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12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

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




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

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

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

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

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

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

signal has stabilized.

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

Differences between Products

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

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




How to Use This Manual

1. 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 s necessary in order to use this manual.

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

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

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

The following documents apply to the R8C/3GM 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 and electrical characteristics R8C/3GM Group |R01DS0127EJ0100
Datasheet
User’'s manual: |Hardware specifications (pin assignments, memory | R8C/3GM Group | This User’s manual
Hardware maps, peripheral function specifications, electrical | User’s Manual:
characteristics, timing charts) and operation Hardware
description

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

User’'s manual: | Description of CPU instruction set R8C/Tiny Series |REJ09B0001

Software Software Manual

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

Sample programs

Information on writing programs in assembly
language and C

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




2.

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

Notation of Numbers and Symbols

@

2

Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word “register,”
“bit,” or “pin” to distinguish the three categories.
Examples the PMO3 bit in the PMO register
P3 5pin, VCC pin

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 descri

bed below.

X.X.X XXX Register (Symbol)

Address XXXXh

Bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol | XXX7 XXX6 XXX5 XXX4 — — XXX1 XXX0 *1
After Reset 0 0 0 0 0 0 0 0 /
Bit Symbol Bit Name Function
b0 XXX0 [XXX bit béboo. R/W
bl XXX1 F XXX R/W
0 1: XXX N
1 0: Do not set.
11: XXX
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b3 — Reserved bit Set to 0. R/W
b4 XXX4 | XXX bit Function varies according to the operating mode. R/W
b5 XXX5 w
b6 XXX6 R/W
b7 XXX7 | XXX bit 0: XXX R
1: XXX
\*2 \*3
*1
R/W: Read and write.
R: Read only.
W: Write only.
—: Nothing is assigned.
*2
* Reserved hit
Reserved bit. Set to specified value.
*3

* Nothing is assigned.

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

» Do not set to avalue.
Operation is not guaranteed when avalueis set.
« Function varies according to the operating mode.

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

on the individual modes.




4.

List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBuUS Inter EqQuipment Bus
1/0 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.




Table of Contents

Yo o= o LT = 1= =Y o - U SEE B-1
1. OVEBIVIBW .t e ettt e oottt ettt e a2 e o444 oMk a b ettt e et e e e e e e e e e o e aaa bbb bbseeeeeeaaaeeesasaanbeeeeaeaeeeesaannnees 1
11 LS (= TSP 1
111 F N o] o 1= o] o ST 1
1.1.2 S0 T= ol o [ 1SS 2

12 [ 0o [§ ot I OO SOPU RV PTPRTURUPTOPPROPIN 4
13 (2] Fo e g BT o = o E TS URURURORPROIN 5
14 LI NSS T 0] 101 o | SRS 6
15 PN FUNCLIONS ...ttt ettt h it bt b e bt bt s b e ke b s e e s e s e eb e e bt sbeeb e s b see e e e e e e ene 8
2. Central Processing UNit (CPU) .......eiiiiiiiiiiiie sttt et e e b e e 10
21 Data Registers (RO, R1, R2, BN R3) ....c.covviiiiiiriiiiiiise ettt 11
22 Address REQIStErS (AD @NU AL) ..ottt ettt et bbb e 11
2.3 Frame Base REJISLEr (FB) ....oii ittt sttt st enennesnesnenee e s 11
24 Interrupt Table REGISIEr (INTB) ...ttt bbb et sb b e e eas 11
25 Program COUNLES (PC) ......ceieirieiriierieesteeste sttt eb ettt bbbt bt bttt e 11
2.6 User Stack Pointer (USP) and Interrupt Stack POINtEr (ISP) ....c.vcveveenere e 11
2.7 StatiC BASE REGISIEN (SB) ...ceiiiieeieitiiti ettt ettt st b et ae b e b e et et nae s aesae e e e 11
28 FIag REGISIEr (FLG) vttt bbbttt st b et b ettt 11
28.1 (@ = - I (4 T SO PSN 11
2.8.2 (D= o 0o L o () OSSR 11
2.8.3 A= (o} o =" N (74 LSOO OPTTPPPRR 11
284 Lo ol =T I () S 11
285 Register Bank SEIECt FIag (B) .....cooreiiriirieieieeieeeie ettt sbe e s e s se e e 11
2.8.6 OVEITIOW FIBG (O) .ottt b et b et b et b e sn et sn e b s snene s 11
2.8.7 INterrupt ENDIE FIAQ (1) vveoveeeeee ettt sttt et st st e sae et e en e s e e nnesnnennennean 12
2.8.8 Stack POIiNter SEIECE FIAQ () ..ottt et s sb e e 12
289 Processor Interrupt Priority LEVE] (IPL) ..ottt 12
2SI (O B === Y=o I 2 PSR ST 12

3. Y =70 0 o] Y PP TP URPPPPPPI 13
31 RBCISGIM GIOUP ...vveueeeeeetireesesiesestesestesesseessesessassssessesessesessesessesessesessasessenessenessensssansesensssensssensssenesseness 13
4. Special FUNCION REGISIEIS (SFRS) ..oooiiiiiiiiiiiieit e 14
5. ST I S TP O PP P PP PPPTTRR 26
51 L [ S 28
511 Processor Mode RegiSter O (PMO) ......oceei ettt a e st e st a et ena e s 28
512 Reset Source Determination Register (RSTFR) ..o 28
51.3 Option Function Select REGISIEr (OFS) ...ovcveieiie ettt e see e e 29
514 Option Function Select REGISLEr 2 (OFS2) ....ocvicieieiieeieseesesieee s e ste e e e st e e nassresnae e eaesreens 30

5.2 L FE 0 T (=T TS 31
521 When POWer SUPPIY 1S SEADIE .....cuveeeeeeeeee et st er e sne s 31
522 1= @ o OSSR 31

53 oY @ g (== o o o 33
54 VOoltage MONITOr O RESEL .....ocveiiiieiiceeee et ae st e e e e e e e e e eseesesaeseeneenseneennnnens 34
55 ALY (0T (o I T 0= g (= S 35
5.6 RS0 LAY TSl (= 35



5.7 Cold Start-Up/Warm Start-Up Determination FUNCLION ........cccooveiverinenereseseiesesee e s se e 36
5.8 Reset Source Determination FUNCLION ..........coiiiiiiiieicecncne e s e s s 36
6. VOltage DELECLION CIFCUIL ....cciiitiiiiieeiitiieee et ee ettt et e e sttt e e s sttt e e e s s sbbe e e e e s aabbbeeeesanbeeeeesanns 37
6.1 L@ VT ST 37
6.2 0 [ S 41
6.2.1 Voltage Monitor Circuit/Comparator A Control Register (CMPA) ......ooovcieiieeeceee e 41
6.2.2 Voltage Monitor Circuit Edge Select RegiSter (VCAC) ...ttt 42
6.2.3 Voltage DeteCt REGISIEr 1 (VCAL) .oooiceceeeie e e e et et e sttt see e e e e snaesesse e ssensesneseeneen 42
6.2.4 Voltage DeteCt REQISIEr 2 (W CAZ2) ...ttt sttt sttt e e e e e nnesaneaesnean 43
6.2.5 Voltage Detection 1 Level Select Register (WVDILS) ..o 44
6.2.6 Voltage Monitor 0 Circuit Control Register (VWOC) ......ccocveerirere e seeseeeeereeesese e seenees 45
6.2.7 Voltage Monitor 1 Circuit Control RegIiSter (VWIC) ....cecoviieie ettt s 46
6.2.8 Voltage Monitor 2 Circuit Control RegiSter (VW2C) ...t 47
6.2.9 Option Function Select REGISLEr (OFS) ...ocvcoveieiie ittt e nee e s 48
6.3 R O O 1o TU Yo | o = S 49
6.3.1 [ Kol (o] 1T g e ANV Ao = (0 SRR 49
6.3.2 V7o a1l o] T g YA =t R 49
6.3.3 Ko Th o T a0 A A (<. 2SR 49
6.4 VOltage MONITOr O RESEL ....ouiiiieiiee ettt s b et e b e et e e e be e st bese e b e b e e e neeneas 50
6.5 AZ0 L= o =31, o g o) g N g 1= 4 o) 51
6.6 Voltage MONITOr 2 INTEITUPDL ..ot a e e sa e s re e tesreene e reenaennenns 53
7. 1@ T o RSP PP 55
7.1 FUNCLIONS OF 1/0 POITS ...ttt ettt b b bbb e b et b e b e s b e e e e s 55
7.2 Effect on Peripheral FUNCLIONS ..o et 56
7.3 PiNS Other than 170 POITS ...ttt b et bbb e e s 56
74 LS 0 T = TSSO 66
74.1 Port Pi Direction Register (PDi) (i =010 1, 310 4) .ooeiieiiieierieeere et 66
74.2 Port Pi Register (Pi) (1 = 010 1, ST04) oviieiecee ettt st e 67
7.4.3 Timer RA Pin Select Register (TRASR) ..ot 68
744 Timer RC Pin Select Register (TRBRCSR) ..ottt 68
745 Timer RC Pin Select Register O (TRCPSRO) .....cccvovviriiiiriiieiisesiesesiesesiesissessese e ssesessesessssessenes 69
7.4.6 Timer RC Pin Select RegiSter 1 (TRCPSRL) .....cccvviiiirieiisiiieiesieieseeiesis e s saesessesessssesseses 69
747  UARTO PN SElect REGISIEr (UOSR) .......oucveeiuieiceeeeseecseessessssesssssssssesssssssssssssssssssssssssssssssessans 70
7.4.8 UART2 Pin Select Register O (U2SR0O) .....ccueiiieiiieieieesie ettt st st 71
7.4.9 UART2 Pin Select REQISLEr 1 (U2SRL) ...ccvcveeiieiiieeeieesiere et sttt st et st 71
7410  SSU/IC Pin Select REGISEr (SSUIICSR) .....ouucveeeieeeeieeeeseesciessesssessessesssssssessesssssssssssssssessssssssons 72
7.4.11 INT Interrupt Input Pin Select RegIiSter (INTSR) .ooviieeie et 72
7.4.12  1/O Function Pin Select Register (PINSR) ..ot 73
7413  Pull-Up Control ReQIStEr O (PURD) ......coiueuirieiirieiireeiereee ettt 74
7.4.14  Pull-Up Control REGISLEr 1 (PURL) .....cooviieiiiee ettt eee s st ee e se et ese et enaesne e e snesneeneennenns 74
7.4.15 Port P1 Drive Capacity Control Register (PLDRR) .......ccooiiiiiiiiiiie e 75
7416 Drive Capacity Control Register 0 (DRRO) ......coreirieirieiiriiirieerieerieereeesi e 76
7.4.17  Drive Capacity Control Register L (DRRL) ....ccoieeiiieeie st etee et ee s s sreens 77
7.4.18 Input Threshold Control RegIStEr O (VLTO) ..oeeiieeeieeeeeerereeie ettt 78
7.4.19  Input Threshold Control REGISIEr 1 (VLTL) .occireirieerieirieerieesieerieese e 78
7.5 0 S 1 0 SRS 79
7.6 UNassigned Pin HanAIiNG .....coooeoie ettt he e s s b e b b e sae b e s 89



8 21 L PRSP STRPPP 90
9. ClOCK GENETALION CIFCUIL ......etieiiieiieeee ettt e e e e e e ettt e e e ea e e e e e s s e anbbebeeeeeaaaaaeaesaaannnbsnaeeeas 92
9.1 OVEBIVIBIV ettt b bt et e et bt eb e e bt eh e eh e b e se e 8 e m b e £ e e e s s e R e e ae e R £ eb e e Reshe e b en e et e st ebeebesaeseesre b es 92
9.2 LS 0 T = TSR 95
9.21 System Clock Control REQISLEr O (CMO) ...ccuecveeirieieeriiieieeeeeeeeese sttt sae e e ene e ssesnesre e nes 95
9.2.2 System Clock Control REGISLEr 1 (CIM L) ....ocueeiiieeie et stee et e e sse e s aesre e e aesreens 96
9.2.3 System Clock Control REQISIEr 3 (CM3) ...c.ueiuiiiiiieiieiee et s 97
9.24 Oscillation Stop Detection REGISLEr (OCD) ......vcvvevieiierieiereeeseseseses e e seeseeeeese e seesseseessessssesseses 98
9.25 High-Speed On-Chip Oscillator Control Register 7 (FRAT7) .oeeecuveeeee et s 98
9.2.6 High-Speed On-Chip Oscillator Control Register O (FRAD) .....ooiiireriiriinieie e e 99
9.2.7 High-Speed On-Chip Oscillator Control Register 1 (FRAL) ...cocvvvveveriseereeeee e 99
9.2.8 High-Speed On-Chip Oscillator Control Register 2 (FRA2) ....ooeece e 100
9.29 Clock Prescaler ReSet FIag (CPSRF) .....cviiiieiiieiseis ettt st st saens 100
9.2.10 High-Speed On-Chip Oscillator Control Register 4 (FRAZ) ...cveveeeeeeeece e 101
9.2.11 High-Speed On-Chip Oscillator Control Register 5 (FRAD) ......ccovveeevieeere e 101
9.212  High-Speed On-Chip Oscillator Control Register 6 (FRAB) .......cccooerieererenerese e 101
9.213 High-Speed On-Chip Oscillator Control Register 3 (FRAS3) ....coveveeeeeeeece e 101
9.2.14 Voltage DeteCt REGISIEr 2 (W CA2) ..ouiiiiiieiiieisieieieee ettt enensenen 102
9.3 KIN CIOCK tiivitiieetisieie sttt sttt st sttt sttt be et et e e et e st e beseebe e be e et e se et e neeseseebese et e e nbenansentesentnne 103
9.4 (@ g @ a1 o @S w11 = (o) g o R 104
94.1 Low-Speed On-Chip OSCHITAON CIOCK .....c.eceeiiiiesiecites ettt 104
94.2 High-Speed On-Chip OSCHIEEON CIOCK .......coiiiiiiiriiireere e 104
9.5 XCIN CLOCK .ttt ettt stttk b e st s e b e s e b s e b e stk ne e b st et et et e et e se e s e nentne 105
9.6 CPU Clock and Peripheral FUNCLION ClOCK .......ccviuieiiiiierii et s 106
9.6.1 SYSEEM CIOCK ..ttt bbbttt bbbt b ettt et ne et e ne et 106
9.6.2 (O U O o ST RPSR 106
9.6.3 Peripheral Function Clock (f1, f2, f4, £8, and f32) ......ccveeeii e 106
9.6.4 L L SRS 106
9.6.5 L 010 0 TSSOSO 106
9.6.6 L O OSSR 106
9.6.7 L L0 S T PSSR 107
9.6.8 L OO i 22 OSSO 107
9.6.9 L O {0720 {07 Ny o I { O PSSR 107
LSS0 O (@O Y I TSRS 107
9.7 0T @] 11 o) RS 108
9.7.1 Standard OPErating MOOE .......ccociiieie ettt te e e te st et esre e e e saeennesreeneas 108
9.7.2 LY TR 1Y, o o L= RPN 110
9.7.3 S (0] 11 o 1= R 114
9.8 Oscillation Stop DeteCtion FUNCLION ........cccviieiicierieeesec et e st ae e et r e sreenes 117
981 How to Use Oscillation Stop Detection FUNCLION ..ot 118
9.9 Notes 0N ClOCK GENEration CITCUIT .........cuveiriiirieirieiereeecriee et ss e neenes 121
9.9.1 IS 0] 0 1 1Y/ o L= S 121
9.9.2 LAY = T 1Y, o o L= RPN 121
9.9.3 Reducing Internal Power USiNg VCAZ20 Bit ......ooveiiiiirire et e se e snen 122
9.9.4 Oscillation Stop DEteCtion FUNCLION .........ccciieiieieciese et ae e st e e ennesneeneas 122
9.95 OsCillation CirCUIt CONSIANES .....oveueeeiriieieeisiese ettt e e se e sessessesbesbeneeneeneerenees 122
9.9.6 High-Speed ONn-chip OSCHIGOr MOUE .......cccvvviiiieieeeceee e et seenenne s 122
9.9.7 LOW-SPEEA CIOCK IMOUE ......oeeieieceeee ettt ettt ettt sre e s ae s te et e st e et e eneennenneeneas 122



O TR = o' (<Y1 0] o P 123

101 L 0 1 1= SO SO TSRS TSP 123
10.1.1  ProteCt REGISLEr (PRCR) ....ocieeciceieee e ste e seeste st s sess e sessesse e ssestestessesten e stenaensenseneenessessesssssenses 123

O [ 01 (] ¢ (U] o] - TP U PP PUUUPPPPPPPTPPPPPPIN 124
111 L@ Y T PSP 124
S Y/ o= o) 1 1= U] o] (=TSSR 124
S0 4117 (N 1 ) = U o] (= 125
T G T o 1= o = I | = U ) 126
11.1.4  Peripheral FUNCHION INTEITUPLS .....o.oiiiiiiiiie ettt sttt eee e 126
11.1.5  InterruptS and INEETUPL VECLOLS ......ccveeeeiriiee s sie e seesees e ese ettt e e e e e ene s snesrenes 127
11.2 L S0 1 129

11.2.1  Interrupt Control Register
(TREIC, S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, TRAIC, TRBIC, U2BCNIC, VCMPL1IC,

RV 1Y ] TSRS 129
11.2.2  Interrupt Control Register (FMRDY IC, TRCIC, SSUIC/ICIC) ..ccoeovvvrereie e reeeeeseee e 130
11.2.3  INTI Interrupt Control Register (INTIIC) (i =0, 1, 3) oooeiieiere e 131
11.3 INEEITUPE COMEION ...ttt b e bt se et e e e s e e e e aeeb e e be e bt ebeebesbeseensaneeneeaeebenbesnesaens 132
0 25 R N o PSSR 132
0 2 | = 3 T OSSR 132
11.3.3  BIitSILVL2TOILVLO, IPL oottt et et s re e sae e s been b et e entesreeaeesresnnas 132
T T 1 0| = 0[S o [T o ot 133
11.35  INterrupt RESPONSE TIIME ...ooueeiiceeieeeeste ettt sttt sttt e st et e sae e eesreeaesreetesreentesteeneenseeneennesnnas 134
11.3.6  IPL Change when Interrupt Request iS ACKNOWIEAGED .......cccoeriieririncineereee e 134
T A S Y g To (= 1= £ R 135
11.3.8  Returning from INtErrUPt ROULINE ........ccoiiiieieiiesie ettt e e ae e e nne e 137
11.3.9  INEETUDPE PIIOMTY woeieiieeieieeieriete ettt e e bbbt bbbt b e e 137
11.3.10 Interrupt Priority Level SEleCtion CirCUIt .......cccceiieierreeeeeceeese e e e nes 138
T R TN i 1= (U L PP 139
1141 INTIUINEEMUPE (I = 0, 1, 3) ooeveeeeeceeieie st ss sttt s e ss s snsaes 139
11.4.2 INT Interrupt Input Pin Select ReGIStEr (INTSR) ....vooveieieeeeeeeesese et se e 139
11.4.3 External Input Enable Register O (INTEN) ...ccvoieiieieieese ettt 140
11.4.4  INT Input Filter Select RegiSter O (INTF) ..o e 140
1145  INTIINPUE FIEr (1 =0, 1, 3) covieeiecececeecte ettt s ess st neas 141
11.5 LSV ] o0 (= o OSSPSR 142
1151 Key Input Enable Register O (KIEN) ..o e 143
11.6 WX (0 1155 R 1Y = (o T ) = (] o S 144
11.6.1  Address Match Interrupt Enable Register i (AIERI) (i =00 1) coovveceeveceece e 145
11.6.2 AddressMatch Interrupt Register i (RMADI) (I T 008 1) coviieiiierieeeereeeee e 145
11.7 Timer RC Interrupt, Synchronous Serial Communication Unit Interrupt, 12C bus Interface I nterrupt, and
Flash Memory Interrupt (Interrupts with Multiple Interrupt Request SOUrces) ........ccoovverreeereenereenes 146
11.8 NOLES ON INEEITUPDLS ...t st re e s et e e s b e s e e s e e eneenesneesreennesreennas 147
11.8.1 Reading Address 00000R .......ccceceeieieiieesieresiesiesieseeseeseeeeeseeses e ssesseseessessesseseessensenessessessessessessesses 147
B S 1 1] o [OOSR 147
11.8.3  External Interrupt and Key INPUL TNEEITUPL ......oc.oiiieiieiieieeeeet e 147
11.84  Changing INEITUPL SOUMCES ......cveuieirieieeierieseesiesieseeseesaeeeeeseesessessestessessessessessessensenseneesessessessessesses 148
11.85 Rewriting Interrupt CONtrol REJISIEN ......ciiiiiirieereee e 149



N | I O To LY AN (Y= 1= 150

12.1 L@ oV SR 150
12.2 FUNCLIONS .ttt bbbttt b bbb e bt b e b b et e bt s e b se bt st eb et ene e enes 151
12.3 FOICEA EraSE FUNCLION ....cuiiitiie ettt ettt s b e ettt be bbb et e e e e e e eseebenaesne s 152
124 Standard Serial 1/0 Mode Disabled FUNCLION .......c.cooiiiiineieeeceese et 152
125 NOLES ON ID COUE ATEBS .....eviviieiiieierieieet ettt ettt b e b et b bbb b et b et b et ebe st e s seebe st enenteneneenes 153
1251  Setting EXample Of 1D COOE ATEAS .......ciuiiiieeieeeeeieniesie st ae s bbb e e e e e e see e 153
13, Option FUNCHON SEIECE ATBA ....eeiiiiiiiiiie ettt e et e e e s s bbb e e e e e nbbeeeeeeanes 154
131 L@ oV OSSR 154
13.2 REGISLEIS ..vecveiteitistese et ettt s ee e e e e e e aeesesaesaesbeseese e e e s eeneeseeRe et e e resaenEen b e e eneeneene e e nnennennenrens 155
13.2.1  Option Function Select REGISLEr (OFS) .....cccvieeiieiie et eeeste e st e see e se e s re e e e e reeneesneeneas 155
13.22  Option Function Select REQISIEr 2 (OFS2) .....oiiie ettt s sae s 156
133 Notes 0n OptioN FUNCLION SEIECE ATEA ......ceeeeeceeese st neene e sne s 157
13.3.1  Setting Example of Option FUNCLION SEIECt ATEa .......cccvieeeee e 157
I V1Y = 1 (od o To (o To T I 1= SRRSO 158
141 L@ oV USSR 158
14.2 REGISIENS ettt ettt a bbb bbb R R R Rt R Rt R e e bR b b n e nenenenen 160
14.2.1  Processor Mode REQISIEr 1L (PML) ...cuiieeieieeieesie ettt sttt ne e ne s 160
14.2.2  Watchdog Timer Reset RegiStEr (WDTR) ....oiuiiiiieieieeieieeeie ettt 160
1423  Watchdog Timer Start REGISIEr (WDTS) ..ottt s 160
14.2.4  Watchdog Timer Control ReGIStEr (WDTC) ...oocueeiieee ettt 161
14.2.5 Count Source Protection Mode RegiSter (CSPR) .....cccoueieiririnenesierie e 161
14.2.6  Option Function SElect REGISIEr (OFS) ..o 162
14.2.7  Option Function Select REQISLEr 2 (OFS2) .....c.ovveiiieieiieeeseesee s ssae e see s ee e te et esre e e sneeneas 163
14.3 FUNCLION@l DESCIIPLION ...ttt bbbttt e ae bt b e e et eneeneene b neas 164
1431  Common ItemSTor MUItIPIE MOES ......c.oovciriiiieeee e 164
14.3.2  Count Source Protection Mode DiSabled ..o e 165
14.3.3  Count Source Protection Mode ENabIEd ..........coo e 166
1L T I I PP PP PPPPPRR 167
15.1 L@ oV SR 167
15.2 L [ =R 168
1521 DTC Control Register j (DTCCR)) (] = 010 23) ...cvceerieerierieierese st sesie st seens 169
1522 DTCBlock Size Register j (DTBLS]) (j =010 23) ...ovivieriirieierererrierese et 169
1523 DTC Transfer Count Register j (DTCCT]) (j S 010 23) wouveeeeeereeereereresesieseeseeeeee e e erese e seenees 170
15.2.4 DTC Transfer Count Reload Register j (DTRLD)) (j =010 23) ..ocvvveveeveeeseeese e 170
1525 DTC Source Address Register j (DTSAR]) (] = 010 23) .ooveveiiririrrereieneeeeee e 170
1526 DTC Destination Address Register j (DTDAR]) ( 010 23) ...ooveevivevesere e e 170
15.2.7 DTC Activation Enable Register i (DTCENI) (i =010 3,50 6) .cocecvvevreireineeseesiee e 171
15.2.8 DTC Activation Control RegiSter (DTCTL) ...ociieirieirieesieresie ettt 172
15.3 [0 TgTox (0l DTS o (o o T 173
15.3. 1 OVEIVIEW ooceiicieieee sttt ettt sttt et et bt b e st b e stk s e e b e se et e seebeseebe s b et e e et e e et e neenestesentene 173
15.3.2  ACHVAION SOUCES .....ooueeueeieeeieee sttt st st ettt sttt tese e ae s e seeseeseebesseseesbebesee e eneeseeneeneseenees 173
15.3.3 Control Data Allocation and DTC VECLOr TAhIe .......ccovveirieinienrernese s 175
1534 NOIMME MOAE ...ttt et ettt b bbbt b et se et e e e e e et e beeneeaeerenns 180
1535  REPEAL MOUE ...ttt e b e e b bbb e bbbt b e e e n e 181
15.3.6  Chain TIANSFEIS ..ot ettt e bbbt st b e b bt sttt se et ne e 182



15.3.7  INEEITUDPE SOUICES .....eeiveveeiesteesiesteeiesseeseeseeseesseestesseestesseessesseessesseessssneeseesseessnsssnssensennsessesssesseessesnees 182

