6_5/INT4/CLK2/CLK_1/TRCIOB_0/CHO3
8 P4_4/XCOUT 48 P4_5/INTO/RXD2/SCL2/ADTRG/CHO02
9 RESET 49 P1_7/INTL/IVCMP1/CHO1
10 | P4_7/XOUT 50 | P1_6/CLK_O/IVREF1/CHOO
11 | VSSIAVSS 51 | P1_5/RXD_O/TRJIO_O/NT1
12 | P4_6/XIN 52 | P1_4/TXD_O/TRCCLK_O
13 |vcc/iavee 53 | P1_3/KI3/AN11/TRBO_O/TRCIOC_0
14 | P5_4/TRCIOD_0 54 | P1_2/KI2/AN10/TRCIOB_0
15 | P5_3/TRCIOC_O 55 | P1_1/KIT/AN9/TRCIOA_O/TRCTRG_0
16 | P5_2/TRCIOB_0 56 | P1_0/KIO/ANS/TRCIOD_O
17 | P5_1/TRCIOA_O/TRCTRG_0 57 | P7_7/AN19
18 | P5_0/TRCCLK_O 58 | P7_6/AN18
19 | P3_7/SSO_0/TXD2/SDA2/RXD2/SCL2/SDA_O 59 | P7_5/AN17
20 | P3_5/SCL_0/SSCK_O/TRCIOD_0/CLK2 60 | P7_4/AN16
21 | P3_4/TRCIOC_0/SSI_0/RXD2/SCL2/TXD2/SDA2/IVREF3 61 | P7_3/AN15
22 P3_3/INT3/TRCCLK_0/SCS_0/CTS2/RTS2/IVCMP3 62 P7_2/AN14
23 | P2_7/CH23 63 | P7_1/AN13
24 | P2_6/CH22 64 | P7_0/AN12
25 | P2_5/CH21 65 | PO_7/ANO/TRCIOC_O
26 | P2_4/CH20 66 | PO_6/AN1/TRCIOD_0
27 | P2_3/CH19 67 | PO_5/AN2/TRCIOB_O
28 | P2_2/TRCIOD_0/CH18 68 | PO_4/AN3/TMRE20/TRCIOB_0
29 | P2_1/TRCIOC_O/CH17 69 | PO_3/AN4/CLK_1/TRCIOB_0
30 | P2_O/INT1/TRCIOB_O/CH16 70 | PO_2/AN5/RXD_1/TRCIOA_O/TRCTRG_0
31 | P9_3/CH15 71 | PO_1/AN6/TXD_1/TRCIOA_O/TRCTRG_0
32 | P9_2/CH14 72 | PO_O/AN7/TRCIOA_O/TRCTRG_0
33 | P9_1/CH13 73 | P6_4/RXD_1/CH35
34 | P9_0/CH12 74 | P6_3/TXD_1/CH34
35 | P3_6/CH11 75 | P6_2/CLK_1/CH33
36 | P3_1/CH10 76 | P6_1/CH32
37 | P8_7/CHO9 77 | P6_O/TMRE20/CH31
38 | P8_6/CHO8 78 | P9_5/CH30
39 | P8_5/CHXC 79 | P9_4/CH29
40 | P8_4/CHxB 80 |P5_7/CH28
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145 Registers
Tables 14.5 lists the Register Configuration for 1/0 Ports.
Table 14.5 Register Configuration for 1/0O Ports
Register Name Symbol After Reset Address Access Size
Timer RJ_0 Pin Select Register TRJ_OSR 08h 002A0h 8
Timer RCCLK Pin Select Register TRCCLKSR 00h 002A5h 8
Timer RC_0 Pin Select Register 0 TRC_OSRO 00h 002A6h 8
Timer RC_0 Pin Select Register 1 TRC_OSR1 00h 002A7h 8
Timer Pin Select Register TIMSR 00h 002ADh 8
UARTO_O Pin Select Register U OSR 00h 002AEh 8
UARTO_1 Pin Select Register U_1SR 00h 002AFh 8
UART?2 Pin Select Register 0 U2SRO 00h 002B2h 8
UART?2 Pin Select Register 1 U2SR1 00h 002B3h 8
INT Interrupt Input Pin Select Register 0 INTSRO 00h 002B6h 8
1/0 Function Pin Select Register PINSR 00h 002B9h 8
Pin Assignment Select Register PMCSEL 00h 002BEh 8
Pull-Up Control Register 0 PURO 00h 002CO0h 8
Pull-Up Control Register 1 PUR1 00h 002C1h 8
Pull-Up Control Register 2 PUR2 00h 002C2h 8
Port P1 Drive Capacity Control Register P1DRR 00h 002C8h 8
Port P2 Drive Capacity Control Register P2DRR 00h 002C9%h 8
Drive Capacity Control Register 0 DRRO 00h 002CCh 8
Drive Capacity Control Register 1 DRR1 00h 002CDh 8
Drive Capacity Control Register 2 DRR2 00h 002CEh 8
Input Threshold Control Register 0 VLTO 00h 002D0h 8
Input Threshold Control Register 1 VLT1 00h 002D1h 8
Input Threshold Control Register 2 VLT2 00h 002D2h 8
Port PO Register PORTO XXh 002EOh 8
Port P1 Register PORT1 XXh 002E1h 8
Port PO Direction Register PDO 00h 002E2h 8
Port P1 Direction Register PD1 00h 002E3h 8
Port P2 Register PORT2 XXh 002E4h 8
Port P3 Register PORT3 XXh 002E5h 8
Port P2 Direction Register PD2 00h 002E6h 8
Port P3 Direction Register PD3 00h 002E7h 8
Port P4 Register PORT4 XXh 002E8h 8
Port P5 Register PORT5 XXh 002ESh 8
Port P4 Direction Register PD4 00h 002EAhO 8
Port P5 Direction Register PD5 00h 002EBh 8
Port P6 Register PORT6 XXh 002ECh 8
Port P7 Register PORT7 XXh 002EDh 8
Port P6 Direction Register PD6 00h 002EEh 8
Port P7 Direction Register PD7 00h 002EFh 8
Port P8 Register PORTS8 XXh 002F0h 8
Port P9 Register PORT9 XXh 002F1h 8
Port P8 Direction Register PD8 XXh 002F2h 8
Port P9 Direction Register PD9 00h 002F3h 8
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14.5.1 Timer RJ_O Pin Select Register (TRJ_OSR)

Address 002A0h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symboll — | — | — | — |~ —  [TRJIO_OSEL2|TRJIO_OSEL1|TRJIO_OSELO
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
bo TRJIO_OSELO | TRJIIO_O pin select bits %2 161 %{ TRIIO 0 bin not used R/W
b1l TRJIO_OSEL1 00 1 Do not_seE R/W
b2 TRJIO_OSEL2 0 1 0:P1_5 assigned R/W
0 1 1: P3_2 assigned
1 0 0: P5_5 assigned
Other than the above: Do not set.
b3 — Reserved Setto 1. R/W
b4 — Reserved Setto 0. R/W
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —

The TRJ_OSR register is used to select which pin is assigned to timer RJ_0 1/0. To use the 1/O pin for timer

RJ_0, set this register.

Set the TRJ_OSR register before setting the registers associated with timer RJ_0. Also, do not change the set
value of this register during timer RJ_0 operation.
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14.5.2 Timer RCCLK Pin Select Register (TRCCLKSR)
Address 002A5h
Bit b7 b6 b5 b4 b3 b2 bl bo
Symboll — | — | — | — | — |TRCCLK OSEL2[TRCCLK_OSEL1|TRCCLK_OSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRCCLK_OSELO | TRCCLK_O pin select bits %2 %1 %{ TRCCLK 0 bin not used R/W
bl TRCCLK_OSEL1 00 1 P1 4 assTgnF;d R/W
b2 | TRCCLK_OSEL2 0 1 0: P3_3 assigned RIW
0 1 1: Do not set.
1 0 0: P5_0 assigned
Other than the above: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 — Reserved Setto 0. R/W
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —

The TRCCLKSR register is used to select which pin is assigned to timer RC_0 1/0. To use the I/O pin for timer

RC _0, set this register.

Set bits TRCCLK_0SELO to TRCCLK_0SEL2 before setting the registers associated with timer RC_0. Also,
do not change the set values of bits TRCCLK_0SELO to TRCCLK_0SEL?2 during timer RC_0 operation.
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14.5.3 Timer RC_0 Pin Select Register 0 (TRC_0SRO0)
Address 002A6h
Bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol| —  [TRCIOB_0SEL2|TRCIOB_0SEL1[TRCIOB_0SELO] ~—  |TRCIOA_OSEL2|TRCIOA_OSEL1|TRCIOA_OSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRCIOA_OSELO | TRCIOA_O/TRCTRG_0O pinselect | b2 bl bo . R/W
bl |TRCIOA OSEL1 |bits 8 8 (1); ;Tizll%;g/nzzcme_o pinnotused  pry
b2 |TRCIOA_OSEL2 0 1 0: PO_0 assigned RIW
0 1 1:PO_1 assigned
1 0 0: PO_2 assigned
1 0 1: P5_1 assigned
Other than the above: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 | TRCIOB_OSELO | TRCIOB_O pin select bits lg %5 lg TRCIOB 0 pin not used R/W
b5 |TRCIOB_OSEL1 00 1.P1 2 as;gnped RIW
b6 |TRCIOB_OSEL2 0 1 0: PO_3 assigned RIW
0 1 1: PO_4 assigned
1 0 0: PO_5 assigned
1 0 1: P2_0 assigned
1 1 0: P6_5 assigned
1 1 1: P5_2 assigned
b7 — Nothing is assigned. The write value must be 0. The read value is 0. —

The TRC_O0SRO register is used to select which pin is assigned to timer RC_0 1/O. To use the 1/O pin for timer
RC_0, set this register.
Set the TRC_O0SRO register before setting the registers associated with timer RC_0. Also, do not change the set
value of this register during timer RC_0 operation.
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14.5.4 Timer RC_0 Pin Select Register 1 (TRC_0SR1)
Address 002A7h
Bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol| —  [TRCIOD_0SEL2|TRCIOD_OSEL1[TRCIOD_0SELO| ~—  [TRCIOC_OSEL2|TRCIOC_OSEL1|TRCIOC_OSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRCIOC_OSELO | TRCIOC_0 pin select bits %2 %1 %)- TRCIOC O Bin not used R/W
bl TRCIOC_OSEL1 00 1:P13 as&gnped R/W
b2 | TRCIOC_OSEL2 0 1 0: P3_4 assigned RIW
0 1 1: PO_7 assigned
1 0 0: P2_1 assigned
1 0 1: P6_6 assigned
1 1 0: P5_3 assigned
Other than the above: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 | TRCIOD_0SELO | TRCIOD_O pin select bits %6 %5 151_ TRCIOD 0 bin not used R/W
b5 TRCIOD_OSEL1 00 1:P10 assﬁgnpzad R/W
b6 | TRCIOD_OSEL2 0 1 0: P3_5 assigned RIW
0 1 1: PO_6 assigned
1 0 0: P2_2 assigned
1 0 1: P6_7 assigned
1 1 0: P5_4 assigned
Other than the above: Do not set.
b7 — Nothing is assigned. The write value must be 0. The read value is 0. —

The TRC_O0SR1 register is used to select which pin is assigned to timer RC_0 1/O. To use the 1/O pin for timer
RC_0, set this register.
Set the TRC_0SR1 register before setting the registers associated with timer RC_0. Also, do not change the set
value of this register during timer RC_0 operation.
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1455 Timer Pin Select Register (TIMSR)

Address 002ADh

Bit b7 b6 b5 b2 bl b0
Symbol| — | — | — | | — — |TRE20SELO
After Reset 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRE20SELO | TMREZ2O0 pin select bit 0: PO_4 assigned R/W
1: P6_0 assigned
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 — Reserved Setto 0. R/W
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 — Reserved Setto 0. R/W
b5 —
b6 —
b7 —

The TIMSR register is used to select which pin is assigned as the timer RE2 1/O. To use the 1/O pin for timer

RE2, set this register.

Set the TIMSR register before setting the registers associated with timer RE2. Also, do not change the set value

of this register during the operation of timer RE2.
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145.6 UARTO_O Pin Select Register (U_OSR)
Address 002AEh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbolfl — | — | — [CLKOSEL| — |[RXD_OSEL| — |TXD_OSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TXD_O0SEL | TXD_0 pin select bit 0: TXD_O pin not used R/W
1: P1_4 assigned
bl — Nothing is assigned. The write value must be 0. The read value is 0. —
b2 RXD_OSEL |RXD_0 pin select bit 0: RXD_0 pin not used R/W
1: P1_5 assigned
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 CLK_OSEL |CLK_0 pin select bit 0: CLK_0 pin not used R/W
1: P1_6 assigned
b5 — Nothing is assigned. The write value must be 0. The read value is 0. —
b6 —
b7 —

The U_OSR register is used to select which pin is assigned to UARTO_0 1/O. To use the I/O pin for UARTO_O,
set this register.

Set the U_OSR register before setting the registers associated with UARTO_0. Also, do not change the set value
of this register during UARTO_0 operation.
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14.5.7 UARTO_1 Pin Select Register (U_1SR)
Address 002AFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |CLK_1SEL1|CLK_1SELO|RXD_1SEL1|RXD_1SELO |TXD_1SEL1[TXD_1SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TXD_1SELO | TXD_1 pin select bits %1 lg XD 1 pi " d R/W
: 1 pin not use
bl TXD_1SELL 0 1: PO_1 assigned RIW
1 0: P6_3 assigned
1 1: Do not set.
b2 RXD_1SELO | RXD_1 pin select bits lgtg RXD 1 pi " g R/W
: 1 pin not use
b3 RXD_1SEL1 0 1: PO_2 assigned RAW
1 0: P6_4 assigned
1 1: Do not set.
b4 CLK_1SELO | CLK_1 pin select bits tg‘g CLK 1 pi ‘ q R/W
: _1 pin not use
bS CLK_ISELL 0 1: PO_3 assigned RAW
1 0: P6_2 assigned
1 1: P6_5 assigned
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

The U_1SR register is used to select which pin is assigned to UARTO_1 1/O. To use the I/O pin for UARTO_1,

set this register.

Set the U_1SR register before setting the registers associated with UARTO_1. Also, do not change the set value

of this register during UARTO_1 operation.
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14.5.8 UART2 Pin Select Register 0 (U2SR0)
Address 002B2h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| —  |RXD2SEL2|RXD2SEL1|RXD2SELO| ~—  [TXD2SEL2|TXD2SEL1|{TXD2SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXD2SELO | TXD2/SDAZ2 pin select bits bé 161 lg TXD2/SDA2 bin not used R/W
bl TXD2SELL 00 1 P3_7 assign(fd RIW
b2 TXD2SEL2 0 1 0: P3_4 assigned RIW
0 1 1: Do not set.
1 0 0: Do not set.
1 0 1: P6_6 assigned
Other than the above: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 | RXD2SELO | RXD2/SCL2 pin select bits b6 bS b4 ) R/W
b5 RXD2SELL 0 0 0: RXD2/SCL2 pin not used RIW

0 0 1: P3_4 assigned
b6 | RXD2SEL2 0 1 0: P3_7 assigned RIW

0 1 1: P4_5 assigned
Other than the above: Do not set.

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

The U2SRO register is used to select which pin is assigned to UART2 1/O. To use the 1/0 pin for UART2, set
this register.

Set the U2SRO register before setting the registers associated with UART2. Also, do not change the set value of
this register during UART2 operation.
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14.5.9 UART2 Pin Select Register 1 (U2SR1)
Address 002B3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |CTS2SEL1|CTS2SELO| — |CLK2SEL2|CLK2SEL1|CLK2SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | CLK2SELO | CLK2 pin select bits %2 161 kg CLK2 pif not used R/W
bl |CLK2SELL 00 1 P3_5 zfssigned RIW
b2 |CLK2SEL2 0 1 0: Do not set. R/W
0 1 1: P6_5 assigned
Other than the above: Do not set.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 |CTS2SELO | ~Te5/RTSo ni ; bS b4 — R/W
= ToTessELl CTS2/RTS2 pin select bits 8 2 ggf;g%igé” not used T
Other than the above: Do not set.
b6 — Nothing is assigned. The write value must be 0. The read value is 0. —
b7 —

The U2SR1 register is used to select which pin is assigned to UART2 1/O. To use the 1/0 pin for UART2, set
this register.

Set the U2SR1 register before setting the registers associated with UART2. Also, do not change the set value of
this register during UART2 operation.
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14.5.10 INT Interrupt Input Pin Select Register 0 (INTSRO)
Address 002B6h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [INT3SEL1[INT3SELO[INT2SEL1|INT2SELO[INTISEL2|INTISEL1[INTISELO| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function RIW
b0 — Nothing is assigned. The write value must be 0. The read value is O. —
bl INTL1SELO | 1NTT ni ; b3 b2 bl R/W
o> T INTISELL INT1 pin select bits 0 0 0: P1_7 assigned RIW
0 0 1: P1_5 assigned
b3 INT1SEL2 0 1 0: P2_0 assigned RIW
0 1 1: Do not set
1 0 0: P3_2 assigned
Other than the above: Do not set.
b4 INT2SELO | 172 ni ; b5 b4 R/W
= NT2SELL INT2 pin select bits 0 0: P6_6 assigned Y
0 1: P3_2 assigned
Other than the above: Do not set.
b6 INT3SELO | 173 ni ; b7 b6 R/W
= NT3SELL INT3 pin select bits 0 0: P3_3 assigned Y
0 1: Do not set.
1 0: P6_7 assigned
1 1: Do not set.

The INTSRO register is used to select which pin is assigned to INTi (i = 1 to 3) input. To use INTI, set this

register.

Set the INTSRO register before setting the registers associated with INTi. Also, do not change the set value of

this register during INTi operation.

