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Notice

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

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

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

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

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

Renesas Electronics has used 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 errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. 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; personal 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; aerospace 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 aloneis very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with 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 aresult 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.

(Note1l) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and aso includes its majority-

owned subsidiaries.

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




General Precautions in the Handling of MPU/MCU Products

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

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

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

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

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

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

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

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

signal has stabilized.

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

Differences between Products

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

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




1.

How to Use This Manual

Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It 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 RBC/LABA Group and R8C/LABA 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 R8C/LA3A Group, R8C/LA5A Group, RO1DS0011EJ0100
R8C/LAGA Group, R8C/LABA Group
Datasheet
User’s Manual: Hardware specifications (pin R8C/LABA Group, R8C/LA8A Group | This User’s Manual
Hardware assignments, memory maps, User’s Manual: Hardware

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

User’s Manual: Description of CPU instruction set | R8C/Tiny Series Software Manual REJ09B0001
Software

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

Sample programs

Information on writing programs in
assembly language and C

Renesastechnical | Product specifications, updates
update on documents, etc.




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
I/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
112 DIifferenCes DEWEEN GIOUDS ....veivereeeeeeieeietestestestestesteseeteseeeesesseesessessessessessestessessesseseneessssessessessesenns 2
113 IS0 1= o1 o= 1 o] 1 4

12 [ 0o [0 Tox I SOOI 7
13 BIOCK DIGQIAIMS .....eveieieiieieieeeee ettt st st s e st s e e e e e se e e eseesesseesesbestese e s en e nte e eneenensesneseenteseesennenneenenns 9
14 LT ANSS T a1 SRS 11
15 PN FUNCLIONS ...ttt sttt h e a e b e b e s bt s b e b e b se e b et ebe bt sbeeb e et seeseeneeneenas 16
2. Central Processing UNit (CPU) .......uiiiiiiiiiiiee ittt et e et e e e st e e e s anneeas 18
2.1 Data Registers (RO, R1, R2, @nNA R3) ....uoiuiiiiieieieeeeeese et st st 19
2.2 Address RegIStErS (AD @NA AL) ....ocueeeieieereseereeee sttt st s ese s seesesbe e s re st e e ee e eneesensesaesreneen 19
23 Frame Base REQISLEr (FB) ..ottt ettt se e e 19
24 Interrupt Table REGISIEr (INTB) ..ottt eb e 19
25 (oo =10 0T @010 g1 (= (O 1S 19
2.6 User Stack Pointer (USP) and Interrupt Stack POINter (ISP) ......cooeeiiiinininese e 19
27 StatiC BASE REGISLEN (SB) ...veeetirieiiieeieieetereete sttt sttt sttt et 19
2.8 = To R s o = £ (I OSSR 19
28.1 L0 gV F='o I (3 SRR 19
282 DEDUG FIAG (D) ettt bbb b et b e et 19
2.8.3 WA (o} o = o [ (74 TS 19
284 S o g = o () OSSOV PRR P 19
285 Register Bank SElECt FIag (B) ....covieiiieieeierse ettt sttt e 19
2.8.6 (@8 i Lo T o =T [ () TSRS 19
2.8.7 INterrupt ENaDIE FLAQ (1) .o.veeeieeieie ettt b e e b e b e e 20
2.8.8 Stack PoINter SEIEC FIA0 (U) oottt st st b e st 20
2.8.9 Processor Interrupt Priority LEVEl (IPL) .o.ooeee ettt e 20

P2 S I (O B === Y=o I 2 SRS 20

3. 7T 0T S 21
4. Special FUNCHION REJISIErS (SFRS) .....uiiiiiiiiiiiiieie it e e e e e e eaee s 23
5. YT £ OO TP PP PR PPPPPP 33
51 REGISIEIS ettt b bbb bR R R R ARt Rt Rt bbbt 36
511 Processor Mode REGISIEr O (PMO) .....cueieiiieieieieseeseesieeeeeseetese st te s st ste st sae e e e e e eseesesnesseseenseses 36
5.1.2 Reset Source Determination Register (RSTFR) ...c.vooveiice e 36
513 Option Function Select REGISLEr (OFS) ..ottt 37
514 Option Function Select REQIStEr 2 (OFS2) ....cvvvieiiriiieeseceeese s sese st sae e see e s 38

52 HEIOWEAIE RESEL ...ttt ettt h e b e b bt s bbb e e e e e e e e e e e st e b e bt bt sbenbe s b see e e e es 39
521 When POwer SUPPIY 1S SEADIE .....c.oeiieie bbb 39
522 POWEE OIN et et et h et h e b e bt bt e R e bt e Rt e R R R e R e R e R et e R bR renn e ne s 39

53 POWEr-ON RESEL FUNCLION ...ttt ettt et b e bbb bbb s 41
54 VOItage MONITON O RESEL ..ottt bbbt b et se b e e s e 42
55 LAV ot gTo o T 01 . 43
5.6 SOFIWAIE RESEL .....eviieeerieesiet ettt sttt ettt et b e st et e e b et et e e et e ne et e be et e et e e es 43



5.7 Cold Start-Up/Warm Start-Up Determination FUNCLION ........cccooveiverinenereseseiesesee e s se e 44
5.8 Reset Source Determination FUNCLION ..........coiiiiiiiieicecncne e s e s s 44
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 45
6.1 F gL oo 1T 1o o RSSO 45
6.2 0 [ S 49
6.2.1 Voltage Monitor Circuit Control RegIStEr (CMPA) ..ot 49
6.2.2 Voltage Monitor Circuit Edge Select Register (VCAC) .t 49
6.2.3 Voltage DeteCt REGISIEr 1 (VCAL) .oooiceceeeie e e e et et e sttt see e e e e snaesesse e ssensesneseeneen 50
6.2.4 Voltage DeteCt REQISIEr 2 (W CAZ2) ...ttt sttt sttt e e e e e nnesaneaesnean 51
6.2.5 Voltage Detection 1 Level Select Register (WVDILS) ..o 52
6.2.6 Voltage Monitor 0 Circuit Control Register (VWOC) ......ccocveerirere e seeseeeeereeesese e seenees 53
6.2.7 Voltage Monitor 1 Circuit Control RegIiSter (VWIC) ....cecoviieie ettt s 54
6.2.8 Voltage Monitor 2 Circuit Control RegiSter (VW2C) ...t 55
6.2.9 Option Function Select REGISLEr (OFS) ...ocvcoveieiie ittt e nee e s 56
6.3 R O O 1o TU Yo | o = S 57
6.3.1 [ Kol (o] 1T g e ANV Ao = (0 SRR 57
6.3.2 V7o a1l o] T g YA =t R 57
6.3.3 Ko Th o T a0 A A (<. 2SR 57
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 58
6.5 AZ0 L= o =31, o g o) g N g 1= 4 o) 59
6.6 Voltage MONITOr 2 INTEITUPDL ..ot a e e sa e s re e tesreene e reenaennenns 61
7. 1@ T o RSP PP 63
7.1 F gL oo 1T 1o o RSSO 63
7.2 T @ o a0 Tox 4 o P 65
7.3 Effect on Peripheral FUNCLIONS ........ccociiiiiice ettt steenae s eaenreens 65
74 PIiNS Other than 170 POIS ...ttt bbb e se ettt eb et et e e e e e 65
75 REGISIENS .ttt b b b h bR R bRt R R R Rt bbb e b 72
751 Port Pi Direction Register (PDi) (i Z0109) .oouviiiieieceree et s 72
75.2 Port Pi Register (Pi) (I = 010 9) ..ottt sttt se e e s 73
753 Timer RIPIn Select Register (TRISR) ...o.voiiieirieirierere et 74
754 Timer RB Pin Select Register (TRBSR) .....occiieciciecece sttt sneenesnees 75
755 Timer RC Pin Select Register O (TRCPSRO) .....cccoivviirieiiisiiieeiseeeseetesisiesissessesesaesessesessesessesessssessnss 76
7.5.6 Timer RC Pin Select Register 1 (TRCPSRL) .....coviiiiiiiiirieeeiereeiere et 77
75.7 UARTO Pin Select RegISter (UOSR) .....cccciiieirieiiiieisiee sttt sttt 78
7.5.8 UART2 Pin Select Register 0 (U2SR0O) ...c.ccveiiieiiieisieesiese ettt se st st nees 79
759  UART2Pin Select REGISIEr 1 (U2SRL) ....coveuieceeeeeeecieseee s ssessssssssssssssssssses s ssssssnssans 80
7510 SSU/IC Pin Select ReGIStEr (SSUIICSR) ...vcviiiiiieirieisieisie sttt st s e s s ssssessesesessesens 81
7511 INT Interrupt Input Pin Select Register (INTSR) ...ccooiiiiiieieienese e 82
7512 1/O Function Pin Select Register (PINSR) ....oc.ciiiiieereereere e 83
7.5.13  Port Pi Pull-Up Control Register (PIPUR) (i Z01t09) ..ccocceiiieie e nnens 84
7.5.14  Port P7 Drive Capacity Control Register (P7TDRR) .......ccoiriiiiiiiie e 85
7.5.15 Port P8 Drive Capacity Control Register (PBDRR) ........cccorueiriiriiirieirienieeseesiees e 85
75.16  Input Threshold Control REGISLEr O (VLTO) ..eceeieeieeiieie e se et e e e e sre e s ae e ee e eenreens 86
7.5.17  Input Threshold Control REQISIEr 1 (VLTL) ..ottt e s 87
7.5.18 Input Threshold Control REGISIEr 2 (VLT2) ..ocecereirieerieirieierieereee et 88
7.6 0 S 0SSR 89
7.7 UnNassigned Pin HanAliNg ........ooo oot s et se e ne b sne s 112



8 21 L USSR 113
9. ClOCK GENETALION CIFCUIL ......etteeiieiieeee ettt e e e e e e e et e et e e e e e e e s e e e nbbbbbeeeeeaaaaeeeeaaaannreseeees 114
9.1 INEFOOUCTION ..ttt b e et e e et e bt e heeb e s b e s et eb et e b e s eneeneeseeaeebenbesaesreas 114
9.2 LS [ = TSRS 117
9.21 System Clock Control RegIStEr O (CMO) ......eceeerierierieeieeeeeeeees st seeaee e e ene e e srenees 117
9.2.2 System Clock Control REGISLEr 1 (CIML) ...ccvviuieieeeeic ettt et e e e e sne s 118
9.2.3 System Clock Control REQISIEr 3 (CM3) ..ottt s 119
9.24 Oscillation Stop Detection REGISLEr (OCD) ......cvvvierieieereieeereeeeese e stesieseeseeeesessessessesseseessesessesees 120
9.25 High-Speed On-Chip Oscillator Control Register O (FRAQ) .....oceeve e 121
9.2.6 High-Speed On-Chip Oscillator Frequency Control Register 0 (FRCO) ......ccccvvererereiienienieieeeenens 121
9.2.7 High-Speed On-Chip Oscillator Control Register 2 (FRA2) .....ccveeeeeeeerereses e seeseeeeeeeeesese e 122
9.2.8 High-Speed On-Chip Oscillator 18 MHz Set Value Register 0 (FR18S0) ......cccocvvvvvererenerienerienenenne 123
9.29 High-Speed On-Chip Oscillator 18 MHz Set Value Register 1 (FR18S1) .....cccooeeerererienenieieeeene 123
9.210 High-Speed On-Chip Oscillator Control Register 1 (FRCL) ....cceveeeeeeeeeve e 123
9.3 XIN CLOCK vttt sttt sttt sttt ettt st et e et e stk e st e b e se et e seebe st et e ne et e e et e ne e s beneneane 124
94 ON-Chip OSCHTBLON COCK ....cviteieieeie ettt ettt a et be e e e e e e et et eseeaeeaesbeneas 125
9.4.1 Low-Speed ON-Chip OSCIIAtOr CIOCK .......ccvevveeeieiiirie e siesee e s eenesnens 125
9.4.2 High-Speed On-Chip OSCIHIAtOr CIOCK .......ccviieieiee e 125
9.5 DOV O oo~ OSSR 126
9.6 CPU Clock and Peripheral FUNCLION ClOCK .......ccoviiriiieriereciecrese st e e e se s e 127
9.6.1 SYSEM CIOCK .ttt sttt sttt ettt ket st et e st be e et et et e e ebeseene e se st 127
9.6.2 CPU CIOCK vuiveueitetistees et te st et st et et teseetesaetesaebesaesesaesessesesbesesbesesbeneabe e ebe e s tene et e e ebeneateseeseseesensns 127
9.6.3 Peripheral Function Clock (f1, f2, f4, 8, f16, and f32) ......ccccvvvievereee e 127
9.6.4 L6 LSS 127
9.6.5 L 010 20 SRS 127
9.6.6 L O T OSSO 127
9.6.7 L 100 S TSSO 128
9.6.8 L OO 1 22 TSRS 128
9.6.9 L X 5 OSSPSR 128
LG O { @3 o s {0 12O 128
L300 T @@ Y TSR 128
LG 2 (@ I OSSOSO 128
9.7 Oscillation Stop DeteCtion FUNCLION ........c.ccviieiieieri ettt e e ae e et r e nreenes 129
9.7.1 How to Use Oscillation Stop Detection FUNCLION ..o 129
9.8 Notes 0N CloCK GENEration CITCUIT .........civiiriiirieirieicsiecree et neenes 131
9.8.1 Oscillation Stop DEteCtion FUNCLION .........ccciiiciiiecie e steee e st eneesne e 131
9.8.2 OsCillation CirCUIt CONSIANES .....oveeeeeeeiirierisies et s see e e se e sessesaesbesteneeneeneseenees 131
9.8.3 XCIN CLOCK .ttt ettt st st sttt s e bt se bt e b e s b e b e b eb e st et st e e st et st e e ebenesbe e 131
O o V=] o @0 1 (| PP POPPTP 132
101 INEFOOUCTION ..eeeeeee ettt h bbbtk b e e e e e e et e b e eb e e bt e bt eb et e s b e s eneeneeseeneebenbenaesrens 132
10.2 REGISLE'S ...ttt ettt e e et et et ae e b aeeaesb e e bese e e e e e aeeReeR e eh e e Rt eReeb et e s e s ene et e e eneebenaeanens 134
10.2.1  System Clock Control Register O (CMO) ......coueoeiieeriiirieeeie ettt 134
10.2.2  System Clock Control ReQIStEr 1 (CML) ...cceccieiieciieieeeeee ettt a e ene s 135
10.2.3  System Clock Control ReQIStEr 3 (CM3) ...cuiiuiiiiiiiieirieerieeeee et s s e s eene s 136
10.2.4  Oscillation Stop Detection REGISIEr (OCD) .....cocciviiieririirieiereee ettt 137
10.2.5 High-Speed On-Chip Oscillator Control Register O (FRAQ) .....ocvevv e 138
10.26  Voltage Detect REGISIEr 2 (W CA2) ...ttt et sne e 139



10.2.7  Power-Off Mode Control Register 0 (POMCRO) .......ccoviirierierienieineresesese e stes e seeseeeeesseeseseenees 140

10.3 Standard OPerating MOE .......ooeiiiiieieee ettt ettt b e s b b et st e e neebe e 141
10.3.1  High-Speed ClOCK MOUE ......c.ooiiiriiiiieiieetereee sttt 142
O T7 N o VIV o == o @ oot g Y/ oo L= 142
10.3.3  High-Speed ONn-Chip OSCIllAtor MO .........coiiiiiiiiiiieieeeeeee et 142
10.3.4  Low-Speed ONn-Chip OSCIllAtOr MOOE ........ccccireriiriiirieiereeie e 142

104 WEAITIMOOE ...ttt e Rt e e e e n e r s 143
10.4.1  Peripheral Function Clock StOP FUNCLION ......c.oiiiiiiiiieeeee e e 143
10.4.2  ENEriNg WAL IMOOE ..ottt ettt bbb e 143
10.4.3 Reducing Internal Power USINg VCAZ20 Bil .....ccvcviviverierieeceeeeesesese s esie e s se e sse e seeses 143
10.4.4  Pin StAUSTN WaIt MOOE ....ooiiuiiiiiiiiie ettt e bbb e s ne e eee e 143
10.45  EXItING WEIT IMOOE ......oueiitiiete ettt sttt s sttt b et b bt se bbb n e 144
10.4.6  Exiting Wait Mode after CM 30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) .......... 145
10.4.7  Exiting Wait Mode after WAIT INStruction iS EXECULE .........cooierieriiriiiercreee e 146

10.5 SEOP IMIOUE .. h bbb bbbt bbb e bt b et e e 147
O3S R 0| =g aTo TS (o] o 1 1Y oo 147
1052 PN StaUSIN SIOP MOE ...ttt ettt s b e b s se et see e 147
10.5.3  EXItiNG SEOP MOGE .....cviniieictereeterese ettt et bbb sttt e b e 148

10.6 POWEF-OFf O IMOOE ......ovieiireret ettt s e er s 149
10.6.1  PinHandling in POWEr-Off O IMOOE ......ccoiiiiiiiieeeer ettt see s 149
10.6.2  Entering POWEr-OFf O IMOOE ..ottt sttt 149
10.6.3  Pin Statusin POWEr-Off O MOE .......ccoiviririireieerereeeese e 150
10.6.4  EXiting POWEr-Off O IMOOE ....ccvoiuiiieiieiiieere ettt et s eee e 150

10.7 POWEF-0ff 2 IMOUE ..ottt sttt e e e e seebesbeseesbeneeneeneesensennesrens 151
10.7.1  Entering POWEr-0ff 2 MOUE ......ocv ettt et sttt s ne e e nne e 151
10.7.2  Pin Statusin POWEr-0ff 2 IMOUE .......c.oiiiiiiiieie et b e s see s 151
10.7.3  EXiting POWEr-0ff 2 MOUE ......oooiuiiiiiiriet ettt ettt s 152

10.8 Reducing POWEr CONSUMIPLION .......ocuieiiieeieeseeieesesee st ee e et eesaeseesaesneestessa e e sneesesreennesnesnnas 153
10.8.1  VOItage DEECtiON CIFCUIT ......cceiirieieirieieiesie sttt ese et b b ettt se et e e e et ese s e neereneas 153
O RS T . o TSRS 153
10.8.3  ClOCKS ..eeveteuiesisteteesesietei sttt st b bt st b bt s b e st e b bt ne b bRt e e bR re b bt e e e b b e Rt e et n et e en e 153
10.84 Wait Mode, Stop Mode, and POWEr-Off MOE ........ooueieieiiiiirieeee e 153
10.8.5  Stopping Peripheral FUNCLION CIOCKS ........ccoiiiiiiniiieinieisiees et s 153
L0.8.6  THITIEIS ooeeeeeiiesieieie ettt et b et e bbb bR e e R bR e se R bt e b b e st s b b et e n e 153
O A AV B X @e 141V 4 (= SO RTRPR 154
10.8.8  Clock Synchronous Serial INTEITACE .......cocoeieiieiree e 154
10.8.9 Reducing Internal Power Consumption Using VCAZ20 Bit .....c.ccceeveieeve e 154
10.8.10 StOpPING FIaSh MEIMOIY ......ooiiiiiiiitie ettt et s b e b b seene b ene e e 156
10.8.11 Low-Current-Consumption REAA MOUE ..........coirieiriririeineeenee e e 157

10.9 NOLES ON POWEN CONLIOI ...ttt r e n s 158
O N R (o] o 1V o o[ USSP 158
O VL T 1Y oo (= P 158
10.9.3 Reducing Internal Power USINg VCAZ20 Bil ......ccoiuieiieiieeee ettt 159
10.9.4  POWEN-OFf O IMOE ..ottt ettt b et b e bbb e et e et e be e e nesee e 159
O I = o Y= @ i 2 |V o [ 159

N e (0] (= od 1 o] o PO PRRPRPPPPRRR 160

111 L [ R 160

1111 Protect REGISIEr (PRCR) ...oooouiieiiirerieieie sttt sttt n e 160



D | 01T ¢ U o PSS 161

121 gL 0o (1 o TSR PSN 161
2t Y/ o= 1 1 (= U] ] £ 161
12,12 SOftWEAIE INEEITUDLS ..ottt h e bbb e e ettt e b e e b e b sae e e e seeaeeneseeneas 162
12.1.3  SPECIEI INLEITUPLS ..ottt ettt sttt st b et bt b et e bbbt 163
12.1.4  Peripheral FUNCLION INTEITUPLS .....cviiieicicesie s seesee sttt s ene e snesrenes 163
12.1.5  InterruptS and INEEITUPL VECLOIS .....cooiiiiiiiie ettt sttt eee e 164

12.2 REGISIENS ettt b e h bbb bbb R bR bR bRt e bR bt e n e nennenen 166

12.2.1  Interrupt Control Register
(S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, TRXIC, TRB1IC, TRBOIC, TRJLIC, TRJ2IC,

U2BCNIC, LCDIC, VCMPLIC, VCMPZ2IC) ..ottt sesnesssenes 166
12.2.2  Interrupt Control Register (FMRDYIC, TRCIC, SSUIC/IICIC, TRHIC) ....ccccoveiiriineineineeee 167
12.2.3  INTi Interrupt Control Register (INTIIC) (i =010 7) c.ovveereerieirieeriee et 168
12.3 E 1= 0 o) g 1 o) 169
L2.3. 1 TGO ot R R R Rt b e R e b b e r R nes 169
12,32 TR BT ettt bbb b e b e bR R e b e b e b e bt b e nenenee 169
12.3.3  BItSILVLZ2TOILVLO, IPL .ottt 169
12.3.4  INEEITUDPE SEOUENCE ...oeieieieitieie ettt ettt ettt st st b e s ae e bt e ae e sbeeaeesae s e e seeeaeesaesaeesbeembenbesaeansesneesnesnnas 170
12.35  INLETUPE RESPONSE THITIE ...viiitiieeieieeie ettt ettt sttt sttt b et bt bbbt e b nes 171
12.3.6  IPL Change when Interrupt Request is ACKNOWIEdged .........c.covevvvereverenienie e 171
12.3.7  SAVING REJISLEIS ...eiiiiiiiieieie ettt sttt et e se ettt eaeeb e e bt s ae e b e b e se e s be b e st e neenbene et eneebeeaeeaeebeneas 172
12.3.8  Returning from INEETUPE ROULINE .......coviiiiiiiiierieeieen et 174
G T 1 0 = 001 o SRS 174
12.3.10 Interrupt Priority Level SEeCtion CIrCUIT ........c.cooiiiieiieieeeerieee e e 175
124 INT INEEITUDL cooveieceeeeceeseesee s e tes et sss s s s s b s sttt s s s s s st s s st ssessens st sans 176
2 R N R = (0 o0 (R O (o 1 4 N 176
12.4.2  INT Interrupt Input Pin Select Register (INTSR) .....ooiieiiiireerenere e e 177
12.43  Externa Input Enable Register O (INTEN) ..o 178
12.4.4  External Input Enable Register 1 (INTENL) ....oooeiieiieiicese ettt s 179
12.45 INT Input Filter Select Register O (INTF) ..o b 179
12.4.6  INT Input Filter Select Register L (INTFL) oot 180
1247 INTI INPUE FIEEN (1 = 010 7) covveveieereeieiieie ettt 181
125 K@Y INPUE TNEEITUPL ...ttt et b e e et e s b e e b e s b e e e e ebeeaeebesaeesneennesneeanas 182
1251 Key Input Enable Register O (KIEN) ..ottt s 184
1252 Key Input Enable Register 1 (KIENL) .....coooiiiiieiieeeees ettt 185
12.6 PN o [=SSR (Y = (o g L 1 = (] o AU 186
12.6.1 Address Match Interrupt Enable Register i (AIERI) (i =005 1) .ooveereeineeennereeeeeeeie e 187
12.6.2  Address Match Interrupt Register i (RMADI) (i Z00r 1) oooveiveeeie e 187
12.7 Interrupts of Timer RC, Timer RH, Synchronous Serial Communication Unit, 12C bus I nterface, and
Flash Memory (Interrupts with Multiple Interrupt ReqUESt SOUICES) .......coeverereriereinieieieeeeesereeaas 188
12.8 NOLES ON INEEITUPES ... e s se s sre s 190
1281 Reading Address 00000 .........ccoeireireirreenree sttt ne s 190
12.8.2  SP SEING ..veiveieiteeiteesie ettt ettt b e bR R b e bR e b b e r e nes 190
12.8.3  Externa Interrupt, Key INPUE TNEEITUDE ....ooviviiieiiieiieeeesee et 190
12.8.4  Changing INEITUPL SOUMCES ......ccueiueerieieesieseeiesee e e ee e eeesteeseesreeaesreestesseentesseesesseensesneesseeneessesnes 191
12.85 Rewriting Interrupt CONtrol REGISIEN .......ooiiiiiiieeeeer e e e e 192
G T | O To [N =T T PP PR R PTR 193
131 INEFOTUCTION ..tttk et bbbt et e e b et b et b e e e b e st s b e ne b et et e e et e neebe e 193



13.2 001 o T 194

133 FOICEA EraSE FUNCLION ....cuiiiiiiesee ettt ettt st et b et b e s b et e s e e e e eneebesaesne s 195
134 Standard Serial 1/0 Mode Disabled FUNCLION .......c.cooiiiiiineeieeeeese et 195
135 NOLES ON ID COUE ATEBS ..ottt sttt sttt b e bbbt e b e e bbb et ebe st e st seebenben et eneneenen 196
1351  Setting EXample Of 1D COUE ATEAS .......ciuiiieeiireeeeieriesie ettt e e e e e sre e 196
S @ T o) i o) o I T ox 10 g IS Y=Y (=Tt A 4 T 197
141 F gL oo 1 1o o RO ST U URTRTRRRN 197
14.2 REGISLEIS . vecveiteitistetes et ee s et st s e e e s ee e e e e e e e e seesesaesaeseestesee e eneeneeseeReeseesesaeatente e e e eneeneeneenenrennenrens 198
14.2.1  Option Function Select REGISLEr (OFS) .....ccovieeiieiiesieeieie e esteeee st seeste e se et e e e e sre e e sneennas 198
14.2.2  Option Function Select REQISIEr 2 (OFS2) .....oiiiiieieeieeeeeeeieee ettt 199
14.3 Notes 0n Option FUNCLION SEIECE ATEA ......ceeeeeceeece ettt ne s nrens 200
14.3.1  Setting Example of Option FUNCLION SEIECt ATEa ........ccviieece e 200
ST - 1ol oo (oo T 01 SRR OO OPPPPTRPOPPPPPTN 201
151 FgLugeTo 1o 1o o RO TSRS 201
15.2 REGISIENS ettt ettt bt e b b £ bR e R R bR Rt R e bbbt e en e aenenen 203
1521  Processor Mode REGISIEr L (PML) ....ocvciiiiiiisie e seeee ettt ae e e e sre s sne e nes 203
15.2.2  Watchdog Timer Reset RegIStEr (WDTR) ....ouiiuiieieeeeieeeeeee ettt 203
1523 Watchdog Timer Start REGISIEr (WDTS) ..ottt e 203
15.2.4  Watchdog Timer Control ReEGIStEr (WDTC) ....ocveiiieiee ettt s 204
1525  Count Source Protection Mode RegiSter (CSPR) .....cocoieieieirire e 204
15.2.6  Option Function SElect REGISIEr (OFS) ....cooiiiiiirerieereie e e 205
15.2.7  Option Function Select REQIStEr 2 (OFS2) .....uoceeiieeieiieeeseesee s ssae e ste e te e ste et sreesne e e sneeneas 206
15.3 FUNCLION@l DESCIIPLION ...ttt sttt e et ae bt b et et eneeneeaeebe e 207
1531  Common ItemSTor MUItIPIE MOES ......c.ooviuiiieirieiricee e e 207
15.3.2  Count Source Protection Mode DiSabled ... s 208
15.3.3  Count Source Protection Mode ENabIEd ..........coo i 209
T I o 1 1= £ PP PRPTPPPPPPR 210
I I o 1 1= g = = T USSP 211
171 INEFOOUCTION ..ttt bt b e et e et e b e eb e e bt e bt e b et e s b e e eneeneeseeaeebeebesnesrens 211
17.2 REGISLES ...ttt ettt e ettt heehe s aeeaeeb e s bese e e e e e neeReeREeh £ e Rt eReeb e b e A et en e et et eneenesaeeneas 213
17.2.1  Module Standby Control Register 1 (MSTCRL) ....ccccviiiriininieisenerieesie sttt 213
17.2.2  Timer RBi Control Register (TRBICR) (i Z00F 1) ..oceeiiieieie e se et sree e 214
17.2.3  Timer RBi One-Shot Control Register (TRBIOCR) (i =0 0r 1) ..coevveiiiiniiieieee e 214
17.2.4  Timer RBi I/O Control Register (TRBIIOC) (i =0 0F 1) ...coveirieirieerieeriee e 215
17.25 Timer RBi Mode Register (TRBIMR) (i Z 0 0r 1) .oocoeciieece ettt s 215
17.26  Timer RBi Prescaler Register (TRBIPRE) (i =0 0F 1) ...oooiiiiiiieieereeeeere e 216
17.2.7 Timer RBi Secondary Register (TRBISC) (i =0 0F 1) ...ccoviviriirinieienieesienesie e 216
17.2.8 Timer RBi Primary Register (TRBIPR) (i Z00r 1) ...oocoveiie et 217
17.29 Timer RB Pin Select RegiSter (TRBSR) .....ccoiriiiiirierie ettt see s 217
17.3 QLI 0= 1, o o L= SRS 218
17.3.1  Timer RBi I/O Control Register (TRBIIOC) (i=0o0r 1) in Timer Mode ........cccccvvvevveceereceeseennen, 218
17.3.2  Timer Write Control during Count OPEratioN ..........cccceererieriereeneeereresese e e e e se e seeseas 219
174 Programmable Waveform Generation MOUE ...........cocircireinieiriire e 221

17.4.1 Timer RBi /O Control Register (TRBilOC) (i =0or 1)
in Programmable Waveform Generation MO ..........cocoveieieieieireeeseseie e 222

A-6



A A @ o = - g To g o] = 223

175 Programmable One-shot Generation MOUE ..........cooiiiii e sa s 224
1751 Timer RBi I/O Control Register (TRBiIlOC) (i =0 or 1)
in Programmable One-Shot Generation MOUE ..o 225
A @ o= - g To [ 3] o] = 226
1753  ONe-ShOt TrigQer SEIECHION .....coiiiiiii ettt ettt e sb e 227
17.6 Programmable Wait One-Shot Generation MOGE ..........ccooveiriinirinnieee s 228
17.6.1 Timer RBi I/O Control Register (TRBilOC) (i =0or 1)
in Programmable Wait One-Shot Generation MOGE .........cccevvverereereeeeeeesesese s enens 229
17.6.2  OpErating EXBMPIE .....cooiiiiiiieie ettt ettt e e st be s besbesbe s beseeseeneenesneeneereneas 230
17.7 NOLES ON TIMEN RB ...ttt sttt sttt e st e e e neeseeseebeesesaesbesbeseensenseneeneesensessessens 231
I A R T ¢ 1= g 1V oo LTSRS 231
17.7.2  Programmable Waveform Generation MOOE ..........ccccorereririiinese et s 231
17.7.3  Programmable One-Shot Generation MOOE .........ccoeieirieiienenen e 232
17.7.4  Programmable Wait One-shot Generation MOOE ........cccovvererinienesesee e 232
I TR I 0 1 1= g = L PSPPSR SPPPRP 233
181 INEFOOUCTION ..ttt bbb bbb et e ae e b e eb e b e e bt eb et e s b e e emeeseeneeneebenbesaesrens 233
18.2 REGISLE'S ...ttt ettt e e et et et he e bt s aeeaeeh e s besE e e e e e aeeReeReeheeReeReeb et e A et e neene et eneeaenRenrens 235
18.21 Module Standby Control Register 0 (MSTCRO) ......cceoereereeeeereeeseere e s e seesee e se e esese e sseses 236
18.2.2 Timer RC Mode ReGIStEr (TRCMR) ...c.oiviuiiieiiiieiesiee sttt sttt ettt s 237
18.2.3 Timer RC Control Register 1 (TRCCRL) ...c.ooeiiiieirieieeeie ettt 238
18.24  Timer RC Interrupt Enable Register (TRCIER) ......cccovviviireeeeeeeee st se e seenes 238
1825 Timer RC Status REGISLEr (TRCSR) ...ccvcviieiirieirieisieesiee sttt sttt sttt sttt s seens 239
18.2.6  Timer RC I/O Control Register O (TRCIORO) .......ccovueirieirieiniee sttt 240
18.2.7 Timer RC I/O Control Register 1 (TRCIORL) ....ccocvviieiirerieseesieieeeeeesese e ste e seeseseeseeseeeesenes 240
18.2.8  Timer RC COUNLEr (TRC) ..coiiiiirieiirieisieie s sttt sttt ettt st ettt et st e b se e s sese st 241
18.29 Timer RC Genera Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC, TRCGRD) .......... 241
18.2.10 Timer RC Control RegIiSter 2 (TRCCR2) ......ccvcviiiieieerieeseeeeesest s e e s sses e seese e ssessessenes 242
18.2.11 Timer RC Digital Filter Function Select Register (TRCDF) .....cocooveieeve e 243
18.2.12 Timer RC Output Master Enable Register (TRCOER) .........ccoovreinininenneresereeeee e 244
18.2.13 Timer RC Trigger Control Register (TRCADCR) ......ccueveeeereeeresesesesesieseesaeseessessessese e seeses 244
18.2.14 Timer RC Pin Select Register O (TRCPSRO) .....coiviiiieirieeriee st s 245
18.2.15 Timer RC Pin Select Register 1 (TRCPSRL) .....ccoiiiiiiiiciieeriee ettt 246
18.3 Common teMS fOr MUItIPIE MOES .......ccvveieeeeececeee e s e e sre e 247
18.3.1  COUNE SOUICE ....eueeterueesteeueeteeise st ese e st s e sseeseesbe s ee s b e e s e s e e se e e bt e e e ereeeesaeeseesheeneesre e s e areennesneenesreennesnnas 247
18.3.2  BUFEI OPEIALHION ...o.eoviiitiiete ettt et bbbttt b et b et b e b et e b e 248
ST TG T I o 1 - 1 R 250
18.3.4  Forced CUtOff Of PUISE QULPUL ......ccveiiiee ettt e s st n e ene e sneennas 251
184 Timer Mode (Input Capture FUNCLION) ........ccoiviireie et 253
18.4.1 Timer RC I/O Control Register 0 (TRCIORO) in Timer Mode (Input Capture Function) ............... 255
18.4.2 Timer RC /O Control Register 1 (TRCIOR1) in Timer Mode (Input Capture Function) ............... 256
18.4.3  OpErating EXAMPIE ....ccuiiieiiiiereete ettt bbb 257
185 Timer Mode (Output COMPAre FUNCLION) .......cccoivirieierieeceeese st se s esee s e ere e e see e eseesessenns 258
18.5.1 Timer RC Control Register 1 (TRCCRL) in Timer Mode (Output Compare Function) .................. 260
185.2 Timer RC I/O Control Register 0 (TRCIORO) in Timer Mode (Output Compare Function) .......... 261
18.5.3 Timer RC I/O Control Register 1 (TRCIORL1) in Timer Mode (Output Compare Function) .......... 262
18,54 Timer RC Control Register 2 (TRCCR2) in Timer Mode (Output Compare Function) .................. 263
1855  Operating EXAMPIE ..ottt bbb 264



18.5.6  Changing Output Pinsin Registers TRCGRC and TRCGRD .......cccccoovverieneieneneseseeseeeeseeeeeenes 265

18.6 LYY . oo LSS 267
18.6.1 Timer RC Control Register 1 (TRCCRL) in PWM MOCE ......ccooviriririiinnereeeeeeeee e 269
18.6.2 Timer RC Control Register 2 (TRCCR2) in PWM MOUE .......covevrerererenesesiesieeneeseeeeeseseseeses 270
18.6.3  OpErating EXBMPIE .....cooiiiiiitiiteie sttt ettt e et e e e ae e e b e besbesbe s beseere et eneeaeenesreneas 271

18.7 PWIMZ MOE ...ttt sttt e e st et e b e aeeebeeaaesheeaeesbeentesbeentesbesasanbeeneesteeneentesanes 273
18.7.1 Timer RC Control Register 1 (TRCCR1) iNn PWM2 MOCE .....ccccovverirvrineneseesieseneeseeeeesnese e 275
18.7.2  Timer RC Control Register 2 (TRCCR2) in PWM2 MOCE .......ccceiriririniie e 276
18.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode ........cccoevnenneennn 277
18.7.4  Operating EXAMPIE ....ccveeiiie it e e seee et sttt st s et ae s n et e b e ne e ene e nenrenren 278

18.8 TIMEE RC INEEITUPL ..ottt bbb e bt et ae e et e bt eb e eb e b se e e eaeebeeaeenesbenbeee 281

18.9 NOEES ON TIMEN RC ...t ettt see st e ee s e e seese et e s seseesbesbeseensenseneeneesensessessens 282
LS I R I (O L o = 1= SRRSO 282
18.9.2  TRECSR REQISIEN ..ocviiiteiiieiieteststeie s et te e te st se ettt seste st e sesaetesaesesaeseseebesaesesbesestesesentesensessesensens 282
18.9.3  TRCCRL REGISIEN ivitiiiciiiictiieete sttt st et st e et st e e bese st e e e beseete e e bessebeseetesaesesaeteseesessesetens 282
18.9.4  CoUNt SOUrCE SWITChING ..ecvviviiiiseiereeeee et e s st e s er e re st b e r et e e st e ae e e e e eneesennesneseenees 282
18.9.5  INPUL CPLUIE FUNCLION ....couiiiiieiiiiiie ittt ettt st b e b e se et b e e see e 283
189.6 TRCMR RegiSter in PWM2 MOUE ..ottt s 283

IS TR I o 1 1= g PP PRPSPPPRP 284

19.1 g1 oo [0 ot (' o OO PTPN 284

19.2 REAI-TIME ClOCK MOE ...ttt b et neen b sne s 285
19.2.1 Module Standby Control Register 1 (MSTCRL) ....cccciiiiriiniieere ettt 287
19.2.2 Timer RH Second Data Register (TRHSEC) in Real-Time Clock Mode ........ccccveveveveeceeencececennn, 288
19.2.3 Timer RH Minute Data Register (TRHMIN) in Real-Time Clock Mode ..........ccccecvvveceevecceeneenen, 289
19.2.4 Timer RH Hour Data Register (TRHHR) in Real-Time Clock Mode ... 290
19.25 Timer RH Day-of-the-Week Data Register (TRHWK) in Real-Time Clock Mode .........cccccevvnnee. 291
19.2.6 Timer RH Date Data Register (TRHDY) in Real-Time Clock Mode ........ccccooevveevecceececeieeen, 292
19.2.7 Timer RH Month Data Register (TRHMON) in Real-Time Clock Mode ........c.cccoeeiniiinenenecennn 293
19.28 Timer RH Year Data Register (TRHYR) in Real-Time Clock Mode ........ccccvvvvveveneereeieieceeeenn, 294
19.2.9 Timer RH Control Register (TRHCR) in Rea-Time Clock Mode ........ccccceveveveveccenecceceee e, 295
19.2.10 Timer RH Count Source Select Register (TRHCSR) in Real-Time Clock Mode ..........cccooeeneennee. 298
19.2.11 Timer RH Clock Error Correction Register (TRHADJ) in Real-Time Clock Mode .........cccceveenee. 299
19.2.12 Timer RH Interrupt Flag Register (TRHIFR) in Real-Time Clock Mode .........cccccccovvvevvcecceneenen, 300
19.2.13 Timer RH Interrupt Enable Register (TRHIER) in Real-Time Clock Mode ........ccccoeveiveinieennn 301
19.2.14 Timer RH Alarm Minute Register (TRHAMN) in Real-Time Clock Mode ........ccccovvveveevvcerenennn, 302
19.2.15 Timer RH Alarm Hour Register (TRHAHR) in Real-Time Clock Mode .........cccceeevveceeveceeienen, 303
19.2.16 Timer RH Alarm Day-of-the-Week Register (TRHAWK) in Real-Time Clock Mode ................... 304
19.2.17 Timer RH Protect Register (TRHPRC) in Real-Time Clock Mode ........ccccceevevevevnreeecesece e, 305
19.2.18 Timer RH Second Interrupt Control Register (TRHICR) in Real-Time ClocK .........cccecvvvecivinennen. 306
19.2.19 Operating EXAMPIE .....cuoiiieieie ettt bbb e 308
19.2.20  ALGIM FUNCLION ..ottt sttt sttt st s b et sttt et e e ne b ne it 311
19.2.21  Second AdjUSIMENE FUNCLION .......ccviiiiie ettt ettt st e sreentesneesneeneesneennas 313
19.2.22 Clock Error CorreCtion FUNCHION .........coiiiiieieeeeeiesese s ese e eeseses s te s seeste e seeseesessessessesennens 315
IS 72072 T O o Tox Q@ 11 o 11 | SR 318

19.3 (@111 010 1A @o T g1 07= (1Y, oo L= P 319
19.3.1 Timer RH Counter Data Register (TRHSEC) in Output Compare Mode ........ccceovveenieeneneninenenns 320
19.3.2 Timer RH Compare Data Register (TRHMIN) in Output Compare Mode .........ccccvvvvvvererecceeennnn, 320
19.3.3 Timer RH Control Register (TRHCR) in Output Compare Mode .........cccceveveervneereeeese e 321

A-8



19.3.4 Timer RH Count Source Select Register (TRHCSR) in Output Compare Mode .......ccccceevveveeennnen. 322

19.35 Timer RH Interrupt Flag Register (TRHIFR) in Output Compare Mode ..........ccccoeieveienienccneneenn. 324
19.3.6  Timer RH Interrupt Enable Register (TRHIER) in Output Compare Mode ..........cccccveienenenenenen 325
19.3.7 Timer RH Protect Register (TRHPRC) in Output Compare Mode .........ccccvveveverievereereereeneeeeeenens 325
19.3.8  OpErating EXBMPIE .....cooiiiiiiiieieie sttt sttt e e ae st e b e s be b e be b seereeneeneeneeneereneas 326
194 N0 =00 T 00T 1 ST 328
S R = OSSR 328
19.4.2  Starting and SEOPPING COUNL .....ccueiuiieiieeieiree sttt sb et b e bbb e e e e b e e e e e e esesaeeaeereneas 328
19.4.3  REQISIEN SEIING «vereetireeteieetereet sttt et s b et bbbt bt bt e b et e e nee 328
19.4.4 Time Reading Procedure in Real-Time ClOCK MOE ........ccecueeeereririrese e 329
P20 I T4 T= T = SO PRP 330
20.1 INEFOOUCTION ..ttt h bbbt b et e e e e e st e b eb e bt e et eb e b e s e e e emeeseeseeneebenbennesreas 330
20.2 REGISLE'S ...ttt ettt ettt et ae e he s aeeae e bt s beseeee e e e aeeReeReeb e e Rt eReeb e b e s et e neene et eneeaenaenrens 332
20.21 Module Standby Control Register 1 (MSTCRL) ....ccucveeeeieirese e seesie e seeeeee e e e snesre s 332
20.2.2 Timer RJ Control Register (TRICR) (i 010 2) .ocveeeiieiere e 333
20.2.3  Timer RJi 1/O Control Register (TRIIOC) (i = 010 2) .voieieieeieeeereeiere et s 333
20.24 Timer RJ Mode Register (TRIMR) (i S 010 2) .ovveeieeeeeeererese et sie st se e e sre s 334
20.2.5 Timer RJ Event Pin Select Register (TRJIISR) (i =010 2) covvvecee e 335
20.2.6 Timer RJ Register (TRJ) (I S 010 2) .ivciveiiieieiiee e sieesietesieesae s saese s sse et sesse e sesessesessesens 335
20.2.7 Timer RIPIin Select Register (TRISR) ....ocvviiiiirieie ettt s r e sne e s 336
20.2.8 Timer RB Pin Select RegiSter (TRBSR) ....c.cvvieiiieiiieerieiriees ettt st sttt sesse e 337
20.3 QLI 0= 1, o o L= SR 338
20.3.1 Timer RJi I/O Control Register (TRJIOC) (i =0t02) in Timer Mode ......ccooevvvvvvvrerereeeeeees 339
20.3.2  Timer Write Control during Count OPEralion ..........cccceceeeereesieeseseeseeseesieseeee e see e eeesreseesnesneas 340
204 PUISE OULPUL IMOTE ...ttt bbbttt b et n et e s 341
20.4.1  Timer RJi I/O Control Register (TRJIOC) (i = 0to 2) in Pulse Output Mode ........cccoveveceeerrernnnn 342
20.5 EVENT COUNEY IMOTE .....viiieitee ettt b bbb e e e et b et e bese e b e e e e e e eneebennesreas 343
20.5.1 Timer RJi 1/O Control Register (TRJIOC) (i = 0to 2) in Event Counter Mode ...........ccceveereenne 344
20.6 Pulse Width Measurement MOUE ..ot 345
20.6.1 Timer RJi I/O Control Register (TRJIOC) (i = 0to 2) in Pulse Width Measurement Mode .......... 346
20.6.2  Operating EXAMPIE ..o bbb bbb e ene e 347
20.7 Pulse Period MeasuremMeNt MOGE .........coccireiriinieiree ettt 348
20.7.1  Timer RJi I/O Control Register (TRJIOC) (i = 0to 2) in Pulse Period Measurement Mode .......... 349
20.7.2  Operating EXAMPIE ..o e e bbb e ene e 350
20.8 INOLES ON TIMEN RJ ...ttt ettt ettt b s et es et b et b b et e bt e bt st b et en et eneneenen 351
21, Serial INterface (UARTO) ...ttt e e ettt e et e e e e e e e e e s e bbb b beeeeeaaaaeeeeannnnnnes 352
211 INEFOOUCTION ..ttt b e bbb et et e e e ae e b eb e e bt e bt eb et e s b e e ene e s e e seeaeebeebenaesreas 352
21.2 REGISLE'S ..ttt ettt s a ettt ae e b s aeeae e b e b se e e e e e neeReeR e eE £ e Rt eReeb e b et et eneene e e eneeberaenrens 354
21.2.1  Module Standby Control Register O (MSTCRO) .....cccoevieirieiereeiereierieieseee st 354
21.2.2 UARTO Transmit/Receive Mode Register (UOMR) .......coovieeieiee e ee et 355
21.2.3 UARTOBIt Rate RegIStEr (UOBRG) .....ccocveirieietirieiesesiesisteses e sesteses e sestesassesassesestesessesessesessesessenens 355
21.2.4  UARTO Transmit Buffer Register (UOTB) .......coieiiiiirieirieeree st s 356
21.25 UARTO Transmit/Receive Control Register O (UOCO) .....cccevvieeierieeseseesieseesie e e e 357
21.2.6  UARTO Transmit/Receive Control Register 1 (UOCL) ......ccoiiiriieniniinerie e 357
21.2.7 UARTO Receive Buffer RegiSter (UORB) ......ccociiiiiiiriecnieneee ettt 358
21.28 UARTOPIN Select REGISIEr (UOSR) ....oviveiiiiieieseeie st sesiesee e s e s sessesassessesestesessesessesessesessesens 359
21.3 Clock SynchronoUS Serial 1/0 MOUE ......c.coeiirieii ettt e et sbe e 360



21.3.1 Measure for Dealing with COMMUNICatiON EITOIS ......ccccoiieierierierieieeeeerese e 364
21.3.2  POlarity SEIECE FUNCHION .....c.eiiiiitiitirie sttt sttt st eae bbb e e e ebeebeeaesaeebe b ee 365
21.3.3  LSB First/MSB First SEIECt FUNCLION ........ooiiiiiiieesesee st 365
21.3.4  COntiNUOUS RECEIVE IMOUE ......ocvouiiiiirieirieieteeste ettt sttt sttt sttt et 366
214 Clock Asynchronous Serial 1/0 (UART) MOOE ..ottt 367
A S =T o = - (= TSROSO 372
21.4.2 Measure for Dealing with COMMmMUNICatioN EITOIS ......ccccocieierererieiececesese e 373
215 Notes on Serial INterface (UARTO) .....oociiiiieieieeeiese ettt sttt be e sae st e se s sae e snens 374
22.  Serial INterface (UART2) ..ooiiiiiiiiiiie ittt sttt ettt e e s bttt e e s s bbb e e e s snbba e e e e s naneeeaens 375
221 F gL oo [T 1o o RSSO 375
22.2 REGISLEIS ..veveiieitistesies et ee et et st s e e e see e e e e e e e e seesesaesaeseestesee e eneeneeseeReeseeResaeeEen s e e eneeneeneeneenennennenrens 377
22.2.1 Module Standby Control Register 0 (MSTCRO) .....coouviierieieerie s see e e e 377
22.2.2  UART2 Transmit/Receive Mode Register (UZMR) .......cocooiiiriiineresese e 378
2223 UART2Bit Rate RegISter (UZ2BRG) ....ccoeiuiirieiriererieresie sttt st sttt s sne e 378
22.2.4  UART2 Transmit Buffer ReQIStEr (U2TB) .....ccvveiiieerieirieesieie ettt st sttt sesse e 379
22.25 UART2 Transmit/Receive Control Register O (U2C0) ......ocvererererininesie e 380
22.2.6  UART2 Transmit/Receive Control RegISter 1L (U2CL) ...cocovevecirere e sieseeeeee e 381
22.2.7 UART2 Receive Buffer RegIStEr (U2RB) .....cccoeiieirieirieisenese sttt sse e ssenens 382
22.2.8 UART2 Digital Filter Function Select Register (URXDF) ......ccooiiiiiiere e 383
22.29 UART2 Specia Mode Register 5 (U2SMRS) .....oceieieecieiresece sttt sae e s e s s s 383
22.2.10 UART2 Special Mode Register 4 (U2SMRA) .......ccoveerieirieienieereese sttt sesse e 384
22.2.11 UART2 Special Mode Register 3 (U2SMRS3) ......cccoviiiriiirinienee st seene e 385
22.2.12 UART2 Special Mode Register 2 (U2SMR2) .....cccieieieeereeese sttt sae e s sresne s 385
22.2.13 UART2 Special Mode RegIStEr (U2SMR) ......ccviieiiireriririeesiee sttt et sesse e 386
22.2.14 UART2Pin Select RegiSter 0 (U2SR0) .....cvciiveeiiieiiieesieesiesesesesaeses e sessessssesessessstessssessssessssesessesens 386
22.2.15 UART2Pin Select RegIStEr 1 (U2SR1) ....oocuiiiiiirieirieerieerieesie ettt st sne s 387
22.3 Clock Synchronous Serial /O MOUE ........cocuv ettt st sneenes 388
22.3.1 Measurefor Dealing with COMMUNICALION EITOIS .......ccooviiieininereseseeesesieseere st seene e 392
22.3.2  CLK Polarity SEIECt FUNCLION .....cceeieiiiesiesiesieieieseeeee s st e e st se e e e e e sseerestesneseeseensesansesnessesseses 392
22.3.3 LSB First/MSB First SEleCt FUNCLION ........ccoiiiiiiiiiiriesiee et e 393
22.34  CONtiNUOUS RECEIVE MOUE ......c.eouieiieiisieiie sttt sttt st et s ne e e e sneereneenns 393
22.35 Seria DataLogic SWitChing FUNCLION ........cccoiiiiiieiceiecisse st s sr e s 394
2236 CTS/RTSFUNCHION ...oooeveeiceceeciectstesee et testestesse s ses st sse st s s sssssse s snssssesss s sessessesssssssnsnsaneas 394
224 Clock Asynchronous Serial /O (UART) MOUE ..ottt 395
2241 BILREE .ot b et bRttt b ettt ebe e 399
22.4.2 Measure for Dealing with CommuNiCation EITOrS ........ccccevvieiie s 400
22.4.3 LSB First/MSB First SEIECt FUNCLION .......cooiiiiirieesesee et 400
22.4.4  Seria DatalLogic SWitChing FUNCLION ........cccoiiiiieicieieccerese st s r e sre s 401
2245 TXD and RXD /O Polarity INVerse FUNCLION .........cccceieeieiieeceeee et 401
2246  CTS/IRTSFUNCHION ...ooeoveeceeeceeiectestesee s seseestessessssesese st essssssssssssssssssssssssanssssssssssssnsassesssssnsnsnsanens 402
22.4.7 RXD2Digital Filter SEIeCt FUNCLION .....cccieeeeeieieere sttt sne s s 402
7RIS ¢ = o = 1Y [ o (< A (O Y Ko =) 403
2251 Detection of Start and StOP CONAITIONS .......cereeririeirieerieeriee e sre e 409
22.5.2  Output of Start and StOP CONAITIONS .....c.ccereiieirrere e s re e s 410
22.5.3  TrANSFEN CIOCK ...ttt b bbbt e e e e e et be b e bt enesb e b e 411
2254 SDA OULPUL ...oouiiiieiietinteite s isr s st er bt sr s e e s e e e e bt s bt e bt Rt e b e se e se e s e e e se et eneer e e reeneer e re s 411
TS D T N 14 1 | OO PTSPRN 412
22568  ACK AN NACK ..ottt sttt st st s e et sa et e st e e saesesaesesbesesbeseebe e sbe e sbesesbenentenentenens 412



225.7 Initidization of TranSMiSSiON/RECEPLION .....c.eivereereeieriereeeeere et e e eresne s 412

22.6 Multiprocessor CommuNiCation FUNCHION .........cooiiiiiiiiiieeeieee e s sn s 413
22.6.1  MUItiProCESSOr TTANSMISSION ..c.veuiieiuirteierteserteeete st ete e st sttt beseebeseebesaebe e ebesaebeseenesbe e sbesesbe e ebesesre e 416
22.6.2  MUItIPrOCESSOr RECEPLION ....c.ecviieirieeeirieitestes e stesteseee e e e e esessesse e tesrestestesteseessesee e e e eneesenneeneerenseses 417
22.6.3 RXD2Digital Filter SEeCt FUNCHION ......c.ooiiieeiriecee ettt e 419

22.7 Notes on Serial INtErface (UART2) ..ottt 420
22.7.1  Clock Synchronous Sefial 1/O MOUE .......cceeverieieirieereseeese st ene e ene e s 420
22.7.2  Special MOAE 1 (I2C MOUE) ....cuvveririireiiseesiseisietsseise sttt sttt ensees 420
22.7.3  UART2 Bit Rate REGISIEr (U2BRG) .....coooveeceerreeeeeeeseseeseseessessssessssesssssssssssssssssssssssssssssssssssnees 421
A A U N U 2 T (= | = 421

23.  Clock Synchronous Serial INTErface ........oooiiiiiiiiiiiiii e 422

231 L Lee SRS = = w1 o] o ISR 422

24.  Synchronous Serial Communication UNit (SSU) .......ccoiiiiiiiiiiiiiiie e 423

241 F gL oo 1T 1ol RO STUROURRPRRRN 423

242 REGISIENS ettt b et h bbb E R e R R bR bRt e bR bt b en e nenenenes 425
24.21 Module Standby Control Register O (MSTCRO) ....ccccveeeeeirereeese e srese e seeeeeeseeseese s e ene s ens 425
24.2.2  SSU/IC Pin Select Register (SSUITCSRY) ......ccoiiiriiiinirieee sttt siene e 426
24.2.3  SSBit Counter REJISIEr (SSBR) ....ceiuciiiiiirieiirieesieesie ettt sttt s be s se e sa b sn e snene s 427
24.2.4  SSTransmit Data RegISter (SSTDR) ....ccvceeieiieie e eee et e e see e e s e st e e re e e e sneeneesneeneas 427
24.25 SSReceive Data Register (SSRDR) .....cc.oiiiiiiiiiiiieee ettt s 428
2426  SSCoNtrol ReGIStEr H (SSCRH) ....c.oiiiiiiiiieiieesieesie ettt s 428
2427  SSCONtrol REQISEr L (SSCRL) ...ocueeiiiiie ettt e ste et ste st sae e s ae e s te s et seesteeneeneesneeneas 429
24.2.8 SSMOUE REGISLEN (SSMR) ....ocveuiiiiririeieient sttt ettt bbbt s b b se et ne b 430
2429 SSENable REGISIEr (SSER) .....ccoiiiiiiiiitiieteee ettt st 431
24.2.10 SS StatuS REGISLEN (SSSR) ....veveuiuirererierereeresisteie sttt see s st es s b et se b e s s s eneena 432
24211 SSMOdE REGISLEr 2 (SSMR2) ....ooiiieiiriririeiee ettt sttt st b e 433

243 Common IteEMSOr MUIIPIE MOTES ......c.ooveiiieieiie bbb e 434
24.3. 1 TrANSFEr ClOCK ....oiiiiiriiiieiree ettt r e st et r e r e r e nr e e nne e 434
24.3.2  SS Shift REgIStEr (SSTRSR) .....ouiuiiriiiriiiriresie ettt sttt st bbb ne e 436
24.3.3  INEITUPE REOUESES .....ceeiiiiiiitiiriiie sttt ettt et sr e r e e e e b e r s eneer e re s 437
24.3.4  Communication Modes and Pin FUNCLIONS ..o sesne e 438

244 Clock Synchronous CommuUNIiCatioN MOOE .........coeiiiiiiiiieieieeeee e sbe s 439
24.4.1 Initialization in Clock Synchronous Communication MOGE ..........cccoeeereienieinennense e 439
2442 DA TIANSIMISSION ..ecviieirireireeereseeresesresesresesree s sesresesresesreseereseereseesesaeseseeresaes e seesesresenresesresenreneareneas 440
P R BT ir= 2 = o= o 1o o EO SRS 442

245 Operation in 4-Wire Bus CommuniCation MOTE .........cccuririririniniriiieese e 446
24.5.1 Initiaization in 4-Wire Bus COMMUNICatioN MOE .........ccccerireereeireirreerreresree e 447
P N A D T - W I =01 0 4TSS T o] o USSR 448
24.5.3  DABRECEDIION ..ottt sttt et b e e bt bt e bt e bt e bt et b e bt bt ere e 450
2454  SCSPin Control @and ArDItTatioN ..........ccceeueueireieeisieeesesessssssse st ssess s essssssssnses 452

24.6 Notes on Synchronous Serial Communication Unit (SSU) ......coooeeeirinininesese e 453

P2 T A O o UL 1= 7= Yo ST 454

25.1 111 (0o [UTox 1 o] o [OOSR 454

25.2 REGISLENS ..vecveiteieistestes et ee et st st s s e e e see s ae e e e e e e aeesesaesaeseesbesee e eneeneeseeReeseeseeaenten s e e eneeneeneeneenennennenrens 457
25.2.1 Module Standby Control Register O (MSTCRO) ...c.ccouviiereceese et e et 457
25.2.2  SSU/IC Pin Select Register (SSUIICSR) .....ooccirieirieierieierieie st 458

A-11



25.2.3 /O Function Pin Select RegIStEr (PINSR) .....ccocoviiiiiereserereeieese et se st se s e ene s s 458

25.24 11C bus Transmit Data REGISIEr (ICDRT) ...ccueiuiriirieieieieeirierere sttt st e e see e 459
2525 11C bus Receive Data Register (ICDRR) ......ccccoiiiiiiriierirerieie sttt sne e 459
25.2.6  11C bus Control REGISLEr L (ICCRL) ...cccviiriirieveesteiereeseeeeesesestesre e ssestesaeseeaeseseeseesessessessessesseses 460
25.2.7  11C bus Control REGISLEr 2 (ICCR2) .....couiiiiiie ettt e e sae b e 461
2528 1IC busMode REGISIEr (ICMR) ....oiviuiiiiiiiieierieie ettt be et s eb e e sne e 462
25.2.9 1IC bus Interrupt Enable REGISLEr (ICIER) ....ccvvveveeieieeeeeese ettt e s se e sre s 463
25.2.10 11C bus Status REGISIEr (ICSR) ...civeiiieiiieirieieseseseseste st te sttt sassesaesesse e stesessesessesessesessesens 464
25211 Slave AddresS REGISIEr (SAR) ..ottt ettt e sne e 465
25.2.12 11C bus Shift REGISIEr (ICDRS) ....ciiieirieiirieierieierieeste ettt sttt et st st et ne st e 465
253 Common teMS fOr MUItIPIE MOOES .......oouiiie e et s e 466
P20 10 R I =0 U = X oo 466
25.3.2 SDA Pin Digital Delay SEIECHION .....ccciviieieereeester ettt st s e e s 468
25.3.3  INEITUPL REOUESES ....c..eitiieietieeesie ettt sttt be et ae e e sae e e e sae e seesheebesaeebesbeanbebesaeesneeanesnesanas 469
254 12C DUSINLEITECE MOUE ..ottt ettt ettt bttt se s bt es e st bssn s st snnantetnans 470
25. 4.1 12C DUSFOMMEL ....cuveviiiectetiesisesete st sse st ssa ettt s bbb s bbb bbb bbbt s s bbb n et n s st e 470
25.4.2  Master TranSMit OPEIrAtiON ........cccoceeireriiirierereereeiees et be e sttt e e e e neesee e esesbesaesaesbeseeses 471
2543  MaSter RECEIVE OPEIAHION ....c.oiviuiiiiiiieieieietees ettt st st b et b b et b et st b e bt ebeneere e 473
25.4.4  Slave TranSMit OPEraliON ......c.ccccieriereiirerereeseeeeesesestesesres e e seeseeseesesessessessesssssessensesessessessessees 476
2545  SlaVe RECEIVE OPEIAION ...c.coiieiiirieitiite ettt ettt st b e bbb e b se e b e e e e e e e seebeeaeeaeebesbees 479
255 Clock SynchronOUS SErial MOE ..ot 481
25.5.1  Clock Synchronous Serial FOMMAEL .........cccceierieiiieiese e e ettt e st et eesne e e sneeneas 4381
25.5.2  TranSMit OPEIrAION .......ccoiiiiirerieiietirierie et tes et e e sees e e e esesaesaeebesbesbesbesbeseese e s e eesee e eseesesaesaesbeseeses 482
25.5.3  RECAIVE OPEIEIION ..ottt ettt ettt b e e b e s b e se bt s b b e seeb e sa bt s e e st s b e e b e se b eneebeneene e 483
25.6 Register SEtting EXAMPIES .......ccuiiiee ettt e st sae e ae s te e st e nte s e e sneeneenneannas 484
25.7 NOISE CBNCEIEY ...ttt sttt et et ae e he e b e e b e e bt sbe st et e e eneeseebesaesbesbenbesrens 488
258 Bit SyNchronization CITCUIT ........c..ciieiriiiieirece et 489
25.9  NOESON I2C DUS INEITACE ....vecvivereicecieeeecee ettt bbbt bbb bbbt nas 490
25.9.1 MaSter RECEIVE IMOUE ......oouiiiieiiiiie ettt bbb bbb et et a et sbe et e b saesbe b s 490
259.2 ThelCE Bitinthe ICCR1 Register and the |ICRST Bit inthe ICCR2 Register ........cocvvvrinnenens 490
T AV Bl @10 ] 1Y/ =T o (=] SO TP PUPPPPRUPPTRPTRN 491
26.1 INEFOTUCTION .ttt ettt ettt s be s e s be e b e e st e ebe e beebeesbesaeesbesaeesbesasansesteenbesreenseeanessesanes 491
26.2 L S0 1 493
26.21  Module Standby Control Register O (MSTCRO) ....cccovveeeieireeesiesiese e 493
26.2.2  On-Chip Reference Voltage Control Register (OCVREFCR) ......cccoccvvivivveveeriereereeseeesese e 494
2623 A/D ReGISEr i (ADI) (i S0T07) oirieiiieirieesiere sttt st sttt st bena e nnene s 495
26.24  A/D Mode REGISIEr (ADMOD) ....coiiiiieirieirieiesie sttt sttt s be s bbbt et e b e b seebeneene e 496
26.25 A/D Input Select Register (ADINSEL) ...oiiiiiiiireeseeniees ettt st sttt 497
26.2.6  A/D Control Register O (ADCOND) .......ceviererieririeesieesieeseetesseeseeesieessssessesessesessesessesessesessesessenens 498
26.2.7  A/D Control Register 1 (ADCONIL) .......coviirieerieerieie sttt be e sne e 499
26.2.8 A/D Control Register 2 (ADCON2) ......ccocoiieiiiireeseeseeeeeeeeesese e sre e stessessesaeseesessessessessessesseses 500
26.3 Common temMS for MUIIPIE MOOES ......cvveueee ettt st nae s 501
26.3. 1 INPUL/OULPUL PINS ..oviieiieiiiiieieriet sttt sttt bttt b e st b et b et b e b e st et se bt b et ebenesbe e 501
26.3.2  A/D CONVEISION CYCIES ....ocvirieieiseiiesieieeeeeese sttt ste e te s e s ees e e e eseesessessesrestesaeseeneensesensessnssessenes 501
26.3.3  A/D Conversion Start CONITIONS .........cccceerireririeieeeieeeeesese sttt see e e e se e e seese s sesaesresbenes 503
26.3.4  A/D CONVEISION RESUIL .....oviiiieieeieiieiieie ettt st ste b st sbe st see e eeese e e eneeseeseenesrensenes 505
26.3.5  Low-Current-Consumption FUNCHION ........cccccviviireriererieieeeeeesese e sresee e seeseeseeseeseesessessessessesseses 505
26.3.6  On-Chip Reference Voltage (OCVREFR) .......ocoooiiieii ettt 505

A-12



P I A € 1 o 17N 11T o = 505

26.3.8 A/D Open-Circuit Detection ASSISt FUNCHION .........couiiiiririneenese e 506
26.4 (@ 0T 10 1Y oo 507
26.5 L 01z 001, o L= ST 508
26.6 LS 07 1Y o L= TSRS 509
26.7 SINGIE SWEEP IMOUTE ...ttt bbbt bbbt bbbt b e 511
26.8 REPEAL SIWEEP MOE ...ttt te et e es e e s e e sesrestesbesaeseeeneenennennesnenrens 513
26.9 TEOIMPEIBLUINE SENSO .....uteeueetieueieteetesteeeerteseesbesae et e easebesae e st saeesaeaeeabesseesbesasanbesas e beaaeeasesaeensesneesbensnans 515

26.9.1 Temperature Sensor SEttiNg PrOCEAUIE ..........coiiiiiriiereeete et 516
26.10  Output Impedance of Sensor under A/D CONVEISION .....cc.coverueiereeieeesesesesie e seeseeseeseeseesessessessessesseses 517
26.11  NOES ON A/D CONVEITE ....ueiieieiieieieeiistestesteseeste et s e sesse st sbesbesbeseesee e e e et eaeebesbesbesbesbeseeseaneenesseebenbenbees 518

P20 I S R A I @0 01V 1 (= 518

26.11.2  TEMPEFBIUIE SENSOP ....eeiteeiesteeeeseeeeeseeeseeseeseesseseestesseetesseesseaseessssseessesseessesseessessenssensesssesseessssesnees 518

27.  COMPATALOL B ...ttt e e e e e e e e et et e et e e aeberrbbnb b b e nnnn s 519
271 INEFOOUCTION ..ttt b et b e et e e et e b e eb e e bt e bt e b e ke s b e e e e eseeneeneebeenesnesrens 519
27.2 REGISLE'S ...ttt ettt e ettt heehe s aeeaeeb e s beseeee e e eneeReeReeh e e Rt eReeb e b e A et eneene e e enennenaenrens 521

27.21 Comparator B Control Register O (INTCMP) ..oviieieeceeseeese et 521

27.2.2 External Input Enable Register O (INTEN) ...ococcieieie e e 521

27.2.3 INT Input Filter Select REGISIEr O (INTF) ..ooviiieiieisieisee ettt s sse e snene s 522
27.3 [0 TgTex (L0 g = DTS o 1 o 14 o] o ISR 523

27.3.1 Comparator Bi Digital FIlter (i = 105 3) .ooeceeceeiceceeese ettt e 524
274 Comparator B1 and Comparator B3 INTEITUPLS ......ccuivieriiririirieiieeie et 525

28.  LCD Drive CONLrol CIFCUIL ...ooiiiiiiiiiii ittt e e e e e sttt e e e e e e e s e s sb bbb e e e e e e e e eeeannnnnes 526
28.1 gL 0o 1 o TSR N 526
28.2 L S8 1 S 529

28.21 Module Standby Control Register O (MSTCRO) ....cccooieieeieirereeierie e e 529

28.2.2 LCD Control REGISIEr (LCRO) ....coveoiiueiriiirieeete sttt sttt se e e b sa e bbb s sne e 530

28.2.3 LCD Option Clock Control RegIStEr (LCR2) ....cc.eceeviiieere e sie e e stesae e et e e sne e 530

28.24 LCD Clock Control REGISIEr (LCR3) ....c.coiiiiriiriiieeieieeeieie sttt s se e s sae e 531

28.25 LCD Display Control REGISIEN (LCRA) ...cooviiieieieeieieeie ettt s sne e 531

28.2.6 LCD Port Select Register O (LSEQD) .....cieeriieeeiereeie ettt ettt s sne e 532

28.2.7 LCD Port Select REGISIEr 1 (LSEL) ..cviveiriiieieie ettt st s saese e st e st sseessesesse e 532

28.2.8 LCD Port Select ReFIStEr 2 (LSE2) .....oociiiieeereeie et 533

28.29 LCD Port Select REGISIEr 3 (LSE3) ..ciieiiriiieirie ettt sttt st 533

28.2.10 LCD Port Select REGISIEr 4 (LSEA) ..cviveeiieieieteseete sttt sttt s st et se st e 534

28.2.11 LCD Port SEleCt REGISIEr 5 (LSED) ...veveuereirieriereerieieeeseeeesesessesiestessestesteseeseessesesseesessessessessessesseses 534
28.3 (D= 1tz B (=0 S = £ 535
284 L CD DIIVE CONEIOL ...ttt sttt sttt e st e e s ebesae bt sbesbese et ens e e e e eaeesesbeebesbansenesaeeneeseraesaens 536