ERCR ST @ o= = o] o I T 4 oo =TSSP 183
15.3.9 Number of DTC EXECULION CYCIES .....couiuiiiiiiieieiieeriee sttt sttt 184
15.3.10 DTC Activation Source Acknowledgement and Interrupt Source Flags .......ccccevvvieveverercreccecennn, 185
154 NOEES ON DTC ..ttt bbbttt he e e s ae e se e ehe e sbe s ae e ebeehe e besae e b e ebeaneesaeeaeesneesaeennas 187
1541  DTC BCHVATION SOUMCE ...cueeueeeeeeeeieriestisteseesteeeseeeeseesessessessessesseseessessesseeesessessessessessessesseseesessessessenses 187
1542 DTCENI (i =010 3,510 6) REJISLEIS ..ocvviviieieeeeeeeese sttt e st se e e e srenes 187
15.4.3  Peripheral MOUUIES .......oouiuieieeeee ettt bbb ettt ettt e b e see e 187
1544  INEEITUPL REOUESE ..ottt ettt sttt ekttt st e st bt e s abe e sn e e sa b e e sbeenne e snneesneesnneeres 187
1545 DTC ChaiN TIANSFES ..ueicviciictieie ettt sttt be et et e e s be s eesbestesbeesbesbeeabesbeenbesbeenbesaeesesneesresnnas 187
16.  General OVErVieW OF TIMEIS ...oooiiiiiiiiiiitie ettt ettt e e e e e e e st e e e e e e e e e e s e e snnbbebeneeeaas 188
I o 1 1= g ¥ PP PPRPPPPPPP 189
17.1 L@ oV SR 189
17.2 L [ RS ST 190
1721 Timer RA Control RegIStEr (TRACR) ....ociiiiiiie ettt s see e 190
17.2.2  Timer RA 1/O Control Register (TRAIOC) ..ottt 190
17.2.3  Timer RA Mode REGISLEr (TRAMR) ...ooiviieieceeece ettt e e erenes 191
17.2.4  Timer RA Prescaler RegiSter (TRAPRE) ....c.coooiiiiiiieisee sttt st 191
1725  Timer RA REJISIEN (TRA) oottt bbbttt sttt b e b e e n e 192
17.2.6  Timer RA Pin Select Register (TRASR) ...ocueoiiee ettt 192
17.3 LIS 1Y, oo L= USSR 193
17.3.1 Timer RA 1/O Control Register (TRAIOC) in Timer MOdE ......ccoeiveiriiereirieereereereeseee e 193
17.3.2  Timer Write Control during Count OPEralion ..........ccccecereeriereeieese e see e se s e srees e e e sreeee e seas 194
174 PUISE OULPUL IMOOE ...ttt h bbbt e e e se e e et e b e et e besa et e e e e e e eneebennesnens 195
17.41 Timer RA 1/O Control Register (TRAIOC) in Pulse OUtput MOdE .........ccoeeereeririenieireeneeneeene 196
175 EVENL COUNEY IMOOE .....eiiieitee ettt ettt b e bt e et beeb e b e sa et e e e e e e eneebesnesre s 197
1751 Timer RA 1/O Control Register (TRAIOC) in Event Counter Mode .........cccooveveieieneiencneneeeen, 198
17.6 Pulse Width MeasureMent IMOTE .........cooiiiiirereneeiee et sttt s e s ssesnesnens 199
17.6.1 Timer RA 1/0 Control Register (TRAIOC) in Pulse Width Measurement Mode .........ccccceeevveneeee. 200
17.6.2  OpErating EXBMPIE .....cooiiiiiiieite ettt sttt ettt et e e e et ae b e s be b e s besbeseeseeneeneeaeeneeeeneas 201
17.7 Pulse Period MeasuremMeENt IMOUE .........ccooveieiieienene e reeeetesee st te s ste st s se e seenaesessessesnens 202
17.7.1  Timer RA 1/0O Control Register (TRAIOC) in Pulse Period Measurement Mode ..........cccceevveneenen. 203
17.7.2  Operating EXBMPIE .....cooiiiiiiieieie ettt ettt sttt e et a e b e b e b e be s beseeseeneeseeneenesbeneas 204
17.8 NOEES ON TIMEN RA ..ttt ettt s te st e se e ee st e st eseebeesesaesbenbessensaneeneeneesensensensens 205
R TR I 0 1 1= g = PP RRPSPPPRPR 206
18.1 L@ YT T PP 206
18.2 L S0 1 S 207
18.2.1 Timer RB Control RegIStEr (TRBCR) .....ccciiiiriiiirieieririereeie ettt s 207
18.2.2 Timer RB One-Shot Control Register (TRBOCR) .......cccouvvieierierieireseseseseseeseseseeseseeseesessessenees 207
18.2.3 Timer RB /O Control Register (TRBIOC) .......cccvvieiirieiieeeste et se et ssae e 208
18.2.4 Timer RB Mode Register (TRBMR) .....oouiuiiiiiiieieietsietriee ettt e 208
18.25 Timer RB Prescaler Register (TRBPRE) .......ccccoviiiiiriiieeeeceeese st see e e saes e e ssessessesseseeses 209
18.2.6 Timer RB Secondary RegiSter (TRBSC) ......ccoiiiieiiiiieiecese et st ste sttt 209
18.2.7 Timer RB Primary Register (TRBPR) .....ccoiiiiiiereeese ettt 210
18.3 B0 1 oo L= 211
18.3.1 Timer RB I/O Control Register (TRBIOC) in TIiMer MOE ......ccceevveeeieee e 211

A-6



18.3.2  Timer Write Control during Count OPEration ..........ccevivvereriereereeserereseseseeseessesseseeseesessessessessesees 212

184 Programmable Waveform Generation MOOE ..........coooeiriririiine et e 214
18.4.1 Timer RB I/O Control Register (TRBIOC) in Programmable Waveform Generation Mode .......... 215
RS A @ o= - g To =] o] = 216

185 Programmable One-shot Generation MOUE ..........ccoiiiii i se s 217
185.1 Timer RB I/O Control Register (TRBIOC) in Programmable One-Shot Generation Mode ............ 218
18.5.2  Operating EXAMPIE .....ccvciiiiieese et e st e ettt st e et aesn e te b nee e e e ene e e enenrenren 219
18.5.3  ONe-ShOt Trigger SEIECHION .....coiiiiiiiie ettt ae e see e 220

18.6 Programmable Wait One-Shot Generation MOGE ..o s 221
18.6.1 Timer RB I/O Control Register (TRBIOC) in Programmable Wait One-Shot Generation Mode ... 222
18.6.2  OpErating EXBMPIE .....cooiiiiiitiite ettt sttt ettt st e e e e s e e be s be b e s be s beseeseeneeseeaeeaesbeneas 223

18.7 NOLES ON TIMEN RB ...ttt sttt te st et e aeneeseeseebessessesbebesaensenseneeneesensessesrens 224
S A R T 0 1= g 1Y oo LTSRS 224
18.7.2  Programmable Waveform Generation MOOE ..........ccccorereririiiinese et s 224
18.7.3  Programmable One-shot Generation MOE ..o e 225
18.7.4  Programmable Wait One-shot Generation MOOE ........cceveereririenevesee e 225

L TR I o 1 1= g LSRR SPPPRP 226

19.1 L@ Y T PSR 226

19.2 REGISLE'S ...ttt ettt e e et e e heehe s Rt eaeeb e s bese e e et e neeReeReeh £ eReeReeb e b e A et en e et et eneebenaenaeas 228
19.21 Module Standby Control Register (MSTCR) .....cccvviiveeereeeeeeereseste e e e e e seenes 229
19.22 Timer RC Mode ReGISLEr (TRCMR) ..ottt sttt s 229
19.2.3 Timer RC Control Register 1 (TRCCRL) ...c.oooiiiieiirieiieeeie sttt 230
19.24  Timer RC Interrupt Enable Register (TRCIER) ......cocovvviiiiieeeeceeeese s et e se e 230
19.25 Timer RC Status REGISLEr (TRCSR) ...ocvcviieiiiieisieisieesiee sttt sttt st st ssens 231
19.2.6  Timer RC /O Control Register O (TRCIORO) .......cccoveirieirieiniee ettt 232
19.2.7 Timer RC I/O Control Register 1 (TRCIORL) ....ccocvviieiiserieseisieieeeeeeeese e ste st s seesaeseeseeeesenns 232
19.2.8  Timer RC COUNLEr (TRC) ..coiiiiiieeirieisieie s sttt ettt st ettt st e e e ne st 233
19.29 Timer RC Genera Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC, TRCGRD) .......... 233
19.2.10 Timer RC Control RegISter 2 (TRCCR2) ......covviiiisenerieeeeeeeesestese s e e s saes e sesse e ssesssseeses 234
19.2.11 Timer RC Digital Filter Function Select Register (TRCDF) .....ocoovvieeiecececeeece e 234
19.2.12 Timer RC Output Master Enable Register (TRCOER) ..o 235
19.2.13 Timer RC Trigger Control Register (TRCADCR) ......ccucieeeeeeeesesiese e seeseeeeee e e esese e seenes 235
19.2.14 Timer RC Pin Select Register (TRBRCSR) ....cccccoiiiiiiriiieieneee et s 236
19.2.15 Timer RC Pin Select Register O (TRCPSRO) .....coiiiriiirieerieeriee st 237
19.2.16 Timer RC Pin Select Register 1 (TRCPSRL) ...ccccvciiivieieeereeeeesesesese et seeeeeeseesessenes 237

19.3 Common temMS for MUIIPIE MOOES ......cueoueee e sttt nne s 238
L1O.3.1  COUNE SOUICTE ...eeeeeteeiiesteeteesteet e ste et e s teeeesaeesee bt e stesbe e te b e ensesaeeeesseeeesaeeseesaeentesaeebeebeentesaeeneesreeneesneas 238
ST =11 1= GO o 1< - 1o I 239
ST e T B 1T ] = I T = SRRSO 241
19.3.4  Forced CUtOff Of PUISE OULPUL ........coiveiiieiiieieieee ettt 242

194 Timer Mode (Input Capture FUNCLION) ........coiieiiiise e sereeeee e st ee e ere e sne e s enesseneeens 244
19.4.1 Timer RC /O Control Register 0 (TRCIORO) for Input Capture FUNCLion .........ccccceeveveveeceieenen. 246
19.4.2 Timer RC I/O Control Register 1 (TRCIOR1) for Input Capture FUNCtion ...........c.cccveinenenienennn 247
S G T @ o= = g To =g o] = 248

195 Timer Mode (Output COmMPare FUNCLION) ......cccceiiiieeiiiieieeeese e seesee e ste e e re e e e ne e enaesaenneens 249
1951 Timer RC Control Register 1 (TRCCRLY) for Output Compare FUNCLION ........cccccoeveeirieernenineenn 251
19.5.2 Timer RC I/O Control Register 0 (TRCIORO) for Output Compare FUNCtion .........ccccceceveeveeeveennn. 252
19.5.3 Timer RC /O Control Register 1 (TRCIOR1) for Output Compare FUNction ...........ccccceevecvrenen. 253

A-7



1954 Timer RC Control Register 2 (TRCCR2) for Output Compare FUNCLION ........cccceeeveveeeeesererenen, 254

1955  Operating EXBMPIE ..ottt ettt e et b e s be b e be b seere et enesaeeaeereneas 255
19.5.6 Changing Output Pinsin Registers TRCGRC and TRCGRD .........cccoeinrineienieeneenee e 256
19.6 L AT Y 1Y oo L= TSRS 258
19.6.1 Timer RC Control Register 1 (TRCCR1) in PWM MOGE .......cccoirimiriiinene e 260
19.6.2 Timer RC Control Register 2 (TRCCR2) in PWM MOCE ........oooiririiniiirnernerieeeeseee e 261
19.6.3  OpErating EXAMPIE ....ccveiiiiieiie s e ete sttt e ne et b e e e e ene e nenrenres 262
19.7 PUWIM2 IMIOOE ...ttt sttt sttt ettt et e bt e st e b e e e b e st se s s et e sesaene st ese st es e sesensenin 264
19.7.1 Timer RC Control Register 1 (TRCCRL) in PWM2 MOUE ......ccoevruirieinreneenieeeesee e 266
19.7.2  Timer RC Control Register 2 (TRCCR2) in PWM2 MOCE .....ccccovverererinenesiesieseneeseeeeesseseseenes 267
19.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode ........cccoveveieieeccnnenne. 268
19.7.4  OpeErating EXAMPIE ..ottt b e e 269
19.8 LI 0= R (O 11 (1 o 272
19.9 NOEES ON TIMEN RC ... ettt ae bt b s e e e et e s e e aeebeeb e e bt saeebe b e se e s enseneeaeenennenaesnens 273
19.9.1  TRC REGISIEN ..oooeoveeeeeceeeeeeeeeeseee e seesesss s ees s s es s ss s ses s sessenssnsssessssessennsssessensans 273
19.9.2  TRECSR REGISLEN ..oveuiiieiirieieieie sttt sttt sttt st st st b e s et st ek s e s s bbb et e neene st st 273
19.9.3  TRCCRL REQISIEN uvitiiieiiiieiiiieeseetiste e stetesae e s e e steseste et e ste e besesbe st ebeseebe e abeseese st esesaesesensesensessnsensns 273
19.9.4  CoUNt SOUICE SWITCHING ..veeetiriiterieteisiee sttt sttt sttt ettt bbb et se b et e n e 273
SRS T Vo 18 Q@0 10 W = oW ot o) o 274
19.9.6 TRCMR RegIStEr iN PWM2 MOUE ....coooviviiiiiieieiesiesis ettt ettt s 274
19.9.7  Count SOUrCE FOCTOAOM ....ocoiviiiiiiiieieesieseeeeteee sttt te sttt e e e e s e sessestesbeseestentenseneeneesenneeneseenes 274
P20 B T4 T= T G = 4 PP 275
20.1 L@ YT = PSP 275
20.2 REAI-TIME CIOCK MOE ...ttt et b bbb neebe b sne s 276
20.2.1 Timer RE Second Data Register (TRESEC) in Real-Time Clock Mode .........ccoceovveiinenccninenens 278
20.2.2 Timer RE Minute Data Register (TREMIN) in Real-Time Clock Mode ........ccccoeveeveevvnnenenennnn, 278
20.2.3 Timer RE Hour Data Register (TREHR) in Real-Time Clock Mode ........ccccceeveevvcienecceese e, 279
20.2.4  Timer RE Day of Week Data Register (TREWK) in Real-Time Clock Mode ........cccccceveienenniencne 279
20.25 Timer RE Control Register 1 (TRECR1) in Real-Time Clock Mode .......ccocvvvveveevececeeece e 280
20.2.6  Timer RE Control Register 2 (TRECR2) in Real-Time Clock MOde .........cccevvevveeenvcceene e, 281
20.2.7 Timer RE Count Source Select Register (TRECSR) in Real-Time Clock Mode .........cccoceveevnienne 282
20.2.8  Operating EXAMPIE .....ooviecece e e et en e n e ene e ne e 283
20.3 NOEES ON TIMEN RE ...ttt e et b e b e besb et et e e e s e ss e e e e eneebesaesreas 284
20.3.1  Starting and SLOPPING COUNL ......eoveuerieririeteririeiete sttt st st saeseseebesaebesse e sbe e b e sbe e eresesre e 284
PO T = (= oK (= = 1 o 284
20.3.3 Time Reading Procedure of Real-Time ClOCK MOE .......ccccceevviieie i 286
21, Serial INterface (UARTO) ...uiiiiiiiiiiiiieiee e e e sttt e e e e e e e s e s et e et e e aeeeeessaasnsnbesraeeeeeeeaeeeeannnnnes 287
211 OVEIVIBIV .ttt ettt b et et e et eh e b e e heeaeeh e b e s A e e e m b e a e e e e aeeR e e ReeRe e b e ebeseesbembenb et eneeneeneeaeabentas 287
21.2 REGISIENS ettt ettt b e h bbb b bR e bR Rt R bR bRt e bR bt e n e enennenes 289
21.2.1 UARTO Transmit/Receive Mode Register (UOMR) .......cooviieieiie et ee e s 289
21.22 UARTOBIt Rate ReGIStEr (UOBRG) .....cccvcveiiieieterieiesesiesisieses e seste e e sestesessesassesestesessesessessssesessesens 289
21.2.3 UARTO Transmit Buffer Register (UOTB) .......coieiiiirieerieeneeseeese et 290
21.2.4 UARTO Transmit/Receive Control Register O (UOCO) ......ccceveieeiieeieesie e sieeeeie e e 291
21.25 UARTO Transmit/Receive Control Register 1 (UOCL) ......ccoiiiririniniiniesie e 291
21.26 UARTO Receive Buffer RegiSter (UORB) ......ccociiiiiiieirieerieneee sttt 292
21.27 UARTOPIN Select REGISIEr (UOSR) ....ooviveiriiieierieiesieiesesieseete s e s e sae e ssssesaesesseestenessesessesessesessesens 293
21.3 Clock SynchronoUS Serial 1/0 MOUE ......c..oveirieii ettt s et s 294



21.3.1 Measure for Dealing with COMMUNICatioN EITOrS ......cccccoivierierieieeieceeesese e se e s 297
21.3.2  POlarity SEIECE FUNCHION .....c.eiiiiitiitiiie sttt ettt ebe bbb e e e ebeebeeaesaesbe b ee 298
21.3.3  LSB First/MSB First SEIeCt FUNCLION .......cooiiiiisieesiesee ettt s 298
21.3.4  COontiNUOUS RECEIVE IMOUE ......cveuiiiiirieirieiete sttt sttt sttt ettt et e 299
214 Clock Asynchronous Serial 1/0 (UART) MOOE ....c.oiuiiiriiieieireeese sttt 300
2141 BILREIE .oiieeciictecteeee ettt sttt et et e bt et e e he et sheetesheeabeshe e bebeehe e beeaeeareeneenreennas 305
21.4.2 Measure for Dealing with COMMUNICatioN EITOrS ......cccccoivierererieieceee s 306
215 Notes on Serial INterface (UARTO) .....oociiiiiirieiieiese ettt be s et e asne b saesn s 307
22.  Serial INterface (UART2) ..ottt ettt ettt e e sttt e e s sbb b e e e s anbba e e e e s naneeeee s 308
221 L@ oV USSR 308
22.2 L [ =TSR 310
22.2.1 UART2 Transmit/Receive Mode Register (U2MR) .......coovieiiiiie et 310
2222 UART2Bit Rate REQISLEr (UZ2BRG) ....ccoveviiiieieieieetenesiesesteses st ste st seste s sesestesessesessessssesessesens 310
22.2.3 UART2 Transmit Buffer REGISLEr (UZ2TB) ..cvevviieerieriesieeieeeesese e ste st ste s sae e seesesnaesee e snessesnesns 311
22.2.4 UART2 Transmit/Receive Control Register 0 (U2C0) .....occeeviieeierceese e se e s 312
22.25 UART2 Transmit/Receive Control Register 1 (U2CL) ......ooviiiiiiiiiriene e 313
22.2.6 UART2 Receive Buffer RegIStEr (U2RB) .....ccccceeieeieerire s stese e seesee e seeeeses e e ssessessesneseessens 314
22.2.7 UART2 Digital Filter Function Select Register (URXDF) .....ccocoe i 315
22.2.8 UART2 Special Mode Register 5 (U2SMRS5) .......ccoveiiieirieiieiseesieesieesieessesestesessesessesassesessesens 315
2229 UART2 Speciad Mode Register 4 (U2SMRA) .....ocveieieeeceeeeeese st ste sttt sresne s 316
22.2.10 UART2 Special Mode Register 3 (U2SMRS3) .......ccoveiriririeiinieirieesieesieesiesesse st sessesessesessesens 316
22.211 UART2 Special Mode ReGIStEr 2 (U2SMR2) .......coevueeeeeeceeeeeeeeseissaesssssessssssssssessssssssssessssssenees 317
22,212 UART2 Specia Mode RegiSter (U2SMRY) ....ocvviviriiieiereceeesese sttt ne e e s s s 317
22.2.13 UART2Pin Select RegiSter 0 (U2SR0) .....ocvvieirieiiieerieesieesiesesiesesiesestesessesessesessesessesessesessesessesens 318
22.2.14 UART2Pin Select REGISIEr 1 (U2SRL) ....oovvuieceeeeeeeceeeeeeseesseessesss s sssssssssssesssssssssssssessssnssnnes 318
22.3 Clock Synchronous Serial 1/0 MOUE ......ccueveeeeie et ne e ne e enesrenrs 319
22.3.1 Measurefor Dealing with CommuNiCation EITOrS ........cccccevviiiiie i 323
22.3.2 CLK Polarity SEIECt FUNCHION ..ottt s s s e sne e 323
22.3.3 LSB First/MSB First SEIECt FUNCLION .....c.coviiiieiirieierieie ettt et 324
22.34  CoNtiNUOUS RECEIVE MOME ........oouiriiiiiitiiie sttt e bbb b b e 324
2235  Serial DataLogic SWItChing FUNCLION .........ccoiiiiiiiriiirineneee et sne e 325
2236 CTS/RTSFUNCHON ...oooovevieiceieeiectetesee ettt s st ss s s s sse bbbt s st es s st sneas 325
22.4 Clock Asynchronous Serial [/O (UART) MOUE .......coviieiiieeie et et se e s 326
2241 BITREIE ..oeeiiiciiiieeese ettt ettt bt ae et ehe et sRe e neesEe e Eeehe e be bt Rt et et e neeeneenaeeneas 330
22.4.2  Measure for Dealing with COMMmMUNICatioN EITOIS ......cccccoiviererierieieeeeesesee e s 331
22.4.3 LSB First/MSB First SElECt FUNCLION ........cooiiiiiiiieie et 331
2244  Serial DataLogic SWItChing FUNCLION .........ccoiiiiiiriierieeree e e 332
2245 TXD and RXD I/O Polarity INVErse FUNCHION ......cceveeeeiese et seese e st 332
2246  CTS/RTSFUNCHON ...o.oovevicvceieeiectstesae e sstestessesse st es st sse st sssssssesss s sssassessssassnsessesssssssnsnsaneas 333
2247 RXD2 Digital Filter SEeCt FUNCLION ......cccciiiiiieeiereeie ettt sne e 333
RIS o = o F= Y [ o (=B A (L ALY o =) 334
225.1 Detection of Start and StOP CONAITIONS ......cceeieiieecice e e 340
2252  Output of Start and StOP CONAILIONS ......c.erveuirieiiriiiriee bbb e sre e 341
2253 TrANSFEr ClOCK ....eitiiiiiiiieiesiet ettt ettt sttt b e et e sttt e st e e et e neebe e 342
2254 SDA OULPUL ..eovereeterietereeteseeteseeteseeteseeteseesesaesesseseseesesseseseesessesessesessesessesessesessesessanessenessesessenenseneasesens 342
2255 SDA TNPUL ..ottt r e e et a Rt R R R R R e e e e e R Rt en e r e s 342
22568  ACK AN NACK .ottt ettt st s e b st e et bt s b e bt s b e st et et s be e e be st s beneebeneste e 342
22.5.7 Initidization of TransmisSION/RECEPLION .......ccveiieierii et 343

A-9



22.6 Multiprocessor CommuniCation FUNCHION ........cccvviiiiiriserieeceeeee s ee e s seesesnesnens 344

22.6.1  MUItiPrOCESSOr TIANSIMISSION ...coeiuiitirterieititeteseesseseeesseeeeaesaessesbesbesaesbesbeseeseeseesaeeneesessessesaessesseses 347
22.6.2  MUILIPrOCESSOr RECEPLION .....cviieiiiieieieierieieie sttt sttt sttt b b et b et e bttt be e ene e 348
22.6.3 RXD2Digital Filter SEIeCt FUNCLION ......cciereeecieirese st sne s s 350
22.7 Notes on Serial INErface (UARTZ) ...ttt s e e s b sn s 351
22.7.1  Clock Synchronous Sefial [/O MOGE ........ccoiieiiiiiee e 351
22.7.2  SPECIAl MOUE L (I2ZC MOUE) ...ttt ettt ee s v s s s s sven s s s s s s s s s s s s s s snssssssssssanananes 352
22.7.3  UZBRG REJISIEN ..cviiicviiieieiieieiieie sttt stete et st sas e saesestesesaesessesestesessesestesessanesbesesse e ateeesesessesensesensenens 352
2274 UZTB FEOISIEN ..oueiteriitireetereetereet sttt sttt ettt et et b e s e b e s e b e s e e b e seeb e s e ek e seeb e saeb e sbenesbe e s b esesbeseebenesbe e 352
23.  Clock Synchronous Serial INtEITACE .........ccciiiiiiiiiiiiiiie e 353
231 MOOE SEIECLION ...ttt r et n et eer s 353
24.  Synchronous Serial Communication Unit (SSU) .....oooiiiiiiiiiiii e 354
241 OVEIVIBIW ..ottt R et e Rt ne Rt E Rt e e e e b st s e e r b et e nnener e e e nras 354
24.2 REGISLE'S ..ttt ettt e e ettt he e bt aeeaesb e s b sE e e e e e aeeReeReeh e e Rt eReeb et e e et eneene e e eneenenaenreas 356
24.2.1  Module Standby Control Register (MSTCR) .....cccoiiiiiriiirieireereee s 356
24.2.2  SSU/IC Pin Select REQIStEr (SSUIICSR) ....vovvieirieiereeieeieeresesese st sie e seesaesae e e esessessesnsssensenes 356
24.2.3  SSBit Counter REQISIEr (SSBR) .....c.oouiiiiiiieieieieeeeir ettt e s e 357
24.2.4  SSTransmit Data REGISIEr (SSTDR) ....c.evviviriiierieierieie sttt et st b st sbe e er e s ebe st s ebe s ebe s sne e 357
2425 SSReceive Data ReFISIEr (SSRDR) ....ccociiiiiririerieiinisie e sas s sae e sse st et ssesessesessesens 358
24.2.6  SSControl REGIStEr H (SSCRH) ..ottt sttt sbe e se e 358
2427  SSCONrol REGISIEr L (SSCRL) ...cueiieiiieirieierieerte sttt st sttt st s be s seebeseebeseebe e sne e 359
24.2.8  SSMOUE REGISLEN (SSMR) ...oiitiiiiiirieiisietiirteee sttt sttt st s b et e b saesesae e sbe e s besesbeseetesense e 360
24.2.9 SSENBDIE REGISIEN (SSER) ...cvcieiiiiiiicieieeisteee sttt st sttt et et e e e ntene et e 361
24.2.10 SS StAUS REGISIEN (SSSR) ....evevirietirieieririeirieese sttt st sttt e e bbb e b e ene e 362
24.2.11 SSMOde REQISLEr 2 (SSIMR2) ....cuiieeiiriiiiiieie sttt sttt sttt st st et sesbe e besesteseebeseebeseebesessesens 363
24.3 Common IteMS fOr MUItIPIE MOOES .......ooueiieieeeeeee e bt 364
P2 T R I =0 U = X oo 364
24.3.2  SS Shift REQISLEr (SSTRSR) ....cviiiiiirieiirietiristisiete sttt sttt see st sae s sse e ste e be e besestesessesens 366
24.3.3  INEEITUPL REOUESES .......eitiiiieiieeerie ettt sttt st she et i e e e sae e e e sae e seesheebesaeebesbeenbenbesaeeeeeeanesnesnnas 367
24.3.4  Communication Modes and Pin FUNCLIONS .........ccoouiiieneneieeecse e 368
24.4 Clock Synchronous CommuniCation MOOE ........cccceveiieieiieese et 369
2441 Initialization in Clock Synchronous Communication MOGE ..........cocieeriieninene e 369
P N O T = B I =S 0 1K= T o] o 370
P B DT - (= o= o1 o o SR 372
245 Operation in 4-Wire Bus CoOmmuNiCation MOE ..........ooiiuiiiniiieieeresene e 376
2451 Initidization in 4-Wire Bus COmMUNICatioNn MOOE ........ccoeirererinerisine e 377
2452 DA TIANSIMISSION ..ecviieirereireeereseeresesresesseesree s sesresesresesreseereseeseseeseseeseseeresaeresresesresesresesresenresenreneas 378

