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Notice

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.

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

Renesas Electronics 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.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). 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 for which it is not intended. 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 which the product is not intended by Renesas
Electronics.

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

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

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

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. You should not use
Renesas Electronics products or 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. When exporting the Renesas
Electronics 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.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1. Handling of Unused Pins

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

manual.

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

2. Processing at Power-on

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

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

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSI is not guaranteed if they are accessed.
4. Clock Signals

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

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

stabilized.

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

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity
to noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.




About This Manual

1. Purpose and Target User

This manual is designed to be read primarily by application developers who have an understanding of this
microcomputer (MCU) including its hardware functions and electrical characteristics. The user should have
a basic understanding of electric circuits, logic circuits and, MCUs.
This manual consists of 29 chapters covering six main categories: Overview, CPU, System Control,
Peripherals, Electrical Characteristics, and Usage Notes.

Carefully read all notes in this document prior to use. Notes are found throughout each chapter, at the end
of each chapter, and in the dedicated Usage Notes chapter.

The Revision History at the end of this manual summarizes primary modifications and additions to the
previous versions. For details, please refer to the relative chapters or sections of this manual.

The R32C/116A Group includes the documents listed below. Verify this manual is the latest version by
visiting the Renesas Electronics website.

Software/Software
Manual

Type of Document Contents Document Name Document Number
Datasheet Overview of Hardware and Electrical | R32C/116A Group R01DS0066EJ0120
Characteristics Datasheet
User’s Manual: Specifications and detailed R32C/116A Group | This publication
Hardware descriptions of: User’s Manual:
-pin layout Hardware
-memory map
-peripherals
-electrical characteristics
-timing characteristics
Refer to the Application Manual for
peripheral usage.
User’s Manual: Descriptions of instruction set R32C/100 Series REJ09B0267-0100

Software Manual

Application Note

-Usages

-Applications

-Sample programs
-Programing technics using
Assembly language or C
programming language

Renesas Technical
Update

Bulletins on product specifications,
documents, etc.

Available on the Renesas Electronics

website.




2. Numbers and Symbols
The following explains the denotations used in this manual for registers, bits, pins and various numbers.

(1) Registers, bits, and pins
Registers, bits, and pins are indicated by symbols. Each symbol has a register/bit/pin identifier
after the symbol.
Example: PMO03 bit in the PMO register
P3_5 pin, VCC pin

(2) Numbers
A binary number has the suffix “b” except for a 1-bit value.
A hexadecimal number has the suffix “h”.
A decimal number has no suffix.
Example: Binary notation: 11b
Hexadecimal notation: EFAOh
Decimal notation: 1234




3.

Registers

The following illustration describes registers used throughout this manual.

_________ — No register bit. If necessary, set to 0. When read, the read value is
i (b2) undefined.

* « » Register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value

‘ 01 EE > e 0o 00 ...h ..Oitb
[] ] 1 1 1
A
i E i i i Bit Symbol Bit Name Function RW
T R A b2 b1 )
T eee0 0 Q:evees RW
i i E E .« Bit 0 ]:essee
oo 1 0 : Do not use this combination
] ] ] [ JEp— DN | RW
i E E 1 1:00cee \
1 ] ]
1 ] 1
1
]
1
1
]

____________ -_— / . .
i (b3) Reserved Shoul en with 1
1
1

\ [~

AR

G — Reserved Should be written with 0 and read-as._|
(b4) undefined value

p o mmmmmmemmmmees eeeh A

! * « « Bit Functions vary with operating modes
: L eee B WO
]
! e e oo
R cee? «++Flag 0: RO

1:00cee

*1
Blank box: Set this bit to 0 or 1 according to the function.
0: Set this bit to 0.
1: Set this bit to 1.
X: Nothing is assigned to this bit.

*2
RW: Read and write
RO: Read only
WO: Write only (the read value is undefined)
—: Not applicable

*3
* Reserved bit: This bit field is reserved. Set this bit to a specified value. For RW bits, the written value is
read unless otherwise noted.

*4
* No register bit(s): No register bit(s) is/are assigned to this field. If necessary, set to 0 for possible future
implementation.
* Do not use this combination: Proper operation is not guaranteed when this value is set.
* Functions vary with operating modes: Functions vary with peripheral operating modes. Refer to register
illustrations of the respective mode.

*2

*3

*4




4. Abbreviations and Acronyms

The following acronyms and terms are used throughout this manual.

Abbreviation/Acronym Meaning
ACIA Asynchronous Communications Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
I/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
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

1. Overview 1
1.1 FRATUIES ...ttt e oo oo oottt ettt e e e e e e e e e e e e nnteeeeeeeeeeeaa e nnnnnneeeeeaaaaeens 1
1.1.1 Y o] o)L o= 1 4[] 1SR 1
1.1.2 PerformManCe OVEIVIEW .........ciuuiiiee ittt e e ettt e e sttt e e e sttt e e e s saeee e e e e s snsseeeeeannsseeeessnnseeeens 2

1.2 Product INFOIMELIoN ......cocueiii et 6
1.3 = [o Yo QD= o - 1 o P 8
1.4 PiN ASSIGNMIENTS ...ttt ettt e e ettt e e e e et et e e e e e et b et e e e e anbeeeee e aanbee e e e anrreeeeeaan 9
1.5 Pin Definitions and FUNCHONS ...t a e e e e ee e 20
2.  Central Processing Unit (CPU) 25
21 General PUrpPOSE REJISIEIS ......ooiiiiiiiiiiiiiiee et s e e e e e nneeas 26
2.11 Data Registers (R2R0, R3R1, R6R4, and R7R5)......ooiiiiiiieeee e 26
2.1.2 Address Registers (A0, A1, A2, and A3) ... 26
21.3 Static Base REGISEr (SB) ...ciiiiiiiiiii e 26
21.4 Frame Base ReISIEr (FB)........uuuiiiiiiiiiiii it a e e 26
215 Program CoUNLEr (PC)... ..ot e e e e e e e e e e e e aneeeeaeeaaan 26
21.6 Interrupt Vector Table Base Register (INTB) ........ueiiiiiiiie e 26
21.7 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP) ..o, 26
21.8 Flag ReGIStEr (FLG) ...iiiiiiiiiiei ittt neees 26
2.2 Fast INterrupt REGISLEIS ... ittt e e e e e e e e e eaneee e e eeas 28
2.2.1 Save FIag REGISIEr (SVF)....ccoi ettt e e et a e e e reeas 28
2.2.2 SAVE PC REGISIEr (SVP) .ottt e e e e e e e e s e e e b aaae s 28
223 YT (o il =T 11 (= (VA O I T R 28
23 DMAC-asS0oCiated REGISTEIS. ...ttt e e e e e e s eneeae s 28
2.3.1 DMA Mode Registers (DMDO, DMD1, DMD2, and DMD3) .......c.coeiiiiriiieeiiie e eeee e 28
2.3.2 DMA Terminal Count Registers (DCTO0, DCT1, DCT2, and DCT3) .....cccvveviiiieeeeeiiiieee e, 28
2.3.3 DMA Terminal Count Reload Registers (DCR0, DCR1, DCR2, and DCR3) .........ccccceeevuneen. 28
2.3.4 DMA Source Address Registers (DSAO0, DSA1, DSA2, and DSA3).........ccovccciviiviieeeeeeeeeee, 28
2.3.5 DMA Source Address Reload Registers (DSR0, DSR1, DSR2, and DSR3)........cccccceeevenen. 28
2.3.6 DMA Destination Address Registers (DDAO, DDA1, DDA2, and DDA3) .......ccccceviivieeeeennne. 28
2.3.7 DMA Destination Address Reload Registers (DDRO, DDR1, DDR2, and DDR3) .................. 28

3. Memory 29
4.  Special Function Registers (SFRs) 30
5. Resets 57
5.1 Hardware RESEL ... ...ttt e e e et e e e e e e e e e e e eeeeas 57
5.2 SOMWANE RESEL ...t e e e e e e et e e e e et e e e e e s be e e e enree e e e e nnneeas 60
53 Watchdog TImMEr RESEL ... e s e e e e e e e e e e e aeaeeeeeeneeeeeeaees 60
54 LTS Y= o1 (o ) PSP 60



6. Power Management 61

6.1 Voltage Regulators for Internal LOGIC. ........ueiiiiiiiiiiiiicie e 61
6.1.1 [DI=Teo T8 o] g Te [ OF=1 o = o1 o] L PRSP 62
6.2 LOW VORAGE DEEECION ..ottt ettt e e e s 63
6.2.1 Operational State of Low Voltage Detector. ... 66
6.2.2 Low Voltage Detection INterrupt ..........o e 66
6.2.3 Application Example of the Low Voltage Detector............ccvveiviiiiiiiiiiiceeeeee e, 67
7. Processor Mode 68
71 TYPES Of ProCeSSOr MOUES ......vviiiiiiiiiiie ettt e e e et e e e e e ntae e e e e anteeeeeanreeas 68
7.2 Processor MOAE SENG ....uvviiiiiiiii e e e e e e e e e e e e e e e e e e s e e s e enereaeeees 68
8.  Clock Generator 71
8.1 O [o Yot QT o1t =T (o) 1Y/ o 1= USSR 71
8.1.1 MAIN CIOCK ...ttt a et s e st e e b e e e bn e e snre e e aree e e 80
8.1.2 SUD CIOCK (fC) 1.ttt ettt et e et enre e nanee s 81
8.1.3 I O o T SRR 82
8.1.4 On-Chip OSCIllAtor CIOCK .....cei et e e e e e e e e e 85
8.2 L@ ST 11 F=1 (o] RS (o] o JN D=1 =Y [ o SR 86
8.2.1 How to Use Oscillator Stop Detection............c...uuviiiiiiiiiiiiceeeee e 86
8.3 = 2 LT 1 o T TSP SRP 86
8.4 CPU Clock and Peripheral BUS CIOCK............uuiiiiiiiieiiei e e e e e e e 87
8.5 PeriPNEral CIOCK ...... .ttt sttt e ettt e e et e e e s nbe e e e s annnee e s 87
8.6 CloCK OUIPUL FUNCLION ...t ettt e e e e e e ae e e e e e neees 88
8.7 011 G @] o« o PSP 89
8.7.1 Normal Operating MOE .........oouuiiiie et e e e e e e e et e e e e e naeeeeeennees 90
8.7.2 L= L1 Lo Lo L PP 95
8.7.3 (] o J01Y (o T -SSR RR RSSO 98
8.8 System CIOCK Prot@CtioN...........uiiiiiie e e 100
8.9 [\ [o] (=3 o @4 (oo [ 1= g =T =1 (o S 101
8.9.1 ST o T O o TS 101
8.9.2 POWET CONTIOL......eiiieee et e et e e e st e e e e e et e e e e e anba e e e e e s snbeeeeeeanseeeeennnees 101
9. Bus 102
9.1 BUS SttiNGS. e 102
9.2 Peripheral Bus Timing SEtHNG .........oiiiiiiiiiiieiciiie e e e e e s e snraeee e e enneeas 103
9.3 EXIErNal BUS SELHNG ....eeiiiiiiiiiiie ettt e e e e et ee e e e et e e e e et e e e e e nrees 104
9.3.1 External Address Space SettinNg .........ceeiiiiiiiiiiii e ——— 104
9.3.2 External Data Bus Width Setting ...........ooiiiiii e 110
9.3.3 Separate Bus/Multiplexed Bus SelecCtion..............oocuiiiiiiiiiiiii e 112
9.34 Read and Wit SIGNaAlS ......ccoo i e 115
9.3.5 EXternal BUS TiMING. ... .ottt e e e e e e e e e e eaeeas 117



9.3.6 ALE SIGNQAL ... ettt e e et e et e e e ete e e e nee e e nteeeanaeeeaneeeanneeeans 121
9.3.7 [RTD 0 R 1 1e L= TP 122
9.3.8 HOLD SIGNAL....etceieeeeeeee ettt st n st e ea e sen s s eneeeseseaeans 125
9.3.9 =] O I T 11010 PP TRR 125
9.4 External Bus State when Accessing Internal SPace ..........ooovveeiiiiiiiiiiiiiiieee e 125
9.5 NOLES ON BUS ...ttt e e e e e e e e e e e e e e e e e e e nnre e e e e e nres 126
9.5.1 Notes on Register SettiNgs.........ooi i 126
10. Protection 127
10.1 Protect Register (PRCR REGISEI) .......uuuiiiiiiiiiieei it a e 127
10.2 Protect Register 2 (PRCR2 REGISIEI) .......oiiiiiiiiie ittt 128
10.3 Protect Register 3 (PRCR3 REJISIEI) ......coiiiiiiiiii it 128
104 Protect Register 4 (PRCR4 REJISIEI) ......eoiiiiiiiiiie it 129
10.5 Protect Release Register (PRR REGISTEI) ........uiiiiiiiiiiie et 130
11. Interrupts 131
1.1 T C=T 3 BT o A 5] o= PR 131
11.2 SOftWAE INTEITUPES .o e e e e e e e e e e e e e e e e e e e eaanrnes 132
11.3 L Vo 1V = TS [N =T 4 B o) 133
11.3.1 S oL t= I 1) (=14 (U] o] PRSP 133
11.3.2 Peripheral INTEIrTUPLS ... e 133
1.4 L= B 01 (=T U o) PSRRI 134
11.5 a1 C=T 3 BT o A= o (o] PSR 134
11.51 FiXed VeCtOr TaDIe ... e 135
11.5.2 Relocatable Vector TabIe......... ... e 135
11.6 Interrupt REqQUESE ACCEPIANCE ......cceeeeeeeeee e e e e e e e e e e e e eeeeaeeeeees 140
11.6.1 = To =T o N | SRR 140
11.6.2 Interrupt Control REGISLErS ........coiiiiiie e 141
11.6.3 Wake-up IPL Setting REGISTEN ... 144
11.6.4 INEEITUPE SEQUENCE ...t e e e e e e e e e e e e e e eee s 145
11.6.5 INterrupt RESPONSE TIME ...t e e e e e e e as 146
11.6.6 IPL after Accepting an Interrupt REQUEST ...........ouviiiiiiiiiiee e 147
11.6.7 REGISIEr SAVING ...t et e et e e e e s 147
1.7 Register Restoring from Interrupt Handler............oooo e 148
11.8 1] (=T (0 o1 o T ] 1 Y PO PP PRSPPI 148
11.9 PrIOFEY RESOIVET ... ettt e e e e e e e e ettt e e e e e e e e ennnbrebeeeeeeas 148
1110 EXternal INterrupt ... ... e e e e e e e e e e e e e e e e e e e aaaaaaa 150
10 B 1 PSSR 151
1112 Key INPUL INTEITUPL ...t e e e e e e eanbe e e e e e e 152
1113  Intelligent 1/O INTEITUPT ..o e e e e 153
R S N\ o) (=T ) T T (=Y U o) £ SRR 156
11.14.1 (5] 7= x 113 T SRR 156



11.14.2 NIV ettt e e et e e e e et e e e e e e bt e e e e e e e a—e e e e e e e b—eeeeeabbaeaeeaatreeeanraraeeaeanres
11.14.3 (=T P U [0 (=T 5 (U] o) S

12. Watchdog Timer

13. DMAC
13.1 210151 =T Yo LU PEPRP
13.11 Effect of Transfer Address and Data Bus Width ............ccccoiiiiiiiii e
13.1.2 Effect Of BUS TIMING...oii i et
13.1.3 EffeCt Of RDY SIGNAI....c.iiieeeeeceeece ettt e e e s e e
13.2 DIMA TranSTer CYCIE.........ooiiiiiiiie ettt e e e e e e e e e e e
13.3 Channel Priority and DMA Transfer TIMING ......c.cooiiiiiiiie e
13.4 NOTES ON DIMAC ...ttt ettt s bt e et e s b et e s e e esre e s e eanee
13.4.1 DMAC-associated Register SEtliNgs ......ccoieiiiiiiiiiieeee e
13.4.2 Reading DMAC-associated RegiSters ..........uiiiiiiiiiiiiii e

14. DMAC I
14.1 1Y O IS Y=Y i (19T - PRSPPI
14.1.1 Registers RIPLT and RIPL2 ...t
14.1.2 D O I [ To /= USSP
14.1.3 Interrupt Control Register of the Peripherals ...
14.1.4 Relocatable Vector Table of the PeripheralsS.............coooiiiiiiiiiiiiie e
14.1.5 IRLT Bit in the IIOIIE Register (i = 010 11) ..o
14.2 DAY O I @] 1Y = o] o PP PSP
14.3 L= 1S (=T Y L= PO RP PP
14.3.1 Memory-to-memOry TranSTer ........ooi i e
14.3.2 Immediate Data Transfer.. ...
14.3.3 Calculation ReSUIE TranSTEr .........viiiiiiiiiie e e e e st e e e eenteeeeeennes
14.4 B = 1053 (=T 1Y o T LU SPRR
14.4 1 ST aTe | LT I =) =] PP
14.4.2 0T A I = 0 ) = SRS
14.4.3 MURIPIE TraNSTEr ...t et e e e ee e e
14.5 L0 g Lo T I = 0 =] SO
14.6 DMA |l Transfer Complete INtEITUPL..........uviiiiiiie e

14.7 [Tt U (o) T 0 1= TP

15. Programmable I/O Ports
15.1 Port Pi Register (Piregister, i = 010 19) ..ooviiiiiiiee e
15.2 Self TESE FUNCHON ... ettt e e e nnbe e e snreeea

16. Timers
16.1 L]0 T= A N
16.1.1 B L =T Y, (0T [



16.1.2 EVENE COUNTEI IMOTE..... oot e et e e e e e e e e eaeeaeen 200

16.1.3 (@ 0TSt o A 0 0 T=T ol 1Y T o = SRR 204
16.1.4 Pulse-width Modulation MOdEe............ooi i 206
16.2 I 01=T = TR SURPSR 209
16.2.1 THMEE MOt e e et e e e e e e e e e e s e e e e e e e e e s 212
16.2.2 A=Y o 01U ] ) (=Y g /T Yo L= USSP 214
16.2.3 Pulse Period/Pulse-width Measure Mode..............uuiiiiiiiieiiiiiee e 216
16.3 I\ (o] (=<3 o T I 141 PR 219
16.3.1 Timer A and Timer B .t e e e e e e e e e e e e e eeeeeeann 219
16.3.2 10T SRR 219
16.3.3 10T = T SRR 221
17. Three-phase Motor Control Timers 222
17.1 Modulation Modes of Three-phase Motor Control TIMErS .........ccoooiiiiiiiiiiiiiiieeeeeee e 229
17.2 L0 11= 0 = 72RO SRPRRR 230
17.3 TIMErS Ad, AT, AN A2t e e e e e e 232
17.4 Simultaneous Conduction Prevention and Dead Time TiMer ........oooveeiiiiiiiiciiiiiiiiieeeeeee e 235
17.5 Three-phase Motor Control Timer Operation........... ..o 236
17.6 Notes on Three-phase Motor Control TIMErs ..o 239
17.6.1 T T (o oY o USRS 239
17.6.2 =015 (=Y RS T=Y 1110V TSRS 239
18. Serial Interface 240
18.1 Synchronous Serial INnterface MOdE...........ooooi i 257
18.1.1 Reset Procedure on Transmit/ReCeiVe EITOr............cooviiiiiiiiiiiiiee et 262
18.1.2 (O I G o = T 13RO 262
18.1.3 LSB First and MSB First SEleCtiON ...........ooviiiiiiiiiiieeee e 263
18.1.4 ContinUOUS RECEIVE MOUE ...t e e e e e e e e e e enenneees 263
18.1.5 Serial Data LOGIC INVEISION .......oiiiiiiiiiiiii et 264
18.1.6 CTS/RTS FUNCHON. ....ciiiiiiiiiiee ettt ettt e e e et e e e e et e e e e enteee e e e e nteeeeeeanneaeeennes 264
18.2 Asynchronous Serial Interface Mode (UART MOE)..........coviiiiiiiiiiiiiiiiiie e 265
18.2.1 = = | (-SSRSO 270
18.2.2 Reset Procedure on Transmit/ReCEIVE EITOr.........oooviiiiiiii i 271
18.2.3 LSB First and MSB First SEleCtON ...........ooiiiiiiiiiii e 271
18.2.4 Serial Data LOGIC INVEISION .......oiuiiiiiiiiiii ettt 272
18.2.5 TXD and RXD 1/O Polarity INVEISION ..........eeiiiiiiiiiie et 273
18.2.6 CTS/RTS FUNCHON. ....ciiiiiiiiie ettt ettt e e e et e e e e et e e e e et e e e e e snteeeeeeanneaeeenees 273
18.3 SPECial MOAE 1 (I2C MOUE)......ccveeceieeie ettt ettt ettt sae et et eerteeaeeeteeeeeteesteenteeneeans 274
18.3.1 START Condition and STOP Condition Detection..............ceevviieiiiiiiiiiieeeeee e 280
18.3.2 START Condition and STOP Condition Generation ...............cooooiiciiiiiiiiieeieee e 280
18.3.3 o] 11 =1 1o o SRR 281
18.3.4 SCL Control and Clock Synchronization ..............cooceeiiiiiiiieiiie e 282

A-5



18.3.5
18.3.6
18.3.7
18.3.8
18.4
18.4.1
18.4.2
18.5
18.5.1
18.5.2
18.5.3
18.5.4

19. A/D Converter

ST 7N O 111 U | SRR
1T N g o U | SR
ACKNOWIEAGE ...ttt e e e et e e e e e
Transmit/Receive Operation RESEt..........ccc.uuiiiiiiiiiiii e
S To Lo =1L, o T =TSP UPTRN
SSi INput Pin FUNGHON (1 = 0 10 8).....viueiei et
CloCK Phase SetlinNg ......ooiuiiiiiiiiiiiii e e e e e e e e
Notes on Serial INtErfacCe ... ..ot
Changing the UIBRG Register (i = 010 10) ....ueiiiiiiiiieieiiiiee e
Synchronous Serial INnterface MOE ...........coociiiiiiiiiiie e
Special MOAE 1 (I2C MOTE) .....veeeeeeee ettt ete et te e eete e ae et e steenesneeereeseneneeas
Reset Procedure or Suspend/Resume ProCedure ............ccoooveeeeciiiiiiiiiiieeeee e

19.1 Y CoTe Lo I LYo o] (o PR
19.1.1 (0 1=t Lo 1Y/ (o o LRSS
19.1.2 REPEAE MOUE ...t e et e e e e n e e e e b e e
19.1.3 SiNGIE SWEEP MOE......coiiiiiiiiie e
19.14 Repeat SWeep MOde O ... ..o e e e e e e e e as
19.1.5 Repeat SWEEP MOAE 1 ... ..o e e e e e e e e e
19.1.6 Multi-port Single SWEEP MOGE...........uiiiiiiiiiie e e e e e e
19.1.7 Multi-port Repeat SWeEp MOAE O .......ooeeeeiiiiieeeee e e e

19.2 T o3 1) o 1= RSP
19.2.1 RESOIULION SEIECHON .....cciieeeee e e e e e e e e e e e e eeees
19.2.2 Sample and HOld FUNCLON ...
19.2.3 LI T [ S 1Y =Y 1 o o TSRS SRPR
19.2.4 DMAC Operating MOE .......ccoiiiiiee ettt e e e e tte e e e e ateae e e e s enbee e e e e snnreeaeeennns
19.2.5 Function-extended Analog INPUL PiNS..........eviiiiiiii e
19.2.6 External Operating Amplifier (Op-Amp) Connection Mode...........coocoeieiiiiie e,
19.2.7 Self Test/Open-circuit Detection ASSISt..........oiuuiiiiiiiii e
19.2.8 POWEE SAVING ..ottt e et e e e et e e e e e e b e e e e e e e e e anes
19.2.9 Output Impedance of Sensor Equivalent Circuit under A/D Conversion .............cccccuvvveeee....

19.3 NOLES ON A/D CONVEILET ... eiiiiieiiitieee ettt e ettt e e sttt e e e e e e e e e snbeeeeeaasbaeeeeaanntaeeeeennssaeeeannees
19.3.1 Notes 0N DesigniNg BOArdsS..........ooooiiiiiii i aaaaas
19.3.2 NOtES ON Programming..........ouuueieiiiiiiiee et ie ettt e e e e e abe e e e e e snb e e e e e neeeeeeenneeas

20. D/A Converter
21. CRC Calculator
22. X-Y Conversion

22.1
222

Data Conversion When Reading ..........oouuiiiiiiiiiiiei et
Data Conversion WHhen WHEING.........eiio e



23. Intelligent I/O 324

23.1 Base Timer for Groups 0 0 2.......cciiiiiiieeeeee et e e e e e e e e e e e e e e e e e eaeeaee e 339
23.2 Time Measurement for Groups 0 @nd 1 .........oooiiiiiiiiii e e e 345
23.3 Waveform Generation for Groups 010 2. 349
23.31 Single-phase Waveform Output Mode for Groups 010 2........cccuuiiiiiiiiiiieee e 350
23.3.2 Inverted Waveform Output Mode for Groups 010 2..........ccooiiiiiiiiieiiie e 352
23.3.3 Set/Reset Waveform Output Mode (SR Waveform Output Mode) for Groups 0to 2 ........... 354
23.3.4 Bit Modulation PWM Output Mode for GroUP 2 ........uueiiiiiiieee e 357
23.3.5 Real-time Port Output Mode (RTP Output Mode) for Group 2 .........ccceeeeeiiiiiiieeiniiieeeeee 359
23.3.6 Parallel Real-time Port Output Mode (RTP Output Mode) for Group 2 ........ccccoovivveeiinnnen. 361
23.4 Group 2 Serial INterfacCe. ... ... . e e e e 363
23.4.1 Variable Synchronous Serial Interface Mode for Group 2 ..........ccccooeviieeeiiiieee e, 368
24. Multi-master 12C-bus Interface 371
24 1 Multi-master 12C-bus Interface-associated REGISLES .............cceveeuiiieieiiieiese e 373
24.1.1 I2C-bus Transmit/Receive Shift Register (I2CTRSR) .......ccooviieicieeeceeeeeeeeeeeee e 373
24.1.2 12C-bus Slave Address RediSter (I2CSARY) ......ccveoeeeeieeeeeeee e ens 374
24.1.3 12C-bus Control Register 0 (I2CCRO) ........ccviiueiieie e eeeeteeeee et eee e eteeste st steeeee e aes 375
2414 12C-bus Clock Control Register (I2CCCR).........cccciiieieiecieeieciicie et ene s 377
2415 I2C-bus START and STOP Conditions Control Register (I2CSSCR) ...........ccecvevevevieenennnne 379
241.6 12C-bus Control Register 1 (I2ZCCRT) .....oiiiieiieeeiieiesie ettt 380
241.7 [2C-bus Control Register 2 (I2CCR2) ........cciicueieeeeie ettt eae e 383
24.1.8 12C-bus Status ReGIStEr (I2CSR) .......ccueiuiiueeeieee ettt 385
2419 12C-bus Mode RegisSter (I2CMR) ........ccviiiieeieeeee e etee et ee et ete s e st eteetesreesreeneeereesae e 389
24.2 Generating @ START CONItiON .......vuiiiiiiiiiiie e e e e eeeas 390
24.3 Generating @ STOP CONAItION ......ouuiiiiieiiiee et e e e 392
244 START Condition Redundancy Prevention FUNCLON ... 393
24.5 Detecting START and STOP CONItIONS .....c.coiiiiiiieiiiiiee et 394
24.6 Data Transmission and RECEPLION .........uuu i 396
24.6.1 MaSter TraNSIMISSION .......ociiiiiiiiee ettt e et e e e e e e e s e e e e e eaneeas 397
24.6.2 ST E= 1Y =T o= o) 1o o USRI 398
247 Notes on Using Multi-master [2C-bus INterface .............ccoceeiiveeeeicicieeceee e 399
24.7 .1 Accessing Multi-master 12C-bus Interface-associated Registers............ccccoevvevieriereveinennne. 399
24.7.2 Generating a Repeated START CONAItiON .......ooeiiiiiiiiiiee e 401
25. Protected Areas 402
26. 1/O Pins 404
26.1 Port Pi Direction Register (PDi Register, i = 010 19) .....ccoiiiiiiiiii e 405
26.2 Output Function Select REGISLErs .......ocooiiiiiiiiiii e 406
26.3 Input FUNCtion Select REGISTEIS ......cooiiiiiiiie e 427
26.4 Pull-up Control Registers 0 to 5 (Registers PURO t0 PURS) .......cccviiiiiiiiiiie e 431

A-7



26.5 Port Control Register (PCR ReGISer)........ooi i 435

26.6 Configuring UNUSEA PINS .......oiiiiiiiiiee e 437
27. Flash Memory 440
271 OVBIVIBW ...ttt ettt et e e e e e e e e e s e e eatteeeeeeeeaaeeeaeeaansesteeaeeeeaaaeeesaeaannssseanaaeeeeeanaannnnnns 440
27.2 Flash Memory ProteClion ..........ooo i 442
27.21 [Tt =L B o e L= o1 1) o 1S 442
27.2.2 (Y@1Y 070 Te L= o (o] (= Tox 7o) o [ SRR 442
27.2.3 1D @7oTo Lo o (0] (Yo 1] o IR 443
27.2.4 Forcible Erase FUNCHON..........ooi it 444
27.2.5 Standard Serial I/0O Mode Disable FUNCLON ...........c..uviiiiiiiiee e 445
27.3 L0 U T 1 (1Y o T [ S 446
27.3.1 Flash Memory Rewrite BuS TIMING .......ccoiiiiiiiiiiiiiie e 454
27.3.2 SOftWAre COMMENGS ....ooiiiiiiiiii et e e sttt e e e st e e e e s nse e e e s snneseeaesannnseeean 458
27.3.3 MOAE TrANSIHION ...t e et e et e e e e e e e e e e an e eeeees 459
27.3.4 Issuing Software COMMANGS.........uuuiiiiiiiee i e e e e e e e e e e s e e e snnnreaaeees 460
27.3.5 £ 11U 1S3 O = o1 PSP 466
27.3.6 Suspend/Resume Operation ...t 467
27.4 Standard Serial [/O MOUE ... ettt e e e e e e e e e e e e e e e e e e e e e aannenes 472
27.5 (= T 1= I @ 43T o = SRR 475
27.6 Notes on Flash Memory REWHING..........uiiiiiiiiii e 476
27.6.1 NOLE ON POWET SUPPIY ...ttt e e e e e e e s e e e e e e e e e e e s e e snnnreaeeeas 476
27.6.2 Note 0N Hardware RESEL.........cooi e e e e e as 476
27.6.3 Note on Flash Memory Protection ... 476
27.6.4 NOtES ON Programming.........ooouuiieeiiiiiiiee ettt e e e e b e e e e b e e e e e naeeas 476
27.6.5 NOES ON INTEITUPES ..t e e e e e 476
27.6.6 Notes on Rewrite Control Program.............occuiiiii it eeeeenees 477
27.6.7 Notes on Number of Program/Erase Cycles and Software Command Execution Time........ 477
27.6.8 (01 1= o 1\ o (= SR 477
28. Electrical Characteristics 478
29. Usage Notes 519
291 Notes 0N Board DESIGNING ......ccouaiiiaiiiiiie ettt e e e e e e e e e e e e e e e e e e e e e e annneeeeees 519
29.1.1 POWET SUPPIY PINS oottt e e e e e e et bee e e s e nnnbee e e e eennbeeeeeneee 519
29.1.2 10T o] o] (AN o] =T - P PPPRR 519
29.2 Notes on Register SEtliNg ... ....oooi e 520
29.2.1 Registers with Write-0nly BitS .........cooiiiiiiiii e 520
29.3 [\ (o] (=3 g @4 (oo [ =T g =T = (o RS 522
29.3.1 T8 o TN 1 o T2 RSO 522
29.3.2 POWET CONTIOL...... et e e e e sttt e e e e s st te e e e e et e e e e e snbeeeeeeanteeeeennnees 522
29.4 INOEES ON BUS ...ttt ettt e e e e e e e e e e bbb e et e e e e e e e enbe bt s beeaeee s 523



29.4.1 Notes on Register SettiNgs........oooi i s 523

29.5 N[0 (=TT T T 1 (=T 4 U o] £ SRS 524
29.5.1 ST S T 11 T PR 524
29.5.2 NIV et b e bt e h et e e a et oo a bt e e ea b et e oAb et e e ae e e e b b e e e ea bt e e are e enbe e e e neeas 524
29.5.3 o= F= I [ (Y U] o 524

29.6 INOTES ON DIMAC ...ttt e s bt et e s bt e e s e et e aan e e eanee 525
29.6.1 DMAC-associated Register SEtiNgS .........ooiiiiiiiiiiiii e 525
29.6.2 Reading DMAC-associated RegiSters ........uuiiiiiiiiiiiii e 525

29.7 I\ (o] (=<3 T I 141 RSP 526
29.71 Timer A and TimMer B ..ttt e e e e e e e e e e e e e e ee e e e e 526
29.7.2 LI 1= T OSSP OT PP PUPRPPPPPRTPIN 526
29.7.3 LI 0= = S OO TPPOT PP PTPRPPPPPRTPPN 528

29.8 Notes on Three-phase Motor Control TIMErS ..........ooouiiiiiiiii e 529
29.8.1 1T 101 o (0111 o SRR 529
29.8.2 REGIStEr SEHING .....eeeeiiiei e 529

29.9 Notes 0N Serial INTEITACE ........oiviiiiiiie e e e e e e e rae e e e 530
29.9.1 Changing the UIBRG Register (i = 010 10) .....ccccuiiiiiiiiiieeiee e 530
29.9.2 Synchronous Serial INterface MOAE .........coieveeiiiiiiii e 530
29.9.3 Special MOde 1 (I2C MOGE) .....c.eeueeieieiieeie ettt ettt ettt eae s 530
29.9.4 Reset Procedure or Suspend/Resume ProCedure ...........ccooovveeiiiiiiiiiiiiiiieiee e 531

29.10  NOES ON A/D CONVEIET....coi ittt ettt e e e e e e e e s e e ee e e e e aaaeeeaeaaannnnennaeaaaeeaasn 532
29.101 Notes on Designing BOards.............eeiiiiiiiiiiiii e 532
29.10.2 NOtES ON Programming........oooi oottt e e e e e e e e e e e e e e e e e e e e e nnnenaeeeeeeas 533

29.11  Notes on Flash Memory REWIItING.........oooeiiiiiiiiiiieiie e e e e e e e e e e e e e e eeaeeees 534
29.11.1 NOLE ON POWET SUPPIY ...ttt e et e e e e et e e e e e nn e e e e enneeas 534
29.11.2 Note on Hardware RESEL ... e 534
29.11.3 Note on Flash Memory ProteCtion ... 534
29.11.4 NOtES ON Programmling.........ooio et ee e e e e e e e e e et e e e e e e e e e e e e e e e nnaneeaeeeeeeas 534
29.11.5 NOES ON INEEITUPES ...t e e 534
29.11.6 Notes on Rewrite Control Program............cooiiiiiiiiiiiieiee e a e 535
29.11.7 Notes on Number of Program/Erase Cycles and Software Command Execution Time ....... 535
29.11.8 L@ 1 1= gl o) L= SRS 535

Appendix 1. Package Dimensions 536
INDEX 538



LENESAS

R32C/116A Group
RO1UH0213EJ0120
RENESAS MCU Rev.1.20
Dec 18, 2014

1. Overview

1.1 Features
The M16C Family offers a robust platform of 32-/16-bit CISC microcomputers (MCUs) featuring high ROM
code efficiency, extensive EMI/EMS noise immunity, ultra-low power consumption, high-speed processing
in actual applications, and numerous and varied integrated peripherals. Extensive device scalability from
low- to high-end, featuring a single architecture as well as compatible pin assignments and peripheral
functions, provides support for a vast range of application fields.

The R32C/100 Series is a high-end microcontroller series in the M16C Family. With a 4-Gbyte memory
space, it achieves maximum code efficiency and high-speed processing with 32-bit CISC architecture,
multiplier, multiply-accumulate unit, and floating point unit. The selection from the broadest choice of on-
chip peripheral devices — UART, CRC, DMAC, A/D and D/A converters, timers, 12C-bus interface, and
watchdog timer enables to minimize external components.

The R32C/116A Group is the standard MCU within the R32C/100 Series. This product, provided as 144/
176-pin plastic molded LQFP packages, has 11 channels of serial interface and one channel of multi-
master 12C-bus interface.

1.1.1 Applications

Car audio, audio, cameras, television, home appliance, printer, office/industrial equipment,
communication/portable devices, etc.

RO1UH0213EJ0120 Rev.1.20 T{ENESAS Page 1 of 541
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R32C/116A Group

1. Overview

1.1.2

Performance Overview

Tables 1.1 to 1.4 show the performance overview of the R32C/116A Group.

Table 1.1

Performance Overview for the 176 pin-Package (1/2)

Unit

Function

Explanation

CPU

Central
processing unit

R32C/100 Series CPU Core

* Basic instructions: 108

* Minimum instruction execution time: 15.625 ns (f(CPU) = 64 MHz)

* Multiplier: 32-bit x 32-bit — 64-bit

* Multiply-accumulate unit: 32-bit x 32-bit + 64-bit — 64-bit

* IEEE-754 compatible FPU: Single precision

* 32-bit barrel shifter

* Operating mode: Single-chip mode, memory expansion mode,
microprocessor mode (optional (1))

Memory

Flash memory: 512 Kbytes to 1 Mbyte

RAM: 96 Kbytes

Data flash: 4 Kbytes x 2 blocks

Refer to Table 1.5 for memory size of each product group

Voltage
Detector

Low voltage
detector

Optional (1)
Low voltage detection interrupt

Clock

Clock generator

* 4 circuits (main clock, sub clock, PLL, on-chip oscillator)

* Oscillation stop detector: Main clock oscillator stop/restart detection
* Frequency divide circuit: Divide-by-2 to divide-by-24 selectable

» Low power modes: Wait mode, stop mode

External Bus

Bus and memory

* Address space: 4 Gbytes (of which up to 64 Mbytes is user

Expansion expansion accessible)
» External bus Interface: Support for wait-state insertion, 4 chip select
outputs
* Bus format: Separate bus/Multiplexed bus selectable, data bus width
selectable (8/16/32 bits)
Interrupts Interrupt vectors: 261

External interrupt inputs: N
Interrupt priority levels: 7

I, INT x 9, key input x 4

Watchdog Timer

15 bits x 1 (selectable input frequency from prescaler output)
» Automatic timer start function is available

DMA

DMAC

4 channels

* Cycle-steal transfer mode
* Request sources: 61
» 2 transfer modes: Single transfer, repeat transfer

DMAC I

» Triggered by an interrupt request of any peripheral
« 3 characteristic transfer functions: Immediate data transfer,
calculation result transfer, chain transfer

I/0O Ports

Programmable
I/0O ports

* 2 input-only ports
* 156 CMOS I/O ports
* 52 ports are 5V tolerant
* A pull-up resistor is selectable for every 4 input ports (except 5V
tolerant inputs)

Note:

1. Contact a Renesas Electronics sales office to use the optional features.

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RRENESAS Page 2 of 541



R32C/116A Group

1. Overview

Table 1.2 Performance Overview for the 176-pin Package (2/2)

Unit Function Explanation
Timer Timer A 16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode, pulse-width
modulation (PWM) mode
Two-phase pulse signal processing in event counter mode (two-
phase encoder input) x 3
Timer B 16-bit timer x 6

Timer mode, event counter mode, pulse frequency measurement
mode, pulse-width measurement mode

Three-phase
motor control

Three-phase motor control timer x 1 (timers A1, A2, A4, and B2 used)
8-bit programmable dead time timer

timer
Serial UARTO to Asynchronous/synchronous serial interface x 11 channels
Interface UART10 * 12C-bus (UARTO to UART®)

* Special mode 2 (UARTO to UART®6)
« |[EBus (optional (1)) (UARTO to UART®)

A/D Converter

10-bit resolution x 34 channels
Sample and hold functionality integrated
Self test/Open-circuit detection assist

D/A Converter

8-bit resolution x 2

CRC Calculator

CRC-CCITT (X16 + X12 + X5 + 1)

X-Y Converter

16 bits x 16 bits

Intelligent 1/0

Time measurement (input capture): 16 bits x 16

Waveform generation (output compare): 16 bits x 24

Serial interface: Variable-length synchronous serial I/O mode, IEBus
mode (optional (1))

Multi-master 12C-bus Interface

1 channel

Flash Memory

Programming and erasure supply voltage: VCC =3.0t0 5.5V
Minimum endurance: 1,000 program/erase cycles
Suspend/resume function available

Security protection: ROM code protect, ID code protect
Debugging: On-chip debug, on-board flash programming

Operating Frequency/Supply
Voltage

64 MHz/VCC =3.0t0 5.5V

Operating Temperature

-40°C to 85°C (D version)
-40°C to 85°C (P version)

Current Consumption

45 mA (VCC = 5.0 V, f(CPU) = 64 MHz)
8 UA (VCC = 3.3V, f(XCIN) = 32.768 kHz, in wait mode)

Package

176-pin plastic molded LQFP (PLQP0176KB-A)

Note:

1. Contact a Renesas Electronics sales office to use the optional features.

RO1UH0213EJ0120 Rev.1.20
Dec 18, 2014
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R32C/116A Group

1. Overview

Table 1.3

Performance Overview for the 144-pin Package (1/2)

Unit

Function

Explanation

CPU

Central
processing unit

R32C/100 Series CPU Core

* Basic instructions: 108

* Minimum instruction execution time: 15.625 ns (f(CPU) = 64 MHz)

* Multiplier: 32-bit x 32-bit — 64-bit

* Multiply-accumulate unit: 32-bit x 32-bit + 64-bit — 64-bit

* IEEE-754 compatible FPU: Single precision

* 32-bit barrel shifter

* Operating mode: Single-chip mode, memory expansion mode,
microprocessor mode (optional (1))

Memory

Flash memory: 512 Kbytes to 1 Mbyte

RAM: 96 Kbytes

Data flash: 4 Kbytes x 2 blocks

Refer to Table 1.5 for memory size of each product group

Voltage
Detector

Low voltage
detector

Optional (1)
Low voltage detection interrupt

Clock

Clock generator

* 4 circuits (main clock, sub clock, PLL, on-chip oscillator)

* Oscillation stop detector: Main clock oscillator stop/restart detection
* Frequency divide circuit: Divide-by-2 to divide-by-24 selectable

» Low power modes: Wait mode, stop mode

External Bus
Expansion

Bus and memory
expansion

* Address space: 4 Gbytes (of which up to 64 Mbytes is user
accessible)

» External bus Interface: Support for wait-state insertion, 4 chip select
outputs

* Bus format: Separate bus/Multiplexed bus selectable, data bus width
selectable (8/16/32 bits)

Interrupts

Interrupt vectors: 261
External interrupt inputs: NMI, INT x 9, key input x 4
Interrupt priority levels: 7

Watchdog Timer

15 bits x 1 (selectable input frequency from prescaler output)
Automatic timer start function is available

DMA

DMAC

4 channels

* Cycle-steal transfer mode
* Request sources: 61
» 2 transfer modes: Single transfer, repeat transfer

DMAC I

» Triggered by an interrupt request of any peripheral
« 3 characteristic transfer functions: Immediate data transfer,
calculation result transfer, chain transfer

I/0O Ports

Programmable
I/O ports

* 2 input-only ports
* 124 CMOS I/O ports
* 40 ports are 5V tolerant
* A pull-up resistor is selectable for every 4 input ports (except 5V
tolerant inputs)

Note:

1. Contact a Renesas Electronics sales office to use the optional features.

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RRENESAS Page 4 of 541



R32C/116A Group 1. Overview

Table 1.4 Performance Overview for the 144-pin Package (2/2)

Unit Function Explanation
Timer Timer A 16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode, pulse-width
modulation (PWM) mode
Two-phase pulse signal processing in event counter mode (two-
phase encoder input) x 3
Timer B 16-bit timer x 6
Timer mode, event counter mode, pulse frequency measurement
mode, pulse-width measurement mode

Three-phase Three-phase motor control timer x 1 (timers A1, A2, A4, and B2 used)
motor control 8-bit programmable dead time timer
timer

Serial UARTO to Asynchronous/synchronous serial interface x 11 channels

Interface UART10 * 12C-bus (UARTO to UART®)

* Special mode 2 (UARTO to UART®6)

« |[EBus (optional (1)) (UARTO to UART®)
A/D Converter 10-bit resolution x 34 channels

Sample and hold functionality integrated
Self test/Open-circuit detection assist

D/A Converter 8-bit resolution x 2

CRC Calculator CRC-CCITT (X16 +X12 + X5 + 1)

X-Y Converter 16 bits x 16 bits

Intelligent 1/0 Time measurement (input capture): 16 bits x 16

Waveform generation (output compare): 16 bits x 24

Serial interface: Variable-length synchronous serial I/O mode, IEBus
mode (optional (1))

Multi-master 12C-bus Interface 1 channel

Flash Memory Programming and erasure supply voltage: VCC =3.0t0 5.5V
Minimum endurance: 1,000 program/erase cycles

Suspend/resume function available

Security protection: ROM code protect, ID code protect

Debugging: On-chip debug, on-board flash programming

Operating Frequency/Supply 64 MHz/VCC =3.0to 5.5V

Voltage
Operating Temperature -40°C to 85°C (D version)
-40°C to 85°C (P version)
Current Consumption 45 mA (VCC =5.0V, f(CPU) = 64 MHz)
8 MA (VCC = 3.3V, f(XCIN) = 32.768 kHz, in wait mode)
Package 144-pin plastic molded LQFP (PLQP0144KA-A)
Note:

1. Contact a Renesas Electronics sales office to use the optional features.
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R32C/116A Group 1. Overview

1.2 Product Information

Table 1.5 lists the product information and Figure 1.1 shows the details of the part number.

Table 1.5 R32C/116A Group Product List As of December, 2014
Part Number Package Code (1) | ROM Capacity (2) | RAM Capacity Remarks
R5F6416JADFE -40°C to 85°C (D version)
PLQP0176KB-A -
R5F6416JAPFE 512 Kbytes -40°C to 85°C (P version)
96 Kbytes -
R5F6416JADFD + 8 Kbytes -40°C to 85°C (D version)
PLQP0144KA-A -
R5F6416JAPFD -40°C to 85°C (P version)
R5F6416KADFE -40°C to 85°C (D version)
PLQP0176KB-A -
R5F6416KAPFE 640 Kbytes -40°C to 85°C (P version)
96 Kbytes -
R5F6416KADFD + 8 Kbytes -40°C to 85°C (D version)
PLQP0144KA-A -
R5F6416KAPFD -40°C to 85°C (P version)
R5F6416LADFE -40°C to 85°C (D version)
PLQP0176KB-A -
R5F6416LAPFE 768 Kbytes -40°C to 85°C (P version)
96 Kbytes -
R5F6416LADFD + 8 Kbytes -40°C to 85°C (D version)
PLQP0144KA-A -
R5F6416LAPFD -40°C to 85°C (P version)
R5F6416MADFE -40°C to 85°C (D version)
PLQP0176KB-A -
R5F6416MAPFE 1 Mbyte -40°C to 85°C (P version)
96 Kbytes -
R5F6416MADFD + 8 Kbytes -40°C to 85°C (D version)
PLQP0144KA-A -
R5F6416MAPFD -40°C to 85°C (P version)
Notes:

1. The old package codes are as follows:
PLQP0144KA-A: 144P6Q-A, PLQP0176KB-A: 176P6Q-A
2. “+ 8 Kbytes” in the ROM capacity column indicates the data flash capacity.

RO1UH0213EJ0120 Rev.1.20
Dec 18, 2014

RRENESAS

Page 6 of 541




R32C/116A Group

1. Overview

Part Number
R5F 641

1o
=
1=

P XXX FE

Package Code
FD: PLQP0144KA-A
FE : PLQP0176KB-A

ROM Number
Omitted in the flash memory version

Temperature Code
D: -40°C to 85°C
P :-40°C to 85°C

ROM/RAM Capacity
J : 512 KB/96 KB
K': 640 KB/96 KB
L : 768 KB/96 KB
M: 1 MB/96 KB

R32C/116A Group
R32C/100 Series

Memory Type
F : Flash memory version

Figure 1.1 Part Numbering

RO1UH0213EJ0120 Rev.1.20
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R32C/116A Group 1. Overview

1.3 Block Diagram
Figure 1.2 shows a block diagram of the R32C/116A Group.

IR

! PortP0 | [ PortP1 || PortP2 Port P3 Port P4 Port P5 PortP6 || PortP7 | I
| . 3 !
[ Peripherals S
T
| Timer: A/D converter: Clock generator: o | ~
Timer A 16 bits x 5 timers 10 bits x 1 circuit 4 circuits — |
l Timer B 16 bits x 6 timers Standard: 10 inputs - XIN-XOUT |
Maximum: 34 inputs - XCIN-XCOUT T
| Three-phase motor - On-~chip oscillator © ——
| controller D/A converter: - PLL frequency synthesizer o |
| ol . 8 bits x 2 channels —
I Se1r |1a L::::L?;e' Watchdog timer: — |
X-Y converter: 15 bits g |
| 16 bits x 16 bits o
[ Multi-master 12C-bus | DMAC | © S
| interface: CRC calculator (CCITT) — |
1 channel X164 X124 X5+ 1 | DMAC I | - |
' 5 le |= >
| Intelligent 1/O R32C/100 Series CPU Core Memory g | o)
| Time Measurement: 16 L |
Wave generation: 24 FLG — |
| Serial interface: INTB -
- Variable-length ISP S I
| ' USP 4—|+>
synchronous serial /0 BC v
| - IEBus SVF = ©
SVP Multiplier — |
I VCT ] |
| Floating-point unit S
| | | o[>
N | ©
| o
I | PortP19 | [ PortP18 | [ PortP17 | [ PortP16 | [ PortP15 | [ PortP14 | [ P14 1 || PortP13 |
| o __4{ ‘% %7__ __4/|E____I
(Note 1)
Note:
1. Ports P16 to P19 are available in the 176-pin package only.
Figure 1.2 R32C/116A Group Block Diagram
RO1UH0213EJ0120 Rev.1.20 IIENESAS Page 8 of 541
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R32C/116A Group 1. Overview

1.4 Pin Assignments

Figures 1.3 and 1.4 show the pin assignments (top view) and Tables 1.6 to 1.13 show the pin
characteristics.
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SPEeeN 2 8 g 2= 2233 = s =
SRegdssds 8 & 3P 8EE CEEE 3 a 2
BRZ222222 £ 8§ 8k <= —-oole 2 o 3
Blezzzzzz & 2 2k Eg= sssof E 3 8
Scnmooos = 3988 ;aa‘w Scadly ce 3 3
EEREETEEE B 8B zodp 6o8b8 Se 3 2
§5588885 8 Sé§‘5 Sock Sese  Bg 8 3
S9855588 § SEEc Secoo
223232285 2 S2%P g32xg.gpxxzxpe2ekbd & £
sissciipeggSSssPgrEbd = F
Stas3Ises » bobodsSrtbosrY¥eIecIEzrer 2 2
2z¥2328¢: 2 22292922z 90EF RO I I
ZEXLLX2cg & SonoSEXIT - CTEIITLLCLEE XX
B I I N N T L S M D A T T AN T LN P
Tl ddddadd 8NN | 000 | 1 | oo | |I- |- |
delddadadf g g dddeniigeeee o
MR %PSitaaabbPaacatiilasacddadnd
FREFEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEE

1100_0/1101_0/D8/P1_0
ANO_7/D7/P0_7

ANO_6 /D6 /P0_6

ANO_5/D5/P0_5

ANO_4/D4/P0_4

P19_1

WR3/BC3/P11_4

P19.0

1101_3 /CTS8 /RTS8 / WR2/ TS3 /P13

P4_4/TS3/A20/TTS6 / RTS6 / SS6
P4_5/TS2/ A21/CLK6S

P4_6/TST/ A2/ RXD6 / SCL6 / STXDG
P4_7 / TS0/ A23/ TXD6 / SDAB / SRXD6
P92

P17.0

P71

P17.2

P17.3

iifiiiiiiiiiiiiiiiiiiﬂ(iHiiiiiiiiiiiiiiiiii

1l01_2/RXD8 /TSZ/ P11_2 P19_3
1101_1/CLK8/TST/P11_1 P12_5/D21
1101.0/ TXD8 / TS0/ P11.0 P12.6/D22
P18_7 P12_7/D23
P18_6 P5_0/WR0/ WR
P18_5 P5_1/WRT/BCT
P18 4 P5_2/RD
P18_3 P5_3/CLKOUT / BCLK
P18_2 P13_0/D24/0UTC2_4
AN0_3/D3/P0_3 R3ZC/1 1 6A GROU P 75 P13_1/D25/0UTC2_5
ANO_2/D2/P0_2 [69] vce
ANO_1/D1/PO_1 P13_2/D26/0UTC2_6 (Note 2)
ANO_0/D0/P0_0 ss

PLQPO0176KB-A
(176P6Q-A) E
(Top view) [

P13_3/D27/0UTC2_3

P5_4 /DA /TST/ TXDT
P5_5/HOLD / CLK7

P5_6/ALE / CS2/ RXD7

P5_7 /RDY / CS3/CTS7 / RTST
P94
P13_4/D28/0OUTC2_0/ISTXD2 / IEOUT
P13_5/D29/0UTC2_2/ISRXD2 / IEIN
P13_6/D30/ OUTC2_1/ISCLK2
P13_7/D31/0UTC2_7

P19.5

P6_0/TBOIN / CTS0/RTS0/ S50
P6_1/TB1IN/ CLKO

P6_2/TB2IN / RXDO / SCLO / STXDO

1100_7 / CTS6 / RTS6 / S56/ AN15_7 / P15_7
1100_6/ CLK6 / AN15_6 / P15_6

1100_5/ RXD6 / SCL6 / STXD6 / AN15_5/ P15_5
1100_4 / TXD6 / SDAS / SRXDS / AN15_4 / P15_4
1100_3 / CTS7 /RTS7 / AN15_3/ P15_3

1100_2 /RXD7 / AN15_2/ P15_2

1100_1/ CLK7 / AN15_1/ P15_1

vss
100_0/ TXD7 / AN15_0/ P15_0
Ve

K3/ AN_7/P10_7
K2/ AN_6/P10_6
KT/ AN_5/P10_5
IO/ AN_4/P10_4

$138883E8 131830088008 0088000800080008000

AN_3/P103 %] P6_3/ TXDO / SDAO / SRXDO
AN_2/P10_2 B P6_4 /CTST/ RTST/ SST/ OUTC2_1/1SCLK2
AN_1/P10_1 =l P6_5/ CLK1
AVSS [ P11_7
AN_0/P10_0 P6_6/RXD1/SCL1 / STXD1
VREF ) X
AVCC —— O O P6_7/TXD1/SDAT/ SRXD1
RXD4 / SCL4/STXD4 | ADTRG / P9_7 <> ] P7_0/TAOOUT / TXD2 / SDA2 / SRXD2 / 01_6 / OUTC2_0/ ISTXD2 / IEOUT / MSDA
I i = e P e e S0 P e e o o o et e o e
LISy 0 0 2 O O B R R R R 2 S 3 )
©0) %, 0= O ©© 0¥ DS T 50BN O B Z QW T O N O = O~ 00 % @
AR s DGR eia] TR 53 IR RN NN OO
N S e N e e L T
Sstozzz oo == zE ERERzE ZEZE ZEZ
XRI2ZZZ 3 g z5 EEEZ5S E525 252
5852553 E EE B EEEEZ 23z
290°8R8 E Ek 83 eekzo  EF3REQ zo8
Ifzz-5o < 5E SEzE SEZ
Is83888¢ s eES >tz
88EEzEs B2 38=z%2 22
go‘quw 2 SZ%0g3 Egi
BB 22 8 agxe Les
s bBas s R 2 5 38
3 PPg23 5 & 5223 E 8
FEe 0 Sgx° X
3 Bpaa g2 22Nz I
¢ BEZ3 a2 2357 s
3§ p88 B3 Sz 2 3
2 pprR 22 28 I3
FoEREZ © 2 3 E s 2
ooz g 3 PR
3 2z 5@ e g
gy 5: B S
83 25 S o2
28 82 B 5 g
75 22 3] = 3
S 58 = 9
S =] < %
g g 5 e
5 2 S
3 g g
2 5
©, <]
pue =
B 2
(Note 2) 8
Notes: 2

1. Pin names in brackets [ ] represent a functional signal as a whole and should not be considered as two separate pins.
2. The following pins are 5V tolerant inputs: P4_0 to P4_7, P5_4 to P5_7, P6_0to P6_7, P7_0to P7_7,P8_0to P8 _3,P12_0toP12_7,P16_0to P16_7, and P17_0to P17_3.
3. The position of pin number 1 varies by product. Refer to the index mark in attached “Package Dimensions”.

Figure 1.3  Pin Assignment for the 176-pin Package (top view)
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R32C/116A Group 1. Overview
Table 1.6 Pin Characteristics for the 176-pin Package (1/5)
Eg C‘;’?;m' Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'Efg B”Sg;“tro'
1 P9 6 TXD4/SDA4/SRXD4 ANEX1
2 P9 5 CLK4 ANEXO0
3 P9 4 TB4IN CTS4/RTS4/SS4 DA1
4 P9 3 TB3IN CTS3/RTS3/SS3 DAO
5 P9 2 TB2IN TXD3/SDA3/SRXD3  |OUTC2_0/ISTXD2/
IEOUT
6 P9 1 TB1IN RXD3/SCL3/STXD3  |ISRXD2/IEIN
7 P9 0 TBOIN CLK3
8 P19 7
9 P14 6 |INT8
10 P19_6
11 P14 5 |INT7
12 P14_4 |INT6
13 P14 3
14 |VDCO
15 P14 1
16 |VDCH1
17 |NSD
18  |CNVSS
19 |XCIN |P8_7
20 |XCOUT|P8_6
21 |RESET
22 |XOouT
23 |VSS
24 |XIN
25 |VCC
26 P8 5 [NMI
27 P8 4 |INT2
28 P8_3 |INT1
29 P8 2 |INTO
30 P8_1 TA4IN/U  |CTS5/RTS5/SS5 1101_5/UDOB/UD1B
31 P8 0 TA40UT/U |RXD5/SCL5/STXD5  |UDOA/UD1A
32 P18_1
33 P18_0
34 P7 7 TA3IN CLK5 1101_4/UDOB/UD1B
35 P7_ 6 TA30OUT | TXD5/SDA5/SRXD5/  [1I01_3/UDOA/UD1A
CTS8/RTS8
36 P75 TA2IN/W  |RXD8 101 _2
RO1UH0213EJ0120 Rev.1.20 RENESAS Page 10 of 541
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R32C/116A Group 1. Overview
Table 1.7 Pin Characteristics for the 176-pin Package (2/5)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘:’tro'
37 P7_4 TA20UT/W |CLK8 1101_1
38 P17_7
39 P17_6
40 P17_5
41 P17_4
42 P7 3 TAMINV  |CTS2/RTS2/SS2/TXD8 |1101_0
43 P7 2 TA10OUT/V |CLK2
44 P7_1 TAOIN/ RXD2/SCL2/STXD2/ |llO1_7/0UTC2_2/
TB5IN MSCL ISRXD2/IEIN
45 P70 TAOOUT  |TXD2/SDA2/SRXD2/ |II01_6/OUTC2_0/
MSDA ISTXD2/IEOUT

46 P6_7 TXD1/SDA1/SRXD1
47 P14_7
48 P6_6 RXD1/SCL1/STXD1
49 P11_7
50 P6_5 CLK1
51 P6_4 CTS1/RTS1/SS1 OUTC2_1/ISCLK2
52 P6_3 TXDO/SDAO/SRXDO
53 P6_2 TB2IN RXDO0/SCLO/STXDO
54 P6_1 TB1IN CLKO
55 P6_0 TBOIN CTSO/RTS0/SS0
56 P19 5
57 P13 7 ouTCc2_7 D31
58 P13 6 OUTC2_1/ISCLK2 D30
59 P13_5 OUTC2_2/ISRXD2/ D29

IEIN
60 P13 4 OUTC2_0/ISTXD2/ D28

IEOUT
61 P19 4
62 P5 7 CTS7/RTS7 RDY/CS3
63 P5_6 RXD7 ALE/CS2
64 P5 5 CLK7 HOLD
65 P5 4 TXD7 HLDA/CST1
66 P13 3 ouTCc2_3 D27
67 |VSS
68 P13 2 ouTC2_6 D26
69 |VCC
70 P13_1 ouTC2_ 5 D25
71 P13 0 ouTC2_ 4 D24
72 P5 3 CLKOUT/

BCLK
73 P5_2 RD
74 P5 1 WR1/BC1
RO1UH0213EJ0120 Rev.1.20 :{ENESAS Page 11 of 541
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R32C/116A Group 1. Overview
Table 1.8 Pin Characteristics for the 176-pin Package (3/5)

Eg C‘;’?;m' Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'Efg Bus gi‘;“"o'
75 P5 0 WRO/WR
76 P12_7 D23
77 P12_6 D22
78 P12_5 D21
79 P19 3
80 P17_3
81 P17_2
82 P17_1
83 P17_0
84 P19 2
85 P4 7 TXD6/SDAG/SRXD6 CS0/A23
86 P4 6 RXD6/SCL6/STXD6 CS1/A22
87 P4 5 CLK6 CS2/A21
88 P4 4 CTS6/RTS6/SS6 CS3/A20
89 P4 3 TXD3/SDA3/SRXD3  |OUTC2_0/ISTXD2/ A19

IEOUT

90 P11_6

91 P4 2 RXD3/SCL3/STXD3  |ISRXD2/IEIN A18

92 P11_5

93 P4 1 CLK3 A17

94 P4 0 CTS3/RTS3/SS3 A16

95 P16_7 TXD10

96 P16_6 RXD10

97 P16_5 CLK10

98 P16_4 CTS10/RTS10

99 P3_7 TA4IN/U A15(/D15)

100 P3 6 TA40UT/U A14(/D14)

101 P3 5 TA2IN'W A13(/D13)

102 P3 4 TA20UT/W A12(/D12)

103 P16_3 TXD9

104 P16_2 RXD9

105 P16_1 CLK9

106 P16_0 CTS9/RTS9

107 P3_3 TA1INV A11(/D11)

108 P3 2 TA10UTV A10(/D10)

109 P3_1 TA30UT UDOB/UD1B A9(/D9)

110 P12_4 D20

111 P12 3 CTS6/RTS6/SS6 D19

112 P12 2 RXD6/SCL6/STXD6 D18

113 P12_1 CLK6 D17

114 P12 0 TXD6/SDA6/SRXD6 D16
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R32C/116A Group 1. Overview
Table 1.9 Pin Characteristics for the 176-pin Package (4/5)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘:’tro'

115 |VCC

116 P3 0 TAOOUT UDOA/UD1A A8(/D8)

117 |VSS

118 P2 7 TXD10 AN2_7 |A7(/D7)

119 P2 6 RXD10 AN2_6 |A6(/D6)

120 P2 5 CLK10 AN2_5 |A5(/D5)

121 P2 4 CTS10/RTS10 AN2 4  |A4(/D4)

122 P2 3 TXD9 AN2_3 |A3(/D3)

123 P2 2 RXD9 AN2_2 |A2(/D2)

124 P2 1 CLK9 AN2_1 [A1(/D1y
BC2(/D1)

125 P2 0 CTS9/RTS9 AN2_0 |A0(/DOY
BCO(/D0)

126 P1_7 |INT5 1100_7/1101_7 D15

127 P16 |INT4 1100_6/1101_6 D14

128 P1_5 |INT3 1100_5/1101_5 D13

129 P14 1100_4/1101_4 D12

130 P13 1100_3/1101_3 D11

131 P12 1100_2/1101_2 D10

132 P11 1100_1/1101_1 D9

133 P10 1100_0/1101_0 D8

134 PO_7 ANO_7 |D7

135 P0_6 ANO 6 |D6

136 P0_5 ANO_5 |D5

137 PO_4 ANO 4 |D4

138 P19 1

139 P11_4 BC3/WR3

140 P19 0

141 P11_3 CTS8/RTS8 o1 3 CS3/WR2

142 P11_2 RXD8 101_2 CS2

143 P11_1 CLK8 101_1 CS1

144 P11.0 TXD8 1101_0 CSo

145 P18 7

146 P18 6

147 P18 5

148 P18_4

149 P18 3

150 P18 2

151 PO_3 ANO_3 |D3

152 PO_2 ANO 2 |D2

153 PO_1 ANO_1 |D1

154 P0_0 ANO_0 |DO

155 P15 7 CTS6/RTS6/SS6 1100_7 AN15_7
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R32C/116A Group 1. Overview

Table 1.10  Pin Characteristics for the 176-pin Package (5/5)

Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘:’tro'

156 P15_6 CLK6 1100_6 AN15_6

157 P15 5 RXD6/SCL6/STXD6  |Il00_5 AN15_5

158 P15 4 TXD6/SDAG/SRXD6  |I100_4 AN15_4

159 P15_3 CTS7/RTS7 1100_3 AN15_3

160 P15 2 RXD7 1100_2 AN15_2

161 P15_1 CLK7 1100_1 AN15_1

162 |VSS

163 P15_0 TXD7 1100_0 AN15_0

164 |VCC

165 P10_7 |KI3 AN_7

166 P10 6 |KI2 AN_6

167 P10_5 |KIT AN_5

168 P10_4 |KIO AN _4

169 P10_3 AN_3

170 P10_2 AN_2

171 P10_1 AN _1

172 |AVSS

173 P10_0 AN_O

174 |VREF

175 |AVCC

176 P9 7 RXD4/SCL4/STXD4 ADTRG
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R32C/116A Group 1. Overview
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1100_0/1101_0/D8/P1_0
ANO_7 /D7 /PO_T7
ANO_6 /D6 / PO_6
ANO_5 /D5 /P0_5

P4_4/TS3/A20/CTS6 / RTS6/ 556
P4_5/TSZ/A21/CLKE
P4_6/TST/A22 /RXD6 / SCL6 / STXD6
P4_7 /TS0 /A23/TXD6 / SDAG / SRXD6

ANO_4/D4/P0_4 P12.5/D21
WR3/BC3/P11_4 P12_6/D22
1101_3/CTS8/ RTS8/ WR2/CS3/P11_3 P12_7/D23
1101_2/RXD8/TS2/P11_2 P5_0/WR0/WR
1101_1/CLK8 /TST/P11_1 P5_1/ WRT/BCT
1101_0/TXD8 /TS0 /P11_0 P5_2/RD

ANO_3/D3/P0_3
ANO_2/D2/P0_2
ANO_1/D1/P0_1
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P13_0/D24/0UTC2 4
P13_1/D25/0UTC2_5
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1100_7 / CTS6 / RTS6 / 556/ AN15_7 / P15_7 R32C/1 1 6A G ROU P P13_2/D26/0UTC2_6
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AN_3/P10_3 P6_3/ TXDO / SDAO / SRXDO
AN_2/P10_2 P6_4/CTST/RTST/S5T/0UTC2_1/1SCLK2
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AvsS P11_7
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AVCC P6_7/TXD1/SDAT/ SRXD1
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(Note 2)

MSCL /1101_7 / OUTC2_2 / ISRXD2 / [EIN / RXD2 / SCL2 / STXD2 / TAOIN / TB5IN / P7_1

Notes:
1. Pin names in brackets [ ] represent a functional signal as a whole and should not be considered as two separate pins.
2. The following pins are 5 V tolerant inputs: P4_0 to P4_7, P5_4 to P5_7, P6_0 to P6_7, P7_0 to P7_7, P8_0to P8_3, P12_0to P12_7.
3. The position of pin number 1 varies by product. Refer to the index mark in attached “Package Dimensions”.

Figure 1.4  Pin Assignment for the 144-pin Package (top view)
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R32C/116A Group 1. Overview
Table 1.11 Pin Characteristics for the 144-pin Package (1/4)
Eg C‘;’?;m' Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'Efg B”Sg;“tro'
1 P9 6 TXD4/SDA4/SRXD4 ANEX1
2 P9 5 CLK4 ANEXO0
3 P9 4 TB4IN CTS4/RTS4/SS4 DA1
4 P9 3 TB3IN CTS3/RTS3/SS3 DAO
5 P9 2 TB2IN TXD3/SDA3/SRXD3  |OUTC2_0/ISTXD2/
IEOUT
6 P9 1 TB1IN RXD3/SCL3/STXD3  |ISRXD2/IEIN
7 P9 0 TBOIN CLK3
8 P14_6 |INT8
9 P14 5 |INT7
10 P14_4 |INT6
1 P14 3
12 |VDCO
13 P14 1
14 |VDC1
15 |NSD
16 |CNVSS
17 |XCIN |P8_7
18  |XCOUT |P8_6
19 |RESET
20 |XOouT
21 |VSS
22 |XIN
23 |vCC
24 P8 5 [NMI
25 P8 4 |INT2
26 P8_3 |INT1
27 P8 2 |INTO
28 P8 1 TA4IN/U  |CTS5/RTS5/SS5 1101_5/UDOB/UD1B
29 P8 0 TA40UT/U |RXD5/SCL5/STXD5  |UDOA/UD1A
30 P77 TA3IN CLK5 1101_4/UDOB/UD1B
31 P7_ 6 TA30OUT | TXD5/SDA5/SRXD5/  [1101_3/UDOA/UD1A
CTS8/RTS8

32 P75 TA2IN/W  |RXD8 101 _2
33 P7_4 TA20UT/W |CLK8 101_1
34 P7_3 TA1INV  |CTS2/RTS2/SS2/TXD8 |1101_0
35 P7 2 TA10OUT/V |CLK2
36 P7_1 TAOIN/ RXD2/SCL2/STXD2/  |ll01_7/0UTC2_2/

TB5IN MSCL ISRXD2/IEIN
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R32C/116A Group 1. Overview
Table 1.12  Pin Characteristics for the 144-pin Package (2/4)
Eg C‘;’?;m' Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'Efg Bus gi‘;“"o'
37 P70 TAOOUT  |TXD2/SDA2/SRXD2/ |lI01_6/OUTC2_0/
MSDA ISTXD2/IEOUT
38 P6_7 TXD1/SDA1/SRXD1
39 P14 7
40 P6_6 RXD1/SCL1/STXD1
41 P11 7
42 P6_5 CLK1
43 P6_4 CTS1/RTS1/SST OUTC2_1/ISCLK2
44 P6_3 TXDO0/SDAO/SRXDO
45 P6_2 TB2IN RXDO0/SCLO/STXDO
46 P6_1 TB1IN CLKO
47 P6_0 TBOIN CTSO0/RTS0/SSO
48 P13 7 OuUTC2 7 D31
49 P13_6 OUTC2_1/ISCLK2 D30
50 P13_5 OUTC2_2/ISRXD2/ D29
IEIN
51 P13 4 OUTC2_0/ISTXD2/ D28
IEOUT
52 P5 7 CTS7/RTS7 RDY/CS3
53 P5 6 RXD7 ALE/CS2
54 P5 5 CLK7 HOLD
55 P5 4 TXD7 HLDA/CST1
56 P13 3 ouTCc2_3 D27
57 |VSS
58 P13 2 ouTC2_6 D26
59 |vCC
60 P13_1 ouTCc2_ 5 D25
61 P13 0 OUTC2_ 4 D24
62 P5 3 CLKOUT/
BCLK
63 P5 2 RD
64 P5 1 WR1/BC1
65 P5 0 WRO/WR
66 P12_7 D23
67 P12_6 D22
68 P12_5 D21
69 P4 7 TXD6/SDA6/SRXD6 CS0/A23
70 P4 6 RXD6/SCL6/STXD6 CS1/A22
71 P4 5 CLK6 CS2/A21
72 P4 4 CTS6/RTS6/SS6 CS3/A20
73 P4 3 TXD3/SDA3/SRXD3  |OUTC2_0/ISTXD2/ A19
IEOUT
74 P11_6
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R32C/116A Group 1. Overview
Table 1.13  Pin Characteristics for the 144-pin Package (3/4)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘:’tro'

75 P4 2 RXD3/SCL3/STXD3  |ISRXD2/IEIN A18

76 P11_5

77 P4 1 CLK3 A17

78 P4 0 CTS3/RTS3/SS3 A16

79 P3 7 TA4IN/U A15(/D15)

80 P3 6 TA40UT/U A14(/D14)

81 P3 5 TA2IN/W A13(/D13)

82 P3 4 TA20UT/W A12(/D12)

83 P3 3 TA1INNV A11(/D11)

84 P3 2 TA10UTV A10(/D10)

85 P3_1 TA30UT UDOB/UD1B A9(/D9)

86 P12 4 D20

87 P12 3 CTS6/RTS6/SS6 D19

88 P12_2 RXD6/SCL6/STXD6 D18

89 P12_1 CLK6 D17

90 P12_0 TXD6/SDA6/SRXD6 D16

91 |vCC

92 P3 0 TAOOUT UDOA/UD1A A8(/D8)

93 |VvSS

94 P2 7 TXD10 AN2_7 |A7(/D7)

95 P2 6 RXD10 AN2_6 |A6(/D6)

96 P2 5 CLK10 AN2_5 |A5(/D5)

97 P2 4 CTS10/RTS10 AN2 4  |A4(/D4)

98 P2_3 TXD9 AN2_3 |A3(/D3)

99 P2 2 RXD9 AN2_2 |A2(/D2)

100 P2_1 CLK9 AN2_1  |A1(/D1)/
BC2(/D1)

101 P2 0 CTS9/RTS9 AN2_0 |A0(/DOY
BCO(/D0)

102 P1_7 |INT5 1100_7/1101_7 D15

103 P16 |INT4 1100_6/1101_6 D14

104 P15 |INT3 1100_5/1101_5 D13

105 P14 1100_4/1101_4 D12

106 P13 1100_3/1101_3 D11

107 P12 1100_2/1101_2 D10

108 P1_1 1100_1/1101_1 D9

109 P10 1100_0/1101_0 D8

110 PO_7 ANO_7 |D7

111 P0_6 ANO 6 |D6
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R32C/116A Group 1. Overview

Table 1.14  Pin Characteristics for the 144-pin Package (4/4)

Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘;““o'

112 PO_5 ANO 5 |D5

13 PO_4 ANO 4 |D4

114 P11 _4 BC3/WR3

15 P11_3 CTS8/RTS8 1101_3 CS3/WR2

116 P11_2 RXD8 101 _2 Cs2

117 P11_1 CLK8 1101_1 CS1

118 P11.0 TXDS8 1101_0 CS0

119 PO_3 ANO_3 |D3

120 PO _2 ANO 2 |D2

121 PO_1 ANO_1 |D1

122 P00 ANO 0 |DO

123 P15 7 CTS6/RTS6/SS6 1100_7 AN15_7

124 P15_6 CLK6 1100_6 AN15_6

125 P15 5 RXD6/SCL6/STXD6  |Il00_5 AN15_5

126 P15 4 TXD6/SDAG/SRXD6  |I100_4 AN15_4

127 P15 3 CTS7/RTS7 1100_3 AN15_3

128 P15 2 RXD7 1100_2 AN15_2

129 P15_1 CLK7 1100_1 AN15_1

130 |VSS

131 P15 0 TXD7 1100_0 AN15_0

132 |VCC

133 P10_7 |KI3 AN_7

134 P10 _6 |KI2 AN_6

135 P10_5 |KIT AN_5

136 P10_4 |KIO AN _4

137 P10_3 AN_3

138 P10_2 AN_2

139 P10_1 AN _1

140 |AVSS

141 P10_0 AN_O

142 |VREF

143 |AVCC

144 P9 7 RXD4/SCL4/STXD4 ADTRG
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R32C/116A Group

1. Overview

1.5

Pin Definitions and Functions

Tables 1.15 to 1.19 show the pin definitions and functions.

Dec 18, 2014

Table 1.15  Pin Definitions and Functions (1/4)
Function Symbol I/0 Description
Power supply VCC, VSS I Applicable as follows: VCC =3.0t0 5.5V, VSS=0V
Connecting pins |VDCO, VDC1 A decoupling capacitor for internal voltage should be
for decoupling — |connected between VDCO and VDCH1
capacitor
Analog power AVCC, AVSS | Power supply for the A/D converter. AVCC and AVSS
supply should be connected to VCC and VSS, respectively
Reset input RESET | |The MCU is reset when this pin is driven low
CNVSS CNVSS I This pin should be connected to VSS via a resistor
Debug port NSD /0 This pin is to communicate with a debugger. It should be
connected to VCC via a resistor of 1 to 4.7 kQ
Main clock input | XIN | Input/qutput for the main clock oscillator. A crystal, F)r a
ceramic resonator should be connected between pins XIN
Main clock output | XOUT o anq XOUT. An external clock should be input at the XIN
while leaving the XOUT open
Sub clock input | XCIN | Input/output for the sub clock oscillator. A crystal oscillator
should be connected between pins XCIN and XCOUT. An
Sub clock output | XCOUT external clock should be input at the XCIN while leaving the
XCOUT open
BCLK output BCLK BCLK output
Clock output CLKOUT Output of the clock with the same frequency as low speed
clocks, 8, or f32
External interrupt |INTO to INT8 | Input for external interrupts
input
NMI input P8 _5/NMI I Input for NMI
Key input interrupt|KIO to KI3 I Input for the key input interrupt
Bus control pins |DO0 to D7 10 Input/output of data (DO to D7) while accessing an external
memory space with a separate bus
D8 to D15 10 Input/output of data (D8 to D15) while accessing an
external memory space with 16-bit or 32-bit separate bus
D16 to D31 10 Input/output of data (D16 Fo D31 ).while accessing an
external memory space with 32-bit separate bus
AO to A23 O  |Output of address bits A0 to A23
AO0/DO to A7/D7 Output of address bits (A0 to A7) and input/output of data
I/0 |(DO to D7) by time-division while accessing an external
memory space with multiplexed bus
A8/D8 to Output of address bits (A8 to A15) and input/output of data
A15/D15 I/O |(D8 to D15) by time-division while accessing an external
memory space with 16-bit or 32-bit multiplexed bus
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R32C/116A Group 1. Overview

Table 1.16  Pin Definitions and Functions (2/4)
Function Symbol I/0 Description

Bus control pins  |BC0/D0O, BC2/D1 Output of byte control (BCO and BC2) and input/output of
I/O |data (DO and D1) by time-division while accessing an
external memory space with multiplexed bus

CS0to CS3 O |Chip select output

WRO/WR1/WR2/ Output of write, byte control, and read signals. Either WRx
WR3, or WR and BCx can be selected by a program.
WR/BCO0/BC1/ Data is read when RD is low.