28.4.1  Segment OULPUL PiN SEIECLION ......ocoiviriiiiiiieisieeete ettt sne e 538

28.4.2  LCD ClOCK SEIECHION ....veueieiiieeieieiisiecste ettt st st sttt se st senbenesbe e nbenente e 538

P2 e T =T F= Y @e g1 o USSP 538

28.4.4  LCD DaaDiSPIay ....cceoeeerieiirieiiiieesiee sttt et b e bbbt b e e ene e 539

28.45 Pin Statusin Stop Mode and POWer-Off 2 MOUE ........ccceevviceeve it 539

28.4.6  Pin Status in POWEr-Off O MOOE ......coeiuiiiiiie it et 539
285 (IO D B gAY A AT Y o] o o SN 540

285.1  Segment Panel Drive WaVEfOIM .........cov oottt sttt e sae e e e 540

28.5.2  Drive Waveform of Memory-Type Liquid Crystal Panel ... 544

A-13



28.5.3  Interrupt Control WaVEfOIM .......c.ooiiiiieiee ettt eneer e ne e 545

28.6 Notes on LCD Drive CONtrol CIFCUIL ........ccvieeie it s sae e sttt sreesnesreennesreeneas 546
28.6.1 When Division Resistors are Connected EXLErnally ..........cccoeereiriieniennenee e 546
29, FlASN MEMIOIY ...ttt et e e et e e et e ettt et e e e e e e s e b bbb b et e e e eaeeeeaeaannne 547
29.1 g1 [0 ot (' o SO PTRPN 547
29.2 LY 0 aTo TV Y=o TSRS PRRPRR 548
29.3 Functions to Prevent Flash Memory from being REWIITEN ... 551
29.3.1 D Code CheCK FUNCLION ....cuiiiieiiieiirieciiecsie sttt et ettt et 551
29.3.2 ROM COde ProteCt FUNCLION .....cceieeiieiiiieieinteie sttt st s e e b e sne b b e 552
29.3.3  Option Function Select REGISLEr (OFS) ......coiiiiiiiriirieriese ettt e e sb e e 552
294 CPU REWITEIMOOE ...ttt sttt sttt sttt b et b ettt sbe e et e 553
29.4.1 Flash Memory StatuS REQISEr (FST) ..ocoviiieie et st 554
29.4.2  Flash Memory Control Register O (FMRO) ......coiiiiiieieeieerrese et e e 556
29.4.3 Flash Memory Control Register 1 (FMRL) ....ccocovvereiereeeeeeeese st ste st s se e e e sre s 559
29.4.4  Flash Memory Control RegiSter 2 (FMR2) ......ooovveiieeeese et 560
20.4.5  EWO IMOOE ...cooiveeiiienisieiesieisteseste st ste st stesestesasbesaetesestesaebesaetesaetesaesesaesesaesesaasesaesessanesbesesansesansensenenseens 561
PAS G Y 1V o o L= SO PSRSRN 561
A I S T o< 0 @ o = 1 oo S 562
290.4.8 How to Set and EXit EAQCh IMOUE .........coiuiiieiiciece ettt sttt re e re e 564
29.4.9  DataProteCt FUNCHION ......cccoiiiiiirieisiei ittt sttt sttt st e 565
29.4.10  SOftWAre COMIMENGS ......oeiieieiieieie ettt sttt et b st ae b e s besb e sb e st e seese e e e e e e et eneebeeaeenesbe b nes 566
20.4.11  FUIl SEAEUS CRECK ..c.vieeitictiete ettt sttt ettt s ae et saeesaeshe e besae e besbeensenbesaeesreeneesreennas 579
295 Standard Serial 1/O MO ......covuiriiireee e sttt 581
29.5.1  ID Code CheCK FUNCHION .....ociiiiiiiiiieiceeee ettt sttt e b e e sne b b e 581
29.6 Parall@l 1/O MOOE ...ttt et et e she e ee s beeatesbeeaeesbeeaeenbeeneesreeneesresnnas 584
29.6.1 ROM Code ProteCt FUNCLION ......ccciiieiiririiririiieie sttt sttt 584
29.7 NOLES ON FIAaSh MEIMOIY ...t e s st et e et et e eae e te e e e sneennesnennnas 585
20.7.1  CPU REWITE IMOUE ..ottt ettt sttt et ettt s teeaaeshe e aesbeeaaesbeeasesbesaeabesaeesreeneesreennas 585
30.  Electrical CharaCteriSLICS ..........eeeeiiiiiiiiiiiiiie ettt e e e e e e e e bbb r e e e e e e e e e e s annnnes 589
30.1 ADSOIULE MBXIMUM RALTNGS ...ttt sttt st s b e b et se b et e b b se b e 589
30.2 Recommended Operating CONTITIONS .......ccvcueiiiiee e e e nne e 590
30.3 Peripheral FUNCiON CharaCteriStiCS ........ooiiueieeeeieiere ettt e sn s 592
30.4 (D] O @ 4T T o (= 1 1 Lo RS ERSRRR 599
30.5 AC CAACLEITSIICS ...eueeueeierieeterierie ettt sttt ettt b e b b e e e e e e e e e e s e e bt e bt ebeeb et e saeseeneeseeneeneebesbenaesaeas 605
3L, USBOE NOTES ..ottt ittt oottt e e e e e e e s e e e et r e e e e e e e e e aaeeea s 612
311 Notes 0N ClOCK GENEration CIFCUIT ........ccooeriirerieerie ettt sre b b see e s saesaesaens 612
3111  Oscillation Stop DELECtioN FUNCHION ......c.ooveviriieiiriiieiiieeeseei ettt 612
31.1.2  OsCillation CirCUIt CONSLANES ......coveuerieririiirieirieerieesieese e se st b e sb e ss e ss e e s eeneneens 612

3 51 T T @1 1V o GO SRTSTSS 612
312 NOLES ON POWEY CONLIOL .....ooiiiiecieceee ettt e e e e be e tesae e seesaeentesbeestesbeenbenbeeneesreeneesresnnas 613
3 220 R o o 1 1Y/ oo L= 613

I 2 T T 1Y o L= OO 613
31.23 Reducing Internal Power USiNg VCA20 Bil ........ccoviiriiiiiiiineeseeseeses s 614
3124 POWEr-OFf O IMOUE ....ooviiiriiiitiriesieet ettt sttt b e et e bbb b s naens 614
3125  POWEr-OFf 2 MOUE ....coviviiiiieiiiriestie ettt sttt st bt sseb e sa s e se st nensenentnnen 614
313 NOLES ON INEEITUPDES ... e e se s 615



3131 Reading Address 00000R .......cccceiereririeeereeisesese e stesreseeeeee e e e ese e ssesrestesresaeteseeneeneeseeseeneerensenes 615

3132 SP SEHING teeiererteieeririet ettt sttt ettt b e bbbt £ e R b e e bR e A AR e R e e bbb e bebe e et 615
31.3.3  Externa Interrupt, Key INPUL INEEITUPDL ......ccooveuirieiirieirerie st 615
31.3.4  Changing INtEITUPE SOUICES ....ccuevveeereeeereeereestestessestesteseeseessesaesesseesessessessestessessessessesessessessessessensees 616
31.3.5 Rewriting Interrupt CONtrol REJISLEN ........coiiiiiiire et e 617
314 NOLES ON ID COUE ATEBS ..ottt ettt s te e stesteste e e e eseeseesesaesbesteseesanseneeneesensessessens 618
31.4.1  Setting EXample Of D COUE ATEBS .......cecevierieriereeieiriese s sese s e tesaeseeeesessesrestestesreseensesaeneenessesseses 618
315 Notes 0n Option FUNCLION SEIECE ATEA ......ccoiieiieieie et sn s 618
3151  Setting Example of Option FUNCLION SEIECt ATER .....c.ooveuiiiiiriiiieirere s 618
31.6 NOLES ON TIMEN RB ...ttt r et eer s 619
10 0L T R T 01 T=: 1Y o L= OSSR 619
31.6.2 Programmable Waveform Generation MOTE ..........ccoeeriiriiiniiiniesienesieese et 619
31.6.3 Programmable One-Shot GENeration MOdE ........ccceveereeeeiriesese et 620
31.6.4 Programmable Wait One-shot Generation MOdE .........coeoiieieriiininere e 620
317 [N o= o0 T 02T (RS STRRN 621
I A R Y S O 0 o 1= TSRS 621
3172 TRCSR REGISIEN ..oueiiieieiiiiieieietresis ettt a bbbt sb e e e b bt e bt e e e se b b e b et st ebebe e e b 621
3173  TRCCRL REQISIEN ...cciiiieeuieirirerieteierisieieiee sttt st sttt se st se st sesbebe e sesbebesenesesaesesesessebenenesesseseseneasnsas 621
31L.7.4  COoUNt SOUICE SWITCHING ..veeeeeeierieieisiesesieserestes e s e st se et e e e e esessessestesteseesaeeeseeneeneesenseeneerensees 621
31L.7.5  INPUL CAPEUIE FUNCLION ...ttt sttt st sttt be b e b e b e e e seeaeeaeebesrees 622
3176 TRCMR Register in PWM2 MOUE .......ooeiriiiriiiriierieent et 622
31.8 NOEES ON TIMEN RH ..ot n st et et e s n e n e 623
BLB.L  RESEL ittt e b £ bkt £ A b b £ £ R b e E R AR e R e e bRt b bR e e e e 623
31.8.2  Starting and SOPPING COUNL ......c.ciuiueriiiriiirieieriet sttt sr bbb s b e bt se bt se s s s nnens 623
S G T o (= o T (= = 111 o SO 623
31.84 Time Reading Procedurein Real-Time ClOCK MOUE ........ccccoiiiiiiiiiieeeire e 624
319 [N o100 T 00T 2 SRS OTRS RN 625
3110 Noteson Seria INnterface (UARTO) .....cccuiiieie et ste et see et sae st e e sre et e sreeneestesneessennanns 625
31.11  Noteson Serial INerface (UART2) ...ttt ettt sbe b sae e 626
31.11.1  Clock Synchronous SErial 1/0 MOE .........coreierieiirieireerie st 626
31112 Special MOUE 1 (I2C MOUE) ...cvvureiriieieieieieieieiseieissse s ssss st s s s ss et essssensens 626
31.11.3 UART2 Bit Rate ReQISIEr (U2BRG) ......ovcuiiiriirieierenisirieiee sttt s seseeee 627
1 I O A U I = = (= TSROSO 627
31.12  Notes on Synchronous Serial Communication Unit (SSU) ......ccccevoeveviciiene e seenee s 627
3113 NOESON I2C DUS INEITACE .....eecvcverieecteeieeeee ettt bbbt st es bbb s st s st et snas 628
31131 MaStEr RECEIVE IMOUE ....oeiieieeeiee ettt sttt st et st st e e e s e e eneebenaesnesresees 628
31.13.2 ThelCE Bit in the ICCR1 Register and the IICRST Bit in the ICCR2 Register ........ccccovrvivnrennas 628
3114 NOES ON A/D CONVEITE .....eiiiiiuiriertestestesteseesee et s e et se st b sbesbeseesee e e e et eaeabesbesbesbesbeseeseaneeneeseebenbenseen 629
3 O O T T o 1V 5 (= S 629
31142 TEMPEIBLUIE SENSOT ..veiiveiitiieiteessiesiteesseessstasseassessseesseesssssstesssesssseessesssesssessssssnsesssessnsesssesssessnsenssensns 629
31.15 Noteson LCD Drive CONrOl CIFCUIT ......cc.eoeciererierieriiniese e ese et st se e e e ene s e ssesbesseses 629
31.15.1 When Division Resistors are Connected EXErnally ..o 629
3116  NOESON FIASN IMEIMIONY ...veciiiiiciice ettt e sttt e et e e s sae s e e te s e e te s e enteeseetesneessesneentesaeensensanns 630
3116.1  CPU REWIITE MOUE ......ceiuireieieieisisieteie sttt ettt sb ettt e bbb ettt s et s bebe e b 630
13 0 I [ === o T AN [ =P 634
31.17.1 Inserting Bypass Capacitor between Pins VCC and V SS as Countermeasure against Noise and
[ (o U o PSPPSR 634
31.17.2 Countermeasures against Noise Error of Port Control RegISIErS ......cccceeverinene e 634
31.18  Note on Supply Voltage FIUCIUBLION ........cccoueiiiiiiiieeiereiereieet et 634



32.  Notes 0n ON-Chip DEBUGQET ......uuiiiiiiiiiiccc e e e e e e r e e e e e eeeen s 635

Appendix 1. Package DIMENSIONS ......coiiiiiiiiiiiiiiie ettt e e e e e e e e e s e aaab e be et e e aeaaeseesaaannnbeeeeans 636
Appendix 2. Connection Examples with Serial Programmer .........cccceoeiiiiieiiiiiiiieeeeeee e sessnieveeeeees 640
Appendix 3. Connection Examples with E8a EMUIAtOr ............c..uvviiiiiiiiiiiiiiiieeec e 642
0T 1= TR PTRPP 644



SFR Page Reference

Address Register Symbol Page Address Register Symbol Page
0000h 0040h
0001h 0041h | Flash Memory Ready Interrupt Control Register | FMRDYIC 167
0002h 0042h
0003h 0043h [ INT7 Interrupt Control Register INT7IC 168
0004h | Processor Mode Register 0 PMO 36 0044h | INT6 Interrupt Control Register INT6IC 168
0005h | Processor Mode Register 1 PM1 203 0045h [ INT5 Interrupt Control Register INTSIC 168
0006h | System Clock Control Register O CMO 117, 134 0046h | INT4 Interrupt Control Register INT4IC 168
0007h | System Clock Control Register 1 CM1 118, 135 0047h | Timer RC Interrupt Control Register TRCIC 167
0008h | Module Standby Control Register 0 MSTCRO | 236,354,377, 0048h
425, 455279 493, 0049h
0009h | System Clock Control Register 3 CM3 119, 136 004Ah | Timer RH Interrupt Control Register TRHIC 167
000Ah | Protect Register PRCR 160 004Bh | UART2 Transmit Interrupt Control Register S2TIC 166
000Bh | Reset Source Determination Register RSTFR 36 004Ch | UART2 Receive Interrupt Control Register S2RIC 166
000Ch | Oscillation Stop Detection Register ocD 120,137 004Dh | Key Input Interrupt Control Register KUPIC 166
000Dh | Watchdog Timer Reset Register WDTR 203 004Eh | A/D Conversion Interrupt Control Register ADIC 166
000Eh | Watchdog Timer Start Register WDTS 203 004Fh | SSU Interrupt Control Register / 1IC bus Interrupt | SSUIC/IICIC 167
Control Register
000Fh | Watchdog Timer Control Register WDTC 204 0050h 9
0010h | Module Standby Control Register 1 MSTCR1 | 213, 287, 332 0051h [ UARTO Transmit Interrupt Control Register SOTIC 166
ooiih 0052h | UARTO Receive Interrupt Control Register SORIC 166
0012h 0053h
0013h 0052h
0014h -
0055h | INT2 Interrupt Control Register INT2IC 168
0015h 0056h | Timer RJO Interrupt Control Register TRJOIC 166
ooieh 0057h | Timer RB1 Interrupt Control Register TRB1IC 166
0017h 0058h | Timer RBO Interrupt Control Register TRBOIC 166
0018h 0059h [ INT1 Interrupt Control Register INT1IC 168
0o1sh 005Ah | INT3 Interrupt Control Register INT3IC 168
001AR 005Bh | Timer RJ1 Interrupt Control Register TRJ1IC 166
001Bh _ _ 005Ch | Timer RJ2 Interrupt Control Register TRJ2IC 166
001Ch | Count Source Protection Mode Register CSPR 204 005Dh | INTO Interrupt Control Register INTOIC 168
001Dh 005Eh | UART2 Bus Collision Detection Interrupt Control | U2BCNIC 166
001Eh Register
001Fh 005Fh
0020h | Power-Off Mode Control Register 0 POMCRO 140 0060h
0021h 0061h
0022h 0062h
0023h | High-Speed On-Chip Oscillator Control Register 0 [ FRAO 121, 138 0063h
0024h | High-Speed On-Chip Oscillator Frequency FRCO 121 0064h
Control Register 0 0065n
0025h | High-Speed On-Chip Oscillator Control Register 2 | FRA2 122 0066h
0026h | On-Chip Reference Voltage Control Register OCVREFCR 494 0067h
0027h 0088
0028h 0069n
0029h | High-Speed On-Chip Oscillator 18 MHz Set FR18S0 123 -
Va?ue Igegister 0 P 006Ah | LCD Interrupt Control Register LCDIC 166
002Ah | High-Speed On-Chip Oscillator 18 MHz Set FR18S1 123 0068Bh
Value Register 1 006Ch
002Bh 006Dh
002Ch 006Eh
002Dh 006Fh
002Eh 0070h
002Fh | High-Speed On-Chip Oscillator Frequency FRC1 123 0071h
Control Register 1 - -
- — - 0072h | Voltage monitor 1 Interrupt Control Register VCMP1IC 166
0030h | Voltage Monitor Circuit Control Register CMPA 49
- — - 0073h | Voltage monitor 2 Interrupt Control Register VCMP2IC 166
0031h | Voltage Monitor Circuit Edge Select Register VCAC 49 So7ah
0032h 0075h
0033h | Voltage Detect Register 1 VCAL 50 =
007
0034h | Voltage Detect Register 2 VCA2 51, 139
0077h
0035h
- - 0078h
0036h | Voltage Detection 1 Level Select Register VDILS 52
0079h
0037h
- — - 007Ah
0038h | Voltage Monitor O Circuit Control Register VWoC 53 T
0039%h | Voltage Monitor 1 Circuit Control Register VW1C 54 h
007
003Ah | Voltage Monitor 2 Circuit Control Register vw2ac 55
007Dh
003Bh o7ER
003Ch
007Fh
003Dh
003Eh
003Fh
Note:

1. Blank spaces are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0080h | Timer RJO Control Register TRJOCR 333 00COh | A/D Register 0 ADO 495
0081h | Timer RJO I/O Control Register TRJOIOC 333, 339, 342, 00C1h

344, 346, 349 00C2h | AID Register 1 ADL 495
0082h | Timer RJO Mode Register TRJOMR 334 00C3h
0083h Tfmer RJO Evellwt Pin Select Register TRJOISR 335 00Can | AID Register 2 D2 295
0084h | Timer RJO Register TRJO 335 00CBh
0085h 00C6h | A/D Register 3 AD3 495
0086h 00C7h
0087h 00C8h | A/D Register 4 AD4 495
0088h | Timer RJ1 Control Register TRJICR 333 00Coh
0089h | Timer RJ1 I/O Control Register TRJ1IOC 333, 339, 342, -
344, 346, 349 00CAh | A/D Register 5 AD5 495
008Ah | Timer RJ1 Mode Register TRIIMR 334 00CBh
008Bh | Timer RJ1 Event Pin Select Register TRILISR 335 00CCh | A/D Register 6 AD6 495
008Ch | Timer RJL Register TRI1 335 00CDh
008Dh 00CEh | A/D Register 7 AD7 495
008Eh 00CFh
008Fh 00DOh
0090h | Timer RJ2 Control Register TRJ2CR 333 00D1h
0091h | Timer RJ2 I/O Control Register TRI2I0C | 333, 339, 342, 00D2h
344, 346, 349 00D3h
0092h | Timer RJ2 Mode Register TRJI2MR 334 00D4h | A/D Mode Register ADMOD 496
0093h | Timer RJ2 Event Pin Select Register TRJ2ISR 335 00D5h | A/D Input Select Register ADINSEL 497
0094h | Timer RJ2 Register TRJ2 335 00D6h | A/D Control Register 0 ADCONO 498
0095h 00D7h | A/D Control Register 1 ADCON1 499
0096h 00D8h
0097h 00D9h
0098h | Timer RB1 Control Register TRBICR 214 00DAh
0099h | Timer RB1 One-Shot Control Register TRB1OCR 214 00DBh
009Ah | Timer RB1 I/O Control Register TRB1IOC 2152,225122,22922, 00DCh
n - . 00DDh | A/D Control Register 2 ADCON2 500
009Bh | Timer RB1 Mode Register TRBIMR 215 n
00DE
009Ch | Timer RB1 Prescaler Register TRB1PRE 216 o0DFh
009Dh | Timer RB1 Secondary Register TRB1SC 216 soEon TPor PO Rea 5 =
ort egister
009Eh | Timer RB1 Primary Register TRB1PR 217 ooETh TPoPIR g. o =
ort egister
009Fh
- - - 00E2h | Port PO Direction Register PDO 72
00AOh | UARTO Transmit/Receive Mode Register UOMR 355 5053 Port P1 Direction Reqi 51 -
ort irection Register
00Alh | UARTO Bit Rate Register UOBRG 355 00Eah | Port P2 Reai 9 52 73
ort egister
00A2h | UARTO Transmit Buffer Register UoTB 356 o05sh TPotPaR g. 3 =
ort egister
00A3h
- - - 00E6h | Port P2 Direction Register PD2 72
00A4h | UARTO Transmit/Receive Control Register 0 | UOCO 357 00E7h | Port P3 Direction Redi 503 -
ort irection Register
00A5h | UARTO Transmit/Receive Control Register 1 | UOC1 357 ooeen TPorPaRea 9 5 =
t 1
00A6h | UARTO Receive Buffer Register UORB 358 or egister
00A7h 00ESh | Port P5 Register P5 73
- - - 00EAh | Port P4 Direction Register PD4 72
00A8h | UART2 Transmit/Receive Mode Register U2MR 378
- - 00EBh | Port P5 Direction Register PD5 72
00A9h | UART2 Bit Rate Register U2BRG 378
- - 00ECh | Port P6 Register P6 73
00AAh [ UART2 Transmit Buffer Register u2TB 379
COABH 00EDh | Port P7 Register P7 73
00EEh | Port P6 Direction Regist PD6 72
00ACh | UARTZ TransmitReceive Control Register 0 | U2C0 380 ° irection Register
- - - 00EFh | Port P7 Direction Register PD7 72
00ADh | UART2 Transmit/Receive Control Register 1 | U2C1 381 oofor T Pori Pa Rem 58 =
ort egister
00AEh [ UART2 Receive Buffer Register U2RB 382 oFih TPori PO R g. = =
ort egister
00AFh
— - - 00F2h | Port P8 Direction Register PD8 72
00BOh | UART2 Digital Filter Function Select URXDF 383 — _
Register 00F3h | Port P9 Direction Register PD9 72
00B1lh 00F4h
00B2h 00F5h
00B3h 00F6h
00B4h 00F7h
00B5h 00F8h
00B6h 00F9h
00B7h 00FAh
00B8h 00FBh
00B%Sh 00FCh
00BAh 00FDh
00BBh | UART2 Special Mode Register 5 U2SMR5 383 O00OFEh
00BCh | UART2 Special Mode Register 4 U2SMR4 384 00FFh
00BDh | UART2 Special Mode Register 3 U2SMR3 385
00BEh | UART2 Special Mode Register 2 U2SMR2 385
00BFh | UART2 Special Mode Register U2SMR 386
Note:

1. Blank spaces are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0100h 0130h | Timer RC Control Register 2 TRCCR2 242, 263,
0101h 270, 276
0102h 0131h | Timer RC Digital Filter Function Select Register | TRCDF 243, 277
0103h 0132h | Timer RC Output Master Enable Register TRCOER 244
0104h 0133h | Timer RC Trigger Control Register TRCADCR 244
0105h 0134h
0106h 0135h
0107h 0136h

n - 0137h
0108h | Timer RBO Control Register TRBOCR 214
0109h | Timer RBO One-Shot Control Register TRBOOCR 214 0138h
010Ah | Timer RBO I/O Control Register TRBOIOC 215, 218, 222, 0139h
225, 229 013Ah
010Bh | Timer RBO Mode Register TRBOMR 215 013Bh
010Ch | Timer RBO Prescaler Register TRBOPRE 216 013Ch
010Dh | Timer RBO Secondary Register TRBOSC 216 013Dh
010Eh | Timer RBO Primary Register TRBOPR 217 013Eh
010Fh 013Fh
0110h | Timer RH Second Data Register / Counter | TRHSEC 288, 320 0140h
Data Register 0141h
0111h | Timer RH Minute Data Register / Compare | TRHMIN 289, 320 o142h
Data Register
0112h | Timer RH Hour Data Register TRHHR 290 0143h
0113h | Timer RH Day-of-the-Week Data Register | TRHWK 201 0144h
0114h | Timer RH Date Data Register TRHDY 202 0145h
0115h | Timer RH Month Data Register TRHMON 293 0146h
0116h | Timer RH Year Data Register TRHYR 294 0147h
0117h | Timer RH Control Register TRHCR 205, 321 0148h
0118h | Timer RH Count Source Select Register | TRHCSR 298, 322 0149h
0119h | Timer RH Clock Error Correction Register | TRHADJ 299 014Ah
011Ah | Timer RH Interrupt Flag Register TRHIFR 300, 324 0148h
011Bh | Timer RH Interrupt Enable Register TRHIER 301, 325 014ch
011Ch | Timer RH Alarm Minute Register TRHAMN 302 014Dh
011Dh | Timer RH Alarm Hour Register TRHAHR 303 014Eh
011Eh | Timer RH Alarm Day-of-the-Week TRHAWK 304 014Fh
Register 0150h
011Fh | Timer RH Protect Register TRHPRC 305, 325 0151h
0120h | Timer RC Mode Register TRCMR 237 0152h
0121h | Timer RC Control Register 1 TRCCR1 238, 260, 269, 0153h
275
n n 0154h
0122h | Timer RC Interrupt Enable Register TRCIER 238 o5En
0123h | Timer RC Status Register TRCSR 239 o15ah
0124h | Timer RC I/O Control Register 0 TRCIORO 240, 255, 261 0157h
0125h | Timer RC I/O Control Register 1 TRCIOR1 240, 256, 262 T
0126h | Timer RC Counter TRC 241
0159h
0127h
- - 015Ah
0128h | Timer RC General Register A TRCGRA 241
015Bh
0129h
n n 015Ch
012Ah | Timer RC General Register B TRCGRB 241
015Dh
012Bh
- - 015Eh
012Ch | Timer RC General Register C TRCGRC 241
015Fh
012Dh
012Eh | Timer RC General Register D TRCGRD 241
012Fh
Note:

1. Blank spaces are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0160h 0190h
0161h 0191h
0162h 0192h
0163h 0193h | SS Bit Counter Register SSBR 427
0164h 0194h [ SS Transmit Data Register L / IIC bus SSTDR/ICDRT | 427,459
0165h Transmit Data Register
0166h 0195h | SS Transmit Data Register H SSTDRH
o167h 0196h | SS R_eceive Data Register L /IIC bus SSRDR/ICDRR | 428, 459
Receive Data Register
0168h 0197h | SS Receive Data Register H SSRDRH
0169h 0198h | SS Control Register H / 1IC bus Control SSCRHI/ICCRL | 428, 460
016Ah Register 1
016Bh 0199h | SS Control Register L / IIC bus Control SSCRL/ICCR2 | 429, 461
o16ch Register 2
019Ah | SS Mode Register / IIC bus Mode Register | SSMR/ICMR 430, 462
016Dh 019Bh | SS Enable Register / IIC bus Interrupt SSER/ICIER 431, 463
016Eh Enable Register
016Fh 019Ch | SS Status Register / IIC bus Status Register | SSSR/ICSR 432, 464
0170h 019Dh | SS Mode Register 2 / Slave Address SSMR2/SAR 433, 465
0171h Register
0172h 019Eh
0173h 019Fh
0172h 01A0h
0175h 01Alh
0176h 01A2h
0177h 01A3h
0178h 01A4h
0179nh 01A5h
017An 01A6h
017Bh 01A7h
017Ch 01A8h
017Dh 01A%h
017En 01AAR
017Eh 01ABh
0180h | Timer RJ Pin Select Register TRJISR 74, 336 01ACh
0181h | Timer RB Pin Select Register TRBSR 75, 217, 337 01ADh
0182h | Timer RC Pin Select Register 0 TRCPSRO 76, 245 O1AEh
0183h | Timer RC Pin Select Register 1 TRCPSR1 77, 246 01AFh
0184h 01BOh
0185n 01B1h
0186h 01B2h | Flash Memory Status Register FST 554
0187h 01B3h
0188h | UARTO Pin Select Register UOSR 78, 359 01B4h | Flash Memory Control Register 0 FMRO 556
0189h 01B5h | Flash Memory Control Register 1 FMR1 559
018Ah | UART2 Pin Select Register 0 U2SR0O 79, 386 01B6h | Flash Memory Control Register 2 FMR2 560
018Bh | UART2 Pin Select Register 1 U2SR1 80, 387 01B7h
018Ch | SSU/IIC Pin Select Register SSUIICSR | 81, 426, 458 01B8h
018Dh | Timer RH Second Interrupt Control Register | TRHICR 306 01Bh
018Eh | INT Interrupt Input Pin Select Register INTSR 82,177 01BAh
018Fh | 1/0 Function Pin Select Register PINSR 83, 458 01BBh
01BCh
Note.l. Blank spaces are reserved. No access is allowed. 01BDh
01BEh
01BFh
01COh | Address Match Interrupt Register 0 RMADO 187
01C1h
01C2h
01C3h | Address Match Interrupt Enable Register 0 | AIERO 187
01C4h | Address Match Interrupt Register 1 RMAD1 187
01C5h
01C6h
01C7h | Address Match Interrupt Enable Register 1 | AIER1 187
01C8h
01C9%h
01CAh
01CBh
01CCh
01CDh
01CEh
01CFh

B-4




Address Register Symbol Page Address Register Symbol Page
01DOh 0200h | LCD Control Register LCRO 530
01D1h 0201h
01D2h 0202h | LCD Option Clock Control Register LCR2 530
01D3h 0203h | LCD Clock Control Register LCR3 531
01D4h 0204h | LCD Display Control Register LCR4 531
01D5h 0205h
01D6h 0206h | LCD Port Select Register 0 LSEO 532
01D7h 0207h | LCD Port Select Register 1 LSE1 532
01D8h 0208h | LCD Port Select Register 2 LSE2 533
01D%h 0209h | LCD Port Select Register 3 LSE3 533
01DAh 020Ah | LCD Port Select Register 4 LSE4 534
01DBh 020Bh | LCD Port Select Register 5 LSE5 534
01DCh 020Ch
01DDh 020Dh
01DEh 020Eh
01DFh 020Fh
01EOh | Port PO Pull-Up Control Register POPUR 84 0210h | LCD Display Data Register LRAOL 535
01E1h | Port P1 Pull-Up Control Register P1PUR 84 0211h LRALL 535
01E2h | Port P2 Pull-Up Control Register P2PUR 84 0212h LRA2L 535
01E3h | Port P3 Pull-Up Control Register P3PUR 84 0213h LRA3L 535
01E4h | Port P4 Pull-Up Control Register P4PUR 84 0214h LRA4L 535
01E5h | Port P5 Pull-Up Control Register P5PUR 84 0215h LRAS5L 535
01E6h | Port P6 Pull-Up Control Register P6PUR 84 0216h LRAG6L 535
01E7h | Port P7 Pull-Up Control Register P7PUR 84 0217h LRA7L 535
01E8h | Port P8 Pull-Up Control Register P8PUR 84 0218h LRASL 535
01E9h | Port P9 Pull-Up Control Register P9PUR 84 0219h LRAIL 535
01EAh 021Ah LRA10L 535
01EBh 021Bh LRA11L 535
01ECh 021Ch LRA12L 535
01EDh 021Dh LRA13L 535
01EEh 021Eh LRA14L 535
01EFh 021Fh LRA15L 535
01F0h | Port P7 Drive Capacity Control Register P7DRR 85 0220h LRA16L 535
01F1h | Port P8 Drive Capacity Control Register P8DRR 85 0221h LRA17L 535
01F2h 0222h LRA18L 535
01F3h 0223h LRA19L 535
01F4h 0224h LRA20L 535
01F5h | Input Threshold Control Register O VLTO 86 0225h LRA21L 535
01F6h | Input Threshold Control Register 1 VLT1 87 0226h LRA22L 535
01F7h | Input Threshold Control Register 2 VLT2 88 0227h LRA23L 535
01F8h | Comparator B Control Register O INTCMP 521 0228h LRA24L 535
01F%h 0229h LRA25L 535
01FAh | External Input Enable Register 0 INTEN 178, 521 022Ah LRA26L 535
01FBh | External Input Enable Register 1 INTEN1 179 022Bh LRA27L 535
01FCh [ INT Input Filter Select Register 0 INTF 179, 522 022Ch LRA28L 535
01FDh | INT Input Filter Select Register 1 INTF1 180 022Dh LRA29L 535
01FEh [ Key Input Enable Register O KIEN 184 022Eh LRA30L 535
01FFh | Key Input Enable Register 1 KIEN1 185 022Fh LRA31L 535

Note: 0230h LRA32L 535
1. Blank spaces are reserved. No access is allowed. 0231h LRA33L 535
0232h LRA34L 535
0233h LRA35L 535
0234h LRA36L 535
0235h LRA37L 535
0236h LRA38L 535
0237h LRA39L 535

FFDBh | Option Function Select Register 2 ‘ OFS2 ‘ 38, 199, ‘
206

FFFFh | Option Function Select Register OFS 37, 56,
198, 205,

552
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R8C/LAGA Group, R8C/LA8BA Group RO1UHO0051EJ0103

RENESAS MCU Rev.1.03
Nov 11, 2011

1. Overview

1.1 Features

The R8C/LABA Group and R8C/LASBA Group of single-chip MCUs incorporate the R8C CPU core, which
implements a powerful instruction set for ahigh level of efficiency and supports a 1 Mbyte address space, allowing
execution of instructions at high speed. In addition, the CPU core integrates 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, helps reduce the
number of system components.

The R8C/LABA Group and R8C/LABA Group have data flash.

1.1.1  Applications
Household appliances, office equipment, audio equipment, consumer products, etc.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 1 of 645
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R8C/LABA Group, R8C/LA8A Group 1. Overview

1.1.2 Differences between Groups

Table 1.1 lists the differences between the groups, Table 1.2 lists the 1/O ports provided for each group, and
Table 1.3 lists the LCD Display Function Pins Provided for Each Group. Figures 1.3 and 1.4 show the pin
assignment for each group, and Tables 1.7 and 1.8 list product information.

The explanations in the chapters which follow apply to the R8C/LA8A Group only. Note the differences shown

bel ow.
Table 1.1 Differences between Groups
Item Function R8C/LAGA Group R8C/LA8A Group

I/O Ports Programmable 1/O ports 56 pins 72 pins
High current drive ports 8 pins 10 pins

Timer RJ Timer RJO output pin None 1 pin
Timer RJ1 output pin None 1 pin
Timer RJ2 1/O pin None 1 pin
Timer RJ2 output pin None 1 pin

A/D Converter Analog input pins 8 pins 12 pins

LCD Drive Control Segment output pins Max. 32 pins Max. 40 pins

Circuit

Packages 64-pin LQFP 80-pin LQFP

Note:

1. 1/O ports are shared with I/O functions, such as interrupts or timers.
Refer to Tables 1.9 to 1.11, Pin Name Information by Pin Number, for details.
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R8C/LABA Group, R8C/LA8A Group 1. Overview

Table 1.2 Programmable 1/0 Ports Provided for Each Group

R8C/LAGA Group R8C/LA8A Group
Programmable Total: 56 1/O pins Total: 72 1/O pins
/O Port bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | hbit
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
PO v v v v v v v v v v v v v v v v
P1 v v v v v v —_ —_ v v v v v v v v
P2 v v v v v v v v v v v v v v
P3 v v v v v v v v v v v v v v
P4 v v —_ —_ —_ —_ —_ —_ v v v v v v v v
P5 —_ v v v v v v —_ v v v v v v v
P6 v v — v v v v v v v v
P7 — — — — — — — — — v v v v v v v
P8 v v v v v v v v v v v v v v v v
P9 — — — — —_ —_ v v —_ —_ —_ —_ —_ —_ v v
Notes:
1. The symbol “v™ indicates a programmable 1/O port.
2. The symbol “—" indicates the settings should be made as follows:
- Set 0 to the corresponding bits in the PDi (i = 1, 4 to 7, 9) register. When read, the content is 0.
- Set 0 to the corresponding bits in the Pi (i = 1, 4 to 7, 9) register. When read, the content is 0.
- Set 0 to the corresponding bits in the P7DRR register. When read, the content is 0.
Table 1.3 LCD Display Function Pins Provided for Each Group
Shalrjic'i’t Vo Corirsrf(:)/nl_ﬁﬁgti:r (Ij\/lljgx. 4 Corﬁgﬁ%ﬁﬁﬁgtﬁ:ri/llfx. 4
Segment output: Max. 32 Segment output: Max. 40
PO SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P1 SEG | SEG | SEG | SEG | SEG | SEG | | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG
15 14 13 12 11 10 15 14 13 12 11 10 9 8
P2 SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG
23 22 21 20 19 18 17 16 23 22 21 20 19 18 17 16
P3 SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG
31 30 29 28 27 26 25 24 31 30 29 28 27 26 25 24
P4 SEG | SEG | . . . . | SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG
39 38 39 38 37 36 35 34 33 32
i — |vL3@|viz@|viLi@| COM| COM I COMICOMI -y 30) v 2@ |viae| “OM | COM | COM | COM
0 1 2 3 0 1 2 3
Notes:
1. The symbol “—* indicates there is no LCD display function. Set the corresponding bits to O by setting registers LSE1, LSE4
and LSES5 for these pins.
2. When using the LCD drive control circuit, set the corresponding bit in the LSES5 register to 1.
RO1UHO051EJ0103 Rev.1.03 RENESAS Page 3 of 645
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R8C/LABA Group, R8C/LA8A Group 1. Overview

1.1.3  Specifications
Tables 1.4 to 1.6 list the specifications.

Table 1.4 Specifications (1)
Item Function Specification

CPU Central processing unit R8C CPU core
* Number of fundamental instructions: 89
« Minimum instruction execution time:

50 ns (f(XIN) = 20 MHz, VCC = 2.7 Vt0 5.5 V)

125 ns (f(XIN) = 8 MHz, VCC = 1.8 Vt0 5.5 V)
« Multiplier: 16 bits x 16 bits — 32 bits
« Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
« Operating mode: Single-chip mode (address space: 1 Mbyte)

Memory |ROM/RAM Refer to Tables 1.7 to 1.8 Product Lists.
Data flash
Power Voltage detection circuit * Power-on reset
Supply « Voltage detection 3 (detection level of voltage detection 0 and
Voltage voltage detection 1 selectable)
Detection
I/O Ports | Programmable | RBC/LAGA Group |« CMOS 1/O ports: 56, selectable pull-up resistor (1)
I/0 ports « High current drive ports: 8

R8C/LABA Group |« CMOS I/O ports: 72, selectable pull-up resistor (1)
« High current drive ports: 10
Clock Clock generation circuits 4 circuits: XIN clock oscillation circuit
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:
Division ratio selectable from 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, power-off mode
Real-time clock (timer RH)
Interrupts » Number of interrupt vectors: 69
« External Interrupt: 16 (INT x 8, key input x 8)
« Priority levels: 7 levels
Watchdog Timer * 14 bits x 1 (with prescaler)
« Selectable reset start function
« Selectable low-speed on-chip oscillator for watchdog timer

Note:
1. No pull-up resistor is provided in the pins P5_4 to P5_6.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 4 of 645
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Table 1.5 Specifications (2)
Iltem Function Specification
Timer Timer RBO, Timer RB1 |8 bits x 2 (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: 1 pin)

Timer RH Real-time clock mode (counting of seconds, minutes, hours, day of the week,
date, month, year), output compare mode
Timer RJO | RBC/LABA | Timer RJO, |16 bits x 2 Timer mode (period timer), pulse output mode
Timer RJ1 | Group Timer RJ1 (output level inverted every period), event
Timer RJ2 | RBC/LA8A | Timer RJO, |16 bits x 3 counter mode, pulse width measurement mode,
Group Timer RJ1, pulse period measurement mode
Timer RJ2
Serial UARTO 1 channel
Interface Clock synchronous serial I/O/UART
UART2 1 channel

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)
A/D Converter R8C/LABA | 10-bit resolution x 8 channels, including sample and hold function, with sweep
Group mode, temperature sensor included (measurement temperature range:
—20 to 85 °C (N version)/ —40 to 85 °C (D version))
R8C/LAB8A | 10-bit resolution x 12 channels, including sample and hold function, with sweep
Group mode, temperature sensor included (measurement temperature range:
—20 to 85 °C (N version)/ —40 to 85 °C (D version))
Comparator B 2 circuits (comparator B1, comparator B3)
LCD Drive Control R8C/LAGA | Common output: Max. 4 pins
Circuit Group Segment output: Max. 32 pins |« Bias: 1/2, 1/3
R8C/LA8A | Common output: Max. 4 pins |« Duty: static, 1/2, 1/3, 1/4
Group Segment output: Max. 40 pins
RO1UHO0051EJ0103 Rev.1.03 ;{ENESAS Page 5 of 645
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R8C/LABA Group, R8C/LA8A Group 1. Overview

Table 1.6 Specifications (3)

ltem Specification
Flash Memory * Programming and erasure voltage: VCC = 1.8 V to 5.5 V (data flash VCC =1.8 Vto 5.5 V)
» Programming and erasure endurance: 10,000 times (data flash)
10,000 times (program ROM)
» Program security: ROM code protect, ID code check
» On-chip debug function
» On-board flash rewrite function
Operating Frequency/ | f(XIN) = 20 MHz (VCC = 2.7 Vt0 5.5 V)
Supply Voltage f(XIN) =8 MHz (VCC=1.8Vt0o5.5V)
Current Consumption | Typ. 4.7 mA (VCC = 5.0V, f(XIN) = 20 MHz)
Typ. 2.3 mA (VCC = 3.0V, f(XIN) = 10 MHz)
Typ. 1.7 uA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz))
Typ. 0.5 pA (VCC = 3.0V, stop mode)
Typ. 1.3 pA (VCC = 3.0V, power-off 2 mode, timer RH enabled)
Typ. 0.01 pA (VCC = 3.0V, power-off 0 mode, timer RH disabled)
Operating Ambient —20 to 85°C (N version)
Temperature —40 to 85°C (D version) (1)

Note:
1. Specify the D version if D version functions are to be used.
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R8C/LABA Group, R8C/LA8A Group 1. Overview

1.2 Product Lists

Tables 1.7 and 1.8 list product information for each group. Figures 1.1 and 1.2 show the Correspondence of Part
No., with Memory Size and Package for each group.

Table 1.7 Product List for RBC/LABGA Group Current of Nov 2011
Internal ROM Capacity Internal RAM
Part No. Program ROM Data Flash Capacity Package Type Remarks

R5F2LA64ANFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0064KB-A N Version
R5F2LA64ANFA 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0O064GA-A
R5F2LA66ANFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0064KB-A
R5F2LA66ANFA 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0O064GA-A
R5F2LA67ANFP 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0064KB-A
R5F2LA67ANFA 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0O064GA-A
R5F2LA68ANFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0064KB-A
R5F2LA68ANFA 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0O064GA-A
R5F2LA6AANFP 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0064KB-A
R5F2LA6AANFA 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0O064GA-A
R5F2LA6CANFP 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0064KB-A
R5F2LA6CANFA 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0O064GA-A
R5F2LA64ADFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0064KB-A D Version
R5F2LA64ADFA 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0O064GA-A
R5F2LA66ADFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0064KB-A
R5F2LA66ADFA 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO064GA-A
R5F2LA67ADFP 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0064KB-A
R5F2LA67ADFA 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO064GA-A
R5F2LA68ADFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0064KB-A
R5F2LA68ADFA 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0O064GA-A
R5F2LA6AADFP 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0064KB-A
R5F2LA6AADFA 96 Kbytes 2 Kbytes x 2 5.5 Kbytes PLQPO064GA-A
R5F2LA6CADFP 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0064KB-A
R5F2LA6CADFA 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQP0O064GA-A

Part No. R5 F 2L A6 8 AN EP

Package type:
FP: LQFP (0.5 mm pin-pitch)
FA: LQFP (0.8 mm pin-pitch)

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

———— DataFlash
A: DataFlash

—— ROM capacity
4: 16KB
6: 32KB
7: 48KB
8: 64KB
A: 96KB
C: 128KB

R8C/LAGA Group

R8C/Lx Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1 Correspondence of Part No., with Memory Size and Package of R8BC/LABA Group
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Table 1.8 Product List for RBC/LA8A Group Current of Nov 2011
Internal ROM Capacity Internal RAM
Part No. Program ROM Data Flash Capacity Package Type Remarks
R5F2LA84ANFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO080OKB-A N Version
R5F2LA84ANFA 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO080JA-A
R5F2LA86ANFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0O080OKB-A
R5F2LA86ANFA 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO080JA-A
R5F2LA87ANFP 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO080OKB-A
R5F2LA87ANFA 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO080JA-A
R5F2LA88ANFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO0O080OKB-A
R5F2LA88ANFA 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO080JA-A
R5F2LA8BAANFP 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080OKB-A
R5F2LA8BAANFA 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080JA-A
R5F2LA8BCANFP 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080OKB-A
R5F2LA8BCANFA 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080JA-A
R5F2LA84ADFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0O080OKB-A D Version
R5F2LA84ADFA 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO080JA-A
R5F2LA86ADFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO080OKB-A
R5F2LA86ADFA 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO080JA-A
R5F2LA87ADFP 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO0O080OKB-A
R5F2LA87ADFA 48 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO080JA-A
R5F2LA88ADFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO080OKB-A
R5F2LA88ADFA 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO080JA-A
R5F2LA8BAADFP 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080OKB-A
R5F2LA8BAADFA 96 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080JA-A
R5F2LA8BCADFP 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080OKB-A
R5F2LA8B8CADFA 128 Kbytes 2 Kbytes x 2 | 5.5 Kbytes PLQPO080JA-A
Part No. R5 F2LA8 8 AN EP
Package type:

FP: LQFP (0.5 mm pin-pitch)
FA: LQFP (0.65 mm pin-pitch)

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

———— DataFlash

A: DataFlash

ROM capacity
4: 16KB
6: 32KB
7: 48KB
8: 64KB
A: 96KB
C: 128KB

R8C/LABA Group
R8C/Lx Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.2

Correspondence of Part No., with Memory Size and Package of R8C/LA8A Group
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1.3

Block Diagrams
Figure 1.3 shows a Block Diagram of RBC/LAG6A Group. Figure 1.4 shows aBlock Diagram of R8C/LABA Group.

8 6 8 8 2 7 7

I/O ports

[ PortPo | [ PortP1 | [ PortP2 | [ PortP3 | [ PortP4 | [ PortP5 | [ PortP6

Peripheral functions

UART or System clock generation
clock synchronous serial I/0 circuit
) (8 bits x 1)
Timers
XIN-XOUT

Timer RB (8 bits x 2)

I2C bus or SSU

High-speed on-chip oscillator
Low-speed on-chip oscillator

%.-----------------.

4

]

[

[

[

[

[

[

[]

[]

]

[

'

[

[

[

[] —

. Timer RC (16 bits x 1) (8 bits x 1) _

: Timer RH XCIN-XCOUT g

: Timer RJ (16 bits x 2) UART, 3 e

' clock synchronous serial I/0, :

[ ] 2 B L

[ or I"C bus (8 bits x 1) Low-speed on-chip oscillator ] :

: for watchdog timer 3 ’

. Watchdog timer 3 (e

H (14 bits) 3l )2

: LCD drive control circuit ’

—

[

: Common output: Max. 4 pins :

’ ND converter Comparator B 2ch Segment output: Max. 32 pins :

[ (20 bits X 8 channels) H

M ’

: :

[

: Temperature Sensor R8C CPU core Memory :
]

[

' ROH__| ROL SB ROM @ H

. ——— RIH [RiL 5P ’

: Voltage detection circuit | ’
]

: RAM @ H

H ]

. ]
]

' ’

[ Multiplier :

: ’

. ]

. '

. ]

. 4

I Iy I I I rrr Ty v 4

Notes:

1. ROM capacity varies with MCU type.
2. RAM capacity varies with MCU type.

Figure 1.3 Block Diagram of R8C/LABA Group
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8 8 8 8 7 8
cmmcecccccancnceicccccedracnccntenccncdecccccadiccnccnbonccncdbeccanas,
]
/0 ports [ PortPo | | PortP1 | [ PortP2 | [ PortP3 | [ PortP4 | [ PortP5 | [ PortPe :
]
'
Peripheral functions '
[]
ook UHARTor Al 110 System clock generation :
CIOCK syncnronous seri i i
. y(8 bits x 1) cireutt <
Timers 7
XIN-XOUT

Timer RB (8 bits x 2)
Timer RC (16 bits x 1)
Timer RH

Timer RJ (16 bits x 3)

1C bus or SSU
(8 bits x 1)

UART,
clock synchronous serial I/O,
or 12C bus (8 bits x 1)

Watchdog timer
(14 bits)

A/D converter
(10 bits x 12 channels)

Comparator B 2ch

High-speed on-chip oscillator
Low-speed on-chip oscillator
XCIN-XCOUT

Low-speed on-chip oscillator
for watchdog timer

LCD drive control circuit

Common output: Max. 4 pins
Segment output: Max. 40 pins

cocecepeocacvew
[ee]

v

N

[ 6dvod | [ sduod | [ zduod |

Temperature Sensor R8C CPU core Memory
ROH [ ROL SB ROM @
— RIH | RIL Sor
Voltage detection circuit |
RAM @
Multiplier

PY T YRR AR PR R XYY R R YRR PR YRR N R R PR LY LYY ¥ FY

Y Y Y Y Y P Y Y Y Y Y P Y Y P Y Y Y Y Y P P Y P Y P P Y Y P P Y PP PP YT PP Y YT ¥ Y4

Notes:

1. ROM capacity varies with MCU type.
2. RAM capacity varies with MCU type.

Figure 1.4 Block Diagram of R8C/LABA Group
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R8C/LABA Group, R8C/LA8A Group

1. Overview

1.4 Pin Assignments

Figures 1.3 and 1.4 show pin assignments (top view). Tables 1.9 to 1.11 list the pin name information by pin

number.

P8_7/TRBOO/INT2(/CTS2/RTS2) 4

Notes:

3_0/SEG24(/INTO)

3_1/SEG25(/INT1)

1 4/SEG12/INT4

1_2/SEG10/KI6

1_3/SEG11/KI7
1_5/SEG13/INT5
1_6/SEG14/INT6
1_7/SEG15
2_0/SEG16
2_1/SEG17
2_2/SEG18
2_3/SEG19
2_4/SEG20
2 5/SEG21
2_6/SEG22
2_7/SEG23

P
P
P
P
P
P
P
P
P
[}
P.
P
P
P.
P
P

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

PO_7/SEG7/TRHO/KIS <« [4] <4 P3_2/SEG26(/INT2)
PO_6/SEG6/KI4 <4 Q <« P3_3/SEG27(/INT3)
PO_5/SEG5/KI3 4 <4 P3_4/SEG28(/INT4)
PO_4/SEG4/KI2 4 <4 P3_5/SEG29(/INT5)
PO_3/SEG3/INTO/KIL <4 <4 P3_6/SEG30(/INT6)
PO_2/SEG2(/TRCTRG)/KI0 4 <4—» P3_7/SEG31(/INT7)
PO_1/SEGL/INT7(/TRCCLK/TRCTRG)/ADTRG «4—» <4 P4_6/SEG38
PO_O/SEGO(/TRCIOA/TRCTRG)/AN11 <4 RBC/LAGA Group <4 P4_7/SEG39/COMEXP
P6_7(/TRCIOB)/AN10 4 < P5_0/COM3
P6_6(/TRCIOC/TRCIOB)/IVREF3(/TRBOO)/AN9 4 ; : < P5_1/COM2
P6_5(/TRCIOD/TRCIOB)/IVREF1(/TRB10)/ANS 4 PLQPO064KB-A (64P6Q-A) <4—» P5_2/COM1
P6_4(/SSO/SDA)/AN7 € PLQPO064GA-A (64P6U-A) < P5_3/COMO
P6_3(/SSCK/SCL)/AN6 <4 (top view) <4 P5_4/VL1
P6_2(/TRJOIO/SSI)/ANS 4> <4 p5 5VL2
P6_1(/TRJI1IO/SCS)/AN4 < <4 p5_6/VL3

O

O

<« P8_0/SCS/IVCMP1/INT1

~

150 0 0 O 0 3 3

CLWZEFEN ZOQTTSS®
amocam:m;oﬁggggk
2Xox0oMo=>5>045-84I12
£>ZTORXLIOIn00pE »
= XES N o OAJISFF QO
maoonpxsSS S

2> >SXX4<I0
EEL0Q >

SsFNL =

00 10X wn

XXOHO Y

TET PO S
> FO

LDILO\ mlmg

© o |

EE ag

1. The pin in parentheses can be assigned by a program.
2. Confirm the pin 1 position on the package by referring to Appendix 1. Package Dimensions.

Figure 1.5 Pin Assignment (Top View) of PLQP0064KB-A and PLQP0064GA-A Packages
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R8C/LABA Group, R8C/LA8A Group

1. Overview
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ool sl sl
PO_6/SEG6/KI4 4P <« P3_3/SEG27(/INT3)
PO_5/SEG5/KI3 4 Q <« P3_4/SEG28(/INT4)
PO_4/SEG4/KI2 4> <4 P3_5/SEG29(/INT5)
PO_3/SEG3/INTO/KIL <4 <> P3_6/SEG30(/INT6)
PO_2/SEG2(/TRCTRG)/KI0 <€ <« P3_7/SEG31(/INT7)
PO_1/SEG1/INT7(TRCCLK/TRCTRG)/ADTRG 4 < P4_0/SEG32
PO_O/SEGO(/TRCIOA/TRCTRG)/AN11 <€ <« P4_1/SEG33
P6_7(/TRCIOB)/AN10 4P <> P4 2/SEG34
P6_6(/TRCIOC/TRCIOB)/IVREF3(/TRBOO)/ANY €—P R8C/LA8BA Group <> P4 3/SEG35
P6_5(/TRCIOD/TRCIOB)/IVREF1(/TRB10)/ANS € <> P4_4/SEG36
P6_4(/SSO/SDA)AN7 4P <> P4 5/SEG37
P6_3(/SSCK/SCL)/ANG €~ <> P4_6/SEG38
P6_2(/TRIOIO/SSI)/ANS 4P PLQP008OKB-A (80P6Q-A) <> P4_7/SEG39/COMEXP
P6_1(/TRJ1IO/SCS)/AN4 4> PLQPOO080JA-A (FP-80W/FP-80WV) < p5_0/COM3
P6_0(/TRJ2IO)/AN3 €—p (top view) <« P5_1/COM2
P7_6(/TRBOO)/AN2 4P <> p5_2/COM1
P7_5/TRBIO/ANL 4P <« P5_3/COMO
P7_4/ANO 4 <4 p5_4/VL1
P7_3(/CTSZIRTS2) 4> <> P5 5/VL2
P7_2(/TXD2/SDA2/RXD2/SCL2)/TRI0O 4P [=] <> P5_6/VL3
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Notes:
1. The pin in parentheses can be assigned by a program. . .
2. Confirm the pin 1 position on the package by referring to Appendix 1. Package Dimensions.

Figure 1.6

Pin Assignment (Top View) of PLQP0O080KB-A and PLQPO080JA-A Packages
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R8C/LABA Group, R8C/LA8A Group

1. Overview

Table 1.9 Pin Name Information by Pin Number (1)
Pin Number 1/0 Pin Functions for Peripheral Modules
Control LCD drive
LABA LABA Pin Port Interrupt | Timer Serial Interface | SSU | 12C bus AID Converter, control
Comparator B -
circuit
1 P7_1 TRJ10 (TXD2/SDA2/
RXD2/SCL2)
2 wKup1 | P70 TRJ20 (CLK2)
3 64 P8_7 INT2 TRBOO (@/ﬁ)
4 1 WKUPO
5 2 VREF
6 3 MODE
7 4 XCIN
8 5 XCOUT
9 6 RESET
10 7 XOUT P9_1
11 8 VSS/
AVSS
12 9 XIN P9_0
13 10 VCC/
AVCC
14 11 P8_6 (RXDO/RXD2/
SCL2)
15 12 P8_5 (TXDO/TXD2/
SDA2)
16 13 P8_4 (CLKO/CLK2)
17 14 P8_3 (TRJOIO) SSO | SDA
18 15 P8_2 (TRJLIO) SSCK| SCL
19 16 P8_1 INT3 SSI IVCMP3
20 17 P8_0 INTL 3Cs IVCMP1
21 18 P5_6 VL3
22 19 P5_5 VL2
23 20 P5_4 VL1
24 21 P5_3 COMO
25 22 P5_2 com1
26 23 P5_1 COM2
27 24 P5_0 COM3
28 25 P4_7 SEG39/
COMEXP
29 26 P4_6 SEG38
30 P4_5 SEG37
Note:
1. The pin in parentheses can be assigned by a program.
RO1UHO051EJ0103 Rev.1.03 RENESAS Page 13 of 645
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R8C/LABA Group, R8C/LA8A Group 1. Overview
Table 1.10 Pin Name Information by Pin Number (2)
Pin Number 1/0 Pin Functions for Peripheral Modules
Control LCD drive
LABA LABA Pin Port Interrupt Timer Serial Interface | SSU | I12C bus AID Converter, control
Comparator B -
circuit
31 P4_4 SEG36
32 P4 3 SEG35
33 P4 2 SEG34
34 P4 1 SEG33
35 P4_0 SEG32
36 27 P37 | inTy) SEG31
37 28 P36 | (NT6) SEG30
38 29 P35 | (nTs) SEG29
39 30 P34 | (NTa) SEG28
40 31 P33 | (NT3) SEG27
a1 32 P32 | (iNT2) SEG26
42 33 P31 [ (iNT1) SEG25
43 34 P30 | (NTo) SEG24
44 35 P2 7 SEG23
45 36 P2_6 SEG22
46 37 P2_5 SEG21
47 38 P2_4 SEG20
48 39 P2_3 SEG19
49 40 P2_2 SEG18
50 41 P2_1 SEG17
51 42 P2_0 SEG16
52 43 P17 SEG15
53 44 P16 | iNTe SEG14
54 45 P15 | iNTS SEG13
55 46 PLZ4 | iNTa SEGI12
56 47 PL3 | i SEGIL
57 48 PL2 | ke SEG10
58 P11 SEG9
59 PLO SEGS
60 49 P07 | ks TRHO SEG7
61 50 P06 | wa SEG6
62 51 PO 5 K3 SEG5
63 52 P04 | xp SEG4
64 53 PO3 | wn SEG3
INTO
65 54 PO_2 Ko | (RCTRG) SEG2
66 55 PO1 [ jNT7 | (TRCTRG/ ADTRG SEG1
TRCCLK)
67 56 PO_O (TRCIOA/ AN11 SEGO
TRCTRG)
68 57 P6_7 (TRCIOB) ANIO
Note:

1. The pin in parentheses can be assigned by a program.
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R8C/LABA Group, R8C/LA8A Group 1. Overview
Table 1.11 Pin Name Information by Pin Number (3)
Pin Number 1/0 Pin Functions for Peripheral Modules
Control LCD drive
LABA LABA Pin Port Interrupt | Timer Serial Interface | SSU | I12C bus AID Converter, control
Comparator B circuit
69 58 P6_6 (TRBOO/ AN9/IVREF3
TRCIOB/
TRCIOC)
70 59 P6_5 (TRB1O/ ANS8/IVREF1
TRCIOB/
TRCIOD)
71 60 P6_4 (SSOY| (SDA) AN7
72 61 P6_3 (SSCK) | (SCL) ANG
73 62 P6_2 (TRJOIO) (SSh ANS
74 63 P6_1 (TRJLIO) (SCs) AN4
75 P6_0 (TRJ2IO) AN3
76 P7 6 (TRBOO) AN2
77 P7_5 TRB1O AN1
78 P7_4 ANO
79 P7_3 (CTS2/RTS2)
80 P7_2 TRJOO (RXD2/SCL2/
TXD2/SDA2)
Note:
1. The pin in parentheses can be assigned by a program.
RO1UHO051EJ0103 Rev.1.03 RENESANAS Page 15 of 645
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R8C/LABA Group, R8C/LA8A Group 1. Overview

1.5 Pin Functions
Tables 1.12 and 1.13 list pin functions for RBC/LA8A Group.

Table 1.12  Pin Functions for R8C/LA8A Group (1)
Iltem Pin Name 1/0 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 Driving this pin low resets the MCU.
MODE MODE I Connect this pin to VCC via a resistor.
Power-off 0 mode |wKUpPO I This pin is provided for input to exit the mode used in power-off
exit input 0 mode. Connect to VSS when not using power-off 0 mode.
WKUP1 This pin is provided for input to exit the mode used in power-off
0 mode.
XIN clock input XIN These pins are provided for XIN clock generation circuit 1/O.
Connect a ceramic oscillator or a crystal oscillator between pins
XIN clock output XOUT 0O XIN and XOUT. ) To use an external clock, input it to the XIN
pin and set XOUT as the I/O port P9_1. When the pin is not
used, treat it as an unassigned pin and use the appropriate
handling.
XCIN clock input | XCIN | These pins are provided for XCIN clock generation circuit 1/O.
Connect a crystal oscillator between pins XCIN and XCOUT. ()
XCIN clock output | XCOUT Ie) To use an external clock, input it to the XCIN pin and leave the
XCOUT pin open.
INT interrupt input INTO to INT7 I INT interrupt input pins.
Key input interrupt | kio to KI7 I Key input interrupt input pins.
Timer RB TRB0O, TRB1O @) Timer RB output pins.
Timer RC TRCCLK I External clock input pin.
TRCTRG I External trigger input pin.
TRCIOA, TRCIOB, le} Timer RC I/O pins.
TRCIOC, TRCIOD
Timer RH TRHO @) Timer RH output pin.
Timer RJ TRJOIO, TRJ1IO, 1/0 Timer RJ I/O pins.
TRJ21O
TRJOIO, TRJ1IO, (@] Timer RJ output pins.
TRJ21O
Serial interface CLKO, CLK2 110 Transfer clock I/O pin.
RXDO0, RXD2 | Serial data input pin.
TXDO, TXD2 (0] Serial data output pin.
CTS2 I Transmission control input pin.
RTS2 ) Reception control output pin.
SCL2 110 I2C mode clock I/O pin.
SDA2 I/0 I2C mode data I/O pin.
I: Input O: Output 1/O: Input and output
Note:

1. Contact the oscillator manufacturer for oscillation characteristics.

RO1UHO051EJ0103 Rev.1.03
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R8C/LABA Group, R8C/LA8A Group 1. Overview

Table 1.13 Pin Functions for RBC/LA8A Group (2)

Iltem Pin Name 1/0 Type Description

12C bus SCL 110 Clock I/O pin.
SDA I/0 Data I/O pin.

SSuU SSI I/0 Data I/O pin.
SCsS I/O Chip-select signal I/O pin.
SSCK 1/0 Clock I/O pin.
SSO I/10 Data I/O pin.

Reference voltage |VREF I Reference voltage input pin for the A/D converter.

input

A/D converter ANO to AN11 I A/D converter analog input pins.
ADTRG I AD external trigger input pin.

Comparator B IVCMP1, IVCMP3 | Comparator B analog voltage input pins.
IVREF1, IVREF3 | Comparator B reference voltage input pins.

I/O ports PO_0to PO_7, 1/0 CMOS /0 ports. Each port has an I/O select direction register,
P1 OtoP1 7, allowing each pin in the port to be directed for input or output
P2_0to P2_7, individually.
P3_0to P3_7, Any port set to input can be set to use a pull-up resistor or not
P4 _0to P4 7, by a program.
P5 0to P5_6, Ports P7_0, P7_1 and P8 can be used as LED drive ports.
P6_0to P6_7
P7_0to P7_6,
P8 0to P8 7,
P9 0,P9 1

Segment output SEGO to SEG39 o LCD segment output pins.

Common output COMO to COMS, 0] LCD common output pins.
COMEXP

LCD power supply |VL1 I Apply the following voltage: 1 V < VL1 <VCC and VL1 < VL2.
VL2 I Apply the following voltage: VL2 <5.5V and VL1 < VL2 < VL3.
VL3 I Apply the following voltage: VL3 <5.5V and VL2 < VL3.

I: Input O: Output 1/0: Input and output

Note:

1. Contact the oscillator manufacturer for oscillation characteristics.
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Nov 11, 2011



R8C/LABA Group, R8C/LA8A 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 banks.

b31 bl5 b8b7 b

I R2 ROH (high-order of RO)| ROL (low-order of R0O) I

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

Data registers )

A0 I .
1 Address registers @
Al

FB I 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 bo
| PC | Program counter
bis bo
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
bi5 bo
| FLG Flag register
b= b8 b7 bo)
LI Py [ [ [ ] [ulilolBls][z[p]|c]
Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag
Overflow flag

Interrupt enable flag

Stack pointer select flag
Reserved bit

Processor interrupt priority level
Reserved bit

Note:
1. These registers configure a register bank.
There are two sets of register banks.

Figure 2.1 CPU Registers
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R8C/LABA Group, R8C/LA8A 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.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 19 of 645
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R8C/LABA Group, R8C/LA8A 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.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 20 of 645
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R8C/LABA Group, R8C/LA8A Group

3.

Memory

Figures 3.1 and 3.2 isaMemory Map of each group. Each group has a 1-Mbyte address space from addresses 00000h
to FFFFFh. For example, a 48-Kbyteinternal ROM areais allocated addresses 04000h to OFFFFh.

The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. The starting address of each interrupt
routine is stored here.

Theinternal ROM (data flash) is allocated higher addresses, beginning with address 03000h.

For example, two 1-Kbyte internal ROM (data flash) areas are allocated addresses 03000h to 037FFh. Two 2-Kbyte
internal RAM (data flash) areas are all ocated addresses 03000h to 03FFFh.

The internal RAM is allocated higher addresses, beginning with address 00400h. For example, a 3.5-Kbyte internal
RAM areais allocated addresses 00400h to 011FFh. The internal RAM is used not only for data storage but also as a
stack areawhen a subroutineis 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 SFR
(Refer to 4. Special
Function Registers
(SFRs))
002FFh
00400h
Internal RAM
# OFFD8h
0XXXXh ;
Reserved area
02C00h SFR ;
(Refer to 4. Special /
Function Registers Vi OFFDCh E - - - 3
02FFEh (SFRs)) ¥, E Undefined instruction 3
03000h E Overflow 3
Internal ROM = BRK instruction E
037FFh (data flash) @ E Address match 3
0YYYYh E Single step 3
Int | ROM [= Watchdog timer, oscillation stop detection, voltage monitor =
nternal E 3
- Al k p=
(program ROM) E ddress breal 3
E (Reserved) 3
OFFFFh OFFFFh E Reset 3
Internal ROM
(program ROM) Notes:
22277h 1. Data flash indicates block A (1 Kbyte) and block B (1 Kbyte).
2. Blank spaces are reserved. No access is allowed.
FFFFFh
Internal ROM Internal RAM Data Flash
Part Number
Capacty | _bude | Sdsm | cavecy | g | capaoiy
R5F2LA64ANFP, R5F2LA64ANFA, R5F2LAG64ADFP, R5F2LA64ADFA,
16 Kbytes 0C000h OFFFFh 2 Kbytes 00BFFh
R5F2LA84ANFP, R5F2LA84ANFA, R5F2LA84ADFP, R5F2LA84ADFA
R5F2LA66ANFP, R5SF2LAG66ANFA, R5F2LA66ADFP, R5F2LAG66ADFA,
32 Kbytes 08000h OFFFFh 2 Kbytes 00BFFh
R5F2LA86ANFP, R5SF2LA86ANFA, R5F2LA86ADFP, R5F2LAB6ADFA
1 Kbyte x 2
R5F2LA67ANFP, R5F2LAG67ANFA, R5F2LA67ADFP, R5F2LAG67ADFA, v
48 Kbytes 04000h OFFFFh 3.5 Kbytes 011FFh
R5F2LA87ANFP, R5F2LA87ANFA, R5F2LA87ADFP, R5F2LA87ADFA
R5F2LAG68ANFP, R5SF2LAG68ANFA, R5F2LA68ADFP, R5F2LAG8ADFA,
64 Kbytes 04000h 13FFFh 3.5 Kbytes 011FFh
R5F2LA88ANFP, R5F2LA88ANFA, R5SF2LA88ADFP, R5F2LA8SSADFA
Figure 3.1 Memory Map (1)
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R8C/LABA Group, R8C/LA8A Group 3. Memory
00000h SFR
(Refer to 4. Special
Function Registers
(SFRs))
002FFh
00400h
Internal RAM
# OFFD8h
OXXXXh V4
; Reserved area
02C00h SFR K
(Refer to 4. Special i
Function Registers "." OFFDCh E - - - E
02FFFh (SFRs)) E Undefined instruction 3
03000h s E Overflow E
Internal ROM ; E BRK instruction E
(data flash) @ £ E Address match E
O8FFPFh E Single stey E
0YYYYh £ E g it =
Int | ROM ".' [= Watchdog timer, oscillation stop detection, voltage monitor —
nternal / E 3
(program ROM) E Address break 3
E (Reserved) 3
OFFFFh OFFFFh E Reset 3
Internal ROM
(program ROM) Notes:
22z77h 1. Data flash indicates block A (2 Kbytes) and block B (2 Kbytes).
2. Blank spaces are reserved. No access is allowed.
FFFFFh
Internal ROM Internal RAM Data Hash
Part Number
Capacity | _gviten | aadzs: | Capaciy | g | Capasiy
R5F2LA6AANFP, R5F2LA6AANFA, R5F2LAGAADFP, R5F2LA6AADFA,
96 Kbytes 04000h 1BFFFh 5.5 Kbytes 019FFh
R5F2LABAANFP, R5F2LABAANFA, R5F2LABAADFP, R5F2LABAADFA 2 Kbyt 2
es x
R5F2LA6CANFP, R5F2LA6CANFA, R5F2LA6CADFP, R5F2LA6CADFA,
128 Kbytes 04000h 23FFFh 5.5 Kbytes 019FFh
R5F2LA8BCANFP, R5F2LABCANFA, R5F2LASBCADFP, R5F2LASCADFA

Figure 3.2

Memory Map (2)
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R8C/LABA Group, R8C/LA8A Group

4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)
An SFR (specia function register) isacontrol register for a peripheral function. Tables 4.1 to 4.9 list SFR information
and Table 4.10 lists the ID Code Areas and Option Function Select Area. The description offered in this chapter is
based on the RBC/LA8A Group.

Table 4.1 SFR Information (1) (1)
Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00h
0005h Processor Mode Register 1 PM1 00h
00000100b (2)
0006h System Clock Control Register 0 CMO 00100000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Module Standby Control Register 0 MSTCRO 00h
0009h System Clock Control Register 3 CM3 00h
000Ah Protect Register PRCR 00h
000Bh Reset Source Determination Register RSTFR XXh 3
000Ch Oscillation Stop Detection Register OCD 00000100b 4)
00h 4)
000Dh Watchdog Timer Reset Register WDTR XXh
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register WDTC 00111111b
0010h Module Standby Control Register 1 MSTCR1 00h
0011h
0012h
0013h
0014h
0015h
0016h
0017h
0018h
0019h
001Ah
001Bh
001Ch Count Source Protection Mode Register CSPR 00h
10000000b (5)
001Dh
001Eh
001Fh
0020h Power-Off Mode Control Register 0 POMCRO XXXXXX00b
0021h
0022h
0023h High-Speed On-Chip Oscillator Control Register 0 FRAO 00h
0024h High-Speed On-Chip Oscillator Frequency Control Register 0 FRCO When shipping
0025h High-Speed On-Chip Oscillator Control Register 2 FRA2 00h
0026h On-Chip Reference Voltage Control Register OCVREFCR 00h
0027h
0028h
0029h High-Speed On-Chip Oscillator 18 MHz Set Value Register 0 FR18S0 XXh
002Ah High-Speed On-Chip Oscillator 18 MHz Set Value Register 1 FR18S1 XXh
002Bh
002Ch
002Dh
002Eh
002Fh High-Speed On-Chip Oscillator Frequency Control Register 1 FRC1 When shipping
0030h Voltage Monitor Circuit 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 (6)
00100000b (7)
0035h
0036h Voltage Detection 1 Level Select Register VD1LS 00000111b
0037h
0038h Voltage Monitor O Circuit Control Register VWOC 1100X010b (6)
1100X011b ()
0039h Voltage Monitor 1 Circuit Control Register VW1C 10001010b
X: Undefined
Notes:
1. Blank spaces are reserved. No access is allowed.
2. The CSPRO bit in the CSPR register is set to 1.
3. The CWR bit in the RSTFR register is set to 0 after power-on, voltage monitor 0 reset, or exit from power-off 0 mode. Hardware reset, software reset,
or watchdog timer reset does not affect this bit.
4. The reset value differs depending on the mode.
5. The CSPROINI bit in the OFS register is set to 0.
6. The LVDAS bit in the OFS register is set to 1.
7. The LVDAS bit in the OFS register is set to 0.