P SRS R BT r= 2 L= o= o 1o o EO ST 380
2454  SCSPin Control @and ArDItIEHON ..........ccocuevveveeveeeeeieriseeseeseeeessssssssssessssesssssssssssssssesssssesssssssssssssasens 382
24.6 Notes on Synchronous Serial CommMUNICation UNIL .........ccccoviviieriiiee i 383
25, I2ZC DUS INTEITACE ...veivieeieieiccee ettt ettt ettt e et e e e e teeete et e eteeeteentesteeeteeneesteesreeneenseeneeas 384
251 L@ Y T PP 384
25.2 REGISIENS ettt b e h bt h bbb bR bR bR Rt b e bR bt e en et nenenes 387
25.21 Module Standby Control REGISLEr (MSTCR) ...cccvveieeeeciriresesese e ste e see e e se e eene e s 387
25.2.2  SSU/IIC Pin Select REGIStEr (SSUIICSR) ...cuovvevirieiiiieie et see st sesse s saese e ssenessenens 387
25.2.3 /O Function Pin Select Register (PINSR) ..ot s 388

A-10



25.24 11C bus Transmit Data REGISLEr (ICDRT) ...ccvieriereeiereeieeeeeseses e see e srestesesseesseseeseeseesessessesssssesseses 389

25.25 11C bus Receive Data Register (ICDRR) .......cooiiiiiieieieieieresesie et s 389
25.2.6  11C bus Control REGISLEr L (ICCRL) ....cccouiiiiiieierieiereste sttt b e ebe e sne e 390
25.2.7  11C bus Control REGISLEr 2 (ICCR2) .....ccvieeiesieseerieeeeseeeeesese e se e sres e steseese e sesseesesseseesessesseses 391
25.2.8 1IC bus Mode REGISIEr (ICIMR) ....ovuciiiieiiiieiiiieiesieie ettt s saese st et saeteseesesaesesaesesantesensesens 392
25.2.9 1IC busInterrupt Enable RegiSter (ICIER) ......cccooiirireriierieie et 393
25.2.10 11C bus Status REQISLEr (ICSR) ....cccvceriiiiereiriesieseeseeeeeeseesessessessessessessessestesaeseesssssseessesessessessessessenes 394
25.211 Slave Address REGISIEr (SAR) ..ottt st e st s se e se e bbb b e e 395
25.2.12 11C bus Shift REGISIEr (ICDRS) ....cuiiiieiiieiirieierieiertee ettt sttt st st s bbb 395
25.3 Common eMS fOr MUItIPIE MOES .......ccvveveeeceeceee e sre e 396
25.3. 1 TrANSFEN CIOCK ...ttt b b bbb e e et e e e e et ebe e b e e aesae b e b e 396
25.3.2 SDA Pin Digital Delay SEIECHION .......cceiviiriiirieerieeree e 398
25.3.3  INEITUPL REOUESES ....ocueeiieeeeiieeerieseeseeseestesee e s e e sse e e sseeneesseeeesseeseesseensesseessessenssensesnsesseeneessesnees 399
254 12C DUS INEITACE MOUE .....vveiecvctiieecte ettt ettt bbbttt es bbb s s bbb s s aebesnans 400
2541 T2C DUS FOIMAL .....cvevevvetereteteiete ettt ettt et e st ea s st et es et st assses et esss s s asas s st an s s s sssasssssnssnsetas 400
25.4.2  Master TranSmMit OPEIrAtiON ........cccocveereieiereseseeseeeseeseeeesesesesre e ssesrestesteseesseseeseeneesessessessessesseses 401
25.4.3  MaSter RECEIVE OPEIAHION .....cceiiririiiieite sttt e ettt st b e bt s besbesbe e e bebese e e enesbesaesaesbesaees 403
25.4.4  Slave TranSMit OPEIaLiON ........cceerirerieiereeereetere ettt b e st se b st se b se et se et e b e e ebenesbe e 406
ISR MRS - V=T 3= o AV T @) o 1= - 1o o 409
255 Clock SynchronOUS SEria@l MO .......c.coiiiiiiiiiieee ettt sbe e 411
2551  Clock Synchronous Sefial FOIMEL .........ccooiireireeine e s ene e 411
25.5.2  TranSmMit OPEFELION ......ccuiieeiieieeieseeiese st e e st e tesseeste e e sae st e stesseestesseesbessaenteessesteeseensesneesseenseneeanes 412
25.5.3  RECEIVE OPEIELION ..ottt sttt ettt aeeaeebesbesae st e ebesee st e s eneene e e ebeebeenesaenbenbees 413
25.6 Examples Of REGISIEr SEIING .....coveirieirieireerer et 414
25.7 NOISE CBNCEIEY ...t bt ettt h bt b e bt s b et et e se et ebeebesbesbeebesbesrens 418
25.8 Bit SyNChronization CIrCUIT ........coiieieieieeeeere ettt be st e e aesbesaesne 419
259 NOLES ON 1ZC DUS INLEITACE ...ttt ettt n ettt en s en e 420
25.9.1  MaSter RECEIVEIMOUE ......oouiiiiiiiiiiiie ittt e e e et be b b sae b 420
25.9.2 ThelCE Bitinthe ICCR1 Register and the ICRST Bit inthe ICCR2 RegiSter ........cocvvrvrerireenens 420
PG T o =T 0 1= T 1 PP 421
26.1 (@Y7 V1= YA 421
26.2 E 0T 0101 7A@ 0 4 o111 1R 422
26.3 L S0 1 423
26.3.1  LIN Control RegISter 2 (LINCR2) .....coociiiiieeiereeienisie ettt sne e 423
26.3.2  LIN Control REGISLEr (LINCR) ....ocveviiiiiieieirieieseeseeieesseeessesesesteste e stestesteseesassaeseeseesessessessessesseses 424
26.3.3  LIN Status REGISLEr (LINST) ..ioiiiiieieieirieisieee ettt sttt s sttt s sae e st st sbe e nbenenre e 425
26.4 FUNCE ON DESCIIPLION ...vetieeitieeteseeteeet ettt sttt etttk b bbb bbb bbb st b e bbbt en e aene e enes 426
P2 R |V = = = 1Y, oo LSRN 426
26.4.2  SIAVEIMOUE ...ttt a ettt b bbbttt h Rt Rt bt bR e e e e et ene b e R eae e b e 429
26.4.3 BuUS ColliSiON DEECHION FUNCHION ....ocuviviiiiie ettt st sr e s 433
26.4.4  Hardware LIN ENd PrOCESSING ....ccoveiriiiiiiisiesieseeseeieeeseesessessessessessessessessesseseesssssssssssesessessessessessenes 434
26.5 INTEITUPE REGUESES ..ottt sttt sttt bbb st e e b e st e e be e se b e e st e e s abe e be e beesabeenbeesaneenren e 435
26.6 NOLES ON HAIAWEAIE LIN ..ottt et s et sttt st e e e e esennennesrens 436
R AV B N O10] 1Y/ =T o (=] ST TP POUPPPRPPPTRPPRRN 437
27.1 (@Y7 V1= YA 437
27.2 L S0 1 S 439
27.21  On-Chip Reference Voltage Control Register (OCVREFCR) ........ccocoviiiieneneee e 439

A-11



2722 AID REGISEN i (ADI) (I = 010 7) roveeevrereeresssssssseesseseesssssssssssessssseseessssssssssssssesseessssssssesssseseeeseen 440

27.2.3  A/D Mode REGISLEr (ADMOD) ....ccuiueuiiiierieieienesesisiee ettt sbs e se st be e s a s e st se e s nnena 441
27.2.4  A/D Input Select Register (ADINSEL) ..ottt et sne e 442
27.25 A/D Control Register O (ADCONO) .....ccceciviereiirieieseeseeieeeesesesessesresrestessessesaeseesesssssessessessesseses 443
27.2.6  A/D Control RegiSter L (ADCONL) ....cucoirirerieieeririeieiee st eieseses e sas b e e ssse e sesbe e ssssssssesssssnns 444
27.3 Common ItEMSOr MUIIPIE MOTES ......c.ooveeirieiirieere bbb 445
P 3 R 1 0T o 11 7@ 101 oW T g 445
27.3.2  A/D CONVEISION CYCIES ....ooviiiiieiieiieieeeeeiee sttt sttt s e e e st et ehesaesaeebesbeseese e e ensebeeaesaesbenaeses 445
27.3.3  A/D Conversion Start CONAItION ..........coeereuereririnereseseseseee et re e sne e 447
27.34  A/D CONVErSION RESUIT ..ot 449
27.3.5 Low Current Consumption FUNCEION ..........cooiiiiriiieieieeeercrese s s 449
27.3.6  On-Chip Reference Voltage (OCVRER) ..ottt seene e 449
27.3.7 A/D Open-Circuit Detection ASSISt FUNCLION ......ccceveeeecieirecese et 449
274 (@01 ) 1Y oo [T 451
275 REPEAE IMOOE 0 ...ttt bbbt b bbb bbb bbbt e b b e bt b e b e bt b b e s ene e enen 452
27.6 L 01 1Y, o L= T 453
27.7 SINGIE SWEEP MO ...t b bbb ettt b e s bt s bt eb e e b e s be e et e aeeaeeaesbeneas 455
27.8 REPEEE SWEEP IMOUE ...ttt bbbt e et b et e et b b n s eae e enes 457
27.9 Output Impedance of Sensor under A/D CONVEISION .......ccueeereereeeereresesessesseseseeseessesseseeseesesessessesses 459
27.00  NOES ON A/D CONVEITE ....ueiieiieueeteeie et stesteseeste e e s e et bt sbesbeseesbe e e e et eaeebesbesbesbesbeseeseanseneeseebenbenaees 460
P T B ) N O 01 01V 4 (= PP PTR 461
28.1 (@Y7 V1= YRR 461
28.2 L [ = £ SRR 463
28.2.1 D/AI Register (DAI) (1 S0 08 1) ettt 463
28.2.2  D/A Control RegiSter (DACON) ....ocoouiiiieirieieriee sttt sttt st s b e e b e b seebeseebesee e seene s 463
A IO O 1 4 1 o =Y £=1 (0] g O PRPPTPTRT PP 464
29.1 (@Y7 V1= YRR 464
29.2 L S0 1 466
29.21  Voltage Monitor Circuit/Comparator A Control Register (CMPA) ... 466
29.2.2 Voltage Monitor Circuit Edge Select RegiSter (VCAC) ..ot 467
290.2.3  Voltage DeteCt REGISIEr (WCAL) ..ottt 468
29.24  Voltage DeteCt REGISIENr 2 (W CA2) ..ottt ettt bt e e e e be b sae b b e 469
29.25 Voltage Monitor 1 Circuit Control Register (VWIC) ......ccocieveireinieirieerieieseee s 470
29.2.6  Voltage Monitor 2 Circuit Control Register (VW2C) .....covieeiiie et 471
29.3 Monitoring CompPariSON RESUILS ........cooiiiiiiiie e bbb e sae e eae s 472
29.3.1  MONItOring COMPAIALOr AL .....c.coiiieirieirieirteee sttt sttt st b e st se b e b e e e s b e e b e e b et ebeseebe e 472
20.3.2  MONItoring COMPAIAIOr A2 ......ccceeieieeieeeeieseeste st e st seesae s e e steseestesaestessaetesssessesseesesneeseeeneessesnes 472
294 FUNCLION@Al DESCIIPLION ...ttt b ettt eeae e e e be st e s bese et e s e e e e eneenenaesnens 473
20,41  COMPAAION AL ..oeiieiiriiteite ettt e e et a e e bR Rt R R R R e e n et neer e e 473
20.4.2  COMPAIELIOT A2 ...oeiieeiiieiteesie e e e sae e be s b et st e e sae e s ee e b ee s ate et eesabeebe e sb b e e abeenbee e beesaeesateesbeesnnennben e 476
29.5 Comparator A1 and Comparator A2 INEEITUPLS .......eeueiuereerierieeeeeeeese ettt e e sne e seeseas 479
2951  NON-MaSKaDIE INTEITUPLS ...c.veviieiiieeiiteisierte ettt sttt se et st b et b e e ene e 479
20.5.2  MasKahle INLEITUPBLS .....cviieeieie ettt st s e e s te s e st e e sae e e se e teeseeteennesneeneenneeneas 479
30, COMPATALON B ...ttt e e e e e e e e st e et e e e e et e e e e e e e 480
30.1 OVEIVIBIW .ottt e b st e b bbb e e R b e e R bRt E e AR e Rt s e e b e b et e nn b e b e e e enas 480
30.2 REGISIENS ettt bbbt h bbb bR bR Rt R R e bt e Rt e bt e b e ne e enen 482



30.2.1 Comparator B Control Register O (INTCMP) .....oiiiiiieiereeeeee ettt s 482

30.2.2 External Input Enable Register O (INTEN) ...t 482
30.2.3  INT Input Filter Select REGIStEr O (INTF) ..oviviieireeiieeereet s 483
30.3 [0 TgTex (L0 g r= I TS o 1 o 14 o] o ISR 484
30.3.1 Comparator Bi Digital Filter (i = 1 08 3) ..oceceieieieeire e e 485
304 Comparator B1 and Comparator B3 INTEITUPLS ......cvvviiriiiriiieeieeriees et 486
3L, FlASN MEMIOIY .ottt e e oo oot e et et e e e e e e s e s bbb b be e et e eae e e e e e e annne 487
311 L@ YT T PSP 487
312 Y 0 aTo TV = o OSSPSR 488
313 Functions to Prevent Flash Memory from being REWIITEN ..o 489
31.3.1  ID Code ChECK FUNCLION .....cieiiiiitiietirieteseetesee ettt sttt nn s 489
31.3.2 ROM Code ProteCt FUNCHION .......ciiiiiiiieieeintiste sttt s s s s eae b 490
31.3.3  Option Function Select REGISLEr (OFS) .....c.ccuiiireieerire st sb e 490
314 CPU REWITEE IMOOE ...ttt bbbttt bbbttt ane 491
3141 Flash Memory Status REQIStEr (FST) ...eciiiieiieicii et s e sreere s 492
31.4.2 Flash Memory Control Register O (FMRO) ..o e 494
3143 Flash Memory Control ReGIStEr L (FMRL) ...ocvviieeire ettt s 497
3144 Flash Memory Control RegiSter 2 (FIMR2) .....ccooieeieiicie et ses et st 499
I R VLT[0 1V T [ SRS 501

I I T VLY 1Y o (= OSSPSR 501

1O N A A S 1 o= 010 H @ o< = 1 o) o SO 502
31.4.8 How to Set and EXit EACh MOOE ......ovvuieeieieieieeecee ettt s 503
3149 BGO (BackGround Operation) FUNCLION .........ccccuvvririereriesiereseeeeese st se s see e s seene e e snesresseens 504
31.4.10 DataProteCt FUNCLION .......cccoiiiiiiiriiniiietesie sttt sttt s b e see b b s ee e et ene b e besae b e b s 505
31.4.11  SOftWare COMIMANAS ......eoveiieieiriirieieieereeeee st ese e te e steseete e e e e esessesaestesteseesseeeseeseeneesenseenessessees 506
31412 FUIl SEAEUS CRECK ....cecvieiieiieiiisieesieeet ettt sttt a bttt b s enennenen 517
315 Standard Serial 1/O MOUE .......covviiriirisie ettt ne et nans 519
1 T R 1 D @0 o =X @ = QW o o S 519
31.6 PArallEl /O IMOUE ...ttt bbbttt bbbt b e st b et n et e st enen 522
31.6.1 ROM Code ProteCt FUNCHION .......ciiriiiiiieieintistesie sttt s s e e eae b sne e 522
317 NOES ON FIESN MEMOIY ..ottt bbbt b et e s 523
3171 CPU REWILE MOUE ...c..cviieeiiieiiiei ittt sttt sttt n et enennenes 523
32, Reducing POWEr CONSUMPLION ......uutiiiiiiieiiaaaeeaaiaaitet ittt e e e e e e e e e e s e aaiibebbeeeeaeaaaasassaannnbbeaseeeaaaaaeaas 527
321 L@ YT T PSS 527
32.2 Key Points and Processing Methods for Reducing Power ConSUMpPLion ..........c.ccoevereneneneeieneeniennens 527
3221 VOltage DEtECHION CITCUIT ......coeieieiieiiireiirieteseet ettt 527
A =o' TSRS 527
A T O o (OSSR 527

1 72 V= 1 Y, oo (=TS (] o 1, o o L= ST 527
32.25  Stopping Peripheral FUNCLION CIOCKS .......ccooiiiiiciceece et 527
A T 1 42 TSSO 527
7 Y Y B o 1Y/ 1 (= SO 527
32.2.8  Clock Synchronous Serial INTEIfaCe ......cvcceiiie i 527
32.2.9 Reducing Internal Power Consumption USing VCA20 Bit .......ccccoorieriininene e 528
32.2.10 StOPPING FIASh MEIMOIY ....o.oiviiitiiitieet ettt bbb bbb nn s 530
32.2.11 Low-Current-Consumption REA MOUE ........cecviiieiiiicei sttt st 531
N A © {31 SRS 532



I T o [Tt (g (o= I O g F= Y= Yox (< ) (N 533

I N U L7 (o [ N\ o) (= TP RTTPRP 560
341 Notes 0N ClOCK GENEration CIFCUIT ........cccoeriiririeere sttt s sbe b b seesaesesnesaesne s 560
T R S (o o 1Y/ oo [OOSR 560
17t N V= T 1Y o L= OSSPSR 560
34.1.3 Reducing Internal Power USINg VCAZ20 Bit .......ooeeieiicececeseeee et 561
34.1.4  Oscillation Stop DeteCtion FUNCHION ..........oociiiiiiie et 561
34.15  OsCillation CirCUit CONSLANES ......coveuereeririiirieirieerieesiese st se s bbb s e ss et s e eneneenes 561
34.1.6 High-Speed On-chip OSCIHIAOr MOUE .......ccoeieeiieiee e 561
34.1.7  LOW-SPEEA ClOCK MOE .....eoiuiiiiriiieiieiete ettt sttt b e s bbb e e e e e eae b e b e 561
34.2 [N T0 1= o] g I g1 o] 562
34.21 Reading AdAress 00000R ........ccoeirieirieireeerieserieseseeesseessesesseessesesseessessesessssessesessesessesessesessesessenes 562
S s 1 oo SRR 562
34.2.3 Externa Interrupt and Key INPUEL INEEITUPE .....c.eveieeriirere e 562
34.24  Changing INtEITUPL SOUICES .......oceevieieerieiieseseestesiee e eseestesseesteeeesseessesaesesssesseessesssessesssessesnsessennns 563
3425 Rewriting Interrupt CONtrol REJISLEN ........cciiiiiiiie ettt bbb e 564
34.3 NOLES ON ID COUE ATEBS .....oviuiieiirieierieieeie sttt ettt b e b etk e b e st bbb et e bt st e st st besbenesenensenen 565
34.3.1  Setting EXample Of D COOE ATEBS ......c.ecveiieeeeie e s ee sttt e et e e sae et ee e sra e e raenaenreenes 565
344 Notes 0n Option FUNCLION SEIECE ATEA ......c.ciiieeiiere ettt e sa s 565
3441  Setting Example of Option FUNCLION SEIECE ATEA ......ccevveveeieeeee e 565
34.5 (N[0T o] o 1 5 OO RPR PR 566
3451  DTC ACHIVALION SOUICE ...vevieeeeeueeieeertisiestestesteseeseeseeeeseesessessessessesseseessensesseseesessessessessessesessessessessees 566
3452 DTCENI (i =01t03,51t06) REJISIES ....oouiiieiieiisieee e st se e e eene s ne s 566
G T == ] o] == I, o L1 SO S 566
34.5.4  INTEITUDPE REGUESE ...c.vieieieeeeeeeetee sttt ettt b e e r e r e r e e e s e eneer e ne s 566
K I B B O @ o= ] g B I = SRS 566
34.6 NOEES ON TIMEI RA ettt a e bt b e e e e s e st eb e eb e s bt sb e e b et e ss e s ensese e e eseebennesreas 567
347 NOLES ON TIMEN RB ...ttt sttt st st see st e ae st e seese et e s sessesbenteseensenseneeneesensessenrens 568
7 0t R T 4 0= 1Y oo L= OSSOSO 568
34.7.2 Programmable Waveform Generation MO ..........cccoviieeieieeie st 568
34.7.3  Programmable One-shot GENEration MOGE .........cccoeirieirieiniineese s 569
34.7.4  Programmable Wait One-shot Generation MOdE ........ccccevveveeieeiiiine e 569
34.8 NOEES ON TIMEN RC ...ttt b e b et e e e e e aeeb e eb e s bt sb e e b et e se e s e s e ne e e eneenenaeseens 570
3481  TRC REGISIEN ..oeoeocveeeeeeeeeeteseee ettt es st s s ss s ns s sennean 570
34.8.2  TRCSR REISIEN ..eciiiietiieeieiieeriet sttt sttt b b b e s e bbbt b b et e b e st e et b e s et eneneens 570
34.8.3  TRCCRL REQISLEN ...oeueiviietiirieietiseeteseeteseetesesseseeseseesessesessesessesessenessessesenessessesensesessesessesessesessasessases 570
34.84  COUNt SOUICE SWITCNING ..cueiviiiiiiiieiiee ettt sn s 570
34.85  INPUL CAPEUIE FUNCLION ...oiieiceeceeccceceies ettt s e e eseene et e s eeseese e e eseeseenenrennenns 571
34.86 TRCMR ReGIStEr iN PWM2 MOE .....ccoviiriiiriiiriiirieisiseseesieesiee st ssens 571
34.8.7  Count SOUrCE FOCOAOM ...t sttt sttt s ee et e e e eseesesbestestesbeseeseeneeseeneeneesensenes 571
34.9 NOLES ON TIMEN RE ...ttt ettt b et b bbbt e b st b e e b et e ne e enen 572
349.1 Starting and StOPPING COUNL .......cveeiieieiieeiese s e see e e ste et e e e e sreeeesaeseeseeesaesaeensesreessesseensesseenns 572
34.9.2  REGISIEN SEHING ..cueiviueitiiietiieeteeet ettt b b e bbb et e e b ne e eas 572
34.9.3 Time Reading Procedure of Real-Time ClOCK MOUE ......ccccveevereeirnie e 574
34.10 Noteson Serial Interface (UARTO) .....cceiiiee e see ettt e e s sae st tesneeaesneenestesneessennanns 575
34.11  Noteson Serial INterface (UARTZ2) ..ottt s e eb e 576
34.11.1 Clock Synchronous Serial 1/O MOE ........ccveviiiienisie e see et se e ene e sne s 576
34.11.2 Special MOAE 1 (I2ZC MOUE) .....ccvueverrieirereiieieiete ettt bbbt bbb bbb s st s s s bt n s 577



R8C/3GM Group

34.11.3 UZBRG REJISEEN ...cueeeeeieeieiiiesteste st sies e seeste e st sresee s e stestesaeseeneeee e eseeseesessessestetessensaneesensessessenses 577
7 U I = 1 (= SO S T TRR 577
34.12  Noteson Synchronous Serial CommuniCation UNIt ..........ooooeirinieneniie e 577
34.13  NOES ON 1ZC DUS INLEITACE ....vucvveieicreicte ettt 577
34.13.1 MaSter RECEBIVE MOUE .....c.oovvreiiesieecieererre ettt 577
34.13.2 ThelCE Bit in the ICCR1 Register and the IICRST Bit in the ICCR2 Register ..........ccccovrrurunnen. 577
34.14  NOteS ON HArAWEIE LIN ....ooiiiiiiiiee bbb bbb e 578
34.15  NOES ON A/D CONVENTEN ....ovevieiiereerereseresies s es e st s s s e n s rnner e rren s 578
34.16  NOtES ON FlESN MEIMOIY ...ttt ettt st b e b e eae bt b e beseeneeneebesaesaesbeneas 579
34.16.1 CPU REWITE MOUE ....viiiieiiiteieetireete ettt sttt bbb bbb e 579
3417 NOEES ON NOISE ...oviieierieiere et r et s et s s et R et s e R Rt E R R et rer et r e n s 583
34.17.1 Inserting a Bypass Capacitor between VCC and V'SS Pins as a Countermeasure against Noise and
(= ot o o TSRS 583
34.17.2 Countermeasures against Noise Error of Port Control REGISLErS .......cccccvveiirieiinieieneieneeseeeeee 583
34.18 Noteon Supply VoItage FIUCIUSLION ........ccceceieiiriirer et 583
35.  Notes 0n ON-Chip DEDUGQET ...t e e e e e e e e e e e e e nbnaeees 584
36.  Notes on EMUlator DEDUGQET .....cooooiiiiie e e e e e e e e 585
Appendix 1. Package DIMENSIONS ....c.ooiiiiiiiiiiiiiiiii ettt e et e et e e e e e e e s e s e s s e bbb bbeeeeeaaaaeeeaaaannns 586