BC2/BC3,

RD + When WR0, WR1, WR2, WR3, and RD are selected,

data is written to the following address:
4n+0, when WRO is low
4n+1, when WR1 is low
4n+2, when WR2 is low
4n+3, when WR3 is low
on 32-bit external data bus
or
an even address, when WRO is low
an odd address, when WR1 is low
0] on 16-bit external data bus

+ When WR, BCO, BC1, BC2, BC3, and RD are selected,

data is written, when WR is low

and

the following address is accessed:
4n+0, when BCO is low
4n+1, when BC1 is low
4n+2, when BC2 is low
4n+3, when BC3 is low
on 32-bit external data bus

or
an even address, when BCO is low
an odd address, when BC1 is low
on 16-bit external data bus

ALE O |Latch enable signal in multiplexed bus format
HOLD | |The MCU is in a hold state while this pin is held low
HLDA O |This pin is driven low while the MCU is held in a hold state
RDY | Bus cycle is extended by the CPU if this pin is low on the
falling edge of BCLK
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R32C/116A Group

1. Overview

Table 1.17  Pin Definitions and Functions (3/4)
Function Symbol I/0 Description
I/0 port (1) PO O0to PO 7, I/0 ports in CMOS. Each port can be programmed to input
P1_0toP1_7, or output under the control of the direction register.
P2 0toP2_ 7, Some ports are 5V tolerant inputs.
P3 0toP3 7, Pull-up resistors and N-channel open drain setting can be
P4 OtoP4 7, enabled on some ports. Refer to Table 1.19 “Pin
P5 0toP5 7, Specifications” for details
P6_0to P6_7,
P7_0to P7_7,
P8 0to P8 4,
P8_6, P8_7,
P9 _0to P9 7, I/0
P10_0to P10_7,
P11_0to P11_7,
P12 _ 0to P12_7,
P13 0to P13 7,
P14 _3to P14_7,
P15 _0to P15_7,
P16_0to P16_7,
P17 _0to P17_7,
P18 0to P18 7,
P19 0to P19 7
Input port P14 1 Input port in CMOS
I Pull-up resistor is selectable.
Refer to Table 1.19 “Pin Specifications” for details
Timer A TAOOUT to e Timers AO to A4 input/output
TA40UT
TAOIN to TA4IN I Timers AO to A4 input
Timer B TBOIN to TB5IN I Timers BO to B5 input
Three-phase U, u,Vv,v,w,w Three-phase motor control timer output
motor control o
timer output
Serial interface CTSO0to CTS10 I Handshake input
RTSO to RTS10 O |Handshake output
CLKO to CLK10 I/O | Transmit/receive clock input/output
RXDO0 to RXD10 I Serial data input
TXDO to TXD10 O |Serial data output
I12C-bus SDAO to SDA6 I/O |Serial data input/output
(simplified) SCLO to SCL6 I/O | Transmit/receive clock input/output
Serial interface STXDO to 0 Serial data output in slave mode
special functions |STXD6
SRXDO to | Serial data input in slave mode
SRXD6
SS0 to SS6 I Input to control serial interface special functions

Note:

1. Ports P16 to P19 are available in the 176-pin package only.

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RRENESAS

Page 22 of 541



R32C/116A Group 1. Overview

Table 1.18  Pin Definitions and Functions (4/4)

Function Symbol I/0 Description
A/D converter AN _0to AN 7, Analog input for the A/D converter
ANO_0 to ANO_7,
AN2 _0to AN2 7, I
AN15 0 to
AN15_7
ADTRG | |External trigger input for the A/D converter
ANEXO0 10 Expanded analog input fc?r the A/D converter and output in
external op-amp connection mode
ANEX1 I Expanded analog input for the A/D converter
D/A converter DAO, DA1 O |Output for the D/A converter
Reference voltage |VREF | Reference voltage input for the A/D converter and D/A
input converter
Intelligent 1/0 100_0Oto 11O0_7 e Input/output for Inte_lligent I/O group 0. Either input capture
or output compare is selectable
101 0tollO1_ 7 10 Input/output for Intelligent 1/0 group 1. Either input capture
or output compare is selectable
UDOA, UDOB, | Input for the two-phase encoder
UD1A, UD1B
OUTC2 0to 0 Output for OC (output compare) of Intelligent I/O group 2
ouTCc2_7
ISCLK2 I/0 |Clock input/output for the serial interface
ISRXD2 I Receive data input for the serial interface
ISTXD2 O |Transmit data output for the serial interface
IEIN I Receive data input for the serial interface
IEOUT O |Transmit data output for the serial interface
Multi-master 12C- |MSDA I/O |Serial data input/output
bus MSCL I/O | Transmit/receive clock input/output
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R32C/116A Group

1. Overview

Table 1.19  Pin Specifications
Package Selectable Functions
Pin names 176- | 144- _ N-channel 5V tolerant input (3)
oin oin Pull-up resistor (1) open drain )
PO_0to PO_7 v 4 v
P1 OtoP1 7 v v v
P2 0toP2_ 7 v v v v
P3 0toP3_7 v v v
P4 OtoP4 7 v v v v
P5 0toP5_3 v v v
P5 4toP5 7 v v v v
P6_0to P6_7 v v v v
P7 O0toP7_7 v v v v
P8 O0toP8 3 v v v v
P8 4,P8 6,P8 7 v v v
PO O0toP9 7 v v v v
P10_0to P10_7 v v v
P11 _0toP11_3 v v v v
P11_4toP11_7 v v v
P12 0to P12_7 v v v v
P13 0to P13 7 v v v
P14 _1,P14 3 v v v
P14 _4to P14_7 v v v
P15 0to P15 7 v v v v
P16_0to P16_7 v v v
P17_0to P17_3 v v v
P17 4to P17_7 v v
P18 0to P18 _7 v v
P19 0to P19_7 v v

Notes:

1. Pull-up resistors are selected for the following 4-pin units: Pi_0 to Pi_3 and Pi_4 to Pi_7 (i = 0 to 19);
however, they are enabled only for the input pins.

2. N-channel open drain output can be enabled on the applicable pins on a discrete pin basis.

3. 5V tolerant input is enabled when an applicable pin is set as an input port. When it is set as an 1/0
port, to enable 5 V tolerant input, this pin should be set as N-channel open drain output.

RO1UH0213EJ0120 Rev.1.20
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R32C/116A Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

The CPU contains the registers shown below. There are two register banks each consisting of registers
R2R0, R3R1, R6R4, R7R5, A0 to A3, SB, and FB.

General purpose

1. There are two banks of these registers.
2.There are four identical sets of DMAC-associated registers.

registers b31 b23 b15 b7 bo
R2R0 R2H R2L ROH ROL ]
R3R1 R3H R3L R1H R1L ] )
|| > Data registers (")
R6R4 R6 R4
R7R5 R7 R5 I
A0 I
A1 I )
||~ Address registers ()
A2
A3 I
SB Static base register (!
FB Frame base register ()
USP User stack pointer
ISP Interrupt stack pointer
INTB Interrupt vector table base register
PC Program counter
| FLG | Flag register
bt b24 b23 b16 b15 bobr T b0
LR [T iee [ [ [ ] [ultiolsls|z]p]c
DP FU
FO Blank spaces are reserved.
Fast int t b31 b0
astinterrup SVF Save flag register
registers
SVP Save PC register
VCT Vector register
DMAC iated b31 b23 b0
AL-assoclate | DMDO 'h, DMA mode register
registers 2 |
— DCTO I DMA terminal count register
DCRO '] DMA terminal count reload register
DSAO0 'TH DMA source address register
DSRO 'TH DMA source address reload register
DDAO 'TH DMA destination address register
i DDRO DMA destination address reload register
Notes:

Figure 21  CPU Registers
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R32C/116A Group 2. Central Processing Unit (CPU)

2.1 General Purpose Registers

211 Data Registers (R2R0, R3R1, R6R4, and R7R5)

These 32-bit registers are primarily used for transfers and arithmetic/logic operations.

Each of the registers can be divided into upper and lower 16-bit registers, e.g. R2R0 can be divided into
R2 and RO, R3R1 can be divided into R3 and R1, etc.

Moreover, data registers R2R0 and R3R1 can be divided into four 8-bit data registers: upper (R2H and
R3H), mid-upper (R2L and R3L), mid-lower (ROH and R1H), and lower (ROL and R1L).

2.1.2 Address Registers (A0, A1, A2, and A3)

These 32-bit registers have functions similar to data registers. They are also used for address register
indirect addressing and address register relative addressing.

213 Static Base Register (SB)

This 32-bit register is used for SB relative addressing.

214 Frame Base Register (FB)
This 32-bit register is used for FB relative addressing.

21.5 Program Counter (PC)
This 32-bit counter indicates the address of the instruction to be executed next.

2.1.6 Interrupt Vector Table Base Register (INTB)

This 32-bit register indicates the start address of a relocatable vector table.

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

Two types of 32-bit stack pointers (SPs) are provided: user stack pointer (USP) and interrupt stack
pointer (ISP).

Use the stack pointer select flag (U flag) to select either the user stack pointer (USP) or the interrupt
stack pointer (ISP). The U flag is bit 7 in the flag register (FLG). Refer to 2.1.8 “Flag Register (FLG)” for
details.

To minimize the overhead of interrupt sequence due to less memory access, set the user stack pointer
(USP) or the interrupt stack pointer (ISP) to a multiple of 4.

21.8 Flag Register (FLG)
This 32-bit register indicates the CPU status.

21.8.1 Carry Flag (C flag)

This flag retains a carry, borrow, or shifted-out bit generated by the arithmetic logic unit (ALU).

2.1.8.2 Debug Flag (D flag)
This flag is only for debugging. Only set this bit to 0.

21.8.3 Zero Flag (Z flag)

This flag becomes 1 when the result of an operation is 0; otherwise it is 0.

21.8.4 Sign Flag (S flag)

This flag becomes 1 when the result of an operation is a negative value; otherwise it is 0.

RO1UH0213EJ0120 Rev.1.20 RENESAS Page 26 of 541
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R32C/116A Group 2. Central Processing Unit (CPU)

21.8.5 Register Bank Select Flag (B flag)

This flag selects a register bank. It indicates 0 when register bank 0 is selected, and 1 when register
bank 1 is selected.

21.8.6 Overflow Flag (O flag)

This flag becomes 1 when the result of an operation overflows; otherwise it is 0.

21.8.7 Interrupt Enable Flag (I flag)

This flag enables maskable interrupts. To disable maskable interrupts, set this flag to 0. To enable
them, set this flag to 1. When an interrupt is accepted, the flag becomes 0.

2.1.8.8 Stack Pointer Select Flag (U flag)

To select the interrupt stack pointer (ISP), set this flag to 0. To select the user stack pointer (USP), set
this flag to 1.

It becomes 0 when a hardware interrupt is accepted or when an INT instruction designated by a
software interrupt number from 0 to 127 is executed.

2.1.8.9 Floating-point Underflow Flag (FU flag)

This flag becomes 1 when an underflow occurs in a floating-point operation; otherwise it is 0. It also
becomes 1 when the operand contains invalid numbers (subnormal numbers).

2.1.8.10 Floating-point Overflow Flag (FO flag)

This flag becomes 1 when an overflow occurs in a floating-point operation; otherwise it is 0. It also
becomes 1 when the operand contains invalid numbers (subnormal numbers).

2.1.8.11 Processor Interrupt Priority Level (IPL)

The processor interrupt priority level (IPL), consisting of 3 bits, selects a processor interrupt priority
level from level 0 to 7. An interrupt is enabled when the interrupt request level is higher than the
selected IPL.

When the processor interrupt priority level (IPL) is set to 111b (level 7), all interrupts are disabled.

2.1.8.12 Fixed-point Radix Point Designation Bit (DP bit)

This bit designates the radix point. It also specifies which portion of the fixed-point multiplication result
to extract. It is used for the MULX instruction.

2.1.8.13 Floating-point Rounding Mode (RND)
The 2-bit floating-point rounding mode selects a rounding mode for floating-point calculation results.

2.1.8.14 Reserved
Only set this bit to 0. The read value is undefined.
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R32C/116A Group 2. Central Processing Unit (CPU)

2.2 Fast Interrupt Registers

The following three registers are provided to minimize the overhead of the interrupt sequence. Refer to
11.4 “Fast Interrupt” for details.

221 Save Flag Register (SVF)
This 32-bit register is used to save the flag register when a fast interrupt occurs.

222 Save PC Register (SVP)

This 32-bit register is used to save the program counter when a fast interrupt occurs.

223 Vector Register (VCT)

This 32-bit register is used to indicate a jump address when a fast interrupt occurs.

23 DMAC-associated Registers
There are seven types of DMAC-associated registers. Refer to 13. “DMAC” for details.

2.31 DMA Mode Registers (DMD0, DMD1, DMD2, and DMD3)

These 32-bit registers are used to set DMA transfer mode, bit rate, etc.

2.3.2 DMA Terminal Count Registers (DCTO0, DCT1, DCT2, and DCT3)
These 24-bit registers are used to set the number of DMA transfers.

2.3.3 DMA Terminal Count Reload Registers (DCR0, DCR1, DCR2, and DCR3)

These 24-bit registers are used to set the reloaded values for DMA terminal count registers.

2.3.4 DMA Source Address Registers (DSA0, DSA1, DSA2, and DSA3)

These 32-bit registers are used to set DMA source addresses.

235 DMA Source Address Reload Registers (DSR0, DSR1, DSR2, and DSR3)
These 32-bit registers are used to set the reloaded values for DMA source address registers.

2.3.6 DMA Destination Address Registers (DDAO, DDA1, DDA2, and DDA3)
These 32-bit registers are used to set DMA destination addresses.

2.3.7 DMA Destination Address Reload Registers (DDR0O, DDR1, DDR2, and
DDR3)

These 32-bit registers are used to set reloaded values for DMA destination address registers.
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R32C/116A Group 3. Memory

3. Memory
Figure 3.1 shows the memory map of the R32C/116A Group.

The R32C/116A Group provides a 4-Gbyte address space from 00000000h to FFFFFFFFh.
The internal ROM is mapped from address FFFFFFFFh in the inferior direction. For example, the 1-Mbyte

internal ROM is mapped from FFF00000h to FFFFFFFFh.
The fixed interrupt vector table contains the start address of interrupt handlers and is mapped from

FFFFFFDCh to FFFFFFFFh.
The internal RAM is mapped from address 00000400h in the superior direction. For example, the 96-Kbyte
internal RAM is mapped from 00000400h to 000183FFh. Besides being used for data storage, the internal

RAM functions as a stack(s) for subroutine calls and/or interrupt handlers.

Special function registers (SFRs), which are control registers for peripheral functions, are mapped from
00000000h to 000003FFh, and from 00040000h to 0004FFFFh. Unoccupied SFR locations are reserved,

and no access is allowed.
In memory expansion mode or microprocessor mode, some spaces are reserved for internal use and should

not be accessed.

00000000h SFR1
00000400h
Internal RAM
00018400h
Reserved
00040000h SER2
00050000h Reserved
00060000h Internal ROM
(Data space) ("
00062000h
Reserved
Internal ROM ' FFFFFEDCh
Capacity |YYYYYYYYh 00080000h /'I f Undefined instruction f
@ ] E Overflow 3
512 Kbytes | FFF80000h External space / E BRK instruction 3
640 Kbytes | FFF60000h / E Reserved E
768 Kbytes | FFF40000h FFE00000h o o / 3 Reserved 3
eserve ! = ; 5) 3
1 Mbyte | FFFO0000h £ Watchdog timer 77 3
YYYYYYYYh / - Reserved 3
Internal ROM 4 E NMI 3
FFFFFFFFh FFFFEFFFRhE Reset E
Notes:
1. The flash memory version provides two additional 4-Kbyte spaces (blocks A and B) for storing data.
2. This space can be used in memory expansion mode or microprocessor mode. Addresses from 02000000h
to FDFFFFFFh are inaccessible.
3. This space is reserved in memory expansion mode. It becomes an external space in microprocessor mode
4. This space can be used in single-chip mode or memory expansion mode. It becomes an external space in
microprocessor mode.
5. The watchdog timer interrupt shares a vector with the oscillator stop detection interrupt and low voltage
detection interrupt.

Figure 3.1  Memory Map
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R32C/116A Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

SFRs are memory-mapped peripheral registers that control the operation of peripherals. Tables 4.1 SFR
List (1) to 4.27 SFR List (27) list the SFR details.

Table 4.1 SFR List (1)

Address Register Symbol Reset Value
000000h
000001h
000002h
000003h
000004h|Clock Control Register CCR 0001 1000b
000005h
000006h |Flash Memory Control Register FMCR 0000 0001b
000007h|Protect Release Register PRR 00h
000008h|Flash Memory Rewrite Bus Control Register FEBC 0000h
000009n
00000AN
00000Bh
00000Ch
00000Dh
00000Eh
00000Fh
000010h|External Bus Control Register 3 EBC3 0000h
000011h
000012h|Chip Selects 2 and 3 Boundary Setting Register CB23 00h
000013h
000014h|External Bus Control Register 2 EBC2 0000h
000015h
000016h|Chip Selects 1 and 2 Boundary Setting Register CB12 00h
000017h
000018h|External Bus Control Register 1 EBC1 0000h
000019h
00001Ah|Chip Selects 0 and 1 Boundary Setting Register CBO01 00h
00001Bh
00001Ch|External Bus Control Register 0 EBCO 0000h
00001Dh
00001Eh|Peripheral Bus Control Register PBC 0504h
00001Fh

000020h to
00005Fh

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group

4. Special Function Registers (SFRs)

Table 4.2 SFR List (2)
Address Register Symbol Reset Value

000060h

000061h|Timer B5 Interrupt Control Register TBSIC XXXX X000b

000062h|UART5 Transmit/NACK Interrupt Control Register S5TIC XXXX X000b

000063h|UART2 Receive/ACK Interrupt Control Register/I2C-bus Line |S2RIC/I2CLIC XXXX X000b
Interrupt Control Register

000064h|UART6 Transmit/NACK Interrupt Control Register S6TIC XXXX X000b

000065h|UART3 Receive/ACK Interrupt Control Register S3RIC XXXX X000b

000066h|UART5/6 Bus Collision, START Condition/STOP Condition BCNSIC/BCNGBIC | XXXX X000b
Detection Interrupt Control Register

000067h|UART4 Receive/ACK Interrupt Control Register S4RIC XXXX X000b

000068h|DMAO Transfer Complete Interrupt Control Register DMOIC XXXX X000b

000069h | UARTO0/3 Bus Collision, START Condition/STOP Condition BCNOIC/BCN3IC | XXXX X000b
Detection Interrupt Control Register

00006Ah|DMA2 Transfer Complete Interrupt Control Register DM2IC XXXX X000b

00006Bh|A/D Converter 0 Convert Completion Interrupt Control Register ADOIC XXXX X000b

00006Ch |Timer AO Interrupt Control Register TAOIC XXXX X000b

00006Dh |Intelligent 1/O Interrupt Control Register 0 l1ooIC XXXX X000b

00006Eh | Timer A2 Interrupt Control Register TA2IC XXXX X000b

00006Fh |Intelligent I/O Interrupt Control Register 2 lo21C XXXX X000b

000070h|Timer A4 Interrupt Control Register TA4IC XXXX X000b

00007 1h|Intelligent I/O Interrupt Control Register 4 11041C XXXX X000b

000072h|UARTO Receive/ACK Interrupt Control Register SORIC XXXX X000b

000073h|Intelligent 1/O Interrupt Control Register 6 11061C XXXX X000b

000074h|UART1 Receive/ACK Interrupt Control Register S1RIC XXXX X000b

000075h|Intelligent 1/O Interrupt Control Register 8 1108IC XXXX X000b

000076h|Timer B1 Interrupt Control Register TB1IC XXXX X000b

000077h|Intelligent I/O Interrupt Control Register 10 11010IC XXXX X000b

000078h|Timer B3 Interrupt Control Register TB3IC XXXX X000b

000079h

00007Ah|INT5 Interrupt Control Register INTSIC XX00 X000b

00007Bh

00007Ch|INT3 Interrupt Control Register INT3IC XX00 X000b

00007Dh

00007Eh|INT1 Interrupt Control Register INT1IC XX00 X000b

00007Fh

000080h

000081h|UART2 Transmit/NACK Interrupt Control Register/I2C-bus S2TIC/I12CIC XXXX X000b
Interrupt Control Register

000082h|UARTS5 Receive/ACK Interrupt Control Register S5RIC XXXX X000b

000083h|UART3 Transmit/NACK Interrupt Control Register S3TIC XXXX X000b

000084h|UART6 Receive/ACK Interrupt Control Register S6RIC XXXX X000b

000085h|UART4 Transmit/NACK Interrupt Control Register S4TIC XXXX X000b

000086h

000087h|UART2 Bus Collision, START Condition/STOP Condition BCN2IC XXXX X000b
Detection Interrupt Control Register

X: Undefined

Blanks are reserved. No access is allowed.

RO1UH0213EJ0120 Rev.1.20
Dec 18, 2014

RRENESAS

Page 31 of 541




R32C/116A Group 4. Special Function Registers (SFRs)

Table 4.3 SFR List (3)

Address Register Symbol Reset Value
000088h|DMA1 Transfer Complete Interrupt Control Register DM1IC XXXX X000b
000089h|UART1/4 Bus Collision, START Condition/STOP Condition BCN1IC/BCN4IC | XXXX X000b

Detection Interrupt Control Register

00008Ah|DMAZ3 Transfer Complete Interrupt Control Register DM3IC XXXX X000b
00008Bh|Key Input Interrupt Control Register KUPIC XXXX X000b
00008Ch |Timer A1 Interrupt Control Register TA1IC XXXX X000b
00008Dh |Intelligent I/O Interrupt Control Register 1 Ho11C XXXX X000b
00008Eh|Timer A3 Interrupt Control Register TA3IC XXXX X000b
00008Fh |Intelligent I/O Interrupt Control Register 3 1103IC XXXX X000b
000090h|UARTO Transmit/NACK Interrupt Control Register SOTIC XXXX X000b
000091h|Intelligent I/O Interrupt Control Register 5 1105I1C XXXX X000b
000092h|UART1 Transmit/NACK Interrupt Control Register S1TIC XXXX X000b
000093h|Intelligent 1/O Interrupt Control Register 7 Ho71C XXXX X000b
000094h | Timer BO Interrupt Control Register TBOIC XXXX X000b
000095h | Intelligent 1/O Interrupt Control Register 9 1o9IC XXXX X000b
000096h | Timer B2 Interrupt Control Register TB2IC XXXX X000b
000097h|Intelligent 1/O Interrupt Control Register 11 Ho11IC XXXX X000b
000098h | Timer B4 Interrupt Control Register TB4IC XXXX X000b
00009%9h

00009Ah|INT4 Interrupt Control Register INT4IC XX00 X000b
00009Bh

00009Ch |INT2 Interrupt Control Register INT2IC XX00 X000b
00009Dh

00009Eh|INTO Interrupt Control Register INTOIC XX00 X000b
00009Fh

0000AOh| Intelligent I/O Interrupt Request Register 0 IIO0IR 0000 0XX1b

0000A1h|Intelligent I/O Interrupt Request Register 1 II01IR 0000 0XX1b

0000A2h|Intelligent I/O Interrupt Request Register 2 1102IR 0000 0X01b

0000A3h|Intelligent I/O Interrupt Request Register 3 II103IR 0000 XXX1b
0000A4h|Intelligent I/O Interrupt Request Register 4 1104IR 000X 0XX1b
0000A5h | Intelligent I/O Interrupt Request Register 5 IIO5IR 000X 0XX1b
0000AG6h | Intelligent I/O Interrupt Request Register 6 II06IR 000X 0XX1b
0000AT7h|Intelligent I/O Interrupt Request Register 7 1107IR X00X 0XX1b
0000A8h | Intelligent I/O Interrupt Request Register 8 II08IR XX0X 0XX1b
0000ASh | Intelligent I/O Interrupt Request Register 9 II09IR 0X00 0XX1b
0000AAh |Intelligent I/O Interrupt Request Register 10 II010IR 0X00 0XX1b
0000ABh |Intelligent I/O Interrupt Request Register 11 IIO11IR 0X00 0XX1b
0000ACh

0000ADN

0000AEh

0000AFh

X: Undefined

Blanks are reserved. No access is allowed.
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Table 4.4 SFR List (4)

Address Register Symbol Reset Value
0000BOh|Intelligent 1/O Interrupt Enable Register 0 IIO0IE 00h
0000B1h|Intelligent I/O Interrupt Enable Register 1 IIO1IE 00h
0000B2h|Intelligent I/O Interrupt Enable Register 2 II02IE 00h
0000B3h|Intelligent 1/O Interrupt Enable Register 3 IIO3IE 00h
0000B4h|Intelligent 1/O Interrupt Enable Register 4 IIO41E 00h
0000B5h|Intelligent 1/O Interrupt Enable Register 5 IIOSIE 00h
0000B6h|Intelligent I/O Interrupt Enable Register 6 1IO6IE 00h
0000B7h|Intelligent I/O Interrupt Enable Register 7 1IO7IE 00h
0000B8h|Intelligent I/O Interrupt Enable Register 8 1I08IE 00h
0000B9h|Intelligent I/O Interrupt Enable Register 9 11O9IE 00h
0000BAh |Intelligent I/O Interrupt Enable Register 10 1I010IE 00h
0000BBh |Intelligent I/O Interrupt Enable Register 11 IIO11IE 00h
0000BCh
0000BDh
0000BEh
0000BFh
0000COh
0000C1h
0000C2h
0000C3h
0000C4h
0000C5h
0000C6h
0000C7h
0000C8h
0000C9%h
0000CAhN
0000CBh
0000CCh
0000CDh
0000CEh
0000CFh
0000DO0Oh
0000D1h
0000D2h
0000D3h
0000D4h
0000D5h
0000D6h
0000D7h
0000D8h
0000D9h |UART9 Transmit Interrupt Control Register S9TIC XXXX X000b
0000DAhN
0000DBh|UART10 Transmit Interrupt Control Register S10TIC XXXX X000b
0000DCh
0000DDh |UART7 Transmit Interrupt Control Register S7TIC XXXX X000b
O0O00ODEh|INT?7 Interrupt Control Register INT7IC XX00 X000b
0000DFh|UARTS Transmit Interrupt Control Register S8TIC XXXX X000b

X: Undefined
Blanks are reserved. No access is allowed.
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R32C/116A Group

4. Special Function Registers (SFRs)

Table 4.5

SFR List (5)

Address

Register

Symbol

Reset Value

0000EON

0000E1h

0000E2h

0000E3h

0000E4h

0000ES5h

0000E6h

0000E7h

0000E8h

0000ESh

0000EAh

0000EBh

0000ECh

0000EDhN

0000EEh

0000EFh

0000FOh

0000F1h

0000F2h

0000F3h

0000F4h

0000F5h

0000F6h

0000F7h

0000F8h

0000FS9h

UART9 Receive Interrupt Control Register

SORIC

XXXX X000b

0000FAhN

0000FBh

UART10 Receive Interrupt Control Register

S10RIC

XXXX X000b

0000FCh

INT8 Interrupt Control Register

INT8IC

XX00 X000b

0000FDh

UARTY7 Receive Interrupt Control Register

S7RIC

XXXX X000b

0000FEh

INT6 Interrupt Control Register

INTGIC

XX00 X000b

0000FFh

UARTS8 Receive Interrupt Control Register

S8RIC

XXXX X000b

000100h
000101h

Group 1 Time Measurement/Waveform Generation Register 0

G1TMO0/G1PO0

XXXXh

000102h
000103h

Group 1 Time Measurement/Waveform Generation Register 1

G1TM1/G1PO1

XXXXh

000104h
000105h

Group 1 Time Measurement/Waveform Generation Register 2

G1TM2/G1P0O2

XXXXh

000106h
000107h

Group 1 Time Measurement/Waveform Generation Register 3

G1TM3/G1PO3

XXXXh

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group 4. Special Function Registers (SFRs)
Table 4.6 SFR List (6)

Address Register Symbol Reset Value
000108h|Group 1 Time Measurement/\Waveform Generation Register 4 |G1TM4/G1PO4 XXXXh
000109h
00010Ah|Group 1 Time Measurement/Waveform Generation Register 5 |G1TM5/G1PO5 XXXXh
00010Bh
00010Ch |Group 1 Time Measurement/Waveform Generation Register 6 |G1TM6/G1PO6 XXXXh
00010Dh
00010Eh|Group 1 Time Measurement/Waveform Generation Register 7 |G1TM7/G1PO7 XXXXh
00010Fh
000110h|Group 1 Waveform Generation Control Register 0 G1POCRO 0000 X000b
000111h|Group 1 Waveform Generation Control Register 1 G1POCR1 0X00 X000b
000112h|Group 1 Waveform Generation Control Register 2 G1POCR2 0X00 X000b
000113h|Group 1 Waveform Generation Control Register 3 G1POCR3 0X00 X000b
000114h|Group 1 Waveform Generation Control Register 4 G1POCR4 0X00 X000b
000115h|Group 1 Waveform Generation Control Register 5 G1POCR5 0X00 X000b
000116h|Group 1 Waveform Generation Control Register 6 G1POCR6 0X00 X000b
000117h|Group 1 Waveform Generation Control Register 7 G1POCR7 0X00 X000b
000118h|Group 1 Time Measurement Control Register 0 G1TMCRO 00h
000119h|Group 1 Time Measurement Control Register 1 G1TMCR1 00h
00011Ah |Group 1 Time Measurement Control Register 2 G1TMCR2 00h
00011Bh|Group 1 Time Measurement Control Register 3 G1TMCR3 00h
00011Ch|Group 1 Time Measurement Control Register 4 G1TMCR4 00h
00011Dh|Group 1 Time Measurement Control Register 5 G1TMCR5 00h
00011Eh|Group 1 Time Measurement Control Register 6 G1TMCR6 00h
00011Fh|{Group 1 Time Measurement Control Register 7 G1TMCRY7 00h
000120h|Group 1 Base Timer Register G1BT XXXXh
000121h
000122h|Group 1 Base Timer Control Register 0 G1BCRO 0000 0000b
000123h|Group 1 Base Timer Control Register 1 G1BCR1 0000 0000b
000124h|Group 1 Time Measurement Prescaler Register 6 G1TPR6 00h
000125h|Group 1 Time Measurement Prescaler Register 7 G1TPRY7 00h
000126h|Group 1 Function Enable Register G1FE 00h
000127h|Group 1 Function Select Register G1FS 00h
000128h
000129h
00012Ah
00012Bh
00012Ch
00012Dh
00012Eh
00012Fh

000130h to
00013Fh
X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.7 SFR List (7)

Address Register Symbol Reset Value
000140h|Group 2 Waveform Generation Register 0 G2PO0 XXXXh
000141h
000142h|Group 2 Waveform Generation Register 1 G2PO1 XXXXh
000143h
000144h|Group 2 Waveform Generation Register 2 G2P0O2 XXXXh
000145h
000146h|Group 2 Waveform Generation Register 3 G2P0O3 XXXXh
000147h
000148h|Group 2 Waveform Generation Register 4 G2P0O4 XXXXh
000149h
00014Ah|Group 2 Waveform Generation Register 5 G2PO5 XXXXh
00014Bh
00014Ch|Group 2 Waveform Generation Register 6 G2PO6 XXXXh
00014Dh
00014Eh|Group 2 Waveform Generation Register 7 G2PO7 XXXXh
00014Fh
000150h|Group 2 Waveform Generation Control Register 0 G2POCRO 0000 0000b
000151h|Group 2 Waveform Generation Control Register 1 G2POCR1 0000 0000b
000152h|Group 2 Waveform Generation Control Register 2 G2POCR2 0000 0000b
000153h|Group 2 Waveform Generation Control Register 3 G2POCR3 0000 0000b
000154h|Group 2 Waveform Generation Control Register 4 G2POCR4 0000 0000b
000155h|Group 2 Waveform Generation Control Register 5 G2POCR5 0000 0000b
000156h|Group 2 Waveform Generation Control Register 6 G2POCR6 0000 0000b
000157h|Group 2 Waveform Generation Control Register 7 G2POCRY7 0000 0000b
000158h
000159n
00015Ah
00015Bh
00015Ch
00015Dh
00015Eh
00015Fh
000160h|Group 2 Base Timer Register G2BT XXXXh
000161h
000162h|Group 2 Base Timer Control Register 0 G2BCRO 0000 0000b
000163h|Group 2 Base Timer Control Register 1 G2BCR1 0000 0000b
000164h|Base Timer Start Register BTSR XXXX 0000b
000165h
000166h|Group 2 Function Enable Register G2FE 00h
000167h|Group 2 RTP Output Buffer Register G2RTP 00h
000168h
000169n
00016Ah|Group 2 Serial Interface Mode Register G2MR 00XX X000b
00016Bh|Group 2 Serial Interface Control Register G2CR 0000 X110b
00016Ch|Group 2 SI/O Transmit Buffer Register G2TB XXXXh
00016Dh
00016Eh|Group 2 SI/O Receive Buffer Register G2RB XXXXh
00016Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.8 SFR List (8)

Address Register Symbol Reset Value
000170h|Group 2 IEBus Address Register IEAR XXXXh
000171h
000172h|Group 2 IEBus Control Register IECR 00XX X000b
000173h|Group 2 IEBus Transmit Interrupt Source Detect Register IETIF XXX0 0000b
000174h|Group 2 IEBus Receive Interrupt Source Detect Register IERIF XXX0 0000b
000175h
000176h
000177h
000178h
000179h
00017Ah
00017Bh
00017Ch
00017Dh
00017Eh
00017Fh
000180h|Group 0 Time Measurement/Waveform Generation Register 0 |GOTM0/GOPO0 XXXXh
000181h
000182h|Group 0 Time Measurement/Waveform Generation Register 1 |GOTM1/GOPO1 XXXXh
000183h
000184h|Group 0 Time Measurement/\Waveform Generation Register 2 |GOTM2/GOPO2 XXXXh
000185h
000186h|Group 0 Time Measurement/Waveform Generation Register 3 |GO0TM3/GOPO3 XXXXh
000187h
000188h|Group 0 Time Measurement/\Waveform Generation Register 4 |GO0TM4/GOPO4 XXXXh
000189h
00018Ah|Group 0 Time Measurement/Waveform Generation Register 5 |GOTM5/GOPO5 XXXXh
00018Bh
00018Ch |Group 0 Time Measurement/Waveform Generation Register 6 |GOTM6/GOPO6 XXXXh
00018Dh
00018Eh|Group 0 Time Measurement/Waveform Generation Register 7 |GOTM7/GOPO7 XXXXh
00018Fh
000190h|Group 0 Waveform Generation Control Register 0 GOPOCRO 0000 X000b
000191h|Group 0 Waveform Generation Control Register 1 GOPOCR1 0X00 X000b
000192h|Group 0 Waveform Generation Control Register 2 GOPOCR2 0X00 X000b
000193h|Group 0 Waveform Generation Control Register 3 GOPOCR3 0X00 X000b
000194h|Group 0 Waveform Generation Control Register 4 GOPOCR4 0X00 X000b
000195h|Group 0 Waveform Generation Control Register 5 GOPOCR5 0X00 X000b
000196h|Group 0 Waveform Generation Control Register 6 GOPOCR6 0X00 X000b
000197h|Group 0 Waveform Generation Control Register 7 GOPOCRY7 0X00 X000b
000198h|Group 0 Time Measurement Control Register 0 GOTMCRO 00h
000199h|Group 0 Time Measurement Control Register 1 GOTMCR1 00h
00019Ah|Group 0 Time Measurement Control Register 2 GOTMCR2 00h
00019Bh|Group 0 Time Measurement Control Register 3 GOTMCR3 00h
00019Ch|Group 0 Time Measurement Control Register 4 GOTMCR4 00h
00019Dh |Group 0 Time Measurement Control Register 5 GOTMCR5 00h
00019Eh|Group 0 Time Measurement Control Register 6 GOTMCR6 00h
00019Fh |Group 0 Time Measurement Control Register 7 GOTMCR7 00h

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group

4. Special Function Registers (SFRs)

Table 4.9

SFR List (9)

Reset Value

Address Register Symbol
0001AOh|Group 0 Base Timer Register GOBT
0001A1h
0001A2h|Group 0 Base Timer Control Register 0
0001A3h|Group 0 Base Timer Control Register 1
0001A4h|Group 0 Time Measurement Prescaler Register 6 GOTPR6 00h
0001A5h|Group 0 Time Measurement Prescaler Register 7 GOTPR7 00h
0001A6Bh|Group 0 Function Enable Register GOFE 00h
0001A7h|Group 0 Function Select Register GOFS 00h
0001A8h
0001ASh
0001AAh
0001ABh
0001ACh
0001ADh
0001AEh
0001AFh
0001BOh
0001B1h
0001B2h
0001B3h
0001B4h
0001B5h
0001B6h
0001B7h
0001B8h
0001B%h
0001BAh
0001BBh
0001BCh
0001BDh
0001BEh
0001BFh
0001COh
0001C1h
0001C2h
0001C3h
0001C4h|UARTS5 Special Mode Register 4
0001C5h|UARTS5 Special Mode Register 3
0001C6h |UART5 Special Mode Register 2 U5SMR2 00h
0001C7h|UART5 Special Mode Register U5SMR 00h
0001C8h|UART5 Transmit/Receive Mode Register USMR 00h
0001C9h|UARTS5 Bit Rate Register U5BRG XXh
0001CAh|UARTS Transmit Buffer Register U5TB XXXXh
0001CBh
0001CCh|UARTS5 Transmit/Receive Control Register 0 usCo 0000 1000b
0001CDh |UARTS5 Transmit/Receive Control Register 1 usC1 0000 0010b
0001CEh|UART5 Receive Buffer Register U5RB XXXXh
0001CFh

X: Undefined

Blanks are reserved. No access is allowed.

XXXXh

GOBCRO 0000 0000b
GOBCR1 0000 0000b

U5SMR4 00h
U5SMR3 00h
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 410  SFR List (10)

Address Register Symbol Reset Value
0001DOh

0001D1h

0001D2h

0001D3h

0001D4h|UART®6 Special Mode Register 4 U6SMR4 00h
0001D5h|UART®6 Special Mode Register 3 U6SMR3 00h
0001D6h|UART6 Special Mode Register 2 U6SMR2 00h
0001D7h|UART6 Special Mode Register U6SMR 00h
0001D8h|UART6 Transmit/Receive Mode Register U6MR 00h
0001D9h|UART®6 Bit Rate Register U6BRG XXh
0001DAh|UART®6 Transmit Buffer Register uUeTB XXXXh
0001DBh

0001DCh|UART®6 Transmit/Receive Control Register 0 ueCo 0000 1000b
0001DDh |UART®6 Transmit/Receive Control Register 1 ueC1 0000 0010b
0001DEh|UART®6 Receive Buffer Register UGRB XXXXh
0001DFh

0001EOh|UART?7 Transmit/Receive Mode Register U7MR 00h
0001E1h|UART7 Bit Rate Register U7BRG XXh
0001E2h|UART?7 Transmit Buffer Register urTB XXXXh
0001E3h

0001E4h|UART?7 Transmit/Receive Control Register 0 u7Cco 00X0 1000b
0001E5h|UART7 Transmit/Receive Control Register 1 u7C1 XXXX 0010b
0001E6h|UART?7 Receive Buffer Register U7RB XXXXh
0001E7h

0001E8h|UART8 Transmit/Receive Mode Register USBMR 00h
0001E9h|UARTS Bit Rate Register U8BBRG XXh
0001EAh|UARTS Transmit Buffer Register usTB XXXXh
0001EBh

0001ECh|UART8 Transmit/Receive Control Register 0 usco 00X0 1000b
0001EDh|UART8 Transmit/Receive Control Register 1 usC1 XXXX 0010b
0001EEh|UARTS8 Receive Buffer Register USRB XXXXh
0001EFh

0001FOh|UART7, UARTS8 Transmit/Receive Control Register 2 U78CON X000 0000b
0001F1h

0001F2h

0001F3h

0001F4h

0001F5h

0001F6h

0001F7h

0001F8h

0001F9h

0001FAh

0001FBh

0001FCh

0001FDh

0001FEh

0001FFh

X: Undefined

Blanks are reserved. No access is allowed.
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Table 411  SFR List (11)

Address Register Symbol Reset Value
000200h to
0002BFh
0002CO0h | X0 Register/Y0 Register XOR/YOR XXXXh
0002C1h
0002C2h | X1 Register/Y1 Register X1R/Y1R XXXXh
0002C3h
0002C4h | X2 Register/Y2 Register X2R/Y2R XXXXh
0002C5h
0002C6h | X3 Register/Y3 Register X3R/Y3R XXXXh
0002C7h
0002C8h | X4 Register/Y4 Register X4R/Y4R XXXXh
0002C9%h
0002CAh | X5 Register/Y5 Register X5R/Y5R XXXXh
0002CBh
0002CCh | X6 Register/Y6 Register X6R/Y6R XXXXh
0002CDh
0002CEh| X7 Register/Y7 Register X7RIYTR XXXXh
0002CFh
0002D0h | X8 Register/Y8 Register X8R/Y8R XXXXh
0002D1h
0002D2h (X9 Register/Y9 Register X9R/Y9R XXXXh
0002D3h
0002D4h | X10 Register/Y10 Register X10R/Y10R XXXXh
0002D5h
0002D6h |X11 Register/Y11 Register X1MR/Y11R XXXXh
0002D7h
0002D8h | X12 Register/Y12 Register X12R/Y12R XXXXh
0002D%h
0002DAh | X13 Register/Y13 Register X13R/Y13R XXXXh
0002DBh
0002DCh|X14 Register/Y14 Register X14R/Y14R XXXXh
0002DDh
0002DEh|X15 Register/Y15 Register X15R/Y15R XXXXh
0002DFh
0002EOh|X-Y Control Register XYC XXXX XX00b
0002E1h
0002E2h
0002E3h
0002E4h|UART1 Special Mode Register 4 U1SMR4 00h
0002E5h|UART1 Special Mode Register 3 U1SMR3 00h
0002E6h|UART1 Special Mode Register 2 U1SMR2 00h
0002E7h|UART1 Special Mode Register U1SMR 00h
0002E8h|UART1 Transmit/Receive Mode Register UTMR 00h
0002E9h|UART1 Bit Rate Register U1BRG XXh
0002EAh |UART1 Transmit Buffer Register u1TB XXXXh
0002EBh
0002ECh|UART1 Transmit/Receive Control Register 0 u1Co 0000 1000b
0002EDh|UART1 Transmit/Receive Control Register 1 u1c1 0000 0010b
0002EEh |UART1 Receive Buffer Register U1RB XXXXh
0002EFh
X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group

4. Special Function Registers (SFRs)

Table 412 SFR List (12)

Address Register Symbol Reset Value
0002F0h

0002F1h

0002F2h

0002F3h

0002F4h |UART4 Special Mode Register 4 U4SMR4 00h
0002F5h |UART4 Special Mode Register 3 U4SMR3 00h
0002F6h |UART4 Special Mode Register 2 U4SMR2 00h
0002F7h |UART4 Special Mode Register U4SMR 00h
0002F8h |UART4 Transmit/Receive Mode Register U4MR 00h
0002F9h |UART4 Bit Rate Register U4BRG XXh
0002FAh|UART4 Transmit Buffer Register U4TB XXXXh
0002FBh

0002FCh|UART4 Transmit/Receive Control Register 0 u4Co 0000 1000b
0002FDh|UART4 Transmit/Receive Control Register 1 u4cC1 0000 0010b
0002FEh|UART4 Receive Buffer Register U4RB XXXXh
0002FFh

000300h|Count Start Register for Timers B3, B4, and B5 TBSR 000X XXXXb
000301h

000302h|Timer A1-1 Register TANM XXXXh
000303h

000304h|Timer A2-1 Register TA21 XXXXh
000305h

000306h | Timer A4-1 Register TA41 XXXXh
000307h

000308h | Three-phase PWM Control Register 0 INVCO 00h
000309h | Three-phase PWM Control Register 1 INVC1 00h
00030Ah | Three-phase Output Buffer Register 0 IDBO XX11 1111b
00030Bh | Three-phase Output Buffer Register 1 IDB1 XX11 1111b
00030Ch|Dead Time Timer DTT XXh
00030Dh | Timer B2 Interrupt Generating Frequency Set Counter ICTB2 XXh
00030Eh

00030Fh

000310h|Timer B3 Register TB3 XXXXh
000311h

000312h|Timer B4 Register TB4 XXXXh
000313h

000314h|Timer B5 Register TB5 XXXXh
000315h

000316h

000317h

000318h

000319h

00031Ah

00031Bh|Timer B3 Mode Register TB3MR 00XX 0000b
00031Ch|Timer B4 Mode Register TB4MR 00XX 0000b
00031Dh|Timer B5 Mode Register TB5MR 00XX 0000b
00031Eh

00031Fh

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group 4. Special Function Registers (SFRs)
Table 413  SFR List (13)
Address Register Symbol Reset Value
000320h
000321h
000322h
000323h
000324h|UARTS3 Special Mode Register 4 U3SMR4 00h
000325h|UART3 Special Mode Register 3 U3SMR3 00h
000326h|UART3 Special Mode Register 2 U3SMR2 00h
000327h|UART3 Special Mode Register U3SMR 00h
000328h|UART3 Transmit/Receive Mode Register U3MR 00h
000329h | UART3 Bit Rate Register U3BRG XXh
00032Ah|UART3 Transmit Buffer Register U3TB XXXXh
00032Bh
00032Ch|UART3 Transmit/Receive Control Register 0 u3Co 0000 1000b
00032Dh |UART3 Transmit/Receive Control Register 1 u3cC1 0000 0010b
00032Eh|UART3 Receive Buffer Register U3RB XXXXh
00032Fh
000330h
000331h
000332h
000333h
000334h|UART2 Special Mode Register 4 U2SMR4 00h
000335h|UART2 Special Mode Register 3 U2SMR3 00h
000336h|UART2 Special Mode Register 2 U2SMR2 00h
000337h|UART2 Special Mode Register U2SMR 00h
000338h|UART2 Transmit/Receive Mode Register U2MR 00h
000339h|UART?2 Bit Rate Register U2BRG XXh
00033Ah|UART2 Transmit Buffer Register U2TB XXXXh
00033Bh
00033Ch|UART2 Transmit/Receive Control Register 0 u2Co 0000 1000b
00033Dh|UART2 Transmit/Receive Control Register 1 u2C1 0000 0010b
00033Eh|UART2 Receive Buffer Register U2RB XXXXh
00033Fh
000340h|Count Start Register TABSR 0000 0000b
000341h|Clock Prescaler Reset Register CPSRF OXXX XXXXb
000342h|One-shot Start Register ONSF 0000 0000b
000343h|Trigger Select Register TRGSR 0000 0000b
000344h|Increment/Decrement Select Register UDF 0000 0000b
000345h
000346h | Timer AO Register TAO XXXXh
000347h
000348h|Timer A1 Register TA1 XXXXh
000349h
00034Ah|Timer A2 Register TA2 XXXXh
00034Bh
00034Ch|Timer A3 Register TA3 XXXXh
00034Dh
00034Eh|Timer A4 Register TA4 XXXXh
00034Fh
X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group

4. Special Function Registers (SFRs)

Table 4.14  SFR List (14)

Address Register Symbol Reset Value
000350h | Timer BO Register TBO XXXXh
000351h
000352h|Timer B1 Register TB1 XXXXh
000353h
000354h|Timer B2 Register TB2 XXXXh
000355h
000356h | Timer A0 Mode Register TAOMR 0000 0000b
000357h|Timer A1 Mode Register TATMR 0000 0000b
000358h | Timer A2 Mode Register TA2MR 0000 0000b
000359 | Timer A3 Mode Register TASMR 0000 0000b
00035Ah | Timer A4 Mode Register TAAMR 0000 0000b
00035Bh| Timer BO Mode Register TBOMR 00XX 0000b
00035Ch |Timer B1 Mode Register TB1MR 00XX 0000b
00035Dh | Timer B2 Mode Register TB2MR 00XX 0000b
00035Eh|Timer B2 Special Mode Register TB2SC XXXX XXX0b
00035Fh |Count Source Prescaler Register TCSPR 0000 0000b
000360h
000361h
000362h
000363h
000364h|UARTO Special Mode Register 4 UOSMR4 00h
000365h|UARTO Special Mode Register 3 UOSMR3 00h
000366h|UARTO Special Mode Register 2 UOSMR2 00h
000367h|UARTO Special Mode Register UOSMR 00h
000368h|UARTO Transmit/Receive Mode Register UOMR 00h
000369h | UARTO Bit Rate Register UOBRG XXh
00036Ah|UARTO Transmit Buffer Register uoTB XXXXh
00036Bh
00036Ch|UARTO Transmit/Receive Control Register 0 uocCo 0000 1000b
00036Dh |UARTO Transmit/Receive Control Register 1 uocC1 0000 0010b
00036Eh|UARTO Receive Buffer Register UORB XXXXh
00036Fh
000370h
000371h
000372h
000373h
000374h
000375h
000376h
000377h
000378h
000379h
00037Ah
00037Bh
00037Ch|CRC Data Register CRCD XXXXh
00037Dh
00037Eh|CRC Input Register CRCIN XXh
00037Fh

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 415 SFR List (15)
Address Register Symbol Reset Value

000380h|A/DO Register 0 ADOO 00XXh
000381h
000382h|A/DO Register 1 ADO1 00XXh
000383h
000384h|A/DO Register 2 ADO02 00XXh
000385h
000386h|A/DO Register 3 ADO3 00XXh
000387h
000388h|A/DO Register 4 ADO0O4 00XXh
000389h
00038Ah|A/DO Register 5 ADO05 00XXh
00038Bh
00038Ch|A/DO Register 6 ADO06 00XXh
00038Dh
00038Eh|A/DO Register 7 ADO7 00XXh
00038Fh
000390h
000391h
000392h|A/DO Control Register 4 ADOCON4 XXXX 00XXb
000393h|A/DO Control Register 5 ADOCONS5 00h
000394h|A/DO Control Register 2 ADOCON2 XX0X X000b
000395h|A/DO Control Register 3 ADOCON3 XXXX X000b
000396h|A/DO Control Register 0 ADOCONO 00h
000397h|A/DO Control Register 1 ADOCONH1 00h
000398h|D/A Register 0 DAO XXh
000399h
00039Ah|D/A Register 1 DA1 XXh
00039Bh
00039Ch|D/A Control Register DACON XXXX XX00b
00039Dh
00039Eh
00039Fh
0003A0h
0003A1h
0003A2h
0003A3h
0003A4h
0003A5h
0003A6h
0003A7h
0003A8h
0003A%h
0003AAh
0003ABh
0003ACh
0003ADh
0003AEh
0003AFh

X: Undefined

Blanks are reserved. No access is allowed.

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 44 of 541
Dec 18, 2014



R32C/116A Group 4. Special Function Registers (SFRs)

Table 416  SFR List (16)

Address Register Symbol Reset Value
0003B0h

0003B1h

0003B2h

0003B3h

0003B4h

0003B5h

0003B6h

0003B7h

0003B8h

0003B%h

0003BAh

0003BBh

0003BCh

0003BDh

0003BEh

0003BFh

0003COh|Port PO Register PO XXh
0003C1h|Port P1 Register P1 XXh
0003C2h |Port PO Direction Register PDO 0000 0000b
0003C3h|Port P1 Direction Register PD1 0000 0000b
0003C4h|Port P2 Register P2 XXh
0003C5h|Port P3 Register P3 XXh
0003C6h |Port P2 Direction Register PD2 0000 0000b
0003C7h|Port P3 Direction Register PD3 0000 0000b
0003C8h|Port P4 Register P4 XXh
0003C9h |Port P5 Register P5 XXh
0003CAh|Port P4 Direction Register PD4 0000 0000b
0003CBh|Port P5 Direction Register PD5 0000 0000b
0003CCh|Port P6 Register P6 XXh
0003CDh |Port P7 Register P7 XXh
0003CEh|Port P6 Direction Register PD6 0000 0000b
0003CFh|Port P7 Direction Register PD7 0000 0000b
0003DO0h |Port P8 Register P8 XXh
0003D1h|Port P9 Register P9 XXh
0003D2h |Port P8 Direction Register PD8 00X0 0000b
0003D3h|Port P9 Direction Register PD9 0000 0000b
0003D4h |Port P10 Register P10 XXh
0003D5h |Port P11 Register P11 XXh
0003D6h |Port P10 Direction Register PD10 0000 0000b
0003D7h|Port P11 Direction Register PD11 0000 0000b
0003D8h |Port P12 Register P12 XXh
0003D9h |Port P13 Register P13 XXh
0003DAhI|Port P12 Direction Register PD12 0000 0000b
0003DBh|Port P13 Direction Register PD13 0000 0000b
0003DCh |Port P14 Register P14 XXh
0003DDh |Port P15 Register P15 XXh
0003DEh|Port P14 Direction Register PD14 0000 0000b
0003DFh|Port P15 Direction Register PD15 0000 0000b

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 4.17  SFR List (17)

Address Register Symbol Reset Value
0003EOh|Port P16 Register P16 XXh
0003E1h|Port P17 Register P17 XXh
0003E2h|Port P16 Direction Register PD16 0000 0000b
0003E3h|Port P17 Direction Register PD17 0000 0000b
0003E4h|Port P18 Register P18 XXh
0003E5h|Port P19 Register P19 XXh
0003E6h|Port P18 Direction Register PD18 0000 0000b
0003E7h|Port P19 Direction Register PD19 0000 0000b
0003E8h
0003ESh
0003EAh
0003EBh
0003ECh
0003EDh
0003EEh
0003EFh
0003FO0h |Pull-up Control Register 0 PURO 0000 0000b
0003F1h |Pull-up Control Register 1 PUR1 XXXX X0XXb
0003F2h |Pull-up Control Register 2 PUR2 X00X XXXXb
0003F3h |Pull-up Control Register 3 PUR3 00XX 0000b
0003F4h |Pull-up Control Register 4 PUR4 0XXX 0000b
0003F5h [Pull-up Control Register 5 PUR5 XXXX 0000b
0003F6h
0003F7h
0003F8h
0003F%h
0003FAh
0003FBh
0003FCh
0003FDh
0003FEh
0003FFh|Port Control Register PCR 20XX 0XX0b (1)

X: Undefined
Blanks are reserved. No access is allowed.

Note:
1. The bit 7 is 0 in the 144-pin package and 1 in the 176-pin package.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 418 SFR List (18)

Address Register Symbol Reset Value
040000h|Flash Memory Control Register 0 FMRO 0001 XX00b
040001h|Flash Memory Status Register 0 FMSRO 1000 0000b
040002h
040003h
040004h
040005h
040006h
040007h
040008h|Flash Register Protection Unlock Register 0 FPRO 00h
040009h|Flash Memory Control Register 1 FMR1 0000 0010b
04000Ah|Block Protect Bit Monitor Register 0 FBPMO 2?2X? ?2?2?2?b (1)

04000Bh|Block Protect Bit Monitor Register 1 FBPM1 XXX? ?2?227b (1)
04000Ch
04000Dh
04000Eh
04000Fh
040010h
040011h|Block Protect Bit Monitor Register 2 FBPM2 2222 22?27b (1)
040012h

040013h
040014h
040015h
040016h
040017h
040018h
040019h
04001Ah
04001Bh
04001Ch
04001Dh
04001Eh
04001Fh
040020h|PLL Control Register 0 PLCO 0000 0001b
040021h|PLL Control Register 1 PLC1 0001 1111b
040022h
040023h
040024h
040025h
040026h
040027h
040028h
040029h
04002Ah
04002Bh
04002Ch
04002Dh
04002Eh
04002Fh

X: Undefined

Blanks are reserved. No access is allowed.

Note:
1. The reset value reflects the value of the protect bit for each block in the flash memory.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 4.19  SFR List (19)
Address Register Symbol Reset Value
040030h to
04003Fh
040040h
040041h
040042h
040043h
040044h|Processor Mode Register 0 (1) PMO 1000 0000b
(CNVSS pin = Low)
0000 0011b
(CNVSS pin = High)

040045h
040046h|System Clock Control Register 0 CMO 0000 1000b
040047h|System Clock Control Register 1 CM1 0010 0000b
040048h|Processor Mode Register 3 PM3 00h
040049h
04004Ah | Protect Register PRCR XXXX X000b
04004Bh
04004Ch |Protect Register 3 PRCR3 0000 0000b
04004Dh | Oscillator Stop Detection Register CM2 00h
04004Eh
04004Fh
040050h
040051h
040052h
040053h|Processor Mode Register 2 PM2 00h
040054h|Chip Select Output Pin Setting Register 0 CSOPO 1000 XXXXb
040055h|Chip Select Output Pin Setting Register 1 CSOP1 01X0 XXXXb
040056h|Chip Select Output Pin Setting Register 2 CSOP2 XXXX 0000b
040057h
040058h
040059h
04005Ah|Low Speed Mode Clock Control Register CM3 XXXX XX00b
04005Bh
04005Ch
04005Dh
04005Eh
04005Fh
040060h|Voltage Regulator Control Register VRCR 0000 0000b
040061h
040062h|Low Voltage Detector Control Register LvDC 0000 XX00b
040063h
040064h|Detection Voltage Configuration Register DVCR 0000 XXXXb
040065h
040066h
040067h

040068h to
040093h

X: Undefined

Blanks are reserved. No access is allowed.

Note:
1. The value in the PMO register is retained even after a software reset or watchdog timer reset.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 4.20  SFR List (20)

Address Register Symbol Reset Value
040094h
040095h
040096h
040097h| Three-phase Output Buffer Control Register I0BC OXXX XXXXb
040098h | Input Function Select Register 0 IFSO X000 0000b
040099h

04009Ah|Input Function Select Register 2 IFS2 0000 00X0b
04009Bh|Input Function Select Register 3 IFS3 XX00 XX00b
04009Ch

04009Dh

04009Eh
04009Fh

0400AO0h|Port PO_0 Function Select Register PO_0S 0XXX X000b
0400A1h|Port P1_0 Function Select Register P1_0S XXXX X000b
0400A2h|Port PO_1 Function Select Register PO_1S 0XXX X000b
0400A3h|Port P1_1 Function Select Register P1_1S XXXX X000b
0400A4h|Port PO_2 Function Select Register PO_2S 0XXX X000b
0400A5h|Port P1_2 Function Select Register P1_2S XXXX X000b
0400A6h|Port PO_3 Function Select Register PO_3S 0XXX X000b
0400A7h|Port P1_3 Function Select Register P1_3S XXXX X000b
0400A8h|Port PO_4 Function Select Register PO_4S 0XXX X000b
0400A9h|Port P1_4 Function Select Register P1_4S XXXX X000b
0400AAhN |Port PO_5 Function Select Register P0O_5S 0XXX X000b
0400ABh |Port P1_5 Function Select Register P1_5S XXXX X000b
0400ACh|Port PO_6 Function Select Register P0O_6S 0XXX X000b
0400ADhI|Port P1_6 Function Select Register P1_6S XXXX X000b
0400AEh |Port PO_7 Function Select Register PO_7S 0XXX X000b
0400AFh |Port P1_7 Function Select Register P1_7S XXXX X000b
0400B0h|Port P2_0 Function Select Register P2_0S 00XX X000b
0400B1h|Port P3_0 Function Select Register P3_0S XXXX X000b
0400B2h|Port P2_1 Function Select Register P2_1S 00XX X000b
0400B3h|Port P3_1 Function Select Register P3_1S XXXX X000b
0400B4h|Port P2_2 Function Select Register P2_2S 00XX X000b
0400B5h|Port P3_2 Function Select Register P3_2S XXXX X000b
0400B6h|Port P2_3 Function Select Register P2_3S 00XX X000b
0400B7h|Port P3_3 Function Select Register P3_3S XXXX X000b
0400B8h|Port P2_4 Function Select Register P2_4S 00XX X000b
0400B9h|Port P3_4 Function Select Register P3_4S XXXX X000b
0400BAh |Port P2_5 Function Select Register P2_5S 00XX X000b
0400BBh |Port P3_5 Function Select Register P3_5S XXXX X000b
0400BCh|Port P2_6 Function Select Register P2_6S 00XX X000b
0400BDh|Port P3_6 Function Select Register P3_6S XXXX X000b
0400BEh |Port P2_7 Function Select Register P2_7S 00XX X000b
0400BFh |Port P3_7 Function Select Register P3_7S XXXX X000b
X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 4.21  SFR List (21)

Address Register Symbol Reset Value
0400COh |Port P4_0 Function Select Register P4_0S XO0XX X000b
0400C1h|Port P5_0 Function Select Register P5_0S XXXX X000b
0400C2h|Port P4_1 Function Select Register P4_1S XO0XX X000b
0400C3h|Port P5_1 Function Select Register P5_1S XXXX X000b
0400C4h|Port P4_2 Function Select Register P4_2S XO0XX X000b
0400C5h |Port P5_2 Function Select Register P5_2S XXXX X000b
0400C6h |Port P4_3 Function Select Register P4_3S XO0XX X000b
0400C7h|Port P5_3 Function Select Register P5_3S XXXX X000b
0400C8h |Port P4_4 Function Select Register P4_4S XO0XX X000b
0400C9h |Port P5_4 Function Select Register P5_4S XO0XX X000b
0400CAh|Port P4_5 Function Select Register P4_5S X0XX X000b
0400CBh|Port P5_5 Function Select Register P5_5S X0XX X000b
0400CCh |Port P4_6 Function Select Register P4_6S X0XX X000b
0400CDh |Port P5_6 Function Select Register P5_6S X0XX X000b
0400CEh|Port P4_7 Function Select Register P4_7S X0XX X000b
0400CFh|Port P5_7 Function Select Register P5_ 7S X0XX X000b
0400DO0h |Port P6_0 Function Select Register P6_0S X0XX X000b
0400D1h|Port P7_0 Function Select Register P7_0S X0XX X000b
0400D2h |Port P6_1 Function Select Register P6_1S X0XX X000b
0400D3h|Port P7_1 Function Select Register P7_1S X0XX X000b
0400D4h |Port P6_2 Function Select Register P6_2S X0XX X000b
0400D5h |Port P7_2 Function Select Register P7_2S X0XX X000b
0400D6h |Port P6_3 Function Select Register P6_3S X0XX X000b
0400D7h|Port P7_3 Function Select Register P7_3S X0XX X000b
0400D8h |Port P6_4 Function Select Register P6_4S X0XX X000b
0400D9h |Port P7_4 Function Select Register P7_4S XO0XX X000b
0400DAhI|Port P6_5 Function Select Register P6_5S X0XX X000b
0400DBh|Port P7_5 Function Select Register P7_5S XO0XX X000b
0400DCh |Port P6_6 Function Select Register P6_6S X0XX X000b
0400DDh |Port P7_6 Function Select Register P7_6S X0XX X000b
0400DEh|Port P6_7 Function Select Register P6_7S XO0XX X000b
0400DFh|Port P7_7 Function Select Register P7_7S X0XX X000b
0400EOh|Port P8_0 Function Select Register P8_0S X0XX X000b
0400E1h|Port P9_0 Function Select Register P9 _0S X0XX X000b
0400E2h|Port P8_1 Function Select Register P8_1S X0XX X000b
0400E3h|Port P9_1 Function Select Register P9_1S X0XX X000b
0400E4h|Port P8_2 Function Select Register P8_2S XO0XX X000b
0400E5h|Port P9_2 Function Select Register P9_2S X0XX X000b
0400E6h|Port P8_3 Function Select Register P8_3S XO0XX X000b
0400E7h|Port P9_3 Function Select Register P9_3S 00XX X000b
0400E8h|Port P8_4 Function Select Register P8_4S XXXX X000b
0400ES9h|Port P9_4 Function Select Register P9O_4S 00XX X000b
0400EAh
0400EBh |Port P9_5 Function Select Register P9 _5S 00XX X000b
0400ECh|Port P8_6 Function Select Register P8_6S XXXX X000b
0400EDh|Port P9_6 Function Select Register P9 _6S 00XX X000b
0400EEh |Port P8_7 Function Select Register P8_7S XXXX X000b
0400EFh |Port P9_7 Function Select Register PO_7S XO0XX X000b

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/116A Group 4. Special Function Registers (SFRs)

Table 4.22  SFR List (22)

Address Register Symbol Reset Value
0400FO0h [Port P10_0 Function Select Register P10_0S 0XXX X000b
0400F1h|Port P11_0 Function Select Register P11_0S X0XX X000b
0400F2h |Port P10_1 Function Select Register P10_1S 0XXX X000b
0400F3h |Port P11_1 Function Select Register P11_1S X0XX X000b
0400F4h |Port P10_2 Function Select Register P10_2S 0XXX X000b
0400F5h |Port P11_2 Function Select Register P11_2S X0XX X000b
0400F6h |Port P10_3 Function Select Register P10_3S 0XXX X000b
0400F7h|Port P11_3 Function Select Register P11_3S X0XX X000b
0400F8h |Port P10_4 Function Select Register P10_4S 0XXX X000b
0400F9h |Port P11_4 Function Select Register P11_4S XXXX X000b
0400FAh|Port P10_5 Function Select Register P10_5S 0XXX X000b
0400FBh |Port P11_5 Function Select Register P11_5S XXXX X000b
0400FCh|Port P10_6 Function Select Register P10_6S 0XXX X000b
0400FDh|Port P11_6 Function Select Register P11_6S XXXX X000b
0400FEh|Port P10_7 Function Select Register P10_7S 0XXX X000b
0400FFh|Port P11_7 Function Select Register P11_7S XXXX X000b
040100h|Port P12_0 Function Select Register P12_0S X0XX X000b
040101h|Port P13_0 Function Select Register P13_0S XXXX X000b
040102h|Port P12_1 Function Select Register P12_1S X0XX X000b
040103h|Port P13_1 Function Select Register P13_1S XXXX X000b
040104h|Port P12_2 Function Select Register P12_2S X0XX X000b
040105h|Port P13_2 Function Select Register P13_2S XXXX X000b
040106h|Port P12_3 Function Select Register P12_3S X0XX X000b
040107h|Port P13_3 Function Select Register P13_3S XXXX X000b
040108h|Port P12_4 Function Select Register P12_4S X0XX X000b
040109h|Port P13_4 Function Select Register P13_4S XXXX X000b
04010Ah|Port P12_5 Function Select Register P12_5S X0XX X000b
04010Bh|Port P13_5 Function Select Register P13_5S XXXX X000b
04010Ch|Port P12_6 Function Select Register P12_6S X0XX X000b
04010Dh|Port P13_6 Function Select Register P13_6S XXXX X000b
04010Eh|Port P12_7 Function Select Register P12_7S X0XX X000b
04010Fh |Port P13_7 Function Select Register P13_7S XXXX X000b
040110h
040111h|Port P15_0 Function Select Register P15_0S 00XX X000b
040112h
040113h|Port P15_1 Function Select Register P15_1S 00XX X000b
040114h
040115h|Port P15_2 Function Select Register P15_2S 00XX X000b
040116h|Port P14_3 Function Select Register P14_3S XXXX X000b
040117h|Port P15_3 Function Select Register P15_3S 00XX X000b
040118h|Port P14_4 Function Select Register P14_4S XXXX X000b
040119h|Port P15_4 Function Select Register P15_4S 00XX X000b
04011Ah |Port P14_5 Function Select Register P14_5S XXXX X000b
04011Bh |Port P15_5 Function Select Register P15_5S 00XX X000b
04011Ch|Port P14_6 Function Select Register P14_6S XXXX X000b
04011Dh|Port P15_6 Function Select Register P15_6S 00XX X000b
04011Eh |Port P14_7 Function Select Register P14_7S XXXX X000b
04011Fh|Port P15_7 Function Select Register P15_7S 00XX X000b

X: Undefined

Blanks are reserved. No access is allowed.
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Table 4.23  SFR List (23)

Address Register Symbol Reset Value
040120h|Port P16_0 Function Select Register P16_0S X0XX X000b
040121h|Port P17_0 Function Select Register P17_0S X0XX X000b
040122h|Port P16_1 Function Select Register P16_1S X0XX X000b
040123h|Port P17_1 Function Select Register P17_1S X0XX X000b
040124h|Port P16_2 Function Select Register P16_2S X0XX X000b
040125h|Port P17_2 Function Select Register P17_2S X0XX X000b
040126h|Port P16_3 Function Select Register P16_3S X0XX X000b
040127h|Port P17_3 Function Select Register P17_3S X0XX X000b
040128h|Port P16_4 Function Select Register P16_4S X0XX X000b
040129h|Port P17_4 Function Select Register P17_4S XXXX X000b
04012Ah|Port P16_5 Function Select Register P16_5S X0XX X000b
04012Bh|Port P17_5 Function Select Register P17_5S XXXX X000b
04012Ch|Port P16_6 Function Select Register P16_6S X0XX X000b
04012Dh|Port P17_6 Function Select Register P17_6S XXXX X000b
04012Eh|Port P16_7 Function Select Register P16_7S X0XX X000b
04012Fh|Port P17_7 Function Select Register P17_7S XXXX X000b
040130h|Port P18_0 Function Select Register P18_0S XXXX X000b
040131h|Port P19_0 Function Select Register P19_0S XXXX X000b
040132h|Port P18_1 Function Select Register P18_1S XXXX X000b
040133h|Port P19_1 Function Select Register P19_1S XXXX X000b
040134h|Port P18_2 Function Select Register P18_2S XXXX X000b
040135h|Port P19_2 Function Select Register P19_2S XXXX X000b
040136h|Port P18_3 Function Select Register P18_3S XXXX X000b
040137h|Port P19_3 Function Select Register P19_3S XXXX X000b
040138h|Port P18_4 Function Select Register P18_4S XXXX X000b
040139h|Port P19_4 Function Select Register P19_4S XXXX X000b
04013Ah|Port P18_5 Function Select Register P18_5S XXXX X000b
04013Bh|Port P19_5 Function Select Register P19_5S XXXX X000b
04013Ch|Port P18_6 Function Select Register P18_6S XXXX X000b
04013Dh|Port P19_6 Function Select Register P19_6S XXXX X000b
04013Eh|Port P18_7 Function Select Register P18_7S XXXX X000b
04013Fh|Port P19_7 Function Select Register P19_7S XXXX X000b
040140h
040141h
040142h
040143h
040144h
040145h
040146h
040147h
040148h
040149h
04014Ah
04014Bh
04014Ch
04014Dh
04014Eh
04014Fh

X: Undefined

Blanks are reserved. No access is allowed.
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Table 4.24  SFR List (24)
Address Register Symbol Reset Value
040150h to
0402FFh
040300h|UART9 Transmit/Receive Mode Register USMR 00h
040301h|UART?9 Bit Rate Register U9BRG XXh
040302h|UART9 Transmit Buffer Register uoTB XXXXh
040303h
040304h|UART9 Transmit/Receive Control Register 0 uoco 00X0 1000b
040305h|UART9 Transmit/Receive Control Register 1 U9C1 XXXX 0010b
040306h|UART9 Receive Buffer Register U9RB XXXXh
040307h
040308h|UART10 Transmit/Receive Mode Register U10MR 00h
040309h|UART10 Bit Rate Register U10BRG XXh
04030Ah|UART10 Transmit Buffer Register U10TB XXXXh
04030Bh
04030Ch|UART10 Transmit/Receive Control Register 0 u10Co0 00X0 1000b
04030Dh|UART10 Transmit/Receive Control Register 1 uU10C1 XXXX 0010b
04030Eh|UART10 Receive Buffer Register U10RB XXXXh
04030Fh
040310h|UART9, UART10 Transmit/Receive Control Register 2 U910CON X000 0000b
040311h
040312h
040313h
040314h
040315h
040316h
040317h
040318h to
041FFFh
042000h to|Protected Area 0 — Undefined
04201Fh
042020h to|Protected Area 1 — Undefined
04203Fh
042040h to|Protected Area 2 — Undefined
04205Fh
042060h to|Protected Area 3 — Undefined
04207Fh
042080h to|Protected Area 4 — Undefined
04209Fh
0420A0h to
0420EFh
0420F0h | Protected Area Protect Release Register PAPR XXX0 0000b
0420F1h
0420F2h | Protected Area Write Access Flag Register PAWF XXX0 0000b
0420F3h
0420F4h
0420F5h
0420F6h
0420F7h
0420F8h to
043FFFh
X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.25  SFR List (25)
Address Register Symbol Reset Value

044000h to
04403Fh
044040h
044041h
044042h
044043h
044044h
044045h
044046h
044047h
044048h
044049h
04404Ah
04404Bh
04404Ch |Protect Register 4 PRCR4 0000 0000b
04404Dh |Watchdog Timer Clock Control Register WDK 0000 0007?b (1)
04404Eh|Watchdog Timer Start Register WDTS XXXX XXXXb
04404Fh |Watchdog Timer Control Register wDC 000X XXXXb
044050h
044051h
044052h
044053h
044054h
044055h
044056h
044057h
044058h
044059h
04405Ah
04405Bh
04405Ch
04405Dh
04405Eh
04405Fh |Protect Register 2 PRCR2 OXXX XXXXb

X: Undefined

Blanks are reserved. No access is allowed.

Note:
1. The bit 0 is set to 1 when the most recent reset is caused by the watchdog timer. Otherwise, it is set
to 0.
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Table 4.26 SFR List (26)

Address Register Symbol Reset Value
044060h
044061h
044062h
044063h
044064h
044065h
044066h
044067h
044068h
044069n
04406Ah
04406Bh
04406Ch
04406Dh |External Interrupt Request Source Select Register 1 IFSR1 X0XX X000b
04406Eh
04406Fh |External Interrupt Request Source Select Register 0 IFSRO 0000 0000b
044070h|DMAO Request Source Select Register 2 DMOSL2 XX00 0000b
044071h|DMA1 Request Source Select Register 2 DM1SL2 XX00 0000b
044072h|DMA2 Request Source Select Register 2 DM2SL2 XX00 0000b
044073h|DMA3 Request Source Select Register 2 DM3SL2 XX00 0000b
044074h
044075h
044076h
044077h
044078h|DMAO Request Source Select Register DMOSL XXX0 0000b
044079h|DMA1 Request Source Select Register DM1SL XXX0 0000b
04407Ah|DMA2 Request Source Select Register DM2SL XXX0 0000b
04407Bh|DMAS3 Request Source Select Register DM3SL XXX0 0000b
04407Ch
04407Dh |Wake-up IPL Setting Register 2 RIPL2 XX0X 0000b
04407Eh
04407Fh |Wake-up IPL Setting Register 1 RIPLA1 XX0X 0000b
044080h
044081h
044082h
044083h
044084h
044085h
044086h
044087h
044088h
044089h
04408Ah
04408Bh
04408Ch
04408Dh
04408Eh
04408Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.27  SFR List (27)
Address Register Symbol Reset Value

044090h to
0443FFh
044400h|12C-bus Transmit/Receive Shift Register I2CTRSR XXh
044401h
044402h||2C-bus Slave Address Register I2CSAR 00h
044403h|12C-bus Control Register 0 12CCRO 0000 0000b
044404h||2C-bus Clock Control Register I2CCCR 0000 0000b
044405h{12C-bus START and STOP Conditions Control Register I2CSSCR 0001 1010b
044406h|12C-bus Control Register 1 12CCR1 0011 0000b
044407h|12C-bus Control Register 2 I12CCR2 0X00 0000b
044408h|12C-bus Status Register I2CSR 0001 000Xb
044409h
04440Ah
04440Bh
04440Ch
04440Dh
04440Eh
04440Fh
044410h|12C-bus Mode Register I2CMR XXXX 0000b
044411h
044412h
044413h
044414h
044415h
044416h
044417h
044418h
044419h
04441Ah
04441Bh
04441Ch
04441Dh
04441Eh
04441Fh

044420h to
04FFFFh

X: Undefined

Blanks are reserved. No access is allowed.
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5. Resets

There are three types of operations for resetting the MCU: hardware reset, software reset, and watchdog
timer reset.

5.1 Hardware Reset

A hardware reset is generated using the RESET pin. When a low signal is applied to the RESET pin while
the supply voltage satisfies the operating conditions described in 28. “Electrical Characteristics”, the pins
are reset (refer to Table 5.1 for details). Also, oscillators are reset, and the main clock starts oscillating.
The CPU and SFRs are reset by a low-to-high transition on the RESET pin. Then, the CPU starts
executing the program from the address indicated by the reset vector. Internal RAM is not affected by a
hardware reset. However, if a hardware reset occurs during a write operation to the internal RAM, the
value is undefined.

Figure 5.1 shows an example of the reset circuit. Figure 5.2 shows the reset sequence. Table 5.1 lists pin
states while the RESET pin is held low. Figure 5.3 shows CPU register states after a reset. Refer to 4.
“Special Function Registers (SFRs)” for details on the states of SFRs after a reset.

A. Reset when the supply voltage is stable

(1) Drive the RESET pin low.
(2) Input at least 20 clock cycles to the XIN pin.
(3) Drive the RESET pin high.

B. Reset when turning on the power

(1) Drive the RESET pin low.

(2) Raise the supply voltage until the voltage satisfies the operating condition.
(3) Wait td(P-R) ms until the internal voltage is stabilized.

(4) Input at least 20 clock cycles to the XIN pin.

(5) Drive the RESET pin high.

Operating voltage _/
VCC
VCC
oV

RESET ¥ 0.2VCC
A oy =

This width indicates internal power supply stabilization time (td(P-R))
+ at least 20 cycles of a clock input to the XIN pin

Figure 5.1 Reset Circuitry
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o L

<—> Input at least 20 clock cycles

| Microprocessor mode

Address

BCLK ------o------ \ﬂﬂJTLl_Ll_Ll_l_l_Ll_l_l_Ll_Ll_l_l_Ll_Ll_Ll_Ll_l_l_l

Reset vector value

FFFFFFFCh >—S‘,—<H—I—H—H—ChXH—H—H—H.)hXH—I—i—H—I—I:hXi—I—H—H—H—h)—’;S—(

RD

Address

[N i N N B O

Byte access —J» Byte access

Reset vector value

FFFFFFFCh >—S‘,—<FFFFFFFChXFFFFFFFEh>—S§—< X X

RD

Address

I i R N e B N

Byte access —J» Word access

Reset vector value

@_SF(FFFFFFFCQ—%—( X X X

RD

Single-chip mode
Address ("

[ e N e B b N

Byte access —J» Long word access

FFFFFFFCh

Note:

Reset vector value

1. Address data is not output from pins in single-chip mode.

Figure 5.2 Reset Sequence
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R32C/116A Group 5. Resets
Table 5.1 Pin States while RESET Pin is Held Low (1)
Pin Name Pin States
CNVSS =VSS CNVSS =VCC
PO Input port (high-impedance) Inputs data
P1 Input port (high-impedance) Input port (high-impedance)
P2, P3 Input port (high-impedance) Output addresses (undefined)
P4 0toP4 6 |Input port (high-impedance) Output addresses (undefined)
P4 7 Input port (high-impedance) Outputs the CSO0 signal (high)
P50 Input port (high-impedance) Outputs the WR signal (high)
P5 1 Input port (high-impedance) Outputs the BC1 signal (undefined)
P5 2 Input port (high-impedance) Outputs the RD signal (high)
P5 3 Input port (high-impedance) Outputs BCLK (2)
P5 4 Input port (high-impedance) Outputs the HLDA signal (output signal depends on
an input signal to the HOLD pin) (2)
P55 Input port (high-impedance) Inputs the HOLD signal (high-impedance)
P5_6 Input port (high-impedance) Outputs the CS2 signal (high)
P5 7 Input port (high-impedance) Inputs the RDY signal (high-impedance)
P6 to P19 (3) Input port (high-impedance) Input port (high-impedance)
Notes:
1. Whether a pull-up resistor is enabled or not is undefined until the internal voltage is stabilized.
2. State after power is on and the internal voltage has stabilized. It is undefined until the internal voltage
is stabilized
3. Ports P16 to P19 are available in the 176-pin package only.
X Undefined afe reset
General purpose registers Fast interrupt registers
b31 b0 b31 b0
[ | _Flag register (FLG) [ XXXXXXXXh |  save flag register (SVF)
b3i b24 b23 biobis 1 BEB7 -0 | XORRXXXXN | save PC register (SVP)
IXIXIXIXIXIXIXIXIX]XTX]XTo] o] x]o]x]o]oo]X]X]o]o]o]o]o]o]o]o]o]o] [ XXXXXXXXh | Vector register (VCT)

L [ I—
RND DP IPL F(?:UUIOBSZDC
b31 b0
00h | 00h | 00h | 00h [ Data register (R2H/R2L/ROH/ROL)
00h | 00h [ 00h | 00h [ Data register (R3H/R3L/RTH/R1L)
0000h 0000h [ Data register (R6/R4)
0000h 0000h M Data register (R7/R5)
00000000h [ Address register (AO)
00000000h 1 Address register (A1)
00000000h 1 Address register (A2)
00000000h [ Address register (A3)
00000000h M Static base register (SB)
00000000h [ Frame base register (FB)
T
00000000h User stack pointer (USP)
00000000h Interrupt stack pointer (ISP)
00000000h Interrupt vector table base register (INTB)
Reset vector value Program counter (PC)

DMAC-associated registers

o

31 b24 b

00000000k DMA mode register (DMDO to DMD3)
XXXXXXXXh DMA terminal count register (DCTO to DCT3)
XXXXXXXXh DMA terminal count reload register

(DCRO to DCR3)

XXXXXXXXh DMA source address register (DSAO to DSA3)

___oooo0oh )

XXXXXXXXh

o

DMA source address reload register
(DSRO to DSR3)

DMA destination address register
(DDAO to DDA3)

DMA destination address reload register
(DDRO to DDR3)

Figure 5.3

CPU Registers after Reset
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R32C/116A Group 5. Resets

5.2 Software Reset

The CPU, SFRs, and pins are reset when the PMO3 bit in the PMO register is set to 1 (the MCU is reset).
Then, the CPU executes the program from the address indicated by the reset vector.