RO1UHO051EJ0103 Rev.1.03

Nov 11, 2011

RENESAS

Page 23 of 645



R8C/LABA Group, R8C/LA8A 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 INT7 Interrupt Control Register

INT7IC

XX00X000b

0044h INT6 Interrupt Control Register

INT6IC

XX00X000b

0045h INT5 Interrupt Control Register

INT5IC

XX00X000b

0046h INT4 Interrupt Control Register

INT4IC

XX00X000b

0047h Timer RC Interrupt Control Register

TRCIC

XXXXX000b

0048h

0049h

004Ah Timer RH Interrupt Control Register

TRHIC

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 AJD Conversion Interrupt Control Register

ADIC

XXXXX000b

004Fh SSU Interrupt Control Register / 1IC bus Interrupt Control Register (2)

SSUIC/IICIC

XXXXX000b

0050h

0051h UARTO Transmit Interrupt Control Register

SOTIC

XXXXX000b

0052h UARTO Receive Interrupt Control Register

SORIC

XXXXX000b

0053h

0054h

0055h INT2 Interrupt Control Register

INT2IC

XX00X000b

0056h Timer RJO Interrupt Control Register

TRJOIC

XXXXX000b

0057h Timer RB1 Interrupt Control Register

TRBI1IC

XXXXX000b

0058h Timer RBO Interrupt Control Register

TRBOIC

XXXXX000b

0059h INT1 Interrupt Control Register

INT1IC

XX00X000b

005Ah INT3 Interrupt Control Register

INT3IC

XX00X000b

005Bh Timer RJ1 Interrupt Control Register

TRJLIC

XXXXX000b

005Ch Timer RJ2 Interrupt Control Register

TRJ2IC

XXXXX000b

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 LCD Interrupt Control Register

LCDIC

XXXXX000b

006Bh

006Ch

006Dh

006Eh

006Fh

0070h

0071h

0072h Voltage monitor 1 Interrupt Control Register

VCMP1IC

XXXXX000b

0073h Voltage monitor 2 Interrupt Control Register

VCMP2IC

XXXXX000b

0074h

0075h

0076h

0077h

0078h

0079h

007Ah

007Bh

007Ch

007Dh

007Eh

007Fh

X: Undefined
Notes:
1. Blank spaces are reserved. No access is allowed.
2. Selectable by the IICSEL bit in the SSUIICSR register.
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Table 4.3 SFR Information (3) (1)
Address Register Symbol After Reset
0080h Timer RJO Control Register TRJOCR 00h
0081h Timer RJO I/O Control Register TRJOIOC 00h
0082h Timer RJO Mode Register TRJOMR 00h
0083h Timer RJO Event Pin Select Register TRJOISR 00h
0084h Timer RJO Register TRJO FFh
0085h FFh
0086h
0087h
0088h Timer RJ1 Control Register TRJ1ICR 00h
0089h Timer RJ1 I/O Control Register TRJ1I0C 00h
008Ah Timer RJ1 Mode Register TRJ1IMR 00h
008Bh Timer RJ1 Event Pin Select Register TRJLISR 00h
008Ch Timer RJ1 Register TRJ1 FFh
008Dh FFh
008Eh
008Fh
0090h Timer RJ2 Control Register TRJ2CR 00h
0091h Timer RJ2 I/O Control Register TRJ2I0C 00h
0092h Timer RJ2 Mode Register TRJI2MR 00h
0093h Timer RJ2 Event Pin Select Register TRJ2ISR 00h
0094h Timer RJ2 Register TRJ2 FFh
0095h FFh
0096h
0097h
0098h Timer RB1 Control Register TRB1CR 00h
0099h Timer RB1 One-Shot Control Register TRB1OCR 00h
009Ah Timer RB1 1/0O Control Register TRB1IOC 00h
009Bh Timer RB1 Mode Register TRB1IMR 00h
009Ch Timer RB1 Prescaler Register TRB1PRE FFh
009Dh Timer RB1 Secondary Register TRB1SC FFh
009Eh Timer RB1 Primary Register TRB1PR FFh
009Fh
00AOh UARTO Transmit/Receive Mode Register UOMR 00h
00A1h UARTO Bit Rate Register UOBRG XXh
00A2h UARTO Transmit Buffer Register uoTB XXh
00A3h XXh
00A4h UARTO Transmit/Receive Control Register 0 uoco 00001000b
00A5h UARTO Transmit/Receive Control Register 1 uoC1 00000010b
00A6h UARTO Receive Buffer Register UORB XXh
00A7h XXh
00A8h UART2 Transmit/Receive Mode Register U2MR 00h
00A9h UART?2 Bit Rate Register U2BRG XXh
00AAh UART2 Transmit Buffer Register uz2TB XXh
00ABh XXh
00ACh UART2 Transmit/Receive Control Register 0 u2Cco 00001000b
00ADh UART2 Transmit/Receive Control Register 1 u2C1 00000010b
00AEh UART2 Receive Buffer Register U2RB XXh
00AFh XXh
00BOh UART2 Digital Filter Function Select Register URXDF 00h
00B1h
00B2h
00B3h
00B4h
00B5h
00B6h
00B7h
00B8h
00B9h
00BAh
00BBh UART2 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 UART2 Special Mode Register U2SMR X0000000b
X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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Table 4.4 SFR Information (4) (1)
Address Register Symbol After Reset
00COh A/D Register 0 ADO XXh
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
00C9h 000000XXb
00CAh A/D Register 5 AD5 XXh
00CBh 000000XXb
00CCh A/D Register 6 AD6 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
00D9h
00DAh
00DBh
00DCh
00DDh A/D Control Register 2 ADCON2 00h
00DEh
00DFh
00EOh Port PO Register PO XXh
00Elh Port P1 Register P1 XXh
00E2h Port PO Direction Register PDO 00h
00E3h Port P1 Direction Register PD1 00h
00E4h Port P2 Register P2 XXh
00E5h Port P3 Register P3 XXh
00E6h Port P2 Direction Register PD2 00h
00E7h Port P3 Direction Register PD3 00h
00E8h Port P4 Register P4 XXh
00ESh Port P5 Register P5 XXh
00EAh Port P4 Direction Register PD4 00h
00EBh Port P5 Direction Register PD5 00h
00ECh Port P6 Register P6 XXh
00EDh Port P7 Register P7 XXh
00EEh Port P6 Direction Register PD6 00h
00EFh Port P7 Direction Register PD7 00h
00FOh Port P8 Register P8 XXh
00F1h Port P9 Register P9 XXh
00F2h Port P8 Direction Register PD8 00h
00F3h Port P9 Direction Register PD9 00h
00F4h
00F5h
00F6h
00F7h
00F8h
00F9h
00FAh
00FBh
00FCh
00FDh
00FEh
00FFh
X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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Table 4.5 SFR Information (5) (1)
Address Register Symbol After Reset
0100h
0101h
0102h
0103h
0104h
0105h
0106h
0107h
0108h Timer RBO Control Register TRBOCR 00h
0109h Timer RBO One-Shot Control Register TRBOOCR 00h
010Ah Timer RBO 1/0O Control Register TRBOIOC 00h
010Bh Timer RBO Mode Register TRBOMR 00h
010Ch Timer RBO Prescaler Register TRBOPRE FFh
010Dh Timer RBO Secondary Register TRBOSC FFh
010Eh Timer RBO Primary Register TRBOPR FFh
010Fh
0110h Timer RH Second Data Register / Counter Data Register TRHSEC XXh
00h (2)
0111h Timer RH Minute Data Register / Compare Data Register TRHMIN XXh
00h ()
0112h Timer RH Hour Data Register TRHHR 00XXXXXXb
00h (2
0113h Timer RH Day-of-the-Week Data Register TRHWK 00000XXXb
00h ()
0114h Timer RH Date Data Register TRHDY 00XXXXXXb
00000001b (2)
0115h Timer RH Month Data Register TRHMON 000XXXXXb
00000001b (2
0116h Timer RH Year Data Register TRHYR XXh
00h (2)
0117h Timer RH Control Register TRHCR XXX00X0Xb
000XX1X0b ()
0118h Timer RH Count Source Select Register TRHCSR X0001000b
OXXXXXXXb ()
0119h Timer RH Clock Error Correction Register TRHADJ XXh
00h (@
011Ah Timer RH Interrupt Flag Register TRHIFR 00000XXXb
000XX000b (2)
011Bh Timer RH Interrupt Enable Register TRHIER XXh
00h (@
011Ch Timer RH Alarm Minute Register TRHAMN XXh
00h ()
011Dh Timer RH Alarm Hour Register TRHAHR XXh
00h (@
011Eh Timer RH Alarm Day-of-the-Week Register TRHAWK X0000XXXb
00h (2)
011Fh Timer RH Protect Register TRHPRC 00h
X0000000b ()
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 1/O Control Register 1 TRCIOR1 10001000b
0126h Timer RC Counter TRC 0oh
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
0139h
013Ah
013Bh
013Ch
013Dh
013Eh
013Fh
X: Undefined
Notes:

1. Blank spaces are reserved. No access is allowed.
2. This is the reset value after reset by RTCRST bit in TRHCR register.
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Table 4.6 SFR Information (6) (1)

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. Blank spaces are reserved. No access is allowed.
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Table 4.7 SFR Information (7) ()

Address Register Symbol After Reset
0180h Timer RJ Pin Select Register TRJISR 00h
0181h Timer RB Pin Select Register TRBSR 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
0189
018Ah UART2 Pin Select Register 0 U2SR0 00h
018Bh UART2 Pin Select Register 1 U2SR1 00h
018Ch SSU/IIC Pin Select Register SSUIICSR 00h
018Dh Timer RH Second Interrupt Control Register TRHICR XOXXXXXXb
00000001b 3
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 / 1IC bus Receive Data Register (2) SSRDR/ICDRR FFh
0197h SS Receive Data Register H (2) SSRDRH FFh
0198h SS Control Register H / IIC 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
01A1h
01A2h
01A3h
01A4h
01A5h
01A6h
01A7h
01A8h
01A9h
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 000000X0b
01B6h Flash Memory Control Register 2 FMR2 00h
01B7h
01B8h
01B%h
01BAh
01BBh
01BCh
01BDh
01BEh
01BFh
X: Undefined
Notes:
1. Blank spaces are reserved. No access is allowed.
2. Selectable by the IICSEL bit in the SSUIICSR register.
3. This is the reset value after reset by RTCRST bit in TRHCR register.
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Table 4.8

SFR Information (8) (1)

Address

Register

Symbol

After Reset

01COh

01C1h

01C2h

Address Match Interrupt Register 0

RMADO

XXh
XXh
0000XXXXb

01C3h

Address Match Interrupt Enable Register O

AIERO

00h

01C4h

01C5h

01C6h

Address Match Interrupt Register 1

RMAD1

XXh
XXh
0000XXXXb

01C7h

Address Match Interrupt Enable Register 1

AIER1

00h

01C8h

01C9h

01CAh

01CBh

01CCh

01CDh

01CEh

01CFh

01DOh

01D1h

01D2h

01D3h

01D4h

01D5h

01D6h

01D7h

01D8h

01D%h

01DAh

01DBh

01DCh

01DDh

01DEh

01DFh

01EOh

Port PO Pull-Up Control Register

POPUR

00h

01E1h

Port P1 Pull-Up Control Register

P1PUR

00h

01E2h

Port P2 Pull-Up Control Register

P2PUR

00h

01E3h

Port P3 Pull-Up Control Register

P3PUR

00h

01E4h

Port P4 Pull-Up Control Register

P4PUR

00h

01E5h

Port P5 Pull-Up Control Register

PS5PUR

00h

01E6h

Port P6 Pull-Up Control Register

P6PUR

00h

01E7h

Port P7 Pull-Up Control Register

P7PUR

00h

01E8h

Port P8 Pull-Up Control Register

P8PUR

00h

01ESh

Port P9 Pull-Up Control Register

POPUR

00h

01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01F0Oh

Port P7 Drive Capacity Control Register

P7DRR

00h

01F1lh

Port P8 Drive Capacity Control Register

P8DRR

00h

01F2h

01F3h

01F4h

01F5h

Input Threshold Control Register 0

VLTO

00h

01F6h

Input Threshold Control Register 1

VLT1

00h

01F7h

Input Threshold Control Register 2

VLT2

00h

01F8h

Comparator B Control Register 0

INTCMP

00h

01F9h

01FAh

External Input Enable Register 0

INTEN

00h

01FBh

External Input Enable Register 1

INTEN1

00h

01FCh

INT Input Filter Select Register 0

INTF

00h

01FDh

INT Input Filter Select Register 1

INTF1

00h

01FEh

Key Input Enable Register 0

KIEN

00h

01FFh

Key Input Enable Register 1

KIEN1

00h

X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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Table 4.9 SFR Information (9) (1)

Address Register Symbol After Reset
0200h LCD Control Register LCRO 00h
0201h
0202h LCD Option Clock Control Register LCR2 00h
0203h LCD Clock Control Register LCR3 00h
0204h LCD Display Control Register LCR4 00h
0205h
0206h LCD Port Select Register 0 LSEO 00h
0207h LCD Port Select Register 1 LSE1 00h
0208h LCD Port Select Register 2 LSE2 00h
0209h LCD Port Select Register 3 LSE3 00h
020Ah LCD Port Select Register 4 LSE4 00h
020Bh LCD Port Select Register 5 LSE5 00h
020Ch
020Dh
020Eh
020Fh
0210h LCD Display Data Register LRAOL XXh
0211h LRAIL XXh
0212h LRA2L XXh
0213h LRA3L XXh
0214h LRA4L XXh
0215h LRAS5L XXh
0216h LRAG6L XXh
0217h LRA7L XXh
0218h LRAS8L XXh
0219h LRA9L XXh
021Ah LRA10L XXh
021Bh LRAIIL XXh
021Ch LRA12L XXh
021Dh LRA13L XXh
021Eh LRA14L XXh
021Fh LRA15L XXh
0220h LRA16L XXh
0221h LRAL17L XXh
0222h LRA18L XXh
0223h LRA19L XXh
0224h LRA20L XXh
0225h LRA21L XXh
0226h LRA22L XXh
0227h LRA23L XXh
0228h LRA24L XXh
0229 LRA25L XXh
022Ah LRA26L XXh
022Bh LRA27L XXh
022Ch LRA28L XXh
022Dh LRA29L XXh
022Eh LRA30L XXh
022Fh LRA31L XXh
0230h LRA32L XXh
0231h LRA33L XXh
0232h LRA34L XXh
0233h LRA35L XXh
0234h LRA36L XXh
0235h LRA37L XXh
0236h LRA38L XXh
0237h LRA39L XXh

[ 2FFFR ]
X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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Table 4.10 ID Code Areas and Option Function Select Area

| Address | Area Name | Symbol [ After Reset |
| FFth [ Option Function Select Register 2 [OFS2 [ (Note 1) ]
[ FFDFh [IDI [(Note 2) |
[ FFESR [iD2 [(Note 2) |
[ FFEBR 103 [(No 2) |
[ FFEFR [iD4 [(Note 2) |
[ FFF3h 105 [(Note 2) |
[ FFF7h 106 [(Note 2) |
[ FFFBR [1D7 [(Note 2) |
| FFFFR [ 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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5. Resets

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

software reset.
Table 5.1 lists the Reset Names and Sources and Figure 5.1 shows the Reset Circuit Block Diagram.

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

Hardware reset

RESET O
<

Power-on reset | Power-on reset
circuit

VCC

Voltage
detection
circuit

Voltage monitor O reset

Watchdog timer
Watchdog reset

timer

Pins, CPU, and SFRs @

CcPU )

Software reset

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

timer reset.

Figure 5.1 Reset Circuit Block Diagram
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5. Resets

Table 5.2 shows the Pin Status while RESET Pin Level is Low. Figure 5.2 shows the CPU Register Status after Reset
and Figure 5.3 shows the Reset Sequence.

Table 5.2

Pin Status while RESET Pin Level is Low

Pin Name

Pin Status

PO to P4, P5_0 to P5_6,
P6, P7_0to P7_6,
P8, P9 Oto P9 1

High impedance

High impedance

WKUPO
XCIN, XCOUT Undefined
VL1 to VL3 High impedance
15 b
0000h Data register (R0)
0000h Data register (R1)
0000h Data register (R2)
0000h Data register (R3)
0000h Address register (A0)
0000h Address register (A1)
. 0000h Frame base register (FB)
b19 bo
00000h Interrupt table register (INTB)
Content of addresses OFFFEh to OFFFCh Program counter (PC)
b15 b0
0000h User stack pointer (USP)
0000h Interrupt stack pointer (ISP)
0000h Static base register (SB)
b15 b0
| 0000h Flag register (FLG)
S b8 b7 b0
IR EEEn
IPL UloBSzDC
Figure 5.2 CPU Register Status after Reset
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fOCO-S gg S@ %
RESET pin
1« 10 us or more required @
1 |
1
1
———>»1 fOCO-S clock x 32 cycles @
Internal reset
signal
Activation time of flash memory
(CPU clock x 148 cycles) GPU clock x 28 cycle
CPU clock % SS %
OFFFCh OFFFEh
Address X X X X
(internal address
signal)
OFFFDh Content of reset vector
Notes:
1. Hardware reset.
2. When the low-level input width of the RESET pin is set to fOCO-S clock x 32 cycles or more, the RESET pin is driven high
at the same time as the internal reset signal is held high.
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 Set to 0. R/W
bl —
b2 —
b3 PMO03 |Software reset bit Setting this bit to 1 resets the MCU. When read, the | R/W
content is 0.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
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
Symbol| — | — | — | — |WDR|SWR|HWR CWR|
After Reset X 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 —
Notes:

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

2. When 1 is 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.

4. A hardware reset or an exit from power-off 0 mode is detected.
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5.1.3  Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 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 VDSELOQ |Voltage detection 0 level select bit (2) |b5b4 RIW

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
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 protection mode enabled after reset | R/W
after reset select bit 1: Count source protection 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 VDESLL1 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 14.3.1 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.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 37 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LABA Group 5. Resets
5.1.4  Option Function Select Register 2 (OFS2)
Address OFFDBh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO|WDTUFSl WDTUFSO0
After Reset User setting value (Note 1)

Bit Symbol Bit Name Function R/W

b0 WDTUFSO |[Watchdog timer underflow period set bit b(l)bg 03FFh R/W

bl | WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh

b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bébé o506 R/W

set bit - £970

b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%

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 14.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO 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 15.3.1.1 Refresh Acknowledgment Period.
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5.2 Hardware Reset

A reset is applied using the RESET pin. When alow-level signal is applied to the RESET pin while the supply
voltage meets the recommended operating conditions, the pins, CPU, and SFRs are all reset (refer to Table 5.2 Pin
Satuswhile RESET Pin Level isLow, Figure 5.2 CPU Register Status after Reset, and Table4.1to Table 4.9
SFR Information).

When theinput level applied to the RESET pin changes from low to high, 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 status of the SFRs after reset.

Theinternal RAM is not reset. If the RESET pin is pulled low 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 alow-level signa to the RESET pin.
(2) Wait for 10 ps.
(3) Apply ahigh-level signal to the RESET pin.

522 Power On

(1) Apply alow-level signal 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 30. Electrical
Characteristics).

(4) Wait for 10 ps.

(5) Apply ahigh-level signal to the RESET pin.
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vce 18V
vce /
ov

<1 0.2 VCC or below

H—+—W—+—0

—_—  —

td(P-R) + 10 us or more

Note:
1. Refer to 30. Electrical Characteristics.

Figure 5.4 Example of Hardware Reset Circuit and Operation

Supply voltage
detecti ircuit
etection circui Voo

l.SV/

ov
ol e

td(P-R) + 10 us or more

B Example when
VCC=5V

Note:
1. Refer to 30. Electrical Characteristics.

Figure 5.5 Example of Hardware Reset Circuit (Usage Example of External Supply Voltage
Detection Circuit) and Operation
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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 pins, CPU, and SFRs are reset. When a capacitor is connected to the
RESET pin, too, always keep the voltage to the RESET pin 0.8 VCC or above.

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 high
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 status 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
71 X 32
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 O 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 and 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 high
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 areset.

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

O

Voltage detection 0
circuit response time

Internal reset signal |

1
foco-s

x 32

Notes:
1. Vdeto indicates the voltage detection level of the voltage detection O 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 when the watchdog timer underflows. Then the program beginning with the address indicated by
the reset vector is executed. The low-speed on-chip oscillator clock with no division is automatically selected asthe
CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the status 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 WDTUFS0 and
WDTUFS1 and bits WDTRCS0 and WDTRCSL in the OFS2 register, respectively.

Refer to 15. 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. The low-speed on-chip oscillator
clock with no division is automatically selected for the CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the status 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 O at a voltage monitor O reset or an exit from
power-off 0 mode. When 1 is written 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
VCC /—\_/—\ /
VdetO

o /

Setto 1 by Setto 1 by
K av

rogram. a program.

CWR bit in RSTFR register —I_f

y y

Voltage monitor O reset

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 ahardware reset or an exit from power-off 0 mode occurs, the HWR bit is set to 1 (detected).
If asoftware reset occurs, the SWR bit is set to 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 Introduction

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.
The voltage monitor O reset, and voltage monitor 1 interrupt and voltage monitor 2 interrupt can also be used.

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 Whether passing through Whether passing through Whether passing through
target VdetO by rising or falling Vdetl by rising or falling Vdet2 by rising or falling
Detection Selectable among Selectable among VCC
voltage 4 levels using the OFS 16 levels using the VD1LS
register. register.
Monitor None The VWI1C3 bit in The VCA13 bit in
the VW1C register the VCAL register
Whether VCC is higher or Whether VCC or LVCMP2
lower than Vdetl input voltage is higher or
lower 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 interrupt | Voltage monitor 2 interrupt
Non-maskable or maskable | Non-maskable or maskable
selectable selectable
Interrupt request at: Interrupt request at:
Vdetl > VCC Vdet2 > VCC
and/or and/or
VCC > Vdetl VCC > Vdet2
Digital filter | Switching No digital filter function Supported Supported
enable/
disable
Sampling — (fOCO-S divided by n) x 2 | (fOCO-S divided by n) x 2
time n:1,2,4,and 8 n:1,2,4,and 8
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VCC
VCA27
+ Voltage detection 2 signal
> Vdet2 i
VCAL register
VCA13 bhit
VCA26
Level . .
selection Voltage detection 1 signal
circuit * >
(16 levels)
>
> Vdetl VWIC register
VD1S3 to VD1S0 l
b3
VW1C3 bit
VCA25
Level
selection Voltage detection O signal
R . + -
circuit >
(4 levels) Internal
reference
voltage > Vdet0
VDSEL1 to VDSELO VCA13: Bit in VCAL1 register
VCA24, VCA25, VCA26, VCA27: Bits in VCA2 register
VW1C3: Bit in VW1C register
VD1SO0 to VD1S3: Bits in VDILS register
VDSELO, VDSEL1: Bits in OFS register
Figure 6.1 Block Diagram of Voltage Detection Circuit
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Voltage detection O circuit

vCC

to VDSELO

VDSEL1

VCA25

Level selection

Voltage monitor O reset generation circuit

Internal reference voltage

When VCA25 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

VWO0CO

Voltage >
detection 0 —/ Voltage monitor 0
signal

reset signal

Figure 6.2

Block Diagram of Voltage Monitor O Reset Generation Circuit

Voltage monitor 1 interrupt generation circuit

VCA21, VCA22, VCA26: Bits in VCA2 register
VD1S0 to VD1S3: Bits in VDILS register
COMPSEL, IRQ1SEL: Bits in CMPA register
VCAILC: Bit in VCAC register

VWI1F1 to VW1FO
=00b
=01b
° X—
Volt: detection 1 circuit °
oltage detection 1 circul
foco o VWIC? bit s set to 0.
VCA26
VW1C3
Level VWI1C1=0
vee * e Digital filter
Voltage Edge
VD1S3 detection 1 VWICL = 1f selection
to VD1S0 signal it
Internal reference voltage cireut
A
When VCAZ26 bit is set to 0 (disabled),
voltage detection 1 signal is driven high.
VCAC1
VW1C7

VWIC2 bit is set to 0 (not detected) by writing 0 by a program.
‘When VCAZ26 bit is set to 0 (voltage detection 1 circuit disabled),

VW1C2

VW1C0

COMPSEL
IRQ1SEL

Watchdog timer
interrupt signal

Voltage monitor 1
interrupt signal

Non-maskable
interrupt signal

Maskable

VW1CO to VWIC3, VW1F0, VW1F1, VW1C6, VWI1CT: Bits in VW1C register

interrupt signal

Figure 6.3

Block Diagram of Voltage Monitor 1 Interrupt Generation Circuit
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Voltage detection 2 circuit

Voltage monitor 2 interrupt generation circuit

VW2F1 to VW2FO
= 00b

Digital filter

fOCO-
VCA27
Level — VCA13
vee change
VW2C1 =0
* o
- Voltage
detection 2 VW2C1 =1
signal
Internal reference voltage
When VCA27 bit is set to 0 (disabled),
voltage detection 2 signal is driven high.
Watchdog timer block
VW2C3
»
L

Watchdog timer underflow signal

vw2c7

VW2C3 bit is set to 0 (not detected)
by writing O by a program.

Edge
selection
circuit

A
VCAC2 /T

vw2c2

VwW2Co

COMPSEL
IRQ2SEL

'VW2C2 bit is set to 0 (not detected) by writing O by a program.
‘When VCA27 bit is set to 0 (voltage detection 2 circuit disabled),
VW2C?2 bit is set to 0.

Watchdog timer
interrupt signal

Voltage monitor
interrupt signal

2
Non-maskable
interrupt signal

9

VW2C0 to VW2C3, VW2F0, VW2F1, VW2C6, VW2CT: Bits in VW2C
VCA13: Bit in VCAL register

VCA23, VCA24, VCA27: Bits in VCA2 register
COMPSEL, IRQ2SEL: Bits in CMPA register
VCAC2: Bitin VCAC register

Maskable
interrupt signal

Figure 6.4

Block Diagram of Voltage Monitor 2 Interrupt Generation Circuit
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6.2 Registers

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

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol |COMPSEL| — | IRQ2SEL | IRQ1SEL | — | — | — —
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 —
b4 IRQ1SEL |Voltage monitor 1 interrupt type |O: Non-maskable interrupt R/W
select bit (1) 1: Maskable interrupt
b5 IRQ2SEL |Voltage monitor 2 interrupt type |0: Non-maskable interrupt R/W
select bit (2) 1: Maskable interrupt
b6 — Reserved bit Setto 0. R/W
b7 COMPSEL |Voltage monitor interrupt type 0: Bits IRQ1SEL and IRQ2SEL disabled R/W
selection enable bit (. 2) 1: Bits IRQ1SEL and IRQ2SEL enabled
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).

6.2.2 Voltage Monitor Circuit Edge Select Register (VCAC)
Address 0031h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — |VCAC2|VCAC1| —
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 | VCAC1 |Voltage monitor 1 circuit edge select bit @) [0: One edge RIW
1: Both edges
b2 [ VCAC2 |Voltage monitor 2 circuit edge select bit 2) [0: One edge RIW
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 VW1C?7 bit in the VWI1C register is enabled. Set the VW1C?7 bit
after setting the VCACL bit to 0.

2. When the VCAC2 bit is set to 0 (one edge), the VW2C?7 bit in the VW2C register is enabled. Set the VW2C7 bit
after setting the VCAC2 bit to 0.
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6.2.3  \Voltage Detect Register 1 (VCAL)
Address 0033h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — [ — | — [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 VCAL3 |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 b1l bo
Symbol | VCA27 | VCA26 | VCA25 | — | — | — — 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 ()

bl — Reserved bits Setto 0. R/W

b2 —

b3 —

b4 —

b5 VCA25 |Voltage detection O enable bit (3) 0: Voltage detection 0 circuit disabled R/IW
1: Voltage detection O circuit enabled

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

b7 VCA27 |Voltage detection 2 enable bit (5) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 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
10.8.9 Reducing Internal Power Consumption Using VCAZ20 Bit.

2. When the VCA20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (all
clocks stop).

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

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

5. To use the voltage detection 2 interrupt or the VCAL3 bit in the VCAL1 register, set the VCA27 bit to 1 (voltage
detection 2 circuit enabled).
After the VCA27 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2 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
bl VD1S1 |(Reference voltage when the voltage falls) 8 8 8 2 ggg x %ggi—% R/W
b2 VD1S2 e - R/W

0010:2.50V (Vdetl_2)
b3 | VDI1S3 0011:2.65V (Vdetl 3) RIW
0100:2.80 V (Vdetl_4)
0101:2.95V (Vdetl_5)
0110:3.10 V (Vdetl_6)
0111:3.25V (Vdetl_7)
1000: 3.40 V (Vdetl_8)
100 1:3.55V (Vdetl_9)
1010:3.70 V (Vdetl_A)
1011:3.85V (Vdetl_B)
1100:4.00 V (Vdetl_C)
1101:4.15V (Vdetl_D)
1110:4.30 V (Vdetl_E)
1111:4.45V (Vdetl_F)
b4 — Reserved bits Set to 0. R/W

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 b0
Symbol| VWI1C7 | — | VW1F1 | VW1FO0 | 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 | VWIC3 |Voltage detection 1 signal monitor flag ®) {0: VCC < Vdetl R

1: VCC > Vdetl
or voltage detection 1 circuit disabled

b4 VWI1FO i it (6) b5 b4 R/W
Sampling clock select bit 0 0: fOCO-S divided by 1

b5 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 bit 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 6.2 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 CM1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 1 interrupt to exit stop mode, set the VW1C1 bit 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 VCACL1 bit in the VCAC register is set to 0 (one edge). After setting the
VCACL1 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 bit 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 bit 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) |0: 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 O. 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 VW2CO bit 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 6.3 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 CM1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit 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 VW2CY7 bit is enabled when the VCAC2 bit in the VCAC register is set to 0 (one edge). After setting the
VCAC?2 bit to 0, set the VW2CT7 bit.

6. When the VW2CO bit is set to 1 (enabled), do not set the VW2C1 bit and bits VW2F1 and VW2FO0 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.
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6.2.9  Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 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 VDSELOQ |Voltage detection 0 level select bit (2) |b5b4 RIW

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
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 protection mode enabled after reset | R/W
after reset select bit 1: Count source protection 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 VDESLL1 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 14.3.1 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 30. Electrical Characteristics).

(1) SetbitsVD1S3to VD1S0inthe VDL Sregister (voltage detection 1 detection voltage).
(2) Setthe VCAZ26 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 30. Electrical Characteristics).

 Set the VCAZ27 bit in the 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 \ .ﬁ
Vdet0

|

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 6.2 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 6.2 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 VD1LS register.
2 Set the VCAZ26 bit in the VCAZ2 register to 1 (voltage detection 1 circuit enabled).

3 Wait for td (E-A).

4 Set the COMPSEL bit in the CMPA register to 1.

5(@@) Select the interrupt type by the IRQ1SEL bit in the CMPA register.
6 Select the sampling clock of the digital filter by bits | Set the VW1C1 bit in the VWL1C register to 1 (digital
VW1F1 to VW1FO in the VWI1C register. filter disabled).
7@ Set the VWI1C1 bit in the VW1C register to O (digital | —
filter enabled).

8 Select the interrupt request timing by the VCAC1 bit in the VCAC register and the VW1C7 bit in the VW1C
register.

9 Set the VW1C2 bit in the VW1C register to 0.

10 Set the CM14 bit in the CM1 register to O —
(low-speed on-chip oscillator on)
11 Wait for 2 cycles of the sampling clock of — (No wait time required)
the digital filter
12 () | Setthe VWI1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt enabled)
Notes:

1. When the VW1CO bit is set to 0, steps 4 and 5 can be executed simultaneously (with one instruction).

2. When the VW1CO bit is set to 0, steps 6 and 7 can be executed simultaneously (with one instruction).

3. 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.

RO1UHO051EJ0103 Rev.1.03
Nov 11, 2011

RENESAS Page 59 of 645



R8C/LABA Group, R8C/LABA Group 6. Voltage Detection Circuit
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digital filter x 2 cycles y—p digital filter x 2 cycles Iu_u
1
1
VWI1CL1 bit is set to 0 VW1C2 bit :
(digital filter enabled) T
and - e~ sett00 by a program fl/'
VCACI1 bitis setto 1 | ]
(both edges) '

o Set to 0 when an interrupt request \,\

is acknowledged.
Voltage monitor 1 g

interrupt request

-

VWI1C1 bit is set to 0

(digital filter enabled), _4— Setto 0 by a program.

VCACL bitis set to 0 VW1C2 bit

(one edge),

and \ :

VWIC7 bit is set to 0 ! & Setto 0 when an interrupt request
(when VCC reaches Voltage monitor 1 is acknowledged.

Vdetl or above) interrupt request

VWI1C1 bit is set to 0

Set to 0 by a program.
(digital filter enabled), “ ye

VCACL bitis set to 0 VW1C2 hit
(one edge),
and 1 ] 1
VWIC7 bitis setto 1 ! _g— Setto 0 when an interrupt request
(when VCC reaches Voltage monitor 1 is acknowledged.
Vdet1 or below) interrupt request i
) i
! Set to 0 by a program.
r A_/r_‘ -~
VW1CL1 bit is set to 1 VW1C2 bit
(digital filter disabled)
and < .
VCACL bit is set to 1 4’/.__7 Set to 0 when an interrupt request
(both edges) Voltage monitor 1 is acknowledged.
interrupt request
L

VWIC1 bitis setto 1 r
(digital filter disabled),
VCACL bit is set to 0 VW1C2 bit
(one edge),
and 3
VWI1CT bit is set to 0
(when VCC reaches Voltage monitor 1
Vdet1 or above) L interrupt request

- Set to 0 by a program.

B

1
! & Setto 0 when an interrupt request

is acknowledged.

VWiClbitissettol [ _&— Setto 0 by aprogram.
(digital filter disabled), .
VCAC1 bit is set to 0 VW1C2 bit
(one edge),

1
3?/31(:7 bit is set to 1 & Setto 0 when an interrupt request

Voltage monitor 1 is acknowledged.
%2?; (\)/rcbilge‘;%‘:hes interrupt request Y

A

VWI1C1, VWI1C2, VW1C3, VWI1CT7: Bits in VWI1C register
VCACI: Bit in VCAC register

The above applies under the following conditions:
« VCA26 bit in VCA2 register = 1 (voltage detection 1 circuit enabled)
« VWI1CO bit in VWIC register = 1 (voltage monitor 1 interrupt enabled)

Note:
1. When 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 6.3 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 6.3 Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt
Step When Using Digital Filter | When Using No Digital Filter

1 Set the VCA27 bit in the VCAZ2 register to 1 (voltage detection 2 circuit enabled).
2 Wait for td(E-A).
3 Set the COMPSEL bit in the CMPA register to 1.

41 Select the interrupt type by the IRQ2SEL bit in the CMPA register.
5 Select the sampling clock of the digital filter by bits | Set the VW2C1 bit in the VW2C register to 1
VW2F0 to VW2F1 in the VW2C register. (digital filter disabled).
6@ Set the VW2C1 bit in the VW2C register to 0 —
(digital filter enabled).

7 Select the interrupt request timing by the VCAC2 bit in the VCAC register and the VW2C7 bit in the VW2C
register.
8 Set the VW2C2 bit in the VW2C register to 0.

9 Set the CM14 bit in the CM1 register to O
(low-speed on-chip oscillator on).

10 Wait for 2 cycles of the sampling clock of the digital |— (No wait time required)
filter.
11 ®) | 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 3 and 4 can be executed simultaneously (with one instruction).

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

3. 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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VW2C1 bit is set to 0
(digital filter enabled)
and
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(digital filter disabled),
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(one edge),

and
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(when VCC reaches
Vdet2 or below)
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Voltage monitor 2
interrupt request

VW2C2 bit

Voltage monitor 2
interrupt request
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Voltage monitor 2
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interrupt request
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Voltage monitor 2
L interrupt request
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interrupt request

g

VCA13: Bit in VCAL1 register
VW2C1, VW2C2, VW2C7: Bits in VW2C register
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1

1
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1
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L

.

-

T
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=

- Set to 0 by a program.

n

& Setto0 when an interrupt request
is acknowledged.

& Setto 0 by a program.
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1
_&— Setto 0 when an interrupt request

is acknowledged.

|

Set to 0 by a program.
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-

1 Set to 0 when an interrupt request
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_&— Setto 0 by a program.

B

! -~ Set to 0 when an interrupt request

]

is acknowledged.

B

& Setto 0 by a program.

I—|A/

Set to 0 when an interrupt request
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The above applies under the following conditions:
* VCA27 bit in VCA2 register = 1 (voltage detection 2 circuit enabled)
« VW2CO bit in VW2C register = 1 (voltage monitor 2 interrupt enabled)

Note:
1. When 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
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7. 1/0O Ports

Note

The description offered in this chapter is based on the R8C/LA8SA Group.

For the R8C/LABA Group, refer to 1.1.2 Differences between Groups.

7.1 Introduction

1/0 ports are shared with the LCD ports for the LCD dive control waveform output and the 1/0 functions for the

oscillation circuits, timers, and A/D converter. When these functions are not used, pins can be used as I/O ports.
Table 7.1 lists the Overview of 1/O Ports.

Table 7.1 Overview of I/O Ports
. Internal Pull-Up Drive Capacity Input Level
Port I/0 Format I/O Setting Resister Switch @ Switch @)
PO to P4 /O CMOSS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 8-bit units.
P5 O0toP5_3 1/0 CMOSS3 state Set in 1-bit units. | Setin 1-bit units. | None Set in 7-bit units.
P5 4toP5 6 1/0 CMOS3 state Set in 1-bit units. | None None
P6 1/0 CMOS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 8-bit units.
P7_O0toP7_1 /0 CMOSS3 state Setin 1-bit units. | Setin 1-bit units. | Setin 1-bit units. | Setin 7-bit units.
P7 2to P7_6 1/0 CMOSS3 state Set in 1-bit units. | Setin 1-bit units. | None
P8 1/0 CMOS3 state Set in 1-bit units. | Setin 1-bit units. | Setin 1-bit units. | Set in 8-bit units.
P9 OtoP9 1 1/0 CMOS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 2-bit units.
Notes:
1. Ininput mode, whether an internal pull-up resistor is connected or not can be selected by registers POPUR to
and P9PUR.
2. Whether the drive capacity of the output transistor is set to low or high can be selected by registers P7DRR and
P8DRR.

3. 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.
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Table 7.2 Programmable 1/0 Ports Provided for Each Group
R8C/LAGA Group R8C/LA8A Group
Programmable Total: 56 1/O pins Total: 72 1/0O pins
/O Port bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit | bit
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
PO v v v v v v v v v v v v v v v v
P1 v v v v v v —_ —_ v v v v v v v v
P2 v v v v v v v v v v v v v v v
P3 v v v v v v v v v v v v v v v
P4 v v —_ —_ —_ —_ —_ —_ v v v v v v v v
P5 —_ v v v v v v —_ v v v v v v v
P6 v v — v v v v v v v v
P7 — — — — — — — — — v v v v v v v
P8 v v v v v v v v v v v v v v
P9 — — — — — — — — — — — — v v
Notes:

1. The symbol “v” indicates a programmable 1/O port.

2. The symbol “—" indicates the settings should be made as follows:
- Set 0 to the corresponding bits in the PDi (i = 1, 4 to 7, 9) register. When read, the content is 0.
- Set 0 to the corresponding bits in the Pi (i= 1, 4 to 7, 9) register. When read, the content is 0.
- Set 0 to the corresponding bits in the P7DRR register. When read, the content is 0.
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7.2 I/O Port Functions
ThePDi_j (j =0to 7) bit in the PDi (i = 0 to 9) register controls the input/output of ports PO to P9. The Pi register

consists of a port latch to retain output data and a circuit to read the pin status.
Figures 7.1 to 7.4 show the 1/O Port Configurations, and Table 7.3 lists the I/O Port Functions.

Table 7.3 /0 Port Functions

Operation When Value of PDi_j Bit in PDi Register (1)
Accessing L S
. . When PDi_j Bitis Set to O (Input Mode) | When PDi_j Bit is Set to 1 (Output Mode)
Pi Register
Read Read the pin input level. Read the port latch.
. . Write to the port latch. The value written to
write write to the port latch. the port latch is output from the pin.
Note:

1. i=0t09;j=0to 7

7.3 Effect on Peripheral Functions
1/O ports function as I/O ports for peripheral functions (refer to Tables 1.9 to 1.11 Pin Name Infor mation by Pin

Number).
Table 7.4 lists the Setting of PDi_j Bit when Functioning as I/0O Ports for Peripheral Functions (i =0to 9;j =0to

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

Table 7.4 Setting of PDi_j Bit when Functioning as I/O Ports for Peripheral Functions
i=0t09;j=0to7)

I/O of Peripheral Function PDi_j Bit Settings for Shared Pin Function
Input Set this bit to 0 (input mode).
Output Set this bit to 1 (output mode).

7.4 Pins Other than 1/O Ports
Figure 7.6 shows the Pin Configuration.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 65 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LABA Group 7.1/0 Ports

PO_4to PO_6, P1_2to P1_6, P3

Pull-up selection

Direction
register

LCD port select

@IOINSEL

Data bus ——4 Port latch 4 O

9eD!

(Note 1)

Input level
switch function

Input to individual Pin select register
peripheral function n-

VL3 O\O
VL2 O\O
VL1 O\O
VSS O\C

PO_0O'to PO_3, PO_7

Pull-up selection

LCD port select

Direction 1
register Pin select register

O—~0——¢
@IOINSEL
Output_from |nd|V|d_uaI
peripheral function
Data bus ——4 Port latch o—O \ 4 O

> (Note 1)
p Input level
3 switch function
| individual Pin select register
ﬁ (R
VL3 o\o
VL2 o\c
VL1 o\o
VSS o\e
A/D converter input 0\0
PO_0 only
Note:
1. —k— symbolizes a parasitic diode.
IOINSEL: Bit in PINSR register
Figure 7.1 I/O Port Configuration (1)
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Notes:

Data bus —4

P7_0to P7_1,P8

Pull-up selection

Drive capacity selection

Direction 1
register Pin select register

@lomsa

Output from individual
peripheral function

— o

o—o—

Port latch

b

(Note 2)

Input level

N

Data bus —4

" T VSS
1. —k—symbollzes a parasitic diode.
2. —k—symbolizes a parasitic diode.

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

LAl )

Input to individual
peripheral function

switch function

s

@)— Pin select register

Analog input of comparator B

o

P1.0,P1_1,P1_7,P2, P4, P5 0toP5 3

Pull-up selection

Direction
register

LCD port select

@IOINSEL

Port latch

=

O

(Note 1)

Input level

switch function

Do

VL3

No

VL2

o

VL1

IOINSEL: Bit in PINSR register

No

O

(Note 1)

Figure 7.2

1/0 Port Configuration (2)
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R8C/LABA Group, R8C/LABA Group 7.1/0 Ports
P5_4
Direction
register
VL port select
————<
Data bus —<>—| Port latch O
’—50 (Note 1)
L
} Input level
| switch function
VL1 _O\O_
P5 5
Direction
register
VL port select
——<
Data bus —4>—| Port latch O
’—50 (Note 1)
q
J Input level
\l switch function
VL2 _0\0_
P5 6
Direction
register
VL port select
———<
Data bus —<>—| Port latch O
’—50 (Note 1)
q
} Input level
| switch function
VL3 _0\0_
Note:
1. —k—symbolizes a parasitic diode.
IOINSEL: Bit in PINSR register

Figure 7.3 1/0 Port Configuration (3)
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R8C/LABA Group, R8C/LABA Group 7.1/0 Ports
P6,P7_2to7_6
Pull-up selection
| Direction [ 1
register Pin select register
‘
: 1
E (Note 2)
E LIOINSEL i
Output from individual '
peripheral function H [\
Data bus —0—| Port latch 0—O | A4 O
Input level

L
J-

switch function

Input to individual Pin select register
peripheral function s

Analog input of comparator B

Do

P6_3, P6_5to P6_6, P7_6 only

AID converter input

o

P6_0to P6_2, P6_7, P7_4 to P7_5 only

Notes:

1 —k—symbolizes a parasitic diode.
2. —k—symbolizes a parasitic diode.

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

IOINSEL: Bit in PINSR register

77|t7 (Note 1)

Figure 7.4 I/0 Port Configuration (4)
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P9_O/XIN

Pull-up selection

Direction
register

— < .
(Note 2)
IOINSEL
Data bus —4>—| Port latch O

(Note 1)
Input level
‘ switch function

s
CMO05
CMO07
e it
H b Stop mode
CM13=0 ! cMOS
1
Input to XIN clock H RIXIN i
o—— ! H
CM13=1 Stop mode :D_}_ !
cM11 i :
1 ]
i L— ¢ :
o
/CMIB
P9_1/XOUT
Pull-up selection
Direction
register
*® < °
(Note 2)
IOINSEL
Data bus—0—| Port latch O
/l/l—ﬂ (Note 1)
/L/I Input level
\l switch function
Notes:
1. —k— symbolizes a parasitic diode.
2. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC. CMO5, CMO7: Bit in CMO register
IOINSEL: Bit in PINSR register CM11, CM13: Bitin CM1 register
Figure 7.5 1/0 Port Configuration (5)
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XCIN/XCOUT
Stop mode
(Note 2) CMO03 (Note 2)
XCOUT >
O O XCIN
(Note 1) (Note 1)
Input to XCIN clock RfXCIN
VREF Stop mode
?(Note 2)
A/D converter VREF O
77|l7 (Note 1)
WKUPO
Power-off 0 mode input signal \{ L 4 O
i (Note 1)
MODE
MODE input signal \{j . 4 O
i (Note 1)
RESET
RESET input signal \{/‘ L 2 O
(Note 1)
Notes:
1. —k— symbolizes a parasitic diode. CMO3: Bit in CMO register
2. —k— symbolizes a parasitic diode. CMA2: BitIn CM1 register
Ensure the input voltage to each port does not exceed VCC.
Figure 7.6 Pin Configuration
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7.5 Registers

7.5.1 Port Pi Direction Register (PDi) (i=0to 9)

Address 00E2h (PDO0), 00E3h (PD1), 00E6h (PD2), 00E7h (PD3),
00EAh (PD4), 00EBh (PD5 (1)), 00EEh (PD6), 00EFh (PD7(?),
00F2h (PD8), 00F3h (PD9®))

Bit b7 b6 b5 b4 b3 b2 bl 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 (function as an input port) R/W
bl PDi_1 [Port Pi_1 direction bit 1: Output mode (function 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. PDb5_7 bitin the PD5 register is reserved bit. When writing to the PD5_7 bit, set to 0. When read, the content is 0.
2. PD7_7 bitin the PD7 register is reserved bit. When writing to PD7_7 bit, set to 0. When read, the content is 0.
3. Bits PD9_2 and PD9_3 in the PD9 register are reserved bits. When writing to bits PD9_2 and PD9_3, set to 0.
When read, the content is O.
Bits PD9_4 to PD9_7 in the PD9 register are unavailable on this MCU. When writing to bits PD9_4 to PD9_7, 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.
To use the peripheral function as output, set the direction register to 1 (output mode).
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7.5.2

Port Pi Register (Pi) (i=0to 9)

Address 00EOh (P0), 00E1h (P1), 00E4h (P2), 00E5h (P3),
00ESh (P4), 00ESh (P5 (1)), 00ECh(P6), 00EDh (P7()),
00FOh (P8), 00F1h (P9®)

Bit b7 b6 b5 b4 b3 b2 b1l
Symbol| Pi_7 | Pi6 [ Pi5 | Pida | Pi3 | Pi Pi_1
After Reset X X X X X X X
Bit Symbol Bit Name Function R/W
b0 Pi_ 0 [Port Pi_O bit 0: Low level R/W
bl Pi_1 [PortPi_1 hit 1: High level R/W
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 R/W
b5 Pi_5 [Port Pi_5 bit R/W
b6 Pi_6 |Port Pi_6 bit R/W
b7 Pi_7 |Port Pi_7 bit R/W
Notes:

1. P5_7 bitin the P5 register is reserved bit. When writing to the P5_7 bit, set to 0. When read, the content is 0.

2. P7_7 bitin the P7 register is reserved bit. When writing to P7_7 bit, set to 0. When read, the content is 0.

3. Bits P9_2 and P9_3 in the PD9 register are reserved bits. When writing to bits P9_2 and P9_3, set to 0. When
read, the content is 0.
Bits P9_4 to P9_7 in the PD9 register are unavailable on this MCU. When writing to bits P9_4 to P9_7, set to 0.

When read, the content is 0.

Datainput and output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port 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=0to 9,j=0to 7) (Port Pi_j Bit)
The pin level of any 1/O port which is set to input mode can be read by reading the corresponding bit in this

register. The pin level of any 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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7.5.3 Timer RJ Pin Select Register (TRIJSR)
Address 0180h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |TRJ1IOSEL1|TRJ1IOSELO| — —  |TRJOIOSEL1|{TRJOIOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 TRJOIOSELO [TRJOIO pin select bit b(l)bg TRIOIO pin ot used R/W

: i u

bl TRJOIOSEL1 01: P6_2 assigned R/W
1 0: P8_3 assigned
1 1: Do not set.

b2 — Reserved bits Set to 0. R/W

b3 —

b4 TRJ1IOSELO |TRJ1IO pin select bit bgbé TRILIO pi ; q R/W

: pin not use

b5 TRJ1IOSEL1 01: P6_1 assigned R/W
1 0: P8_2 assigned
1 1: Do not set.

b6 — Reserved bits Setto 0. R/W

b7 —

To use the I/O pins for timer RJi, set the TRISR register.
Set this register before setting the timer RJi associated registers. Also, do not change the setting value of this

register during timer RJi operation.
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7.5.4  Timer RB Pin Select Register (TRBSR)
Address 0181h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |TRBlOSEL1|TRBlOSELO|TRBOOSEL1|TRBOOSELO| — | — |TRJZIOSEL1 TRJ2IOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRJ2IOSELO |[TRJ2IO pin select bit bcl)bg TRIZIO pi ; q R/W
: pin not use
bl TRJ2IOSEL1 01: P6_0 assigned R/W
1 0: Do not set.
1 1: Do not set.
b2 — Reserved bits Set to 0. R/W
b3 —
b4 TRBOOSELO |TRBOO pin select bit bgbé Pg 7 . q R/W
: P8_7 assigne
b5 TRBOOSEL1 0 1: P7_6 assigned RIW
1 0: P6_6 assigned
1 1: Do not set.
b6 TRB1OSELO |TRB1O pin select bit babg b7 5 aned R/W
: P7_5 assigne
b7 TRBIOSELL 0 1: P6_5 assigned RIW
1 0: Do not set.
1 1: Do not set.

To use the output pins for timer RJ2, set the TRBSR register.
Set this register before setting the timer RJ2 associated registers. Also, do not change the setting value of this
register during timer RJ2 operation.

RO1UHO051EJ0103 Rev.1.03

Nov 11, 2011

RENESAS

Page 75 of 645



R8C/LABA Group, R8C/LABA Group 7.1/0 Ports

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

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — |TRCIOBSEL1|TRCIOBSELO| TRCIOASEL1 | TRCIOASELO| — |TRCCLKSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 [TRCCLKSELO|TRCCLK pin select bit (1) 0: TRCCLK pin not used RIW
1: PO_1 assigned
bl — Reserved bit Set to 0. R/W
b2 | TRCIOASELO |TRCIOA/TRCTRG pin select bit b3 b2 RIW

0 0: TRCIOA/TRCTRG pin not used

0 1: TRCIOA/TRCTRG pin assigned to PO_0
1 0: TRCTRG pin assigned to PO_1 (1)

11: TRCTRG pin assigned to PO_2

b4 | TRCIOBSELO |TRCIOB pin select bit b5 b4 . R/W
0 0: TRCIOB pin not used

b3 |TRCIOASEL1 R/W

b5 TRCIOBSEL1 01: P6_7 assigned R/W
1 0: P6_6 assigned (@
11: P6_5 assigned )
b6 — Reserved bits Setto 0. R/W
b7 —
Notes:

1. Pins TRCCLK and TRCTRG cannot be assigned to PO_1 at the same time.

2. When the TRCIOCSELDO bit in the TRCPSR1 register is set to 1 (TRCIOC pin assigned to P6_6), P6_6 functions
as the TRCIOC pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

3. When the TRCIODSELDO bit in the TRCPSR1 register is set to 1 (TRCIOD pin assigned to P6_5), P6_5 functions
as the TRCIOD pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

The TRCPSRO register selects whether to use the timer RC input. To use the input pins for timer RC, set this
register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation. If the assignment of the timer RC pinsis changed, an edge may occur
depending on the changed pin level, causing the TRC register to be set to 0000h.
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7.5.6 Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — — | TRCIODSELO — TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOCSELO |[TRCIOC pin select bit 0: TRCIOC pin not used R/W
1: P6_6 assigned
bl — Reserved bit Set to 0. R/W
b2 |TRCIODSELO |TRCIOD pin select bit 0: TRCIOD pin not used R/W
1: P6_5 assigned
b3 — Reserved bits Setto 0. R/W
b4 —
b5 —
b6 —
b7 —

The TRCPSRL1 register selects whether to use the timer RC input. To use the input pins for timer RC, set this

register.

Set the TRCPSRL register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation.
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7.5.7 UARTO Pin Select Register (UOSR)
Address 0188h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — |CLKOSEL1|CLKOSELO|RXDOSEL1 RXDOSELO|TXDOSEL1|TXDOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TXDOSELO | TXDO pin select bit b1 bo R/W

0 0: TXDO pin not used
0 1: P8_5 assigned

1 0: Do not set.

1 1: Do not set.

b2 |RXDOSELO |RXDO pin select bit b3 b2 R/W

0 0: RXDO pin not used
b3 |RXDOSELL 0 1: P8_6 assigned RIW

1 0: Do not set.
1 1: Do not set.

b4 | CLKOSELO [CLKO pin select bit b5 b4 _ R/W
0 0: CLKO pin not used

bl |TXDOSEL1 R/W

b5 CLKOSELL 0 1: P8_4 assigned RIW
1 0: Do not set.
1 1: Do not set.

b6 — Reserved bits Set to 0. R/W

b7 —

The UOSR register selects which pin is assigned as the UARTO input/output. To use the I/0 pins for UARTO,
set this register.

Set the UOSR register before setting the UARTO associated registers. Also, do not change the setting value of
this register during UARTO operation.
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7.5.8 UART2 Pin Select Register 0 (U2SR0)
Address 018Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |RXD2$EL1|RXD25ELO| — | — 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 bcl)b([)) TXD2/SDA2 pi ; q R/W

: pin not use

bl |TXD2SELL 0 1: P7_1 assigned RIW
10: P7_2 assigned
11: P8_5 assigned

b2 — Reserved bits Set to 0. R/W

b3 —

b4 |RXD2SELO |RXD2/SCL2 pin select bit bgb(‘)‘ RXD2/SCL2 pi ; q R/W

: pin not use

bS | RXD2SELL 0 1: P7_2 assigned RIW
10: P7_1 assigned
1 1: P8_6 assigned

b6 — Reserved bits Setto 0. R/W

b7 —

The U2SRO register selects which pin is assigned as the UART2 input/output. To use the I/O pins for UART2,

set thisregister.

Set the U2SRO register before setting the UART 2 associated registers. Also, do not change the setting value of
this register during UART?2 operation.
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7.5.9 UART2 Pin Select Register 1 (U2SR1)
Address 018Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |CTSZSEL1|CTSZSELO| — | —  |CLK2SEL1|CLK2SELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | CLK2SELO |CLK2 pin select bit 8180 CLK2 pi t used R/W

: pin not use

bl |CLK2SELL 0 1: P7_0 assigned RIW
1 0: P8_4 assigned
1 1: Do not set.

b2 — Reserved bits Setto 0. R/W

b3 —

b4 | CTS2SELO|CTS2/RTS2 pin select bit bS b4 BTC) ni RIW

b5 TCTSISELL 00: CTSZ/RT_SZ pin not used RIW
0 1: P7_3 assigned
1 0: P8_7 assigned
1 1: Do not set.

b6 — Reserved bits Setto 0. R/W

b7 —

The U2SR1 register selects which pin is assigned as the UART2 input/output. To use the I/O pins for UART2,

set thisregister.

Set the U2SR1 register before setting the UART 2 associated registers. Also, do not change the setting value of
this register during UART?2 operation.
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7.5.10 SSU/IIC Pin Select Register (SSUIICSR)
Address 018Ch
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | SSOSELO | SCSSELO |SSCKSELO| SSISELO | — | — — 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 bits Setto 0. R/W

b2 —

b3 —

b4 SSISELO |SSI pin select bit 0: P8_1 assigned R/W
1: P6_2 assigned

b5 SSCKSELO |SSCK/SCL pin select bit 0: P8_2 assigned R/W
1: P6_3 assigned

b6 SCSSELO [SCS pin select bit 0: P8_0 assigned R/W
1: P6_1 assigned

b7 SSOSELO |[SSO/SDA pin select bit 0: P8_3 assigned R/W
1: P6_4 assigned
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7.5.11

Address 018Eh

INT Interrupt Input Pin Select Register (INTSR)

Bit b7 b6 b5

b4

b3 b2

bl

b0

Symbol | INT7SELO| INT6SELO |INT5$ELO| INTASELO | INT3SELO| INT28ELO| INT1SELO [INTOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | |NTOSELO [INTO pin select bit 0: PO_3 assigned R/W
1: P3_0 assigned

bl |INTISELO [iNT1 pin select bit 0: P8_0 assigned R/W
1: P3_1 assigned

b2 | INT2SELO [iNT2 pin select bit 0: P8_7 assigned R/W
1: P3_2 assigned

b3  [INT3SELO ||NT3 pin select bit 0: P8_1 assigned R/W
1: P3_3 assigned

b4 | INT4SELO ||NT4 pin select bit 0: P1_4 assigned R/W
1: P3_4 assigned

b5 [INT5SELO ||NTS pin select bit 0: P1_5 assigned R/W
1: P3_5 assigned

b6 | INTESELO (INT6 pin select bit 0: P1_6 assigned R/IW
1: P3_6 assigned

b7 | INT7SELO [iNT7 pin select bit 0: PO_1 assigned R/W
1: P3_7 assigned

The INTSR register selectswhich pinisassigned asthe INTi (i =0to 7) input. To usethe INTI, set this register.
Set the INTSR register before setting the INTi associated registers. Also, do not change the setting valuesin this
register during INTi operation.
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7.5.12 1/0O Function Pin Select Register (PINSR)
Address 018Fh

Bit b7 b6 b5 b4 b3 b2 b1l 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 Set to 0. R/W
bl —
b2 —

b3 IOINSEL |I/O port input function select bit  |0: The 1/O port input function depends on the PDi (i= | RIW
0 to 9) 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 0: Transfer rate is the same as the value set with bits | R/W

bit (1) CKSO to CKS3 in the ICCR1 register

1: Transfer rate is twice the value set with bits CKS0
to CKS3 in the ICCRL1 register

b5 [IICTCHALF|I2C half transfer rate select bit (1) |0: Transfer rate is the same as the value set with bits | R/W
CKSO0 to CKS3 in the ICCRL1 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 b7 b6 R/W

0 O: 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.
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7.5.13 Port Pi Pull-Up Control Register (PiPUR) (i = 0to 9)

Address 01EOh (POPUR), 01E1h (P1PUR), 01E2h (P2PUR), 01E3h (P3PUR),
01E4h (P4PUR), 01E5h (PSPUR(), 01E6h (P6PUR), 01E7h (P7PUR®)
01ESh (PS8PUR), 01E9h (P9PUR@)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PUi7 | PUI6 | PUS | PUi4 | PU3 | PU2 | PUlL | PUIO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PUIO  [Port Pi_0 pull-up 0: Not pulled up R/W
bl PUi1 [Port Pi_1 pull-up 1: Pulled up (D R/W
b2 PUi2 |Port Pi_2 pull-up R/W
b3 PUI3  |Port Pi_3 pull-up R/W
b4 PUiI4  |Port Pi_4 pull-up R/W
b5 PUI5  |Port Pi_5 pull-up R/W
b6 PUI6  |Port Pi_6 pull-up R/W
b7 PUi7  |Port Pi_7 pull-up R/W

Notes:

1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to 0 (input mode) is pulled up.

2. Bits PU54 to PU57 in the P5PUR register are reserved bits. When writing to bits PU54 to PU57, set to 0. When
read, the content is 0.

3. PU77 bit in the P7PUR register is reserved bit. When writing to PU77 bit, set to 0. When read, the content is 0.

4. Bits PU92 and PU93 in the POPUR are reserved bits. When writing to bits PU92 and PU93, set to 0. When read,
the content is 0.
Bits PU94 to PU97 in the POPUR register are unavailable on this MCU. When writing to bits PU94 to PU97, set
to 0. When read, the content is 0.

For pins used as input, the setting values in the PiIPUR register are valid.
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7.5.14 Port P7 Drive Capacity Control Register (P7DRR)
Address 01FOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | P7DRR1 | P7DRRO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P7DRRO |P7_0 drive capacity 0: Low R/W
bl P7DRR1 [P7_1 drive capacity 1: High R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. Both high-level output and low-level output are set to high drive capacity.

The P7DRR register selects whether the drive capacity of the P7 output transistor is set to low or high.

The P7DRRI bit (i =0and 1) 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 P7TDRR register are valid.

7.5.15 Port P8 Drive Capacity Control Register (P8DRR)
Address 01F1h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PBDRR7 | PBDRR6 | PSBDRR5 | PB(DRR4 | PBDRR3 | PBDRR?2 | PBDRR1 | PBDRRO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P8DRRO |P8_0 drive capacity 0: Low R/W
bl P8DRR1 |P8_1 drive capacity 1: High @) R/W
b2 P8DRR2 |P8_2 drive capacity R/W
b3 P8DRR3 |P8_3 drive capacity R/W
b4 P8DRR4 |P8_4 drive capacity R/W
b5 P8DRR5 |P8_5 drive capacity R/W
b6 P8DRR6 |P8_6 drive capacity R/W
b7 P8DRR7 |P8_7 drive capacity R/W

Note:
1. Both high-level output and low-level output are set to high drive capacity.

The P8DRR register selects whether the drive capacity of the P8 output transistor is set to low or high. The
P8DRRI hit (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 PBDRR register are valid.
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7.5.16

Input Threshold Control Register 0 (VLTO)
Address 01F5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | VLTO7 | VLT06 | VLTO05 | VLTO4 | VLTO3 | VLTO2 | VLTO1 | VLTOO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLTOO |[POO0, P01, P02, P03, P04, P05, P06 "5*’8. 0.50 x VCC R/W
input level select bit - 0,00 x
bl VLTOl P 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b2 VLT02 |PO7, P10, P11, P12, P13, P14, P15, b8b02. 0.50 x VCC R/W
P16, P17 input level select bit T
b3 VLT03 P 01:0.35 xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b4 VLT04 |P20, P21, P22, P23, P24, P25, P26, bcs)bé- 0.50 x VCC R/W
P27, P36 input level select bit e
b5 VLTO05 p 01 0.35 x VCC R/W
10:0.70 x VCC
1 1: Do not set.
b6 VLT06 |P30, P31, P32, P33, P34, P35, P37 bg)bgl 0.50 x VCC R/W
7 VLTO7 |input level select bit - 0,00 x R
b 0 P 01:0.35xVCC w
10:0.70 x VCC
1 1: Do not set.

The VLTO register selects the voltage level of the input threshold values for ports PO to P3. Bits VLTOO to
VLTO7 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70
VCC).
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7.5.17

Input Threshold Control Register 1 (VLT1)
Address 01F6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | VLT17 | VLT16 | VLT15 | VLT14 | VLT13 | VLT12 | VLT11 | VLT10

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 VLT10 |P4 inputlevel select bit b(1)b8 0.50 x VCC R/W

:0.50 x

bl VLTl 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

b2 VLT12 |P5 input level select bit b8b02. 0.50 x VCC R/W

b3 VLT3 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

b4 VLT14 |P6 input level select bit bcs)bé- 0.50 x VCC R/W

bS VLTS 01:0.35x VCC RIW
10:0.70 x VCC
1 1: Do not set.

b6 VLT16 |P7 inputlevel select bit b6b8 0.50 x VCC R/W

. X
7 VLT17 e R

b 01:0.35xVCC w
10:0.70 x VCC
1 1: Do not set.

The VLT1 register selects the voltage level of the input threshold values for ports P4 to P7. Bits VLT10 to
VLT17 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70
VCC).
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7.5.18 Input Threshold Control Register 2 (VLT2)
Address 01F7h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | VLT23 | VLT22 | VLT21 | VLT20

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 VLT20 |P8 input level select bit b(1)b8 0.50 x VCC R/W

:0.50 x

bl viTal 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

b2 VLT22 |P9 input level select bit b8b02. 0.50 x VCC R/W

b3 VLT23 01:0.35 xVCC RIW
10:0.70 x VCC
1 1: Do not set.

b4 — Reserved bits Set to 0. R/W

b5 —

b6 —

b7 —

The VLT2 register selects the voltage level of the input threshold values for ports P8 and P9. Bits VLT20 to
VLT23 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70
VCC).
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7.6 Port Settings
Tables 7.5to 7.76 list the port settings.

Table 7.5 PO_0O/SEGO(/TRCIOA/TRCTRG)/AN11

Register PDO LSEO ADINSEL TRCPSRO TRC | TRC TRCIORO | TRCCR2
OER | MR
ADG | TRCIOA Function
CH I0A TCEG
Bit PDO_0 | LSE00 SEL | SEL | Ea |0V
2(1(0|1]|0]| 1 0 2110|110
0 o Ix|x[x|x|x[.OMer 1 x| x |x|x|x|x]|x|mputport®
than 01b nput por
P00 Other
1 0 XX X]|X]|X than 01b X X X | X[ X]| X | X [Output port
(SEGO) X 1 x| x|x|x]|x]| Oher |« X | x| x|x]| x| X |LcD drive control output
than 01b P
0|01 i
bin X 0 xIx!xIxIx| o 1 0 1 % | x Timer waveform output
0|1]X (output compare function)
(TRCIOA) 5T = 5
0 o [x|x|x|x|x[o| 1| x| 1 |1 x | x | 'mermode .
1]0 (input capture function)®)
0 | 1 |PWM2mode
(TRCTRG) 0 0 X|X|[X]|X[|X]| O 1 X 0 X | XX T T X | (TRCTRG input)
Other A/D converter input
AN11 0 0 oO(1(1|]0]|1 than O1b X X XX | X[ X | X (AN11)®)
X:0o0r1
Note:
1. Pulled up by setting the PUQO bit in the POPUR register to 1.
Table 7.6 PO_1/SEG1/INT7(/TRCCLK/TRCTRG)/ADTRG
. ADM TRC TRC
Register PDO LSEO oD TRCPSRO MR CR2 TRCCR1 | INTEN
ADC | TRCIOA Function
TCEG TCK
Bit PDO_1 |LSE01| AP SEL TF;ECL:IC;K PWM2 INT7EN
10| 1 0 1(0(2]|1]0
0 o |x|x]| Oter 0 X | x|x|[x|x[x| x |inputport®
than 10b nput por
PO_1 Other
1 0 X | X than 10b 0 X X| X[ X]|X]|X X Output port
Other .
SEG1 X 1 XX 0 X XX X]|X]|X X LCD drive control output
than 10b
— Other —
. i 1
Pin | INT7 0 0 X | X than 10b 0 X X|IX|X[X]X 1 INT7 input (1)
(TRCCLK) | 0 x| x|x| Oter 1 X |x|x|1]o|l1| X |TRCCLK input®
than 10b npu
0|1 PWM2 mode
(TRCTRG) 0 0 |X|x|1]o0 0 0 T X X x| X (TRCTRG input)
ADTRG 0 o |1]a| Other 0 X |x|x|x|x|x| x |ADTRG input®
than 10b inpu
X:0or1l
Note:
1. Pulled up by setting the PUO1 bit in the POPUR register to 1.
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Table 7.7 PO_2/SEG2(/TRCTRG)/KIO

Register PDO | LSEO TRCPSRO TRCMR | TRCCR2
. TRCIOASEL TCEG | KIOEN
Bit PDO_2 | LSE02 PWM2
1 | 0 1 0
PO 2 0 0 Other than 11b X X | X X Input port ()
- 1 0 Other than 11b X X X X Output port
SEG2 X 1 Other than 11b X X X X LCD drive control output
Pin
0 1
(TRCTRG) 0 0 1 1 0 X% X PWM2 mode TRCTRG input (1)
KIO 0 0 Other than 11b X X | X 1 |KIOinput @
X:0o0r1
Note:

1. Pulled up by setting the PUO2 bit in the POPUR register to 1.

Table 7.8 PO_3/SEG3/INTO/KI1

Register PDO LSEO INTSR INTEN KIEN Function
Bit PDO_3 | LSEO3 | INTOSELO | INTOEN | KI1EN
0 0 X X X (€}
PO 3 Input port
1 0 X X X Output port
Pin SEG3 X 1 X X X LCD drive control output
INTO 0 0 0 1 X INTO input (1)
KI1 0 0 X X 1 |KITinput @
X:0or1l
Note:
1. Pulled up by setting the PUO3 bit in the POPUR register to 1.
Table 7.9 PO_4/SEG4/KI2
Register PDO LSEO KIEN .
- Function
Bit PDO_4 | LSEO4 | KI2EN
0 0 X (€}
PO_4 Input port
) 1 0 X Output port
Pin SEG4 X 1 X LCD drive control output
KI2 0 0 1 K12 input (1)
X:0orl
Note:
1. Pulled up by setting the PUO4 bit in the POPUR register to 1.
Table 7.10 PO_5/SEG5/KI3
Register PDO LSEO KIEN ]
: Function
Bit PDO_5 | LSEO5 | KI3EN
0 0 X ()
P05 Input port
) 1 0 X Output port
Pin SEG5 X 1 X LCD drive control output
KI3 0 0 1 K13 input (O
X:0o0r1
Note:
1. Pulled up by setting the PUO5 bit in the POPUR register to 1.
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Table 7.11  PO_6/SEG6/K|4

Register PDO LSEO | KIEN1 .
- Function
Bit PDO_6 | LSEO6 | KI4EN1
0 0 X @
PO_6 Input port
) 1 0 X Output port

Pin SEG6 X 1 X LCD drive control output
Ki4 0 0 1 | K4 input @

X:0o0r1

Note:

1. Pulled up by setting the PUO6 bit in the POPUR register to 1.

Table 7.12  PO_7/SEG7/TRHO/KIS

Register PDO LSEO | KIEN1 | TRHCR )
: Function
Bit PDO_7 | LSEO7 | KISEN1 | TRHOE
0 0 X 0 @
PO 7 Input port
- 1 0 X 0 Output port
Pin SEG7 X 1 X 0 LCD drive control output
TRHO X 0 X 1 Timer waveform output
KI5 0 0 1 0 KI5 input (1)
X:0o0r1
Note:

1. Pulled up by setting the PUO7 bit in the POPUR register to 1.

Table 7.13 P1_0/SEGS8

Register PD1 LSE1 .
- Function
Bit PD1_0 | LSEO8
0 0 @
_ P10 Input port
Pin 1 0 Output port
SEG8 X 1 LCD drive control output
X:0orl

Note:

1. Pulled up by setting the PU10 bit in the P1LPUR register to 1.

Table 7.14  P1_1/SEG9

Register PD1 LSE1 )
) Function
Bit PD1_1 | LSEO9
0 0 @
. P11 Input port
Pin - 1 0 Output port
SEG9 X 1 LCD drive control output
X:0orl

Note:

1. Pulled up by setting the PU11 bit in the P1PUR register to 1.

Table 7.15  P1_2/SEG10/KI6

Register PD1 LSE1 | KIEN1 .
: Function
Bit PD1_2 | LSE10 | KIGEN1
0 0 X ()
p1 2 Input port
) - 1 0 X Output port

Pin SEG10 X 1 X LCD drive control output
KI6 0 0 1 KI16 input (1)

X:0or1l

Note:

1. Pulled up by setting the PU12 bit in the P1LPUR register to 1.
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Table 7.16  P1_3/SEG11/KI7

Register PD1 LSE1 KIEN1 .
- Function
Bit PD1_3 | LSE11 | KI7EN1
0 0 X (€}
P13 Input port
) 1 0 X Output port
Pin SEGI1 X 1 X | LCD drive control output
KI7 0 0 1 KI7 input (1)
X:0orl
Note:
1. Pulled up by setting the PU13 bit in the P1PUR register to 1.
Table 7.17 P1_4/SEG12/INT4
Register PD1 LSE1 INTSR INTEN1 ]
: Function
Bit PD1_4 | LSE14 | INT4SELO | INT4EN
0 0 X X @
P14 Input port
) - 1 0 X X Output port
Pin SEG12 X 1 X X LCD drive control output
INT4 0 0 0 1 INT4 input @)
X:0o0r1
Note:

1. Pulled up by setting the PU14 bit in the P1PUR register to 1.

Table 7.18 P1_5/SEG13/INT5

Register PD1 LSE1 INTSR INTEN1 Function
Bit PD1_5 | LSE15 | INTSSELO | INT5EN
0 0 X X (€}
P15 Input port
) 1 0 X X Output port
Pin SEG13 X 1 X X LCD drive control output
INT5 0 0 0 1 INT5 input (1)
X:0or1l
Note:

1. Pulled up by setting the PU15 bit in the P1PUR register to 1.

Table 7.19 P1_6/SEG14/INT6

Register PD1 LSE2 INTSR INTEN1 Function
Bit PD1_6 | LSE16 | INT6SELO | INT6EN
0 0 X X 1)
P16 Input port
) - 1 0 X X Output port
Pin SEG14 X 1 X X LCD drive control output
INT6 0 0 0 1 INT6 input (1)
X:0o0r1l
Note:

1. Pulled up by setting the PU16 bit in the P1LPUR register to 1.

Table 7.20  P1_7/SEG15

Register PD1 LSE2 INTSR INTEN1 Function
Bit PD1_7 | LSE17 | INT7SELO | INT7EN
0 0 X X (€]
P17 Input port
) - 1 0 X X Output port
Pin SEG15 X 1 X X LCD drive control output
INT7 0 0 0 1 INT7 input (1)
X:0orl
Note:

1. Pulled up by setting the PU17 bit in the P1PUR register to 1.
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Table 7.21  P2_0/SEG16
Register PD2 LSE2 .
- Function
Bit PD2_0 | LSE20
0 0 @
. P2 0 Input port
Pin 1 0 Output port
SEG16 X 1 LCD drive control output
X:0o0r1
Note:

1. Pulled up by setting the PU20 bit in the P2PUR register to 1.

Table 7.22 P2_1/SEG17
Register PD2 LSE2 .
- Function
Bit PD2_1 | LSE21
0 0 @
_ P2 1 Input port
Pin 1 0 Output port
SEG17 X 1 LCD drive control output

X:0orl

Note:

1. Pulled up by setting the PU21 bit in the P2PUR register to 1.

Table 7.23 P2_2/SEG18

Register PD2 LSE2 .
) Function
Bit PD2_2 | LSE22
0 0 @
. P2 2 Input port
Pin - 1 0 Output port
SEG18 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU22 bit in the P2PUR register to 1.