Appendix 2. Connection Examples between Serial Programmer and On-Chip Debugging Emulator .. 587

Appendix 3. Example of Oscillation Evaluation CirCUIL ...........c..eeeeiiiiiieieiiiiiieee it e e 589
0 T0 = G PP POPPPRPPPPPPRRN 590
RO1UH0284EJ0100 Rev.1.00 ;{ENESAS Page 15 of 591

Aug 09, 2011



SFR

Page Reference

Address Register Symbol Page Address Register Symbol Page
0000h 0040h
0001h 0041h |Flash Memory Ready Interrupt Control FMRDYIC 130
0002h Register
0003h 0042h
0004h | Processor Mode Register 0 PMO 28 0043h
0005h | Processor Mode Register 1 PM1 160 0044h
0006h | System Clock Control Register 0 CMO 95 0045h
0007h | System Clock Control Register 1 CM1 9% 0046h
0008h | Module Standby Control Register MSTCR 229, 356, 0047h | Timer RC Interrupt Control Register TRCIC 130
387 0048h
0009h | System Clock Control Register 3 CM3 97 0049h
000Ah | Protect Register PRCR 123 004Ah | Timer RE Interrupt Control Register TREIC 129
000Bh [ Reset Source Determination Register RSTFR 28 004Bh |UART2 Transmit Interrupt Control Register | S2TIC 129
000Ch |Oscillation Stop Detection Register oCcD 98 004Ch |[UART2 Receive Interrupt Control Register | S2RIC 129
000Dh [ Watchdog Timer Reset Register WDTR 160 004Dh |Key Input Interrupt Control Register KUPIC 129
000Eh |Watchdog Timer Start Register WDTS 160 004Eh | A/D Conversion Interrupt Control Register |ADIC 129
000Fh | Watchdog Timer Control Register WDTC 161 004Fh | SSU Interrupt Control Register / [IC bus Ssulc/icIC 130
0010h Interrupt Control Register
0011h 0050h
0012h 0051h | UARTO Transmit Interrupt Control Register | SOTIC 129
0013h 0052h [ UARTO Receive Interrupt Control Register | SORIC 129
0014h 0053h
0015h | High-Speed On-Chip Oscillator Control Register 7| FRA7 98 0054h
0016h 0055h
0017h 0056h | Timer RA Interrupt Control Register TRAIC 129
0018h 0057h
0019h 0058h | Timer RB Interrupt Control Register TRBIC 129
001Ah 0059h | INT1 Interrupt Control Register INT1IC 131
001Bh 005Ah | INT3 Interrupt Control Register INT3IC 131
001Ch |Count Source Protection Mode Register CSPR 161 005Bh
001Dh 005Ch
001Eh 005Dh [ INTO Interrupt Control Register INTOIC 131
001Fh 005Eh | UART2 Bus Collision Detection Interrupt U2BCNIC 129
0020h Control Register
0021h 005Fh
0022h 0060h
0023h | High-Speed On-Chip Oscillator Control Register 0| FRAO 99 0061h
0024h | High-Speed On-Chip Oscillator Control Register 1| FRA1 99 0062h
0025h | High-Speed On-Chip Oscillator Control Register 2| FRA2 100 0063h
0026h [ On-Chip Reference Voltage Control Register OCVREFCR 439 0064h
0027h 0065h
0028h | Clock Prescaler Reset Flag CPSRF 100 0066h
0029h | High-Speed On-Chip Oscillator Control Register 4| FRA4 101 0067h
002Ah | High-Speed On-Chip Oscillator Control Register 5| FRA5 101 0068h
002Bh [ High-Speed On-Chip Oscillator Control Register 6| FRA6 101 0069h
00z¢ch 006Ah
002Dh 006Bh
002En 006Ch
002Fh | High-Speed On-Chip Oscillator Control Register 3| FRA3 101 006Dh
0030h | Voltage Monitor Circuit/Comparator A Control CMPA 41, 466 O06ER
Register 006Fh
0031h | Voltage Monitor Circuit Edge Select Register VCAC 42, 467 0070h
0032h 0071h
0033h | Voltage Detect Register 1 VCAL 42, 468 0072h | Voltage Monitor 1 Interrupt/Comparator AL | VCMP1IC 129
0034h_|Voltage Detect Register 2 VCA2 23, 102, Control Register
469 0073h | Voltage Monitor 2 Interrupt/Comparator A2 | VCMP2IC 129
0035h Control Register
0036h | Voltage Detection 1 Level Select Register VDI1LS 44 0074h
0037h 0075h
0038h | Voltage Monitor O Circuit Control Register VWOoC 45 0076h
0039%h | Voltage Monitor 1 Circuit Control Register vwic 46, 470 0077h
003Ah | Voltage Monitor 2 Circuit Control Register vw2C 47,471 0076h
003Bh 0079h
003Ch 007AR
003Dh 0078h
003Eh 007Ch
003Fh 007Dh
007Eh
Note: 007Fh
1. The blank regions are reserved. Do not access locations in these

regions.




Address Register Symbol Page Address Register Symbol Page
0080h |DTC Activation Control Register DTCTL 172 00COh A/D Register 0 ADO 440
0081h 00C1lh
0082h 00C2h A/D Register 1 AD1 440
0083h 00C3h
0084h 00C4h A/D Register 2 AD2 440
0085h 00C5h
0086h 00C6h A/D Register 3 AD3 440
0087h 00C7h
0088h [DTC Activation Enable Register 0 DTCENO 171 00C8h A/D Register 4 AD4 440
0089h |DTC Activation Enable Register 1 DTCEN1 171 00C9%h
008Ah |DTC Activation Enable Register 2 DTCEN2 171 00CAh A/D Register 5 AD5 440
008Bh [DTC Activation Enable Register 3 DTCEN3 171 00CBh
008Ch 00CCh | A/D Register 6 AD6 440
008Dh [DTC Activation Enable Register 5 DTCEN5 171 00CDh
008Eh |DTC Activation Enable Register 6 DTCENG6 171 00CEh A/D Register 7 AD7 440
008Fh 00CFh
0090h 00D0Oh
0091h 00D1h
0092h 00D2h
0093h 00D3h
0094h 00D4h A/D Mode Register ADMOD 441
0095h 00D5h A/D Input Select Register ADINSEL 442
0096h 00D6h A/D Control Register 0 ADCONO 443
0097h 00D7h | A/D Control Register 1 ADCON1 444
0098h 00D8h D/AO Register DAO 463
0099h 00D%h | D/A1 Register DA1 463
009Ah 00DAh
009Bh 00DBh
009Ch 00DCh D/A Control Register DACON 463
009Dh 00DDh
009Eh 00DEh
009Fh 00DFh
00AOh [UARTO Transmit/Receive Mode Register UOMR 289 00EOh Port PO Register PO 67
00Alh |UARTO Bit Rate Register UOBRG 289 00E1lh Port P1 Register P1 67
00A2h |UARTO Transmit Buffer Register uoTB 290 00E2h Port PO Direction Register PDO 66
00A3h 00E3h Port P1 Direction Register PD1 66
00A4h [UARTO Transmit/Receive Control Register 0 | UOCO 291 00E4h
00A5h [UARTO Transmit/Receive Control Register 1 | UOC1 291 00E5h Port P3 Register P3 67
00A6h |UARTO Receive Buffer Register UORB 292 00E6h
00A7h 00E7h Port P3 Direction Register PD3 66
00A8h |UART2 Transmit/Receive Mode Register U2MR 310 00E8h Port P4 Register P4 67
00A9h | UART2 Bit Rate Register U2BRG 310 00ESh
00AAh | UART2 Transmit Buffer Register u2TB 311 00EAh Port P4 Direction Register PD4 66
00ABh 00EBh
00ACh | UART2 Transmit/Receive Control Register 0 | U2CO 312 00ECh
00ADh |UART2 Transmit/Receive Control Register 1 | U2C1 313 00EDh
00AEh |UART2 Receive Buffer Register U2RB 314 00EEh
00AFh 00EFh
00BOh |UART?2 Digital Filter Function Select Register | URXDF 315 00FOh
00B1h 00F1h
00B2h 00F2h
00B3h 00F3h
00B4h 00F4h
00B5h 00F5h
00B6h 00F6h
00B7h 00F7h
00B8h 00F8h
00B%h 00F9h
00BAh 00FAh
00BBh [UART2 Special Mode Register 5 U2SMR5 315 00FBh
00BCh |UART2 Special Mode Register 4 U2SMR4 316 00FCh
00BDh |UART2 Special Mode Register 3 U2SMR3 316 00FDh
00BEh |UART2 Special Mode Register 2 U2SMR2 317 OOFEh
00BFh | UART2 Special Mode Register U2SMR 317 00FFh

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

regions.




Address Register Symbol Page Address Register Symbol Page
0100h | Timer RA Control Register TRACR 190 0130h |Timer RC Control Register 2 TRCCR2 234, 254, 261,
0101h | Timer RA I/O Control Register TRAIOC 190, 193, 196, 267

198, 200, 203 0131h |Timer RC Digital Filter Function Select TRCDF 234, 268
0102h | Timer RA Mode Register TRAMR 191 Register
0103h | Timer RA Prescaler Register TRAPRE 191 0132h | Timer RC Output Master Enable Register TRCOER 235
0104h | Timer RA Register TRA 192 0133h | Timer RC Trigger Control Register TRCADCR 235
0105h | LIN Control Register 2 LINCR2 423 0134h
0106h | LIN Control Register LINCR 424 0135h
0107h | LIN Status Register LINST 425 0136h
0108h | Timer RB Control Register TRBCR 207 0137h
0109h | Timer RB One-Shot Control Register TRBOCR 207 0138h
010Ah | Timer RB 1/0 Control Register TRBIOC 208, 211, 215, 013%h

218, 222 013Ah
010Bh |Timer RB Mode Register TRBMR 208 013Bh
010Ch [Timer RB Prescaler Register TRBPRE 209 013Ch
010Dh | Timer RB Secondary Register TRBSC 209 013Dh
010Eh [ Timer RB Primary Register TRBPR 210 013Eh
010Fh 013Fh
0110h 0140h
0111h 0141h
0112h 0142h
0113h 0143h
0114h 0144h
0115h 0145h
0116h 0146h
0117h 0147h
0118h |Timer RE Second Data Register / Counter | TRESEC 278 0148h
Data Register 0149h
0119h | Timer RE.Minute Data Register / Compare | TREMIN 278 014Ah
D.ata Register _ 014Bh
011Ah | Timer RE Hour Data Register TREHR 279 o1ach
011Bh | Timer RE Day of Week Data Register TREWK 279 014Dh
011Ch | Timer RE Control Register 1 TRECR1 280 O14EN
011Dh | Timer RE Control Register 2 TRECR2 281 014Fh
011Eh |Timer RE Count Source Select Register TRECSR 282 0150h
OLLFh - - 0151h
0120h | Timer RC Mode Register TRCMR 229 0152h
0121h |[Timer RC Control Register 1 TRCCR1 230, 251, 260,

266 0153h
0122h |Timer RC Interrupt Enable Register TRCIER 230 0154h
0123h | Timer RC Status Register TRCSR 231 0155h
0124h | Timer RC I/0 Control Register 0 TRCIORO | 232, 246, 252 0156h
0125h | Timer RC I/O Control Register 1 TRCIORL | 232, 247, 253 0157h
0126h | Timer RC Counter TRC 233 0158h
0127h 0159h
0128h | Timer RC General Register A TRCGRA 233 015Ah
0129h 015Bh
012Ah |Timer RC General Register B TRCGRB 233 015Ch
0128Bh 015Dh
012Ch [Timer RC General Register C TRCGRC 233 015Eh
012Dh 015Fh
012Eh |Timer RC General Register D TRCGRD 233
012Fh

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

regions.




Address Register Symbol Page Address Register Symbol Page
0160h 01A0h
0161h 01A1lh
0162h 01A2h
0163h 01A3h
0164h 01A4h
0165h 01A5h
0166h 01A6h
0167h 01A7h
0168h 01A8h
0169h 01A%h
016Ah 01AAh
016Bh 01ABh
016Ch 01ACh
016Dh 01ADh
016Eh 01AEh
016Fh 01AFh
0170h 01BOh
0171h 01B1h
0172h 01B2h |Flash Memory Status Register FST 492
0173h 01B3h
0174h 01B4h |Flash Memory Control Register O FMRO 494
0175h 01B5h |Flash Memory Control Register 1 FMR1 497
0176h 01B6h | Flash Memory Control Register 2 FMR2 499
0177h 01B7h
0178h 01B8h
0179h 01B%h
017Ah 01BAh
017Bh 01BBh
017Ch 01BCh
017Dh 01BDh
017Eh 01BEh
017Fh 01COh |Address Match Interrupt Register O RMADO 145
0180h | Timer RA Pin Select Register TRASR 68, 192 01C1h
0181h |[Timer RC Pin Select Register TRBRCSR 68, 236 01C2h
0182h | Timer RC Pin Select Register 0 TRCPSRO 69, 237 01C3h |Address Match Interrupt Enable Register O AIERO 145
0183h | Timer RC Pin Select Register 1 TRCPSR1 69, 237 01C4h |Address Match Interrupt Register 1 RMAD1 145
0184h 01C5h
0185h 01C6h
0186h 01C7h [Address Match Interrupt Enable Register 1 AIER1 145
0187h 01C8h
0188h | UARTO Pin Select Register UOSR 70, 293 01C%h
0189h 01CAh
018Ah |UART2 Pin Select Register 0 U2SR0O 71,318 01CBh
018Bh | UART2 Pin Select Register 1 U2SR1 71,318 01CCh
018Ch | SSU/IIC Pin Select Register SSUIICSR | 72, 356, 387 01CDh
018Dh 01CEh
018Eh [INT Interrupt Input Pin Select Register INTSR 72,139 01CFh
018Fh |I/O Function Pin Select Register PINSR 73,388 01DOh
0190h 01D1h
0191h 01D2h
0192h 01D3h
0193h |SS Bit Counter Register SSBR 357 01D4h
0194h |SS Transmit Data Register L / IIC bus Transmit | SSTDR / 357, 389 01D5h
Data Register ICDRT 01D6h
0195h | SS Transmit Data Register H SSTDRH 01D7h
0196h |SS Receive Data Register L / IIC bus Receive |SSRDR/ 358, 389 01D8h
Data Register ICDRR 01D9h
0197h | SS Receive Data Register H SSRDRH OLDAD
0198h |[SS (_:ontrol Register H / [IC bus Control SSCRH/ 358, 390 01DBh
Register 1 ICCR1
0199h | SS Control Register L/ IIC bus Control Register 2| SSCRL / 359, 391 01DCh
ICCR2 01DDh
019Ah |SS Mode Register / IIC bus Mode Register SSMR / 360, 392 01DEh
ICMR 01DFh
019Bh [SS Enable Register / IIC bus Interrupt Enable | SSER/ 361, 393
Register ICIER
019Ch [SS Status Register / 1IC bus Status Register SSSR/ICSR| 362,394
019Dh [SS Mode Register 2 / Slave Address Register | SSMR2 / 363, 395
SAR
019Eh
019Fh
Note:
1. The blank regions are reserved. Do not access locations in these

regions.




Address Register Symbol Page Address Register Symbol Page
01EOh [ Pull-Up Control Register 0 PURO 74 2C50h |DTC Control Data 2 DTCD2
01Elh [Pull-Up Control Register 1 PUR1 74 2C51h
01E2h 2C52h
01E3h 2C53h
01E4h 2C54h
01E5h 2C55h
01E6h 2C56h
01E7h 2C57h
01E8h 2C58h [DTC Control Data 3 DTCD3
01E9h 2C5%h
01EAh 2C5Ah
01EBh 2C5Bh
01ECh 2C5Ch
01EDh 2C5Dh
01EEh 2C5Eh
01EFh 2C5Fh
01FOh | Port P1 Drive Capacity Control Register P1DRR 75 2C60h [DTC Control Data 4 DTCD4
01F1lh 2C61h
01F2h | Drive Capacity Control Register O DRRO 76 2C62h
01F3h | Drive Capacity Control Register 1 DRR1 77 2C63h
01F4h 2C64h
01F5h |Input Threshold Control Register O VLTO 78 2C65h
01F6h |Input Threshold Control Register 1 VLT1 78 2C66h
01F7h 2C67h
01F8h | Comparator B Control Register O INTCMP 482 2C68h |DTC Control Data 5 DTCD5
01F9h 2C69h
01FAh |External Input Enable Register 0 INTEN 140, 482 2C6Ah
01FBh 2C6Bh
01FCh [INT Input Filter Select Register 0 INTF 140, 483 2C6Ch
01FDh 2C6Dh
01FEh |Key Input Enable Register 0 KIEN 143 2C6Eh
01FFh 2C6Fh
2C00h |DTC Transfer Vector Area 2C70h [DTC Control Data 6 DTCD6
2C01h |DTC Transfer Vector Area 2C71h
2C02h |DTC Transfer Vector Area 2C72h
2C03h |DTC Transfer Vector Area 2C73h
2C04h |DTC Transfer Vector Area 2C74h
2C05h | DTC Transfer Vector Area 2C75h
2C06h |DTC Transfer Vector Area 2C76h
2C07h |DTC Transfer Vector Area 2C77h
2C08h |DTC Transfer Vector Area 2C78h [DTC Control Data 7 DTCD7
2C09h |DTC Transfer Vector Area 2C79h
2CO0Ah |DTC Transfer Vector Area 2C7Ah

: DTC Transfer Vector Area 2C7Bh

: DTC Transfer Vector Area 2C7Ch
2C3Ah | DTC Transfer Vector Area 2C7Dh
2C3Bh |DTC Transfer Vector Area 2C7Eh
2C3Ch |DTC Transfer Vector Area 2C7Fh
2C3Dh | DTC Transfer Vector Area 2C80h [DTC Control Data 8 DTCD8
2C3Eh |DTC Transfer Vector Area 2C81h
2C3Fh |DTC Transfer Vector Area 2C82h
2C40h |DTC Control Data 0 DTCDO 2C83h
2C41h 2C84h
2C42h 2C85h
2C43h 2C86h
2C44h 2C87h
2C45h 2C88h [DTC Control Data 9 DTCD9
2C46h 2C8%h
2C47h 2C8Ah
2C48h | DTC Control Data 1 DTCD1 2C8Bh
2C49h 2C8Ch
2C4Ah 2C8Dh
2C4Bh 2C8Eh
2C4Ch 2C8Fh
2C4Dh
2C4Eh
2C4Fh

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

regions.




Address Register Symbol Page Address Register Symbol Page
2C90h |DTC Control Data 10 DTCD10 2CDOh |DTC Control Data 18 DTCD18
2C91h 2CD1h
2C92h 2CD2h
2C93h 2CD3h
2C94h 2CD4h
2C95h 2CD5h
2C96h 2CD6h
2C97h 2CD7h
2C98h |DTC Control Data 11 DTCD11 2CD8h |DTC Control Data 19 DTCD19
2C9%h 2CD%h
2C9Ah 2CDAh
2C9Bh 2CDBh
2C9Ch 2CDCh
2C9Dh 2CDDh
2C9Eh 2CDEh
2C9Fh 2CDFh
2CAOh [DTC Control Data 12 DTCD12 2CEOh |DTC Control Data 20 DTCD20
2CAlh 2CE1h
2CA2h 2CE2h
2CA3h 2CE3h
2CA4h 2CE4h
2CA5h 2CES5h
2CA6h 2CE6h
2CA7h 2CE7h
2CA8h [DTC Control Data 13 DTCD13 2CE8h [DTC Control Data 21 DTCD21
2CA%h 2CE9h
2CAAh 2CEAh
2CABh 2CEBh
2CACh 2CECh
2CADh 2CEDh
2CAEh 2CEEh
2CAFh 2CEFh
2CBOh [DTC Control Data 14 DTCD14 2CFOh [DTC Control Data 22 DTCD22
2CB1h 2CF1h
2CB2h 2CF2h
2CB3h 2CF3h
2CB4h 2CF4h
2CB5h 2CF5h
2CB6h 2CF6h
2CB7h 2CF7h
2CB8h [DTC Control Data 15 DTCD15 2CF8h [DTC Control Data 23 DTCD23
2CB%h 2CF9h
2CBAh 2CFAh
2CBBh 2CFBh
2CBCh 2CFCh
2CBDh 2CFDh
2CBEh 2CFEh
2CBFh 2CFFh
2CCOh |DTC Control Data 16 DTCD16 2D00h
2CC1h 2D01h
2CC2h
2CC3h [ FFDBh JOption Function Select Register 2 [OFs2 | 30, 156, 163
2CC4h :
2CC5h ‘ FFFFh IOption Function Select Register IOFS | 29, 48, 155, ‘
2CC6h 162, 490
2CC7h
2CC8h |DTC Control Data 17 DTCD17
2CC%h
2CCAh
2CCBh
2CCCh
2CCDh
2CCEh
2CCFh

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

regions.
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1. Overview

1.1 Features

The R8C/3GM Group of single-chip MCUs incorporates the R8C CPU core, employing sophisticated instructions
for ahigh level of efficiency. With 1 Mbyte of address space, and it is capable of executing instructions at high
speed. In addition, the CPU core boasts a multiplier for high-speed operation processing.

Power consumption is low, and the supported operating modes allow additional power control. These MCUs are
designed to maximize EMI/EMS performance.

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

The R8C/3GM Group has dataflash (1 KB x 4 blocks) with the background operation (BGO) function.

1.1.1  Applications
Electronic household appliances, office equipment, audio equipment, consumer equipment, etc.
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R8C/3GM Group

1. Overview

1.1.2

Specifications

Tables 1.1 and 1.2 outline the Specifications for RBC/3GM Group.

Table 1.1 Specifications for RBC/3GM Group (1)
Iltem Function Specification
CPU Central processing | R8C CPU core
unit * Number of fundamental instructions: 89
» Minimum instruction execution time:
50 ns (f(XIN) = 20 MHz, VCC = 2.7t0 5.5 V)
200 ns (f(XIN) =5 MHz, VCC = 1.8t0 5.5 V)
« Multiplier: 16 bits x 16 bits — 32 bits
« Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
« Operation mode: Single-chip mode (address space: 1 Mbyte)
Memory ROM, RAM, Data | Refer to Table 1.3 Product List for R8C/3GM Group.
flash
Power Supply | Voltage detection » Power-on reset
Voltage circuit « Voltage detection 3 (detection level of voltage detection 0 and voltage
Detection detection 1 selectable)
I/O Ports Programmable I1/O |« Input-only: 1 pin
ports * CMOS I/O ports: 19, selectable pull-up resistor
 High current drive ports: 19
Clock Clock generation 4 circuits: XIN clock oscillation circuit,
circuits XCIN clock oscillation circuit (32 kHz),
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: Dividing selectable 1, 2, 4, 8, and 16
* Low power consumption modes:
Standard operating mode (high-speed clock, low-speed clock, high-speed
on-chip oscillator, low-speed on-chip oscillator), wait mode, stop mode
Real-time clock (timer RE)
Interrupts * Number of interrupt vectors: 69

» External Interrupt: 7 (ﬁ x 3, Key input x 4)
* Priority levels: 7 levels

Watchdog Timer

14 bits x 1 (with prescaler)
* Reset start selectable
» Low-speed on-chip oscillator for watchdog timer selectable

DTC (Data Transfer Controller)

* 1 channel
« Activation sources: 23
» Transfer modes: 2 (normal mode, repeat mode)

Timer

Timer RA

8 bits x 1 (with 8-bit prescaler)
Timer mode (period timer), pulse output mode (output level inverted every
period), event counter mode, pulse width measurement mode, pulse period
measurement mode

Timer RB

8 bits x 1 (with 8-bit prescaler)
Timer mode (period timer), programmable waveform generation mode (PWM
output), programmable one-shot generation mode, programmable wait one-
shot generation mode

Timer RC

16 bits x 1 (with 4 capture/compare registers)
Timer mode (input capture function, output compare function), PWM mode
(output 3 pins), PWM2 mode (PWM output pin)

Timer RE

8 bits x 1
Real-time clock mode (count seconds, minutes, hours, days of week)

RO1UH0284EJ0100 Rev.1.00

Aug 09, 2011

RENESAS

Page 2 of 591



R8C/3GM Group 1. Overview

Table 1.2 Specifications for R8BC/3GM Group (2)

Iltem Function Specification

Serial UARTO Clock synchronous serial I/O/UART

Interface UART2 Clock synchronous serial I/O/UART, 12C mode (12C-bus),
multiprocessor communication function

Synchronous Serial 1 (shared with 12C-bus)

Communication Unit (SSU)

12C bus 1 (shared with SSU)

LIN Module Hardware LIN: 1 (timer RA, UARTO)

A/D Converter 10-bit resolution x 8 channels, includes sample and hold function, with sweep
mode

D/A Converter 8-bit resolution x 2 circuits

Comparator A « 2 circuits (shared with voltage monitor 1 and voltage monitor 2)
« External reference voltage input available

Comparator B 2 circuits

Flash Memory » Programming and erasure voltage: VCC =2.7t0 5.5V

* Programming and erasure 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

« Background operation (BGO) function

Operating Frequency/Supply f(XIN) =20 MHz (VCC =2.7t0 5.5 V)
Voltage f(XIN) =5 MHz (VCC =1.81t05.5V)
Current Consumption Typ. 6.5 mA (VCC =5.0V, f(XIN) = 20 MHz)

Typ. 3.5 mA (VCC = 3.0V, f(XIN) = 10 MHz)

Typ. 3.5 pA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz))
Typ. 2.0 pA (VCC = 3.0 V, stop mode)

Operating Ambient Temperature | -20 to 85°C (N version)

Package 24-pin HWQFN

Package code: PWQNO0024KC-A
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R8C/3GM Group

1. Overview

1.2 Product List

Table 1.3 lists Product List for R8BC/3GM Group, and Figure 1.1 shows a Part Number, Memory Size, and Package

of R8C/3GM Group.