Set the PMO03 bit to 1 while the PLL clock is selected as the CPU clock source and the main clock
oscillation is completely stable.

There is no change in processor mode since bits PM01 and PMOO in the PMO register are not affected by
a software reset.

5.3 Watchdog Timer Reset

The CPU, SFRs, and pins are reset when the watchdog timer underflows while the CMO06 bit in the CMO
register is 1 (reset when watchdog timer underflows). Then, the CPU executes the program from the
address indicated by the reset vector.

There is no change in processor mode since bits PM01 and PMQOO in the PMO register are not affected by
a watchdog timer reset.

5.4 Reset Vector

The reset vector in the R32C/100 Series is configured as shown in Figure 5.4.

The start address of a program consists of the upper 30 bits of the reset vector and 00b as lower 2 bits.
The lower 2 bits of the reset vector are bits to select the external bus width in microprocessor mode.
Therefore, the start address of a program requires 4-byte alignment so that the lower 2 bits are 00b.

In single-chip mode, set the external bus width select bits to 00b.

b7 bo
FFFFFFFCh _
FFFFFFFDh —_

FFFFFFFEh

FFFFFFFFh \\ \

T
Reset vector value | | | | H

Start address of the

program Upper 30 bits of reset vector |O| 0|

External bus width select bits in microprocessor mode (") [D

32-bit bus width: 00b
16-bit bus width: 10b

Note: , . , 8-bit bus width: 11b
1. Set these bits to 00b in single-chip mode.

Figure 5.4 Reset Vector Configuration
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6. Power Management

6.1 Voltage Regulators for Internal Logic

The supply voltage for internal logic is generated by reducing the input voltage from the VCC pin with the
voltage regulators. Figure 6.1 shows a block diagram of the voltage regulators for internal logic, and

Figure 6.2 shows the VRCR register.

VCC G

Main regulator
SHDN Y
T VDC1
MRS
Sub regulator VDCO

A

External decoupling
capacitor

VSS G

MRS: Bit in the VRCR register

Supply voltage for
internal logic

Internal logic GND

Figure 6.1  Block Diagram of Voltage Regulators for Internal Logic

b7 b6 b5 b4 b3 b2 b1

b0

[

Voltage Regulator Control Register ™

Symbol Address Reset Value
VRCR 040060h 0000 0000b
Bit Symbol Bit Name Function RwW
R | M Reator Shtdoun [0l eoutorsche o |rw
(b7Tb1) No register bits; should be written with 0 and read as 0 —

1. Set the PRC31 bit in the PRCR3 register to 1 (write enabled) before rewriting this register.

2. This bit is fixed to O if the CMO05 bit in the CMO register is 0 (main clock oscillator enabled) or the CM10 bit in
the CM1 register is 0 (PLL oscillator enabled) .

3. While the main regulator is stopped, do not rewrite the flash memory.

Figure 6.2 VRCR Register

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RRENESAS

Page 61 of 541



R32C/116A Group

6. Power Management

6.1.1

Decoupling Capacitor

An external decoupling capacitor is required to stabilize internal voltage. The capacitor should be
beneficially effective at higher frequencies and maintain a more stable capacitance irrespective of
temperature change. In general, ceramic capacitors are recommended. The capacitance varies by
conditions such as operating temperature, DC bias, and aging. To select an appropriate capacitor,
these conditions should be considered. Also, refer to the recommended capacitor specifications listed

in Table 6.1.
The traces between the capacitor and the VDC1/VDCO pins should be as short and wide as physically
possible.
Table 6.1 Recommended Capacitor Specifications
Temperature Characteristics Nominal
Operating ) Rated Voltage . Capacitance
Applicable standard temperature Capacﬂar;ce (V) Capac::tance Tolerance (%)
range (°C) change (%) (MF)
B JIS -25to0 85 +10 6.3 or higher 4.7 120 or better
R JIS -55t0 125 +15 6.3 or higher 4.7 120 or better
X5R EIA -55to 85 +15 6.3 or higher 4.7 120 or better
X7R EIA -55t0 125 +15 6.3 or higher 4.7 120 or better
X8R EIA -55 to 150 +15 6.3 or higher 4.7 120 or better
X6S EIA -55t0 105 122 6.3 or higher 4.7 120 or better
X7S EIA -55 10 125 +22 6.3 or higher 4.7 120 or better
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6.2 Low Voltage Detector

The low voltage detector monitors the supply voltage input to the VCC pin.

This circuit is used to monitor the power supply upstream of the voltage regulators for internal logic and
provide advanced warning that the power is about to fail. By providing a few milliseconds of advanced
warning, the CPU can save any critical parameters to the flash memory and safely shut down.

Figure 6.3 shows a block diagram of the low voltage detector, and Figures 6.4 and 6.5 show registers

associated with the circuit.

Voltage . .
VCC O regulators Supply voltage for internal logic
% R VDEN LVDIEN
y
Low voltage
Edge _!:)_> detection
gene- interrupt
rator request
R
z <RVC3 to RVCO VMF LVDF
VDEN, LVDIEN, LVDF, and VMF: Bits in the LVDC register
RVC3 to RVCO: Bits in the DVCR register
Figure 6.3 Low Voltage Detector Block Diagram
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Low Voltage Detector Control Register ™
b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
LvDC 40062h 0000 XX00b
1 ] ] 1 1 1 1 1
T T T T R T
i E E i i i i i Bit Symbol Bit Name Function RW
i E E i i i i i VDEN Low Voltage Detector 0: Low voltage detector disabled RW
[ S R R Enable Bit 1: Low voltage detector enabled
T Low Voltage Detection 0: Interrupt disabled
i E E E i i R LVDIEN Interrupt Enable Bit ) 1: Interrupt enabled RW
i E E E i i ________ LVDF Low Voltage Detection 0: Low voltage undetected RW
T Flag &4 1: Low voltage detected (Vdet passed)
1 ] ] ] ]
Poronod 0: VCC < Vdet
P 1 Remmmeeoeod VMF Voltage Monitor Flag @ 1: VCC > Vdet or low voltage RO
vy detector disabled
1 ] ] ]
1 ] ] ]
| I Y B | - H H H H —
(b7-b4) No register bits; should be written with 0 and read as 0
Notes
1. Set the PRC31 bit in the PRCRS3 register to 1 (write enabled) before rewriting this register.
2. Before setting this bit to 1, set the VDEN bit to 1 first, and wait until the circuit is stabilized.
3. This bit is enabled when the VDEN bit is set to 1.
4. This bit can be set to 0 by a program (Writing 1 to this bit has no effect).
Figure 6.4 LVDC Register
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Detection Voltage Configuration Register ()

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
1 K K K DVCR 40064h 0000 XXXXb
1 ] ] 1 1 1 1 1

I S T R R R

i E E i i i i i Bit Symbol Bit Name Function RW
A b3 625760

(11 b 111 -1 Rveco 0000:39V RW
I T T R B 0001:375V

oo 0010:360V

I A RVC1 0011:345V RW
T T T A 0100:330V

TR T A A T Reference Voltage :

R A R Configuration Bit ) 1011:465V

[ B B A 17100:450V

A RvC2 1101:435V RW
pror o 1110:420V

T T T 1111:405V

i E E i bmmemmeee- RVC3 Only use the combinations listed Rw
[ T | above

P

[ | — . L . . _
i ---------------- (b6-b4) No register bits; should be written with 0 and read as 0

1

S (b_7) Reserved Should be written with 1 RW

1. Set the PRC31 bit in the PRCR3 register to 1 (write enabled) before rewriting this register. Rewrite this
register when the VDEN bit in the LVDC register is 0 (low voltage detector disabled).
2. Refer to the following table for detected voltages Vdet(F) and Vdet(R).

Reference Voltage Low-detection Voltage | Rise-detection Voltage

Vdet(F) Vdet(R)
465V 455V 477V
450V 440V 462V
435V 424V 446V
420V 4.09V 431V
4.05V 3.95V 417V
3.90V 3.80V 4.02V
375V 3.65V 3.87V
3.60V 3.50 V 372V
345V 3.35V 357V
330V 3.20V 342V

Figure 6.5 DVCR Register
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6.2.1 Operational State of Low Voltage Detector

The low voltage detector starts operating stably after td(E-A) when the VDEN bit in the LVDC register is
set to 1 (low voltage detector enabled).

When the input voltage to the VCC pin drops below Vdet(F), the VMF bit becomes 0 (VCC < Vdet) and
the LVDF bit becomes 1 (low voltage detected (Vdet passed)). At this point an interrupt request is
generated when the LVDIEN bit is 1 (low voltage detection interrupt enabled). Set the LVDF bit to 0 (low
voltage undetected) by a program.

When the voltage rises to or above Vdet(R) again, the VMF bit becomes 1 (VCC > Vdet) and the LVDF
bit becomes 1. At this point an interrupt request is generated when the LVDIEN bit is 1.

Figure 6.6 shows the operation of the low voltage detector.

Vdet(R)

Vdet(F)
VCC
VDEN bit

tdE-a)
Voltage detector Disabled Unstable F Stable

VMF bit
LVDF bit

1

Set to 0 by a program

Figure 6.6 Low Voltage Detector Operation

6.2.2 Low Voltage Detection Interrupt

A low voltage detection interrupt request is generated when the input voltage at the VCC pin rises to or
above the Vdet(R) level, or falls below the Vdet(F) level while the LVDIEN bit in the LVDC register is 1
(low voltage detection interrupt enabled).

This interrupt shares the interrupt vector with the watchdog timer interrupt and oscillator stop detection
interrupt. When using the low voltage detection interrupt with these interrupts at the same time, read
the LVDF bit in the LVDC register in the interrupt handler and confirm that the low voltage detection
interrupt has been occurred.

The LVDF bit becomes 1 when the input voltage at the VCC pin passes the Vdet(R) level or Vdet(F)
level. When the LVDF bit changes from 0 to 1, a low voltage detection interrupt request is generated.
Set this bit to 0 (low voltage undetected) by a program.
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6.2.3 Application Example of the Low Voltage Detector

Figure 6.7 shows an example of the low voltage detection interrupt.

The supply voltage for internal logic is generated by reducing the input voltage from the VCC pin with
the voltage regulators. When the input voltage begins to fall, the internal voltage remains steady.
However, as the VCC input voltage continues to fall, the supply voltage for the internal logic also begins
to fall, which may affect MCU operation. Consequently, the system can be safely shut down between
when the VCC input voltage begins to fall and when the supply voltage for internal logic begins to fall.
The low voltage detection interrupt can be applied to detect the falling input voltage.

Voltage
A
VCC

Vdet

Supply voltage for internal logic

» Time
T System shutdown
Low voltage detection interrupt
Figure 6.7 Example of the Low Voltage Detection Interrupt
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7. Processor Mode

71 Types of Processor Modes

The R32C/100 Series supports three types of processor modes: single-chip mode, memory expansion
mode, and microprocessor mode. Table 7.1 lists the characteristics of each processor mode.

Table 7.1 Processor Mode Characteristics
Processor Mode Accessible Space Pin State as I/O Ports
Single-chip mode SFRs, internal RAM, internal ROM |All pins can be assigned to I/O ports or
I/O pins for the peripheral functions

Memory expansion mode |SFRs, internal RAM, internal Some pins are assigned to bus control
ROM, external space pins (1)

Microprocessor mode SFRs, internal RAM, external Some pins are assigned to bus control
space pins (1)

Note:

1. Referto 9. “Bus” for details.

The R32C/116A Group supports two standard processor modes: single-chip mode and memory
expansion mode. Microprocessor mode is optional. Contact a Renesas Electronics sales office to use this
mode.

7.2 Processor Mode Setting

The processor mode to be used is selected by the CNVSS pin state and setting of bits PM01 and PMOO in
the PMO register. After a hardware reset, the operation starts in single-chip mode or microprocessor mode
as shown in Table 7.2.

Table 7.2 Processor Mode after Hardware Reset

Input Level into the CNVSS Pin (1) Processor Mode
Low Single-chip mode
High Microprocessor mode
Note:

1. The CNVSS pin should be connected to VCC or VSS via a resistor.

To change to memory expansion mode after starting an operation in single-chip mode, set bits PM01 and
PMOO in the PMO register to 01b (memory expansion mode). Note that the microprocessor mode,
selected to start an operation, can be also changed to another mode by setting the bits mentioned above.
In this case, however, the internal ROM is inaccessible in every changed mode.

Notes on changing processor mode are as follows:

1. When rewriting bits PM01 and PMO0O to 01b (memory expansion mode) or 11b (microprocessor
mode), do not change bits PM07 to PMO02.

2.  When rewriting bits PM07 to PM02, do not change bits PM01 and PMOO.

3. Do not change the current mode to microprocessor mode while a program in the internal ROM is
being executed.

4. Do not change the current mode to single-chip mode while a program in the external space is
being executed.

5. Do not change microprocessor mode to memory expansion mode while a program in the same
address as that assigned to the internal ROM is being executed.

Figure 7.1 shows the PMO register and Figure 7.2 shows the memory map for each processor mode.
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Processor Mode Register 0

b7 b6 b5 b4 b3 b2 b1 b0

1 1 : Microprocessor mode

e PMO02 R/W Mode Select Bit 1-RD/WRO / WRT/ WR2 | WR3 RW

. The MCU is reset when this bit is set
| mmmmmm—e—ee PMO03 Software Reset Bit to 1. The bit is read as 0 RW

Symbol Address Reset Value
[ Jofofo] [ [ | ] Pmo 40044h 1000 0000b (CNVSS pin is held low)
R 0000 0011b (CNVSS pin is held high)
1 ] ] 1
I Bit Symbol Bit Name Function RW
I
[ | b1 b0
i i i == PMO0 0 0 : Single-chip mode RW
Lo Processor Mode Bit 23 0 1:Memory expansion mode
T PMO1 1 0 : Do not use this combination RW
L
1 ]
1 ]
]
]
]
1
1
1

i ------------------- (b6-b4) Reserved Should be written with 0 RW
1

i 0: Output BCLK ®

i . 1: Do not output BCLK. Select a

b e e PMO7 BCLK Output Function function for port P5_3 using bits RW

it (4)
Select Bit CMO1 and CMOO in the CMO

register

1. Rewrite this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. The processor mode is not changed even when the PMO3 bit is set to 1 (software reset).

3. Reuwrite bits PM01 and PM0O with 01b or 11b after other bit(s) is/are rewritten. They should not be rewritten
simultaneously.

4. In single-chip mode, the BCLK is not output even when the PMO7 bit is set to 0.
To stop clock output in memory expansion mode or microprocessor mode, set the PMO07 bit to 1 and bits
CMO01 and CMOO in the CMO register to 00b (I/O port P5_3). /0O port P5_3 outputs a low signal in this case.

5. Set bits CM01 and CMO0O to 00b when the PMO7 bit is 0.

Figure 7.1 PMO Register
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00000000h
00000400h

00040000h

00050000h

00060000h
00062000h

00080000h

02000000h

FE000000h

FFEQO0000hA

FFFFFFFFh

Notes:

Single-chip Mode

Memory Expansion Mode

Microprocessor Mode

SFRs SFRs SFRs
Internal RAM Internal RAM Internal RAM
Reserved Reserved Reserved

(internal RAM)

(internal RAM)

(internal RAM)

SFRs 2 SFRs 2 SFRs 2
Reserved Reserved Reserved
Data ROM Data ROM Data ROM
Reserved Reserved Reserved

(Internal ROM)

(Internal ROM)

(Internal ROM)

Cannot be used (")

External space
31.5 MB

External space
31.5 MB

Cannot be used @

Cannot be used @

External space
30 MB

Reserved
(Internal ROM)

Reserved
(Internal ROM)

External space
32 MB

Internal ROM

Internal ROM

1. This space cannot be externally expanded in single-chip mode.
2. This space cannot be used in any processor mode.

Figure 7.2

Memory Map of Each Processor Mode
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8. Clock Generator

8.

8.1

Clock Generator

Clock Generator Types

The clock generator consists of four circuits:
» Main clock oscillator
* Sub clock oscillator
* PLL frequency synthesizer
* On-chip oscillator (OCO)

Table 8.1 lists the specifications of the clock generator. Figure 8.1 shows a block diagram of the clock
generator, and Figures 8.2 to 8.10 show registers associated with clock control.

Table 8.1 Clock Generator Specifications
ltem Maln.CIock Sub Clock Oscillator PLL Frquency On-chip Oscillator
Oscillator Synthesizer
Used as * PLL reference * CPU clock source | « CPU clock source | * CPU clock source

clock source
* Peripheral clock
source

* Clock source for
timers A and B

* Peripheral clock
source

« Clock source for
timers A and B

Clock frequency

4 to 16 MHz

32.768 kHz

fsopLL) or fpLL)

Approx. 125 kHz

Connectable
oscillators or
additional circuits

Ceramic resonator
Crystal oscillator

Crystal oscillator

clock can be input

clock can be input

oscillator stops
running, the PLL
frequency
synthesizer
oscillates at its own
frequency of fso(pLL)

Pins for oscillators | XIN, XOUT XCIN, XCOUT

or additional — —
circuits

Oscillator stop/ Available Available Available Available
restart function

Oscillator state Running Stopped Running Stopped
after a reset

Note Externally generated |Externally generated |When the main clock | The on-chip

oscillator starts
running by setting
the CSPM bit in the
OFS areato 0 aftera
reset
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WAIT instruction (wait mode) [sql 7 wait_mode
STOP instruction (stop mode) s q] 7 stop_mode
RESET
NMT Low speed clock (4
Low voltage detection interrupt 8 10 :\c O CLKOUT
Output signal from priority resolver 32 1 5
CMO01 and CM00
Main clock oscillator
Detection enabled
XIN XouT CM20 Oscillator stop Peripheral clock source
detection interrupt Peripheral clocks
Main clock | request
stop detector {>_ fAD
CMO5 Main clock > f
PLL clock 8
D PLL frequency < > 32
synthesizer 1p
X _:D_ ()
0 CST
N
L
BCS |q PM26 (ot 2
CM10 L PLL oscillator
CMO02 L Base
I—D Clock
wait_mode . CPU
stop_mode clock
Sub clock oscillator
XCIN  XCOuT — 256 Peripheral
11256 ; © bus clock
CPSR =1
CM31 Divider
Sub clock fC 0 reset
CMo4 1%l —e 1132 fC32
stop_mode o |
fOCO4
1/4
On-chip oscillator On-chip oscillator clock fOCO
(125 kHz)
CMO00 to CM02, CM04, and CMO05: Bits in the CMO register PM26: Bit in the PM2 register
CM10: Bit in the CM1 register CST: Bit in the TCSPR register
CM20: Bit in the CM2 register CPSR: Bit in the CPSRF register
CM30 and CM31: Bits in the CM3 register BCS: Bit in the CCR register
Notes:
1. The value of p can be selected by setting bits PM36 and PM35 in the PM3 register (p = 2, 4, 6, 8).
2. The value of n can be selected by setting bits CNT3 to CNTO in the TCSPR register (n = 0 to 15).
When n is 0, the clock is not divided.
3. The value of b can be selected by setting bits BCD1 and BCDO in the CCR register (b = 2, 3, 4, 6).
4. The value of m can be selected by setting bits CCD1 and CCDO in the CCR register (m = 1 to 4).
5. The value of g can be selected by setting bits PCD1 and PCDO in the CCR register (q = 2 to 4).

Figure 8.1

Clock Generation Circuitry
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Clock Control Register
b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
Lo [ [ [ [ ]] ccr 0004h 0001 1000b
R
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
A BCDO b1 b0 RW
A R Base Clock Divide Ratio 00 Divide-by-6
e . 0 1 :Divide-by-4
A Select Bit ) S
[ R T TR N IR PUONIPRP BCD1 10: D|V|de-by-3 RW
i E i i i i 1 1 : Divide-by-2
A T I S— ccoo o RW
P CPU Clock Divide Ratio 0 0:Divide-by-4
[ T T B | (3 01: D|V|de-by-3
oo Select Bit ® 1 0 - Divide-bv-2
R T R TR U CCD1 - Divide-by- RW
I 1 1 : No division
1 ] ] 1
P PCDO e RW
R Peripheral Bus Clock 0 0: Do not use this combination
i i E Divide Ratio Select Bit 0 1:Divide-by-2
b ] PCD1 @34 1 0 : Divide-by-3 RW
[ 1 1 :Divide-by-4
1 ]
i R — (b_6) Reserved Should be written with 0 RW
1
1
' Base Clock Source Select | 0: PLL clock
e e ]
BCS it 1:C, fOCO4, or 256 . RW
Notes
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. The divide ratios of the base clock and peripheral bus clock should not be changed simultaneously. Doing
so may cause the peripheral bus clock frequency to go over the maximum operating frequency.
3. The divide ratio of the CPU clock should be equal to or lower than that of peripheral bus clock.
4. Set this bit only once after a reset and do not change the setting afterwards. Rewrite the PBC register
before rewriting this bit.
5. To set this bit to 1, a 32-bit write access to addresses 0004h to 0007h should be performed.
6. To use these low speed clocks, select one of them by setting bits CM31 and CM30 in the CM3 register and
then set the BCS bit to 1.
Figure 8.2 CCR Register
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System Clock Control Register 0 ™
b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
ol [T ]] ocomo 40046h 0000 1000b
A
bobobb
E E E i i i by Bit Symbol Bit Name Function RW
1
IR T . w
1 == .
O T T A ! Clock Output Function 00 : VO port P5_3
[ - 0 1 :Output a low speed clock
R Select Bit @
[ R T T — CMO1 1 0 : Output f8 RW
E E E i i E 1 1 :Output f32
E E E i i E 0: Peripheral clock source not
O CMO2 Periph_eral Clock Source stopped in wait mode | rw
(O Stop Bit ) 1: Peripheral clock source stopped in
E E E i i wait mode 4)
) ] ] 1 1
[ XCIN-XCOUT Drive 0: Low
I CMO3 | strength Select Bit © 1: High RW
) 1 1 1
Voo . . 0: 1/0 port
) 1 1 e e e ]
bl CMO4 | Port XC Switch Bit 1: XCIN-XCOUT oscillator © RW
] ] ]
N N CMO5 Main Clock Oscillator (XIN- | 0: Main clock oscillator enabled RW
i E XOUT) Stop Bit &7 1: Main clock oscillator disabled
) ] . . . .
N Watchdog Timer Function 0: Watchdog timer interrupt
E CMO6 Select Bit ® 1: Reset RW
)
e (b_7) Reserved Should be written with 0 RW
Notes

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

2. When the PMO07 bit in the PMO register is 0 (output BCLK), bits CM01 and CMO00 should be set to 00b. In
memory expansion mode, when the PMO7 bit is 1 (select a function for port P5_3 using bits CM01 and
CMOO in the CMO register) and bits CM01 and CMOO are set to 00b, the P5_3 pin is driven low (this pin
does not function as port P5_3).

3. When the PM21 bit in the PM2 register is 1 (clock change disabled), bits CM02 and CMO05 cannot be
changed by a write access.

4. fC32 and f2n (whose clock source is the main clock) do not stop.

5. When entering stop mode, the CMO03 bit becomes 1.

6. To set the CM04 bit to 1, set bits PD8_7 and PD8_6 in the PD8 register to 0 (input), and the PU25 bit in the
PUR2 register to 0 (pull-up resistor disabled).

7. This bit stops the main clock when entering low power mode. It cannot detect whether or not the main clock
oscillator stops. When this bit is set to 1, the clock applied to the XOUT pin becomes high. Since te on-chip
feedback resistor remains connected, the XIN pinis connected to the XOUT pin via the feedback resistor.

8. Set this bit before activating the watchdog timer. When rewriting this bit while the watchdog timer is running,
set it immediately after writing to the WDTS register.

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

Figure 8.3 CMO Register
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System Clock Control Register 1

b7 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[o] | [o]o]olo] |  cwm1 40047h 0010 0000b
R
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 1 1 1 1 . N
t bbbl - om0 | PLL Oscillator Stop Bit % | 9 PLL oscillator enabled RW
I A 1: PLL oscillator disabled
1 ] ] 1 1 1 1
1 ] ] 1 1 1 1 _ . .
i E E bombodode o (b4-b1) Reserved Should be written with 0 RW
BT " —
1 ] .
b XIN-XOUT Drive Strength | © 0 *-OW
[ i+ (4) 01: ngh
I Select Bit 10:S low
e CE LT CM16 - ouper jow = o RW
! 1 1 : Do not use this combination
1
oo (b_7) Reserved Should be written with 0 RW
Notes
1. Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.
2. When the BCS bit in the CCR register is 0 (PLL clock selected as base clock source), the PLL frequency
synthesizer does not stop oscillating even if the CM10 bit is set to 1.
3. When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM10 bit cannot be changed by a
write access.
4. These bits become 01b when the main clock is stopped. When setting to 00b or 10b, rewrite them after the
main clock is fully stabilized.
5. The oscillator frequency should be 8 MHz or less to select super low mode.
Figure 8.4 CM1 Register
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Oscillator Stop Detection Register ™

0: Main clock oscillator has not been
stopped RW
1: Main clock oscillator stop detected

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
loJofojo] | Jo| | cm2 4004Dh 0000 0000b
R
1 ] 1 1
i i i i Bit Symbol Bit Name Function RW
i E i i CM20 Oscillator Stop Detection 0: Disable oscillator stop detection RW
o Enable Bit @3 1: Enable oscillator stop detection
1 ] 1
I o) Reserved Should be written with 0 RW
P
1 ]
] ]

Oscillator Stop Detection

R S— CcM22 Flag

0: Main clock oscillator active

[ i i (5)
cM23 Main Clock Monitor Flag 1: Main clock oscillator stopped

RO

Reserved Should be written with 0 RwW

(b7-b4)

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

2. Set this bit to 0 when 256 is selected as the base clock source in low speed mode.

3. When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM20 bit cannot be changed by a
write access.

4. When a main clock oscillator stop is detected, this bit becomes 1. It can be set to 0 by a program, however
not to 1. When it is set to 0 while the main clock oscillator is stopped, it does not become 1 until the next
main clock oscillator stop is detected.

5. After an oscillator stop detection interrupt occurs, read this bit several times to determine the main clock
state.

Figure 8.5 CM2 Register

Low Speed Mode Clock Control Register

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
CM3 4005Ah XXXX XX00b

1 ] ] 1 1 1 1 1

T A

i E E i i i i i Bit Symbol Bit Name Function RW

I T T T B R b1 b0

e Y 00:fC RW

H T Low Speed Mode Base 0 1 : 256 (main clock divided by 256)

I T T T R Clock Select Bit 1 0 :fOCO4 (on-chip oscillator

i E E i i i N CM31 divided by 4) 2:3) RW

A A R 1 1 : Do not use this combination

i__i__i__j__i___i _________ — No register bits; should be written with 0 and read as undefined _
(b7-b2) value

Notes:

1. Reuwrite this register after setting the PRC27 bit in the PRCR2 register to 1 (write enabled) and while the
BCS bit in the CCR register is 0 (PLL clock).

2. When the PM22 bit in the PM2 register is 1 (count source protected) and the PM23 bit or WDK4 bit in the
WODK register is 1 (on-chip oscillator clock), the CM31 bit is not changed by a write access.

3. The on-chip oscillator clock starts when the CM31 bit is set to 1.

Figure 8.6 CM3 Register
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Count Source Prescaler Register

b7 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value

[ JoJofo] [ [ | | TcsPrR 035Fh 0000 0000b
A
I T T T T R
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 1 1 1 1
A e Y RW
1 ] ] 1 1 1 1
I T T N B
I T T R T S CNT1 f2n is either the main clock or RW
1 ] ] 1 1 1 . o
[ T T B - . < 1) peripheral clock source divided by
A Divide Ratio Select Bit 2n. If n = 0, the clock is not divided (n
S A CNT2 = setting value) RW
T T T
R CNT3 RW
R
oL - R d Should be written with 0 RW

------------------- eserve ould be written wi
i (b6-b4)
i Divider Operation Enable 0: Stop divider operation
frommmTm s csT Bit 1: Start divider operation RW
Note:
1. Set the CST bit to 0 before rewriting bits CNT3 to CNTO.
Figure 8.7 TCSPR Register
Clock Prescaler Reset Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
CPSRF 0341h OXXX XXXXb
1 ] ] ] 1 1 1 1
I T T T T B B
i E E E i i i i Bit Symbol Bit Name Function RW
i IR — No register bits; should be written with 0 and read as undefined .
! (b6-b0) value
i When this bit is set to 1, the fC
T L ELEEE LY CPSR Clock Prescaler Reset Bit divided-by-32 divider is initialized. RW
The bit is read as 0

Figure 8.8

CPSRF Register
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Processor Mode Register 2 ()
b7 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[of Jo[ [ | | [o] pPm2 40053h 0000 0000b
R
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 1 1 1 1
R T T A T B - Reserved Should be written with 0 RW
I R N (b0)
1 ] ] 1 1 1 1
e . 0: Protect the clock by the PRCR
1 ] ] ] 1 1 1
A A R PM21 ggitem Clock Protect Bit register RW
i E i i i i 1: Clock change disabled
i E i i i i The count source of watchdog timer
A R Watchdog Timer Count is
1 ] ] ] ] 1
i E E i i PM22 Source Protect Bit 24 0: Unprotected RW
ol 1: Protected ©
1 ] ] 1 1
A ) 0: Peripheral bus clock or prescaler
1 ] ] 1 1
T B B e PM23 Watchdog Timer Czozjr;t cascaded on-chip oscillator clock | RW
[ Source Select Bit 4.6 . X .
o 1: On-chip oscillator clock
1 ] ] 1
[ T | . 0: NMI disabled
[ T T A )
P PM24 NMI Enable Bit 1- NMI enabled RW
1 ] ]
1 ] ] J—
I Reserved Should be written with 0 RW
Lo (b3)
[ . _ .
I S PM26 {82)n Clock Source Select Bit 0: Per}pheral clock source RW
: 1: Main clock
1
e (b_7) Reserved Should be written with 0 RW
Notes

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

2. Once this bit is set to 1, it cannot be set to 0 by a program.

3. When the PM21 bit is set to 1, the following bits cannot be changed by a write access:

CMO02 bit in the CMO register (the peripheral clock source state in wait mode)
CMO5 bit in the CMO register (main clock oscillator enabled/disabled)

CM10 bit in the CM1 register (PLL oscillator enabled/disabled)

CM20 bit in the CM2 register (oscillator stop detection enabled/disabled)

4. This bit should be set before the watchdog timer activates.

5. The count source protect mode is enabled only when the PM23 or WDK4 bit in the WDK register is 1 (on-
chip oscillator clock selected). When this mode is enabled, the CM31 bit in the CM3 register is not changed
by a write access.

6. When the PM23 bit is set to 1, the on-chip oscillator starts running.

7. When the PM24 bit is 0, the forced cutoff of the three-phase motor control timers is also disabled.

8. Stop all the peripherals that use f2n before rewriting this bit.

Figure 8.9 PM2 Register
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Processor Mode Register 3

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
o] | [o]o]o]oJo]  Pm3 40048h 0000 0000b
I
I T T T T R
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1 —_ . .
i E E --------- (b4-b0) Reserved Should be written with 0 RW
P PM35 oo RW
i E Peripheral Clock Source 8 (1) B!v!de-by-S
. o . (2 : Divide-by-6
i Divide Ratio Select Bit ® 1 0 - Divide-by-4
A GECELELELELELE PM36 - Divide-by- RW
' 1 1:Divide-by-2
1
et EEEEE R (b_7) Reserved Should be written with 0 RW

this register.

1. Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register. Stop all the
peripherals that use fAD, f1, 8, f32, or f2n (when the clock source is the peripheral clock source) to rewrite

2. Select a divide ratio so that the peripheral clock source frequency does not exceed the maximum value
specified in the electrical characteristics

Figure 8.10 PM3 Register
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The following sections illustrate clocks generated in clock generators.

8.1.1 Main Clock

The main clock is generated by the main clock oscillator. This clock can be a clock source for the PLL
reference clock or peripheral clocks.

The main clock oscillator is configured with two pins, XIN and XOUT, connected by an oscillator or
resonator. The circuit has an on-chip feedback resistor which is separated from the oscillator in stop
mode to save power consumption. An external clock can be applied to the XIN pin in this circuit. Figure
8.11 shows an example of a main clock circuit connection.

Circuit constants vary depending on the oscillator. Circuit constants should be set as per the oscillator
manufacturer’s recommendations.

After a reset, the main clock oscillator is still independently active and disconnected from the PLL
frequency synthesizer. A PLL frequency synthesizer self-oscillating clock divided by 12 is provided to
the CPU.

Setting the CMO05 bit in the CMO register to 1 (main clock oscillator disabled) enables power-saving. In
this case, the clock applied to the XOUT pin becomes high. The XIN pin connected to the XOUT pin by
an embedded feedback resistor is also driven high. Do not set the CMO05 bit to 1 when an external clock
is applied to the XIN pin.

All clocks, including the main clock, stop in stop mode. Refer to 8.7 “Power Control” for details.

MCU MCU
(feedback resistor embedded) (feedback resistor embedded)

XIN I I} XIN|[€«——— External clock

e LT
Oscillator [_] VSS

XOUT Al\/v\,L —se XOUT| Open

Rd ™ CcouT

T

Note:
1. Insert a damping resistor if required. Resistance values may vary according to oscillator setting. Values
recommended by the manufacturer should be set. A feedback resistor should be placed between XIN and
XOUT if the manufacturer recommends placing a resistor externally.

Figure 8.11 Main Clock Circuit Connection

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 80 of 541
Dec 18, 2014



R32C/116A Group 8. Clock Generator

8.1.2  Sub Clock (fC)

The sub clock is generated by the sub clock oscillator. This clock can be a clock source for the CPU
clock and a count source for timers A and B. It can be output from the CLKOUT pin.

The sub clock oscillator is configured with pins XCIN and XCOUT connected by a crystal oscillator. The
circuit has a on-chip feedback resistor which is separated from the oscillator in stop mode to save
power consumption. An external clock can be applied to the XCIN pin. Figure 8.12 shows an example
of a sub clock circuit connection. Circuit constants vary depending on the oscillator. Circuit constants
should be set as per the oscillator manufacturer’s recommendations.

After a reset, the sub clock is stopped and the feedback resistor is separated from the oscillator. In
order to start the sub clock oscillation, first set bits PD8 6 and PD8 7 in the PD8 register to 0 (input
mode), and the PU25 bit in the PUR2 register to 0 (pull-up resistor disabled). Then, set the CM04 bit in
the CMO register to 1 (XCIN-XCOUT oscillator).

To input an external clock to the XCIN pin, set bits PD8 7 and PU25 to 0 and then the CM04 bit to 1.
The clock applied to the XCIN pin becomes a clock source for the sub clock.

When the CM3 register is set to 00h (fC) and the BCS bit in the CCR register is set to 1 (fC, fOCO4, or
f256) after the sub clock oscillation has stabilized, the sub clock becomes the base clock of the CPU
clock and the peripheral bus clock.

All clocks, including the sub clock, stop in stop mode. Refer to 8.7 “Power Control” for details.

MCU MCU
(feedback resistor embedded) (feedback resistor embedded)
CCIN
XCIN » I XCIN [€— External clock
1 veeJ LITLILI
Oscillator [] VSS
XCouT AVAVAY: T T — XCOUT| Open
Red M CccouTt N
T

Note:
1. Insert a damping resistor if required. Resistance values vary according to oscillator setting. Values
recommended by the manufacturer should be set. A feedback resistor should be placed between XCIN and
XCOUT if the manufacturer recommends placing a resistor externally.

Figure 8.12 Sub Clock Circuit Connection
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8.1.3 PLL Clock

The PLL clock is generated by the PLL frequency synthesizer based on the main clock. This clock can
be a clock source for any clock including the CPU clock and the peripheral clock.

Figure 8.13 shows a block diagram of the PLL frequency synthesizer. Figures 8.14 and 8.15 show
registers PLCO and PLC1, respectively.

Main clock @ Reference N Phase | Charge pump | Filter

counter (a)
Divider (m)

(XIN) counter (r) comparator
t ‘
SEO bit in the
PLC1 register Reference e A ittt - v
clock ! ) Dual-modulus | !

' Main &gunter prescaler (€ VCO —» PLL clock
; (p=56) |!
! £ !
1 1
1 ]
1 ]
1 1
1 1
H Swallow :
| i
1 1
1 1
1, ]

Figure 8.13 PLL Frequency Synthesizer Block Diagram

PLL Control Register 0 (2

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT T 1]l ]]] PLco 40020h 0000 0001b
I
1 ] 1 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 ] 1 1 1
A A e WL AL RW
I T MCV1 RW
R R Main Counter Divide Ratio | Set the bits to n - 1
R MCv2 Setting Bit (n = divide ratio of the main counter) RW
A MCV3 RW
o MCV4 RW
1 ] ]
oy T SVO | allow Countor Divide | The divide ratio of the dual-modulus | RY
i e e SCV1 Ratio Setting Bit prescaler is 6 (in a out of n times) or | RW
[ SCV2 5 (in other cases) (a = setting value) RW

Notes:
1. Set the PRC2 bit in the PRCR register to 1 (write enabled) just before rewriting this register. No interrupt
handling or DMA transfers should be inserted between these two instructions.
2. This register can be rewritten only once after a reset.

Figure 8.14 PLCO Register
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PLL Control Register 1

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ofofo[ [ [ | | | PLcH 40021h 0001 1111b
R
T T T A A
i E E i i i i i Bit Symbol Bit Name Function RW
P11 -4 RCVO RW
I R
i E E i i i === RCV1 Reference Counter Divide | Set the bits to r - 1 RW
AR R A SO — RCV2 Ratio Setting Bit (r = divide ratio of the main clock) RW
1 ] ] ] ]
i E i i R o RCV3 RW
oo _— o | 0:PLL lock-in
i E i ------------- SEO Self-oscillating Setting Bit 1: Self-oscillating RW
1 ] ]
[ — . .
e T Tt (b7-b5) Reserved Should be written with 0 RW
Note:

1. Set the PRC2 bit in the PRCR register to 1 (write enabled) just before rewriting this register. No interrupt
handling or DMA transfers should be inserted between these two instructions.

Figure 8.15 PLC1 Register

In the PLL frequency synthesizer, the pulse-swallow operation is implemented. The divide ratio m is
simply expressed by nxp. However, with the swallow counter, the divide ratio p is 6 in a out of n, or 5 in
other cases, the actual m is therefore given by the formula below:

m=nxp

:nx(g.6+n_a.5)
n n

=5S5n+a

The setting range of ais 0<a<5,0<a<n.
As ris the divide ratio of the reference counter, the PLL clock has a m/r times the main clock (XIN)
frequency.

PLL clock frequency f{PLL) % - main clock frequency

Sn+a

- main clock frequency

After a reset, the reference counter is divided by 16, and the PLL frequency synthesizer is multiplied by
10. Since the main clock as a reference clock is disconnected, the PLL frequency synthesizer may self-
oscillate at its own frequency of fsopLL)-

Each register should be set to meet the following conditions:

-The reference clock, which is the main clock divided by r, should be between 2 to 4 MHz.

-The divide ratio mis 25 <m <100.

For the setting of registers PLC1 and PLCO, Table 8.2 should be applied. While the main clock
oscillation is stable, a wait time of t; ock(pLL) is necessary between rewriting registers PLC1 and PLCO,
and the PLL clock becoming stable.
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Table 8.2 PLC1 and PLCO Register Settings (1)

Reference PLC PLCO
Main Clock r Clock n a m Regi.ster Regi§ter m/r PLL Clock
Setting Setting
4 MHz| 2 2MHz| 9 3 48 01h 68h 24 96 MHz
6 MHz| 2 3MHz| 6 2 32 01h 45h 16 96 MHz
8MHz| 3 | 2.6667 MHz| 7 1 36 02h 26h 12 96 MHz
10 MHz| 5 2MHz| 9 3 48 04h 68h 9.6 96 MHz
12 MHz| 4 3MHz| 6 2 32 03h 45h 8 96 MHz
16 MHz| 5 32MHz| 6 0 30 04h 05h 6 96 MHz
4 MHz| 1 4MHz| 5 0 25 00h 04h 25 100 MHz
6 MHz| 3 2 MHz| 10 0 50 02h 09h 16.6667 100 MHz
8 MHz| 2 4MHz| 5 0 25 01h 04h 12.5 100 MHz
10MHz| 3 | 3.3333MHz| 6 0 30 02h 05h 10 100 MHz
12 MHz| 3 4MHz| 5 0 25 02h 04h 8.3333 100 MHz
16 MHz| 4 4MHz| 5 0 25 03h 04h 6.25 100 MHz
4 MHz| 1 4MHz| 6 0 30 00h 05h 30 120 MHz
6 MHz| 2 3MHz| 8 0 40 01h 07h 20 120 MHz
8 MHz| 2 4MHz| 6 0 30 01h 05h 15 120 MHz
10 MHz| 3 | 3.3333MHz| 7 1 36 02h 26h 12 120 MHz
12 MHz| 3 4MHz| 6 0 30 02h 05h 10 120 MHz
16 MHz| 4 4MHz| 6 0 30 03h 05h 7.5 120 MHz
4 MHz| 1 4MHz| 6 2 32 00h 45h 32 128 MHz
6 MHz| 3 2 MHz| 12 4 64 02h 8Bh 21.3333 128 MHz
8 MHz| 2 4MHz| 6 2 32 01h 45h 16 128 MHz
10 MHz| 5 2 MHz| 12 4 64 04h 8Bh 12.8 128 MHz
12 MHz| 3 4MHz| 6 2 32 02h 45h 10.6667 128 MHz
16 MHz| 4 4MHz| 6 2 32 03h 45h 8 128 MHz

Note:
1. Registers PLC1 and PLCO should be set according to the list above.
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8.1.4 On-chip Oscillator Clock

The on-chip oscillator clock is generated by the on-chip oscillator (OCO). This clock can be a clock
source for the CPU clock and a count source for timers A and B. This clock has a frequency of
approximately 125 kHz. The on-chip oscillator clock divided by 4 can be used as the base clock for the
CPU clock and peripheral bus clock.

When the WCSS bit in the OFS area is 1 and the WPCS bit is 0, the on-chip oscillator clock is stopped
after a reset. It starts running when setting any of the following bits to 1; the CM31 bit in the CM3
register, the PM23 bit in the PM2 register, or the WDK4 bit in the WDK register. It is not necessary to
wait for stabilization because the on-chip oscillator instantly starts oscillating.
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8.2 Oscillator Stop Detection

This function detects the main clock is stopped when its oscillator stops running due to an external factor.
When the CM20 bit in the CM2 register is 1 (enable oscillator stop detection), an oscillator stop detection
interrupt request is generated as soon as the main clock stops. Simultaneously, the PLL frequency
synthesizer starts to self-oscillate at its own frequency. If the PLL frequency synthesizer is the clock
source for CPU clock and peripheral clock, these clocks continue running.
When an oscillator stop is detected, the following bits in the CM2 register become 1:

* The CM22 bit: main clock oscillator stop detected

* The CM23 bit: main clock oscillator stopped

8.21 How to Use Oscillator Stop Detection

The oscillator stop detection interrupt shares vectors with the watchdog timer interrupt and the low
voltage detection interrupt. When using these interrupts simultaneously, read the CM22 bit with an
interrupt handler to determine if an oscillator stop detection interrupt request has been generated.
When the main clock oscillator resumes running after an oscillator stop is detected, the PLL clock
frequency may temporarily exceed the preset value before the PLL frequency synthesizer oscillation
stabilizes. As soon as an oscillator stop is detected, the main clock oscillator should be stopped from
resuming (set the CMO05 bit in the CMO register to 1) or the divide ratios of the base clock and peripheral
clock source should be increased by a program. They can be set using bits BCD1 and BCDO in the
CCR register and bits PM36 and PM35 in the PM3 register.

In low speed mode, when the main clock oscillator stops running, an oscillator stop detection interrupt
request is generated if the CM20 bit is set to 1 (enable oscillator stop detection). The CPU clock
remains running with a low speed clock source. Note that if the base clock is 256, which is the main
clock divided by 256, oscillator stop detection cannot be used.

The oscillator stop detection is provided to handle main clock stop caused by external factors. To stop
the main clock oscillator by a program, i.e., to enter stop mode or to set the CMO05 bit to 1 (main clock
oscillator disabled), the CM20 bit in the CM2 register should be set to 0 (disable oscillator stop
detection). To enter wait mode, this bit should be also set to 0.

The oscillator stop detection functions depending on the voltage of a capacitor which is being changed.
In more concrete terms, this function detects that the oscillator is stopped when the main clock goes
lower than approximately 500 kHz. Note that if the CM22 bit is set to 0 by a program in an interrupt
handler while the frequency is around 500 kHz, a stack overflow may occur due to multiple interrupt
requests.

8.3 Base Clock

The base clock is a reference clock for the CPU clock and peripheral bus clock. The base clock after a
reset is the PLL clock divided by 6.

The base clock source is selected between the PLL clock and the low speed clocks which contain the sub
clock (fC), on-chip oscillator clock divided by 4 (fOCO4), and main clock divided by 256 (f256).

If the PLL clock is selected, it is divided by 2, 3, 4, or 6 to become the base clock. If a low speed clock is
selected, the clock itself can be the base clock.

The base clock source is set using the BCS bit in the CCR register and the divide ratio for the PLL clock is
set using bits BCD1 and BCDO. Bits CM31 and CM30 in the CM3 register select a low speed clock.
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8.4 CPU Clock and Peripheral Bus Clock

The CPU operating clock is referred to as the CPU clock. The CPU clock after a reset is the base clock
divided by 2.
The CPU clock source is the base clock, and its divide ratio is selected by setting bits CCD1 and CCDO in
the CCR register. The base clock divided by 2 to 4 becomes the peripheral bus clock. Its divide ratio is
selected by setting bits PCD1 and PCDO in the CCR register. The peripheral bus clock also functions as a
count source for the watchdog timer.
In memory expansion mode or microprocessor mode, the peripheral bus clock can be output as BCLK
from the BCLK pin. This clock is used as a reference clock for external timing generation. Refer to 8.6
“Clock Output Function” for details.
To prevent the CPU clock, whose clock source is the PLL clock, from stopping when the CPU becomes
out of control, set the following while the CMO05 bit in the CMO register is 0 (main clock oscillator enabled)
and the BCS bit in the CCR register is 0 (PLL clock selected as base clock source):

(1) Set the PRCA1 bit in the PRCR register to 1 (write enabled to the PM2 register).

(2) Set the PM21 bit in the PM2 register to 1 (clock change disabled).

8.5 Peripheral Clock

The peripheral clock is an operating clock or a count source for the peripherals excluding the watchdog
timer. The source of this clock is generated by a clock, which has the same frequency as the PLL clock,
divided by 2, 4, 6, or 8 according to the settings of bits PM36 and PM35 in the PM3 register. The
peripheral clock is classified into three types of clock as follows:

(1) 1,18, 32, f2n
1, f8, and f32 are the peripheral clock sources divided by 1, 8, and 32, respectively. The clock source
for f2n is selected between the peripheral clock source and the main clock by setting the PM26 bit in
the PM2 register. The f2n divide ratio can be set using bits CNT3 to CNTO in the TCSPR register (n = 1
to 15, not divided when n = 0).
f1, 8, 32, and f2n, whose clock source is the peripheral clock source, stop in low power mode or when
the CMO02 bit is set to 1 (peripheral clock source stopped in wait mode) to enter wait mode.
f1, f8, and f2n are used as a count source for timers A and B or an operating clock for the serial
interface. f1 is used as an operating clock for the intelligent I/O as well.
f8 and 32 can be output from the CLKOUT pin. Refer to 8.6 “Clock Output Function” for details.

(2) fAD
fAD, which has the same frequency as peripheral clock source, is an operating clock for the A/D
converter.
This clock stops in low power mode or when the CMO02 bit is set to 1 (peripheral clock source stopped in
wait mode) to enter wait mode.

(3) fC32
fC32, which is a sub clock divided by 32, or on-chip oscillator clock divided by 128, is used as the count
source for timers A and B. This clock is available when the sub clock or on-chip oscillator clock is
active.
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8.6 Clock Output Function

Low speed clocks, f8, and f32 can be output from the CLKOUT pin.

In memory expansion mode or microprocessor mode, the BCLK, that is, the peripheral bus clock which is
the base clock divided by 2 to 4 can also be output from the BCLK pin.

Tables 8.3 and 8.4 list the CLKOUT pin functions in single-chip mode and memory expansion mode or

microprocessor mode, respectively.

Table 8.3 CLKOUT Pin Functions in Single-chip Mode

PMO Register (1) CMO Register (2) _ _
CLKOUT Pin Function
PMO7 CMO1 CMO00
0or1 0 0 /O port P5_3
1 0 1 Output a low speed clock
1 1 0 Output f8
1 1 1 Output 32
Notes:

1.  Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting this register.
2. Setthe PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.

Table 8.4 CLKOUT Pin Functions in Memory Expansion Mode or Microprocessor Mode

PMO Register (1) CMO Register (2) _ _
CLKOUT Pin Function
PMO7 CMO1 CMO00
0 0®) 0® Output BCLK
1 0 0 Output low (not function as P5_3)
1 0 1 Output a low speed clock
1 1 0 Output f8
1 1 1 Output 32
Notes:

1. Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting this register.
2. Setthe PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.
3. When the PMO7 bit is set to 0 (output BCLK), set bits CM01 and CMO0O0 to 00b (I/O port P5_3).
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8.7 Power Control

Power control has three modes: wait mode, stop mode, and normal operating mode.

The name “normal operating mode” is used restrictively in this chapter, and it indicates all other modes
except wait mode and stop mode. Figure 8.16 shows a block diagram of the state transition in normal
operating mode, stop mode, and wait mode.

All oscillators are stopped

STOP

( Reset

CPU operation is stopped

Lnstruction
Stop mode @ [
Interrupt

Notes:

\ 4 ) WAIT
S instruction
PLL self—odscnlatlon < ;I: Wait mode ]
L mode ) Interrupt
SEO =0
Set MCV4 to MCVO, SCV2 to
w SCVO ("and RCV3 to RCVO
s N
PLL mode
—| (high/medium speed) (€—
SEO =1 - A ~ SEO =0
BCS=0 BCS =1
\ 4 WAIT
Low speed mode, |nstruct|orl .
N d < Ll Wait mode
ow power mode ) Interrupt
A
BCS =1 BCS=0
\ 4 WAIT

BCS: Bit in the CCR register
MCV4 to MCV0, SCV2 to SCVO: Bits in the PLCO register
SEO, RCV3 to RCVO: Bits in the PLC1 register

N
PLL self-oscillation
mode <t
/

\ Normal operating /

mode

1. The PLCO register can be set only once after a reset.
2. When the sub clock is selected as the base clock source, do not enter stop mode.

instructiorl
Lt Wait mode
Interrupt

Figure 8.16 State Transition in Stop Mode and Wait Mode
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8.71 Normal Operating Mode

Normal operating mode is classified into the five modes shown below.

In normal operating mode, the CPU clock and peripheral clock are provided to operate the CPU and
peripherals. Power consumption is controlled by the CPU clock frequency. The higher the CPU clock
frequency is, the more processing power increases. The lower the CPU clock frequency is, the less
power consumption is required. Power consumption can be reduced by stopping oscillators that are not
being used.

(1) PLL Mode (high speed mode)

In this mode, the PLL clock is selected as the base clock source, and the main clock is provided as the
reference clock source for the PLL frequency synthesizer. High speed mode enables the CPU to
operate at the maximum operating frequency. The PLL clock divided by 2 becomes the base clock. The
base clock frequency should be identical to that of the CPU clock. fAD, 1, f8, f32, and f2n can be used
as the peripheral clocks. When the sub clock or the on-chip oscillator clock is provided, fC32 can be
used as the count source for timers A and B.

(2) PLL Mode (medium speed mode)

This mode indicates all modes in PLL mode except high speed mode. The PLL clock divided by 2, 3, 4,
or 6 becomes the base clock and the base clock divided by 1 to 4 becomes the CPU clock. fAD, f1, f8,
f32, and f2n can be used as the peripheral clocks. When the sub clock or the on-chip oscillator clock is
provided, fC32 can be used as the count source for timers A and B.

(3) Low Speed Mode

In this mode, a low speed clock is used as the base clock source. The low speed clock becomes the
base clock and the base clock divided by 1 to 4 becomes the CPU clock. fAD, f1, f8, f32, and f2n can be
used as the peripheral clocks. When the sub clock or the on-chip oscillator clock is provided, fC32 can
be used as the count source for timers A and B.

(4) Low Power Mode

This is a state where the main clock oscillator and the PLL frequency synthesizer are stopped after
switching to low speed mode. The sub clock or the on-chip oscillator clock divided by 4 becomes the
base clock and the base clock divided by 1 to 4 becomes the CPU clock. fC32, which is the only
peripheral clock available, can be used as the count source for timers A and B. By setting the MRS bit
in the VRCR register to 1 (main regulator stopped), this mode consumes even less power than the
modes above.

(5) PLL Self-oscillation Mode

In this mode, the PLL clock is selected as the base clock source, and the main clock is not provided as
the reference clock source for the PLL frequency synthesizer. The PLL frequency synthesizer self-
oscillates at its own frequency. The PLL clock divided by 2, 3, 4, or 6 becomes the base clock and the
base clock divided by 1 to 4 becomes the CPU clock. fAD, 1, f8, f32, and f2n can be used as the
peripheral clocks. When the sub clock or the on-chip oscillator clock is provided, fC32 can be used as
the count source for timers A and B.
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The state transition within normal operating mode can be very complicated; therefore only the block
diagrams of typical state transitions are shown. Figures 8.17 to 8.19 show block diagrams of the
respective state transitions: state when the sub clock is used, state when the main clock divided by 256
is used, and state when the on-chip oscillator clock is used. As for the state transitions other than the
above, setting of each register and the usage notes below can be used as references.

* PLL can be switched from PLL oscillating to self-oscillating by setting the SEO bit in the PLC1
register to 1. Set the SEO bit to 1 (self-oscillating) before setting the CMO05 bit in the CMO register
to 0 (main clock oscillator disabled) to stop the main clock.

* The divide ratio of the clock should be increased and the frequency should be decreased by using
bits BCD1 to BCDO in the CCR register or bits PM36 to PM35 in the PM3 register before setting the
SEO bit to 0 (PLL oscillating) in order to switch back PLL self-oscillation mode to PLL mode. Set
back the settings of bits BCD1 to BCDO and bits PM36 to PM35 once PLL oscillation is stabilized
after setting the SEO bit to 0.

* Before switching the CPU clock to another clock, that clock should be stabilized. In particular, the
sub clock oscillator may require more time to stabilize (1). Therefore, certain waiting time to switch
should be taken by a program immediately after turning the MCU on or exiting stop mode.

Note:
1. Contact the oscillator manufacturer for details on oscillator stabilization time.
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PLL self-oscillation mode (after a reset)

PLL self-oscillation mode

Low power mode

Main clock oscillation Main clock oscillation Main clock stop
Sub clock stop CMO04 = 1 | Sub clock oscillation Sub clock oscillation CM10=0
PLL clock oscillation (self-oscillation) 2 PLL clock oscillation (self-oscillation) PLL clock stop
CPU clock: f(PLL)/ 12 CPU clock: f(PLL) / 12 CPU clock: f(XCIN) / m
PLCO=01h  PLC1=1Fh < PLCO=01h  PLC1=1Fh PLCO=XXh PLC1=1Xh <
CCR =00011000b CMO04 =0 | CCR =00011000b CCR = 10XXXXXXb CM10 =1
CM04 =0 CM05 =0 CM10 =0 CM04 =1 CM05=0 CM10=0 CM04 =1 CM05 =1 CM10 =1
A

PLCO = XXh ™ PLCO = XXh ™ CMO05 =1 CMO05 =0

PLC1 =0Xh PLC1 =0Xh SEO =1 SEO =0
PLL mode \ 4 PLL mode \ 4 Low speed mode \ 4
Main clock oscillation Main clock oscillation Main clock oscillation
Sub clock stop CMO04 = 1 | Sub clock oscillation Sub clock oscillation
PLL clock oscillation x ((5n+a) / r) » PLL clock oscillation x ((5n+a) / r) PLL clock stop
CPU clock: f(PLL) / 12 CPU clock: f(PLL) / 12 CPU clock: f(XCIN) / m
PLCO=XXh PLC1=0Xh < PLCO =XXh PLC1=0Xh PLCO=XXh PLC1=0Xh
CCR =00011000b CMO04 =0 | CCR =00011000b CCR = 10XXXXXXb

CMO04 =0 CM05 =0 CM10 =0

PLL mode Y

Main clock oscillation

CM04 =1 CM05=0 CM10=0

CM04 =1 CM05 =0 CM10 =1

CCR = 00XXXXXXb

PLL mode A 4

CCR = 00XXXXXXb

A
CM10=1 CM10=0

Low speed mode \ 4

Main clock oscillation

Main clock oscillation

Sub clock stop CMO04 = 1 | Sub clock oscillation BCS = 1 @] Sub clock oscillation

PLL clock oscillation x ((5n+a) / r) P PLL clock oscillation x ((5n+a) / ) Y| PLL clock oscillation x ((5n+a) / r)
CPU clock: f(PLL) /b /m CPU clock: f(PLL) /b /m CPU clock: f(XCIN) / m
PLCO=XXh PLC1=0Xxh < PLCO=XXh PLC1=0Xh < PLCO=XXh PLC1=0Xh
CCR = 00XXXXXXb CMO04 = 0 [ CCR = 00XXXXXXb BCS = 0 ®| CCR = 10XXXXXXb

CM04 =0 CM05 =0 CM10 =0

PLL self-oscillation mode \ 4

Main clock stop (damaged)

Sub clock stop

PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b/m

PLCO =XXh  PLC1=0Xh

CCR = 00XXXXXXb

CM04 =0 CM05 =0 CM10=0

CMO05 =1 CMO05 =1 CMO05 =1
SEO =1 SEO =1 SEO =1
PLL self-oscillation mode A PLL self-oscillation mode Low speed mode \ 4
Main clock stop Main clock stop Main clock stop
Sub clock stop CMO04 = 1 | Sub clock oscillation BCS = 1 | Sub clock oscillation CM10 = 1
PLL clock oscillation (self-oscillation) P PLL clock oscillation (self-oscillation) 3| PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b /m CPU clock: f(PLL) /b /m CPU clock: f(XCIN) / m
PLCO =XXh PLC1=1Xh «& PLCO =XXh PLC1=1Xh <& PLCO =XXh PLC1=1Xh <€
CCR = 00XXXXXXb CMO04 = 0 | CCR = 00XXXXXXb BCS =0 ®) CCR = 10XXXXXXb CM10=0

CM04 =0 CM05=1CM10=0

CM04 =1 CM05=0 CM10=0

CM04 =1 CM05=0 CM10=0

Main clock stop is detected
when CM20 = 1

PLL self-oscillation mode \ 4

Main clock stop is
detected when CM20 = 1

Low speed mode \ 4

Main clock stop is
detected when CM20 = 1

Main clock stop (damaged)

Sub clock oscillation

PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b /m

PLCO =XXh PLC1=0Xh

CCR = 00XXXXXXb

CM04 =1 CM05=0 CM10=0

Main clock stop (damaged)

Sub clock oscillation

PLL clock oscillation (self-oscillation)
CPU clock: f(XCIN) / m
PLCO=XXh  PLC1=0Xh

CCR = 10XXXXXXb

CM04 =1 CM05=0 CM10=0

—» : Arrows indicate a one-way transition between modes. No transition should be made unless indicated.

CM04 =1 CM05=1CM10=0

CM04 =1 CM05=1CM10=0

BCS: Bit in the CCR register
CMO04 and CMO5: Bits in the CMO register
CM10: Bit in the CM1 register
CM20: Bit in the CM2 register
SEO: Bit in the PLC1 register
PLCO = XXh: The multiplication ratio of the PLL clock should be set using bits MCV4 to MCVO0 and bits SCV2 to
SCVO0 in the PLCO register.
PLC1 = 0Xh: The divisor of the reference clock should be set using bits RCV3 to RCVO0 in the PLC1 register. The
PLL clock frequency should not exceed the maximum value specified in the electrical characteristics.
CCR = 00XXXXXXb: The divisor of each clock should be set using the CCR register. The CPU clock frequency and
the peripheral bus clock frequency should not exceed the maximum values specified in the
electrical characteristics.

Notes:
1. The PLCO register can be set only once after reset is released.
2. This clock should be switched after the sub clock oscillation is fully stabilized.
3. This clock should be switched after the PLL clock oscillation is fully stabilized.

Figure 8.17 State Transition When Using the Sub Clock
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PLL self-oscillation mode (after a reset) PLL self-oscillation mode

Main clock oscillation Main clock oscillation

PLL clock oscillation (self-oscillation) CM30=1 |PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) / 12 1 CPU clock: f(PLL)/ 12
PLCO=01h  PLC1=1Fh PLCO=01h  PLC1=1Fh

CCR =00011000b & CCR =00011000b

CM05=0 CM10=0 CM30=0 h CM30=0 |[CM05=0 CM10=0 CM30=1

PLCO = XXh ™ PLCO = XXh ™
PLC1 =0Xh PLC1 =0Xh
PLL mode \ 4 PLL mode \ 4 Low speed mode
Main clock oscillation Main clock oscillation Main clock oscillation
PLL clock oscillation x ((5n+a) / r) CM30 =1 |PLL clock oscillation x ((5n+a) /) PLL clock stop
CPU clock: f(PLL) / 12 1 CPU clock: f(PLL)/ 12 CPU clock: f(XIN) / 256 / m
PLCO =XXh PLC1=0Xh PLCO =XXh PLC1=0Xh PLCO =XXh PLC1=0Xxh
CCR =00011000b <€ CCR =00011000b CC = 10XXXXXXb
CM05=0 CM10=0 CM30=0 CM30=0 |CM05=0 CM10=0 CM30=1 CM05=0 CM10=1 CM30=1
A
CCR = 00XXXXXXb CCR = 00XXXXXXb CM10 =1 CM10=0
PLL mode \ 4 PLL mode \ 4 Low speed mode \ 4
Main clock oscillation Main clock oscillation Main clock oscillation
PLL clock oscillation x ((5n+a) / r) CM30 =1 |PLL clock oscillation x ((5n+a) / r) BCS =1 PLL clock oscillation x ((5n+a) /)
CPU clock: f(PLL) /b/m | CPU clock: f(PLL) /b /m | CPU clock: f(XIN) / 256 / m
PLCO=XXh PLC1=0Xh PLCO=XXh PLC1=0Xh PLCO =XXh PLC1=0Xxh
CCR = 00XXXXXXb & CCR = 00XXXXXXb & CCR = 10XXXXXXb
CM05=0 CM10=0 CM30=0 CM30=0 |CM05=0 CM10=0 CM30=1 BCS=0® |CM05=0 CM10=0 CM30=1
Main clock stop is detected Main clock stop is detected
when CM20 = 1 when CM20 = 1
PLL self-oscillation mode \ 4 PLL self-oscillation mode \ 4
Main clock stop (damaged) Main clock stop (damaged)
PLL clock oscillation (self-oscillation) PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b/m CPU clock: f(PLL) /b /m
PLCO =XXh PLC1=0Xh PLCO =XXh PLC1=0Xh
CCR = 00XXXXXXb CCR = 00XXXXXXb
CM05=0 CM10=0 CM30=0 CM05=0 CM10=0 CM30 =1
CMO05 =1 CMO05 =1
SEO =1 SEO =1
PLL self-oscillation mode Y PLL self-oscillation mode
Main clock stop Main clock stop
PLL clock oscillation (self-oscillation) CcM30 =1 | PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b /m | CPU clock: f(PLL) /b /m
PLCO =XXh PLC1=1Xh PLCO=XXh PLC1=1Xh
CCR = 00XXXXXXb <& CCR = 00XXXXXXb
CM05=1 CM10=0 CM30=0 CM30=0 |CM05=1 CM10=0 CM30=1

—— : Arrows indicate a one-way transition between modes. No transition should be made unless indicated.
BCS: Bit in the CCR register
CMO5: Bit in the CMO register
CM10: Bit in the CM1 register
CM20: Bit in the CM2 register
CM30: Bit in the CM3 register
SEO: Bit in the PLC1 register
PLCO = XXh: The multiplication ratio of the PLL clock should be set using bits MCV4 to MCV0 and bits SCV2 to SCV0
in the PLCO register.
PLC1 = 0Xh: The divisor of the reference clock should be set using bits RCV3 to RCV0 in the PLC1 register. The
PLL clock frequency should not exceed the maximum value specified in the electrical characteristics.
CCR = 00XXXXXXb: The divisor of each clock should be set using the CCR register. The CPU clock frequency and
the peripheral bus clock frequency should not exceed the maximum values specified in the
electrical characteristics.

Notes:
1. The PLCO register can be set only once after reset is released.
2. This clock should be switched after the PLL clock oscillation is fully stabilized.

Figure 8.18 State Transition When Using the Main Clock Divided by 256
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PLL self-oscillation mode (after a reset)

PLL self-oscillation mode

Main clock oscillation

On-chip oscillator clock stop

PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) / 12

CM31 =1
1

Main clock oscillation

On-chip oscillator clock oscillation
PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) / 12

PLCO=01h  PLC1=1Fh

CCR = 00011000b

CMO05 =0 CM10 =0 CM31 =1

PLCO = XXh
PLC1 = 0Xh
PLL mode

A 4

PLCO=01h  PLC1=1Fh <€
CCR =00011000b CM31=0
CMO05 =0 CM10=0 CM31=0
PLCO = XXh
PLC1 =0Xh
PLL mode \ 4
Main clock oscillation
On-chip oscillator clock stop CM31=1
PLL clock oscillation x ((5n+a) / r) >
CPU clock : f(PLL) / 12
PLCO =XXh  PLC1=0Xh
CCR =00011000b CM31=0

CM05=0 CM10=0 CM31=0

Main clock oscillation

On-chip oscillator clock oscillation
PLL clock oscillation x ((5n+a) / r)
CPU clock : f(PLL) / 12
PLCO=XXh PLC1=0Xh
CCR = 00011000b

CM05 =0 CM10 =0 CM31 =1

CCR = 00XXXXXXb

PLL mode y

PLL mode Y

Main clock oscillation

On-chip oscillator clock stop CM31=1
PLL clock oscillation x ((5n+a) /) >
CPU clock: f(PLL) /b /m

PLCO=XXh PLC1=0Xh <

CCR = 00XXXXXXb CM31=0

CM05=0 CM10=0 CM31=0

Main clock oscillation

CCR = 00XXXXXXb

Low power mode

Main clock stop
On-chip oscillator clock stop CM10=0
PLL clock stop
CPU clock: f(OCO) /4 / m
PLCO=XXh PLC1=1Xh <€
CCR = 10XXXXXXb _
CMO05=1CM10=1 CM31=1 CM10 =1
A
CMO05 =1 CM05 =0
SEO =1 SEO =0
Low speed mode \ 4
Main clock oscillation
On-chip oscillator clock oscillation
PLL clock stop
CPU clock: f(OCO) /4 /m
PLCO =XXh  PLC1=0Xh
CCR = 10XXXXXXb
CMO05 =0 CM10 =1 CM31 =1
A
CM10 =1 CM10=0
Low speed mode \ 4

Main clock oscillation
On-chip oscillator clock oscillation

PLL clock oscillation x ((5n+a) / r)
CPU clock: f(OCO) /4 /m
PLCO=XXh PLC1=0Xh

On-chip oscillator clock oscillation BCS=1
PLL clock oscillation x ((5n+a) / r)

CPU clock: f(PLL) /b/m

PLCO =XXh PLC1=0Xh <€

CCR = 00XXXXXXb BCS=0@

CMO05 =0 CM10=0 CM31 =1

Main clock stop is

\ 4

PLL self-oscillation mode

detected when CM20 = 1

\ 4

PLL self-oscillation mode

Main clock stop (damaged)
On-chip oscillator clock stop

PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b /m
PLCO=XXh PLC1=0Xh

CCR = 00XXXXXXb

CMO05=0 CM10=0 CM31=0

Main clock stop (damaged)
On-chip oscillator clock oscillation
PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) / b/ m
PLCO=XXh PLC1=0Xh

CCR = 00XXXXXXb

CMO05 =0 CM10 =0 CM31 =1

CMO05 =1
SEO =1

PLL self-oscillation mode

A

CMO05 =1
SEO =1

PLL self-oscillation mode Y

4

Main clock stop

On-chip oscillator clock stop

PLL clock oscillation (self-oscillation)
CPU clock: f(PLL) /b /m
PLCO=XXh PLC1=1Xh

CCR = 00XXXXXXb

CMO05 =1 CM10=0 CM31=0

CM31 =1
I

CM31=0

Main clock stop

Main clock stop is
detected when CM20 = 1

CCR = 10XXXXXXb
CM05=0 CM10 =0 CM31 =1

Low speed mode \ 4

Main clock stop is
detected when CM20 = 1

Main clock stop (damaged)
On-chip oscillator clock oscillation
PLL clock oscillation (self-oscillation)
CPU clock: f(OCO) /4 / m

PLCO =XXh  PLC1=0Xh

CCR = 10XXXXXXb

CMO05 =0 CM10=0 CM31 =1

SEO =1

y

Low speed mode

A

CMO05 =1

Main clock stop
On-chip oscillator clock oscillation
PLL clock oscillation (self-oscillation)

CM10 =1

CPU clock: f(OCO) /4 I m
PLCO=XXh PLC1=1Xh

On-chip oscillator clock oscillation BCS=1
PLL clock oscillation (self-oscillation) 3
CPU clock: f(PLL) / b/ m

PLCO=XXh PLC1=1Xh &

CCR = 00XXXXXXb BCS=0®@

CM05 =1 CM10 =0 CM31 =1

BCS: Bit in the CCR register

CMO5: Bit in the CMO register
CM10: Bit in the CM1 register
CM20: Bit in the CM2 register
CM31: Bit in the CM3 register
SEOQ: Bit in the PLC1 register

in the PLCO register.

Notes:

1. The PLCO register can be set only once after reset is released.
2. This clock should be switched after the PLL clock oscillation is fully stabilized.

CCR = 10XXXXXXb
CMO05 =1 CM10 =0 CM31 =1

——> : Arrows indicate a one-way transition between modes. No transition should be made unless indicated.

PLCO = XXh: The multiplication ratio of the PLL clock should be set using bits MCV4 to MCVO0 and bits SCV2 to SCV0

PLC1 = 0Xh: The divisor of the reference clock should be set using bits RCV3 to RCVO0 in the PLC1 register. The
PLL clock frequency should not exceed the maximum value specified in the electrical characteristics.
CCR = 00XXXXXXb: The divisor of each clock should be set using the CCR register. The CPU clock frequency and
the peripheral bus clock frequency should not exceed the maximum values specified in the
electrical characteristics.

CM10=0

Figure 8.19 State Transition When Using the On-chip Oscillator Clock
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8.7.2 Wait Mode

The base clock stops in wait mode, so clocks generated by the base clock, the CPU clock and
peripheral bus clock, stop running as well. Thus the CPU and watchdog timer, operated by these two
clocks, also stop. However, the watchdog timer continues operating when the PM23 bit in the PM2
register is 1 (on-chip oscillator selected as count source for the watchdog timer) or when the WDK4 bit
in the WDK register is 1 (on-chip oscillator selected as count source for the prescaler). Since the main
clock, sub clock, PLL clock, and on-chip oscillator clock continue running, the peripherals using these
clocks also continue operating.

8.7.2.1 Peripheral Clock Source Stop Function

When the CMO02 bit in the CMO register is 1 (peripheral clock source stopped in wait mode), power
consumption is reduced since peripheral clocks f1, 8, f32, f2n (when the clock source is the peripheral
clock source), and fAD stop running in wait mode. fC32 and f2n (when the clock source is the main
clock) do not stop running.

8.7.2.2 Entering Wait Mode

To enter wait mode, the following procedures should be completed before the WAIT instruction is
executed.

« Initial setting
Set the wake-up interrupt priority level (bits RLVL2 to RLVLO in registers RIPL1 and RIPL2) to 7.
Then set each interrupt request level.
* Steps before entering wait mode
(1) Set the | flag to 0.
(2) Set the interrupt request level for each interrupt source (interrupt number from 1 to 127) to O, if its
interrupt request level is not 0.
(3) Perform a dummy read of any of the interrupt control registers.
(4) Set the processor interrupt priority level (IPL) in the flag register to 0.
(5) Enable interrupts temporarily by executing the following instructions:
FSET I
NOP
NOP
FCLR
(6) Set the interrupt request level for the interrupt to exit wait mode.
Do not rewrite the interrupt control register after this step.
(7) Set the IPL in the flag register.
(8) Set the interrupt priority level for resuming to the same level as the IPL.
Interrupt request level for the interrupt to exit wait mode > IPL = Interrupt priority level for
resuming
(9) Set the CM20 bit in the CM2 register to 0 (disable oscillator stop detection) when the oscillator
stop detection is used.
(10)Enter either PLL self-oscillation mode, low speed mode, or low power mode.
(11)Set the | flag to 1.
(12)Execute the WAIT instruction.
* After exiting wait mode
Set the wake-up interrupt priority level to 7 immediately after exiting wait mode.
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8.7.2.3 Pin State in Wait Mode
Table 8.5 lists the pin state in wait mode.

Table 8.5 Pin State in Wait Mode

Pin

Memory Expansion Mode/
Microprocessor Mode

Single-chip Mode

Address bus, data bus,
CSO0 to CS3, BCO to BC3

The state immediately before entering

wait mode is held

RD, WR, WRO to WR3 High —
HLDA, BCLK High —
ALE High —
Ports The state immediately before entering wait mode is held
DAO, DA1 The state immediately before entering wait mode is held
CLKOUT When a low The clock is output
speed clock is
selected
When 8 or f32 | The clock is output when the CMO02 bit in the CMO register is 0 (no

is selected peripheral clock source stopped in wait mode).
The state immediately before entering wait mode is held when the CM02
bit is 1 (peripheral clock source stopped in wait mode)

8.7.2.4 Exiting Wait Mode

The MCU exits wait mode by a hardware reset, an NMI, or a peripheral interrupt assigned to software
interrupt number from 0 to 63.

To exit wait mode using either a hardware reset or NMI, without using peripheral interrupts, set bits
ILVL2 to ILVLO for the peripheral interrupts to 000b (interrupt disabled) before executing the WAIT
instruction.

The CMO2 bit setting in the CMO register affects the peripheral interrupts. When the CMO02 bit is 0
(peripheral clock source not stopped in wait mode), peripheral interrupts for software interrupt numbers
from 0 to 63 can be used to exit wait mode. When this bit is 1 (peripheral clock source stopped in wait
mode), peripherals operated using clocks (f1, f8, f32, f2n whose clock source is the peripheral clock
source, and fAD) generated by the peripheral clock source stop operating. Therefore, the peripheral
interrupts cannot be used to exit wait mode. However, peripherals operated using clocks which are
independent from the peripheral clock source (fC32, external clock, and f2n whose clock source is the
main clock) do not stop operating. Thus, interrupts generated by these peripherals and assigned to
software interrupt numbers from 0 to 63 can be used to exit wait mode.

The CPU clock used when exiting wait mode by a peripheral interrupt or an NMI is the same clock used
when the WAIT instruction is executed.

Table 8.6 lists interrupts used to exit wait mode and usage conditions.
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Table 8.6 Interrupts for Exiting Wait Mode and Usage Conditions
Interrupt When the CMO02 Bit is 0 When the CMO02 Bit is 1
NMI Available Available
External interrupt (1) Available Available
Key input interrupt Available Available
Low voltage detection interrupt |Available Available

Timer A interrupt
Timer B interrupt

Available in any mode

Available in event counter mode, or
when the count source is fC32 or
f2n (when the main clock is selected
as the clock source)

Serial interface interrupt (2)

Available when an internal or
external clock is used

Available when the external clock or
f2n (when the main clock is selected
as the clock source) is used

A/D conversion interrupt

Available in single mode or single-
sweep mode

Should not be used

Intelligent 1/O interrupt Available Should not be used
[2C-bus interface interrupt Available Should not be used
[2C-bus line interrupt Available Available

Notes:

1. INT6 to INT8 are available in the intelligent I/O interrupt only.

2. UARTY7 to UART10 are excluded.
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8.7.3 Stop Mode

In stop mode, all of the clocks, except for those that are protected, stop running. That is, the CPU and
peripherals, operated by the CPU clock and peripheral clock, also stop. This mode saves the most
power.

8.7.3.1 Entering Stop Mode

To enter stop mode, the following procedures should be done before the STOP instruction is executed.