Table 7.24  P2_3/SEG19

Register PD2 LSE2 .
- Function
Bit PD2_3 | LSE23
0 0 (€]
. P2 3 Input port
Pin - 1 0 Output port
SEG19 X 1 LCD drive control output
X:0o0rl
Note:

1. Pulled up by setting the PU23 bit in the P2PUR register to 1.

Table 7.25  P2_4/SEG20

Register PD2 LSE2 .
- Function
Bit PD2_4 | LSE24
0 0 @
. P2 4 Input port
Pin 1 0 Output port
SEG20 X 1 LCD drive control output
X:0o0r1
Note:

1. Pulled up by setting the PU24 bit in the P2PUR register to 1.
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Table 7.26  P2_5/SEG21

Register PD2 LSE2 .
- Function
Bit PD2_5 | LSE25
0 0 @
. P25 Input port
Pin 1 0 Output port
SEG21 X 1 LCD drive control output
X:0o0r1

Note:
1. Pulled up by setting the PU25 bit in the P2PUR register to 1.

Table 7.27 P2_6/SEG22

Register PD2 LSE2 )
- Function
Bit PD2_6 | LSE26
0 0 @
_ P2 6 Input port
Pin 1 0 Output port
SEG22 X 1 LCD drive control output
X:0orl

Note:
1. Pulled up by setting the PU26 bit in the P2PUR register to 1.

Table 7.28 P2_7/SEG23

Register PD2 LSE2 )
) Function
Bit PD2_7 | LSE27
0 0 @
. P2 7 Input port
Pin - 1 0 Output port
SEG23 X 1 LCD drive control output
X:0orl

Note:
1. Pulled up by setting the PU27 bit in the P2PUR register to 1.

Table 7.29  P3_0/SEG24(/INTO)

Register PD3 LSE3 INTSR INTEN )
: Function
Bit PD3_0 | LSE24 | INTOSELO | INTOEN
0 0 X X | 1)
P30 nput port
) 1 0 X X Output port

Pin SEG24 X 1 X X LCD drive control output
(INTO) 0 0 1 1 INTO input (1)

X:0or1l

Note:

1. Pulled up by setting the PU30 bit in the P3PUR register to 1.

Table 7.30  P3_1/SEG25(/INT1)

Register PD3 LSE3 INTSR INTEN .
- Function
Bit PD3_1 | LSE25 | INT1SELO | INT1EN
0 0 X X (€]
P31 Input port
) 1 0 X X Output port
Pin SEG25 X 1 X X LCD drive control output
(INT2) 0 0 1 1 INTZ input 1)
X:0orl
Note:
1. Pulled up by setting the PU31 bit in the P3PUR register to 1.
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Table 7.31  P3_2/SEG26(/INT2)
Register PD3 LSE3 INTSR INTEN .
- Function
Bit PD3_2 | LSE26 | INT2SELO | INT2EN
0 0 X X (€]
P32 Input port
) 1 0 X X Output port
Pin SEG26 X 1 X X | LCD drive control output

(INT2) 0 0 1 1 INT2 input ()

X:0o0r1

Note:

1. Pulled up by setting the PU32 bit in the P3PUR register to 1.

Table 7.32 P3_3/SEG27(/INT3)
Register PD3 LSE3 INTSR INTEN .
: Function
Bit PD3_3 | LSE27 | INT3SELO | INT3EN
0 0 X X @
P3 3 Input port
) - 1 0 X X Output port
Pin SEG27 X 1 X X LCD drive control output
(INT3) 0 0 1 1 INT3 input @)
X:0orl
Note:

1. Pulled up by setting the PU33 bit in the P3PUR register to 1.

Table 7.33  P3_4/SEG28(/INT4)
Register PD3 LSE3 INTSR INTEN .
- Function
Bit PD3_4 | LSE28 | INT4SELO | INT4EN
0 0 X X (€}
P34 Input port
) 1 0 X X Output port
Pin SEG28 X 1 X X LCD drive control output

(INT4) 0 0 1 1 INT4 input (1)

X:0or1l

Note:

1. Pulled up by setting the PU34 bit in the P3PUR register to 1.

Table 7.34  P3_5/SEG29(/INT5)
Register PD3 LSE3 INTSR INTEN .
_ Function
Bit PD3_5 | LSE29 | INTSSELO | INT5EN
0 0 X X 1)
P35 Input port
) 1 0 X X Output port
Pin SEG29 X 1 X X LCD drive control output

(INT5) 0 0 1 1 INT5 input ()

X:0o0r1l

Note:

1. Pulled up by setting the PU35 bit in the P3PUR register to 1.

Table 7.35 P3_6/SEG30(/INT6)
Register PD3 LSE3 INTSR INTEN .
) Function
Bit PD3_6 | LSE30 | INT6SELO | INT6EN
0 0 X X (€]
P36 Input port
) - 1 0 X X Output port
Pin SEG30 X 1 X X LCD drive control output

(INT6) 0 0 1 1 INT6 input (1)

X:0orl

Note:

1. Pulled up by setting the PU36 bit in the P3PUR register to 1.
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Table 7.36  P3_7/SEG31(/INT7)

Register PD3 LSE3 INTSR INTEN Function
Bit PD3_7 | LSE31 | INT7SELO | INT7EN
0 0 X X (€]
P37 Input port
) 1 0 X X Output port
Pin SEG31 X 1 X X | LCD drive control output
(INT7) 0 0 1 1 INT7 input (@)
X:0o0r1
Note:

1. Pulled up by setting the PU37 bit in the P3PUR register to 1.

Table 7.37 P4_0/SEG32

Register PD4 LSE4 .
: Function
Bit PD4_0 | LSE32
0 0 ()
. P4 0 Input port
Pin - 1 0 Output port
SEG32 X 1 LCD drive control output
X:0orl

Note:
1. Pulled up by setting the PU40 bit in the PAPUR register to 1.

Table 7.38  P4_1/SEG33

Register PD4 LSE4 .
_ Function
Bit PD4_1 | LSE33
0 0 @
. P4 1 Input port
Pin - 1 0 Output port
SEG33 X 1 LCD drive control output
X:0o0r1l

Note:
1. Pulled up by setting the PU41 bit in the PAPUR register to 1.

Table 7.39  P4_2/SEG34

Register PD4 LSE4 )
. Function
Bit PD4_2 | LSE34
0 0 (€
. P4 2 Input port
Pin 1 0 Output port
SEG34 X 1 LCD drive control output
X:0o0r1

Note:
1. Pulled up by setting the PU42 bit in the PAPUR register to 1.

Table 7.40  P4_3/SEG35

Register PD4 LSE4 )
- Function
Bit PD4_3 | LSE35
0 0 @
_ P4 3 Input port
Pin 1 0 Output port
SEG35 X 1 LCD drive control output
X:0orl

Note:
1. Pulled up by setting the PU43 bit in the P4APUR register to 1.
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Table 7.41 P4 _4/SEG36
Register PD4 LSE4 )
- Function
Bit PD4_4 | LSE36
0 0 @
. P4 4 Input port
Pin 1 0 Output port

SEG36 X 1 LCD drive control output
X:0o0r1
Note:

1. Pulled up by setting the PU44 bit in the PAPUR register to 1.

Table 7.42 P4 5/SEG37
Register PD4 LSE4 )
- Function
Bit PD4_5 | LSE37
0 0 (1)
_ pa 5 Input port

Pin - 1 0 Output port

SEG37 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU45 bit in the P4PUR register to 1.

Table 7.43 P4_6/SEG38
Register PD4 LSE4 )
) Function
Bit PD4_6 | LSE38
0 0 @
. Pa 6 Input port

Pin - 1 0 Output port

SEG38 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU46 bit in the P4APUR register to 1.

Table 7.44 P4 _7/SEG39/COMEXP
Register PD4 LSE LCR4 )
: Function
Bit PD4_7 | LSE39 | LCTZS | COMEXP
0 0 X X @
pa 7 Input port
- 1 0 X X Output port
Pin SEG39 X 1 0 0 LCD drive control output
COMEXP X 1 1 1 LCD drive control putput
(memory-type liquid crystal panel)

X:0o0r1
Note:

1. Pulled up by setting the PU47 bit in the P4APUR register to 1.

Table 7.45 P5_0/COM3
Register PD5 LSE5 .
: Function
Bit PD5_0 | LCOMO
0 0 ()
. P50 Input port
Pin - 1 0 Output port

COM3 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU50 bit in the PSPUR register to 1.
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Table 7.46  P5_1/COM2

Register PD5 LSE5 .
_ Function
Bit PD5_1 | LCOM1
0 0 @
. P51 Input port

Pin 1 0 Output port

COM2 X 1 LCD drive control output
X:0or1l
Note:

1. Pulled up by setting the PU51 bit in the PSPUR register to 1.

Table 7.47 P5_2/COM1

Register PD5 LSE5 .
- Function
Bit PD5_2 | LCOM2
0 0 @
_ P52 Input port

Pin 1 0 Output port

CoM1 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU52 bit in the P5PUR register to 1.

Table 7.48 P5_3/COMO

Register PD5 LSE5 .
) Function
Bit PD5_3 | LCOM3
0 0 @
. P53 Input port

Pin - 1 0 Output port

COMO X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU53 bit in the P5PUR register to 1.

Table 7.49 P5_4/VL1

Register PD5 LSE5 .
- Function
Bit PD5 4 | LVLP1
0 0 In
. P5 4 put port
Pin - 1 0 Output port
VL1 X 1 VL1 voltage input
X:0o0rl
Table 7.50 P5_5/VL2
Register PD5 LSE5 .
- Function
Bit PD5_5 | LVLP2
0 0 Input port
) P55 Putp
Pin 1 0 Output port
VL2 X 1 VL2 voltage input
X:0o0rl
Table 7.51 P5 6/VL3
Register PD5 LSE5 .
- Function
Bit PD5_6 | LVLP3
0 0 Input port
) P5_6 Putp
Pin 1 0 Output port
VL3 X 1 VL3 voltage input
X:0o0rl
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Table 7.52 P6_O(/TRJ2I0)/AN3
Register PD6 ADINSEL TRBSR TRJ2IOC | TRI2ZMR
. CH ADGSEL | TRJ2IOSEL TMOD Function
Bit PD6_0 TOPCR
211]0] 1 0 1 | 0 211]0
X|x|[x| x| x Othg;éha” 1 X Input port (1)
P60 Other th
x| x| x| x| x er than 1 X | X | X | output port
01b
Pin AN3 0 ol1|1|0 ]| 0 Othg:rltt)han 1 X | X | X | A/D converter input (AN3)(1)
0 0| 0| 1 |Pulse output mode
0 0| 1| O |Eventcounter mode
(TRJ210) X X| X[ X| X X 0 1 -
0 0| 1| 1 |Pulse width measurement mode
0 1|0 | O |Pulse period measurement mode
X:0or1l
Note:
1. Pulled up by setting the PUG0 bit in the PEPUR register to 1.
Table 7.53 P6_1(/TRJ1IO/SCS)/AN4
Register PD6 ADINSEL TRJISR TRJ1IOC | TRIJIMR | SSUIICSR | SSMR2
. CH ADGSEL | TRJ1IOSEL TMOD CSS Function
Bit PD6_1 TOPCR SCSSELO
—l2J1]Jo[1To0 1 ] o 210 1[0
0 |x|x|x|x]|x Othg;éha” 1 X | x| x X 0 | 0 |Input port ®
Pe_1 Other th
1 Ix|x|x| x| x g;b an 1 X | x| x X 0 | 0 |output port
Other than A/D converter input
AN4 0 1/0(0f| O 0 01b 1 X | X|X X 0|0 (ANa) (@)
0 0|01 Pulse output mode
Pin 0 01 Event counter mode
TRILO)| X |x|x|x| x| x| o 1 0 ol1l1 X o | o |Pulsewidth
measurement mode
0 1100 Pulse period
measurement mode
0 1 1 0 SCS input (1)
(SCS) —
0 X | X X X 1 X | X|X 1 1 | X |SCS output (2)
X:0o0r1l
Notes:

1. Pulled up by setting the PU61 bit in the P6PUR register to 1.

2. N-channel open-drain output by setting the CSOS bit in the SSMR2 register to 1.
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Table 7.54  P6_2(/TRJOIO/SSI)/AN5
Register PD6 ADINSEL TRJSR | TRJOIOC | TRJIOMR | SSUIICSR
ADG | TRJOIO SSU Associated .
. CH TMOD SS| 1nc . Function
EL EL R
Bit PD6_2 S S TOPCR serol seL egister
211|0|1(0]| 1 0 2110
Other
1
0 X[ X| X| X|X than 01b 1 X[ X| X 0 X Input port (1)
P6_2 Other
1 XX | X| X]| X than O1b 1 X|X|X| O X o Output port
ynchronous -
ANS 0 1lol1lolo hOthgib 1 xIxIx!| o X serial AID co(rl;/ertermput
than communication (ANS)
0 0 1 unit (refer to Pulse output mode
Pin 0 o(1|0 Table 24.4 Event counter mode
Association  [pylse width
TRJOIO X X[ X|X|X|X| O 1 0 X
( ) 0 0111 between measurement mode
Communication -
o |[1]0]o0 Modes and /0 | " |IS€ period
) measurement mode
Pins).
o |x|x|x|x|x]|, Other 1 x|x[x| 1] o SSl input @
than 01b Inpu
(SSh Other
2
X X[ X| X| X|X than 01b 1 X[ X| X 1 0 SSl output ()
X:0orl
Notes:

1. Pulled up by setting the PU62 bit in the PEPUR register to 1.
2. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting
the BIDE bit to O (standard mode).

Table 7.55 P6_3(/SSCK/SCL)/ANG6
Register PD6 ADINSEL SSUIICSR ICCR1 | SSMR2 ]
) CH [ ADGSEL SSU Associated Function
Bit PD6_3 SSCKSELO | IICSEL | ICE SCKS Register
21|01 0
0 X
0 X[X[X| X | X X 0 Input port (1)
PG 3 1 0 Synchronous serial
- 0 X communication unit
1 X| X[ X| X X X i o 0 (refer to Table 24.4 Output port
. Association
0 X
PN | Ane o [1]1]0]0 |0 X 0 between  |#/> SNENE!
1 0 Communication |"MPY ( )
(ScCL) 0 X|X|X| X | X 1 1 Modes and I/O | SCL input/output
0 X[ X|[X| X X 0 X Pins). SSCK input (1)
(SSCK)
0 X|X|X| X | X 0 X SSCK output ()
X:0o0rl
Notes:

1. Pulled up by setting the PU63 bit in the P6PUR register to 1.
2. N-channel open-drain output by setting the SCKDS bit in the SSMR2 register to 1. At this time, set the PD6_3 bit in the PD6
register to 0.
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Table 7.56 P6_4(/SSO/SDA)/AN7
Register PD6 ADINSEL SSUIICSR ICCR1 ]
) cH ADGSEL SSU Associated Function
Bit PD6_4 SSOSELO | IICSEL | ICE Register
2 1 0 1 0
1 0
0 X | X | X | X | X 0 Input port (1)
PG 4 0 X Synchronous serial
- 1 0 communication unit
1 X X X X X 0 0 X (refer to Table 24.4 Output port
. Association -
1 0
Pin AN7 o |[1]l1]1]o0]o0 0 between Aﬁ\l;"%e”e' nput
0 X Communication ( )
(SDA) 0 X | X | X ]| X | X 1 1 Modes and I/O SDA input/output
0 X | X | X | X | X 1 0 X Pins). SSO input @)
(SSO)
0 X | X | X | X | X 1 0 X SSO output (2)
X:0o0rl
Notes:

1. Pulled up by setting the PU64 bit in the P6PUR register to 1.
2. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting
the BIDE bit to 0 (standard mode).
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Table 757  P6_5(/TRCIOD/TRCIOB)/IVREF1(/TRB10)/AN8
. TRC TRC TRC TRC TRC INT | TRB TRB TRB
Register |PD6| ADINSEL | popg |psri| oEr | "RCMR| om0 | 10RL |cMmP|1ioc| SR | 1MR
TRC i
ADG TRC TRB1 | T™ Function
. CH 0B PWM 10B 10C
Bit GPD SEL | gg. | lOD | EB|EC INTL| TOC | oseL | oD
5 SELO CPO NT
2J1]of1Jof1]o 2[B]C 1 1 1]of1]o
Other Other
0 [X|[X|X|X|X]| than 0 X | X | X]|X[X X X X X than [ 0| O | Input port @)
11b 01b
P6_5
1 Other X | Other |00
X|X|X|X|X]| than 0 X X [ X|X]|X X X X than Output port
X 11b ] ow [X[X
Other Other ?(I)gve rter
AN8 0 0|{0(0|0]|1] than 0 X X | X|X[X X X X X than (0|0 input (AN8)
11b 01b 1
1
Other PWM2 mode
X [ X|X[|X]|X[X[1]1 0 0 X [0|X]|X X X X X than | 0 | O | waveform
01b output
Other PWM mode
X [ X|X[|X|X[X[1]1 0 0 X [11]1]|X X X X X than | 0 | O | waveform
01b output
(TRCIOB) 0 Timer
Other waveform
X | X|X[X|[X]|X]|1]|1 0 0| X |1]|0|X X X X than | O | O | output (output
1 01b compare
function)
0 Other Timer mode
0 |[X|X|x|x[x]1]|1] o X | X [1]0]X X X X | than |0 |0 |(input capture
1 01b function) (1)
Other PWM mode
X [ X[ X|X]|X][X X 1 X 0 [1]|X]|1 X X X X than | 0 | O | waveform
. 01b output
Pin
Other )
0 X X than Timer
01b waveform
(TRCIOD) | X |[X|X|X|X[X X 1 X |0 |1[X]|O X 0 | 0 | output (output
Other compare
1 X X | than function)
01b
Other Timer mode
0 | X[X[X]|X]|X X 1 X | X |1|X|0 X X X X than | 0 | O | (input capture
01b function) (1)
Other Other Comparator
B1 reference
IVREF1 0 X[ X|[X]|X]|X]| than 0 X X | X|X[X X X 1 X than |0 |0 voltage input
11b 01b (VREF1)
Programmable
Other waveform
X | X|X|[X|X]|X]| than X X | X | X|X[X X X X 0 0| 1 |0|1)]generation
11b mode (pulse
output)
Programmable
Other one-shot
(TRB10) | X |X|X|X|[X|X| than X X | X [X[X]|X X X X 0 [0]1|1]0]waveform
11b generation
mode
Programmable
Other wait one-shot
X | X|X|[X|X]|X]| than X X X [ X|X]|X X X X 0 01 |1]1]|waveform
11b generation
mode

X:0o0rl
Note:

1. Pulled up by setting the PU65 bit in the P6PUR register to 1.
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Table 758  P6_6(/TRCIOC/TRCIOB)/IVREF3(/TRBOO)/AN9
. TRC TRC TRC TRC TRC INT | TRB TRB TRB
Register |PD6|  ADINSEL | popg |psri| oEr | T"RMR| om0 | 10RL |cMmP|ooc| SR | oMR
TRC i
ADG TRC TRBO | T™ Function
. PD CH SEL 10B PWM 10B 10C INTL1 | TOC | oseL | oD
Bit 6.6 SEL I%(_ZOS EB | EC cpo | NT
1 1fofl1]o 2[B]C 1 1 1]of1]o
Other Other
0 X X|X| than 0 X | X | X]|X[X X X X X than [ 0| O | Input port @)
10b 10b
P6_6
1 Other X | Other |00
X X | X| than 0 X | X | X[|X]|X X X X than Output port
X 100 ] o0 [X[X
Other Other
ANY 0 of1fof1|than | 0 | X | X [x|X[x]|x|x X X | X | than |00 I/;”Duf?:,‘\’l‘;tf{)
100 10b P
Other PWM2 mode
X X X|X|1]|0 0 0 X 10| X[X X X X X than | 0| O | waveform
10b output
Other PWM mode
X X X[{X|1]0 0 0 X [1]1]|X X X X X than | O [ O | waveform
10b output
(TRCIOB) 0 Timer
Other waveform
X X X|[x|1]0]| o 0| X |1|0]|X X X X | than | 0| 0 | output (output
1 10b compare
function)
0 Other Timer mode
0 X X[X|1]0 0 X | X |1]0(X X X X than | O | O | (input capture
1 10b function) (1)
Other PWM mode
X X X[ X X 1 X 0 |1|X|1 X X X X than | O [ O | waveform
Pin 10b output
0 Timer
Other waveform
(TRCIOC) X X X | X X 1 X 0 [1]|X]|O0 X X X than | 0| O | output (output
1 10b compare
function)
Other Timer mode
0 X X | X X 1 X X |1[X|0 X X X X than | 0| O | (input capture
10b function) (1)
Other Other Comparator
IVREF3 0 X X | X | than 0 X | X IxX|x|x X X 1 X than |olo B1 reference
voltage input
10b 10b (VREF3)
Programmable
Other waveform
X X X | X| than X X | X | X|X[X X X X 0 1|0 |0]1]generation
10b mode (pulse
output)
Programmable
Other one-shot
(TRB0OO) X X X | X| than X X X | X|X[X X X X 0 1|0 ]|1]0 |waveform
10b generation
mode
Programmable
Other wait one-shot
X X X | X | than X X X | X|X[X X X X 0 1]0]|1]|1|waveform
10b generation
mode
X:0o0r1
Note:

1. Pulled up by setting the PU66 bit in the P6PUR register to 1.
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Table 7.59  P6_7(/TRCIOB)/AN10
Register PD6 ADINSEL TRCPSRO TRCOER | TRCMR | TRCIORO
. CH ADGSEL | TRCIOBSEL PWM I0B Function
Bit PD6_7 EB
21|01 0 1 | 0 2(B|(D|2|1]|0
Other than
X[ X[X]| X | X 10b X X | X | X[ X|X]|X|Input port (1)
Pe_7 Other th
x| x| x| x| x f(r)ba” X X | x| x| x|x|x |output port
AN10 ol1lol o 1 Other than X x 1 x x| x| x!x A/D converter input (AN10)
10b @
Pin xIxIxl x| x 0 1 0 olx!x!xlxlx PWM2 mode waveform
output
1 x|Ix!| x X 0 1 0 111 x ! x| x!x PWM mode waveform
output
(TRCIOB) R AEEET
x1x!x!| x| x 0 1 0 110 x Timer waveform outpqt
0 | 1 | X | (output compare function)
0| X |Ti i
xIx x| x X 0 1 X 11olx!1 Tlmermode(lnputcapture
1 | 0 | function)
X:0o0r1
Note:
1. Pulled up by setting the PU67 bit in the P6PUR register to 1.
Table 7.60 P7_0(/CLK2)/ITRJ20/WKUP1
Register PD7 U2SR1 U2MR
) CLK2SEL SMD Function
Bit PD7_0 CKDIR
- 1 | 0 2 1 0
b7 0 0 Other than 01b X X X X Input port (1)
- 1 Other than 01b X X X X Output port ()
0 0 1 X X X 1 CLK2 input (1)
Pin (CLK2)
0 0 1 0 0 1 0 CLK2 output (2. 3)
TRJ20 X Other than 01b X X X X Pulse output mode (2)
WKUP1 0 Other than 01b X X X X WKUP1 input (1)
X:0orl
Notes:

1. Pulled up by setting the PU70 bit in the P7PUR register to 1.
2. Output drive capacity high by setting the P7DRRO bit in the P7DRR register to 1.

3. N-channel open-drain output by setting the NODC bit in the U2SMR3 register to 1.

Table 7.61 P7_1(/TXD2/SDA2/RXD2/SCL2)/TRJ10
Register PD7 U2SRO U2MR U2SMR
. TXD2SEL RXD2SEL SMD Function
Bit PD7_1 IICM
1 ] o 1 [ o 2 1 0
b7 1 0 Other than 01b | Other than 10b X X X X Input port (1)
- Other than 01b | Other than 10b X X X X Output port (2)
0 0 1
(TXD2) X 0 1 Other than 10b | 1 0 | X 0 | TXD2 output @ 3
Pin 1 1 0
(RXD2) 0 Other than 01b 1 | 0 X X X 0 RXD2 input ()
(SDA2) 0 0 1 Other than 10b 0 1 0 1 SDAZ2 input/output 2. 3)
(SCL2) 0 Other than 01b 1 [ o 0 1 0 1 | SCL2 inputioutput @ 3)
TRJ10 X Other than 01b | Other than 10b X X X X Pulse output mode (2
X:0orl
Notes:

1. Pulled up by setting the PU71 bit in the P7PUR register to 1.
2. Output drive capacity high by setting the P7DRR1 bit in the P7DRR register to 1.
3. N-channel open-drain output by setting the NCH bit in the U2CO register to 1. At this time, set the PD7_1 bit in the PD7

register to 0.
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Table 7.62  P7_2(/TXD2/SDA2/RXD2/SCL2)/TRI00

Register PD7 U2SR0 U2MR U2SMR
. TXD2SEL RXD2SEL SMD Function
Bit PD7_2 IICM
1 | 0 1 | 0 2 1 0
Other than Other than
1
I 0 10b o1b X X X X Input port (1)
- Other than Other than
1 10b 01b X X X X Output port
her th 0 0 1
(TXD2) X 1 o | © g;é an 0 | X 0 | TXD2 output @
1 1 0
Pin
(RXD2) 0 Othir)éha” 1 o | x | x | x 0 |RXD2input @
(SDA2) 0 1| o Othg;éha” 0 1| o 1 | SDA2 inputioutput @
(SCL2) 0 Othlegtt)ha” 0 1 0 1 0 1 |scL2 inputioutput ()
Other than Other than
TRJOO X 10b 01b X X X X Pulse output mode
X:0o0r1
Notes:

1. Pulled up by setting the PU72 bit in the P7PUR register to 1.

2. N-channel open-drain output by setting the NCH bit in the U2CO register to 1. At this time, set the PD7_2 bit in the PD7

register to 0.

Table 7.63  P7_3(/CTS2/RTS2)

Register PD7 u2co U2SR1 U2MR
. CTS2SEL SMD Function
Bit PD7_3 | CRS | CRD
- 1 0 2 1 0
0 X X Other than X X X Input port
01b
P13 Other than
Pin 1 X X 01b X X X Output port
(CTS2) 0 0 0 0 1 Other than 000b CTS2 input @)
(RTS2) 0 1 0 0 1 Other than 000b RTS2 output
X:0o0r1

Note:
1. Pulled up by setting the PU73 bit in the P7PUR register to 1.

Table 7.64  P7_4/ANO

Register PD7 ADINSEL ADGSEL
) CH Function
Bit PD7_4 1 0
2 1 0
X X X X X (€}
_ P7 4 Input port
Pin - X X X Output port
ANO 0 0 0 0 0 | A/D converter input (ANO) (1)
X:0o0r1
Note:
1. Pulled up by setting the PU74 bit in the P7PUR register to 1.
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Table 7.65 P7 5/TRB10O/AN1
Register PD7 ADINSEL TRB1I0OC TRBSR TRB1IMR
. CH ADGSEL TRB1OSEL TMOD Function
Bit PD7_5 TOCNT
2 1 0 1 0 1 0 1 0
0o [ x| x| x|x]|x X Othg{)éha” 0 0 |Input port @
P7_5
- 1 X Other than
< X X X X X i 00b 0 0 Output port
her th
AN1 o |olo|l1lolo X ot ggé an | g 0 | A/ID converter input (AN1) @
Pin
X X X | x X X 0 0 0 0 1 Programmable waveform
generation mode (pulse output)
TRB10O X | x| x| x| x]|x 0 o] o 1 o |Programmable one-shot
waveform generation mode
X X x | x X X 0 0 0 1 1 Programmable wa_lt one-shot
waveform generation mode
X:0orl
Note:
1. Pulled up by setting the PU75 bit in the P7PUR register to 1.
Table 7.66 P7_6(/TRBOO)/AN2
Register PD7 ADINSEL VCA2 | TRB1IOC TRBSR TRB1IMR
. CH ADGSEL TRBOOSEL | TMOD Function
Bit PD7_6 VCA24 | TOCNT
—]12(1]0]| 1 0 1 0 1 0
0o |x|x|x|x|x]| x X Othg;éha” 0 | 0 |Inputport®
P76 1 X Other than
X X| X[ X| X X X 1 01b 0 0 | Output port
Other th .
AN2 0 o|{1|/0| 0] O X X g;b a1 0 | o |A/D converter input (AN2) (1)
Pin
X x| x| x X X 0 0 1 0 1 Programmable waveform
generation mode (pulse output)
(TRBOO) | X [X|x|x| x| x| x 0 o | 1 | 1| o |Programmable one-shot
waveform generation mode
X 1 x|x!| x X X 0 0 1 1 1 Programmable Wa_lt one-shot
waveform generation mode
X:0o0r1
Note:
1. Pulled up by setting the PU76 bit in the P7PUR register to 1.
Table 7.67 P8 0/SCS/IVCMP1/INT1
Register PD8 INTSR INTEN INTCMP | SSUIICSR SSMR2
) CSs Function
Bit PD8_0 | INT1SELO | INT1EN INT1CPO | SCSSELO i )
P8 0 0 X X X X 0 0 | Input port (1)
- 1 X X X X 0 0 | Output port ()
) _ 0 X X X 0 0 1 SCS input (1)
Pin | SCS p—
0 X X X 0 1 X | SCS output (1,2,3)
INT1 0 0 1 0 X 0 0 INTZ1 input (1)
IVCMP1 0 X X 1 X 0 0 Comparator B1 input (IVCMP1)
X:0orl
Notes:

1. Pulled up by setting the PUBO bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRRO bit in the P8DRR register to 1.
3. N-channel open-drain output by setting the CSOS bit in the SSMR2 register to 1.
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Table 7.68  P8_1/SSI/IVCMP3/INT3

Register PD8 INTSR INTEN | INTCMP SSUIICSR SSU Associated Function
Bit PD8_1 | INT3SELO | INT3EN |INT3CPO | SSISELO | IICSEL Register
P8_1 0 X X X X X Synchronous serial | NPut port @
1 X X X X X communication unit | Output port (2)
0 X X X 0 0 (refer to Table 24.4 SSlinput @
Pin SSI Association @23
X X X X 0 0 between SSI output (1. 2,
INT3 0 0 1 0 X X Communication | |NT3 input @)
Modes and I/0 -
) Comparator B1 input
IVCMP3 | 0 X X 1 X X Pins). (IVCMP3)
X:0o0r1
Notes:

1. Pulled up by setting the PU8L1 bit in the PBPUR register to 1.

2. Output drive capacity high by setting the P8DRR1 bit in the P8DRR register to 1.

3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting
the BIDE bit to 0 (standard mode).

Table 7.69  P8_2/SSCK/SCL(/TRJ1IO)

Register PD8 TRJISR TRJ1I0C | TRJIMR SSUIICSR ICCR1 | SSMR2 ted
) TRILIOSEL TMOD | SSCK SSUAssociated | - p 1 ion
Bit PD8 2 TOPCR IICSEL | ICE SCKS Register
1 | 0 2[1]0| SELO
Other than 0 X
1
0 10b 1 X|X[X| X I 5 0 Input port (1)
P8 2 5 < 5
1 Other than 1 x| x| x X 0 utput
10b 1 0 port (2)
Other than SCL input/
SCL 0 10b 1 X[ X|X 0 1 1 0 output (1. 2
o | Otherthan 0 o N ) SV”Chrf’TO“S SSCK
10b senal input ()
SSCK 1 XXX communication
0 Other than 0 0 X 1 unit (refer to 8182(:K output
oir 10b Table 24.4 |*23
0 X Association | Pulse output
X 1 0 0 0|01 X 1 o 0 between mode (L.2)
0 X Communication Event
X 1] o0 o |of1]|o| x o | ModesandliO | g nter
1 0 Pins). mode
(TRJ1LIO) 0 X Pulse width
X 1 0 0 o(1]|1 X 1 0 0 measuremen
t mode
0 X Pulse period
X 1 0 0 1(0(0 X 1 0 0 measuremen
t mode
X:0orl

Notes:
1. Pulled up by setting the PU82 bit in the PBPUR register to 1.
2. Output drive capacity high by setting the PBDRR2 bit in the P8DRR register to 1.
3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1. At this time, set the PD8_2 bit in the PD8
register to 0.
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Table 7.70 P8_3/SSO/SDA(/TRJOIO)
Register PD8 TRJISR TRJOIOC | TRIOMR SSUIICSR ICCR1 ss ated
_ TRIOIOSEL TMOD | SSO U Associate Function
Bit PD8 3 TOPCR IICSEL | ICE Register
1 | 0 2[1]0] SELO
Other than 1 0
1
0 10b 1 X|X|X 1 5 X Input port (1)
Pa_3 Other th 1 0
er than
2
1 10b 1 X|X|X 1 5 X Output port (2)
SDA 0 Othi;éha” 1 X|x|x| o 1 1 SDA input/output (. 2
erth Synchronous serial
0 Ot e(r)tt) an 0 0 X communication unit | SSO input (1)
SSO L 1 X | x| x (refer to Table 24.4
bin 0 Other than 0 0 X Association SSO output (1.2,3)
10b between
0 X Communication |Pulse output
X 110 0 |0j0j1) 1 1 o Modes and 10 | mode (1. 2
0 X Pins).
X 1 0 0 o|1(0 1 1 o Event counter mode
TRJOIO 5 % .
X 1 0 0 ol1l1 1 Pulse width
1 0 measurement mode
0 X i
X 1 0 0 1lolo 1 Pulse period
1 0 measurement mode
X:0or1l
Notes:

1. Pulled up by setting the PU83 bit in the PBPUR register to 1.

2. Output drive capacity high by setting the P8DRR3 bit in the P8BDRR register to 1.

3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting
the BIDE bit to 0 (standard mode).

Table 7.71 P8 4(/CLKO/CLK?2)
Register PD8 UOSR UOMR U2SR1 U2MR
. CLKOSEL SMD CLK2SEL SMD Function
Bit PD8 4 CKDIR CKDIR
- 1 [o]2]1]0 1 0 [2]170
Other than Other than
1
o6 4 0 o1b XXX X 10b XXX X Input port (1)
- Other than Other than
2
1 ot | XX x| X o[ X|X| x| X |outputport @
her th
0 0 1 | X|X|X 1 ot f{):) Al x| x | x X | CLKO (external clock input) (1)
Pin | CLKO Other than
X 0 1 ]|0]|0 0 10b X | X|X X | CLKO (internal clock output) ()
0 Othg;g‘a” X|x|Ix| x | 1] o0 [x|x|x| 1 |cLk2external clockinput)®
CLKk2 Other than
X glba X | X| X X 1 0 |0|0]1 0 | CLK2 (internal clock output) (2. 3)
X:0orl
Notes:

1. Pulled up by setting the PU84 bit in the P8PUR register to 1.

2. Output drive capacity high by setting the P8DRR4 bit in the P8DRR register to 1.

3. N-channel open-drain output by setting the NODC bit in the U2SMR3 register to 1. At this time, set the PD8_4 bit in the PD8
register to 0.
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Table 7.72  P8_5(/TXDO/TXD2/SDA2)
Register PD8 | UOSR UOMR U2SR0 UZMR  [U2SMR
. TXDOSEL SMD TXD2SEL SMD Function
Bit PD8 5 licM
10|21 10 |2][1]0
Otherthan Other than
1
oo 0 01b X | X 11b X | X | X X Input port (1)
- Otherthan Other than
2
1 olb X | X 11b X | X | X X Output port )
00 .
(TXDO) X | ol 1[T]o Otherthan | o | x | x | X |TxDO0 output @
Pin 11b
11
- oo 1
(TXD2) x |© gﬁ) anl x| x 1| 1 [1T[0o[X]| 0 |TXD2output@9d
T 10
(SDA2) 0 Othg;g‘a” X | x 1| 1]o]l1|lo| 1 |sSpA2inputioutput(@ 3
X:0or1l
Notes:

1. Pulled up by setting the PUB85 bit in the PBPUR register to 1.

2. Output drive capacity high by setting the P8DRR5 bit in the P8BDRR register to 1.

3. N-channel open-drain output by setting the NCH bit in the U2CO register to 1. At this time, set the PD8_5 bit in the PD8

register to 0.

Table 7.73 P8 _6(/RXDO/RXD2/SCL?2)
Register PD8 UOSR U2SRO U2MR U2SMR
) RXDOSEL RXD2SEL SMD Function
Bit PD8_6 IICM
- 1 ] o 1 0 2 1o
b8 6 0 Other than 01b | Otherthan11b | X | X | X X Input port (1)
- 1 Other than 01b | Otherthan11b | X | X | X X Output port ()

Pin (RXDO) 0 0 | 1 Otherthan11lb | X | X | X X RXDO input (2)

(RXD2) 0 Other than 01b 1 1 X X X 1 RXD2 input (2)

(SCL2) 0 Other than 01b 1 1 0 1 0 1 SCL2 input/output 3)
X:0orl
Notes:

1. Pulled up by setting the PU86 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRR6 bit in the PBDRR register to 1.
3. N-channel open-drain output by setting the NCH bit in the U2CO register to 1. At this time, set the PD8_6 bit in the PD8

register to 0.
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Table 7.74  P8_7/TRBOO/INT2(/CTS2/RTS2)
Register PD8 Tlgio TRBSR TRBOMR | INTSR | INTEN u2Co U2SR1 U2MR
o o 7| TOC | TRBOOSEL | TMOD | INT2 | INT2 | T | CTSSEL | SMD Function
- NT 1 0 1 0 | SELO| EN 1 02|10
Other than Other
1
0 X 00b 0|0 X X X X than 10b X | X | X | Input port (1)
P8_T 1 X Other than Other
2
< T 00b 0| O X X X X than 10b X | X Output port 2
Programmable
Other waveform
X 0 0 0 0 1 X X X X than 10b XX generation mode
(pulse output) ()
Programmable
Other one-shot
TRBOO X 0 0 0 1 0 X X X X than 10b X | X Wavefor_m
. generation mode
Pin
2
Programmable
oth wait one-shot
X 0 o | o |1]1] x X | X | X | o fgb X | X | X |waveform
generation mode
(2
—_— Other than Other _—
i 1
INT2 0 X 00b 0| O 0 1 X X than 10b X | X INT2 input (1)
— Other than Other |—=—=
i 1
(CTS2) 0 X 00b 0 0 X X 0 0 1 0 than 000b CTS2 input (1)
— Other than Other |——
2
(RTS2) 0 X 00b 0| o0 X X 1[0 [ 10 |4 000pRTS2o0utput®
X:0o0r1l
Notes:

1. Pulled up by setting the PU87 bit in the PBPUR register to 1.
2. Output drive capacity high by setting the P8DRR?7 bit in the P8DRR register to 1.

Table 7.75 P9 0/XIN
Register PD9 CMO CM1 Circuit Specifications
Functi illati
Bit PD9 0| CMO5 | cM07 | cM10 | em11 | cMm13 unction Oscillation | Feedback
buffer resistor
Po 0 0 1 X 0 1 0 Input port (1) OFF OFF
- 1 1 X 0 1 0 Output port OFF OFF
0 0 0 0 1 0 XIN clock input (1) ON ON
0 0 0 1 1 0 | XIN clock input stop (STOP mode)(1) ON ON
XIN-XOUT oscillation
0 0 0 0 0 L (on-chip feedback resistor enabled) ON ON
Pin 0 0 0 0 1 1 XIN-XQUT oscnlatlon‘ _ ON OFF
XIN (on-chip feedback resistor disabled)
XIN-XOUT oscillation stop
0 ! 0 0 0 L (on-chip feedback resistor enabled) OFF ON
XIN-XOUT oscillation stop
0 ! 0 0 ! L (on-chip feedback resistor disabled) OFF OFF
0 0 0 1 X 1 XIN-XOUT Oscillation stop (STOP OFE OFF
mode)
X:0o0r1
Note:

1. Pulled up by setting the PU9O0 bit in the POPUR register to 1.
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Table 7.76 P9 _1/XOUT
Register PD9 CMO CcM1 Circuit Specifications
E : ——
Bit PD9_1 | CMO5 | CM07 | CM10 | CM11 | CM13 unction Oscillation | Feedback
- buffer resistor
g 1 0 X X 0 0 |[Input port () OFF OFF
- 1 X X 0 0 Output port OFF OFF
XIN-XOUT oscillation (on-chip
0 0 0 0 0 L feedback resistor enabled) ON ON
0 0 0 0 1 1 XIN-XOUT 0§C|Ilat|9n (on-chip ON OFF
Pin feedback resistor disabled)
XOUT 0 1 0 0 0 1 XIN-XOUT o;cﬂlatlon stop (on-chip OFF ON
feedback resistor enabled)
XIN-XOUT oscillation stop (on-chip
0 ! 0 0 ! L feedback resistor disabled) OFF OFF
0 0 0 1 X 1 XIN-XOUT oscillation stop (STOP OFE OFF
mode)
X:0o0r1
Note:

1. Pulled up by setting the PU91 bit in the POPUR register to 1.
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7.7 Unassigned Pin Handling
Table 7.77 lists Unassigned Pin Handling.

Table 7.77 Unassigned Pin Handling

Pin Name Connection
Ports PO to P4, P5 0to P5_6, |« After setting to input mode, connect each pin to VSS via a resistor
Ports P6, P7_0 to P7_6, P8, (pull-down) or connect each pin to VCC via a resistor (pull-up). (2)
P9_0,P9_1 « After setting to output mode, leave these pins open. (1. 2)
XCOUT Open
XCIN, VL1 Connect to VCC via a pull-up resistor. (2)
VREF, VL2, VL3 Connect to VCC.
WKUPO (3) Connect to VSS. @)
RESET 4 Connect to VCC via a pull-up resistor. (4)
Notes:

1. If these ports are set to output mode and left open, they remain in input mode until they are switched
to output mode by a program. The voltage level of these pins may be undefined and the power
current may increase while the ports remain in input mode.
The content of the direction registers may change due to noise or program runaway caused by
noise. In order to enhance program reliability, the program should periodically repeat the setting of

the direction registers.

2. Connect these unassigned pins to the MCU using the shortest wire length (2 cm or less) possible.
3. When power-off 0 mode is not used.
4. When the power-on reset function is used.

WKUP0O® RESET® ANV

MCU

(Input mode), I\N\/
Ports PO to P4 : :
Ports P5_0 to P5_6 (Input mode) AN\
Ports P6

tput d

PortsP7 0to P76 (OUtPUtmode) Open
Ports P8
Ports P9_0to P9_1 XCOUT Open

XCIN, VL1 —AN——9

VREF, VL2 to VL3 J

Notes:

1. When the power-on reset function is used.
2. When power-off 0 mode is not used.

Figure 7.7 Unassigned Pin Handling
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8. Bus

The bus cycles differ when accessing ROM/RAM and when accessing SFR.

Table 8.1 lists the Bus Cycles by Access Area.

ROM/RAM and SFR are connected to the CPU by an 8-bit bus. When accessing in word (16-hit) units, these areas are

accessed twice in 8-bit units.

Table 8.2 shows Access Units and Bus Operations.

Table 8.1 Bus Cycles by Access Area

Access Area

Bus Cycle

SFR/Data flash

2 cycles of CPU clock

Program ROM/RAM

1 cycle of CPU clock

Table 8.2 Access Units and Bus Operations

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

Byte access

Even address CPU clock | |_ CPU clock | |—

Address X

Data

Odd address CPU clock CPU clock
Byte access cloc | I—, |—,_ cloc | |_, \_l_

Address X

Odd X Address

Data

Even address CPU clock CPU clock
Word access |

Address X Even

X Even+1 X Address X Even X Even + 1 X

Odd address
CPU clock CPU clock
Word access | I—, ‘—,_

Address X Odd

X _odd+1 X |Address X odd X odd+1 X

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

Interrupts: Each interrupt control register

Timer RC: Registers TRC, TRCGRA, TRCGRB, TRCGRC, and TRCGRD

Timer RJ: TRJ Registers (i = 0to 2)

SSU: Registers SSTDR, SSTDRH, SSRDR, and SSRDRH
UART2: Registers U2MR, U2BRG, U2TB, U2C0, U2C1, U2RB, U2SMR5, U2SMR4, U2SMR3, U2SMR2,

and U2SMR

A/D converter: Registers ADO, AD1, AD2, AD3, AD4, AD5, AD6, AD7, ADMOD, ADINSEL, ADCONO,

and ADCON1

Address match interrupt: Registers RMADO, AIERO, RMAD1, and AIER1

Therefore, they are accessed once in 16-bit units. The bus operation is the same as “Area: SFR, Data flash, Even
address Byte Access’ in Table 8.2 Access Units and Bus Operations, and 16-bit datais accessed at atime.
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9. Clock Generation Circuit

The following five circuits are incorporated in the clock generation circuit:
* XIN clock oscillation circuit

* XCIN clock oscillation circuit

* Low-speed on-chip oscillator

« High-speed on-chip oscillator

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

9.1 Introduction

Table 9.1 lists the Specification Overview of Clock Generation Circuit. Figure 9.1 shows the Clock Generation
Circuit and Figure 9.2 shows the Peripheral Function Clock.

Table 9.1 Specification Overview of Clock Generation Circuit
On-Chip Oscillator Low-Speed
ltem XIN Clock XCIN Clock . ] On-Chip Oscillator
Oscillation Circuit | Oscillation Circuit ngh Spee_d LOV,V Spegd for Watchdog
On-Chip Oscillator | On-Chip Oscillator Timer
Applications * CPU clock * CPU clock * CPU clock * CPU clock » Watchdog timer
source source source source clock source
* Peripheral « Peripheral * Peripheral * Peripheral
function clock function clock function clock function clock
source source source source
« CPU and * CPU and
peripheral peripheral
function clock function clock
source when XIN | source when XIN
clock stops clock stops
oscillating oscillating
Clock frequency | 0 to 20 MHz 32.768 kHz Approx. 20 MHz (2) | Approx. 125 kHz | Approx. 125 kHz
Connectable » Ceramic « Crystal - - -
oscillator resonator oscillator
« Crystal
oscillator
Oscillator XIN, XOUT () XCIN, XCOUT -@ - -
connect pins
Oscillation stop, | Usable Usable Usable Usable Usable
restart function
Oscillator status | Stop Oscillate Stop Oscillate Stop @
after reset Oscillate (3)
Others Externally « Externally - - -
generated clock generated clock
can be input can be input
* On-chip
feedback
resistor Rf
(connected/
not connected
selectable)
Notes:

1. These pins can be used as P9_0 and P9_1 when using the on-chip oscillator clock as the CPU clock while the
XIN clock oscillation circuit is not used.
The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/O ports when using the on-chip oscillation circuit.

2. This applies when the CSPROINI bit in the OFS register is set to 1 (count source protection mode disabled after

reset).
3. This applies when the CSPROINI bit in the OFS register is set to 0 (count source protection mode enabled after
reset).
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CMO01, CM02, CM03, CM04, CM05, CM06, CMO7: Bits in CMO register
CM10, CM11, CM12, CM13, CM14, CM16, CM17: Bits in CM1 register
CM30: Bit in CM3 register

OCDO, OCD1, OCD2: Bits in OCD register

FRA00, FRAO1, FRAO3: Bits in FRAO register

CSPRO: Bit in CSPR register

Oscillation Stop Detection Circuit

CM02 Low- speed on-chip oscillator| N
cMoL CSPRO for watchdog timer foCoO-wbT
fC-LCD
CMO03 _w4:1
fC-TRH
CM04=0 fc
fc l [T12 ] 12 }q{ s f———rca2
L J L
CM12 —
CMO03 — CM02 — FRCO register, FRC1 register | Frequency adjustable
CM04 —
FRA% i N fOCO20M
XCIN XCOoUT on-chip oscillator] TERA2 register |~
8 - fOCO-F Peripheral
FRAO1=1 $ On-chip oscillator clock > function
FRA01=0 FRAO3=1 foco clock
——0 —
FRA03=0 Divider (1/128) f0C0128
Low-speed
_D on-chip l\ Power-on reset circuit
Cm14 oscillator ~ |fOCO-S |
CM10=1 (stop mode) » Voltage detection circuit
RESET© ) fOCO-S
Power-on reset Oscillation 1l
Software reset — sto] c
Y i f2
Voltage monitor 0 reset XIN clock detection
Interrupt request _ v d i
WAIT instruction System clod e
CM30 f8
f f16
g
CMO05 ﬁ D CM13=0 I_‘ 32 J
—o° —D_ ;| Divider |
CM13=1 CPU clock
CM13
CMO05 — >—9 CM02
8m%% CMo1
—
)
o >—p =) \
XIN XOouT

a—o—l 12 |—<>—| 12 I—:-I 12 I—j

g
>—| 12 12 }J

CMO06=0
CM17 to CM16=11b

CM06=1

CM06=0
CM17 to CM16=01b

CMO06=0
CM17 to CM16=10b

O

CM06=0
CM17 to CM16=00b

Detail of divider

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

Forcible discharge when OCDO = 0

Oscillation stop detection
Interrupt generation circuit

Watchdog timer interrupt
Voltage monitor 1 interrupt.
Voltage monitor 2 interrupt

CD2 bit switch signal

CM14 bit switch signal

Oscillation stop detection,

watchdog timer,

voltage monitor 1 interrupt,
voltage monitor 2 interrupt

Figure 9.1 Clock Generation Circuit
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9.2 Registers

9.2.1  System Clock Control Register 0 (CMO0)
Address 0006h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CMO7 | CM06 | CMO5 | CMO04 | CMO3 | CMO2 | CMOl | CMOO

After Reset 0 0 1 0 0 0 0 0

Bit [Symbol Bit Name Function R/W

b0 CMOO [Power-off 2 mode transition enable |0: Disabled R/W

bit 1: Enabled (6)
bl CMO1 |Peripheral function clock stop bit in | b1bo ] ] ] R/W
b CM02 lwait mode (6) 00: Pe_rlpheral function clock does not stop in RIW
wait mode

0 1: Clocks f1 to f32 stop in wait mode
1 0: Clocks f1 to 32 and fC stop in wait mode
1 1: Clocks f1 to 32, fC, and fC-LCD stop in wait mode

b3 | CMO3 |XCIN clock stop bit (5. 7) 0: XCIN clock oscillates R/W
1: XCIN clock stops

b4 CMO04 [XCIN external clock input enable bit |0: External clock input disabled R/W
1: External clock input enabled

b5 CMO5 | XIN clock (XIN-XOUT) stop bit (. 2) [0: XIN clock oscillates R/W
1: XIN clock stops

b6 | CMO06 |CPU clock division select bit 0 3)  |[0: Bits CM16 and CM17 in CM1 register enabled R/W
1: Divide-by-8 mode

b7 CMO7 |System clock select bit (4) 0: XIN clock or on-chip oscillator clock R/W
1: XCIN clock

Notes:

1. The CMO05 bit can be used to stop the XIN clock when the system clock is other than the XIN clock. This bit
cannot be used to detect whether the XIN clock has stopped. To stop the XIN clock, set the bits in the following
order:

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

2. Only when the CMO05 hit to 1 (XIN clock stops) and the CM13 hit is set to 0 (I/O ports), P9_0 and P9_1 can be
used as I/O ports.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0O ports when using the on-chip oscillation circuit.

3. When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).

4. Setthe CMO7 bit to 1 (XCIN clock) from 0 after allowing the XCIN clock oscillation to stabilize.

5. To use the XCIN clock, set the CMO03 bit to 1 (XCIN clock stops) once and then set it to 0 (XCIN clock oscillates)
after turning on the power and exiting power-off 0.

6. When setting the CMO0O bit to 1 (enabled), set bits CM02 to CM01 to 11b.

7. When inputting an external clock, set the CMO03 bit to 0 (XCIN clock oscillates).

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CMO register.
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9.2.2 System Clock Control Register 1 (CM1)
Address 0007h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM17 | CM16 | — | CM14 | CM13 | CM12 CM11 CM10
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 |All clock stop control bit (2. 7. 8) 0: Clock oscillates R/W
1: All clocks stop (stop mode/power-off 2 mode)
bl CM11 |XIN-XOUT on-chip feedback resistor |0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 [XCIN-XCOUT on-chip feedback 0: On-chip feedback resistor enabled R/W
resistor select bit 1: On-chip feedback resistor disabled
b3 CM13  |Port/XIN-XOUT switch bit (. 6) 0: I/O ports P9_0 and P9_1 R/W
1: XIN-XOUT pin
b4 CM14 |Low-speed on-chip oscillator 0: Low-speed on-chip oscillator on R/W
oscillation stop bit (3. 4) 1: Low-speed on-chip oscillator off
b5 — Reserved bit Set to 1. R/W
b6 CM16 |CPU clock division select bit 1 (1) b7 b6 s R/W
b7 CML7 0 0: No division mode RIW
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode

Notes:

1. When the CMO06 bit is set to 0, bits CM16 and CM17 are enabled.

2. When the CM10 bit is set to 1 (all clocks stop), the on-chip feedback resistor is disabled. However, the on-chip
XCIN-XCOUT feedback register is not disabled in power-off 2 mode.

3. When the OCD2 bhit is set to 0 (XIN clock selected), the CM14 hit can be set to 1 (low-speed on-chip oscillator
off). When the OCD2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to O (low-speed on-chip
oscillator on). It remains unchanged even if 1 is written to it.

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

5. Touse P9_0 and P9 _1 as input ports, set the CM13 hit to 0 (I/O ports) and the CMO5 bit in the CMO register to 1

(XIN clock stops).

To use as external clock input, set the CM13 bit to 0 (I/O ports), the CMO5 bit to 0 (XIN clock oscillates), and the
CM11 bit to 1 (on-chip feedback resistor disabled). When the PD9_0 bit in the PD9 register is further set to 0
(input mode), an external clock can be input. Set XOUT as the I/O port P9_1 at this time. When the pin is not
used, treat it as an unassigned pin and use the appropriate handling.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0 ports when using the on-chip oscillation circuit.

Once the CM13 bit is set to 1 (XIN-XOUT pin) by a program, it cannot be set to 0 (I/O ports P9_0 and P9_1).

Do not set the CM10 bit to 1 when the VCAZ20 bit in the VCAZ2 register to 1 (low consumption enabled).

8. When the CMO0O bit in the CMO register is 1 (enabled), the MCU enters power-off 2 mode.

N o

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CM 1 register.
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9.2.3 System Clock Control Register 3 (CM3)
Address 0009h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM37 | CM36 | CM35 | — | — | — — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30  |Wait control bit (1) 0: Other than wait mode R/IW
1: MCU enters wait mode
bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 CM35 [CPU clock division ratio select bit  |0: Following settings are enabled: R/W
when exiting wait mode (2) CMO06 bit in CMO register
Bits CM16 and CM17 in CM1 register
1: No division (@)
b6 CM36 |[System clock select bit when exiting | b7 b6 ] ] R/W
b7 CM37 |wait, stop, or power-off 2 mode 00: MCU e_X|ts with the CPU _clock u_sed RIW
immediately before entering wait, stop, or
power-off 2 mode
0 1: Do not set.
1 0: High-speed on-chip oscillator clock selected (3)
1 1: XIN clock selected (4)
Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (other than wait mode).
2. Setthe CM35 bit to 0 in stop mode or power-off 2 mode. When the MCU enters wait mode, if the CM35 bit is set
to 1 (no division), the CMO06 bit in the CMO register is set to 0 (bits CM16 and CM17 enabled) and bits CM17 and
CM16 in the CML1 register is set to 00b (no division mode).
3. When bits CM37 to CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode, stop mode, or power-off 2 mode:
* OCD2 hit in OCD register = 1 (on-chip oscillator selected)
* FRAOQO bit in FRAO register = 1 (high-speed on-chip oscillator on)
* FRAO1 bit in FRAO register = 1 (high-speed on-chip oscillator selected)
4. When bits CM37 to CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait
mode, stop mode, or power-off 2 mode.
* CMO5 bit in CMO register = 0 (XIN clock oscillates)
e CM13 bit in CM1 register = 1 (XIN-XOUT pin)
* OCD2 bit in OCD register = 0 (XIN clock selected)
When the MCU enters wait mode while the CMO5 bit in the CMO register is 1 (XIN clock stops), if the XIN clock is
selected as the CPU clock when exiting wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35 bit to 0.
However, if an externally generated clock is used as the XIN clock, do not set bits CM37 to CM36 to 11b (XIN
clock selected).

CM30 bit (Wait Control Bit)

When the CM 30 hit isset to 1 (MCU enterswait mode), the CPU clock stops (wait mode). Sincethe XIN clock,
XCIN clock, and the on-chip oscillator clock do not stop, the peripheral functions using these clocks continue
operating. To set the CM30 hit to 1, set the | flag to 0 (maskable interrupt disabled).

The MCU exits wait mode by areset or peripheral function interrupt. When the MCU exits wait mode by a
peripheral function interrupt, it resumes executing the instruction immediately after the instruction to set the
CM30 hit to 1.

When the MCU enters wait mode with the WAIT instruction, make sure to set the | flag to 1 (maskable interrupt
enabled). With this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.
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9.2.4  Oscillation Stop Detection Register (OCD)
Address 000Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | OCD3 | OCD2 | OCD1 | OCDO

After Reset 0 0 0 0 0 1 0 0

Bit | Symbol Bit Name Function R/W

b0 | OCDO |Oscillation stop detection enable bit (6) [0: Oscillation stop detection function disabled (1) | RIW
1: Oscillation stop detection function enabled

bl OCD1 |Oscillation stop detection interrupt 0: Disabled ) R/W

enable bit 1: Enabled

b2 OCD2 |On-chip oscillator clock select bit @) |0: XIN clock selected (6) R/W
1: On-chip oscillator clock selected (2)

b3 OCD3 |Clock monitor bit (4. 5) 0: XIN clock oscillates R
1: XIN clock stops

b4 — Reserved bits Set to 0. R/W

b5 —

b6 —

b7 —

Notes:

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

2. When the OCD?2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (low-speed on-chip
oscillator on).

3. The OCD?2 bit is automatically set to 1 (on-chip oscillator clock selected) when the XIN clock oscillation stop is
detected while bits OCD1 to OCDO are set to 11b. When the OCD3 bit is set to 1 (XIN clock stops), the OCD2 bit
remains unchanged even if 0 (XIN clock selected) is written to it.

4. The OCD3 bit is enabled when the OCDO bit is set to 1 (oscillation stop detection function enabled). In addition,
the OCD3 bit cannot be used to confirm whether the XIN clock oscillation is stable.

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

6. Refer to 9.7.1 How to Use Oscillation Stop Detection Function for the switching procedure when the XIN
clock re-oscillates after detecting an oscillation stop.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCD register.
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9.25 High-Speed On-Chip Oscillator Control Register 0 (FRAOQ)
Address 0023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | FRA0O3| — | FRAOL [ FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO [High-speed on-chip oscillator enable bit  [0: High-speed on-chip oscillator off R/W

1: High-speed on-chip oscillator on
bl FRAO1 |High-speed on-chip oscillator select bit (1) |0: Low-speed on-chip oscillator selected (2) R/IW
1: High-speed on-chip oscillator selected (3)

b2 — Reserved bit Set to 0. R/W
b3 FRAO3 [fOCO128 clock select bit 0: fOCO-S divided by 128 selected R/W
1: fOCO-F divided by 128 selected

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —

b6 —

b7 —

Notes:

1. Change the FRAO01 bit under the following conditions.
* FRAOO = 1 (high-speed on-chip oscillator on)
* CM14 bit in CM1 register = 0 (low-speed on-chip oscillator on)
« Bits FRA22 to FRA20 in the FRAZ2 register:
All division mode can be set when VCC =2.7 Vto 5.5V 000b to 111b
Divide ratio of 4 or more when VCC =1.8Vto 5.5V 011b to 111b (divide-by-4 or more)
2. When setting the FRAO1 bit to 0 (low-speed on-chip oscillator selected), do not set the FRAO0O bit to O (high-
speed on-chip oscillator off) at the same time. Set the FRAO1 bit to O before setting the FRAQO bit to 0.
3. When setting the FRAO1 bit to be 1 (high-speed on-chip oscillator selected) and stopping the low-speed on-chip
oscillator, wait for one or more cycles of the low-speed on-chip oscillator and then set the CM14 bit in the CM1
register to 1 (low-speed on-chip oscillator off).

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

9.2.6 High-Speed On-Chip Oscillator Frequency Control Register 0 (FRCO)
Address 0024h

Bit b7 b6 b5 b4 b3 b2 bl b0
symholf — | — | — [ — | — | — [ = [ — |
After Reset When shipping
Bit Function R/W

b7-b0 |The frequency of the high-speed on-chip oscillator can be changed by the following R/W

settings.

20 MHz: FRCO = value after a reset, FRC1 = value after a reset

18.432 MHz: Transfer the data of the FR18S0 register to the FRCO register, and transfer

the data of the FR18S1 register to the FRC1 register.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRCO register.
Also, rewrite the FRCO register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).
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9.2.7 High-Speed On-Chip Oscillator Control Register 2 (FRA2)
Address 0025h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | FRA22 | FRA21 | FRA20 |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRA20 [High-speed on-chip oscillator frequency |Division ratio selection R/W
bl FRA21 |switch bit These bits select the division ratio for the high- | R/W
b2 FRA22 speed on-chip oscillator clock. R/W

b2 b1 b0

0 0 O: Divide-by-1 mode
0 0 1: Divide-by-2 mode
0 1 0: Divide-by-3 mode
0 1 1: Divide-by-4 mode
1 0 O: Divide-by-5 mode
10 1: Divide-by-6 mode
11 0O: Divide-by-7 mode
11 1: Divide-by-8 mode
b3 — Reserved bits Set to O. R/W
b4 —
b5 —
b6 —
b7 —

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRA2 register.
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9.2.8 High-Speed On-Chip Oscillator 18 MHz Set Value Register 0 (FR18S0)
Address 0029h

Bit b7 b6 b5 b4 b3 b2 bl b0
symholf — | — | — [ — | — | — [ — [ — |
After Reset X X X X X X X X
Bit Function R/W
b7-b0 |{18.432 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRCO register and
by transferring the correction value of the FR18S1 register to the FRC1 register.

9.2.9 High-Speed On-Chip Oscillator 18 MHz Set Value Register 1 (FR18S1)
Address 002Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symol] — [ — [ = [ = [ = [ = [ = [ = |
After Reset X X X X X X X X
Bit Function R/W
b7-b0 {18.432 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRC1 register and
by transferring the correction value of the FR18S0 register to the FRCO register.

9.2.10 High-Speed On-Chip Oscillator Control Register 1 (FRC1)
Address 002Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symol| — | — [ = | = | = [ = | = [ = |
After Reset When shipping
Bit Function R/W
b7-b0 |The frequency of the high-speed on-chip oscillator can be adjusted by setting as follows: R/W
20 MHz: FRCO = value after a reset, FRC1 = value after a reset

18.432 MHz: Transfer the value in the FRCO register to the FRC1 register and the value in
the FR18S1 register to the FRCL1 register.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRCL1 register.
Also, rewrite the FRC1 register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).
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The clocks generated by the clock generation circuits are described below.

9.3 XIN Clock

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

Figure 9.3 shows Examples of XIN Clock Connection Circuit.

During and after reset, the XIN clock stops.

After setting the CM13 hit in the CM1 register to 1 (XIN-XOUT pin), the XIN clock starts oscillating when the
CMO5 hit inthe CMO register is set to O (XIN clock oscillates).

After the XIN clock oscillation stabilizes, the XIN clock is used asthe CPU clock source by setting the OCD2 hit in
the OCD register to 0 (XIN clock selected).

The power consumption can be reduced by setting the CMO05 hit in the CMO register to 1 (XIN clock stops) by
setting the OCD2 hit isto 1 (on-chip oscillator clock selected).

When switching the XIN clock to an externally generated clock, or an externally generated clock to the XIN clock,
set the CM 05 hit to 1 (XIN clock stops).

In stop mode, all clocksincluding the XIN clock stop. Refer to 10. Power Control for details.

» When CMO5 bit in CMO register is 0 (XIN clock oscillates) * When CMOS bit in CMO register is 0 (XIN clock oscillates),
and CM13 bit in CM1 register is 1 (XIN-XOUT pin) CM13 bit in CM1 register is 0 (I/O ports P9_0 and P9_1),
and PD9_0 bit in PD9 register is 0 (input mode)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor disabled)
XIN XOUT XIN P9_1
@
Rf R @

Externally generated clock

I |:| I
L]
CIN COouT VCC J_I_I_I_I_I_r
7; ; / ; ; VSS
Ceramic resonator external circuit External clock input circuit

Notes:

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

2. Set XOUT as the I/O port P9_1. When the pin is not used, treat it as an unassigned pin and use the
appropriate handling. (refer to 7.7 Unassigned Pin Handling).

3. When the CMO7 bit in the CMO register is set to 0 (XIN clock), the OCD?2 bit in the OCD register is set to 0
(XIN clock selected) under the above settings, the XIN clock is used as the clock source for the CPU.

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

The on-chip oscillator clock is supplied by the on-chip oscillator (high-speed on-chip oscillator or low-speed on-
chip oscillator). This clock is selected by the FRAO1 bit in the FRAO register.

94.1 Low-Speed On-Chip Oscillator Clock

The clock generated by the low-speed on-chip oscillator is used as the clock source for the CPU clock, and
periphera function clock (fOCO, fOCO-S, and fOCO128).

After areset, the on-chip oscillator clock generated by the low-speed on-chip oscillator divided by 1 (no
division) is selected as the CPU clock.

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

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

9.4.2 High-Speed On-Chip Oscillator Clock

The clock generated by the high-speed on-chip oscillator is used as the clock source for the CPU clock, and
periphera function clock (fOCO, fOCO-F, fOCO20M, and fOCQ128).
To use the high-speed on-chip oscillator clock as the clock source for the CPU clock, peripheral clock, fOCO,
and fOCO-F, set bits FRA20 to FRA22 in the FRA2 register as follows:

*All division mode can be set when VCC =27V to 5.5V 000b to 111b
*Divideratio of 4 or morewhenVCC =18V to55V 011b to 111b (divide by 4 or more)

After areset, the on-chip oscillator clock generated by the high-speed on-chip oscillator stops. Oscillation is
started by setting the FRAOO bit in the FRAO register to 1 (high-speed on-chip oscillator on).

Frequency correction datais stored in registers FR18S0 and FR18S1.

To adjust the frequency of the high-speed on-chip oscillator clock to 18.432 MHz, first transfer the correction
value of the FR18S0 register to the FRCO register and the correction value of the FR18SL1 register to the FRC1
register before using the values. This enables the bit rates such as 9,600 bps and 38,400 bps to be used when the
seria interface is used in UART mode (refer to Table 21.8 and Table 22.8 Bit Rate Setting Examplein
UART Mode (Internal Clock Selected)).
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9.5 XCIN Clock

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

Figure 9.4 shows Examples of XCIN Clock Connection Circuits.

Bits CM04 to CM03 in the CMO register are set to 00b (external clock input disabled, XCIN clock oscillates) by
reset and the XCIN clock starts oscillating (with the on-chip feedback resistor enabled). After the XCIN clock
oscillation stabilizes following reset, the XCIN clock is used as the CPU clock source by setting the CMO7 bit in
the CMO7 register to 1 (XCIN clock).

When the CM03 bit isset to 1 (XCIN clock stops), the XCIN clock stops.

When bits CM04 to CM03 are set to 10b (external clock input enabled, XCIN clock oscillates), an externally
generated clock can aso be input to the XCIN pin. Leave the XCOUT pin open at thistime.

This MCU has an on-chip feedback resistor, which can be disabled/enabled by the CM 12 bit in the CM1 register.
To use the XCIN clock, set the CM03 bit to 1 once and then set it to O (XCIN clock oscillates).

When the XCIN clock is not used, set bits CM04 to CM03 to 01b (external clock input disabled, X CIN clock stops)
and the CM 12 bit to 1 (on-chip feedback resistor disabled).

In stop mode, all clocksincluding the XCIN clock stop. Refer to 10. Power Control for details.

* When CMO3 bit in CMO register is 0 (XCIN clock oscillates)  « \When CMO03 bit in CMO register is 1 (XCIN clock stops)

and CMO04 bit is 0 (external clock input disabled) and CMO04 bit is 1 (external clock input enabled)
MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor disabled)
XCIN XCOUT XCIN XCOUT

/\/\/\/ Open
Rf @
Rd @
Externally generated clock
||:||
Il
CIN
T T

VSS
External crystal oscillator circuit External clock input circuit

Notes:

1. Insert a damping resistor and a feedback resistor if required. The resistance will vary depending on
the crystal oscillator and the crystal oscillation drive capacity settings. Use the value recommended
by the crystal oscillator manufacturer.

If the crystal oscillator manufacturer's datasheet specifies that a feedback resistor be added to the
chip externally, insert a feedback resistor between XCIN and XCOUT following the instructions.

2. When the CMO07 bit in the CMO register is set to 1 (XCIN clock) under the above settings, the XCIN
clock is used as the clock source for the CPU.

Figure 9.4 Examples of XCIN Clock Connection Circuits
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9.6 CPU Clock and Peripheral Function Clock

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

9.6.1 System Clock

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

96.2 CPU Clock

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

The system clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. The division ratio can be
selected by the CM06 bit in the CMO register and bits CM 16 and CM 17 in the CM1 register.

Usethe XCIN clock while the XCIN clock oscillation stabilizes.

After areset, the low-speed on-chip oscillator clock divided by 1 (no division) is used as the CPU clock.

When the MCU enters stop mode, the CM06 bit is set to 1 (divide-by-8 mode). To enter stop mode, set the
CM35 hit in the CM 3 register to 0 (settings of CM06 in CMO register and bits CM16 and CM17 in CM1
register enabled).