Table 1.3

Product List for RBC/3GM Group

Current of Aug 2011

ROM Capacity

RAM

Part No.
Program ROM

Package Type

Data flash Capacity

Remarks

R5F213G2MNNP 8 Kbytes

1 Kbyte x4 |1 Kbyte PWQNO0024KC-A

R5F213G4MNNP 16 Kbytes

1.5 Kbytes PWQNO0O024KC-A

1 Kbyte x 4

R5F213G5MNNP 24 Kbytes

1Kbyte x4 |2 Kbytes PWQNO0024KC-A

R5F213G6MNNP 32 Kbytes

1Kbyte x4 |2.5Kbytes |PWQNO024KC-A

N version

Part No. R5F

6 M

N

NP
T

Package type:

NP: PWQNO0024KC-A (0.5 mm pin-pitch, 4 mm square body)

Classification

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

ROM capacity
2: 8KB
4:16 KB
5: 24 KB
6: 32 KB

R8C/3GM Group

R8C/3x Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1 Part Number, Memory

Size, and Package of R8C/3GM Group
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R8C/3GM Group 1. Overview
1.3 Block Diagram
Figure 1.2 shows a Block Diagram.
A R S Y i
-
L v v Yy
/0 ports [ PortPo | | PortP1 | [ PortP3 | [ PortP4 |
Peripheral functions
UART or .
Timers clock synchronous serial I/O System clock generation
(8 bits x 2) circuit
Timer RA (8 bits x 1) XIN-XOUT
Timer RB (8 bits x 1) 12C bus or SSU High-speed on-chip oscillator
Timer RC (16 bits x 1) (8 bits x 1) Low-speed on-chip oscillator
Timer RE (8 bits x 1) XCIN-XCOUT
LIN module
Watchdog timer Low—?peedtorr:;jchipt_oscillator
(14 bits) ‘or watchdog timer
Comparator A
A/D converter Voltage detection circuit
(10 bits X 8 channels) Comparator B
DTC
D/A converter
(8 bits x 2)
R8C CPU core Memory
ROH | ROL SB ROM @
RiH | RiL Usp
R2
INTB RAM @)
A0
AL
FB [ FLG |
Multiplier
o J
Notes:
1. ROM size varies with MCU type.
2. RAM size varies with MCU type.
Figure 1.2 Block Diagram
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R8C/3GM Group 1. Overview

1.4 Pin Assignment

Figure 1.3 shows Pin Assignment (Top View) of PWQNO0024K C-A Package. Table 1.4 outlines the Pin Name
Information by Pin Number.
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PO_7/ANO/DAL(TRCIOC) <+  [20] R8C/3GM Group [l < P4 5/ADTRG/INTO(/RXD2/SCL2)
PO_6/AN1/DAO(/TRCIOD) <+  [21] [10| < P3_3/IVCMP3/INT3/SCS(/CTS2/RTS2/TRCCLK)
PO_2/AN5(/TRCIOA/TRCTRG) <«+—» 2__2| PWQNO0024KC-A E <+—» P3_4/IVREF3/SSI(/RXD2/SCL2/TXD2/SDA2/TRCIOC)
PO_1/AN6(/TRCIOA/TRCTRG) <+  [23] (top view) [8] <> P3_5/SCL/SSCK(/CLK2/TRCIOD)
P4_2IVREF —» [24] O [7] <« P3_7/SDA/SSO/TRAO(/RXD2/SCL2/TXD2/SDA2)
[1[2][3][=]1[5][e]
wik- g9 0
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E28x9
>~ 357
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Notes:
1. Can be assigned to the pin in parentheses by a program.
2. Confirm the pin 1 position on the package by referring to the package dimensions.

Figure 1.3 Pin Assignment (Top View) of PWQNO0024KC-A Package
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R8C/3GM Group

1. Overview

Table 1.4 Pin Name Information by Pin Number
I/O Pin Functions for Peripheral Modules
Pin A/D Converter,
Control Pin Port i 2
Number Interrupt Timer Serial SSU 12C D/A Converter,
Interface bus Comparator A,
Comparator B
1 MODE
2 RESET
3 XOUT(/XCOUT) | P4_7
4 VSS/AVSS
5 XIN(/XCIN) P4 6
6 VCC/AVCC
(RXD2/sCL2/
7 P3 7 TRAO TXD2/SDA2) SSO SDA
8 P35 (TRCIOD) (CLK2) SSCK | scL
(RXD2/sCL2/
9 P3 4 (TRCIOC) TXD2/SDA2) SSI IVREF3
10 P3_3 INT3 (TRCCLK) | (CTS2/RTS2) | SCS IVCMP3
11 P4 5 INTO (RXD2/SCL2) ADTRG
12 P17 INTL (TRAIO) IVCMP1
13 P16 (CLKO) LVCOUT2/IVREF1
14 P15 (INT1) (TRAIO) (RXDO0)
15 P1 4 (TRCCLK) (TXDO)
— TRBO/
16 P1_3 KI3 (TRCIOC) AN11/LVCOUT1
17 P12 Ki2 (TRCIOB) AN10/LVREF
__ (TRCIOA/
18 P11 K1 TRCTRG) AN9/LVCMP2
19 P10 Klo (TRCIOD) ANS8/LVCMP1
20 PO_7 (TRCIOC) ANO/DA1
21 PO_6 (TRCIOD) AN1/DAO
(TRCIOA/
22 PO_2 TRCTRG) ANS5
(TRCIOA/
23 PO_1 TRCTRG) AN6
24 P4 2 VREF
Note:

1. Can be assigned to the pin in parentheses by a program.
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R8C/3GM Group

1. Overview

15

Pin Functions

Tables 1.5 and 1.6 list Pin Functions.

Table 1.5 Pin Functions (1)
Item Pin Name I/0 Type Description
Power supply input | VCC, VSS - Apply 1.8 V to 5.5 V to the VCC pin. Apply 0 V to the VSS pin.
Analog power AVCC, AVSS - Power supply for the A/D converter.
supply input Connect a capacitor between AVCC and AVSS.
Reset input RESET I Input “L” on this pin resets the MCU.
MODE MODE | Connect this pin to VCC via a resistor.
XIN clock input XIN | These pins are provided for XIN clock generation circuit 1/O.
Connect a ceramic resonator or a crystal oscillator between
IO e e e o o sl oo
XCIN clock input XCIN | These pins are provided for XCIN clock generation circuit I/O.
Connect a crystal oscillator between the XCIN and XCOUT
XCIN clock output | XCOUT @) pins (). To use an external clock, input it to the XCIN pin and
leave the XCOUT pin open.
INT interrupt input INTO, INTZ, INT3 | W_Tinterrupt input pins.
INTO is timer RB, and RC input pin.
Key input interrupt | K10 to KI3 | Key input interrupt input pins
Timer RA TRAIO 1/0 Timer RA 1/O pin
TRAO (0] Timer RA output pin
Timer RB TRBO (0] Timer RB output pin
Timer RC TRCCLK I External clock input pin
TRCTRG | External trigger input pin
TRCIOA, TRCIOB, 1/0 Timer RC 1/O pins
TRCIOC, TRCIOD
Serial interface CLKO, CLK2 110 Transfer clock I/O pins
RXD0, RXD2 I Serial data input pins
TXDO, TXD2 (0] Serial data output pins
CTS2 I Transmission control input pin
RTS2 (0] Reception control output pin
SCL2 I/0 12C mode clock 1/O pin
SDA2 I/0 | 12C mode data I/O pin
12C bus SCL 110 Clock I/0 pin
SDA 1/0 Data I/O pin
SSU SSI I/0 Data I/O pin
3CS 1/0 Chip-select signal I/O pin
SSCK I/0 Clock 1/0 pin
SSO 1/0 Data I/O pin
I: Input O: Output 1/O: Input and output
Note:

1. Refer to the oscillator manufacturer for oscillation characteristics.
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R8C/3GM Group

1. Overview

Table 1.6 Pin Functions (2)
Item Pin Name I/0 Type Description
Reference voltage | VREF | Reference voltage input pin to A/D converter and D/A

input converter
A/D converter ANO, AN1, AN5, ANG, | Analog input pins to A/D converter
AN8 to AN11
ADTRG | AD external trigger input pin
D/A converter DAO, DA1 (0] D/A converter output pins
Comparator A LVCMP1, LVCMP2 I Comparator A analog voltage input pins
LVREF I Comparator A reference voltage input pin
LVCOUT1, LVCOUT2 (0] Comparator A output pins
Comparator B IVCMP1, IVCMP3 I Comparator B analog voltage input pins
IVREF1, IVREF3 I Comparator B reference voltage input pins
I/O port PO_1, PO_2, 1/0 CMOS 1/0 ports. Each port has an I/O select direction
PO_6, PO_7, register, allowing each pin in the port to be directed for input
P1 OtoP1_7, or output individually.
P3_3to P3_5, Any port set to input can be set to use a pull-up resistor or not
P3_7, by a program.
P4 5toP4_7 All ports can be used as LED drive ports.
Input port P4 2 I Input-only port
I: Input O: Output 1/O: Input and output
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R8C/3GM Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU Registers. The CPU contains 13 registers. RO, R1, R2, R3, A0, A1, and FB configure a
register bank. There are two sets of register bank.

b3 _ b15 b8b7 b
L R2 ROH (high-order of RO)| ROL (low-order of RO)
!_ ________ R § ________ R1H (high-order of R1)[ R1L (low-order of Rl)_
H Data registers @
R2 9
R3 |
AO I )
1 Address registers
Al
FB Frame base register @
b19 b15 b0
| INTBH | INTBL | Interrupt table register
The 4 high order bits of INTB are INTBH and
the 16 low order bits of INTB are INTBL.
b19 b0
| PC | Program counter
b15 b0
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 b0
| FLG | Flag register
______ h
blg.---="" b8 b7 bo}
[T PL T T 11 [ulifole[s[z[o]c
\— Carry flag
Debug flag
Zero flag
Sign flag
Register bank select flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved bit
Processor interrupt priority level
Reserved bit
Note:
1. These registers comprise a register bank. There are two register banks.
Figure 2.1 CPU Registers
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R8C/3GM 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 appliesto R1 to R3. RO can be split
into high-order bits (ROH) and low-order bits (ROL) to be used separately as 8-bit data registers. R1H and R1L are
analogous to ROH and ROL. R2 can be combined with RO and used as a 32-bit data register (R2R0). R3R1 is
analogous to R2R0.

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 aso
used for transfer, arithmetic, and logic operations. Al isanalogousto AO. Al can be combined with AQ and as a 32-
bit address register (A1AO0).

2.3 Frame Base Register (FB)
FB isa16-bit register for FB relative addressing.

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

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

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

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

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

2.8 Flag Register (FLG)
FLG isan 11-hit register indicating the CPU state.

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

28.2 Debug Flag (D)
The D flag isfor debugging only. Set it to 0.

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

2.8.4  Sign Flag (S)

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

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

2.8.6 Overflow Flag (O)
The O flag is set to 1 when an operation results in an overflow; otherwise to 0.
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R8C/3GM 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 set to 0, and are enabled when the | flagissetto 1. Thel flagissetto O
when an interrupt request is acknowledged.

2.8.8 Stack Pointer Select Flag (U)

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

2.8.9 Processor Interrupt Priority Level (IPL)

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

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

RO1UH0284EJ0100 Rev.1.00 RENESAS Page 12 of 591
Aug 09, 2011



R8C/3GM Group 3. Memory
3. Memory
3.1 R8C/3GM Group
Figure 3.1 is a Memory Map of R8C/3GM Group. The R8C/3GM Group has a 1-Mbyte address space from
addresses 00000h to FFFFFh. For example, a 32-Kbyte internal ROM area is allocated addresses 08000h to
OFFFFh.
The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. The starting address of each interrupt
routineis stored here.
Theinternal ROM (dataflash) is allocated addresses 03000h to 03FFFh.
Theinternal RAM is allocated higher addresses, beginning with address 00400h. For example, a 2.5-Kbyte internal
RAM areais allocated addresses 00400h to OODFFh. Theinternal RAM isused not only for data storage but also as
astack areawhen a subroutine is called or when an interrupt request is acknowledged.
Special function registers (SFRs) are allocated addresses 00000h to 002FFh and 02C00h to 02FFFh. Peripheral
function control registers are allocated here. All unallocated spaces within the SFRs are reserved and cannot be
accessed by users.
00000h SER
(Refer to 4. Special
Function Registers
002FFh (SFRs))
00400h
Internal RAM . OFFDSh
OXXXXh / Reserved area
ozcoon (Refer to 4. SSpFe'zial Function OFFDCh E Undefined instruction E
02FFFh Registers (SFRs)) E Overflow 3
03000h E BRK instruction =
(lgtetmf?l Rh())<M) E Address match 3
ata flash) @ = - =
03FFFh E _ _Single step_ —
= Watchdog timer, oscillation stop detection, voltage monitor o
ovYYYh Internal ROM E Address break §
(program ROM) = (Reserved) 3
OFFFFh OFFFFh E Reset =
Internal ROM
(program ROM)
h
FFFFFh
Notes:
1. Data flash indicates block A (1 Kbyte), block B (1 Kbyte), block C (1 Kbyte) and block D (1 Kbyte).
2. The blank areas are reserved and cannot be accessed by users.
Internal ROM Internal RAM
Part Number
Size Address 0YYYYh | Address ZZZZZh Size Address 0XXXXh
R5F213G2MNNP 8 Kbytes OE000h - 1 Kbyte 007FFh
R5F213G4MNNP 16 Kbytes 0C000h - 1.5 Kbytes 009FFh
R5F213G5MNNP 24 Kbytes 0A000h - 2 Kbytes 00BFFh
R5F213G6MNNP 32 Kbytes 08000h — 2.5 Kbytes 00DFFh
Figure 3.1 Memory Map of R8C/3GM Group
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R8C/3GM Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (special function register) is a control register for a peripheral function. Tables 4.1 to 4.12 list the special
function registers. Table 4.13 lists the ID Code Areas and Option Function Select Area.

Table 4.1 SFR Information (1) (D

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00h
0005h Processor Mode Register 1 PM1 00h
0006h System Clock Control Register 0 CMO 00101000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Module Standby Control Register MSTCR 00h
0009h System Clock Control Register 3 CM3 00h
000Ah Protect Register PRCR 00h
000Bh Reset Source Determination Register RSTFR OXXXXXXXDb (2)
000Ch Oscillation Stop Detection Register OCD 00000100b
000Dh Watchdog Timer Reset Register WDTR XXh
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register WDTC 00111111b
0010h
0011h
0012h
0013h
0014h
0015h High-Speed On-Chip Oscillator Control Register 7 FRA7 When shipping
0016h
0017h
0018h
0019h
001Ah
001Bh
001Ch Count Source Protection Mode Register CSPR 00h
10000000b (3)
001Dh
001Eh
001Fh
0020h
0021h
0022h
0023h High-Speed On-Chip Oscillator Control Register 0 FRAO 00h
0024h High-Speed On-Chip Oscillator Control Register 1 FRA1 When shipping
0025h High-Speed On-Chip Oscillator Control Register 2 FRA2 00h
0026h On-Chip Reference Voltage Control Register OCVREFCR 00h
0027h
0028h Clock Prescaler Reset Flag CPSRF 00h
0029h High-Speed On-Chip Oscillator Control Register 4 FRA4 When Shipping
002Ah High-Speed On-Chip Oscillator Control Register 5 FRA5 When Shipping
002Bh High-Speed On-Chip Oscillator Control Register 6 FRA6 When Shipping
002Ch
002Dh
002Eh
002Fh High-Speed On-Chip Oscillator Control Register 3 FRA3 When shipping
0030h Voltage Monitor Circuit/Comparator A Control Register CMPA 00h
0031h Voltage Monitor Circuit Edge Select Register VCAC 00h
0032h
0033h Voltage Detect Register 1 VCA1l 00001000b
0034h Voltage Detect Register 2 VCA2 00h @)
00100000b )
0035h
0036h Voltage Detection 1 Level Select Register VDILS 00000111b
0037h
0038h Voltage Monitor O Circuit Control Register VWO0C 1100X010b @)
1100X011b (5)
003%h Voltage Monitor 1 Circuit Control Register VW1C 10001010b
X: Undefined
Notes:

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

2. The CWR bitin the RSTFR register is set to 0 after power-on and voltage monitor O reset. Hardware reset, software reset, or watchdog timer
reset does not affect this bit.

3. The CSPROINI bit in the OFS register is set to 0.

4. The LVDAS bit in the OFS register is set to 1.

5. The LVDAS bit in the OFS register is set to 0.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.2

SFR Information (2) (1)

Address

Register

Symbol

After Reset

003Ah

Voltage Monitor 2 Circuit Control Register

VW2C

10000010b

003Bh

003Ch

003Dh

003Eh

003Fh

0040h

0041h

Flash Memory Ready Interrupt Control Register

FMRDYIC

XXXXX000b

0042h

0043h

0044h

0045h

0046h

0047h

Timer RC Interrupt Control Register

TRCIC

XXXXX000b

0048h

0049h

004Ah

Timer RE Interrupt Control Register

TREIC

XXXXX000b

004Bh

UART2 Transmit Interrupt Control Register

S2TIC

XXXXX000b

004Ch

UART2 Receive Interrupt Control Register

S2RIC

XXXXX000b

004Dh

Key Input Interrupt Control Register

KUPIC

XXXXX000b

004Eh

A/D Conversion Interrupt Control Register

ADIC

XXXXX000b

004Fh

SSU Interrupt Control Register / 1IC bus Interrupt Control Register (2)

SSuUIC/lICIC

XXXXX000b

0050h

0051h

UARTO Transmit Interrupt Control Register

SOTIC

XXXXX000b

0052h

UARTO Receive Interrupt Control Register

SORIC

XXXXX000b

0053h

0054h

0055h

0056h

Timer RA Interrupt Control Register

TRAIC

XXXXX000b

0057h

0058h

Timer RB Interrupt Control Register

TRBIC

XXXXX000b

0059h

INT1 Interrupt Control Register

INT1IC

XX00X000b

005Ah

INT3 Interrupt Control Register

INT3IC

XX00X000b

005Bh

005Ch

005Dh

INTO Interrupt Control Register

INTOIC

XX00X000b

005Eh

UART2 Bus Collision Detection Interrupt Control Register

U2BCNIC

XXXXX000b

005Fh

0060h

0061h

0062h

0063h

0064h

0065h

0066h

0067h

0068h

0069h

006Ah

006Bh

006Ch

006Dh

006Eh

006Fh

0070h

0071h

0072h

Voltage Monitor 1/Comparator Al Interrupt Control Register

VCMPL1IC

XXXXX000b

0073h

Voltage Monitor 2/Comparator A2 Interrupt Control Register

VCMP2IC

XXXXX000b

0074h

0075h

0076h

0077h

0078h

0079h

007Ah

007Bh

007Ch

007Dh

007Eh

007Fh

X: Undefined
Notes:

1. The blank areas are reserved and cannot be accessed by users.
2. Selectable by the IICSEL bit in the SSUIICSR register.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.3

SFR Information (3) (1)

Address

Register

Symbol

After Reset

0080h

DTC Activation Control Register

DTCTL

00h

0081h

0082h

0083h

0084h

0085h

0086h

0087h

0088h

DTC Activation Enable Register 0

DTCENO

00h

0089h

DTC Activation Enable Register 1

DTCEN1

00h

008Ah

DTC Activation Enable Register 2

DTCEN2

00h

008Bh

DTC Activation Enable Register 3

DTCEN3

00h

008Ch

008Dh

DTC Activation Enable Register 5

DTCENS

00h

008Eh

DTC Activation Enable Register 6

DTCENG6

00h

008Fh

0090h

0091h

0092h

0093h

0094h

0095h

0096h

0097h

0098h

009%h

009Ah

009Bh

009Ch

009Dh

009Eh

009Fh

00AOh

UARTO Transmit/Receive Mode Register

UOMR

00h

00A1h

UARTO Bit Rate Register

UOBRG

XXh

00A2h

00A3h

UARTO Transmit Buffer Register

uoTB

XXh
XXh

00A4h

UARTO Transmit/Receive Control Register 0

UoCo

00001000b

00A5h

UARTO Transmit/Receive Control Register 1

uoC1

00000010b

00A6h

00A7h

UARTO Receive Buffer Register

UORB

XXh
XXh

00A8h

UART2 Transmit/Receive Mode Register

U2MR

00h

00A9h

UART2 Bit Rate Register

U2BRG

XXh

00AAh

00ABh

UART2 Transmit Buffer Register

uz2TB

XXh
XXh

00ACh

UART2 Transmit/Receive Control Register 0

U2CO0

00001000b

00ADh

UART2 Transmit/Receive Control Register 1

u2C1

00000010b

00AEh

00AFh

UART2 Receive Buffer Register

U2RB

XXh
XXh

00BOh

UART2 Digital Filter Function Select Register

URXDF

00h

00B1h

00B2h

00B3h

00B4h

00B5h

00B6h

00B7h

00B8h

00B9h

00BAh

00BBh

UART?2 Special Mode Register 5

U2SMR5

00h

00BCh

UART2 Special Mode Register 4

U2SMR4

00h

00BDh

UART?2 Special Mode Register 3

U2SMR3

000X0X0Xb

00BEh

UART2 Special Mode Register 2

U2SMR2

X0000000b

00BFh

UART?2 Special Mode Register

U2SMR

X0000000b

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) (1)

Address Register Symbol After Reset
00COh AID Register 0 ADO XXXh
00C1h 000000XXb
00C2h A/D Register 1 AD1 XXh
00C3h 000000XXb
00C4h A/D Register 2 AD2 XXh
00C5h 000000XXb
00C6h A/D Register 3 AD3 XXh
00C7h 000000XXb
00C8h A/D Register 4 AD4 XXh
00C9%h 000000XXb
00CAh A/D Register 5 AD5 XXh
00CBh 000000XXb
00CCh A/D Register 6 ADG6 XXh
00CDh 000000XXb
00CEh A/D Register 7 AD7 XXh
00CFh 000000XXb
00DOh
00D1h
00D2h
00D3h
00D4h A/D Mode Register ADMOD 00h
00D5h A/D Input Select Register ADINSEL 11000000b
00D6h A/D Control Register 0 ADCONO 00h
00D7h A/D Control Register 1 ADCON1 00h
00D8h D/AO Register DAO 00h
00D9%h D/A1 Register DA1 00h
00DAh
00DBh
00DCh D/A Control Register DACON 00h
00DDh
00DEh
00DFh
00EOh Port PO Register PO XXh
00E1lh Port P1 Register P1 XXh
00E2h Port PO Direction Register PDO 00h
00E3h Port P1 Direction Register PD1 00h
00E4h
00E5h Port P3 Register P3 XXh
00E6h
00E7h Port P3 Direction Register PD3 00h
00E8h Port P4 Register P4 XXh
00ESh
00EAh Port P4 Direction Register PD4 00h
00EBh
00ECh
00EDh
00EEh
00EFh
00FOh
00F1h
00F2h
00F3h
00F4h
00F5h
00F6h
00F7h
00F8h
00F9h
00FAh
00FBh
00FCh
00FDh
00FEh
00FFh

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) (1)

Address Register Symbol After Reset
0100h Timer RA Control Register TRACR 00h

0101h Timer RA 1/O Control Register TRAIOC 00h

0102h Timer RA Mode Register TRAMR 00h

0103h Timer RA Prescaler Register TRAPRE FFh

0104h Timer RA Register TRA FFh

0105h LIN Control Register 2 LINCR2 00h

0106h LIN Control Register LINCR 00h

0107h LIN Status Register LINST 00h

0108h Timer RB Control Register TRBCR 00h

0109h Timer RB One-Shot Control Register TRBOCR 00h

010Ah Timer RB 1/O Control Register TRBIOC 00h
010Bh Timer RB Mode Register TRBMR 00h
010Ch Timer RB Prescaler Register TRBPRE FFh
010Dh Timer RB Secondary Register TRBSC FFh
010Eh Timer RB Primary Register TRBPR FFh
010Fh

0110h

0111h

0112h

0113h

0114h

0115h

0116h

0117h

0118h Timer RE Second Data Register TRESEC 00h

0119h Timer RE Minute Data Register TREMIN 00h

011Ah Timer RE Hour Data Register TREHR 00h

011Bh Timer RE Day of Week Data Register TREWK 00h

011Ch Timer RE Control Register 1 TRECR1 00h

011Dh Timer RE Control Register 2 TRECR2 00h

011Eh Timer RE Count Source Select Register TRECSR 00001000b
011Fh

0120h Timer RC Mode Register TRCMR 01001000b
0121h Timer RC Control Register 1 TRCCR1 00h

0122h Timer RC Interrupt Enable Register TRCIER 01110000b
0123h Timer RC Status Register TRCSR 01110000b
0124h Timer RC 1/O Control Register 0 TRCIORO 10001000b
0125h Timer RC I/O Control Register 1 TRCIOR1 10001000b
0126h Timer RC Counter TRC 00h

0127h 00h

0128h Timer RC General Register A TRCGRA FFh

0129h FFh
012Ah Timer RC General Register B TRCGRB FFh
012Bh FFh
012Ch Timer RC General Register C TRCGRC FFh
012Dh FFh
012Eh Timer RC General Register D TRCGRD FFh
012Fh FFh

0130h Timer RC Control Register 2 TRCCR2 00011000b
0131h Timer RC Digital Filter Function Select Register TRCDF 00h

0132h Timer RC Output Master Enable Register TRCOER 01111111b
0133h Timer RC Trigger Control Register TRCADCR 00h

0134h

0135h

0136h

0137h

0138h

013%h

013Ah

013Bh

013Ch

013Dh

013Eh

013Fh

Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) %)

Address Register Symbol After Reset
0140h
0141h
0142h
0143h
0144h
0145h
0146h
0147h
0148h
0149h
014Ah
014Bh
014Ch
014Dh
014Eh
014Fh
0150h
0151h
0152h
0153h
0154h
0155h
0156h
0157h
0158h
0159h
015Ah
015Bh
015Ch
015Dh
015Eh
015Fh
0160h
0161h
0162h
0163h
0164h
0165h
0166h
0167h
0168h
0169h
016Ah
016Bh
016Ch
016Dh
016Eh
016Fh
0170h
0171h
0172h
0173h
0174h
0175h
0176h
0177h
0178h
0179h
017Ah
017Bh
017Ch
017Dh
017Eh
017Fh