INTO is assigned to P4 _5 regardless of the INTSRO register.
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14.5.11 1/O Function Pin Select Register (PINSR)
Address 002B9h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — JIOINSEL|] — | — | XCSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 XCSEL | XCIN/XCOUT pin 0: XCIN not connected to P4_3, XCOUT not connected to P4 _4 | R/W
connect bit 1: XCIN connected to P4_3, XCOUT connected to P4 4
bl — Reserved Set to 0. R/W
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 | IOINSEL | I/O port input function 0: The I/O port input function depends on the PDi (i=0to 9) R/W
select bit register.
When the PDi_j (j = 0 to 7) bit in the PDi register is set to 0
(input mode), the pin input level can be read.
When the PDi_j bit in the PDi register is set to 1 (output
mode), the value of the port latch can be read.
1: The I/O port input function can read the pin input level
regardless of the PDi register
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

XCSEL Bit (XCIN/XCOUT pin connect bit)

The XCSEL bit is used to select whether to assign XCIN and XCOUT to P4_3 and P4_4. If set to 0, XCIN is
not assigned to P4_3 and XCOUT is not assigned to P4_4. If setto 1, XCIN is assigned to P4_3 and XCOUT is
assigned to P4_4. Refer to 9. Clock Generation Circuit for information on how to set XCIN and XCOUT.

IOINSEL Bit (I/O port input function select bit)

When the PDi_j bit in the PDi register is 1 (output mode), the IOINSEL bit is used to select whether the value
read from the PORTi register is the port latch or the pin input level of the I/O port. If set to 0, the value of the
port latch is read. If set to 1, the pin input level of the I/O port is read.

Table 14.6 lists 1/0O Port Values Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of all 1/O ports.

Table 14.6  1/O Port Values Read by Using IOINSEL Bit

PDi_j Bit in PDi Register 0 (Input Mode) 1 (Output Mode)
IOINSEL bit 0 | 1 0 1
1/0 port values read Pin input level Port latch value Pin input level
i=0t09,j=0to 7
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14.5.12 Pin Assignment Select Register (PMCSEL)
Address 002BEh

Bit b7 b6 b5 b4 b3 b2 bl bO
Symbol| — | — | — —  |PMCSEL3|PMCSEL2 | PMCSEL1|PMCSELO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bo PMCSELO | Pin assignment select bits %3 tbz %1 %) Standard pin assignment for 80-pin product RIW
bl PMCSEL1 Other than the above:pDo notgset. PP RIW
b2 PMCSEL2 R/W
b3 PMCSEL3 R/W
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

The PMCSEL register is used to select the assignment of pins.
Once the PMCSEL register is written, no additional writes can be performed.
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14.5.13 Pull-Up Control Register 0 (PURO)
Address 002COh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PURO7 | PUR06 | PURO5 | PURO4 | PUR0O3 | PURO2 | PUROL | PUROD
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PUROO |PO_0 to PO_3 pull-up 0: Not pulled up R/W
bl | PURO1l |PO_4 to PO_7 pull-up 1: Pulled up (1) R/W
b2 PURO2 |P1_0to P1_3 pull-up R/W
b3 PURO3 |P1_4to P1_7 pull-up R/W
b4 PURO04 |P2_0to P2_3 pull-up R/W
b5 PURO5 | P2_4to P2_7 pull-up R/W
b6 PURO06 |P3_0 to P3_3 pull-up R/W
b7 PUROQ7 |P3_4to P3_7 pull-up R/W
Note:
1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to 0 (input mode) is pulled up.
The set values in the PURO register are valid for pins used as input.
14.5.14 Pull-Up Control Register 1 (PUR1)
Address 002C1h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PUR17 | PUR16 | PUR15 | PUR14 | PUR13 | PURL2 | PURLl | PUR10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
o]0) PUR10 |P4_3 pull-up 0: Not pulled up R/W
bl | PUR1l |[P4_4to P4 7 pull-up 1: Pulled up (1) R/W
b2 PUR12 |P5_0to P5_3 pull-up R/W
b3 PUR13 | P5_4to P5_7 pull-up R/W
b4 | PUR14 |P6_0to P6_3 pull-up RIW
b5 | PUR15 |P6_4to P6_7 pull-up RIW
b6 | PUR16 |P7_0to P7_3 pull-up RIW
b7 | PUR17 |P7_4to P7_7 pull-up RIW
Note:

1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to 0 (input mode) is pulled up.

The set values in the PURL register are valid for pins used as input.
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14.5.15 Pull-Up Control Register 2 (PUR2)
Address 002C2h

Bit b7 b6 b5 b4 b3 b2 b1l o]0]
Symboll — | — | — | — | PUR23 | PUR22 [ PUR21 | PUR20

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W
b0 PUR20 |P8_0 to P8_3 pull-up 0: Not pulled up R/W
bl | PUR21 |P8 4 to P8_7 pull-up 1: Pulled up () R/W
b2 PUR22 |P9_0to P9_3 pull-up R/W
b3 PUR23 | P9_4 to P9_5 pull-up R/W
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —

b6 —

b7 —

Note:

1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to 0 (input mode) is pulled up.

The set values in the PUR2 register are valid For pins used as input.
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14.5.16 Port P1 Drive Capacity Control Register (P1DRR)
Address 002C8h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | PLDRR7 | P1IDRR6 | PIDRRS5 | PIDRR4 | PIDRR3 | PIDRR?2 | P1IDRR1 | PIDRRO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | P1DRRO | P1_0 drive capacity 0: Low R/W
bl |P1DRR1 |P1_1 drive capacity 1: High @) RIW
b2 | P1DRR2 |P1_2 drive capacity R/W
b3 | P1DRRS3 |P1_3 drive capacity R/W
b4 | PLDRR4 |P1_4 drive capacity R/W
b5 | P1DRR5 | P1_5 drive capacity R/W
b6 |P1DRR6 |P1_6 drive capacity R/W
b7 | PIDRR7 |P1_7 drive capacity R/W

Note:
1. Both high and low output are set to high drive capacity.

The P1DRR register is used to select whether the drive capacity of the P1 output transistor is set to low or high.
The P1DRR;j bit (j = 0 to 7) is used to select whether the drive capacity of the output transistor is set to low or
high for each pin.

The set values in the P1DRR register are valid for pins used as output.

14.5.17 Port P2 Drive Capacity Control Register (P2DRR)
Address 002C9h

Bit b7 b6 b5 b4 b3 b2 b1 bo
Symbol | P2DRR7 | P2DRR6 | P2DRR5 | P2DRR4 | P2DRR3 | P2DRR2 | P2DRR1 | P2DRR0

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P2DRRO | P2_0 drive capacity 0: Low R/W
bl [P2DRR1|P2_1 drive capacity 1: High (@) R/W
b2 | P2DRR2 | P2_2 drive capacity R/W
b3 | P2DRR3 | P2_3 drive capacity R/W
b4 | P2DRR4 | P2_4 drive capacity R/W
b5 | P2DRR5 [ P2_5 drive capacity R/W
b6 | P2DRR6 | P2_6 drive capacity R/W
b7 | P2DRRY | P2_7 drive capacity R/W

Note:
1. Both high and low output are set to high drive capacity.

The P2DRR register is used to select whether the drive capacity of the P2 output transistor is set to low or high.
The P2DRR; bit (j = 0 to 7) is used to select whether the drive capacity of the output transistor is set to low or
high for each pin.

The set values in the P2DRR register are valid for pins used as output.
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14.5.18 Drive Capacity Control Register 0 (DRRO)
Address 002CCh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| DRRO7 | DRRO6 | — | — | — | — [ DRROL | DRROO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DRROO |PO_0 to PO_3 drive capacity 0: Low R/W
bl | DRRO1 |PO_4to PO_7 drive capacity 1: High @) RIW
b2 — Nothing is assigned. The write value must be 0. The read value is 0. —
b3 —
b4 —
b5 —
b6 DRRO6 |P3_0 to P3_3 drive capacity 0: Low R/W
b7 | DRRO7 |P3_4to P3_7 drive capacity 1: High @) RIW
Note:

1. Both high and low output are set to high drive capacity.

The set values in the DRRO register are valid for pins used as output.

DRROO0 Bit (PO_0to PO_3 drive capacity)

The DRROO bit is used to select whether the drive capacity of the PO_0 to PO_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRRO1 Bit (PO_4 to PO_7 drive capacity)

The DRRO1 bit is used to select whether the drive capacity of the PO_4 to PO_7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRRO6 Bit (P3_0to P3_3 drive capacity)

The DRRO6 bit is used to select whether the drive capacity of the P3_0 to P3_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRRO7 Bit (P3_4 to P3_7 drive capacity)

The DRRO7 bit is used to select whether the drive capacity of the P3_4 to P3_7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.
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14.5.19 Drive Capacity Control Register 1 (DRR1)
Address 002CDh
Bit b7 b6 b5 b4 b3 b2 b1l o]0]
Symbol | DRR17 | DRR16 | DRR15 | DRR14 | DRR13 | DRR12 | DRR1l | DRR10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DRR10 |P4_3 drive capacity 0: Low R/W
bl | DRR11 |P4_4to P4_7 drive capacity 1: High @) RIW
b2 DRR12 |P5_0to P5_3 drive capacity R/W
b3 DRR13 |P5_4 to P5_7 drive capacity R/W
b4 DRR14 |P6_0 to P6_3 drive capacity R/W
b5 DRR15 |P6_4 to P6_7 drive capacity R/W
b6 DRR16 |P7_0to P7_3 drive capacity R/W
b7 DRR17 |P7_4to P7_7 drive capacity R/W

Note:

1. Both high and low output are set to high drive capacity.

The set values in the DRR1 register are valid for pins used as output.

DRR10 Bit (P4_3 drive capacity)

The DRR10 bit is used to select whether the drive capacity of the P4_3 output transistor is set to low or high.
This bit is used to select whether the drive capacity of the output transistor is set to low or high for one pin.

DRR11 Bit (P4_4 to P4_7 drive capacity)

The DRR11 bit is used to select whether the drive capacity of the P4_4 to P4_7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR12 Bit (P5_0to P5_3 drive capacity)

The DRR12 bit is used to select whether the drive capacity of the P5_0to P5_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR13 Bit (P5_4 to P5_7 drive capacity)

The DRR13 bit is used to select whether the drive capacity of the P5_4 to P5_7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR14 Bit (P6_0to P6_3 drive capacity)

The DRR14 bit is used to select whether the drive capacity of the P6_0 to P6_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR15 Bit (P6_4 to P6_7 drive capacity)

The DRR15 bit is used to select whether the drive capacity of the P6_4 to P6_7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.
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DRR16 Bit (P7_0to P7_3 drive capacity)

The DRR16 bit is used to select whether the drive capacity of the P7_0 to P7_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR17 Bit (P7_4 to P7_7 drive capacity)

The DRR17 bit is used to select whether the drive capacity of the P7_4 to P7_7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.
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14.5.20 Drive Capacity Control Register 2 (DRR2)
Address 002CEh

Bit b7 b6 b5 b4 b3 b2 b1l o]0]
Symboll — | — | — | — | DRR23 | DRR22 [ DRR21 | DRR20

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DRR20 |P8_0 to P8_3 drive capacity 0: Low R/W
bl | DRR21 |P8_4to P8_7 drive capacity 1: High @ RIW
b2 DRR22 |P9_0 to P9_3 drive capacity R/W
b3 DRR23 |P9_4 and P9_5 drive capacity R/W
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

Note:

1. Both high and low output are set to high drive capacity.

The set values in the DRR2 register are valid for pins used as output.

DRR20 Bit (P8_0to P8_3 drive capacity)

The DRR20 bit is used to select whether the drive capacity of the P8_0 to P8_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR21 Bit (P8_4 to P8_7 drive capacity)

The DRR21 bit is used to select whether the drive capacity of the P8_4 to P8 7 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR22 Bit (P9_0to P9_3 drive capacity)

The DRR22 bit is used to select whether the drive capacity of the P9_0to P9_3 output transistors is set to low or
high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for four
pins.

DRR23 Bit (P9_4 and P9_5 drive capacity)

The DRR23 bit is used to select whether the drive capacity of the P9_4 and P9_5 output transistors is set to low
or high. This bit is used to select whether the drive capacity of the output transistors is set to low or high for two
pins.
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14.5.21 Input Threshold Control Register 0 (VLTO)
Address 002D0Oh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| VLTO7 | VLTO6 | VLTO5 | VLTO4 | VLTO3 | VLT02 | VLTOl | VLTOO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLTOO | PO input level select bits tbl 13)_ SEgRvee R/W
b1l VLTO1 0 1 0.35 x VCC R/W
1 0:0.70 x VCC
1 1: Do not set.
b2 VLTO02 |P1inputlevel select bits tg 162 0.50 x VCC R/W
b3 VLTO03 0 1 0.35 x VCC R/W
1 0:0.70 x VCC
1 1: Do not set.
b4 VLT04 |P2 input level select bits %5 lg_ 0.50 X VOO R/W
b5 | VLTOS 0 1:0.35 x VCC RIW
1 0:0.70 x VCC
1 1: Do not set.
b6 VLTO06 |P3input level select bits %7 %6 0.50 x VCC R/W
b7 VLTO7 0 1: 0.35 x VCC R/W
1 0:0.70 x VCC
1 1: Do not set.

The VLTO register is used to select the voltage level of the input threshold values for ports PO to P3. Bits VLT00
to VLTO7 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and
0.70 VCC) for every eight pins.
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14.5.22 Input Threshold Control Register 1 (VLT1)
Address 002D1h

Bit b7 b6 b5 b4 b3 b2 b1l o]0]
Symbol| VLT17 | VLT16 | VLT15 | VLT14 | VLT13 | VLT12 | VLT1l | VLTI10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLT10 |P4_2to P4_7 input level select bits 161 18) 0.50 x VCC R/W
bl Vit 0 1: 0.35 xVCC RIW
1 0:0.70 x VCC
1 1: Do not set.
b2 VLT12 |P5 input level select bits tg fg 0.50 x VCC R/W
b3 VLT1s 0 1: 0.35 xVCC RIW
1 0:0.70 x VCC
1 1: Do not set.
b4 VLT14 |P6 input level select bits 183 fg 0.50 X VOO R/W
b5 | VLTI 0 1:035 x VCC RIW
1 0:0.70 x VCC
1 1: Do not set.
b6 VLT16 |P7 inputlevel select bits lg 166 0.50 X VCC R/W
:0.50 x
b7 | VLT17 0 1:0.35 x VCC RIW
1 0:0.70 x VCC
1 1: Do not set.

The VLT1 register is used to select the voltage level of the input threshold values for ports P4_2 to P4 7, P5,
P6, and P7. Bits VLT10 to VLT17 are used to select the input threshold values among three voltage levels (0.35
VCC, 0.50 VCC, and 0.70 VCC).
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14.5.23 Input Threshold Control Register 2 (VLT2)
Address 002D2h
Bit b7 b5 b4 b3 b2 bl b0
Symbol| — | | — | — | VLT23 | VLT22 | VLT21 | VLT20
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLT20 | P8 input level select bits 161 18) 0.50 x VCC R/W
bl VLT21 0 1: 0.35 x VCC R/W
1 0:0.70 x VCC
1 1: Do not set.
b2 VLT22 |P9_0to P9_5 input level select bits tg fg 0.50 x VCC R/W
b3 VLT23 0 1: 0.35 x VCC R/W
1 0:0.70 x VCC
1 1: Do not set.
b4 — Nothing is assigned. The write value must be 0. The read value is 0. —
b5 —
b6 —
b7 —

The VLT2 register is used to select the voltage level of the input threshold values for ports P8, P9 0 to P9_5.
Bits VLT20 to VLT23 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50

VCC, and 0.70 VCC).
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14.5.24 Port Pi Register (PORTI) (i=0to 9)

Address 002EOh (PORTO), 002E1h (PORT1), 002E4h (PORT2), 002E5h (PORT3), 002E8h (PORT4 (1)),
002E9h (PORTS5), 002ECh (PORTS), 002EDh (PORT7), 002F0h (PORTS), 002F1h (PORT9 (2)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| Pi_7 | Pi6 | Pi5 | Pida | Pig3 | Pi2 [ PiLl | PiO |

After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 Pi_0 |Port Pi_0 bit 0: Low level R/W
b1 Pi_1 |PortPi_1 hit 1: High level RIW
b2 Pi_2 |Port Pi_2 bit R/IW
b3 Pi_3 |Port Pi_3 bit R/W
b4 Pi_4 |Port Pi_4 bit R/W
b5 Pi_5 |Port Pi_5 bit RIW
b6 Pi_6 |Port Pi_6 bit RIW
b7 Pi_7 |Port Pi_7 bit RIW

Notes:
1. Nothing is assigned to bits P4_0 and P4_1 in the PORT4 register.
The write value must be 0 for bits P4_0 and P4_1 in the P4 register. The read value is 0.
2. Nothing is assigned to bits P9_6 and P9_7.
The write value must be 0 for bits P9_6 and P9_7. The read value is 0.

Data input to and output from external devices are accomplished by reading and writing to the PORTi register.
The PORTI register consists of a port latch to retain output data and a circuit to read the pin state. The value
written in the port latch is output from the pin. Each bit in the PORTi register corresponds to one port.

Pi_j Bit (j =0 to 7) (Port Pi_j bit)
The pin level of any 1/O port which is set to input mode can be read by reading the corresponding bit in this

register. The pin level of any 1/O port which is set to output mode can be controlled by writing to the
corresponding bit in this register.
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14.5.25 Port Pi Direction Register (PDi) (i=0to 9)

Address 002E2h (PDO (1)), 002E3h (PD1), 002E6h (PD2), 002E7h (PD3), 002EAh (PD4 (2),
002EBh (PD5), 002EEh (PD6), 002EFh (PD7), 002F2h (PD8), 002F3h (PD9 (3))

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PDi_7 | PDi_6 | PDi_5 | PDi_4 | PDi_3 | PDi_2 [ PDi_l | PDi 0 |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PDi_0 |Port Pi_0 direction bit 0: Input mode (functions as an input port) R/W
bl PDi_1 |PortPi_1 direction bit 1: Output mode (functions as an output port) R/W
b2 PDi_2 |Port Pi_2 direction bit R/W
b3 PDi_3 |Port Pi_3 direction bit R/W
b4 PDi_4 |Port Pi_4 direction bit R/W
b5 PDi_5 |Port Pi_5 direction bit R/W
b6 PDi_6 |PortPi_6 direction bit R/W
b7 PDi_7 |Port Pi_7 direction bit R/W

Notes:
1. Write to the PDO register with the next instruction after that used to set the PRC2 bit in the PRCR register to 1
(write enabled).
2. Nothing is assigned to bits PD4_0 to PD4_2 in the PD4 register.
The write value must be 0 for bits PD4_0 to PD4_2 in the PD4 register. The read value is 0.
3. Nothing is assigned to bits PD9_6 and PD9_7.
The write value must be 0 for bits PD9_6 and PD9_7. The read value is 0.