9.6.3 Peripheral Function Clock (f1, f2, f4, {8, 16, and f32)

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

Thefi (i =1, 2, 4, 8, 16, and 32) clock is generated by the system clock divided by i. It is used for timers RJ, RB,
RC, RH, the seria interface, the A/D converter, and the LCD waveform control circuit.

When the MCU enters wait mode after bits CM02 to CM01 in the CMO register are set to 01, 10, or 11, the fi
clock stops.

9.6.4 fOCO

fOCO isan operating clock for the periphera functions.

The frequency of fOCO is the frequency of the on-chip oscillator clock selected by the FRAOL bit in the FRAO
register. For the high-speed on-chip oscillator, its frequency is the frequency divided by the divide ratio selected
by bits FRA20 to FRA22 in the FRA2 register. fOCO can be used for timer RJ.

In wait mode, the fOCO clock does not stop.

9.6.5 fOCO20M

fOCO20M is used as the count source for timer RC.

This clock is generated by the high-speed on-chip oscillator and supplied by setting the FRAQO bit to 1.
In wait mode, the fOCO20M clock does not stop.

This clock can be used with supply voltage VCC =2.7t0 5.5 V.

9.6.6 fOCO-F

fOCO-F is used as the count source for timers RC and RD, and the A/D converter.

This clock is generated by the high-speed on-chip oscillator, divided by i (i =1, 2, 3, 4,5, 6, 7, or 8; division
ratio selected by the FRA2 register). It is supplied by setting the FRAQO bit to 1.

In wait mode, the fOCO-F clock does not stop.
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9.6.7 fOCO-S

fOCO-Sis an operating clock for the voltage detection circuit.

This clock is generated by the low-speed on-chip oscillator and supplied by setting the CM 14 bit to O (low-
speed on-chip oscillator on).

In wait mode, the fOCO-S clock does not stop.

9.6.8 fOCO128

fOCO128 clock is generated by fOCO-S or fOCO-F divided by 128. fOCO-S divided by 128 is selected by
setting the FRAQ3 bit to 0 and fOCO-F divided by 128 is selected by setting the FRAO3 bit to 1.
fOCO128 is configured as the capture signal used in the TRCGRA register for timer RC.

9.6.9 fC-LCD

fC-LCD isused in the LCD waveform control circuit.
Use this clock only while the XCIN clock oscillation stabilizes.

9.6.10 fC and fC32

fC and fC32 are used for timers RJ, RH and the seria interface.
Use theses clocks while the X CIN clock oscillation stabilizes.

9.6.11 fOCO-WDT

fOCO-WDT is an operating clock for the watchdog timer.

This clock is generated by the low-speed on-chip oscillator for the watchdog timer and supplied by setting the
CSPRO hit in the CSPR register to 1 (count source protection mode enabled).

In count source protection mode for the watchdog timer, the fOCO-WDT clock does not stop.

9.6.12 fC-TRH

fC-TRH is used as the count source for timer RH.
Use this clock while the XCIN clock oscillation stabilizes.
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9.7

Oscillation Stop Detection Function

The oscillation stop detection function detects the stop of the XIN clock oscillating circuit.
The oscillation stop detection function can be enabled and disabled by the OCDO bit in the OCD register.
Table 9.2 lists the Specifications of Oscillation Stop Detection Function.

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

* OCD2 hit in OCD register = 1 (on-chip oscillator clock selected)
* OCD3 hit in OCD register = 1 (XIN clock stops)

* CM14 bitin CM1 register = 0 (low-speed on-chip oscillator on)
* Oscillation stop detection interrupt request is generated

Table 9.2 Specifications of Oscillation Stop Detection Function
Item Specification
Oscillation stop detection clock and frequency bandwidth f(XIN) > 2 MHz
Condition for enabling the oscillation stop detection function Bits OCD1 to OCDO are set to 11b.
Operation at oscillation stop detection Oscillation stop detection interrupt generation

9.7.1 How to Use Oscillation Stop Detection Function

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

Table 9.3 lists the Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, or Voltage Monitor 2 Interrupt. Figure 9.6 shows an Example of Determining Interrupt
Sources for Oscillation Stop Detection, Watchdog Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt.

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

Figure 9.5 shows the Procedure for Switching to XIN Clock when XIN Clock Re-Oscillates after Oscillation
Stop is Detected.

* To enter wait mode while the oscillation stop detection function is used, set bits CM02 to CM1 to 00
(periphera function clock does not stop in wait mode).

* Since the oscillation stop detection function is a function for cases where the XIN clock is stopped by an
external cause, set bits OCD1 to OCDO to 00b to stop or start the XIN clock by aprogram (select stop mode or
change the CM05 hit).

* This function cannot be used when the XIN clock frequency is below 2 MHz. In this case, set bits OCDL1 to
OCDO to 00b.

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

To use the high-speed on-chip oscillator clock as the clock source for the CPU clock and the peripheral
functions after detecting the oscillation stop, first set the FRAQO hit to 1 (high-speed on-chip oscillator on)
and the FRAOL1 bit to 1 (high-speed on-chip oscillator selected). Then set bits OCD1 to OCDO to 11b.

Table 9.3 Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, or Voltage Monitor 2 Interrupt
Generated Interrupt Source Bit Indicating Interrupt Source

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

(when (a) or (b)) (b) Bits OCD1 to OCDO in OCD register = 11b and OCD2 bit = 1

Watchdog timer VW2C3 bit in VW2C register = 1

Voltage monitor 1 VW1C2 bit in VW1C register = 1

Voltage monitor 2 VW2C2 bit in VW2C register =1
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9. Clock Generation Circuit

Switch to XIN clock

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

NO

Set bits OCD1 to OCDO to 00b

Set OCD2 bitto 0
(XIN clock selected)

End

OCD3 to OCDO: Bits in OCD register

Figure 9.5
Stop is Detected

Procedure for Switching to XIN Clock when XIN Clock Re-Oscillates after Oscillation

Determination of
interrupt sources

oCD3=17? NO
(XIN clock stops)

YES ocp1=1

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

VW2C3 =17
(watchdog timer underflow)

YES

Set OCD1 bitto 0
(oscillation stop detection
interrupt disabled)

NO

VW2C2 = 1?
(Vdet2 passed)

To watchdog timer
interrupt routine

To oscillation stop detection
interrupt routine

) (

To voltage monitor 2
interrupt routine

) (

To voltage monitor 1
interrupt routine

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

OCDL1 to OCD3: Bits in OCD register
VW2C2, VW2C3: Bits in VW2C register

Figure 9.6

Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt

Example of Determining Interrupt Sources for Oscillation Stop Detection, Watchdog
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9.8 Notes on Clock Generation Circuit

9.8.1  Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used when the XIN clock frequency isbelow 2 MHz, set
bits OCD1 to OCDO in the OCD register to 00b. In addition, the OCD3 bit cannot be used to confirm whether
the XIN clock oscillation is stable.

9.8.2  Oscillation Circuit Constants
Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.

9.8.3 XCIN Clock
To use the XCIN clock, set the CM03 bit to 1 once and then set it to 0 (XCIN clock oscillates).

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 131 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 10. Power Control

10. Power Control

10.1 Introduction

There are four power control modes. The states other than wait mode, stop mode, power-off 0 mode, and power-off
2 mode are referred to as standard operating mode here.
Table 10.1 lists each mode. Figure 10.1 shows the State Transitions in Power Control Mode.

Table 10.1 Power Control

Mode Operation
Standard operating High-speed clock
mode High-speed on-chip oscillator
Low-speed clock
Low-speed on-chip oscillator

The CPU and peripheral functions operate.

The CPU and peripheral functions operate.

Wait mode The CPU stops and peripheral functions operate.

Stop mode The CPU stops and peripheral functions other than the
watchdog timer stop (oscillation off).

Power-off 0 mode The CPU stops and all peripheral functions stop (oscillation
off), the contents of RAM and SFRs are not retained.

Power-off 2 mode The CPU stops and peripheral functions other than the

watchdog timer and timer RH stop, the contents of RAM and
SFRs are retained.
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10. Power Control

State Transitions in Power Control Mode

Power-off 0 mode

Successive write to
POMCRO register

WKUPO, WKUP1

N Reset )

/— Standard operating mode

CM14=0
OoCD2=1

Low-speed on-chip oscillator mode
CM07 =0
CM14=0
ocb2=1
FRAO1 =0

CM05=0o0r1
CM13=1
OoCD2=0

High-speed on-chip oscillator mode
CMO07 =0
ocb2=1
FRAOQO = 1
FRAO1=1

FRA01=0
CM05=0o0r1 CMO07 =0
CM13=1 CM14=0
0oCcD2=0 FRA00 = 1 OCD2 =1
FRAOL = 1 FRA01 =0
CM04=0o0r1
CM03=0
High-speed clock mode CMO07 =1
CMO5=0o0r1 Low-speed clock mode
CMO07=0 CM04=0o0r1
= CM07=1
CM13=1 A
ocb2=0 CMO5 =0
CM07 =0
CM14=0 CM13=1
FRAO1 =0 0ocD2=0
ocb2=1
FRA00 =1
FRAO1=1

CM07=0
ocp2=1
FRA00 =1
FRAO1=1

CPU operation stops

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

OCD2: Bit in OCD register

FRAOO, FRAO1: Bits in FRAO register

All oscillators stop

CMO0 to CM02, CM04, CM05, CMO07: Bits in CMO register

CMO00 =1

WAIT instruction CM01=1

Interrupt CM30=1 Interrupt CM10=1 Interrupt CM02=1
CM10=1

Power-off 2 mode

Figure 10.1

State Transitions in Power Control Mode
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10.2 Registers

10.2.1 System Clock Control Register 0 (CMO)
Address 0006h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CMO7 | CM06 | CMO5 | CMO04 | CMO3 | CMO2 | CMOl | CMOO

After Reset 0 0 1 0 0 0 0 0

Bit [Symbol Bit Name Function R/W

b0 CMOO [Power-off 2 mode transition enable |0: Disabled R/W

bit 1: Enabled (6)
bl CMO1 |Peripheral function clock stop bit in | b1bo ] ] ] R/W
b CM02 lwait mode (6) 00: Pe_rlpheral function clock does not stop in RIW
wait mode

0 1: Clocks f1 to f32 stop in wait mode
1 0: Clocks f1 to 32 and fC stop in wait mode
1 1: Clocks f1 to 32, fC, and fC-LCD stop in wait mode

b3 | CMO3 |XCIN clock stop bit (5. 7) 0: XCIN clock oscillates R/W
1: XCIN clock stops

b4 CMO04 [XCIN external clock input enable bit |0: External clock input disabled R/W
1: External clock input enabled

b5 CMO5 | XIN clock (XIN-XOUT) stop bit (. 2) [0: XIN clock oscillates R/W
1: XIN clock stops

b6 | CMO06 |CPU clock division select bit 0 3)  |[0: Bits CM16 and CM17 in CM1 register enabled R/W
1: Divide-by-8 mode

b7 CMO7 |System clock select bit (4) 0: XIN clock or on-chip oscillator clock R/W
1: XCIN clock

Notes:

1. The CMO05 bit can be used to stop the XIN clock when the system clock is other than the XIN clock. This bit
cannot be used to detect whether the XIN clock has stopped. To stop the XIN clock, set the bits in the following
order:

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

2. Only when the CMO05 hit to 1 (XIN clock stops) and the CM13 hit is set to 0 (I/O ports), P9_0 and P9_1 can be
used as I/O ports.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0O ports when using the on-chip oscillation circuit.

3. When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).

4. Setthe CMO7 bit to 1 (XCIN clock) from 0 after allowing the XCIN clock oscillation to stabilize.

5. To use the XCIN clock, set the CMO03 bit to 1 (XCIN clock stops) once and then set it to 0 (XCIN clock oscillates)
after turning on the power and exiting power-off 0.

6. When setting the CMO0O bit to 1 (enabled), set bits CM02 to CM01 to 11b.

7. When inputting an external clock, set the CMO03 bit to 0 (XCIN clock oscillates).

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CMO register.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 134 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 10. Power Control

10.2.2 System Clock Control Register 1 (CM1)
Address 0007h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM17 | CM16 | — | CM14 | CM13 | CM12 CM11 CM10
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 |All clock stop control bit (2. 7. 8) 0: Clock oscillates R/W
1: All clocks stop (stop mode/power-off 2 mode)
bl CM11 |XIN-XOUT on-chip feedback resistor |0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 [XCIN-XCOUT on-chip feedback 0: On-chip feedback resistor enabled R/W
resistor select bit 1: On-chip feedback resistor disabled
b3 CM13  |Port/XIN-XOUT switch bit (. 6) 0: I/O ports P9_0 and P9_1 R/W
1: XIN-XOUT pin
b4 CM14 |Low-speed on-chip oscillator 0: Low-speed on-chip oscillator on R/W
oscillation stop bit (3. 4) 1: Low-speed on-chip oscillator off
b5 — Reserved bit Set to 1. R/W
b6 CM16 |CPU clock division select bit 1 (1) b7 b6 s R/W
b7 CML7 0 0: No division mode RIW
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode

Notes:

1. When the CMO06 bit is set to 0, bits CM16 and CM17 are enabled.

2. When the CM10 bit is set to 1 (all clocks stop), the on-chip feedback resistor is disabled. However, the on-chip
XCIN-XCOUT feedback register is not disabled in power-off 2 mode.

3. When the OCD2 bhit is set to 0 (XIN clock selected), the CM14 hit can be set to 1 (low-speed on-chip oscillator
off). When the OCD2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to O (low-speed on-chip
oscillator on). It remains unchanged even if 1 is written to it.

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

5. Touse P9_0 and P9 _1 as input ports, set the CM13 hit to 0 (I/O ports) and the CMO5 bit in the CMO register to 1

(XIN clock stops).

To use as external clock input, set the CM13 bit to 0 (I/O ports), the CMO5 bit to 0 (XIN clock oscillates), and the
CM11 bit to 1 (on-chip feedback resistor disabled). When the PD9_0 bit in the PD9 register is further set to 0
(input mode), an external clock can be input. Set XOUT as the I/O port P9_1 at this time. When the pin is not
used, treat it as an unassigned pin and use the appropriate handling.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0 ports when using the on-chip oscillation circuit.

Once the CM13 bit is set to 1 (XIN-XOUT pin) by a program, it cannot be set to 0 (I/O ports P9_0 and P9_1).

Do not set the CM10 bit to 1 when the VCAZ20 bit in the VCAZ2 register to 1 (low consumption enabled).

8. When the CMO0O bit in the CMO register is 1 (enabled), the MCU enters power-off 2 mode.

N o

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CM 1 register.
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10.2.3 System Clock Control Register 3 (CM3)

Address 0009h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM37 | CM36 | CM35 | — | — | — — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30 |Wait control bit (1) 0: Other than wait mode R/IW
1: MCU enters wait mode
bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 CM35 [CPU clock division ratio select bit  |0: Following settings are enabled: R/W
when exiting wait mode (2) CMOG6 bit in CMO register

Bits CM16 and CM17 in CM1 register
1: No division ()

b6 CM36 |[System clock select bit when exiting | b7 b6 R/W

0 0: MCU exits with the CPU clock used

10. Power Control

b7 CM37 |wait, stop, or power-off 2 mode RIW

immediately before entering wait, stop, or
power-off 2 mode
0 1: Do not set.
1 0: High-speed on-chip oscillator clock selected (3)
1 1: XIN clock selected 4)

Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (other than wait mode).

2. Setthe CM35 bit to 0 in stop mode or power-off 2 mode. When the MCU enters wait mode, if the CM35 bit is set
to 1 (no division), the CMO06 bit in the CMO register is set to 0 (bits CM16 and CM17 enabled) and bits CM17 and
CM16 in the CML1 register is set to 00b (no division mode).

3. When bits CM37 to CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode, stop mode, or power-off 2 mode:
* OCD2 hit in OCD register = 1 (on-chip oscillator selected)
* FRAOQO bit in FRAO register = 1 (high-speed on-chip oscillator on)
* FRAO1 bit in FRAO register = 1 (high-speed on-chip oscillator selected)

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

mode, stop mode, or power-off 2 mode.

* CMO5 bit in CMO register = 0 (XIN clock oscillates)

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

* OCD2 bit in OCD register = 0 (XIN clock selected)

When the MCU enters wait mode while the CMO5 bit in the CMO register is 1 (XIN clock stops), if the XIN clock is
selected as the CPU clock when exiting wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35 bit to 0.
However, if an externally generated clock is used as the XIN clock, do not set bits CM37 to CM36 to 11b (XIN
clock selected).

CM30 bit (Wait Control Bit)

When the CM 30 hit isset to 1 (MCU enterswait mode), the CPU clock stops (wait mode). Sincethe XIN clock,
XCIN clock, and the on-chip oscillator clock do not stop, the peripheral functions using these clocks continue
operating. To set the CM30 hit to 1, set the | flag to 0 (maskable interrupt disabled).

The MCU exits wait mode by areset or peripheral function interrupt. When the MCU exits wait mode by a
peripheral function interrupt, it resumes executing the instruction immediately after the instruction to set the
CM30 hit to 1.

When the MCU enters wait mode with the WAIT instruction, make sure to set the | flag to 1 (maskable interrupt
enabled). With this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.
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10.2.4 Oscillation Stop Detection Register (OCD)
Address 000Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | OCD3 | OCD2 | OCD1 | OCDO

After Reset 0 0 0 0 0 1 0 0

Bit | Symbol Bit Name Function R/W

b0 | OCDO |Oscillation stop detection enable bit (6) [0: Oscillation stop detection function disabled (1) | RIW
1: Oscillation stop detection function enabled

bl OCD1 |Oscillation stop detection interrupt 0: Disabled ) R/W

enable bit 1: Enabled

b2 OCD2 |On-chip oscillator clock select bit @) |0: XIN clock selected (6) R/W
1: On-chip oscillator clock selected (2)

b3 OCD3 |Clock monitor bit (4. 5) 0: XIN clock oscillates R
1: XIN clock stops

b4 — Reserved bits Set to 0. R/W

b5 —

b6 —

b7 —

Notes:

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

2. When the OCD?2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (low-speed on-chip
oscillator on).

3. The OCD?2 bit is automatically set to 1 (on-chip oscillator clock selected) when the XIN clock oscillation stop is
detected while bits OCD1 to OCDO are set to 11b. When the OCD3 bit is set to 1 (XIN clock stops), the OCD2 bit
remains unchanged even if 0 (XIN clock selected) is written to it.

4. The OCD3 bit is enabled when the OCDO bit is set to 1 (oscillation stop detection function enabled). In addition,
the OCD3 bit cannot be used to confirm whether the XIN clock oscillation is stable.

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

6. Refer to 9.7.1 How to Use Oscillation Stop Detection Function for the switching procedure when the XIN
clock re-oscillates after detecting an oscillation stop.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCD register.
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10.2.5 High-Speed On-Chip Oscillator Control Register 0 (FRAO)
Address 0023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | FRA0O3| — | FRAOL [ FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO [High-speed on-chip oscillator enable bit  [0: High-speed on-chip oscillator off R/W

1: High-speed on-chip oscillator on
bl FRAO1 |High-speed on-chip oscillator select bit (1) |0: Low-speed on-chip oscillator selected (2) R/IW
1: High-speed on-chip oscillator selected (3)

b2 — Reserved bit Set to 0. R/W
b3 FRAO3 [fOCO128 clock select bit 0: fOCO-S divided by 128 selected R/W
1: fOCO-F divided by 128 selected

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —

b6 —

b7 —

Notes:

1. Change the FRAO01 bit under the following conditions.
* FRAOO = 1 (high-speed on-chip oscillator on)
* CM14 bit in CM1 register = 0 (low-speed on-chip oscillator on)
« Bits FRA22 to FRA20 in the FRAZ2 register:
All division mode can be set when VCC =2.7 Vto 5.5V 000b to 111b
Divide ratio of 4 or more when VCC =1.8Vto 5.5V 011b to 111b (divide-by-4 or more)
2. When setting the FRAO1 bit to 0 (low-speed on-chip oscillator selected), do not set the FRAO0O bit to O (high-
speed on-chip oscillator off) at the same time. Set the FRAO1 bit to O before setting the FRAQO bit to 0.
3. When setting the FRAO1 bit to be 1 (high-speed on-chip oscillator selected) and stopping the low-speed on-chip
oscillator, wait for one or more cycles of the low-speed on-chip oscillator and then set the CM14 bit in the CM1
register to 1 (low-speed on-chip oscillator off).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRAO register.
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10.2.6 Voltage Detect Register 2 (VCA2)
Address 0034h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol | VCA27 | VCA26 | VCA25 | — | — | — — 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 ()

bl — Reserved bits Setto 0. R/W

b2 —

b3 —

b4 —

b5 VCA25 |Voltage detection O enable bit (3) 0: Voltage detection 0 circuit disabled R/IW
1: Voltage detection O circuit enabled

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

b7 VCA27 |Voltage detection 2 enable bit (5) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 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
10.8.9 Reducing Internal Power Consumption Using VCAZ20 Bit.

2. When the VCA20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (all
clocks stop).

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

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

5. To use the voltage detection 2 interrupt or the VCAL3 bit in the VCAL1 register, set the VCA27 bit to 1 (voltage
detection 2 circuit enabled).
After the VCA27 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2 circuit starts
operation.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VCAZ2 register.
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10.2.7 Power-Off Mode Control Register 0 (POMCRO)
Address 0020h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| POMO7 | POMO6 | POMO5 | POMO04 | POMO03 | POMO02 | POMO1 | POMOO
After Reset X X X X X X 0 0

Initial write: Setting the input pin to exit the mode in power-off 0 mode

Bit Symbol Bit Name Function R/W
b0 POMOO |Reserved bit Setto O. w
bl POMO1 |wkuUP1 input enable bit 0: Input disabled w
1: Input enabled
b2 POMO02 | Reserved bits Setto 0. W
b3 POMO3
b4 POMO4
b5 POMO05
b6 POMO6
b7 POMO7
Second to fifth write: Entering power-off 0 mode
Bit Function R/W
b7 to b0 Write 88h, 15h, 92h, and 25h successively. W
Read
Bit Symbol Bit Name Function R/W
b0 POMOO |\WKUPO source power-off 0 exit flag | 0: Undetected R
1: Detected
bl POMO1 | WKUP1 source power-off 0 exit flag | 0: Undetected R
1: Detected
b2 — Nothing is assigned. When read, the content is undefined. —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. Write to the POMCRO register five times successively to enter power-off 0 mode.

Table 10.2 POMCRO Register Values After Exiting Power-Off 0 Mode

Power-off 0 mode exit source POMO7 | POMO6 | POMO5 | POM0O4 | POMO3 | POMO2 | POMO1 | POMOO

WKUPO source X X X X X X 1

WKUP1 source X X X X X X 0
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10.3 Standard Operating Mode

Table 10.3 lists the Clock Selection in Standard Operating Mode.

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

Before the clock sources for the CPU clock can be switched over, the new clock source needs to be oscillating and
stable. Allow sufficient wait time in a program until oscillation stabilizes before switching the clock.

Table 10.3 Clock Selection in Standard Operating Mode

OC.:D CM1 Register CMO Register FRAO Register
Modes Register
OCD2 |CM17|CM16 |CM14 | CM13 |CMO7|CMO0O6|CMO5| CM04 |CMO3|FRAO1|FRAOO
High-speed |No division 0 0 0 — |0or1® 0 0 0 — — — —
clock mode [pjyide-by-2 0 0 1 — |oor1@]| o0 0 0 — — 1 = —
Divide-by-4 0 1 0 — (OQor1®@| O 0 0 — — — —
Divide-by-8 0 — — — |0or1®@| O 1 0 — — — —
Divide-by-16 0 1 1 — (0or1(® 0 0 0 — — — —
Low-speed |No division — 0 0 — — 1 0 — |0or1 @ 0 — —
clock mode [pjyide-by-2 — 0 1 — — 1 0 — Joor1@]| o — —
Divide-by-4 — 1 0 — — 1 0 — |0or1@® 0 — —
Divide-by-8 — — — — — 1 1 — |Oor1 @ 0 — —
Divide-by-16 — 1 1 — — 1 0 — |0or1® 0 — —
High-speed |No division 1 0 0 — — 0 0 — — — 1 1
on-chip Divide-by-2 1 0 1 — — 0 0 — — — 1 1
OSC(;”"“OF Divide-by-4 1 1 0o | — _ 0 0o | — _ _ 1 1
mode Divide-by-8 1 N I = o | 1 | — = — 1 1 1
Divide-by-16 1 1 1 — — 0 0 — — — 1 1
Low-speed |No division 1 0 0 0 — 0 0 — — — 0 —
on-chip Divide-by-2 1 0 1 0 — 0 0 — — — 0 —
OSC(;”"“OF Divide-by-4 1 1 0 0 _ 0 0 | — _ _ 0 _
mode Divide-by-8 1 — = 1 o = o | 1 | — = — 1 o =
Divide-by-16 1 1 1 0 — 0 0 — — — 0 —

—: Indicates that either O or 1 can be set.

Notes:
1. Setthe CMO04 bit to 1 to select the external clock input and set the CM04 bit to O to select the on-chip oscillation circuit.
2. Setthe CM13 bit to 0 to select the external clock input and set the CM13 bit to 1 to select the on-chip oscillation circuit.
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10.3.1 High-Speed Clock Mode

The XIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. When the CM 14 bit is set to
0 (low-speed on-chip oscillator on) or the FRAQO bit in the FRAO register is set to 1 (high-speed on-chip
oscillator on), fOCO can be used for timer RJ.

Also, when the FRAQO bit is set to 1, fOCO20M can be used for timer RC.

When the CM 14 hit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

10.3.2 Low-Speed Clock Mode

The XCIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock.

In this mode, low consumption operation is enabled by stopping the XIN clock and the high-speed on-chip
oscillator, and by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode
enabled). When the CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8, low-current-
consumption read mode can be used. However, do not use low-current-consumption read mode when the
frequency of the selected CPU clock is 3 kHz or below. After setting the divide ratio of the CPU clock, set the
FMR27 bit to 1.

Also, if the FRAQO bit is set to 1, fOCO20M can be used for timer RC.

When the CM 14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

To enter wait mode from low-speed clock mode, lower consumption current in wait mode is enabled by setting
the VCAZ20 bit in the VCA2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 10.8 Reducing Power Consumption.

10.3.3 High-Speed On-Chip Oscillator Mode

The high-speed on-chip oscillator is used as the on-chip oscillator clock when the FRAQO bit in the FRAO
register is set to 1 (high-speed on-chip oscillator on) and the FRAO1 bit in the FRAO register isset to 1. The on-
chip oscillator divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. When the FRAQO bit is set to
1, fOCO20M can be used for timer RC.

Also, when the CM 14 hit is set to 0 (Ilow-speed on-chip oscillator on), fOCO-S can be used for the voltage
detection circuit.

10.3.4 Low-Speed On-Chip Oscillator Mode

If the CM 14 bit in the CM 1 register is set to O (low-speed on-chip oscillator on) and the FRAOL bit in the FRAO
register is set to 0, the low-speed on-chip oscillator is used as the on-chip oscillator clock. At thistime, the on-
chip oscillator clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. The on-chip oscillator
clock is also the clock source for the peripheral function clocks. When the FRAOO bit is set to 1, fOCO20M can
be used for timer RC.

Also, When the CM 14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used for the voltage
detection circuit.

In this mode, low consumption operation is enabled by stopping the XIN clock and the high-speed on-chip
oscillator, and by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode
enabled). When the CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16, low-
current-consumption read mode can be used. After setting the divide ratio of the CPU clock, set the FMR27 bit
to 1.

To enter wait mode from low-speed on-chip oscillator mode, lower consumption current in wait mode can be
further reduced by setting the VCA20 bit in the VCA2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 10.8 Reducing Power Consumption.
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10.4 Wait Mode

Since the CPU clock stops in wait mode, CPU operation using the CPU clock and watchdog timer operation with
count source protection mode disabled are halted. However, the XIN clock, XCIN clock, and on-chip oscillator
clock do not stop, so peripheral functions using these clocks continue operating.

10.4.1 Peripheral Function Clock Stop Function

The peripheral function clock to stop in wait mode can be selected by setting bits CM01 and CM02 in the CMO
register (peripheral function clock stop bits in wait mode). This controls power consumption according to
applications.

10.4.2 Entering Wait Mode

The MCU enters wait mode by executing the WAIT instruction or setting the CM 30 bit in the CM3 register to 1
(MCU enters wait mode).

When the OCD2 hit in the OCD register is set to 1 (on-chip oscillator selected as system clock), set the OCD1
bit in the OCD register to 0 (oscillation stop detection interrupt disabled) before executing the WAIT
instruction or setting the CM30 hit in the CM 3 register to 1 (MCU enters wait mode).

If the MCU enters wait mode while the OCD1 bit is set to 1 (oscillation stop detection interrupt enabled),
current consumption is not reduced because the CPU clock does not stop.

Enter wait mode after setting the FMR27 hit to 0 (low-current-consumption read mode disabled). Do not enter
wait mode while the FMR27 hit is 1 (low-current-consumption read mode enabled).

When entering wait mode, set the FMROL bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
FMR27 bit to 0 (low-current-consumption read mode disabled) before entering the mode.

Do not enter wait mode while the FMRO1 bit is 1 (CPU rewrite mode enabled) or the FMR27 bit is 1
(lowcurrent-consumption read mode enabled).

To enter wait mode by setting the CM30 bit to 1, set the | flag to 0 (maskable interrupt disabled). To enter wait
mode using the WAIT instruction, set the | flag to 1 (maskable interrupt enabled).

When setting bits CM 37 and CM 36 to values other than 00b to enter wait mode from low-speed clock mode, set
the XCIN clock frequency to 28 kHz or more.

When setting bits CM 37 and CM 36 to values other than 00b to enter wait mode from high-speed clock mode,
set the XIN clock frequency to 28 kHz or more.

10.4.3 Reducing Internal Power Using VCAZ20 Bit

When the MCU enters wait mode using low-speed clock mode or low-speed on-chip oscillator mode, internal
power consumption can be reduced using the VCAZ20 bit in the VCA?2 register. To enable internal power
consumption using the VCAZ20 bit, follow the procedure shown in 10.8.9 Reducing Internal Power
Consumption Using VCA20 Bit.

10.4.4 Pin Status in Wait Mode
Each 1/0 port retains its states immediately before the MCU enters wait mode.
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10.4.5 Exiting Wait Mode

The MCU exits wait mode by areset or peripheral function interrupt. The peripheral function interrupts are
affected by bits CM01 and CMO02.

Table 10.4

Interrupts to Exit Wait Mode and Usage Conditions

Interrupt

CMO02 to CMO01 = 00b

CMO02 to CMO01 = 01b

CMO02 to CMO01 = 10b

CMO02 to CMO01 = 11b

Serial interface interrupt

Usable when operating
with an internal or
external clock.

Usable when operating
with fC or an external
clock.

Usable when operating
with an external clock.

Usable when operating
with an external clock.

Synchronous serial
communication unit
interrupt/I2C bus
interface interrupt

Usable in all modes.

(Do not use.)

(Do not use.)

(Do not use.)

Key input interrupt

Usable

Usable

Usable

Usable

A/D conversion interrupt

(Do not enter wait mode
during A/D conversion.)

(Do not enter wait mode
during A/D conversion.)

(Do not enter wait mode
during A/D conversion.)

(Do not enter wait mode
during A/D conversion.)

Timer RJ interrupt

Usable in all modes.

Usable if there is no filter
in event counter mode.
Usable by selecting
fOCO, fC, or fC32 as the
count source.

Usable if there is no filter
in event counter mode.
Usable by selecting
fOCO as the count
source.

Usable if there is no filter
in event counter mode.
Usable by selecting
fOCO as the count
source.

Timer RB interrupt

Usable in all modes.

(Do not use.)

Usable by selecting
fOCO as timer RJ count
source and timer RJ
underflow as timer RB
count source

Usable by selecting
fOCO as timer RJ count
source and timer RJ
underflow as timer RB
count source

Timer RC interrupt

Usable in all modes.

(Do not use.)

(Do not use.)

(Do not use.)

Timer RH interrupt

Usable in all modes.

Usable when operating
in real time clock mode.

Usable when operating
in real time clock mode.

Usable when operating
in real time clock mode.

detection interrupt

INT interrupt Usable Usable if there is no Usable if there is no Usable if there is no
filter. filter. filter.

Voltage monitor 1 Usable Usable Usable Usable

interrupt

Voltage monitor 2 Usable Usable Usable Usable

interrupt

Oscillation stop Usable (Do not use.) (Do not use.) (Do not use.)

The following interrupts can be used to exit wait mode:

* When bits CM02 to CMO0L1 are set to 00b (peripheral function clock does not stop in wait mode), peripheral
function interrupts other than A/D conversion interrupts.

* When bits CM02 to CMO0L1 are set to 01b (clocks f1 to 32 stop in wait mode), the interrupts of the peripheral
functions operating with external signals, the on-chip oscillator clock, or clocks fC1 to f32.

* When bits CM02 to CMO01 are set to 10b (clocks f1 to f32 and fC stop in wait mode), the interrupts of the
peripheral functions operating with external signals or the on-chip oscillator clock.

* When bits CM02 to CMO01 are set to 11b (clocks f1 to f32, fC, and fC-LCD stop in wait mode), the same
applies when bits CM02 to CMO01 are set to 10b.

Table 10.4 lists Interrupts to Exit Wait Mode and Usage Conditions.
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10.4.6 Exiting Wait Mode after CM30 Bit in CM3 Register is Set to 1 (MCU Enters

Wait Mode)

Figure 10.2 shows the Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in

CM3 Register is Set to 1 (MCU Enters Wait Mode).

To use a peripheral function interrupt to exit wait mode, set up the following before setting the CM30 bit to 1.

(1) Setthel flagto 0 (maskable interrupt disabled)

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

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

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCAZ2 register, as shown in Figure 10.2.

The clock set by bits CM 35, CM 36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CM06 bit in the CMO register and bits

CM16 and CM17 in the CM 1 register automatically change.

FMRO Register VCAZ2 Register ) )
Internal Power Flash memory reset Time until
Stabilization Time . Y CPU Clock Remarks
(T0) time (T1) Supply (T2)
FMSTP Bit VCAZ20 Bit
0
(internal power 100 ps (max.) @
0 low consumption disabled)
(flash memory
operates) _ 1 The total of TO to
(internal power 100 ps (max.) @ T2 is the time
low consumption enabled) Period of system clock | Period of CPU clock | from wait mode to
x 1 cycle ® x 2 cycles first instruction
) 0 execution
1 (internal power 0ps following exit.
(flash memory low consumption disabled
stops) 1
(RAM operates) (internal power 100 ps (max.)
low consumption enabled)
P TO oy T1 . T2 -
. Internal power Flash memory reset CPU clock
Wait mode stabilization time sequence M restart sequence
A 100 ps (max.)
Interrupt request generation
Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.2

Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in
CM3 Register is Set to 1 (MCU Enters Wait Mode)

RO1UHO051EJ0103 Rev.1.03

Nov 11, 2011

RENESAS

Page 145 of 645



R8C/LABA Group, R8C/LA8A Group 10. Power Control

10.4.7 Exiting Wait Mode after WAIT Instruction is Executed

Figure 10.3 shows the Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is

Executed.

To use a peripheral function interrupt to exit wait mode, set up the following before executing the WAIT

instruction.

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

(2) Setthel flagto 1 (maskable interrupts enabled).

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

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCAZ2 register, as shown in Figure 10.3.

The clock set by bits CM 35, CM 36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CM06 bit in the CMO register and bits
CM16 and CM17 in the CM 1 register automatically change.

FMRO Register VCA2 Register ) ) )
Internal Power Flash memory reset Time until Time for
Stabilization Time time (T% CPU Clock Interrupt Remarks
TO Supply (T2, Sequence (T3
FMSTP Bit VCA20 Bit (o) pely (T2) quence (T3)
0
(internal power 100 ps (max.) @
0 low consumption disabled)
(flash memory
operates) 1
(internal power 100 ps (max.) @ The total of TO to T3 is
low consumption enabled) Period of system clock | Period of CPU clock | Period of CPU clock | the time from wait mode
x 1 cycle ® x 2 cycles x 20 cycles until an interrupt routine
X 0 is executed.
1 (internal power Ous
(flash memory low consumption disabled
stops) 1
(RAM operates) (internal power 100 ps (max.)
low consumption enabled)
P TO oy T1 o T2 PV T3 o
. Internal power Flash memory reset CPU clock
Wait mode stabilization time sequence @ restart sequence Interrupt sequence
A 100 ps (max.)
Interrupt request generation
Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.3 Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is
Executed
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10.5 Stop Mode

All oscillator circuits except fOCO-WDT stop in stop mode. Since the CPU clock and the peripheral function clock
stop, CPU operation and peripheral function operation using these clocks are halted. If the voltage applied to the
VCC pinis VRAM or more, the content of internal RAM is retained.

The peripheral functions clocked by external signals continue operating.

Table 10.5 lists Interrupts to Exit Stop Mode and Usage Conditions.

Table 10.5 Interrupts to Exit Stop Mode and Usage Conditions

Interrupt Usage Conditions
Key input interrupt Usable
INTO to INT7 interrupt Usable if there is no filter.
Timer RJ interrupt Usable if there is no filter when an external pulse is counted in event counter mode. (1)
Serial interface interrupt When an external clock is selected.
Voltage monitor 1 interrupt Usable in digital filter disabled mode (the VW1C1 bit in the VWI1C register is set to 1).
Voltage monitor 2 interrupt Usable in digital filter disabled mode (the VW2C1 bit in the VW2C register is set to 1).

Note:
1. Intimer RJ event counter mode, only one of timer RJO to timer RJ2 can be used.

10.5.1 Entering Stop Mode

The MCU enters stop mode when the CM 10 bit in the CM 1 register is set to 1 after the CMOO bit in the CMO

register is set to 0. At the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).

To use stop mode, set the following before the MCU enters stop mode:

* Bits OCD1 to OCDO in the OCD register = 00b

e CM35 bit in CM3 register = 0 (settings of CMO06 bit in CMO register and bits CM16 and CM17 in CM1
register enabled)

Enter stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled). Do not enter

stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

10.5.2 Pin Status in Stop Mode

Each /O port retains its state before the MCU enters stop mode.
However, when the CM 13 hit in the CM 1 register is set to 1 (XIN-XOUT pin), the XOUT (P9_1) pinis held
high.
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10.5.3 Exiting Stop Mode

The MCU exits stop mode by areset or periphera function interrupt.

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

To use a periphera function interrupt to exit stop mode, set up the following before setting the CM 10 bit to 1.

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

(2) Setthel flagto 1 (maskable interrupts enabled).

(3) Operate the peripheral function to be used for exiting stop mode.
When the MCU exits stop mode by a peripheral function interrupt, the interrupt sequence is executed when
an interrupt request is generated and the CPU clock supply starts.

The clock used immediately before stop mode divided by 8 is used as the CPU clock when the MCU exits stop
mode by a peripheral function interrupt. To enter stop mode, set the CM 35 bit in the CM 3 register to 0 (settings
of CMO06 bit in CMO register and bits CM 16 and CM17 in CM1 register enabled).

FMRO Register - il Time §
ime unti ime for
Internal Power Flash memory reset
Stabilization Time (T0) time (T2) CPU Clock Interrupt Remarks
FMSTP Bit Supply (T3) Sequence (T4)
0 100 @ i
(flash memory operates) ps (max.) The total of TO to T4 is
Period of system clock | Period of CPU clock | Period of CPU clock | the time from stop mode
1 x lcycle® x 2cycles x 20 cycles until an interrupt routine
(flash memory stops) 100 ps (max.) @ is executed.
(RAM operates)
P TO P T1 P T2 P T3 P T4
Oscillation time of CPU clock
Stop mode Inte_r_nal_povv_er source used immediately Flasshemue;ﬂcc)‘rey(lr)eset CPU clock Interrupt sequence
stabilization time before stop mode q restart sequence

A 100 ps (max.)
Interrupt request generation

Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.4 Time from Stop Mode to Interrupt Routine Execution
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10.6 Power-Off 0 Mode

All oscillator circuitsincluding fOCO-WDT and fOCO-S stop in power-off 0 mode. Since the CPU clock stops, the
CPU and all the peripheral functions using this clock are halted.
The least power is consumed in this mode.

10.6.1 Pin Handling in Power-Off 0 Mode

Figure 10.5 shows Pin Handling in Power-Off 0 Mode. The hardware reset must be used in this mode.
The power-on reset cannot be used. For details of resets, refer to 5. Resets.

(1) When power-off 0 mode is used (2) When power-off 0 mode is not used
P Connect WKUPO to VSS.
Pull up WKUPO. E | ing th . t
Pull up WKUP1 when selected as the exit source. (Example using the power-on reset)
Input a low-level signal to exit the mode.
? MCU MCU
VCC VCC
4.7 kQ
'y WKUPO (Reference value) WRKUPO
WKUP1
RESET RESET
;; vaa
Use the hardware reset as reset. The hardware reset or power-on reset can be
The power-on reset cannot be used. used as reset.

Figure 10.5 Pin Handling in Power-Off 0 Mode

10.6.2 Entering Power-Off 0 Mode

Table 10.6 lists the Entering Power-Off 0 Mode and Exit Methods.

(1) Setthe FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabl ed).

(2) Settheinput pinto exit the mode in power-off O mode by the initial write to the POMCRO register.

(3) When 88h, 15h, 92h, and 25h are written successively to the POMCRO register, the MCU enters power-off
0 mode.

During the processing to enter power-off 0 mode, set pins WKUPO and WKUPL1 (when input is enabled) to

high. If either of these pins changes to low during the processing, the MCU does not enter power-off 0 mode.

Table 10.6  Entering Power-Off 0 Mode and Exit Methods

Entering Power-Off 0 Mode Status Exit Method
Write the setting of the mode exit input pin | All peripheral functions stop, the
used in power-off 0 mode to the POMCRO | contents of RAM and SFRs are not
register (1) retained.
Then, write 88h,15h, 92h, and 25h
successively.
Note:

1. To use WKUP1 to exit power-off mode, set the POMO1 bit to 1 (input enabled) by the initial write to the
POMCRO register.

RESET input, WKUPO input,
or WKUP1 input ()
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10.6.3 Pin Status in Power-Off 0 Mode

Table 10.7 lists the Pin Status in Power-Off 0 Mode.
When the MCU enters power-off 0 mode, the contents of RAM and SFRs are not retained.
Save the data needs to be retained to the data flash before entering power-off 0 mode.

Table 10.7 Pin Status in Power-Off 0 Mode

Pin Name Status
Ports PO to P4, The states of registers LSEOQ to LSES before entering power-off 0 mode are retained. When
P5 O0toP5_6 LCD ports are selected by these registers, low-level output. When ports are selected, the

pins are placed in the high-impedance state.

P8, P9 Oto P9 1

Ports P6, P7_0to P7_6,

High impedance

WKUPO WKUPO input
XCIN, XCOUT Oscillation is off (high impedance)
VL1 to VL3 High impedance

10.6.4 Exiting Power-Off 0 Mode
To exit the mode, input alow-level pulse to the RESET, WKUPO, or WKUP1 pin (when input is enabled).

* RESET pin: The low-level input width must be 2 ms or more.

* Pins WKUPO and WKUP1: The low-level input width must be 10 us or more.

After exiting power-off 0 mode, the operation is the same as a normal reset sequence.
When power-off 0 mode is exited, the exit source can be identified by reading the flags (POMQ0, POMO01) in
the POM CRO register. The values of these flags are undefined after power-on and set to 0 by writing to the
POMCRO register. If multiple exit sources coincide, multiple flags are set. If the WKUPO pin or WKUPL pin
(when input is enabled) changes to low during the processing to enter power-off 0 mode, the MCU does not
enter power-off 0 mode, but the flag (POMO0O0 or POMO01) in the POMCRO register is set to 1 (detected).

Figure 10.6 show the Time from Power-Off 0 Mode to Reset Vector Address Read Execution.

Internal Power
Stabilization Time (T0)

Internal Reset Time (T1)

Time until
Flash Memory Activation (T2)

Idling Time (T3)

Remarks

Max. 2 ms

fOCO-S clock x 32 cycles

CPU clock x 148 cycles

CPU clock x 28 cycles

The total of TO to T3 is
the time from power-off 0
mode until a reset vector
address is read.

T0

T1

T2

A

T3

Y

\4
A

Power-off 0 mode

Internal power
stabilization time

Internal reset time

Flash memory
activation sequence

Idling time

Note:

A Power-off 0 exit source generation

1. If the low-level input width of the RESET pin exceeds the internal power stabilization time and internal reset time (TO + T1), the excess is
added to the time until a reset vector address is read.
(The low-level input width must be 2 ms or more for the RESET pin, and 10 ps or more for pins WKUPO and WKUP1).

Figure 10.6

Time from Power-Off 0 Mode to Reset Vector Address Read Execution
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10.7 Power-off 2 Mode

All oscillator circuits except fOCO-WDT and fC-TRH stop in power-off 2 mode. Since the CPU clock stops, the
CPU and the peripheral functions (other than the watchdog timer and timer RH) using this clock are halted. If the
voltage applied to the VCC pinis VRAM or more, the content of internal RAM is retained.

The peripheral functions clocked by external signals continue operating.

Table 10.8 lists Interrupts to Exit Power-off 2 Mode and Usage Conditions.

Table 10.8 Interrupts to Exit Power-off 2 Mode and Usage Conditions

Interrupt Usage Conditions
Key input interrupt Usable
INTO to INT7 interrupt Usable if there is no filter.
Timer RH interrupt Usable if in real-time clock mode.
Timer RJ interrupt Usable if there is no filter when an external pulse is counted in event counter mode. (1)
Serial interface interrupt When an external clock is selected.

Note:
1. Intimer RJ event counter mode, only one of timer RJO to timer RJ2 can be used.

10.7.1 Entering Power-off 2 Mode

The MCU enters stop mode when the CM 10 bit in the CM 1 register is set to 1 after the CMOO bit in the CMO

register is set to 0. At the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).

To use power-off 2 mode, set the following before the MCU enters power-off 2 mode:

* Bits OCD1 to OCDO in the OCD register = 00b

¢ CM35 bit in CM3 register = 0 (settings of CMO06 bit in CMO register and bits CM16 and CM17 in CM1
register enabled)

Enter power-off 2 mode after setting the FMR27 bit to O (low-current-consumption read mode disabled). Do not

enter power-off 2 mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

10.7.2 Pin Status in Power-off 2 Mode

Each /O port retains its state before the MCU enters power-off 2 mode.
However, when the CM 13 bit in the CM 1 register is set to 1 (XIN-XOUT pin), the XOUT (P9_1) pinis held
high.
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10.7.3 Exiting Power-off 2 Mode

The MCU exits power-off 2 mode by areset or peripheral function interrupt.

Figure 10.7 shows the Time from Power-off 2 Mode to Interrupt Routine Execution.

To use a peripheral function interrupt to exit power-off 2 mode, set up the following before setting the CM 10 hit

tol.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting power-off 2 mode. Set bits ILVL2 to ILVLO of the peripheral function interrupts that are not to be
used for exiting power-off 2 mode to 000b (interrupt disabled).

(2) Setthel flagto 1 (maskable interrupts enabled).

(3) Operate the peripheral function to be used for exiting power-off 2 mode.

When the MCU exits power-off 2 mode by a peripheral function interrupt, the interrupt sequence is executed
when an interrupt request is generated and the CPU clock supply starts.

The clock used immediately before power-off 2 mode divided by 8 is used as the CPU clock when the MCU
exits power-off 2 mode by a peripheral function interrupt. To enter power-off 2 mode, set the CM 35 bit in the

CM3 register to O (settings of CM06 bit in CMO register and bits CM16 and CM 17 in CM 1 register enabled).

FMRO Register

(flash memory operates)

100 ps (max.) @

Internal Power Flash memory reset Time until Time for
S X . M CPU Clock Interrupt Remarks
Stabilization Time (T0) time (T2)
i Supply (T3) Sequence (T4)
FMSTP Bit
0

The total of TO to T4 is

Period of system clock | Period of CPU clock | Period of CPU clock | the time from power-off
1 x 1 cycle ® x 2 cycles x 20 cycles 2 mode until an interrupt
(flash memory stops) 100 ps (max.) routine is executed.
(RAM operates)
TO T1 T2 T3 T4
< >« >« >< >« >
Oscillation time of CPU clock
PO\'{\/n%rc-iCéf‘f 2 Intgljnal_povv_er source used immediately Flash memory({)eset CPU clock Interrupt sequence
stabilization time before power-off 2 mode sequence restart sequence

Notes:

A 100 ps (max.)
Interrupt request generation

1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.7

Time from Power-off 2 Mode to Interrupt Routine Execution
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10.8 Reducing Power Consumption

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

10.8.1 Voltage Detection Circuit

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

When power-on reset and voltage monitor O reset are not used, set the VCAZ25 bit in the VCA2 register to 0
(voltage detection O circuit disabled).

10.8.2 Ports

Even after the MCU enters wait mode, stop mode, or power-off 2 mode, the states of the 1/O ports are retained.
Current flows into the output portsin the active state, and shoot-through current flows into the input portsin the
high-impedance state. Unnecessary ports should be set to output. When setting them to input, fix to a stable
electric potential before the MCU enters wait mode, stop mode, or power-off 2 mode.

10.8.3 Clocks

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

Stopping the low-speed on-chip oscillator oscillation: Set the CM14 bit in the CM1 register to 1 (Ilow-speed
on-chip oscillator off) and the OCD2 bit in the OCD
register to O (XIN clock selected).

Stopping the high-speed on-chip oscillator oscillation: Set the FRAOO bit in the FRAO register to 0.

10.8.4 Wait Mode, Stop Mode, and Power-Off Mode
Power consumption can be reduced in wait mode, stop mode, and power-off mode.

10.8.5 Stopping Peripheral Function Clocks

When peripheral function clocks are not necessary in wait mode, set bits CM01 and CMO02 bit in the CMO
register to stop the clock.

10.8.6 Timers

When timer RJis not used, set the TCKCUT bit in the TRJIMR register to 1 (count source cutoff).
When timer RB is not used, set the TCKCUT hit in the TRBMR register to 1 (count source cutoff).
When timer RC is not used, set the MSTTRC bit in the MSTCRO register to 1 (standby).
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10.8.7 A/D Converter

When the A/D converter is not used, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to 0 (A/D operation stops (standby)) to shut off any analog circuit current flow.

10.8.8 Clock Synchronous Serial Interface
When the SSU or 12C busis not used, set the MSTIIC bit in the MSTCRO register to 1 (standby).

10.8.9 Reducing Internal Power Consumption Using VCA20 Bit

The electric current in wait mode can be further reduced by setting the VCAZ20 bit in the VCA2 register to 1
(low consumption enabled). Set the VCAZ20 bit to 1 in low-speed clock mode or low-speed on-chip oscillator
mode before entering wait mode.
The setting procedure for reducing internal power consumption using the VCA20 bit differs when the CM 30 bit
in the CM3 register is set to 1 (MCU enters wait mode) to enter wait mode and when the WAIT instruction is
executed to enter wait mode. Figure 10.8 shows the Setting Procedure for Reducing Internal Power
Consumption Using VCA20 Bit when CM30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) to Enter
Wait Mode. Figure 10.9 shows theSetting Procedure for Reducing Internal Power Consumption Using VCA20
Bit when CM 30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) to Enter Wait Mode.

Step (1)

Step (2)

Step (3)

Step (4)

Step (5)

Step (6)

Step (7)

Step (8)

Notes:

Procedure for enabling reduced internal power
consumption using VCA20 bit

y

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

y

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

v

VCA20 « 1
(internal power low consumption enabled) 3

!

Enter wait mode using CM30 bit ®)

A

VCA20 <0
(internal power low consumption disabled) @

v

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

y

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

v

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

1. After entering wait mode by the CM30 bit, when an interrupt request is generated, without performing interrupt handling,
start the execution from the instruction immediately following the instruction to set the CM30 bit to 1.

2. Do not set the VCAZ20 bit to 0 with the instruction immediately after setting the VCA20 bit to 1. Also, do not do the opposite.

3. When the VCA20 bit is set to 1, do not set the CM10 bit to 1 (stop mode).

4. When the MCU enters wait mode, follow 10.4 Wait Mode.

Exit wait mode by interrupt request ®

Figure 10.8  Setting Procedure for Reducing Internal Power Consumption Using VCAZ20 Bit when
CM30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) to Enter Wait Mode
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Exit wait mode by interrupt

(Note 1)
Procedure for enabling reduced internal . .
power consumption using the VCA20 bit In the interrupt routine
Enter low-speed clock mode or VCA20 « 0
Step (1) low-speed on-chip oscillator mode Step (5) (internal power low consumption disabled) @
Step (2) Stop the XIN clock and Step (6) Start the XIN clock Ifitis necessary to start
p the high-speed on-chip oscillator clock P or the high-speed on-chip oscillator clock the high-speed clock or
high-speed on-chip oscillator
¢ ¢ during the interrupt routine,
X N - execute steps (6) and (7)

Step (3) VCA20 «- 1 Step (7) (Wait until the XIN clock or the high-speed in the routine.

(internal power low consumption enabled) @ 3) on-chip oscillator clock oscillation stabilizes)

v v

Enter high-speed clock mode or

i [©)
Step (4) Enter wait mode Step (8) high-speed on-chip oscillator mode
A
Step 5) VCA20 « 0 Interrupt handling
P (internal power low consumption disabled) @ ¢
¢ Step (1) Enter low-speed clock mode or
Step (6) Start the XIN clock or P low-speed on-chip oscillator mode
the high-speed on-chip oscillator clock If the high-speed clock or
¢ ¢ high-speed on-chip oscillator
Stop the XIN clock and starts during the interrupt
Step (7) (Wait until the XIN clock or the high-speed Step (2) the high-speed on-chip oscillator clock routine, execute steps (:L_) to
P on-chip oscillator clock oscillation stabilizes) ¢ (3) at the end of the routine.
- ¢ Step (3) VCA20 « 1
Step (8) Enter high-speed clock mode or P (internal power low consumption enabled) @ 3
high-speed on-chip oscillator mode ¢
( Interrupt handling completed )
Notes:

1. Execute this routine to handle all interrupts generated in wait mode.
However, this does not apply if it is not necessary to start the high-speed clock or high-speed on-chip oscillator during the interrupt routine.
2. Do not set the VCA20 bit to 0 with the instruction immediately after setting the VCA20 bit to 1. Also, do not do the opposite.
3. When the VCAZ20 bit is set to 1, do not set the CM10 bit to 1.
4. When the MCU enters wait mode, follow 10.4 Wait Mode.

VCAZ20: Bitin VCAZ2 register

Figure 10.9 Setting Procedure for Reducing Internal Power Consumption Using VCA20 Bit when
WAIT Instruction is Executed to Enter Wait Mode
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10.8.10 Stopping Flash Memory

In low-speed on-chip oscillator mode and low-speed clock mode, power consumption can be further reduced by
stopping the flash memory using the FMSTP bit in the FM RO register.

Access to the flash memory is disabled by setting the FMSTP bit to 1 (flash memory stops). The FMSTP bit
must be written to by a program transferred to RAM.

When the MUC enters stop mode, wait mode, or power-off 2 mode while CPU rewrite mode is disabled, the
power for the flash memory is automatically turned off. It is turned back on again after the MCU exits stop
mode or wait mode. This eliminates the need to set the FMRO register.

Do not use the settings of FMR27 = 1 (low-current-consumption read mode enabled) and FMSTP = 1 (flash
memory stops) at the same time.

Figure 10.10 shows the Handling Procedure Example for Reducing Power Consumption Using FM STP Bit.

FMSTP bit setting program

A 4
¢ After writing O to the FMROL1 bit,
Transfer the FMSTP bit setting program to RAM write 1 (CPU rewrite mode enabled)

v

Write 1 to the FMSTP bit (flash memory stops.

A 4 low power consumption state) @
Jump to the FMSTP bit setting program ¢
(The subsequent processing is executed by
the program in the RAM) Enter low-speed clock mode or

low-speed on-chip oscillator mode

v

Stop the high-speed on-chip oscillator

v

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

v

Switch the clock source for the CPU clock @

v

Write O to the FMSTP bit
(flash memory operates)

v

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

Notes: ¢

1. After setting the FMROL1 bit to 1 (CPU rewrite mode enabled), . . . L
) Wait until the flash memory circuit stabilizes
set the FMSTP bit to 1 (flash memory stops). (FST7 bit) @
2. Before switching the CPU clock source, make sure the designated
clock is stable.
3. Provide a wait time by a program until the FST7 bit is set to 1 (ready).
Do not access the flash memory during this wait time.

Jump to the specified address in the flash memory
FMRO1, FMSTP: Bits in FMRO register ¢

Figure 10.10 Handling Procedure Example for Reducing Power Consumption Using FMSTP Bit
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10.8.11 Low-Current-Consumption Read Mode

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

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

» The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

» The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is 3 kHz
or below.

After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-consumption read mode
enabled).

Enter wait mode, stop mode, or power-off 2 mode after setting the FMR27 bit to 0 (low-current-consumption
read mode disabled).

Do not enter wait mode or stop mode while the FMR27 bit is 1 (Ilow-current-consumption read mode enabled).

Do not use the settings of FMR27 = 1 (low-current-consumption read mode enabled) and FMSTP = 1 (flash
memory stops) at the same time.

Figure 10.11 shows the Handling Procedure Exampl e of Low-Current-Consumption Read Mode.

Handling procedure for enabling
low-current-consumption read mode
by the FMR27 bit

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

y

Step (2) Stop the high-speed on-chip oscillator clock

v

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

v

Step (4) Enter low-current-consumption read mode @

Step (1)

Step (3)

A

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

v

Step (6) Start the high-speed on-chip oscillator clock

v

(Wait until the high-speed on-chip oscillator clock

Step (5)

Step (7) oscillation stabilizes)
Step (8) Enter high-speed on-chip oscillator mode

Notes:
1. To set the FMR27 bit to 1, first write 0 and then write 1 immediately.
Disable interrupts between writing 0 and writing 1.
2. In low-current-consumption read mode, set the FMROL1 bit in the FMRO register to 0 (CPU rewrite mode disabled).
Enter wait mode, stop mode, or power-off 2 mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode, stop mode, or power-off 2 mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

FMR27: Bit in FMR2 register

Figure 10.11 Handling Procedure Example of Low-Current-Consumption Read Mode
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10.9 Notes on Power Control

10.9.1 Stop Mode

To enter stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) first and then set
the CMOO hit in the CMO register to 0 and the CM 10 bit in the CM1 register to 1. An instruction queue pre-
reads 4 bytes from the instruction which sets the CM 10 hit to 1 and the program stops.

Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM 10
bit to 1.

» Program example to enter stop mode
BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to registers CM0 and CM 1 enabled
FSET I ; Interrupt enabled
BSET 0,CM1 ; Stop mode
JVPB LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP

10.9.2 Wait Mode

When entering wait mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
FMR27 bit to O (low-current-consumption read mode disabled) before entering the mode. Do not enter wait
mode while the FMRO1 hit is 1 (CPU rewrite mode enabled) or the FMR27 bit is 1 (low-current-consumption
read mode enabled).

To enter wait mode by setting the CM 30 bit to 1, set the | flag to 0 (maskable interrupt disabled).

To enter wait mode using the WAIT instruction, set the | flag to 1 (maskable interrupt enabled). An instruction
gueue pre-reads 4 bytes from the instruction to set the CM30 bit to 1 (MCU enters wait mode) or the WAIT
instruction, and then the program stops. Insert at least four NOP instructions after the instruction to set the
CM30 bit to 1 (MCU enters wait mode) or the WAIT instruction.

 Program example to execute the WAIT instruction

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
 Program exampl e to execute the instruction to set the CM30 bit to 1

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CM 3 register enabled
FCLR I ; Interrupt disabled
BSET 0,CM3 ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to CM 3 register disabled
FSET I ; Interrupt enabled
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10.9.3 Reducing Internal Power Using VCA20 Bit

Set the VCA20 bit to 1 in low-speed clock mode or low-speed on-chip oscillator mode before entering wait mode.
To enter wait mode by setting the CM 30 bit in the CM 3 register to 1 (MCU enters wait mode), follow the procedure
shown in Figure 10.8 to set the procedure for reducing internal power consumption using the VCA20 bit.

To enter wait mode by executing WAIT instruction, follow the procedure shown in Figure 10.9 to set the
procedure for reducing internal power consumption using the VCAZ20 bit.

10.9.4 Power-Off 0 Mode

To enter power-off mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and then
access the POM CRO register. There is a delay between accessing the POMCRO register and entering power-off
0 mode, so insert at least four NOP instructions.

During the processing to enter power-off 0 mode, set pins WKUPO and WKUPL (when input is enabled) to high. If
either of these pins changes to low during the processing, the MCU does not enter power-off 0 mode and program
execution continues. At thistime, the flag (POM0O0 or POMO01) in the POMCRO register is set to 1 (detected).

 Program example to enter power-off 0 mode

BCLR 1, FMRO ; CPU rewrite mode disabled
MOV.B #02H, POMCRO : Fixed value

MOV.B #88H, POMCRO : Fixed value

MOV.B #15H, POMCRO : Fixed value

MOV.B #92H, POMCRO ; Fixed value

MOV.B #25H, POMCRO ; Fixed value

NOP;

NOP;

NOP;

NOP ; Enter power-off 0 mode
BSET 1, PRCR ; Software reset

BSET 3, PMO

The operation after power-off 0 mode is exited is the same as anormal reset sequence. When power-off 0 mode
is exited immediately after the MCU enters the mode, therefore, power consumption cannot be reduced because
of the reset sequence and the program operation after areset. Evaluate the interval between entering and exiting
power-off 0 mode fully at the system level.

10.9.5 Power-Off 2 Mode

To enter power-off 2 mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) first, and
set the CMOO bit in the CMO register to 1 and bits CM02 to CM01 to 11b, and then set the CM 10 bit in the CM1
register to 1. An instruction queue pre-reads 4 bytes from the instruction which sets the CM 10 bit to 1 and the
program stops.

Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM 10

bit to 1.

* Program example to enter power-off 2 mode
BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to registers CMO and CM 1 enabled
FSET I ; Interrupt enabled
BSET 0,CMO ; Power-off 2 mode selected
BSET 1,CMO0 ;
BSET 2,CMO ;
BSET 0,CM1 ; Power-off 2 mode
JMPB LABEL_001

LABEL_001:
NOP
NOP
NOP
NOP
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11. Protection

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

* Registers protected by PRCO hit: Registers CM0, CM1, CM3, OCD, FRAO, FRCO, FRA2, and FRC1
* Registers protected by PRC1 bit: Registers PMO and PM 1

* Registers protected by PRC3 hit: Registers OCVREFCR, VCA2, VDI1LS, VWO0C, VW1C, and VW2C

11.1 Register
11.1.1 Protect Register (PRCR)
Address 000Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — — PRC3 — PRC1 | PRCO
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 PRCO [Protect bit 0 Enables writing to registers CM0, CM1, CM3, OCD, FRAO, R/W
FRCO, FRA2, and FRC1.
0: Write disabled
1: Write enabled (1)

bl PRC1 [Protect bit 1 Enables writing to registers PMO and PM1. R/W
0: Write disabled
1: Write enabled (1)

b2 — Reserved bit Setto 0. R/W

b3 PRC3 [Protect bit 3 Enables writing to registers OCVREFCR, VCA2, VDI1LS, R/W
VWOC, VW1C, and VW2C.
0: Write disabled
1: Write enabled (1)

b4 — Reserved bits Setto 0. R/W

b5 —

b6 —

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

Note:

1. Bits PRCO, PRC1, and PRC3 are not set to O even after setting them to 1 (write enabled) and writing to the SFR

areas. Set these bits to 0 by a program.
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12. Interrupts

Note

The description offered in this chapter is based on the R8C/LA8SA Group.
For the R8C/LABA Group, refer to 1.1.2 Differences between Groups.

12.1 Introduction

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

Undefined instruction (UND instruction)
Overflow (INTO instruction)
BRK instruction
L INT instruction

" Software
(non-maskable interrupts)

-
Interrupts < Watchdog timer
Oscillation stop detection
Voltage monitor 1 @

Special ) 3 Voltage monitor 2 ®
(non-maskable interrupts)
~ Hardware ——

Single step @
Address break @
-~ Address match

Peripheral function
(maskable interrupts)

Notes:
1. A peripheral function interrupt is generated by a peripheral function in the MCU.
2. Do not use these interrupts. They are provided exclusively for use by development tools.
3. A non-maskable or maskable interrupt can be selected by bits IREQ1SEL and IREQ2SEL in the CMPA register.

Figure 12.1 Types of Interrupts

* Maskable interrupts: These interrupts are enabled or disabled by the interrupt enable flag (I flag).
The interrupt priority can be changed based on the interrupt priority level.

* Non-maskable interrupts.  These interrupts are not enabled or disabled by the interrupt enable flag (I flag).
The interrupt priority cannot be changed based on the interrupt priority level.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 161 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LABA Group 12. Interrupts

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

12.1.2.1 Undefined Instruction Interrupt
An undefined instruction interrupt is generated when the UND instruction is executed.

12.1.2.2 Overflow Interrupt

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

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

12.1.2.4 INT Instruction Interrupt

AnINT instruction interrupt is generated when the INT instruction is executed. Software interrupt numbers 0 to
63 can be specified with the INT instruction. Because software interrupt numbers are assigned to peripheral
function interrupts, the same interrupt routine as for peripheral function interrupts can be executed by executing
the INT instruction.

For software interrupt numbers 0 to 31, the U flag is saved on the stack during instruction execution and the U
flag is set to O (ISP selected) before the interrupt sequence is executed. The U flag is restored from the stack
when returning from the interrupt routine. For software interrupt numbers 32 to 63, the U flag does not change
state during instruction execution, and the selected SPis used.
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12.1.3 Special Interrupts

Special interrupts are non-maskable.

12.1.3.1 Watchdog Timer Interrupt
A watchdog timer interrupt is generated by the watchdog timer. For details, refer to 15. Watchdog Timer.

12.1.3.2 Oscillation Stop Detection Interrupt

An oscillation stop detection interrupt is generated by the oscillation stop detection function. For details of the
oscillation stop detection function, refer to 9. Clock Generation Circuit.

12.1.3.3 Voltage Monitor 1 Interrupt

A voltage monitor 1 interrupt is generated by the voltage detection circuit. A non-maskable or maskable
interrupt can be selected by IRQ1SEL bit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

12.1.3.4 Voltage Monitor 2 Interrupt

A voltage monitor 2 interrupt is generated by the voltage detection circuit. A non-maskable or maskable
interrupt can be selected by IRQ2SEL hit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

12.1.3.5 Single-Step Interrupt, Address Break Interrupt

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

12.1.3.6 Address Match Interrupt

An address match interrupt is generated immediately before executing an instruction that is stored at an address
indicated by registers RMADO to RMADL1 if the AIEROO bit in the AIERO register or AIER10 bit in the AIER1
register is set to 1 (address match interrupt enabled).

For details of the address match interrupt, refer to 12.6 Address Match Interrupt.

12.1.4 Peripheral Function Interrupts

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

There are 4 bytes in each vector. Set the starting address of an interrupt routine in each interrupt vector. When
an interrupt request is acknowledged, the CPU branches to the address set in the corresponding interrupt vector.
Figure 12.2 shows an Interrupt Vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

0000 High-order address

Vector address (H)

0000 0000

Figure 12.2 Interrupt Vector

12.1.5.1 Fixed Vector Tables
The fixed vector tables are alocated addresses OFFDCh to OFFFFh.
Table 12.1 lists the Fixed Vector Tables. The vector addresses (H) of fixed vectors are used by the ID code
check function. For details, refer to 29.3 Functionsto Prevent Flash Memory from being Rewritten.

Table 12.1 Fixed Vector Tables

Vector Addresses

Interrupt Source

Address (L) to (H)

Remarks

Reference

Undefined instruction

OFFDCh to OFFDFh

Interrupt with
UND instruction

Overflow

OFFEOh to OFFE3h

Interrupt with
INTO instruction

R8C/Tiny Series
Software Manual

BRK instruction OFFE4h to OFFE7h If the content of address

OFFEG6h is FFh, program

execution starts from the

address shown by the

vector in the relocatable

vector table.
Address match OFFE8h to OFFEBh 12.6 Address Match Interrupt
Single step (1) OFFECh to OFFEFh
Watchdog timer, OFFFOh to OFFF3h 15. Watchdog Timer,
Oscillation stop detection, 9. Clock Generation Circuit,
Voltage monitor 1 (2), 6. Voltage Detection Circuit
Voltage monitor 2 (3)
Address break (1) OFFF4h to OFFF7h

(Reserved) OFFF8h to OFFFBh
Reset OFFFCh to OFFFFh 5. Resets
Notes:

1. Do not use these interrupts. They are provided exclusively for use by development tools.
2. Voltage monitor 1 interrupt is selected when the IRQ1SEL bit in the CMPA register is set to 0 (nonmaskable

interrupt).

3. Voltage monitor 2 interrupt is selected when the IRQ2SEL bit in the CMPA register is set to 0 (nonmaskable

interrupt).
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12.1.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes beginning from the starting address set in the INTB register.

Table 12.2 lists the Relocatable VVector Tables.

Table 12.2  Relocatable Vector Tables
Software | Interrupt
Interrupt Source Vector Addresses (1 Interrupt Contrc[J)I Reference
Address (L) to Address (H) Number | Reqister
g
BRK instruction () +0 to +3 (0000h to 0003h) 0 — R8C/Tiny Series
Software Manual
Flash memory ready +4 to +7 (0004h to 0007h) 1 FMRDYIC | 29. Flash Memory
(Reserved) 2 — —
INT7 +12 to +15 (000Ch to 000Fh) 3 INT7IC 12.4INT Interrupt
INT6 +16 to +19 (0010h to 0013h) 4 INT6IC 12.4 INT Interrupt
INTS +20 to +23 (0014h to 0017h) 5 INTSIC 12.4 INT Interrupt
INT4 +24 to +27 (0018h to 001Bh) 6 INT4IC 12.4 INT Interrupt
Timer RC +28 to +31 (001Ch to 001Fh) 7 TRCIC 18. Timer RC
(Reserved) 8 — —
(Reserved) 9 —
Timer RH +40 to +43 (0028h to 002Bh) 10 TRHIC 19. Timer RH
UART2 transmit/NACK2 +44 to +47 (002Ch to 002Fh) 11 S2TIC 22. Serial Interface (UART2)
UART?2 receive/ACK2 +48 to +51 (0030h to 0033h) 12 S2RIC
Key input +52 to +55 (0034h to 0037h) 13 KUPIC 12.5 Key Input Interrupt
A/D conversion +56 to +59 (0038h to 003Bh) 14 ADIC 26. A/ID Converter
Synchronous serial +60 to +63 (003Ch to 003Fh) 15 SSuIC/ 24. Synchronous Serial
communication unit/ lICIC Communication Unit (SSU),
12C bus interface (2) 25. 12C bus Interface
(Reserved) 16 — —
UARTO transmit +68 to +71 (0044h to 0047h) 17 SOTIC 21. Serial Interface (UARTO)
UARTO receive +72 to +75 (0048h to 004Bh) 18 SORIC
(Reserved) 19 — —
(Reserved) 20 —
INT2 +84 to +87 (0054h to 0057h) 21 INT2IC 12.4INT Interrupt
Timer RJO +88 to +91 (0058h to 005Bh) 22 TRJOIC 20. Timer RJ
Timer RB1 +92 to +95 (005Ch to 005Fh) 23 TRB1IC 17. Timer RB
Timer RBO +96 to +99 (0060h to 0063h) 24 TRBOIC 17. Timer RB
INTL +100 to +103 (0064h to 0067h) 25 INT1IC 12.4INT Interrupt
INT3 +104 to +107 (0068h to 006Bh) 26 INT3IC
Timer RJ1 +108 to +111 (006Ch to 006Fh) 27 TRJ1IC 20. Timer RJ
Timer RJ2 +112 to +115 (0070h to 0073h) 28 TRJ2IC 20. Timer RJ
INTO +116 to +119 (0074h to 0077h) 29 INTOIC 12.4 INT Interrupt
UART2 bus collision detection +120 to +123 (0078h to 007Bh) 30 U2BCNIC | 22. Serial Interface (UART2)
(Reserved) 31 — —
Software (3 +128 to +131 (0080h to 0083h)to [32to 41 |— R8C/Tiny Series
+164 to +167 (00A4h to 00A7h) Software Manual
LCD +168 to +171 (00A8h to 00ABh) 42 LCDIC 28. LCD Drive Control Circuit
(Reserved) 43 — —
(Reserved) 441049 |— —
Voltage monitor 1 (4) +200 to +203 (00C8h to 00CBh) 50 VCMP1IC | 6. Voltage Detection Circuit
Voltage monitor 2 () +204 to +207 (00CCh to 00CFh) 51 VCMP2IC
(Reserved) 52t055 |— —
Software 3 +224 to +227 (0OEOh to 0O0E3h)to [56t0 63 |— R8C/Tiny Series
+252 to +255 (00FCh to 00FFh) Software Manual
Notes:

1. These addresses are relative to those in the INTB register.

Selectable by the IICSEL bit in the SSUIICSR register.