X: Undefined

Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.7

SFR Information (7) (1)

Address

Register

Symbol

After Reset

0180h

Timer RA Pin Select Register

TRASR

00h

0181h

Timer RC Pin Select Register

TRBRCSR

00h

0182h

Timer RC Pin Select Register 0

TRCPSRO

00h

0183h

Timer RC Pin Select Register 1

TRCPSR1

00h

0184h

0185h

0186h

0187h

0188h

UARTO Pin Select Register

UOSR

00h

0189h

018Ah

UART?2 Pin Select Register 0

U2SR0

00h

018Bh

UART?2 Pin Select Register 1

U2SR1

00h

018Ch

SSU/IIC Pin Select Register

SSUIICSR

00h

018Dh

018Eh

INT Interrupt Input Pin Select Register

INTSR

00h

018Fh

1/0 Function Pin Select Register

PINSR

00h

0190h

0191h

0192h

0193h

SS Bit Counter Register

SSBR

11111000b

0194h

SS Transmit Data Register L / 1IC bus Transmit Data Register (2)

SSTDR / ICDRT

FFh

0195h

SS Transmit Data Register H (2)

SSTDRH

FFh

0196h

SS Receive Data Register L / IIC bus Receive Data Register (2)

SSRDR / ICDRR

FFh

0197h

SS Receive Data Register H (2)

SSRDRH

FFh

0198h

SS Control Register H / [IC bus Control Register 1 (2)

SSCRH/ICCR1

00h

0199h

SS Control Register L / 1IC bus Control Register 2 (2)

SSCRL /ICCR2

01111101b

019Ah

SS Mode Register / 1IC bus Mode Register (2)

SSMR /ICMR

00010000b / 00011000b

019Bh

SS Enable Register / IIC bus Interrupt Enable Register (2)

SSER/ICIER

00h

019Ch

SS Status Register / IIC bus Status Register (2)

SSSR/ICSR

00h / 0000X000b

019Dh

SS Mode Register 2 / Slave Address Register (2)

SSMR2 / SAR

00h

019Eh

019Fh

01A0h

01A1lh

01A2h

01A3h

01A4h

01A5h

01A6h

01A7h

01A8h

01A9%h

01AAh

01ABh

01ACh

01ADh

01AEh

01AFh

01BOh

01B1h

01B2h

Flash Memory Status Register

FST

10000X00b

01B3h

01B4h

Flash Memory Control Register 0

FMRO

00h

01B5h

Flash Memory Control Register 1

FMR1

00h

01B6h

Flash Memory Control Register 2

FMR2

00h

01B7h

01B8h

01B9h

01BAh

01BBh

01BCh

01BDh

01BEh

01BFh

X: Undefined

Notes:

1. The blank areas are reserved and cannot be accessed by users.
2. Selectable by the IICSEL bit in the SSUIICSR register.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.8

SFR Information (8) (1)

Address

Register

Symbol After Reset

01COh

01C1h

01C2h

Address Match Interrupt Register O

RMADO XXh
XXh
0000XXXXb

01C3h

Address Match Interrupt Enable Register 0

AIERO 00h

01C4h

01C5h

01C6h

Address Match Interrupt Register 1

RMAD1 XXh
XXh
0000XXXXb

01C7h

Address Match Interrupt Enable Register 1

AIER1 00h

01C8h

01C%h

01CAh

01CBh

01CCh

01CDh

01CEh

01CFh

01DO0h

01D1h

01D2h

01D3h

01D4h

01D5h

01D6h

01D7h

01D8h

01D%h

01DAh

01DBh

01DCh

01DDh

01DEh

01DFh

01EOh

Pull-Up Control Register 0

PURO 00h

01E1h

Pull-Up Control Register 1

PUR1 00h

01E2h

01E3h

01E4h

01E5h

01E6h

01E7h

01E8h

01ES9h

01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01FOh

Port P1 Drive Capacity Control Register

P1DRR 00h

01F1h

01F2h

Drive Capacity Control Register 0

DRRO 00h

01F3h

Drive Capacity Control Register 1

DRR1 00h

01F4h

01F5h

Input Threshold Control Register 0

VLTO 00h

01F6h

Input Threshold Control Register 1

VLT1 00h

01F7h

01F8h

Comparator B Control Register 0

INTCMP 00h

01F9h

01FAh

External Input Enable Register 0

INTEN 00h

01FBh

01FCh

INT Input Filter Select Register 0

INTF 00h

01FDh

01FEh

Key Input Enable Register 0

KIEN 00h

01FFh

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) (1)

Address Register Symbol After Reset
2C00h DTC Transfer Vector Area XXh
2C01h DTC Transfer Vector Area XXh
2C02h DTC Transfer Vector Area XXh
2C03h DTC Transfer Vector Area XXh
2C04h DTC Transfer Vector Area XXh
2C05h DTC Transfer Vector Area XXh
2C06h DTC Transfer Vector Area XXh
2C07h DTC Transfer Vector Area XXh
2C08h DTC Transfer Vector Area XXh
2C0%h DTC Transfer Vector Area XXh
2C0Ah DTC Transfer Vector Area XXh

: DTC Transfer Vector Area XXh

: DTC Transfer Vector Area XXh
2C3Ah DTC Transfer Vector Area XXh
2C3Bh DTC Transfer Vector Area XXh
2C3Ch DTC Transfer Vector Area XXh
2C3Dh DTC Transfer Vector Area XXh
2C3Eh DTC Transfer Vector Area XXh
2C3Fh DTC Transfer Vector Area XXh
2C40h DTC Control Data 0 DTCDO XXh
2C41h XXh
2C42h XXh
2C43h XXh
2C44h XXh
2C45h XXh
2C46h XXh
2CA47h XXh
2C48h DTC Control Data 1 DTCD1 XXh
2C49h XXh
2C4Ah XXh
2C4Bh XXh
2CACh XXh
2C4Dh XXh
2C4Eh XXh
2CA4Fh XXh
2C50h DTC Control Data 2 DTCD2 XXh
2C51h XXh
2C52h XXh
2C53h XXh
2C54h XXh
2C55h XXh
2C56h XXh
2C57h XXh
2C58h DTC Control Data 3 DTCD3 XXh
2C5%9h XXh
2C5Ah XXh
2C5Bh XXh
2C5Ch XXh
2C5Dh XXh
2C5Eh XXh
2C5Fh XXh
2C60h DTC Control Data 4 DTCD4 XXh
2C61h XXh
2C62h XXh
2C63h XXh
2C64h XXh
2C65h XXh
2C66h XXh
2C67h XXh
2C68h DTC Control Data 5 DTCD5 XXh
2C69h XXh
2C6Ah XXh
2C6Bh XXh
2C6Ch XXh
2C6Dh XXh
2C6Eh XXh
2C6Fh XXh

X: Undefined
Note:

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

RO1UH0284EJ0100 Rev.1.00

Aug 09, 2011

RENESAS

Page 22 of 591



R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.10  SFR Information (10) M

Address Register Symbol After Reset
2C70h DTC Control Data 6 DTCD6 XXh
2C71h XXh
2C72h XXh
2C73h XXh
2C74h XXh
2C75h XXh
2C76h XXh
2C77h XXh
2C78h DTC Control Data 7 DTCD7 XXh
2C79h XXh
2C7Ah XXh
2C7Bh XXh
2C7Ch XXh
2C7Dh XXh
2C7Eh XXh
2C7Fh XXh
2C80h DTC Control Data 8 DTCD8 XXh
2C81h XXh
2C82h XXh
2C83h XXh
2C84h XXh
2C85h XXh
2C86h XXh
2C87h XXh
2C88h DTC Control Data 9 DTCD9 XXh
2C89h XXh
2C8Ah XXh
2C8Bh XXh
2C8Ch XXh
2C8Dh XXh
2C8Eh XXh
2C8Fh XXh
2C90h DTC Control Data 10 DTCD10 XXh
2C91h XXh
2C92h XXh
2C93h XXh
2C94h XXh
2C95h XXh
2C96h XXh
2C97h XXh
2C98h DTC Control Data 11 DTCD11 XXh
2C9%h XXh
2C9Ah XXh
2C9Bh XXh
2C9Ch XXh
2C9Dh XXh
2C9Eh XXh
2C9Fh XXh
2CAOh DTC Control Data 12 DTCD12 XXh
2CAlh XXh
2CA2h XXh
2CA3h XXh
2CA4h XXh
2CA5h XXh
2CA6h XXh
2CA7h XXh
2CA8h DTC Control Data 13 DTCD13 XXh
2CA9 XXh
2CAAh XXh
2CABh XXh
2CACh XXh
2CADh XXh
2CAEh XXh
2CAFh XXh

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.11  SFR Information (11) (W
Address Register Symbol After Reset
2CBOh DTC Control Data 14 DTCD14 XXh
2CBlh XXh
2CB2h XXh
2CB3h XXh
2CB4h XXh
2CB5h XXh
2CB6h XXh
2CB7h XXh
2CB8h DTC Control Data 15 DTCD15 XXh
2CB%h XXh
2CBAh XXh
2CBBh XXh
2CBCh XXh
2CBDh XXh
2CBEh XXh
2CBFh XXh
2CCOh DTC Control Data 16 DTCD16 XXh
2CC1h XXh
2CC2h XXh
2CC3h XXh
2CC4h XXh
2CC5h XXh
2CC6h XXh
2CC7h XXh
2CC8h DTC Control Data 17 DTCD17 XXh
2CC%h XXh
2CCAh XXh
2CCBh XXh
2CCCh XXh
2CCDh XXh
2CCEh XXh
2CCFh XXh
2CDOh DTC Control Data 18 DTCD18 XXh
2CD1h XXh
2CD2h XXh
2CD3h XXh
2CD4h XXh
2CD5h XXh
2CD6h XXh
2CD7h XXh
2CD8h DTC Control Data 19 DTCD19 XXh
2CD9%h XXh
2CDAh XXh
2CDBh XXh
2CDCh XXh
2CDDh XXh
2CDEh XXh
2CDFh XXh
2CEOh DTC Control Data 20 DTCD20 XXh
2CElh XXh
2CE2h XXh
2CE3h XXh
2CE4h XXh
2CE5h XXh
2CE6h XXh
2CE7h XXh
2CE8h DTC Control Data 21 DTCD21 XXh
2CE%h XXh
2CEAh XXh
2CEBh XXh
2CECh XXh
2CEDh XXh
2CEEh XXh
2CEFh XXh

X: Undefined

Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/3GM Group

4. Special Function Registers (SFRs)

Table 4.12  SFR Information (12) M

Address Register Symbol After Reset

2CFOh DTC Control Data 22 DTCD22 XXh

2CF1h XXh

2CF2h XXh

2CF3h XXh

2CF4h XXh

2CF5h XXh

2CF6h XXh

2CF7h XXh

2CF8h DTC Control Data 23 DTCD23 XXh

2CF9h XXh

2CFAh XXh

2CFBh XXh

2CFCh XXh

2CFDh XXh

2CFEh XXh

2CFFh XXh

2D00h
[ 2FFFh ] |
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
Table 4.13 ID Code Areas and Option Function Select Area
| Address | Area Name | Symbol | After Reset |
| FFDBh [ Option Function Select Register 2 [ OFs2 [ (Note 1) |
[ FFOFh  [D1 [ (Note 2) |
[ FFE3h [ID2 [ (Note 2) |
[ FFEBh [ID3 [ (Note 2) |
| FFEFh TID4 [ (Note 2) |
[ FFF3n [ID5 [ (Note 2) |
[ FFF7n [D6 [ (Note 2) |
[ FFFBR [ID7 [ (Note 2) |
[~ FFFFh [ Option Function Select Register [ OFS [ (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 write additions to the option function select area. If the block including the option function select area is erased, the option function select
area is set to FFh.
When blank products are shipped, the option function select area is set to FFh. It is set to the written value after written by the user.
When factory-programming products are shipped, the value of the option function select area is the value programmed by the user.

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

Do not write additions to the ID code areas. If the block including the ID code areas is erased, the ID code areas are set to FFh.
When blank products are shipped, the ID code areas are set to FFh. They are set to the written value after written by the user.
When factory-programming products are shipped, the value of the ID code areas is the value programmed by the user.
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R8C/3GM Group

5. Resets

5. Resets

The following resets are implemented: hardware reset, power-on reset, voltage monitor O reset, watchdog timer reset,

and software reset.

Table 5.1 lists the Reset Names and Sources. Figure 5.1 shows a Block Diagram of Reset Circuit.

Table 5.1 Reset Names and Sources
Reset Name Source
Hardware reset Input voltage of RESET pin is held “L”
Power-on reset VCC rises
Voltage monitor O reset VCC falls (monitor voltage: Vdet0)
Watchdog timer reset Underflow of watchdog timer
Software reset Write 1 to PMO3 bit in PMO register
RESET O Hardware reset

Power-on reset

Power-on reset

o

VCC L
circuit

Voltage
detection

Voltage monitor O reset

circuit

Watchdog
timer

Watchdog timer

reset

CPU

;Do_. Pin, CPU, and SFR

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 at a hardware reset,

software reset, or watchdog timer reset.

Figure 5.1 Block Diagram of Reset Circuit
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R8C/3GM Group 5. Resets

Table 5.2 lists the Pin Functions while RESET Pin Level is“L”, Figure 5.2 shows the CPU Register Status after Reset,
Figure 5.3 shows the Reset Sequence.

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

Pin Name Pin Function
PO_1, PO _2,PO_6, PO_7 Input port
P1,P3 3toP3 5 P3 7 Input port
P4 2, P4 5toP4_7 Input port
15 b
0000h I Data register (RO)
0000h | Data register (R1)
0000h I Data register (R2)
0000h I Data register (R3)
0000h I Address register (A0)
0000h I Address register (A1)
. 0000h | Frame base register (FB)
b19 bo
00000h Interrupt table register (INTB)
Content of addresses OFFFEh to OFFFCh Program counter (PC)
bi5 bo
0000h User stack pointer (USP)
0000h Interrupt stack pointer (ISP)
0000h Static base register (SB)
bi5 bo
| 0000h Flag register (FLG)
— e b8 b7 b0
Ll T[] L[]
IPL Ul OBSzDC

Figure 5.2 CPU Register Status after Reset

fOCO-S J% % gg
RESET pin —I_I

i<—>i 10 ps or more are needed @

1
1
E4—>" fOCO-S clock x 32 cycles @

Internal reset
signal

Start time of flash memory

(CPU clock x 148 cycles) GPU clock x 28 cycle

CPU clock @@ @g g@
OFFFCh OFFFEh
L
Address X X X X
(i_nterr|1)al address * *
signal
OFFFDh Content of reset vector

Notes:
1. Hardware reset.
2. When the “L” input width to the RESET pin is set to fOCO-S clock x 32 cycles or more, setting the RESET pin to “H” also sets the internal
reset signal to “H” at the same time.

Figure 5.3 Reset Sequence
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5.1 Registers
5.1.1 Processor Mode Register 0 (PMO)
Address 0004h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — [ PmMO3 | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 —
b3 PMO03 |Software reset bit The MCU is reset when this bit is set to 1. When R/W
read, the content is 0.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting the PMO register.
5.1.2 Reset Source Determination Register (RSTFR)
Address 000Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbo|| — | — | — | — |WDR|SWR|HWR CWR|
After Reset 0 X X 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
1: Detected
b2 SWR |Software reset detect flag 0: Not detected R
1: Detected
b3 WDR |Watchdog timer reset detect flag |0: Not detected R
1: Detected
b4 — Reserved bits When read, the content is undefined. R
b5 —
b6 —
b7 — Reserved bit Setto 0. R/W
Notes:

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

2. If 1is written to the CWR bit by a program, it is set to 1. (Writing O does not affect this bit.)

3. When the VWOCO bit in the VWOC register is set to 0 (voltage monitor O reset disabled), the CWR bit value is

undefined.
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R8C/3GM Group 5. Resets
5.1.3  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 bit 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 i it (2) |b5b4 R/W
o UbeEll Voltage detection 0 level select bit 00:3.80 V selected (Vdet0_3) adas
01:2.85V selected (Vdet0_2)
10:2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor O reset enabled after reset RIW
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 write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.
2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.
3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to O (voltage monitor O reset enabled after

reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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R8C/3GM Group 5. Resets
5.1.4  Option Function Select Register 2 (OFS2)
Address OFFDBh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFSO0
After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 WDTUFSO |[Watchdog timer underflow period set bit bcl) b8_ 03EFh R/W

bl WDTUFS1 01: OFEEh R/W
10: 1FFFh
11: 3FFFh

b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bgbé. 50 R/W

set bit 4970

b3 WDTRCS1 01 50% R/W
10: 75%
1 1: 100%

b4 — Reserved bits 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 write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register

is set to FFh.

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

user.

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

user.

For a setting example of the OFS2 register, refer to 13.3.1 Setting Example of Option Function Select Area.

Bits WDTRCS0 and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)

Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgement Period.
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R8C/3GM Group 5. Resets

5.2 Hardware Reset

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the supply voltage
meets the recommended operating conditions, pins, CPU, and SFRs are all reset (refer to Table 5.2 Pin Functions
while RESET Pin Level is“L”, Figure 5.2 CPU Register Status after Reset, and Table 4.1 to Table 4.12 SFR
I nfor mation).

When the input level applied to the RESET pin changesfrom “L” to “H”, a program is executed beginning with the
address indicated by the reset vector. After reset, the low-speed on-chip oscillator clock with no division is
automatically selected as the CPU clock.

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

Theinternal RAM is not reset. If the RESET pinispulled “L” while writing to the internal RAM isin progress, the
contents of internal RAM will be undefined.

Figure 5.4 shows an Example of Hardware Reset Circuit and Operation and Figure 5.5 shows an Example of
Hardware Reset Circuit (Usage Example of External Supply Voltage Detection Circuit) and Operation.

5.2.1  When Power Supply is Stable
(1) Apply “L” to the RESET pin.
(2) Wait for 10 ps.
(3) Apply “H" to the RESET pin.

522 Power On

(1) Apply “L” to the RESET pin.

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

(3) Wait for td(P-R) or more to allow the internal power supply to stabilize (refer to 33. Electrical
Characteristics).

(4) Wait for 10 ps.

(5) Apply “H" to the RESET pin.
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IN]
4

VCC 1.8V /
VCC /
ov

l RESET
2 1~ 0.2 VCC or below
(Y]
[ R P
td(P-R) + 10 us or more
Note: ( ) "

1. Refer to 33. Electrical Characteristics.

Figure 5.4 Example of Hardware Reset Circuit and Operation

Supply voltage
detection circuit
VCC

1.8V/

ov
[ S

td(P-R) + 10 us or more

Example when
VCC=5V

Note:
1. Refer to 33. Electrical Characteristics.

Figure 5.5 Example of Hardware Reset Circuit (Usage Example of External Supply Voltage
Detection Circuit) and Operation
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R8C/3GM Group 5. Resets

5.3 Power-On Reset Function

When the RESET pin is connected to the VCC pin via a pull-up resistor, and the VCC pin voltage level rises, the
power-on reset function is enabled and the MCU resets its pins, CPU, and SFRs. When a capacitor is connected to
the RESET pin, too, always keep the voltage to the RESET pin 0.8V CC or more.

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
starts counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held “H”
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock with no
division isautomatically selected as the CPU clock after reset.

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

To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to
0.

Figure 5.6 shows an Example of Power-On Reset Circuit and Operation.

VCC
4.7 kQ
(reference)
RESET
Vdeto @
External
Power Vcc
0.5v
< tw(por) @ >
Internal
reset signal
4 A

1 3
foco-s

Notes:

1. Vdeto indicates the voltage detection level of the voltage detection O circuit. Refer to
6. Voltage Detection Circuit for details.

2. tw(por) indicates the duration the external power Vcc must be held below the valid
voltage (0.5 V) to enable a power-on reset. When turning on the power after it falls
with voltage monitor 0 reset disabled, maintain tw(por) for 1 ms or more.

3. To use the power-on reset function, enable voltage monitor O reset by setting the
LVDAS bit in the OFS register to 0.

Figure 5.6 Example of Power-On Reset Circuit and Operation
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5.4 Voltage Monitor O Reset

A reset is applied using the on-chip voltage detection O circuit. The voltage detection O circuit monitors the input
voltage to the VCC pin. The voltage to monitor is VVdet0. To use voltage monitor O reset, set the LVDAS bit in the
OFS register to 0 (voltage monitor O reset enabled after reset). The VdetO voltage detection level can be changed by
the settings of bits VDSELO to VDSEL 1 in the OFS register.

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

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
starts counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held “H”
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock with no
division isautomatically selected asthe CPU clock after reset.

To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to
0.

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

Refer to 5.1.3 Option Function Select Register (OFS) for details of the OFS register.

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

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

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

Figure 5.7 shows an Example of Voltage Monitor O Reset Circuit and Operation.

Vdet0

External
Power Vcc

0.5v

>

Voltage detection 0
circuit response time

Internal reset signal |

— = x32
foco-s

Notes:
1. VdetO indicates the voltage detection level of the voltage detection 0O circuit. Refer to 6. Voltage
Detection Circuit for details.
2. To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in
the OFS register to 0.

Figure 5.7 Example of Voltage Monitor O Reset Circuit and Operation
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5.5 Watchdog Timer Reset

When the PM 12 bit in the PM 1 register is set to 1 (reset when watchdog timer underflows), the MCU resetsits pins,
CPU, and SFRs if the watchdog timer underflows. Then the program beginning with the address indicated by the
reset vector is executed. After reset, the low-speed on-chip oscillator clock with no division is automatically
selected as the CPU clock.

Refer to 4. Special Function Registers (SFRs) for the states of the SFRs after watchdog timer reset.

The internal RAM is not reset. When the watchdog timer underflows while writing to the internal RAM isin
progress, the contents of internal RAM are undefined.

The underflow period and refresh acknowledge period for the watchdog timer can be set by bits WDTUFSO to
WDTUFS1 and bits WDTRCS0 to WDTRCSL in the OFS2 register, respectively.

Refer to 14. Watchdog Timer for details of the watchdog timer.

5.6 Software Reset

When the PM03 bit in the PMO register is set to 1 (MCU reset), the MCU resets its pins, CPU, and SFRs. The
program beginning with the address indicated by the reset vector is executed. After reset, the low-speed on-chip
oscillator clock with no division is automatically selected for the CPU clock.

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

Theinternal RAM is not reset.
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5.7 Cold Start-Up/Warm Start-Up Determination Function

The cold start-up/warm start-up determination function uses the CWR bit in the RSTFR register to determine cold
start-up (reset process) at power-on and warm start-up (reset process) when areset occurred during operation.

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

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

Figure 5.8 shows an Operating Example of Cold Start-Up/Warm Start-Up Function

5v
vCe /_\_/_\ /
Vdet0

o /
Setto 1 by Setto 1 by
é a program. g a program.
CWR bit in RSTFR register
Voltage monitor O reset J L]

Figure 5.8 Operating Example of Cold Start-Up/Warm Start-Up Function

5.8 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 is set to 1 (detected). If a software reset occurs, the SWR bitissetto 1
(detected). If awatchdog timer reset occurs, the WDR bit is set to 1 (detected).
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6. Voltage Detection Circuit

The voltage detection circuit monitors the voltage input to the VCC pin. This circuit can be used to monitor the VCC
input voltage by a program.

6.1

Overview

The detection voltage of voltage detection 0 can be selected among four levels using the OFS register.

The detection voltage of voltage detection 1 can be selected among 16 levels using the VD 1L S register.

As adetection target, the voltage input to VCC and the LV CMP2 pin can be switched for voltage detection 2 only.
The voltage monitor O reset, and voltage monitor 1 interrupt and voltage monitor 2 interrupt can also be used.
Note that voltage monitor 1 and voltage monitor 2 share the voltage detection circuit with comparator A1 and
comparator A2. Either voltage monitor 1 and voltage monitor 2 or comparator A1 and comparator A2 can be

selected.
Table 6.1 Voltage Detection Circuit Specifications
Iltem Voltage Monitor O Voltage Monitor 1 Voltage Monitor 2
VCC Voltage to Vdet0 Vdetl Vdet2
monitor monitor
Detection target | Whether passing Whether passing through |Whether passing through Vdet2 by
through VdetO by rising |VVdetl by rising or falling |rising or falling
or falling The input voltage to VCC and the
LVCMP2 pin can be switched by
the VCA24 bit in the VCAZ2 register.
Detection Selectable among Selectable among The detection voltage level varies
voltage 4 levels using the OFS |16 levels using the depending on when VCC is
register. VDLLS register. selected or when LVCMP?2 is
selected.
Each value is set as the fixed level.
Monitor None The VWI1C3 bit in The VCAL13 bit in the VCAL1 register
the VW1C register
Whether VCC is higher or |Whether VCC is higher or lower
lower than Vdetl than Vdet2
Process at |Reset Voltage monitor O reset|None None
voltage Reset at Vdet0 > VCC;
detection CPU operation restarts
at VCC > Vdet0
Interrupts None Voltage monitor 1 Voltage monitor 2 interrupt
interrupt
Non-maskable or Non-maskable or maskable
maskable selectable selectable
Interrupt request at: Interrupt request at:
Vdetl > VCC Vdet2 > VCC (LVCMP2)
and/or and/or
VCC > Vdetl VCC (LVCMP2) > Vdet2
Digital filter | Switching No digital filter function | Supported Supported
enable/disable
Sampling time | — (fOCO-S divided by n) x 2|(fOCO-S divided by n) x 2
n:1,2,4,and 8 n:1 2,4 and 8
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P TS T e e - b
, Shared with comparator A |}
| VCA27 '
i i
] ]
1 1
VCA24 =1 ' i
Lvempz O O ! 3 Voltage detection 2 signal }
40/07' >
] ]
VCC VCA24 =0 ! !
] > Vdet2 ) ]
H VCAL register H
] ]
: :
i i
! VCA13 bit !
| VCA26 H
: :
] ]
] ]
Level : . . i
selection ! Voltage detection 1 S|gnal:
circuit N > |
(16 levels) H H
T > ]
| > Vdetl VWAC register '
VD1S3 to VD1S0 i l i
1 b3 1
i i
! VW1ICS3 bit !
g g g g Py PP J
VCA25
Level
selection > Voltage detection 0 signal
circuit >
(4 levels) Internal
reference P
voltage > Vdet0
VDSEL1 to VDSELO VCAL3: Bit in VCAL register
VCA24, VCA25, VCA26, VCA27: Bits in VCA2 register
VW1C3: Bit in VW1C register
VD1S0 to VD1S3: Bits in VD1LS register
VDSELO, VDSELL: Bits in OFS register
Figure 6.1 Voltage Detection Circuit Block Diagram

Table 6.2 Pin Configuration of Voltage Detection Circuit

Pin Name /0 Function
LVCMP2 Input Detection target voltage pin for voltage detection 2
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6. Voltage Detection Circuit

Voltage detection 0 circuit

VCA25

Voltage monitor O reset generation circuit

VDSEL1
to VDSELO

Internal reference voltage

Voltage
detection 0
signal

When VCA?25 bit is set to 0 (disabled),
voltage detection 0 signal is driven high.