The PDi register is used to select whether 1/O ports are used for input or output. Each bit in the PDi register
corresponds to one port.
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14.5.26 1/0 Pins Not Controlled by Pin Select Registers
1/0 pins that are not controlled by the pin select registers are shown below.

(1) Clock synchronous serial interface (SSU_0/1IC_0) I/O pins

@

©)

4)

®)

(6)

()
®)

SCL_0:P3 5

SDA_0: P3_7

SSI1_0: P3_4

SCS_0: P3_3

SSCK_0: P35

SSO_0: P3 7

INT interrupt input pins
INTO: P4 5
INT4:P6_5

Key input interrupt input pins
KI0: P10

KI1:P1 1

KI2: P12

KI3: P13

Comparator B input pins
IVREF1: P1_6
IVREF3: P3_4
IVCMP1: P1_7
IVCMP3: P3_3
UARTO I/O pins
TXD_0:P1_4
RXD_0:P1 5

CLK 0:P1_6

UART?2 I/O pins
CTS2:P3_3

RTS2: P3_3

Timer RJ input pins
TRJO_0:P3 0

Timer RB2 input pins
TRBO_0:P1_3
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14.6 Handling of Unassigned Pins
Table 14.7 lists the Handling of Unassigned Pins and Figure 14.13 shows the Handling of Unassigned Pins.

Table 14.7  Handling of Unassigned Pins

Pin Name Connection
Ports PO, P1, P2, P3, For each of these pins either:
P4 3to P4 7, P5, P6, P7, P8, « Set the pin to input mode and either connect it to VSS through a resistor (pull-
P9_0to P9 _5 down) or connect it to VCC through a resistor (pull-up) (1)
Or:
« Set each of these pins to output mode and leave it open (1, 2)
Port P4_2/VREF Connect to VCC
RESET ) Connect to VCC through a resistor (pull-up) (1)

Notes:

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

2. If these 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 unstable and the power current may increase while
the ports remain in input mode. The content of the direction registers may change due to noise or program
runaway caused by noise. The program should periodically reconfigure the content for enhanced reliability.

3. When the power-on reset is used.

MCU
Ports PO, P1, P2, (Input mode ) AN
P3, P4 _3toP4_7,
P5, P6, P7, P8, ) .
P9 0to P9 5 (Input mode ) M\ ®
(Output mode) Open

RESET @ —I\N\,j
Port P4_2/VREF J

777
Note:
1. When the power-on reset function is used.
Figure 14.13 Handling of Unassigned Pins
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15. Timer RJ

Timer RJ is a 16-bit timer that can be used for pulse output, external pulse width or period measurement, and counting
external events.

Timer RJ contains timer RJ_0.This timer consists of a reload register and a down counter which are allocated to the
same address.

15.1 Overview
Table 15.1 lists the Timer RJ Specifications and Figure 15.1 shows the Timer RJ Block Diagram.

Table 15.1  Timer RJ Specifications

Iltem Description
Operating Timer mode The count source is counted.
modes Pulse output mode The count source is counted and the output is inverted at each underflow
of the timer.
Event counter mode An external event is counted.
Pulse width measurement | An external pulse width is measured.
mode
Pulse period measurement | An external pulse period is measured.
mode
Count source f1, f2, f8, fOCO, fC1, or fC32 selectable
Interrupt » When the counter underflows.

» When the measurement of the active width of the external input
(TRJIO) is completed in pulse width measurement mode.

* When the set edge of the external input (TRJIO) is input in pulse period
measurement mode.

Selectable functions « Coordination with the hardware LIN module
Input from the hardware LIN module can be used for counter reload
operation.

« Coordination with the event link controller (ELC)
Event input from the ELC is selectable as a count source.
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Event is counted during specified
timer RC output signal period

TCK2 to TCKO

=101b

Event input from ELC ————O

fc1 =110b .

TIOGT1 and TIOGTO
= 00b

. Evegt islcc:junted W\O_
Event is counted only during _ = .

NT1 high-level period ™~ 1gp

TRcioD —22 4

TRCIOC — 01b RCCPSEL1 and

TOPCR

TMOD2 to
0
= other than TCKCUT TSTART

Data bus

U

16-bit
reload
register

TMOD2 to TMODO
=011b or 100b

Counter
control circuit

16-bit counter

TRJ counter [

Underflow signal

Timer RJ
interrupt

Measurement
end signal

TEDGSEL =1 oi

O~ Toggle flip-flop

TRcloB —2190_ RCCPSELO
=11b
TIPFL and TIPFO TRCIOA ——0
f _=01b
100 TIPF1 and TIPFO
8 WO = other than 00b
32 ——0 One
Digital edge/both
filter O edges Polarity :l )
P switching [T selection
------ - I I
-
' : TEDGPL  TEDGSEL
]
)
OTRIOPin; i CE TMOD2 to TMODO = 001b
' ]
| :
; :

TOENA
TRJO pin /l:
O d

TSTART, TSTOP: Bits in TRICR register

-

TEDGSEL =0 Q c
LR

TEDGSEL, TOPCR, TOENA, TIPFO, TIPF1, TIOGTO, TIOGT1: Bits in TRJIOC register
TMODO to TMOD2, TCKO to TCK2, TCKCUT: Bits in TRIMR register

RCCPSELO, RCCPSELL1: Bits in TRJISR register

TRCIOA, TRCIOB, TRCIOC, TRCIOD: Output signal pins for timer RC

Rl

Write to TRIMR register
Write 1 to TSTOP

Figure 15.1

15.2 /O Pi

Table 15.2 lists the Timer RJ Pin Configuration.

Timer RJ Block Diagram

ns

Table 15.2  Timer RJ Pin Configuration
Pin Name I/0 Function
INT1 Input External input for timer RJ_0
TRJIO Input/Output External event input and pulse output for timer RJ
TRJO Output Pulse output for timer RJ
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15.3 Registers
Table 15.3 lists the Timer RJ Register Configuration.

Table 15.3  Timer RJ Register Configuration

Register Name Symbol After Reset Address Access Size
Timer RJ_0 Counter Register TRJ_O FFFFh 00110h 16
Timer RJ_O0 Control Register TRJICR_O 00h 00112h 8
Timer RJ_0 I/O Control Register TRJIOC_O 00h 00113h 8
Timer RJ_0 Mode Register TRIMR_O 00h 00114h 8
Timer RJ_O0 Event Pin Select Register TRJISR_O 00h 00115h 8

15.3.1 Timer RJ Counter Register (TRJ)
Address 00110h (TRJ_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
smbol[_— [ — [ — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1 1
Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Symbol Function Setting Range R/W
b15 to b0 — 16-bit counter and reload register (. 2) 0001h to FFFFh R/W

Notes:
1. When 1 is written to the TSTOP bit in the TRICR register, the 16-bit counter is forcibly stopped and set to FFFFh.
2. The TRJ register must be accessed in 16-bit units. Do not access this register in 8-bit units.

TRJ is a 16-bit register. The write value is written to the reload register and the read value is read from the
counter.

The states of the reload register and the counter change depending on the TSTART bit in the TRICR register.
For details, refer to 15.4.1 Reload Register and Counter Rewrite Operation.
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15.3.2 Timer RJ Control Register (TRIJCR)
Address 00112h (TRJCR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | TUNDF | TEDGF | — | TSTOP | TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RJ count start bit 0: Count stops R/W
@ 1: Count starts
bl TCSTF | Timer RJ count status flag 0: Count stops R
1 1: Count in progress
b2 TSTOP | Timer RJ count forced stop bit (2) When 1 is written to this bit, the count is forcibly W
stopped. The read value is 0.
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 TEDGF | Active edge judgement flag 0: No active edge received R/W
(©)] 1: Active edge received
b5 TUNDF | Timer RJ underflow flag 0: No underflow R/W
©) 1: Underflow
b6 — Nothing is assighed. The write value must be 0. The read value is 0. —
b7 —
Notes:

1. For notes on using bits TSTART and TCSTF, refer to 15.5 Notes on Timer RJ (2).

2. When 1 (count is forcibly stopped) is written to the TSTOP bit, bits TSTART and TCSTF are initialized at the
same time. The pulse output level is also initialized.

3. Write to the TRJICR register using the MOV instruction. If the read-modify-write instruction is executed to set the
TRJCR register, bits TEDGF and TUNDF may be erroneously set to 0 depending on the timing.

TSTART Bit (Timer RJ count start bit)

Count operation is started by writing 1 to the TSTART bit and stopped by writing 0. When the TSTART bit is
set to 1 (count starts), the TCSTF bit is set to 1 (count in progress) in synchronization with the count source.
Also, after 0 is written to the TSTART bit, the TCSTF bit is set to 0 (count stops) in synchronization with the
count source. For details, refer to 15.5 Notes on Timer RJ (2).

TCSTF Bit (Timer RJ count status flag)

[Conditions for setting to 0]

* When 0 is written to the TSTART bit (the TCSTF bit is set to 0 in synchronization with the count source).
* When 1 is written to the TSTOP bit.

[Condition for setting to 1]

* When 1 is written to the TSTART bit (the TCSTF bit is set to 1 in synchronization with the count source).

TEDGF Bit (Active edge judgement flag)

[Condition for setting to 0]

* When 0 is written to this bit by a program.

[Conditions for setting to 1]

*When the measurement of the active width of the external input (TRJIO) is completed in pulse width
measurement mode.

* The set edge of the external input (TRJIO) is input in pulse period measurement mode.

TUNDF Bit (Timer RJ underflow flag)

[Condition for setting to 0]

« When 0 is written to this bit by a program.
[Condition for setting to 1]

« When the counter underflows.

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 233 of 731
Oct 31, 2011



R8C/38T-A Group 15. Timer RJ
15.3.3 Timer RJ I/O Control Register (TRJIOC)
Address 00113h (TRJIOC_0)
Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | TIOSEL | TOENA | TOPCR |TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W

b0 | TEDGSEL |1/O polarity switch bit

to Tables 15.4 and 15.5).

Function varies depending on the operating mode (refer | R/W

bl TOPCR | TRJIO output control bit 0: TRJIO output enabled (toggle output is started) R/W
1) 1: TRJIO output disabled (toggle output is stopped)

b2 TOENA | TRJO output enable bit 0: TRJO output disabled (port) R/W
1: TRJO output enabled

b3 TIOSEL |Event input select bit 0: Input from TRJIO pin R/W
1: Input from hardware LIN

b4 TIPFO | TRJIO input filter select bits %5 *E;‘ No filter R/W

b5 TIPFL 0 1: Filter enabled, sampling at f1 RIW
1 O: Filter enabled, sampling at f8
1 1: Filter enabled, sampling at f32

b6 TIOGTO | TRJIO count control bits %7 IE)G Event is counted R/W

b7 TIOGT1 |3 0 1: Eventis counted only during INT1 high-level RIW

period

1 0: Event is counted during timer RC output signal

register
1 1: Do not set.

period specified by RCCPSEL bit in TRJISR

Notes:

1. Setthe TOPCR bhit after the setting of the TRIMR register is completed.
2. The period to count the event is selected by the RCCPSEL?2 bit when the timer RC output signal is used.
3. Bits TIOGTO and TIOGT1 are enabled only in event counter mode.

TEDGSEL Bit (I/O polarity switch bit)

The TEDGSEL bit is used to switch the TRJO output polarity and the TRJIO 1/0 edge and polarity. In pulse
output mode, only the polarities of the TRJO output and the TRJIO output are controlled. The TRJO output and
TRJIO output are initialized when the TRIMR register is written or 1 is written to the TSTOP bit in the TRICR

register.

Table 154  TRJIO I/O Edge and Polarity Switching

Operating Mode

Function

Timer mode

Not used (I/O port)

Pulse output mode

: Output is started at high (initialization level is high)
: Output is started at low (initialization level is low)

Event counter mode

: Count at rising edge
: Count at falling edge

Pulse width measurement mode

: Low-level width is measured
: High-level width is measured

Pulse period measurement mode

: Measure from one rising edge to the next rising edge
: Measure from one falling edge to the next falling edge

P O|lPO|Fkr Ol O

Table 15,5  TRJO Output Polarity Switching

Operating Mode

Function

All modes

0: Output is started at low (initialization level is low)
1: Output is started at high (initialization level is high)
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TOPCR Bit (TRJIO output control bit)

The TOPCR bit is enabled only in pulse output mode. When this bit is set to 0, output is inverted. When this bit
is set to 1, output is disabled and the port selected as the TRJIO function is held in the high-impedance state.

In other operating modes, the functions listed in Table 15.6 are supported regardless of the setting of the
TOPCR bit.

Table 15.6 TRJIO Pin Function

Operating Mode Function
Timer mode Not used (I/O port)
Event counter mode Event count input (count source input)

Pulse width measurement mode | Input for pulse width measurement
Pulse period measurement mode | Input for pulse period measurement

TIOSEL Bit (Event input select bit)
When using as hardware LIN, set the TIOSEL bit to 1.

Bits TIPFO and TIPF1 (TRJIO input filter select bits)

These bits are used to specify the sampling frequency of the filter for the TRJIO input. If the input to the TRJIO
pin is sampled and the value matches three successive times, the input is determined.

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 235 of 731
Oct 31, 2011



R8C/38T-A Group

15

. Timer RJ

15.3.4 Timer RJ Mode Register (TRIMR)

Address 00114h (TRIMR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [TCKCUT| TCK2 | TCK1 | TCKO |TEDGPL| TMOD2 [ TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
1 i i b2 bl b0
EO TMODO | Timer RJ operating mode select bits (1) o o Timer mode R/W
1 TMOD1 0 O 1: Pulse output mode RIW
b2 TMOD2 0 1 0: Event counter mode RIW
0 1 1: Pulse width measurement mode
1 0 O: Pulse period measurement mode
Other than the above: Do not set.
b3 | TEDGPL | TRJIO edge polarity select bit (2) 0: One edge RIW
1: Both edges
b4 TCKO | Timer RJ count source select bits (3:4) | b6 bS b4 R/W
b5 | TCKL 00 0:fl RIW
00 1:f8
b6 TCK2 0 1 0:fOCO R/W
01 1:f2
10 0:fC32
1 0 1: Eventinput from event link controller
(ELC)
110:fCl
1 1 1: Do not set.
b7 | TCKCUT | Timer RJ count source cutoff bit 0: Count source is supplied R/W
1: Count source is cut off
Notes:

1. Operating mode can be changed only when the count is stopped (the TSTART bit in the TRJCR register is 0
(count stops) and the TCSTF bit is 0 (count stops).

Do not change operating mode during count operation.
The TEDGPL bit is enabled only in event counter mode.
When event counter mode is selected, the external input (TRJIO) is selected as the count source regardless of

the setting of bits TCKO to TCK2.

Do not switch or cut off the count source during count operation. When switching or cutting off the count source,

confirm that the TSTART bit in the TRICR register is 0 (count stops) and the TCSTF bit is 0 (count stops).

Writing to the TRIMR register initializes the TRJO output and the TRJIO output from timer RJ. For details on
the output level at initialization, refer to the description of the TEDGESEL bit shown in 15.3.3 Timer RJ 1/O
Control Register (TRJIOC)
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15.3.5 Timer RJ Event Pin Select Register (TRJISR)
Address 00115h (TRJISR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | —  [RCCPSEL2|RCCPSEL1/RCCPSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | RCCPSELO | Timer RC output signal select %1 18) " R/W
bl |RCCPSEL1 |bits 0 1. TROIOC R/W
1 0: TRCIOB
1 1: TRCIOA
b2 |RCCPSEL2 | Timer RC output signal 0: Low-level period of timer RC output signal is counted | R/W
inversion bit 1: High-level period of timer RC output signal is counted
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —

This register is used in event counter mode. Enabled only when bits TIOGT1 and TIOGTO in the TRJIOC
register are 10b (event is counted during timer RC output signal period specified by bits RCCPSELO and
RCCPSEL1 in TRIISR register).

The connection between event input from timer RC and timer RJ_0 is shown below.

e Timer RC_0 — timer RJ_0
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15.4 Operation

15.4.1 Reload Register and Counter Rewrite Operation

Regardless of the operating mode, the timing of the rewrite operation to the reload register and the counter
differs depending on the value of the TSTART bit in the TRICR register. When the TSTART bit is 0 (count
stops), the count value is directly written to the reload register, and then to the counter in synchronization with
the next count source. When the TSTART bit is 1 (count starts), the value is written to the reload register in
synchronization with the count source, and then to the counter in synchronization with the next count source.

Figure 15.2 shows the Timing of Rewrite Operation with TSTART Bit Value.

Write 5678h to the TRJ register

Count source

TSTART bitin
TRJCR register

TCSTF bitin
TRJCR register

TRJ register

Reload register
load signal

Reload register
load clock

Counter
load signal

Counter
load clock

Reload register

Timer RJ counter

Write 1 to the TSTART bit by a program

Write 1234h to the TRJ register

FFFFh X 5678h X 12:34h
]
] L
P
| UUuuUudyUUuyy
: ] ]
l ; [ ]
: I
| | [ LI
! L
FrFFh | 5678h [ i
(] ] ]
) U 1
FFFFh X 5678h Xsem

Figure 15.2

Timing of Rewrite Operation with TSTART Bit Value
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15.4.2 Timer Mode

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMR
register.

In timer mode, the count value is decremented by 1 each time the count source is input. If the next count source
is input after the count value reaches 0000h, the set value in the reload register is loaded, and an underflow
occurs, generating an interrupt.

Figure 15.3 shows an Operation Timing Example in Timer Mode.

Write 1010h to the TRJ register by a program

Count source

Reload register
of counter

Previous value (0300h) X New value (1010h)

The counter is reloaded with the reload
register value by the first count source.

Timer RJ
counter

The counter is reloaded with the reload register
value on the completion of the 16-bit count.

Figure 15.3 Operation Timing Example in Timer Mode
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15.4.3 Pulse Output Mode

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMR
register, and the output levels of pins TRJIO and TRJO are inverted for output each time the timer value
underflows.

In pulse output mode, the count value is decremented by 1 each time the count source is input. If the next count
source is input after the count value reaches 0000h, the set value in the reload register is loaded, and an
underflow occurs, generating an interrupt.

In addition, a pulse can be output from pins TRJIO and TRJO. The output level is inverted each time an
underflow occurs. The pulse output from the TRJIO pin can be stopped by the TOPCR bit in the TRJIOC
register.

Also, the output level can be selected by the TEDGSEL bit in the TRJIOC register.

Figure 15.4 shows an Operation Timing Example in Pulse Output Mode when TEDGSEL Bit is 0.