These interrupts are not disabled by the | flag.

Voltage monitor 1 interrupt is selected when the IRQ1SEL bit in the CMPA register is set to 1 (maskable interrupt).
Voltage monitor 2 interrupt is selected when the IRQ2SEL bit in the CMPA register is set to 1 (maskable interrupt).

apwN
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12.2 Registers

12.2.1

Interrupt Control Register
(S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, TRJOIC, TRB1IC, TRBOIC,
TRJ1IC, TRJ2IC, U2BCNIC, LCDIC, VCMP1IC, VCMP2IC)

Address 004Bh (S2TIC), 004Ch (S2RIC), 004Dh (KUPIC), 004Eh (ADIC),

0051h (SOTIC), 0052h (SORIC), 0056h (TRJOIC), 0057h (TRB1IC),
0058h (TRBOIC), 005Bh (TRJ1IC), 005Ch (TRJ2IC), 005Eh (U2BCNIC),
006Ah (LCDIC), 0072h (VCMP1IC), 0073h (VCMP2IC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — — | IR | ILVL2 | ILVL1 | ILVLO
After Reset X X X X X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit b2 b1 b0 Level 0 (i gisabled R/W
bl VLT 882 L:le (1) (interrupt disabled) RIW
b2 ILVL2 010: Level 2 RIW
011:Level3
100: Level 4
101:Level5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested (1)
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b5 —
b6 —
b7 —
Note:

1. Only 0 can be written to the IR bit. Do not write 1 to this bit.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 12.8.5 Rewriting Interrupt Control Register.
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12.2.2 Interrupt Control Register (FMRDYIC, TRCIC, SSUIC/IICIC, TRHIC)

Address 0041h (FMRDYIC), 0047h (TRCIC), 004Ah (TRHIC),
004Fh (SSUIC/ICIC (1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | IR | ILVL2 ILVL1 ILVLO
After Reset X X X X X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit bébé tg Level O (i disabled R/W
b1 VLT o0 1: ng; ° (interrupt disabled) RIW
b2 ILVL.2 010: Level 2 RIW
011:Level3
100: Level 4
101:Levels
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R
1: Interrupt requested
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b5 —
b6 —
b7 —
Note:

1. Selectable by the IICSEL bit in the SSUIICSR register.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.

Refer to 12.8.5 Rewriting Interrupt Control Register.
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12.2.3 INTi Interrupt Control Register (INTIlIC) (i =0to 7)

Address 0043h (INT7IC), 0044h (INT6IC), 0045h (INT5IC), 0046h (INT4IC),
0055h (INT2IC), 0059h (INT1IC), 005Ah (INT3IC), 005Dh (INTOIC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — | POL | IR | ILVL2 | ILVL1 | ILVLO
After Reset X X 0 0 X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit b2 b1 b0 Level 0 (i disabled R/W
b1 VLT 88(1) Lgxgl (1) (interrupt disabled) RIW
b2 ILvVL2 010: Level 2 RIW
011:Level3
100: Level 4
101:Level5
110: Level 6
111:Level7
b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested (1)
b4 POL  |Polarity switch bit (3) 0: Falling edge selected R/W
1: Rising edge selected (2)
b5 — Reserved bit Setto 0. R/W
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b7 —
Notes:

1. Only 0 can be written to the IR bit. Do not write 1 to this bit.

2. When the INTIPL bit in the INTEN register is set to 1 (both edges), set the POL bit to O (falling edge selected).

3. The IR bit may be set to 1 (interrupt requested) when the POL bit is rewritten. Refer to 12.8.4 Changing
Interrupt Sources.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 12.8.5 Rewriting I nterrupt Control Register.
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12.3 Interrupt Control

The following describes enabling and disabling maskable interrupts and setting the acknowledgement priority.
This description does not apply to non-maskabl e interrupts.

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

12.3.1 |Flag

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

12.3.2 IR Bit
The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. After the interrupt request is
acknowledged and the CPU branches to the corresponding interrupt vector, the IR bit is set to O (no interrupt
requested).
The IR bit can be set to 0 by a program. Do not write 1 to this bit.
However, the IR bit operations of the timer RC interrupt, the synchronous serial communication unit interrupt

the 12C bus interface interrupt, and the flash memory interrupt are different. Refer to 12.7 Interrupts of Timer
RC, Timer RH, Synchronous Serial Communication Unit, 12C bus Interface, and Flash Memory
(Interruptswith Multiple Interrupt Request Sources).

12.3.3 Bits ILVL2 to ILVLO, IPL

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

The following are the conditions when an interrupt is acknowledged:
* | flag = 1 (maskable interrupts enabled)

¢ IR bit = 1 (interrupt requested)

* Interrupt priority level > 1PL

Thel flag, IR bit, bits ILVL2to ILVLO, and IPL are independent of each other. They do not affect one another.

Table 12.3 Settings of Interrupt Priority Table 12.4 Interrupt Priority Levels Enabled by
Levels IPL
Bitsul_l\_/\(l(_)z to Interrupt Priority Level Priority IPL Enabled Interrupt Priority Level

000b Interrupt level 1 and above

000b Level O (interrupt disabled) — 001b Interrupt level 2 and above

001b Level1 Low 010b Interrupt level 3 and above

010b Level 2 011b Interrupt level 4 and above

011b Level 3 100b Interrupt level 5 and above

100b Level 4 101b Interrupt level 6 and above

101b Level 5 110b Interrupt level 7 and above

110b Level 6 111b All maskable interrupts disabled

111b Level 7 High
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12.3.4 Interrupt Sequence

The following describes an interrupt sequence which is performed from when an interrupt request is
acknowledged until the interrupt routine is executed.

When an interrupt request is generated while an instruction is being executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following cycle.
However, for the SMOVB, SMOVF, SSTR, or RMPA instruction, if an interrupt request is generated while the
instruction is being executed, the MCU suspends the instruction to start the interrupt sequence. The interrupt
sequence is performed as indicated below.

Figure 12.3 shows the Time Required for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading address
00000h. The IR hit for the corresponding interrupt is set to 0 (no interrupt requested). (2)

(2) The FLG register is saved to a temporary register (1) in the CPU immediately before entering the interrupt
sequence.

(3) Thel, D and U flagsinthe FLG register are set as follows:
Thel flag is set to O (interrupts disabled).
The D flag is set to O (single-step interrupt disabled).
The U flag is set to 0 (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt number 32 to 63 is
executed.

(4) The CPU interna temporary register (1) is saved on the stack.

(5) The PC issaved on the stack.

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

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

After the interrupt sequence is completed, instructions are executed from the starting address of the interrupt
routine.

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

CPU Clock

Address Bus X Address Y Undefined Xsp-2Ysp-1)Ysp-4)Y sp3 YvecY vecs1 Y vec+2 X PC
Data Bus X eraet X Undefined Kesnu X eoman Kesmanl__ Shicy Xewio X dEGE X vEG2 X
RD |_,_\( Undefined )’ |_,
WR

Note:
1. The indeterminate state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to accept instructions.

Figure 12.3  Time Required for Executing Interrupt Sequence

Notes:
1. Theseregisters cannot be accessed by the user.
2. Referto 12.7 Interruptsof Timer RC, Timer RH, Synchronous Serial Communication Unit, 12C
busInterface, and Flash Memory (Interruptswith Multiple I nterrupt Request Sources) for the IR
bit operations of the above interrupts.
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12.3.5 Interrupt Response Time

Figure 12.4 shows the Interrupt Response Time. The interrupt response time is the period from when an
interrupt request is generated until the first instruction in the interrupt routine is executed. The interrupt
response time includes the period from when an interrupt request is generated until the currently executing
instruction is completed (refer to (a) in Figure 12.4) and the period required for executing the interrupt sequence
(20 cycles, refer to (b) in Figure 12.4).

Interrupt request generation  Interrupt request acknowledgement

vy .

Instruction in
interrupt routine

g Instruction Interrupt sequence

(@) 20 cycles (b) 7

-
-

A
v

Interrupt response time

A
y

(a) The period from when an interrupt request is generated until the currently executing instruction is completed.
The length of time varies depending on the instruction being executed. The DIVX instruction requires
the longest time, 30 cycles (no wait states if the divisor is a register).

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

Figure 12.4 Interrupt Response Time

12.3.6 IPL Change when Interrupt Request is Acknowledged

When a maskable interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt
issetinthelPL.

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

Table 12.5 lists the IPL Value When Software or Specia Interrupt is Acknowledged.

Table 12.5 IPL Value When Software or Special Interrupt is Acknowledged

Interrupt Source without Interrupt Priority Level Value Set in IPL
Watchdog timer, oscillation stop detection, voltage monitor 1, voltage monitor 2, 7
address break
Software, address match, single-step No change
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12.3.7 Saving Registers
In the interrupt sequence, the FL G register and PC are saved on the stack.
After an extended 16 bits, 4 high-order bits in the PC and 4 high-order (IPL) and 8 low-order bitsin the FLG
register, are saved on the stack, the 16 low-order bitsin the PC are saved.
Figure 12.5 shows the Stack State Before and After Acknowledgement of Interrupt Request.

The other necessary registers should be saved by a program at the beginning of the interrupt routine. The
PUSHM instruction can save several registers in the register bank being currently used (1) with asingle

instruction.

Note:

1. Selectable from registers RO, R1, R2, R3, AO, A1, SB, and FB.

Stack state before interrupt request acknowledgement

Note:

LSB

[SP]
New SP value @

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

PCH  :4 high-order bits of PC
FLGL : 8 low-order bits of FLG

Address Stack Address Stack
MSB LSB MSB
m-4 m-4 PCL
m-3 m-3 PCM
m-2 m-2 FLGL
m-1 m-1 FLGH PCH
[SP]
m . SP value before m .
Previous stack contents interrupt request Previous stack contents
acknowledgement @
m*+1 | Previous stack contents m+1 | Previous stack contents

Stack state after interrupt request acknowledgement

1. When an INT instruction for software numbers 32 to 63 has been executed,

this SP is indicated by the U flag. Otherwise it is ISP.

FLGH : 4 high-order bits of FLG

Figure 12.5

Stack State Before and After Acknowledgement of Interrupt Request
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The register saving operation, which is performed as part of the interrupt sequence, saved in 8 bitsat atimein

four steps.

Figure 12.6 shows the Register Saving Operation.

Note:

Address Stack
Saving sequence
[SP]-5
[SP]-4 PCL l— (3)
[SP]-3 PCM |— (4)
Saved, 8 bits at a time
[SP]-2 FLGL [-— (1)
[SPI-1 l— (2)
FLGH PCH PCL
PCM
[SP] PCH
Completed saving registers FLGL
in four operations FLGH

1. [SP] indicates the SP initial value when an interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.
When an INT instruction for software numbers 32 to 63 has been executed,
this SP is indicated by the U flag. Otherwise it is ISP.

: 8 low-order bits of PC

: 8 middle-order bits of PC
: 4 high-order bits of PC

: 8 low-order bits of FLG

: 4 high-order bits of FLG

Figure 12.6  Register Saving Operation
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12.3.8 Returning from Interrupt Routine

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

Registers saved by a program in an interrupt routine should be saved using the POPM instruction or a similar
instruction before executing the REIT instruction.

12.3.9 Interrupt Priority

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

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

The priority of the watchdog timer and other special interruptsis set by hardware.

Figure 12.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. When an instruction is executed, the MCU
executes the interrupt routine.

High
Reset 9

Address break

Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2

Peripheral function

Single step

Address match
Low

Figure 12.7 Hardware Interrupt Priority
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12.3.10 Interrupt Priority Level Selection Circuit

Theinterrupt priority level selection circuit is used to select the highest priority interrupt.
Figure 12.8 shows the Interrupt Priority Level Selection Circuit.

Priority level of interrupts

[ Voltage monitor 1

| UART?2 bus collision detection

| Voltage monitor 2

| NT2

| Timer RJ2

| NT3

| Timer RBO

[ Timer RJ0

| T2

EN

o

[ INT6

O‘

INT!

[ Timer RJ1

| NTL

|

[ Timer RB1

Level O (initial value)

Priority level of interrupts

Highest

| Timer RC

[ INTS

| INT7

| UARTO reception

| A/D conversion

[ UART2 reception/ACK2

[ Timer RH

[ UARTO transmission

[ SSU/12C bus @

[ Key input

| UART2 transmission/NACK2

| Flash memory ready

[ IPL

| flag

A

Peripheral function interrupt priority
(if priority levels are same)

Interrupt request level
select output signal

Interrupt request

Address match

Watchdog timer

acknowledgement

Oscillation stop detection

Voltage monitor 1

Voltage monitor 2

Note:

1. Selectable by the IICSEL bit in the SSUIICSR register.

Figure 12.8 Interrupt Priority Level Selection Circuit
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12.4 INT Interrupt

12.4.1 INTi Interrupt (i=0to 7)

The INTI interrupt is generated by an INTi input. To use the INTi interrupt, set the INTiEN bit in the INTEN
register isto 1 (enabled). The edge polarity is selected using the INTiPL bit in the INTEN register and the POL
bit in the INTiIC register. The input pin used asthe INTi input can be selected.

Also, inputs can be passed through a digital filter with three different sampling clocks.

The INTO pin is shared with the pulse output forced cutoff input of timer RC, and the external trigger input of
timer RBO.

The INT2 pin is shared with the event input of timer RJ.

The INT5 pin is shared with the external trigger input of timer RB1.

Table 12.6 lists the Pin Configuration of INT Interrupt.

Table 12.6  Pin Configuration of INT Interrupt

Pin Name Assigned Pin I/0 Function
INTO PO 30rP3 0 Input | NTO interrupt input, timer RBO external trigger input, timer
RC pulse output forced cutoff input
INT1 P8 0OorP3_1 Input | NT1 interrupt input
INT2 P8 7orP3 2 Input | NT2 interrupt input, timer RJ event control
INT3 P8 1orP3 3 Input | |NT3 interrupt input
INT4 Pl 40rP3_4 Input | NT4 interrupt input
INT5 P1 50rP3 5 Input | NT5 interrupt input, timer RB1 external trigger input
INT6 P1 60rP3 6 Input | |NT6 interrupt input
INT7 PO_1orP3_7 Input | NT7 interrupt input
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12.4.2

Address 018Eh

INT Interrupt Input Pin Select Register (INTSR)

Bit b7 b6 b5

b4

b3 b2

bl

b0

Symbol | INT7SELO| INT6SELO |INT5$ELO| INTASELO | INT3SELO| INT28ELO| INT1SELO [INTOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | |NTOSELO [INTO pin select bit 0: PO_3 assigned R/W
1: P3_0 assigned

bl |INTISELO [iNT1 pin select bit 0: P8_0 assigned R/W
1: P3_1 assigned

b2 | INT2SELO [iNT2 pin select bit 0: P8_7 assigned R/W
1: P3_2 assigned

b3  [INT3SELO ||NT3 pin select bit 0: P8_1 assigned R/W
1: P3_3 assigned

b4 | INT4SELO ||NT4 pin select bit 0: P1_4 assigned R/W
1: P3_4 assigned

b5 [INT5SELO ||NTS pin select bit 0: P1_5 assigned R/W
1: P3_5 assigned

b6 | INTESELO (INT6 pin select bit 0: P1_6 assigned R/IW
1: P3_6 assigned

b7 | INT7SELO [iNT7 pin select bit 0: PO_1 assigned R/W
1: P3_7 assigned

The INTSR register selectswhich pinisassigned asthe INTi (i =0to 7) input. To usethe INTI, set this register.
Set the INTSR register before setting the INTi associated registers. Also, do not change the setting valuesin this
register during INTi operation.
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12.4.3 External Input Enable Register O (INTEN)
Address 01FAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT3PL | INT3EN | INT2PL | INT2EN | INT1PL | INT1EN | INTOPL | INTOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INTOEN m input enable bit 0: Disabled R/W
1: Enabled

bl | INTOPL \X70 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

b2 INT1EN [INT1 input enable bit 0: Disabled R/W
1: Enabled

b3 | INTIPL \NT1 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

b4 INT2EN |INT2 input enable bit 0: Disabled R/W
1: Enabled

bS | INT2PL Q72 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

b6 INT3EN m input enable bit 0: Disabled R/W
1: Enabled

b7 | INTSPL \\NT3 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

Notes:

1. To set the INTIPL bit (i = 0 to 3) to 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge
selected).
2. The IR bit in the INTIIC register may be set to 1 (interrupt requested) if the INTEN register is rewritten. Refer to
12.8.4 Changing Interrupt Sources.
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12.4.4 External Input Enable Register 1 (INTEN1)
Address 01FBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT7PL | INT7EN | INT6PL | INT6EN | INTSPL | INTSEN | INT4PL | INT4EN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INT4EN m input enable bit 0: Disabled R/W
1: Enabled

bl | INTAPL \\Q7Z input polarity select bit (1. ) 0: One edge RIW
1: Both edges

b2 INTSEN [INTS input enable bit 0: Disabled R/W
1: Enabled

b3 | INTSPL \\NT5 input polarity select bit (1 2) 0: One edge RIW
1: Both edges

b4 INT6EN |INT6 input enable bit 0: Disabled R/W
1: Enabled

bS | INT6PL |{NT6 input polarity select bit (1.2)  [0: One edge RIW
1: Both edges

b6 INT7EN m input enable bit 0: Disabled R/W
1: Enabled

b7 | INT7PL Q77 input polarity select bit (1. ) 0: One edge RIW
1: Both edges

Notes:

1. To set the INTIPL bit (i = 4 to 7) to 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge

selected).

2. The IR bit in the INTIIC register may be set to 1 (interrupt requested) if the INTENL1 register is rewritten. Refer to
12.8.4 Changing Interrupt Sources.

12.4.5

Address 01FCh

INT Input Filter Select Register 0 (INTF)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | INT3FL | INT3FO [ INT2F1 | INT2FO | INTIFL | INTLFO | INTOFL | INTOFO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOFO ; ) i b1 b0 R/W
P NTOFT INTO input filter select bit 0 0° No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b2 INT1IFO |\NT7 i ) i b3 b2 R/W
r3 NTIFT INT1 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b4 INT2FO [{NT2 i ) ; b5 b4 R/W
= NToET INT2 input filter select bit 0 0: No filter "
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 INT3FO |[|NT3 i ) i b7 b6 R/W
= NTSET INT3 input filter select bit 0 0° No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
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12.4.6 INT Input Filter Select Register 1 (INTF1)
Address 01FDh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT7F1 | INT7FO | INT6F1 | INT6FO | INT5F1 | INT5FO | INTAF1 | INT4FO
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INT4FO ; ! - b1 b0 RIW

= NTIET INT4 input filter select bit 0 0: No filter =
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling

b2 INT5F0 |\NTE i ) ; b3 b2 R/W

Es NTEET INT5 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling

b4 INT6FO ; " - b5 b4 RIW

- NTEET INT6 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling

b6 INT7FO ; ) - b7 b6 RIW

= NTTET INT7 input filter select bit 0 0: No filter =
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
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12.4.7 INTi Input Filter (i=0to 7)

The INTI input contains a digital filter. The sampling clock is selected using bits INTiFO and INTiF1 in
registers INTF and INTF1. The INTi level is sampled every sampling clock cycle and if the sampled input level
matches three times, the IR bit in the INTilC register is set to 1 (interrupt requested).

Figure 12.9 showsthe INTi Input Filter Configuration. Figure 12.10 shows an Operating Example of INTi Input

Filter.
INTiF1 to INTIFO
fl =01b
f8 LObO Sampling clock
f3p =B o INTIEN
INTiF1 to INTiFO
= other than 00b _
NT Digital filter ———0 INTH interrupt
(matches
3 times) =00b INTIPL = 0
Both-edge
detection -
circuit  |INTIPL=1
i=0to 7
INTIFO, INTiF1: Bits in registers INTF, INTF1
INTIEN, INTIPL: Bits in registers INTEN, INTEN1

Figure 12.9 INTi Input Filter Configuration

INTi input

it A A R R R A A R B

IR bit in
INTIIC register

Set to 0 by a program.

Note:

1. This is an operating example when bits INTiF1 to INTiFO in registers INTF and INTF1 are set to 01b, 10b, or 11b
(digital filter enabled).

i=0to 7

Figure 12.10 Operating Example of INTi Input Filter
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12.5 Key Input Interrupt

A key input interrupt request is generated by one of the input edges of pins K10 to K17. The key input interrupt can
be used as a key-on wake-up function to exit wait or stop mode.

The KIiEN bit (i = 0to 7) in the KIEN register is be used to select whether or not the pins are used as the KIi input.
The KIiPL bit in the KIEN register is aso be used to select the input polarity.

When inputting alow signal to the KIi pin, which sets the KIiPL bit to O (falling edge), the input to the other pins
K10 to K17 is not detected as interrupts. When inputting a high signal to the Kli pin, which sets the KIiPL bit to 1
(rising edge), the input to the other pins K10 to K17 is also not detected as interrupts.

Figure 12.11 shows a Block Diagram of Key Input Interrupt. Table 12.7 lists the Key Input Interrupt Pin
Configuration.

Pull-up control register value for the corresponding port
Pull-u | KUPIC register
P Direction register value for the corresponding port
transistor
KI7PL=0 KI7EN bit
K7
KI7TPL =1
Pull-up
transistor
KI6PL =0 KIBEN bit
Kie Interrupt control circuit Key input
KI6PL =1 interrupt request
Pull-up
transistor
KISPL =0 KISEN bit
Ki5
KISPL =1
Pull-up
transistor
KI4PL =0 KI4EN bit
Ki4
KI4PL =1
Pull-up
transistor
KI3PL =0 KI3EN bit
K3
KIBPL=1
Pull-up
transistor
KI2PL =0 KI2EN bit
K2
KI2PL=1
Pull-up
transistor
KI1LPL =0 KI1EN bit
KT
KIlPL=1
Pull-up
transistor .
KIOPL =0 KIOEN bit i=0to7
Kio KIiEN, KIiPL: Bits in KIEN or KIEN1 register
KIOPL =1

Figure 12.11 Block Diagram of Key Input Interrupt
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Table 12.7 Key Input Interrupt Pin Configuration

Pin Name I/0 Function
K10 Input | K10 interrupt input
KI1 Input | KT interrupt input
K12 Input | K12 interrupt input
KI3 Input | K13 interrupt input
Kl4 Input | K14 interrupt input
KI5 Input | KI5 interrupt input
K16 Input | K16 interrupt input
KI7 Input | K17 interrupt input
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12.5.1

Key Input Enable Register 0 (KIEN)
Address 01FEh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI3PL | KI3EN | KI2PL | KI2EN | KI1PL | KILEN | KIOPL | KIOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KIOEN [KIO input enable bit 0: Disabled R/W
1: Enabled

bl KIOPL [KIO input polarity select bit 0: Falling edge R/W
1: Rising edge

b2 KILEN [KI1 input enable bit 0: Disabled R/W
1: Enabled

b3 KI1PL [KI1 input polarity select bit 0: Falling edge R/W
1: Rising edge

b4 KI2EN [KI2 input enable bit 0: Disabled R/W
1: Enabled

b5 KI2PL [KI2 input polarity select bit 0: Falling edge R/W
1: Rising edge

b6 KISEN [KI3 input enable bit 0: Disabled R/W
1: Enabled

b7 KISPL [KI3 input polarity select bit 0: Falling edge R/W
1: Rising edge

The IR bit in the KUPIC register may be set to 1 (interrupt requested) when the KIEN register is rewritten.
Refer to 12.8.4 Changing I nterrupt Sources.
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12.5.2 Key Input Enable Register 1 (KIEN1)
Address 01FFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI7PL | KI7EN | KI6PL | KIGEN | KISPL | KISEN | KI4PL | KI4EN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KI4EN [KI4 input enable bit 0: Disabled R/W
1: Enabled

bl KI4PL |[KI4 input polarity select bit 0: Falling edge R/W
1: Rising edge

b2 KISEN [KI5 input enable bit 0: Disabled R/W
1: Enabled

b3 KISPL [KI5 input polarity select bit 0: Falling edge R/W
1: Rising edge

b4 KIGEN |KI6 input enable bit 0: Disabled R/W
1: Enabled

b5 KI6PL [KI6 input polarity select bit 0: Falling edge R/W
1: Rising edge

b6 KIZTEN [KI7 input enable bit 0: Disabled R/W
1: Enabled

b7 KI7PL [KI7 input polarity select bit 0: Falling edge R/W
1: Rising edge

The IR bit in the KUPIC register may be set to 1 (interrupt requested) when the KIEN1 register is rewritten.
Refer to 12.8.4 Changing I nterrupt Sources.
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12.6 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address
indicated by the RMAD:I (i =0 or 1) register. Thisinterrupt is used as a break function by the debugger. When the
on-chip debugger is used, do not set an address match interrupt (registers AIERO, AIER1, RMADO, and RMAD1,
and fixed vector tables) in the user system.

Set the starting address of any instruction in the RMAD:I (i = 0 or 1) register. The AIERI bit in the AIERI register
can be used to select the interrupt enabled or disabled. The address match interrupt is not affected by the | flag and
IPL.

The PC value (refer to 12.3.7 Saving Registers) which is saved on the stack when an address match interrupt
request is acknowledged varies depending on the instruction at the address indicated by the RMADi register. (The
appropriate return address is not saved on the stack.) When returning from the address match interrupt, follow one
of the following means:

* Rewrite the contents of the stack and use the REIT instruction to return.
* Use an instruction such as POP to restore the stack to its previous state before the interrupt request was

acknowledged. Then use ajump instruction to return.
Table 12.8 lists the PC Vaue Saved on Stack When Address Match Interrupt Request is Acknowledged.

Table 12.8  PC Value Saved on Stack When Address Match Interrupt Request is Acknowledged

Address Indicated by RMADi Register (i = 0 or 1) PC Value Saved (1)

Address indicated by
RMAD:i register + 2

« Instruction with 2-byte operation code (2)
« Instruction with 1-byte operation code (2)

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

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

MOV.B:S #IMM,dest (however, dest = A0 or Al)

Address indicated by
RMAD:i register + 1

« Instructions other than listed above

Notes:
1. Referto the 12.3.7 Saving Registers.
2. Operation code: Refer to the R8C/Tiny Series Software Manual (REJO9B0001).
Chapter 4. Instruction Code/Number of Cycles contains diagrams showing operation code
below each syntax. Operation code is shown in the bold frame in the diagrams.

12. Interrupts

Table 12.9

Correspondence Between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Source

Address Match Interrupt Enable Bit

Address Match Interrupt Register

Address match interrupt O

AIEROO

RMADO

Address match interrupt 1

AIER10

RMAD1
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12.6.1 Address Match Interrupt Enable Register i (AIERI) (i =0 or 1)
Address 01C3h (AIERO), 01C7h (AIER1)

Bit b7 b6 b5 b4 b3 b2 b1l bo
Sympol| — | — | — | — | — | — | — | AIER0O [AIERO register
After Reset 0 0 0 0 0 0 0 0
Symbol[  — | — | — | — | — | — | — | AIER10 |AIERL register
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 AIERIO |Address match interrupt i enable bit  [0: Disabled R/W
1: Enabled
bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

12.6.2 Address Match Interrupt Register i (RMAD:i) (i=0or 1)
Address 01C2h to 01COh (RMADO), 01C6h to 01C4h (RMAD1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symholf — | — [ — [ — | — | — [ = [ —
After Reset X X X X X X X X
Bit  bil5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset X X X X X X X X
Bit  b23 b22 b21 b20 b19 b18 b17 b16
Symbol — — — — — — — —
After Reset 0 0 0 0 X X X X
Bit Symbol Function Setting Range R/W
b19 to b0 — Address setting register for address match interrupt 00000h to FFFFFh R/W
b20 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b21 —
b22 —
b23 —
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12.7 Interrupts of Timer RC, Timer RH, Synchronous Serial Communication Unit,

I2C bus Interface, and Flash Memory (Interrupts with Multiple Interrupt
Request Sources)

The interrupts of timer RC, timer RH, the synchronous serial communication unit, the 12C bus interface, and the
flash memory each have multiple interrupt request sources. An interrupt request is generated by the logical OR of
several interrupt request sources and is reflected in the IR bit in the corresponding interrupt control register.
Therefore, each of these peripheral functions hasits own interrupt request source status register (status register) and
interrupt request source enable register (enable register) to control the generation of interrupt requests (change of
the IR bit in the interrupt control register). Table 12.10 lists the Registers Associated with Interrupts of Timer RC,

Timer RH, Synchronous Serial Communication Unit, 12C bus Interface, and Flash Memory.

Table 12.10 Registers Associated with Interrupts of Timer RC, Timer RH, Synchronous Serial
Communication Unit, 12C bus Interface, and Flash Memory

Peripheral Function Name Status Register of Interrupt | Enable Register of Interrupt Interrupt Control Register
Request Source Request Source
Timer RC TRCSR TRCIER TRCIC
Timer RH ALIF (bit 0 of TRHIFR) (1), | TRHIER TRHIC
RTCF (bit 1 of TRHIFR) ), | SLINT
INTF (bit 7 of TRHICR), (bit 5 of TRHICR)
CMIF (bit 0 of TRHIFR) @, [ALIE
OVIF (bit 1 of TRHIFR) @ | (bit 2 of TRHIFR)
Synchronous serial SSSR SSER SSuUIC
communication unit
I2C bus interface ICSR ICIER lICIC
Flash memory RDYSTI (bit 0 of FST) RDYSTIE FMRDYIC
(bit 7 of FMRO)
BSYAEI (bit 1 of FST) BSYAEIE
(bit 6 of FMRO)
CMDERIE
(bit 5 of FMRO)

Notes:
1. Inreal-time clock mode.
2. In output compare mode.
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As with other maskable interrupts, the interrupts of timer RC, timer RH, the synchronous serial communication
unit, the 12C bus interface, and the flash memory are controlled by the combination of the | flag, IR bit, bits ILVLO
to ILVL2, and IPL. However, since each interrupt source is generated by a combination of multiple interrupt
request sources, the following differences from other maskable interrupts apply:

* When bits in the enable register are set to 1 and the corresponding bits in the status register are set to 1 (interrupt
enabled), the IR bit in the interrupt control register is set to 1 (interrupt requested).

* When either bits in the status register or the corresponding bits in the enable register, or both are set to 0, the IR
bit is set to 0 (no interrupt requested).
That is, even if the interrupt is not acknowledged after the IR bit is set to 1, the interrupt request will not be
retained.
Also, the IR bit is not set to 0 even if O iswritten to this bit.

* Individual bitsin the status register are not automatically set to 0 even if the interrupt is acknowledged.
The IR bit is aso not automatically set to 0 when the interrupt is acknowledged.
Set individua bits in the status register to 0 in the interrupt routine. Refer to the status register figure for how to
set individual bits in the status register to 0.

* When multiple bits in the enable register are set to 1 and other request sources are generated after the IR bit is set
to 1, the IR bit remains 1.

* When multiple bits in the enable register are set to 1, use the status register to determine which request source
causes an interrupt.

Refer to chapters of the individual peripheral functions (18. Timer RC, 19. Timer RH, 24. Synchronous Serial
Communication Unit (SSU), 25. 12C bus Interface, and 29. Flash Memory) for the status register and enable
register.

For the interrupt control register, refer to 12.3 Interrupt Control.
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12.8 Notes on Interrupts

12.8.1 Reading Address 00000h

Do not read address 00000h by a program. When a maskabl e interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
thistime, the IR bit for the acknowledged interrupt is set to 0 (no interrupt requested).

If address 00000 is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

12.8.2 SP Setting

Set avalue in the SP before an interrupt is acknowledged. The SP is set to 0000h after areset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

12.8.3 External Interrupt, Key Input Interrupt
Either the low-level width or high-level width shown in the Electrical Characteristicsis required for the signal
input to pins INTO to INT7 and pins K10 to K17, regardless of the CPU clock.
For details, refer to Table 30.29 Timing Requirements of External Interrupt INTi (i = 0to 7) and Key
Input Interrupt Kli (i=0to 7).
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12.8.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. To use an interrupt, set the IR bit to 0 (no interrupt requested) after changing interrupt sources.
Changing interrupt sources as referred to here includes all factors that change the source, polarity, or timing of
the interrupt assigned to a software interrupt number. Therefore, if a mode change of a peripheral function
involves the source, polarity, or timing of an interrupt, set the IR bit to O (no interrupt requested) after making
these changes. Refer to the descriptions of the individual peripheral functions for related interrupts.

Figure 12.12 shows a Procedure Example for Changing Interrupt Sources.

< Interrupt source change >

Disable interrupts @3

Change interrupt sources
(including the mode of peripheral functions)

Set the IR bit to 0 (no interrupt requested)
using the MOV instruction @

Enable interrupts 2 3

|
< Change completed )

IR bit: Bit in the interrupt control register bit for the interrupt whose source is to be changed

Notes:

1. The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. To prevent interrupt requests from being generated, disable the peripheral function
before changing the interrupt source. In this case, use the | flag if all maskable
interrupts can be disabled.

If all maskable interrupts cannot be disabled, use bits ILVLO to ILVL2 for the interrupt
whose source is to be changed.

3. To change the interrupt source to the input with the digital filter used, wait for three or
more cycles of the sampling clock of the digital filter before setting the IR bit to O (no
interrupt requested). Refer to 12.8.5 Rewriting Interrupt Control Register for the
instructions to use and related notes.

Figure 12.12 Procedure Example for Changing Interrupt Sources
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12.8.5
@

(b)

(©

Rewriting Interrupt Control Register

The contents of the interrupt control register can be rewritten only while no interrupt requests
corresponding to that register are generated. If an interrupt request may be generated, disable the interrupt
before rewriting the contents of the interrupt control register.

When rewriting the contents of the interrupt control register after disabling the interrupt, be careful to
choose appropriate instructions.

Changing any bit other than the IR bit

If an interrupt request corresponding to the register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt may be ignored. If this causes a problem, use one
of the following instructions to rewrite the contents of the register:

AND, OR, BCLR, and BSET.

Changing the IR bit
Depending on the instruction used, the IR bit may not be set to 0 (no interrupt requested).
Use the MOV instruction to set the IR bit to O.

When using the | flag to disable an interrupt, set the | flag as shown in the sample programs below.
Refer to (b) regarding rewriting the contents of interrupt control registers using the sample programs.

Examples 1 to 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the contents of
the interrupt control register are rewritten for the effects of the internal bus and the instruction queue buffer.

Examplel: Usethe NOP instructionsto pause program until the interrupt control register isrewritten

INT_SWITCHI:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
NOP ;
NOP
FSET I ; Enable interrupts
Example2: Useadummy read to delay the FSET instruction
INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
MOV.W MEM,RO ; Dummy read
FSET I ; Enable interrupts
Example3: Usethe POPC instruction to changethel flag
INT_SWITCHS3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
POPC FLG ; Enable interrupts
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13. ID Code Areas

The ID code areas are used to implement a function that prevents the flash memory from being rewritten in standard

serial 1/0 mode. This function prevents the flash memory from being read, rewritten, or erased.

13.1 Introduction

The ID code areas are assigned to OFFDFh, OFFE3h, OFFEBh, OFFEFh, OFFF3h, OFFF7h, and OFFFBh of the
respective vector highest-order addresses of the fixed vector table. Figure 13.1 showsthe ID Code Aresas.

ID code areas

Address

OFFDFh to OFFDCh

Undefined instruction vector

OFFE3h to OFFEOh Overflow vector
OFFE7h to OFFE4h \ | BRK instruction vector
OFFEBh to OFFE8h D3 E Address match vector
OFFEFh to OFFECh / D4 \ i Single step vector
1
1 Watchdog timer, oscillation stop detection
1 ’ ’
OFFF3h to OFFFOh [ IDS ] } voltage monitor 1, voltage monitor 2
T
OFFF7h to OFFF4h \ ID6 / i Address break vector
OFFFBh to OFFF8h D7/ i (Reserved)
OFFFFh to OFFFCh OFS E Reset vector
r— 1 1 1 —
——
4 bytes
Figure 13.1 ID Code Areas
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13.2 Functions

The ID code areas are used in standard serial 1/0 mode. Unless 3 bytes (addresses OFFFCh to OFFFEh) of the reset
vector are set to FFFFFFh, the ID codes stored in the ID code areas and the ID codes sent from the serial
programmer or the on-chip debugging emulator are checked to see if they match. If the ID codes match, the
commands sent from the serial programmer or the on-chip debugging emulator are acknowledged. If the ID codes
do not match, the commands are not acknowledged. To use the serial programmer or the on-chip debugging
emulator, first write predetermined ID codesto the ID code areas.

If 3 bytes (addresses OFFFCh to OFFFE) of the reset vector are set to FFFFFFh, the ID codes are not checked and
all commands are accepted.

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

The character sequence of the ASCII codes “ALeRASE” is the reserved word used for the forced erase function.
The character sequence of the ASCII codes “Protect” is the reserved word used for the standard serial 1/0 mode
disabled function. Table 13.1 shows the ID Code Reserved Word. The reserved word is a set of reserved characters
when all the addresses and data in the ID code storage addresses sequentially match Table 13.1. When the forced
erase function or standard serial 1/0 mode disabled function is not used, use another character sequence of the
ASCII codes.

Table 13.1 ID Code Reserved Word

ID Code Storage Address ID Code Reserved Word (ASCII) O
ALeRASE Protect
OFFDFh ID1 41h (upper-case “A”) 50h (upper-case “P”)
OFFE3h ID2 4Ch (upper-case “L”") 72h (lower-case “r")
OFFEBh ID3 65h (lower-case “e”) 6Fh (lower-case “0”)
OFFEFh ID4 52h (upper-case “R”) 74h (lower-case “t”)
OFFF3h ID5 41h (upper-case “A”) 65h (lower-case “e”)
OFFF7h ID6 53h (upper-case “S”) 63h (lower-case “c”)
OFFFBh ID7 45h (upper-case “E”) 74h (lower-case “t")

Note:
1. Reserve word:
A set of characters when all the addresses and data in the ID code storage addresses sequentially match Table
13.1.
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13.3 Forced Erase Function

This function is used in standard serial 1/0 mode. When the ID codes sent from the serial programmer or the on-
chip debugging emulator are“ALeRASE” in ASCII code, the content of the user ROM area will be erased at once.
However, if the contents of the ID code addresses are set to other than “ALeRASE” (other than Table 13.1 1D
Code Reserved Word) when the ROMCR hit in the OFS register is set to 1 and the ROMCP1 bit is set to 0 (ROM
code protect enabled), forced erasure is not executed and the 1D codes are checked with the ID code check function.
Table 13.2 lists the Conditions and Operations of Forced Erase Function.

When the contents of the ID code addresses are set to “ALeRASE” in ASCII code, if the ID codes sent from the
serial programmer or the on-chip debugging emulator are “ALeRASE”, the content of the user ROM area will be
erased. If the ID codes sent from the serial programmer are other than “ALeRASE”, the ID codes do not match and
no command is acknowledged, thus the user ROM area remains protected.

Table 13.2  Conditions and Operations of Forced Erase Function

Condition
ID code from serial _ Bits _
on?L%?;ac;gEj;;Lg ID code!l'jstgcr):ge”;ddress ROMCPl and ROMCR Operation
emulator in OFS reqister
ALeRASE ALeRASE - All erasure of user ROM area
Other than ALeRASE (1) | Other than 01b (forced erase function)
(ROM code protect disabled)
01b ID code check
(ROM code protect enabled) (ID code check function)
Other than ALeRASE ALeRASE - ID code check
(ID code check function.
No ID code match)
Other than ALeRASE 1) |- ID code check
(ID code check function)

Note:
1. For “Protect”, refer to 13.4 Standard Serial I/O Mode Disabled Function.

13.4 Standard Serial /0O Mode Disabled Function

Thisfunctionisused in standard serial 1/0 mode. When the I/D codesin the ID code storage addresses are set to the
reserved character sequence of the ASCII codes “Protect” (refer to Table 13.1 ID Code Reserved Word),
communication with the serial programmer or the on-chip debugging emulator is not performed. This does not
allow the flash memory to be read, rewritten, or erased using the serial programmer or the on-chip debugging
emulator.

Also, if the ID codes are also set to the reserved character sequence of the ASCII codes “Protect” when the
ROMCR hit in the OFS register is set to 1 and the ROMCPL1 bit is set to 0 (ROM code protect enabled), ROM code
protection cannot be disabled using the serial programmer or the on-chip debugging emulator. This prevents the
flash memory from being read, rewritten, or erased using the serial programmer, the on-chip debugging emulator,
or the parallel programmer.
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13.5 Notes on ID Code Areas

13.5.1 Setting Example of ID Code Areas

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

* Toset 55hin all of the ID code areas
.org OOFFDCH
Jword dummy | (55000000h) ; UND
Jword dummy | (55000000h) ; INTO
Jword dummy ; BREAK
Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT
Jword dummy | (55000000h) ; ADDRESS BREAK
Jword dummy | (55000000h) ; RESERVE
(Programming formats vary depending on the compiler. Check the compiler manual.)
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14. Option Function Select Area

14.1 Introduction
The option function select area is used to select the MCU state after areset, the function to prevent rewriting in
parallel 1/0 mode, or the watchdog timer operation. The reset vector highest-order-addresses, OFFFFh and
OFFDBNh, are assigned as the option function select area. Figure 14.1 shows the Option Function Select Area.

(Option function select area )

Address 1
H
1
OFFDBh to OFFD8h : Reserved area
: 1 1
]
]
1

Qﬁv

1
OFFFFh to OFFFCh : Reset vector
1 L L

~— -
—~—

4 bytes

Figure 14.1 Option Function Select Area
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14.2 Registers

Registers OFS and OFS2 are used to select the MCU state after a reset, the function to prevent rewriting in parallel
I/0 mode, or the watchdog timer operation.

14.2.1 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 (Note 1)
Bit Symbol Bit Name Function R/W
b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/IW
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 xg:gtg Voltage detection 0 level select bit (2) 0.0: 3.80 V selected (Vdet0_3) gm
0 1: 2.85 V 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 0 reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protection mode enabled after reset | R/W
after reset select bit 1: Count source protection 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 VDESLL1 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 0 (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 14.3.1 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 bitsVDSELO and VDSEL 1.
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14.2.2 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO|WDTUFSl WDTUFSO0
After Reset User setting value (Note 1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO |[Watchdog timer underflow period set bit b(l)bg 03FFh R/W
bl WDTUFS1 0 1- OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bébé o506 R/W
set bit s E970
b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%
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 14.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO0 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 15.3.1.1 Refresh Acknowledgment Period.
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14.3 Notes on Option Function Select Area

14.3.1 Setting Example of Option Function Select Area

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

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

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

The watchdog timer is a function that detects when a program is out of control. Use of the watchdog timer is
recommended to improve the reliability of the system.

15.1 Introduction

The watchdog timer contains a 14-bit counter and allows selection of count source protection mode enable or
disable.

Table 15.1 lists the Watchdog Timer Specifications.

Refer to 5.5 Watchdog Timer Reset for details of the watchdog timer reset.

Figure 15.1 shows the Watchdog Timer Block Diagram.

Table 15.1  Watchdog Timer Specifications

Item Count Source Protection Mode Disabled Count Source Protection Mode Enabled
Count source CPU clock Low-speed on-chip oscillator clock
for the watchdog timer
Count operation Decrement
Count start condition Either of the following can be selected:

« After a reset, count starts automatically.
« Count starts by writing to the WDTS register.

Count stop condition Stop mode, wait mode | None

Watchdog timer * Reset

initialization conditions « Write 00h and then FFh to the WDTR register (with acknowledgement period setting). (1)
« Underflow

Operations at underflow Watchdog timer interrupt Watchdog timer reset
or watchdog timer reset

Selectable functions « Division ratio of the prescaler

Selectable by the WDTC?7 bhit in the WDTC register or the CM07 bit in
the CMO register.
« Count source protection mode
Whether count source protection mode is enabled or disabled after a reset can be
selected by the CSPROINI bit in the OFS register (flash memory).
If count source protection mode is disabled after a reset, it can be enabled or disabled
by the CSPRO bit in the CSPR register (program).
« Start or stop of the watchdog timer after a reset
Selectable by the WDTON bit in the OFS register (flash memory).
« Initial value of the watchdog timer
Selectable by bits WDTUFS0 and WDTUFSL1 in the OFS2 register.
« Refresh acknowledgement period for the watchdog timer
Selectable by bits WDTRCS0 and WDTRCSL1 in the OFS2 register.

Note:
1. Write the WDTR register during the count operation of the watchdog timer.
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CSPRO =1
Low-speed on-chip oscillator

for watchdog timer

Oscillation starts

when CSPRO =1

Internal reset signal
(Low active)

D>

Bits WDTRCSO0 and WDTRCS1—
Write to WDTR register

Refresh period

Prescaler
CMO07 =0,
WDC7 =0
1/16
L |
,—l CSPRO =0 PM12 =0
CPU clock: 1/128 O Watchdog timer
| \(/:v'\lgl)?:77:—0i interrupt request
12 5 Watchdog timer ) o~
I—, CM07 =1
____________ (Note 1) PM12=1
Watchdog
timer reset

control circuit

Note:

CSPRO: Bit in CSPR register
WDTCT7: Bit in WDTC register

PM12: Bit in PM1 register
CMO7: Bit in CMO register
WDTUFS0, WDTUFS1, WDTRCS0, WDTRCSL1.: Bits in OFS2 register

1. A value set by bits WDTUFS0 and WDTUFSL1 is set in the watchdog timer (value when shipping: 3FFFh).

Figure 15.1 Watchdog Timer Block Diagram
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15.2 Registers

15.2.1 Processor Mode Register 1 (PM1)
Address 0005h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympbol| — | — | — | — | — | PMIL2 — —
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 PM12 |WDT interrupt/reset switch bit 0: Watchdog timer interrupt R/W
1: Watchdog timer reset (1)
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 —
b5 —
b6 —
b7 — Reserved bit [Setto 0. R/W
Note:

1. The PM12 bitis set to 1 when 1 is written by a program (and remains unchanged even if O is written to it).
This bit is automatically set to 1 when the CSPRO bit in the CSPR register is set to 1 (count source protection
mode enabled).

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

15.2.2 Watchdog Timer Reset Register (WDTR)
Address 000Dh

Bit b7 b6 b5 b4 b3 b2 bl b0

smool [ — [ — ] — [ — [ — [ — ] — ] -

After Reset X X X X X X X X
Bit Function R/W
b7 to b0 [Writing 00h and then FFh into this register initializes the watchdog timer. W

The initial value of the watchdog timer is specified by bits WDTUFS0 and WDTUF1 in the OFS2
register. (1)

Note:
1. Write the WDTR register during the count operation of the watchdog timer.

15.2.3 Watchdog Timer Start Register (WDTS)
Address 000Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — ] — ] —
After Reset X X X X X X X X
Bit Function R/W
b7 to b0 | A write instruction to this register starts the watchdog timer. w
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15.2.4 Watchdog Timer Control Register (WDTC)
Address 000Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | WDTC7 | — | — | — | — | — | — —
After Reset 0 0 1 1 1 1 1 1
Bit Symbol Bit Name | Function R/W
b0 — The following bits of the watchdog timer can be read. R
bl — When bits WDTUFS1 to WDTUFSO in the OFS2 register are R
b2 —|00b (03FFh): b5 to b0 R
b3 ——101b (OFFFh): b7 to b2 R
ba — 10b (1FFFh): b8 to b3 R
b5 — 11b (3FFFh): b9 to b4 R
b6 — Reserved bit When read, the content is 0. R
b7 WDTCY7 |Prescaler select bit 0: Divide-by-16 R/W
1: Divide-by-128
15.2.5 Count Source Protection Mode Register (CSPR)
Address 001Ch
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol[CSPRO| — [ — | — | — | — | — | —
After Reset 0 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is set to 1.
After Reset 1 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is set to 0.
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CSPRO [Count source protection mode select bit (1) |0: Count source protection mode disabled R/W
1: Count source protection mode selected

Note:

1. To set the CSPRO bit to 1, write O and then 1 to it. This bit cannot be set to 0 by a program. Disable interrupts

between writing 0 and writing 1.
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15.2.6 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 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 VDSELOQ |Voltage detection 0 level select bit (2) |b5b4 RIW

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
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 protection mode enabled after reset | R/W
after reset select bit 1: Count source protection 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 VDESLL1 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 14.3.1 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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15.2.7 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO|WDTUFSl WDTUFSO0
After Reset User setting value (Note 1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO |[Watchdog timer underflow period set bit b(l)bg 03FFh R/W
bl WDTUFS1 0 1- OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bébé o506 R/W
set bit s E970
b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%
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 14.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO0 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 15.3.1.1 Refresh Acknowledgment Period.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 206 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 15. Watchdog Timer

15.3  Functional Description
15.3.1 Common Items for Multiple Modes

15.3.1.1 Refresh Acknowledgment Period

The period for acknowledging refreshment operation to the watchdog timer (write to the WDTR register) can
be selected by bits WDTRCS0 and WDTRCSL in the OFS2 register. Figure 15.2 shows the Refresh
Acknowledgement Period for Watchdog Timer.

Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, a refresh
operation executed during the refresh acknowledgement period is acknowledged. Any refresh operation
executed during the period other than the above is processed as an incorrect write, and a watchdog timer
interrupt or watchdog timer reset (selectable by the PM 12 bit in the PM 1 register) is generated.

Do not execute any refresh operation while the count operation of the watchdog timer is stopped.

Watchdog timer period
A

Is \
Count starts Underflow Refresh acknowledge period
- Refresh can be acknowledged R 100% (WDTRCS1 to WDTRCSO0 = 11b)
Processed as
incorrect write Refresh can be acknowledged 75% (WDTRCS1 to WDTRCSO = 10b)
Processed as incorrect write © Refresh can be acknowledged 50% (WDTRCSL1 to WDTRCSO0 = 01b)
' ' Refresh can be
- Processed as incorrect write @ _acknowledged 25% (WDTRCS1 to WDTRCSO0 = 00b)
0% 25% 50% 75% 100% WDTRCSO0, WDTRCS1: Bits in OFS2 register

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

Figure 15.2 Refresh Acknowledgement Period for Watchdog Timer
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15.3.2 Count Source Protection Mode Disabled

The count source for the watchdog timer is the CPU clock when count source protection mode is disabled.
Table 15.2 lists the Watchdog Timer Specifications (Count Source Protection Mode Disabled).

Table 15.2  Watchdog Timer Specifications (Count Source Protection Mode Disabled)

Item Specification
Count source CPU clock
Count operation Decrement
Period Division ratio of prescaler (n) x count value of watchdog timer (m) (1)
CPU clock

n: 16 or 128 (selected by the WDTC?7 bit in the WDTC register), or
2 when the low-speed clock is selected (CMO7 bit in CMO register = 1)
m: Value set by bits WDTUFS0 and WDTUFSL in the OFS2 register
Example:
The period is approximately 13.1 ms when:
- The CPU clock frequency is set to 20 MHz.
- The prescaler is divided by 16.
- Bits WDTUFS1 to WDTUFSO are set to 11b (3FFFh).

Watchdog timer * Reset
initialization conditions « Write 00h and then FFh to the WDTR register. (3)
* Underflow
Count start conditions The operation of the watchdog timer after a reset is selected by

the WDTON bit (2) in the OFS register (address OFFFFh).
» When the WDTON bit is set to 1 (watchdog timer is stopped after reset).
The watchdog timer and prescaler are stopped after a reset and
start counting when the WDTS register is written to.
* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset).
The watchdog timer and prescaler start counting automatically after a reset.
Count stop condition Stop mode, wait mode (Count resumes from the retained value after exiting.)
Operations at underflow * When the PM12 bit in the PM1 register is set to 0.
Watchdog timer interrupt
* When the PM12 bit in the PM1 register is set to 1.
Watchdog timer reset (refer to 5.5 Watchdog Timer Reset)

Notes:
1. The watchdog timer is initialized when 00h and then FFh is written to the WDTR register. The prescaler is
initialized after a reset. This may cause some errors due to the prescaler during the watchdog timer period.
2. The WDTON bit in the OFS register cannot be changed by a program. To set this bit, write 0 to bit 0 of address
OFFFFh with a flash programmer.
3. Write the WDTR register during the count operation of the watchdog timer.
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15.3.3 Count Source Protection Mode Enabled

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

Table 15.3 lists the Watchdog Timer Specifications (Count Source Protection Mode Enabled).

Table 15.3  Watchdog Timer Specifications (Count Source Protection Mode Enabled)

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

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

m: Value set by bits WDTUFS0 and WDTUFSL1 in the OFS2 register
Example:

The period is approximately 8.2 ms when:

- The on-chip oscillator clock for the watchdog timer is set to 125 kHz.
- Bits WDTUFS1 to WDTUFSO are set to 00b (03FFh).

Watchdog timer * Reset
initialization conditions « Write 00h and then FFh to the WDTR register. (3)
« Underflow
Count start conditions The operation of the watchdog timer after a reset is selected by

the WDTON bit 3 in the OFS register (address OFFFFh).

* When the WDTON bit is set to 1 (watchdog timer is stopped after reset).
The watchdog timer and prescaler are stopped after a reset and
start counting when the WDTS register is written to.

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

Count stop condition None (Count does not stop even in wait mode and stop mode once it starts.)
Operation at underflow Watchdog timer reset (Refer to 5.5 Watchdog Timer Reset.)
Registers, bits * When the CSPRO bit in the CSPR register is set to 1 (count source protection mode

enabled) (2), the following are set automatically:

- The low-speed on-chip oscillator for the watchdog timer is on.

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

Notes:
1. The WDTON bit in the OFS register cannot be changed by a program. To set this bit, write 0 to bit 0 of address
OFFFFh with a flash programmer.
2. Even if O is written to the CSPROINI bit in the OFS register, the CSPRO bit is set to 1. The CSPROINI bit
cannot be changed by a program. To set this bit, write O to bit 7 of address OFFFFh with a flash programmer.
3. Write the WDTR register during the count operation of the watchdog timer.
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16. Timers
The following four types of seven timers are available:
 Timer RB: Two 8-hit timer with an 8-bit prescalers
* Timer RC: 16-bit timer
* Timer RH: 3-bit counter, 4-bit counter and 8-bit counter
* Timer RJ: Three 16-bit timers
All these timers operate independently.
Table 16.1 Functional Comparison of Timers (1)
Item Timer RJ(0) Timer RJ(1) Timer RJ(2) Timer RB(0) Timer RB(1) Timer RC Timer RH
Configuration 16-bit timer (with | 16-bit timer (with | 16-bit timer (with | 8-bit timer with | 8-bit timer with | 16-bit timer (with | 3-bit counter
reload register) |reload register) |reload register) |8-bit prescaler | 8-bit prescaler |input capture 4-bit counter
(with reload (with reload and output 8-bit counter
register) register) compare)
Count Decrement Decrement Decrement Decrement Decrement Increment/ Increment
Decrement
Count sources o fl o fl o fl o fl o fl o fl - f8
e f2 e 2 o 2 o f2 e f2 e f2 « f32
- 8 - 8 - 8 - 8 - 8 o f4 « f128
. fOCO . fOCO . fOCO « TimerRJ(0) |+ TimerRJ(1) |+ 18 - 1256
» fC32 « fC32 « fC32 underflow underflow « 32 « 1512
« fC  fC . fC » fOCO20M » 2048
« Timer RJ(0) |+ Timer RJ(1) . fOCO-F - 14096
underflow underflow * TRCCLK « £8192
» f{C-TRH
S | Countof the Timer mode Timer mode Timer mode Timer mode Timer mode Timer mode —
§ |internal count (output compare
S |source function)
% [Count of the Event counter Event counter Event counter — — Timer mode —
external count [ mode mode mode (output compare
source function)
External pulse | Pulse width Pulse width Pulse width — — Timer mode —
width/period measurement measurement measurement (input capture
measurement mode, pulse mode, pulse mode, pulse function; 4 pins)
period period period
measurement measurement measurement
mode mode mode
PWM output Pulse output Pulse output Pulse output Programmable | Programmable | Timer mode Output compare
mode @) mode (1) mode (1) waveform waveform (output compare | mode
Event counter | Event counter | Event counter | generation mode | generation mode | function; 4
mode (1) mode (1) mode (1) pins) (1)
PWM mode
(3 pins)
PWM2 mode
(1 pin)
One-shot — — — Programmable | Programmable | PWM mode —
waveform output one-shot one-shot (3 pins)
generation mode | generation mode
Programmable | Programmable
wait one-shot wait one-shot
generation mode | generation mode
Three-phase — — — — — — —
waveforms
output
Timer Timer mode Timer mode Timer mode — — — Real-time clock
(only fC32 (only fC32 (only fC32 mode
count) count) count)
Input pin RJOIO TRJ1IO TRJ2I0O INTO INTS m' TRCCLK, |—
TRCTRG,
TRCIOA,
TRCIOB,
TRCIOC,
TRCIOD
Output pin TRJOO TRJ10 TRJ20 TRB0OO TRB1O TRCIOA, TRHO
TRJOIO TRJ1IO TRJ2I0 TRCIOB,
TRCIOC,
TRCIOD
Related interrupt Timer RJO Timer RJ1 Timer RJ2 Timer RBO Timer RB1 Compare match/ | Timer RH
interrupt interrupt interrupt interrupt, interrupt, input capture A | interrupt
INTO interrupt INTS5 interrupt to D interrupt,
Overflow
interrupt,
INTO interrupt
Timer stop Provided Provided Provided Provided Provided Provided Provided
Note:

1. Rectangular waves are output in these modes. Since the waves are inverted at each overflow, the “H” and “L” level widths of the pulses are the

same.
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17. Timer RB

17. Timer RB

17.1 Introduction

Timer RB has two timers (RBO and RB1).
Timer RBO and timer RB1 are 8-bit timers with an 8-bit

prescaler.

Timer RB has two 8-bit timers (timer RBO and timer RB1) with an 8-bit prescaler.

The prescaler and timer each consist of areload reg
Specifications of Each Mode for accessing the reload r
primary and timer RBi secondary as reload registers.

ister and counter (refer to Tables 17.3 to 17.6 for the
egister and counter). Timer RBi (i = 0 or 1) hastimer RBi

The count source for timer RB is the operating clock that regul ates the timing of timer operations such as counting

and reloading.
Figure 17.1 shows the Timer RBi Block Diagram. Table

Timer RB supports the four operating modes:
* Timer mode:

* Programmable waveform generation mode:
* Programmable one-shot generation mode:
* Programmable wait one-shot generation mode:

17.1 liststhe Timer RBi Pin Configuration.

The timer counts an internal count source (peripheral
function clock or timer RJi underflows).

The timer outputs pulses of a given width successively.
The timer outputs a one-shot pulse.

The timer outputs a delayed one-shot pulse.

INT] pin

Bits TMOD1 to TMODO
=01b, 10b, 11b

TSTART bit

=10b or 11b

q Data bus 9
TRBISC TRBIPR
register register
Reload Reload Reload
) register register register
Bits TCK1t0 TCKO  1ckCUT bit
1 =% Timer RBi interrupt
— i ii u
f8 02 Counter  |}—— Counter (timer RBi) —
Timer RJi underflow %ﬂ)o TRBIPRE register (timer)
2 =20 (prescaler) Bits TMOD1 to TMODO

G_ TOSSTF bit

INljinterrupt
Ll

Input polarity
switched to be one
edge or both edge

Polarity
selection

T
INT{PL bit
INTIEN bit

TOCNT =0

INOSEG bit

TOPL=1

INOSTG bit

o

TRBIO pin ® O

~

O— Wheni=0

© _
Q

Toggle

flip-flop  CK

il

-

CLR

TOPL=0

TOCNT =1 P6_6 bitin P6 register
P7_6 bitin P7 register
P8_7 bit in P8 register
Wheni=1
P6_5 bit in P6 register
P7_5 bitin P7 register

TSTART, TCSTF: Bits in TRBICR register

TOSSTF: Bit in TRBIOCR register

TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIlOC register
TMODO, TMOD1, TCKO0, TCK1, TCKCUT: Bits in TRBIMR register

Note:
1. Bits TRBOOSELO and TRBOOSEL1 and bits TRB1OSELO and TRB
the TRBSR register are used to select which pin is assigned.

i=0orl
j=0o0r5

TSTOP bit
Bits TMOD1 to TMODO
=01b, 10b, 11b

=

10SEL1in

Figure 17.1 Timer RBi Block Diagram
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17. Timer RB

Table 17.1  Timer RBi Pin Configuration

Pin Name Assigned Pin 110 Function
TRBO P6_6, P7_6,P8_7 Output Pulse output (programmable waveform generation mode,
TRB1O P6 5 P7 5 programmable one-shot generation mode, programmable
- B wait one-shot generation mode)

Table 17.2  Assigned INTj Pin and Internal Count Source for Each Timer RBi Channel
(i=0or1,j=00rb)

— Internal count source
Channel INT] pin (Underflow)
Timer RBO INTO pin Timer RJO
Timer RB1 INT5 pin Timer RJ1
RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 212 of 645

Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 17. Timer RB

17.2 Registers

17.2.1 Module Standby Control Register 1 (MSTCR1)
Address 0010h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — [MSTTRJ2|[MSTTRJL|MSTTRJIO| MSTTRH |MSTTRB1|MSTTRBO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MSTTRBO |Timer RBO standby bit 0: Active R/W
1: Standby (1)
bl MSTTRB1 |Timer RB1 standby bit 0: Active R/W
1: Standby ()
b2 MSTTRH |Timer RH standby bit 0: Active R/W
1: Standby (3
b3 MSTTRJO [Timer RJO standby bit 0: Active R/W
1: Standby 4
b4 MSTTRJ1 [Timer RJ1 standby bit 0: Active R/W
1: Standby ()
b5 MSTTRJ2 [Timer RJ2 standby bit 0: Active R/W
1: Standby )
b6 — Reserved bits Setto 0. R/W
b7 —
Notes:

1. When the MSTTRBO bit is set to 1 (standby), any access to the timer RBO associated registers (addresses
0108h to 010Eh) is disabled.

2. When the MSTTRBL1 bit is set to 1 (standby), any access to the timer RB1 associated registers (addresses
0098h to 009ENh) is disabled.

3. When the MSTTRH bit is set to 1 (standby), any access to the timer RH associated registers (addresses 0110h
to 011Fh) is disabled.

4. When the MSTTRJO bit is set to 1 (standby), any access to the timer RJO associated registers (addresses 0080h
to 0086h) is disabled.

5. When the MSTTRJ1 bit is set to 1 (standby), any access to the timer RJ1 associated registers (addresses 0088h
to 008ENh) is disabled.

6. When the MSTTRJ2 bit is set to 1 (standby), any access to the timer RJ2 associated registers (addresses 0090h
to 0096h) is disabled.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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17.2.2 Timer RBi Control Register (TRBICR) (i=0or 1)
Address 0108h (TRBOCR), 0098h (TRB1CR)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | TSTOP | TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RBi count start bit (1) 0: Count stops RIW
1: Count starts
bl TCSTF | Timer RBi count status flag (1) 0: Count stops R
1: During count operation (3)
b2 | TSTOP |Timer RBi count forcible stop bit 1. 2) | When this bit is set to 1, the count is forcibly R/W

stopped. When read, the content is O.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0.
b4 —
b5 —
b6 —
b7 —

Notes:
1. Referto 17.7 Notes on Timer RB for precautions regarding bits TSTART, TCSTF and TSTOP.

2. When 1 is written to the TSTOP bit, registers TRBIPRE, TRBIiSC, TRBIiPR, and bits TSTART and TCSTF, and

the TOSSTF bit in the TRBIOCR register are set to values after a reset.

3. Indicates that count operation is in progress in timer mode or programmable waveform mode. In programmable
one-shot generation mode or programmable wait one-shot generation mode, it indicates that a one-shot pulse

trigger has been acknowledged.

17.2.3 Timer RBi One-Shot Control Register (TRBIOCR) (i =0 or 1)
Address 0109h (TRBOOCR), 0099h (TRB1OCR),

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — |[TOSSTF| TOSSP | TOSST |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOSST | Timer RBi one-shot start bit When this bit is set to 1, one-shot trigger R/W
generated. When read, the content is 0.
bl TOSSP | Timer RBi one-shot stop bit When this bit is set to 1, counting of one-shot R/W
pulses (including programmable wait one-shot
pulses) stops. When read, the content is 0.
b2 | TOSSTF | Timer RBi one-shot status flag (1) 0: One-shot stopped R

1: One-shot operating (including wait period)

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0.
b4 —
b5 —
b6 —
b7 —

Note:
1. When 1 is written to the TSTOP bit in the TRBICR register, the TOSSTF hit is set to 0.

The TRBiIOCR register is enabled when bits TMOD1 to TMODO in the TRBiMR register is set to 10b

(programmable one-shot generation mode) or 11b (programmable wait one-shot generation mode).
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17.2.4 Timer RBi I/O Control Register (TRBIlOC) (i=0or 1)
Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |INOSEG|INOSTG | TOCNT | TOPL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit Function varies according to the operating mode. | R/W
bl TOCNT | Timer RBI output enable/disable bit R/W
b2 INOSTG | One-shot trigger control bit R/W
b3 INOSEG | One-shot trigger polarity select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —

17.2.5 Timer RBi Mode Register (TRBIMR) (i =0 or 1)
Address 010Bh (TRBOMR), 009Bh (TRB1MR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCKCUT| — | TCK1 | TCKO | TWRC | — | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TMODO |Timer RBI operating mode select bit  [b1b0 R/W
bl TMODL 1) 0 0: Timer mode _ RIW
0 1: Programmable waveform generation mode
1 0: Programmable one-shot generation mode
1 1: Programmable wait one-shot generation
mode
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 TWRC | Timer RBi write control bit (2) 0: Write to reload register and counter R/W
1: Write to reload register only
b4 TCKO [Timer RBi count source select bit (1) bgbé". f R/W
b5 TCK1 01 18 R/W
1 0: Timer RJi underflow (3
11:12
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 | TCKCUT |Timer RBi count source cutoff bit (1)  |0: Count source provided R/W
1: Count source cut off

Notes:

1. Change bits TMODO and TMOD1, TCKO and TCK1, and TCKCUT when both the TSTART and TCSTF bits in the
TRBICR register are set to 0 (count stops).

2. The TWRC bit can be set to either 0 or 1 in timer mode. In programmable waveform generation mode,
programmable one-shot generation mode, or programmable wait one-shot generation mode, the TWRC bit must
be set to 1 (write to reload register only).

3. To use the underflow signal of timer RJi as the count source for timer RB, set timer RJi in timer mode, pulse
output mode, or event counter mode.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 215 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 17. Timer RB

17.2.6 Timer RBi Prescaler Register (TRBIPRE) (i =0 or 1)
Address 010Ch (TRBOPRE), 009Ch (TRB1PRE)

Bit b7 b6 b5 b4 b3 b2 bl b0
Smool| — [ — | — | — [ = | = | = [ —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts an internal count source or 00h to FFh R/W
Programmable waveform generation |timer RJi underflows. 00h to FFh R/W
mode
Programmable one-shot generation 00h to FFh R/W
mode
Programmable wait one-shot 00h to FFh R/W
generation mode

When 1 iswritten to the TSTOP bit in the TRBICR register, the TRBiPRE register is set to FFh.

17.2.7 Timer RBi Secondary Register (TRBiSC) (i=0or 1)
Address 010Dh (TRBOSC), 009Dh (TRB1SC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symholf — | — [ — [ — | — | = [ = [ —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Disabled 00h to FFh —
Programmable waveform generation |Counts timer RBi prescaler underflows |00h to FFh w (2
mode ®
Programmable one-shot generation |Disabled 00h to FFh —
mode
Programmable wait one-shot Counts timer RBi prescaler underflows |00h to FFh w (2)
generation mode (one-shot width is counted)

Notes:
1. The values of registers TRBIPR and TRBISC are reloaded to the counter alternately and counted.
2. The count value can be read by reading the TRBIPR register even when the secondary period is being counted.

When 1 iswritten to the TSTOP bit in the TRBICR register, the TRBiSC register is set to FFh.

To write to the TRBIiSC register, perform the following steps.

(1) Writethe value into the TRBiSC register.

(2) Writethe value into the TRBIPR register. (If the value does not change, write the same value second time.)
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17.2.8 Timer RBi Primary Register (TRBiPR) (i=0or 1)
Address 010Eh (TRBOPR), 009Eh (TRB1PR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symol] — [ — [ = [ = [ = [ = [ = [ =
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO| Timer mode Counts timer RBi prescaler underflows.  [{00h to FFh R/W
Programmable waveform generation |Counts timer RBi prescaler underflows. (1)|00h to FFh R/W
mode
Programmable one-shot generation |Counts timer RBi prescaler underflows 00h to FFh R/W
mode (one-shot width is counted)
Programmable wait one-shot Counts timer RBi prescaler underflows 00h to FFh R/W
generation mode (wait period width is counted)

Note:
1. The values of registers TRBiPR and TRBISC are reloaded to the counter alternately and counted.

When 1 iswritten to the TSTOP bit in the TRBiCR register, the TRBIiPR register is set to FFh.

17.2.9 Timer RB Pin Select Register (TRBSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |TRBlOSELl|TRBlOSELO|TRBOOSEL1 |TRBOOSELO| — | — |TRJ2IOSEL1 TRJ2IOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TRJI2IOSELO |TRJ2IO pin select bit b(l)bg_ TRJ2IO pin not used RIW
bl | TRJ2IOSEL1 01 P60 assigned RIW
1 0: Do not set.
1 1: Do not set.
b2 — Reserved bits Set to 0. R/W
b3 —
b4 | TRBOOSELO |TRBOO pin select bit b5 b4 _ RIW
bE TRBOOSELL 0 0: P8_7 assigned RIW

0 1: P7_6 assigned
1 0: P6_6 assigned
1 1: Do not set.

b6 TRB1OSELO |TRB1O pin select bit b7 b6 R/W

0 0: P7_5 assigned
b7 | TRB1OSEL1 0 1: P6_5 assigned RV

1 0: Do not set.
1 1: Do not set.

To use the output pins for timer RJ2, set the TRBSR register.
Set this register before setting the timer RJ2 associated registers. Also, do not change the setting value of this
register during timer RJ2 operation.
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17.3 Timer Mode

In timer mode, ainternally generated count source or timer RJi (i = 0 or 1) underflows are counted (refer to Table

17.3). Registers TRBIOCR and TRBIiSC are not used in this mode.

Table 17.3

Timer Mode Specifications

Item

Specification

Count sources

f1, f2, f8, timer RJi underflow

Count operations

* Decrement

* When the timer underflows, it reloads the reload register content before the
count continues (when timer RBi underflows, the content of timer RBi primary
reload register is reloaded).