VWOCO: Bit in VWOC register
VCAZ25: Bit in VCA2 register

VDSELO, VDSEL1: Bits in OFS register

VWO0C0

—

Voltage monitor 0
reset signal

Figure 6.2

Block Diagram of Voltage Monitor O Reset Generation Circuit

Voltage detection 1 circuit

Voltage monitor 1 interrupt generation circuit

VWI1F1 to VW1FO

foco.
VCA26
VWic3
Level VWi1C1=0
vee °
Voltage
VD1S3 detection 1 VWIC1 = 1
to VD1S0 signal
Internal reference voltage

‘When VCAZ26 bit is set to 0 (disabled),

VWIC2 bit is set to 0.

voltage detection 1 signal is driven high.

VWIC2 bit is set to 0 (not detected) by writing 0 by a program.
When VCA26 bit is set to 0 (voltage detection 1 circuit disabled),|

Watchdog timer
interrupt signal

Edge VWic2
selection
circuit
A Voltage monitor 1
interrupt signal Non-maskable
VCACL vwico interrupt signal
VW1C7
Comparator A1
interrupt signal
COMPSEL o >
IRQ1SEL — Maskable

VW1CO to VW1C3, VW1FO0, VW1F1, VW1C6, VWI1CT: Bits in VW1C register
VCA21, VCA22, VCA26: Bits in VCA2 register

VD1S0 to VD1S3: Bits in VDILS register

COMPSEL, IRQ1SEL: Bits in CMPA register

VCACL.: Bitin VCAC register

interrupt signal

Figure 6.3

Block Diagram of Voltage Monitor 1 Interrupt Generation Circuit
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6. Voltage Detection Circuit

Voltage detection 2 circuit

Voltage monitor 2 interrupt generation circuit

VCA24=1

vemp Q——o

VCA23 =0

Internal reference voltage

Watchdog timer block

VW2C2 bit is set to 0 (not detected) by writing 0 by a program.
When VCA27 bit is set to 0 (voltage detection 2 circuit disabled),

VW2F1 to VW2FO
=00b
ETE PR
lo
foco: VW2C2 bit is set to 0.
VCA27
— VCA13
VW2C1 =0
Digital filter
Voltage Edge
detection 2 vw2c1 =1 selection
o signal circuit
A
When VCA27 bit s set to 0 (disabled),
voltage detection 2 signal is driven high. VCAC2
vw2ce
vw2c3
»
>
Watchdog timer underflow signal
VW2C3 bit s set to 0 (not detected)
by writing 0 by a program.

vw2c2

VW2Co

COMPSEL
IRQ2SEL

Watchdog timer
interrupt signal

Voltage monitor 2
interrupt signal Non-maskable

interrupt signal

Comparator A2
interrupt signal

Maskable
interrupt signal

J

VW2CO0 to VW2C3, VW2F0, VW2F1, VW2C6, VW2C7: Bits in VW2C
VCA13: Bitin VCAL register

VCA23, VCA24, VCA27: Bits in VCA2 register

COMPSEL, IRQ2SEL: Bits in CMPA register

VCAC2: Bitin VCAC register

Figure 6.4

Block Diagram of Voltage Monitor 2 Interrupt Generation Circuit
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R8C/3GM Group 6. Voltage Detection Circuit

6.2 Registers

6.2.1  Voltage Monitor Circuit/Comparator A Control Register (CMPA)
Address 0030h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symb0I|COMPSEL| — | IRQ2SEL | IRQ1SEL | CM20E | CM10E | CM2POR | CM1POR |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM1POR [LVCOUT1 output polarity select [0: Non-inverted comparator A1 comparison resultis | R/W
bit output to LVCOUT1.

1: Inverted comparator A1 comparison result is
output to LVCOUT1.

bl CM2POR [LVCOUT2 output polarity select [0: Non-inverted Comparator A2 comparison resultis | R/W

bit output to LVCOUT2.

1: Inverted comparator A2 comparison result is
output to LVCOUT2.

b2 CM10OE |LVCOUT1 output enable bit 0: Output disabled R/W
1: Output enabled
b3 CM20E [LVCOUT2 output enable bit 0: Output disabled R/W
1: Output enabled
b4 IRQ1SEL |Voltage monitor 1/comparator Al |0: Non-maskable interrupt R/W
interrupt type select bit (1) 1: Maskable interrupt
b5 IRQ2SEL |Voltage monitor 2/comparator A2 |0: Non-maskable interrupt R/W
interrupt type select bit (2) 1: Maskable interrupt
b6 — Reserved bit Setto O. R/W
b7 COMPSEL |Voltage monitor/comparator A 0: Bits IRQ1SEL and IRQ2SEL disabled R/W
interrupt type selection enable bit |1: Bits IRQ1SEL and IRQ2SEL enabled
12
Notes:

1. When the VW1CO bit in the VWI1C register is set to 1 (enabled), do not set bits IRQ1SEL and COMPSEL
simultaneously (with one instruction).

2. When the VW2CO bit in the VW2C register is set to 1 (enabled), do not set bits IRQ2SEL and COMPSEL
simultaneously (with one instruction).
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6.2.2  Voltage Monitor Circuit Edge Select Register (VCAC)
Address 0031h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — |VCAC2|VCACL| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
bl VCACL1 |Voltage monitor 1 circuit edge select bit (1) [0: One edge RIW
1: Both edges
b2 | VCAC2 |Voltage monitor 2 circuit edge select bit 2 [0: One edge R/W
1: Both edges
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 —
b5 —
b6 —
b7 —
Notes:

1. When the VCACL1 bit is set to 0 (one edge), the VW1C7 bit in the VWI1C register is enabled. Set the VW1C7 bit
after setting the VCACL bit to 0.

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

6.2.3  Voltage Detect Register 1 (VCA1)
Address 0033h

Bit b7 b6 b5 b4 b3 b2 bl b0

Sympbol| — | — | — | — [VCAIB| — — —
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 —
b3 | VCA13 |Voltage detection 2 signal monitor flag (1) [0: VCC < Vdet2 R

1: VCC = Vdet2
or voltage detection 2 circuit disabled
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —
Note:

1. When the VCA27 bit in the VCAZ2 register is set to 1 (voltage detection 2 circuit enabled), the VCA13 bit is

enabled.

When the VCA27 bit in the VCAZ2 register is set to 0 (voltage detection 2 circuit disabled), the VCA13 bit is set to
1 (VCC = Vdet2).
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6.2.4  Voltage Detect Register 2 (VCA2)
Address 0034h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| VCA27 | VCA26 | VCA25 | VCA24 | VCA23 | VCA22 | VCA21 | VCA20
After Reset 0 0 0 0 0 0 0 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 0 0 1 0 0 0 0 0

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

Bit Symbol Bit Name Function R/W

b0 VCA20 |Internal power low consumption 0: Low consumption disabled R/W
enable bit (1) 1: Low consumption enabled (2)

bl VCA21 |Comparator Al reference voltage |O: Internal reference voltage R/W
input select bit 1: LVREF pin input voltage

b2 VCA22 [LVCMP1 comparison voltage 0: Supply voltage (VCC) R/W
external input select bit 1: LVCMPL1 pin input voltage

b3 VCA23 |Comparator A2 reference voltage |O: Internal reference voltage R/W
input select bit 1: LVREF pin input voltage

b4 VCA24 |LVCMP2 comparison voltage 0: Supply voltage (VCC) (Vdet2_0) R/W
external input select hit 1: LVCMP2 pin input voltage (Vdet2_EXT)

b5 | VCA25 |Voltage detection O enable bit 3)  |0: Voltage detection O circuit disabled RIW

1: Voltage detection O circuit enabled

b6 VCA26 |Voltage detection 1/comparator A1 |0: Voltage detection 1/comparator Al circuit disabled | R/W
enable bit (4) 1: Voltage detection 1/comparator Al circuit enabled

b7 VCA27 |Voltage detection 2/comparator A2 |0: Voltage detection 2/comparator A2 circuit disabled | R/W
enable bit () 1: Voltage detection 2/comparator A2 circuit enabled

Notes:

1. Use the VCA20 bit only when the MCU enters wait mode. To set the VCA20 bit, follow the procedure shown in
32.2.9 Reducing Internal Power Consumption Using VCA20 Bit.

2. When the VCAZ20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (stop
mode).

3. When writing to the VCA25 hit, set a value after reset.

4. To use the voltage detection 1/comparator Al interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit
to 1.
After the VCAZ26 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 1/comparator Al circuit
starts operation.

5. To use the voltage detection 2/comparator A2 interrupt or the VCA13 bit in the VCAL register, set the VCA27 bit
to 1.
After the VCA27 hit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2/comparator A2 circuit
starts operation.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VCAZ2 register.
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6.2.5  Voltage Detection 1 Level Select Register (VD1LS)
Address 0036h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | VD1S3 | VD1S2 | VD1S1 | VD1S0
After Reset 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Function R/W
b0 VD1S0 |Voltage detection 1 level select bit b3 b2 b1 b0 R/W
b1l VD1S1 |(Reference voltage when the voltage falls) 0000:2.20V (Vdetl _0) R/W
b5 VDis2 0001:235V (Vdetl_1) RIW
0010:250V (Vdetl_2)
b3 | VDI1S3 0011:2.65V (Vdetl 3) RIW
0100:2.80V (Vdetl_4)
0101:295V (Vdetl_5)
0110:3.10V (Vdetl_6)
0111:3.25V (Vdetl_7)
1000:340V (Vdetl_8)
1001:355V (Vdetl 9)
1010:3.70V (Vdetl_A)
1011:385V (Vdetl_B)
1100:4.00V (Vdetl C)
1101:4.15V (Vdetl D)
1110:430V (Vdetl_E)
1111:445V (Vdetl_F)
b4 — Reserved bits Set to 0. R/W
b5 —
b6 —
b7 —

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VD1L S register.
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6.2.6  Voltage Monitor 0 Circuit Control Register (VWOC)
Address 0038h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | — | VWOCO
After Reset 1 1 0 0 X 0 1 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 1 1 0 0 X 0 1 1
The above applies when the LVDAS bit in the OFS register is set to 0.
Bit Symbol Bit Name Function R/W
b0 | VWOCO |Voltage monitor O reset enable bit (1) 0: Disabled R/W
1: Enabled
bl — Reserved bit Set to 1. R/W
b2 — Reserved bit Set to 0. R/W
b3 — Reserved bit When read, the content is undefined. R
b4 — Reserved bits Set to 0. R/W
b5 —
b6 — Reserved bits Set to 1. R/W
b7 —
Note:

1. The VWOCO bit is enabled when the VCA25 bit in the VCA2 register is set to 1 (voltage detection O circuit
enabled). When writing to the VWOCO bit, set a value after reset.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before writing the VWOC register.
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6.2.7  Voltage Monitor 1 Circuit Control Register (VW1C)
Address 0039h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| VWI1C7 | — | VW1F1 | VW1F0 | VW1C3 | VW1C2 | VWI1C1 | VW1CO0
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) |O: Disabled RIW
1: Enabled
bl VW1C1 |Voltage monitor 1 digital filter 0: Digital filter enabled mode R/W
disable mode select bit (2. 6) (digital filter circuit enabled)

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

b2 VWI1C2 |Voltage change detection flag (3. 4) 0: Not detected R/W
1: Vdetl passing detected
b3 | VWICS |Voltage detection 1 signal monitor flag ®) {0: VCC < Vdetl R

1: VCC > Vdetl
or voltage detection 1 circuit disabled

b4 | VWIFO i it ©) b b2 RIW
Sampling clock select bit 0 0: fOCO-S divided by 1

bS VWIF 0 1: fOCO-S divided by 2 RIW
1 0: fOCO-S divided by 4
1 1: fOCO-S divided by 8
b6 — Reserved bit Set to O. R/W
b7 VW1C7 |Voltage monitor 1 interrupt 0: When VCC reaches Vdetl or above. R/W
generation condition select bit (5) 1: When VCC reaches Vdetl or below.
Notes:

1. The VWI1CO is enabled when the VCA26 bit in the VCA2 register is set to 1 (voltage detection 1 circuit enabled).
Set the VW1CO bit to 0 (disabled) when the VCA26 bit is set to 0 (voltage detection 1 circuit disabled).
To set the VW1CO bit to 1 (enabled), follow the procedure shown in Table 6.3 Procedure for Setting Bits
Associated with Voltage Monitor 1 Interrupt.

2. When using the digital filter (while the VW1C1 bit is 0), set the CM14 bit in the CML1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 1 interrupt to exit stop mode, set the VW1C1 bit in the VW1C register to 1 (digital filter
disabled).

3. Bits VW1C2 and VW1C3 are enabled when the VCA26 bit in the VCA2 register is set to 1 (voltage detection 1
circuit enabled).

4. Setthe VW1C2 bit to 0 by a program. When 0 is written by a program, this bit is set to 0 (and remains unchanged
even if 1 is written to it).

5. The VWI1CY7 bit is enabled when the VCAC1 bit in the VCAC register is set to 0 (one edge). After setting the
VCAC1 bit to 0, set the VW1C7 bit.

6. When the VWI1CO bit is set to 1 (enabled), do not set the VW1C1 bit and bits VW1F1 and VW1FO0 simultaneously
(with one instruction).

Set the PRC3 hit in the PRCR register to 1 (write enabled) before writing the VW1C register.
Rewriting the VW1C register may set the VW1C2 bit to 1. Set the VW1C2 hit to O after rewriting the VW1C
register.
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6.2.8  Voltage Monitor 2 Circuit Control Register (VW2C)
Address 003Ah

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| VW2C7 | — | VW2F1 | VW2F0 | VW2C3 | VW2C2 | VW2C1 | VW2C0
After Reset 1 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 VW2CO |Voltage monitor 2 interrupt enable bit (1) [O: Disabled RIW
1: Enabled
bl VW2C1 |Voltage monitor 2 digital filter 0: Digital filter enable mode R/W
disable mode select bit (2. 6) (digital filter circuit enabled)

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

b2 VW2C2 |Voltage change detection flag 3. 4) 0: Not detected R/W
1: Vdet2 passing detected

b3 VW2C3 |WDT detection monitor flag (4) 0: Not detected R/W
1: Detected

b4 VW2F0 |Sampling clock select bit (6) b5 b4 R/W

0 0: fOCO-S divided by 1

bS VW2F1 0 1: fOCO-S divided by 2 RIW
1 0: fOCO-S divided by 4
1 1: fOCO-S divided by 8
b6 — Reserved bit Set to 0. R/W
b7 VW2C7 |Voltage monitor 2 interrupt 0: When VCC reaches Vdet2 or above. R/W
generation condition select bit (5) 1: When VCC reaches Vdet2 or below.
Notes:

1. The VW2CQO is enabled when the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit enabled).
Set the VW2CO bit to 0 (disabled) when the VCA27 bit is set to 0 (voltage detection 2 circuit disabled).
To set the VW2CO bit to 1 (enabled), follow the procedure shown in Table 6.4 Procedure for Setting Bits
Associated with Voltage Monitor 2 Interrupt.

2. When using the digital filter (while the VW2C1 bit is 0), set the CM14 bit in the CML1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit in the VW2C register to 1 (digital filter
disabled).

3. The VW2C2 bit is enabled when the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit
enabled).

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

5. The VW2C7 bit is enabled when the VCAC2 hit in the VCAC register is set to 0 (one edge). After setting the
VCAC?2 bit to 0, set the VW2C7 bit.

6. When the VW2CO bit is set to 1 (enabled), do not set the VW2C1 bit and bits VW2F1 and VW2F0 simultaneously
(with one instruction).

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VW2C register.
Rewriting the VW2C register may set the VW2C2 bit to 1. After rewriting this register, set the VW2C2 bit to 0.

RO1UH0284EJ0100 Rev.1.00 RENESAS Page 47 of 591
Aug 09, 2011



R8C/3GM Group 6. Voltage Detection Circuit

6.2.9  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 bit 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
i i b5 b4
Eg xgggtg Voltage detection 0 level select bit (2) 00:3.80 V selected (Vdet0_3) gm
01:2.85V selected (Vdet0_2)
10:2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor O reset enabled after reset RIW
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 write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to O (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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6.3 VCC Input Voltage

6.3.1 Monitoring Vdet0O
VdetO cannot be monitored.

6.3.2 Monitoring Vdetl

Once the following settings are made, the comparison result of voltage monitor 1 can be monitored by the
VW1C3 hit in the VWI1C register after td(E-A) has elapsed (refer to 33. Electrical Characteristics).

(1) SetbitsVD1S3to VD1S0inthe VDL Sregister (voltage detection 1 detection voltage).
(2) SettheVCAZ21 bitinthe VCA2 register to O (internal reference voltage).

(3) Setthe VCA22 bitinthe VCA2 register to 0 (VCC voltage).

(4) Setthe VCA26 bitinthe VCAZ2 register to 1 (voltage detection 1 circuit enabled).

6.3.3 Monitoring Vdet2

Once the following settings are made, the comparison result of voltage monitor 2 can be monitored by the
VCA13 bit in the VCA1 register after td(E-A) has elapsed (refer to 33. Electrical Characteristics).

(1) SettheVCAZ23bitinthe VCA2 register to O (internal reference voltage).
(2) SettheVCA24 bitinthe VCAZ2 register to 0 (VCC voltage), or 1 (LVCMP2 pin input voltage).
(3) Setthe VCAZ27 bitinthe VCAZ2 register to 1 (voltage detection 2 circuit enabled).
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6.4 Voltage Monitor O Reset
To use voltage monitor O reset, set the LVDAS bit in the OFS register to O (voltage monitor O reset enabled after
reset).
Figure 6.5 shows an Operating Example of Voltage Monitor O Reset.

vee K .ﬁ
Vdet0

| |
| |
| |
| |
| | 1
| |
i focos < 32
' —
|
| |
| |

Internal reset signal !

When the internal reset signal is driven low, the pins, CPU, and SFRs are initialized.

When the internal reset signal level changes from low to high,

a program is executed beginning with the address indicated by the reset vector.

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

Figure 6.5 Operating Example of Voltage Monitor O Reset
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6.5 Voltage Monitor 1 Interrupt

Table 6.3 lists the Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt. Figure 6.6 shows an
Operating Example of Voltage Monitor 1 Interrupt.

To use the voltage monitor 1 interrupt to exit stop mode, set the VW1C1 bit in the VWIC register to 1 (digital filter
disabled).

Table 6.3 Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt
Step When Using Digital Filter | When Using No Digital Filter
1 Select the voltage detection 1 detection voltage by bits VD1S3 to VD1S0 in the VDL1LS register.
2 Set the VCA21 bit in the VCA2 register to 0 (internal reference voltage).
3 (1) |Setthe VCA22 bit in the VCA2 register to 0 (VCC voltage).
4 (1) |Setthe VCA26 bit in the VCA2 register to 1 (voltage detection 1 circuit enabled).
5 Wait for td(E-A).
6 Set the COMPSEL bit in the CMPA register to 1.
7 (2) | Select the interrupt type by the IRQ1SEL in the CMPA register.

8 Select the sampling clock of the digital filter by | Set the VW1CL1 bit in the VWL1C register to 1
bits VW1F0 and VW1F1 in the VWL1C register. | (digital filter disabled).
93 Set the VWI1C1 bit in the VWI1C registerto0 |-
(digital filter enabled).
10 Select the interrupt request timing by the VCACL1 bit in the VCAC register and the VW1C7 bit

in the VW1C register.
11 Set the VW1C2 bit in the VWL1C register to 0.

Set the CM14 bit in the CM1 register to 0 -

12 . .
(low-speed on-chip oscillator on)

13 Wait for 2 cycles of the sampling clock of — (No wait time required)
the digital filter

14 (4) | Set the VW1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt enabled)

Notes:

1. When the VW1CO bit is set to 0, steps 2, 3 and 4 can be executed simultaneously (with one

instruction).

2. When the VW1CO bit is set to 0, steps 4 and 5 can be executed simultaneously (with one instruction).
When the VW1CO bit is set to 0, steps 6 and 7 can be executed simultaneously (with one instruction).
4. When the voltage detection 1 circuit is enabled while the voltage monitor 1 interrupt is disabled, low

voltage is detected and the VW1C2 bit becomes 1.

When low voltage is detected after the voltage detection 1 circuit is enabled until an interrupt is

enabled for the setting procedure of bits associated with voltage monitor 1 interrupt, an interrupt is

not generated. After an interrupt is enabled, read the VW1C2 bit. When the bit is read as 1, perform
the process that occurs when low voltage is detected.

w
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. is acknowledged.
Voltage monitor 1

interrupt request

N Sett00 by a program,, a—
'\_Al

VW1CL1 bitis set to 0
(digital filter enabled), VW1C2 bit
VCACL bit is setto 0
(one edge), 3

N

—|‘/ Set to 0 by a program.

& Setto 0 when an interrupt request

1
an |
VW1C?7 bit is set to 0 Volt. itor 1 1 h
(when VCC reaches Vdet1 voltage monitor 1 is acknowledged.
or above) interrupt request

VW1CL bit is set to 0 _a— Setto 0 by a program.

(digital filter enabled), VWI1C2 bit
VCACL bit is set to 0
(one edge), 1 1

Set to 0 when an interrupt requeét
is acknowledged.

1
1
- VWI1C2 bit
VWI1CL1 bitis setto 1

=

an

VWI1CT bit is set to 1 | )
(when VCC reaches Vdetl Voltage monitor 1
or below) interrupt request

— Setto 0 by a program.

(digital filter disabled) P
and o 4//_4;—_— Set to 0 when an interrupt request
X)%ﬁ'lceldglés setto 1 Voltage monitor 1 4 is acknowledged.

interrupt request

_ Set to 0 by a program.
VWI1C1 bit is setto 1
(digital filter disabled), VW1C2 bit
VCACL bit is setto 0
(one edge), 1

]

& Setto 0 when an interrupt request
is acknowledged.

an
VWI1C?7 bit is set to O Voltage monitor 1
(when VCC reaches Vdetl interrupt request

or above) ~

s Set to 0 by a program.
VWIC1 bit is set to 1 - v & prog
(digital filter disabled), i
VCACL bit is set to 0 VW1CZ bit
(one edge), P

i

4 Setto 0 when an interrupt request

an
VWICY7 bitis setto 1 Voltage monitor 1 is acknowledged.

(ghgglglvvc)c reaches Vdetl interrupt request

Il

VWI1C1, VWI1C2, VWIC3, VWIC7: Bits in VW1C register
VCACL1: Bit in VCAC register

The above applies when:
« VCAZ26 bit in VCA2 register = 1 (voltage detection 1 circuit enabled)
« VW1CO bit in VWIC register = 1 (voltage monitor 1 interrupt enabled)

Note:
1. If voltage monitor O reset is not used, set the power supply to VCC> 1.8 V.

Figure 6.6 Operating Example of Voltage Monitor 1 Interrupt
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6.6 Voltage Monitor 2 Interrupt

Table 6.4 lists the Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt. Figure 6.7 shows an
Operating Example of Voltage Monitor 2 Interrupt.

To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit in the VW2C register to 1 (digital filter
disabled).

Table 6.4 Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt

Step When Using Digital Filter | When Using No Digital Filter
1 Set the VCA23 bit in the VCAZ2 register to 0 (internal reference voltage).
2 (1) |Setthe VCA24 bit in the VCAZ2 register to 0 (VCC voltage) or 1 (LCVCMP2 pin input voltage).

3(1) |Setthe VCA27 bit in the VCA2 register to 1 (voltage detection 2 circuit enabled).
4 Wait for td(E-A).
5 Set the COMPSEL bit in the CMPA register to 1.

6 (2 |Select the interrupt type by the IRQ2SEL in the CMPA register.

7 Select the sampling clock of the digital filter by | Set the VW2C1 bit in the VW2C register to 1
bits VW2F0 and VW2F1 in the VW2C register. | (digital filter disabled).
80) Set the VW2C1 bit in the VW2C registerto 0 |-
(digital filter enabled).
9 Select the interrupt request timing by the VCAC?2 bit in the VCAC register and the VW2C7 bit

in the VW2C register.
10 Set the VW2C2 bit in the VW2C register to 0.

Set the CM14 bit in the CML1 register to O -

11 . .
(low-speed on-chip oscillator on).

12 Wait for 2 cycles of the sampling clock of — (No wait time required)
the digital filter.

13 4 | Set the VW2CO bit in the VW2C register to 1 (voltage monitor 2 interrupt enabled).

Notes:

1. When the VW2CO bit is set to 0, steps 1, 2 and 3 can be executed simultaneously (with one
instruction).

2. When the VW2CO bit is set to 0, steps 3 and 4 can be executed simultaneously (with one instruction).

3. When the VW2CO bit is set to 0, steps 5 and 6 can be executed simultaneously (with one instruction).

4. When the voltage detection 2 circuit is enabled while the voltage monitor 2 interrupt is disabled, low
voltage is detected and the VW2C2 bit becomes 1.
When low voltage is detected after the voltage detection 2 circuit is enabled until an interrupt is
enabled for the setting procedure of bits associated with voltage monitor 2 interrupt, an interrupt is
not generated. After an interrupt is enabled, read the VW2C2 bit. When the bit is read as 1, perform
the process that occurs when low voltage is detected.
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(when VCC or LVCMP2 interrupt request
reaches Vdet2 or below) L

& Setto 0 by a program.