* When the TEDGSEL bit in the TRJIOC register is set to 0 (output is started at high (initial level is high))

Write 1 to the TSTART bit by a program Write 1 to the port I/O control bit (PM bit) selected as the TRJIO function

Write 0002h to the TRJ register by a program Write 0004h to the TRJ register by a progral

Count source

TSTART bitin |
TRJCR register

] ]
1 1
1 1
] 1
1 1
] 1
1 1
1 1
! 0004h !
T T
] 1
] 1
1 1
1 1
[] []
1 1

1
1
]
1
1
1
1
1
1
i
Reload register FFFFh X 00052
]
1

TRJ register FFFFh X 0002h
h [ 0004h
Timer RJ counter FFFFh X 0002h

TRJIO pin output
enabled

TRJO pin output

1
igh-i o
TRJIO pin output | I High-impedance state

1
1

TUNDF bit in |

TRJCR register

: ] 1
1 ]
1
1

H Set to}0 by a program

IR bitin |
1 1

Acknowledgement of an interrupt request

Note:
1. The TRJIO pin becomes high impedance by output enable control on the port selected as the TRJIO function.

Figure 15.4  Operation Timing Example in Pulse Output Mode
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15.4.4 Event Counter Mode

In this mode, the counter is decremented by an external event signal (count source) input to the TRJIO pin.
Various periods for counting events can be set by bits TIOGTO and TIOGT1 in the TRJIOC register and the
TRJISR register. In addition, the filter function for the TRJIO input can be specified by bits TIPFO and TIPF1 in
the TRJIOC register.

Also, the output from the TRJO pin can be toggled even in event counter mode.

When event counter mode is used, refer to 15.5 Notes on Timer RJ (3).

Figure 15.5 shows an Operation Timing Example in Event Counter Mode (1).

Event counter mode is entered

Bits TMOD2 to TMODO

in TRIMR register 0100

The event is counted at the rising edge
TRJIOC register X 0oh

TSTART bitin
TRJCR register X .
Event input starts Event input ends
Event input to ﬁ |—| |—| ﬁ
TRJIO pin

]
Timer RJ counter FFFFh X FFFEh X FFFDhXj X 0000h X FFFFh X FFFEh

The counter initial value is set

Figure 15.5  Operation Timing Example in Event Counter Mode (1)

Figure 15.6 shows an operation example for counting in event counter mode during the specified period (bits
TIOGT1 and TIOGTO in the TRJIOC register are set to 01b or 10b).

= Timing example when the setting of operating mode is as follows:

TRIMR register:  TMOD2 to TMODO = 010b (event counter mode)

TRJIOC register:  TIOGT1 and TIOGTO = 01b (event is counted during specified period for external interrupt pin)
TIPF1 and TIPFO = 00b (no filter)
TEDGSEL = 0 (count at rising edge)

TRJISR register:  RCCPSEL2 = 1 (high-level period is counted)

TSTART bitin
TRJCR register Event input starts @

Event input to
TRJIO pin

(Note 1)
External
interrupt pin
Timer RJ counter FFFFh |FFFEh|FFFDh| FFFCh |FFFBh|FFFAh| FFF9h | FFF8h|

A

The counter initial value is set

 The following notes apply only when bits TIOGT1 and TIOGTO in the TRJIOC register are 01b or 10b for the setting of operating
mode in event count mode.
Notes:
1. To control synchronization, there is a delay of two cycles of the count source until count operation is affected.
2. Count operation may be performed for two cycles of the count source immediately after the count is started , depending on the
previous state before the count is stopped.
To disable the count for two cycles immediately after the count is started, write 1 to the TSTOP bit in the TRICR register to
initialize the internal circuit, and then make operation settings before starting count operation.

Figure 15.6 Operation Timing Example in Event Counter Mode (2)

Figure 15.6 shows an operation example during the specified period for the external interrupt pin, but the same
timing also applies during the specified period for PWM input.
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15.4.5 Pulse Width Measurement Mode

In this mode, the pulse width of an external signal input to the TRJIO pin is measured.

In pulse width measurement mode, when the level specified by the TEDGSEL bit in the TRJIOC register is
input to the TRJIO pin, the decrement is started with the selected count source. When the specified level on the
TRJIO pin ends, the counter is stopped, the TEDGF bit in the TRICR register is set to 1 (active edge received)
and an interrupt is generated. The measurement of pulse width data is performed by reading the count value
while the counter is stopped. Also, when the counter underflows during measurement, the TUNDF bit in the
TRJICR register is set to 1 (underflow) and an interrupt is generated.

Figure 15.7 shows an Operation Timing Example in Pulse Width Measurement Mode.

When accessing bits TEDGF and TUNDF in the TRJICR register, refer to 15.5 Notes on Timer RJ (4).

This example applies when the high-level width of the measurement pulse is measured (TEDGSEL bit in TRJIOC register = 1)

n = TRJ register content

FFFFh
. Measurement starts
N > Underflow

H
1 I.__

= ! i

9] 1 3

< H “: ": Measurement

1< ! Lo

8 : i Measurement A stops

5 ' stops . :

o i ] i

2 i ! i

S ' 1 1 -

3 i i i i

o | 1 -- | L——
| 1 ! ) !
: N T : !

1
! Measurement ! 1 Measurement !
1 1 ]
0000h : P Time

i
1
1
1
1
1
1
1
1
1

TSTART bitin
TRJCR register
]
Measurement pulse
input to TRJIO pin

TEDGF bit in
TRJCR register

A

]
1
|
|
|
1
1
1
1
1
1
1
h » ! h »
starts H starts
]
|
|
|
|
'
T
|
|
|
|
|
|
|
1

A
Set to 0 by a program
TUNDF bit in
TRJCR register
A
Set to 0 by a program

Set to 0 by a program

H

Figure 15.7  Operation Timing Example in Pulse Width Measurement Mode
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15.4.6 Pulse Period Measurement Mode

In this mode, the pulse period of an external signal input to the TRJIO pin is measured.

The counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMR register. When a
pulse with the period specified by the TEDGSEL bit in the TRJIOC register is input to the TRJIO pin, the count
value is transferred to the read-out buffer at the rising edge of the count source. The value of the reload register
is loaded into the counter at the next rising edge. Simultaneously, the TEDGF bit in the TRJCR register is set to
1 (active edge received) and an interrupt is generated. The read-out buffer (TRJ register) is read at this time and
the difference from the reload value (refer to 15.5 Notes on Timer RJ (5)) is the period data of the input pulse.
The period data is retained until the read-out buffer is read. When the counter underflows, the TUNDF bit in the
TRJICR register is set to 1 (underflow) and an interrupt is generated.

Figure 15.8 shows an Operation Timing Example in Pulse Period Measurement Mode.

Only input pulses with a period longer than twice the period of the count source. Also, the low-level and high-
level widths must both be longer than the period of the count source. If a pulse period shorter than these
conditions is input, the input may be ignored.

* When the initial value of the TRJ register is set to 0300h and the TEDGSEL bit in the TRJIOC register is set to 0 (measure from one
rising edge to the next rising edge)

Count source

TSTART bitin J
TRJCR register

Measurement
pulse input

Timer RJ counter

‘ \ " ‘ . 0300h i @
]
l
Read-out buffer 0300h XOZFFVX 02FEh 02F B ozFarX 02F7h ) ceeee DODlh 0000h{o300nj02FF
| w b
]
]
]
1
]
1
]
]
]
1
]
1
]
1
1

The counter value is read ¢

]
Counter H |'|
read signal H
(Note 2) 1 (Note 2)
]
Read-out data 1
02FEh i 02F7h
]

(Note 3) (Note 3)

TEDGF bit in
TRJCR register

—

Set to 0 by a program @

TUNDEF bit in
TRJCR register

]
]
]
]
]
]
]
| o l‘
! Set to 0 by a program :
IR bitin I
TRJIC register

Acknowledgement of an interrupt request

Notes:
1. Reading from the TRJ register must be performed during the period from when the TEDGF bit is set to 1 (active edge
received) until the next active edge is input. The content of the read-out buffer is retained until the TRJ register is read.
If it is not read before the active edge is input, the measurement result of the previous period is retained.
2. When the TRJ register is read in pulse period measurement mode, the content of the read-out buffer is read.
3. When the active edge of the measurement pulse is input and then the set edge of an external pulse is input, the TEDGF bit in
the TRJICR register is set to 1 (active edge received).
To set to 0 by a program, use the MOV instruction to write 0 to the TEDGF bit in the TRICR register.
. To set to 0 by a program, use the MOV instruction to write O to the TUNDF bit in the TRJCR register.

o »

Figure 15.8  Operation Timing Example in Pulse Period Measurement Mode
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15.4.7 Coordination with Event Link Controller (ELC)

Through coordination with the ELC, event input from the ELC can be set to be the counter count source. Bits
TCKO to TCK2 in the TRIMR register are used to count at the rising edge of event input from the ELC.

The ELC setting procedure is shown below:

« Procedure for starting operation

(1) Set the event output destination select register (ELSELRnN) for the event link controller (ELC).

(2) Set the operating mode for the event generation source.

(3) Set the mode for timer RJ.

(4) Start the count operation of timer RJ.

(5) Start the operation of the event generation source.

« Procedure for stopping operation

(1) Stop the operation of the event generation source.

(2) Stop the count operation of timer RJ.

(3) Set the event output destination select register (ELSELRn) for the event link controller (ELC) to 0.

Refer to 15.5 Notes on Timer RJ (13) for coordination with the ELC module.

15.4.8 /O Settings for Each Mode
Tables 15.7 and 15.8 list the states of pins TRJO and TRJIO in each mode.

Table 15.7  TRJO Pin Setting (when TONEA Bit is Enabled) (1)

. TRJIOC Register .
Operating Mode - - TRJO Pin Output
TOENA Bit TEDGSEL Bit
All modes 1 1 Inverted output
0 Normal output
0 Oorl Output disabled

Note:
1. When setting TRJO and TRJIO as external pins, it is necessary to set the TRJ_OSR register other than the
timer RJ control register (shown above). Refer to 14. 1/0O Ports for details.

Table 15.8  TRJIO Pin Setting (1)

Operating Mode _TRJIOC Register - TRJIO Pin I/O
TOPCR Bit TEDGSEL Bit
Timer mode Oorl Oorl Input
Pulse output mode 1 Oorl Output disabled
0 1 Normal output

0 Inverted output
Event counter mode Oor1l Oor1l Input
Pulse width measurement mode
Pulse period measurement mode

Note:
1. When setting TRJO and TRJIO as external pins, it is necessary to set the TRJ_OSR register other than the
timer RJ control register (shown above). Refer to 14. I/O Ports for details.
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155 Notes on Timer RJ

(1) The timer count is stopped after a reset. Start the count only after setting the values of the registers associated
timer RJ (1),
Note:
1. Registers associated with timer RJ: TRICR, TRJIOC, TRIMR, TRJ, and TRJISR
(2) There are the following restrictions on register access while the count is stopped, depending on the timer
mode:
« Event count mode
After 1 (count starts) is written to the TSTART bit in the TRICR register while the count is stopped, the
TCSTF bit in the TRICR register remains 0 (count stops) for two cycles of the CPU clock. Do not access the
registers associated with timer RJ (1) other than the TCSTF bit until this bit is set to 1 (count in progress).
After the TCSTF bit is set to 1, the count is started from the first active edge of the count source.
After 0 (count stops) is written to the TSTART bit during a count operation, the TCSTF bit remains 1 for two
cycles of the CPU clock. When the TCSTF bit is set to 0, the count is stopped. Do not access the registers
associated with timer RJ (1) other than the TRJ register until the TCSTF bit is set to 0. Writing to the TRJ
register has no effect until the TRJIO pin is set to the inactive level (low level when the TEDGSEL bit in the
TRJIOC register is 0 and high level when this bit is 1). To change the TRJ register in this case, use the
following procedure:
1. Write 0 to the TSTART bit to stop the count.
2. Wait until the TCSTF bit is set to 0.
3. Set bits TIPF1 and TIPFO in the TRJIOC register to 00b (no filter). This setting is not necessary when no
digital filter is used.
Write 1 and then write 0 to the TEDGSEL bit.
Set the TEDGSEL bit to the previous value (value before step 4).
Set bits TIPF1 and TIPFO to the previous value (value before step 3).
7. Access the TRJ register.
* Modes other than event count mode
After 1 (count starts) is written to the TSTART bit while the count is stopped, the TCSTF bit remains 0 (count
stops) for three cycles of the count source. Do not access the registers associated with timer RJ (1) other than
the TCSTF bit until this bit is set to 1 (count in progress). After the TCSTF bit is set to 1, the count is started at
the first active edge of the counter source.
After O (count stops) is written to the TSTART bit during a count operation, the TCSTF bit remains 1 for three
cycles of the count source. When the TCSTF bit is set to 0, the count is stopped. Do not access the registers
associated with timer RJ (1) other than the TCSTF bit until this bit is set to 0.

o 0 kM

Note:
1. Registers associated with timer RJ: TRJ, TRICR, TRJIOC, and TRIMR

(3) Inevent counter mode, set the TSTART bit in the TRICR register to 1 (count starts), and then input an external
event after the TCSTF bit is set to 1.

Number of counted events = initial value in the counter — value in the counter on completion of the valid event
+1

(4) In pulse width/pulse period measurement modes, bits TEDGF and TUNDF in the TRJICR register used are set
to 0 by writing 0 by a program, but remain unchanged even if 1 is written to these bits. If a bit manipulation
instruction is used to set the TRICR register, bits TEDGF and TUNDF may be erroneously set to 0 depending
on the timing, even when the TEDGF bit is set to 1 (active edge received) and the TUNDF bit is set to 1
(underflow) during execution of the instruction.

In order to avoid this, set bits TEDGF and TUNDF to 1 using the MOV instruction.

(5) The period for pulse period measurement mode is calculated as follows:

The period data of the input pulse = (initial value set in the counter — value read from the read-out buffer) + 1

(6) Insert two NOP instructions between writing to and reading from registers associated with the TRJ counter
while the timer RJ count is stopped.

(7) When the TSTART bit in the TRICR register is 1 (count starts) or the TCSTF bit is 1 (count in progress),
allow at least three cycles of the count source clock between writes when writing to the TRJ register
successively.

(8) When the operating mode is switched, the values of bits TEDGF and TUNDF are undefined. Write 0 (no
active edge received) to the TEDGF bit and 0 (no underflow) to the TUNDF bit before starting timer RJ count.
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(9) When bits TSTART and TCSTF are 0 (count stops), switch to module standby mode. For details on switching
to module standby mode, refer to 10.2.9 Module Standby Control Register 2 (MSTCR?2).

(10) For pulse width measurement mode or pulse period measurement mode, perform settings in the following
order:

1. Set the registers associated with timer RJ.
2. Setthe TSTART bit to 1 (count starts) and then wait until the TCSTF bit is set to 1 (count is in progress).
3. Input an external event.

(11) In pulse period measurement mode, the processing on completion of the first measurement is invalid (the
measured value is valid for the second and subsequent times)

(12) The TRJ register must not be set to 0000h.

(23) In pulse width measurement mode, do not select an event from the event link controller (ELC) as the count
source. During coordinated operation with the ELC (bits TCK2 to TCKO in the TRIMR register = 101b), set
the TSTART bit in the TRICR register to 1 first and then wait until the TCSTF bit is set to 1 before inputting
an event from the ELC. After the count of the valid event is completed, set the TSTART bit to 0.

(14) Set the TOPCR bit in the TRJIIOC register after the setting of the TRIMR register is completed.

(15) The registers associated with timer RJ operating mode (TRJIOC, TRIMR, and TRJISR) can be changed only
when the count is stopped (both the TSTART and TCSTF bits in the TRICR register are 0 (count stops)). Do
not change these registers during count operation.
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16. Timer RB2

Timer RB2 can be used as an 8-bit timer with an 8-bit prescaler or as a 16-bit timer. The prescaler and timer each
consist of a reload register and counter which are allocated to the same address. Timer RB2 has timer RB2 primary and
timer RB2 secondary reload registers.

16.1 Overview
Table 16.1 lists the Timer RB2 Specifications and Figure 16.1 shows the Timer RB2 Block Diagram.

Table 16.1  Timer RB2 Specifications

Iltem Description
Operating Timer mode An internal count source or timer RJ underflow is counted.
modes Programmable waveform An arbitrary pulse width is output successively.
generation mode
Programmable one-shot A one-shot pulse is output.

generation mode

Programmable wait one-shot | A delayed one-shot pulse is output.
generation mode

Count source f1, f2, f4, 18, f32, or timer RJ underflow selectable
Interrupt Timer RB2 underflow
Selectable function « Coordination with the event link controller (ELC)

Event input from the ELC can be used for timer RB2 one-shot start.
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Notes:

INTOEN: Bit in INTEN register

TSTART, TSTOP: Bits in TRBCR register
TOSST: Bit in TRBOCR register

TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIOC register
TMODO, TMOD1, TCKO to TCK2, TCKCUT: Bits in TRBMR register

- TimerRB2 - — - - ——-—— (- ——————— - —— (- ——(———(—— — — —— —— — — — — — — — |
| S Data bus S ]
| TRBPRE /\ TRBSC TRBPR AN I
| register register register |
TCK2 to TCKO |
I 1= 000b Reload Reload Reload |
: 8 — TCKCUT register register register |
—0
I' Timer RJ underflow —22% & I || I Timer RB2 |
| fp =0L1b _| |—| \Vi \Vi interrupt |
| =100b 8-bit counter 8-bit counter 12
| - 101b « 8-bit timer with 8-bit prescaler ) !
| 132 16-bit timer @ P !
« 16-bit timer
| |
' |
| TMOD1 and TMODO
| TSTART =10b or 11b I
| |
I TOSST @ '
L e e e e e e e _ |
P Event input from ELC @ I
s (3) Digital [ [ one edge/both edges | -
INTO pin O_M filter input polarity switching Polarity !
I | selection |
|
INTOPL I |
INTOEN |
TMOD1 and TMODO ____l INOSEG INOSTG I
=01b, 10b, or 11b | topL=1 g [
_ | CK |
TOCNT =0 O— .
TRBO pin } Toggle flip-flop |« ]
Port latch | TOPL = 00_6 R |
OTocNT=1 data I = . I
I Write 1 to TSTOP |
I TMOD1 and TMODO |
I =01b, 10b, or 11b |
L e e e e e 2

1. When the TCNT16 bit in the TRBMR register is 0, the 8-bit timer with 8-bit prescaler is selected.

2. When the TCNT16 bit in the TRBMR register is 1, the 16-bit timer is selected.

3. Do not use three types of triggers, software trigger (by writing 1 to the TOSST bit), trigger by
TNTO input, or trigger by the event link controller at the same time.