« Initial setting
Set the wake-up interrupt priority level (bits RLVL2 to RLVLO in registers RIPL1 and RIPL2) to 7.
Then set each interrupt request level.
« Steps before entering stop mode
(1) Set the | flag to 0.
(2) Set the interrupt request level for each interrupt source (interrupt number from 1 to 127) to O, if
the interrupt request level is not 0.
(3) Perform a dummy read of any of the interrupt control registers.
(4) Set the processor interrupt priority level (IPL) in the flag register to 0.
(5) Enable interrupts temporarily by executing the following instructions:
FSET I
NOP
NOP
FCLR |
(6) Set the interrupt request level for the interrupt to exit stop mode.
Do not rewrite the interrupt control register after this step.
(7) Set the IPL in the flag register.
(8) Set the interrupt priority level for resuming to the same level as the IPL.
Interrupt request level for the interrupt to exit stop mode > IPL = Interrupt priority level for
resuming
(9) Set the CM20 bit in the CM2 register to 0 (oscillator stop detection disabled) when the oscillator
stop detection is used.
(10)Change the base clock to either the main clock divided by 256 (f256) or the on-chip oscillator
clock divided by 4 (fOCO4).
(11)Set the | flag to 1.
(12)Execute the STOP instruction.
* After exiting stop mode
Set the wake-up interrupt priority level to 7 immediately after exiting stop mode.
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8.7.3.2 Pin State in Stop Mode
Table 8.7 lists the pin state in stop mode.

Table 8.7 Pin State in Stop Mode

Address bus, data bus, The state immediately before entering .
CS0 to CS3, BCO to BC3 stop mode is held
RD, WR, WRO to WR3 High —
HLDA, BCLK High —
ALE High —
Ports The state immediately before entering stop mode is held
DAO, DA1 The state immediately before entering stop mode is held
CLKOUT When a low High

speed clock is

selected

When f8 or f32 | The state immediately before entering stop mode is held

is selected
XIN High-impedance
XOuT High
XCIN, XCOUT High-impedance

8.7.3.3 Exiting Stop Mode

The MCU exits stop mode by a hardware reset, NMI, low voltage detection interrupt, or a peripheral
interrupt assigned to software interrupt number from 0 to 63.

To exit stop mode using either a hardware reset or NMI, without using peripheral interrupts, set bits
ILVL2 to ILVLO for the peripheral interrupts to 000b (interrupt disabled) before executing the STOP
instruction.

The CPU clock used when exiting stop mode by a peripheral interrupt or NMI is the same clock used
when the STOP instruction is executed.

Table 8.8 lists interrupts used to exit stop mode and usage conditions.

Table 8.8 Interrupts for Exiting Stop Mode and Usage Conditions

Interrupt Usage Condition
NMI
Low voltage detection interrupt
External interrupt INT6 to INT8 are available when intelligent 1/O interrupt is used
Key input interrupt
Timer A interrupt Available when a timer counts an external pulse with a frequency of 100
Timer B interrupt Hz or less in event counter mode
Serial interface interrupt (1) Available when an external clock is used

[2C-bus line interrupt

Note:
1. UARTY7 to UART10 are excluded.
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8.8 System Clock Protection

The system clock protection disables clock change when the PLL clock is selected as the base clock
source. This prevents the CPU clock from stopping due to a runaway program.
When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the following bits cannot be
written to:

* Bits CM02 and CMO05 in the CMO register

* The CM10 bit in the CM1 register

* The CM20 bit in the CM2 register

* The PM27 bit in the PM2 register

To use the system clock protection, set the CMO05 bit in the CMO register to 0 (main clock oscillator
enabled) and the BCS bit in the CCR register to 0 (PLL clock selected as base clock source) before the
following procedure is done:

(1) Set the PRC1 bit in the PRCR register to 1 (write to the PM2 register enabled).

(2) Set the PM21 bit in the PM2 register to 1 (clock change disabled).

(3) Set the PRCA1 bit in the PRCR register to 0 (write to the PM2 register disabled).
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8.9 Notes on Clock Generator
8.9.1 Sub Clock

8.9.1.1 Oscillator Constant Matching

The constant matching of the sub clock oscillator should be evaluated in both cases when the drive
strength is high and low.
Contact the oscillator manufacturer for details on the oscillation circuit constant matching.

8.9.2 Power Control
Do not switch the base clock source until the oscillation of the clock to be used has stabilized. However,
this does not apply to the on-chip oscillator since it starts running immediately after the CM31 bit in the
CMa3 register is set to 1.
To switch the base clock source from the PLL clock to a low speed clock, use the MOV.L or OR.L
instruction to set the BCS bit in the CCR register to 1.

* Program example in assembly language
OR.L #80h, 0004h

* Program example in C language
asm("OR.L #80h, 0004h");

8.9.21 Stop Mode

» To exit stop mode using a reset, apply a low signal to the RESET pin until the main clock oscillation
stabilizes.

8.9.2.2 Suggestions for Power Saving
The following are suggestions to reduce power consumption when programming or designing systems.

* 1/O pins:
If inputs are floating, both transistors may be conducting. Set unassigned pins to input mode and
connect each of them to VSS via a resistor, or set them to output mode and leave them open.

* A/D converter:
When not performing the A/D conversion, set the VCUT bit in the ADOCON1 register to 0 (VREF
disconnected). To perform the A/D conversion, set the VCUT bit to 1 (VREF connected) and wait at
least 1 us before starting conversion.

* D/A converter:
When not performing the D/A conversion, set the DAIE bit in the DACON register (i=0, 1) to 0
(output disabled) and the DAI register to 00h.

* Peripheral clock stop:
When entering wait mode, power consumption can be reduced by setting the CM02 bit in the CMO
register to 1 to stop the peripheral clock source. However, this setting does not stop the fC32.
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9. Bus

This MCU has an internal bus and an external bus. The internal bus contains a fast bus (CPU bus) and a
slow bus (peripheral bus). Figure 9.1 shows a block diagram of the bus.

ROM RAM

Peripherals

L3 R
CPU data bus (64 bits)

CPU address bus (26 bits)

CPU

> <Periphera| data bus (16/32 bits)>

BIU

Peripheral address bus >

External data bus
8/16/32 bits

Chip select
External address bus
24 bits

3
<

S

buffer

Figure 9.1 Bus Block Diagram

In memory expansion mode or microprocessor mode, some pins function as bus control pin to control the
address bus and the data bus. The bus control pins are as follows: A0 to A23, DO to D31, CSO0 to CSS3,
WRO/WR, BCO, WR1/BC1, WR2/BC2, WR3/BC3, RD, BCLK, HLDA, HOLD, ALE, and RDY.

9.1 Bus Settings

The bus settings are controlled by the two lowest bits of the reset vector, the PBC register, registers EBCO

to EBC3, and CSOPO to CSOP2.
Table 9.1 lists bus settings and their sources.

Table 9.1 Bus Settings and Sources

Bus Settings

Sources

Internal SFR bus timing

PBC register

External bus timing

Registers EBCO to EBC3

External data bus width

PBC register, registers EBCO to EBC3

External data bus width after reset

Two lowest bits of the reset vector

Separate bus/multiplexed bus selection

PBC register, registers EBCO to EBC3

Pins outputting chip select signals

Registers CSOPO0 to CSOP2

RO1UH0213EJ0120 Rev.1.20
Dec 18, 2014

RRENESAS

Page 102 of 541



R32C/116A Group

9. Bus

9.2

Peripheral Bus Timing Setting

The 16-/32-bit wide peripheral bus operates at a frequency up to 32 MHz (the theoretical value and the
maximum frequency of each product group are as defined by f(BCLK) in 28. “Electrical Characteristics”).
The timing adjustment and bus-width conversion with the faster, 64-bit wide CPU bus are controlled in the

bus interface unit (BIU).

Figure 9.2 shows the PBC register which determines the peripheral bus timing.

Peripheral Bus Control Register (-2
b0 Symbol Address Reset Value
PBC 001Fh-001Eh 0504h
!
i Bit Symbol Bit Name Function RW
]
‘-4 PRDO
Select from the three options below
according to the peripheral bus clock
---1 PRD1 setting (bits PCD1 and PCDO in the
CCR register).
----- PRD2 Read Timing Setting Bit When bits PCD1 and PCDO are set RW
to:
_______ PRD3 1.01b : 00100b
2.10b:01101b
3.11b:01111b
-------- PRD4
-------- (b7-b5) Reserved Should be written with 0 RW
------------- PWRO
Select from the three options below
according to the peripheral bus clock
"""""""" PWR1 setting (bits PCD1 and PCDO in the
CCR register).
---------------- PWR2 Write Timing Setting Bit When bits PCD1 and PCDO are set RW
to:
_________________ PWR3 1.01b: 00101b
2.10b : 01010b
3.11b:01111b
------------------- PWR4
____________________ External Bus Format Select | 0: Separate bus in some spaces
EXMPX Bit @ 1: Multiplexed bus in all spaces RW
EXBWO b15b14
""""""""""" . 0 O : 8-bit width
External Bus Maximum 1 5 1 . 16.pit width RW
Width Setting Bit ) : o
______________________ EXBWA1 1 0 :32-bit width
1 1 : Do not use this combination
Notes
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. Set this register only once after a reset. Do not rewrite this register after setting the CCR register.
3. If this bit is set to 1 when the all MPX bits in registers EBCO to EBC3 are set to 1, ports PO, P1, and P4_0 to
P4_3 can be used as programmable 1/O ports.
4. This bit should be the maximum bus width set in bits BW1 and BWO in registers EBCO to EBC3. The
functions of ports P1, P12, and P13 vary with this bit setting.

Figure 9.2

PBC Register
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9.3 External Bus Setting

The 8-/16-/32-bit wide external bus operates at a frequency up to 32 MHz (the theoretical value and the
maximum frequency of each product group are as defined by f(BCLK) in 28. “Electrical Characteristics”).
The timing adjustment and bus-width conversion with the faster 64-bit wide CPU bus are controlled in the
bus interface unit (BIU).

9.3.1 External Address Space Setting

The internal address bus of the R32C/100 Series MCU consists of 26 address lines (A0 to A25). Since
A25 is sign extended to A26 to A31, the MCU has 64 MB of accessible space addresses from
00000000h to 01FFFFFFh and from FEO00000h to FFFFFFFFh.
Up to 24 address lines from AQ to A23 can be used for external output. Decoded A18 to A25 function as
4 chip select signals (CS3 to CS0). If a 16 MB space is assigned to each chip select signal, up to 63.5
MB can be used as external address space. When the processor mode is changed from single-chip
mode to memory expansion mode, the address bus status is undefined until an external space is
accessed.
Chip select signals CS3 to CSO0 share pins with A20 to A23, respectively. Other combinations of signal
and output port are also available as follows: signals CS0 to CS3 with ports P11_0 to P11_3, and
signals CS1 to CS3 with ports P5_4, P5 6, and P5_7.
In microprocessor mode, the CSO0 signal is output from port P4_7 after a reset. The maximum space
per chip select signal is 8 MB since A23 is not available. Signals CS1 to CS3 are output only when
being set.
CSi (i = 0 to 3) is held low while accessing an external space i. It becomes high when accessing
another external space. Figure 9.3 shows output examples of address bus and chip select signals.
Set registers CSOPO0 to CSOP2 to select a chip select signal to be used and its output pin. Set registers
CBO01, CB12, and CB23 to set the address space for each chip select signal.
Figures 9.4 to 9.6 show registers CSOPO0 to CSOP2. Figures 9.7, 9.8, and 9.9 show registers CB01,
CB12, and CB23, respectively. Figures 9.10 and 9.11 show the chip select space.
A chip select signal should not be set for more than two output pins in registers CSOP0 to CSOP2.
Registers CB01, CB12, and CB23 should be set to meet the conditions below:

* In memory expansion mode

0080000h < (CB23 x 2'%) < (CB12 x 2'®) < (CBO1 x 2'®) < 3DC0000h
* In microprocessor mode

0080000h < (CB23 x 2'%) < (CB12 x 2'®) < (CBO1 x 2'*) < 3FC0000h
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Pattern 1. Both the address bus and chip select signal are Pattern 2. Only the chip select signal is changed after
changed after accessing an external space. accessing an external space (the address bus is
not changed).
When the CSy space is accessed after accessing the When an internal space is accessed after accessing the
CSx space, both the address bus and the chip select CSx space, only the chip select signal is changed.
signal are changed.
Accessing the Accessing the Accessing the Accessing an
CSx space , CSy space, CSx space | internal space
> < > >
Data bus { Data ) { Data Data bus { Data }
Address bus X Address Address bus X Address
Chip select C8x ‘ Chip select CSx
Chip select CS
y x=0to3
x=0to3

y =0 to 3, other than x

Pattern 3. Only the address bus is changed after accessing an Pattern 4. Neither the address bus nor the chip select signal is

external space (the chip select signal is not changed after accessing an external space
changed).
When the same CSx space is accessed after accessing When no space is accessed after accessing the CSx
the CSx space, only the address bus is changed. space, (and no instruction prefetching is generated),
neither the address bus nor the chip select signal is
) ) changed. )
Accessing the Accessing the Accessing the No access
CSx space , same CSx space CSx space
> < »ie >
Data bus { Data ) { Data Data bus { Data )
Address bus X Address Address bus X Address
Chip select CSx Chip select CSx
x=0to 3 x=0to3
Note:

1. The patterns above show combinations of an address bus and a chip select signal in two sequential cycles. A
chip select signal may be extended to two or more bus cycles according to the combination.

Figure 9.3 Address Bus and Chip Select Signal Output Patterns (in separate bus format)
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Chip Select Output Pin Setting Register 0

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
CSOPO 40054h 1000 XXXXb
1 ] ] 1 1 1 1 1
T T N A A
i E E i i i i i Bit Symbol Bit Name Function RW
i E E i ] — No register bits; should be written with 0 and read as undefined .
P (b3-b0) value
[ T | X . _
i E E [ P4 4B P_4_4 Bus Function Setting O: Output A20 from P4_4 RW
[ - Bit 1: Output CS3 from P4_4
1 ] ]
S P4_5 Bus Function Setting | 0: Output A21 from P4_5
I P4_5B Bit 1: Output CS2 from P4_5 RW
1 ]
I P4_6 Bus Function Setting | 0: Output A22 from P4_6
i P4_6B Bit 1: Output CST from P4_6 RW
i P4 _7 Bus Function Setting | 0: Output A23 from P4_7 2
--------------------- Pa_78B Bit 1: Output CSO from P4_7 RW
Notes:
1. Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting this register.
2. The P4_7B bit should not be set to 0 when starting an operation in microprocessor mode.
Figure 9.4 CSOPO Register
Chip Select Output Pin Setting Register 1 ()
b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
CSOP1 40055h 01X0 XXXXb
] ] ] 1 1 ] 1 1
T R
i E E i i i i i Bit Symbol Bit Name Function RW
E E E i L] — No register bits; should be written with 0 and read as undefined .
oo (b3-b0) value
A b5 45 | P5_4 Bus Function Setting | 0: Output HLDA from P5_4 RV
[ - Bit 1: Output CS1 from P5_4
i E E ________________ — No register bit; should be written with 0 and read as undefined .
. (b5) value
] ]
HE P5_6 Bus Function Setting | 0: Output ALE from P5_6
E P5_68 Bit 1: Output CS2 from P5_6 RW
{ P5_7 Bus Function Setting | 0: RDY input pin
"""""""""""" PS_78B Bit 1: Output CS3 from P5_7 RW
Notes:
1. Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting this register.

Figure 9.5 CSOP1 Register
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Chip Select Output Pin Setting Register 2

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
CSOP2 40056h XXXX 0000b

1 ] ] 1 1 1 1 1

I S T R B R

i E E i i i i i Bit Symbol Bit Name Function RW

I T T R T R P11_0 Bus Function 0: Use P11_0 for a peripheral function

E E E i i i i -1 P11.08B Setting Bit 1: Output CS0 from P11_0 RW

E E E i E i i ______ P11 1B P11_1 Bus Function 0: Use P11_1 for a peripheral function RW

Vo e - Setting Bit 1: Output CS1 from P11_1

i E E i i i ________ P11 2B P11_2 Bus Function 0: Use P11_2 for a peripheral function RW

A A - Setting Bit 1: Output CS2 from P11_2

1 ] ] ] ]

I T T N P11 3B P11_3 Bus Function 0: Use P11_3 for a peripheral function RW

i E i i = Setting Bit 1: Output CS3 or WR2 from P11_3 @

C — No register bits; should be written with 0 and read as undefined .
(b7-b4) value

output.

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

EXBWO in the PBC register are 10b (32-bit width as the maximum width of external bus); otherwise, CS3 is

Figure 9.6 CSOP2 Register

Chip Selects 0 and 1 Boundary Setting Register ()
b7 b0 Symbol Address Reset Value
| | cBo1 001Ah 00h
i
]
E Function Setting Range RW
]
]
' Set this register to the value from A25 to A18 of the | 02h to F8h ?)in memory
e start address in the CSO space. expansion mode RW
The immediately preceding address mentioned 02h to FFh @ in
above and lower is designated for CS1 space microprocessor mode
Notes:
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. The setting value should be equal to or greater than that of the CB12 register.

Figure 9.7 CBO01 Register
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Chip Selects 1 and 2 Boundary Setting Register

b7 b0 Symbol Address Reset Value
| | cB12 0016h 00h
Function Setting Range RwW

Set this register to the value from A25 to A18 of the | 02h to F8h ?)in memory
------------- start address in the CST space. expansion mode

The immediately preceding address mentioned 02h to FFh @ in

above and lower is designated for CS2 space microprocessor mode

RwW

Notes:
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. The setting value should be equal to or greater than that of the CB23 register and should be equal to or less
than that of the CBO1 register.

Figure 9.8 CB12 Register

Chip Selects 2 and 3 Boundary Setting Register

b7 b0 Symbol Address Reset Value
| | cB23 0012h 00h
i
]
E Function Setting Range RW
]
]
' Set this register to the value from A25 to A18 of the | 02h to F8h ®) in memory
bememeeeeaad start address in the CS2 space. expansion mode RW
The immediately preceding address mentioned 02h to FFh @ in
above and lower is designated for CS3 space microprocessor mode
Notes:
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. The setting value should be equal to or less than that of the CB12 register.
Figure 9.9 CB23 Register
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Figure 9.10

Chip Select Spaces in Memory Expansion Mode

Each CS space can be up to 16 MB when the CS signal is not output from port P4. If a space is

valid size is reduced depending on the number of address lines reduced

oversized, the same data is shown every 16 MB. When the CS signal is output from port P4, the maximum

9. Bus
Setting value
Address of the CBxx
00000000h register
Internal Internal Internal Internal Internal
space space space space space
00080000h |[=am 02h
CS3 space
cBo3 o CS3 space S3 space ©53 space
CS2 space .
%) N S
CB12 . |tso * CS3 space
CST space R
Cs1 (1s)pace ‘\\ P S2 space \
CBO1 ' . CS2 space |i
J ™ i
02000000h ] \ 80h
\ \
Not |[i Not Not Not | Not
available| \ available available available| i| |available
1
\ )
FE000000h ' . 1 80h
i| CST space
SO space | | _ \
1p ! S1 space ST space | \ CS2 space
) CS1 space
S0 space S
S0 space CS0 space
P P CSO0 space
FFE00000h F8h
Internal Internal Internal Internal Internal
space space space space space
FFFFFFFFh
Note:
1.
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Setting value
Add
ress of the CBxx
00000000h register
Internal Internal Internal Internal Internal
space space space space space
00080000h =5 02h
CS3 space
@ CS3 space S3 space N
CB23 . P P S3 space
CS2 space | ™ .
) ~
CB12 . |2 )
space -
Cs1 (?)pace ‘\\ P S2 space \
CBO1 ' . CS2 space |} | TS3 space
a \\ ‘|
02000000h \ I‘. 80h
' \
Not |[i Not Not Not | Not
available| \ available available available| i| |available
| |
FE000000h i N | 80h
\ N
- II 1 - \
SO space | ) S1space S1 space _— \|TS2 space
) ) CS1space|
) - . | CS1 space
SO space —_— — *
SO space CSO0 space
P P CS0 space
FFFFFFFFh (FFh)
Note:
1. Each CS space can be up to 8 MB when the CS signal (except for the CS0 signal) is not output from port
P4. If a space is oversized, the same data is shown every 8 MB. When the CS signal (except for the CS0
signal) is output from port P4, the maximum valid size is reduced depending on the number of address lines
reduced.
Figure 9.11 Chip Select Spaces in Microprocessor Mode

9.3.2 External Data Bus Width Setting

The external data bus width is selectable among 8 bits, 16 bits, and 32 bits. The bus width of each

space is selected by setting bits BW1 and BWO in registers EBCO to EBC3. The maximum bus width for

all spaces is selected by setting bits EXBW1 and EXBWO in the PBC register. The bus width specified
in bits EXBW1 and EXBWO should be equal to or greater than the value specified in bits BW1 and
BWO.

When an accessed space has a bus width less than that specified in bits EXBW1 and EXBWO0, an
undefined value is output from the unused data output pins

Figure 9.12 shows registers EBCO to EBC3
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External Bus Control Register i (i=0to 3) "
p15 b8 b7 b0 Symbol Address Reset Value
1 1 EBCO, EBC1 001Dh-001Ch, 0019h-0018h 0000h
AR AR EENEE EBC2, EBC3 0015h-0014h, 0011h-0010h 0000h
LI D R O A O I Y O I O |
piidiiii ittt | Bit Symbol Bit Name Function RW
LI O O O O I Y O I B |
HHHIHHH N - =
AEREERERERERRE Address Setup Cycles OOEsur=0
EEEEERRRERRRRE Before Read Setting Bit @ 0 1:sur=1 RW
P ] EsuRt 10:sur=2
EEEEREE RN 11:sur=3
SRR RRRERERE 0
R R - EWRO0 N
SERRRRRREREE Read Pulse Width Seting |0 9"~ ] W
EERREERREREY Bit @ rwr =
EERRERER R R — EWRT 10mwr=3
EERERRRREEE 11:wr=4
: U I I I I I ) : : : _
: it Reserved Should be written with 1 RW
: : il =7
i | ST N gt o 0: Ignore RDY
E i RDY RDY Monitor Bit 1: Use RDY RW
E : MPYO b7 b6
1 - . . |0 0:mpy=1
! Multiplied Cycle Setting Bit
! oy PHea LY 97 |01 impy=2 RW
! 1 1:mpy=4
E ESUWO P
E Address Setup Cycles 8 (1) : zzx: 0 RW
! Before Write Setting Bit @ 10 P
; ESUWA1 -suw=
: 11:suw=3
H EWWO b11b10
] . -
i Write Pulse Width Setting 8 ? : m: ; RW
) Bit @ . -
! 11:ww=4
]
] J—
i (b12) Reserved Should be written with 1 RW
' External Bus Format Select | 0: Separate bus
i MPX Bit 1: Multiplexed bus RW
E BWO b15b14
] : . 0 0 : 8-bit width
E Eﬁtg:nal Bus Width Setting 0 1 : 16-bit width RW
U BWA1 1 0 : 32-bit width . o
1 1 : Do not use this combination
Notes:

1. Set the PRR register to AAh (write enabled) before rewriting this register.

2. Refer to 9.3.5 “External Bus Timing” for the relation between register settings and practical timing.

3. The maximum value set here should be applied to bits EXBW1 and EXBWO in the PBC register.

Figure 9.12 Registers EBCO0 to EBC3
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9.3.3 Separate Bus/Multiplexed Bus Selection

The bus format is selectable between separate bus format and multiplexed bus format. The bus format
for each space is selected by setting the MPX bit in registers EBCO to EBC3. To select the multiplexed
bus format for all spaces, the EXPMX bit in the PBC register should be set to 1 (multiplexed bus in all
spaces). In this case, ports PO, P1, and P4_0 to P4_3 can be used as programmable I/O ports.

(1) Separate Bus

In this bus format, the data bus and address bus have their own 1/O pins.

To select separate bus mode, the MPX bit in registers EBCO to EBC3 should be set to 0. The data bus
width is selectable among 8 bits, 16 bits, and 32 bits by setting bits BW1 and BWO in registers EBCO
to EBC3.

When bits EXBW1 and EXBWO in the PBC register are 00b (8-bit width), port PO is the data bus, and
ports P1, P12, and P13 are programmable I/O ports.

When bits EXBW1 and EXBWO are 01b (16-bit width), ports PO and P1 are data buses, and Ports P12
and P13 are programmable 1/O ports. Note that port P1 (D8 to D15) becomes undefined if the MCU
accesses an space where bits BW1 and BWO0 are to 00b (8-bit width).

When bits EXBW1 and EXBWO are 10b (32-bit width), ports PO, P1, P12, and P13 are data lines. Note
that ports P1, P12, and P13 (D8 to D31) become undefined if the MCU accesses an space where bits
BW1 and BWO are 00b (8-bit width), and ports P12 and P13 (D16 to D31) become undefined if the
MCU accesses an space where bits BW1 and BWO0 are 01b (16-bit width).

(2) Multiplexed Bus

In this bus format, the data bus and address bus are time division multiplexed.

To select multiplexed bus mode, the MPX bit in registers EBCO to EBC3 should be set to 1.

When bits BW1 and BWO in registers EBCO to EBC3 are 00b (8-bit width), DO to D7 are multiplexed
with AO to A7. When bits BW1 and BWO are 01b (16-bit width) or 10b (32-bit width), DO to D15 are
multiplexed with BCO, A1/BC2, and A2 to A15.

In microprocessor mode, an operation is started in separate bus format after a reset. Therefore the
multiplexed bus format can only be used for CS1 to CS3 spaces and cannot be used for the CS0
space.

Table 9.2 lists pin functions for each processor mode and Table 9.3 lists pin functions for each bus
format.
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Table 9.2 Processor Mode and Pin Functions
Process | Single- . . .
or Mode | chip Mode Microprocessor Mode/Memory Expansion Mode Memory Expansion Mode
Bus . Separate bus only Separate bus and multiplexed bus Multiplexed bus only
format (EXMPX = 0) (mixed) (EXMPX = 0) (EXMPX = 1)
Databus . 8 bits onl 8/16 bits | 8/16/32 bits 8 bits onl 8/16 bits | 8/16/32 bits 8 bits onl 8/16 bits | 8/16/32 bits
width Y| (mixed) | (mixed) Y| (mixed) | (mixed) Y1 (mixed) | (mixed)
PO_0to
PO 7 1/0 ports DO to D7 1/O ports
P1_0to
P17 1/0 ports | I/O ports D8 to D15 I/O ports D8 to D15 1/0 ports
— A0 or A0, A0/DO, BCO, or —
P2_0 1/0 port A0 A0 or BCO AO/DO BCO/DO A0/DO A0/DO or BCO/D0O
A1,A1/
P2 1 | 1O port A1 A1orBC2 A1 or A1/D1 D1,BC2, or A1/D1 %}D‘;r
BC2/D1
P2 2to
P2 7 1/0 ports A2 to A7 A2 to A7 or A2/D2 to A7/D7 A2/D2 to A7/D7
P3_0to A8 to A15 or
P37 1/0 ports A8 to A15 A8 to A15 A8/DS8 to A15/D15 A8 to A15 A8/D8 to A15/D15
P4 _0to
P4 3 1/0 ports A16 to A19 I/O ports
P4_4 1/0 port A20 or CS3
P4 5 1/0 port A21 or CS2
P4 6 1/0 port A22 or CS1
P4 7 1/0 port A23 or CSO
P5 0 1/O port WR or WRO
Ps_t | yoport (UN9eMed BETorwRT |UndEed) BoTorwmT o |Undefned) BGTorWRT
P5 2 1/O port RD
P5_3 1/0 port BCLK
P5 4 1/0 port HLDA or CS1
P5_5 1/0 port HOLD
P5 6 1/0 port ALE or CS2 Set to ALE
P5 7 1/0 port RDY or CS3
P11.010 | |65 ports CS0 to CS2 or 1/0 ports
P11_2
— CS3or — R — — CS3or
P11_3 1/0 port CS3 or I/O port WRS CS8 or I/0O port CS3to WR2 CS8 or I/0O port WRS
BC3 or T . BC3 or
P11_4 1/0 port 1/0O port WR3 1/0 port BC3 to WR3 1/O port WR3
P12_0to
P12 7 1/0 ports 1/0 ports D16 to D23 1/0 ports D16 to D23 I/O ports D16 to D23
P13_0to
P13 7 1/0 ports 1/0 ports D24 to D31 1/0O ports D24 to D31 I/O ports D24 to D31
Note:
1. An undefined value is output.
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Table 9.3 Bus Format and Pin Functions (in Microprocessor Mode/Memory Expansion Mode)
Bus Format Separate Bus Multiplexed Bus
MPX bit 0 1
Bus width 8 bits 16 bits 32 bits 8 bits 16 bits 32 bits
Bits BW1 to
BWO 00b 01b 10b 00b 01b 10b
PO_0to PO_7 DO to D7 I/O ports
P1 0OtoP1_7| /O ports D8 to D15 I/O ports
P2 0 A0 BCO A0/DO BCO0/DO
P2_1 A1 BC2 A1/D1 BC2/D1
P2 2toP2_7 A2 to A7 A2/D2 to A7/D7
P3 0toP3_ 7 A8 to A15 A8/D8 to A15/D15
P4 0toP4_3 A16 to A19 A16 to A19 or I/O ports
P4 4 A20 or CS3
P4 5 A21 or CS2
P4 6 A22 or CS1
P4_7 A23 or CS0 (CSO fixed in microprocessor mode)
P5 0 WR or WRO
P5_1 Undefined (1) BC1 or WR1 | Undefined () | BCT or WRT
P5 2 RD
P5 3 BCLK
P5 4 HLDA or CS1
P5 5 HOLD
P5 6 ALE or CS2 Set to ALE
P5 7 RDY or CS3
P;h?zto CS0 to CS2 or I/0 ports
P11_3 CS3 or I/0 port CS3 or WR2 CS3or I/0 port CS3 or WR2
P11_4 /0 port BC3 or WR3 /O port BC3 or WR3
P;fao;o I/O ports D16 to D23 I/O ports D16 to D23
P;?EO;O I/0O ports D24 to D31 I/O ports D24 to D31
Note:
1. Anundefined value is output.
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9.3.4

Read and Write Signals
When the data bus is 16 or 32 bits, set the PM02 bit in the PMO register to select a combination of RD,

WR, BCO, BC1, BC2, and BC3, or RD, WR0, WR1, WR2, and WR3 as read or write signals.

When bits EXBW1 and EXBWO in the PBC register are 00b (8-bit width), the PM02 bit should be set to
0 (RD/WR/BC0/BC1/BC2/BC3). When accessing an 8-bit space while bits EXBW1 and EXBWO are
01b (16-bit width) or 10b (32-bit width), the combination of RD, WR, BCO, BC1, BC2, and BC3 is

selected irrespective of the PM02 bit setting.
Tables 9.4 and 9.5 list the operation of each signal.

The read and write signals after a reset are in the following combination: RD, WR, BCO, BC1, BC2, and
BC3. To change to the combination of RD, WR0, WR1, WR2, and WR3, set the PM02 bit before writing
data to external memory.

Table 9.4 RD, WR0, WR1, WR2, and WRS3 Signals
Ds;t/? dl?hus RD | WRO | WR1 | WR2 | WR3 External Data Bus Status

L H H H H |Read 4-byte data
H L H H H |Write 1-byte data to address 4n+0
H H L H H |Write 1-byte data to address 4n+1
H H H L H |Write 1-byte data to address 4n+2
H H H H L |Write 1-byte data to address 4n+3

32 bits H L L H H |Write 2-byte data to addresses 4n+0 to 4n+1
H H L L H |Write 2-byte data to addresses 4n+1 to 4n+2
H H H L L |Write 2-byte data to addresses 4n+2 to 4n+3
H L L L H |Write 3-byte data to addresses 4n+0 to 4n+2
H H L L L |Write 3-byte data to addresses 4n+1 to 4n+3
H L L L L  |Write 4-byte data to addresses 4n+0 to 4n+3
L H H |H/L(A1)] — |Read 2-byte data

16 bits H L H |H/L (A1) — |Write 1-byte data to even address
H H L [H/L (A1) — |Write 1-byte data to odd address
H L L [H/L (A1) — |Write 2-byte data to both even and odd addresses

8 bits L |H (@) — |H/L(A1)] — |Read 1-byte data
H L(WR)| — [H/L(A1)] — |Write 1-byte data
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Table 9.5 D, WR, BCO, BC1, BC2, and BC3 Signals
D?Atl? dI?hus RD | WR | BCO |BC1| BC2 |BC3 External Data Bus Status

L H L L L L |Read 4-byte data
H L L H H H |Write 1-byte data to address 4n+0
H L H L H H [Write 1-byte data to address 4n+1
H L H H L H |Write 1-byte data to address 4n+2
H L H H H L |Write 1-byte data to address 4n+3

32 bits H L L L H H |Write 2-byte data to addresses 4n+0 to 4n+1
H L H L L H |Write 2-byte data to addresses 4n+1 to 4n+2
H L H H L L |Write 2-byte data to addresses 4n+2 to 4n+3
H L L L L H |Write 3-byte data to addresses 4n+0 to 4n+2
H L H L L L |Write 3-byte data to addresses 4n+1 to 4n+3
H L L L L L |Write 4-byte data to addresses 4n+0 to 4n+3
L H L L [H/L(A1)] — |Read 2-byte data

16 bits H L L H |H/L (A1)| — [Write 1-byte data to even address
H L H L |H/L (A1)] — |Write 1-byte data to odd address
H L L L |H/L (A1)] — |Write 2-byte data to both even and odd addresses

8 bits L H |H/L(AO)] — |H/L(A1)] — |Read 1-byte data
H L |H/L (A0)] — |H/L (A1)] — |Write 1-byte data
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9.3.5 External Bus Timing

The external bus timing is configured by setting registers EBCO to EBC3. The reference clock is the
base clock selected by setting bits BCD1 and BCDO in the CCR register.

Table 9.6 lists the bit setting of MPY1, MPYO0, ESUR1, and ESURO and the Tsu(A-R) (address setup
cycles before read), Table 9.7 lists the bit setting of MPY1, MPY0, EWR1, and EWRO0 and the Tw(R)
(read pulse width), Table 9.8 lists the bit setting of MPY1, MPY0, ESUW1, and ESUWO and the Tsu(A-
W) (address setup cycles before write), Table 9.9 lists the bit setting of MPY1, MPYO, EWW1, and
EWWO0 and the Tw(W) (write pulse width).

Table 9.6 Tsu(A-R) and Bit Settings: MPY1, MPY0, ESUR1, and ESURO (unit: cycles)
Separate Bus Multiplexed Bus
ESUR1 and MPY1 and MPYO bit settings MPY1 and MPYO bit settings
Bifgeljtﬁr?gs 00b 01b 10b 11b 00b 01b 10b 11b
mpy =1 | mpy=2 | mpy=3 | mpy=4 | mpy=1|mpy=2|mpy=3 | mpy=4
00b sur =10 0.5 0.5 0.5 0.5 1 1 1 1
01b sur =1 1.5 25 3.5 4.5 2 3 4 5
10b sur =2 25 45 6.5 8.5 3 5 7 9
11b sur =3 3.5 6.5 9.5 12.5 4 7 10 13
Formula Tsu(A-R) = sur x mpy + 0.5 Tsu(A-R) = sur x mpy + 1
Table 9.7 Tw(R) and Bit Settings: MPY1, MPY0, EWR1, and EWRO (unit: cycles)
Separate Bus Multiplexed Bus
EWR1 and EWR0 MPY1 and MPYO bit setting MPY1 and MPYO bit setting
Bit Settings 00b 01b 10b 11b 00b 01b 10b 11b
mpy =1 | mpy =2 | mpy=3 | mpy=4 | mpy=1|mpy=2|mpy=3 | mpy=4
00b wr =1 1.5 25 3.5 4.5 0.50) 1.5 25 3.5
01b wr =2 25 4.5 6.5 8.5 1.5 3.5 55 7.5
10b wr =3 3.5 6.5 9.5 12.5 25 5.5 8.5 11.5
11b wr =4 45 8.5 12.5 16.5 3.5 7.5 11.5 15.5
Formula Tw(R) = wr x mpy + 0.5 Tw(R) = wr x mpy - 0.5
Note:
1. Do not set this value.
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Table 9.8 Tsu(A-W) and the Bit Settings: MPY1, MPY0, ESUW1, and ESUWO (unit: cycles)

ESUW1 and MPY1 and MPYO Bit Settings
ESUWO 00b 01b 10b 11b
Bit Settings mpy =1 mpy=2 | mpy=3 | mpy=4
00b | suw=10 1 1 1 1
01b | suw=1 2 3 4 5
10b | suw =2 3 5 7 9
11b | suw=3 4 7 10 13

Formula Tsu(A-W) = suw x mpy + 1

Table 9.9 Tw(W) and the Bit Settings: MPY1, MPY0, EWW1, and EWWO (unit: cycles)

EWW1 and MPY1 and MPYO Bit Settings
EWWO 00b 01b 10b 11b
Bit Settings mpy=1| mpy=2 | mpy=3 | mpy =4
00b ww=11] 0.50) 1.5 25 3.5
01b ww =2 1.5 3.5 5.5 7.5
10b ww =3 2.5 5.5 8.5 11.5
11b ww = 4 3.5 7.5 11.5 15.5
Formula Tw(W) = ww x mpy - 0.5
Note:

1. Do not set this value.

Figure 9.13 and 9.14 show examples of external bus timing in separate bus format (the MPX bit is set to
0) and in multiplexed bus format (the MPX bit is set to 1), respectively.
Note that the actual bus cycles are adjusted to be the integral multiple of peripheral bus clock as
follows:
* Peripheral bus clock divided by 2: If the calculation result is odd, an idle cycle is inserted so that the
bus cycles becomes even.
* Peripheral bus clock divided by 3: If the calculation result is not a multiple of three, (an) idle
cycle(s) is/are inserted so that the bus cycles becomes a multiple of three.
* Peripheral bus clock divided by 4: If the calculation result is not a multiple of four, (an) idle cycle(s)
is/are inserted so that the bus cycles becomes a multiple of four.
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Figure 9.13 External Bus Timing in Separate Bus Format (i = 0 to 3)
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Figure 9.14 External Bus Timing in Multiplexed Bus Format (i = 0 to 3)
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9.3.6 ALE Signal

The ALE signal latches an address of the multiplexed bus. The address should be latched on the falling
edge of the ALE signal. This signal is output to internal space or external space.

(A) 8-bit data bus (B) 16-bit data bus

ALE ’ \ ALE [ \
A0/DO to A7/D7:>< Address ¥ Data X: A0/DO to A15/D15:>< Address ¥ Data () X:
A8toA15:>< Address XUndefined(2>><:

A6toA19 X Address @ X: A16toA19 X Address @ X:
A20/CS3 to — X: A20/CS3 to — X:

A23/CS0 Address or CS A23CSO Address or CS

(C) 32-bit data bus

ALE / \

AOIDO to A15/D15 X Address Data ® ¥
A1610A19 ¥ Address © X
Notes:
A20/CS3 to 1. These pi high-i d h d
Address or CS . pins are high-impedance when read.
A23/CS0 ><: 2. An undefined value is output.
3. When these ports are set as /O ports,
)
D16 to D31 :X Data ><: addresses are not output.

Figure 9.15 ALE Signal and Address Bus/Data Bus

The ALE signal becomes high when a bus cycle is started and changes to low at 1/2 base clock before
(when Tsu(A-R) is 1 and Tsu(A-W) is 1) or 1 base clock before (when Tsu(A-R) is greater than 1 and
Tsu(A-W) is greater than 1) RD or WR becomes low.
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9.3.7 RDY Signal

The RDY signal facilitates access to external devices requiring longer access time. It is used when
accessing an external device with a lower access rate than the timing set in registers EBCO to EBC3, or
when accessing multiple devices with different access timing in a CS space.

When the RDY bit in registers EBCO to EBC3 is set to 1 (use RDY), the RDY pin is sampled on the
every mpyth falling edge of the base clock. If the RDY pin is held low when sampled, wait states are
inserted into the bus cycle. The sampling continues until the RDY pin is held high so that the bus cycle
starts running again.

Since the base clock is not output to external pins, drive the RDY signal low when the RD, WR, and
WRO to WR3 signals are held in a low level, and drive the RDY signal high synchronizing the rise of the
BCLK signal.

Figure 9.16 shows an example of RDY signal generator and Table 9.10 lists setting conditions of
registers EBCO to EBC3 to use this circuit. Figure 9.17 shows examples of bus cycle that is extended
by the RDY signal.

o
74AC163
N . D REO— 74AC08  T4ACT4
2 B ach | D qf RDY
A QBl—
dLD QA —PT
—dCLR
74Ac04 TR b
ENP
— CK
74AC32
os 74AC32  74ACT74 74AC74
- 74AC08 ; »—p a b Q-
_R T *—oDT
ap- o]
BCLK .

Bus cycle

gigigigigigininiin
/

2
i
N

Figure 9.16 RDY Signal Generation Circuitry
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Table 9.10 EBCi Register Setting Conditions when Using the Circuit in Figure 9.16 (i = 0 to 3)
Peripheral Bus Clock Setting Condition Setting Example
Frequency

BCLK = 1/2 base clock

mpy =3
In separate bus format
RD pulse width > 9.5
WR pulse width > 11.5
RD/WR high level width > 2.5
In multiplexed bus format
RD pulse width > 11.5
WR pulse width > 11.5

In separate bus format
EBCi = XX01 1101 1011 1001b
etc.

In multiplexed bus format
EBCi = XX11 1101 1011 1101b
etc.

BCLK = 1/3 base clock

mpy =3
In separate bus format
RD pulse width > 12.5
WR pulse width > 11.5
RD/WR high level width > 3.5
In multiplexed bus format
RD pulse width > 11.5
WR pulse width > 11.5

In separate bus format
EBCi = XX01 1101 1011 1101b
etc.

In multiplexed bus format
EBCi = XX11 1101 1011 1101b
etc.

BCLK = 1/4 base clock

mpy =4
In separate bus format
RD pulse width > 20.5
WR pulse width > 19.5
RD/WR high level width > 4.5
In multiplexed bus format
RD pulse width > 19.5
WR pulse width > 19.5

In separate bus format
Not available

In multiplexed bus format
Not available

X: Given value
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Figure 9.17 An Example of Bus Cycle Extended by RDY Signal (f(BCLK) = 1/2 f(Base)) (i = 0 to 3)
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9.3.8 HOLD Signal

The HOLD signal is used when an external bus master requests the external bus from the CPU. When
the external bus master drives the HOLD pin low, the CPU outputs a low signal from the HLDA pin after
the ongoing bus access is completed. Then the CPU grants the external bus to the external bus master.
While the HOLD pin is held low, the CPU does not start the next bus cycle.

To hand over the external bus to the CPU, the external bus master should verify the HLDA pin is held
low, and then drive the HOLD pin high.

Table 9.11 lists the MCU state in a hold state.

The bus is used in the following priority order: External bus master, DMAC, and CPU.

Table 9.11 MCU State in Hold State

Item State
Oscillation On
Address bus, data bus, CS0 to CS3, BCO to BC3 High-impedance
RD, WR, WRO0 to WR3 High-impedance
Programmable 1/O port The state when HOLD was received is held
HLDA pin Low is output
Internal peripheral circuit On (excluding the watchdog timer)
ALE pin Low is output

9.3.9 BCLK Output

The BCLK, which has the same frequency as peripheral bus clock, is a divided clock derived from the
PLL clock. In memory expansion mode or microprocessor mode, BCLK is output from port P5_3 when
the PMO7 bit in the PMO register is set to 0 (output BCLK) and bits CM01 and CMO0O in the CMO register

are set to 00b (1/0 port P5_3). In single-chip mode, BCLK cannot be output. Refer to 8. “Clock
Generator” for details.

9.4 External Bus State when Accessing Internal Space
Table 9.12 lists the external bus state when accessing an internal space.

Table 9.12  External Bus State when Accessing Internal Space

Pin Pin State when Accessing SFR Pin State when Accessing Internal
Memory

Address bus Address is output The address of an SFR or external
space last accessed is held

Data bus |Read cycle [High-impedance High-impedance

Write cycle |Data is output Undefined

CS0to CS3 High is output High is output

BCO to BC3 BCO to BC3 are output The address of SFR or external space
last accessed is held

RD, WR, WR0 to WR3 |RD, WR, WRO0 to WR3 are output High is output

ALE The ALE signal is output The ALE signal is output
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9.5 Notes on Bus
9.5.1 Notes on Register Settings

9.5.1.1 Chip Select Boundary Select Registers
When not using memory expansion mode, do not change values after a reset for registers CB01,
CB12, and CB23.
When using memory expansion mode, set all of these registers to a value within the specified range
whether or not each chip select space is used.
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10. Protection

This function protects important registers from being easily overwritten when a program goes out of control.
Registers used to protect other registers from being rewritten are as follows: PRCR, PRCR2 to PRCR4, and
PRR.

10.1 Protect Register (PRCR Register)

Figure 10.1 shows the PRCR register. Registers protected by bits in the PRCR register are listed in Table
10.1.

Table 10.1  Registers Protected by the PRCR Register

Bit Protected Registers
PRCO CMO, CM1, CM2, and PM3
PRC1 PMO, PM2, CSOP0, CSOP1, CSOP2, INVCO, INVC1, IOBC, and I2CMR
PRC2 PLCO, PLC1, PD9, and P9_iS(i=0to7)

The PRC2 bit becomes 0 (write disabled) when a write operation is performed in any other address after
this bit is set to 1 (write enabled). Set the PRC2 bit to 1 just before rewriting registers PD9, P9 _iS, PLCO,
and PLC1 (i = 0 to 7). No interrupt handling or DMA transfers should be inserted between these two
instructions. Bits PRC1 and PRCO do not become 0 even if a write operation is performed in any other
address. These bits should be set to 0 by a program.

Protect Register

b7 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
PRCR 4004Ah XXXX X000b
Bit Symbol Bit Name Function RwW

Enable writing to registers CMO,
CM1, CM2, and PM3

0: Write disabled

1: Write enabled

-- PRCO Protect Bit 0 RW

Enable writing to registers PMO,
PM2, CSOP0O, CSOP1, CSOP2,
e e PRCA1 Protect Bit 1 INVCO, INVC1, IOBC, and I2CMR RW
0: Write disabled
1: Write enabled

Enable writing to registers PLCO,
PLC1, PD9, and P9_iS (i=0to 7)
0: Write disabled

1: Write enabled

(R PRC2 Protect Bit 2 RW

— No register bits; should be written with 0 and read as undefined
(b7-b3) value

gy g gy g g Sy

1. The PRC2 bit becomes 0 when a write operation is performed in any other address after this bit is set to 1.

Figure 10.1 PRCR Register
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10.2 Protect Register 2 (PRCR2 Register)
Figure 10.2 shows the PRCR2 register which protects the CM3 register only.

Protect Register 2

b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address Reset Value
PRCR2 4405Fh OXXX XXXXb

1 ] ] ] 1 1 1 1

R R T R A

E E E i i i i i Bit Symbol Bit Name Function RW

1 ] ] ] 1 ] 1 1

1 ] ] ] 1 ] 1 1

— No register bits; should be written with 0 and read as undefined

1 e -y Sy J—

(b6-b0) value

Enable writing to the CM3 register
L PRC27 CM3 Protect Bit 0: Write disabled RW
1: Write enabled

Figure 10.2 PRCR2 Register

10.3 Protect Register 3 (PRCR3 Register)

Figure 10.3 shows the PRCR3 register. Registers protected by the bits in the PRCR3 register are listed in
Table 10.2.

Table 10.2 Registers Protected by the PRCR3 Register
Bit Protected Registers
PRC31 VRCR, LVDC, and DVCR

Protect Register 3

Enable writing to registers VRCR,

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
lo[o]o]o]ofo] |o]  PRcR3 4004Ch 0000 0000b
HE i i i
i E E Bit Symbol Bit Name Function RW
RS @) Reserved Should be written with 0 RW
P
1 1
1 1
1 1

LVDC, and DVCR

Pote-ee- PRC31 Protect Bit 31 0: Write disabled RW
i 1: Write enabled
IO N S D (o7b2) | Reserved Should be written with 0 RW
Figure 10.3 PRCRS3 Register
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10.4 Protect Register 4 (PRCR4 Register)
Figure 10.4 shows the PRCRA4 register. Registers protected by the bits in the PRCR4 register are listed in

Table 10.3.
Table 10.3  Registers Protected by the PRCR4 Register
Bit Protected Registers
PRC40 WDTS
Protect Register 4
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
l[o[o[o[o]o[o]o] |  PRCRra4 4404Ch 0000 0000b
Pib b [Bitsymbol Bit Name Function RW
E i E E E i E E Enable writing to the WDTS register
e PRC40 Protect Bit 40 0: Write disabled RW
[ 1: Write enabled
I N O S (b7Tb1) Reserved Should be written with 0 RW
Figure 10.4 PRCR4 Register
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10.5 Protect Release Register (PRR Register)
Figure 10.5 shows the PRR register. Registers protected by the PRR register are as follows: CCR,
FMCR, PBC, FEBC, EBCO0 to EBC3, CB01, CB12, and CB23.
To write to the registers above, the PRR register should be set to AAh (write enabled). Otherwise, the
PRR register should be set to any value other than AAh to protect the above registers from unexpected
write accesses.

Protect Release Register

b7 b0 Symbol Address Reset Value
| | PRR 0007h 00h
Function Setting Range |RW

Control the protection for registers CCR, FMCR, PBC, FEBC,
EBCO to EBC3, CB01, CB12, and CB23.

------------- AAh: Write enabled 00 to FFh RW
Value other than AAh: Write disabled
Figure 10.5 PRR Register
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11. Interrupts

1.1  Interrupt Types

Figure 11.1 shows the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)
(" Software BRK instruction
(Non-maskable interrupts) BRK2 instruction @)
INT instruction

Interrupt <

NMI

Special Watchdog timer

(Non-maskable interrupts) Oscillator stop detection

Hard Low voltage detection
\ rardware Single-step @

DMAC Il

Peripheral ("

(Maskable interrupts)

Notes:

1. The peripheral interrupts are generated by the corresponding peripherals in the MCU.
2. This interrupt is used exclusively as a development support tool. Users are not allowed to use this interrupt.

Figure 11.1 Interrupts

Interrupts are also classified into maskable/non-maskable.

(1) Maskable Interrupts

Maskable interrupts can be disabled by the interrupt enable flag (I flag).
The priority can be configured by assigning an interrupt request level.

(2) Non-maskable Interrupts

Maskable interrupts cannot be disabled by the interrupt enable flag (I flag).
The interrupt priority cannot be configured.
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11.2 Software Interrupts

Software interrupts are non-maskable. A software interrupt occurs by executing an instruction.
There are five types of software interrupts shown below.

(1) Undefined Instruction Interrupt
This interrupt occurs when the UND instruction is executed.

(2) Overflow Interrupt

This interrupt occurs when the INTO instruction is executed while the O flag is 1. The following
instructions may change the O flag to 1, depending on the operation result:

ABS, ADC, ADCF, ADD, ADDF, ADSF, CMP, CMPF, CNVIF, DIV, DIVF, DIVU, DIVX, EDIV, EDIVU,
EDIVX, MUL, MULF, MULU, MULX, NEG, RMPA, ROUND, SBB, SCMPU, SHA, SUB, SUBF, SUNTIL,
and SWHILE

(3) BRK Instruction Interrupt
This interrupt occurs when the BRK instruction is executed.

(4) BRK2 Instruction Interrupt

This interrupt occurs when the BRK2 instruction is executed.
This interrupt is only meant for use as a development support tool and users are not allowed to use it.

(5) INT Instruction Interrupt

This interrupt occurs when the INT instruction is executed with a selected software interrupt number
from 0 to 255. Software interrupt numbers 0 to 127 are designated for peripheral interrupts. That is, the
INT instruction with a software interrupt number from 0 to 127 has the same interrupt handler as that for
peripheral interrupts.

The stack pointer (SP) used for this interrupt differs depending on the software interrupt numbers. For
software interrupt numbers 0 to 127, when an interrupt request is accepted, the U flag is saved and set
to 0 to select the interrupt stack pointer (ISP) during the interrupt sequence. The saved data of the U
flag is restored upon returning from the interrupt handler. For software interrupt numbers 128 to 255,
the stack pointer does not change during the interrupt sequence.
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11.3 Hardware Interrupts

There are two kinds of hardware interrupts: special interrupts and peripheral interrupts.
In peripheral interrupts, only one interrupt with the highest priority can be specified as a fast interrupt.

11.3.1  Special Interrupts
Special interrupts are non-maskable. There are five special interrupts shown below.

(1) NMI (Non Maskable Interrupt)

This interrupt occurs when an input signal at the NMI pin switches from high to low. Refer to 11.11 “NMI”
for details.

(2) Watchdog Timer Interrupt
The watchdog timer generates this interrupt. Refer to 12. “Watchdog Timer” for details.

(3) Oscillator Stop Detection Interrupt

This interrupt occurs when the MCU detects a main clock oscillator stop. Refer to 8.2 “Oscillator Stop
Detection” for details.

(4) Low Voltage Detection Interrupt

This interrupt occurs when a low voltage input to VCC is detected by the voltage detector. Refer to 6.2
“Low Voltage Detector” for details.

(5) Single-step Interrupt
This interrupt is only meant for use as a development support tool and users are not allowed to use it.

11.3.2 Peripheral Interrupts

Peripheral interrupts occur when an interrupt request from a peripheral in the MCU is accepted. They
share the interrupt vector with software interrupt numbers 0 to 127 for the INT instruction. Peripheral
interrupts are maskable.
Refer to Tables 11.2 to 11.5 for details on the interrupt sources. Refer to the relevant descriptions for
details on each function.
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11.4 Fast Interrupt

A fast interrupt enables the CPU to accelerate interrupt response. In peripheral interrupts, only one
interrupt with the highest priority can be specified as the fast interrupt.
Use the following procedure to enable a fast interrupt:
(1) Set the both FSIT bit in registers RIPL1 and RIPL2 to 1 (interrupt request level 7 available for fast
interrupt).
(2) Set the both DMAII bit in registers RIPL1 and RIPL2 to O (interrupt request level 7 available for
interrupts).
(3) Set the start address of the fast interrupt handler to the VCT register.
Under the conditions above, bits ILVL2 to ILVLO in the interrupt control register should be set to 111b
(level 7) to enable the fast interrupt. No other interrupts should be set to interrupt request level 7.
When the fast interrupt is accepted, the flag register (FLG) and program counter (PC) are saved to the
save flag register (SVF) and save PC register (SVP), respectively. The program is executed from the
address indicated by the VCT register.
To return from the fast interrupt handler, the FREIT instruction should be executed. The values saved into
registers SVF and SVP are restored to the FLG register and PC, respectively.

11.5 Interrupt Vectors

Each interrupt vector has a 4-byte memory space, in which the start address of the associated interrupt
handler is stored. When an interrupt request is accepted, a jump to the address set in the interrupt vector
takes place. Figure 11.2 shows an interrupt vector.

MSB LSB
Vector address + 0 Lower byte of an address
Vector address + 1 Mid-lower byte of an address
Vector address + 2 Mid-upper byte of an address
Vector address + 3 Upper byte of an address
Figure 11.2 Interrupt Vector
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11.5.1

Fixed Vector Table

The fixed vector table is allocated in addresses FFFFFFDCh to FFFFFFFFh. Table 11.1 lists the fixed

vector table.

Table 11.1

Fixed Vector Table

Interrupt Source

Vector Addresses
(Address (L) to Address (H))

Remarks

Reference

Undefined FFFFFFDCh to FFFFFFDFh |Interrupt by the UND

instruction instruction

Overflow FFFFFFEOh to FFFFFFE3h |Interrupt by the INTO
instruction

BRK instruction

FFFFFFE4h to FFFFFFE7h

If address FFFFFFE7h is FFh,
a jump to the interrupt vector of
software interrupt number 0 in
the relocatable vector table
takes place

R32C/100 Series Software
Manual

FFFFFFESh to FFFFFFEBh

Reserved

FFFFFFECh to FFFFFFEFh

Reserved

Watchdog timer
Oscillator stop

FFFFFFFON to FFFFFFF3h

These addresses are shared
by the watchdog timer

12. “Watchdog Timer”
8. “Clock Generator”

detection interrupt, oscillator stop 6.2 “Low Voltage Detector”
Low voltage detection interrupt, and low
detection voltage detection interrupt

— FFFFFFF4h to FFFFFFF7h |Reserved
NMI FFFFFFF8h to FFFFFFFBh |External interrupt by the NMI

pin

Reset FFFFFFFCh to FFFFFFFFh 5. “Resets”
11.5.2 Relocatable Vector Table

The relocatable vector table occupies a 1024-byte memory space from the start address set in the INTB
register. Tables 11.2 to 11.5 list the relocatable vector table entries.
An address in a multiple of 4 should be set in the INTB register for a faster interrupt sequence.
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Table 11.2  Relocatable Vector Table (1/4)

Interrupt Source Vector Table Relative Addresses ?n?:::j;} Reference
(Address (L) to Address (H)) (1) Number
BRK instruction (2) +0 to +3 (0000h to 0003h) 0 R32C/100 Series
Software Manual
Reserved +4 to +7 (0004h to 0007h) 1
UARTS5 transmission, NACK (3) +8 to +11 (0008h to 000Bh) 2 18. “Serial
UARTS5 reception, ACK (3) +12 to +15 (000Ch to 000Fh) 3 Interface”
UARTS6 transmission, NACK (3) +16 to +19 (0010h to 0013h) 4
UART®6 reception, ACK (3) +20 to +23 (0014h to 0017h) 5
Bus collision detection, START +24 to +27 (0018h to 001Bh) 6
condition detection, or STOP condition
detection (UART5 or UART6) (3. 4)
Reserved +28 to +31 (001Ch to 001Fh) 7
DMAO transfer complete +32 to +35 (0020h to 0023h) 8 13. “DMAC”
DMAT1 transfer complete +36 to +39 (0024h to 0027h) 9
DMAZ2 transfer complete +40 to +43 (0028h to 002Bh) 10
DMAS3 transfer complete +44 to +47 (002Ch to 002Fh) 11
Timer AO +48 to +51 (0030h to 0033h) 12 16.1 “Timer A”
Timer A1 +52 to +55 (0034h to 0037h) 13
Timer A2 +56 to +59 (0038h to 003Bh) 14
Timer A3 +60 to +63 (003Ch to 003Fh) 15
Timer A4 +64 to +67 (0040h to 0043h) 16
UARTO transmission, NACK (3) +68 to +71 (0044h to 0047h) 17 18. “Serial
UARTO reception, ACK (3) +72 to +75 (0048h to 004Bh) 18 Interface”
UART1 transmission, NACK (3) +76 to +79 (004Ch to 004Fh) 19
UART1 reception, ACK (3) +80 to +83 (0050h to 0053h) 20
Timer BO +84 to +87 (0054h to 0057h) 21 16.2 “Timer B”
Timer B1 +88 to +91 (0058h to 005Bh) 22
Timer B2 +92 to +95 (005Ch to 005Fh) 23
Timer B3 +96 to +99 (0060h to 0063h) 24
Timer B4 +100 to +103 (0064h to 0067h) 25
INT5 +104 to +107 (0068h to 006Bh) 26 11.10 “External
INT4 +108 to +111 (006Ch to 006Fh) 27 Interrupt”
INT3 +112 to +115 (0070h to 0073h) 28
INT2 +116 to +119 (0074h to 0077h) 29
INT1 +120 to +123 (0078h to 007Bh) 30
INTO +124 to +127 (007Ch to 007Fh) 31
Timer B5 +128 to +131 (0080h to 0083h) 32 16.2 “Timer B”
Notes:

1. Each entry is relative to the base address in the INTB register.
2. Interrupts from this source cannot be disabled by the | flag.
3. In I2C mode, interrupts are generated by NACK, ACK, or detection of a START condition/STOP

condition.

4. The IFSR16 bit in the IFSR1 register selects either the interrupt source in UART5 or UART6.
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Table 11.3  Relocatable Vector Table (2/4)
Interrupt Source Vector Table Relative Addresses ?n?tfet\r,:j ret) Reference
P (Address (L) to Address (H)) (1) P
Number
UART?2 transmission, NACK (2)/12C-bus  |+132 to +135 (0084h to 0087h) 33 18. “Serial

interface )

Interface”/24. “Multi-

UART?2 reception, ACK ()/12C-bus line (3) [+136 to +139 (0088h to 008Bh) 34 master [2C-bus

UART3 transmission, NACK (2) +140 to +143 (008Ch to 008Fh) |35 Interface”

UARTS3 reception, ACK (2) +144 to +147 (0090h to 0093h) 36

UART4 transmission, NACK (2) +148 to +151 (0094h to 0097h) 37

UART4 reception, ACK (2) +152 to +155 (0098h to 009Bh) 38

Bus collision detection, START condition |+156 to +159 (009Ch to 009Fh) 39

detection or STOP condition detection

(UART2) (@)

Bus collision detection, START condition |+160 to +163 (00AOh to 00A3h) 40

detection or STOP condition detection

(UART3 or UARTO) (2, 4)

Bus collision detection, START condition |+164 to +167 (00A4h to 00A7h) 41

detection or STOP condition detection

(UART4 or UART1) (2,4)

A/DO +168 to +171 (00A8h to 00ABh) 42 19. “A/D Converter”

Key input +172 to +175 (00ACh to 00AFh) 43 11.12 “Key Input
Interrupt”

Intelligent 1/O interrupt 0 +176 to +179 (00BOh to 00B3h) 44 11.13 “Intelligent I/O

Intelligent 1/O interrupt 1 +180 to +183 (00B4h to 00B7h) 45 Interrupt”,

Intelligent 1/O interrupt 2 +184 to +187 (00B8h to 00BBh) 46 23. “Intelligent I/O”

Intelligent 1/O interrupt 3 +188 to +191 (00BCh to 00BFh) 47

Intelligent 1/O interrupt 4 +192 to +195 (00COh to 00C3h) 48

Intelligent 1/O interrupt 5 +196 to +199 (00C4h to 00C7h) 49

Intelligent 1/O interrupt 6 +200 to +203 (00C8h to 00CBh) 50

Intelligent 1/O interrupt 7 +204 to +207 (00CCh to 00CFh) 51

Intelligent 1/O interrupt 8 +208 to +211 (00DOh to 00D3h) 52

Intelligent 1/O interrupt 9 +212 to +215 (00D4h to 00D7h) 53

Intelligent 1/O interrupt 10 +216 to +219 (00D8h to 00DBh) 54

Intelligent 1/O interrupt 11 +220 to +223 (00DCh to 00DFh) 55

Reserved +224 to +227 (00EOh to 00E3h) 56

Reserved +228 to +231 (00E4h to 00E7h) 57

Reserved +232 to +235 (00E8h to 00EBh) 58

Reserved +236 to +239 (00ECh to 00EFh) 59

Reserved +240 to +243 (00FO0h to 00F3h) 60

Reserved +244 to +247 (00F4h to 00F7h) 61

Reserved +248 to +251 (00F8h to 00FBh) 62

Reserved +252 to +255 (00FCh to 00FFh) 63

Notes:

1. Each entry is relative to the base address in the INTB register.
2. In I2C mode, interrupts are generated by NACK, ACK, or detection of a START condition/STOP

condition.

3. Select an interrupt source either of UART2 or I2C-bus interface by setting the I2CEN bit in the I2CMR

register.

4. The IFSRO06 bit in the IFSRO register selects either the interrupt source in UARTO or UARTS3. The
IFSRO7 bit selects either the interrupt source in UART1 or that in UART4.
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Table 11.4  Relocatable Vector Table (3/4) (1)

Interrupt Source Vector Table Relative Addresses ISnc;::\lﬁs Reference
(Address (L) to Address (H)) (2) Number
Reserved +256 to +259 (0100h to 0103h) 64
Reserved +260 to +263 (0104h to 0107h) 65
Reserved +264 to +267 (0108h to 010Bh) 66
Reserved +268 to +271 (010Ch to 010Fh) 67
Reserved +272 to +275 (0110h to 0113h) 68
Reserved +276 to +279 (0114h to 0117h) 69
Reserved +280 to +283 (0118h to 011Bh) 70
Reserved +284 to +287 (011Ch to 011Fh) 71
Reserved +288 to +291 (0120h to 0123h) 72
Reserved +292 to +295 (0124h to 0127h) 73
Reserved +296 to +299 (0128h to 012Bh) 74
Reserved +300 to +303 (012Ch to 012Fh) 75
Reserved +304 to +307 (0130h to 0133h) 76
Reserved +308 to +311 (0134h to 0137h) 77
Reserved +312 to +315 (0138h to 013Bh) 78
Reserved +316 to +319 (013Ch to 013Fh) 79
Reserved +320 to +323 (0140h to 0143h) 80
Reserved +324 to +327 (0144h to 0147h) 81
Reserved +328 to +331 (0148h to 014Bh) 82
Reserved +332 to +335 (014Ch to 014Fh) 83
Reserved +336 to +339 (0150h to 0153h) 84
Reserved +340 to +343 (0154h to 0157h) 85
Reserved +344 to +347 (0158h to 015Bh) 86
Reserved +348 to +351 (015Ch to 015Fh) 87
Reserved +352 to +355 (0160h to 0163h) 88
Reserved +356 to +359 (0164h to 0167h) 89
Reserved +360 to +363 (0168h to 016Bh) 90
Reserved +364 to +367 (016Ch to 016Fh) 91
Reserved +368 to +371 (0170h to 0173h) 92
INT8 +372 to +375 (0174h to 0177h) 93 11.10 “External
INT7 +376 to +379 (0178h to 017Bh) 94 Interrupt”
INT6 +380 to +383 (017Ch to 017Fh) 95
Notes:
1. Entries in this table cannot be used to exit wait mode or stop mode.
2. Each entry is relative to the base address in the INTB register.
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Table 11.5 Relocatable Vector Table (4/4) (1)

+1020 to +1023 (03FCh to 03FFh)

Interrupt Source Vector Table Relative Addresses ISnc;::\;i;r)T Reference
(Address (L) to Address (H)) (2) Number

Reserved +384 to +387 (0180h to 0183h) 96
Reserved +388 to +391 (0184h to 0187h) 97
Reserved +392 to +395 (0188h to 018Bh) 98
Reserved +396 to +399 (018Ch to 018Fh) 99
Reserved +400 to +403 (0190h to 0193h) 100
Reserved +404 to +407 (0194h to 0197h) 101
Reserved +408 to +411 (0198h to 019Bh) 102
Reserved +412 to +415 (019Ch to 019Fh) 103
Reserved +416 to +419 (01AOh to 01A3h) 104
Reserved +420 to +423 (01A4h to 01A7h) 105
Reserved +424 to +427 (01A8h to 01ABh) 106
Reserved +428 to +431 (01ACh to 01AFh) 107
Reserved +432 to +435 (01BOh to 01B3h) 108
Reserved +436 to +439 (01B4h to 01B7h) 109
Reserved +440 to +443 (01B8h to 01BBh) 110
Reserved +444 to +447 (01BCh to 01BFh) 111
Reserved +448 to +451 (01COh to 01C3h) 112
Reserved +452 to +455 (01C4h to 01C7h) 113
Reserved +456 to +459 (01C8h to 01CBh) 114
Reserved +460 to +463 (01CCh to 01CFh) 115
Reserved +464 to +467 (01D0h to 01D3h) 116
Reserved +468 to +471 (01D4h to 01D7h) 117
Reserved +472 to +475 (01D8h to 01DBh) 118
Reserved +476 to +479 (01DCh to 01DFh) 119
UART9 transmission +480 to +483 (01EO0h to 01E3h) 120 18. “Serial Interface”
UART9 reception +484 to +487 (01E4h to 01E7h) 121
UART10 transmission +488 to +491 (01E8h to 01EBh) 122
UART10 reception +492 to +495 (01ECh to 01EFh) 123
UARTY7 transmission +496 to +499 (01FO0h to 01F3h) 124
UART7 reception +500 to +503 (01F4h to 01F7h) 125
UARTS transmission +504 to +507 (01F8h to 01FBh) 126
UARTS reception +508 to +511 (01FCh to 01FFh) 127
INT instruction ) +0 to +3 (0000h to 0003h) to 0 to 255 11.2 “Software

Interrupts”

Notes:

1. Entries in this table cannot be used to exit wait mode or stop mode.
2. Each entry is relative to the base address in the INTB register.
3. Interrupts from this source cannot be disabled by the | flag.
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11.6 Interrupt Request Acceptance

Software interrupts and special interrupts are accepted whenever their interrupt request is generated.
Peripheral interrupts, however, are only accepted if the conditions below are met:
*|flagis 1
*IR bitis 1

* Bits ILVL2 to ILVLO > IPL

The | flag, IPL, IR bit, and bits ILVL2 to ILVLO do not affect each other. The | flag and IPL are in the FLG
register. The IR bit and bits ILVL2 to ILVLO are in the interrupt control register.
The following section describes these flag and bits.

11.6.1

| Flag and IPL

The | flag (interrupt enable flag) enables or disables maskable interrupts. When the | flag is set to 1
(enabled), all maskable interrupts are enabled; when it is set to 0 (disabled), they are disabled. The |
flag becomes 0 after a reset.
The IPL (processor interrupt priority level) consists of 3 bits and indicates eight interrupt priority levels
from 0 to 7. An interrupt becomes acceptable when its interrupt request level is higher than the
specified IPL (bits ILVL2 to ILVLO > IPL).

Table 11.6 lists interrupt request levels classified by the IPL.

Table 11.6  Acceptable Interrupt Request Levels and IPL
P2 |I:LL1 PO Acceptable Interrupt Request Levels

1 1 1 All maskable interrupts are disabled

1 1 0 Level 7 only

1 0 1 Level 6 and above

1 0 0 Level 5 and above

0 1 1 Level 4 and above

0 1 0 Level 3 and above

0 0 1 Level 2 and above

0 0 0 Level 1 and above
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11.6.2 Interrupt Control Registers

Each peripheral interrupt is controlled by an interrupt control register.
11.4 show the interrupt control registers.

Interrupt Control Register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address Reset Value
WJ_J_J_J TAOIC to TA4IC 006Ch, 008Ch, 006Eh, 008Eh, 0070h XXXX X000b
T T 1 1 1 1 1 1 TBOICtoTB5IC 0094h, 0076h, 0096h, 0078h, 0098h, 0061h XXXX X000b
Py by 1V 11 SOTICto S4TIC 0090h, 0092h, 0081h (), 0083h, 0085h XXXX X000b
i 1 4 1 1 1 1 1 S5TICtoS10TIC 0062h, 0064h, 00DDh, 00DFh, 00D9h, 00DBh XXXX X000b
bbb 1111 SORICto S4RIC 0072h, 0074h, 0063h @), 0065h, 0067h XXXX X000b
Pt b 1 S5RIC to S10RIC 0082h, 0084h, 00FDh, 00FFh, 00F9h, 00FBh XXXX X000b
Ppor b vt BCNOIC to BCN3IC — 0069h, 0083h, 0087h, 0069h ) XXXX X000b
i 1 1 1 1 1 | 1| BCN4ICtoBCN6IC  0089h ), 0066h, 0066h & XXXX X000b
i+t 1 1 1 1 1 DMOICtoDM3IC 0068h, 0088h, 006Ah, 008Ah XXXX X000b
bbb b ADoIC 006Bh XXXX X000b
I KUPIC 008Bh XXXX X000b
R 1100IC to 1105IC 006Dh, 008Dh, 006Fh, 008Fh, 0071h, 0091h XXXX X000b
T T T T S I1086IC to 1011IC 0073h, 0093h, 0075h, 0095h, 0077h, 0097h XXXX X000b
i E i i E E i E 12CIC, I12CLIC 0081h (M, 0063h @) XXXX X000b
] ] ] ] ] ] ] ]
i 1111111 | BitSymbol Bit Name Function RW
bE b2 b1 b0
P veee ILVLO 0 0 0: Level O (interrupt disabled) | RW
L I 00 1: Level1
1 1 1 1 1 1 1 .
EEREE R Lvir |Itemust RequestLovel | g 3 0 105 W
bbb Select Bit 100: Level4
1 ] ] ] ] ] .
I 10 1: Level 5
T T B B ILVL2 110: Level 6 RW
i i i i i 111: Level 7
A 0: No interrupt requested
i i i i ----------- IR Interrupt Request Flag 1: |nterrupt requested (6) RW
i__i___i__i _____________ — No register bits; should be written with 0 and read as undefined
(b7-b4) value -
Notes
1. The S2TIC register shares an address with the 12CIC register.
2. The S2RIC register shares an address with the 12CLIC register.
3. The BCNOIC register shares an address with the BCN3IC register.
4. The BCN1IC register shares an address with the BCN4IC register.
5. The BCNS5IC register shares an address with the BCNGIC register.
6. This bit can only be set to 0 (do not setitto 1).
Figure 11.3 Interrupt Control Register (1/2)
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Interrupt Control Register
b7 b6 b5 b4 b3 b2 b1 B0 gympol Address Reset Value
5 5 | INTOIC to INT2IC 009Eh, 007Eh, 009Ch XX00 X000b
R INT3IC to INT5IC (™ 007Ch, 009Ah, 007Ah XX00 X000b
A INT6IC to INT8IC O0OFEh, OODEh, 00FCh XX00 X000b
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
Pobob Bit Symbol Bit Name Function RW
REREERE
A ILVLO 0 0 0: Level O (interrupt disabled) | RW
I 00 1: Level1
i i i i i i i Interrupt Request Level 010: Level2
[ T B T B BT T ILVL1 . 01 1: Level3 RW
i i i i i i Select Bit 10 0: Level4
Ve 10 1: Level5
(I R T T R ILVL2 110: Level 6 RW
b 111: Level 7
T B 0: No interrupt requested
e IR Interrupt Request Flag | 1"t e uested @ RW
oo . . 0: Select the falling edge or a low
i i i frmmmmeeeen POL Polarity Select Bit 1: Select the rising edge or a high ¢ RW
1 ] 1
N Level/Edge Sensitive 0: Edge sensitive
. LvS Select Bit 1: Level sensitive ¥ RW
1 1
R — No register bits; should be written with 0 and read as undefined .
(b7-b6) value
Notes
1. When the 16- or 32-bit data bus is used in microprocessor mode or memory expansion mode, pins INT3 to
INT5 function as data bus. In this case, set bits ILVL2 to ILVLO in registers INT3IC to INT5IC to 000b.
2. This bit can only be set to 0 (do not set it to 1).
3. Set this bit to 0 (the falling edge) to set the corresponding bit in registers IFSR0 and IFSR1 to 1 (both
edges).
4. Set the corresponding bit in registers IFSR0O and IFSR1 to 0 (one edge) to select the level sensitive.

Figure 11.4

Bits ILVL2 to ILVLO

Interrupt Control Register (2/2)

The interrupt request level is selected by setting bits ILVL2 to ILVLO. The higher the level is, the higher

interrupt priority is.

When an interrupt request is generated, its request level is compared to the IPL. The interrupt is
accepted only when the interrupt request level is higher than the IPL. When bits ILVL2 to ILVLO are set

to 000b, the interrupt is disabled.

IR bit

The IR bit becomes 1 (interrupt requested) when an interrupt request is generated; this bit setting is
retained until the interrupt request is accepted. When the request is accepted and a jump to the
corresponding interrupt vector takes place, the IR bit becomes 0 (no interrupt requested).

The IR bit can be set to 0 by a program. This bit should not be set to 1.
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When rewriting the interrupt control register, no corresponding interrupt request should be generated. If
there is a possibility that an interrupt request may be generated, disable the interrupt request before
rewriting the register.
When enabling an interrupt immediately after changing the interrupt control register, insert NOPs
between two instructions or perform a dummy read of the interrupt control register so that the interrupt
enable flag (I flag) cannot become 1 (interrupt enabled) before writing to the interrupt control register is
completed.
If an interrupt request is generated for the register being rewritten, the IR bit may not become 1
depending on the instruction being used. If it matters, use one of the following instructions to rewrite the
register:

* AND

*OR

*BCLR

*BSET
If the AND or BCLR instruction is used to set the IR bit to 0, the IR bit may not become 0 as these
instructions cause the interrupt request to be retained during the rewrite. To prevent this from
happening, rewrite the register using the MOV instruction. To set just the IR bit to 0, first temporarily
store the read value to memory or a CPU internal register, then execute either the AND or BCLR
instruction in the stored area. After that, write the value back to the register using the MOV instruction.
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11.6.3 Wake-up IPL Setting Register

Set the wake-up IPL setting registers (registers RIPL1 and RIPL2) when using an interrupt to exit wait
or stop mode, or using the fast interrupt.

Refer to 8.7.2 “Wait Mode”, 8.7.3 “Stop Mode”, or 11.4 “Fast Interrupt” for details.

Figure 11.5 shows registers RIPL1 and RIPL2.

Wake-up IPL Setting Registeri (i=1,2) ™

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
RIPL1, RIPL2 4407Fh, 4407Dh XX0X 0000b

1 ] ] 1 ] 1 1 1

I

i i E i i i i i Bit Symbol Bit Name Function RW

RERRRES

T A R S RV 00 0:Level 0 RW

i E E E i i i 00 1:Level1

| T T T R | o 01 0:Level2

T T T T T B Interrupt Priority Level for

[ T TR T R T PR RLVL1 ) <@ 01 1:Level3 RW

i E i i i i Wake-up Select Bit 100 Level 4

A B B A 10 1:Level5

T T T A SO RLVL2 11 0:Level6 RW

A 111:Level7

1 ] ] 1 1

i E E i i 0: Use interrupt request level 7 for

T S FSIT | Fast Interrupt Select Bit @ | | (0o Mome0  evel 7ror | RW

1 ] ] 1 -

[ fast interrupt )

1 ] ] 1

i E E i _____________ — No register bit; should be written with 0 and read as undefined _

o (b4) value

1 ] ]

A 0: Use interrupt request level 7 for

1 ] ] .

I S— DMAIl | DMA Il Select Bit © interrupt RW

v 1: Use interrupt request level 7 for

' DMA Il transfer 4

1 ]

!___! ___________________ — No register bits; should be written with 0 and read as undefined .
(b7-b6) value

1. Registers RIPL1 and RIPL2 should be set with the same values.

2. The MCU exits wait mode or stop mode when the request level of the requested interrupt is higher than the
level selected using bits RLVL2 to RLVLO. Set these bits to the same value as the IPL in the FLG register.

3. When the FSIT bit is 1, an interrupt with interrupt request level 7 becomes the fast interrupt. In this case, set
the interrupt request level to level 7 with only one interrupt.

4. Set either the FSIT or DMAII bit to 1. The fast interrupt and DMAC Il cannot be used simultaneously.

5. Set bits ILVL2 to ILVLO in the interrupt control register after the DMAII bit is set. DMA Il transfer is not
affected by the | flag or IPL.

Figure 11.5 Registers RIPL1 and RIPL2
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11.6.4 Interrupt Sequence

An interrupt sequence is performed from when an interrupt request has been accepted until the interrupt
handler starts.

When an interrupt request is generated while an instruction is being executed, the requested interrupt is
evaluated in the priority resolver after the current instruction is completed, and the interrupt sequence
starts from the next cycle.

However, for instructions RMPA, SCMPU, SIN, SMOVB, SMOVF, SMOVU, SOUT, SSTR, SUNTIL, and
SWHILE, when an interrupt request is generated while an instruction is being executed, the current
instruction is suspended, and the interrupt sequence starts.

The interrupt sequence is as follows:

(1) The CPU acknowledges the interrupt request to obtain the interrupt information (the interrupt
number, and the interrupt request level) from the interrupt controller. Then the corresponding IR bit
becomes 0 (no interrupt requested).