& Setto 0 when an interrupt request
is acknowledged.

VCAL13: Bit in VCAL register
VW2C1, VW2C2, VW2C7: Bits in VW2C register
VCAC2: Bitin VCAC register

The above applies when:
+ VCA27 bit in VCAZ2 register = 1 (voltage detection 2 circuit enabled)
« VW2CO bit in VW2C register = 1 (voltage monitor 2 interrupt enabled)

Note:
1. If voltage monitor O reset is not used, set the power supply to VCC > 1.8 V.

Figure 6.7 Operating Example of Voltage Monitor 2 Interrupt

RO1UH0284EJ0100 Rev.1.00 RENESAS Page 54 of 591
Aug 09, 2011



R8C/3GM Group
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7.

I/0O Ports

There are 19 1/0 ports PO_1, PO 2, PO 6, PO 7, P1, P3 3toP3 5, P3 7,and P4 5to P4 7 (P4 6 and P4 _7 can be
used as I/O portsif the XIN clock oscillation circuit and the XCIN clock oscillation circuit are not used.).
If the A/D converter and the D/A converter are not used, P4 2 can be used as an input-only port.

Table 7.1 lists an Overview of 1/0 Ports.

Table 7.1 Overview of 1/0O Ports
. Internal Pull-Up Drive Capacity .
Ports 1/0 | Type of Output 1/0O Setting Resister Switch Input Level Switch
PO_1, PO_2, I/O | CMOS3 state | Set in 1-bit units | Set in 2-bit units (1) | Set in 2-bit units 3) | Set in 4-bit units (4)
PO_6, PO_7
P1 I/O | CMOS3 state | Set in 1-bit units | Set in 4-bit units (1) | Set in 1-bit units (2) | Set in 8-bit units (4)
P3_3 I/O | CMOS3 state | Set in 1-bit units | Set in 1-bit units (1) | Set in 1-bit units (3) | Set in 4-bit units (4)
P3_4, P3_5, I/O | CMOS3 state | Set in 1-bit units | Set in 3-bit units (1) | Set in 3-bit units (3)
P3 7
P4 5,P4 60), | /0 |CMOS3 state |Set in 1-bit units | Set in 3-bit units (1) | Set in 3-bit units (3) | Set in 4-bit units (4)
P4 70
P4 2 (6) I | (No output None None None
function)

Notes:

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

2.

3.

7.1

PURL.

Whether the drive capacity of the output transistor is set to low or high can be selected using registers P1IDRR
and P2DRR.

Whether the drive capacity of the output transistor is set to low or high can be selected using registers DRRO
and DRR1.

The input threshold value can be selected among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70 VCC)
using registers VLTO and VLT1.

When the XIN clock oscillation circuit and the XCIN clock oscillation circuit are not used, these ports can be
used as I/O ports.

When the A/D converter and the D/A converter are not used, this port can be used as an input-only ports.

Functions of 1/O Ports

ThePDi_j (j=0to7) bitinthe PDi (i =0to 1, 3 to 4) register controls 1/O of the ports P0_1, PO 2, PO 6, PO 7, P1,
P3 3toP3 5,P3 7,and P4 5to P4 7. The Pi register consists of a port latch to hold output data and a circuit to
read pin states.

Figures 7.1 to 7.8 show the Configurations of 1/0O Ports. Table 7.2 lists the Functions of 1/O Ports.

Table 7.2 Functions of I/O Ports
Operation When Value of PDi_j Bit in PDi Register (1)
Accessing L C
Pi . When PDi_j Bitis Set to 0 (Input Mode) | When PDi_j Bit is Set to 1 (Output Mode)
I Register
Read Read the pin input level. Read the port latch.
Write Write to the port latch. Write to the pc_>rt latch. The value yvrltten to
the port latch is output from the pin.
i=0to1,3t04,j=0to7
Note:
1. Nothing is assigned to bits PD4_0 to PD4_2.
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7. 1/0 Ports

7.2 Effect on Peripheral Functions
I/0O ports function as I/O ports for peripheral functions (Refer to Table 1.4 Pin Name Information by Pin

Number).

Table 7.3 liststhe Setting of PDi_j Bit when Functioning as 1/O Ports for Peripheral Functions (i =0to 1, 3to4,j =

0to 7).

Refer to the description of each function for information on how to set peripheral functions.

Table 7.3 Setting of PDi_j Bit when Functioning as I/O Ports for Peripheral Functions

(i=0to1,3t04,j=0to7)

I/0O of Peripheral Function

PDi_j Bit Settings for Shared Pin Function

Input

Set this bit to 0 (input mode).

Output

This bit can be set to either 0 or 1 (output regardless of the port setting).

7.3 Pins Other than

I/0 Ports

Figure 7.9 shows the Configuration of 1/O Pins.
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PO_1to PO_2

Direction -

Pull-up selection

Drive capacity selection

register Pin select

register
Output from individual
peripheral function enabled

o

—

Output from individual

A

o o o
(
_I

Input level

Pin select register

i i Note 1)
peripheral function_({:\o_
Data bus —0—‘ Port latch L O
(Note 1)
F{T‘@ IOINSEL d

Input to individual peripheral function —@

switch function

o

Analog input of A/D converter

PO_6 and PO_7

Pull-up selection

Drive capacity selection :D_

Drive capacity selection

Direction -
register T Pin select
Qutput from individual
peripheral function enabled

register

Output from individual

IOINSEL

peripheral function_gko_
Data bus —0—‘ Port latch L O

Input level

Pin select register

ér@

Input to individual peripheral function —@

switch function

o

Analog input of A/D converter

Analog output of D/A converter

Note:

=

IOINSEL: Bit in PINSR register

. —J——— symbolizes a parasitic diode.

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

o

o o o
D/A converter

J (Note 1)
_I (Note 1)
output enable

Drive capacity selection :D_

Figure 7.1

Configuration of I/O Ports (1)
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P1 OtoP1 2

Direction
register

Output from individual
peripheral fu

Pull-up selection

Drive capacity selection

Pin select
register

nction enabled

A

Data bus —¢ Port latch

Output from individual
peripheral function

2 O

|

IOINSEL

;

A

o
= L (Note 1)
s
als s (Note 1)
7r

Input level

o~

P13

Direction
register

Pin select register

Input to individual peripheral function —@_

Analog input of A/D converter

Analog input of comparator A

Output from individual
| peripheral fu‘nction enabled

switch function

o

Pull-up selection

Drive capacity selection :D_

Drive capacity selection

Pin select
register

Data bus Port latch

Output from individual

IOINSEL

peripheral function_Ql\o_
L 4 O

A

raN o O

Input level

Note:

Pin select register

Input to individual peripheral function —@_

Analog input of A/D converter

switch function

faY
J (Note 1)
o—4
b—l E —| (Note 1)
777
o

1. —k— symbolizes a parasitic diode.

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

IOINSEL: Bit in PINSR register

Drive capacity selection :D_

Figure 7.2

Configuration of I/O Ports (2)

RO1UH0284EJ0100 Rev.1.00
Aug 09, 2011

RENESAS

Page 58 of 591



R8C/3GM Group
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P1_4

VS

P15

Data bus —¢

Data bus —0—‘ Port latch

Pull-up selection

Drive capacity selection

Direction -
register T Pin select

Qutput from individual

register

nction enabled

i peripheral fu

Output from individual
peripheral function

- M

IOINSEL

A

Input level

Pin select register

Input to individual peripheral function —@_
Drive capacity selection :D_

Pull-up selection

switch function

Drive capacity selection

Direction =
register T Pin select

Output from individual

register

nction enabled

: peripheral fu

Output from individual
peripheral function

>—‘ Port latch

IOINSEL

(M

L 4 O

e

Input level

(Note 1)

(Note 1)

Inp!

Note:

peripheral function

Input to external interrupt

VS

Pin select register

ut to individual

Digital
filter

1. ————— symbolizes a parasitic diode.

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

IOINSEL: Bit in PINSR register

switch function

Drive capacity selection :D_

(Note 1)

(Note 1)

Figure 7.3

Configuration

of 1/0 Ports (3)
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P16

Drive capacity selection

Pull-up selection

Direction
register Pin select
register

Output from individual
peripheral f%mion enabled

Data bus —0—‘ Port latch

._{T'Ct. IOINSEL

Input level
switch function

Pin select register

Input to individual peripheral function —@_

Analog input of comparator B

Note 1
Output from individual ( )
peripheral function

p—l —l (Note 1)

*—

Drive capacity selection :D_

P1—7 Drive capacity selection
Pull-up selection
register Pin select Fa\ o)
register
Output from individual
peripheral f%mion enabled h
]
Output from individual H (Note 1)
peripheral function |
Data bus Port latch L 2 O
Note 1
IOINSEL d [ (Note 1)
Input level ‘
switch function
Pin select register
Input to individual
peripheral function s +
Analog input of
comparator B
. Digital . . . =
Input to external interrupt filter Drive capacity selection
Note:
1. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 7.4 Configuration of I/O Ports (4)
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P3—3 Drive capacity selection
Pull-up selection
Direction -
register Pin select o )
register
Output from individual
peripheral function enabled h
! (Note 1)
Output from individual H
peripheral function |
Data bus Port latch @ O

’_CL_. IOINSEL d i (Note 1)

Pin select register

Input to individual /ﬂ_7_
peripheral function N

Analog input of
comparator B
o Digital ) ) ) }_
Input to external interrupt ——o~ filter B Drive capacity selection

Input level
switch function

P3_4

Drive capacity selection

Pull-up selection

Direction
register Pin select

O Fa o o
register Y
Output from individual
| peripheral flgction enabled
[ O

(Note 1)

Output from individual

peripheral function |
Data bus—.—i Port latch O O
"CL_. IOINSEL d E

A “

Input level
switch function

(Note 1)

Pin select register

Input to individual peripheral function —@_j— ‘

Analog input of comparator B

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 7.5 Configuration of I/O Ports (5)
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P35

Drive capacity selection

Pull-up selection

Direction o
register Pin select
register
Output from individual

peripheral flgction enabled )
—< 1
Output from individual !
peripheral function_qko_
Data bus —¢ Port latch O

IOINSEL

- 4

Pin select register

Input to individual peripheral function—@_

Drive capacity selection

(Note 1)

(Note 1)

Bl

Input level
switch function

H |

P3_7

Drive capacity selection

Pull-up selection

Direction -

register Pin select
register
Output from individual

: peripheral function enabled
Output from individual
peripheral function
Data bus —0—‘ Port latch

._{T_Ct. IOINSEL [ :;L
{‘ Input level

switch function

(Note 1)

(Note 1)

Pin select register

Input to individual /ﬁ_7_
peripheral function AN

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 7.6 Configuration of I/O Ports (6)
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P4_2/VREF

(Note 1)

| Input level
Data bus | switch function

(Note 1)

P4_5

Drive capacity selection

Pull-up selection

Direction -
register Pin select
register

Output from individual
| peripheral fu’nction enabled

i ;J E J (Note 1)
Output from individual H

peripheral function_Q|\c
Data bus —Q—i Port latch O *—4

’_{"—CL_’ IOINSEL E 1 (Note 1)
- I

Input level
switch function

Pin select register

Input to individual o /u—7—
peripheral function AN

o Digital
Drive capacity selection :D_

Input to external interrupt

A/D trigger input flter

Note:

1. —k— symbolizes a parasitic diode.

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

IOINSEL: Bitin PINSR register

Figure 7.7 Configuration of I/O Ports (7)
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Data bus —4

P4_6/XIN/XCIN

Direction
register

Pull-up selection —lD

Drive capacity selection

Port latch

— IOINSEL

Data bus —¢

b

P4_7/XOUT/XCOUT

Bl

Input level
switch function
Drive capacity selection
XIN
oscillation

circuit

Drive capacity selection ﬂ:})_

Pull-up selection —lD

Direction
register

—

>—| Port latch
’_CL— IOINSEL

; Z CMO05
RXIN

L

(Note 1)
(Note 1)
CMO01
CcM13 0 1 _CM04,CM13
q L
CM11 CMm12
XCIN

oscillation
; ZCMO3 circuit
RfXCIN

(Note 1)

Note:
1

Ensure the inp!

>
L™

Input level

7l
1

S

symbolizes a parasitic diode.
ut voltage to each port does not exceed VCC.

CMO01, CM03, CM04, CMOS5: Bits in CMO register
CM11, CM12, CM13: Bits in CM1 register
IOINSEL: Bit in PINSR register

switch function

Drive capacity selection :D_

O

(Note 1)

Figure 7.8

Configuration of I/O Ports (8)
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MODE
MODE signal input \{j T O
(Note 1)
RESET (Note 1)
RESET signal input \{/‘ O
(Note 1)

Note:
1. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
Figure 7.9 Configuration of 1/0 Pins
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7.4 Registers

7.4.1 Port Pi Direction Register (PDi) (i=0to 1, 3to 4)

Address 00E2h (PDO (1), 00E3h (PD1), 00E7h (PD3 (2)), 00EAh (PD4 (3))
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| PDi_7 | PDi 6 | PDi_5 | PDi4 | PDi_3 | PDi_2 | PDi_1 | PDiO |

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 [Port Pi_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 [Port Pi_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).

Bits PDO_0 and PD0O_3 to PDO_5 in the PDO register are reserved bits. If it is necessary to set bits PD0O_0 and

PDO_3to PDO_5, set to 0. When read, the content is 0.

2. Bits PD3_0 to PD3_2, and PD3_6 in the PD3 register are reserved bits. If it is necessary to set
PD3_2 and PD3_6, set to 0. When read, the content is 0.

3. Bits PD4_0 to PD4_2 in the PD4 register are unavailable on this MCU. If it is necessary to set

bits PD3_0 to

bits PD4_0 to

PD4_2 set to 0. When read, the content is 0. Bits PD4_3, PD4_4 are reserved bits. If it is necessary to set bits

PD4_3 and PD4_4, set to 0. When read, the content is 0.

The PDi register selects whether 1/O ports are used for input or output. Each bit in the PDi register corresponds

to one port.
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71.4.2

Port Pi Register (Pi) (i=0to 1, 3to 4)
Address 00EOh(PO (1)), 00E1h(P1), 00E5h(P3 (2)), 00E8h(P4 (3))

Bit b7 b6 b5 b4 b3 b1l
Symbol| Pi7 | Pi6 | Pi5 | Pida [ PL3 | Pi2z [ Pl
After Reset X X X X X X
Bit Symbol Bit Name Function R/W
b0 Pi_0 [PortPi_O hit 0: “L" level R/W
b1 Pi_1 [Port Pi_1 bit 1. “H" level RIW
b2 Pi_2 [Port Pi_2 bit R/W
b3 Pi_3 [Port Pi_3 bit R/W
b4 Pi_ 4 |[Port Pi_4 bit RIW
b5 Pi 5 |Port Pi_5 bit RIW
b6 Pi_6 |Port Pi_6 bit R/W
b7 Pi_7 |Port Pi_7 bit RIW
Notes:

1. Bits PO_0 and PO_3 to PO_5 in the PO register are reserved bits. If it is necessary to set bits PO_0 and P0O_3 to
PO_5, set to 0. When read, the content is 0.
2. Bits P3_0to P3_2, and P3_6 in the P3 register are reserved bits. If it is necessary to set bits P3_0 to P3_2 and
P3_6, setto 0. When read, the content is 0.
3. Bits P4_0to P4_1 in the P4 register are unavailable on this MCU. If it is necessary to set bits P4_0 to P4_1 set to
0. When read, the content is 0. Bits P4_3, P4_4 are reserved bits. If it is necessary to set bits P4_3 and P4_4, set
to 0. When read, the content is 0.

Data input and output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of aport latch to retain output data and a circuit to read the pin status. The value written

in the port latch is output from the pin. Each bit in the Pi register corresponds to one port.

Pi_ jBit(i=0to1,3to4,j=0to 7) (Port Pi_j Bit)

The pin level of any 1/0 port which is set to input mode can be read by reading the corresponding bit in this
register. The pin level of any I/O port which is set to output mode can be controlled by writing to the
corresponding bit in this register.
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7.4.3  Timer RA Pin Select Register (TRASR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Sympol| — | — | — | — | — | — [TRAIOSEL1TRAIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRAIOSELO|TRAIO pin select bit bcl)boo_ TRAIO pin not used R/W
bl | TRAIOSELL 0 1: P1_7 assigned RIW
1 0: P1_5 assigned
1 1: Do not set.
b2 — Reserved bits Set to O. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

The TRASR register selects which pin is assigned to the timer RA 1/0. To use the I/O pin for timer RA, set this
register.

Set the TRASR register before setting the timer RA associated registers. Also, do not change the setting value
in this register during timer RA operation.

7.4.4  Timer RC Pin Select Register (TRBRCSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol [ — | — |TRCCLKSEL1|TRCCLKSELO| — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 |TRCCLKSELO|TRCCLK pin select bit bgbs TRCCLK bi t used R/W
: pin not use
b5 |TRCCLKSEL1 01: P1_4 assigned R/W
1 0: P3_3 assigned
1 1: Do not set.
b6 — Reserved bit Setto 0. R/W

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRBRCSR register selects which pin is assigned to the timer RC 1/O. To use the I/O pin for timer RC, set
this register.

Set bits TRCCLKSELO and TRCCLKSEL1 before setting the timer RC associated registers. Also, do not
change the setting values of bits TRCCLKSELO and TRCCLKSEL 1 during timer RC operation.

RO1UH0284EJ0100 Rev.1.00 RENESAS Page 68 of 591
Aug 09, 2011



R8C/3GM Group 7.1/0 Ports

7.4.5 Timer RC Pin Select Register 0 (TRCPSRO)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — | — |TRCIOBSELO| — |TRCIOASEL2 TRCIOASEL1|TRCIOASELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOASELO |[TRCIOA/TRCTRG pin select bit b2 b1 b0 ] R/W
bl | TRCIOASELT 8 8 2; ;'icl'aﬁégf‘g% pin not used RIW
b2 | TRCIOASEL2 011:PO_1 assigned RIW
10 0: PO_2 assigned
Other than above: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIOBSELO | TRCIOB pin select bit 0: TRCIOB pin not used R/W
1: P1_2 assigned
b5 — Reserved bits Setto 0. R/W
b6 —
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSRO register selects which pin is assigned to the timer RC 1/0O. To use the I/O pin for timer RC, set
this register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.

7.4.6  Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — |TRCIODSEL1|TRCIODSELO| — | —  |TRCIOCSEL1|TRCIOCSELO
After Reset 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TRCIOCSELO [TRCIOC pin select bit b(l)bg TRCIOC pin not used R/W
: i u
bl |TRCIOCSEL1 01: P1_3 assigned R/W
1 0: P3_4 assigned
11: PO_7 assigned
b2 — Reserved bit Set to O. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIODSELO [TRCIOD pin select bit bgbs TRCIOD bi t used R/W
: pin not use
b5 |TRCIODSEL1 01: P1_0 assigned R/W
1 0: P3_5 assigned
11: PO_6 assigned
b6 — Reserved bit Setto 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSRL register selects which pin is assigned to the timer RC 1/0O. To use the I/O pin for timer RC, set
this register.

Set the TRCPSR1 register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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7.4.7 UARTO Pin Select Register (UOSR)
Address 0188h
Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol| — | — | — |CLKOSELO| — [RXDOSELO] — |TXDOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 [TXDOSELO|TXDO pin select bit 0: TXDO pin not used R/W
1: P1_4 assigned
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 |RXDOSELO|RXDO pin select bit 0: RXDO pin not used R/W
1: P1_5 assigned
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 |CLKOSELO|CLKO pin select bit 0: CLKO pin not used R/W
1: P1_6 assigned
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

The UOSR register selects which pin is assigned to the UARTO 1/0. To use the 1/O pin for UARTO, set this

register.

Set the UOSR register before setting the UARTO associated registers. Also, do not change the setting value in

this register during UARTO operation.
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7.4.8 UART2 Pin Select Register 0 (U2SR0)
Address 018Ah

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol | — | — |RXD2$EL1|RXD2$ELO| — | — TXD2SEL1|TXD2SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXD2SELO |TXD2/SDA2 pin select bit bébg_ TXD2/SDA2 pi t used R/W
1 |[TXD2SELL : Ac pin hotuse R
b S 0 1: P3_7 assigned w
1 0: P3_4 assigned
1 1: Do not set.
b2 — Reserved bit Set to 0. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 |RXD2SELO|RXD2/SCL2 pin select bit b(5)b8 RXD2/SCL2 bi t used R/W
: pin not use
bS | RXD2SELL 0 1: P3_4 assigned RIW
1 0: P3_7 assigned
1 1: P4_5 assigned
b6 — Reserved bit Setto 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The U2SRO register selects which pin is assigned to the UART2 1/O. To use the I/O pin for UART2, set this
register.

Set the U2SRO register before setting the UART2 associated registers. Also, do not change the setting value in
this register during UART?2 operation.

7.4.9 UART2 Pin Select Register 1 (U2SR1)
Address 018Bh

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| — | — | — |CTS2SELO| — [ — —  |CLK2SELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | CLK2SELO |[CLK2 pin select bit 0: CLK2 pin not used R/W
1: P3_5 assigned

bl — Reserved bit Set to O. R/W

b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b3 —

b4 | CTS2SELO | CTS2/RTS2 pin select bit 0: CTS2/RTS2 pin not used RIW
1: P3_3 assigned

b5 — Reserved bit Setto 0. R/W

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b7 —

The U2SR1 register selects which pin is assigned to the UART2 1/O. To use the I/O pin for UART2, set this
register.

Set the U2SR1 register before setting the UART2 associated registers. Also, do not change the setting value in
thisregister during UART2 operation.
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7.4.10 SSU/IC Pin Select Register (SSUIICSR)
Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — [ — — | = | = — IICSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL [SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bit Setto 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —
7.4.11 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — | — | — | — | — [INTISELO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b1 |INTISELO [INT1 pin select bit 0: P1_7 assigned RIW
1: P1_5 assigned
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 — Reserved bits Setto 0. R/W
b7 —

The INTSR register selects which pinisassigned to the INT1 input. To use INTL, set thisregister.
Set the INTSR register before setting the INT1 associated registers. Also, do not change the setting valuesin
thisregister during INT1 operation.
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7.4.12 1/0 Function Pin Select Register (PINSR)
Address 018Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | SDADLY1 | SDADLYO | IICTCHALF |IICTCTWI| IOINSEL | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b3 IOINSEL |I/O port input function select bit  |0: The 1/O port input function depends on the PDi (i= | RIW
0to 1, 3 to 4) register.
When the PDi_j (j = 0 to 7) bit in the PDi register is
set to O (input mode), the pin input level is read.
When the PDi_j bit in the PDi register is set to 1
(output mode), the port latch is read.

1: The I/O port input function reads the pin input level
regardless of the PDi register.

b4 IICTCTWI |12C double transfer rate select bit |0: Transfer rate is the same as the value set with bits | R/W

1) CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is twice the value set with bits CKS0
to CKS3 in the ICCR1 register

b5 [IICTCHALF|I2C half transfer rate select bit (1) |0: Transfer rate is the same as the value set with bits | RIW
CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is half the value set with bits CKSO to
CKS3 in the ICCR1 register

b6 SDADLYO |SDA digital delay select bit babg Didital del 3%l | R/W
: Digital delay of 3 x f1 cycles
b7 SDADLY1 0 1: Digital delay of 11 x f1 cycles RIW

1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

Note:
1. Do not set both the ICTCTWI and IICTCHALF bits to 1 when the 12C bus function is used. Set these bits to 0
when the SSU function is used.

IOINSEL Bit (/0O port input function select bit)

The IOINSEL bit is used to select the pin level of an I/O port when the PDi_j (j =0to 7) bitinthe PDi (i=0to
1, 3to 4) register is set to 1 (output mode). When this bit is set to 1, the I/O port input function reads the pin
input level regardiess of the PDi register.

Table 7.4 lists 1/0 Port Values Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of all 1/0O ports except P4_2.

Table 7.4 I/0O 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
I/O port values read Pin input level Port latch value | Pin input level
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7.4.13 Pull-Up Control Register 0 (PURO)
Address 01EOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PUO7 | PUO6 | — | — | PUO3 | PU02 PUO1 PUOO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PUOO |PO_1, PO_2 pull-up 0: Not pulled up R/W
bl PUO1 [PO_6, PO_7 pull-up 1: Pulled up R/IW
b2 PUO2 |P1_0to P1_3 pull-up R/W
b3 PUO3 |P1_4toP1_7 pull-up R/W
b4 — Reserved bits Setto 0. R/W
b5 —
b6 PUO6 |P3_3 pull-up 0: Not pulled up R/W
b7 PUO7 |P3_4,P3 5, P3 7 pull-up 1: Pulled up R/IW
Note:

1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to O (input mode) is pulled up.

For pins used as input, the setting values in the PURO register are valid.

7.4.14 Pull-Up Control Register 1 (PUR1)
Address 01E1h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — | — | — PU11 —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bit Setto 0. R/W
bl PU11 |P4_5to P4 _7 pull-up 0: Not pulled up R/W
1: Pulled up
b2 — Reserved bits Setto O. R/W
b3 —
b4 —
b5 —
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b7 —
Note:

1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to O (input mode) is pulled up.

For pins used as input, the setting values in the PUR1 register are valid.
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7.4.15 Port P1 Drive Capacity Control Register (P1DRR)
Address 01FOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P1DRR7 | P1DRR6 | P1DRR5 | P1DRR4 | P1DRR3 | P1DRR2 | P1DRR1 | P1DRRO

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 @ R/W
b2 | P1DRR2 |P1_2 drive capacity R/W
b3 |P1DRR3 |P1_3 drive capacity R/W
b4 | PIDRR4 |P1_4 drive capacity R/W
b5 |P1DRRS5 |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 “H” and “L” output are set to high drive capacity.

The P1DRR register selects whether the drive capacity of the P1 output transistor is set to low or high.
The P1DRRI bit (i = 0to 7) is used to select whether the drive capacity of the output transistor is set to low or

high for each pin.
For pins used as output, the setting values in the PLDRR register are valid.
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7.4.16 Drive Capacity Control Register 0 (DRRO)
Address 01F2h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| DRRO7 | DRRO06 | — | — | — | — | DRRO1 | DRR0OO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name F