Figure 16.1  Timer RB2 Block Diagram
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16. Timer RB2

16.2 1/O Pins

Table 16.2 lists the Timer RB2 Pin Configuration.

Table 16.2  Timer RB2 Pin Configuration

Pin Name 110 Function
INTO Input External trigger
TRBO Output Continuous pulse output or one-shot pulse output

For details on INTO, refer to 11. Interrupts. After a reset has been cleared, do not use the digital filter immediately
after the setting is changed from 'no filter' to ‘filter enabled' by setting the INTF register. Wait for four cycles of the
sampling clock and then set the INOSTG bit in the TRBIOC register to 1 (one-shot trigger to INTO pin enabled).
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R8C/38T-A Group 16. Timer RB2

16.3 Registers
Table 16.3 lists the Timer RB2 Register Configuration.

Table 16.3  Timer RB2 Register Configuration

Register Name Symbol After Reset Address Access Size
Timer RB2_0 Control Register TRBCR_O 00h 00130h 8
Timer RB2_0 One-Shot Control Register TRBOCR_O 00h 00131h 8
Timer RB2_0 I/O Control Register TRBIOC_O 00h 00132h 8
Timer RB2_0 Mode Register TRBMR_O 00h 00133h 8

8-bit timer with 8-bit prescaler:
Timer RB2_0 Prescaler Register
16-bit timer: TRBPRE_O FFh 00134h
Timer RB2_0 Primary/Secondary Register
(Lower 8 Bits)

8-bit timer with 8-bit prescaler:

Timer RB2_0 Primary Register

16-bit timer: TRBPR_O FFh 00135h
Timer RB2_0 Primary Register
(Higher 8 Bits)

8-bit timer with 8-bit prescaler:
Timer RB2_0 Secondary Register
16-bit timer (2): TRBSC_O FFh 00136h 8
Timer RB2_0 Secondary Register
(Higher 8 Bits)

Timer RB2_0 Interrupt Request Register TRBIR_O 00h 00137h 8

Note:
1. While using the 16-bit timer, when accessing registers TRBPRE, TRBPR, and TRBSC in 8-bit units (8-bit

access), always access the lower byte first and then the higher byte.

The method for accessing these registers is shown as follows:

« In timer mode and programmable one-shot generation mode
The value of the TRBPR register is counted with the higher 8 bits and the value of TRBPRE register is counted
with the lower 8 bits. The TRBSC register is not used.

« In programmable waveform generation mode
The values of registers TRBPR and TRBSC are counted alternately with the higher 8 bits and the value of the
TRBPRE register is counted with the lower 8 bits.

* In programmable wait one-shot generation mode
As the wait time, the value of the TRBPR register is counted with the higher 8 bits and the value of the
TRBPRE register is counted with the lower 8 bits.
As the pulse width, the value of the TRBSC register is counted with the higher 8 bits and the value of the
TRBPRE register is counted with the lower 8 bits.

8-bit timer: 8
16-bit timer: 16 ()

8-bit timer: 8
16-bit timer: 16 (1)

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 250 of 731
Oct 31, 2011



R8C/38T-A Group 16. Timer RB2

16.3.1 Timer RB2 Control Register (TRBCR)
Address 00130h (TRBCR_D0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — | TSTOP [ TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RB2 count start bit 0: Count stops R/W
@ 1: Count starts
bl TCSTF | Timer RB2 count status flag 0: Count stops R
1 1: Count in progress
b2 TSTOP | Timer RB2 count forced stop bit (2) When 1 is written to this bit, the count is forcibly | R/W
stopped. The read value is 0.

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

b4 —

b5 —

b6 —

b7 —
Notes:

1. For notes on using bits TSTART and TCSTF, refer to 16.8 Notes on Timer RB2.

2. When 1 (count is forcibly stopped) is written to the TSTOP bit, the counter, registers TRBPRE, TRBPR, and
TRBSC, bits TSTART and TCSTF, and bits TOSST, TOSSP, and TOSSTF in the TRBOCR register are initialized.
The TRBO output is also initialized. For details on the initial state of the TRBO output, refer to 16.5.3 TOCNT Bit
Setting and Pin States.

TSTART Bit (Timer RB2 count start bit)

Count operation is started by writing 1 to the TSTART bit and stopped by writing 0. When the TSTART bit is
set to 1 (count starts), the TCSTF bit is set to 1 (count in progress) in synchronization with the count source.
Also, after O is written to the TSTART bit, the TCSTF bit is set to 0 (count stops) in synchronization with the
count source. Do not perform any setting until the TCSTF bit is set to 1 after the count is started or until the
TCSTF bit is set to 0 after the count is stopped. For details, refer to 16.8 Notes on Timer RB2.

TCSTF Bit (Timer RB2 count status flag)

[Conditions for setting to 0]

* When 0 is written to the TSTART bit (the TCFTF bit is set to 0 in synchronization with the count source).
*When 1 is written to the TSTOP bit.

[Condition for setting to 1]

* When 1 is written to the TSTART bit (the TCFTF bit is set to 1 in synchronization with the count source).
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16.3.2 Timer RB2 One-Shot Control Register (TRBOCR)

Address 00131h (TRBOCR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — |TOSSTF[ TOSSP | TOSST
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOSST | Timer RB2 one-shot start bit (1, 2) When 1 is written to this bit, one-shot count R/W
starts. The read value is 0.
bl TOSSP | Timer RB2 one-shot stop bit (2. 3) When 1 is written to this bit, one-shot count R/W
stops. The read value is 0.
b2 | TOSSTF | Timer RB2 one-shot status flag 0: One-shot is stopped R
1: One-shot is operating (including wait period)
b3 — Nothing is assigned. The write value must be 0. The read value is 0. —
b4 —
b5 —
b6 —
b7 —
Notes:
1. Verify that the TOSSTF bit is O (one-shot is stopped) before writing 1 (one-shot count starts) to the TOSST bit.
2. When 0 is written to this bit, the value is invalid.
3. Verify that the TOSSTF bit is 1 (one-shot is operating (including wait period)) before writing 1 (one-shot count

stops) to the TOSSP bit.

TOSSTF Bit (Timer RB2 one-shot status flag)

[Conditions for setting to 0]

« When the TSTOP bit in the TRBCR register is set to 1 (count is forcibly stopped).

« When the count value reaches 00h and is reloaded in programmable one-shot generation mode.

« When the secondary count value reaches 00h and is reloaded in programmable wait one-shot generation mode.

« After three cycles of the timer RB2 count source has elapsed when the TOSSP bit is set to 1 (one-shot count
stops).

« After three cycles of the timer RB2 count source has elapsed when the TSTART bit in the TRBCR register is
set to O (count stops) while timer RB2 is counting (TOSSTF = 1).

[Conditions for setting to 1]

« After three cycles of the timer RB2 count source has elapsed when the TOSST bit is set to 1 (one-shot count
starts) while the TCSTF bit is 1 (count enabled).

« After three cycles of the timer RB2 count source has elapsed when a trigger is input while the TCSTF bit is 1
(count enabled).
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R8C/38T-A Group 16. Timer RB2
16.3.3 Timer RB2 1/O Control Register (TRBIOC)
Address 00132h (TRBIOC_0)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbolf — | — | — | — [INOSEG|INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL | Timer RB2 output level select bit Refer to Table 16.4 Functions of Timer RB2 R/W
Output Level Select Bit.
bl TOCNT | Timer RB2 output switch bit 0: Waveform output R/W
1: Fixed-value output
b2 INOSTG | One-shot trigger control bit 0: One-shot trigger to INTO p|n disabled R/W
1: One-shot trigger to INTO pin enabled
b3 INOSEG | One-shot trigger polarity select bit 0: Falling edge R/W
1: Rising edge

ba —
b5 —
b6 —
b7 —

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

TOCNT Bit (Timer RB2 output switch bit)
The setting of the TOCNT bit is valid only in programmable waveform, programmable one-shot, and

programmable wait one-shot generation modes.

For details on the change in the states of the TRBO output in each mode, refer to 16.5.3 TOCNT Bit Setting

and Pin States.

Table 16.4

Functions of Timer RB2 Output Level Select Bit

Operating Mode

Function

Timer mode

Disabled

Programmable waveform generation mode

High output during primary period
Low output during secondary period
Low output at timer stop

Low output during primary period
High output during secondary period
High output at timer stop

Programmable one-shot generation mode

High one-shot pulse output
Low output at timer stop

Low one-shot pulse output
High output at timer stop

Programmable wait one-shot generation mode

High one-shot pulse output
Low output at timer stop and during wait period

Low one-shot pulse output
High output at timer stop and during wait period
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16.3.4 Timer RB2 Mode Register (TRBMR)
Address 00133h (TRBMR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [TCKCUT| TCK2 | TCK1 [ TCKO | TWRC |TCNT16 | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TMODO | Timer RB2 operating mode select bits (1) | b1 b0 R/W
0 0: Timer mode
bl TMOD1 ) . R/W
0 1: Programmable waveform generation
mode
1 0: Programmable one-shot generation mode
1 1: Programmable wait one-shot generation
mode
b2 TCNT16 | Timer RB2 counter select bit (1) 0: 8-bit timer with 8-bit prescaler R/W
1: 16-bit timer
b3 TWRC | Timer RB2 write control bit (2) 0: Write to reload register and counter R/W
1: Write to reload register only
b4 TCKO | Timer RB2 count source select bits (1) b6 bS b4 R/W
b5 | TCKL 000 RIW
00 1:f8
b6 TCK2 0 1 0: Timer RJ underflow RIW
01 1:f2
100:74
10 1:132
Other than the above: Do not set.
b7 | TCKCUT | Timer RB2 count source cutoff bit (1) 0: Count source is supplied R/W
1: Count source is cut off
Notes:

1. Only change these bits when bits TSTART and TCSTF in TRBCR register are 0 (count stops).

2. For details on writing to the register and counter using the TWRC bit, refer to 16.5.2 Prescaler and Counter
Operation Using TWRC Bit.
The TWRC bit can be selected as 0 or 1 in timer mode. In programmable waveform, programmable one-shot,
and programmable wait one-shot generation modes, set this bit to 1 (write to reload register only).
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16.3.5 Timer RB2 Prescaler Register (TRBPRE)
Address 00134h (TRBPRE_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
smbol[_— [ — [ — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Initial Value | Setting Range | R/W
b7 to b0 | Timer mode An internal count source or the timer | FFh 00h to FFh R/W
Programmable waveform RJ underflow is counted. FFh 00h to FFh RIW
generation mode
Programmable one-shot FFh 00h to FFh R/W
generation mode
Programmable wait one-shot FFh 00h to FFh R/W
generation mode

In the 8-bit timer with 8-bit prescaler, the 8-bit TRBPRE register is used to set the period of the prescaler. Each
time the prescaler decrements and underflows, the value of the TRBPRE register is reloaded. When read, the
value is read from the prescaler.

In the 16-bit timer, the TRBPRE register is used to set the lower 8 bits of the 16-bit counter. Each time the
counter decrements and underflows, the value of the TRBPRE register is reloaded. When read, the value is read
from the lower 8 bits of the counter. When accessing registers TRBPRE and TRBPR in 8-bit units, access the
TRBPRE register first and then the TRBPR register.

The TRBPRE register is configured with a master — reload register structure, so the reload register is written
simultaneously while the count is stopped. During the counter operation, the timing for updating the reload
register differs in each mode. For details, refer to Table 16.6 Reload Register Update Timing for Registers
TRBPR and TRBSC in 8-Bit Timer with 8-Bit Prescaler, and Table 16.7 Reload Register Update Timing
for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit Timer. The value is updated in synchronization with
the count source.

If 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the TRBPRE register is
initialized (FFh).
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16.3.6 Timer RB2 Primary Register (TRBPR)
Address 00135h (TRBPR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
smbol[_— [ — [ — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1 1
Function Initial Setting
Bit Mode 8-B|_t Timer with 16-Bit Timer Value Range R/W
8-Bit Prescaler
b7 to b0 | Timer mode Timer RB2 prescaler | An internal count FFh 00h to FFh | R/IW
Programmable waveform underflow is counted. | source or the timer | EEh 00h to FFh | R/W
generation mode RJ underflow is
Programmable one-shot Timer RB2 prescaler counted. FFh 00h to FFh | R/IW
generation mode underflow is counted
(one-shot width is
counted).
Programmable wait one-shot | Timer RB2 prescaler FFh 00h to FFh | R/W
generation mode underflow is counted
(wait period is
counted).

In the 8-bit timer with 8-bit prescaler, the 8-bit TRBPR register is used to set the period of the counter and the
primary period. When read, the value is read from the 8-bit counter.

In the 16-bit timer, the 8-bit TRBPR register is used to set the period of the higher 8-bit counter and the primary
period. When read, the value is read from the higher 8 bits of the 16-bit timer. Access the TRBPRE register and
then the TRBPR register.

The TRBPR register is configured with a master — reload register structure, so the reload register is written
simultaneously while the count is stopped. During the counter operation, the timing for updating the reload
register differs in each mode. For details, refer to Table 16.6 Reload Register Update Timing for Registers
TRBPR and TRBSC in 8-Bit Timer with 8-Bit Prescaler, and Table 16.7 Reload Register Update Timing
for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit Timer.

If 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the TRBPR register is
initialized (FFh).
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16.3.7 Timer RB2 Secondary Register (TRBSC)
Address 00136h (TRBSC_0)
Bit b7 b6 b5 b4 b3 b2 b0
Sympol] — | — | — | = [ = [ — | —
After Reset 1 1 1 1 1 1
Function Initial Setting
Bit Mod -Bit Ti i R/W
I ode 8 Bl_t Timer with 16-Bit Timer value Range
8-Bit Prescaler
b7 to b0 | Timer mode Disabled FFh Invalid —
Programmable waveform Timer RB2 prescaler | Internal count FFh 00h to FFh | R/IW
generation mode underflow source or timer RJ
underflow (1)
Programmable one-shot Disabled FFh Invalid —
generation mode
Programmable wait one-shot | Timer RB2 prescaler | Internal count FFh 00h to FFh | R/IW
generation mode underflow source or timer RJ
underflow (1)
Note:

1.

The values in registers TRBPR and TRBSC are reloaded and counted alternately. The count value can be read
from the TRBPR register while the secondary period is counted.

In the 8-bit timer with 8-bit prescaler, the 8-bit TRBSC register is used to set the secondary period used in
programmable waveform and programmable wait one-shot generation modes. When read, the value is read
from the reload register.

In the 16-bit timer, the 8-bit TRBSC register is used to set the higher 8-bit secondary period used in
programmable waveform and programmable wait one-shot generation modes. This setting can be made in timer
mode and programmable one-shot generation mode, but it is not used for counter operation. When read, the
value is read from the reload register.

The TRBSC register is configured with a master — reload register structure, so the reload register is written
simultaneously while the count is stopped. During the counter operation, the timing for updating the reload
register differs in each mode. For details, refer to Table 16.6 Reload Register Update Timing for Registers
TRBPR and TRBSC in 8-Bit Timer with 8-Bit Prescaler, and Table 16.7 Reload Register Update Timing
for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit Timer.

If 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the TRBSC register is
initialized (FFh).
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16.3.8 Timer RB2 Interrupt Request Register (TRBIR)
Address 00137h (TRBIR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TRBIE | TRBIF | — | — | — | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name | Function R/W
b0 — Nothing is assigned. The write value must be 0. The read value is 0. —
b1l —
b2 —
b3 —
b4 —
b5 —
b6 TRBIF | Timer RB2 interrupt request flag 0: No interrupt requested R/W
1: Interrupt requested
b7 TRBIE | Timer RB2 interrupt enable bit 0: Interrupt disabled R/W
1: Interrupt enabled

TRBIF Bit (Timer RB2 interrupt request flag)

[Conditions for setting to 0]

« When 0 is written to this bit after reading it as 1.

* When an interrupt from the DTC is automatically cleared.

« When a jump is made to the interrupt routine (an interrupt is acknowledged by the CPU).
[Condition for setting to 1]

« Refer to Table 16.5 Conditions for Setting TRBIF Bit to 1.

Table 16.5  Conditions for Setting TRBIF Bitto 1

Operating Mode Condition

Timer mode When the timer RB2 counter underflows.

Programmable waveform generation mode When timer RB2 counter underflows during the secondary
period.

Programmable one-shot generation mode When the timer RB2 counter underflows.

Programmable wait one-shot generation mode When timer RB2 counter underflows during the secondary
period.

R0O1UH0241EJ0100 Rev.1.00 RENESAS Page 258 of 731

Oct 31, 2011



R8C/38T-A Group 16. Timer RB2

16.4 Operation

16.4.1

Timer Mode

In this mode, an internally generated count source or the timer RJ underflow is counted. Registers TRBOCR
and TRBSC are not used.

When 1 (count starts) is written to the TSTART bit in the TRBCR register, the count is started. When 0 (count
stops) is written to the TSTART bit, the count is stopped. When 1 (count is forcibly stopped) is written to the
TSTOP bit in the TRBCR register, the count is stopped.

An interrupt request is generated when the timer RB2 counter underflows.

When registers TRBPRE and TRBPR are read, each count value can be read. When registers TRBPRE and
TRBPR are written while the count is stopped, values are written to both the reload register and counter,
respectively. When these registers are written during count operation, the reload register is written. A program
can be used to select whether values are transferred to the counter at the next count operation, or written to the
reload register only and then transferred to the counter at the next reload operation.

Figures 16.2 and 16.3 show Operation Examples in Timer Mode.

Note:

1. The count is started after three cycles of the count source when the TSTART bit is set to 1 (count starts).

The count is stopped after three cycles of the count source when the TSTART bit is set to 0 (count stops).
Monitor the TCSTF bit in the TRBCR register to confirm the operating state of the counter.