Division ratio

1/(n+1)(m+1)
n: Value set in TRBIPRE register, m: Value set in TRBIPR register

Count start condition

1 (count starts) is written to the TSTART bit in the TRBICR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRBICR register.
1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request
generation timing

When timer RBi underflows [timer RBi interrupt].

TRBIO pin function

Programmable 1/O port

INTI pin function

Programmable I/O port or INTi interrupt input

Read from timer

The count value can be read out by reading registers TRBiPR and TRBIPRE.

Write to timer

*When registers TRBIPRE and TRBIPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBIPRE and TRBiPR are written during count operation:
If the TWRC bit in the TRBIMR register is set to 0, the value is written to both
the reload register and the counter.
If the TWRC bit is set to 1, the value is written to the reload register only.
(Refer to 17.3.2 Timer Write Control during Count Operation.)

i=0orl,j=0o0r5

17.3.1 Timer RBi I/O Control Register (TRBIlOC) (i =0 or 1) in Timer Mode

Address 010Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit Set to 0 in timer mode. R/W
bl TOCNT | Timer RBI output enable/disable bit R/W
b2 INOSTG | One-shot trigger control bit R/W
b3 INOSEG | One-shot trigger polarity select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
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17.3.2 Timer Write Control during Count Operation

Timer RBi (i = 0 or 1) has a prescaler and atimer (which counts the prescaler underflows). The prescaler and
timer each consist of areload register and a counter. In timer mode, the TWRC bit in the TRBiIMR register can
be used to select whether writing to the prescaler or timer during count operation is performed to both the rel oad
register and counter or only to the reload register.

However, values are transferred from the reload register to the counter of the prescaler in synchronization with
the count source. In addition, values are transferred from the reload register to the counter of the timer in
synchronization with prescaler underflows. Therefore, even if the TWRC bit is set for writing to both the rel oad
register and counter, the counter value is not updated immediately after the WRITE instruction is executed. If
the TWRC bit is set for writing to the reload register only, the synchronization of the writing will be shifted
when the prescaler value changes. Figure 17.2 shows an Operating Example of Timer RBi when Counter Value
is Rewritten during Count Operation.
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Count source

Reloads register of
timer RBi prescaler

Counter of
timer RBi prescaler

Reloads register of
timer RBi

Counter of timer RBi

IR bitin
TRBIIC register

Count source

Reloads register of
timer RBi prescaler

Counter of
timer RBi prescaler

Reloads register of
timer RBI

Counter of timer RBi

IR bitin
TRBIIC register

i=0or1l

0

When the TWRC bit in the TRBIMR register is set to O (write to reload register and counter)

Write 01h into the TRBIPRE register and
25h into the TRBIPR register by a program.

H
i
H 1 |
i After writing, the reload register is written
i with the first count source.

Previous valueX

New value (01h)

Reload with Reload at
the second underflow
count source
06h X 05h X O4hX 01h X 00h Oth 00h X 01h 00h X 01h X 00h

After writing, 1he'reload register is vlvritlen
at the first underflow.
i

Previous value X New value (25h)
Reload at the slecond
underflow !

03h 02h X 25h X 24h

The IR bit remains unchanged until underflow /

is generated by a new value.

When the TWRC bit in the TRBIMR register is set to 1 (write to reload register only)

Write 01h into the TRBIPRE register and
25h into the TRBIPR register by a program.

After writing, the reload register is written
with the first count source.

UL

Previous valueX

New value (01h)

Reload at
underflow

R

06h X 05h X 04hX 03h X 02h X Oth 0oh

X 01h X 0oh X 01h } 00h X 01h | 00Oh } 01h

| |
! | !
After writing, the reload register is written

Previous value

at the first underflow.
Reload at
underflow

01h 25h

X New value (25h)

The above applies under the following condition:
Both the TSTART and TCSTF bits in the TRBICR register are set to 1 (during count operation).

&
Y

v

Only the prescaler values are updated,
extending the duration until timer RBi
underflows.

Figure 17.2

Operation

Operating Example of Timer RBi when Counter Value is Rewritten during Count
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17.4 Programmable Waveform Generation Mode

In programmable waveform generation mode, the signal output from the TRBIiO pin is inverted each time the
counter underflows, while the valuesin registers TRBiPR (i = 0 or 1) and TRBiSC are counted aternately (refer to
Table 17.4). Counting starts by counting the setting value of the TRBIiPR register. The TRBiOCR register is
unused in this mode.

Figure 17.3 shows an Operating Example in Timer RBi in Programmable Waveform Generation Mode.

Table 17.4  Programmable Waveform Generation Mode Specifications

Item Specification
Count sources f1, 2, 8, timer RJi underflow
Count operations » Decrement

» When the timer underflows, it reloads the contents of the primary reload and secondary
reload registers alternately before the count continues.

Width and period of Primary period: (n+1)(m+21)/fi

output waveform Secondary period: (n+1)(p+1)/fi

Period: (n+1){(m+1)+(p+1)}/fi

fi: Frequency of count source

n: Value set in TRBIPRE register

m: Value set in TRBIPR register

p: Value set in TRBISC register

Count start condition 1 (count starts) is written to the TSTART bit in the TRBICR register.

Count stop conditions « 0 (count stops) is written to the TSTART bit in the TRBICR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request In half a cycle of the count source, after timer RBi underflows during the secondary period
generation timing (at the same time as the TRBIO output change) [timer RBi interrupt]

TRBIO pin function Programmable output port or pulse output

INT; pin function Programmable I/0 port or INT] interrupt input

Read from timer The count value can be read out by reading registers TRBIPR and TRBIPRE ().

Write to timer * When registers TRBIPRE, TRBISC, and TRBiPR are written while the count is stopped,

values are written to both the reload register and counter.
* When registers TRBIPRE, TRBISC, and TRBIPR are written to during count operation,
values are written to the reload registers only. (2)

Selectable function * Output level select function
The output level during primary and secondary periods is selected by the TOPL bit in
the TRBIlOC register.

» Waveform output enable function
The timer RB waveform output enabled or disabled is selected by the TOCNT bit in the
TRBIlOC register. (3

Notes:

1. Even when the secondary period is being counted, the TRBIPR register may be read.

2. The set values are reflected in the waveform output beginning with the following primary period after writing to
the TRBIPR register.

3. The value written to the TOCNT bit is enabled by the following.
* When count starts.
* When a timer RBi interrupt request is generated.
The contents after the TOCNT bit is changed are reflected from the output of the following primary

period.
i=0orl,j=0o0r5
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17.4.1 Timer RBi I/O Control Register (TRBIlOC) (i =0 or 1) in Programmable
Waveform Generation Mode

Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit 0: High-level output for the primary period, R/W

low-level output for the secondary period
Low-level output when the timer is stopped
1: Low-level output for the primary period,
high-level output for the secondary period
High-level output when the timer is stopped

bl TOCNT | Timer RBi output enable bit 0: Timer RB waveform output enabled R/W
1: Timer RB waveform output disabled

b2 INOSTG | One-shot trigger control bit Set to 0 in programmable waveform generation R/W
b3 INOSEG | One-shot trigger polarity select bit mode. R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b5 —

b6 —

b7 —
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17.4.2 Operating Example

Set to 1 by a program.

TSTART bit
in TRBICR register

Underflow signal of

Count source l | l
|

Timer RBi secondary reload

Timer RBi primary reload

CnAdnndn

A

Counter of timer RBi ( 0lh X 00h X 02h X 01h X 00h X 0lh X 00h X 02h )

TRBIIC register

Set to 0 when an interrupt
request is acknowledged
or by a program.

|
|
|
IR bit in |
|
T
I

/ Set to 0 by a program.

TOPL bitin
TRBIIO register

Waveform output starts Waveform output inverted

TRBIO pin output

Primary period

as during the secondary period.

The above applies under the following conditions:

TRBIPRE = 01h, TRBiPR = 01h, TRBIiSC = 02h

i=0orl

The initial output is the same level | < .

Waveform output starts

Secondary period

| rimary period I

TOCNT in TRBIlOC register = 0 (timer RBi waveform output from the TRBiO pin)

Pri

Figure 17.3 Operating Example in Timer RBi in Programmable Waveform Generation Mode
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17.5 Programmable One-shot Generation Mode

In programmable one-shot generation mode, a one-shot pulse is output from the TRBiO (i = 0 or 1) pin by a
program or an external trigger input (input to the INT] (j = 0 or 5) pin) (refer to Table 17.5). When a trigger is
generated, the timer starts operating from the point only once for a given period equal to the set value in the
TRBIPR register. The TRBIiSC register is not used in this mode.

Figure 17.4 shows an Operating Example in Programmable One-Shot Generation Mode.

Table 17.5  Programmable One-Shot Generation Mode Specifications

ltem Specification
Count sources f1, f2, 8, timer RJi underflow
Count operations * The setting value of the TRBIPR register is decremented.

* When the timer underflows, it reloads the contents of the reload register before
the count completes and the TOSSTF bit is set to O (one-shot stops).
* When the count stops, the timer reloads the content of the reload register before

it stops.
One-shot pulse (n+1)(m+21)/i
output time fi: Frequency of count source

n: Value set in TRBIPRE register, m: Value set in TRBIPR register

Count start conditions | * The TSTART bit in the TRBICR register is set to 1 (count starts) and the next
trigger is generated.

* 1 (one-shot starts) is written to the TOSST bit in the TRBIOCR register.

« Trigger input to the INT]j pin

Count stop conditions | « When reloading completes after timer RBi underflows during the primary period

1 (one-shot stops) is written to the TOSSP bit in the TRBIOCR register.

« 0 (count stops) is written to the TSTART bit in the TRBICR register.

1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request In half a cycle of the count source, after the timer underflows (at the same time as

generation timing the waveform output from the TRBIO pin ends) [timer RBi interrupt]

TRBIO pin function Pulse output

INT]j pin functions * When the INOSTG bit in the TRBIlOC register is set to 0 (INTj one-shot trigger
disabled): programmable I/O port or INTj (j = 0 or 5) interrupt input

* When the INOSTG bit in the TRBIIOC register is set to 1 (INTj one-shot trigger
enabled): external trigger (INTj interrupt input)

Read from timer The count value can be read out by reading registers TRBIPR and TRBiPRE.

Write to timer * When registers TRBIPRE and TRBIiPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBIPRE and TRBIiPR are written during count operation,
values are written to the reload register only (1),

Selectable functions |« Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit
in the TRBIIOC register.

* One-shot trigger select function
Refer to 17.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to the TRBIPR register.
i=0orl,j=0o0r5
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17.5.1 Timer RBi I/O Control Register (TRBIlOC) (i =0 or 1) in Programmable
One-Shot Generation Mode

Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit 0: High-level output of a one-shot pulse, R/W

low-level output when the timer is stopped
1: Low-level output of a one-shot pulse,
high-level output when the timer is stopped

bl TOCNT | Timer RBi output enable bit Set to 0 in programmable one-shot generation R/W
mode.
b2 | INOSTG | One-shot trigger control bit (1) 0: INT] (j = 0 or 5) pin one-shot trigger disabled (2) RIW
1: INT]j (j = 0 or 5) pin one-shot trigger enabled (2)
b3 INOSEG | One-shot trigger polarity select bit (1) | 0: Falling edge trigger R/W
1: Rising edge trigger
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Note:
1. Referto 17.5.3 One-Shot Trigger Selection. -
2. A one-shot trigger is input from the INTO pin for timer RBO and the INT5 pin for timer RB1.
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17.5.2 Operating Example

TSTART bitin
TRBICR register

TOSSTF bitin
TRBIOCR register

INT] pin input

Count source

Underflow signal of
timer RBi prescaler

Counter of timer RBi

IR bitin
TRBIIC register

TOPL bitin
TRBIIOC register

TRBIIO pin output

Set to 1 by a program.

Set to 1 by setting 1 to TOSST
bit in TRBIOCR register.

"\

Set to 0 when
count ends.

d

Set to 1 by INT] pin
input trigger

A

-

Count starts

v

Timer RBi primary reload

Count starts

10

Timer RBi primary reload

v

01h

X 00h

01h

X 00h

'
Set to 0 when an interrupt request

is acknowledged or

by a program.

o)

Set to 0 by a program.
|
|
|

—

Waveform output starts  Waveform output ends

Y

TRBIPRE = 01h, TRBiPR = 01h

TOPL in TRBIlOC register =0, TOCNT =0
INOSTG = 1 (INT]j one-shot trigger enabled)
INOSEG =1 (edge trigger at the rising edge)

Waveform output starts Waveform output ends

]

v

The above applies under the following conditions:

i=0orl
j=0or5
Figure 17.4  Operating Example in Programmable One-Shot Generation Mode
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17.5.3 One-Shot Trigger Selection

In programmabl e one-shot generation mode and programmable wait one-shot generation mode, operation starts
when a one-shot trigger is generated while the TCSTF bit in the TRBICR register is set to 1 (count starts).

A one-shot trigger can be generated by either of the following causes:

 liswritten to the TOSST bit in the TRBIOCR register by a program.

« Trigger input from the INT] (j = 0 or 5) pin.

When a one-shot trigger occurs, the TOSSTF bit in the TRBIOCR register is set to 1 (one-shot operation in
progress) after one or two cycles of the count source have elapsed. Then, in programmable one-shot generation
mode, count operation begins and one-shot waveform output starts. (In programmable wait one-shot generation
mode, count operation starts for the wait period.) If a one-shot trigger occurs while the TOSSTF bit is set to 1,
no retriggering occurs.

To use trigger input from the INT] pin, input the trigger after making the following settings:

(1) Wheni=INTO

* Select either PO_3 or P3_0 to be assigned as the INTO input with the INTOSELO bit in the INTSR register.

« Set the port direction bit in the port direction register corresponding to the pin assigned asthe INTO input to O
(input mode).

» Select the INTO digital filter with bits INTOFO and INTOF1 in the INTF register.

 Set the INTOPL hit in the INTEN register to O (one edge) and set the POL bit in the INTOIC register to O
(falling edge). Furthermore, set the INOSEG bit in the TRBOIOC register to select afalling or rising edge.

* Set the INTOEN bit in the INTEN register to 1 (enabled).

« After completing the above, set the INOSTG bit in the TRBOIOC register to 1 (INTO pin one-shot trigger
enabled).

(2) Wheni=INT5

» Select either P1_5 or P3_5 to be assigned as the INT5 input with the INT5SELO bit in the INTSR register.

« Set the port direction bit in the port direction register corresponding to the pin assigned asthe INT5 input to O
(input mode).

» Select the INT5 digital filter with bits INT5F0 and INT5FL in the INTF1 register.

 Set the INT5PL bit in the INTEN1 register to O (one edge) and set in the POL bit in the INT5IC register to 0
(falling edge). Furthermore, set the INOSEG bit in the TRB1IOC register to select afalling or rising edge.

« Set the INT5EN bit in the INTEN1 register to 0 (enabled).

« After completing the above, set the INOSTG bit in the TRB1IOC register to 1 (INT5 pin one-shot trigger
enabled).

Note the following points with regard to generating interrupt requests by trigger input from the INT] pin.

« Processing to handle the interruptsis required. Refer to 12. Interrupts, for details.

* If aone-shot trigger occurs while the TOSSTF bit is set to 1, timer RB operation is not affected, but the value
of the IR bit in the INTjIC register changes.
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17.6 Programmable Wait One-Shot Generation Mode

In programmable wait one-shot generation mode, a one-shot pulse is output from the TRBIiO (i =0 or 1) pin by a
program or an external trigger input (input to the INT] (j = 0 or 5) pin) (refer to Table 17.6). When a trigger is
generated from that point, the timer outputs a pulse only once for a given length of time equal to the setting value of
the TRBIiSC register after waiting for a given length of time equal to the setting value of the TRBiPR register.
Figure 17.5 shows an Operating Example in Programmable Wait One-Shot Generation Mode.

Table 17.6  Programmable Wait One-Shot Generation Mode Specifications

Item Specification
Count sources f1, f2, f8, timer RJi underflow
Count operations  The setting value of the timer RBi primary is decremented.

* When a count of the timer RBi primary underflows, the timer reloads the contents of
timer RBi secondary before the count continues.

* When a count of the timer RBi secondary underflows, the timer reloads the
contents of timer RBi primary before the count completes and the TOSSTF bit is
set to O (one-shot stops).

« When the count stops, the timer reloads the content of the reload register before it
stops.

Wait time (n+1)(m+1)/fi

fi: Frequency of count source

n: Value set in TRBIPRE register, m: Value set in TRBIPR register

One-shot pulse output time (n+1)(p+1)/fi

fi: Frequency of count source

n: Value set in TRBIPRE register, p: Value set in TRBiISC register

Count start conditions » The TSTART bit in the TRBICR register is set to 1 (count starts) and the next
trigger is generated.

* 1 (one-shot starts) is written to the TOSST bit in the TRBIOCR register.

« Trigger input to the INT]j pin

Count stop conditions « When reloading completes after timer RBi underflows during the secondary period.

« 1 (one-shot stops) is written to the TOSSP bit in the TRBIOCR register.

« 0 (count stops) is written to the TSTART bit in the TRBICR register.

1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request In half a cycle of the count source after timer RBi underflows during secondary

generation timing period (at the same time as the waveform output from the TRBIO pin ends) [timer
RBi interrupt].

TRBIO pin function Pulse output

INT] pin functions * When the INOSTG bit in the TRBIlIOC register is set to 0 (INTj one-shot trigger

disabled): programmable I/O port or INT]j interrupt input

* When the INOSTG bit in the TRBIlOC register is set to 1 (INTj one-shot trigger
enabled): external trigger (INT]j interrupt input)

Read from timer The count value can be read out by reading registers TRBIPR and TRBIiPRE.

Write to timer * When registers TRBIPRE, TRBISC, and TRBIPR are written while the count is
stopped, values are written to both the reload register and counter.

* When registers TRBIPRE, TRBISC, and TRBiPR are written during count
operation, values are written to the reload registers only. ()

Selectable functions  Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit in
the TRBIlOC register.

« One-shot trigger select function
Refer to 17.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to registers TRBIiSC and TRBIiPR.

i=0orl,j=0o0r5
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17.6.1 Timer RBi I/O Control Register (TRBIIOC) (i = 0 or 1) in Programmable
Wait One-Shot Generation Mode

Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit 0: High-level output of a one-shot pulse, R/W
low-level output when the timer stops or during
wait

1: Low-level output of a one-shot pulse,
low-level output when the timer stops or during

wait
bl TOCNT | Timer RBi output enable bit Set to 0 in programmable wait one-shot generation | R/W
mode.
b2 | INOSTG | One-shot trigger control bit () 0: INT] (j = 0 or 5) pin one-shot trigger disabled @ | R/W
1: INTj (j = O or 5) pin one-shot trigger enabled ()
b3 | INOSEG | One-shot trigger polarity select bit (1) | 0: Falling edge trigger RIW
1: Rising edge trigger
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Note:
1. Referto 17.5.3 One-Shot Trigger Selection.
2. A one-shot trigger is input from the INTO pin for timer RBO and the INT5 pin for timer RB1.
RO1UHO051EJ0103 Rev.1.03 RENESAS Page 229 of 645

Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group

17. Timer RB

17.6.2 Operating Example
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TSTART bit
in TRBICR register

TOSSTF bit
in TRBIOCR register

\4

|
Set to 1 by setting 1 to the TOSST bit in the TRBIOCR
KL register, or INTj pin inptit trigger.

Set to 0 when

count ends.

|
|
N

INT] pin input

-

Count source

Underflow signal of
Timer RBi prescaler

Count starts

I N I

Timer RB secondary reload

v

Timer RB primary reload

Counter of timer RBi (

0lh

v
I T

IR bit in
TRBIIC register

Set to 0 when an interrupt request is acknowledged
or by an program.

e

TOPL bitin
TRBIIOC register

Set to 0 by a program.
|

TRBIIO pin output

Wait starts

Waveform output starts

Waveform output ends

y

-
-

Wait |
(primary period)

‘I‘
>

One-shot pulse
(secondary period)

v

—_ — ——

The above applies under the following conditions:

|

TRBIPRE = 01h, TRBIPR = 01h, TRBIiSC = 04h
INOSTG = 1 (INT] one-shot trigger enabled)
INOSEG =1 (edge trigger at the rising edge)

i=0orl
j=0or5
Figure 17.5  Operating Example in Programmable Wait One-Shot Generation Mode
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17.7 Notes on Timer RB

* Timer RBI stops counting after areset. Set the valuesin the timer RBi and timer RBi prescalers before the count
starts.

* Evenif the prescaler and timer RBi isread out in 16-bit units, these registersareread 1 byte at atimein the MCU.
Consequently, the timer value may be updated during the period when these two registers are being read.

* |n programmabl e one-shot generation mode and programmable wait one-shot generation mode, when setting the

TSTART bit in the TRBICR register to 0 (count stops) or setting the TOSSP bit in the TRBiOCR register to 1

(one-shot stops), the timer reloads the value of reload register and stops. Therefore, in programmable one-shot

generation mode and programmable wait one-shot generation mode, read the timer count value before the timer

stops.

The TCSTF bit in the TRBICR register remains 0 (count stops) for one or two cycles of the count source after

setting the TSTART hit to 1 (count starts) while the count is stopped.

During this time, do not access registers associated with timer RBi (1) other than the TCSTF bit. Timer RB starts

counting at the first active edge of the count source after the TCSTF hit is set to 1 (during count operation).

The TCSTF bit remains 1 (during count operation) for one or two cycles of the count source after setting the

TSTART hit to 0 (count stops) while the count isin progress. Timer RBi counting is stopped when the TCSTF hit

is set to 0 (count stops).

During thistime, do not access registers associated with timer RBi (1) other than the TCSTF hit.

Note:
1. Registers associated with timer RBi:
TRBICR, TRBIOCR, TRBIilOC, TRBiMR, TRBIiPRE, TRBiSC, and TRBiPR

* When the TSTOP hit in the TRBiICR register is set to 1 during timer operation, timer RBi stops immediately.

* When 1 is written to the TOSST or TOSSP bit in the TRBIOCR register, the value of the TOSSTF bit changes
after one or two cycles of the count source have elapsed. When 1 is written to the TOSSP bit during the period
between when 1 is written to the TOSST bit and when the TOSSTF hit is set to 1, the TOSSTF bit may be set to
either 0 or 1 depending on the content state. Likewise, when 1 is written to the TOSST bit during the period
between when 1 is written to the TOSSP bit and when the TOSSTF bit is set to 0, the TOSSTF bit may be set to
either Oor 1.

* To use the underflow signal of timer RJi as the count source for timer RB, set timer RJi in timer mode, pulse
output mode, or event counter mode.

17.7.1 Timer Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR register (i =0
or 1) is set to 1), note the following:

* When the TRBIiPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.

17.7.2 Programmable Waveform Generation Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)
register is set to 1), note the following:
* When the TRBIiPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.
* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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17.7.3 Programmable One-Shot Generation Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)
register is set to 1), note the following:

* When the TRBIPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.

17.7.4 Programmable Wait One-shot Generation Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)
register is set to 1), note the following:

* When the TRBIPRE register is written continuously, alow three or more cycles of the count source for each
write interval.

* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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18. Timer RC
Timer RC isa 16-bit timer with four 1/O pins.

18.1 Introduction

Timer RC uses either f1, fOCO20M or fOCO-F as its operating clock. Table 18.1 lists the Timer RC Operating
Clocks.

Table 18.1  Timer RC Operating Clocks

Condition Timer RC Operating Clock
The count source is f1, f2, f4, {8, 32, or TRCCLK input. fl
(Bits TCK2 to TCKO in the TRCCR1 register are set to 000b to 101b.)
The count source is fOCO20M. fOCO20M

(Bits TCK2 to TCKO in the TRCCRL1 register are set to 110b.)

Count source is fOCO-F (bits TCK2 to TCKO in TRCCRL1 register are setto |fOCO-F
111b)

Table 18.2 lists the Timer RC Pin Configuration. Figure 18.1 shows the Timer RC Block Diagram.

Timer RC supports the following three modes:
* Timer mode
- Input capture function The counter value is captured to aregister, using an external signal asthe trigger.
- Output compare function A match between the values of a counter and aregister is detected.
(Pin output can be changed at detection.)

The following two modes use the output compare function:

* PWM mode Pulses of a given width are output continuously.

* PWM2 mode A one-shot waveform or PWM waveform is output following the trigger after the
wait time has elapsed.

For the input capture function, the output compare function, and in PWM mode, settings may be selected
independently for each pin.

In PWM2 mode, waveforms are output based on a combination of the counter or the register.
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MSTCRO register

f1, 12, f4, 18, 132,
fOCO20M, fOCO-F

TRCMR register

TRCCRL1 register

TRCIER register

TRCSR register

TRCIORO register

TRCIORL1 register

TRC register

TRCGRA register

Data bus

TRCGRB register

TRCGRC register

TRCGRD register

15818888888 8

TRCCR2 register

Count source
select circuit

<«+—+——) TRCCLK

-t

(O 7o

Timer RC control circuit

<¢—() TRCIOATRCTRG

<«—() TRCIOB
<«—(_) TRCIOC
<¢—() TRCIOD
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Timer RC interrupt

<:>| TRCDF register
’ request

<:>| TRCOER register

<:>| TRCADCR register

<i>| TRCPSRO register
m<:>| TRCPSR1 register

Figure 18.1 Timer RC Block Diagram
Table 18.2  Timer RC Pin Configuration
Pin Name Assigned Pin I/0 Function
TRCIOA PO 0 I/O Function differs according to the mode.
Refer to descriptions of individual modes
TRCIOB P6_7, P6_6, or P6_5 AN P
TRCIOC P6_6
TRCIOD P6_5
TRCCLK PO 1 Input | External clock input
TRCTRG PO _0,P0_1,0rP0 2 Input |PWM2 mode external trigger input
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18.2 Registers
Table 18.3 lists the Registers Associated with Timer RC.

Table 18.3  Registers Associated with Timer RC

Mode
Timer
Address | Symbol Input Output PwM | Pwm2 Related Information
Capture | Compare
Function | Function
0008h [MSTCRO |Valid Valid Valid Valid 18.2.1 Module Standby Control Register 0 (MSTCRO)
0120h |[TRCMR |Valid Valid Valid Valid 18.2.2 Timer RC Mode Register (TRCMR)
0121h |TRCCR1 |Valid Valid Valid Valid Timer RC control register 1
18.2.3 Timer RC Control Register 1 (TRCCR1)
18.5.1 Timer RC Control Register 1 (TRCCR1) in
Timer Mode (Output Compare Function)
18.6.1 Timer RC Control Register 1 (TRCCR1) in
PWM Mode
18.7.1 Timer RC Control Register 1 (TRCCR1) in
PWM2 Mode
0122h |TRCIER |Valid Valid Valid Valid 18.2.4 Timer RC Interrupt Enable Register (TRCIER)
0123h |[TRCSR |Valid Valid Valid Valid 18.2.5 Timer RC Status Register (TRCSR)
0124h | TRCIORO | Valid Valid - - Timer RC I/O control register 0, timer RC 1/O control
register 1
18.2.6 Timer RC 1/O Control Register 0 (TRCIORO)
18.2.7 Timer RC 1/O Control Register 1 (TRCIOR1)
18.4.1 Timer RC 1/O Control Register 0 (TRCIORO0)
0125n | TRCIORL in_ Timer Mode (Input Capt_ure Function)
18.4.2 Timer RC I/O Control Register 1 (TRCIOR1)
in Timer Mode (Input Capture Function)
18.5.2 Timer RC 1/O Control Register 0 (TRCIORO)
in Timer Mode (Output Compare Function)
18.5.3 Timer RC 1/O Control Register 1 (TRCIOR1)
in Timer Mode (Output Compare Function)
0126h |[TRC Valid Valid Valid Valid 18.2.8 Timer RC Counter (TRC)
0127h
0128h |TRCGRA |Valid Valid Valid Valid 18.2.9 Timer RC General Registers A, B, C, and D
0129h (TRCGRA, TRCGRB, TRCGRC, TRCGRD)
012Ah |TRCGRB
012Bh
012Ch |TRCGRC
012Dh
012Eh |TRCGRD
012Fh
0130h |[TRCCR2 |- Valid Valid Valid 18.2.10 Timer RC Control Register 2 (TRCCR2)
0131h |TRCDF |Valid - - Valid 18.2.11 Timer RC Digital Filter Function Select
Register (TRCDF)
0132h |TRCOER |- Valid Valid Valid 18.2.12 Timer RC Output Master Enable Register
(TRCOER)
0133h |TRCADCR|- Valid Valid Valid 18.2.13 Timer RC Trigger Control Register
(TRCADCR)
0182h |TRCPSRO | Valid Valid Valid Valid 18.2.14 Timer RC Pin Select Register 0 (TRCPSRO)
0183h |TRCPSR1 | Valid Valid Valid Valid 18.2.15 Timer RC Pin Select Register 1 (TRCPSR1)
—: Invalid
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18.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | MSTADC| — | MSTTRC | MSTLCD | MSTIIC |MSTURT2|MSTURTO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Setto O. R/W
bl [MSTURTO |UARTO standby bit 0: Active R/W
1: Standby (1)
b2 |MSTURT2 [UART?2 standby bit 0: Active R/W
1: Standby ()
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby (3
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby 4
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby (5
b6 — Reseved bit Setto 0. R/W
b7 MSTADC |A/D standby bit (6) 0: Active R/W
1: Standby
Notes:
1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh
to 00A7h) is disabled.
2. When the MSTURT?2 bit is set to 1 (standby), any access to the timer UART2 associated registers (addresses
00A8h to 00BFh) is disabled.
3. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the 12C bus associated registers (addresses
0193h to 019Dh) is disabled.
4. When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.
5. When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.
6. When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00COh
to 00D9h, 00ODCh to 00DFh) is disabled.
Set the MSTADC bit to 0 (active) when the temperature sensor is used.
When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.
When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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18.2.2 Timer RC Mode Register (TRCMR)
Address 0120h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TSTART | — | BFD | BFC | PWM2 | PWMD | PWMC | PWMB

After Reset 0 1 0 0 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 PWMB | PWM mode of TRCIOB select bit () 0: Timer mode R/IW
1: PWM mode

bl PWMC | PWM mode of TRCIOC select bit (1) 0: Timer mode R/W
1: PWM mode

b2 PWMD | PWM mode of TRCIOD select bit (1) 0: Timer mode R/W
1: PWM mode

b3 PWM2 | PWM2 mode select bit 0: PWM 2 mode R/W
1: Timer mode or PWM mode

b4 BFC | TRCGRC register function select bit (3) | 0: General register R/W
1: Buffer register of TRCGRA register

b5 BFD | TRCGRD register function select bit 0: General register R/W
1: Buffer register of TRCGRB register

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b7 | TSTART | TRC count start bit 0: Count stops R/W
1: Count starts

Notes:

1. These bits are enabled when the PWMZ2 bit is set to 1 (timer mode or PWM mode).

2. Setthe BFC bit to 0 (general register) in PWM2 mode.

For notes on the TRCMR register in PWM2 mode, refer to 18.9.6 TRCMR Register in PWM 2 Mode.
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18.2.3 Timer RC Control Register 1 (TRCCR1)
Address 0121h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1) |Function varies according to the operating mode R/W
bl TOB |TRCIOB output level select bit @ | (function). RIW
b2 TOC |TRCIOC output level select bit (1) RIW
b3 TOD |TRCIOD output level select bit () RIW
b4 TCKO |Count source select bit (1) bg tg '8‘. f R/W
b5 TCKI 001 2 RIW
b6 TCK2 010 f4 R/W
011:f8
100:f32
10 1: TRCCLK input rising edge
110: fOCO20M
111:fOCO-F 2
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: TRC counter cleared by input capture or
by compare match with the TRCGRA register
Notes:

1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

18.2.4 Timer RC Interrupt Enable Register (TRCIER)
Address 0122h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVIE | — [ — | — | IMED | IMIEC | IMIEB | IMIEA

After Reset 0 1 1 1 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 IMIEA | Input-capture/compare-match interrupt 0: Interrupt (IMIA) by IMFA bit disabled R/W
enable bit A 1: Interrupt (IMIA) by IMFA bit enabled

bl IMIEB | Input-capture/compare-match interrupt 0: Interrupt (IMIB) by IMFB bit disabled R/W
enable bit B 1: Interrupt (IMIB) by IMFB bit enabled

b2 IMIEC | Input-capture/compare-match interrupt 0: Interrupt (IMIC) by IMFC bit disabled R/W
enable bit C 1: Interrupt (IMIC) by IMFC bit enabled

b3 IMIED | Input-capture/compare-match interrupt 0: Interrupt (IMID) by IMFD bit disabled R/W
enable bit D 1: Interrupt (IMID) by IMFD bit enabled

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b5 —

b6 —

b7 OVIE |Overflow interrupt enable bit 0: Interrupt (OVI) by OVF bit disabled R/W

1: Interrupt (OVI) by OVF bit enabled
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18.2.5 Timer RC Status Register (TRCSR)
Address 0123h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVF | — | — | — | IMFD | IMFC | IMFB | IMFA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMFA | Input-capture/compare-match flag A [Condition for setting to 0] R/W
bl IMFB | Input-capture/compare-match flag B Write O after reading. V) R/W
b2 IMFC | Input-capture/compare-match flag C [Condition for setting to 1] RIW
b3 IMED |nput_capture/compare_ma’[ch f|ag D Refer to Table 18.4 Conditions for Setting Bit R/W
of Each Flag to 1.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 OVF | Overflow flag [Condition for setting to 0] R/W
Write O after reading. (1)
[Condition for setting to 1]
Refer to Table 18.4 Conditions for Setting Bit
of Each Flag to 1.
Note:

1. The results of writing to these bits are as follows:
» The bit is set to 0 when it is first read as 1 and then 0O is written to it.
 The bit remains unchanged even if it is first read as 0 and then O is written to it. (The bit’s value remains 1 even
if it is set to 1 from O after being read as 0 and having 0 written to it.)
« The bit's value remains unchanged if 1 is written to it.

Table 18.4  Conditions for Setting Bit of Each Flag to 1

. Timer Mode
Bit Symbol - - PWM Mode PWM2 Mode
Input Capture Function Output Compare Function
IMFA TRCIOA pin input edge (1) | When the values of registers TRC and TRCGRA match.
IMFB TRCIOB pin input edge (1) | When the values of registers TRC and TRCGRB match.
IMFC TRCIOC pin input edge (1) | When the values of registers TRC and TRCGRC match. (2)
IMFD TRCIOD pin input edge (1) | When the values of registers TRC and TRCGRD match. (2)
OVF When the TRC register overflows.
Notes:
1. Edge selected by bits 10j0 and I0j1 (j = A, B, C, or D) in registers TRCIORO and TRCIOR1.
2. Includes the condition that bits BFC and BFD in the TRCMR register are set to 1 (buffer registers of registers
TRCGRA and TRCGRB).

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 239 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 18. Timer RC

18.2.6 Timer RC I/O Control Register 0 (TRCIORO)
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | IOB2 | IOB1 | IOBO | I0A3 | I0A2 | I0AL IOAO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 |TRCGRA control bit Function varies according to the operating mode R/W
bl I0OA1 (function). R/W
b2 IOA2 | TRCGRA mode select bit (1) 0: Output compare function R/W
1: Input capture function
b3 IOA3 |TRCGRA input capture input switch |0: fOC0O128 signal R/W
bit (3 1: TRCIOA input pin
b4 IOBO |TRCGRB control bit Function varies according to the operating mode R/W
b5 10B1 (function). R/IW
b6 IOB2 |TRCGRB mode select bit () 0: Output compare function R/W
1: Input capture function
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the

TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.
3. The IOA3 bit is enabled when the IOA2 bit is set to 1 (input capture function).

The TRCIORQO register is enabled in timer mode. It is disabled in PWM mode and PWM2 mode.

18.2.7 Timer RC I/O Control Register 1 (TRCIOR1)
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | I1O0D1 | 10D0O | IOC3 | 10C2 | IOC1 I0CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO |TRCGRC control bit Function varies according to the operating mode R/W
bl I0C1 (function). R/W
b2 I0OC2 |TRCGRC mode select bit (1) 0: Output compare function R/W
1: Input capture function
b3 IOC3 |TRCGRC register function select bit  {0: TRCIOA output register R/W
1: General register or buffer register
b4 IOD0 |TRCGRD control bit Function varies according to the operating mode R/W
b5 IOD1 (function). RIW
b6 IOD2 | TRCGRD mode select bit (2) 0: Output compare function R/W
1: Input capture function
b7 IOD3 |TRCGRD register function select bit  {0: TRCIOB output register R/W
1: General register or buffer register

Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the

TRCIORL1 register to the same value as the I0B2 bit in the TRCIORO register.

The TRCIORL register is enabled in timer mode. It is disabled in PWM mode and PWM2 mode.
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18.2.8 Timer RC Counter (TRC)
Address 0127h to 0126h

Bit b7 b6 b5 b4 b3 b2 bl b0

symbol[ — | — | — | — — — — —

After Reset 0 0 0 0 0 0 0 0

Bit b15 b14 b13 b12 b11 b10 b9 b8

Symbol — — — — — — — —

After Reset 0 0 0 0 0 0 0 0
Bit Function Setting Range R/W
b15 to b0 |Counts a count source. Count operation is increment. 0000h to FFFFh R/W

When an overflow occurs, the OVF bit in the TRCSR register is set to 1.

Access the TRC register in 16-bit units. Do not accessit in 8-bit units.

18.2.9 Timer RC General Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC,
TRCGRD)

Address 0129h to 0128h (TRCGRA), 012Bh to 012Ah (TRCGRB),
012Dh to 012Ch (TRCGRC), 012Fh to 012Eh (TRCGRD)

Bit b7 b6 b5 b4 b3 b2 bl b0
o[ — [ — ] — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1 1
Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b15 to b0 |Function varies according to the operating mode. R/W

Access registers TRCGRA to TRCGRD in 16-bit units. Do not access them in 8-bit units.
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18.2.10 Timer RC Control Register 2 (TRCCR2)
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B (@ 1: TRCIOB output level selected as high active
bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with R/W
the TRCGRA register
1: Count stops at compare match with
the TRCGRA register
b6 TCEGO i it 3 b7b6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled
b7 TCEG1 = R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.
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18.2.11 Timer RC Digital Filter Function Select Register (TRCDF)
Address 0131h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DFCK1 | DFCKO | — | DFTRG | DFD | DFC | DFB | DFA |

After Reset 0 0 0 0 0 0 0 0

Bit | Symbol Bit Name Function R/W

b0 DFA | TRCIOA pin digital filter function select bit (1) {0: Function is not used R/W
1: Function is used

bl DFB | TRCIOB pin digital filter function select bit (1) |0: Function is not used R/IW
1: Function is used

b2 DFC | TRCIOC pin digital filter function select bit (1) [0: Function is not used R/W
1: Function is used

b3 DFD |TRCIOD pin digital filter function select bit (1) |0: Function is not used R/W
1: Function is used

b4 | DFTRG |TRCTRG pin digital filter function select bit (2)|0: Function is not used RIW
1: Function is used

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b6 | DFCKO |Digital filter function clock select bit (1. 2) b7 b6 RIW

b7 | DFCK1 00: 732 RIW
01:f8
10:f1
1 1: Count source (clock selected by bits

TCKO to TCK2 in the TRCCR1 register)

Notes:
1. These bits are enabled for the input capture function.
2. These bits are enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).
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18.2.12 Timer RC Output Master Enable Register (TRCOER)
Address 0132h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PTO | — | — | — | ED | EC | EB | EA
After Reset 0 1 1 1 1 1 1 1
Bit Symbol Bit Name Function R/W
b0 EA  |TRCIOA output disable bit (1) 0: Output enabled RIW

1: Output disabled

(TRCIOA pin functions as a programmable I/O port)
bl EB  |TRCIOB output disable bit (1) 0: Output enabled R/IW
1: Output disabled

(TRCIOB pin functions as a programmable I/O port)
b2 EC |TRCIOC output disable bit (1) 0: Output enabled RIW
1: Output disabled

(TRCIOC pin functions as a programmable 1/O port)
b3 ED |TRCIOD output disable bit () 0: Output enabled RIW
1: Output disabled

(TRCIOD pin functions as a programmable 1/0 port)

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b5 —

b6 —

b7 PTO |INTO of pulse output forced cutoff 0: Pulse output forced cutoff input disabled R/W
signal input enabled bit 1: Pulse output forced cutoff input enabled

(Bits EA, EB, EC, and ED are setto 1

(output disabled) when a low or high-level signal is
applied to the INTO pin depending on POL bit in
INTOIC register.)

Note:
1. These bits are disabled for pins set as input-capture input.

18.2.13 Timer RC Trigger Control Register (TRCADCR)
Address 0133h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |ADTRGDE|ADTRGCE|ADTRGBE ADTRGAE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |ADTRGAE |A/D trigger A enable hit 0: A/D trigger disabled R/W

1: A/D trigger generated at compare match
between registers TRC and TRCGRA
bl |ADTRGBE |A/D trigger B enable bit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRB
b2 |ADTRGCE |A/D trigger C enable bit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRC
b3 |ADTRGDE |A/D trigger D enable bit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRD

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
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18.2.14 Timer RC Pin Select Register 0 (TRCPSRO0)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — |TRCIOBSEL1|TRCIOBSELO| TRCIOASEL1 | TRCIOASELO| — |TRCCLKSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 [TRCCLKSELO|TRCCLK pin select bit (1) 0: TRCCLK pin not used RIW
1: PO_1 assigned
bl — Reserved bit Set to 0. R/W
b2 | TRCIOASELO |TRCIOA/TRCTRG pin select bit b3 b2 RIW

0 0: TRCIOA/TRCTRG pin not used

0 1: TRCIOA/TRCTRG pin assigned to PO_0
1 0: TRCTRG pin assigned to PO_1 (1)

11: TRCTRG pin assigned to PO_2

b4 | TRCIOBSELO |TRCIOB pin select bit b5 b4 . R/W
0 0: TRCIOB pin not used

b3 |TRCIOASEL1 R/W

b5 TRCIOBSEL1 01: P6_7 assigned R/W
1 0: P6_6 assigned (@
11: P6_5 assigned )
b6 — Reserved bits Setto 0. R/W
b7 —
Notes:

1. Pins TRCCLK and TRCTRG cannot be assigned to PO_1 at the same time.

2. When the TRCIOCSELDO bit in the TRCPSR1 register is set to 1 (TRCIOC pin assigned to P6_6), P6_6 functions
as the TRCIOC pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

3. When the TRCIODSELDO bit in the TRCPSR1 register is set to 1 (TRCIOD pin assigned to P6_5), P6_5 functions
as the TRCIOD pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

The TRCPSRO register selects whether to use the timer RC input. To use the input pins for timer RC, set this
register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation. If the assignment of the timer RC pinsis changed, an edge may occur
depending on the changed pin level, causing the TRC register to be set to 0000h.
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18.2.15 Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — — | TRCIODSELO — TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOCSELO |[TRCIOC pin select bit 0: TRCIOC pin not used R/W
1: P6_6 assigned
bl — Reserved bit Set to 0. R/W
b2 |TRCIODSELO |TRCIOD pin select bit 0: TRCIOD pin not used R/W
1: P6_5 assigned
b3 — Reserved bits Setto 0. R/W
b4 —
b5 —
b6 —
b7 —

The TRCPSRL1 register selects whether to use the timer RC input. To use the input pins for timer RC, set this

register.

Set the TRCPSRL register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation.
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18.3 Common Items for Multiple Modes

18.3.1 Count Source

The method of selecting the count source is common to all modes.
Table 18.5 lists the Count Source Selection, and Figure 18.2 shows the Count Source Block Diagram.

Table 18.5 Count Source Selection

Count Source Selection Method
f1, 2, f4, 18, 32 The count source is selected by bits TCK2 to TCKO in TRCCRL1 register
fOCO20M - The FRAOO bit in the FRAO register set to 1 (high-speed on-chip oscillator on).
fOCO-F - Bits TCK2 to TCKO in the TRCCRL1 register are set to 110b (fOCO20M).

- Bits TCK2 to TCKO in TRCCRL1 register are set to 111b (fOCO-F)

External signal input |- Bits TCK2 to TCKO in TRCCR1 register are set to 101b (count source is rising
to TRCCLK pin edge of external clock)

- The corresponding direction bit in the direction register is set to 0 (input mode)

f TCK2 to TCKO
=000b
2 = OOlbO
fa =010b o
8 =011b Count source TRC register
32 =100b O
TrRCCLK () =101b 5
fOCO20M =110b
fOCO-F = 1116
TCK2 to TCKO: Bits in TRCCRL1 register

Figure 18.2  Count Source Block Diagram

The pulse width of the external clock input to the TRCCLK pin should be set to three cycles or more of the
timer RC operation clock. (See Table 18.1 Timer RC Operating Clocks.)

To select fOCO20M or fOCO-F as the count source, set the FRAQO bit in the FRAO register set to 1 (high-speed
on-chip oscillator on), and then set bits TCK2 to TCKO in the TRCCR1 register to 110b (fOCO20M) or 111b
(fOCO-F).
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18.3.2 Buffer Operation

Bits BFC and BFD in the TRCMR register are used to select the TRCGRC or TRCGRD register as the buffer
register of the TRCGRA or TRCGRB register.

« Buffer register of TRCGRA register: TRCGRC register
« Buffer register of TRCGRB register: TRCGRD register
Buffer operation differs depending on the mode.

Table 18.6 lists the Buffer Operation in Each Mode, Figure 18.3 shows the Buffer Operation of Input Capture
Function, and Figure 18.4 shows the Buffer Operation of Output Compare Function.

Table 18.6  Buffer Operation in Each Mode

Function, Mode

Transfer Timing

Transfer Destination Register

Input capture function

Input capture signal input

The content of the TRCGRA
(TRCGRB) register is transferred to
the buffer register.

Output compare function

Compare match between the TRC
register and the TRCGRA (TRCGRB)

The content of the buffer register is
transferred to the TRCGRA

TRC register

TRCGRA register

TRCGRC register
(buffer)

PWM mode register (TRCGRB) register.
PWM2 mode « Compare match between the TRC The content of the buffer register
register and the TRCGRA register (TRCGRD) is transferred to the
* TRCTRG pin trigger input TRCGRB register.
TRCIOA input o
(input capture signal) L\
TRCGRC TRCGRA TRC
register | register
TRCIOA input

]

=}

X n+1

\\ Transfer

N

i
)
)
\ Transfer

Lt -

The above applies under the following conditions:
» The BFC bit in the TRCMR register is set to 1 (TRCGRC register is used as the buffer register of the TRCGRA register).
* Bits IOA2 to IOAO in the TRCIORO register are set to 100b (input capture at the rising edge).

Figure 18.3 Buffer Operation of Input Capture Function
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TRCGRC
register

Compare match signal

TRCGRA
register

»  Comparator [«—

TRC

TRC register

m+1

TRCGRA register

b 4

——— e

Transfer

TRCGRC register

(buffer)

TRCIOA output

The above applies under the following conditions:
* The BFC bit in the TRCMR register is setto 1 (TRCGRC register is used as the buffer register of the TRCGRA register).
* Bits IOA2 to IOAO in the TRCIORO register are set to 001b (low-level output at compare match).

Figure 18.4 Buffer Operation of Output Compare Function

Make the following settings in timer mode.
» To usethe TRCGRC register as the buffer register of the TRCGRA register:
Set the IOC2 bit in the TRCIORL register to the same value as the IOA2 bit in the TRCIORO register.
» To usethe TRCGRD register as the buffer register of the TRCGRB register:
Set the I0D2 bit in the TRCIOR1 register to the same value as the IOB2 bit in the TRCIORO register.

When the TRCGRC or TRCGRD register is also used as the buffer register for the output compare function, in
PWM mode, or PWM2 mode, the IMFC or IMFD bit in the TRCSR register is set to 1 by a compare match with

the TRC register.

When the TRCGRC register or TRCGRD register is also used as the buffer register for the input capture
function, the IMFC or IMFD bit in the TRCSR register is set to 1 at the input edge of a signal input to the

TRCIOC or TRCIOD pin.
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18.3.3 Digital Filter

The input to TRCTRG or TRCIQj (j = A, B, C, or D) is sampled, and the level is determined when three
matches occur. The digital filter function and sampling clock can be selected using the TRCDF register.
Figure 18.5 shows a Block Diagram of Digital Filter.

TCK2 to TCKO DFCK1 to DFCKO

1 =000b ~00b

=001b

o 132
—F—0 =
B 18 =010
— S04 =10b
fl —=0
™ zoub =11bey

Count source
32 =100b O

TRCCLK =101b I0A2 to 10A0
=110b 10B2 to I0BO
fOCO20M —— O ? 10C2 to 10CO
_ 10D2 to I0DO

fOCO-F = 111b

(or TCEG1 to TCEGO)
Sampling clock

DFj (or DFTRG)

C 1
— o
TRCIO] input signal D Match detect Bdge detect |y
(or TRCTRG input
signal) Latch
0
Timer RC operating clock
1 or fOCO20M
[}
D Q
Latch
Clock cycle selected by
TCK2 to TCKO
(or DFCK1 to DFCKO)
Sampling clock
1 1 ) 1 1 ) ) )
H | A A N
1 ~ N
TRCIOj input signal . !
TRCTRG it )
cr input signal) Three matches occur and
a signal change is confirmed.
Input signal after
passing through \

~N—_

digital filter . . .
Maximum signal transmission
\ delay is five sampling clocks.

If fewer than three matches occur,
the matches are recognized as noise
and no transmission is performed.

j=A,B,C,orD

TCKO to TCK2: Bits in TRCCR1 register

DFTRG, DFCKO, DFCK1, DFj: Bits in TRCDF register

I0AO to I0A2, 10BO to I0B2: Bits in TRCIORO register
10CO0 to I0C2, 10DO to 10D2: Bits in TRCIOR1 register
TCEGO, TCEG1.: Bits in TRCCR2 register

Figure 18.5 Block Diagram of Digital Filter
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18.3.4 Forced Cutoff of Pulse Output

When using the timer mode's output compare function, PWM mode, or PWM2 mode, pulse output from the
TRCIQj (j = A, B, C, or D) output pin can be forcibly cut off and the TRCIOj pin set to function as a
programmable 1/0 port by means of input to the INTO pin.

A pin used for output by the timer mode’s output compare function, PWM mode, or PWM2 mode can be set to
function asthetimer RC output pin by setting the Ej bit in the TRCOER register to O (timer RC output enabled).

When the PTO bit in the TRCOER register is 1 (pulse output forced cutoff signal input INTO enabled), if alow-
level (or high-level) signal isinput to the INTO pin, bits EA, EB, EC, and ED in the TRCOER register are all set
to 1 (timer RC output disabled, TRCIOj output pin functions as a programmable 1/0O port) after one or two
cycles of the timer RC operating clock. For details of the timer RC operating clock, refer to Table 18.1 Timer

RC Operating Clocks.

Make the following settings to use this function.

* Set the pin state following forced cutoff of pulse output (high impedance (input), low-level output, or high-
level output). (Refer to 7. 1/0O Ports.)

* Set the INTOEN bit to 1 (INTO input enabled) and the INTOPL bit to O (one edge) in the INTEN register.

* Set the POL hit in the INTOIC register to select arising or falling edge.
When the POL bit is set to O (falling edge), the pulse output isforcibly cut off at the falling edge of the INTO pin.
When the POL bit is set to 1 (rising edge), the pulse output is forcibly cut off at the rising edge of the INTO pin.

* Set the direction registers for the I/O ports selected as INTO to O (input mode):
When INTO is assigned to P3_0 by the INTOSELO bit in the INTSR register, set the PD3_0 bit in the PD3
register to O (input mode).
When INTO is assigned to PO_3 by the INTOSELO bit in the INTSR register, set the PDO_3 bit in the PDO
register to O (input mode).

* Select the INTO digital filter with bits INTOFO and INTOF1 in the INTF register.

* Set the PTO bit in the TRCOER register to 1 (pulse output forced cutoff signal input INTO enabled).

The IR bit in the INTOIC register is set to 1 (interrupt requested) in accordance with the setting of the POL bit
and achangein the INTO pin input (refer to 12.8 Notes on Interrupts).
For details on interrupts, refer to 12. Interrupts.
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INTO input O———d

—

PTO

g

Timer RC

output data TRCIOB

Timer RC % C
output data TRCIOA

. EA
EA bit D
write value Q
S
EB bit EB
write value D Q
S
EC
EC bit D
write value Q
S
ED
ED bit
write value D Q
S

EA, EB, EC, ED, PTO: Bits in TRCOER register

Timer RC
output data

Timer RC % O
output data TRCIOC

TRCIOD

Figure 18.6

Forced Cutoff of Pulse Output
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18.4 Timer Mode (Input Capture Function)

This function measures the width or period of an external signal. An external signal input to the TRCIOj (j = A, B,
C, or D) pin acts as atrigger for transferring the content of the TRC register (counter) to the TRCGR]j register
(input capture). The input capture function, or any other mode or function, can be selected for each individual pin.
Table 18.7 lists the Input Capture Function Specifications, Figure 18.7 shows a Block Diagram of Input Capture
Function, Table 18.8 lists the Functions of TRCGR] Register when Using Input Capture Function, and Figure 18.8
shows an Operating Example of Input Capture Function.

Table 18.7 Input Capture Function Specifications

Item Specification
Count sources f1, f2, f4, 18, 32, fOCO20M, fOCO-F, or
external signal (rising edge) input to the TRCCLK pin
Count operation Increment
Count period * The CCLR bit in the TRCCR1 register is set to 0 (free-running operation):

1/tk x 65,536
fk: Frequency of count source
* The CCLR bit in the TRCCR1 register is set to 1 (TRC register is set to
0000h by TRCGRA input capture):
1tk x (n + 1)
n: Value set in TRCGRA register

Count start condition 1 (count starts) is written to the TSTART bit in the TRCMR register.

Count stop condition 0 (count stops) is written to the TSTART bit in the TRCMR register.
The TRC register retains a value before the count stops.

Interrupt request * Input capture (active edge of the TRCIQj input)

generation timing * TRC register overflows

TRCIOA, TRCIOB, TRCIOC, |Programmable I/O port or input capture input

and TRCIOD pins function (selectable for each individual pin)

INTO pin function Programmable 1/0 port or INTO interrupt input

Read from timer The count value can be read by reading TRC register.

Write to timer The TRC register can be written to.

Selectable functions * Input-capture input pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
* Input-capture input active edge selection
Rising edge, falling edge, or both rising and falling edges
« Buffer operation (Refer to 18.3.2 Buffer Operation.)
« Digital filter (Refer to 18.3.3 Digital Filter.)
« Timing for setting the TRC register to 0000h
Overflow or input capture

j=A,B,C,orD
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S

fOCO-S or Divided fOCO128
fOCO-F by 128 03 =0
(Note 3) Input capture signal @)
O Edge {
TRCIOA selection IOA3 =1
TRCGRA
(Note 1) register
TRCGRC
register
C Edge
TRCIOC selection ]
Input capture signal
Input capture signal
O Edge
TRCIOB selection
TRCGRB
(Note 2) register
TRCGRD
register
C Edge
TRCIOD selection

I0A3: Bit in TRCIORO register

Notes:

1. The BFC bit in the TRCMR register is set to 1 (TRCGRC register functions as the buffer register for the TRCGRA register)
2. The BFD bit in the TRCMR register is set to 1 (TRCGRD register functions as the buffer register for the TRCGRB register)
3. The trigger input of the TRCGRA register can select the TRCIOA pin input or fOC0128 signal.

Input capture signal

TRC register

el

Figure 18.7

Block Diagram of Input Capture Function
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18.4.1 Timer RC I/O Control Register 0 (TRCIORO) in Timer Mode (Input Capture

Function)
Address 0124h
Bit b7 b6 b5 b3 b2 bl b0
Symbol | — | I0OB2 10B1 IOA3 I0A2 I0A1 IOAO
After Reset 1 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 [TRCGRA control bit b1 b0 ] R/W
b1 OAT 00: Ipput capture to the TRCGRA register at the RIW
rising edge
0 1: Input capture to the TRCGRA register at the
falling edge
1 0: Input capture to the TRCGRA register at both
edges
1 1: Do not set.
b2 IOA2 |TRCGRA mode select bit (1) Set to 1 for the input capture function. R/W
b3 IOA3 |TRCGRA input-capture input 0: fOC0O128 signal R/W
switch bit 3) 1: TRCIOA pin input
b4 IOBO |TRCGRB control bit b5 b4 . R/W
b5 OB1 00: I_nput capture to the TRCGRB register at the RIW
rising edge
0 1: Input capture to the TRCGRB register at the
falling edge
1 0: Input capture to the TRCGRB register at both
edges
1 1: Do not set.
b6 IOB2 |TRCGRB mode select bit (2) Set to 1 for the input capture function. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
Notes:
1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

2.

3.

TRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.
When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the IOD2 bit in the
TRCIORL1 register to the same value as the I0B2 bit in the TRCIORO register.
The IOA3 bit is enabled when the I0A2 bit is set to 1 (input capture function).
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18.4.2 Timer RC I/O Control Register 1 (TRCIOR1) in Timer Mode (Input Capture

Function)
Address 0125h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 IOD1 IODO I0C3 l0C2 IOC1 10CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO0 |TRCGRC control bit b1b0 h ] he fisi R/W
b1 OC1 00: Igg);écapture to the TRCGRC register at the rising RIW
0 1: Input capture to the TRCGRC register at the
falling edge
1 0: Input capture to the TRCGRC register at both
edges
1 1: Do not set.
b2 I0OC2 |TRCGRC mode select bit (1) Set to 1 for the input capture function. R/W
b3 IOC3 |TRCGRC register function Set to 1. R/W
select bit
b4 IODO0 |TRCGRD control bit bSba h ) he risi R/W
b5 OD1 00: Igg;écapture to the TRCGRD register at the rising RIW
0 1: Input capture to the TRCGRD register at the
falling edge
1 0: Input capture to the TRCGRD register at both
edges
1 1: Do not set.
b6 IOD2 |TRCGRD mode select bit (2) Set to 1 for the input capture function. R/W
b7 IOD3 |TRCGRD register function Set to 1. R/W
select bit
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the
TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the
TRCIORL1 register to the same value as the IOB2 bit in the TRCIORO register.

Table 18.8 Functions of TRCGRj Register when Using Input Capture Function
. . . . Input Capture
Register Setting Register Function Input Pin

TRCGRA - General register. Can be used to read the TRC register value | TRCIOA
TRCGRB at input capture. TRCIOB
TRCGRC BFC=0 General register. Can be used to read the TRC register value | TRCIOC
TRCGRD BFD =0 |atinput capture. TRCIOD
TRCGRC BFC=1 Buffer registers. Can be used to retain the transferred value | TRCIOA
TRCGRD BFD=1 from the general register. (Refer to 18.3.2 Buffer Operation.) | TRCIOB
j=A,B,C,orD

BFC, BFD: Bits in TRCMR register
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18.4.3 Operating Example

TRCCLK input
count source

TRC register
count value

FFFFh f----

I

0009h p=----

0006h p----

]
]
]
]
]
]
]
]
]
4
]
]
]
]
4
]
]
]
]
]
]
]
1
]
]
]
]
]
]
]
]
]
]
]
]
[

0000h

TSTART bit in
TRCMR register

A
A

|

65,536
TRCIOA input
1
! i
TRCGRA register \ X 0006h N X 0009h
i \:\Transfer : Transfer
TRCGRC register X\ X‘OOOGh
i i i
1 1 1
1 1 1
IMFA bit in
TRCSR register

a

OVF bit in —‘ Set to 0 by a program.
TRCSR register /

The above applies under the following conditions:

* The CCLR bit in the TRCCRL1 register is set to 1 (TRC counter cleared by input capture).

« Bits TCK2 to TCKO in the TRCCR1 register are set to 101b (TRCCLK input selected as the count source).

* Bits IOA2 to IOAOQ in the TRCIORA register are set to 101b (input capture at the falling edge of the TRCIOA input).

» The BFC bit in the TRCMR register is set to 1 (TRCGRC register functions as the buffer register of the TRCGRA register).

Figure 18.8  Operating Example of Input Capture Function
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18.5 Timer Mode (Output Compare Function)

This function detects when the contents of the TRC register (counter) and the TRCGR] register (j = A, B, C, or D)
match (compare match). When a match occurs, asignal is output from the TRCIQj pin at a given level. The output
compare function, or other mode or function, can be selected for each individua pin.

Table 18.9 lists the Output Compare Function Specifications, Figure 18.9 shows a Block Diagram of Output
Compare Function, Table 18.10 lists the Functions of TRCGRj Register when Using Output Compare Function,
and Figure 18.10 shows an Operating Example of Output Compare Function.

Table 18.9  Output Compare Function Specifications

Item Specification
Count sources f1, 2, f4, 18, 132, fOCO20M, fOCO-F, or
external signal input to the TRCCLK pin (rising edge)
Count operation Increment
Count periods » The CCLR bit in the TRCCR1 register is set to 0 (free-running operation):

1/fk x 65,536
fk: Frequency of count source
« The CCLR bit in the TRCCR1 register is set to 1 (TRC register is set to 0000h
by TRCGRA compare match):
1tk x (n + 1)
n: Value set in TRCGRA register

Waveform output timing Compare match
Count start condition 1 (count starts) is written to the TSTART bit in the TRCMR register.
Count stop condition * When the CSEL bit in the TRCCR2 register is set to 0 (count continues after

compare match with the TRCGRA register).
0 (count stops) is written to the TSTART bit in the TRCMR register.
The output compare output pin retains the output level before the count stops,
the TRC register retains a value before the count stops.

* When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare
match with the TRCGRA register).
The count stops at a compare match with the TRCGRA register. The output-
compare output pin retains the level after the output is changed by the compare

match.
Interrupt request * Compare match (the contents of the TRC register and the TRCGR;j register
generation timing match.)

* TRC register overflow
TRCIOA, TRCIOB, TRCIOC, and | Programmable 1/O port or output compare output

TRCIOD pins function (selectable for each individual pin)

INTO pin function Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt
input

Read from timer The count value can be read by reading the TRC register.

Write to timer The TRC register can be written to.

Selectable functions « Output-compare output pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
« Output level selection at the compare match
Low-level output, High-level output, or toggle output
« Initial output level selection
Selectable output level for the period from the count start to the compare match
 Timing for setting the TRC register to 0000h
Overflow or compare match with the TRCGRA register
« Buffer operation (Refer to 18.3.2 Buffer Operation.)
« Pulse output forced cutoff signal input (Refer to 18.3.4 Forced Cutoff of Pulse
Output.)
« Timer RC can be used as an internal timer by disabling the timer RC output
« Changing output pins for registers TRCGRC and TRCGRD
TRCGRC can be used for output control of the TRCIOA pin and TRCGRD can
be used for output control of the TRCIOB pin.
« A/D trigger generation

j=A,B,C,orD
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TRC
Output Compare match signal
TRCIOA O con?rol -
Output Compare match signal
TRclOC O Con't”rol -
Output Compare match signal
TRCIOB O Comprol -
Output Compare match signal
TRCIOD O con?rol -

Figure 18.9 Block Diagram of Output Compare Function
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18.5.1 Timer RC Control Register 1 (TRCCR1) in Timer Mode (Output Compare

Function)
Address 0121h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CCLR | TCK2 TCK1 TCKO TOD TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1, 2) |0: Initial output at low R/W
bl TOB |TRCIOB output level select bit . 2) | 1: Initial output at high RIW
b2 TOC |TRCIOC output level select bit (1, 2) R/W
b3 TOD |TRCIOD output level select bit (1. 2) RIW
b4 TCKO |Count source select bit (1) bg b05 *"5‘ (1 R/W
b5 | TCK1 0012 RIW
b6 TCK2 010 f4 R/W
011:f8
100:32
10 1: TRCCLK input rising edge
11 0: fOCO20M
11 1:fOCO-F (3
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: Clear by compare match with the TRCGRA register

Notes:
1. Set to these bits when the TSTART bit in the TRCMR register is set to O (count stops).
2. If the pin function is set for waveform output (refer to 7.6 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

Table 18.10 Functions of TRCGRj Register when Using Output Compare Function

. . . . Output Compare
Register Setting Register Function Output Pin

TRCGRA - General register. Write a compare value to one of these |TRCIOA
TRCGRB registers. TRCIOB
TRCGRC BFC=0 General register. Write a compare value to one of these |TRCIOC
TRCGRD |BFD=0 registers. TRCIOD
TRCGRC BFC =1 Buffer register. Write the next compare value to one of TRCIOA
TRCGRD BFD =1 these registers. (Refer to 18.3.2 Buffer Operation.) TRCIOB
j=A,B,C,orD

BFC, BFD: Bits in TRCMR register
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18.5.2 Timer RC /O Control Register 0 (TRCIORO0) in Timer Mode (Output
Compare Function)

Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | IOB2 | 10B1 | I0BO IOA3 I0A2 I0A1 IOAO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
bo IOAQ | TRCGRA control bit b(l)bg Pin output by compare match is disabled RIW
bl I0AL (TRCIOA pin functions as a programmable 1/O port) RIW
0 1: Low-level output at compare match with
the TRCGRA register
1 0: High-level output at compare match with
the TRCGRA register
1 1: Toggle output at compare match with
the TRCGRA register
b2 IOA2 |TRCGRA mode select bit (1) Set to O for the output compare function. R/W
b3 IOA3 |TRCGRA input capture input  |Set to 1. R/W
switch bit
ba I0BO |TRCGRS control bit b(s)%' Pin output by compare match is disabled RIW
bS I0B1 (TRCIOB pin functions as a programmable I/O port) RIW
0 1: Low-level output at compare match with
the TRCGRB register
1 0: High-level output at compare match with
the TRCGRB register
1 1: Toggle output at compare match with
the TRCGRB register
b6 IOB2 |TRCGRB mode select bit (@) Set to O for the output compare function. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the
TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the
TRCIORL1 register to the same value as the I0B2 bit in the TRCIORO register.
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18.5.3 Timer RC /O Control Register 1 (TRCIOR1) in Timer Mode (Output
Compare Function)

Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | I0D3 | I0D2 | I0D1 | |IODO I0C3 I0C2 I0C1 10CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
bO I0C0 | TRCGRC control bit b(?)boo' Pin output by compare match is disabled RIW
bl 10C1 0 1: Low-level output at compare match with RIW
the TRCGRC register
1 0: High-level output at compare match with
the TRCGRC register
1 1: Toggle output at compare match with
the TRCGRC register
b2 I0OC2 |TRCGRC mode select bit (1) Set to O for the output compare function. R/W
b3 IOC3 |TRCGRC register function 0: TRCIOA output register R/W
select bit 1: General register or buffer register
b4 IOD0 |TRCGRD control bit b5b4 o R/W
bE ODL 0 0: Pin output by compare match is dlsab_led RIW
0 1: Low-level output at compare match with
the TRCGRD register
1 0: High-level output at compare match with
the TRCGRD register
1 1: Toggle output at compare match with
the TRCGRD register
b6 IOD2 |TRCGRD mode select bit (2) Set to 0 for the output compare function. R/W
b7 IOD3 |TRCGRD register function 0: TRCIOB output register R/W
select bit 1: General register or buffer register
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in
theTRCIOR1 register to the same value as the IOA2 bit in the TRCIORO register.
2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in
theTRCIORL1 register to the same value as the |OB2 bit in the TRCIORO register.
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18.5.4 Timer RC Control Register 2 (TRCCR2) in Timer Mode (Output Compare

Function)
Address 0130h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL — — POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B () 1: TRCIOB output level selected as high active
bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with R/IW

the TRCGRA register
1: Count stops at compare match with
the TRCGRA register

b6 TCEGO i it 3 b7 b6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled

b7 TCEGL 0 1: Rising edge selected RIW
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 263 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group

18. Timer RC

18.5.5

Operating Example

TRC register value

M= e e e

Count
restarts

Count
stops
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m+1
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3
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\
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TRCIOA output Output inverted at

Output level held

¥

o

compare match

Initial output “L”

IMFA bit in
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]
A\

A

Set to 0 by a program.

B R N it e el

>
T
N

Output level held

|

/
L)

TRCIOB output
“H" output at
compare match

ATTRTTTTTTTTATTTTT

]

]
QO
1
1
1
1
1
1

Initial output “L”
IMFB bit in !

TRCSR register

—
el

program.

_I

Y
s
[iN

1

1

1

1

1

1

i

\ ;
SettoObya
i

|

'

'

- “L” output at compare match
TRCIOC output /

Output level held

Initial output “H”

IMFC bit in
TRCSR register

---4

N

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

The above applies under the following conditions:
« Bits BFC and BFD in the TRCMR register are set to 0 (registers TRCGRC and TRCGRD are not used as buffer registers).
« Bits EA, EB, and EC in the TRCOER register are set to 0 (TRCIOA, TRCIOB, and TRCIOC pin output enabled).
« The CCLR bit in the TRCCR1 register is set to 1 (TRC register is set to 0000h by compare match with TRCGRA register ).
« Bits TOA and TOB in the TRCCR1 register are are set to 0 (initial output at low until compare match) and
the TOC bit is set to 1 (initial output at high until compare match).
« Bits IOA2 to IOAO in the TRCIORO register are set to 011b (TRCIOA output inverted by TRCGRA compare match).
« Bits IOB2 to IOBO in the TRCIORO register are set to 010b (TRCIOB high-level output at TRCGRB compare match).
« Bits IOC2 to I0C2 in the TRCIOR1 register are set to 001b (TRCIOC low-level output at TRCGRC compare match).
« The CSEL bit in the TRCCR2 register is set to 0 (TRC count continues after TRCGRA compare match).

\ Set to 0 by a program. W

Figure 18.10 Operating Example of Output Compare Function
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18.5.6 Changing Output Pins in Registers TRCGRC and TRCGRD

The TRCGRC register can be used for output control of the TRCIOA pin, and the TRCGRD register can be
used for output control of the TRCIOB pin. Each pin output can be controlled as follows:
* TRCIOA output is controlled by the values of registers TRCGRA and TRCGRC.

* TRCIOB output is controlled by the values of registers TRCGRB and TRCGRD.

TRC
_ Compare match signal
TRCIOA O Output |
control I0C3=0in
TRCIORI register >—>| Comparator |<—| TRCGRA |
Compare match signal
Output
TRCIOC O control €O 10c3=1
>—>| Comparator |<—| TRCGRC |
P Compare match signal
TRCIOB O Output |
control IOD3 =0
=0iIn
TRCIORL register >—>| Comparator |<—| TRCGRB |
Compare match signal
Output
TRCIOD O control O 1003=1
—>| Comparator |<—| TRCGRD |
Figure 18.11  Changing Output Pins in Registers TRCGRC and TRCGRD

Change output pinsin registers TRCGRC and TRCGRD asfollows:

¢ Set the IOC3 bit in the TRCIOR1 register to 0 (TRCIOA output register) and set the I0D3 hit to 0

(TRCIOB output register).
¢ Set bits BFC and BFD in the TRCMR register to O (general register).
 Set different values in registers TRCGRC and TRCGRA. Also, set different values in registers TRCGRD

and TRCGRB.
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Figure 18.12 shows an Operating Example When TRCGRC Register is Used for Output Control of TRCIOA
Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin.

TRC register value

Initial output “L”
TRCIOA output }

FFFFh
e Sy
L - --
> 1 ]
Y SO S SNy JEp SNy Sy PRy ) By
] ]
1 1
] i
p beccccccccdecccccccccccaeatcana deccccccccchecccccccana
i ! i
|
: e -
1 1 1
q L A . S
1 1 1 1 1
1 1 1 1 1
| | 1 ' |
1 1 | 1 i
0000h + + t t t
1 | 1 1 1 1 1
] ] ] ] ] ] 1
] ] ] ] ] ] 1
: [ | m+l 1 ] ! :
1 P | 1 | 'l 1
1 1 1 1 1 1 1
1 1 1 n+l 1 1 m-n 1 :
———— P ——————— i
! ' ! ! !
: : p+l ] ] ]
] [ S — | ] ]
] ] ] 1 1
1 1 ] 1 1
1 1, g+l p-q | | 1
] > ] 1 1
] ] 1 1
1 1 ] ]
1 1 ] ]
1
1
]
|
—

7

Output inverted by compare match

-

Set to 0 by a program.
4

IMFA bit in
TRCSR register

—

.4
Set to 0 by a program.