(2) The FLG register value before the interrupt sequence is stored to a temporary register in the CPU.
The temporary register is inaccessible to users.

(3) The following bits in the FLG register become 0:

* The | flag (interrupt enable flag): interrupt disabled
* The D flag (debug flag): single-step interrupt disabled
* The U flag (stack pointer select flag): ISP selected

(4) The temporary register value in the CPU is saved to the stack, or to the SVF register in case of the
fast interrupt.

(5) The PC value is saved to the stack, or to the SVP register in case of the fast interrupt.

(6) The interrupt request level for the accepted interrupt is set in the IPL (processor interrupt priority
level).

(7) The corresponding interrupt vector is read from the interrupt vector table.

(8) This interrupt vector is stored into the PC.

After the interrupt sequence is completed, an instruction is executed from the start address of the interrupt
handler.
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11.6.5 Interrupt Response Time

The interrupt response time, as shown in Figure 11.6, consists of two non-overlapping time segments:
(a) the period from when an interrupt request is generated until the instruction being executed is
completed; and (b) the period required for the interrupt sequence.

Interrupt request is generated  Interrupt request is accepted

v v

—» Time

J

Interrupt sequence

% Instruction

Instruction in an interrupt handler \

(a) (b)

»i N
Y L)

Interrupt response time

) 4

i
)

(a) Period from when an interrupt request is generated until when the instruction being executed has

been completed

(b) Period required to perform an interrupt sequence

Y

1

Figure 11.6 Interrupt Response Time

Period (a) varies depending on the instruction being executed. Instructions, such as LDCTX and
STCTX in which registers are sequentially saved into or restored from the stack, require the longest
time. For example, the STCTX instruction requires at least 30 cycles for 10 registers to be saved. It

requires more time if the WAIT instruction is in the stack.

Period (b) is listed in Table 11.7.

Table 11.7  Interrupt Sequence Execution Time (1)

Interrupt Execution Time in Terms of CPU Clock
Peripherals 13 + o cycles (2)
INT instruction 11 cycles
NMI 10 cycles
Watchdog timer
Oscillator stop detection 11 cycles
Low voltage detection
Undefined instruction 12 cycles
Overflow 12 cycles
BRK instruction (relocatable vector table) 16 cycles
BRK instruction (fixed vector table) 19 cycles
BRK2 instruction 19 cycles
Fast interrupt 11 cycles

Notes:

1. These are the values when the interrupt vectors are aligned to the addresses in multiples of 4 in the
internal ROM. However, the condition does not apply to the fast interrupt.

2. o is the number of waits to access SFRs minus 2.
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11.6.6 IPL after Accepting an Interrupt Request

When a peripheral interrupt request is accepted, the interrupt request level is set in the IPL (processor
interrupt priority level).
Software interrupts and special interrupts have no interrupt request level. When these interrupt
requests are accepted, the value listed in Table 11.8 is set in the IPL as the interrupt request level.

Table 11.8  Interrupts without Interrupt Request Level and IPL

Interrupt Sources without Interrupt Request Level IPL Value to be Set
NMI, watchdog timer, oscillator stop detection, low voltage detection 7
Reset 0
Software Unchanged

11.6.7 Register Saving

In the interrupt sequence, the FLG register and PC values are saved to the stack, in that order. Figure
11.7 shows the stack status before and after an interrupt request is accepted.
In the fast interrupt sequence, the FLG register and PC values are saved to registers SVF and SVP,

respect

ively.

If there are any other registers to be saved to the stack, save them at the beginning of the interrupt
handler. A single PUSHM instruction saves all registers except the frame base register (FB) and stack

pointer (SP).
Stack Stack
MSB LSB MSB LSB

Address Address

m-8 m-8 Program counter (PCLL) [«— SP

m-7 m-7 Program counter (PCLH)

m-6 m-6 Program counter (PCHL)

m-5 m-5 Program counter (PCHH)

m-4 | > m-4 Flag register (FLGLL)

m-3 m-3 Flag register (FLGLH)

m-2 m-2 Flag register (FLGHL)

m-1 m-1 Flag register (FLGHH)

m Content of previous stack [€— SP m Content of previous stack
m-+1 Content of previous stack m-+1 Content of previous stack
Stack before interrupt request is accepted Stack after interrupt request is accepted

Figure 11.7 Stack Before and After an Interrupt Request is Accepted
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11.7 Register Restoring from Interrupt Handler

When the REIT instruction is executed at the end of the interrupt handler, the FLG register and PC values,
which are saved in the stack, are restored, and the program resumes the operation that was interrupted. In
the fast interrupt, execute the FREIT instruction to restore them from the save registers, instead.

To restore the register values which are saved by software in the interrupt handler, use an instruction such
as POPM before the REIT or FREIT instruction.

If the register bank is switched in the interrupt handler, the bank is automatically switched back to the
original register bank by the REIT or FREIT instruction.

11.8 Interrupt Priority

If two or more interrupt requests are detected at an interrupt request sampling point, the interrupt request
with higher priority is accepted.

For maskable interrupts (peripheral interrupts), the interrupt request level select bits (bits ILVL2 to ILVLO)
select a request level. If two or more interrupt requests have the same request level, the interrupt with
higher priority, predetermined by hardware, is accepted.

The priorities of the reset and special interrupts, such as the watchdog timer interrupt, are determined by
the hardware. Note that the reset has the highest priority. The following is the priority order determined by
the hardware:

Watchdog timer
Reset > Oscillator stop detection > NMI > Peripherals

Low voltage detection

Software interrupts are not governed by priority. A jump to the interrupt handler takes place whenever the
relevant instruction is executed.

11.9 Priority Resolver
The priority resolver selects an interrupt that has the highest priority among requested interrupts detected
at the same sampling point.
Figure 11.8 shows the priority resolver.
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Interrupts

Wake-up signal from
wait or stop mode (to
clock generator)

Interrupt request

accepted (to CPU)

High _ Requestlove of erupls (dofou) | _ Requestleve of merupts _Request level of interrupts _
A E | UARTS5 transmission Timer BO Bus collision (UART2)
i | UARTS5 reception Timer B1 Bus collision (UARTO, 3)
i | UART®6 transmission Timer B2 Bus collision (UART1, 4)
i | UART®6 reception Timer B3 A/D converter 0
E | Bus collision (UARTS5, 6) Timer B4 Key input
i | DMAO INT5 Intelligent 1/00
i | DMA1 INT4 Intelligent 1/01
i | DMA2 INT3 Intelligent 1/02
i | DMA3 INT2 Intelligent 1/03
i | Timer AO INT1 Intelligent 1/04
i | Timer A1 INTO Intelligent 1/05
i | Timer A2 Timer B5 Intelligent 1/06
i | Timer A3 UART2 trans. / I12C I/F Intelligent 1/07
i | Timer A4 UART2 rec. / I2C line Intelligent 1/08
i | UARTO transmission UARTS3 transmission Intelligent 1/09
i | UARTO reception UARTS3 reception Intelligent 1/010
i | UART1 transmission UART4 transmission Intelligent /011
E | UART1 reception UART4 reception H— & | T TTTTTTTTTTTTTT
_ Request level of interrupts__ éi\f/::* '(t)) _ Request level of interrupts__ _ Request level of interrupts _
E | INT8 UARTO reception UARTY reception
i | INT7 UART10 transmission | UARTS8 transmission
i | INT6 UART10 reception UARTS reception
v E | UART9 transmission UARTT transmission [H— o | O CTTTTTTTTTTT
Low
High <€
Peripheral interrupt priority
(for interrupts with same request level)
Bits RLVL2 to RLVLO in
| P the RIPL1 register
| | flag §D7
| Watchdog timer
| Low voltage detection
| Oscillator stop detection —
| — }—l—_(_/
| DMA Il transfer complete I—

Figure 11.8 Priority Resolver
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11.10 External Interrupt

An external interrupt occurs by an external input applied to the INTi pin (i = 0 to 8). Set the LVS bit in the
INTIIC register to select whether an interrupt is triggered by the effective edge(s) (edge sensitive), or by
the effective level (level sensitive) of the input signal. The polarity of the input signal is selected by setting
the POL bit in the same register.

When using edge-triggered interrupts, setting the IFSROj bit in the IFSRO register to 1 (both edges)
causes interrupt requests to be generated on both rising and falling edges of the external input applied to
the INT]j pin (j = 0 to 5). This also applies to setting the IFSR1n bit (n = m - 6) in the IFSR1 register to 1
(both edges) for the INTm pin (m = 6 to 8). Set the POL bit in the corresponding register to 0 (falling edge)
to set the IFSROj bit or the IFSR1n bit to 1.

When using level-triggered interrupts, set the IFSROj or IFSR1n bit to 0 (one edge). When an effective
level, which is selected by the POL bit, is detected on the INTi pin, the IR bit in the INTIIC register
becomes 1. The IR bit does not become 0 even if the signal level at the INTi pin changes. This bit
becomes 0 when the INTi interrupt is accepted or it is set to 0 by a program.

Figures 11.9 and 11.10 show registers IFSRO and IFSR1, respectively.

External Interrupt Request Source Select Register O
b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
LT ] ] IFSRO 4406Fh 0000 0000b
HEHH
[) ] ] 1 ] ] 1 ]
) ] ] 1 1 ] 1 1
E E E i i i i i Bit Symbol Bit Name Function RW
) ] ] 1 ] ] ] ] TN FA DO . . .
I O IFSRO0 (I1I\)ITO Pin Polarity Select Bit 0: One edge RW
A A 1: Both edges
A INT1 Pin Polarity Select Bit | 0: One edge
I T T T IFSRO1 m 1: Both edges RW
) ] ] 1 1 ] —
N N INT2 Pin Polarity Select Bit | 0: One edge
bbb IFSRO2 | 4 1: Both edges RW
) ] ] 1 1
] ] ] 1 1 INT? Di H H .
I IFSRO3 (I1I\)IT3 Pin Polarity Select Bit 0: One edge RW
b 1: Both edges
[ I | TN D . . .
[ T S IFSR04 (I1I\)IT4 Pin Polarity Select Bit 0: One edge RW
v 1: Both edges
P INT5 Pin Polarity Select Bit | 0: One edge
I IFSROS 1 1) 1: Both edges RW
) ]
I 0: Bus collision, START condition
E E detection, STOP condition detection
O UARTO/UARTS Interrupt in UART3
E IFSR06 Source Select Bit 1: Bus collision, START condition RW
! detection, STOP condition detection
' in UARTO
)
E 0: Bus collision, START condition
! detection, STOP condition detection
] UART1/UART4 Interrupt in UART4
IFSRO7 Source Select Bit 1: Bus collision, START condition RW
detection, STOP condition detection
in UART1
Note:
1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register to 0 (falling edge) (i = 0 to 5).

Figure 11.9

IFSRO Register
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External Interrupt Request Source Select Register 1

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
IFSR1 4406Dh X0XX X000b

Vol

A

bbb 411 | Bit Symbol Bit Name Function RW

| T T R B — - -

[ T S R S N INT6 Pin Polarity Select Bit | 0: One edge

E ! ! L P IFSR10 | ) 1: Both edges RW

' ] 1 1 ] 1 —

A INT7 Pin Polarity Select Bit | 0: One edge

: E E i i : ' IFSR11 o 1: Both edges RW

] H 1 1 1 ' pr—

R R :_ ________ INT8 Pin Polarity Select Bit | 0: One edge

E E E o IFSR12 ™ 1: Both edges RW

1 1
E E :___:__i ___________ No register bits; should be written with 0 and read as undefined .
! H (b5-b3) value
]

i i 0: Bus collision, START condition

' i detection, STOP condition detection

HE UART5/UART® Interrupt in UART5

poTTTT T IFSR16 | Source Select Bit 1: Bus collision, START condition | RV

! detection, STOP condition detection

' in UART6

)

e — No register bit; should be written with 0 and read as undefined .

(b7) value

Note:

1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register (i = 6 to 8) to O (falling edge).

Figure 11.10 IFSR1 Register

11.11 NMI

The NMI (non maskable interrupt) occurs when an input signal at the NMI pin switches from high to low.
This non maskable interrupt is disabled after a reset. To enable this interrupt, set the PM24 bit in the PM2
register to 1 after setting the interrupt stack pointer (ISP) at the beginning of the program. The NMI pin
shares a pin with port P8_5, which enables the P8_5 bit in the P8 register to indicate the input level at the

NMI pin.
Note:

1. When not using the NMI, do not change the reset value of the PM24 bit in the PM2 register.
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11.12 Key Input Interrupt
The key input interrupt is enabled by setting ports P10_4 to P10_7 as input ports.

The interrupt request is generated if any of the signals applied to ports P10_4 to P10_7 switch from high
to low. This interrupt also functions as key wake-up to exit wait or stop mode. Figure 11.11 shows a block
diagram of the key input interrupt. If any of the ports are held low, signals applied to other ports are not
detected as interrupt request signals.
To use the key input interrupt, every register from P10_4S to P10_7S should be set to 00h (I/O port) and
bits PD10_4 to PD10_7 should be set to 0 (input). This is the only setting available for the key input

interrupt.

:

PU31 bit in the PURS register

o— PD10_7 bit

P10_7/KI3 O F

:

~__ ASEL bitin the
P10_6S register

* PD10_6 bit

P10_6/KIZ O F

:

__ ASEL bitinthe
P10_5S register

PD10_5 bit

P10_5KT O (F

FHCL—_

~_ ASEL bitin the
P10_4S register

P10_4/KI0 O

PD10_4 bit
1

—— ASEL bit in the P10_7S register

KUPIC register

\ 4
Interrupt control
circuit

—» Key input interrupt request

Figure 11.11 Key Input Interrupt Block Diagram
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11.13

Intelligent 1/O Interrupt

The intelligent I/O interrupt is assigned to software interrupt numbers 44 to 55.

Figure 11.12 shows a block diagram of the intelligent I/O interrupt. Figures 11.13 and 11.14 show registers
[IGIIR and IIOIIE, respectively (i = 0 to 11).

To use the intelligent I/O interrupt, set the IRLT bit in the IIOIIE register to 1 (interrupt requests used for
interrupt).

The intelligent 1/O interrupt has multiple request sources. When an interrupt request is generated with an
intelligent 1/0 function, the corresponding bit in the IIOiIR register becomes 1 (interrupt requested). If the
corresponding bit in the IIOIIE register is 1 (interrupt enabled), the IR bit in the corresponding 110ilC
register changes to 1 (interrupt requested).

After the IR bit changes from 0 to 1, it remains unchanged if a bit in the 11OiIR register becomes 1 by
another interrupt request source and the corresponding bit in the IIOQIlE register is 1.

Bits in the IIOIIR register do not become 0 even if an interrupt is accepted. They should be set to 0 by
either the AND or BCLR instruction. Note that every generated interrupt request is ignored until these bits
are setto 0.

To use the intelligent I/O interrupt as a DMAC |l trigger, set the IRLT bit in the lIOIIE register to O (interrupt
requests used for DMA or DMA 1) and the bit used for the interrupt source to 1 (interrupt enabled) in the
[IOIIE register.

IRLT bit in the
IIOIIR register @ 'O1IE fegister

Intelligent 1/0
interrupt i request

1
[} 1
Bit 2 i :
. P °\¢ |
Interrupt request —|—¢>—|:|—:——o

_________________

Bit 1 Notes:
1. Refer to Figures 11.13 and 11.14 for bits 1
Bit 2 to 7 in registers IIOiIR and IIOIlE and their
it

respective interrupt request sources.

2. Bits 1 to 7 in the 1IOIIR register do not
become 0 even if an interrupt request is
accepted. Set these bits to 0 by a program.

3. The IRLT bit and the interrupt enable bit in
the IIOIIE register should not be rewritten
simultaneously.

Figure 11.12 Intelligent I/O Interrupt Block Diagram (i = 0 to 11)
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9]

Intelligent 1/O Interrupt Request Registeri (i=0to 11)

b7 b6 b5 b4 b3 b2 b1 b0

HEEX

Symbol Address Reset Value
IIO0IR to IO11IR  Refer to the table below ??0? 2?2?21b M
Bit Symbol Bit Name Function RW
(5) No register bit; this bit is read as 1 .
Il e -
M02) | it reaois w
el e -
M002) | i essosos® w
(b_5) Reserved Should be written with 0 RW
(Note2) |4 requonted O -
M002) | mempireaesies © »

Bit Symbols for the Intelligent I/O Interrupt Request Register

1. When the register has any function-assigned bit, the reset value is X (undefined); otherwise, the reset value
is 0.

2. Refer to the table below for bit symbols.

3. When this bit is function-assigned, it can only be set to 0. It should not be set to 1. To set it to 0, either the
AND or BCLR instruction should be used; when the bit is not function-assigned (reserved), it should be set
to 0.

Symbol [ Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIO0IR | O00AOh — — — — — TM13R/PO13R [ TM02R/PO02R —
IIO1IR | 00A1h — — — — — TM14R/PO14R [ TMOOR/POO0OR —
IIO2IR | 00A2h — — — — — TM12R/PO12R — —
IIO3IR | 00A3h — — — — PO27R | TM10R/PO10R | TMO3R/POO03R —
IIO4IR | 00A4h — — — BT1R — TM17R/PO17R [ TM04R/PO04R —
IIO5IR | 00A5h — — — SI02RR — PO21R TMO5R/PO05R —
IIO6IR | 00A6h — — — SIO2TR — PO20R TMO6R/PO06R —
IIO7IR | 00A7h IEOR — — BTOR — PO22R TMO7R/PO07R —
IIO8IR | 00A8h IE1R IE2R — BT2R — PO23R TM11R/PO11R —
IIO9IR | 00AS%h — INT6R — — — PO24R TM15R/PO15R —
IIO10IR | 00AAh — INT7R — — — PO25R TM16R/PO16R —
II011IR | 00ABh — INT8R — — — PO26R TMO1R/PO01R —

BTxR: Intelligent /O group x base timer interrupt request (x = 0 to 2)
TMxyR: Intelligent 1/0 group x time measurement channel y interrupt request (x =0, 1;y=0to 7)
POxyR: Intelligent I/O group x waveform generation channel y interrupt request (x=0to 2; y=0to 7)
IEZR: Intelligent 1/0 group 2 IEBus interrupt request (z = 0 to 2)
SIO2RR: Intelligent I/O group 2 receive interrupt request
SIO2TR: Intelligent /0 group 2 transmit interrupt request
INTmR: INTm interrupt request (m = 6 to 8)

Figure 11.13 Registers IIO0IR to 11011IR
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Intelligent 1/O Interrupt Enable Registeri (i=0to 11)
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address Reset Value
Lo [ [ || ] 100Etono11E  Referto the table below. 0000 0000b
R
) ] ] 1 1 1 1
E E E i i E i i Bit Symbol Bit Name Function RW
) ] ] 1 ] : ] ] 0 U .
I . : Use interrupt requests for DMA or
E E E i i i i ] IRLT (Igterrupt Request Select Bit DMA I RW
vy E ! 1: Use interrupt requests for interrupt
[ S T R R T | Y - A - .
E E E i i I (Note 1) 0: Disable thellnterrupt of bllt 1.'” the IIQlIR reglster RW
R 1: Enable the interrupt of bit 1 in the IOIIR register
' ! ! ! ! ] . . . . . .
A 0: Disable the interrupt of bit 2 in the l10iIR register
T A (Note 1) 1: Enable the interrupt of bit 2 in the 1IOIIR register RW
) 1 1 1 1
A 0: Disable the interrupt of bit 3 in the IIOiIR register
bl (Note 1) | 1~ Enable the interrupt of bit 3 in the IIOIIR register RW
Voo 0: Disable the interrupt of bit 4 in the IOIIR register
E E E ______________ (Note 1) 1: Enable the interrupt of bit 4 in the I1IOIlIR register RW
] ] ]
) ] ] _— . .
E i e el (b5) Reserved Should be written with 0 RW
) 1
R 0: Disable the interrupt of bit 6 in the l10iIR register
H (Note 1) 1: Enable the interrupt of bit 6 in the 1IOiIR register RW
)
. 0: Disable the interrupt of bit 7 in the 11OiIR register
(Note 1) 1: Enable the interrupt of bit 7 in the 1IOIIR register RW
Notes
1. Refer to the table below for bit symbols.
2. To use interrupt requests for interrupt, the IRLT bit should be set to 1, then bits 1 to 4, 6, and 7 should be
setto 1.
Bit Symbols for the Intelligent I/O Interrupt Enable Register
Symbol [ Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIO0IE | 00BOh — — — — — TM13E/PO13E | TMO2E/PO02E| IRLT
IIO1IE | 00B1h — — — — — TM14E/PO14E | TMOOE/POOOE | IRLT
IIO2IE | 00B2h — — — — — TM12E/PO12E — IRLT
IIO3IE | 00B3h — — — — PO27E | TM10E/PO10E [ TMO3E/POO3E| IRLT
IIO4IE | 00B4h — — — BT1E — TM17E/PO17E | TMO4E/POO4E| IRLT
IIO5IE | 00B5h — — — SIO2RE — PO21E TMO5E/POOSE| IRLT
IIO6IE | 00B6h — — — SIO2TE — PO20E TMO6E/POO6E| IRLT
IIO7IE | 00B7h IEOE — — BTOE — PO22E TMO7E/POO7E| IRLT
IIO8IE | 00B8h IE1E IE2E — BT2E — PO23E TM11E/PO11E| IRLT
IIO9IE | 00BY9h — INT6E — — — PO24E TM15E/PO15E| IRLT
II010IE | 00BAh — INT7E — — — PO25E TM16E/PO16E| IRLT
1I0111E | 00BBh — INT8E — — — PO26E TMO1E/POO1E| IRLT
BTXE: Intelligent I/O group x base timer interrupt enabled (x = 0 to 2)
TMxyE: Intelligent I/O group x time measurement channel y interrupt enabled (x=0,1; y=0to 7)
POXxyE: Intelligent /O group x waveform generation channel y interrupt enabled (x=0to 2; y =0to 7)
IEZE: Intelligent I/O group 2 IEBus interrupt enabled (z = 0 to 2)
SIO2RE: Intelligent I/O group 2 receive interrupt enabled
SIO2TE: Intelligent I/O group 2 transmit interrupt enabled
INTmE: INTm interrupt enabled (m = 6 to 8)
Figure 11.14 Registers IIO0IE to IIO11IE
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11.14 Notes on Interrupts

11.14.1 ISP Setting

The interrupt stack pointer (ISP) is initialized to 00000000h after a reset. Set a value to the ISP before
an interrupt is accepted, otherwise the program may go out of control. A multiple of 4 should be set to
the ISP, which enables faster interrupt sequence due to less memory access.

When using NMI, in particular, since this interrupt cannot be disabled, set the PM24 bit in the PM2
register to 1 (NMI enabled) after setting the ISP at the beginning of the program.

11.14.2 NMI

* NMI cannot be disabled once the PM24 bit in the PM2 register is set to 1 (NMI enabled). This bit
setting should be done only when using NMI.

* When the PM24 bit in the PM2 register is 1 (NMI enabled), the P8_5 bit in the P8 register is
enabled just for monitoring the NMI pin state. It is not enabled as a general port.

11.14.3 External Interrupts

» The input signal to the INTi pin requires the pulse width specified in the electrical characteristics
(i = 0 to 8). If the pulse width is narrower than the specification, an external interrupt may not be
accepted.

« When the effective level or edge of the INTi pin (i = 0 to 8) is changed by the following bits: bits
POL, LVS in the INTIIC register, the IFSROi bit (i = 0 to 5) in the IFSRO register, and the IFSR1j bit
(j=1i-6;i=061to8)inthe IFSR1 register, the corresponding IR bit may become 1 (interrupt
requested). When setting the above mentioned bits, preset bits ILVL2 to ILVLO in the INTIIC
register to 000b (interrupt disabled). After setting the above mentioned bits, set the corresponding
IR bit to 0 (no interrupt requested), then rewrite bits ILVL2 to ILVLO.

» The interrupt input signals to pins INT6 to INT8 are also connected to bits INT6R to INT8R in
registers 1IO9IR to IIO11IR. Therefore, these input signals, when assigned to the intelligent I/0, can
be used as a source for exiting wait mode or stop mode. Note that these signals are enabled only
on the falling edge and not affected by the following bit settings: bits POL and LVS in the INTiIC
register (i = 0 to 8), IFSROi bit (i = 0 to 5) in the IFSRO register, and the IFSR1jbit (j=i-6;i=61to
8) in the IFSR1 register.
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12. Watchdog Timer

The watchdog timer is used to detect program runaway. The 15-bit watchdog counter decrements with the
cycle which is the peripheral bus clock frequency or on-chip oscillator clock frequency divided by the
prescaler.

Select either an interrupt request or a reset with the CMO06 bit in the CMO register for when the watchdog
timer underflows. Once the CMO6 bit is set to 1 (reset), it cannot be changed to 0 (watchdog timer interrupt)
by a program. It can be set to 0 only by a reset. When the CMO06 bit is 0, after the watchdog timer
underflows, it can reload value to resume counting or stop the operation by setting the WDKS bit in the WDK
register.

The watchdog timer has two prescalers. One divides the on-chip oscillator clock by 1, 2, 4 or 8; the other
divides the peripheral bus clock by 16 or 128. To select the divide ratio for the former, set bits WDK3 and
WDK2 in the WDK register. To select the divide ratio for the latter, set bits WDK4 and WDC?7 in the WDC
register.

The count source for the watchdog timer is set by the combination of the 23 bit in the PM2 register and the
WDK4 bit in the WDK register. When the peripheral bus clock is selected as the count source, the watchdog
timer is stopped in wait mode, stop mode, or when the HOLD signal is driven low. It resumes counting from
the value held when exiting the mode or state. When the on-chip oscillator clock is selected, and the count
source protect mode is enabled, the watchdog timer does not stop. The count source protect mode is
selected by setting the PM22 bit in the PM2 register.

The general formula to calculate a watchdog timer period is:

Prescaler divisor (16 or 128) x 32768

Watch ti iod =
atchdog timer period Peripheral bus clock frequency

or

Prescaler divider factor ((1, 2, 4, or 8) x (1, 16, or 128)) x 2048
On-chip oscillator clock frequency

Watchdog timer period =

For example, when the peripheral bus clock is selected as the count source and it is 1/2 of 64 MHz CPU
clock and the prescaler has a divide-by-16 operation, the watchdog timer period is approximately 16.4 ms.
When the on-chip oscillator clock whose frequency is 125 kHz is selected and it is divided by 8x128, the
watchdog timer period is approximately 16.8 s. Depending on the timing of when a value is written to the
WDTS register, a marginal error of one prescaler output cycle (maximum) may occur in the watchdog timer
period.

The watchdog timer is initialized when a write operation to the WDTS register is performed or when a
watchdog timer interrupt request is generated. The prescaler is initialized only when the MCU is reset.
After a reset, the watchdog timer starts counting automatically if the OFS area of the flash memory are
preset. When the WDTON bit in the OFS area is 1, both the watchdog timer and the prescaler are stopped.
They start counting when a write operation to the WDTS register is performed. When the WDTON bit is O,
both the watchdog timer and the prescaler automatically start counting after a reset.

Figure 12.1 shows a block diagram of the watchdog timer. Figures 12.2 to 12.5 show registers associated
with the watchdog timer.
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On-chip | Prescaler | WDK3 and WDK2
oscillator: : * i >
clock ! 12 104 o
i 14 o ;f
1
| 00
i 1/8 Watchdog
Lo timer interrupt
TS T ! request
i Prescaler ! PM23 CMo06
WDK4 1 wbpc7 |1 0
1 i ' o o ] | . S —>
ro H 1/16 -o\c 0 0/0- Watchdog timer 1
Peripheral bus clock 0_0/9' H 1128 11 o—>»
HOLD :D_ 17128 e A Reset
]
. ) Set to 7FFFh or
Write to the WDTS register —l_\—\ 7FFh
RESET O > l_}_/
CMO0B6: Bit in the CMO register PM23: Bit in the PM2 register
WDC?7: Bit in the WDC register WDK?2 to WDK4: Bits in the WDK register
Figure 12.1 Watchdog Timer Block Diagram
Watchdog Timer Control Register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
L Jolo[ [T []] woc 4404Fh 000X XXXXb
I
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
i E E i i E i i . Upper 5 bits of the watchdog timer,
b (b4-b0) when the peripheral bus clock is used: b14 to b10 RO
(. when the on-chip oscillator is used: b10 to b6 (M
1 ] ]
1 ] ]
1 ] ] - . .
i ------------------- (b6-b5) Reserved Should be written with 0 RW
1 . .
[ © @) 0: Divide-by-16
WDC7 Prescaler Select Bit 1: Divide-by-128 RW
Notes
1. When the on-chip oscillator clock is used as the count source, the read value may be undefined due to a
change in the count value while being read.
2. Set this bit before activating the watchdog timer.

Figure 12.2 WDC Register
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Watchdog Timer Clock Control Register

Reset Value
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address 0000 0007b @
5 5 | 0 WDK 4404Dh '

1 ] ] ] ] 1 ] ]

A

i E E i i i i i Bit Symbol Bit Name Function RW
E E E i i i E E The most recent reset is caused by

I WDKO Reset Source Detect Flag | 0: Non-watchdog timer RO
H 1: Watchdog timer

1 ] ] ] ] 1 ]

1 ] ] ] ] 1 ]

I T T T T R S - Reserved Should be written with 0 RW
R T T T T (b1)

R A A

T T R R WDK?2 b3 b2 RW
A On-chip Oscillator 0 0 :Divide-by-8 (approx. 15.6 kHz)

HE p ) 0 1 :Divide-by-4 (approx. 31.3 kHz)

T A Prescaler Select Bit 1 0 - Divide-by-2 625 kH

A T T R S — WDK3 - Divide-by-2 (approx. 62.5 kHz) | pyy
oo 1 1 : No division (approx. 125 kHz)

1 ] ] ] .

[ | Prescaler Count Source 0: Peripheral bus clock

i E E WDK4 Select Bit @ 1: On-chip oscillator clock 4 RW
1 ] ]

tor . The watchdog timer is

R wpks | SOt Stop Funtion Select | o ot suspended RW
v 1: Suspended when it underflows

1 ]

1 ]

[ — . L . .

B i L b h e (b7-b6) No register bits; should be written with 0 and read as 0 —

1. This register cannot be rewritten when the WDTON bit in the OFS area is 0 (the watchdog timer starts
counting automatically after a reset). When the WDTON bit is 1 (the watchdog timer stops after a reset), this
register can be rewritten only once after a reset. When the count source protect mode is enabled, this
register should be set at the very beginning of the program.

2. The WDKO bit becomes 1 when the most recent reset is caused by the watchdog timer. Otherwise, it
becomes 0.

3. Set these bits before activating the watchdog timer.

. The on-chip oscillator starts running by setting the WDK4 bit to 1.

5. This bit setting is enabled when the CMO06 bit in the CMO register is 0 (watchdog timer interrupt).

N

Figure 12.3 WDK Register

Watchdog Timer Start Register
b7 b0 Symbol Address Reset Value
| | wbTs 4404Eh Undefined
i
]
! Function RW
i The watchdog timer is initialized by a write access. Then it starts counting
l_ ____________ downward. Regardless of the value written to, either 7FFFh (when the peripheral WO
bus clock is used) or 7FFh (when the on-chip oscillator clock is used) is set as the
default value by writing this register
Note:
1. Set the PRC40 bit in the PRCR4 register to 1 (write enabled) before rewriting this register.
Figure 12.4 WDTS Register
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Optional Function Select Area ™
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Factory Preset Value
HEREER OFsS FFFFFFEFh FFh
A
T T R T
i E E i i i i i Bit Symbol Bit Name Function RW
I T T T T A . After a reset, the watchdog timer
i E E i i i i i--—|  WDTON Watchdog Timer Sztart 0: Starts counting automatically ™
A Timing Select Bit @) 1- Stops
I R T i
I T T T B Watchdog Timer Prescaler | 0: Divide-by-16 (WDC7 = 0) ]
Cororon o T WPSCZ | Select Bit® 1: Divide-by-128 (WDC7 = 1) w
N b3 02
vror 0 0 :Divide-by-8 )
T WPSCO (WDK3 and WDK2 = 00b)
A A Watchdog Timer On-chip | 0 1 : Divide-by-4
oronond Oscillator Prescaler Select (WDK3 and WDK2 = 01b)
I Bit ® 1 0 :Divide-by-2
TR T T S S WPSC1 (WDK3 and WDK2 = 10b) )
R 1 1 :No division
i E i i (WDK3 and WDK2 = 11b)
i E i i Watchdog Timer Prescaler | 0: Peripheral bus clock (WDK4 = 0)
b e WPCS Count Source Select Bit 1: On-chip oscillator clock (WDK4 = U]
1 ] ] 2,3
R - )
A The watchdog timer is
R WSTP Watchdog Timer Count 0: Not stopped (WDK5 = 0) )
P Stop Function Select Bit® | 1: Suspended when it underflows
o (WDK5 = 1)
1 1
P 0: On-chip oscillator clock (PM23 = 1)
i i ___________________ WCSS Watchdog Timer Count 1: Peripheral bus clock or prescaler )
! Source Select Bit >3 cascaded on-chip oscillator clock
! (PM23 =0)
1
i After a reset, count source protect
] CSPM Post-reset Count Source mode is )
Protect Mode Select Bit 3 | 0: Enabled (PM22 = 1)
1: Disabled (PM22 = 0)
Notes:
1. Rewrite this area by the flash programmer. It cannot be rewritten by a program.
2. To enable the count source protect mode, set bits WDTON and CSPM to 0. Set also either the WPCS bit to
1 or WCSS bit to 0. Once the watchdog timer starts, the PM22 bit in the PM2 register and the WDK register
cannot be rewritten.
3. These bit settings are disabled when the WDTON bit is 1. The values set to these bits are reflected to
registers WDK and PM2 when the WDTON bit is 0.

Figure 12.5 OFS Area
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13. DMAC

Direct memory access (DMA) is a system that can control data transfer without using a CPU instruction.
The R32C/100 Series’ four channel DMA controller (DMAC) transmits 8-bit (byte), 16-bit (word), or 32-bit
(long word) data in cycle-steal mode from a source address to a destination address each time a transfer

request is generated.

The DMAC, which shares a data bus with the CPU, has a higher bus access priority than the CPU. This

allows the DMAC to perform fast data transfer when a transfer request is generated.

Figure 13.1 shows a map of the CPU-internal registers associated with DMAC. Table 13.1 lists DMAC
specifications. Figures 13.2 to 13.10 show registers associated with DMAC. Since the registers shown in
Figure 13.1 are allocated in the CPU, the LDC or STC instruction should be used to write to the registers.

DMAC-associated Registers

DMDO

DMD1

DMD2

DMD3

DCTO

DCT1

DCT2

DCT3

DCRO

DCR1

DCR2

DCR3

DSAO

DSA1

DSA2

DSA3

DSRO

DSR1

DSR2

DSR3

DDAO

DDA1

DDAZ2

DDA3

DDRO

DDR1

DDR2

DDR3

Note:

DMAO mode register
DMA1 mode register
DMAZ2 mode register
DMA3 mode register

DMADO terminal count register
DMA1 terminal count register
DMA2 terminal count register
DMAZ3 terminal count register

DMAO terminal count reload register ()
DMA1 terminal count reload register (")
DMAZ2 terminal count reload register ()
DMA3 terminal count reload register ()

DMAO source address register
DMA1 source address register
DMAZ2 source address register
DMAS3 source address register

DMAO source address reload register (")
DMA1 source address reload register ()
DMAZ2 source address reload register ()
DMAS3 source address reload register ()
DMADO destination address register
DMA1 destination address register
DMA2 destination address register

DMAS destination address register

DMAO destination address reload register ('
DMA1 destination address reload register(’
DMAZ2 destination address reload register(’
(

)
)
)
DMAZ3 destination address reload register (")

1. This register is used for repeat transfer, not for single transfer.

Figure 13.1 CPU-internal Registers for DMAC
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Table 13.1

DMAC Specifications (i = 0 to 3)

ltem

Specification

Channels

4

Bus request mode

Cycle-steal mode

Transfer memory spaces

From a given address in a 64-Mbyte space (00000000h to
01FFFFFFh and FEO0000Oh to FFFFFFFFh) to another given
address in the same space

Maximum transfer bytes

64-Mbytes (when 32-bit data is transferred), 32-Mbytes (when 16-bit
data is transferred), 16-Mbytes (when 8-bit data is transferred)

DMA request sources (1)

Falling edge or both edges of signals applied to pins INTO to INT3 or
pins INT6 to INT8

Interrupt requests from timers AQ to A4

Interrupt requests from timers BO to B5

Transmit/receive interrupt requests from UARTO to UART10

A/D conversion interrupt requests

Intelligent 1/O interrupt requests

Multi-master 12C-bus interrupt requests

Software trigger

Channel priority

DMAO > DMA1 > DMA2 > DMA3 (DMAO has the highest priority)

Transfer sizes

8 bits, 16 bits, or 32 bits

Addressing modes

Incrementing addressing or non-incrementing addressing

Transfer modes |Single transfer

Transfer is completed when the DCTi register becomes 00000000h

Repeat transfer

When the DCTi register becomes 00000000h, the value of the DCRIi
register is reloaded into the DCTi register to continue the DMA
transfer

DMA transfer complete interrupt
request generation timing

When the DCTi register changes from 00000001h to 00000000h

DMA transfer Single transfer  |When a DMA transfer request is generated after the DCTi register is
start-up set to a value other than 00000000h and bits MDi1 and MDi0 in the
DMDi register are set to 01b (single transfer)

Repeat transfer |When a DMA transfer request is generated after the DCTi register is
set to a value other than 00000000h and bits MDi1 and MDiO are set
to 11b (repeat transfer)

DMA transfer Single transfer  |When bits MDi1 and MDiO are set to 00b (DMA transfer disabled)
stop Repeat transfer |When bits MDi1 and MDi0 are set to 00b (DMA transfer disabled)

Reload timing to DCTi, DSAI, or
DDA.: register

When the DCTi register changes from 00000001h to 00000000h in
repeat transfer mode

Minimum DMA transfer cycles

3

Note:

1. DMA transfer does not affect any interrupts.
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The DMA transfer request is available by two different sources: software and hardware. More concretely,
they are a write access to the DSR bit in the DMiSL2 register and an interrupt request output from a function
specified in bits DSEL4 to DSELO in the DMISL register, and in bits DSEL24 to DSEL20 in the DMiSL2
register (i = 0 to 3). Unlike interrupt requests, the DMA transfer request is not affected by the | flag or the
interrupt control register. Therefore this request can be accepted even when interrupts are disabled. Since
the DMA transfer does not affect any interrupts, either, the IR bit in the interrupt control register is not
changed by the DMA transfer.

DMAI Request Source Select Register (i=0to 3)

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
DMOSL to DM3SL 44078h, 44079h, 4407Ah, 4407Bh XXX0 0000b

T T T T R A

1 ] ] 1 ] 1 1 1

i E E i i i i i Bit Symbol Bit Name Function RW

1 ] ] ] 1 1 1 1

{11 1111 -4 DSELO RW

1 ] ] ] 1 1 1

1 ] ] ] 1 1 1

1 ] ] 1 1 1 1

1 ] ] 1 1 1 1

N DSEL1 RW

R T A

A DMA Request Source Refer to Table 13.2 “DMiSL Register

A DSEL2 Select Bit (1) Functions (i = 0 to 3)” RW

1 1 1 1 1

1 1 1 1 1

R DSEL3 RW

I

1 ] ] 1

Podod e DSEL4 RW

1 ] ]

i__i___! ________________ — No register bits; should be written with 0 and read as undefined _
(b7-b5) value

Note:
1. Change the bit settings of bits DSEL4 to DSELO while bits MDi1 and MDi0 in the DMDi register of the
corresponding channel are 00b (DMA transfer disabled).

Figure 13.2 Registers DMOSL to DM3SL
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DMAI Request Source Select Register 2 (i=0to 3)

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
DXIXI [ [ | | || DMoSL2 to DM3SL2 44070, 44071h, 44072h, 44073h XX00 0000b
R
1 ] ] 1 ] 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 ] 1 1 1
L L] e v
1 ] ] 1 ] 1 1
1 ] ] 1 ] ] 1
1 ] ] ] 1 ] 1
A T T R — DSEL21 RW
1 ] ] 1 1 1
1 ] ] 1 1 1
T R R N DMA Request Source Refer to Table 13.3 “DMiSL2
T DSEL22 Select Bit (") Register Functions (i = 0 to 3)” RW
1 ] ] 1 ]
1 ] ] 1 1
I DSEL23 RW
I
I
T T DSEL24 RW
1 ] ]
1 ] ]
I When a software trigger is selected,
N DSR Software DMA Transfer a DMA transfer request is generated | .
i E Request Bit by setting this bit to 1 (the bit is read
r as 0)
1 ]
I___I ___________________ — No register bits; should be written with 0 and read as undefined .
(b7-b6) value

1. Change the bit settings of bits DSEL24 to DSEL20 while bits MDi1 and MDi0 in the DMDi register of the
corresponding channel are 00b (DMA transfer disabled).

Figure 13.3 Registers DMOSL2 to DM3SL2
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Table 13.2 DMIiSL Register Functions (i = 0 to 3)

Setting Value DMA Request Source

b4 b3 b2 b1 b0 DMAO | DMA1 | DMA2 | DMA3

0 0 0 0 O |Selectfrom DMISL2 register

0 0 0 0 1 |Falling edge of INTO () |Falling edge of INT1 () |Falling edge of INT2 (1) |Falling edge of INT3 (1. 2)

0 0 0 1 O |Bothedges of INTO (1) |Both edges of INT1 (1) |Both edges of INT2 (1) |Both edges of INT3 (1. 2)

0 0 0 1 1 |Timer AO interrupt request

0 0 1 0 O |Timer A1 interrupt request

0 0 1 0 1 |Timer A2 interrupt request

0 0 1 1 0 |Timer A3 interrupt request

0 0 1 1 1 |Timer A4 interrupt request

0 1 0 0 O |TimerBO interrupt request

0 1 0 0 1 |TimerB1 interrupt request

0 1 0 1 0 |TimerB2 interrupt request

0 1 0 1 1 |Timer B3 interrupt request

0 1 1 0 O |Timer B4 interrupt request

0 1 1 0 1 |TimerB5 interrupt request

0 1 1 1 0 |UARTO transmit interrupt request

0 1 1 1 1 |UARTO receive interrupt request or ACK interrupt request ()

1 0 0 0 0 |UART1 transmit interrupt request

1 0 0 0 1 |UART1 receive interrupt request or ACK interrupt request (3)

1 0 0 1 0 |UART2 transmit interrupt request or I2C-bus interface interrupt request (4)

1 0 0 1 1 |UART2 receive interrupt request, ACK interrupt request (3), or 12C-bus line interrupt request (4)

1 0 1 0 0 |UARTS3 transmit interrupt request UARTS transmit interrupt request

1010 1 UART3 receive interrupt request or ACK interrupt | UARTS5 receive interrupt request or ACK interrupt
request (3) request (3)

1 0 1 1 0 |UART4 transmit interrupt request UART®6 transmit interrupt request

1011 1 UART4 receive interrupt request or ACK interrupt | UART®6 receive interrupt request or ACK interrupt
request (3) request (3)

1 1 0 0 O |A/DO interrupt request

1100 1 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 0 request interrupt 7 request interrupt 2 request interrupt 9 request

11010 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 1 request interrupt 8 request interrupt 3 request interrupt 10 request

1101 1 Iptelligent 1/O Iptelligent 1/0 Irntelligent 1/0 Iptelligent /0
interrupt 2 request interrupt 9 request interrupt 4 request interrupt 11 request

11100 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent 1/0
interrupt 3 request interrupt 10 request interrupt 5 request interrupt O request

11101 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent 1/0
interrupt 4 request interrupt 11 request interrupt 6 request interrupt 1 request

11110 Iptelligent 1/0 Iptelligent 1/0 Ir\telligent 1/0 Iptelligent /0
interrupt 5 request interrupt O request interrupt 7 request interrupt 2 request

1111 1 Iptelligent 1/0 Iptelligent 1/0 Iptelligent 1/0 Iptelligent 1/0
interrupt 6 request interrupt 1 request interrupt 8 request interrupt 3 request

1. The falling edge and both edges of signals applied to the INTi pin become the DMA request sources
(i=0to 3). These request sources are not affected by external interrupts (the IFSRO register and bits
POL and LVS in the INTIIC register), and vice versa.

2. When the INT3 pin is used as data bus in memory expansion mode or microprocessor mode, it
cannot be used as a signal input of the DMAS3 request source.

3. Registers UiSMR and UiSMR2 are used to switch between the UARTi receive interrupt and ACK
interrupt (i = 0 to 6).

4. Setthe I2CEN bit in the I2CMR register to select an interrupt source from either UART2 or 12C-bus.
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Table 13.3 DMiSL2 Register Functions (i = 0 to 3)

Setting Value DMA Request Source

b4 b3 b2 b1 b0 DMAO | DMA1 | DMA2

DMA3

00O Software trigger

Falling edge of INT6 () |Falling edge of INT7 (1) |Falling edge of INT8 (1)

Reserved

Both edges of INT6 (1) |Both edges of INT7 (1) |Both edges of INT8 (1)

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

UARTY7 transmit interrupt request

UARTY receive interrupt request

UARTS8 transmit interrupt request

UARTS receive interrupt request

UART9 transmit interrupt request

UART9 receive interrupt request

UART10 transmit interrupt request

= Al Al Al Al Al Al Al Al Al Al Al Al Al Al a0 00 0O 0O 0O 0O O O oo oo o oo

alalalalalalala|lo|o|ololoo|o|o| a| al 2l 4 ol o]l 4|l a|lo]olo o o o o
alalalalololo|o|a|alalalolo|o|o| a| a2l oo o oo a2l 4l oo o o
alalo|ol |l alo|o|a|lalolo - a|lo|o|a| w|loo - a|o|o| -l 2loof -] Ao
alo|alol oo a|loaloaloa|lo|a|lo alo oo a|loalo -|o - o ~|lo

UART10 receive interrupt request

Note:

1. The falling edge and both edges of signals applied to the INTi pin become the DMA request sources
(i = 6 to 8). These request sources are not affected by external interrupts (the IFSR1 register and bits

POL and LVS in the INTIIC register), and vice versa.
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DMAIi Mode Register (i=0to 3) ™
b31 b24b23 b16b15 b8b7 b0 Symbol Address
><T><><] | bmpotoDMD3 (CPU internal register)
bz4555 b4 b3 b2 b1 b0 / Reset Value
DX ][] ] XXXX XXXX XXXX XXXX XXXX XXXX XX00 0000b
A
T A
i E E i i i i i Bit Symbol Bit Name Function RW
RERRREE . T
by b4 e MDio 0 0:DMA transfer disabled RW
A Transfer Mode Select Bit @ | 0 1 : Single transfer
T T R S MDi1 1 0 : Do not use this combination RW
i E E E i i 1 1 : Repeat transfer
T T T R i b3 b2
e BWi0 0 0:8 bits RW
[ I Transfer Size Select Bit ® | 0 1:16 bits
(I R VR BWi1 10 :32 bits _ o RW
I 1 1 : Do not use this combination
1 ] ] ]
R USAI Source Addressing Mode 0: Non-incrementing addressing RW
i E E Select Bit 4 1: Incrementing addressing
I UDAI Destination Addressing 0: Non-incrementing addressing RW
i E Mode Select Bit @ 1: Incrementing addressing
G — No register bits; should be written with 0 and read as undefined .
(b7-b6) value
— No register bits; should be written with 0 and read as undefined .
(b31-b8) value
Notes:
1. Use the LDC instruction to write to this register.
2. Set these bits after all other DMAC-associated registers are set.
3. Set bits MDi1 and MDiO to 00b before rewriting these bits.
Figure 13.4 Registers DMD0 to DMD3
DMAI Terminal Count Register (i=0to 3) ("
p31 b24b23 B16H1S b8BT B0 Qymbol Address Reset Value
W | ! | DpcrotobcTs (CPU internal register) XXXX XXXXh
! !
i i Function Setting Range RW
1 1
i (R Set the number of transfers to be performed 000000h to FFFFFFh @ [ RW
1
1
oo Reserved Should be setto 00h | RW
Notes
1. Use the LDC instruction to write to this register. Set this register while bits MDi1 and MDiO in the DMDi
register of the corresponding channel are 00b (DMA transfer disabled).
2. When these bits are set to 000000h, new DMA transfer requests cannot be accepted.

Figure 13.5 Registers DCTO0 to DCT3
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DMAI Terminal Count Reload Register (i=0to 3) ™

b31 _b24b23 16615 b8L7 0 gympol Address Reset Value
Wl ¢ ! | DCROtoDCR3 (CPU internal register) XXXX XXXXh
! !
i i Function Setting Range RW
1 ]
i L Set the number of transfers to be performed 000000h to FFFFFFh RW
1
1
lemmmmmmmm e Reserved Should be setto 00h | RW
Note:

1. Use the LDC instruction to write to this register. Set this register while bits MDi1 and MDiO in the DMDi
register of the corresponding channel are 00b (DMA transfer disabled).

Figure 13.6 Registers DCRO to DCR3

DMAI Source Address Register (i=0to 3) ("

D31 b24b23 b16615 687 b0 Symbol Address Reset Value
| i i i | DSAO0 to DSA3 (CPU internal register) XXXX XXXXh
i
]
i Function Setting Range RW
i 00000000h to 01FFFFFFh
e and
Seta source address FE000000h to FFFFFFFFh | RV
(64-Mbyte space)

Note:
1. Use the LDC instruction to write to this register. Set this register while bits MDi1 and MDiO in the DMDi
register of the corresponding channel are 00b (DMA transfer disabled).

Figure 13.7 Registers DSAQ to DSA3
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DMAI Source Address Reload Register (i=0to 3) ™

D31 b24b23 b16615 687 b0 Symbol Address Reset Value
| i i i | DSRO to DSR3 (CPU internal register) XXXX XXXXh
i
]
i Function Setting Range RW
| 00000000h to 01FFFFFFh
e and
Seta source address FE000000h to FFFFFFFFh | RV
(64-Mbyte space)

Note:
1. Use the LDC instruction to write to this register. Set this register while bits MDi1 and MDiO in the DMDi
register of the corresponding channel are 00b (DMA transfer disabled).

Figure 13.8 Registers DSR0 to DSR3

DMAI Destination Address Register (i = 0to 3)

D31 b24b23 b16615 b8b7 0 Symbol Address Reset Value
| i i i | DDAO to DDA3 (CPU internal register) XXXX XXXXh
i
i Function Setting Range RW
i 00000000h to 01FFFFFFh
: - and
------------ Set a destination address FE000000h to FFFFFEFFh RW
(64-Mbyte space)

Note:
1. Use the LDC instruction to write to this register. Set this register while bits MDi1 and MDiO in the DMDi
register of the corresponding channel are 00b (DMA transfer disabled).

Figure 13.9 Registers DDAO to DDA3

DMAI Destination Address Reload Register (i=0to 3) ™

b31 b24b23 b16b15 b8L7 b0 Symbol Address Reset Value
| | DDROtoDDR3 (CPU internal register) XXXX XXXXh
i
E Function Setting Range RwW
i 00000000h to 01FFFFFFh
b Set a destination address FEOOOOOOhatngFFFFFFFh RwW
(64-Mbyte space)

Note:
1. Use the LDC instruction to write to this register. Set this register while bits MDi1 and MDiO in the DMDi
register of the corresponding channel are 00b (DMA transfer disabled).

Figure 13.10 Registers DDRO to DDR3
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13.1  Transfer Cycle

The transfer cycle is composed of bus cycles to read data from (source-read) or to write data to
(destination-write) memory or an SFR.

The read and write bus cycles vary with the setting of registers DSAi and DDA, the width and timing of
the data bus connected to the relevant device (i = 0 to 3).

13.1.1 Effect of Transfer Address and Data Bus Width
Table 13.4 lists the incremental bus cycles caused by transfer address alignment or data bus width.

Table 13.4 Incremental Bus Cycles Caused by Transfer Address and Data Bus Width

Transfer Data Data Bus Transfer Bus Cycles to be Bus Cvcles Generated
Unit Width Address Incremented y
8-bit transfer | 8 to 64 bits n 0 [n]
8 bits n +1 [n]-[n+1]
_ 2n 0 [2n]
16 bits
2n +1 +1 [2n +1]-[2n + 2]
4n 0 [4n]
) 4n +1 0 [4n + 1]
32 bits
4n + 2 0 [4n + 2]
4n+3 +1 [4n + 3] - [4n + 4]
16-bit transfer 8n 0 [8n]
8n + 1 0 [8n + 1]
8n +2 0 [8n + 2]
) 8n+3 0 [8n + 3]
64 bits
8n + 4 0 [8n + 4]
8n+5 0 [8n + 5]
8n +6 0 [8n + 6]
8n+7 +1 [Bn + 7] -[8n + 8]
8 bits n +3 [N]-[n+1]-[n+2]-[n+3]
4n +1 [4n] - [4n + 2]
_ 4n +1 +2 [4n +1]-[4n + 2] - [4n + 4]
16 bits
4n + 2 +1 [4n + 2] - [4n + 4]
4n +3 +2 [4n + 3] - [4n + 4] - [4n + 6]
4n 0 [4n]
) 4n +1 +1 [4n + 1] - [4n + 4]
32 bits
4n + 2 +1 [4n + 2] - [4n + 4]
32-bit transfer 4n +3 +1 [4n + 3] - [4n + 4]
8n 0 [8n]
8n +1 0 [8n + 1]
8n +2 0 [8n + 2]
) 8n+3 0 [8n + 3]
64 bits
8n+4 0 [8n + 4]
8n+5 +1 [8n + 5] - [8n + 8]
8n+6 +1 [8n + 6] - [8n + 8]
8n+7 +1 [Bn + 7] -[8n + 8]
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13.1.2 Effect of Bus Timing

In the R32C/100 Series, a separate bus is connected to each device. The bus width and bus timing
vary with each device. Table 13.5 lists the bus width and access cycles for each device.

Table 13.5 Bus Width and Bus Cycles

Device Addresses (1) Bus Width | Access Cycles (2) Reference Clock
Flash memory FFE00000h to FFFFFFFFh 64-bit 20r33) CPU clock
Data flash 00060000h to 00061FFFh 64-bit 5 CPU clock
RAM 00000400h to 0003FFFFh 64-bit 1or24 CPU clock
SFR space 00000000h to 0000001Fh 16-bit 3 (5) Peripheral bus clock
00000020h to 000003FFh 16-bit 2 (5) Peripheral bus clock
SFR2 space 00040000h to 00041FFFh 16-bit 2 Peripheral bus clock
00042000h to 00043FFFh 32-bit 2 (5) Peripheral bus clock
00044000h to 000440DFh 16-bit 2 (5, 6) Peripheral bus clock
000440E0h to 000443FFh 16-bit 3 (5, 6) Peripheral bus clock
00044400h to 00045FFFh 16-bit 2 (5, 6) Peripheral bus clock
00046000h to 000467FFh 32-bit 35, 6) Peripheral bus clock
00046800h to 00047FFFh 32-bit 2 (5, 6) Peripheral bus clock
00048000h to 0004FFFFh 64-bit 2 CPU clock
Friemalbus 00080000h to OTFFFFFFh 8-/16-/32-bit Sggg:erigi);ttehre Peripheral bus clock
FE000000h to FFDFFFFFh
(n=0t0 3)®)

Notes:

1. Reserved spaces are included.

2. Access cycles are based on each bus clock.

3. An access to the same page as the previous time requires two cycles. Otherwise, three cycles are
required.

4. If write cycles are generated sequentially, each write cycle except the initial one has two access
cycles. A read cycle just after a write cycle has also two access cycles.

5. If SFRs are sequentially accessed, each access except the initial one has one additional base clock
cycle.

6. Up to one access cycle may be added depending on the phase of peripheral bus clock.

Figure 13.11 shows an example of source-read bus cycles in a transfer cycle. In this figure, the number
of source-read bus cycles is shown under different conditions, provided that the destination address is
in an internal RAM with one bus cycle of destination-write. In a real operation, the transfer cycles
change according to conditions for destination-write as well as for source-read. To calculate a transfer
cycle, respective conditions should be applied to both destination-write bus cycle and source-read bus
cycle. In (B) of Figure 13.11, for example, if two bus cycles are generated, bus cycles required for
destination-write is two as well as for source-read.

13.1.3 Effect of RDY Signal

In memory expansion mode or microprocessor mode, the RDY signal affects a bus cycle in an external
space. Refer to 9.3.7 “RDY Signal” for details.
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(A) One bus cycle of source-read is generated
Example: 16-bit data transfer from address 8n in the RAM

CPU clock

CPU address bus ~ CPU in operation X DSA X DDAX CPU in operation

CPU data bus CPU in operation X [DSA] X [DDAJX CPU in operation

CPURDsignal _\_/ --------------------------------------
CPUWRsignal \ /

(B) Two bus cycles of source-read are generated
Example: 16-bit data transfer from address 8n+7 in the RAM

CPU clock

CPU address bus CPU in operation X DSA XDSA+1X DDAX CPU in operation

CPU data bus CPU in operation X[DSA]X[DSA+1]X[DDA]X CPU in operation

CPURDsignal _\—/— -------------------------------
CPUWRsignal \ [ T

(C) One bus cycle of source-read is generated with one wait cycle
Example: 16-bit data transfer from address 16n in the ROM

CPU clock

CPU address bus CPU in operation X DSA X DDAX CPU in operation

CPU data bus CPU in operation  XXXX [DSA] X[DDAJX CPU in operation

CPURDsignal _\—/— -----------------------------
CPUWRSsignal 5

(D) Two bus cycles of source-read is generated with one wait cycle
Example: 16-bit data transfer from address 16n+7 in the ROM

CPU address bus ~ CPU in operation X DSA X DSA+1 X DDAX CPU in operation

CPU data bus CPU in operation  XXXX [DSA] XXX [DSA+11X[DDAJX  CPU in operation
CPURDsignal _\ /— ___________________
CPUWRsignal \_/ -------------------

Note:
1. The above assumes that destination-write completes in one bus cycle. In actual use, the number of
destination-write bus cycles should be considered according to the conditions such as above.

Figure 13.11 Source-read Bus Cycles in a Transfer Cycle
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13.2 DMA Transfer Cycle
The DMA transfer cycles are calculated as follows:
Number of transfer cycles = Source-read bus cycles x j + Destination-write bus cycles x k + 1
where:

j = access cycles for read
k = access cycles for write (refer to Table 13.5)

Each bus cycle, source-read and destination-write, requires at least one cycle. In addition, more cycles
may be required depending on the transfer address. Refer to Table 13.4 for details on the required bus
cycles.

“+1” in the formula above means a cycle required to decrement the value of DCTi register (i = 0 to 3).

The following are calculation examples:
To transfer 32-bit data from address 400h in the RAM to address 800h in the RAM,
Number of the transfer cycles = 1 x1+1x1+1
=3
Thus, there are three cycles.

To transfer 16-bit data from the ADOO register at address 380h to registers P1 and PO at addresses 3C1h
and 3CO0h, respectively, when the peripheral bus clock frequency is half the CPU clock,
Number of the transfer cycles = 1 x2x2+1x2x2+1
=9
Thus, there are nine cycles.
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13.3 Channel Priority and DMA Transfer Timing

When multiple DMA transfer requests are generated in the same sampling period, between the falling
edge of the CPU clock and the next falling edge, these requests are simultaneously input into the DMAC.

Channel priority in this case is: DMAO > DMA1 > DMA2 > DMAS.

Figure 13.12 shows an example of the DMA transfer by external source, specifically when DMAO and
DMA1 requests are simultaneously generated. The DMAO, whose request priority is higher than that of
DMAT1, is received first to start the transfer and then hands over the bus to the CPU after completing one
DMAQO transfer. Once the CPU completes one bus access, the DMA1 transfer starts. The CPU takes the

bus back from the DMA1 after one DMA1 transfer is completed.

DMA transfer requests cannot be counted. Only a single transfer is performed even when an INTI
interrupt occurs more than once before the bus is granted, as shown by DMA1 in Figure 13.12.

CPU clock

Bus mastership
DMAO

When DMA request signals by external source are applied to INTO and INT1 simultaneously, and a DMA transfer with the
minimum number of cycles occurs

HNERREERERERNREEE

DMA1

L

CPU

INTO

DMAQO transfer
request

INT1

DMA1 transfer
request

Figure 13.12 DMA Transfer by External Source
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13.4 Notes on DMAC

13.4.1 DMAC-associated Register Settings

» Set DMAC-associated registers while bits MDi1 and MDiO in the DMDi register are 00b (DMA
transfer disabled) (i = 0 to 3). Then, set bits MDi1 and MDiO0 to 01b (single transfer) or 11b (repeat
transfer) at the end of the setup procedure. This procedure also applies when rewriting bits UDAI,
USAI, and BWi1 and BWiO in the DMDi register.

» When rewriting the DMAC-associated registers while DMA transfer is enabled, stop the peripherals
that can be DMA triggers so that no DMA transfer request is generated, then set bits MDi1 and
MDi0 in the DMDi register of the corresponding channel to 00b (DMA transfer disabled).

» Once a DMA transfer request is accepted, DMA transfer cannot be disabled even if setting bits
MDi1 and MDi0 in the DMDi register to 00b (DMA transfer disabled). Do not change the settings of
any DMAC-associated registers other than bits MDi1 and MDIi0 until the DMA transfer is
completed.

* After setting registers DMiSL and DMiSL2, wait at least six peripheral bus clocks to set bits MDi1
and MDi0 in the DMDi register to 01b (single transfer) or 11b (repeat transfer).

13.4.2 Reading DMAC-associated Registers

* Use the following read order to sequentially read registers DMiSL and DMiSL2:
DMOSL, DM1SL, DM2SL, and DM3SL
DMOSL2, DM1SL2, DM2SL2, and DM3SL2
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14. DMAC I

DMAC Il starts by an interrupt request from any peripheral and performs data transfer without a CPU
instruction. Transfer sources are selectable from memory, immediate data, memory + memory, and
immediate data + memory.

Table 14.1 lists specifications of DMAC II.

Table 14.1  DMAC Il Specifications

ltem Specification
DMAC Il request sources |Interrupt requests from the peripherals of which bits ILVL2 to ILVLO in the
corresponding interrupt control register are set to 111b (level 7)
Transfer types » Data in memory is transferred to memory (memory-to-memory transfer)
» Immediate data is transferred to memory (immediate data transfer)
 Data in memory + data in memory are transferred to memory (calculation
result transfer)
* Immediate data + data in memory are transferred to memory (calculation result
transfer)
Transfer sizes 8 bits or 16 bits
Transfer memory spaces |From a given address in a 64-Mbyte space (00000000h to 01FFFFFFh and
FE000000h to FFFFFFFFh) to another given address in the same space (1)
Addressing modes Individually selectable for each source address and destination address from the
following two modes:
* Non-incrementing addressing: Address is held constant throughout a data
transfer/DMA Il transaction
* Incrementing addressing: Address increments by 1 (when 8-bit data is
transferred) or 2 (when 16-bit data is transferred) after each data transfer
Transfer modes « Single transfer: Only one data transfer is performed by one transfer request
* Burst transfer: Data transfers are continuously performed for the number of
times set in the transfer counter by one transfer request
* Multiple transfer: Multiple memory-to-memory transfers are performed from
different source addresses to different destination addresses by one transfer
request
Chain transfer Data transfer is sequentially performed by switching among multiple DMAC |l
indexes (transfer information)
DMA Il transfer complete |An interrupt request is generated when the transfer counter reaches 0000h
interrupt request

Note:
1. When the transfer size is 16 bits and the destination address is FFFFFFFFh, data is transferred to
FFFFFFFFh and 00000000h. This also applies when the source address is FFFFFFFFh.

141 DMAC Il Settings

To use DMAC I, set the following:
* Registers RIPL1 and RIPL2
* DMAC Il index
* Interrupt control registers of the peripherals that trigger DMAC Il
* Relocatable vectors of the peripherals that trigger DMAC |l
* The IRLT bit in the IIOIIE register when using the intelligent 1/O interrupt (i = 0 to 11). Refer to 11.
“Interrupts” for details on the IIOIIE register.
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14.1.1 Registers RIPL1 and RIPL2

When the DMAII bit in registers RIPL1 and RIPL2 is set to 1 (DMA Il transfer selected) and the FSIT bit
is set to 0 (normal interrupt selected), DMAC Il starts by an interrupt request from any peripheral whose
bits ILVL2 to ILVLO in the corresponding interrupt control register are set to 111b (level 7).

Figure 14.1 shows registers RIPL1 and RIPL2.

Wake-up IPL Setting Registeri (i=1,2) ™

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
RIPL1, RIPL2 4407Fh, 4407Dh XX0X 0000b

1 ] ] 1 ] 1 1 1

I

i i E i i i i i Bit Symbol Bit Name Function RW

R N b2 b1 b0

A R S RV 00 0:Level 0 RW

i E E E i i i 00 1:Level1

| T T T R | o 01 0:Level2

T T T T T B Interrupt Priority Level for

[ T TR T R T PR RLVL1 ) <@ 01 1:Level3 RW

i E i i i i Wake-up Select Bit 100 Level 4

A B B A 10 1:Level5

T T T A SO RLVL2 11 0:Level6 RW

A 111:Level7

1 ] ] 1 1

i E E i i 0: Use interrupt request level 7 for

T S FSIT | Fast Interrupt Select Bit @ | | (0o MEme0  evel 7ior | RW

1 ] ] 1 -

[ fast interrupt )

1 ] ] 1

i E E i _____________ — No register bit; should be written with 0 and read as undefined _

o (b4) value

1 ] ]

A 0: Use interrupt request level 7 for

1 ] ] .

I S— DMAIl | DMA Il Select Bit © interrupt RW

v 1: Use interrupt request level 7 for

' DMA Il transfer 4

1 ]

!___! ___________________ — No register bits; should be written with 0 and read as undefined .
(b7-b6) value

1. Registers RIPL1 and RIPL2 should be set with the same values.

2. The MCU exits wait mode or stop mode when the request level of the requested interrupt is higher than the
level selected using bits RLVL2 to RLVLO. Set these bits to the same value as the IPL in the FLG register.

3. When the FSIT bit is 1, an interrupt with interrupt request level 7 becomes the fast interrupt. In this case, set
the interrupt request level to level 7 with only one interrupt.

4. Set either the FSIT or DMAII bit to 1. The fast interrupt and DMAC Il cannot be used simultaneously.

5. Set bits ILVL2 to ILVLO in the interrupt control register after the DMAII bit is set. DMA Il transfer is not
affected by the | flag or IPL.

Figure 14.1 Registers RIPL1 and RIPL2
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14.1.2 DMAC Il Index

The DMAC Il index is a data table of 12 to 60 bytes. It stores parameters for transfer mode, transfer
counter, source address (or immediate data), operation address as an address to be calculated,
destination address, chain transfer base address, and jump address for the DMA 1l transfer complete

interrupt handler.

This DMAC Il index should be allocated on the RAM.

Figure 14.2 shows a configuration of the DMAC Il index and Table 14.2 lists a configuration example of

the DMAC Il index.

16 bits

Memory-to-memory transfer,
Immediate transfer, Calculation transfer

DMAC Il index start €

handler ®

address (BASE) Transfer mode (MOD)
BASE + 2 | Transfer counter (COUNT)
BASE +4 | Source address
(or immediate data) (SADR)
BASE + 8
Operation address (" (OADR)
BASE + 12
S Destination address (DADR)
BASE + 16 i
(C2))ha|n transfer base address (CADR)
BASE + 20 | Jump address for the DMA Il
transfer complete interrupt (IADR)

Notes:

Configuration” on the next page).

BASE
BASE + 2
BASE + 4
BASE + 8
BASE + 12

BASE + 16

BASE + 52

BASE + 56

1. This data is required only for the calculation transfer.
2. This data is required only for the chain transfer.
3. This data is required only for the DMA Il transfer complete interrupt.

Multiple transfer

16 bits

Transfer mode (MOD)

Transfer counter (COUNT)
Source address (SADR1)
Destination address (DADR1)
Source address (SADR?2)
Destination address (DADR2)
Source address (SADRY7)
Destination address (DADR?7)

The DMAC Il index should be allocated on the RAM. Required data should be set front-aligned. For example, when the
calculation transfer is not used, the destination address should be set to BASE + 8 (refer to the “DMAC Il Index

Start address of the DMAC |l index should be set in the interrupt vector space for the peripheral interrupt triggering DMAC 1.

Figure 14.2 DMAC Il Index
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The following are the details on the DMAC Il index. These parameters should be aligned in the order
listed in Table 14.2 according to the transfer mode to be used.

* Transfer mode (MOD)
Set a transfer mode in 2 bytes. Refer to Figure 14.3 for details on the setting of MOD.

* Transfer counter (COUNT)
Set a number of transfers in 2 bytes.

* Source address (SADR)
Set a source address or immediate data in 4 bytes. Note that the two upper bytes of immediate
data are ignored.

* Operation address (OADR)
Set an address in a to-be calculated memory in 4 bytes. This data setting is required only for the
calculation transfer.

* Destination address (DADR)
Set a destination address in 4 bytes.

* Chain transfer base address (CADR)
Set the start address of the DMAC |l index for the next transfer (BASE) in 4 bytes. This data setting
is required only for the chain transfer.

» Jump address for the DMA Il transfer complete interrupt handler (IADR)
Set the start address for the DMA 1l transfer complete interrupt handler in 4 bytes. This data setting
is required only for the DMA Il transfer complete interrupt.

The symbols above are hereinafter used in place of their respective parameters.

Table 14.2 DMAC Il Index Configuration

Transfer Memory-to-memory Transfer/ . Multiple
. Calculation Transfer
Data Immediate Data Transfer Transfer
Chain Not
Not used| Used |Notused| Used |Notused| Used |Notused| Used .
transfer available
DMA I
transfer Not
Not used |Not used| Used Used |Notused|Notused| Used Used )
complete available
interrupt
MOD MOD MOD MOD MOD MOD MOD MOD MOD
COUNT ||| COUNT ||| COUNT |[{| COUNT [|| COUNT ||| COUNT ||| COUNT ||| COUNT COUNT
SADR SADR SADR SADR SADR SADR SADR SADR SADR1
DADR DADR DADR DADR OADR OADR OADR OADR DADR1
DMAC II 12 bytes i H
index CADR IADR CADR DADR DADR DADR DADR || :
16 bytes 16 bytes 16 bytes i
y y IADR y CADR IADR CADR SADRi
20 bytes 20 bytes 20 bytes DADRI
IADR
i=1to7
24 bytes max. 60
bytes
(wheni=7)
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b15 b8 b7

Transfer Mode (MOD) ™
When multiple transfer is not selected (MULT = 0)

When multiple transfer is selected (MULT = 1)

Bit Symbol Bit Name Function RwW
. . 0: 8 bits
SIZE Transfer Size Select Bit 1: 16 bits RW
IMM Transfer Source Select Bit 0 Immediate data RW
1: Memory
UPDS Sgurce Addressing Select 0 Non-mcrementlng aeressmg RW
Bit 1: Incrementing addressing
UPDD Destlnat!on Addressing 0 Non-|ncrement|ng add_ressmg RW
Select Bit 1: Incrementing addressing
Calculation Result Transfer | 0: Not used
OPER | select Bit 1: Used RW
. 0: Single transfer
BRST Burst Transfer Select Bit ) RW
1: Burst transfer
DMA Il Transfer Complete | 0: Not used
INTE Interrupt Select Bit 1: Used RW
CHAIN | Chain Transfer Select Bit | 0 Not used RW
1: Used
(b14-b8) Reserved Should be written with 0 RwW
MULT Multiple Transfer Select Bit | 0: Not used RW
Bit Symbol Bit Name Function RwW
SIZE Transfer Size Select Bit 0 8 blt.s RW
1: 16 bits
IMM Reserved Should be written with 1 RwW
UPDS S_ource Addressing Select 0 Non-|ncrement|ng add_ressmg RW
Bit 1: Incrementing addressing
UPDD Destlnat{on Addressing 0 Non-mcrementlng aeressmg RW
Select Bit 1: Incrementing addressing
b6 b5 b4
CNTO 0 0 0:Do not use this combination RW
0 0 1:0nce
CNT1 Number of Transfers 0 1 0:Twice RW
Setting Bit .
CNT2 : _ RW
1 1 1:Seven times
CHAIN Reserved Should be written with 0 RwW
(b14-b8) Reserved Should be written with 0 RW
MULT Multiple Transfer Select Bit | 1: Used RW

1. The MOD should be allocated on the RAM.

Figure 14.3 MOD
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14.1.3 Interrupt Control Register of the Peripherals

Set bits ILVL2 to ILVLO in the interrupt control register for the peripheral interrupt triggering DMAC Il to
111b (level 7).

14.1.4 Relocatable Vector Table of the Peripherals

Set the start address of the DMAC Il index in the interrupt vector space for the peripheral interrupt
triggering DMAC 11.
To use the chain transfer, allocate the relocatable vector table on the RAM.

14.1.5 IRLT Bit in the IIOIlE Register (i = 0 to 11)

To use the intelligent I/O interrupt as a trigger for DMAC I, set the IRLT bit in the corresponding l1OIlE
register to O (interrupt request for DMA or DMA Il used).

14.2 DMAC Il Operation

Set the DMAII bit in registers RIPL1 and RIPL2 to 1 (interrupt request level 7 used for DMA Il transfer) to
perform a DMA Il transfer. DMAC Il starts by an interrupt request from any peripheral whose bits ILVL2 to
ILVLO in the corresponding interrupt control register are set to 111b (level 7). These peripheral interrupt
requests are available only for DMA |l transfer and cannot be used for the CPU.

When an interrupt request is generated with interrupt request level 7, DMAC |l starts irrespective of the
state of the | flag or IPL.

When a peripheral interrupt request triggering DMAC Il and a higher-priority request such as the
watchdog timer interrupt, low voltage detection interrupt, oscillator stop detection interrupt, or NMI are
simultaneously generated, the higher-priority interrupt is accepted prior to the DMA 1l transfer, and the
DMA |l transfer starts after the higher-priority interrupt sequence.

14.3 Transfer Types
DMAC Il transfers three types of 8-bit or 16-bit data as follows:
» Memory-to-memory transfer: Data is transferred from a given memory location in a 64-Mbyte space
(addresses 00000000h to 01FFFFFFh and FEOO000Oh to
FFFFFFFFh) to another given memory location in the same space.

* Immediate data transfer: Immediate data is transferred to a given memory location in a 64-
Mbyte space.
* Calculation transfer: Two data are added together and the result is transferred to a given

memory location in a 64-Kbyte space.
When 16-bit data is transferred to DADR at FFFFFFFFh, it is transferred to 00000000h as well as
FFFFFFFFh. The same transfer is performed when SADR is FFFFFFFFh.

14.3.1 Memory-to-memory Transfer

Data transfer between any two memory locations can be:
* A transfer from a fixed address to another fixed address
* A transfer from a fixed address to an address range in memory
* A transfer from an address range in memory to a fixed address
* A transfer from an address range in memory to another address range in memory

When increment addressing mode is selected, SADR and DADR increment by 1 in an 8-bit transfer and
by 2 in a 16-bit transfer after a data transfer for the next transfer. When SADR or DADR exceeds
FFFFFFFFh by the incrementation, it returns to 00000000h. Likewise, when SADR or DADR exceeds
01FFFFFFh, it becomes 02000000h, but an actual transfer is performed for FEO00000h.
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14.3.2 Immediate Data Transfer

DMAC Il transfers immediate data to a given memory location. Either incrementing or non-incrementing
addressing mode can be selected for the destination address. Store the immediate data to be
transferred into SADR. To transfer 8-bit immediate data, set the data to the lower 1 byte of SADR. The
upper 3 bytes are ignored. To transfer 16-bit immediate data, set the data to the lower 2 bytes. The
upper 2 bytes are ignored.

14.3.3 Calculation Result Transfer

After two memory data or immediate data and memory data are added together, DMAC Il transfers the
calculated result to a given memory location. Set an address to be calculated or immediate data to
SADR and set the other address to be calculated to OADR. Either incrementing or non-incrementing
addressing mode can be selected for source and destination addresses when performing data in
memory + data in memory calculation transfer. If the source addressing is in incrementing mode, the
operation addressing is also in incrementing mode. When performing immediate data + data in memory
calculation transfer, the addressing mode is selectable only for the destination address.

14.4 Transfer Modes

DMAC Il provides three types of basic transfer mode: single transfer, burst transfer, and multiple transfer.
COUNT determines the number of transfers to be performed. Transfers are not performed when COUNT
is 0000h.

14.4.1 Single Transfer

Set the BRST bit in the MOD to 0.

A single data transfer is performed by one transfer request.

When incrementing addressing mode is selected for the source and/or destination address, the
address or addresses increment after a data transfer for the next transfer.

COUNT is decremented each time a data transfer is performed. When COUNT reaches 0000h, the
DMA Il transfer complete interrupt request is generated if the INTE bit in the MOD is 1 (DMA Il transfer
complete interrupt used).

14.4.2 Burst Transfer

Set the BRST bit in the MOD to 1.

DMAC Il continuously transfers data for the number of times determined by COUNT with one transfer
request. COUNT decrements each time a data transfer is performed. When COUNT reaches 0000h,
the burst transfer is completed. The DMA 1l transfer complete interrupt request is generated if the INTE
bit is 1 (DMA Il transfer complete interrupt used).

No interrupts are accepted during a burst transfer.

14.4.3 Multiple Transfer

Set the MULT bit in the MOD to 1.

Multiple memory-to-memory transfers are performed from different source addresses to different
destination addresses using one transfer request.

Set bits CNT2 to CNTO in the MOD to select the number of transfers to be performed from 001b (once)
to 111b (seven times). Do not set these bits to 000b.

Allocate the required number of SDARs and DADRs alternately following MOD and COUNT.

When the multiple transfer is selected, the following transfer functions are not available: calculation
result transfer, burst transfer, chain transfer, and DMA Il transfer complete interrupt.
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14.5 Chain Transfer

The chain transfer is available when the CHAIN bit in the MOD is 1.
The chain transfer is performed as follows:
(1) When a transfer request is generated, a data transfer is performed according to the DMAC Il
index specified by the corresponding interrupt vector. Either a single transfer (the BRST bit in the
MOD is 0) or burst transfer (the BRST bit is 1) is performed according to the BRST bit setting.
(2) When COUNT reaches 0000h, the value in the interrupt vector in (1) above is overwritten with
the value in CADR. Simultaneously, the DMA Il transfer complete interrupt request is generated
when the INTE bit in the MOD is 1.
(3) When the next DMA 1l transfer request is generated, the data transfer is performed according to
the DMAC Il index specified by the peripheral interrupt vector in (2) above.

Figure 14.4 shows the relocatable vector and DMAC Il index in a chain transfer.
To use the chain transfer, the relocatable vector table should be allocated on the RAM.