TSTART bit in | Setto 1 by aprogram
TRBCR register Synchronized with the peripheral system clock

councsource [ [T [T U U U U U U U LU

Counter input

TR;(C:STF bltt In |<— Synchronized with the peripheral system clock |
reqgister ‘
TRBPR register }) o1h I
!
T
TRBPRE register ) ( 02h { 0
Decrement /
starts
TRBPR ‘ ‘ ?y
. FFh 01h \ 00h 01h 00h \ 01h 00h
count register . .
Data is retained when
the count clock stops
! h
coun-{lr?eBgliDSTeEr FFh 02h 01h ] 0Oh I 02h I O1h I OOh (}fh 01h § 00h } 02h [ O1h | 0Oh I O2h | O1h I OOh 02h
When registers TRBPR, TRBSC,
and TRBPRE are written while the
TRBPR count is stopped, values are TRBPR TRBPR
reload register written to both the reload register is (e\o‘aded L,S ,e‘o‘aded
. and counter
load signal
TRBPRE TRBPRE TRBPRE TRBPRE TRBPRE 'TRBPRE
reload register is reloaded is reloaded is reloaded is reloaded i reloaded
) repeated | A |
load signal ‘ ‘ I I
After TRBPR is reloaded Set to 0 by acknowledgment
. . . of an interrupt request
. aninterruptis requested
Interrupt request or by a program
one-shot signal | | |

The above diagram applies under the following conditions:

* TRBPRE register = 02h, TRBPR register = 01h

* TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)
* TOCNT bit in TRBIOC register = 0 (waveform output)

Figure 16.2 Operation Example in Timer Mode (8-Bit Timer)
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TSTART bit in | Setto 1 bya program
TRBCR register Synchronized with the peripheral system clock
st T tan W 2ok |
(Repeated)
Counter input
TCSTF bit in |<
. — Synchronized with the peripheral system clock
TRBCR register |__
TRBPR register 01h ;)
!
T
TRBPRE register 02h ( P
Decrement
| staﬁts y Higher 8-bit decrement |
L L L
TR_BPR 01h 00h \ 01h
count register ‘
‘ Lower 8-bit decrement \ ‘ ‘
IRBPTE FFh 02h 01h ] ooh I FFh I FEh ] FDh .~ LR .~ oo -'~ eeel 03n | O2h | O1h ] OCh D%h 01h ] 00h FFh
count register : : \ i d - -
(16-bit decrement) |0102h 00FFh 4| 0000h Data is retained when
‘ the count clock stops
TRBPRITR_BSC When registers TRBPR, TRBSC, and TRBPRE are written while the count TRBPRI‘I’R‘BPRE‘ is reloaded
reload reglster is stopped, values are written to both the reload ‘reglste‘r and t‘:uunte‘r ‘ The registers are reloaded simultaneously
load signal 1
— Set to 0 by acknowledgment
y of an interrupt request
Interrupt request After TRBPR is reloaded, an interrupt is requested or by a program
one-shot signal | } | } | } } } }

The above diagram applies under the following conditions:
* TRBPRE register = 02h, TRBPR register = 01h

* TCNT16 bitin TRBMR register = 1 (16-bit timer)

* TOCNT bit in TRBIOC register = 0 (waveform output)

Figure 16.3 Operation Example in Timer Mode (16-Bit Timer)
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16.4.2 Programmable Waveform Generation Mode

In the 8-bit timer with 8-bit prescaler, registers TRBPR and TRBSC are switched alternately each time the timer
RB2 counter underflows.

In the 16-bit timer, the primary and secondary periods are switched alternately each time the 16-bit counter
underflows. The 16-bit counter for the primary period consists of the higher 8 bits in the TRBPR register and
the lower 8 bits in the TRBPRE register. The 16-bit counter for the secondary period consists of the higher 8
bits in the TRBSC register and the lower 8 bits in the TRBPRE register.

The TRBO pin outputs an inverted waveform each time the counter underflows. The count is started from the
primary period. In programmable waveform generation mode, the TRBOCR register is not used.

When 1 (count starts) is written to the TSTART bit in the TRBCR register, the count is started. When 0 (count
stops) is written to the TSTART bit, the count is stopped. When 1 (count is forcibly stopped) is written to the
TSTOP bit in the TRBCR register, the count is stopped.

An interrupt request is generated when the timer RB2 counter underflows during the secondary period.

When registers TRBPRE, TRBPR, and TRBSC are read, each count value can be read. When registers
TRBPRE, TRBPR, and TRBSC are written while the count is stopped, values are written to both the reload
register and counter, respectively. When these registers are written during count operation, values are written to
the reload register and then transferred to the counter at the next reload operation.

Figure 16.4 shows an Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Waveform
Generation Mode. Figure 16.5 shows an Example of 16-Bit Timer Operation in Programmable Waveform
Generation Mode.

Note:
1. «The count is started after three cycles of the count source when the TSTART bit is set to 1 (count

starts). The count is stopped after three cycles of the count source when the TSTART bit is set to 0
(count stops).
Monitor the TCSTF bit in the TRBCR register to confirm the operating state of the counter.

» Monitor the TCSTF bit in the TRBCR register to confirm the actual state of counter operation.

 During 16-bit timer operation, the lower 8 bits for both primary and secondary periods are set by the
same TRBPRE register, so theses bits are always set to the same value in one cycle. Therefore, even if
an attempt is made to change only the pulse width of a PWM waveform without changing the period,
PWM control cannot be performed at fine resolution because only the higher 8 bits can be set.
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The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h, TRBSC register = 02h

* TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)

* TOPL bit = 0 (high output during primary period, low output during secondary period, low output at timer stop),
TOCNT bit = 0 (waveform output) in TRBIOC register

* TRBIE bit in TRBIR register = 1 (timer RB2 interrupt enabled)

Figure 16.4

Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Waveform

Generation Mode
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The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h, TRBSC register = 02h

* TCNT16 bit in TRBMR register = 1 (16-bit timer)

* TOPL bit = 0 (high output during primary period, low output during secondary period, low output at timer stop),

TOCNT bit = 0 (waveform output) in TRBIOC register
* TRBIE bit in TRBIR register = 1 (timer RB2 interrupt enabled)

Figure 16.5

Example of 16-Bit Timer Operation in Programmable Waveform Generation Mode

RO1UH0241EJ0100 Rev.1.00

Oct 31, 2011

RENESAS

Page 263 of 731



R8C/38T-A Group 16. Timer RB2

16.4.3 Programmable One-Shot Generation Mode

In this mode, a one-shot pulse is output from the TRBO pin by a program, external trigger input (INTO), or the
rising edge of event input from the event link controller (ELC). An arbitrary period from the trigger is counted.
In the 8-bit timer with 8-bit prescaler, the count value is set in the TRBPR register.

In the 16-bit timer, the count value of the higher 8 bits is set in the TRBPR register and that of the lower 8 bits
is set in the TRBPRE register.

One-shot operation is achieved by starting the timer RB2 count when the trigger is accepted, and by stopping
the count operation when the timer RB2 counter underflows. When the trigger is accepted once, one-shot
operation is performed once. In programmable one-shot generation mode, the TRBSC register is not used.
When 1 (one-shot count starts) is written to the TOSST bit in the TRBOCR register while the TCSTF bit in the
TRBCR register is 1 (count enabled), the count is started. If a valid trigger is input to the INTO pin while the
TCSTF bit is 1, the count is started. The count is also started at the rising edge of event input from the ELC
while the TCSTF bit is 1. When the count value reaches 00h and then it is reloaded, the count is stopped. The
count is also stopped by any of the following settings:

« When 1 (one-shot count stops) is written to the TOSSP bit in the TRBOCR register, the count is stopped.

« When 0 (count stops) is written to the TSTART bit in the TRBCR register, the count is stopped.

«When 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the count is stopped.
An interrupt request is generated when the timer RB2 counter underflows.

When registers TRBPRE and TRBPR are read, each count value can be read. When registers TRBPRE and
TRBPR are written while the count is stopped, values are written to both the reload register and counter,
respectively. When these registers are written during count operation, values are written to the reload register
and then transferred to the counter at the next reload operation.

For the setting of trigger by the INTO input, refer to 16.7 INTO Input Trigger Selection.

Operation of timer RB2 is not affected even if a one-shot trigger is generated while the TOSSTF bit is 1, but the
IR bit in the INTOIC register is changed.

Figure 16.6 shows an Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable One-Shot
Generation Mode. Figure 16.7 shows an Example of 16-Bit Timer Operation in Programmable One-Shot
Generation Mode.

Note:

1. After 1 is written to bits TOSST and TOSSP, a valid trigger is input to the INTO pin, the rising edge for
event input from the event link controller (ELC), or 0 is written to the TSTART bit, settings are reflected
in the counter operation after three cycles of the count source.

Monitor the TOSSTF bit in the TRBOCR register to confirm the operating state of the counter.
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The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h

« TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)

« TOPL bit = 0 (high one-shot pulse output, low output at timer stop),
TOCNT bit = 0 (waveform output), INOSTG bit = 1 (one-shot trigger to INTO pin enabled),
INOSEG bit = 1 (rising edge) in TRBIOC register

« TRBIE bit in TRBIR register = 1 (timer RB2 interrupt enabled)

Figure 16.6

Generation Mode

Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable One-Shot
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The above diagram applies under the following conditions:

* TRBPRE register = 01h, TRBPR register = 01h

* TCNT16 bit in TRBMR register = 1 (16-bit timer)

* TOPL bit = 0 (high one-shot pulse output, low output at timer stop),
TOCNT bit = 0 (waveform output), INOSTG bit = 1 (one-shot trigger to INTO pin enabled),
INOSEG bit = 1 (rising edge) in TRBIOC register

* TRBIE bit in TRBIR register = 1 (timer RB2 interrupt enabled)
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Figure 16.7  Example of 16-Bit Timer Operation in Programmable One-Shot Generation Mode
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16.4.4 Programmable Wait One-Shot Generation Mode

In this mode, a one-shot pulse is output from the TRBO pin by a program, an external trigger (INTO input), or
the rising edge of event input from the ELC after a specified period. An arbitrary period from the trigger is
counted.

To set a wait time after trigger input, set the count value in the TRBPR register in the 8-bit timer with 8-bit
prescaler.

In the 16-bit timer, the count value of the higher 8 bits is set in the TRBPR register and that of the lower 8 bits
is set in the TRBPRE register.

In the 8-bit timer with 8-bit prescaler, set the value of the pulse width in the TRBSC register. In the 16-bit timer,
set the value of the pulse width of the higher 8 bits in the TRBSC register and that of the lower 8 bits in the
TRBPRE register.

When 1 (one-shot count starts) is written to the TOSST bit in the TRBOCR register while the TCSTF bit in the
TRBCR register is 1 (count enabled), the count is started. If a valid trigger is input to the INTO pin while the
TCSTF bitis 1, the count is started. The count is also started at the rising edge of event input from the ELC
while the TCSTF bit is 1. When the count value in the counter that counts the timer RB2 secondary period
reaches 00h and then it is reloaded, the count is stopped. The count is also stopped by any of the following
settings:

« When 1 (one-shot count stops) is written to the TOSSP bit in the TRBOCR register, the count is stopped.

« When 0 (count stops) is written to the TSTART bit in the TRBCR register, the count is stopped.

«When 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register, the count is stopped.
An interrupt request is generated when the timer RB2 counter underflows during the secondary period.

When registers TRBPRE and TRBPR are read, each count value is read. When registers TRBPRE, TRBPR, and
TRBSC are written while the count is stopped, values are written to both the reload register and counter,
respectively. When these registers are written during a count operation, values are written to the reload register
and then transferred to the counter at the next reload operation.

During 16-bit timer operation, the lower 8 bits for both primary and secondary periods are set by the same
TRBPRE register, so theses bits are always set to the same value in one cycle. Therefore, even if an attempt is
made to change only the pulse width of a PWM waveform without changing the period, PWM control cannot be
performed at fine resolution because only the higher 8 bits can be set.

For the setting of trigger by the INTO input, refer to 16.7 INTO Input Trigger Selection.

Figure 16.8 shows an Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Wait One-Shot
Generation Mode. Figure 16.9 shows an Example of 16-Bit Timer Operation in Programmable Wait One-Shot
Generation Mode.

Note:

1. After 1 is written to bits TOSST and TOSSP, a valid trigger is input to the INTO pin, the rising edge for
event input from the event link controller (ELC), or 0 is written to the TSTART bit, settings are reflected
in the counter operation after three cycles of the count source.

Monitor the TOSSTF bit in the TRBOCR register to confirm the operating state of the counter.
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The above diagram applies under the following conditions:

« TRBPRE register = 01h, TRBPR register = 01h

« TCNT16 bit in TRBMR register = 0 (8-bit timer with 8-bit prescaler)

« TOPL bit = 0 (high one-shot pulse output, low output at timer stop and during wait period),
TOCNT bit = 0 (waveform output), INOSTG bit = 1 (one-shot trigger to INTO pin enabled),
INOSEG bit = 1 (rising edge) in TRBIOC register

« TRBIE bit in TRBIR register = 1 (timer RB2 interrupt enabled)
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Figure 16.8  Example of 8-Bit Timer with 8-Bit Prescaler Operation in Programmable Wait One-

Shot Gener

ation Mode
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The above diagram applies under the following conditions:
* TRBPRE register = 01h, TRBPR register = 01h
* TCNT16 bit in TRBMR register = 1 (16-bit timer)

* TOP bit = 0 (high one-shot pulse output, low output at timer stop and during wait period),
TOCNT bit = 0 (waveform output), INOSTG bit = 1 (one-shot trigger to INTO pin enabled),

INOSEG bit = 1 (rising edge) in TRBIOC register
* TRBIE bit in TRBIR register = 1 (timer RB2 interrupt enabled)
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Figure 16.9

Example of 16-Bit Timer Operation in Programmable Wait One-Shot Generation Mode
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16.5 Selectable Functions

16.5.1 Configuration and Update Timing for Registers TRBPRE, TRBPR, and

TRBSC

Registers TRBPRE, TRBPR, and TRBSC are configured with a master — reload register structure. Figure 16.10
shows the Configuration of Registers TRBPRE, TRBPR, and TRBSC. When the TSTART bit in the TRBCR
register is set to 0 (count stops), values are updated to the reload registers immediately after the registers are
written. However, when the TSTART bit is 1 (count starts), the timing for updating the reload registers differs in
each mode. In the 8-bit timer with 8-bit prescaler, after the TRBPRE register is written, the TRBPRE register
reload register is updated in synchronization with the count source.

When the counter is operating in programmable waveform or programmable wait one-shot generation mode,
after the TRBPR register is written, the TRBPRE register reload register is updated at the same time.

While the counter is operating in programmable waveform or programmable wait one-shot generation mode,
after the TRBSC register is written, write to the TRBPR register.

Table 16.6 lists the Reload Register Update Timing for Registers TRBPR and TRBSC in 8-Bit Timer with 8-Bit
Prescaler. Table 16.7 lists the Reload Register Update Timing for Registers TRBPRE, TRBPR, and TRBSC in
16-Bit Timer.
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TRBPRE register
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Counter
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Register select signal
N\

TRBPR register
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Figure 16.10 Configuration of Registers TRBPRE, TRBPR, and TRBSC
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Table 16.6 Reload Register Update Timing for Registers TRBPR and TRBSC in 8-Bit Timer with
8-Bit Prescaler

Update Timing V)
TRBPR Register TRBSC Register
Timer mode Updated in synchronization with the | Not used
prescaler underflow after the
TRBPR register is written.
Programmable waveform |TWRC =1 |Updated immediately before the end of the secondary output period after
generation mode the TRBPR register is written.
TWRC =0 |Updated in synchronization with the prescaler underflow after the TRBPR
register is written. (2)
Programmable one-shot generation Updated in synchronization with the | Not used
mode prescaler underflow after the
TRBPR register is written.
Programmable wait one- |TWRC =1 |Updated immediately before the end of the secondary output period after
shot generation mode the TRBPR register is written.
TWRC =0 |Updated in synchronization with the prescaler underflow after the TRBPR
register is written. (2)

Operating Mode

TWRC: Bit in TRBMR register
Notes:
1. For details, refer to 16.5.2 Prescaler and Counter Operation Using TWRC Bit.
2. When the TWRC bit is O (write to reload register and counter) in programmable waveform and programmable
wait one-shot generation modes, if the data in registers TRBSC and TRBPR is updated during count operation,
the waveform is output for the updated period from that time.

Table 16.7 Reload Register Update Timing for Registers TRBPRE, TRBPR, and TRBSC in 16-Bit
Timer

Update Timing (1)
Registers TRBPRE and TRBPR TRBSC Register
Timer mode Updated in synchronization with the | Not used
count source after the TRBPR
register is written.
Programmable waveform |TWRC =1 |Updated immediately before the end of the secondary output period after
generation mode the TRBPR register is written
TWRC =0 |Updated in synchronization with the count source after the TRBPR
register is written. (2)
Programmable one-shot generation Updated in synchronization with the | Not used
mode count source after the TRBPR
register is written.
Programmable wait one- |TWRC =1 |Updated immediately before the end of the secondary output period after
shot generation mode the TRBPR register is written.
TWRC =0 |Updated in synchronization with the count source after the TRBPR
register is written. (2)

Operating Mode

TWRC: Bit in TRBMR register
Notes:
1. For details, refer to 16.5.2 Prescaler and Counter Operation Using TWRC Bit.
2. When the TWRC bit is O (write to reload register and counter) in programmable waveform and programmable
wait one-shot generation modes, if the data in registers TRBSC and TRBPR is updated during count operation,
the waveform is output for the updated period from that time.
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16.5.2 Prescaler and Counter Operation Using TWRC Bit

Set the TWRC bit to 1 in any operating mode other than timer mode.

While timer RB2 is used in timer mode, the TWRC bit in the TRBMR register can be used to select whether
only registers TRBPRE, TRBPR, and TRBSC are written or the register, prescaler, and counter are written.
However, when the TCSTF bit in the TRBCR register is 0 (count stops), the register, prescaler, and counter are
written regardless of the setting of the TWRC bit in the TRBMR register. When the TWRC bit is set to 1 (write
to reload register only) and only the register is written, periods can be switched smoothly from pre- to post-
settings without any irregular period.

During programmable one-shot and programmable wait one-shot generation modes, when the TCSTF bit in the
TRBCR register is 1 (count in progress) and the TOSSTF bit in the TRBOCR register is 0 (one-shot is stopped),
the reload register and counter can be written because the setting of the TWRC bit in the TRBMR register is
invalid.

Figure 16.11 shows an Example of Prescaler and Counter Operation in 8-Bit Timer with 8-Bit Prescaler. Figure
16.13 shows an Example of Counter Operation in 16-Bit Timer.