]

IMFC bit in
TRCSR register

Initial output “L”

TRCIOB output ‘ K /

Output inverted by compare match

-

IMFB bit in
TRCSR register

—

f f

Set to 0 by a program. Set to 0 by a program.

IMFD bit in /
TRCSR register

—

m: Value set in TRCGRA register
n: Value set in TRCGRC register
p: Value set in TRCGRB register
q: Value set in TRCGRD register

The above applies under the following conditions:

Bits BFC and BFD in the TRCMR register are set to 0 (registers TRCGRC and TRCGRD are not used as buffer registers).
Bits EA and EB in the TRCOER register are set to 0 (TRCIOA and TRCIOB pin output enabled).

The CCLR bit in the TRCCR1 register are set to 1 (TRC register is set to 0000h by compare match with the TRCGRA register).
Bits TOA and TOB in the TRCCR1 register are set to 0 (initial output at low until compare match).

Bits IOA2 to IOAQ in the TRCIORO register are set to 011b (TRCIOA output inverted by TRCGRA register compare match).
Bits IOB2 to I0BO in the TRCIORO register are set to 011b (TRCIOB output inverted by TRCGRB register compare match).
Bits IOC2 to I0CO in the TRCIOR1 register are set to 011b (TRCIOA output inverted by TRCGRC register compare match).
The 10C3 bit in the TRCIOR1 register are set to 0 (TRCIOA output register).

Bits 10D2 to 10DO in the TRCIORL register are set to 011b (TRCIOB output inverted by TRCGRD register compare match).
The 10D3 bit in the TRCIOR1 register are set to 0 (TRCIOB output register).

The CSEL bit in the TRCCR2 register are set to 0 (TRC count continues after compare match).

Figure 18.12 Operating Example When TRCGRC Register is Used for Output Control of TRCIOA
Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin
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18.6 PWM Mode

This mode outputs PWM waveforms. A maximum of three PIWM waveforms with the same period are output.
PWM mode or timer mode can be selected for each individual pin. (However, the TRCGRA register cannot be used
for timer mode since the register is used when using any pin for PWM mode.)

Table 18.11 lists the PWM Mode Specifications, Figure 18.13 shows a Block Diagram of PWM Mode, Table 18.12
lists the Functions of TRCGRj Register in PWM Mode, and Figures 18.14 and 18.15 show Operating Examplesin

PWM Mode.

Table 18.11 PWM Mode Specifications

Item

Specification

Count source

f1, 2, f4, 18, £32, fOCO20M, fOCO-F, or
external signal (rising edge) input to the TRCCLK pin

Count operation

Increment

PWM waveform

PWM period: 1/fk x (m + 1)

Active level width: 1/fk x (m - n)

Inactive level width: 1/fk x (n + 1)
fk: Frequency of count source
m: Value set in TRCGRA register
n: Value set in TRCGRh register

m+1

< -
- !

. | |

-
n+l

(Active level is low)

Count start condition

1 (count starts) is written to the TSTART bit in the TRCMR register.

Count stop condition

*«When the CSEL bit in the TRCCR2 register is set to 0 (count continues
after compare match with the TRCGRA register).
0 (count stops) is written to the TSTART bit in the TRCMR register.
The PWM output pin retains the output level before the count stops,
The TRC register retains a value before the count stops.

* When the CSEL bit in the TRCCR2 register is set to 1 (count stops at
compare match with the TRCGRA register).
The count stops at a compare match with the TRCGRA register. The
PWM output pin retains the level after the output is changed by the
compare match.

Interrupt request
generation timing

« Compare match (the contents of the TRC register and the TRCGR}j
register match)
* TRC register overflow

TRCIOA pin function

Programmable 1/O port

TRCIOB, TRCIOC, and
TRCIOD pins function

Programmable 1/0O port or PWM output
(selectable for each individual pin)

INTO pin function

Programmable I/O port, pulse output forced cutoff signal input, or INTO
interrupt input

Read from timer

The count value can be read by reading the TRC register.

Write to timer

The TRC register can be written to.

Selectable functions

* One to three pins selectable as PWM pins
One or more of pins TRCIOB, TRCIOC, and TRCIOD

« Active level selectable for each individual pin

« Initial level selectable for each individual pin

« Buffer operation (Refer to 18.3.2 Buffer Operation.)

« Pulse output forced cutoff signal input (Refer to 18.3.4 Forced Cutoff
of Pulse Output.)

« A/D trigger generation

h
i

B,C,orD
A /B, C,orD
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TRC

Compare match signal

|
TRCIOB (O— 1—>| Comparator|<—{ TRCGRA |<—

A

P Compare match signal
- | (Note 1)
TRCIOC (O— Output '—>| Comparator |<—{ TRCGRB I:
control | Compare match signal
TRCIOD O— '—>| Comparator |<—{ TRCGRC }—
P Compare match signal (Note 2)
—>| Comparator |<—{ TRCGRD }—

Notes:
1. The BFC bit in the TRCMR register is set to 1 (TRCGRC register is used as the buffer register of the TRCGRA register).
2. The BFD bit in the TRCMR register is set to 1 (TRCGRD register is used as the buffer register of the TRCGRB register).

Figure 18.13 Block Diagram of PWM Mode

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 268 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group 18. Timer RC

18.6.1 Timer RC Control Register 1 (TRCCR1) in PWM Mode
Address 0121h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1) Disabled in PWM mode. R/W
bl TOB |TRCIOB output level select bit (1. 2) [0 Initial output selected as non-active level R/IW
b2 TOC |TRCIOC output level select bit &, 2) | 1: Initial output selected as active level RIW
b3 TOD |TRCIOD output level select bit (1. 2) R/W
b4 TCKO |Count source select bit (1) bgbg %‘_ i R/W
b5 TCK1 00 1 2 R/W
b6 TCK2 010 f4 R/W
011:f8
100: 32
10 1: TRCCLK input rising edge
11 0: fOCO20M
111:fOCO-F )
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: Clear by compare match with the TRCGRA register

Notes:
1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.6 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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18.6.2 Timer RC Control Register 2 (TRCCR2) in PWM Mode
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B (1) 1: TRCIOB output level selected as high active
bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (%) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit () |0: Count continues at compare match with R/W

the TRCGRA register
1: Count stops at compare match with
the TRCGRA register

b6 TCEGO i it (3) [b7Db6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled

b7 TCEGL 0 1: Rising edge selected RIW
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.

Table 18.12 Functions of TRCGRj Register in PWM Mode

Register Setting Register Function PWM Output Pin
TRCGRA - General register. Set the PWM period. -
TRCGRB - General register. Set the PWM output change point. TRCIOB
TRCGRC BFC =0 General register. Set the PWM output change point. TRCIOC
TRCGRD BFD=0 TRCIOD
TRCGRC BFC =1 Buffer register. Set the next PWM period. (Refer to 18.3.2 Buffer |—
Operation.)

TRCGRD BFD =1 Buffer register. Set the next PWM output change point. (Refer to | TRCIOB
18.3.2 Buffer Operation.)

j=A,B,C,orD

BFC, BFD: Bits in TRCMR register

Note:

1. The output level does not change even if a compare match occurs when the TRCGRA register value (PWM
period) is the same as the TRCGRB, TRCGRC, or TRCGRD register value.
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18.6.3

Operating Example

TRC regi

m

ster value

TRCIOB output

B e it

B e it Tttt

E Active level “H" |

Initial output “L”
A until compare match

TRCIOC output

TRCIOD output

]
‘T‘nitial output “H”

until compare match
'

/

Active level
1

IMFA bit in
TRCSR register

\ Initial output “L”
utnil compare match
1

IMFB bit in
TRCSR register

1
1
1
]
]
1
1
1
1
1
1
1
1
W
1
1
1
1
1
1
1
1
1
1
1
]

A

Set to 0 by a program.

==

— |
Ea

Set to 0 by a program.

IMFC bit in
TRCSR register

—

IMFD bit in
TRCSR register

Set to 0 by a program.

A
e

s

B

Set to 0 by a program.

L

The above applies under the following conditions:
« Bits BFC and BFD in the TRCMR register are set to 0 (registers TRCGRC and TRCGRD are not used as buffer registers).
« Bits EB, EC, and ED in the TRCOER register are set to 0 (TRCIOB, TRCIOC, and TRCIOD pin output enabled).

« Bits TOB and TOC in the TRCCR1 register are set to 0 (inactive level) and the TOD bit is set to 1 (active level).

« The POLB bit in the TRCCR2 register is set to 1 (high active), bits POLC and POLD are set to O (low active).

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register
q: Value set in TRCGRD register

Figure 18.14 Operating Example in PWM Mode
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TRC register value

0000h

TSTART bitin =~ 1

) TRCIOB output does not switch to “L” because
TRCMR register

no compare match with the TRCGRB register
&~ has occurred.

TRCIOB output Duty 0%

et EEEEEE PR

TRCGRB register n X p (p>m) X q

T T
‘\: Rewrite by a program. -:/‘
1 )

T
1
1
1

IMFA bit in i

TRCSR register :
T ,
1
1 / / I Set to 0 by a program.

Set to 0 by a program.
IMFB bit in
TRCSR register /

TRC register value

7

Mpeemeer e r e e c e —— e ——— e —— e — =

0000h

TSTART bitin =~ 1

TRCMR register If compare matches occur simultaneously with registers TRCGRA and

TRCGRB, the compare match with the TRCGRB register has priority.
TRCIOB output switches to “L” (i.e. no change).

1
- 1 ! :
TRCIOB output H Duty}100%
N aD
] Y YV\TRCIOB output switches to “L” at compare match
: : ! with the TRCGRB register (i.e. no change).
TRCGRB register n X m X p
T T T T T T
] 1 ] ] ] ]
: Rewrite by a : : : : :
IMFA bit in j Program. i i
TRCSR register H ! !
i » ! T b 4

Setto O by a progrellm. » \ Set to 0 by a program.

IMFB bit in /
TRCSR register

m: Value set in TRCGRA register

The above applies under the following conditions:
« The EB bit in the TRCOER register is set to 0 (TRCIOB pin output enabled).
* The POLB bit in the TRCCR2 register is set to 0 (low active).

Figure 18.15 Operating Example in PWM Mode (Duty 0% and Duty 100%)
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18.7 PWM2 Mode

This mode outputs a single PWM waveform. After a given wait time has elapsed following the trigger, the pin
output switches to active level. Then, after a given duration, the output switches back to inactive level.
Furthermore, the counter stops at the same time the output returns to inactive level, making it possible to use
PWM2 mode to output a programmable wait one-shot waveform.

Since timer RC uses multiple general registers in PWM2 mode, other modes cannot be used in conjunction with it.
Figure 18.16 shows a Block Diagram of PWM2 Mode, Table 18.13 lists the PWM2 Mode Specifications, Table
18.14 lists the Functions of TRCGR] Register in PWM2 Mode, and Figures 18.17 to 18.19 show Operating
Examplesin PWM2 Mode.

Trigger signal

Compare match signal

Count clear signal

—>| Comparator TRCGRA

TRCTRG O—| Input

control

(Note 1)

TRCGRD
TRCIOB Output [*
control |
Note:

1. The BFD bit in the TRCMR register is set to 1 (TRCGRD register is used as the buffer register of the TRCGRB register).

Figure 18.16 Block Diagram of PWM2 Mode
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Table 18.13 PWM2 Mode Specifications

Item

Specification

Count source

f1, f2, 4, 18, 32, fOCO20M, fOCO-F, or
external signal input to TRCCLK pin (rising edge)

Count operation

TRC register increment

PWM waveform

PWM period: 1/fk x (m + 1) (no TRCTRG input)
Active level width: 1/fk x (n - p)
Wait time from count start or trigger: 1/fk x (p + 1)
fk: Frequency of count source
m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

TRCTRG input
ML ol :
Ve ] 1
1 n+l [l 1 n+l |
—————————— i ——————————— i
' |
+1 1 +1 1
Y - i
1
TRCIOB output ' H l
_
T i V
] ——————————p ] —————————
1 | n-p ' ' | n-p ]

(TRCTRG: Rising edge, active level is high)

Count start conditions

* Bits TCEGL1 to TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger
disabled) or the CSEL bit in the TRCCR2 register is set to 0 (count continues).
1 (count starts) is written to the TSTART bit in the TRCMR register.

« Bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b, 10b, or 11b (TRCTRG
trigger enabled) and the TSTART bit in the TRCMR register is set to 1 (count starts).
A trigger is input to the TRCTRG pin.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRCMR register while the CSEL bit in
the TRCCR2 register is set to 0 or 1.
The TRCIOB pin outputs the initial level in accordance with the value of the TOB bit in
the TRCCRL1 register. The TRC register retains the value before the count stops.

« The count stops at a compare match with TRCGRA while the CSEL bit in the TRCCR2
register is setto 1
The TRCIOB pin outputs the initial level. The TRC register retains the value before the
count stops when the CCLR bit in the TRCCR1 register is set to 0. The TRC register is
set to 0000h when the CCLR bit in the TRCCRL1 register is set to 1.

Interrupt request
generation timing

« Compare match (the contents of the TRC register and the TRCGR]j register match.)
* TRC register overflow

TRCIOA/TRCTRG pins
function

Programmable 1/O port or TRCTRG input

TRCIOB pin function

PWM output

TRCIOC/TRCIOD pins
function

Programmable 1/O port

INTO pin function

Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt input

Read from timer

The count value can be read by reading the TRC register.

Write to timer

The TRC register can be written to.

Selectable functions

« External trigger and active edge selection
The edge or edges of the signal input to the TRCTRG pin can be used as the PWM
output trigger: rising edge, falling edge, or both rising and falling edges

« Buffer operation (Refer to 18.3.2 Buffer Operation.)

« Pulse output forced cutoff signal input (Refer to 18.3.4 Forced Cutoff of Pulse
Output.)

« Digital filter (Refer to 18.3.3 Digital Filter.)

« A/D trigger generation

j=A,B,C,orD
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18.7.1 Timer RC Control Register 1 (TRCCR1) in PWM2 Mode
Address 0121h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA  |TRCIOA output level select bit (1) |Disabled in PWM2 mode. R/W
bl TOB | TRCIOB output level select bit (1. 2) | 0: Active level is high R/W

(Initial output at low

High-level output at compare match with
the TRCGRC register

Low-level output at compare match with
the TRCGRB register)

1: Active level is low

(Initial output at high

Low-level output at compare match with
the TRCGRC register

High-level output at compare match with
the TRCGRB register)

b2 TOC |TRCIOC output level select bit (1)  |Disabled in PWM2 mode. R/IW
b3 TOD |TRCIOD output level select bit (1) RIW
b4 TCKO |Count source select bit (1) bg bg %‘_ 1 RIW
b5 | TCKL 001 2 RIW
b6 | TCK2 010: 4 R
011:f8
100:f32

10 1: TRCCLK input rising edge
11 0: fOCO20M
111:fOCO-F @)
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: Clear by compare match with the TRCGRA register

Notes:
1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.6 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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18.7.2 Timer RC Control Register 2 (TRCCR2) in PWM2 Mode
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B (@ 1: TRCIOB output level selected as high active
bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with R/W
the TRCGRA register
1: Count stops at compare match with
the TRCGRA register
b6 TCEGO i it 3 b7 b6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled
b7 TCEG1 = R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.
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18.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode
Address 0131h

Bit b7 b6 b5 b4 b3 b2 bl
Symbol | DFCK1 | DFCKO | — | DFTRG | DFD | DFC | DFB |

After Reset 0 0 0 0 0 0 0

Bit | Symbol Bit Name Function R/W

b0 DFA | TRCIOA pin digital filter function select bit (1) {0: Function is not used R/W
1: Function is used

bl DFB | TRCIOB pin digital filter function select bit (1) |0: Function is not used R/IW
1: Function is used

b2 DFC | TRCIOC pin digital filter function select bit (1) [0: Function is not used R/W
1: Function is used

b3 DFD |TRCIOD pin digital filter function select bit (1) |0: Function is not used R/W
1: Function is used

b4 | DFTRG |TRCTRG pin digital filter function select bit (2)|0: Function is not used RIW
1: Function is used

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b6 | DFCKO |Digital filter function clock select bit (1. 2) b7 b6 RIW

b7 | DFCK1 00: 732 RIW
01:f8
10:f1
1 1: Count source (clock selected by bits

TCKO to TCK2 in the TRCCR1 register)
Notes:

1. These bits are enabled for the input capture function.

2. These bits are enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).

Table 18.14 Functions of TRCGRj Register in PWM2 Mode

Register Setting Register Function PWM2 Output Pin
TRCGRA - General register. Set the PWM period. TRCIOB pin
TRCGRB (1) |- General register. Set the PWM output change point.

TRCGRC (1) |BFC=0 General register. Set the PWM output change point (wait time
after trigger).

TRCGRD BFD =0 (Not used in PWM2 mode.) -

TRCGRD BFD =1 Buffer register. Set the next PWM output change point. (Refer to | TRCIOB pin
18.3.2 Buffer Operation.)

j=A,B,C,orD

BFC, BFD: Bits in TRCMR register

Note:

1. Do not set registers TRCGRB and TRCGRC to the same value.

RO1UHO051EJ0103 Rev.1.03

Nov 11, 2011

RENESAS

Page 277 of 645



R8C/LABA Group, R8C/LA8A Group

18. Timer RC

18.7.4 Operating Example

TSTART bit in
TRCMR register

CSEL bitin
TRCCR2 register

TRCIOB output

IMFA bit in
TRCSR register

IMFB bit in
TRCSR register

IMFC bit in
TRCSR register

TRCGRB register

TRCGRD register

FFFFh

0000h

Set to 0000h

/ by a program.

Previous value is retained
whenTSTART bit is set to

0. a
,__J

TRC register value

TRC register is cleared
by TRCGRA register
compare match

¥

] )
] [)
] [)
] )
1 ) ) Count stops
H ! ! because
1 T CSEL bitis
1 1 setto 1.
! '
h— ]
H i H 1 Settolby TSTART bit
! H ! ! a program. is set to 0.
! 1 ] T A\
] ] ] ] ]
! ] | ] |
] ] ] ]
T T
! ! : :
i i <™ ol
! 1 o ] ]
' ! ! 1oon+l ]
] 1 ] — P 1
| ! | ] ] ] |
1, Pl ) 1 1, Pl 1 1
.~ : A : :
- ! ) Return to initial output 1 ' ' |
H" output at TRCGRC when TSTART bit is set} ! “L” output at TRCGRB !
register compare match to 0. H register compare match
! ' ' 1
! 1
“L” initial output L / No change - No change
K A e
1

compare match

'\ “H” output at TRCGRC register H

-

Set to

»

}l

by a program.

Set to 0 by a program.

Set to 0 by a program.

R N L r T

v

n

L

I EPRRGRGRRRY WU Py EEQS M |«

Transfer

Transfer

X Next data

The above applies under the following conditions:
« The TOB bit in the TRCCR1 register is set to 0 (initial level is low, high-level output at compare match with the TRCGRC register,

low-level output at compare match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

.\\

/

Transfer from buffer register to general register

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

Figure 18.17 Operating Example in PWM2 Mode (TRCTRG Trigger Input Disabled)

RO1UHO051EJ0103 Rev.1.03

Nov 11, 2011

RENESAS

Page 278 of 645




R8C/LABA Group, R8C/LA8A Group

18. Timer RC

FFFFh

TRCTRG input

TSTART bit in
TRCMR register

CSEL bit in
TRCCR2 register

TRCIOB output

IMFA bit in
TRCSR register

IMFB bit in
TRCSR register

IMFC bit in
TRCSR register

TRCGRB register

TRC register (counter) is cleared

+Previous value
is retained
when TSTART
bit is set to 0.

by TRCTRG pin trigger input.

Set to 0000h

by a program.

TRC register value

TRC register is cleared
by TRCGRA register
compare match.

Change b
1

]
]
1
1
:
_______________ T i
| ]
H ]
H ]
H 1
\ 1
T t
E\ : : : Count stops
! ! Count starts at ! because
T T ! [~ TRCTRG pin H CSEL bit is
] Count starts ] trigger input. ! setto 1.
} | when TSTART 1L ; !
bitis set to 1. )
H b y a program. / : H

TSTART bit

o

//

4

is setto 0.

®

Setto 1 by

e E s bttt it Dl ettt

n+l

I

o
+
e

“H” output at

) “L” output at

TRCGRC register

]
“L” initial output }

¥

. p+1 N
1
1
) TRCGREB register '
tch |
compare'match \: compare rT]a/c :

a program.

[

G--------}-

€

Inactive level so

TRCTRG input is

enabled.

o=
o0

v

D=

urn to initial value

n TSTART bit is set to

S

v

Active level so TRCTRG
input is disabled.
]

—

—

'S

Set to 0 by
a program.

A

A

I P ) IS g

b — PP | NIV SR S,

TRCGRD register

1
1
1
1
1
i
!
Set to 0 by Set to 0 by Set to 0 by !
a program. a program. a program. 1
/ 1 / 1
1 1
1 1
1 1
1 1
1 1
H H
n n n n
y.4 y.4 X y.4 X y. A
1 1
Transfer Transfer H Transfer H Transfer
1 1
n X Next data

*

+

Transfer from buffer register to general register

The above applies under the following conditions:
« The TOB bit in the TRCCR1 register is set to 0 (initial level is low, high-level output at compare match with the TRCGRC register,

low-level output at compare match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 11b (trigger at both rising and falling edges of TRCTRG input).

*

+

Transfer from buffer register to general register

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

Figure 18.18 Operating Example in PWM2 Mode (TRCTRG Trigger Input Enabled)
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* TRCGRB register setting value greater than * TRCGRC register setting value greater than
TRCGRA register setting value TRCGRA register setting value
TRC register value TRC register value
[l e e e L T [ e e
[l [l
T
]
]
1
i
P ] 1 !
] 1 !
1 1 |
0000h ! ! 0000h H
f f f f
1 ! 1 ! 1 ! 1
1 ! 1 ! 1 ! 1
TSTART bit in 1 1 i TSTART bit in ! !
TRCMR register H ! H TRCMR register | !
] ] !
i p+i ! E ! | on+l i E
! mel ) H : 1 omel 1 !
! 1 ! No compare match with ! ! )
! I TRCGRSB register, so H I “L” output at
H 1 “H” output continues. No compare match ! | TRCGREB register
] / 1 with TRCGRC register, : I compare match
1 w o :
\ : /I so “L” output contlnues.: ! (i.e. no change)
TRCIOB output ' ! ) TRCIOB output \ 1 )
“H” output at TRCGRC register 1 )
\ : compare match T )
] ] W e ]
“L” initial | (I oIL t.rﬂ:.al ! :
IMFA bit in output ! ! IMFA bit in P 1
TRCSR register ! ! TRCSR register !
] 1 ]
1
! ! '
IMFB bit in ! ! IMFB bit in
TRCSR register 0 ! ! TRCSR register
: SettoO by a :
! / program. |
IMFC bit in IMFC bit in
TRCSR register TRCSR register 0
m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register
The above applies under the following conditions:
« The TOB bit in the TRCCR1 register is set to O (initial level is low, high-level output at compare match with the TRCGRC register,
low-level output at compare match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

Figure 18.19 Operating Example in PWM2 Mode (Duty 0% and Duty 100%)
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18.8 Timer RC Interrupt

Timer RC generates atimer RC interrupt request from five sources. The timer RC interrupt uses the single TRCIC
register (bitsIR and ILVLO to ILVL2) and asingle vector.

Table 18.15 lists the Registers Associated with Timer RC Interrupt and Figure 18.20 shows a Block Diagram of
Timer RC Interrupt.

Table 18.15 Registers Associated with Timer RC Interrupt

Timer RC Timer RC Timer RC
Status Register Interrupt Enable Register Interrupt Control Register
TRCSR TRCIER TRCIC
IMFA bit ——
: Timer RC interrupt request

IMIEA bit (IR bit in TRCIC register)
IMFB bit
IMIEB bit

IMFC bit ——]
IMIEC bit )

IMFD bit
IMIED bit )

OVF bit —

OVIE bit )

IMFA, IMFB, IMFC, IMFD, OVF: Bits in TRCSR register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRCIER register

Figure 18.20 Block Diagram of Timer RC Interrupt

Like other maskable interrupts, the timer RC interrupt is controlled by the combination of the | flag, IR bit, bits
ILVLOto ILVL2, and IPL. However, it differs from other maskable interrupts in the following respects because
asingleinterrupt source (timer RC interrupt) is generated from multiple interrupt request sources.

e The IR bit in the TRCIC register is set to 1 (interrupt requested) when a bit in the TRCSR register is set to 1
and the corresponding bit in the TRCIER register is also set to 1 (interrupt enabled).

» The IR bit is set to 0 (no interrupt requested) when the bit in the TRCSR register or the corresponding bit in
the TRCIER register is set to 0, or both are set to 0. In other words, the interrupt request is not maintained if
the IR bit isonce set to 1 but the interrupt is not acknowledged.

« If another interrupt source is triggered after the IR bit is set to 1, the IR bit remains set to 1 and does not
change.

« If multiple bits in the TRCIER register are set to 1, use the TRCSR register to determine the source of the
interrupt request.

 The hitsin the TRCSR register are not automatically set to 0 when an interrupt is acknowledged. Set them to
0 within the interrupt routine. Refer to 18.2.5 Timer RC Satus Register (TRCSR), for the procedure for
setting these bitsto 0.

Refer to 18.2.4 Timer RC Interrupt Enable Register (TRCIER), for details of the TRCIER register.
Refer to 12.3 Interrupt Control, for details of the TRCIC register and 12.1.5.2 Relocatable Vector Tables,
for information on interrupt vectors.
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18.9 Notes on Timer RC

18.9.1 TRC Register

« The following note applies when the CCLR bit in the TRCCRL register is set to 1 (TRC register cleared by
compare match with TRCGRA register).
When using a program to write a value to the TRC register while the TSTART bit in the TRCMR register is
set to 1 (count starts), ensure that the write does not overlap with the timing with which the TRC register is set
to 0000h.
If the timing of the write to the TRC register and the setting of the TRC register to 0000h coincide, the write
value will not be written to the TRC register and the TRC register will be set to 0000h.

» Reading from the TRC register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOV.W #XXXXh, TRC \Write
JMPB L1 ;JMPB instruction
L1 MOV.W TRC,DATA ;Read

18.9.2 TRCSR Register

Reading from the TRCSR register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMPB instruction between the read and the write instructions.

Program Example MOV.B #XXh, TRCSR ;Write
JMPB L1 ;JMPB instruction
L1 MOV.B TRCSR,DATA ;Read

18.9.3 TRCCRL1 Register

To set bits TCK2 to TCKO in the TRCCR1 register to 111b (fOCO-F), set fOCO-F to the clock frequency
higher than the CPU clock fregquency.

18.9.4 Count Source Switching

 Stop the count before switching the count source.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to 0 (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCRL register.

« After switching the count source from fOCO20M to another clock, allow two or more cycles of f1 to elapse
after changing the clock setting before stopping fOCO20M.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to 0 (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for two or more cycles of f1.

(4) Set the FRAOO hit in the FRAO register to 0 (high-speed on-chip oscillator off).

* After switching the count source from fOCO-F to a clock other than fOCO20M, allow a minimum of one
cycle of fOCO-F + fOCO20M to elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to 0 (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of one cycle of fOCO-F + fOCO20M.

(4) Set the FRAOO hit in the FRAO register to 0 (high-speed on-chip oscillator off).
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18.9.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used)]
Three or more cycles of the timer RC operation clock (refer to Table 18.1 Timer RC Operating Clocks)
[When the digital filter is used)]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 18.5 Block Diagram of Digital Filter)

» The value of the TRC register is transferred to the TRCGRj register one or two cycles of the timer RC
operation clock after the input capture signal is input to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

» When the input capture function is used, if an edge selected by bits |0j0 and I1Oj1 (j = A, B, C, or D) in the
TRCIORO or TRCIOR1 register is input to the TRCIOj pin, the IMFj bit in the TRCSR register isset to 1
even when the TSTART bit in the TRCMR register is 0 (count stops).

18.9.6 TRCMR Register in PWM2 Mode

When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare match with the TRCGRA
register), do not set the TRCMR register at compare match timing of registers TRC and TRCGRA.
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19. Timer RH

19.1 Introduction

Timer RH has a 3-bit counter, 4-bit counter, and 8-bit counter.
Timer RH supports the following two modes:
* Real-time clock mode
A one-second signal is generated from fC-TRH and seconds, minutes, hours, a day of the week, a date, a month,
and a year (supporting leap years from 2000 to 2099) are counted.
* Output compare mode
A count sourceis counted and compare matches are detected.

The count source for timer RH is the operating clock that regulates the timing of timer operations.

Table 19.1 lists the Timer RH Pin Configuration.

Table 19.1  Timer RH Pin Configuration
Pin Name Assigned Pin 110 Function
TRHO PO_7 Output Function differs according to the mode.
Refer to descriptions of individual modes for details.
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19.2

Real-Time Clock Mode

In real-time clock mode, a one-second signal is generated from fC-TRH using a 3-bit counter, 4-bit counter, or
8-bit counter, and used to count seconds, minutes, hours, a day of the week, a date, a month, and a year.
Matches with specified minutes, hours, aday of the week are also detected. Figure 19.1 shows a Block Diagram
of Real-Time Clock Mode and Table 19.2 lists the Real-Time Clock Mode Specifications.

ws) (1/256)

(1/16)

3-bit 8-bit

Zbit ] _One-second overfiow
I

0S2to 0OS0

fa
fC-TRH

1Hz

=000b
=001b
5 —=010b
=011b

TRHO pin

0 TRHOE

counter

J

0.5-second overflow

0.25-second overflow

64Hz
32

TRHAMN

TRHAHR APM bit
Comparison | Match
circuit

\d Match

Comparison
circuit

TRHAWK
Comparison
circuit

Control

=100b o)
=101b o
=110b o

circuit

Data bus

Overflow I I
TRHAWK TRHADJ
register register
Overflow Overflow * Overflow Overflow
P TRHSEC TRHMIN TRHHR TRHDY TRHMON TRHYR AADIM|
register register register register register register bit

RSTADJ || ADJ30S
bit bit

PM
bit

HR24 bit

ALIE

Timing
control
circuit

Timer RH
interrupt

seios—___/
N\

SEIEO25 —| )

BSY: Bit in TRHSEC register
HR24, PM, TRHOE, AADJE: Bits in TRHCR register
AADJM, OS2 to OS0: Bits in TRHCSR register

ENBMN: Bit in TRHAMN register

ENBHR, APM: Bits in TRHAHR register
ENBWK: Bit in TRHAWK register

INTF, SLINT, SLCNS: Bits in TRHICR register
Note:

« TRHSEC register

« TRHMIN register

« TRHHR register

« TRHWK register

« TRHDY register

« TRHMON register
«TRHYR register

«PM bit in TRHCR register

Specified second interrupt
(update every first digit
of second)

SLCNS =0

Bits SDAREG3 to SDAREGO [

RSTADJ, ADJ30S, ALIE, RTCF, ALIF: Bits in TRHIFR register
YRIE, MOIE, DYIE, HRIE, MNIE, SEIE, SEIE05, SEIE025: Bits in TRHIER register

Specified second interrupt
(update every second
digit of second)

SLCNS = 1

1. Set the PROTECT bit in the TRHPRC register to 1 to enable writing to the following registers or bit:

Figure 19.1

Block Diagram of Real-Time Clock Mode
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Table 19.2 Real-Time Clock Mode Specifications

Item Specification
Count source fC-TRH (32.768 kHz)
Count operation Increment

Count start condition 1 (count starts) is written to the RUN bit in the TRHCR register.
Count stop condition 0 (count stops) is written to the RUN bit in the TRHCR register.
Interrupt request Periodic interrupt
generation timing Select one of the following:
» 0.25-second period
» 0.5-second period
» Update of second data
» Update of minute data
Update of hour data
Update of day data
» Update of month data
» Update of year data
Alarm interrupt
When time data and alarm data match
Update of the specified second set by the TRHICR register
TRHO pin function Programmable 1/O port or output of f4, f8, f16, f32, 1 Hz, 64 Hz, or f{C-TRH
Read from timer When reading timer RH data registers (1), the count values can be read.
The values read from the timer RH data registers (1) except TRHWK are represented by
the BCD code.
Write to timer When the PROTECT bit in the TRHPRC register is set to 1 (write enabled) and the RUN bit
in the TRHCR register is set to 0 (count stops), the value can be written to timer RH data
registers (1) and the PM bit in the TRHCR register.
The values written to the timer RH data registers (1) except TRHWK are represented by the
BCD code.
Selectable functions ¢ 12-hour mode/24-hour mode switch function
 Alarm function
Either of following is detected:
- Minutes, hours, or the day of the week
- Any combination of these
» Second adjustment function
« Clock error correction function
Automatic correction function or correction by software
« Clock output

Note:
1. Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR registers
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19.2.1 Module Standby Control Register 1 (MSTCR1)
Address 0010h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — | MSTTRJ2 | MSTTRJ1 | MSTTRJO | MSTTRH | MSTTRB1 | MSTTRBO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 MSTTRBO |Timer RBO standby bit 0: Active R/W
1: Standby (1)

bl MSTTRB1 |Timer RB1 standby bit 0: Active R/W
1: Standby ()

b2 MSTTRH |Timer RH standby bit 0: Active R/W
1: Standby (3)

b3 MSTTRJO |Timer RJO standby bit 0: Active R/W
1: Standby 4

b4 MSTTRJ1 [Timer RJ1 standby bit 0: Active R/W
1: Standby (5

b5 MSTTRJ2 [Timer RJ2 standby bit 0: Active R/W
1: Standby (6)

b6 — Reserved bits Setto 0. R/W

b7 —

Notes:

1. When the MSTTRBO bit is set to 1 (standby), any access to the timer RBO associated registers (addresses
0108h to 010Eh) is disabled.

2. When the MSTTRBL1 bit is set to 1 (standby), any access to the timer RB1 associated registers (addresses
0098h to 009ENh) is disabled.

3. When the MSTTRH bit is set to 1 (standby), any access to the timer RH associated registers (addresses 0110h
to 011Fh) is disabled.

4. When the MSTTRJO bit is set to 1 (standby), any access to the timer RJO associated registers (addresses 0080h
to 0086h) is disabled.

5. When the MSTTRJ1 hit is set to 1 (standby), any access to the timer RJ1 associated registers (addresses 0088h
to 008ENh) is disabled.

6. When the MSTTRJ2 bit is set to 1 (standby), any access to the timer RJ2 associated registers (addresses 0090h
to 0096h) is disabled.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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19.2.2 Timer RH Second Data Register (TRHSEC) in Real-Time Clock Mode
Address 0110h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol| BSY | SC12 | SC1l | SC10 | SCO3 | SC02 | SCOl [ SCO00 |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function Setting Range | RIW
b0 SCO00 [First digit of second count bit [Count 0 to 9 every second. Oto9 R/W
bl SC01 When the digit increments, 1 is added to |(BCD code) R/W
b2 SC02 the second digit of second. RIW
b3 SCO03 R/W
b4 SC10 |[Second digit of second count |When counting 0 to 5, 60 seconds are Oto5 R/W
b5 SC11 |bit counted. (BCD code) R/W
b6 SC12 R/W
b7 BSY |Timer RH busy flag This bit is set to 1 while timer RH data registers (1) or the R
PM in the TRHCR register is updated.

Note:
1. Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits SC03 to SCO0 (First Digit of Second Count Bit)
Bits SC12 to SC10 (Second Digit of Second Count Bit)
Set values between 00 to 59 by the BCD code.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
Read these bits when the BSY bit is set to 0 (not while data is updated).

BSY Bit (Timer RH Busy Flag)
This bit is set to 1 while data is updated. Read the following registers or bit when this bit set to is 0 (not while
datais updated).
« Timer RH dataregisters (1)
* The PM bit in the TRHCR register

Write to the following registers or bits when the BSY hit is set to O (not while data is not updated).
« Timer RH data registers (1)

* Timer RH alarm registers (2

 Bits PM and HR24 in the TRHCR register

« Registers and bits associated with correction (3)

Notes:
1. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
2. Timer RH aarm registers: TRHAMN, TRHAHR, and TRHAWK
3. Registers and bits associated with correction: TRHADJ, AADIM in TRHCSR, and AADJE in TRHCR
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19.2.3 Timer RH Minute Data Register (TRHMIN) in Real-Time Clock Mode
Address 0111h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| MN7 | MN12 | MN11 | MN10 | MNO3 | MNO02 | MNO1 | MNOO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 MNOO [First digit of minute count bit  [Count O to 9 every minute. 0Oto9 R/W
bl MNO1 When the digit increments, 1 is added to |(BCD code) R/W
b2 MNO2 the second digit of minute. RIW
b3 MNO3 R/W
b4 MN10 [Second digit of minute count |When counting O to 5, 60 minutes are Oto5 R/W
b5 MN11 |bit counted. (BCD code) R/W
b6 MN12 R/W
b7 MN7 |Setto O in real-time clock mode. R/W

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits MNO3 to MNOO (First Digit of Minute Count Bit)
Bits MN12 to MN10 (Second Digit of Minute Count Bit)

Set values between 00 to 59 by the BCD code.

When the digit increments from the TRHSEC register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.4 Timer RH Hour Data Register (TRHHR) in Real-Time Clock Mode
Address 0112h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | HR11 | HR10 | HRO3 | HRO2 | HRO1 | HROO |
After Reset 0 0 X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 HROO [First digit of hour count bit [Count O to 9 every hour. Oto9 R/W
bl HRO1 When the digit increments, 1 is added to (BCD code) R/W
b2 HRO2 the second digit of hour. R/W
b3 HRO3 R/W
b4 HR10 |[Second digit of hour count [Count O to 1 when the HR24 bit in the Oto2 R/W
b5 HR11 |bit TRHCR register is set to 0 (12-hour mode). |(BCD code) R/W
Count 0 to 2 when the HR24 bit is set to 1
(24-hour mode).
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b7 —

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits HRO3 to HROO (First Digit of Hour Count Bit)
Bits HR11 to HR10 (Second Digit of Hour Count Bit)

Set values between 00 to 11 by the BCD code when the HR24 bit in the TRHCR register is set to 0 (12-hour
mode). Set values between 00 to 23 by the BCD code when the HR24 bit is set to 1 (24-hour mode).

When the digit increments from the TRHMIN register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.5 Timer RH Day-of-the-Week Data Register (TRHWK) in Real-Time Clock

Mode
Address 0113h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — — — — — WK2 WK1 WKO
After Reset 0 0 0 0 0 X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 WKO |Day-of-the-week count bit b2b1 b0 R/W
o1 | W 000 surdey aw
b2 WK2 . R/W

0 1 0: Tuesday

0 1 1: Wednesday
10 0: Thursday
10 1: Friday

11 0: Saturday
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —

b7 —_

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits WK2 to WKO (Day-of-Week Count Bit)

A week is counted by counting from 000b (Sunday) to 110b (Saturday) repeatedly. Do not set to 111b.
When the digit increments from the TRHHR register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is 0 (count stops).

Read these bits when the BSY bit in the TRHSEC register is 0 (not while data is updated).
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19.2.6 Timer RH Date Data Register (TRHDY) in Real-Time Clock Mode

Address 0114h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | DY11 | DY10 | DY03 | DY02 | DYO01 | DY00 |
After Reset 0 0 X X X X X X
After Reset by 0 0 0 0 0 0 0 1
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | RIW
b0 DYOO |First digit of date count bit |{Count 0 to 9 every day. Oto9 R/W
bl DYO01 When the digit increments, 1 is added to (BCD code) R/W
b2 DY02 the second digit of date. RIW
b3 DY03 R/W
b4 DY10 |Second digit of date count |Count O to 3. Oto3 R/W
b5 DY11 |bit (BCD code) R/W
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b7 —

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits DY03 to DYO0O (First Digit of Date Count Bit)
Bits DY11 to DY10 (Second Digit of Date Count Bit)

Set values between 01 and 31 by the BCD code.

When the digit increments from the TRHHR register, 1 is added.

The number of days (28 to 31) in each month including February in aleap year are counted from 2000 to 2099.
Write to these bits when the RUN bit in the TRHCTR register is set to O (count stops).

Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.7 Timer RH Month Data Register (TRHMON) in Real-Time Clock Mode
Address 0115h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | MO10 | MOO03 | MO02 | MOO01 | MOO00 |
After Reset 0 0 0 X X X X X
After Reset by 0 0 0 0 0 0 0 1
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 MOOQO0 [First digit of month count bit|Count O to 9 every month. Oto9 R/W
bl MOO01 When the digit increments, 1 is added to (BCD code) R/W
b2 MOO02 the second digit of month. RIW
b3 MOO03 R/W
b4 MO10 [Second digit of month CountOto 1. Oto1l R/W
count bit (BCD code)
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 —
b7 —

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits MOO03 to MOOQO (First Digit of Month Count Bit)
MO10 Bit (Second Digit of Month Count Bit)

Set values between 01 and 12 by the BCD code.

When the digit increments from the TRHDY register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.8 Timer RH Year Data Register (TRHYR) in Real-Time Clock Mode

Address 0116h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll YR13 | YR12 | YRl | YRI1O | YRO3 | YRO2 | YROL | YROO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 YROO [First digit of year count bit [Count O to 9 every year. Oto9 R/W
bl YRO1 When the digit increments, 1 is added to (BCD code) R/W
b2 YRO2 the second digit of year. RIW
b3 YRO3 R/W
b4 YR10 |[Second digit of year count [CountO to 9. Oto9 R/W
b5 YR11 |bit (BCD code) R/W
b6 YR12 R/W
b7 YR13 R/W

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits YRO03 to YROO (First Digit of Year Count Bit)

Bits YR13 to YR10 (Second Digit of Year Count Bit)
Set values between 00 and 99 by the BCD code. Fourth digit and third digit of the year are fixed to 20.
When the digit increments from the TRHMON register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.9 Timer RH Control Register (TRHCR) in Real-Time Clock Mode

Address 0117h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| RUN | HR24 | PM |RTCRST| CCLR | LFLAG | TRHOE | AADJE |
After Reset X X X 0 0 X 0 X
After Reset by 0 0 0 X X 1 X 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 AADJE [Timer RH automatic correction 0: Automatic correction function disabled R/W
function enable bit (correction function by software enabled)

1: Automatic correction function enabled
(correction function by software disabled)

bl TRHOE |Timer RH output enable bit 0: TRHO output disabled R/W
1: TRHO output enabled

b2 LFLAG  |Leap year flag(®) 0: Common year R
1: Leap year

b3 CCLR Set to O in real-time clock mode. R/W

b4 RTCRST |Timer RH reset bit (2 When this bit is set to 1, the target registers and R/W

bits are initialized to the reset values and the timer
RH control circuit is initialized.

b5 PM a.m./p.m. bit 0:a.m. R/W
1:p.m.

b6 HR24 Operating mode select bit 0: 12-hour mode R/W
1: 24-hour mode

b7 RUN Timer RH operation start bit 0: Count stops R/W
1: Count starts

Notes:
1. When the RTCRST bit is set to 1, the TRHYR register is reset to 00h.
As year 2000 is a leap year, the initial value of the LFLAG bit is 1.
2. Setthe RTCRST bhit to 0 after setting it to 1.

AADJE Bit
Rewrite this bit when the BSY bit in the TRHSEC register is set to 0 (not while datais updated).

TRHOE Bit (Timer RH Output Enable Bit)
Rewrite this bit when the RUN hit is set to O (count stops).

LFLAG Bit (Leap Year Flag)

Thishitisset to 1 (leap year) when the values of the TRHY R register are 00 or the multiples of four.
When thisbit is set to 1, the number of daysin February becomes 29.
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RTCRST Bit (Timer RH Reset Bit)

When the RTCRST hit set to 1, the registers and bits listed in Table 19.3 are initialized to the reset values and
the timer RH control circuit isinitialized. Always set the RTCRST bit to O after setting it to 1.

Table 19.3 Registers and Bits (1) Initialized by RTCRST Bit

Register Bit to be Initialized Bit to Retain Setting Value
Timer RH data register () Bit O to bit 7 —
Timer RH alarm register (3) Bit O to hit 7 —
TRHCR AADJE, LFLAG, PM, HR24, RUN TRHOE, CCLR, RTCRST
TRHCSR Bit 7 Bit O to bit 6
TRHADJ Bit O to bit 7 —
TRHIFR Bit O to bit 2 Bit 3 to bit 7
TRHIER Bit O to bit 7 —
TRHPRC Bit O to bit 7 —
TRHICR Bit O to bit 7 —

Notes:
1. For the reset values, refer to each register’s values reset by the RTCRST bit.
2. Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
3. Timer RH alarm registers: TRHAMN, TRHAHR, and TRHAWK
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PM Bit (a.m./p.m. Bit)

Write to this bit when the RUN bit in the TRHCR register is 0 (count stops). Set the PROTECT bit in the
TRHPRC register to 1 (write enabled) before rewriting this bit.
Read this bit when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
Thisbit is enabled when the HR24 bit is set to 0 (12-hour mode).
This bit changes as follows while counting.

» Changesto 0 when thisbit is 1 (p.m.) and the clock increments from 11:59:59 to 00:00:00.
» Changesto 1 when thisbit is 0 (am.) and the clock increments from 11:59:59 to 00:00:00.

Figure 19.2 shows the Definition of Time Representation.

< When count starts from 0 a.m. of Saturday on January 1, 2000 >
Noon
HR24 bit = 1 TRHHR register| 0 1 - 10 1112213 ~ 22 (23] 0| 1] 2 2122231 0 |1 ]| 2
(24-hour mode) )
PM bit 0
HR24 bit=o | TRHHRregisterf 0 | 1 - 10 (11| 0| 1 - 10 |[11|0| 1|2 910|120 |22
(12-hour mode) B
PM bit 0 (a.m.) 1 (p.m.) 0 (a.m.) 1 (p.m.) 0 (a.m.)
TRHWK register 110 (Sat.) 000 (Sun.) ... 001 (Mon.) 010 (Tue.)
TRHDY register Day 1 Day 2 Day 31 Day 1
TRHMON register January February
TRHYR register Year 2000
LFLAG bit 1
HR24 bit=1 | TRHHRregister| 3 [ 4 | 5 21 (2223|012 2122|230 1] 2
(24-hour mode) -
PM bit 0
HR24 bit = 0 TRHHR register| 3 | 4 5 2110|111 (0| 1] 2 9 (10]11({ 0| 1] 2
(12-hour mode) .
PM bit 0(a.m.) 1(p.m.) | 0(a.m.) 1(p.m) | O0(am)
TRHWK register 010 (Tue.) 010 (Tue.)| 011 (Wed.) 000 (Sun.) | 001 (Mon.)
TRHDY register Day 1 Day 29 Day 1 Day 31 Day 1
TRHMON register February March December| January
TRHYR register Year 2000 Year 2001
LFLAG bit 1 0
LFLAG, PM, HR24: Bits in TRHCR register

Figure 19.2

Definition of Time Representation

HR24 Bit (Operating Mode Select Bit)

When this bit is set to 0, the TRHHR register counts 0 to 11. When this bit is set to 1, the register counts 0 to 23.
Write to this bit when the RUN bit is set to O (counter stops).
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19.2.10 Timer RH Count Source Select Register (TRHCSR) in Real-Time Clock

Mode
Address 0118h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| AADIM 0Ss2 0Os1 0Ss0 Cs3 Cs2 Cs1 CSo
After Reset X 0 0 0 1 0 0 0
After Reset by 0 X X X X X X X
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 CSO | Count source select bit Set to 1000b (fC-TRH) in real-time clock mode R/W
b1 CS1 (CS3 bit =1). RIW
b2 Cs2 R/W
b3 Cs3 R/W
b4 OSO0 | Timer RH output select hit bgbg ts{ “ R/W
b5 0OSs1 : R/W
00 1: fC-TRH
b6 0S2 01018 R/W
011:1Hz(®3
100:f16
101:64Hz @23
110:f32
11 1: Do not set.
b7 AADJM | Automatic correction mode select bit | 0: Correct every minute R/W
1: Correct every 10 seconds

Notes:
1. When fC-TRH = 32.768 kHz
When fC-TRH = 32.768 kHz, the output frequency may vary from 1 Hz.
2. When fC-TRH = 32.768 kHz
When fC-TRH = 32.768 kHz, the output frequency may vary from 64 Hz.
3. When the second adjustment or clock error correction is used, the output frequency may vary depending on the
timing.

Bits CS3 to CSO (Count Source Select Bit)
Rewrite these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Bits OS2 to OSO (Timer RH Output Select Bit)

Rewrite these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
These hits are enabled when the TRHOE bit in the TRHCR register is set to 1 (TRHO output enabled).

AADJM Bit (Automatic Correction Mode Select Bit)

This bit is enabled when the AADJE bit in the TRHCR register is set to 1 (automatic correction function
enabled).
Rewrite this bit when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.11 Timer RH Clock Error Correction Register (TRHADJ) in Real-Time Clock

Mode
Address 0119h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PLUS MINUS ADJ5 ADJ4 ADJ3 ADJ2 ADJ1 ADJO
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 ADJO | Correction value set bit Setting range: 00h to 3Fh (00 to 63) R/W
bl ADJ1 R/W
b2 ADJ2 R/W
b3 ADJ3 R/W
b4 ADJ4 R/W
b5 ADJ5 R/W
b6 MINUS | Correction counter bit bébg. Not corrected R/W
b7 PLUS 0 1: Corrected to the minus side RIW

1 0: Corrected to the plus side

1 1: Do not set.

Rewrite this register when the BSY hit in the TRHSEC register is set to 0 (not while data is updated).

Bits MINUS and PLUS (Correction Counter Bit)

The one-second counter is changed depending on the values of bits ADJO to ADJ5.

When the PLUS bit is set to 0 and the MINUS bit is set to 1, the internal counter is corrected to the minus side.
The clock can be set back when it gainstime.

When the PLUS bit is set to 1 and the MINUS bit is set to O, the internal counter is corrected to the plus side.
The clock can be set ahead when it loses time.
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19.2.12 Timer RH Interrupt Flag Register (TRHIFR) in Real-Time Clock Mode

Address 011Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | RSTADJ | ADJ30S | ALIE | RTCF | ALIF |
After Reset 0 0 0 0 0 X X X
After Reset by 0 0 0 X X 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W

b0 ALIF [ Alarm interrupt flag 0: No interrupt requested R/W
1: Interrupt requested

bl RTCF | RTC periodic interrupt flag 0: No interrupt requested R/W
1: Interrupt requested

b2 ALIE | Alarm interrupt enable bit 0: Alarm interrupt disabled R/W
1: Alarm interrupt enabled

b3 ADJ30S |30 seconds adjust bit When 1 is written to this bit, the values of the TRHSEC W

register are as follows:
When the TRHSEC register values < 29: TRHSEC « 00

When the TRHSEC register values > 30: TRHSEC « 00,
TRHSEC < TRHMIN + 1
When read, the content is 0.

b4 RSTADJ | Second counter reset adjust | When setting this bit is set to 1, the values of the W
bit TRHSEC register are set to 00, and the internal counter is
initialized.
When read, the content is 0.
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

ALIF Bit (Alarm Interrupt Flag)

[Condition for setting to Q]

Write O after reading this bit. When writing O to this bit if the read valueis 1, thisbit is set to 0.

[Condition for setting to 1]

The contents of timer RH alarm registers (1) match the contents of timer RH data registers (2) (refer to 19.2.20
Alarm Function).

When writing 0 to this bit if the read value is O, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.

To confirm the match, set an ENB bit in the timer RH alarm registers (U to 1.

Notes:
1. Timer RH alarm registers: TRHAMN, TRHAHR, and TRHAWK
2. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR

RTCF Bit (RTC Periodic Interrupt Flag)

[Condition for setting to 0]

Write O after reading this bit. When writing O to this bit if the read valueis 1, thisbit isset to 0.

[Condition for setting to 1]

Aninterrupt source enabled in the TRHIER register is generated.

When writing 0 to this bit if the read value is 0, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 300 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group

19. Timer RH

19.2.13 Timer RH Interrupt Enable Register (TRHIER) in Real-Time Clock Mode

Address 011Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll YRIE | MOIE | DYIE | HRIE | MNIE | SEIE | SEIEO5 |SEIE025 |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bit in
TRHCR Register
Bit Symbol Bit Name Function R/W
b0 | SEIEO25 |Periodic interrupt triggered every |0: Periodic interrupt triggered every 0.25 seconds R/W
0.25 seconds enable bit disabled
1: Periodic interrupt triggered every 0.25 seconds
enabled
bl SEIEO5 |Periodic interrupt triggered every |0O: Periodic interrupt triggered every 0.5 seconds R/W
0.5 seconds enable bit disabled
1: Periodic interrupt triggered every 0.5 seconds
enabled
b2 SEIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every second disabled R/W
second enable bit 1: Periodic interrupt triggered every second enabled
b3 MNIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every minute disabled R/W
minute enable bit 1: Periodic interrupt triggered every minute enabled
b4 HRIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every hour disabled R/W
hour enable bit 1: Periodic interrupt triggered every hour enabled
b5 DYIE |Periodic interrupt triggered every |O: Periodic interrupt triggered every day disabled R/W
day enable bit 1: Periodic interrupt triggered every day enabled
b6 MOIE |[Periodic interrupt triggered every |0: Periodic interrupt triggered every month disabled R/W
month enable bit 1: Periodic interrupt triggered every month enabled
b7 YRIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every year disabled R/W
year enable bit 1: Periodic interrupt triggered every year enabled

Write to this register when the RUN bit in the TRHCR register is set to 0 (count stops).

An interrupt request can be generated every 0.25 seconds, 0.5 seconds, one second, minute, hour, day, month,
or year. To generate an interrupt request, set one of the following bits to 1 (interrupt enabled): SEIE025,
SEIEQ5, SEIE, MNIE, HRIE, DYIE, MOIE, and YRIE (be sure to set only one bit to 1). Table 19.4 lists RTC

Periodic Interrupt Sources.

Table 19.4 RTC Periodic Interrupt Sources
Source Interrupt Source Interrupt Enable Bit

Periodic interrupt triggered The TRHYR register is updated (one-year period) YRIE
every year

Periodic interrupt triggered The TRHMON register is updated (one-month period) MOIE
every month

Periodic interrupt triggered The TRHDY register is updated (one-day period). DYIE
every day

Periodic interrupt triggered The TRHHR register is updated (one-hour period). HRIE
every hour

Periodic interrupt triggered The TRHMIN register is updated (one-minute period). MNIE
every minute

Periodic interrupt triggered The TRHSEC register is updated (one-second period). SEIE
every second

Periodic interrupt triggered 0.5-second period SEIEQ5
every 0.5 seconds

Periodic interrupt triggered 0.25-second period SEIE025
every 0.25 seconds

When the interrupt is enabled by the above bits, the following occurs when the periodic interrupt is generated:
» The RTCF bit in the TRHIFR register is set to 1 (periodic interrupt requested).
* The IR bitinthe TRHIC register is set to 1 (interrupt requested).
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19.2.14 Timer RH Alarm Minute Register (TRHAMN) in Real-Time Clock Mode

Address 011Ch
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| ENBMN| AMNG | AMNS5 | AMN4 | AMN3 | AMN2 | AMN1 | AMNO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function Setting Range | R/IW
b0 AMNO | First digit of minute alarm | Store alarm data Oto9 R/W
b1l AMN1 |data bit (BCD code) R/W
b2 AMN2 R/W
b3 AMN3 R/W
b4 AMN4 | Second digit of minute Store alarm data Oto5 R/W
b5 AMN5 | alarm data bit (BCD code) R/W
b6 AMNG6 R/W
b7 ENBMN | Minute alarm enable bit | 0: Minute alarm disabled (not compared with the TRHMIN R/W
register)
1: Minute alarm enabled (compared with the TRHMIN register)

Write to this register when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).

Bits AMN3 to AMNO (First Digit of Minute Alarm Data Bit)
Bits AMNG6 to AMN4 (Second Digit of Minute Alarm Data Bit)

Set values between 00 and 59 by the BCD code.
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19.2.15 Timer RH Alarm Hour Register (TRHAHR) in Real-Time Clock Mode

Address 011Dh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| ENBHR| APM | AHR5 | AHR4 | AHR3 | AHR2 | AHR1 | AHRO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function Setting Range | RIW
b0 AHRO | First digit of hour alarm Store alarm data O0to9 R/W
bl AHR1 |data bit (BCD code) R/W
b2 AHR2 R/W
b3 AHR3 R/W
b4 AHR4 | Second digit of hour alarm | Store alarm data Oto2 R/W
b5 AHRS5 |data bit (BCD code) R/W
b6 APM |a.m./p.m. alarm data bit 0: a.m. R/W
1:p.m.
b7 ENBHR | Hour alarm enable bit 0: Hour alarm disabled (not compared with the TRHHR R/W
register)
1: Hour alarm enabled (compared with the TRHHR register)

Write to this register when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).

Bits AHR3 to AHRO (First Digit of Hour Alarm Data Bit)
Bits AHR5 to AHR4 (Second Digit of Hour Alarm Data Bit)

When the HR24 bit in the TRHCR register is set to 0 (12-hour mode), set values between 00 and 11 by the BCD
code. When the HR24 hit is set to 1 (24-hour mode), set values between 00 and 23 by the BCD code.

APM Bit (a.m./p.m. Alarm Data Bit)
Thisbit is disabled when the HR24 bit in the TRHCR register is set to 1 (24-hour mode).
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19.2.16 Timer RH Alarm Day-of-the-Week Register (TRHAWK) in Real-Time Clock

Mode
Address 011Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| ENBWK — — — AWK?2 AWK1 AWKO
After Reset X 0 0 0 X X X
After Reset by 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function R/W Bit
b0 AWKO | Day-of-week alarm data b(Z) bé%’ sund R/W
bl | AWK1 |bit 001 M‘gr‘]d‘g/ RIW
b2 AWK2 0 1 0: Tuesday RIW
01 1: Wednesday
10 0: Thursday
10 1: Friday
11 0: Saturday
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —
b6 —
b7 ENBWK | Day-of-week alarm 0: Day-of-week alarm disabled (not compared with the TRHWK | —
enable bit register)
1: Day-of-week alarm enabled (compared with the TRHWK
register)

Write to this register when the BSY hit in the TRHSEC register is set to 0 (not while data is updated).

Bits AWK2 to AWKO (Day-of-Week Alarm Data Bit)

Set 000b (Sunday) to 110b (Saturday).
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19.2.17 Timer RH Protect Register (TRHPRC) in Real-Time Clock Mode

Address 011Fh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PROTECT | — | — | — | — | — | — | — |
After Reset 0 0 0 0 0 0 0 0
After Reset by X 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 |PROTECT | Protect bit Write to time data registers enabled/disabled R/W
0: Write disabled
1: Write enabled

PROTECT Bit (Protect Bit)

The following registers and bit can be changed when this bit is set to 1 (write enabled):

Timer RH data registers (1) and the PM bit in the TRHCR register

When writing 1 to this bit by a program, this bit stays 1. Change the registers protected by this bit as follows:
(1) Write 1 to thishit.

(2) Write avalue to the register protected by this bit.

(3) Write O (write disabled) to this bit.

Note:
1. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
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19.2.18 Timer RH Second Interrupt Control Register (TRHICR) in Real-Time Clock

Address 018Dh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| INTF | — | SLINT | SLCNS |SDAREGS|SDAREGZ|SDAREGl|SDAREGO|
After Reset X 0 X X X X X X
After Reset by 0 0 0 0 0 0 0 1
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 | SDAREGO | Specified second interrupt b3b2b1b0  <SLCNS=0> <SLCNS=1> R/W

b1 SDAREGT | value set bit 0000: Do not set. RIW

0001: 1 second 10 seconds
b2 SDAREG2 0010: seconds 20 seconds RIW
b3 SDAREG3 0011: seconds 30 seconds RIW
0100: seconds 40 seconds
0101: seconds 50 seconds
0110: seconds 60 seconds
0111: seconds 70 seconds
1000: seconds 80 seconds
1001: 9 seconds 90 seconds
1010:10 seconds 100 seconds
1011:11 seconds 110 seconds
1100:12 seconds 120 seconds
1101:13 seconds 130 seconds
1110:14 seconds 140 seconds
1111:15 seconds 150 seconds
b4 SLCNS | Count source select bit 0: Update of the first digit of second R/W
1: Update of the second digit of second
b5 SLINT | Interrupt select bit (1) 0: RTC periodic interrupt R/W
1: Specified second interrupt
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b7 INTF Specified second interrupt 0: Interrupt requested R/W
flag (2 1: No interrupt requested

oO~NO O WN

Notes:
1. When not using a specified second interrupt after setting the INTF flag to 0, set the SLINT bit to 0.
2. The INTF flag is not automatically set to O even if an interrupt is accepted. Write O to this flag.
3. When the TRHICR register is written, bits SDAREGO to SDAREG3 are reloaded to the counter.

Use thisregister while the RTC periodic interrupt is disabled (the TRHIER register is 00h).

Bits SDAREG3 to SDAREGO (Specified Second Interrupt Value Set Bit)

Set the time to generate an interrupt request. Select either update of the first digit or the second digit of second
in the TRHSEC register as the count source by the SLCNS hit.

When writing to the TRHICR register while the RUN hit in the TRHCR register is 1, the count starts with the
contents of bits SDAREG3 to SDAREGO and SLICNS. When writing to the TRHICR register while the RUN
bit is 0, the count starts when the RUN bit is set to 1.
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INTF Bit (Specified Second Interrupt Flag)

[Condition for setting to Q]

Write O after reading this bit. Note a maximum of 0.04 msis required before the INTF bit is set to 0. When
writing O to this bit isthe read valueis 1, this bit isset to 0.

[Condition for setting to 1]

When the value set in bits SDAREG3 to SDAREGO is decremented and changesto 0.

When writing 0 to this bit if the read value is O, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.

When using a specified second interrupt, confirm the state of the INTF bit.

When the first digit of second (or the second digit of second) is updated while the RUN bit in the TRHCR
register is 1 (count starts), the INTF bit may be set to 1 because count operation is performed. Once the INTF
bit isset to 1, thisbit remainsas 1 until it is set to 0 or initialized by the RTCRST bit in the TRHCR register.
The INTF bit is set to 1 within about 0.04 ms after the BSY bit is changed from 1 (while data is updated) to O
(not while datais updated). Adjust the timing when setting the INTF bit to O while the RUN bit is 1.
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19.2.19 Operating Example

BSY bit

(€]

Bits SC12 to SC00

Bits MN12 to MNOO

Bits AMNG to AMNO

| 1ls I
| Approx. i« > |
I 156ms | 1 !
l—»! 05s R !
!
|
| |
| |
58 | 59 00
03 04
04

Bits HR11 to HROO

(No change)

Bits WK2 to WKO

(No change)

Bits DY11 to DY0O0

(No change)

Bits MO10 to MOO0O

(No change)

Bits YR13 to YROO

(No change)

U

When SEIEOS5 bit is set to 1
(periodic interrupt triggered
every 0.5 seconds enabled)

IR bit

RTCEF bit

When SEIE bit is set to 1
(periodic interrupt triggered
every second enabled)

IR bit

*

|

When the corresponding 'interrupt flag is set to 0, the IR bit i
1

F also set to 0.

ﬂ\

;

Set to 0 by a program
after reading as 1.

RTCF bit

When MNIE bit is set to 1
(periodic interrupt triggered
every minute enabled)

IR bit

I

Set to 0 by a program
after reading as 1.

RTCEF bit

When ALIE bit is set to 1
(alarm interrupt enabled) and
ENBMN bit is set to 1
(minute alarm enabled)

IR bit

Set to 0 by a program
after reading as 1.

ALIF bit

BSY, SC00 to SC12: Bits in TRHSEC register
MNOO to MN12: Bits in TRHMIN register
ENBHN, AMNO to AMNG: Bits in TRHAMN register
HROO to HR11: Bits in TRHHR register

WKO to WK2: Bits in TRHWK register

DYO00 to DY11: Bits in TRHDY register

MOO00 to MO10: Bits in TRHMON register
YROO to YR13: Bits in TRHYR register
SEIEO5, SEIE, MNIE: Bits in TRHIER register
RTCF, ALIEF, ALIE: Bits in TRHIFR register
IR: Bit in TRHIC register

Note:
1. The BSY bit is set to 1 while data is updated.

Read the following registers or bit when the BSY bit is set to 0

(not while data is updated).
» Timer RH data registers
* PM bit in TRHCR register

Figure 19.3

Operating Example in Real-Time Clock Mode
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Write to TRHICR register 5s 3s 7s 5s

TRHSEC register
(SC12 to SC10,

SCO3 to SCO0) 20 [21[22 23 [24[25] 2627 [28 29 [30 [31][32][33[34[35]36][37[38]39]40] 41]
Update of one second

(count source) mn nfnnnfnnffnannnnin Il
Update of 10 seconds

(count source) —l —l —l

Setting value of
SDAREG3 to SDAREGO
in TRHICR register
Write to SDAREG3 to

SDAREGO ‘l_‘_‘
L|_|_‘

0000b

Set to 0 by a program

L after reading as 1.

L /
INTF bit in — / S

TRHICR register \ \

4

TRHIC lrlzgti)istttier; l_l,)\ ” ) ;|)

When the INTF bit is set to 0, the IR bit is also set to 0. (Maximum 0.04 ms is required)

The above applies under the following conditions:

SLCNS bit in TRHICR register = 0 (update of the first digit of second is selected as the count source )
SLINT bit in TRHICR register = 1 (specified second interrupt)

All enable bits in TRHIER register = 0 (RTC periodic interrupt disabled)

SDAREGO to SDAREGS, INTF, SLCNS, SLINT: Bits in TRHICR register

Figure 19.4 Operating Example in Real-Time Clock Mode When Using Specified Second Interrupt

RO1UHO0051EJ0103 Rev.1.03 RENESAS Page 309 of 645
Nov 11, 2011



R8C/LABA Group, R8C/LA8A Group

19. Timer RH

v

| RUN in TRHCR = 0

| } Stop timer RH operation

v

| TRHOE in TRHCR = 0

| Disable the timer RH clock output

v

(when necessary)

| TRHIC <« 00h

| } Timer RH interrupt disabled

[ CS3to CS0 in TRHCSR = 1000b | } Set to real-time clock mode

| RTCRST in TRHCR = 1

v

Initialize timer RH registers and bits (refer to Table 19. 2)
and the timer RH control circuit

| RTCRST in TRHCR = 0

v

| Set OS0 to OS2 in TRHCSR

| } Select the timer RH output

v

| Set HR24 in TRHCR

| } Select 12-hour or 24-hour operating mode

v

| PROTECT in TRHPRC =1

| } Enable writing to timer RH data registers

v

Timer RH data registers and
PM in TRHCR

Set seconds, minutes, hours, a day of the week, days, months, years,
a.m./p.m., and interrupt timing

v

PROTECT in TRHPRC =0

| } Disable writing to timer RH data registers

v

Set TRHIER, ALIE in TRHIFR,
TRHICR

} Select the interrupt source

v

| Set TRHIC

| } Select interrupt priority level

v

| TRHOE in TRHCR = 1

| Enable the timer RH clock output
(when necessary)

v

| RUN in TRHCR = 1

| } Start timer RH operation

Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK,
TRHDY, TRHMON, and TRHYR

Figure 19.5

Setting Example in Real-Time Clock Mode

RO1UHO051EJ0103 Rev.1.03
Nov 11, 2011

RENESAS Page 310 of 645



R8C/LABA Group, R8C/LA8A Group

19. Timer RH

19.2.20 Alarm Function

Time data (1) and alarm data (2) are compared, and a compare match is detected.

An alarm can be generated by minutes, hours, or day of the week, or any combination of these. Set an ENB hit

in the corresponding alarm register to 1. Hour isa.m. or p.m.

When the comparison result matches, the following occurs:

* The ALIF bit in the TRHIFR register is set to 1 (alarm interrupt requested).

* When the ALIE bit in the TRHIFR register is 1 (alarm interrupt enabled), the IR bit in the TRHIC register is
set to 1 (alarm interrupt requested).

Notes:

1. Bitsfor time dataare as follows:
Bits MN12 to MN10 and MNO3 to MNQOO in the TRHMIN register
Bits HR11 to HR10 and HR03 to HROO in the TRHHR register
The PM hit in the TRHCR register
Bits WK2 to WKO in the TRHWK register

2. Bitsfor dlarm data are as follows:
Bits AMNG to AMN4 and AMN3 to AMNO in the TRHAMN register
Bits AHR5 to AHR4 and AHR3 to AHRO in the TRHAHR register
The APM bit in the TRHAHR register
Bits AWK 2 to AWKO in the TRHAWK register

Figure 19.6 shows the Alarm Time Setting Procedure.

< Alarm time change )

|

TRHIC « 00h
(timer RH interrupt disabled)

Disable the alarm interrupt

ALIE bitin TRHIFR « 0

Set TRHAMN, TRHAHR, and
TRHAWK

Set the alarm time, select the alarm source

ALIF bitin TRHIFR <0

} No alarm interrupt request

ALIE bitin TRHIFR « 1

Enable the alarm interrupt

Set TRHIC (IR bit < 0,
select interrupt priority level)

(when using the alarm interrupt)

C

End

)

Execute the above processing when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).

Figure 19.6

Alarm Time Setting Procedure
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@

BSY bit
I I
I I
I I
I [
TRHMIN 22 X 23
I
L
TRHHR 1
I
L
PM bit 0
T
ALIF bit in Set to 0 by a program.
TRHIFR register ¥ Yy aprog
I
IR bit in ¥~ When the ALIF bit is set to 0, the IR bit is also set to 0.
TRHIC register

Bits ALIF and IR are set to 1 after one cycle of the count source
when the BSY bit is set to O.

The above applies under the following conditions:

« HR24 bit in TRHCR register = 0 (12-hour mode)

« ENBMN bit in TRHAMN register = 1 (minute alarm enabled),
bits AMNG6 to AMN4 = 2, and bits AMN3 to AMNO = 3 (23 minutes)

« ENBHR bit in TRHAHR register = 1 (hour alarm enabled), APM bit = 0 (a.m.),
bits AHR5 to AHR4 = 0, and bits AHR3 to AHRO =1 (1 o’clock)

« ENBWK bit in TRHAWK register = 0 (day-of-week alarm disabled)

« ALIE bit in TRHIFR register = 1 (alarm interrupt enabled)

BSY: Bit in TRHSEC register

TRHMIN: Bits MN12 to MN10 and MNO3 to MNOO in TRHMIN register
TRHHR: Bits HR11 to HR10 and HR03 to HROO in TRHHR register
PM: Bit in TRHCR register

Note:
1. The BSY bit is set to 1 while data is updated.
Read the following registers or bit when the BSY bit is set to 0 (not while data is updated).
o Timer RH data registers
¢ PM bit in TRHCR register

Figure 19.7 Alarm Function
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R8C/LABA Group, R8C/LA8A Group 19. Timer RH

19.2.21 Second Adjustment Function
Two functions are available as the second adjustment function: reset adjustment and 30 seconds adjustment.

19.2.21.1 Reset Adjustment Function

The reset adjustment function initializes the TRHSEC register and the internal counters (3-bit, 4-bit, and 8-bit
counters). When 1 is written to the RSTADJ bit in the TRHIFR register while the BSY bit in the TRHSEC
register is 0 (not while datais updated), the TRHSEC register is set to 00h and the interna counter isinitialized
and the count restarts after about 0.1 ms. When 1 is written to the RSTADJ bit while the BSY bit is 1 (while
data is updated), the TRHSEC register is set to 00h and the internal counter isinitialized and the count restarts
when the data is updated.

The other timer RH data registers are not affected. After the RSTADJ bit is set to 1, wait for about 0.2 ms or
more to write to the TRHSEC register.
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