RAM
(" INTB
Relocatable <
vector Peripheral interrupt vector triggering DMAC II
Default value of DMAC II: BASE(a)
—
(" BASE(a)
DMAC Il
index (a) The above vector is overwritten with BASE(b)
(CADR) SASE) when a data transfer is completed
—
The next data transfer is performed according to
DMAC Il index with the start address at BASE(b)
when a new transfer request is generated
BASE(b) 4—1
DMAC Il
index (b) (CADR) BASE() |—» The above vector is overwritten with BASE(c)
when the data transfer above is completed

Figure 14.4 Relocatable Vector and DMAC Il Index in a Chain Transfer

14.6 DMA Il Transfer Complete Interrupt

The DMA |l transfer complete interrupt is available when the INTE bit in the MOD is 1.
Set the start address of the DMA Il transfer complete interrupt handler to IADR. The interrupt request is
generated when COUNT reaches 0000h.

The initial instruction of the interrupt handler is executed in the eighth cycle after a DMA Il transfer is
completed.
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Execution Time

The DMAC Il execution cycle is calculated by the following equations:

Mode other than multiple transfer:t=6+ (26 +a+b+c+d)xm+ (4 + e) x n cycles
When using multiple transfer: t = 21 + (11 + b + ¢) x k cycles

a:

The equations above are estimations. The number of cycles may vary depending on CPU state, bus wait

When IMM is 0 (transfer source is immediate data), a is 0;

When IMM is 1 (transfer source is memory), a is -1

When UPDS is 1 (source addressing is incrementing), b is 0;

When UPDS is 0 (source addressing is non-incrementing), b is 1
When UPDD is 1 (destination addressing is incrementing), c is 0O;
When UPDD is 0 (destination addressing is non-incrementing), c is 1

: When OPER is 0 (calculation transfer is not selected), d is 0O;

When OPER is 1 (calculation transfer is selected) and UPDS is 0 (source addressing is
immediate data or non-incrementing), d is 7;

When OPER is 1 (calculation transfer is selected) and UPDS is 1 (source addressing is
incrementing), d is 8

When CHAIN is 0 (chain transfer is not selected), e is 0;

When CHAIN is 1 (chain transfer is selected), e is 4

: When BRST is 0 (single transfer), mis 1;

When BRST is 1 (burst transfer), m is COUNT

: When COUNT is 0001h, n is O; if COUNT is 0002h or more, nis 1

The number of transfers set using bits CNT2 to CNTO

state, and DMAC Il index allocation.

DMA Il transfer request

! |

The figure below applies under the following conditions:

memory-to-memory transfer; incrementing source address; non-incrementing destination
address; single transfer mode; transfer complete interrupt generated after 2 transfers
(transfer counter = 2); no chain transfer

(@a=-1,b=0,c=1,d=0,e=0,m=1)
First DMA Il transfer t=6+(26-1+0+1+0)x1+(4+0)x1=236cycles
Second DMA Il transfer t=6+(26-1+0+1+0)x 1+ (4+0)x0=32cycles

DMA Il transfer request

Program

DMA Il transfer
(first time)

DMA Il transfer
(second time)

DMA Il transfer complete

Program . .
interrupt processing

Transfer counter =2

A
A 4
A
A 4
A
A 4

36 cycles

I I

Transfer counter =1

32 cycles 7 cycles

Transfer counter decrements
Transfer counter = 0

Transfer counter decrements
Transfer counter = 1

Figure 14.5 Transfer Cycles
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15. Programmable I/O Ports

The programmable 1/O ports in each pin package are designated as follows:

144-pin package: 124 ports from PO to P15 (excluding P8 5, and P14_0 to P14_2)

176-pin package: 156 ports from PO to P19 (excluding P8 _5, and P14_0 to P14_2)

Each port status, input or output, can be selected using the direction register except P8 5 and P14_1 which
are input only. The P8_5 bit in the P8 register indicates an NMI input level since the P8_5 shares a pin with
the NMI.

Figure 15.1 shows a configuration of programmable I/O ports, and Figures 15.2 and 15.3 show a
configuration of each input-only port.

.| Function select PSEL2 to PSELO = 000b (See Note 1)
registers

Function selector

—>| Port latch I
Port read signal tj

Data bus

\ /
O

Pin

\'\;\obdz/

«

N e

Note:
1. Refer to 26. “I/O Pins” for details on the area enclosed with the dotted line above.

N CF

Figure 15.1 Programmable 1/0 Port Configuration
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Input-only port (P8_5)

P8 read signal —L

<Al NI
Data bus < \QI O P8 _5/NMI
NMIT
Figure 15.2 Input-only Port Configuration (1/2)
Input-only port (P14_1)
P14 read signal —L
Al
Data bus < \QI QO P14_1
Figure 15.3 Input-only Port Configuration (2/2)
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15.1

Port Pi Register (Pi register, i = 0 to 19)

A write/read operation to the Pi register is required to communicate with external devices. This register
consists of a port latch to hold output data and a circuit to read pin states. Bits in the Pi register
correspond to respective ports.
When a programmable 1/O port is selected in the output function select registers, the value in the port
latch is read for output and the pin state is read for input.
In memory expansion mode and microprocessor mode, this register cannot control pins being assigned
bus control signals (A0 to A23, DO to D31, CS0 to CS3, WR/WRO0, BCO, BC1/WR1, BC2/WR2, BC3/WRS3,
RD, CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).
Figure 15.4 shows the Pi register.

Port Pi Register (i=0to 19) (-2
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address Reset Value
[TT1][]]] Potors 03COh, 03C1h, 03C4h, 03C5h Undefined
i : : : : : : : P4 to P7 03C8h, 03C9h, 03CCh, 03CDh Undefined
I T T T T R B P8 @), P9, P10 03DO0h, 03D1h, 03D4h Undefined
A P11to P13 03D5h, 03D8h, 03D%h Undefined
I T T T T R B P14 G4 P15 03DCh, 03DDh Undefined
A P16 to P19 @ 03EOh, 03E1h, 03E4h, 03E5h Undefined
1 ] ] 1 1 ] 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] ] 1 1 1 1
i E E E i i i - Pi_0 Port Pi_0 Bit @ When the direction bit is 0 (input) RW
I T T N B A value is written to the
(I T T R R Pi 1 Port Pi 1 Bit @ corresponding bit. It is not output RW
1 ] ] ] 1 1 - - .
I S I B due to input mode selected. The
I Pi 2 Port Pi 2 Bit @ read value is the corresponding pin | o\
I T T — - state as follows:
A 0: Low
i E E i e Pi_3 Port Pi_3 Bit 1: High RW
1 ] ] 1
i E E e Pi 4 Port Pi 4 Bit When the direction bit is 1 (output) RW
I _ _ A value is written to the
i E o bi 5 Port Pi 5 Bit ® corresponding bit as follows: RW
P - - 0: Output low
I 1: Output high
ety Pi_6 Port Pi_6 Bit The read value has the same RW
H output level as that written to the
e e ] Pi 7 Port Pi 7 Bit corresponding bit or pin state RW
Notes
1. In memory expansion mode and microprocessor mode, this register cannot control pins being assigned bus
control signals (AO to A23, DO to D31, CS0 to CS3, WR/WRO0, BCO, BCT/WR1T, BC2/WR2, BC3/WR3, RD,
CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).
2. Registers P16 to P18 are available in the 176-pin package only.
3. The P8_5 bit in the P8 register and the P14_1 bit in the P14 register are read only.
4. Bits P14_0 and P14_2 in the P14 register are reserved. These bits should be written with 0 and read as
undefined values.

Figure 15.4 Registers PO

to P19
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15.2 Self Test Function

An output pin state can be verified by an output test of ports.

When the PRDS bit in the PCR register is set to 1 (pin state is read) while the PDi_j bit in the PDi register
is 1 (output), the state of the Pi_j pin is read. When the read value is identical to the value written in the
Pi_j bit in the Pi register, the setting value is output to the corresponding pin without any error. Otherwise,
the pin may have a problem.

For example, when the read value is 0 despite the setting value is 1, this pin must be shorted out to a pin
held low like VSS pin. Reversely, when the read value is 1 although the setting value is 0, the pin must be
shorted out to a pin held high like VCC pin.

When the both setting values 0 and 1 are identical to the respective read values, at least, the pin is not
shorted out to the VSS pin or VCC pin.

To rewrite a single bit in the Pi register, set the PRDS bit in the PCR register to 0 (value in the port latch is
read). Otherwise, other bits may be also rewritten.
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16. Timers

16. Timers

This MCU has eleven 16-bit timers which are divided into two groups according to their functions: five timer
As and six timer Bs. Each timer functions individually. The count source of each timer provides the clock for

timer operations such as counting and reloading.
Figures 16.1 and 16.2 show the configuration of timers A and B, respectively.

Clock prescaler

XCINO 1/32 » fC32
Setting the CPSR bit in Reset

the CPSREF register to 1

|

118 f2nfC32

TCK1 and TCKO

00 TMOD1 and TMODO

0T °\c
0 g 00,10,11 0'\!:
1y Timer A0

Timer AQ interrupt

00 01 o
07
Noise J 10 °°\0—J_
TAOIN O {}— filter ™
TAOTGH and TAOTGL

TCK1 and TCKO

00 TMOD1 and TMODO

NI N 00,1011

% o a\c Timer A1
00 —O
07
TA1IN Nose | | 10 3°\°‘J_
O B> filter g

TA1TGH and TA1TGL

TCK1 and TCKO

8? TMOD1 and TMODO

:>°'\c 00,10,11
019 o\c
KN Hw Timer A2

Timer A1 interrupt

Timer A2 interrupt

00 o1l 4
01
TAZIN Nose | | 0 3o\o——|
O B fiter o

TA2TGH and TA2TGL

TCK1 and TCKO

00 TMOD1 and TMODO

0T °\c
0 g 00,10,11 o\c
1l Timer A3

Timer A3 interrupt

00 01l o

Noise J ?i} 33'\0—J_
filter —°

TA3TGH and TA3TGL

TA3IN O 3>

TCK1 and TCKO

00 TMOD1 and TMODO

01
0 gc\c 00,10,11 o\c
K By Timer A4

Timer A4 interrupt

00 01l o

oe ] | S e
filter <

TA4TGH and TAATGL

TA4IN O L

Timer B2 overflow or
underflow

TCK1 and TCKO, TMOD1 and TMODOQO: Bits in the TAIMR register
TAITGH and TAITGL: Bits in the ONSF or TRGSR register (i = 0 to 4)

Figure 16.1 Timer A Configuration
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Timer BO interrupt

Timer B1 interrupt

Timer B2 interrupt

Timer B3 interrupt

Timer B4 interrupt

Timer B5 interrupt

Clock prescaler
XCINO 1/32 » fC32
Setting the CPSR bit in Reset
the CPSREF register to 1
f1f8 f2nfC32
" Timer B2 overflow or underflow (to a timer A count source)
TCK1and TCKo 4
00 TMOD1 and TMODO
NS N 00,10
0
% a\q: Timer BO
L o1] o —‘
i TCK1
TBOIN O > '\]f.z'se i
nter Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
NI N 00,10
0
% a\c Timer B1
01 l o —‘
i TCK1
TB1IN O - o il
Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
o oo\c 00,10
0
KN B c,'\c Timer B2
o1] o —‘
i TCKA1
TB2IN O - N0 il
I Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
o oo\c 00,10
0
% o\c Timer B3
o1] o —‘
i TCK1
TB3IN O p{ oe il
e Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
NP N 00,10
0
LN o\c Timer B4
o1] o —‘
i TCK1
TB4IN O > "f‘l‘l’t':re |
Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
o :>°'\c 00,10
0
KN o\c Timer B5
o1} o —‘
i TCKA1
TB5IN O - Nose il
Overflow or underflow
TCK1 and TCKO, TMOD1 and TMODOQO: Bits in the TBiMR register (i = 0 to 5)

Figure 16.2 Timer B Configuration
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16.1 Timer A

Figure 16.3 shows a block diagram of timer A and Figure 16.4 to Figure 16.10 show registers associated
with timer A.
Timer A supports the four modes shown below. Timers AO to A4 in any mode other than the event counter
mode have the same function. Select a mode by setting bits TMOD1 and TMODO in the TAIMR register (i
=0to4).

» Timer mode: The timer counts an internal count source

 Event counter mode: The timer counts an external pulse or overflow and underflow of other timers

* One-shot timer mode: The timer outputs a pulse after a trigger input until the counter reaches

0000h
* Pulse-width modulation mode: The timer successively outputs pulses of a given width

U byte of data b
o Clock selection_ S BRI al |uﬁsz} S
Count source selection : S Lower byte of data bus
TCK1 and TCKO | J\/L TTLower byte J\/L | | Upper byte
f1 9 TMOD1 and TMODO!

f8 01_& 10,11 | Reload register

et 1 : M 11 1 TT

Counter

Increment/decrement
Polarity selector,

TAIN Edge detector

Always decrements except
TAITGH and in event counter mode

TAITGL

|

|

|

|

00 |

TB2 overflow (M —(1)(1) & :
|

|

|

TAj overflow (-2
TAK overflow (13 —to

Pulse output

TAIOUT o 4 | Toggle fiip flop |
TAI TAj TAk

. Timer AO Timer A4 Timer A1
i=0to4 Timer A1 Timer A Timer A2
Notes: - - -

1. The timer overflows or underflows. Timer A2 Timer A1 Timer A3

2. j=i-1,orj=4ifi=0 (refer to the list on the right) Timer A3 Timer A2 Timer A4

3. k=i+1,0ork=0ifi=4 (refer to the list on the right) Timer A4 Timer A3 Timer AO

TCK1 and TCKO, TMOD1 and TMODO, MR2: Bits in the TAIMR register

TAITGH and TAITGL: Bits in the ONSF register (i = 0) or in the TRGSR register (i = 1 to 4)
TAIS: Bits in the TABSR register

TAIUD: Bits in the UDF register

Figure 16.3 Timer A Block Diagram
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b15

Timer Ai Register (i=0to 4) "

2.
3.

4.
5.

b8 b7 £0 Symbol Address Reset Value
i | TAO to TA2 0347h-0346h, 0349h-0348h, 034Bh-034Ah Undefined
{ TA3, TA4 034Dh-034Ch, 034Fh-034Eh Undefined
]
]
]
E Mode Function Setting Range | RW
| . Divides the count source by n+1 0000h to
E Timer Mode (n = setting value) FFFFh RW
E Divides the count source by FFFFh -n+1
] . .
E Event Counter Mode fjvgt;?;n;r;zrt?nrgt)antlng) or by n+1 (when Oggg?:rt]o RW
E (n = setting value) @
]
H ) Divides the count source by n, then stops 0000h to
bommmmeee One-shot Timer Mode (n = setting value) @ FFFFh @ WO
o PWM period: (2'6-1) / fj
K’A“'Se width High level width of PWM pulse: n / fj 0000h to
odulation Mode > _ . ” (e}
(16-bit PWM) (fi = count source frequency, n = setting FFFEh ¥
value of the TAi register) ©
PWM period: (28-1) x (m+1) / fj
Pulse-width High level width of PWM pulse: (m+1)n/ 00h to FEh
Modulation Mode fj (fi = count source frequency, n = setting (upper byte) WO
(8-bit PWM) value of the upper byte in the TAi 00h to FFh
register, m = setting value of the lower (lower byte) 4
byte in the TAi register) ©

fi: f1, 18, f2n, fC32
Notes:
1.

A 16-bit read/write access to this register should be performed.
The timer counts an external input pulse or overflow and underflow of other timers.

When the TAi register is set to 0000h, the timer counter does not start, and the TAi interrupt request is not

generated.
Use the MOV instruction to set the TAI

When the TAi register is set to 0000h, the pulse-width modulator does not operate, the TAIOUT pin is held

register.

low, and the TAi interrupt request is not generated. The same restrictions apply in 8-bit pulse-width
modulator mode if the upper byte in the TAi register is set to 00h.

Figure 16.4 Registers TAO to TA4
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Timer Ai Mode Register (i = 0 to 4)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
L] ][] [o] | TAOMR to TA4MR  0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
BEREREEE
1 1 ) 1 1 1 ) 1
T T R Bit Symbol Bit Name Function RW
I A A
bbb o] Tmobo b1 b0 RW
I A 0 0:Timer mode
e e Operating Mode Select Bit | 0 1 : Event counter mode
I T T N R R TMOD1 1 0 : One-shot timer mode RW
i i E i i i 1 1 : Pulse-width modulation mode
] 1 ] 1 1 ]
R T R R - Reserved Should be written with 0 RW
[ | (b2)
A
bbbt MR1 RW
] 1 ] ]
E i E i _____________ MR2 . Functi(_)n varies according to the RW
Voo operating mode
1 1 ]
S S —— MR3 RW
Lol
e TCKO Funct _ y A RW
| Count Source Select Bit unctl(_)n varies according to the
H operating mode
b TCK1 RW
Figure 16.5 Registers TAOMR to TAAMR
Count Start Register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] TABSR 0340h 0000 0000b
I
I
E i i i i i E i Bit Symbol Bit Name Function RwW
] ] ] ] ] ] ] ] .
by bbbt bt TA0S | Timer A0 Count Startit | O Stop counter RW
I A A A 1: Start counter
R TA1S | Timer A1 Count StartBit | - Stop counter RW
I R 1mer ount Start S 1: Start counter
1 1 1 1 1 1
R A S TA2S | Timer A2 Count Start Bit | O Stop counter RW
[ T T 1: Start counter
1 1 1 1 1
1 1 1 1 1 .
A R I S TA3S | Timer A3 Count Start Bit | O+ Stop counter RW
[T 1: Start counter
P 0 St n
R . TA4S Timer A4 Count Start Bit - Stop coun'er RW
o 1: Start counter
1 1 ]
N S — TBOS | Timer BO Count StartBit | o oiob SOUNter RW
P :
R R —— TB1S | Timer B1 Count StartBit | O- Stop counter RW
! 1: Start counter
]
] .
e TB2S | Timer B2 Count Start Bit ?; gtgft zgz?]tt‘:rr RW

Figure 16.6 TABSR Register
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Increment/Decrement Select Register ()
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ][] UDF 0344h 0000 0000b
T
I T T S A T A
i E E i ! i i i Bit Symbol Bit Name Function RW
[ T T R S T -
| T T TR B T | Timer AO .
P i I 1 - TAOUD Increment/Decrement o: ggﬂ:t idni(;reenrreenr:tezd(z) RW
L ! - Select Bit ’
1 ] ] ] 1 1 ]
1 ] ] ] 1 1 ] .
[ R R R T A Timer A1 .
i E E E i i R TA1UD Increment/Decrement Oj 823:: idnic;;enrqr;r:;%d(z) RW
N Select Bit :
1 ] ] ] 1 1
T R R Timer A2
[ T T )
i E E i R TA2UD Increment/Decrement O: 823:; idniicreerrr?e?]rzzd(z) RW
oo Select Bit :
[ T T -
oy Timer A3
1 ] ] ] .
L R TA3UD Increment/Decrement Oj ggﬂ:: idneC(;;enr:;enr:;edd(z) RW
i E E i Select Bit :
1 ] ] ]
vt Timer A4 .
i E i (— TA4UD Increment/Decrement Oj ggﬂ:t :jni(;reenrreenr:tezd(z) RW
I Select Bit :
1 ] ]
[ R i
i E E Timer A2 : ;’iv;/;;l)::se pulse signal processing
1 ] | PP _ H
i TAZP Two-phase Pulse Signal : Two-phase pulse signal processing WO
[ Processing Select Bit
Lol enabled
1 ]
[ ) . .
i E Timer A3 : ;’iv;/;;l)::se pulse signal processing
[ e EEL L LY TA3P Two-phase Pulse Signal . . WO
! . ) : Two-phase pulse signal processing
! Processing Select Bit enabled @
i
1 . .
i Timer Ad .Ziv;/gérl):;se pulse signal processing
e L EEEEEE R, TA4P Two-phase Pulse Signal WO

Processing Select Bit

: Two-phase pulse signal processing

enabled @

1. Use the MOV instruction to set this register.
2. This bit is enabled in event counter mode and when the MR2 bit in the TAIMR register is set to 0 (the UDF
register setting is the source of increment/decrement switching) (i = 0 to 4).

3. Set this bit to 0 when not using two-pulse signal processing.

Figure 16.7 UDF Register
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One-shot Start Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value

ONSF 0342h 0000 0000b

Bit Symbol Bit Name Function RwW
Timer AO 0: Timer in idle state

TAGS One-shot Start Bit 1: Start the timer () RW
Timer A1 0: Timer in idle state

TA10S One-shot Start Bit 1: Start the timer (V) RW
Timer A2 0: Timer in idle state

TA208 One-shot Start Bit 1: Start the timer () RW
Timer A3 0: Timer in idle state

LS One-shot Start Bit 1: Start the timer (V) RW
Timer A4 0: Timer in idle state

TA40S One-shot Start Bit 1: Start the timer () RW

: . 0: Z-phase input disabled
TAZIE Z-phase Input Enable Bit 1: Z-phase input enabled RW
TAOTGL br e RW
; . 0 0 : Select the input to the TAOIN pin
;Z’I‘:gtg?f"e“tm'gger 0 1 : Select the overflow of TB2 @
TAOTGH 1 0 : Select the overflow of TA4 @ RW
1 1: Select the overflow of TA1 @

Notes:

1. This bit is read as 0.
2. The timer overflows or underflows.

Figure 16.8 ONSF Register
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b7 b6 b5 b4 b3 b2 b1 b0

Trigger Select Register

Symbol Address Reset Value
TRGSR 0343h 0000 0000b
Bit Symbol Bit Name Function RW
TA1TGL o7 60 RwW
: . 0 0 : Select the input to the TA1IN pin
-Srg?eecrtgt Event/Trigger 0 1 :Select the overflow of TB2
TA1TGH 1 0 : Select the overflow of TAO (" RW
1 1 : Select the overflow of TA2 ("
TA2TGL b3 b2 RwW
) . 0 0 : Select the input to the TA2IN pin
;g?:gtgzit Event/Trigger 0 1: Select the overflow of TB2 ("
TA2TGH 1 0 : Select the overflow of TA1 RW
1 1 : Select the overflow of TA3 ("
TA3TGL bo b RwW
. . 0 O : Select the input to the TA3IN pin
qmer AS EvenUTrigger 1 9.1 : Select the overflow of TB2
TA3TGH 1 0 : Select the overflow of TA2 RW
1 1 : Select the overflow of TA4 ("
TA4TGL o708 RwW
) . 0 0 : Select the input to the TA4IN pin
;g:gtg‘ilt Event/Trigger 0 1 : Select the overflow of TB2
TA4TGH 1 (1) : Select the overflow of TA3 ) RW

: Select the overflow of TA0 "

Note:

1. The timer overflows or underflows.

Figure 16.9 TRGSR Register

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RENESAS

Page 196 of 541



R32C/116A Group

16. Timers

Count Source Prescaler Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ JoJofo] [ [ || TcsPR 035Fh 0000 0000b
-
T R T T B
E E i i i i i i Bit Symbol Bit Name Function RwW
] ] ] ] 1 ] ] ]
b1 b1 11 t-=4  CNTO RW
] ] ] ] 1 ] ]
I R T
e f2n is either th in clock
E i i i i i T CNT! ) per:ilp?h:ralecrzlocek ?:::?ciodﬁvig;d by RW
- i L
AR A Divide Ratio Select Bit 2n. If n = 0, the clock is not divided (n
A R A CNT2 = setting value) RW
] ] ] ] )
] ] ] ] ]
I CNT3 RW
o
Pl . R d Should b itt ith 0 RW
-------------------- eserve ould be written wi
i (b6-b4)
i Divider Operation Enable 0: Stop divider operation
--------------------- csT Bit 1: Start divider operation RW
Note:
1. Set the CST bit to 0 before rewriting bits CNT3 to CNTO.

Figure 16.10 TCSPR Register
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16.1.1 Timer Mode

In timer mode, the timer counts an internally generated count source. Table 16.1 lists the specifications
of timer mode. Figure 16.11 shows registers TAOMR to TA4MR in this mode.

Table 16.1  Timer Mode Specifications (i = 0 to 4)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations » Decrement

* When the timer counter underflows, the reload register value is reloaded
into the counter to continue counting

Divide ratio ni 1 n: TAi register setting value, 0000h to FFFFh

Count start condition The TAIS bit in the TABSR register is 1 (start counter)

Count stop condition The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request generating |When the timer counter underflows

timing

TAIIN pin function Functions as a programmable I/O port or a gate input

TAIOUT pin function Functions as a programmable 1/O port or a pulse output

Read from timer The TAi register indicates the counter value

Write to timer * While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)

Other functions + Gate function
Input signal to the TAIIN pin can control the count start/stop

* Pulse output function
The polarity of the TAIOUT pin is inverted each time the timer counter
underflows.
A low is output while the TAIS bit holds 0 (stop counter)
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Timer Ai Mode Register (i = 0 to 4) (timer mode)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value

| | [o] | [o]o]o]  TAOMRtoTA4MR  0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
R

) ] 1 1 1 ] ] ]

R S T R R R Bit Symbol Bit Name Function RW
SR

bbb i 4 - TMODO b1 b0 RW
E E E i i E i Operating Mode Select Bit [0 0 : Timer mode

A T N N — TMODH1 RW
] ] ] ] 1 1

I I R

R R . Reserved Should be written with 0 RW
bl (62)

ERRR s

[ 0 X:No gate function

E E E i MR1 (TAIIN pin functions as RW
A . . programmable /O port)

i i i i Gate Function Select Bit | 1 . cont only while the TAIIN pin is

[ I T | held low

e MR2 1 1: Count only while the TAIIN pin is | R/
o held high

) ] ]

R S — MR3 Should be written with 0 in timer mode RW
) ]

: : b7 b6

I et e TCKO 00 RW
: Count Source Select Bit 01:f8

' .

L TCKA 10:f2n RW

11:fC32
Note:
1. Xcan be set to either 0 or 1.
Figure 16.11 Registers TAOMR to TA4MR in Timer Mode
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16.1.2 Event Counter Mode
In event counter mode, the timer counts an external signal or an overflow and underflow of other timers.
Timers A2, A3, and A4 can count two-phase external signals. Table 16.2 lists the specifications in event
count mode and Table 16.3 also lists the specifications when the timers use two-phase pulse signal
processing. Figure 16.12 shows registers TAOMR to TA4MR in this mode.

Table 16.2 Event Counter Mode Specifications (without two-phase pulse signal processing)

(i=0to4)
Item Specification
Count sources  External signal applied to the TAIIN pin (valid edge is selectable by a
program)
* One of the following: the overflow and/or underflow signal of timer B2, the
overflow and/or underflow signal of timer Aj (j=i-1,orj=4ifi=0), or
the overflow and/or underflow signal of timer Ak (k =i+ 1,ork =0ifi = 4)
Count operations * Increment/decrement can be switched by an external signal or program
* When the timer counter underflows or overflows, the reload register value
is reloaded into the counter to continue counting. In a free-running count
operation, the timer counter continues counting without reloading
Divide ratio . 1 hen i "
m whnhen incrementing
. when decrementing
n+1l
n: TAI register setting value, 0000h to FFFFh
Count start condition The TAIS bit in the TABSR register is 1 (start counter)
Count stop condition The TAIS bit in the TABSR register is 0 (stop counter)
Interrupt request generating |When the timer counter overflows or underflows
timing
TAIIN pin function Functions as a programmable I/O port or a count source input
TAIOUT pin function Functions as a programmable I/O port, a pulse output, or an input for
switching between increment/decrement
Read from timer The TAi register indicates a counter value
Write to timer » While the timer counter is stopped or before the initial count source is
input after starting to count, the value written to the TAi register is written
to both the reload register and the counter
» While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)
Other functions * Free-running count function
The reload register value is not reloaded even if the timer counter
overflows or underflows
* Pulse output function
The polarity of the TAIOUT pin is inverted whenever the timer counter
overflows or underflows.
A low is output while the TAIS bit holds 0 (stop counter)
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Table 16.3 Event Counter Mode Specifications (with two-phase pulse signal processing on timers
A2to Ad) (i=2to4)

Item Specification
Count sources Two-phase pulse signal applied to pins TAIIN and TAIOUT
Count operations * Increment/decrement can be switched by a two-phase pulse signal

* When the timer counter underflows or overflows, the reload register value is
reloaded into the counter to continue counting. In a free-running count
operation, the timer counter continues counting without reloading

Divide ratio . 1

FFFFh—n+1

when incrementing

) when decrementing n: TAi register setting value, 0000h to FFFFh

Count start condition | The TAIS bit in the TABSR register is 1 (start counter)
Count stop condition | The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request When the timer counter overflows or underflows

generating timing

TAIIN pin function A two-phase pulse input

TAIOUT pin function  |A two-phase pulse input

Read from timer The TAi register indicates a counter value

Write to timer » While the timer counter is stopped or before the initial count source is input after

starting to count, the value written to the TAi register is written to both the reload
register and the counter
» While the timer counter is running, the value written to the TAi register is written
to the reload register (it is transferred to the counter at the next reload timing)
Other functions (1) * Normal processing operation (timers A2 and A3)
While the input signal applied to the TAjOUT pin is held high, the timer
increments on the rising edge of the TAjIN pin and decrements on the falling
edge (j=2or 3)

mout [T LI LIL
TAjIN § § £y v v
IC: Increments

IC IC IC DC DC DC DC: Decrements

» Quadrupled processing operation (timers A3 and A4)
When the input signal applied to the TAKOUT pin is held high on the rising edge
of the TAKIN pin, the timer increments on both the rising and falling edges of
pins TAKOUT and TAKIN (k = 3 or 4).
When the signal is held high on the falling edge of the TAKIN pin, the timer
decrements on both the rising and falling edges of pins TAKOUT and TAKIN

TAKOUT

TAKIN

Increments Decrements
on all edges on all edges

* Counter reset by Z-phase input (timer A3)
The counter value is set to 0 by Z-phase input

Note:
1. Only timer A3 is available for any of the other functions. Timer A2 is exclusively for normal processing
operations and timer A4 is for the quadrupled processing operation.
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Timer Ai Mode Register (i = 0 to 4) (event counter mode)
b7 b6 bS b4 b3 b2 bi b0 Symbol Address Reset Value
[ | [o] | [o]o]1]  TAOMRtoTA4MR 0356h, 0357h, 0358h, 0359, 035Ah 0000 0000b
R
ST S N T T . .
[ T T T B I Function Function
E E E i i E i i Bit Symbol Bit Name (without twg- (with two-_phase RW
T T T R phase pulse signal pulse signal
E E E i i E i i processing) processing)
) ] ] ] ] ] ] ]
bobobb bbb ie-4 TMODO b1 b0 RW
E E E i i E i Operating Mode Select Bit |0 1 : Event counter mode "
N TMOD1 RW
) ] ] ] ] ]
T T R _
N Reserved Should be written with 0 RW
I (b2)
E E E i i 0: Count falling
) ] ] 1 1 i
N N S . ) edges Should be written
P MRA1 Count Polarity Select Bit 1: Count rising with 0 RW
I edges
) ] ] 1
] ] ] ]
E E E i 0: UDF register
P Increment/Decrement setting Should be written
. MR2 | switching Source Select Bit | |- INPutsignalto 1 RW
bl 9 the TAIOUT
BN pin
oo
R e e EEE L MR3 Should be written with 0 in event counter mode RW
] ]
] ]
[ . . .
E ] TCKO Count Operatlon Type 0: Reloadlng RW
! Select Bit 1: Free-running
)
E 0: Normal
' .
H ’ processing
: Two pha.se Pulse . Should be written operation
---------------------- TCK1 Processing Operation with 0 1: Quadrupled RW
Select Bit * % : P
processing
operation
Notes:
1. Set bits TAITGH and TAITGL in the ONSF or TRGSR register to select the count source in event counter
mode.
2. This bit setting is enabled only when an external signal is counted
3. The timer decrements when the input signal to the TAIOUT pin is held low, and increments when the signal is
held high.
4. The TCK1 bit is enabled only in the TABMR register.
5. For two-phase pulse signal processing, set the TAjP bit in the UDF register to 1 (two-phase pulse signal
processing enabled) and bits TAJTGH and TAJTGL to 00b (input to the TAjIN pin) (j = 2 to 4).

Figure 16.12 Registers TAOMR to TA4MR in Event Counter Mode

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RENESAS

Page 202 of 541



R32C/116A Group 16. Timers

16.1.2.1 Counter Reset by Two-phase Pulse Signal Processing

A Z-phase input signal resets the timer counter when a two-phase pulse signal is being processed.
This function can be used under the following conditions: timer A3 event counter mode, two-phase
pulse signal processing, free-running count operation, and quadrupled processing. The Z-phase signal
is applied to the INT2 pin.

When the TAZIE bit in the ONSF register is set to 1 (Z-phase input enabled), the timer counter can be
reset by Z-phase input. To reset the counter, set the TA3 register to 0000h beforehand.

A Z-phase signal applied to the INT2 pin is detected on an edge. The edge polarity is selected using the
POL bit in the INT2IC register. The Z-phase signal should be input in order to have a pulse width of at
least one count source cycle for timer A3. Figure 16.13 shows the two-phase pulse (phases A and B)
and the Z-phase.

The timer counter is reset at the initial count source input after Z-phase input is detected. Figure 16.14
shows the counter reset timing.

When timer A3 overflows or underflows during a reset by the Z-phase input, two timer A3 interrupt
requests are successively generated. To avoid this, the timer A3 interrupt request should not be used
when using this function.

TA30OUT
(A-phase)

TA3IN
(B-phase) |

camsores [ N glgliglin gl
WU) |

(Z-phase)

Pulse width of at least one count

source cycle is required
Note: Y q

1. This example assumes when the rising edge is selected for the INT2 signal.

Figure 16.13 Two-phase Pulse (phases A and B) and Z-phase

TA30UT

(A-phase)

TA3IN —l—l—l—

(B-phase)

comtsauce [ [ [ 11 L]

(Z-phase)
Counter value ><m><m+1 1><2><3><4><5><6><7><
f

Note: The counter is reset at this timing

1. This example assumes when the rising edge is selected for the INT2 signal.

Figure 16.14 Counter Reset Timing
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16.1.3 One-shot Timer Mode

In one-shot timer mode, the timer operates only once for each trigger. Table 16.4 lists specifications of
one-shot timer mode. Once a trigger occurs, the timer starts and operates for a given period. Figure
16.15 shows registers TAOMR to TA4MR in this mode.

Table 16.4 One-shot Timer Mode Specifications (i = 0 to 4)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations * Decrement

* When the timer counter reaches 0000h, it stops running after the reload
register value is reloaded

* When a trigger occurs while counting, the reload register value is
reloaded into the counter to continue counting

Divide ratio 1 n: TAI register setting value, 0000h to FFFFh
n (Note that the timer counter does not run if n = 0000h)
Count start conditions The TAIS bit in the TABSR register is 1 (start counter) and any of following

triggers occurs:

* An external trigger applied to the TAIIN pin

* One of the following: the overflow and/or underflow signal of timer B2, the
overflow and/or underflow signal of timer Aj (j=i-1,orj=4ifi=0), or
the overflow and/or underflow signal of timer Ak (k =i+ 1,ork=0ifi = 4)

* The TAIOS bit in the ONSF register is 1 (start the timer)

Count stop conditions * The timer counter reaches 0000h and the reload register value is
reloaded

* The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request generating |When the timer counter reaches 0000h

timing

TAIIN pin function A programmable I/O port or a trigger input

TAIOUT pin function A programmable 1/O port or a pulse output

Read from timer The TAi register indicates an undefined value

Write to timer » While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)

Other function * Pulse output function

A low is output while the timer counter is stopped and a high is output

while the timer counter is running
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Timer Ai Mode Register (i = 0 to 4) (one-shot timer mode)
b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
[ | [o] | [o]1]o]  TAOMRtoTA4MR 0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
R
) ] ] ] ] ] ] ]
E E E i i i i i Bit Symbol Bit Name Function RwW
) ] ] ] ] ] ] ]
b1y bbbt TMODO b1 b0 RW
HE T Operating Mode Select Bit |1 0 : One-shot timer mode
I T T S R TMOD!1 RW
) ] ] 1 1 ]
AT T R A —
L et Reserved Should be written with 0 RW
bl (b2)
E E E i i 0: Falling edge of input signal to the
N MR1 External Trigger Select Bit TAIIN pin RW
oo U] 1: Rising edge of input signal to the
Voo TAIIN pin
Voo
oo 0:TAIOS bit in the ONSF register is
E E E i enabled
Pl teeeeeccconne- MR2 Trigger Select Bit 1:Selected using bits TAITGH and RW
A TAITGL in the ONSF or TRGSR
HE register
] ] ]
v
Vo) e MR3 Should be written with 0 in one-shot timer mode RW
P
I b7 b6
: """""""""" TCKO 00:f1 RwW
E Count Source Select Bit 01:f8
e TCK1 10:f2n RW
1 1:fC32
Note:
1. The MRH1 bit setting is enabled only when bits TAITGH and TAITGL in the TRGSR register are set to 00b
(input to the TAIIN pin). This bit can be set to either 0 or 1 when bits TAITGH and TAITGL are set to 01b
(overflow or underflow of TB2), 10b (overflow or underflow of TAi), or 11b (overflow or underflow of TAi).
Figure 16.15 Registers TAOMR to TA4MR in One-shot Timer Mode
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16.1.4 Pulse-width Modulation Mode

In pulse-width modulation mode, the timer outputs pulses of given width successively. Table 16.5 lists
specifications of pulse-width modulation mode. The timer counter functions as either a 16-bit or 8-bit
pulse-width modulator. Figure 16.16 shows registers TAOMR to TA4MR in this mode. Figures 16.17 and
16.18 show operation examples of 16-bit and 8-bit pulse-width modulators.

Table 16.5 Pulse-width Modulation Mode Specifications (i = 0 to 4)

ltem Specification
Count sources
Count operations

f1, 18, f2n, or fC32

» Decrement (the timer counter functions as an 8-bit or a 16-bit pulse-width
modulator)

* The reload register value is reloaded on the rising edge of a PWM pulse
to continue counting

* The timer is not affected by a trigger that occurs while the counter is

running
16-bit PWM , . n N .
* High level width: 7 n: TAi register setting value, 0000h to FFFEh
/i Count source frequency
210
* Period: fixed to =———
Vi
-bit PWM
8-bit « High level width: 27+ 1)
Nij
8
* Period: 2 - I)X,(m 1)
i

n: Upper byte of the TAi register setting value, 00h to FEh
m: Lower byte of the TAi register setting value, 00h to FFh

* The TAIS bit in the TABSR register is 1 (start counter)

* The TAIS bit is 1 and an external trigger is applied to the TAIIN pin

» The TAIS bit is 1 and any of following triggers occurs:
the overflow and/or underflow signal of timer B2, the overflow and/or
underflow signal of timer Aj (j =i -1, orj =4 ifi = 0), or the overflow and/
or underflow signal of timer Ak (k =i+ 1, ork=0ifi=4)

Count start conditions

Count stop condition

The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request generating
timing

On the falling edge of the PWM pulse

TAIIN pin function

A programmable 1/O port or trigger input

TAIOUT pin function

A pulse output

Read from timer

The TAi register indicates an undefined value

Write to timer

* While the timer counter is stopped or before the initial count source is
input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)
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|_[of1]1]

Timer Ai Mode Register (i = 0 to 4) (pulse-width modulation mode)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
TAOMR to TAAMR  0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
Bit Symbol Bit Name Function RwW
TMODO b11 b10' Pul idth modulation (PWM RW
Operating Mode Select Bit - Pulse-width modulation ( )
mode
TMOD1 RW
(5) Reserved Should be written with 0 RW
0: Falling edge of the input signal to
External Trigger Select Bit the TAIIN pin
MR1 U] 1: Rising edge of the input signal to RW
the TAIIN pin
0: TAIOS bit in the ONSF register is
enabled
MR2 Trigger Select Bit 1: Selected using bits TAITGH and RwW
TAITGL in the ONSF or TRGSR
register
0: Function as a 16-bit pulse-width
16-/8-bit PWM Mode Select modulator
MR3 Bit 1: Function as a 8-bit pulse-width RW
modulator
b7 b6
TCKO 00:f RW
Count Source Select Bit 01:f8
TCK1 10:i2n RW
11:fC32

The MR1 bit setting is enabled only when bits TAITGH and TAITGL in the TRGSR register are set to 00b
(input to the TAIIN pin). This bit can be set to either 0 or 1 when bits TAITGH and TAITGL are set to 01b
(overflow or underflow of TB2), 10b (overflow or underflow of TAi), or 11b (overflow or underflow of TAi).

Figure 16.16 Registers TAOMR to TA4MR in Pulse-width Modulation Mode
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When the reload register is 0003h and an external trigger (the rising edge of an input signal
applied to the TAIIN pin) is selected.
1/fj x (218-1)

Count sotrroe U UHU LT HIUUUUUUUL
ITrfilIJlElS;i)?r?al to the T T K\ _________

No trigger occurs by this signal
1fjxn

PWM pulse output
from TAIOUT pin T N

IR bit in the TAIIC —|_ —|
register 0 L P—

Set to 0 by an interrupt request acceptance or by a program

i=0to4
fj: Count source frequency
(1, 8, f2n, fC32)

Note:
1. nis a value from 0000h to FFFEh.

Figure 16.17 16-bit Pulse-width Modulator Operation

16. Timers

When the upper byte of the reload register is 02h, the lower byte is 02h and an external
trigger (the falling edge of an input signal applied to the TAIIN pin) is selected.

1fx (m+1)x(28-1)

Count source ( A AT LR AT
-

Input signal applied to
the TAIIN pin

1 x (m+1) ™

ot prescar 0 I U I

PWM pulse output

from the TAIOUT pip | _____
IR bit in the TAIIC |

register

i=0to4 Set to 0 by an interrupt request acceptance or by a program
fji: Count source frequency
(f1, 8, f2n, fC32)

Notes:
1. The 8-bit prescaler counts a count source.
2. The 8-bit pulse-width modulator counts underflow signals of the 8-bit prescaler.
3. mis a value from 00h to FFh, and n is a value from 00h to FEh.

Figure 16.18 8-bit Pulse-width Modulator Operation
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16.2 TimerB

Figure 16.19 shows a block diagram of timer B, and Figure 16.20 to Figure 16.23 show registers

associated with timer B.

Timer B supports the three modes shown below. Select a mode by setting bits TMOD1 and TMODOQO in the

TBIMR register (i = 0 to 5).
» Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts an external pulse or an overflow and underflow of other

timers.

* Pulse period/pulse-width measure mode: The timer measures the pulse period or pulse width of an

external signal.

Counter

q Upper byte of data bus §
i 1 [+
Count source selection S Lower byte of data bus S
‘I;)%K1 and TCKO Lower byte ll TT ll | | Upper byte
f1 = :
f8 %—K TMOD1 and TMODO | Reload register |
2 1 — LT LT
fC32 —— |

A

o
TBj overflow (.2 - 5

TBIIN Polarity selector, 0 o/o_
Edge detector
I Counter reset circuit |7
i=0to5
Notes: - -
1. The timer overflows or underflows. - TBi - T8j
2. j=i-1;j=2ifi=0;orj=5ifi = 3 (refer to the list on the right) Timer BO | Timer B2
Timer B1 Timer BO
Timer B2 Timer B1
TCK1 and TCKO, TMOD1 and TMODO: Bits in the TBIMR register Timer B3 | Timer BS
TBIS: Bits in the TABSR or TBSR register TimerB4 | Timer B3
Timer B5 Timer B4
Figure 16.19 Timer B Block Diagram
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Timer Bi Register (i=0to 5) ("
b15 b8 b7 bo Symbol Address Reset Value
| i | TBO to TB2 0351h-0350h, 0353h-0352h, 0355h-0354h Undefined
H TB3to TB5 0311h-0310h, 0313h-0312h, 0315h-0314h Undefined
!
]
i Mode Function Setting Range | RW
]
! ) Divides the count source by n+1 0000h to
! Timer Mode (n = setting value) FFFFh RW
]
l_ ____________ Divides the count source by n+1 0000h to
Event Counter Mode (n = setting value) @ FFFFh RwW
Pulse Period/Pulse- Increments the counter between one
width Measure valid edge and another of TBiIN input — RO
Mode pulse
Notes:
1. A 16-bit read/write access to this register should be performed.
2. The TBi register counts an external input pulse, or an overflow and underflow of other timers.
Figure 16.20 Registers TB0 to TB5
Timer Bi Mode Register (i = 0 to 5)
Reset Value
Symbol Address
b7 b6 b5 b4 b3 b2 b1 b0
CTT 11 1] TEOMR©TBZMR  035Bn, 035Ch, 0350 88§§ 8888E
N N [ A I TB3MR to TBSMR 031Bh, 031Ch, 031Dh
I A A
E E E i i E E i Bit Symbol Bit Name Function RW
RN A b1 b0
Vv b vy = TMODO 0 0 : Timer mode RW
R T T B ) .. | 0 1:Event counter mode
i i i i i E i Operating Mode Select Bit 1 0 : Pulse period measure mode,
T T T T R S TMODA1 pulse-width measure mode RW
T T R A 1 1 : Do not use this combination
.
bbb e MRO RW
] 1 1 1 1
] ] ] 1 1
] ] ] 1 1
R T T T . MR1 RW
A . Function varies according to the
P operating mode (1:2)
bl temmceomceeeee MR2 RW
P
b e MR3 RW
.
E et TCKO : . . RW
: Count Source Select Bit Functlc_)n varies according to the
! operating mode
---------------------- TCK1 RW
Notes
1. The MR2 bit is available for registers TBOMR and TB3MR only.
2. The MR2 bit in registers TB1IMR, TB2MR, TB4MR and TB5MR are unavailable on this MCU. This bit should
be written with 0 and read as undefined value.

Figure 16.21 Registers TBOMR to TBSMR
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Count Start Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] TABSR 0340h 0000 0000b
I
1 1 ) 1 1 1 ) 1
i i E i i i E i Bit Symbol Bit Name Function RW
I R T R T B 0: Stop counter
[ T TR T TR R R TAOS Timer A0 Count Start Bit : RwW
e 1: Start counter
A A R ) . 0: Stop counter
i i E E i i (EETLEL TA1S Timer A1 Count Start Bit 1- Start counter RW
] 1 ] 1 1 ]
A T T R IO TA2S | Timer A2 Count Start Bit | - Stop counter RW
[ R T T 1: Start counter
1 1 ] ] ]
] 1 ] ] ] .
S S A S TA3S | Timer A3 Count StartBit | O Stop counter RW
I I 1: Start counter
[ T | _
R T S TA4S | Timer A4 Count Start Bit | - Stop counter RW
. 1: Start counter
Conoa 0: St t
R TBOS | Timer BO Count Start Bit 2 O couner RW
T 1: Start counter
] ]
1 ] .
R TB1S | Timer B1 Count StartBit | - Stop counter RW
H 1: Start counter
1
1 .
S TB2S | Timer B2 Count StartBit | O Stop counter RW
1: Start counter
Figure 16.22 TABSR Register
Count Start Register for Timers B3, B4, and B5
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
TBSR 0300h 000X XXXXb
1 1 ] ] ] ] ] ]
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 - - -
i i E i i i E i Bit Symbol Bit Name Function RW
i i E IR — No register bits; should be written with 0 and read as undefined .
o (b4-b0) value
1 1 ]
S —— TB3S | Timer B3 Count Start Bit | O: Stop counter RW
(. 1: Start counter
P ] . 0: Stop counter
R e DL DR L TB4S Timer B4 Count Start Bit : RW
! 1: Start counter
]
] .
e TB5S | Timer B5 Count Start Bit | - Stop counter RW
1: Start counter

Figure 16.23 TBSR Register
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16.2.1 Timer Mode
In timer mode, the timer counts an internally generated count source. Table 16.6 lists specifications of
timer mode. Figure 16.24 shows registers TBOMR to TB5MR in this mode.

Table 16.6  Timer Mode Specifications (i = 0 to 5)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations » Decrement

* When the timer counter underflows, the reload register value is reloaded
into the counter to continue counting

Divide ratio ni 1 n: TBi register setting value, 0000h to FFFFh

Count start condition The TBiS bit in the TABSR or TBSR register is 1 (start counter)

Count stop condition The TBiS bit in the TABSR or TBSR register is 0 (stop counter)
Interrupt request generating |When the timer counter underflows

timing

TBIIN pin function Functions as a programmable 1/O port

Read from timer The TBi register indicates a counter value

Write to timer * While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TBi register is written

to both the reload register and the counter
* While the timer counter is running, the value written to the TBi register is
written to the reload register (it is transferred to the counter at the next

reload timing)
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Timer Bi Mode Register (i = 0 to 5) (timer mode)

Symbol Address Reset Value

|b7|b6|t§|b4|b3|b2|tz)1 |t§| TBOMR to TB2MR  035Bh, 035Ch, 035Dh 00XX 0000b
S N Tt N N N Bl TB3MR to TBS5MR  031Bh, 031Ch, 031Dh 00XX 0000b
] 1 ] ] ] ] ] ]
1 1 ] ] ] ] 1 1
] 1 ) 1 1 1 ) 1
i i E i i i E i Bit Symbol Bit Name Function RW
EERRREE i R
L A Operating Mode Select Bit [0 0 : Timer mode
A T T T R m— TMODH1 RW
1 1 ] 1 1 1
1 1 ] 1 1 1
1 1 ] 1 1 1
R MRO . - RW
I Disabled in timer mode.
e Can be settoOor 1
bbb e MR1 RW
1 1 1 1
i i E i In registers TBOMR and TB3MR: RW
oo Reserved; should be written with 0
Podod hemmmeeeen MR2 In registers TB1MR, TB2MR, TB4MR, and TB5MR:
. No register bit; should be written with 0 and read as undefined —
i i E value
i E E ________________ MR3 Disabled in timer mode. Should be written with 0 and read as _
P undefined value
i i b7 b6
| mmmmmmmsmommoooee- TCKO 00:f1 RW
H Count Source Select Bit 01:f8
: ______________________ TCKA1 1 0:f2n RW

1 1:fC32
Figure 16.24 Registers TBOMR to TB5SMR in Timer Mode
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16.2.2 Event Counter Mode
In event counter mode, the timer counts an external signal or the overflow or underflow of other timers.
Table 16.7 lists specifications of event counter mode. Figure 16.25 shows the TBiMR register in this

mode (i = 0 to 5).

Table 16.7

Event Counter Mode Specifications (i = 0 to 5)

Item

Specification

Count sources

 External signal applied to the TBIilN pin (valid edge is selectable among
the falling edge, the rising edge, or both)

* The overflow or underflow signal of TBj (j=i-1;j=2ifi=0;orj=5if
i=3)

Count operations

* Decrement
* When the timer counter underflows, the reload register value is reloaded

into the counter to continue counting

Divide ratio

1

p_— n: TBi register setting value, 0000h to FFFFh

Count start condition

The TBIS bit in the TABSR or TBSR register is 1 (start counter)

Count stop condition

The TBiS bit in the TABSR or TBSR register is 0 (stop counter)

Interrupt request generation
timing

When the timer counter underflows

TBIIN pin function

Functions as a programmable 1/O port or count source input

Read from timer

The TBi register indicates a counter value

Write to timer

* While the timer counter is stopped or before the initial count source is
input after starting to count, the value written to the TBi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TBi register is
written to the reload register (it is transferred to the counter at the next
reload timing)
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Timer Bi Mode Register (i = 0 to 5) (event counter mode)
Reset Value
Symbol Address
b7 b6 b5 b4 b3 b2 bl b0
CT o] 11 Jo[1] TEOMRMTBZMR 0358, 035Ch, 0350n 88§§ 88882
S N SN N N Bl TB3MR to TB5MR  031Bh, 031Ch, 031Dh
R T T T R A
1 ] 1 ] 1 1 1 1
A R R A Bit Symbol Bit Name Function RW
bbb
b ey oo o1 R
I Operating Mode Select Bit | 0 1 : Event counter mode
A R — TMOD!1 RW
1 1 1 ] 1 1
] 1 1 ] ] ]
R i b3 b2
E i i E E """" MRO 0 0 :Count falling edges RW
P Count Polarity Select Bit (") | 0 1 : Count rising edges
A MR1 1 0:Count both edges RW
. 1 1 : Do not use this combination
1 1 1 ]
. In registers TBOMR and TB3MR: RW
A Reserved; should be written with 0
] 1 1 L N e e e e e i e et N s
E i i e MR2 In registers TBIMR, TB2MR, TB4MR, and TB5MR:
P No register bit; should be written with 0 and read as undefined —
(. value
1 1 1
I MR3 Disabled in event counter mode. .
E i Should be written with 0 and read as undefined value
P Disabled in event counter mode.
E ___________________ TCKO Can be setto 0 or 1 RwW
]
]
] . 0: Input signal to the TBIIN pin
TCK1 Event Clock Select Bit 1 Overflow or underflow of TBj @ RW
Notes:
1. These bit settings are enabled when the TCK1 bit is 0. When the TCK1 bit is 1, each bit can be set to either
Oor1.
2. j=i-1;j=2ifi=0;0rj=5ifi=3.

Figure 16.25 Registers TBOMR to TBSMR in Event Counter Mode
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16.2.3 Pulse Period/Pulse-width Measure Mode

In pulse period/pulse-width measure mode, the timer measures the pulse period or pulse width of an
external signal. Table 16.8 lists specifications of the pulse period/pulse-width measure mode. Figure
16.26 shows registers TBOMR to TBSMR in this mode. Figures 16.27 and 16.28 show an operation
example of pulse period measurement and pulse-width measurement, respectively.

Table 16.8  Pulse Period/Pulse-width Measure Mode Specifications (i = 0 to 5)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations * Increment

* The counter value is transferred to the reload register on the valid edge of
a pulse to be measured, then it is set to 0000h to resume counting

Count start condition The TBiS bit in the TABSR or TBSR register is 1 (start counter)
Count stop condition The TBiS bit in the TABSR or TBSR register is 0 (stop counter)
Interrupt request generating | « On the valid edge of a pulse to be measured (1)
timing « When the timer counter overflows
(when the MR3 bit in the TBIMR register becomes 1 (overflow)) (2)
TBIIN pin function A pulse input to be measured
Read from timer The TBi register indicates a reload register value (measurement results) (3)
Write to timer The value written to the TBi register is written to neither the reload register

nor the counter

Notes:
1. No interrupt request is generated when the pulse to be measured is applied on the initial valid edge
after the timer counter starts.
2. While the TBiS bit is 1 (start counter), after the MR3 bit becomes 1 (overflow) and at least one count
source cycle has elapsed, a write operation to the TBiMR register sets the MR3 bit to 0 (no overflow).
3. The TBiregister indicates an undefined value until the pulse to be measured is applied on the second
valid edge after the timer counter starts.
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Timer Bi Mode Register (i = 0 to 5) (pulse period/pulse-width measure mode)

Symbol Address Reset Value
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | y |0| TBOMR to TB2MR  035Bh, 035Ch, 035Dh 00XX 0000b
— TB3MR to TBSMR  031Bh, 031Ch, 031Dh 00XX 0000b
T T A T T
) ] ] 1 1 ] 1 1
R R T R R R Bit Symbol Bit Name Function RW
.
EEEERE R o Rw
Ve Operating Mode Select Bit |1 O : Pulse period/pulse-width
O T T S— TMOD1 measure mode RW
) ] ] 1 1 ]
) ] ] 1 1 ]
b b3 b2
E E E i i et MRO 0 0 :Pulse period measurement 1 RW
Pror e Measure Mode Select Bit(") [ 0 1 : Pulse period measurement 2
N MR1 1 0 : Pulse-width measurement RW
L 1 1 : Do not use this combination
[) ] ] 1
HE In registers TBOMR and TB3MR: RW
N Reserved; should be written with 0
) ] ] L e e e e e e e e e e e e e e e e e e e e e o e e o
R MR2 In registers TB1MR, TB2MR, TB4MR, and TB5MR:
Vo No register bit; should be written with 0 and read as undefined —
[ ] value
bl
N ' . 0: No overflow
[ R @
E E MR3 Timer Bi Overflow Flag 1: Overflow RO
P b7 b6
E e LR LD bl TCKO 00:f RW
! Count Source Select Bit 01:f8
e TCKA1 10:f2n RW
1 1:fC32

1. The measure modes selected by setting bits MR1 and MRO are as follows:

Pulse period measurement 1 (bits MR1 and MRO = 00b):
Measures between a falling edge and the next falling edge of a pulse

Pulse period measurement 2 (bits MR1 and MRO = 01b):
Measures between a rising edge and the next rising edge of a pulse

Pulse-width measurement (bits MR1 and MRO = 10b):
Measures between a falling edge and the next rising edge of a pulse and between the rising edge and
the next falling edge of the pulse

2. The MRS bit is undefined when the timer is reset.
While the TBIS bit in the TABSR or TBSR register is 1 (start counter), after the MR3 bit becomes 1 and at least
one count source cycle has elapsed, a write operation to the TBIMR register sets the MR3 bit to 0. The MR3 bit
cannot be set to 1 by a program.

Figure 16.26 Registers TBOMR to TB5SMR in Pulse Period/Pulse-width Measure Mode
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Count source J U --- |_|_
Measured pulse

o A Transferred A Transferred
Timing to transfer value from (undefined value) (measured value)
the counter to the reload
register T

A See Note 1 A See Note 1 A N?J?:Z
Timing when the counter —| —|
reaches 0000h -
TBIS bit in the TABSR -
or TBSR register N
IR bit in the TBIIC register ] ‘
al

Set to 0 by an interrupt request acceptance or by a program

MR3 bit in TBIMR register

i=0to 5

Notes:
1. The timer counter is reset when the measurement is completed.
2. The timer counter overflows.

Figure 16.27 Operation Example in Pulse Period Measurement

Count source yuuuyUtupguu Uttt
Measured pulse l T l

Transferred Transferred Transferred Transferred
Timing to transfer value from /Y (undefined | (measured |/ (measured /'(measured value)
the counter to the reload value) value) value)
register -

A See Note 1 A See Note 1 /See Note 1 A See Note 1 ¥ N?)teeez
Timing when the counter —| —|
reaches 0000h -
TBIS bit in the TABSR -
or TBSR register N
IR bit in the TBIIC register | |

X Val Val
Set to 0 by an interrupt request acceptance or by a program
MRS bit in the TBIMR |
register —— |
i=0to5
Notes:
1. The timer counter is reset when the measurement is completed.
2. The timer counter overflows.
Figure 16.28 Operation Example in Pulse-width Measurement
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16.3 Notes on Timers

16.3.1 Timer A and Timer B

All timers are stopped after a reset. To restart timers, configure parameters such as operating mode,
count source, and counter value, then set the TAIS bit or TBjS bit in the TABSR or TBSR register to 1
(count starts) (i=0to 4;j=0to5).
The following registers and bits should be set while the TAIS bit or TBjS bit is 0 (count stops):

* Registers TAIMR and TBjMR

» UDF register

* Bits TAZIE, TAOTGL, and TAOTGH in the ONSF register

* TRGSR register

16.3.2 Timer A

16.3.2.1 Timer Mode

* While the timer counter is running, the TAi register indicates a counter value at any given time.
However, FFFFh is read while reloading is in progress. A set value is read if the TAi register is set
while the timer counter is stopped.

16.3.2.2 Event Counter Mode

* While the timer counter is running, the TAi register indicates a counter value at any given time.
However, FFFFh is read if the timer counter underflows or 0000h if overflows while reloading is in
progress. A set value is read if the TAi register is set while the timer counter is stopped.

16.3.2.3 One-shot Timer Mode
« If the TAIS bit in the TABSR register is set to 0 (count stops) while the timer counter is running, the
following operations are performed:
- The timer counter stops and the setting value of the TAi register is reloaded.
- A low signal is output at the TAIOUT pin.
- The IR bit in the TAIIC register becomes 1 (interrupts requested) after one CPU clock cycle.

» The one-shot timer is operated by an internal count source. When the trigger is an input to the
TAIIN pin, the signal is output with a maximum one count source clock delay after a trigger input to
the TAIIN pin.

* The IR bit becomes 1 by any of the settings below. To use the timer Ai interrupt, set the IR bitto 0
after one of the settings below is done:

- Select one-shot timer mode after a reset.
- Switch operating modes from timer mode to one-shot timer mode.
- Switch operating modes from event counter mode to one-shot timer mode.

« If a retrigger occurs while counting, the timer counter decrements by one, reloads the setting value
of the TAI register, and then continues counting. To generate a retrigger while counting, wait at
least one count source cycle after the last trigger is generated.

* When an external trigger input is selected to start counting in timer A one-shot mode, do not
provide an external retrigger for 300 ns before the timer counter reaches 0000h. Otherwise, it may
stop counting.
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16.3.2.4 Pulse-width Modulation Mode
* The IR bit becomes 1 by any of the settings below. To use the timer Ai interrupt, set the IR bitto 0
after one of the settings below is done (i = 0 to 4):
- Select pulse-width modulation mode after a reset.
- Switch operating modes from timer mode to pulse-width modulation mode.
- Switch operating modes from event counter mode to pulse-width modulation mode.

« If the TAIS bit in the TABSR register is set to 0 (count stops) while PWM pulse is output, the
following operations are performed:
- The timer counter stops.
- The output level at the TAIOUT pin changes from high to low. The IR bit becomes 1.

- When a low signal is output at the TAIOUT pin, it does not change. The IR bit does not change,
either.
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16.3.3 Timer B

16.3.3.1 Timer Mode and Event Counter Mode

» While the timer counter is running, the TBj register indicates a counter value at any given time (j =
0 to 5). However, FFFFh is read while reloading is in progress. When a value is set to the TBj
register while the timer counter is stopped, if the TBj register is read before the count starts, the set
value is read.

16.3.3.2 Pulse Period/Pulse-width Measure Mode

» To set the MR3 bit in the TBjMR register to 0 (no overflow), write the TBjMR register after the MR3
bit becomes 1 (overflow) and at least one count source cycle has elapsed while the TB;jS bit in the
TABSR or TBSR register is 1 (start counter).

» Use the IR bit in the TBjIC register to detect overflow. The MR3 bit is used only to determine an
interrupt request source within the interrupt handler.

* The counter value is undefined when the timer counter starts. Therefore, the timer counter may
overflow before a measured pulse is applied on the initial valid edge and cause a timer Bj interrupt
request to be generated.

* When the measured pulse is applied on the initial valid edge after the timer counter starts, an
undefined value is transferred to the reload register. At this time, a timer Bj interrupt request is not
generated.

* The IR bit may become 1 (interrupt requested) by changing bits MR1 and MRO in the TBjMR
register after the timer counter starts. However, if the same value is rewritten to bits MR1 and MRO,
the IR bit does not change.

* Pulse width is continuously measured in pulse-width measure mode. Whether the measurement
result is high-level width or not is determined by a program.

* When an overflow occurs at the same time a pulse is applied on the valid edge, this pulse is not
recognized since an interrupt request is generated only once. Do not let an overflow occur in pulse
period measure mode.

* In pulse-width measure mode, determine whether an interrupt source is a pulse applied on the
valid edge or an overflow by reading the port level in the timer Bj interrupt handler.
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17. Three-phase Motor Control Timers

A three-phase motor driving waveform can be output using timers A1, A2, A4, and B2. The three-phase
motor control timers are enabled by setting the INV02 bit in the INVCO register to 1. Timer B2 is used for
carrier wave control, and timers A1, A2, and A4 for three-phase PWM output (U, U, V, V, W, and W) control.
Table 17.1 lists the specifications of the three-phase motor control timers and Figure 17.1 shows its block
diagram. Figures 17.2 to 17.6 show registers associated with this function.

Table 17.1  Specifications for Three-phase Motor Control Timers

ltem Specification
Three-phase PWM waveform [Six pins: U, U, V, V, W, and W
output pins
Forced cutoff (1) A low input to the NMI pin
Timers Timers A4, A1, and A2 are used in one-shot timer mode:

Timer A4 is used for U- and U-phase waveform control
Timer A1 is used for V- and V-phase waveform control
Timer A2 is used for W- and W-phase waveform control
Timer B2 is used in timer mode
Carrier wave cycle control
Dead time timer (three 8-bit timers share a reload register):
Dead time control
Output waveforms Triangular wave modulation and sawtooth wave modulation
* Output of a high or a low waveform for one cycle
» Separately settable levels of high side and low side
Carrier wave periods Triangular wave modulation: count source x (m + 1) x 2
Sawtooth wave modulation: count source x (m + 1)
m: TB2 register setting value from 0000h to FFFFh
Count source: f1, f8, f2n, or f{C32
Three-phase PWM output Triangular wave modulation: count source x n x 2
width Sawtooth wave modulation: count source x n
n: Setting value of registers TA4, TA1, and TA2 (registers TA4, TA41,
TA1, TA11, TA2, and TA21 when the INV11 bit in the INVC1 register
is 1) from 0001h to FFFFh
Count source: f1, f8, f2n, or fC32
Dead time (width) Count source x p or no dead time

p: DTT register setting value from 01h to FFh
Count source: f1 or f1 divided by 2

Active level Selectable either active high or active low

Simultaneous conduction Function to detect simultaneous turn-on signal outputs, function to disable
prevention signal output when simultaneous turn-on signal outputs are detected
Interrupt frequency Selectable from one through 15 time-carrier wave cycle-to-cycle basis for

the timer B2 interrupt

Note:
1. Forced cutoff by a signal input to the NMI pin can be performed when the PM24 bit in the PM2
register is 1 (NMI enabled), the INV02 bit in the INVCO register is 1 (three-phase motor control timers
used), and the INVO03 bit is 1 (three-phase motor control timer output enabled).
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D ICTB2 register
INV13 n=01h to OFh

Circuit to set interrupt
generating frequency

1 [
1 1
) 1
1 1
1 INVOO — !
! e ICTB2 counter | |
) H ) . .
Timer B2 underflows : n=01h to OFh : Timer B2 interrupt request bit
L gy INVO2
Value to be written to the INVO03 bit
o INV12 Write signal to the INVO3 bit
1 . 112 n INVOS
Trigger l RE
Write signal INVO7
t:tis;?%az — Trigger Dead time timer INV05
INVA0 —| n=01hto FFh
1~ U-phase output ~ ! INVO4
H control circuit i
(Timer mode) ' DU1 DUO |1 [|U-phase
' bit bit |1 output
H signal
le—> 1 E> 0
Start trigger signal for timers A1, A2, A4 v : 4 : :{> *—D Q control u
' 9. 9.
‘| foa—paf G
Transfer trigger m : T o T :
: \'\'\\ Threel-phas e output shift
: DUB1 DUBO : registers (U-phase)
H bit bit |1
[ TAdregister | [ TA41 register | E > ‘ 'WEE'_E o
: s S :{>— DQ control O
: D Q) D Q) : U-phase
! T | #oT | | || outputsignal
Timer A4 counter " :

(One-shot imer mode) One-shot pulse of timer A4

INV11 .
1 Reload control signal for timer A4

When the TA4S bit is 0,
the signal becomes 0

INV06
Trigger

Inverse OV
- Dead time ti control
anqer ) ead time timer

n=01hto FFh

| TA1 register | | TA11 register |

V-phase output 7‘ 4>

Inverse E O 7
Timer A1 counter P> controller - :{>— control v
(One-shot timer mode) V-phase V-phase
INV11 output output signal
q PT Q Reload control signal for timer A1 signal
When the TA1S bit is 0,
the signal becomes 0 INVO6
Trigger I
o Lp—OW
Trigger Dead time timer 1
[ TA2register | [ TA21 register | n=01hto FFh

W-phase output

signal
W-phase output 4>

Inverse
oW

Timer A2 counter > controller — :{>— control
(One-shot timer mode) Ouvt\;'&h;;al Switching to P3_2 to P3_7, P7_2
INV11 . to P7_5,P8_0, and P8_1 is not
T Q Reload control signal for timer A2 shown in this diagram
When the TA2S bit s 0, INVOO to INVO7: Bits in the INVCO register

the signal becomes 0

INV10 to INV15: Bits in the INVC1 register
DUi and DUBi: Bits in the IDBi register (i=0, 1)
TA1S to TA4S: Bits in the TABSR register
Note:
1. When the INVO6 bit is O (triangular wave modulation mode), the transfer trigger is generated only when the
initial underflow of timer B2 occurs after setting registers IDB0O and IDB1.

Figure 17.1 Block Diagram for Three-phase Motor Control Timers
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Three-phase PWM Control Register 0 ™

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI ]  iNveo 0308h 0000 0000b
A
1 ] ] ] ] 1 ] ]
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
RERRERE T
[ T T T T B T | 0 X: The underflow of timer B2
i E E E i i i INV0O 1 0: The underflow of timer B2 when RW
I ICTB2 Count Condition the reload control signal for
A Select Bit @ timer A1is 0 ©®
1 ] ] ] ] 1 ] .
[ T T T R A | 1 1 : The underflow of timer B2 when
i E E E i i o INVO1 the reload control signal for RW
A timer Alis 1 &4
A A Three-phase Motor Control | 0: Do not use this function
[ INV02 ; . : ; e 67 RW
(A Timers Select Bit 1: Use this function ¢ 67
1 ] ] ] ]
i E E i i 0: Disables the three-phase motor
N INVO3 Three-phase Motor Control control timer output RW
[ Timer Output Control Bit 1: Enables the three-phase motor
G control timer output ®
1 ] ] ]
i E i i 0: Ignores simultaneous turn-on
A Simultaneous Conduction signal output
1 ] ] ]
i E E INVO4 Prevention Bit 1: Disables simultaneous turn-on RW
P signal output
1 ] ]
. Simultaneous Conduction 0: Not detected
1 ] L D
i E INVOS Detection Flag 1: Detected @ RO
(A 0: Triangular wave modulation mode
I EEEEEEEE e INVO6 Modulation Mode Select Bit | 1: Sawtooth wave modulation mode RW
i (10)
1
1
i A transfer trigger is generated when
i this bit is set to 1. When the INVO06 bit
T e L E LR PP INVO7 Software Trigger Select Bit | is 1, another trigger to the dead time | RW
timer is also generated. This bit is
read as 0
Notes

1. Set this register after setting the PRC1 bit in the PRCR register to 1 (write enabled). Also, rewrite bits INV0O
to INV02 and INV06 while timers A1, A2, A4, and B2 are stopped.

2. This bit is enabled when the INV11 bit in the INVC1 register is 1 (three-phase mode 1). When the INV11 bit
is 0 (three-phase mode 0), the ICTB2 counter increments by one each time timer B2 underflows irrespective
of the INV0OO and INVO1 bit settings.

3. Set the ICTB2 register before setting the INV01 bit to 1. Also, set the TA1S bit in the TABSR register to 1
before the initial timer B2 underflow occurs.

4. When the INVOO bit is 1, the first interrupt occurs when timer B2 underflows n-1 times (n is the value set in
the ICTB2 counter). Subsequent interrupts occur every n times timer B2 underflows.

5. Set the INV02 bit to 1 to operate the dead time timer, U-, V-, and W-phase output control circuits, and the
ICTB2 counter.

6. After setting the INV02 bit to 1, pins should be configured first by the IOBC register then by the output
function select registers.

7. When the INV02 bit is set to 1 and the INVO3 bit is set to 0, pins U, U, V, V, W, and W, even when they are
assigned to other peripheral functions, become high-impedance.

8. The INVO03 bit becomes 0 when any of the following occurs:

- Reset

- Signals of both the high and low sides are simultaneously switched to active when the INV04 bit is 1.
- The INVO3 bit is set to 0 by a program.

- The NMI pin goes from high to low when the PM24 bit in the PM2 register is 1 (NMI enabled).

9. This bit cannot be set to 1 by a program. Set the INV04 bit to O to set this bit to 0.

10.When the INVOG6 bit is 1, set the INV11 bit in the INVC1 register to 0 (three-phase mode 0) and the PWCON
bit in the TB2SC reglster to O (timer B2 register reloaded when timer B2 underflows).

Figure 17.2 INVCO Register
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Three-phase PWM Control Register 1
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
ol [ [ ][] ]] INVC1 0309h 0000 0000b
A
1 ] ] ] ] 1 ] ]
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 ] ]
[ T R T S B A . 0: The underflow of timer B2
A S T R N N VET) ;‘t:r‘frTsnm . fzs'e‘fgg gﬁ 1: The underflow of timer B2 anda | RW
H 99 write operation to the TB2 register
1 ] ] ] ] 1 ]
T T T T T T INVA1 Timers A1-1, A2-1, and 0: Three-phase mode 0 23) RW
i E E E i i A4-1 Control Bit 1: Three-phase mode 1
1 ] ] ] ] 1 . .
[ T T B Dead Time Timer Count 0:f1
S INVI2 | Source Select Bit 1:1 divided-by-2 RW
i E E i i ___________ INV13 Carrier Wave Detection 0: Timer A1 reload control signal is 0 RO
vy Flag @ 1: Timer A1 reload control signal is 1
1 ] ] ]
HE . . 0: Active low output
1 ] ] L e e = ]
i E E INV14 Active Level Control Bit 1: Active high output RW
1 ] ] . 1
R S INV15 Dead Time Disable Bit 0-Enables dead time RW
vl 1: Disables dead time
1 ]
I 0: Falling edge of a one-shot pulse of
1 ] .
o ' . . timer (A4, A1, and A2) ®
bohemmee e INV16 gg;itTEI;?e Timer Trigger | 4. Rising edge of the three-phase RW
! output shift register (phases U, V,
H and W)
1
1
e e (b_7) Reserved Should be written with 0 RwW
Notes
1. Set this register after setting the PRC1 bit in the PRCR register to 1 (write enabled). Also, rewrite this
register while timers A1, A2, A4, and B2 are stopped.
2. Set the INV11 bit to 0 when the INVO6 bit in the INVCO register is 1 (sawtooth wave modulation mode).
3. Set the PWCON bit in the TB2SC register to O (timer B2 register reloaded if timer B2 underflows) when the
INV11 bit is 0.
4. This bit setting is enabled when the INV06 bit is 0 (triangular wave modulation mode) and the INV11 bit is 1.
5. Set the INV16 bit to 1 when the following conditions are all met:
- The INV15 bit is 0.
- The Dij bit has a different value from the DiBj bit whenever the INV03 bit is 1 (enables the three-phase
motor control timer output); the high- and low-side output signals always have inverse levels on periods
other than dead time (i=U, V,or W; j=0, 1).
Set the INV16 bit to 0 when the conditions above are not met.
Figure 17.3 INVC1 Register
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Three-phase Output Buffer Control Register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
I0BC 40097h OXXX XXXXb

1 ] ] ] 1 ] ] ]

I A A

E E i i i i i i Bit Symbol Bit Name Function RwW

1 ] ] ] 1 1 ] ]

1 ] ] ] 1 1 ] ]

— No register bits; should be written with 0 and read as undefined
(b6-b0) value

1

1

! — — —

H 0:Use pins U, U, V, V, W, and W of
1

1

______________________ Three-phase Output Pin ports P7 and P8
TBSOUT Select Bit @ 1:Use pins U, U, V, V, W, and W of RW
port P3

Notes:

1. Set this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. Set this bit after setting the INV02 bit in the INVCO register to 1. Then, set the output function select register
of corresponding port. When the INVO3 bit in the INVCO register is 0, output pins for the three-phase motor
control timers become high-impedance by the output enable control of output buffers. However, the output
enable cannot be controlled only by the output function select register when more than two ports are
assigned for output. Thus, a three-state output buffer should be selected using the TBSOUT bit.

TBSOUT
INV02 S
INVO3
LOV.V.WW — Function select > O U,?, V, Y W, and?of ports P7 and P8
register ——I%—0 U,T,V,V,W, and W of port P3
Figure 17.4 10BC Register
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Three-phase Output Buffer Registeri (i=0, 1)

b7 06 bS5 b4 b3 b2 b1 b0 Symbol Address Reset Value
IDBO, IDB1 030Ah, 030Bh XX11 1111b

) ] ] ] ] ] ] ]

) ] ] ] ] ] ] ]

) ] ] ] 1 ] ] ]

i E E i i i i i Bit Symbol Bit Name Function RW

) ] ] ] ] ] ] ]

E E E i i i E L DUi U-phase Output Buffer i RW

) ] ] ] ] ] ]

L ] _ ] These bits should be written with an

E E E i i i = DUBI U-phase Output Buffer i output level of the three-phase output | RW

Vo r e shift register. The written value is

bl e DVi V-phase Output Buffer i reflected in each turn-on signal as RwW

R follows:

I L PP R DVBi V-phase Output Buffer i 0: Active (ON) RW

E E E i 1: Inactive (OFF)

[ O DWi W-phase Output Buffer i The bits are read as the value of the | gy

E E E three-phase output shift register

bl e DWBi | W-phase Output Buffer i RW

P

) ]

__1

— No register bits; should be written with 0 and read as undefined
(b7-b6) value

1. Values of registers IDB0 and IDB1 are transferred to the three-phase output shift register by a transfer
trigger. The initial output signal level of each phase is determined by thevalue written in the IDBO register
after the transfer trigger occurs. Then the output signal level is determined by the value written in the IDB1
register on the falling edge of a one-shot pulse of timers A1, A2, and A4.

Figure 17.5 Registers IDB0 and IDB1
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Timer B2 Interrupt Generating Frequency Set Counter (*.2.3)

b7 b0 Symbol Address Reset Value
DODIX [ | [ | icme2 030Dh Undefined
Function Setting Range | RW

- When the INVO1 bit is 0 (ICTB2 counter increments each time
timer B2 underflows), a timer B2 interrupt request is generated
every nth times timer B2 underflows

- When the INVO1 bitis 1 (ICTB2 counter increments when the

--4 timer A1 reload control signal is set to 0 or 1 and timer B2 01h to OFh WO

underflows), a timer B2 interrupt request is generated every

nth times timer B2 underflows when the timer A1 reload

control signal is 0 or 1

(n = setting value)

---------------------- No register bits; should be written with 0 —

1. Use the MOV instruction to set the ICTB2 register.

2. When the INVO1 bit in the INVCO register is 1, set this register while the TB2S bit in the TABSR register is 0
(timer B2 count stops). Although it can be set even when the TB2S bit is 1 (timer B2 count starts) when the
INVO1 bit is 0, do not set this register when timer B2 underflows.

3. When the INVOO bit in the INVCO register is set to 1, the first interrupt occurs when timer B2 underflows n-1
times. Subsequent interrupts occur every n times timer B2 underflows.

(n = setting value of the ICTB2 counter)

Figure 17.6 ICTB2 Register
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171

Modulation Modes of Three-phase Motor Control Timers

The three-phase motor control timers support two modulation modes: triangular wave modulation mode
and sawtooth wave modulation mode. The triangular wave modulation mode has two modes: three-phase
mode 0 and three-phase mode 1. Table 17.2 lists bit settings and characteristics of each mode.