When the TCSTF bit is 1 (count in progress), even if the TWRC bit is set to 0 (write to reload register and
counter), the count value is not updated immediately after the write instruction is executed because transfer to
the prescaler and counter is performed in synchronization with the count source.
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=TT

New value (25h)

03h

X 02h X 0lh X 00h

25h

— T

Figure 16.11

(Timer Mode or Programmable One-Shot Generation Mode)

Example of Prescaler and Counter Operation in 8-Bit Timer with 8-Bit Prescaler
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* When the TWRC bit in TRBMR register is 1 (write to reload register only)

Secondary
Write 01h to TRBPRE register, 25h to TRBPR register, and 1Ah to TRBSC register underflow

Count source

TRBPRE

] Previous value New value (01h)
reload register

Prescaler

—

07h X 06h X 05h X 04h X 03h X 02h X 01h X 00h X 01h X 00h X 01h X 00h X 01h X 0oh [ 01h )

Prescaler | | | | | |

underflow

TRBPR

] Previous value New value (25h)
reload register

TRBSC

- Previous value New value (1Ah)
reload register

Counter 03h X 02h X 01h X 00h X 25h

Figure 16.12 Example of Prescaler and Counter Operation in 8-Bit Timer with 8-Bit Prescaler
(Programmable Waveform Generation Mode or Programmable Wait One-Shot
Generation Mode)
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* When the TWRC bit in TRBMR register is 0 (write to reload register and counter)

Write 01h to TRBPRE register and 25h to TRBPR register

Count source

TRBPRE

. Previous value
reload register

New value (01h)

TRBPR

- Previous value
reload register

New value (25h)

L teeee Lo

et M

Counter (0307hX0306hX0305hX0304h 2501hX2500hX24FFhX24FEhX24FDhX24FChX24FBhX24FAhX24F9hX24F8hX24F7h)

* When the TWRC bit in TRBMR register is 1 (write to reload register only)

Write 01h to TRBPRE register and 25h to TRBPR register

Count source

TRBPRE

’ Previous value
reload register

New value (01h)

TRBPR

- Previous value
reload register

New value (25h)

iX
’x

Counter (0307hXO306hX0305hXO304hX0303hXO302hX030lhXO300hX02FFhX02FEh):.- eee 0'(0OOthOOOOhXZSOthZSOOh)

Figure 16.13 Example of Counter Operation in 16-Bit Timer
(Timer Mode or Programmable One-Shot Generation Mode)
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* When the TWRC bit in TRBMR register is 1 (write to reload register only)

Secondary
Write 01h to TRBPRE register, 25h to TRBPR register, and 1Ah to TRBSC register underflow

Count source

TRBPRE

. Previous value
reload register

New value (01h)
T
]
]
]
]

TRBPR

- Previous value
reload register

New value (25h)
T
1
1
1
1

TRBSC

B Previous value
reload register

New value (1Ah)

T

Counter (0307hXOSOGhX0305hX0304hX0303hXOSOZhX030lhXOSOOhXOZFFhXOZFEh):'- see -(0001hXOOOOhXZSOthZSOOh)

Figure 16.14 Example of Counter Operation in 16-Bit Timer
(Programmable Waveform Generation Mode or Programmable Wait One-Shot
Generation Mode)
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16.5.3 TOCNT Bit Setting and Pin States

The TOCNT bit in the TRBIOC register can be used to select whether a timer waveform or fixed value is

output.
Table 16.8 lists the Output Data in Each Mode.

Table 16.8  Output Data in Each Mode

Operating Mode Enable Signal for TRBO Output Output Data
Timer mode Output disabled High impedance
Programmable waveform generation mode TOCNT 0 Waveform output
1 Fixed value
(inverted value of TOPL)
Programmable one-shot generation mode Output enabled Waveform output
Programmable wait one-shot generation mode

TOPL, TOCNT: Bits in TRBIOC register

For timer mode, programmable one-shot generation mode, and programmable wait one-shot generation mode,
regardless of the setting of the TOCNT bit, the state is high impedance in timer mode, and a waveform is output
in programmable one-shot generation mode and programmable wait one-shot generation mode.

If the TOCNT bit is rewritten in programmable waveform generation mode, the pin state does not change
immediately. The data is reflected in the pin state when one of the following conditions is met. Note that when
the TOCNT bit is 1 (fixed-value output), the value, which is set for the primary period in the TOPL bit in the
TRBIOC register, is output.

[Update conditions for pin states]
« When the TSTART bit in the TRBCR register is changed from 0 (count stops) to 1 (count starts).
* When the TRBPR register is reloaded to the counter.

16.5.4 Coordination with Event Link Controller (ELC)

In programmable one-shot and programmable wait one-shot generation mode, through coordination with the
ELC, timer RB2 can start the count at the rising edge of event input from the ELC.
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16.6 Interrupt Requests

When the TRBIF bit in the TRBIR register is 1 (interrupt requested) and the TRBIE bit is 1 (interrupt enabled), an
interrupt request is generated to the CPU. The timer RB2 interrupt request flag relates to the CPU interrupt enable
flag (I flag) in the flag register (FLG), the processor interrupt priority level (IPL), and the ICU control register (bits
IR and ILVLO to ILVL2 in the TRB2IC_O register) for interrupt control. If the CPU acknowledges an interrupt, the
timer RB2 interrupt request flag is set to O during the interrupt sequence. The conditions for setting the TRBIF bit
to 1 differ depending on the mode. Refer to the descriptions of the TRBIF bit and individual modes.

16.7 INTO Input Trigger Selection

In programmable one-shot and programmable wait one-shot generation modes, when 1 (one-shot count starts) is
written to the TOSST bit in the TRBCR register or a trigger is input to the INTO pin with the TCSTF bit in the
TRBCR register set to 1 (count enabled), one-shot operation is started.

When using the trigger input from the INTO pin, make the following settings beforehand.

(1) Setthe PD4_5 bit in the PD4 register to 0 (input port).

(2) Set bits INTOFO and INTOF1 in the INTF register to select the digital filter sampling clock for the INTO pin.

(3) Select one edge or both edges using the INTOPL bit in the INTEN register. When one edge is selected, select
falling or rising edge using the INOSEG bit in the TRBIOC register.

(4) Setthe INTOEN bit in the INTEN register to 1 (enabled) to enable an interrupt.

(5) Set the INOSTG bit in the TRBIOC register to 1 (one-shot trigger to INTO pin enabled).

When an interrupt request is generated by the trigger input from the INTO pin, note the following:

« Select one edge or both edges using the INTOPL bit. When one edge is selected, select falling or rising edge using
the INTOPOL bit in the INTPOL register (the INOSEG bit in the TRBIOC register (the one-shot trigger polarity
select bit is unrelated to INTO interrupt)).

* While the TOSSTF bit in the TRBOCR register is 1 (one-shot is operating (including wait period)), even if a one-
shot trigger is generated the operation of timer RB2 will be unaffected. However, the IR bit in the INTOIC register
will change.

« For details on interrupts, refer to 11. Interrupts.
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16.8 Notes on Timer RB2

(1) Timer RB2 stops counting after a reset. Start the count after setting the values in the timer and prescaler.

(2) Inthe 16-bit timer, when accessing registers TRBPRE and TRBPR in 8-bit units (8-bit access), always access
the lower byte (TRBPRE) first and then the higher byte (TRBPR).

(3) In programmable one-shot and programmable wait one-shot generation modes, when the TOSSP bit in the
TRBOCR register is set to 1 (one-shot stops) and the count is stopped, the timer reloads the value of the reload
register and stops. To check how much the count value has changed when the timer stopped, read the timer
value before the timer stops. When the TSTART bit in the TRBCR register is set to 0 (count stops) and the
count is stopped, the timer stops and the value of the reload register is not reloaded.

(4) After 1 (count starts) is written to the TSTART bit while the count is stopped, the TCSTF bit in the TRBCR
register remains O (count stops) for two or three cycles of the count source. Do not access the registers
associated with timer RB2 () other than the TCSTF bit until this bit is set to 1 (count in progress). The count
is started at the first active edge of the counter source after the TCSTF bit is set to 1.

After 0 (count stops) is written to the TSTART bit during count operation, the TCSTF bit remains 1 for two or
three cycles of the count source. When the TCSTF bit is set to 0, the count is stopped. Do not access the
registers associated with timer RB2 (1) other than the TCSTF bit until this bit is set to 0.

Note:
1. Registers associated with timer RB2:
TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBPR, and TRBSC

(5) When the TSTART bit is 0 (count stops), wait for at least two cycles of the CPU clock and then set the
TSTART bit to 1 (count starts) to change the values of registers TRBPRE, TRBPR, and TRBSC.

(6) When the TSTART bit is 1 (count starts) or the TCSTF bit is 1 (count in progress), do not change the values of
registers TRBIOC and TRBMR, and the TRBIE bit in the TRBIR register.

(7) If 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register during operation, timer RB2
stops without any wait time.

(8) If 1 (one-shot starts) is written to the TOSST bit in the TRBOCR register or 1 (one-shot stops) is written to the
TOSSP bit, the TOSSTF bit changes after two to three cycles of the count source. If 1 is written to the TOSSP
bit during the period after 1 is written to the TOSST bit but before the TOSSTF bit can become 1 (one-shot is
operating (including wait period)), depending on the internal state the TOSSTF bit may become 0 (one-shot is
stopped) or 1. Similarly, if 1 is written to the TOSST bit during the period after 1 is written to the TOSSP bit
but before the TOSSTF bit can become 0, the TOSSTF bit may become 0 or 1.

(9) When the underflow signal from timer RJ is used as the count source for timer RB2, set timer RJ to timer
mode, pulse output mode, or event counter mode.

(10) Make sure the TCSTF bit is 1 (count in progress) before writing 1 (one-shot count starts) to the TOSST bit in
the TRBOCR register. When the TCSTF bit is 0 (count stops), writing 1 (one-shot count starts) to the TOSST
bit has no effect.

(11) In programmable waveform and programmable wait one-shot generation modes of timer RB2, write to the
TRBSC register before writing to the TRBPR register. The value of the TRBPR register is reflected to the
counter during the underflow of the secondary period after the TRBPR register is written. If registers TRBSC
and TRBPR are written multiple times during the period after the TRBPR register was written but before the
secondary period underflow, the data that was written last will be reflected in the counter. However, do not
write to the TRBSC register only on its own. Write to both the TRBSC and TRBPR registers.

(12) Insert NOP instructions between writing to and reading from registers TRBPRE and TRBPR while the counter
is stopped.
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(13) When writing to registers TRBPRE, TRBPR, and TRBSC during count operation (the TSTART bit is 1 or the
TCSTF bit is 1), note the following points:
* When writing to the TRBPRE register successively, allow at least three cycles of the count source between
writes.
* When writing to the TRBPR register successively, allow at least three cycles of the prescaler underflow
between writes.
* When writing to the TRBSC register successively, allow at least three cycles of the prescaler underflow
between writes.
(14) Make sure both the TSTART and TCSTF bits in the TRBCR register are 0 (count stops) before switching to
module standby mode.
(15) If 1 (count is forcibly stopped) is written to the TSTOP bit in the TRBCR register during count operation and
count is forcibly stopped, the TRBIF bit in the TRBIR register may become 1 (interrupt requested). Set the
TRBIF bit to 0 (no interrupt requested) before resuming count.
(16) When the TRBPR register is rewritten in programmable waveform generation mode, do not write to the
TRBPRE, TRBPR, or TRBSC register during the secondary output period as described below after rewriting.
« 8-bit timer with 8-bit prescaler:

Two cycles of the prescaler underflow before the secondary output period ends.
* 16-bit timer:

Two cycles of the count source clock before the secondary output period ends.
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17. Timer RC

Timer RC is a 16-bit timer that provides output compare and input capture functions and can count external events. It
can be used as a multifunction timer with various applications such as generation of pulse output with an arbitrary duty
cycle using the compare match between the timer RC counter and four general registers.

17.1 Overview

Table 17.1 lists the Timer RC Specifications, Table 17.2 lists the Timer RC Functions, Figure 17.1 shows the Timer
RC Block Diagram, and Table 17.3 lists Timer RC Pin Configuration.

Table 17.1  Timer RC Specifications

Item Description
Count sources Internal clock | f1, f2, f4, f8, or f32:
(counter input Selected when bits CKS2 to CKSO0 in the TRCCRL1 register are 000b to 100b.
clocks) » fHOCO: Selected when bits CKS2 to CKSO in the TRCCR1 register are 110b.
» fHOCO-F: Selected when bits CKS2 to CKSO0 in the TRCCRL1 register are
111b.

External clock | TRCCLK input:
(externalevent | Selected when bits CKS2 to CKSO0 in the TRCCRL1 register are 101b.
count)
Pulse 1/O pins 4
General registers 4
» Can be set as output compare or input capture registers individually.
» Can be used as buffer registers for output compare or input capture.
Operating modes | Timer mode * Output compare function:

Low-level, high-level, or toggle output can be performed.
* Input capture function:

A rising edge, falling edge, or both edges can be detected.
 Counter clear function: A count period can be set.
PWM mode PWM output with up to three phases.
PWM2 mode | Pulse output with an arbitrary period and duty.

Interrupt sources » Compare match/input capture multiplexed interrupt x 4 sources
* Overflow interrupt
Others * The initial value of the timer RC output can be set arbitrarily.

» A/D conversions triggered by compare matches in registers TRCGRA,
TRCGRB, TRCGRC, and TRCGRD can be set.

» Timer RC can cooperate with the event link controller (ELC) or the DTC.

* The INTO pin can be used to control disabling of timer output.

» The INT1 pin can be used to input timer RC_0 output waveform manipulation
events.

RO1UH0241EJ0100 Rev.1.00 RENESAS Page 281 of 731
Oct 31, 2011



R8C/38T-A Group 17. Timer RC
Table 17.2  Timer RC Functions
I/0 Pin
ltem Counter
TRCIOA TRCIOB TRCIOC TRCIOD
Count sources Internal clock: f1, f2, f4, f8, f32, fHOCO, or fHOCO-F
External clock: TRCCLK
General registers (output | Period setting TRCGRA TRCGRB TRCGRC TRCGRD
compare/input capture with the register register register register
multiplexed registers) TRCGRA In buffer In buffer
register operation operation
Buffer register Buffer register
forthe TRCGRA | for the TRCGRB
register register
Counter clear function Input capture/ Input capture/
compare match | compare match . . .
forthe TRCGRA | forthe TRCGRA
register register
TRCTRG input — — — —
SS:SS?&ZT“O” for initial — Available Available Available Available
Buffer operation — Available Available — —
Compare | Low output — Available Available Available Available
match High output — Available Available Available Available
Toggle output — Available Available Available Available
Input capture function — Available Available Available Available
PWM mode — — Available Available Available
PWM2 mode — — Available — —
Interrupt sources Overflow Compare match/ | Compare match/ | Compare match/ | Compare match/
input capture input capture input capture input capture
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f1, f2, f4, 18, f32, fHOCO, or fHOCO-F

+ )

INTT (Timer RC_0) ()—» <4 TRCMR register (=)
INTO (O)— <4 TRCCRIregister (=)

TRCCLK (O— <4 TRCIERregister (=)
TRCIOA/TRCTRG ()9 <4 TRCSRregister (=)
TRCIOB ()t <¢{_ TRCIORO register (=)

TRCIOC ()] _ o ¢ TRCIORL register |(=2)

TRe10D (O Timer RC control circuit TROONT regisier (=

<4 TRCGRA register ()

(2]
<—| TRCGRSB register K::> %
<¢{ TRCGRC register (=) &
<—| TRCGRD register K,‘:(>
<—| TRCCR2 register K,‘:(>

i A L{ TRCDF regist
_ Timer RC register K,‘:(>
interrupt request _
TRCOER register K,‘:(>
TRCADCR register K\,:(>
| TRCOPR register K\,:(>
[ TRCELCCR register (=)
2
Figure 17.1  Timer RC Block Diagram
Table 17.3  Timer RC Pin Configuration
Pin Name I/0 Function
TRCCLK Input External clock input
TRCIOA/TRCTRG Input/Outout TRCGRA output-compare output/ TRCGRA input-capture input/external
P P trigger input (TRCTRG)
TRCIOB Input/Outout TRCGRB output-compare output/ TRCGRB input-capture input/PWM output
P P (in PWM mode and PWM2 mode)
TRCIOC Input/Output TRCGRC output-compare output/TRCGRC input-capture input/PWM output
(in PWM mode)
TRCIOD Input/Output TRCGRD output-compare output/TRCGRD input-capture input/PWM output
(in PWM mode)
INTO Input Timer output disabling control input
INT1 Input Timer RC_0 output waveform manipulation event input
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17.2 Registers
Table 17.4 lists the Timer RC Register Configuration.

Table 17.4  Timer RC Register Configuration

Register Name Symbol After Reset | Address | Access Size
Timer RC_0 Counter TRCCNT_O 0000h 00138h 16
Timer RC_0 General Register A TRCGRA_O FFFFh 0013Ah 16
Timer RC_0 General Register B TRCGRB_0 FFFFh 0013Ch 16
Timer RC_0 General Register C TRCGRC_O0 FFFFh 0013Eh 16
Timer RC_0 General Register D TRCGRD_0O FFFFh 00140h 16
Timer RC_0 Mode Register TRCMR_O 01001000b 00142h 8
Timer RC_0 Control Register 1 TRCCR1_0 00h 00143h 8
Timer RC_O Interrupt Enable Register TRCIER_O 01110000b 00144h 8
Timer RC_0 Status Register TRCSR_O 01110000b 00145h 8
Timer RC_0 1/O Control Register 0 TRCIORO_O 10001000b 00146h 8
Timer RC_0 I/O Control Register 1 TRCIOR1_0 10001000b 00147h 8
Timer RC_0 Control Register 2 TRCCR2_0 00011000b 00148h 8
Timer RC_0 Digital Filter Function Select Register TRCDF_O 00h 00149h 8
Timer RC_0 Output Enable Register TRCOER_O 01111111b 0014Ah 8
Timer RC_0 A/D Conversion Trigger Control Register | TRCADCR_0 11110000b 0014Bh 8
Timer RC_0 Output Waveform Manipulation Register TRCOPR_O 00h 0014Ch 8
Timer RC_0 ELC Cooperation Control Register TRCELCCR_O 00h 0014Dh 8

17.2.1 Timer RC Counter (TRCCNT)
Address 00138h (TRCCNT_O)

Bit b7 b6 b5 b4 b3 b2 b1l b0
smbol [ — | — ] — [ — ] — T — ] — T —
After Reset 0 0 0 0 0 0 0 0
Bit  bil5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 0 0 0 0 0 0 0 0
Bit Function Setting Range R/W
b15 to b0 | 16-bit readable/writable up counter. 0000h to FFFFh R/W

When this counter overflows, the OVF bit in the TRCSR register is set to 1.
If the OVIE bit in the TRCIER register is set to 1 (interrupt request (FOVI) by
OVF bit is enabled) at this time, an interrupt request is generated.

The input clock for the timer RC counter is selected by bits CKS0 to CKS2 in the TRCCR1 register. By setting
the CCLR bit in the TRCCR1 register to 1 in advance, the TRCCNT register is set to 0000h at a compare match
with the TRCCRA register.

Do not access the TRCCNT register in 8-bit units. This register must be accessed in 16-bit units.
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17.2.2 Timer RC General Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC,

TRCGRD)
Address 0013Ah (TRCGRA_0), 0013Ch (TRCGRB_0), 0013Eh (TRCGRC_0), 00140h (TRCGRD_0)
Bit b7 b6 b5 b4 b3 b2 bl bO
Sympol] — | — | — | — [ = [ = [ = [ = ]
After Reset 1 1 1 1 1 1 1 1
Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b15 to b0 | 16-bit readable/writable register. R/W

Registers TRCGRA to TRCCRD can be used as output compare or input capture registers. Their functions are
switched by registers TRCIOR0 and TRCIOR1.

The value in the general register set as an output compare register is always compared with the value in the
TRCCNT register. When the values in both registers match (compare match), bits IMFA to IMFD in the
TRCSR register are set to 1. If bits IMIEA to IMIED in the TRCIER register are set to 1 at this time, an
interrupt request is generated. Compare match output can be set by registers TRCIOR0 and TRCIOR1.

When an external input capture is detected, the value in the TRCCNT register is stored in the general register
set as an input capture register, and bits IMFA to IMFD in the TRCSR register are set to 1. If bits IMIEA to
IMIED in the TRCIER register are set to 1 at this time, an interrupt request is generated. The detection edge for
input capture can be selected by registers TRCIORO0 and TRCIORL1.

Also, the TRCGRC register can be used as a buffer register for the TRCRGA register and the TRCGRD register
can be used as a buffer register for the TRCRGB register. These functions are selected by bits BUFEA and
BUFEB in the TRCMR register.

For example, if the TRCGRA register is set as an output compare register and the TRCGRC register is set as a
buffer register for the TRCGRA register, the value in the buffer register TRCGRC is transferred to the
TRCGRA register each time compare match A occurs.

If the TRCGRA register is set as an input capture register and the TRCGRC register is set as a buffer register
for the TRCGRA register, the value in the TRCCNT register is transferred to the TRCGRA register and the
value in the TRCGRA register is transferred to the buffer register TRCGRC when an input capture occurs.

Do not access registers TRCGRA to TRCGRD in 8-bit units. These registers must be accessed in 16-bit units.
The initial values in these registers are FFFFh.
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17.2.3 Timer RC Mode Register (TRCMR)
Address 00142h (TRCMR_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CTS | — | BUFEB | BUFEA | PWM2 | PWMD [ PWMC | PWMB
After Reset 0 1 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 PWMB | TRCIOB PWM mode select bit 0: Timer mode R/W
bl | PWMC |TRCIOC PWM mode select bit 1: PWM mode RIW
b2 PWMD | TRCIOD PWM mode select bit R/W
b3 PWM2 |PWM2 mode select bit 0: PWM2 mode (1) R/W
1: Timer mode or PWM mode (2)
b4 BUFEA | TRCGRC register function select bit | 0: Output compare register or input capture R/W
3 register
1: TRCGRC register is used as a buffer register for
TRCRGA register
b5 BUFEB | TRCGRD register function select bit | 0: Output compare register or input capture R/W
register
1: TRCGRD register is used as a buffer register for
TRCRGB register
b6 — Nothing is assigned. The write value must be 1. The read value is 1. —
b7 CTS | TRCCNT count start bit 0: Count stops R/W
1: Count starts

Notes:
1. When the PWM2 bit is 0, the settings of bits PWMB to PWMD and registers TRCIOR0 and TRCIOR1 are invalid.
2. When the PWM2 hit is 1, the settings of bits PWMB to PWMD and registers TRCIOR0 and TRCIORL1 are valid.
3. Set the BUFEA bit to 0 (output compare register or input capture register) in PWM2 mode.

CTS Bit (TRCCNT count start bit)

[Conditions for setting to 0]

« When 0 is written to this bit.

«When a compare match occurs while the CSTP bit in the TRCCR2 register is 1 (increment stops) in PWM2
mode.

[Condition for setting to 1]

« When 1 is written to this bit.
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17.2.4 Timer RC Control Register 1 (TRCCR1)
Address 00143h (TRCCR1_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | CKS2 | CKS1 | CKSO | TOD | TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA | Timer output level select A bit 0: Output value is low () R/W
b1l TOB | Timer output level select B bit 1: Output value is high (1) R/W
b2 TOC | Timer output level select C bit R/W
b3 TOD | Timer output level select D bit R/W
b4 CKSO | Count source select bits 166 %5 ES‘_ f R/W
b5 CKS1 00 12 R/W
b6 CKS2 0104 R/W
01 1:18
10 0:32
1 0 1:Rising edge of TRCCLK input
11 0:fHOCO @
11 1:fHOCO-F
b7 CCLR | TRCCNT counter clear select bit 0: Free-running counter R/W
1: TRCCNT counter is cleared by input
capture/compare match A
Notes:

1. The values set by bits TOA to TOD are reflected immediately after they are changed. Set the value when the
CTS bit in the TRCMR register is 0 (count stops).

2. When selecting fHOCO, set these bits with the on-chip oscillator operating. The count source must be switched
while the counter is stopped.

TOA Bit (Timer output level select A bit)

This bit is used to set the output value from the TRCIOA pin until the first compare match A (match between
the values of registers TRCCNT and TRCGRA) occurs. In PWM mode, this bit is used to control the output
level of the TRCIOA pin.

TOB Bit (Timer output level select B bit)

This bit is used to set the output value from the TRCIOB pin until the first compare match B (match between
the values of registers TRCCNT and TRCGRB) occurs. In PWM mode and PWM2 mode, this bit is used to
control the output level of the TRCIOB pin.

TOC Bit (Timer output level select C bit)

This bit is used to set the output value from the TRCIOC pin until the first compare match C (match between
the values of registers TRCCNT and TRCGRC) occurs. In PWM mode, this bit is used to control the output
level of the TRCIOC pin.

TOD Bit (Timer output level select D bit)

This bit is used to set the output value from the TRCIOD pin until the first compare match D (match between
the values of registers TRCCNT and TRCGRD) occurs. In PWM mode, this bit is used to control the output
level of the TRCIOD pin.
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17.2.5 Timer RC Interrupt Enable Register (TRCIER)
Address 00144h (TRCIER_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVIE | — | — | — | IMED | IMEC [ IMEB | IMIEEA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol | Bit Name Function R/W
b0 IMIEA | Input capture/compare match A 0: Interrupt request by IMFA bit in TRCSR register | R/W
interrupt enable bit is disabled
1: Interrupt request by IMFA bit in TRCSR register
is enabled
bl IMIEB | Input capture/compare match B 0: Interrupt request by IMFB bit in TRCSR register | R/W
interrupt enable bit is disabled
1: Interrupt request by IMFB bit in TRCSR register
is enabled
b2 IMIEC | Input capture/compare match C 0: Interrupt request by IMFC bitin TRCSR register | R/W
interrupt enable bit is disabled
1: Interrupt request by IMFC bit in TRCSR register
is enabled
b3 IMIED | Input capture/compare match D 0: Interrupt request by IMFD bit in TRCSR register | R/W
interrupt enable bit is disabled
1: Interrupt request by IMFD bit in TRCSR register
is enabled
b4 — Nothing is assigned. The write value must be 1. The read value is 1. —
b5 —
b6 —
b7 OVIE | Timer overflow interrupt enable bit 0: Interrupt request by OVF bit in TRCSR register | R/W
is disabled
1: Interrupt request by OVF bit in TRCSR register
is enabled
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R8C/38T-A Group 17. Timer RC
17.2.6 Timer RC Status Register (TRCSR)
Address 00145h (TRCSR_0)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVF | — | — | — | IMFD | IMFC IMFB IMFA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMFA | Input capture/compare match A flag | [Conditions for setting to 0] R/W
bl IMFB | Input capture/compare match B flag | * When O is written to this bit after reading itas 1. | r/w
b2 IMFC | Input capture/compare match C flag |° iSet tfi)vo tb);tge DJICM?:?'?:&OV:’:M?? ngetn tge DTC MRiw
b3 IMFD | Input capture/compare match D flag [nggitioan?‘or sye?ting 0 1] errupt (i = Ato D). R/W
* Refer to Table 17.5 Conditions for Setting
Each Flag to 1.
b4 — Nothing is assighed. The write value must be 1. The read value is 1. —
b5 —
b6 —
b7 OVF | Timer overflow flag [Condition for setting to 0] R/W
» When 0 is written to this bit after reading it as 1.
[Condition for setting to 1]
» Refer to Table 17.5 Conditions for Setting
Each Flag to 1.
Table 17.5  Conditions for Setting Each Flag to 1
Timer Mode
Symbol Input Capture Function Output Cqmpare PWM Mode PWM2 Mode
Function
IMFA When the value of the TRCCNT register | When the values of registers TRCCNT and TRCGRA match
is transferred to the TRCGRA register | (compare match A).(2)
at the input edge () of the TRCIOA pin.
IMFB When the value of the TRCCNT register | When the values of registers TRCCNT and TRCGRB match
is transferred to the TRCGRB register | (compare match B).
at the input edge () of the TRCIOB pin.
IMFC When the value of the TRCCNT register | When the values of registers TRCCNT and TRCGRC match
is transferred to the TRCGRC register | (compare match C).
at the input edge () of the TRCIOC pin.
IMFD When the value of the TRCCNT register | When the values of registers TRCCNT and TRCGRD match
is transferred to the TRCGRD register | (compare match D).
at the input edge () of the TRCIOD pin.
OVF When the TRCCNT register overflows from FFFFh to 0000h.
Notes:

1. The edge is selected by bits 10i0 to 10il (i = A to D) in registers TRCIO0 and TRCIOR1. However, all of bits
IOA2 and IOB2 in the TRCIORO register and bits IOC2 and 10D2 in the TRCIOR1 register must be setto 1
(input capture function).

2. PWM mode is selected when bits PWMB, PWMC, and PWMD in the TRCMR register are set to 1.
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17.2.7 Timer RC I/O Control Register 0 (TRCIORO)
Address 00146h (TRCIORO_O0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | 10B2 | I0BL | IOBO | I0A3 | I0A2 | IOAl | IOAO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 | TRCGRA control AO bit [IOA2 = 0 (output compare register)] R/W
bl IOA1 | TRCGRA control Al bit b1 bo RIW

0 0: Pin output by compare match A is disabled

0 1: Low output from TRCIOA pin at compare match A

1 0: High output from TRCIOA pin at compare match A

1 1: Toggle output from TRCIOA pin at compare match A
[IOA2 = 1 (input capture register)]

bl b0

0 0: Rising edge of TRCIOA pin

0 1: Falling edge of TRCIOA pin
Other than the above: Both edges of TRCIOA pin

b2 I0A2 | TRCGRA control A2 bit (1.2) |0: Output compare function R/W
1: Input capture function
b3 I0OA3 | TRCGRA input-capture input |0: Input capture of fOC0O128 R/W
switch bit 1: Input capture of TRCIOA pin input
b4 IOBO | TRCGRB control BO bit [I0OB2 = 0 (output compare register)] R/W
b5 IOB1 | TRCGRB control B1 bit b b RIW

0 0: Pin output by compare match B is disabled

0 1: Low output from TRCIOB pin at compare match B

1 0O: High output from TRCIOB pin at compare match B

1 1: Toggle output from TRCIOB pin at compare match B
[IOB2 = 1 (input capture register)]

b5 b4

0 0: Rising edge of TRCIOB pin

0 1: Falling edge of TRCIOB pin

Other than the above: Both edges of TRCIOB pin

b6 IOB2 | TRCGRB control B2 bit (1.2) | 0: Output compare function R/W
1: Input capture function
b7 — Nothing is assigned. The write value must be 1. The read value is 1. —
Notes:

1. In buffer operation, registers TRCGRA and TRCGRC, and registers TRCGRB and TRCGRD are paired. The
same values must be set in the IOA2 bit and the 10C2 bit in the TRCIORL1 register, and in the I0B2 bit and the
I0D2 bit in the TRCIORL register, respectively.

2. When the input capture function is used, do not rewrite the TRCIORO register while the timer is counting.

The setting of the TRCIORO register is invalid in PWM mode and PWM2 mode. The written value is retained,
but not reflected in control.
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17.2.8 Timer RC I/O Control Register 1 (TRCIOR1)
Address 00147h (TRCIOR1_0)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | 10Dl | 1ODO | 10C3 | 10C2 [ IOC1 I0CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 I0OCO | TRCGRC control [IOC3 = 0 (general register for TRCIOA pin)] R/W
CO bit bl b0
0 0O: Pin output by compare match C is disabled
bl 16C1 IE%?RC control 0 1: Low output from TRCIOA pin at compare match C RIW
: 1 0: High output from TRCIOA pin at compare match C
1 1: Toggle output from TRCIOA pin at compare match C
[IOC2 =0, IOC3 = 1 (output compare register)]
bl b0
0 0: Pin output by compare match C is disabled
0 1: Low output from TRCIOC pin at compare match C
1 0: High output from TRCIOC pin at compare match C
1 1: Toggle output from TRCIOC pin at compare match C
[I0OC2 =1, IOC3 = 1 (input capture register)]
bl b0
0 0: Rising edge of TRCIOC pin
0 1: Falling edge of TRCIOC pin
Other than the above: Both edges of TRCIOC pin
b2 I0C2 | TRCGRC control 0: Output compare function R/W
C2 bit (1.2) 1: Input capture function
b3 I0C3 | TRCGRC control 0: Used as a general register for TRCIOA pin R/W
C3 bit 1: Used as a general register for TRCIOC pin
b4 IOD0 | TRCGRD control [IOD3 = 0 (general register for TRCIOB pin)] R/W
DO bit bS5 b4
0 O: Pin output by compare match D is disabled
b5 10D1 EF;%?RD control 0 1: Low output from TRCIOB pin at compare match D RIW
: 1 0: High output from TRCIOB pin at compare match D
1 1: Toggle output from TRCIOB pin at compare match D
[[OD2 =0, IOD3 = 1 ((output compare register)]
b5 b4
0 0O: Pin output by compare match D is disabled
0 1: Low output from TRCIOD pin at compare match D
1 0: High output from TRCIOD pin at compare match D
1 1: Toggle output from TRCIOD pin at compare match D
[IOD2 =1, IOD3 = 1 (input capture register)]
b5 b4
0 0: Rising edge of TRCIOD pin
0 1: Falling edge of TRCIOD pin
Other than the above: Both edges of TRCIOD pin
b6 I0D2 | TRCGRD control 0: Output compare function R/W
D2 bit 1,2) 1: Input capture function
b7 I0D3 | TRCGRD control 0: Used as a general register for TRCIOB pin R/W
D3 hit 1: Used as a general register for TRCIOD pin
Notes:

1. In buffer operation, registers TRCGRA and TRCGRC, and registers TRCGRB and TRCGRD are paired. The
same values must be set in the IOC2 bit and the IOA2 bit in the TRCIORO register, and in the IOD2 bit and the
I0OB2 bit in the TRCIORO register, respectively.

2. When the input capture function is used, do not rewrite the TRCIORL1 register while the timer is counting.

The setting of the TRCIORL register is invalid in PWM mode and PWM2 mode. The written value is retained,
but not reflected in control.
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R8C/38T-A Group 17. Timer RC
17.2.9 Timer RC Control Register 2 (TRCCR2)
Address 00148h (TRCCR2_0)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TCEG1 | TCEGO | CSTP [ — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB | TRCIOB PWM mode output level control bit | 0: Output level is active low R/W
b1 POLC |TRCIOC PWM mode output level control bit | 1: Output level is active high RIW
b2 POLD |TRCIOD PWM mode output level control bit R/W
b3 — Nothing is assigned. The write value must be 1. The read value is 1. —
b4 —
b5 CSTP | Count stop bit 0: Increment continues R/W
1: Increment stops
b6 TCEGO | TRCTRG input edge select bits lg tg TRCTRG inout disabled R/W
b7 TCEGL 0 1:Rising edgep RIW
1 0: Falling edge
1 1: Both rising and falling edges

CSTP Bit (Count stop bit)

This bit is used to set whether the increment in the TRCCNT register is continued or stopped by compare match

A. This function is enabled in all operating modes.

To restart the count after it is stopped by a compare match, set the CTS bit in the TRCMR register to 1 (count

starts).

Bits TCEGO and TCEG1 (TRCTRG input edge select bits)
These bits are used to select the edge of the TRCTRG input. These bits are enabled only when the PWMZ2 bit in

the TRCMR register is set to 0 (PWM2 mode).
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17.2.10 Timer RC Digital Filter Function Select Register (TRCDF)
Address 00149h (TRCDF_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DFCK1 | DFCKO | — [ DFTRG | DFD | DFC | DFB | DFA |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DFA | TRCIOA digital filter function bit 0: Digital filter function not used R/W
b1 DFB | TRCIOB digital filter function bit 1: Digital filter function used RIW
b2 DFC | TRCIOC digital filter function bit R/W
b3 DFD | TRCIOD digital filter function bit R/W
b4 DFTRG | TRCTRG digital filter function bit R/W
b5 — Nothing is assighed. The write value must be 0. The read value is O. —
b6 DFCKO | Digital filter clock select bits 167 185 f32 R/W
b7 DFCK1 0 1 f8 R/W

10:f1

1 1: Clock selected by bits CSKO to CSK2 in

TRCCR1 register

The setting of the TRCDF register is valid when:
« Pins TRCIOA to TRCIOD are set to input by registers TRCIOR0 and TRCIORL.

« 01b (rising edge), 10b (falling edge), or 11b (both rising/falling edges) is selected by bits TCEGO0 and TCEG1
in the TRCCR2 register.
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17.2.11 Timer RC Output Enable Register (TRCOER)
Address 0014Ah (TRCOER_0)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PTO | — | — | — | ED | EC | EB EA
After Reset 0 1 1 1 1 1 1 1
Bit Symbol Bit Name Function R/W
b0 EA TRCIOA out