Table 17.2  Modulation Modes
itemn Triangular Wave Modulation Mode I\/IS;:IASIZ ?it:nvl\\lllac;/:e
Three-phase mode 0 Three-phase mode 1 (Three-phase mode 0)
Bit settings INVO6 is 0, INV11is 0, [INV0O6is 0, INV11is1 |INVO06is 1, INV11is O,
PWCON is 0 PWCONis 0
Waveform Triangular wave Sawtooth wave

Registers TA11, TA21, and
TA41

Not used Used

Not used

Timing to transfer data from
registers IDB0 and IDB1 to
the three-phase output shift
register

Only once when a transfer trigger (1) occurs after
setting registers IDB0 and IDB1

Whenever a transfer
trigger (1) occurs

Timing to trigger the dead
time timer when the INV16 bit
isO

On the falling edge of a one-shot pulse of timers
A1, A2, and A4

When a transfer trigger
occurs, or on the falling
edge of a one-shot pulse
of timers A1, A2, and A4

Bits INVOO and INVO01 in the |Disabled. The ICTB2 Enabled Disabled. The ICTB2

INVCO register counter increments each counterincrements each
time timer B2 time timer B2
underflows, irrespective underflows, irrespective
of the INV0OO and INVO01 of the INVOO and INVO1
bit settings bit settings

INV13 bit Disabled Enabled Disabled

Note:

1. The transfer trigger is a timer B2 underflow, a write operation to the INVO7 bit, or a write operation to
the TB2 register when the INV10 bit is 1.
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17.2 Timer B2

Timer B2, which operates in timer mode, is used for carrier wave control in the three-phase motor control
timers.
Figures 17.7 and 17.8 show registers TB2 and TB2MR in this function, respectively. Figure 17.9 shows
the TB2SC register which switches timing to change the carrier wave frequency in three-phase mode 1.

Timer B2 Register "
b15 b8 b7 b0 Symbol Address Reset Value
| i TB2 0355h-0354h Undefined
i
1
i Function Setting Range | RW
1
1
! s .
R D|V|de§ the count source by n+1. S_tarts.tlmers A1, A2, and A4 0000h to FFFEh RW
each time an underflow occurs (n = setting value)
Note:
1. A 16-bit read/write access to this register should be performed.
Figure 17.7 TB2 Register When Using Three-phase Motor Control Timers
Timer B2 Mode Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| | [o[X[o]o|o]o]  TB2MR 035Dh 00XX 0000b
A
T T T R R
E E i i i i i i Bit Symbol Bit Name Function RW
1 ] 1 1 1 1 1 1
bbb -4 TMODO Should be written with 00b (timer RW
T T T A Operating Mode Select Bit | mode) when using the three-phase
R T T T T T P TMOD1 motor control timers RW
N
1 ] 1 1 ] ]
T Ittt MRO . . . RW
boror Disabled when using the three-phase motor control timers. Should
oo be written with 0 and read as undefined value
bbb e MR1 RW
1 ] 1 ]
E E i G MR2 No register bit; should be written with 0 and read as undefined .
o value
E E i ________________ MR3 Disabled when using the three-phase motor control timers. Should .
(. be written with 0 and read as undefined value
E E b7 b6
| mmmmmmmmsmmoooo-e- TCKO 00:f1 RW
| Count Source Select Bit 01:f8
1
b e TCK1 10:f2n RW
1 1:fC32

Figure 17.8 TB2MR Register When Using Three-phase Motor Control Timers
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Timer B2 Special Mode Register

b7 b6 05 b4 b3 b2 b1 b0 Symbol Address Reset Value
TB2SC 035Eh XXXX XXX0b
Bit Symbol Bit Name Function RwW

0: The underflow of timer B2
Timer B2 Reload Timing 1: The underflow of timer B2 when

e
Frmm———— e ———————

--| PWCON Switching Bit " the reload control signal for timer RW
Alis0
T N N — No register bits; should be written with 0 and read as undefined .
(b7-b1) value
Note:
1. Set this bit to 0 when the INV11 bit is 0 (three-phase mode 0) or the INVO06 bit is 1 (sawtooth wave
modulation mode).
Figure 17.9 TB2SC Register
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17.3 Timers A4, A1, and A2

Timers A4, A1, and A2 are used for three-phase PWM output (U, U, V, V, W, and W) control when using
the three-phase motor control timers.

These timers should be operated in one-shot timer mode. Every time timer B2 underflows, a trigger is
input to timers A4, A1, and A2 to generate a one-shot pulse. If the values of registers TA4, TA1, and TA2
are rewritten every time a timer B2 interrupt occurs, the duty cycle of the PWM waveform can be varied.
In three-phase mode 1, the value of registers TAi and TAi-1 is alternately reloaded to the counter at each
timer B2 interrupt, which halves the timer B2 interrupt frequency (i = 4, 1, 2).

Figure 17.10 shows registers TA1, TA2, TA4, TA11, TA21, and TA41 in the three-phase motor control
timers. Figure 17.11 shows registers TATMR, TA2MR, and TA4MR in this function. Figures 17.12 and
17.13 show registers TRGSR and TABSR, respectively, in this function.

Timer Ai/Timer Ai-1 Registers (i=1, 2, 4) (19

b15 b8 b7 bo Symbol Address Reset Value

| H TA1, TA2, TA4 0349h-0348h, 034Bh-034Ah, 034Fh-034Eh Undefined
: TA11, TA21, TA41 0303h-0302h, 0305h-0304h, 0307h-0306h Undefined
1
1
i Function Setting Range |RW
1
i The timer stops when the nth count source is counted after a
et start trigger is generated. The output signal for each phase is 0000h to FFFFh [ WO

switched when timers A1, A2, and A4 stop (n = setting value)
Notes

1. A 16-bit write access to these registers should be performed.

2. When these registers are set to 0000h, the counter does not start, and no timer Ai interrupt request is
generated.

3. Use the MOV instruction to set these registers.

4. When the INV15 bit in the INVC1 register is 0 (enables dead time), the turn-on output signal is switched to
its active state with a delay. It switches when the dead time timer stops.

5. When the INV11 bit in the INVC1 register is 0 (three-phase mode 0), the value of the TA.i register is
transferred to the reload register by a timer Ai start trigger. When the INV11 bit is 1 (three-phase mode 1),
first the value of the TAi1 register is transferred to the reload register by a timer Ai start trigger. Then the
value of the TAi register is transferred by the next timer Ai start trigger. After that, the values of registers
TAi1 and TAi are alternately transferred to the reload register.

6. These registers should not be written when timer B2 underflows.

Figure 17.10 Registers TA1, TA2, TA4, TA11, TA21, and TA41
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Timer Ai Mode Register (i=1, 2, 4)

the three-phase motor control timers

Should be written with 1 (selected by
L s MR2 Trigger Select Bit the TRGSR register) when using the | RW
three-phase motor control timers

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ | [o[1]o]o[1]0]  TAIMR, TA2MR, TA4MR 0357h, 0358h, 035Ah 0000 0000b
HEREEE
] ] ] 1 ] ] ]
E i i i i i i Bit Symbol Bit Name Function RW
] ] ] 1 1 ] ]
Porobd b == TMODO Should be written with 10b (one-shot | RW
T T T A Operating Mode Select Bit | timer mode) when using the three-
i i i i i N TMODA1 phase motor control timers RW
I
] ] ] 1 ]
et MRO Reserved Should be written with 0 RW
] 1 ] 1
] 1 ] 1
] ] ] 1 H H H
[ R S MR1 External Trigger Select Bit | S1°uld be written with 0 when using | g,
P
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

Should be written with 0 when using the three-phase motor control

I L MR3 - RW
! timers
| b7 b6
R L EEEEEEE R TCKO 00:f1 RW
Count Source Select Bit 01:f8
. TCK1 10:f2n RW
1 1:fC32

Figure 17.11 Registers TATMR, TA2MR, and TA4AMR When Using Three-phase Motor Control Timers
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Trigger Select Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT TL LTI 1] 7Resr 0343h 0000 0000b
N
I R T T B
E i i i i i E i Bit Symbol Bit Name Function RW
1 1 1 1 1 1 1 1
oo - TAITGL Should be set to 01b (the underflow | RW
Pl Timer A1 Event/Trigger of TB2) to use the V-éhase output
T T T T R Select Bit o
L TA1TGH control circuit RW
I R
] 1 1 1 1 1
I ettt TA2TGL i i Should be set to 01b (the underflow | RW
[ T T Timer A2 Event/Trigger
oo Select Bit of TB2) to the use W-phase output
E i i i . TA2TGH control circuit RW
L o5 b4
(I T OV — TA3TGL . - | RW
[ ) . 0 0 : Select the input to the TA3IN pin
o qmer AS Even/Trigger 1 o 1 : Select the overflow of TB2 ()
[ . Q]
R TA3TGH 10 : Select the overflow of TA2 1 RW
I 1 1 : Select the overflow of TA4 (')
] ]
] ]
] ]
I b TA4TGL i i Should be set to 01b (the underflow | RW
i ‘gmer AL.‘ Event/Trigger of TB2) to the use U-phase output
H elect Bit A
S, TA4TGH control circuit RW

1. The timer overflows or underflows.

Figure 17.12 TRGSR Register in Three-phase Motor Control Timers

Count Start Register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value

| | | | | | | | | TABSR 0340h 0000 0000b
-
A R
I S T R R R Bit Symbol Bit Name Function RW
AR 0: Stop counter
4 b 4 b1 t=1  TAOS | TimerA0 CountStartBit | o b RW
i E E E i i i : Start counter
T T T (N TA1S | Timer A1 Count StartBit | O Stop counter RW
[ R A 1: Start counter
1 ] ] ] ] 1
A T TA2S | Timer A2 Count Start it | O Stop counter RW
[ R T A 1: Start counter
1 ] ] 1 1
1 ] ] 1 1 .
A S TA3S | Timer A3 Count Startgit | O Stop counter RW
T A A 1: Start counter
I 0: Stop counter
T T - TA4S Timer A4 Count Start Bit 2P RW
o 1: Start counter
1 ] ]
i E oo TBOS Timer BO Count Start Bit Oj Stop counter RW
- 1: Start counter
1 ]
i R — TB1S Timer B1 Count Start Bit O: Stop counter RW
i 1: Start counter
1
H ; . 0: Stop counter
---------------------- TB2S Timer B2 Count Start Bit : RW

1: Start counter
Figure 17.13 TABSR Register
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17.4 Simultaneous Conduction Prevention and Dead Time Timer

The three-phase motor control timers offer two ways to avoid shoot-through, which occurs when high-side
and low-side transistors are simultaneously turned on.

One is “simultaneous turn-on signal output disable function”. This function prevents high-side and low-
side transistors from being inadvertently switched to active due to events like program errors. The other is
by the use of dead time timers. A dead time timer delays the turn-on of one transistor in order to ensure
that an adequate time (the dead time) passes after the other is turned off.

To disable simultaneous turn-on output signals, the INV04 bit in the INVCO register should be set to 1. If
outputs for any pair of phases (U and U, V and V, or W and W) are simultaneously switched to an active
state, every three-phase motor control output pin becomes high-impedance. Figure 17.14 shows an
example of output waveform when simultaneous turn-on signal output is disabled.

To enable the dead time timer, the INV15 bit in the INVC1 register should be set to 0. The DTT register
determines the dead time. Figure 17.15 shows the DTT register and Figure 17.16 shows an example of
output waveform on using dead time timer.

U-phase output signal

. . OFF ‘ ON OFF ON OFF
(internal signal)

Simultaneous
turn-on signal
ON OFF ON OFF ON

‘U-phase output signal
(internal signal)

U-phase turn-on

. OFF | ON OFF ON
signal output

High-impedance

U-phase turn-on

: ON OFF ON
signal output - |

V-phase turn-on
signal output

High-impedance

V-phase turn-on
signal output

]
-

W-phase turn-on
signal output

High-impedance

W-phase turn-on
signal output

_II_“|7%

]
N

Figure 17.14 Output Waveform When Simultaneous Turn-on Signal Output is Disabled
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Dead Time Timer .2

b7 b0 Symbol Address Reset Value
| |  otT 030Ch Undefined
Function Setting Range |RW

The dead time timer is a one-shot timer that delays the timing
for a turn-on signal to be switched to its active state
' preventing a simultaneous conduction of high-side and low- 01h to FFh WO
side transistors.

The timer stops when counting a count source n times after a

start trigger occurs (n = setting value) @

Notes:
1. Use the MOV instruction to set this register.
2. This register setting is enabled when the INV15 bit in the INVC1 register is 0 (enables dead time). No dead
time can be set when the INV15 bit is 1 (disables dead time).
3. The trigger and count source should be selected using bits INV16 and INV12 in the INVC1 register,
respectively.

Figure 17.15 DTT Register

U-phase output signal — ™) ON OFF ON OFF
(internal signal)
U-phase output signal OFF ON OFF ON
(internal signal) _—— |
««» Deadtime ««» Deadtime ««» Deadtime ««» Dead time
Dead time timer
U-phase turn-on — 5 ON OFF ON OFF
signal output
U-phase turn-on OFF ON OFF ON
signaloutput _— |
U-phase transistor OFF ON \ OFF ON \ OFF
U-phase transistor ON K OFF ON K OFF ON

Figure 17.16 Output Waveform When Using Dead Time Timer

17.5 Three-phase Motor Control Timer Operation

Figures 17.17 and 17.18 show an operation example of triangular wave modulation and sawtooth wave
modulation, respectively.
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Triangular carrier wave

Triangular wave

Signal wave @ —>

TB2S bit in the
TABSR register J

N N N RN N N

Reload control signal for
timer A1 (™

Timer B2 interrupt —I

|

TA4 register @ < a

TA41 register @ < a’

Reload register @ < a a axX b b X ¢ c cX o d

Start trigger signal for

timer A4 —I —| —| —| —|
S|

One-shot pulse of J J —U
timer A4 M

U-phase output
signal (") L/ K .
Registers IDB0 and IDB1 are rewritten Rewritten value is

U-phase output 7\ reflected here
signal ¥

gjt?)itﬁme mer “|'Dead time J J J_ TJ
I

s

U-phase | |
INV14 =0
(active low) U-phase | __|

INV14 =1 | Phase | | I
(active high) U-phase | J

This figure applies when INVCO = 00XX11XXb (X varies depending on each system) and INVC1 = 010XXXX0b.
PWM output may vary as follows:

(A) When INV11 = 1 (three-phase mode 1)
- INV01 =0 and ICTB2 = 2h (timer B2 interrupt occurs every second time timer B2 underflows), or
INVO1 =1, INVOO = 1, and ICTB2 = 1h (timer B2 interrupt occurs every time timer B2 underflows when the
reload control signal for timer A1 is 1)
- The setting of registers TA4 and TA41 are varied every time a timer B2 interrupt occurs,
Default value: TA41 =a’, TAd =a
On the first timer B2 interrupt: TA41 = b’, TA4 = b; the second time: TA41 =c', TAd=c¢
- Default value of registers IDBO and IDB1: DUO = 1, DUBO = 0, DU1 =0, DUB1 =1
On the third time: DUO = 1, DUBO = 0, DU1 =1, DUB1 =0
(B) When INV11 = 0 (three-phase mode 0)
-INV01 =0 and ICTB2 = 1h (timer B2 interrupt occurs every time timer B2 underflows)
- TA4 register setting is varied every time a timer B2 interrupt occurs,
Default value: TA4 = a’
On the first timer B2 interrupt: TA4 = a; 2nd time: TA4 = b’; 3rd time: TA4 = b; 4th time: TA4 = ¢’; 5th time: TA4 = ¢
- Default value of registers IDB0O and IDB1: DUO = 1, DUBO = 0, DU1 =0, DUB1 =1
On the sixth time: DUO = 1, DUBO = 0, DU1 =1, DUB1 =0
Notes:
1. Internal signal. Refer to the block diagram of three-phase motor control timers.
2. Applicable when the INV11 bit in the INVC1 register is 1 (three-phase mode 1).

Figure 17.17 Triangular Wave Modulation Operation
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Sawtooth carrier wave

Sawtooth wave ———
Signal wave —>

i NN AN ENENANANRNY

Start trigger signal
for timer A4 (" H —| —|_

One-shot pulse of —
timer A4 (" | | | | | | |

Registers IDB0 and IDB1 are rewritten Rewritten value is reflected here

U-phase output v —
signal | | | \
N

U-phase output | |
signal

oputt ] I ! I I I I

— l«—Dead time

INV14 = 0 U-phase -| | | | | |
(active low) U-phase I_I I_I |_
INV1g=q | OPhase | | | |

(active high) T-phase I_I |_| |_

This figure applies when INVCO = 01XX110Xb (X varies depending on each system) and INVC1 = 000XXX00b.
This bit setting is applicable to turn-on control with a phase shift of 120 degrees.

PWM output may vary as follows:
Default value of registers IDBO and IDB1: DUO = 0, DUBO =1, DU1 =1, DUB1 =1
On the third timer B2 interrupt: DUO = 1, DUBO = 1, DU1 =1, DUB1 =1
On the fifth timer B2 interrupt: DUO = 1, DUBO = 0, DU1 =1, DUB1 =1

Note:
1. Internal signal. Refer to the block diagram of three-phase motor control timers.

Figure 17.18 Sawtooth Wave Modulation Operation
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17.6 Notes on Three-phase Motor Control Timers

17.6.1  Shutdown

+ When a low signal is applied to the NMI pin with the following bit settings, pins TATOUT, TA20UT,
and TA4OUT become high-impedance: the PM24 bit in the PM2 register is 1 (NMI enabled), the
INVO2 bit in the INVCO register is 1 (three-phase motor control timers used), and the INVO3 bit is 1
(three-phase motor control timer output enabled).

17.6.2 Register Setting

* Do not write to the TAi1 register before and after timer B2 underflows (i = 1, 2, 4). Before writing to
the TAi1 register, read the TB2 register to verify that sufficient time remains until timer B2
underflows. Then, immediately write to the TAi1 register so no interrupt handling is performed
during this write procedure. If the TB2 register indicates little time remains until the underflow, write
to the TAi1 register after timer B2 underflows.
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18. Serial Interface

The serial interface consists of 11 channels: UARTO to UART10.
Each channel has an exclusive timer to generate the transmit/receive clock and operates independently.
Figures 18.1 and 18.2 show block diagrams of UARTO to UART6 and UART7 to UART10, respectively.
UARTI supports the following modes:

» Synchronous serial interface mode (for UARTO to UART10)

» Asynchronous serial interface mode (UART mode) (for UARTO to UART10)

* Special mode 1 (I2C mode) (for UARTO to UART6)

* Special mode 2 (for UARTO to UARTG6)

» Special mode 4 (Bus collision detection: IE mode) (optional) (1) (for UARTO to UART®6)
Figures 18.3 to 18.20 show registers associated with UARTi (i = 0 to 10).
Refer to the tables listing each mode for registers and pin settings.

Note:
1. Contact a Renesas Electronics sales office to use the optional features.

Table 18.1  Comparison of UARTO0 to UART10 Functions

Mode/Function UARTO to UART6 UART?7 to UART10
Synchronous serial interface mode Available Available
Serial data logic inversion Available Not available
UART mode Available Available
CTS/RTS function selection Available Available
TXD and RXD 1/O polarity selection Available Not available
Special mode 1 (I12C mode) Available Not available
Special mode 2 Available Not available
Special mode 4 (IE mode) (optional) (1) Available Not available
Pins TXD and RXD output mode Push-pull output, N-channel |Push-pull output, N-channel
open drain output open drain output
programmable by port programmable by port
function select registers function select registers

Note:
1. Contact a Renesas Electronics sales office to use the optional features.
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e RXD polarity | _{ TXD polarity C .
RXDi switch circuit ) switch circuit TXDi
SMD2 to SMDO Receive
100, 101, 1107 >==5 dock 1 Transmit/
T

CLK1 and CLKO

Receive control

] .
00 UiBRG 001. 0101 _ 1 receive
f a_o\c oCKDIR register ' ' unit
f8 —o o\o- Ll
10] 1U(m+1) 100, 101, 7101 1 1
f2an——o 1-0 ] ! [Transmit control -
001, 010} ' circuit
CKDIR o---s Transmit
-o\o_ clock
1 0
CKPOL CKDIR
. CLK polarity
CLKi O switch circuit ~
. . Direction register
CTSI/RTSi i RTSI
CTSi

CRD JDC

m: Value set in the UIBRG register

DO | UIRB register

PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, and CKDIR: Bits in the UiMR register
CLK1, CLKO, CKPOL, and CRD: Bits in the UiCO register

I0POL
0
: A
RXDi O > 1o
SMD2 to SMDO
__________________________ UARTI receive shift register
ofojotfojofojoiDs [D7 {D6 D5 D4{D3}D2}|D1]
| Logic inversion circuit + Bit order reverse circuit |
Upper byte of data bus
Lower byte of data bus
| Logic inversion circuit + Bit order reverse circuit |
[D7 {D6{D5!D4|D3]D2;D1|
SMD2 to SMDO
SP: Stop bit |IOPOL

DO | UiTB register

Figure 18.1 UARTiI Block Diagram (i = 0 to 6)
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RXDi O —O TXDi
SMD2 to SMDO Receive
100, 101, 110 === clock i
CLK1 and CLKO . T | [Receive control Tr::;mlt/
1 9 CKDIR U'BRtG 00ti  1°7 circuit r un:;’e
8 ﬂ“ 0 register |_E'° P!
10 °V\o_ Wme1) 100, 101, 7100 1 1
f2n——o 1 lo ] ! [Transmit control -
001 ' circuit
CKDIR o---s Transmit
-o\o_ clock
1 0
CKPOL CKDIR
. CLK polarity
CLKi O switch circuit ~
— Direction register
CTSI/R& i . 1 RTSI
T ~ CTSi
CRD J >
m = Value set in the UiBRG register
SMD2 to SMDO

UARTI receive shift register

o
_;_
__O__
_;_
__O__

{ D6 | D5 | D4 | D3

D2 { D1 | DO | UiRB register

| Logic inversion circuit + Bit order reverse circuit |

Upper byte of data bus

| S

Lower byte of data bus

| Logic inversion circuit + Bit order reverse circuit |

[D7 | D1

D6 |

D5 { D4 | D3

D2 DO | UiTB register

SMD2 to SMDO
SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, and CKDIR: Bits in the UiMR register
CLK1, CLKO, CKPOL, and CRD: Bits in the UiCO register

18. Serial Interface

Figure 18.2 UARTi Block Diagram (i =7 to 10)
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18. Serial Interface

UARTI Transmit/Receive Mode Register (i = 0 to 6)

b7 6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value

| . | . | . | . | . | . | . | . UOMR to USMR 0368h, 02E8h, 0338h, 0328h 0000 0000b
N U4MR to UBMR 02F8h, 01C8h, 01D8h 0000 0000b
I T T T R A
1 ] 1 1 1 1 1 1
I N T T R A - - -
I Bit Symbol Bit Name Function RwW
ERRRERE
[ 0 0 0 : Serial interface disabled
i E i i i E E --- SMDO 0 0 1:Synchronous serial interface RW
R R A R R mode
A 0 1 0:12C mode
E E E i i i i Serial Interface Mode 1 0 0:UART mode, 7-bit character
A A R T R S SMD1 celoct Bit length RW
R R R 1 0 1:UART mode, 8-bit character
RERDE engt
I A 1 1 0: UART mode, 9-bit character
1 ] 1 ] 1 L |ength
E E E i i I SMD2 Only use the combinations listed RW
Pl above
T A Internal/External Clock 0: Internal clock
E E E i ___________ CKDIR Select Bit 1: External clock RW
R S STPS | Stop Bit Length Select it | 91 StoP bit RW
P P 9 1: 2 stop bits
1 ] ]
Voo Enabled when the PRYE bit is 1
T EEEE PRy PRY Odd/Even Parity Select Bit | 0: Odd parity RW
E E 1: Even parity
P . ) 0: Parity disabled
E ------------------- PRYE Parity Enable Bit 1: Parity enabled RW
1
e TXD, RXD Input/Output 0: Not inverted
' IOPOL | pojarity Switch Bit 1: Inverted RW

Figure 18.3 Registers UOMR to U6MR
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UARTI Transmit/Receive Mode Register (i =7 to 10)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value

ol [T T[] 1]] u'™MRtoutoMR 01EOh, 01E8h, 40300h, 40308h 0000 0000b
HEEREREE
1 ] 1 1 1 1 1 1
i E i i i i i i Bit Symbol Bit Name Function RW
RERRRES
. SMDO 0 O O: Serial interface disabled RW
T 0 0 1 :Synchronous serial interface
T R R mode
i E i i i i i 1 0 0:UART mode, 7-bit character
T A A A SMD1 Serial Interface Mode length RW
A Select Bit 1 0 1:UART mode, 8-bit character
A length
T R R 1 1 0:UART mode, 9-bit character
RERRD
T T SMD2 Only use the combinations listed RW
I above
1 ] ] ] 1
R R A Internal/External Clock 0: Internal clock
i E i i CKDIR Select Bit 1: External clock RW
b . . 0: 1 stop bit
E E E -------------- STPS Stop Bit Length Select Bit 1- 2 stop bits RW
Pl Enabled when the PRYE bit is 1
bl demcceeeeeee PRY Odd/Even Parity Select Bit | 0: Odd parity RW
I 1: Even parity
] ]
P . . 0: Parity disabled
E ------------------- PRYE Parity Enable Bit 1: Parity enabled RW
]
R (b_7) Reserved Should be written with 0 RW

Figure 18.4 Registers U7MR to U10MR
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18. Serial Interface

UARTI Transmit/Receive Control Register 0 (i =0 to 6)
b7 b6 b5 b b3 b2 bl O Symbol Address Reset Value
| . | . |0| . | . |O| . | . | UOCO to U3CO 036Ch, 02ECh, 033Ch, 032Ch 0000 1000b
[ A U4CO0 to UBCO 02FCh, 01CCh, 01DCh 0000 1000b
A
1 ] ] 1 1 1 1 1
e Bit Symbol Bit Name Function RwW
1 ] ] 1 1 1 1 1
1 ] ] ] 1 1 1 1
tb b ] clko 001 RW
I T A R UiBRG Count Source 018
T T T R T Select Bit )
A T R S CLK1 1.0:f2n RW
Vo e 1 1 : Do not use this combination
1 ] ] 1 1 ]
i E E i i [ (&) Reserved Should be written with 0 RW
1 ] ] 1 1
1 ] ] 1 1
Poron o 0: Data held in the transmit shift
N TXEPT Transmit Shift Register register (transmission in progress) RO
Vo Empty Flag 1: No data held in the transmit shift
A register (transmission completed)
1 ] ] 1
I N ) 0: CTS function enabled
i E E e L L CRD CTS Function Disable Bit 1: CTS function disabled RW
1 ] ]
i E R — (E)) Reserved Should be written with 0 RW
1 ]
i E 0: Output transmit data on the falling
N edge of the transmit/receive clock
i E and input receive data on the rising
o . . edge
i ' CKPOL CLK Polarity Select Bit 1: Output transmit data on the rising RW
H edge of the transmit/receive clock
H and input receive data on the
i falling edge
1 -
.- . L) 0: LSB first
UFORM Bit Order Select Bit 1: MSB first RW
Note:
1. This bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (synchronous serial
interface mode) or 101b (UART mode, 8-bit character length). It should be set to 1 when bits SMD2 to
SMDO are set to 010b (I2C mode) and should be set to 0 when they are set to 100b (UART mode, 7-bit
character length) or 110b (UART mode, 9-bit character length).
Figure 18.5 Registers U0OCO to U6CO
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18

. Serial Interface

b7 b6 b5 b4 b3 b2 b1 b0

UARTI Transmit/Receive Control Register 0 (i = 7 to 10)

Symbol Address Reset Value
U7CO0 to U10CO 01E4h, 01ECh, 40304h, 4030Ch 00X0 1000b
Bit Symbol Bit Name Function RwW
b1 b0
CLKO 00:f RW
UIBRG Count Source )
- 01:f8
Select Bit 10:f02
CLK1 -1en _ o RW
1 1 : Do not use this combination
(b_2) Reserved Should be written with 0 RW
0: Data held in the transmit shift
Transmit Shift Register register (transmission in progress)
TXEPT Empty Flag 1: No data held in the transmit shift RO
register (transmission completed)
. . . 0: CTS function enabled
CRD CTS Function Disable Bit 1: CTS function disabled RW
— No register bit; should be written with 0 and read as undefined o
(b5) value
0: Output transmit data on the falling
edge of the transmit/receive clock
and input receive data on the rising
. . edge
CKPOL CLK Polarity Select Bit 1: Output transmit data on the rising RW
edge of the transmit/receive clock
and input receive data on the
falling edge
. . 0: LSB first
™
UFORM Bit Order Select Bit 1- MSB first RW

Note:

1. This bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (synchronous serial
interface mode) or 101b (UART mode, 8-bit character length). It should be set to 0 when they are set to
100b (UART mode, 7-bit character length) or 110b (UART mode, 9-bit character length).

Figure 18.6 Registers U7C0 to U10C0
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18. Serial Interface

UARTI Transmit/Receive Control Register 1 (i=0to 6)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| 0 | | | | | | | | U0C1 to U3C1 036Dh, 02EDh, 033Dh, 032Dh 0000 0010b

[ e U4C1 to UBC1 02FDh, 01CDh, 01DDh 0000 0010b

I T T T R T

1 ] ] 1 1 1 1 1

I T T T R T A . - .

I S S B Bit Symbol Bit Name Function RwW

1 ] ] 1 1 1 1 1 . . .

Pl e TE Transmit Enable Bit ¥ Transmission disabled RW

I : Transmission enabled

1 ] ] ] ] 1 ]

Vv v . 0: Data held in the UiTB register

1 ] ] ] ] 1 | Ipp—

b Tl Transmit Buffer Empty Flag | 1\ jata held in the UITB register | <°

1 ] ] ] ] 1

1 ] ] ] ] 1 . H H

S i S RE Receive Enable Bit 0: Reception disabled RW

I 1: Reception enabled

1 ] ] ] ] . . .

[ T I . 0: No data held in the UiRB register

P R Receive Complete Flag | 1. pata held in the UIRB register RO

1 ] ] ]

toror ) . 0: Transmit buffer is empty (Tl = 1)

1 ] ] ]

I R et UilRS goALT'I;TSrZIr; schiinterrupt 1: Transmission is completed RW

i E E (TXEPT =1)

i E i ________________ UIRRM UARTi Continuous Receive | 0: Continuous receive mode disabled RW

H Mode Enable Bit 1: Continuous receive mode enabled

1 ] N . . R . ..

i e UILCH L109|c Inversion Select Bit O: Data is not_lo_glc inverted RW

! U] 1: Data is logic inverted

1

1 J—

e e EEEEEEE R (b7) Reserved Should be written with 0 RW

Note:
1. This bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (synchronous serial

interface mode), 100b (UART mode, 7-bit character length), or 101b (UART mode, 8-bit character length).
Set this bit to 0 when bits SMD2 to SMDO are set to 010b (12C mode) or 110b (UART mode, 9-bit character
length).

Figure 18.7 Registers U0C1 to U6C1

UARTI Transmit/Receive Control Register 1 (i =7 to 10)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
U7C1 to U10C1 01E5h, 01EDh, 40305h, 4030Dh XXXX 0010b

I R T T B

i E i i i i i i Bit Symbol Bit Name Function RW

A e L Transmit Enable Bit 0: Transmission disabled RW

R R 1: Transmission enabled

T T T T A B _ 0: Data held in the UiTB register

i i i i i i ______ T Transmit Buffer Empty Flag 1: No data held in the UiTB register RO

] 1 1 1 1 1

S A S RE Receive Enable Bit 0-Reception disabled RW

T T 1: Reception enabled

1 1 1 1 1

N R . 0: No data held in the UiRB register

E E i i ___________ RI Receive Complete Flag 1: Data held in the UiRB register RO

P — No register bits; should be written with 0 and read as undefined o
(b7-b4) value

Figure 18.8 Registers U7C1 to U10C1
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18. Serial Interface

UART7, UART8 Transmit/Receive Control Register 2

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value

Xofofo] | [ ]|  u7scon 01FOh X000 0000b
R
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
i E i i i i i i Bit Symbol Bit Name Function RW
I N T T R A ) 0: Transmit buffer is empty (Tl = 1)
i E i i i i i - U7IRS ggfrl; ;’;?:;n;ittlnterrupt 1: Transmission is completed RW
T R A R (TXEPT =1)
1 ] 1 1 1 1 1
T R B . 0: Transmit buffer is empty (Tl = 1)
E E i i i i (R UBIRS g?uRrIS ;’;?:;n;ittlnterrupt 1: Transmission is completed RwW
AR (TXEPT = 1)
] ] ] ] I ]
R T N U7RRM UART7 Continuous 0: Continuous receive mode disabled RW
E E i i i Receive Mode Enable Bit | 1: Continuous receive mode enabled
R UARTS Continuous 0: Continuous receive mode disabled
E E i i ___________ UBRRM Receive Mode Enable Bit 1: Continuous receive mode enabled RW
] ] ] ]
1 ] ] ] _ . .
E e S e L ELEL (b6-b4) Reserved Should be written with 0 RW
E ______________________ — No register bit; should be written with 0 and read as undefined .

(b7) value
Figure 18.9 U78CON Register

UART9, UART10 Transmit/Receive Control Register 2

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value

Dofofo] | | | |  u9tocon 40310h X000 0000b
EEEEREE
[} 1 ] ) 1
i [ Bit Symbol Bit Name Function RW
[ T T R T T B - -
(. . 0: Transmit buffer is empty (Tl = 1)
i i E i i E i t--d U9IRS ggﬁzg ;;T:;rr;ittlnterrupt 1: Transmission is completed RW
A A (TXEPT = 1)
1 : : [ : 1 . R
[ . 0: Transmit buffer is empty (T1 = 1)
i i E : i E (N U10IRS g?ﬁl; ()S;rea:tsg:tlt Interrupt 1: Transmission is completed RW
P i P (TXEPT = 1)
[} 1 1 ! ]
| T T B | . . . . L
[ T T B T UART?9 Continuous 0: Continuous receive mode disabled
i E E E i _________ U9RRM Receive Mode Enable Bit | 1: Continuous receive mode enabled | ~'V
i E E i i ___________ U10RRM UART10 Continuous 0: Continuous receive mode disabled RW
oy Receive Mode Enable Bit 1: Continuous receive mode enabled
[ T
[ T —

P T P . i
i l--L (b6-b4) Reserved Should be written with 0 RW
1
] — No register bit; should be written with 0 and read as undefined .
value
b7 |
Figure 18.10 U910CON Register
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UARTI Special Mode Register (i = 0 to 6)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
[0l [ [ Jo] | | ] uUOSMRtoU3SMR 0367h, 02E7h, 0337h, 0327h 0000 0000b
I U4SMR to UBSMR  02F7h, 01C7h, 01D7h 0000 0000b
T T T B T
) ] ] 1 1 ] 1 1
S I e~ . .
I S I Bit Symbol Bit Name Function RW
A A . 0: Mode other than I’C mode
E E E i i E E e IICM I’C Mode Select Bit (" 1+ 2C mode RW
) ] ] 1 1 ] 1
T A N A ABC Arbitration Lost Detection | 0: Update every bit RW
T R R Flag Control 1: Update every byte
) ] ] 1 1 ]
R T T B B 0: Detect STOP condition
[ R T R I 1,2)
b BBS Bus Busy Flag 1 Detect START condition (bus busy) |~V
) ] ] 1 ]
R T T T S a Reserved Should be written with 0 RW
b (b3)
) ] ] 1
T Bus Collision Detect 0: Rising edge of the transmit/receive
i i i R —— ABSCS Sampling Clock Select Bit clock RW
Lo @) 1: Underflow of timer Aj (j =0, 3, 4) @
] ] ]
N N ACSE Transmit Enable Bit Auto- | 0: No auto-reset to zero RW
E E reset to Zero Select Bit ® | 1: Auto-reset to zero at bus collision
E G sss Transmit Start Condition | 0: No relation with RXDi RW
! Select Bit @ 1: Synchronized with RXDi
)
e (b_7) Reserved Should be written with 0 RW
Notes
1. This bit is used in I>°C mode.
2. The BBS bit can only be set to 0. Writing 1 to this bit has no effect.
3. This bit is used in IE mode.
4. UARTO: timer A3 underflow signal, UART1: timer A4 underflow signal
UART2: timer AO underflow signal, UART3: timer A3 underflow signal
UART4: timer A4 underflow signal, UARTS5: timer A3 underflow signal
UARTS6: timer A4 underflow signal
Figure 18.11 Registers UUSMR to U6SMR
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18. Serial Interface

UARTI Special Mode Register 2 (i =0 to 6)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
|9| i | i | . | : | . | . | . | UOSMR2 to U3SMR2 0366h, 02E6h, 0336h, 0326h 0000 0000b
I U4SMR2 to UBSMR2  02F6h, 01C6h, 01D6h 0000 0000b
T R T T B
T T T B B
A Bit Symbol Bit Name Function RW
] ] ] ] I ] ] ] B
] o [rouosesoeamz | Spaietrens | Jrw
bl : P
E E E i E i i ______ csc Clock Synchronization Bit 0: Clock synchronization disabled RW
N A U] 1: Clock synchronization enabled
] 1 1 1 1 1
E E E E i i 0: No wait-state/wait-state cleared
e aat swc SCL Wait Auto Insert Bit @ | 1: Hold the SCLi pin low after the RW
. eighth bit is received
] ] ] 1 1
N .| When an arbitration lost is detected,
E i i i (S ALS (?)DA Output Auto Stop Bit 0: Do not stop the SDAI output RW
A 1: Stop the SDAI output
] 1 1 1
E E E i When a START condition is detected,
I STC UARTi Auto Initialize Bit @ | 0: Do not initialize the circuit RW
P 1: Initialize the circuit
] ] ]
oo 0: Output the transmit/receive clock
i i (SR SWC2 SCL Wait Output Bit 2 at the SCLi pin RW
b 1: Hold the SCLi pin low
] ]
. . 0: Output data
] e e e e (2)
, SDHI SDA Output Stop Bit 1: Stop the output (high-impedance) RW
]
] —
TR (b7) Reserved Should be written with 0 RW
Notes:
1. This bit is used in master mode of °C mode.
2. This bit is used in slave mode of PC mode.

Figure 18.12 Registers UOUSMR2 to U6SMR2
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UARTI Special Mode Register 3 (i =0 to 6)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| | | | | 0 | | | | UOSMR3 to U3SMR3  0365h, 02E5h, 0335h, 0325h 0000 0000b
R U4SMR3 to UBSMR3  02F5h, 01C5h, 01D5h 0000 0000b
I T T N T R B
(I T T T T T
A Bit Symbol Bit Name Function RwW
[ T R B | [ —
R R A R SSE SS Pin Function Enable Bit | 0: Slave select function disabled RW
E E E i i E i 2 1: Slave select function enabled
) ] ] 1 1 ] 1 .
AT A S S A U CKPH Clock-phase Set Bit 0:No clock delay RW
[ A 1: Clock delayed
E E E i i E 0: Select the TXDi/RXDi pin (master
S R S— DINC Serial Input Pin Set Bit mode) RW
I R P 1: Select the STXDi/SRXDi pin (slave
R mode)
) ] ] 1 1
T T I _
A PP e PR Reserved Should be written with 0 RW
A (63)
) ) ) 1
N ) 0: No mode fault detected
E E E ERR Mode Fault Flag 1: Mode fault detected © RW
E E E Based on the count source for the
T S DLO UIBRG register, the SDAI output is RW
Vo delayed as follows:
P b7 b6 b5
E i 0 0 0:No delay
vy SDA. Digital Delay Time 0 0 1:1to2cycles
b DL Set Bit #9 01 0:2t03cycles RW
: 0 1 1:3to4cycles
E 10 0:4to5cycles
' 10 1:5t06cycles
""""""""""" DbL2 11 0:6t07cycles RW
11 1:7to8cycles
Notes:

1. This bit is used in special mode 2.

2. When setting this bit to 1, set the CRD bit in the UiCO register to 1 (CTS function disabled).

3. The ERR bit can only be set to 0. Writing 1 to this bit has no effect.

4. Bits DL2 to DLO in I°C mode generate a digital delay for the SDAI output Set these bits to 000b in all modes

other than I°C mode.
5. When an external clock is selected, a delay of approximately 100 ns is added.

Figure 18.13 Registers UUSMR3 to U6SMR3
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UARTI Special Mode Register 4 (i =0 to 6)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| | | | | | | | | UOSMR4 to U3SMR4 0364h, 02E4h, 0334h, 0324h 0000 0000b
R U4SMR4 to UBSMR4  02F4h, 01C4h, 01D4h 0000 0000b
T T T B T
) ] ] 1 1 ] 1 1
ST S T R T . , -
A Bit Symbol Bit Name Function RW
A A START Condition Generate | 0: Clear
bbb T STAREQ gy 1: Start @ RW
) ] ] 1 1 ] 1
N T T R R R Repeated START 0: Clear
T R RSTAREQ | 0 dition Generate Bit™® 1: Start @ RW
) ] ] 1 ] ]
I T R STOP Condition Generate | 0: Clear
b STPREQ | it 1: Start @ R
P 0: Select serial I/O circuit
O R — STSPSEL | SCL; SPAOUIPULSelect 14, Select START condition/STOP | RW
I condition generation circuit @
) ] ] 1
) 1 1 1
[ T & @) 0: ACK
E E E ACKD ACK Data Bit 1: NACK RW
I ACK Data Output Enable | 0: Serial data output
A ACKC | gitw 1: ACK data output RW
E E When a STOP condition is detected,
I SCLHI SCL Output Stop Bit 0: Do not stop SCLi output RW
E 1: Stop SCLi output
)
! . . 0: No wait-state/wait-state cleared
e swcg | SOt WaitAutolnsert BIt3 | 4. o)y the SCLi pin low after the RW
ninth bit is received

1. This bit is used in master mode of °C mode. It can be set to 1 when the [ICM bit in the UiSMR register is 1
(I>)C mode).

2. This bit becomes 0 when the condition is generated. The setting remains 1 when the condition is
incomplete.

3. Set the STSPSEL bit to 1 after setting the STAREQ, RSTAREQ, or STPREQ bit to 1.

4. This bitis used in slave mode of PC mode. It can be set to 1 when the IICM bit in the UiSMR register is 1
(I>)C mode).

Figure 18.14 Registers UUSMR4 to U6SMR4

UARTi Bit Rate Register (i=0to 10) (.23

b7 b0 Symbol Address Reset Value
| | UOBRG to U3BRG 0369h, 02E9h, 0339h, 0329h Undefined

' U4BRG to U7TBRG  02F9h, 01C9h, 01D9h, 01E1h Undefined

i U8BRG to U10BRG 01E9h, 40301h, 40309h Undefined

1

i Function Setting Range | RW

1

1

_____________ Th? U|BRG register divides the count source by n+1 00h to FFh WO
(n = setting value)

Notes:
1. Set bits CLK1 and CLKO in the UiCO register before rewriting this register.
2. Use the MOV instruction to set this register.
3. Write this register while no data is being transmitted/received.

Figure 18.15 Registers UOBRG to U10BRG

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 252 of 541
Dec 18, 2014



R32C/116A Group

18. Serial Interface

UARTI Transmit Buffer Register (i=0to 10) "
015 b8 b7 b0 Symbol Address Reset Value
UOTB to U2TB  036Bh-036Ah, 02EBh-02EAh, 033Bh-033Ah Undefined
U3TB to USTB  032Bh-032Ah, 02FBh-02FAh, 01CBh-01CAh Undefined
U6TB to USTB  01DBh-01DAh, 01E3h-01E2h, 01EBh-01EAh Undefined
U9TB, U10TB 40303h-40302h, 4030Bh-4030Ah Undefined
Bit Symbol Function RW
(b7-b0) Data (D7 to DO) to be transmitted (e}
(b8) Data (D8) to be transmitted (e}
(b15-b9) No register bits; should be written with 0 —
Note:
1. Use the MOV instruction to set this register.
Figure 18.16 Registers UOTB to U10TB
UARTI Receive Buffer Register (i = 0 to 6)
p15 b8 b7 80 Symbol Address Reset Value
UORB to U2RB 036Fh-036Eh, 02EFh-02EEh, 033Fh-033Eh Undefined
U3RB to USRB 032Fh-032Eh, 02FFh-02FEh, 01CFh-01CEh Undefined
U6RB 01DFh-01DEh Undefined
Bit Symbol Bit Name Function RW
(b7-b0) — Data (D7 to DO) received RO
(b8) — Data (D8) received RO
(b1€b9) No register bits; should be written with 0 and read as 0 —
Arbitration Lost Detection 0: Not detected (win)
ABT Flag (" 1: Detected (lose) RW
OER Overrun Error Flag @ (1J No overrun error occurred RO
: Overrun error occurred
FER Framing Error Flag @3 (1) Eo framing error occurred RO
: Framing error occurred
. 0: No parity error occurred
2,3)
PER Parity Error Flag 1: Parity error occurred RO
SUM Error Sum Flag 23 (1) E‘O error occurred RO
: Error occurred
Notes
1. The ABT bit can only be set to 0.
2. Bits OER, FER, PER, and SUM become 0 when bits SMD2 to SMDO in the UiMR register are set to 000b
(serial interface disabled) or the RE bit in the UiC1 register is set to 0 (reception disabled). When bits OER,
FER, and PER all become 0, the SUM bit also becomes 0. Bits FER and PER become 0 when the lower
byte in the UiRB register is read.
3. When bits SMD2 to SMDO are 001b (synchronous serial interface mode) or 010b (I°C mode), these error
flags are disabled and read as an undefined value.

Figure 18.17 Registers UORB to U6RB
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UARTI Receive Buffer Register (i = 7 to 10)

£15 b8 b7 b0 Symbol Address Reset Value

xxx U7RB, USRB 01E7h-01E6h, 01EFh-01EEh Undefined
P ! U9RB, U10RB 40307h-40306h, 4030Fh-4030Eh Undefined
| I I I I I | 1
E E i E i i i i i Bit Symbol Bit Name Function RW
] 1 1
E i i : (b7:)0) — Data (D7 to DO) received RO
i 0
] 1
E i (b_8) — Data (D8) received RO
]
]
i (b1:b9) No register bits; should be written with 0 and read as 0 —
]
]
! OER Overrun Error Flag () 0: No overrun error occurred RO
1 1: Overrun error occurred
]
] FER Framing Error Flag (2 0: No framing error occurred RO
E 1: Framing error occurred
i PER Parity Error Flag (-2 0: No parity error occurred RO

1: Parity error occurred
SUM Error Sum Flag (-2 0: No error occurred RO
1: Error occurred

1. Bits OER, FER, PER, and SUM become 0 when bits SMD2 to SMDO in the UiMR register are set to 000b
(serial interface disabled) or the RE bit in the UiC1 register is set to 0 (reception disabled). When bits OER,
FER, and PER all become 0, the SUM bit also becomes 0. Bits FER and PER become 0 when the lower
byte in the UiRB register is read.

2. When bits SMD2 to SMDO are 001b (synchronous serial interface mode) or 010b (I°C mode), these error
flags are disabled and read as an undefined value.

Figure 18.18 Registers U7RB to U10RB
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External Interrupt Request Source Select Register 0
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTT 1111 IFsro 4406Fh 0000 0000b
A
T T T T T
E E E i i i i i Bit Symbol Bit Name Function RW
I O R T T R INTO Pin Polarity Select Bit | 0: One edge
E i i i i i i *==1  IFSRO0O Ul 1: Both edges RW
A TNTT Pin Polarity Select Bit | 0: One edge
I T T T IFSRO1 M 1: Both edges RW
) ] ] 1 1 ] pr—
A A N INT2 Pin Polarity Select Bit | 0: One edge
E E E i i IFSRO02 U] 1: Both edges RW
HE A R INT3 Pin Polarity Select Bit | 0: One edge
E E E i ----------- IFSRO3 M 1: Both edges RW
E E E G IESRO4 INTZ Pin Polarity Select Bit | 0: One edge RW
o m 1: Both edges
A INT5 Pin Polarity Select Bit | 0: One edge
e IFSROS 1 1) 1: Both edges RW
b 0: Bus collision, START condition
E E detection, STOP condition detection
[ UARTO/UARTS3 Interrupt in UART3
E IFSRO06 Source Select Bit 1: Bus collision, START condition RW
! detection, STOP condition detection
' in UARTO
]
E 0: Bus collision, START condition
! detection, STOP condition detection
] UART1/UART4 Interrupt in UART4
IFSRO7 Source Select Bit 1: Bus collision, START condition RW
detection, STOP condition detection
in UART1
Note:
1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register to 0 (falling edge) (i = 0 to 5).
Figure 18.19 IFSRO Register
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External Interrupt Request Source Select Register 1

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
IFSR1 4406Dh XO0XX X000b

Vb

S

bbb 411 | Bit Symbol Bit Name Function RW

[ TR O . .

A INT6 Pin Polarity Select Bit | 0: One edge

E ! E . P IFSR10 | ) 1: Both edges RW

] ] 1 1 ] 1 —

N INT7 Pin Polarity Select Bit | 0: One edge

: E E i i : ' IFSR11 Q) 1: Both edges RW

' ] 1 I 1

oo I N INT8 Pin Polarity Select Bit | 0: One edge

E E bl IFSR12- o) 1: Both edges RW

1 1
E E :___I___I ___________ — No register bits; should be written with 0 and read as undefined .
v (b5-b3) value
1

i i 0: Bus collision, START condition

H E detection, STOP condition detection

P! UART5/UARTS Interrupt in UART5

; A IFSR16 Source Select Bit 1: Bus collision, START condition RW

! detection, STOP condition detection

! in UART6

)

. — No register bit; should be written with 0 and read as undefined .

(b7) value
Note:
1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register (i = 6 to 8) to O (falling edge).
Figure 18.20 IFSR1 Register
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18.1 Synchronous Serial Interface Mode

The synchronous serial interface mode allows data transmission/reception synchronized with the
transmit/receive clock. Table 18.2 lists specifications of synchronous serial interface mode.

Table 18.2 Synchronous Serial Interface Mode Specifications

ltem Specification
Data format 8-bit character length
Transmit/receive clock | « The CKDIR bit in the UiMR register is 0 (internal clock) (i = 0 to 10):
fx

1) fx =11, 18, f2n; m: UiBRG register setting value, 00h to FFh

» The CKDIR bit is 1 (external clock): input to the CLKi pin
Transmit/receive control |CTS function enabled, RTS function enabled, or CTS/RTS function disabled

Transmit start conditions | The conditions for starting data transmission are as follows (1):

* The TE bit in the UiC1 register is 1 (fransmission enabled)

» The Tl bit in the UiC1 register is 0 (data held in the UiTB register)

* Input level at the CTSi pin is low when the CTS function is selected

Receive start conditions |The conditions for starting data reception are as follows (1):
* The RE bit in the UiC1 register is 1 (reception enabled)
* The TE bit in the UiC1 register is 1 (fransmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
+ Input level at the CTSi pin is low when the CTS function is selected
Interrupt request In transmit interrupt, one of the following conditions can be selected by setting
generating timing the UIIRS bit in registers U0OC1 to U6C1, U78CON, and U910CON:
* The UIIRS bit is 0 (transmit buffer is empty):
when data is transferred from the UiTB register to the UARTi transmit shift
register (when the transmission has started)
* The UiIRS bit is 1 (transmission is completed):
when data transmission from the UARTi transmit shift register is completed
In receive interrupt,
* When data is transferred from the UARTI receive shift register to the UiRB
register (when the reception is completed)
Error detection Overrun error (2)
This error occurs when the seventh bit of the next data is received before the
UiRB register is read
Other functions * CLK polarity
Rising or falling edge of the transmit/receive clock for output and input of
transmit/receive data
« Bit order selection
LSB first or MSB first
« Continuous receive mode
Data reception is enabled by a read access to the UiRB register
« Serial data logic inversion (UARTO to UART®6)
This function logically inverses transmit/receive data

Notes:
1. When selecting an external clock, the following preconditions should be met:
* The CLKi pin is held high when the CKPOL bit in the UiCO register is set to 0 (transmit data output
on the falling edge of the transmit/receive clock and receive data input on the rising edge).
* The CLKi pin is held low when the CKPOL bit is set to 1 (transmit data output on the rising edge of
the transmit/receive clock and receive data input on the falling edge).
2. The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does
not change to 1 (interrupt requested).
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Tables 18.3 and 18.4 list register settings. When UARTI operating mode is selected, a high is output at the
TXDi pin until transmission starts (the TXDi pin is high-impedance when the N-channel open drain output
is selected) (i = 0 to 10).

Figures 18.21 and 18.22 show examples of transmit and receive operations in synchronous serial
interface mode, respectively.

Table 18.3  Register Settings in Synchronous Serial Interface Mode (for UARTO to UART6)
Register Bits Function
UiIMR (b7 to b4) Set the bits to 0000b
CKDIR Select either an internal clock or external clock
SMD2 to SMDO Set the bits to 001b
uUiCo UFORM Select either LSB first or MSB first
CKPOL Select a transmit/receive clock polarity
(b5) Set the bit to 0
CRD Select CTS function enabled or disabled
TXEPT Transmit shift register empty flag
(b2) Set the bit to 0
CLK1 and CLKO Select a count source for the UIBRG register
UiC1 (b7) Set the bitto 0
UiLCH Set the bit to 1 to use logic inversion
UiRRM Set the bit to 1 to use continuous receive mode
UiIRS Select a source for the UARTI transmit interrupt
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
UiSMR — Set the bits to 00h
UiSMR2 — Set the bits to 00h
UiSMR3 — Set the bits to 00h
UiSMR4 — Set the bits to 00h
UiBRG — Set the divide ratio according to the bit rate
IFSO IFS06 Select input pins for CLK3, RXD3, and CTS3
IFS03 and IFS02 Select input pins for CLK6, RXD6, and CTS6
uiTB (b7 to b0) Set the data to be transmitted
UiRB OER Overrun error flag
(b7 to b0) Received data is read
i=0to6
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Table 18.4  Register Settings in Synchronous Serial Interface Mode (for UART7 to UART10)
Register Bits Function
UiIMR (b7 to b4) Set the bits to 0000b
CKDIR Select an internal clock or external clock
SMD2 to SMDO Set the bits to 001b
uiCo UFORM Select either LSB first or MSB first
CKPOL Select a transmit/receive clock polarity
(b5) Set the bit to 0
CRD Select CTS function enabled or disabled
TXEPT Transmit shift register empty flag
(b2) Set the bit to 0
CLK1 and CLKO Select a count source for the UIBRG register
UiC1 (b7 to b4) Set the bits to 0000b
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
U78CON (b7 to b4) Set the bits to 0000b
UiRRM Set the bit to 1 to use continuous receive mode
UiIRS Select an interrupt source for UARTI transmit
U910CON  |UiRRM Set the bit to 1 to use continuous receive mode
UiIRS Select an interrupt source for UARTI transmit
IFSO IFS05 Select input pins for CLK7, RXD7, and CTS7
IFS04 Select input pins for CLK8, RXD8, and CTS8
IFS3 IFS35 Select input pins for CLK10, RXD10, and CTS10
IFS34 Select input pins for CLK9, RXD9, and CTS9
UiBRG — Set the divide ratio according to the bit rate
UiTB (b7 to b0) Set the data to be transmitted
UiRB OER Overrun error flag
(b7 to b0) Received data can be read
i=7t010
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Transmit timing (when selecting an internal clock)
TC

AT AL LU

Data is set to the UiTB register | |

Data is transferred from the UiTB register
$to the UARTI transmit shift register

| L
e el L

'Pulse stops because the TE bit is set to 0

o B 00,000,006 0.0,00.006.0 82 50000000

5o egiser l | [

IR bit in the |—| |_| I_I
SiTIC register
T \ e
Set to 0 by accepting an interrupt or by a program

This figure applies under the following conditions:

- The CKDIR bit in the UiMR register is 0 (internal clock).

- The CRD bit in the UiCO register is 0 (CTS function enabled).

- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/receive clock).

- The UiIRS bit in registers UiC1, U78CON, and U910CON is 0 (an interrupt request is generated when the transmit

buffer is empty).

Internal transmit/
receive clock

TE bit in the
UiC1 register

Tl bit in the
UiC1 register

CTSi

e

<

—

TC = TCLK =2(m + 1)/fx
fx: UIBRG count source frequency (f1, 8, or f2n)
m: Value setting in the UIBRG register

Figure 18.21 Transmit Operation in Synchronous Serial Interface Mode
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Receive timing (when selecting an external clock)

RE bit in the
UiC1 register —

TE bitin the . . .
UiC1 register | Dummy data is set to the UiTB register

k/ l \
Tl bit in the —| —I—I—I—I
UiC1 register

The data is transferred from the UiTB register to the UARTI transmit shift register

RTSI H L|

1fEXT
"«

i himmhih i i

| Input of receive data |

RXDI RORRGEEE( DeeEEERE( DROEEEEEE

The data is transferrqd from the UARTI receive shift register to the UiRB registér

Jri \

Rl bit in the _|

UiC1 register

IR bit in the —| The UiRB register is read
SiRIC register

O_ER bit if‘ the Set to 0 by accepting an interrupt request or by a program
UiRB register

This figure applies under the following conditions:
- The CKDIR bit in the UiMR register is 1 (external clock).
- The CKPOL bit in the UiCO register is 0 (input receive data on the rising edge of the transmit'receive clock).

fEXT: External clock frequency

The following conditions should be met while an input level at the CLKi pin before receiving data is high
- The TE bit in the UiC1 register is 1 (transmission enabled).
- The RE bit in the UiC1 register is 1 (reception enabled).
- Write of dummy data to the UiTB register.

Figure 18.22 Receive Operation in Synchronous Serial Interface Mode
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18.1.1 Reset Procedure on Transmit/Receive Error
When a transmit/receive error occurs in synchronous serial interface mode, follow the procedures
below to perform a reset:

(1) Set the TE bit to 0 (transmission disabled) and the RE bit to 0 (reception disabled) in the UiC1
register (i = 0 to 10).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO0 to 001b (synchronous serial interface mode).

(4) Set the TE bit to 1 (transmission enabled) and the RE bit to 1 (reception enabled) in the UiC1

register.

18.1.2 CLK Polarity

As shown in Figure 18.23, the polarity of the transmit/receive clock is selected using the CKPOL bit in
the UiCO register (i = 0 to 10).

(A) When the CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the
transmit/receive clock and input receive data on the rising edge)

| \
TXDi XDOXD1X2?_XD3XD4XD5XD6XD7
RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

Notes:
1. The CLKi pin is held high when no data is transmitted/received.
2. This figure applies under the following conditions:
- The UFORM bit in the UiCO register is 0 (LSB first).
- The UiLCH bit in the UiC1 register is 0 (data is not logic inverted).

(B) When the CKPOL bit in the UiCO register is 1 (output transmit data on the rising edge of the
transmit/receive clock and input receive data on the falling edge)

| \
TXDi XDOXD1X2?_XD3XD4XD5XD6XD7
RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

Notes:
3. The CLKi pin is held low when no data is transmitted/received.
4. This figure applies under the following conditions:
-The UFORM bit in the UiCO register is 0 (LSB first).
-The UILCH bit in the UiC1 register is 0 (data is not logic inverted).

Figure 18.23 Transmit/Receive Clock Polarity (i = 0 to 10)

RO1UH0213EJ0120 Rev.1.20 RENESAS Page 262 of 541
Dec 18, 2014



R32C/116A Group 18. Serial Interface

18.1.3 LSB First and MSB First Selection
As shown in Figure 18.24, the bit order is selected by setting the UFORM bit in the UiCO register (i =0
to 10).

(A) When the UFORM bit in the UiCO register is 0 (LSB first)

TXDi X o X b1 X D2 X D3 X D4 X D5 X D6 X D7
RXDi X o X b1 X D2 X D3 X D4 X D5 X D6 X D7

Note:
1. This figure applies under the following conditions:
- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/
receive clock and input receive data on the rising edge).
- The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted).

(B) When the UFORM bit in the UiCO register is 1 (MSB first)

TXDi X b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO
RXDi X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

2. This figure applies under the following conditions:
- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/
receive clock and input receive data on the rising edge).
- The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted).

Figure 18.24 Bit Order (i =0 to 10)

18.1.4 Continuous Receive Mode

In continuous receive mode, data reception is automatically enabled by a read access to the receive
buffer register without writing dummy data to the transmit buffer register. To start data reception,
however, dummy data is required to read the receive buffer register.

When the UiRRM bit in registers UOC1 to U6C1, the U78CON register, and the U910CON register is
set to 1 (continuous receive mode enabled), the Tl bit in the UiC1 register becomes 0 (data held in the
UiTB register) by a read access to the UiRB register (i = 0 to 10). In this UIRRM bit setting, no dummy
data should be written to the UiTB register.

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 263 of 541
Dec 18, 2014



R32C/116A Group 18. Serial Interface

18.1.5 Serial Data Logic Inversion

When the UIiLCH bit in the UiC1 register is 1 (data is logic inverted), the logical value written in the UiTB
register is inverted before being transmitted (i = 0 to 6). The UiRB register is read as logic-inverted
receive data. Figure 18.25 shows the logic inversion of serial data.

(A) When the UIiLCH bit in the UiC1 register is 0 (data is not logic inverted)

TXDi X po X b1 X p2 ¥ D3 X D4 X D5 X D6 X D7

(B) When the UILCH bit in the UiC1 register is 1 (data is logic inverted)

TXDi X Do X DT X D2 X D3 X D4 X D5 X D6 X D7

Note:
1. This figure applies under the following conditions:
- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/receive
clock and input receive data on the rising edge).
- The UFORM bit is O (LSB first).

Figure 18.25 Serial Data Logic Inversion (i = 0 to 6)

18.1.6 CTS/RTS Function

CTS function controls data transmission using the CTSi/RTSi pin (i = 0 to 10). When an input level at
the pin becomes low, data transmission starts. If the input level changes to high during transmission,
the transmission of the next data is stopped after the last bit is transmitted.

In synchronous serial interface mode, the transmitter is required to operate even during the receive
operation. If CTS function is enabled, the input level at the CTSi/RTSi pin should be low to start data
reception as well.

RTS function indicates receiver status using the CTSi/RTSi pin. When data reception is ready, the
output level at the pin becomes low. It becomes high on the first falling edge of the CLKi pin.
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18.2 Asynchronous Serial Interface Mode (UART Mode)

The UART mode enables data transmission/reception synchronized with an internal clock generated by a
trigger on the falling edge of the start bit. Table 18.5 lists specifications of UART mode.

Table 18.5 UART Mode Specifications

Item Specification

Data format « Start bit: 1-bit

+ Data bit (data character): 7-bit, 8-bit, or 9-bit
* Parity bit: odd, even, or none

« Stop bit: 1-bit or 2-bit

Transmit/receive clock  The CKDIR bit in the UiMR register is 0 (internal clock) (i = 0 to 10):
fx _ o . .
—16(’" - fx =11, 18, f2n; m: UIBRG register setting value, 00h to FFh
» The CKDIR bit is 1 (external clock)
fEXT . .

——16(m y JEXT: Clock applied to the CLKi pin
Transmit/receive control CTS function enabled, RTS function enabled, or CTS/RTS function disabled
Transmit start conditions The conditions for starting data transmission are as follows:

» The TE bit in the UiC1 register is 1 (transmission enabled)
» The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
* Input level at the CTSi pin is low when CTS function is selected

Receive start conditions The conditions for starting data reception are as follows:
» The RE bit in the UiC1 register is 1 (reception enabled)
* The start bit is detected

Interrupt request generating |In transmit interrupt, one of the following conditions can be selected by setting the UilRS

timing bit in registers UOC1 to U6C1, the U78CON register, and the U910CON register:

* The UiIRS bit is 0 (transmit buffer is empty):
when data is transferred from the UiTB register to the UARTi transmit shift register
(when the transmission has started)

» The UiIRS bit is 1 (transmission is completed):
when data transmission from the UARTi transmit shift register is completed

In receive interrupt,

* When data is transferred from the UARTI receive shift register to the UiRB register
(when reception is completed)

Error detection « Overrun error (1)
This error occurs when 1 bit prior to the stop bit (when 1 stop bit length is selected) or
the first stop bit (when 2 stop bit length is selected) of the next data is received before
the UiRB register is read

* Framing error
This error occurs when the required number of stop bits is not detected

* Parity error
This error occurs when an even number of 1’s in parity and character bits is detected
while the odd number is set, or vice versa. The parity should be enabled

* Error sum flag
This flag becomes 1 when any of overrun error, framing error, or parity error occurs

Other functions * Bit order selection
LSB first or MSB first

» Serial data logic inversion
This function logically inverses transmit/receive data. The start bit and stop bit are not
inverted

» TXD/RXD 1/O polarity switching
The output level from the TXD pin and the input level to the RXD pin are inverted. All
I/O levels are inverted

Note:
1. The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does
not change to 1 (interrupt requested).
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Tables 18.6 and 18.7 list register settings. When UARTI operating mode is selected, a high is output at the
TXDi pin until transmission starts (the TXDi pin is high-impedance when the N-channel open drain output
is selected) (i = 0 to 10). Figures 18.26 and 18.27 show examples of transmit operations in UART mode.
Figure 18.28 shows an example of receive operation.

Table 18.6  Register Settings in UART Mode (UARTO to UART®6)
Register Bits Function
UiMR IOPOL Select I/O polarity of pins TXD and RXD
PRY and PRYE Select parity enabled or disabled, and odd or even
STPS Select a stop bit length
CKDIR Select an internal clock or external clock
SMD2 to SMDO Set the bits to 100b in 7-bit character length
Set the bits to 101b in 8-bit character length
Set the bits to 110b in 9-bit character length
uiCo UFORM Select LSB first or MSB first in 8-bit character length. Set the bit
to 0 in 7-bit or 9-bit character length
CKPOL Set the bitto 0
(b5) Set the bitto 0
CRD Select CTS function enabled or disabled
TXEPT Transmit shift register empty flag
(b2) Set the bitto 0
CLK1 and CLKO Select a count source for the UiBRG register
uiC1 (b7) Set the bitto 0
UiLCH Set the bit to 1 to use logic inversion
UiRRM Set the bitto 0
UiIRS Select an interrupt source for UARTI transmission
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission
UiSMR — Set the bits to 00h
UiSMR2 |— Set the bits to 00h
UiSMR3 |— Set the bits to 00h
UiSMR4 |— Set the bits to 00h
UiBRG — Set the divide ratio according to the bit rate
IFSO IFS06 Select input pins for CLK3, RXD3, and CTS3
IFS03 and IFS02 Select input pins for CLK6, RXD6, and CTS6
uiTB (b8 to b0) Set the data to be transmitted (1)
UiRB OER, FER, PER, and SUM |Error flag
(b8 to b0) Received data is read (1)
i=0to 6
Note:

1. The bits used are as follows: 7-bit character length: bits 6 to 0
8-bit character length: bits 7 to 0
9-bit character length: bits 8 to 0
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Table 18.7 Register Settings in UART Mode (UART7 to UART10)
Register Bits Function
UiMR (b7) Set the bit to 0
PRY and PRYE Select parity enabled or disabled, and odd or even
STPS Select a stop bit length
CKDIR Select an internal clock or external clock
SMD2 to SMDO Set the bits to 100b in 7-bit character length
Set the bits to 101b in 8-bit character length
Set the bits to 110b in 9-bit character length
UiCo UFORM Select LSB first or MSB first in 8-bit character length. Set the bit
to 0 in 7-bit or 9-bit character length
CKPOL Set the bitto 0
(b5) Set the bit to 0
CRD Select CTS function enabled or disabled
TXEPT Transmit shift register empty flag
(b2) Set the bit to 0
CLK1 and CLKO Select a count source for the UIBRG register
UiC1 (b7 to b4) Set the bits to 0000b
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission
U78CON (b7 to b4) Set the bits to 0000b
UiRRM Set the bitto 0
UiIRS Select an interrupt source for UARTI transmission
U910CON [UiRRM Set the bit to 0
UiIRS Select an interrupt source for UARTI transmission
UIBRG — Set the divide ratio according to the bit rate
IFSO IFS05 Select input pins for CLK7, RXD7, and CTS7
IFS04 Select input pins for CLK8, RXD8, and CTS8
IFS3 IFS35 Select input pins for CLK10, RXD10, and CTS10
IFS34 Select input pins for CLK9, RXD9, and CTS9
UiTB (b8 to b0) Set the data to be transmitted (1)
UiRB OER, FER, PER, and SUM |Error flag
(b8 to b0) Received data is read (1)
i=7t010
Note:

1. The bits used are as follows: 7-bit character length: bits 6 to 0
8-bit character length: bits 7 to O
9-bit character length: bits 8 to 0
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Example of data transmit timing when the character length is 8-bit (parity enabled, 1 stop bit)

The transmit clock stops because the input level at the CTSi pin is high
when the stop bit state is verified. It resumes running as soon as bow is

verified
TC
Internal transmit

'
ook U AL AL LA

T

=)
=
>

TE bit in the - - -
UiC1 register J /Data is set to the UiTB reglstl‘ |
Tibitinthe UiC1 ~ — A/—|l \\—| —
it in the Ui
register u
\ ) A+ ) Pulse stops becau‘se the T!
Data is transferred from the UiTB register to

setto 0
the UARTI transmit shift register /

TS L | |
TXDI T \EORRRMREEY F \REERREE)

TXEPT bit in the —
UiCO register L

IR bit in the ‘
SiTIC register N 5

Set to 0 by accepting an interrupt or by a program

[72]

P s7/00)

ST: Start bit
P: Parity bit
This figure applies under the following conditions: SP: Stop bit
- The PRYE bit in the UiMR register is 1 (parity enabled).
- The STPS bit in the UiIMR register is 0 (1 stop bit).
- The CRD bit in the UiCO register is 0 (CTS function enabled).
- The UiIRS bit in the UiC1 register is 1 (an interrupt request is generated when transmission is comepleted).

TC=16 (m+1)/fxor16 (m+ 1)/ fEXT
fx: UIBRG count source frequency (f1, f8, or f2n)
fEXT: UiBRG count source frequency (external clock)
m: Value set in the UiBRG register

Figure 18.26 Transmit Operation in UART Mode (1/2) (i = 0 to 10)

RO1UH0213EJ0120 Rev.1.20 T{ENESAS Page 268 of 541
Dec 18, 2014



R32C/116A Group

18. Serial Interface

Internal transmit
clock

o

TC

LA

i

Example of data transmit timing when the character length is 9-bit (parity disabled, 2 stop bits)

TE bit in the
UiC1 register

i

b

Tl bit in the
UiC1 register

TXDi

TXEPT bitin the
UiCO register

IR bit in the
SiTIC register

Data is set to the UiTB register
v l i

UL

— |

4
\ Data is transferred from th

e UiTB register to

the UARTI transmit shift re:

SRCIRICEI NN o

Y

|

—

A

gister setto 0

I
Pulse stops because the TE bit is

v

STANONHKENoNorH =

Y

]

[ ]

~
Set to 0 by accepting an interrup

This figure applies under the following conditions:
- The PRYE bit in the UiMR register is 0 (parity disabled).
- The STPS bit in the UiMR register is 1 (2 stop bits).
- The CRD bit in the UiCO0 register is 1 (CTS function disabled).
- The UiIRS bit in the UiC1 register is 0 (an interrupt request is generated when the transmit buffer is empty).

TC=16(m+1)/fxor 16 (m + 1)/ fEXT
fx: UiIBRG count source frequency (f1, f8, or f2n)
fEXT: UiBRG count source frequency (external clock)
m: Value set in the UiBRG register

/V
t or by a program

ST: Start bit
P: Parity bit
SP: Stop bit

Figure 18.27 Transmit Operation in UART Mode (2/2) (i = 0 to 10)
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RE bit in the
UiC1 register

RXDi

Internal
receive clock

RI bit in the
UiC1 register

RTSi

IR bit in the

UiBRG output

LN iy

Example of data receive timing when the character length is 8-bit (parity disabled, 1 stop bit)

muwwwwwwuuw

Start bit; D X o1|| o7 Y Stop bit \_

A

b
Data reception starts when the receive clock is
generated on the falling edge of the start bit

! |

Low is reverified

Input of receive data

Data is transferred from the UARTI receive shift register to the UiRB registe’r‘
11

SIRIC register

The UiRB register is

I

read

1

It becomes low when the UiRB register is read

Il

%

=

This figure applies under the following conditions:
- The PRYE bit in the UIMR register is 0 (parity disabled).
- The STPS bit in the UiMR register is 0 (1 stop bit).

Set to 0 by accepting an interrupt request or by a program

/

Figure 18.28 Receive Operation in UART Mode (i = 0 to 10)

18.2.1

Bit Rate

In UART mode, the bit rate is a clock frequency which is divided by a setting value of the UiBRG
register and again divided by 16 (i = 0 to 10). Table 18.8 lists an example of bit rate setting.

Table 18.8  Bit Rate Setting
Peripheral Clock: 30 MHz Peripheral Clock: 32 MHz
. Count Source of - - - -
Bit Rate (bps) UIBRG Setting value of | Actual bit rate | Setting value of | Actual bit rate
UBRG: n (bps) UIBRG: n (bps)
1200 f8 194 (C2h) 1202 207 (CHh) 1202
2400 f8 97 (61h) 2392 103 (67h) 2404
4800 f8 48 (30h) 4783 51 (33h) 4808
9600 f1 194 (C2h) 9615 207 (CFh) 9615
14400 f1 129 (81h) 14423 138 (8Ah) 14388
19200 f1 97 (61h) 19133 103 (67h) 19231
28800 f1 64 (40h) 28846 68 (44h) 28986
31250 f1 59 (3Bh) 31250 63 (3Fh) 31250
38400 f1 48 (30h) 38265 51 (33h) 38462
51200 f1 36 (24h) 50676 38 (26h) 51282
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18.2.2 Reset Procedure on Transmit/Receive Error
When a transmit/receive error occurs in UART mode, follow the procedure below to perform a reset:

(1) Set the TE bit to 0 (transmission disabled) and the RE bit to 0 (reception disabled) in the UiC1
register (i = 0 to 10).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set again bits SMD2 to SMDO to either of 001b, 101b, or 110b.

(4) Set the TE bit to 1 (transmission enabled) and the RE bit to 1 (reception enabled) in the UiC1
register.

18.2.3 LSB First and MSB First Selection

As shown in Figure 18.29, the bit order is selected by setting the UFORM bit in the UiCO register (i = 0
to 10). This function is available when the character length is 8-bit.

(A) When the UFORM bit in the UiCO register is 0 (LSB first)

Tx0i  \ sT {po X b1 X D2YD3YDa)YD5Y0oeYXD7Y P Ysp
RxDi  \ ST {po X b1 X b2 Y D3 ) D4 p5YoeYXborY P Ysp

(B) When the UFORM bit in the UiCO register is 1 (MSB first)

T™x0i  \ sT { b7 X pe X\ D5 X D4 X D3 X D2 ¥ D1 XpoYX P YsP
RxDi  \ ST { b7 X b6 X\ b5 X D4 X D3 X D2 X o1 X bo X P Y sP

Note:
1. This figure applies under the following conditions: ST: Start bit
- The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted). P: Parity bit
- The STPS bit in the UiMR register is 0 (1 stop bit). SP: Stop bit

- The PRYE bit is 1 (parity enabled).

Figure 18.29 Bit Order (i =0 to 10)
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18.2.4 Serial Data Logic Inversion

When the UILCH bit in the UiC1 register is 1 (data is logic inverted), the logical value written in the UiTB
register is inverted before being transmitted (i = 0 to 6). The UiRB register is read as logic-inverted
receive data. The parity bit is not inverted. Figure 18.30 shows the logic inversion of serial data.

(A) When the UIiLCH bit in the UiC1 register is 0 (data is not logic inverted)

TXDi —\ST/<DOXD1XDZXDSXD4XD5XD6XD7XP>/SP

(not logic inverted)

(B) When the UILCH bit in the UiC1 register is 1 (data is logic inverted)

oLk S 5
;Il?)(glgji(i:inverted) \STKD_OXWXEXWXWXD_SXWXWXPYSP

) ST: Start bit
Note: _ _ N P: Parity bit

1. This figure applies under the following conditions: SP: Stop bit
- The UFORM bit in the UiCO register is 0 (LSB first). ’
- The STPS bit in the UiMR register is 0 (1 stop bit).
- The PRYE bitis 1 (parity enabled).

Figure 18.30 Serial Data Logic Inversion (i = 0 to 6)
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18.2.5 TXD and RXD I/O Polarity Inversion

The output level at the TXD pin and the input level at the RXD pin are inverted by this function. All I/O
data levels, including the start bit, stop bit, and parity bit are inverted by setting the IOPOL bit in the
UiMR register to 1 (inverted) (i = 0 to 6). Figure 18.31 shows TXD and RXD I/O polarity inversion.

(A) When the IOPOL bit in the UiIMR register is 0 (not inverted)

CLKi
T(i](giinverted) \ ST/<D0><D1 XDZXD3XD4XD5XD6XD7X P >/SP
Tr)](giinverted) \ ST/<D0><D1 XDZXD3XD4XD5XD6XD7X P >/SP

(B) When the IOPOL bit in the UIMR register is 1 (inverted)

CLKi

e ENED € €2 €3 €3 6D €3 €2 B
(inverted) _/ sT D0 X DT X D2 X B3 X D% X D5 X D6 X D7 X P ) SP
Note: ST: Start bit
1. This figure applies under the following conditions: P: Parity bi_t
- The UFORM bit in the UiCO0 register is 0 (LSB first). SP: Stop bit

- The STPS bit in the UiMR register is 0 (1 stop bit).
- The PRYE bit is 1 (parity enabled).

Figure 18.31 TXD and RXD I/O Polarity Inversion (i = 0 to 6)

18.2.6 CTS/RTS Function

CTS function controls data transmission using the CTSi/RTSi pin (i = 0 to 10). When an input level at
the pin becomes low, data transmission starts. If the input level changes to high during transmit
operation, transmission of the next data is stopped.

RTS function indicates receiver status using the CTSiI/RTSi pin. When the MCU is ready to receive
data, the output level at the pin becomes low. It becomes high on the first falling edge of the CLKi pin.
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18.3 Special Mode 1 (12C Mode)

This mode uses an |12C-typed interface for communication. Table 18.9 lists specifications of the I2C mode.

Table 18.9  12C Mode Specifications

ltem Specification
Data format 8-bit character length
Transmit/receive clock In master mode
* The CKDIR bit in the UiMR register is 0 (internal clock) (i = 0 to 6):
Jx -
D) fx=1f1,18, f2n

m: UiBRG register setting value, 00h to FFh
In slave mode
* The CKDIR bitis 1 (external clock): input to the SCLi pin

Transmit start conditions The conditions for starting data transmission are as follows (1):
* The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
Receive start conditions The conditions for starting data reception are as follows (1):
* The RE bit in the UiC1 register is 1 (reception enabled)
* The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
Interrupt request generating | « START condition is detected
timing + STOP condition is detected
* ACK (acknowledge) is detected, or reception is completed
* NACK (not-acknowledge) is detected, or transmission is completed
Error detection Overrun error (2)
This error occurs when the eighth bit of the next data is received before the
UiRB register is read
Other functions * Arbitration lost
Update timing of the ABT bit in the UiRB register can be selected
» SDA.i digital delay
No digital delay or two to eight cycles of digital delay of UIBRG count
source
* Clock phase setting
Clock delayed or no clock delay

Notes:
1. When an external clock is selected, the conditions should be met while the external clock signal is
held high.
2. The UIiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does
not change to 1 (interrupt requested).

Table 18.10 lists register settings in 12C mode, and Tables 18.11 and 18.12 list I2C mode functions. Figure

18.32 shows a block diagram of 12C mode, and Figure 18.33 shows timings for the transfer to the UiRB
register and the interrupt (i = 0 to 6).

As shown in Tables 18.11 and 18.12, UARTI enters this mode when bits SMD2 to SMDO in the UiMR
register are set to 010b, and the IICM bit in the UiSMR register is set to 1 (i = 0 to 6). Since a transmit
signal at the SDA. pin is output via the delay circuit, it changes after the SCLi pin is stably held low.
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SDAI

)

Noise
filter

ACKD

SCLi O—‘—L

IICM ; ["Delay
circuit

Transmit

circuit

Arbitration lost

NACK

1 IICM
° Receive
0l &2 circuit
START condition _
— detector
Bus
S
R busy
STOP condition r
-— detector

STSPSEL
1

L START condition/

STOP condition
generator

DMA transfer request
(interrupt request by
UARTI transmission)

Interrupt request by
UARTI transmission
or NACK

Interrupt request by
UARTI reception,
ACK interrupt, or
DMA transfer request

Interrupt request by bus collision,
START condition detected, or
STOP condition detected

Bus collision detection (IE mode)

| oth bit

Clock
N N‘oise L licm control
filter o| [ Falling edge of the 8th bit
| Noise
filter —— SWC
CLKi O J\’}
IICM: Bit in the UiSMR register
IICM2, SWC, ALS, SWC2, and SDHI: Bits in the UiSMR2 register
STSPSEL, ACKD, and ACKC: Bits in the UiSMR4 register
Figure 18.32 12C Mode Block Diagram (i = 0 to 6)
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Table 18.10 Register Settings in I2C Mode (i = 0 to 6)

Register Bits Function
Master | Slave
UiIMR IOPOL Set the bit to 0
(b6 to b4) Set the bits to 000b
CKDIR Set the bit to 0 [ Set the bit to 1
SMD2 to SMDO |Set the bit to 010b
uico (b7 to b4) Set the bits to 1001b
TXEPT Transmit shift register empty flag
(b2) Set the bit to 0
CLK1 and CLKO |Select a count source for the UiBRG register Disabled
uic1 (b7 to b5) Set the bits to 000b
UiIRS Set the bit to 1
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
UiSMR (b7 to b3) Set the bits to 00000b
BBS Bus busy flag
ABC Select an arbitration lost detection timing Disabled
IICM Set the bit to 1
UiSMR2 |(b7) Set the bit to 0
SDHI Set the bit to 1 to disable the SDA output
SWC2 Set the bit to 1 to hold the SCL output at a forcible low
STC Set the bitto 0 Set the bit to 1 to reset UARTIi by
detecting the START condition
ALS Set the bit to 1 to stop the output at the SDAI pin to detect an Set the bitto 0
arbitration lost
SWC Set the bit to 1 to hold a low output at the SCLi pin after receiving the eighth bit of the clock
CSC Set the bit to 1 to enable clock synchronization Set the bitto 0
1ICM2 Refer to Tables 18.11 and 18.12
UiSMR3 |DL2to DLO Set the digital delay value of SDAI
(b4 to b2) Set the bit to 000b
CKPH Refer to Tables 18.11 and 18.12
SSE Set the bit to 0
UiSMR4 |SWC9 Set the bitto 0 Set the bit to 1 to hold a low
output at the SCLi pin after
receiving the ninth bit of the clock
SCLHI Set the bit to 1 to stop the SCL output to detect STOP condition Set the bitto 0
ACKC Set the bit to 1 for ACK data output
ACKD Select ACK or NACK
STSPSEL Set the bit to 1 when any condition is output Set the bitto 0
STPREQ Set the bit to 1 to generate a STOP condition Set the bitto 0
RSTAREQ Set the bit to 1 to generate a repeated START condition Set the bit to 0
STAREQ Set the bit to 1 to generate a START condition Set the bit to 0
UiBRG — Set the divide ratio according to the bit rate Disabled
IFSRO IFSR06 and Select a UART as interrupt source
IFSRO7
IFSR1 IFSR16 Select a UART as interrupt source
IFSO IFS06 Select input pins for SCL3 and SDA3
IFS03 and IFS02 | Select input pins for SCL6 and SDA6
uiTB (b8) Set the bit to 1 when transmitting. Set the bit to the value of the ACK bit when receiving
(b7 to b0) Set the data to be transmitted when transmitting. Set the register to FFh when receiving
UiRB OER Overrun error flag
ABT Arbitration lost detection flag |Disabled
(b8) DO is loaded immediately after a receive interrupt occurs. ACK or NACK is loaded after a transmit
interrupt occurs
(b7 to b0) D7 to D1 are read immediately after a receive interrupt occurs. D7 to DO are read after a transmit
interrupt occurs
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Table 18.11 12C Mode Functions (i = 0 to 6) (1/2)
Synchronous 12C Mode (SMD2 to SMDO are 010b, [ICM is 1)
Serial Interface IICM2is 0 IICM2 is 1
F . Mode (ACK/NACK interrupt) (Transmit/receive interrupt)
unction SMD2 to SMDO
( 0 CKPHis 0 | CKPH is 1 . .
are 001b, (No clock (Clock CKPH is 0 CKPH is 1
IICM is 0) delay) delayed) (No clock delay) (Clock delayed)
Source of software START condition or STOP condition detection (refer to Table 18.13)
interrupt numbers 6 and -
39to41 (1)
(refer to Figure 18.33)
Source of software UARTI NACK detection: Rising |UARTi transmission:  [UARTi transmission:

interrupt numbers 2, 4,
17,19, 33, 35,and 37 (1)
(refer to Figure 18.33)

transmission:
Transmission
started or
completed
(selected using
the UiIRS
register)

edge of the ninth bit of
SCLi

Rising edge of the
ninth bit of SCLi

Falling edge of the
ninth bit of SCLi

Source of software
interrupt numbers 3, 5,
18, 20, 34, 36, and 38 (1)
(refer to Figure 18.33)

UARTi reception:
Receiving at
eighth bit
CKPOL is 0
(rising edge)
CKPOL is 1
(falling edge)

ACK detection: Rising
edge of the ninth bit of
SCLi

UARTI reception: Falling edge of the eighth bit

of SCLi

Data transfer timing from

CKPOL is 0

Rising edge of the ninth

Falling edge of the

Falling edge of the

P7_5,P8_0,P9_1,
PO 7,P11_2,P12_2,
P15 _2,and P15_5

the UARTI receive shift |(rising edge) bit of SCLi eighth bit of SCLi eighth bit and rising
register to the UiRB CKPOL is 1 edge of the ninth bit of
register (falling edge) SCLi

UARTI transmit output  |No delay Delayed

delay

Pins P6_3, P6_7, P7_0, | TXDi output SDAi I/0

P7_3,P7_6,P9_2,

P9_6, P11_0, P12_0,

P15 _0,and P15_4

Pins P6_2, P6_6, P7_1, |RXDi input SCLi I/0

Pins P6_1, P6_5, P7_2,
P7_4,P7_7,P9_0,
P9 5, P11_1, P12_1,
P15_1, and P15_6

Select CLKiinput
or output

(Not used in 12C mode)

Note:

1. Steps to change an interrupt source are as follows:
(1) Disable the interrupt of the corresponding software interrupt number.
(2) Change the source of interrupt.
(3) Set the IR bit of the corresponding software interrupt number to 0 (no interrupt requested).
(4) Set bits ILVL2 to ILVLO of the corresponding software interrupt number.
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Table 18.12

I12C Mode Functions (i = 0 to 6) (2/2)

Function

Synchronous
Serial Interface
Mode
(SMD2 to SMDO
are 001b,
IICM is 0)

I12C Mode (SMD2 to SMDO are 010b, IICM is 1)

ICM2is 0 IICM2is 1
(ACK/NACK interrupt) (Transmit/receive interrupt)
CKPHis 0 | CKPH is 1 CKPH is 0 CKPH is 1
(No clock (Clock (No clock delay) (Clock delayed)
delay) delayed) y y

and SCLi

Read level at pins RXDi

Readable irrespective of the port direction bit

Default output value at

High (Value set in the port Pi register if the 1/O port is selected by output

Figure 18.33)

the SDAI pin function select registers (i = 0 to 7))

SCLi default and end . High Low High Low

values

DMA source (refer to UARTI reception |ACK detection UARTI reception: Falling edge of the eighth bit

of SCLi

Store received data

The first to
eighth bits of
received data
are stored into
bits 0 to 7 in the
UiRB register

The first to eighth bits of
received data are stored

into bits 7 to 0 in the UIRB

register

The first to seventh bits
of received data are
stored into bits 6 to 0 in
the UiRB register and
the eighth bit is stored
into bit 8

Same as on the left
column on the first data
storing. (1) The first to
eighth bits of received
data are stored into 7
to 0 bits in the UiRB
register and the ninth
bit is stored into bit 8
on the second data
storing (2)

Read received data

The UiRB register status is read as it is

Bits 6 to 0 in the UiRB
register are read as
bits 7 to 1 and bit 8 is
read as bit 0

Same as on the left
column on the first
read. (1) The UiRB
register status is read
as it is on the second
read (2)

Notes:

1. The first data transfer to the UiRB register starts on the rising edge of the eighth bit of SCLi.
2. The second data transfer to the UiRB register starts on the rising edge of the ninth bit of SCLi.
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(A)  When the IICM2 bit is 0 (Use ACK/NACK interrupt) and the CKPH bit is O (no clock delay)
1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO X D8 (ACKINACK)

A

A

ACK interrupt (DMA transfer
request) or NACK interrupt
} Transfer to the UiRB register

b15 b9 b8 b7 b0
|:|| |D8|D7|D6|D5|D4|D3|D2|D1|D0|
UiRB register
(B) When the IICM2 bit is 0 and the CKPH bit is 1 (clock delayed)
1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit
SCLi
SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO X D8 (ACKINACK)
1 ACK interrupt (DMA transfer
request) or NACK interrupt
A
Transfer to the UiRB register
b15 b9 b8 b7 b0
|:|| |D8|D7|D6|D5|D4|D3|D2|D1|D0|
UiRB register
(C) When the IICM2 bit is 1 (Use transmit/receive interrupt) and the CKPH bit is 0
1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit
SCLi
SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X Do! X {D8 (ACKINACK)
A A
Receive interrupt (DMA transfer request) Transmit interrupt
A
Transfer to the UiRB register
b15 b9 b8 b7 b0
|:|| |D0| - |D7|D6|D5|D4|D3|D2|D‘I|

(D) When the IICM2 bitis 1 and the CKPH bit is 1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

UiRB register

SCLi
SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X Do} X |D8{(ACKINACK)
A A
Receive interrupt (DMA transfer request) Transmit interrupt
The first transfer to the UiRB register 1 1 The second transfer to the UiRB register

b15 b9 g b7 bo b15 b9 b8 b7 b0
|:|| |D0| - |D7|D6|D5|D4|D3|D2|D1| |:|| |D8|D7|D6|D5|D4|D3|D2|D1|D0|
UiRB register UiRB register
This figure applies under the following condition:
- The CKDIR bit in the UiIMR register is 0 (internal clock).
Figure 18.33 Timings for the Transfer and Interrupt to the UiRB Register (i = 0 to 6)
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18.3.1

START Condition and STOP Condition Detection

The START condition and STOP condition are detected by their respective detectors.
The START condition detection interrupt request is generated by a high-to-low transition at the SDA. pin
while the SCLi pin is held high (i = 0 to 6). The STOP condition detection interrupt request is generated
by a low-to-high transition at the SDAI pin while the SCLi pin is held high.
The START condition detection interrupt shares interrupt control registers and vectors with the STOP
condition detection interrupt. The BBS bit in the UiSMR register determines which interrupt is

requested.

To detect a START condition or STOP condition, both set-up and hold times require at least six cycles
of the peripheral clock (f1) as shown in Figure 18.34. To meet the condition for the Fast-mode
specification, f1 must be at least 10 MHz.

Hold time > 6 cycles (")

SDAI

Set-up time > 6 cycles M

>

SCLi

START condition

Note:

1. These are cycles of the peripheral clock (f1).

STOP condition

Figure 18.34 START Condition and STOP Condition Detection Timing (i = 0 to 6)

18.3.2 START Condition and STOP Condition Generation

The START condition, repeated START condition, and STOP condition are generated by bits STAREQ,
RSTAREQ, and STPREQ in the UiSMRA4 register, respectively (i = 0 to 6). To output a START condition,
set the STSPSEL bit in the UiSMR4 register to 1 (select START condition/STOP condition generation
circuit) after setting the STAREQ bit to 1 (start). To output a repeated START condition or STOP
condition, set the STSPSEL bit to 1 after setting RSTAREQ bit or STPREQ bit to 1, respectively.

Table 18.13 and Figure 18.35 show the functions of the STSPSEL bit.

Table 18.13 STSPSEL Bit Functions

Function

STSPSEL is 0

STSPSEL is 1

START condition and STOP
condition generation

Output is provided by the
program with port (no auto
generation by hardware)

START condition or STOP condition is output
according to the STAREQ, RSTAREQ, or

STPREQ bit

START condition and STOP
condition interrupt request
generating timing

When START condition or
STOP condition is detected

When START condition or STOP condition

generation is completed
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(A) In slave mode
The CKDIR bit is 1 (external clock) and the STSPSEL bit is 0 (select serial I/O circuit)

SCLi

SDA A A A D S N
f f

Interrupt by START condition detection Interrupt by STOP condition detection

(B) In master mode
The CKDIR bit is O (internal clock) and the CKPH bit is 1 (clock delayed)

Software

STAREQ 0 1 0
STPREQ 0 1 0
STSPSEL 0 1 0 1 0

Hardware
SCLi
SDAI AR X X h /
Interrupt by START condition Interrupt by STOP condition
detection (or generation) detection (or generation)

Figure 18.35 STSPSEL Bit Functions (i = 0 to 6)

18.3.3 Arbitration

On the rising edge of the SCLi, the MCU compares the transmit data with the data input from the SDAI
pin. If no match is found, the MCU performs arbitration by stopping the SDAI output.

The update timing for the ABT bit in the UiRB register is selected by setting the ABC bit in the UiSMR
register (i = 0 to 6).

When the ABC bit is 0 (update every bit), the ABT bit becomes 1 (detected (lose)) as soon as a data
discrepancy is detected. If not detected, the ABT bit becomes 0 (not detected (win)). When the ABC bit
is 1 (update every byte), the ABT bit becomes 1 on the falling edge of the eighth bit of the SCLi if any
discrepancy is detected. In this ABC bit setting, set the ABT bit to 0 before starting the next 1-byte
transfer.

When the ALS bit in the UiISMR2 register is 1 (stop the SDAI output), the SDAI pin becomes high-
impedance as the ABT bit becomes 1 when an arbitration lost occurs.
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18.3.4 SCL Control and Clock Synchronization

Data transmission/reception in 12C mode uses the transmit/receive clock as shown in Figure 18.33. The
clock speed increase makes it difficult to secure the required time for ACK generation and data transmit
procedure. 12C mode supports a function of wait-state insertion to secure this required time and a
function of clock synchronization with a wait-state inserted by other devices.

The SWC bit in the UiISMR2 register is used to insert a wait-state for ACK generation (i = 0 to 6). When
the SWC bit is 1 (hold the SCLi pin low after the eighth bit is received), the SCLi pin is held low on the
falling edge of the eighth bit of the SCLi. When the SWC bit is 0 (no wait-state/wait-state cleared), the
SCLi line is released.

When the SWC2 bit in the UiSMR2 register is 1 (hold the SCLi pin low), the SCLi pin is forced low even
during transmission or reception. When the SWC2 bit is 0 (output the transmit/receive clock at the SCLi
pin), the SCLi line is released to output the transmit/receive clock.

The SWC9 bit in the UiSMR4 register is used to insert a wait-state for checking received acknowledge
bits. While the CKPH bit in the UiSMR3 register is 1 (clock delayed), when the SWC9 bit is set to 1
(hold the SCLi pin low after the ninth bit is received), the SCLi pin is held low on the falling edge of the
ninth bit of the SCLi. When the SWC9 bit is set to 0 (no wait-state/wait-state cleared), the SCLi line is
released.

(A) SWOC bit function

sbaimastery  \ /X X X X X X X Y
SDAI (slave) \ AA /

Address bit comparison, acknowledge generation

SCLi (slave) \—/7

A
Clock line is Clock line is
held low released
(B) SWCS9 bit function (SWC is 0)

SDAI (master) _\_/ \ AA /

SCLi (master)

SDAi (slave) \ X X X X X X X /

Acknowledge check

SCLi (slave) \ /

44
Clock lineis  Clock line is
held low released
(SWC9 is 0)
Figure 18.36 Wait-state Insertion Using the SWC or SWC9 Bit (i = 0 to 6)
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The CSC bit in the UiISMR2 register is used to synchronize an internally generated clock with the clock
applied to the SCLi pin. For example, if a wait-state is inserted from another device, the two clocks are
not synchronized. While the CSC bit is 1 (clock synchronization enabled) and the internal clock is held
high, when a high at the SCLi pin changes to low, the internal clock becomes low in order to reload the
value of the UIBRG register and to resume counting. While the SCLi pin is held low, when the internal
clock changes from low to high, the count is stopped until the SCLi pin becomes high. That is, the
UARTI transmit/receive clock is the logical AND of the internal clock and the SCLi. The synchronized
period starts from one clock prior to the first synchronized clock and ends when the ninth clock is
completed. The CSC bit can be set to 1 only when the CKDIR bit in the UiMR register is 0 (internal
clock).

The SCLHI bit in the UiSMR4 register is used to leave the SCLi pin open when another master
generates a STOP condition while the master is in transmit/receive operation. If the SCLHI bit is set to
1 (stop SCLi output), the SCLi pin is open (the pin is high-impedance) when a STOP condition is
detected and the clock output is stopped.

(A) Clock synchronization
Clock output of \ )\ —
another device
SCLi [ \ / \
O A W | |

? $

Change the internal clock . Resume
signal from high to low to Stop counting counting
start counting low period

Y A
Y A

Internal clock

(B) Synchronization period

L

Write of transmit data

4

Synchronized period

Figure 18.37 Clock Synchronization (i = 0 to 6)

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 283 of 541
Dec 18, 2014



R32C/116A Group 18. Serial Interface

18.3.5 SDA Output

Values set to bits 8 to 0 (D8 to DO0) in the UiTB register are output starting from D7 to DO, and lastly D8,
which is a bit for the acknowledge signal (i = 0 to 6). When transmitting, D8 should be set to 1 to free
the bus. When receiving, D8 should be set to ACK or NACK.

Bits DL2 to DLO in the UiSMR3 register set a delay time of the SDAI on the falling edge of the SCL.i.
Based on the UiBRG count source, the delay time can be selected from zero cycles (no delay) or two to
eight cycles.

The SDAI pin can be high-impedance at any given time once the SDHI bit in the UiISMR2 register is set
to 1 (stop the output). Output at the SDAI pin is low if an 1/O port is selected for the SDAI and the pin is
specified as the output port after selecting I12C mode. In this case, if the SDHI bit is 1, the SDAI pin
becomes high-impedance.

When the SDHI bit is rewritten while the SCLi pin is held high, a START condition or STOP condition is
generated. When it is rewritten immediately before the rising edge of SCLI, arbitration lost may be
accidently detected. Therefore, the SDHI bit should be rewritten so the SDAI pin level changes while
the SCLi pin is low.

18.3.6 SDA Input

When the IICM2 bit in the UiSMR2 register is 0 (use ACK/NACK interrupt), the first 8 bits of received
data (D7 to DO) are stored into bits 7 to 0 in the UiRB register and the ninth bit (ACK/NACK) is stored
into bit 8 (i = 0 to 6).

When the IICM2 bit is 1, the first 7 bits of received data (D7 to D1) are stored into bits 6 to 0

in the UiRB register and eighth bit (DO) is stored into bit 8.

If the ICM2 bit is 1 and the CKPH bit in the UiISMR3 register is 1 (clock delayed), the same data that is
set when the [ICM2 bit is 0 can be read. To read this data, read the UiRB register after data in the ninth
bit is latched on the rising edge of the SCLi.

18.3.7 Acknowledge

When data is to be received in master mode, ACK is output after 8 bits are received by setting the UiTB
register to 00FFh as dummy data. When the STSPSEL bit in the UiSMR4 register is 0 (select serial 1/0
circuit) and the ACKC bit is 1 (ACK data output), the value of the ACKD bit is output at the SDAI pin (i =
0 to 6).

If the ICM2 bit is 0, a NACK interrupt request is generated when the SDAI pin is high on the rising edge
of the ninth bit of the SCLi. An ACK interrupt request is generated when the SDAI pin is low.

When the DMA request source is “UARTi receive interrupt request or ACK interrupt request”, the DMA
transfer starts when an ACK is detected.

18.3.8 Transmit/Receive Operation Reset

When the CKDIR bit in the UiMR register is 1 (external clock), the STC bit in the UiSMR2 register is 1
(initialize the circuit), and a START condition is detected, the following three operations are performed (i
=0 to 6):

* The transmit shift register is reset and the UiTB register value is transferred to the transmit shift
register. New data transmission starts on the falling edge of the first bit of the next SCLi as transmit
clock. The transmit shift register value before the reset is output at the SDAI pin in the period from
the falling edge of the SCLi until the first data output.

* The receive shift register is reset and the new data reception starts on the falling edge of the first bit
of the next SCLi.

» The SWC bit in the UiSMR2 register becomes 1 (hold the SCLi pin low after the eighth bit is
received).

The TI bit in the UiC1 register does not change when using this function to start the UARTiI
transmission/reception.
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18.4 Special Mode 2

Special mode 2 enables serial communication between one or multiple masters and multiple slaves. The
SSi input pin controls serial bus communication (i = 0 to 6). Table 18.14 lists specifications of special
mode 2.

Table 18.14 Special Mode 2 Specifications

ltem Specification
Data format 8-bit character length
Transmit/receive clock * The CKDIR bit in the UiMR register is set to 0 (internal clock) (i = 0 to 6):
f_x fx=11,18, 2n m: UIBRG register setting value, 00h to FFh
2(m+1)
» The CKDIR bit is set to 1 (external clock): input to the CLKi pin
Transmit/receive control Slave select function

Transmit start conditions | The conditions for starting data transmission are as follows (1):
» The TE bit in the UiC1 register is 1 (transmission enabled)
» The Tl bit in the UiC1 register is 0 (data held in the UiTB register)

Receive start conditions The conditions for starting data reception are as follows (1):
* The RE bit in the UiC1 register is 1 (reception enabled)
» The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
Interrupt request generating |In transmit interrupt, one of the following conditions can be selected by setting the UiIRS
timing bit in registers UOC1 to U6C1:
» The UiIRS bit is 0 (transmit buffer is empty):
when data is transferred from the UiTB register to the UARTi transmit shift register
(when the transmission has started)
» The UiIRS bit is 1 (transmission is completed):
when data transmission from the UARTi transmit shift register is completed
In receive interrupt,
» When data is transferred from the UARTI receive shift register to the UiRB register
(when the reception is completed)
Error detection Overrun error (2)
This error occurs when the seventh bit of the next data has been received before
reading the UiRB register
Other functions * CLK polarity
Rising or falling edge of the transmit/receive clock for transfer data input and output
* Bit order selection
LSB first or MSB first
« Continuous receive mode
Data reception is enabled by a read access to the UiRB register
» Serial data logic inversion
This function logically inverses transmit/receive data
* Clock phase selection
One of four combinations of transmit/receive clock polarity and phases
+ SSi input pin function
Output pin can be high-impedance when the SSi pin is high

Notes:
1. When selecting an external clock, the following preconditions should be met:
» The CLKi pin is held high when the CKPOL bit in the UiCO register is 0 (transmit data output on the falling
edge of the transmit/receive clock and receive data input on the rising edge).
» The CLKi pin is held low when the CKPOL bit is 1 (transmit data output on the rising edge of the transmit/
receive clock and receive data input on the falling edge).
2. The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does not change to
1 (interrupt requested).
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Table 18.15 lists register settings in special mode 2.

Table 18.15 Register Settings in Special Mode 2 (i = 0 to 6)

Register Bits Function
UIMR (b7 to b4) Set the bits to 0000b
CKDIR Set the bit to 0 in master mode and set it to 1 in slave mode
SMD2 to SMDO Set the bits to 001b
uiCo UFORM Select either LSB first or MSB first
CKPOL Clock phase can be set by the combination of bits CKPOL and CKPH in
the UiSMR3 register
(b5) Set the bitto 0
CRD Set the bit to 1
TXEPT Transmit shift register empty flag
(b2) Set the bitto 0
CLK1 and CLKO Select a count source for the UiBRG register
uiC1 (b7 and b6) Set the bits to 00b
UiRRM Set the bit to 1 to use continuous receive mode
UilIRS Select a source for UARTI transmit interrupt
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
UiSMR |— Set the bits to 00h
UiSMR2 |— Set the bits to 00h
UiSMR3 |(b7 to b5) Set the bits to 000b
ERR Mode fault flag
3 Set the bitto 0
DINC Set to 0 in master mode and set to 1 in slave mode
CKPH Clock phase can be set by the combination of bits CKPH and CKPOL in
the UiCO register
SSE Set the bit to 1
UiSMR4 |— Set the bits to 00h
UBRG |— Set the divide ratio according to the bit rate
IFSO IFS06 Select input pins for CLK3, RXD3, SRXD3, and SS3
IFS03 and IFS02 Select input pins for CLK6, RXD6, SRXD6, and SS6
UiTB (b7 to b0) Set the data to be transmitted
UiRB OER Overrun error flag
(b7 to b0) Received data is read
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18.4.1  SSi Input Pin Function (i = 0 to 6)
Special mode 2 is selected by setting the SSE bit in the UiISMR3 register to 1 (slave select function

enabled). The CTSi/RTSi/SSi pin functions as SSi input.
The DINC bit in the UiSMR3 register determines which MCU performs as a master or slave.
When multiple MCUs perform as masters (multi-master system), the SSi pin setting determines which

master MCU is active and when.

18.4.1.1 Slave Select Function in Slave Mode

When the DINC bit is 1 (slave mode) while input at the SSi pin is high, the STXDi pin becomes high-
impedance and the clock input at the CLKi pin is ignored. When input at the SSi pin is low, the clock
input is valid and serial data is output from the STXDi pin to enable serial communication.

18.4.1.2 Slave Select Function in Master Mode

When the DINC bit is 0 (master mode) while input at the SSi pin is high, which means there is the only
one master MCU or no other master MCU is active, the MCU as master starts communication. The
master provides the transmit/receive clock output at the CLKi pin. When input at the SSi pin is low,
which means that there are more masters, pins TXDi and CLKi become high-impedance. This error is
called a mode fault. It can be verified using the ERR bit in the UiSMR3 register. The ongoing data
transmission/reception does not stop even if a mode fault occurs. To stop transmission/reception, bits
SMD2 to SMDO in the UiMR register should be set to 000b (serial interface disabled).

MCU MCU
P13
P12 530
CLKO
SSO |—x STXDO
CLKO SRXDO
RXDO
TXDO (Slave)
(Master) MCU
SSO
CLKO
STXDO
SRXDO
(Slave)

Figure 18.38 Serial Bus Communication Control with the SSi Pin
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18.4.2 Clock Phase Setting

The CKPH bit in the UiSMR3 register and the CKPOL bit in the UiCO register select one of four
combinations of transmit/receive clock polarity and serial clock phase (i = 0 to 6).

The transmit/receive clock phase and polarity should be identical for the master device and the
communicating slave device.

18.4.2.1 Transmit/Receive Timing in Master Mode

When the DINC bit is 0 (master mode), the CKDIR bit in the UiMR register should be set to 0 (internal
clock) to generate the clock. Figure 18.39 shows transmit/receive timing of each clock phase.

S input for the master

Clock output (CLKi pin)

CKPOL = 0, CKPH = 0 J

EDED 62 6 0 €3 63 €

Data input timing T T T T T T T T

Figure 18.39 Transmit/Receive Timing in Master Mode

CKPOL =0, CKPH =1
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18.4.2.2 Transmit/Receive Timing in Slave Mode

When the DINC bit is 1 (slave mode), the CKDIR bit in the UiMR register should be set to 1 (external

clock).

When the CKPH bit is 0 (no clock delay) while input at the SSi pin is high, the STXDi pin becomes high-
impedance. When input at the SSi pin is low, the conditions for data transmission are all met, but output
is undefined. Then the data transmission/reception starts synchronizing with the clock. Figure 18.40

shows the transmit/receive timing.

When the CKPH bit is 1 (clock delayed) while input at the SSi pin is high, the STXDi pin becomes high-
impedance. When input at the SSi pin is low, the first data is output. Then the data transmission starts

synchronizing with the clock. Figure 18.41 shows the transmit/receive timing.

SS input for the slave

Clock input (CLKi pin)

CKPOL =0,CKPH=0

CKPOL=1,CKPH=0

Data input timing T T T

(Dsa_ltigrgiz;timing Hi-Z <XX>< IIDO X ?1 X ?2 X ?3 X ?4 X ?5 X ?6 X IID? Hi-Z

f

Figure 18.40 Transmit/Receive Timing in Slave Mode (CKPH = 0)

S input for the slave

Clock input (CLKi pin)

CKPOL =0, CKPH = 1

CKPOL =1, CKPH = 1

(STXDi pin)

Data output fiming H-Z ™ po X o7 X 02 X o3 X Y X o5 X o6 X o7 \HZ

Data input timing T T T T

!

Figure 18.41 Transmit/Receive Timing in Slave Mode (CKPH = 1)
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18.5 Notes on Serial Interface

18.5.1 Changing the UiBRG Register (i = 0 to 10)

+ Set the UiBRG register after setting bits CLK1 and CLKO in the UiCO register. When these bits are
changed, the UiBRG register must be set again.

* When a clock is input immediately after the UiBRG register is set to 00h, the counter may become
FFh. In this case, it requires extra 256 clocks to reload 00h to the register. Once 00h is reloaded,
the counter performs the operation without dividing the count source according to the setting.

18.5.2 Synchronous Serial Interface Mode

18.5.2.1 Selecting an External Clock

« If an external clock is selected, the following conditions must be met while the external clock is held
high when the CKPOL bit in the UiCO register is 0 (transmit data output on the falling edge of the
transmit/receive clock and receive data input on the rising edge), or while the external clock is held
low when the CKPOL bit is 1 (transmit data output on the rising edge of the transmit/receive clock
and receive data input on the falling edge) (i = 0 to 10):

- The TE bit in the UiC1 register is 1 (transmission enabled).

- The RE bit in the UiC1 register is 1 (reception enabled). This bit setting is not required when only
transmitting.

- The Tl bit in the UiC1 register is 0 (data held in the UiTB register).

18.5.2.2 Receive Operation
* In synchronous serial interface mode, the transmit/receive clock is controlled by the transmit
control circuit. Set UARTi-associated registers for a transmit operation, even if the MCU is used
only for receive operation (i = 0 to 10). Dummy data is output from the TXDi pin while receiving
when the TXDi pin is set to output mode.

* When data is received continuously, an overrun error occurs when the RI bit in the UiC1 register is
1 (data held in the UiRB register) and the seventh bit of the next data is received in the UARTI
receive shift register. Then, the OER bit in the UiRB register becomes 1 (overrun error occurred). In
this case, the UiRB register becomes undefined. If an overrun error occurs, the IR bit in the SiRIC
register does not change to 1.

18.5.3 Special Mode 1 (12C Mode)
* To generate a START condition, STOP condition, or repeated START condition, set the STSPSEL
bit in the UiSMR4 register to O (i = 0 to 6). Then, wait at least a half clock cycle of the transmit/
receive clock to change the condition generate bits (STAREQ, RSTAREQ, or STPREQ bit) from 0
to 1.
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18.5.4 Reset Procedure or Suspend/Resume Procedure

Operations which result in communication errors such as rewriting function select registers during
transmission/reception should not be performed. Follow the procedure below to reset the internal circuit
once the communication error occurs in the following cases: when the operation above is performed by
a receiver or transmitter or when a bit slip is caused by noise.

Also follow the procedure below when suspending and resuming communication in an emergency.

A. Synchronous Serial Interface Mode

(1) Set the TE bit in the UiC1 register to 0 (transmission disabled) and the RE bit to 0 (reception
disabled) (i = 0 to 10).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 001b (synchronous serial interface mode).

(4) Set the TE bit in the UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception
enabled) if necessary.

B. UART Mode

(1) Set the TE bit in the UiC1 register to 0 (transmission disabled) and the RE bit to 0 (reception
disabled).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 100b (UART mode, 7-bit character length), 101b
(UART mode, 8-bit character length), or 110b (UART mode, 9-bit character length).

(4) Set the TE bit in the UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception
enabled) if necessary.
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19. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter with a capacitive coupling
amplifier.

A/D converted results are stored in the A/D registers corresponding to selected pins. Results are stored in
the ADOO register only when the DMAC operating mode is enabled.

When the A/D converter is not in use, power consumption can be reduced by setting the VCUT bit in the
ADOCONT1 register to 0 (VREF disconnected). This bit setting enables the power supply from the VREF pin
to the resistor ladder to stop.

Table 19.1 lists specifications of the A/D converter. Figure 19.1 shows a block diagram of the A/D converter.
Figures 19.2 to 19.8 show registers associated with the A/D converter.
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Table 19.1  A/D Converter Specifications

ltem Specification
A/D conversion method |Capacitance-based successive approximation
Analog input voltage (1) |0V to AVCC (VCC)
Operating clock, $AD (2) |fAD, fAD divided by 2, fAD divided by 3, fAD divided by 4, fAD divided by 6, or
fAD divided by 8
Resolution 8 bits or 10 bits
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweet mode 0, repeat
sweep mode 1, multi-port single sweep mode, multi-port repeat sweep mode 0,
and self test mode
Analog input pins (3) 34
8 pins each for AN, ANO, AN2, and AN15
2 function-extended input pins (ANEX0 and ANEX1)

A/D conversion start « Software trigger
conditions The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program

« External trigger (retrigger is enabled)
An input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program

» Hardware trigger (retrigger is enabled)

* Generation of a timer B2 interrupt request which has passed through the
circuit to set an interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program

Conversion rates per pin| « Without sample and hold function
49 ¢AD cycles at 8-bit resolution
59 ¢AD cycles at 10-bit resolution
including 2 $AD cycles for sampling time
* With sample and hold function
28 ¢AD cycles at 8-bit resolution
33 ¢AD cycles at 10-bit resolution
including 3 ¢AD cycles for sampling time

Notes:

1. The analog input voltage is not dependent on whether the sample and hold function is enabled or
disabled.

2.  The ¢AD frequency should be as follows:
*When VCC =4.2t0 5.5V, 16 MHz or below
*When VCC =3.0t0 4.2 V, 10 MHz or below
* When not using the sample and hold function, 250 kHz or above
* When using the sample and hold function, 1 MHz or above

3. When AVCC = VREF = VCC, A/D input voltage for pins AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2_7, AN15_0 to AN15_7, ANEXO, and ANEX1 should be VCC or lower.
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TRGO bit in the 000
ADOCON2 register F——OAN15_0
001
R 0 ——QOAN15_1
ADTRG O——o\c I /‘/ o0 S ant5 2
Timer B2 interrupt request which —1—0 0 _o/—— EXTRGO o'LO AN15_3 P1
has passed through the three-phase i CLLO AN15 4 5
motor control timers’ circuit to set i Vi 101 -
the interrupt generating frequency ADB%GOltzll(t)lpe;hi:ter ,/' Q 110 O AN15_5
Software trigger A \ AN13_6
99 E 1 O AN15_7
]
AN_O o—%, /“““““““C “““ (; '; """ E 0 5 ANO_0
001 el Bits CH2 to CHO in the 1 001
AN_T O 010 _\, s ADOCONO register ) /— 010 O ANO_1
AN_2 O—\> L, : (/—O ANO_2
’ ]
b0 AN3 o—% 00 : o O ANO_3 b0
AN_4 O—1%lo o \,\ i r 20 ANO4
AN_5 M/f ]2 e ] QLO ANO_5
AN_6 O——1Y / NN E’ b \ 110 5 ANO_6
AN 7 O 1 . N E 1 O ANO_7
‘.| | Bits OPA1and OPAO ] 000
| inthe ADOCON1 ' ————O0 AN2_0
P9 5 ANEX0 O . “ tegister : /—LO AN2_1
S 010
P9 6 ANEX1 O v ; o O AN2.2
1 of—O AN2 3
— ™M
00| 01| 10 11|_E—, o190 5 AN2 4 P2
] ’ —
Bits APS1 and APSO in \,{)é g QLO AN2_5
the ADOCON2 register E’/’ \ 110 O AN2_6
11 o AN2 7
VREF O
VCUT bitin the "1 compa®
ADOCONT1 register - rator O
AVSS O [o~cl Resistor ladder
Successive conversion register
ADOCONO register m_ »  ADOO register
> » ADO1 register
ADOCONA1 registerljj:[[l:ljj »|  ADO2 register
c? » ADOS3 register
ADOCON?2 register 8
S » ADO4 register
» ADOS5 register
ADOCONS3 register
» ADOG register
ADOCON4 registerl:l:l:l:ljﬁ> »  ADO7 register
ADOCONS5 register[l:[l:[l:l:l:l
1 O
] | [ B oy r BT
o N — dAD
(2] ol .~ 172 s _EJ_OJ ¢
fADO— 7510l i CKS1bitinthe
CKS2 bit in the ' ADOCONT1 register
ADOCONS register CKSO bit in the
ADOCONO register
Note:
1. Ports PO and P2 are available in single-chip mode.
Figure 19.1 A/D Converter Block Diagram
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A/DO Control Register 0

[«

10b for multi-port single sweep mode and 11b for multi-port repeat sweep mode 0.
. Set bits MD1 and MDO to 10b or 11b when the MSS bit in the ADOCONS3 register is 1.
7. To use the external trigger or the hardware trigger, select the source of the trigger by setting the TRGO bit in
the ADOCONZ2 register. Then set the ADST bit to 1 after setting the TRG bit to 1.

8. The GAD frequency should be as follows: 16 MHz or below when VCC =5V,

10 MHz or below when VCC = 3.3 V

The $AD frequency is selected from the combination of bits CKS0, CKS1, and CKS2 shown as below:

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] ADOCONO 0396h 0000 0000b
A
1 ] ] 1 ] 1 1 1
] ] ] 1 ] 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
A b2 b1 b0
A 00 0:ANiO RW
i E i i i i i 0 0 1:ANi_1
[ T T T R | . . 010 ZANi_Z
i E E i i i ] CHA1 ér;?l?g Input Pin Select Bit 011:ANi 3 RW
toror 10 0:ANi_4
I I 10 1:ANi_5
A R T A SO CH2 110:ANi_6 RW
[ 11 1:ANi_7 (i=novalue,O0, 2, 15)
1 ] ] 1 1
I — MDO s RW
R A/D Operating Mode Select 00 : One-shot mode
I Bit 0 2 5.6) 0 1:Repeat mode
IR S MD1 1 0 : Single sweep mode RW
(. 1 1 :Repeat sweep mode 0 or 1
1 ] ]
. 0: Software trigger
i E T TRG Trigger Select Bit 1: External trigger or hardware trigger | RW
[ 7)
1 ]
1 ]
] . . 0: A/D conversion stopped
i ' ADST A/D Conversion Start Bit 1 AID conversion started RW
1
1
G EEEEE TR CKSO0 Frequency Select Bit (See Note 8) RW
Notes:
1. When this register is rewritten during an A/D conversion, the converted result is undefined.
2. Set the analog input pins again after changing the A/D operating mode.
3. This bit setting is enabled in one-shot mode or repeat mode.
4. Select a port from AN, ANO, AN2, or AN15 by using bits APS1 and APSO in the ADOCONZ2 register.
5. When the MSS bit in the ADOCONS register is 1 (multi-port sweep mode enabled), set bits MD1 and MDO to

CKS2 Bitin the CKSO0 Bitin the CKS1 Bit in the
ADOCONS3 Register | ADOCONO Register | ADOCON1 Register 9AD

0 fAD divided by 4
0 1 fAD divided by 3
0 0 fAD divided by 2

! 1 fAD
1 . 0 fAD divided by 8
1 fAD divided by 6

Figure 19.2 ADOCONO Register
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A/DO Control Register 1

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[T ][ ]]] Abocont 0397h 0000 0000b
Bit Symbol Bit Name Function RwW

In single sweep mode or repeat

sweep mode 0
b1 b0

]

]

1

1

1

1

]

]

]

]

1

1

i 0 0:ANi_0, ANi_1
i i--{  SCANO 0 1:ANi_0to ANi_3 RW
: 1 0:ANi_Oto ANi_5
1
1
]
]
]
]
]
]
1
1
1
1
1
1
1
]

1 1:ANi_0to ANi_7
In repeat sweep mode 1
A/D Sweep Pin Select b1 b0
Bit 23 0 0:ANi_O
0 1:ANi_O, ANi_1
1 0:ANi_0 to ANi_2
1 1:ANi_0 to ANi_3
| mm———- SCAN1 In multi-port single sweep mode or RW
multi-port repeat sweep mode 0
b1 b0
1 1:ANi_0to ANi_7 ©®
(i=no value, 0, 2, 15)

0: Mode other than repeat sweep

A/D Operating Mode Select

R SR, MD2 Bit 1 mode 1 RW
i 1: Repeat sweep mode 1(©
]
! . . 0: 8-bit mode
BITS 8/10-bit Mode Select Bit 1+ 10-bit mode RwW
C—— CKS1 Frequency Select Bit (See Note 7) RW

0: VREF disconnected

_________________ i it @
) VCUT VREF Connection Bit 1: VREF connected (10

RwW

b7 b6

N OPAO 0 0 :No use of ANEXO or ANEX1 pin | RW
(convert input at pins ANi_0 to
ANi_7)

: Convert input at the ANEXO pin

: Convert input at the ANEX1 pin | RW

: External op-amp connected

External Op-Amp Connect
Mode Bit (1. 12)

b OPA1

N )
N R

1. When this register is rewritten during A/D conversion, the converted result is undefined.
2. This bit setting is enabled in single sweep mode, repeat sweep mode 0, repeat sweep mode 1, multi-port
single sweep mode, or multi-port repeat sweep mode 0.
. Select a port from AN, ANO, AN2, or AN15 by using bits APS1 and APSO0 in the ADOCON2 register.
These pins are commonly used in A/D conversion when the MD2 bit is set to 1.
. Set bits SCAN1 and SCANO to 11b in multi-port single sweep mode or multi-port repeat sweep mode 0.
. When the MSS bit in the ADOCONS3 register is 1 (multi-port sweep mode enabled), set the MD2 bit to 0.
. Refer to the note on the CKSO bit in the ADOCONO register.
. This bit controls the reference voltage to the A/D converter. It does not affect VREF performance of the D/A
converter.
9. Do not set the VCUT bit to 0 during A/D conversion.
10.When the VCUT bit is switched from 0 to 1, wait at least 1 ps before starting A/D conversion.
11.Bits OPA1 and OPAO can be set to 01b or 10b only in one-shot mode or repeat mode. Set them to 00b or
11b in other modes.
12.Set bits OPA1 and OPAOQ to 00b when the MSS bit in the ADOCONS register is 1 (multi-port sweep mode
enabled).

©~NO U AW

Figure 19.3 ADOCON1 Register
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A/DO Control Register 2

1 1:AN2_0to AN2_7

— No register bits; should be written with 0 and read as undefined
(b4-b3) value

0: Select ADTRG pin
1: Select a timer B2 interrupt request

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
lofo] XIX| | | | ADocon2 0394h XXO0X X000b
R
] ] ] 1 ] ]
E i i i i i Bit Symbol Bit Name Function RW
E i i i i i SMP A/D Conversion Method 0: Without sample and hold function | .
A A Select Bit 1: With sample and hold function
REnE
A APS0 0 0:AN_Oto AN_7, ANEX0, ANEX1 | RW
HE Analog Input Port Select Bit | 0 1: AN15_0 to AN15_7
] ] ] ] .
[T S T S APS1 (2.3) 1 0:ANO_Oto ANO_7 RW
o
] ] ]
] ] ]
]
]
]
]
]
]
]
]
]

External Trigger Request

e e — e ————————————————————————

b e TRGO Source Select Bit (after counting the ICTB2 register) | RW
in the three-phase motor control
timers
— Should be written with 0 and read as
| P
(b7-b6) Reserved undefined value RW

Notes:
1. When this register is rewritten during A/D conversion, the converted result is undefined.
2. Set bits APS1 and APSO0 to 01b when the MSS bit in the ADOCONS register is 1 (multi-port sweep mode
enabled).
3. These bits can be set to 10b or 11b in single-chip mode only.

Figure 19.4 ADOCONZ2 Register
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A/DO Control Register 3 (:2)

b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
l[ofoJo[ | | | | | ADocons 0395h XXXX X000b
A
) ] ] ] ] ] ] ]
) ] ] ] ] ] ] ]
E E i i i i i i Bit Symbol Bit Name Function RW
E E i i i i i i DUS DMAC Operating Mode 0: DMAC operating mode disabled RW
[ Select Bit 1: DMAC operating mode enabled “ %
) ] ] ] ] ] ]
[ . 0: Multi-port sweep mode disabled
) ] ] ] ] ] 1 -
L s MSS Mult p°ft Sweep Mode 1: Multi-port sweep mode enabled RW
I R T I Select Bit 3.6)
N I T I
N R T R
e CKS2 Frequency Select Bit (See Note 7) RW
R R
N I R b4 b3
R MSFO 0 0:AN_Oto AN_7 RO
T Multi-port Sweep Status 0 1:AN15 0to AN15_7
[ I | )
N MSE1 | Flag® 1.0 :ANO_O to ANO_7 RO
bl 1 1:AN2_0to AN2_7
) 1 ]
Vo — Should be written with 0 and read as
"""""""""" (b7-b5) | Reserved undefined value RW

1. When this register is rewritten during A/D conversion, the converted result is undefined.

2. This register may be read incorrectly during A/D conversion. It should be read or written after the A/D
converter stops operating.

3. To set the MSS bit to 1, the DUS bit should be also set to 1.

4. When the DUS bit is set to 1, all A/D converted results are stored into the ADOO register.

5. Configure DMAC when it is used to transfer converted results.

6. To setthe MSS bit to 1:
- Set the MD2 bit in the ADOCON{1 register to 0 (mode other than repeat sweep mode 1).
- Set bits APS1 and APSO0 in the ADOCONZ2 register to 01b (AN15_0 to AN15_7).
- Set bits OPA1 and OPAO in the ADOCON1 register to 00b (no use of ANEXO or ANEX1).

7. Refer to the note on the CKSO bit in the ADOCONO register.

8. This bit setting is enabled when the MSS bit is set to 1. The read value is undefined when the MSS bit is set
to 0.

Figure 19.5 ADOCON3 Register
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A/DO Control Register 4 ™

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
[o[o[ofo] | [o]o]  ADocons 0392h XXXX 00XXb
A
] ] 1 ] ] ] ] ]
] ] 1 ] ] ] ] ]
i i E E i i E E Bit Symbol Bit Name Function RW
] ] 1 ] ] 1 ] ] . .
I — Reserved Shoulq be written with 0 and read as RW
R A R (b1-b0) undefined value
. b3 b2
R MPS10 0 0:(Note 3) RW
R A Multi-port Sweep Port 0 1:AN_Oto AN_7, AN15 O to
i i i i i Select Bit @ AN15_7
T S R S S MPS11 1 0:AN_O to AN_7, ANO_O to ANO_7 | RW
oo 1 1:AN_0to AN_7, AN2_0to AN2_7
] ] 1 ]
T N — Should be written with 0 and read as
(b7-b4) Reserved undefined value RW

1. When this register is rewritten during A/D conversion, the converted result is undefined.

2. Bits MPS11 and MPS10 can be set to 10b or 11b in single-chip mode only.

3. When the MSS bit in the ADOCONS3 register is 0 (multi-port sweep mode disabled), set bits MSP11 and
MPS10 to 00b. When it is 1 (multi-port sweep mode enabled), set them to any value other than 00b.

Figure 19.6 ADOCONA4 Register

A/DO Control Register 5 (1.2.3)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
[ | Jofo] [ [ | ] ADocons 0393h 0000 0000b
-
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RwW
I S T R B R Self Test and Open-circuit | 0: Assist disabled
E E E i E i i -1 ASTEN Detection Assist Setting Bit | 1: Assist enabled * RW
I I A Self Test/Open-circuit 0: Open-circuit detection assist
i E E E i i R ASTSEL Detection Assist Select Bit | 1: Self test assist RW
1 ] ] ] ] 1
T T T W ASTMTD | Assist Mode Select Bit 0- Pull-up RW
1 [ N | 1: Pull-down
1 ] ] ] ]
1 ] ] ] ]
1 ] ] ] 1 -
i E E E (b3) Reserved If necessary, set to 0 RO
1 ] ] 1
1 ] ] 1 - . .
i E --------------- (b5-b4) Reserved Should be written with 0 RW
1 ]
1 ] _
[ e L E L L L e P E (b7-b6) Reserved If necessary, set to 0 RO
Notes
1. When this register is rewritten during A/D conversion, the converted result is undefined.
2. An 8-bit read access to this register should be performed.
3. Appropriate evaluation for each system should be performed since A/D converted result for open-circuit
detection varies with external circuits.
4. To use the self test assist or open-circuit detection assist, set the SMP bit in the ADOCON2 register to 1
(with sample and hold function).
Figure 19.7 ADOCONS Register
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A/DO Registeri(i=0to 7) (14

b1s b8 b7 bo Symbol Address Reset Value
LT |  ADO0O,ADO1  0381h-0380h, 0383h-0382h 0000 0000 XXXX XXXXb
ERREEE i AD02,AD03  0385h-0384h, 0387h-0386h 0000 0000 XXXX XXXXb
i i E i E i i E i ADO04, AD05 0389h-0388h, 038Bh-038Ah 0000 0000 XXXX XXXXb
Pt ! ADO06, ADO7 038Dh-038Ch, 038Fh-038Eh 0000 0000 XXXX XXXXb
i i R E E i Bit Symbol Function RW

E E E E E E E E H— (b7TbO) The lower byte in an A/D converted result RO

i i E i E i i_i_ ____________ — In 10-bit mode: 2 upper bits in an A/D converted result RO
BRERE (b9-b8) In 8-bit mode: These bits are read as 0

L : (b15-_b10) These bits are read as 0 RO

. If this register is read by a program while the DMAC is configured to transfer converted results, the value is

undefined.

. The register value written while the A/D converter stops operating is undefined.
. Only the ADQO register is available when the DUS bit in the ADOCONS3 register is 1 (DMAC operating mode

enabled). Other registers are undefined.

. When a converted result is transferred by DMAC at 10-bit mode, the DMAC should be set for a 16-bit transfer.

Figure 19.8 Registers AD00 to AD07
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19.1 Mode Descriptions

19.1.1 One-shot Mode

In one-shot mode, the analog voltage applied to a selected pin is converted into a digital code only
once. Table 19.2 lists specifications of one-shot mode.

Table 19.2 One-shot Mode Specifications
ltem Specification
Function Converts the analog voltage applied to a pin into a digital code only once. The
pin is selected by setting bits CH2 to CHO in the ADOCONO register, bits OPA1
and OPAQO in the ADOCON/1 register, and bits APS1 and APSO0 in the ADOCON2
register
Start conditions When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
* When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.
Stop conditions » A/D conversion is completed (the ADST bit is set to 0 when the software
trigger is selected)
* The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When A/D conversion is completed, an interrupt request is generated
generation timing
Input pin to be selected |One pin is selected from among AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2_7, AN15_0 to AN15_7, ANEXO, and ANEX1
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)
Read the ADQj register corresponding to the selected pin (j =0 to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOQO register to a given memory space.
Do not read the ADOQO register by a program
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19.1.2 Repeat Mode

In repeat mode, the analog voltage applied to a selected pin is repeatedly converted into a digital code.
Table 19.3 lists specifications of repeat mode.

Table 19.3 Repeat Mode Specifications
ltem Specification
Function Converts the analog voltage input to a pin into a digital code repeatedly. The pin
is selected by setting bits CH2 to CHO in the ADOCONO register, bits OPA1 and
OPAO in the ADOCON1 register, and bits APS1 and APSO0 in the ADOCON2
register
Start conditions When the TRG bit in the ADOCONOQO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.

Stop conditions The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When the DUS bit in the ADOCON3 register is 0 (DMAC operating mode
generation timing disabled), no interrupt request is generated.

When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated
Analog voltage input One pin is selected from among AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to

pins AN2_7, AN15_0 to AN15_7, ANEXO, and ANEX1
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)

Read the ADQj register corresponding to the selected pin (j=0to 7)

When the DUS bit is 1 (DMAC operating mode enabled)

* When the converted result is transferred by DMAC
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program

* When the converted result is transferred by a program
Read the ADQO register after the IR bit in the ADOIC register becomes 1. Set
the IR bit back to 0
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19.1.3 Single Sweep Mode

In single sweep mode, the analog voltage applied to selected pins is converted one-by-one into a digital
code. Table 19.4 lists specifications of single sweep mode.

Table 19.4  Single Sweep Mode Specifications
ltem Specification
Function Converts the analog voltage input to a set of pins into a digital code one-by-one.
The pins are selected by setting bits SCAN1 and SCANO in the ADOCON"1
register and bits APS1 and APSO0 in the ADOCONZ2 register
Start conditions When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.
Stop conditions » A/D conversion is completed (the ADST bit is set to 0 when the software
trigger is selected)
* The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
generation timing disabled) when a sweep is completed, an interrupt request is generated.
When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated
Analog voltage input Selected from a group of 2 pins (ANi_0 and ANi_1), 4 pins (ANi_0 to ANi_3), 6

pins pins (ANi_0 to ANi_5), or 8 pins (ANi_0 to ANi_7) (i = no value, 0, 2, 15)
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)

Read the ADQj register corresponding to the selected pin (j=0to 7)

When the DUS bit is 1 (DMAC operating mode enabled)
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program
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19.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, the analog voltage applied to selected pins is repeatedly converted into a
digital code. Table 19.5 lists specifications of repeat sweep mode 0.

Table 19.5 Repeat Sweep Mode 0 Specifications
ltem Specification
Function Converts the analog voltage input to a set of pins into a digital code repeatedly.
The pins are selected by setting bits SCAN1 and SCANO in the ADOCON"1
register and APS1 and APSO in the ADOCON2 register
Start conditions When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.

Stop conditions The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
generation timing disabled), no interrupt request is generated.

When the DUS bitis 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated
Analog voltage input Selected from a group of 2 pins (ANi_0 and ANi_1), 4 pins (ANi_0 to ANi_3), 6
pins pins (ANi_0 to ANi_5), or 8 pins (ANi_0 to ANi_7) (i = no value, 0, 2, 15)
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)
Read the ADQj register corresponding to the selected pin (j = 0 to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
* When the converted result is transferred by DMAC
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program
* When the converted result is transferred by a program
Read the ADOO register after the IR bit in the ADOIC register becomes 1. Set
the IR bit back to 0
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19. A/D Converter

19.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, the analog voltage applied to eight selected pins including one to four
prioritized pins is repeatedly converted into a digital code. Table 19.6 lists specifications of repeat

sweep mode 1.

Table 19.6

Repeat Sweep Mode 1 Specifications

Item

Specification

Function

The analog voltage applied to eight selected pins including one to four prioritized
pins is repeatedly converted into a digital code. The prioritized pins are selected
by setting bits SCAN1 and SCANO in the ADOCON1 register and bits APS1 and
APSO0 in the ADOCONZ2 register
For example, when AN_0 is selected, the A/D conversion is performed in the
following order: AN_0—AN_1—-AN_0—-AN_2—-AN_0—AN_3ee.

Start conditions

When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program. Retrigger is invalid.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the circuit
to set the interrupt generating frequency in the three-phase motor control
timers after the ADST bit is set to 1 by a program.

Stop conditions

The ADST bit is set to 0 (A/D conversion stopped) by a program

Interrupt request
generation timing

When the DUS bit in the ADOCONS register is 0 (DMAC operating mode
disabled), no interrupt request is generated.

When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated

Analog voltage input
pins

8 (ANi_0 to ANi_7) (i = no value, 0, 2, 15)

Prioritized pin(s)

Selected from a group of 1 pin (ANi_0), 2 pins (ANi_0 and ANi_1), 3 pins (ANi_0
to ANi_2), or 4 pins (ANi_0 to ANi_3)

Reading A/D converted
result

When the DUS bit in the ADOCONS register is 0 (DMAC operating mode
disabled)
Read the ADQj register corresponding to the selected pin (j=0to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
* When the converted result is transferred by DMAC
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program
* When the converted result is transferred by a program
Read the ADQO register after the IR bit in the ADOIC register becomes 1. Set
the IR bit back to 0
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19.1.6 Multi-port Single Sweep Mode

In multi-port single sweep mode, the analog voltage applied to 16 selected pins is converted one-by-
one into a digital code. The DUS bit in the ADOCONS register should be set to 1 (DMAC operating
mode enabled). Table 19.7 lists specifications of multi-port single sweep mode.

Table 19.7  Multi-port Single Sweep Mode Specifications

ltem Specification
Function Converts the analog voltage input to a set of 16 selected pins into a digital code
one-by-one in the following order: AN_0 to AN_7—-ANi_0to ANi_7 (i=0, 2, 15)
The 16 pins are selected by setting bits MPS11 and MPS10 in the ADOCON4
register
For example, when bits MPS11 and MPS10 are set to 10b (AN_0 to AN_7,
ANO_O to ANO_7), the analog voltage is converted into a digital code in the
following order:
AN _0—-AN_1-AN_2-AN 3-AN _4-AN 5-AN _6—~AN_7-ANQ_Q—see—
ANO_6—ANO_7
Start conditions When the TRG bit in the ADOCONOQO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the circuit
to set the interrupt generating frequency in the three-phase motor control
timers after the ADST bit is set to 1 by a program.

Stop conditions » A/D conversion is completed (the ADST bit is set to 0 when the software trigger
is selected)
* The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request Every time A/D conversion is completed (set the DUS bit to 1)

generation timing
Analog voltage input A combination of pin group is selected from AN_0 to AN_7—-AN15_0to AN15 7,

pins AN_O to AN_7—-ANO_0 to ANO_7, or AN_0 to AN_7—AN2_0 to AN2_7
Reading A/D converted |Set the DUS bit to 1 and configure the DMAC (refer to 13. “DMAC”).
result Then the A/D converted result is stored in the ADOO register after the conversion

is completed. The DMAC transfers the converted result from the ADQO register to
a given memory space.
Do not read the ADQO register by a program
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19.1.7 Multi-port Repeat Sweep Mode 0

In multi-port repeat sweep mode 0, the analog voltage applied to 16 selected pins is repeatedly
converted into a digital code. The DUS bit in the ADOCONS register should be set to 1 (DMAC
operating mode enabled). Table 19.8 lists specifications of multi-port repeat sweep mode 0.

Table 19.8  Multi-port Repeat Sweep Mode 0 Specifications
ltem Specification
Function Converts the analog voltage input to a set of 16 selected pins into a digital code
repeatedly in the following order: AN_0 to AN_7—ANi_0to ANi_7 (i=0, 2, 15)
The 16 pins are selected by setting bits MPS11 and MPS10 in the ADOCON4
register
For example, when bits MPS11 and MPS10 are set to 10b (AN_0 to AN_7,
ANO_0 to ANO_7),the analog voltage is converted into a digital code repeatedly
in the following order:
AN_0—-AN_1-AN_2-AN 3-AN _4-AN 5-AN _6—~AN_7-ANQ_Q—see—
ANO_6—ANO_7
Start conditions When the TRG bit in the ADOCONOQO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set TRGO in the ADOCONZ2 register to select external trigger request source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the circuit
to set the interrupt generating frequency in the three-phase motor control
timers after the ADST bit is set to 1 by a program.
Stop conditions The ADST bit is set to O (A/D conversion stopped) by a program
Interrupt request Every time A/D conversion is completed (set the DUS bit to 1)
generation timing
Analog voltage input A combination of pin group is selected from AN_0 to AN_7—-AN15_0 to AN15_7,

pins AN_O to AN_7—ANO_0 to ANO_7, or AN_O to AN_7—AN2_0 to AN2_7
Reading A/D converted |Set the DUS bit to 1 and configure the DMAC (refer to 13. “DMAC”).
result Then the A/D converted result is stored in the ADOO register after the conversion

is completed. The DMAC transfers the converted result from the ADOO register to
a given memory space.
Do not read the ADQO register by a program
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19.2 Functions

19.2.1 Resolution Selection

Resolution is selected by setting the BITS bit in the ADOCON1 register. When the BITS bit is set to 1
(10-bit precision), the A/D converted result is stored into bits 9 to 0 in the ADQi register (i = 0 to 7).
When the BITS bit is set to 0 (8-bit precision), the result is stored into bits 7 to 0 in the ADQi register.

19.2.2 Sample and Hold Function

This function improves the conversion rate per pin to 28 ¢AD cycles at 8-bit resolution and 33 $AD
cycles for 10-bit resolution. This function is available in all operating modes and is enabled by setting
the SMP bit in the ADOCON2 register to 1 (with sample and hold function). Start A/D conversion after
setting the SMP bit.

19.2.3 Trigger Selection

A trigger to start A/D conversion is specified by the combination of TRG bit in the ADOCONO register
and TRGO in the ADOCONZ2 register. Table 19.9 lists the settings of the trigger selection.

Table 19.9  Trigger Selection Settings

Bit and Setting .
- , Trigger
ADOCONO register | ADOCONZ2 register
TRG =0 Software trigger
o The ADST bit in the ADOCONO register is set to 1
TRG=11,2) TRG0 =0 External trigger
Falling edge of a signal applied to the ADTRG pin
TRGO =1 Hardware trigger
Generation of a timer B2 interrupt request which has passed
through the circuit to set the interrupt generating frequency
in the three-phase motor control timers

Notes:
1. A/D conversion starts when a trigger is generated while the ADST bit is 1 (A/D conversion started).
2. When an external trigger or a hardware trigger is generated during A/D conversion, the A/D converter
aborts the operation in progress. Then, it restarts the operation.

19.2.4 DMAC Operating Mode

DMAC operating mode can be used in all operating modes. DMAC operating mode is highly
recommended when the A/D converter is in multi-port single sweep mode or multi-port repeat sweep
mode 0. When the DUS bit in the ADOCONS3 register is set to 1 (DMAC operating mode enabled), all A/
D converted results are stored in the ADOO register. The DMAC transfers the data from the ADOO
register to a given memory space every time A/D conversion is completed at a pin. 8-bit DMA transfer
should be selected for 8-bit resolution. For 10-bit resolution, 16-bit DMA transfer should be selected.
Refer to 13. “DMAC” for details.
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19.2.5 Function-extended Analog Input Pins

In one-shot mode and repeat mode, pins ANEXO and ANEX1 can be used as analog input pins by
setting bits OPA1 and OPAO in the ADOCON1 register (refer to Table 19.10). The A/D converted results
of pins ANEXO and ANEX1 are stored into registers ADOO and ADO1, respectively. However, when the
DUS bit in the ADOCONS register is set to 1 (DMAC operating mode enabled), all results are stored into
the ADOO register.

To use function-extended analog input pins, bits APS1 and APSO0 in the ADOCONZ2 register should be
set to 00b (ANO to AN7, ANEXO, ANEX1 function as analog input ports) and the MSS bit in the
ADOCONS register to 0 (multi-port sweep mode disabled).

Table 19.10 Function-extended Analog Input Pin Settings

ADOCON1 Register
ANEXO0 ANEX1
OPA1 OPAO
0 0 Not used Not used
0 1 Analog input Not used
1 0 Not used Analog input
1 1 Output to an external op-amp Input from an external op-amp

19.2.6 External Operating Amplifier (Op-Amp) Connection Mode

In external op-amp connection mode, multiple analog inputs can be amplified by one external op-amp
using function-extended analog input pins ANEX0 and ANEX1.

When bits OPA1 and OPAOQ in the ADOCON1 register are 11b (external op-amp connected), the voltage
applied to pins ANO to AN7 is output from the ANEXO pin. This output signal should be amplified by an
external op-amp and applied to the ANEX1 pin.

The analog voltage applied to the ANEX1 pin is converted into a digital code. The converted result is
stored in the corresponding ADQi register (i = 0 to 7). The conversion rate varies with the response of
the external op-amp. Note that the ANEXO pin should not be connected to the ANEX1 pin directly.

To use external op-amp connection mode, set bits APS1 and APSO0 in the ADOCON?2 register to 00b.
Figure 19.9 shows an example of an external op-amp connection.

19. A/D Converter

AN_O
AN_1
AN_2 \}o
Analog input AN 3 Lo Successive conversion register
—» -
AN_4 ro
AN_5 /'j
AN_6
AN 7 / Resistor ladder
ANEXO0
O
ANEX1 00b
O o ~o
Bits APS1 and APSO0 in
External op-amp the ADOCON2 register
Figure 19.9 External Op-Amp Connection
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19.2.7 Self Test/Open-circuit Detection Assist
This function enables the MCU to detect open-circuit in analog input pins. It also enables it to perform a
self test.
Figure 19.10 shows a block diagram of open-circuit detection assist circuit.

Va
'Y
A/D input O——— Selector o]

Compa® To successive

rator Q conversion register
ASTSEL From resistor

ladder

ASTEN —e > <:/:I

AVCC

ASTMTD ———

RPu(AST)

RPD(AST)

Figure 19.10 Open-circuit Detection Assist Circuit

To detect open-circuit, the ASTSEL bit in the ADOCONS register should be set to 0 (open-circuit detection
assist). Va in Figure 19.10 above is a voltage with a value between AVCC and the A/D applied voltage in
the following bit settings: the ASTEN bit is 1 (assist enabled), the ASTSEL bit is 0, and the ASTMTD bit is
0 (pull-up). If the A/D input pin is open, Va is almost equal to AVCC. When the ASTEN bit is 1, the
ASTSEL bit is 0, and the ASTMTD bit is 1 (pull-down), Va is between AVSS and the A/D applied voltage.
If the A/D input pin is open, Va is almost AVSS. That is, the A/D input pin is considered open if the result
value of A/D conversion is almost the maximum/minimum voltage.

To enable the self test function, the ASTSEL bit in the ADOCONS5 register should be set to 1 (self test
assist). Va is almost equal to AVCC in the bit settings as the ASTEN bit is 1, the ASTSEL bit is 1, and the
ASTMTD bit is 0. When the ASTEN bit is 1, the ASTSEL bit is 1, and the ASTMTD bit is 1, Va is almost
AVSS. That is, if the result value of A/D conversion is almost the maximum/minimum voltage in each bit
setting, the A/D converter is considered to be functioning normally.
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19.2.8 Power Saving

When the A/D converter is not in use, power consumption can be reduced by setting the VCUT bit in
the ADOCONT1 to 0 (VREF disconnected). With this bit setting, the reference voltage input pin (VREF)
can be disconnected from the resistor ladder, which enables the power supply from the VREF to the
resistor ladder to stop.

To use the A/D converter, set the VCUT bit to 1 (VREF connected) and wait at least 1 ys before setting
the ADST bit in the ADOCONO register to 1 (A/D conversion started). Bits ADST and VCUT should not
be set to 1 simultaneously. The VCUT bit should not be set to 0 during A/D conversion.

The VCUT bit does not affect VREF performance of the D/A converter (refer to Figure 19.11).

VREF O * » To D/A converter

| Resistor ladder |

AVSS © 6o |

VCUT bit

Figure 19.11 Power Supply by VCUT Bit

19.2.9 Output Impedance of Sensor Equivalent Circuit under A/D Conversion

Figure 19.12 shows an analog input pin and external sensor equivalent circuit.

To perform A/D conversion correctly, the internal capacitor (C) charging, shown in Figure 19.12, should
be completed within the specified period. This period, called the sampling time, is 2 $AD cycles for
conversion without the sample and hold function and 3 $AD cycles for conversion with this function.

____________________ MCU
! Sensor equivalent |}
| circuit 1
1 :
i RO | R
: VVW— O VWA I
] ]
] ]
] ] V
i VIN i c I N
] ]
i i Ve N
] 1
1 1
1 ]
] ]
| ]
> t

Figure 19.12 Analog Input Pin and External Sensor Equivalent Circuitry
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The voltage between pins (VC) is expressed as follows:

_ t
Ve = VIN{le C(R“R)}

When t = T and the precision (error) is x or less,

Ve = VINfiVIN = VIN(lJ-‘)

Y
Thus, output impedance of the sensor equivalent circuit (R0O) is determined by the following formulas:
T
e_C(R0+R) _x
y
T — 1n¥
—m— = n_
C(RO +R) y
RO = L R
Cln%
y

where:

T[s] = Sampling time

RO[€2] = Output impedance of the sensor equivalent circuit

VC = Potential difference between edges of capacitor C

R[Q] = Internal resistance of the MCU

X[LSB] = Precision (error) of the A/D converter

y[step] = Resolution of the A/D converter (1024 steps at 10-bit mode, 256 steps at 8-bit mode)

When ¢AD = 10 MHz, the A/D conversion mode is 10-bit resolution with the sample and hold function,
the output impedance (R0) with the precision (error) of 0.1 LSB or less is determined by the following
formula:

Using T = 0.3 us, R = 2.0 kQ (reference value), C = 6.5 pF (reference value), x = 0.1, y = 1024,

-6
RO = —— 03 lleo — 20 10°
65 X 10 X lnm

2998

Thus, the allowable output impedance of the sensor equivalent circuit (R0), making the precision (error)
of 0.1 LSB or less, should be less than 3 kQ.
The actual error, however, is the value of absolute precision added to the 0.1 LSB mentioned above.

RO1UH0213EJ0120 Rev.1.20 RENESAS Page 312 of 541
Dec 18, 2014



R32C/116A Group 19. A/D Converter

19.3 Notes on A/D Converter

19.3.1 Notes on Designing Boards
* Three capacitors should be placed between the AVSS pin and pins such as AVCC, VREF, and
analog inputs (AN_0 to AN_7, ANO_0to ANO_7, AN2_0to AN2_7, and AN15 _0to AN15_7) to
avoid erroneous operations caused by noise or latchup, and to reduce conversion errors. Figure
19.13 shows an example of pin configuration for A/D converter.

MCU
- -
AVCC
VREF
C1 == -— C2
Analog input pins _T_ O
T C3
AVSS
777

Notes:
1. C1>0.47 yF, C2>0.47 yF, and C3 > 100 pF (reference values)
2. The traces for the capacitor and the MCU should be as short and wide as physically possible.

Figure 19.13 Pin Configuration for the A/D Converter

* Do not use AN_4 to AN_7 for analog input if the key input interrupt is to be used. Otherwise, a key
input interrupt request occurs when the A/D input voltage becomes VIL or lower.

* When AVCC = VREF = VCC, A/D input voltage for pins AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2_7, AN15_0 to AN15_7, ANEXO0, and ANEX1 should be VCC or lower.
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19.3.2 Notes on Programming

* The following registers should be written while A/D conversion is stopped. That is, before a trigger
occurs: ADOCONO (except the ADST bit), ADOCON1, ADOCON2, ADOCON3, ADOCON4, and
ADOCONS5.

* When the VCUT bit in the ADOCON1 register is changed from 0 (VREF connected) to 1 (VREF
disconnected), wait for at least 1 ys before starting A/D conversion. When not performing A/D
conversion, set the VCUT bit to 0 to reduce power consumption.

+ Set the port direction bit for the pin to be used as an analog input pin to 0 (input). Set the ASEL bit
of the corresponding port function select register to 1 (port is used as A/D input).

* When the TRG bit in the ADOCONOQO register is 1 (external trigger or hardware trigger), set the
corresponding port direction bit (PD9_7 bit) for the ADTRG pin to 0 (input).

* The ¢AD frequency should be 16 MHz or lower when VCC is 4.2 to 5.5 V, and 10 MHz or lower
when VCC is 3.0 to 4.2 V. It should be 1 MHz or higher when the sample and hold function is
enabled. If not, it should be 250 kHz or higher.

* When A/D operating mode (bits MD1 and MDO in the ADOCONO register or the MD2 bit in the
ADOCONT1 register) has been changed, reselect analog input pins by setting bits CH2 to CHO in
the ADOCONO register or bits SCAN1 and SCANO in the ADOCON1 register.

« If the ADQi register is read when the A/D converted result is stored to the register, the stored value
may have an error (i = 0 to 7). Read the ADQi register after A/D conversion is completed.
In one-shot mode or single sweep mode, read the ADOi register after the IR bit in the ADOIC
register becomes 1 (interrupt requested).
In repeat mode, repeat sweep mode 0, or repeat sweep mode 1, an interrupt request can be
generated each time A/D conversion is completed when the DUS bit in the ADOCONS3 register is 1
(DMAC operating mode enabled). Similar to the other modes above, read the ADOO register after
the IR bit in the ADOIC register becomes 1 (interrupt requested).

* When an A/D conversion is halted by setting the ADST bit in the ADOCONO register to 0, the
converted result is undefined. In addition, the unconverted ADQi register may also become
undefined. Consequently, the ADQi register should not be used just after A/D conversion is halted.

« External triggers cannot be used in DMAC operating mode. When the DMAC is configured to
transfer converted results, do not read the ADOO register by a program.

» While in single sweep mode, if A/D conversion is halted by setting the ADST bit in the ADOCONO
register to 0 (A/D conversion is stopped), an interrupt request may be generated even though the
sweep is not completed. To halt A/D conversion, disable interrupts before setting the ADST bit to 0.
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20. D/A Converter

The MCU has two separate 8-bit R-2R resistor ladder D/A converters.

Digital code is converted to an analog voltage when a value is written to the corresponding DAi register
(i=0, 1). The DAIE bit in the DACON register determines whether the D/A conversion result is output or
not. Set the DAIE bit to 1 (output enabled) to output the converted value. This bit setting disables a pull-up
resistor for the corresponding port.

Analog voltage to be output (V) is calculated based on the value (n) set in the DA register (n is a decimal
number).

VREF xn
256

VREF: reference voltage

V= (n =0to 255)

Table 20.1 lists specifications of the D/A converter. Figure 20.1 shows a block diagram of the D/A converter.
Figures 20.2 and 20.3 show registers associated with the D/A converter. Figure 20.4 shows a D/A converter
equivalent circuit.

When the D/A converter is not used, set the DAI register to 00h and the DAIE bit to 0 (output disabled).

Table 20.1 D/A Converter Specifications

ltem Specification
D/A conversion method |R-2R resistor ladder
Resolution 8 bits
Analog output pins 2 channels

Lower byte of data bus

)

| DAO register | DAOE

) 0
| R-2R resistor ladder li"’/:ﬂ—o DAO

)

| DAA1 register | DAIE

) 0
| R-2R resistor ladder li"’/:ﬂ—o DA1

DAOE and DA1E: Bits in the DACON register

Figure 20.1 D/A Converter Block Diagram
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S

D/A Control Register

b7 b6 b5 b4 b3 b2 b1 b0

e cccccc e ——————

Symbol Address Reset Value
DACON 039Ch XXXX XX00b
Bit Symbol Bit Name Function RW
. 0: Output disabled
DAOE D/AQ Output Enable Bit 1 Output enabled RW
. 0: Output disabled
DA1E D/A1 Output Enable Bit 1 Output enabled RW
— No register bits; should be written with 0 and read as undefined .
(b7-b2) value

Figure 20.2 DACON Register

b7

b0

D/A Registeri (i=0, 1)

Symbol
DAO, DA1

Address
0398h, 039Ah

Reset Value
Undefined

Function

Setting Range |RW

Output value by the D/A conversion

00h to FFh RwW

Figure 20.3 Registers DAO and DA1

Notes:

DAO  O— A
0

AVSS O
VREF O

1.
2.
3.

R

DAO register

This figure applies when the DAO register is 2Ah.
This circuitry also applies to D/A converter 1.

To reduce power consumption when the D/A converter is not in use, set the DAIE bit to 0 (output
disabled) and the DAi register to 00h to prevent the current from flowing into the R-2R resistor ladder

(i=0,1).

Figure 20.4 D/A Converter Equivalent Circuitry
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R32C/116A Group 21. CRC Calculator

21. CRC Calculator

The Cyclic Redundancy Check (CRC) calculator is used for detecting errors in data blocks. A generator
polynomial of CRC-CCITT (X16 + X12 + X5 + 1) generates the CRC.

The CRC is a 16-bit code generated for a given set of blocks of 8-bit data. It is set in the CRCD register
every time 1-byte data is written to the CRCIN register after a default value is set to the CRCD register.
Figure 21.1 shows a block diagram of the CRC calculator. Figures 21.2 and 21.3 show registers associated
with the CRC. Figure 21.4 shows an example of the CRC calculation.

§ Upper byte of data bus
| [ >
§ Lower byte of data bus

il Upper byte il TT Lower byte

CRCD register

11 11

CRC generator
X16+X12+ x5+ 1

| CRCIN register |

3

Figure 21.1 CRC Calculator Block Diagram

CRC Data Register

p1% b8 b7 b0 Symbol Address Reset Value
| | crep 037Dh-037Ch Undefined

The CRC calculation result is stored in the CRCD register.
When a default value in a reversed bit position is set in this
------------- register and then data in reversed bit position is written to the 0000h to FFFFh RW
CRCIN register, the CRC in the reversed bit position is read
from this register

i
]
i
]
| Function Setting Range |RW
i
]
]
]
]

Figure 21.2 CRCD Register
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CRC Input Register

b7 b0 Symbol Address Reset Value
| | crciN 037Eh Undefined
!
]
E Function Setting Range |RW
]
]

This register is for input data.

------------- Input data should be in the reversed bit position 00 to FFh RW
Figure 21.3 CRCIN Register
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CRC Calculation and Setting Procedure to Generate CRC for 80C4h

® CRC Calculation for R32C

CRC: a remainder of the division as follows: reversed-bit-position value in the CRCIN register

generator polynominal
Generator Polynomial: X6+ X2+ X5+ 1(1 0001 0000 0010 0001b)

® Setting Procedure
(1) Reverse the bit position of 80C4h in 1-byte units by a program

80h to 01h, C4h to 23h

(2) Set 0000h (default value in reversed bit position) in CRCD register
b15 bo
| 0000h |  CRCD register

(3) Set 01h (80h in reversed bit position) in CRCIN register

b7 b0
1189h, CRC for 80h (9188h) in reversed bit position is
b15 b stored into the CRCD register in the third cycle.
1189h |  CRCD register

(4) Set 23h (C4h in reversed bit position) in CRCIN register

b7 b0
23h CRCIN register
0A41h, CRC for 80C4h (8250h) in revered bit position is
b15 b stored into the CRCD register in the third cycle.
0A41h |  CRCD register

® Details of the CRC Calculation

As shown in (3) above, add 1000 0000 0000 0000 0000 0000b as 80h (1000 0000b) plus 16 digits to 0000 0000 0000
0000 0000 0000b as the default value of the CRCD register, 0000h plus eight digits to perform the modulo-2 division.

1000 1000
1000 1000 0001 0000 1 ) 1000 0000 0000 0000 0000 0000 «— data The modulo-2 calculation is
T 1000 1000 0001 0000 1 based on the following law
0+0=0
Generator Polynomial 100000010000 1000 0 0+1=1
1000 1000 0001 0000 1 1+0=1
1001 0001 1000 1000 1+1=0
-1=1
CRC

0001 0001 1000 1001b (1189h), the reversed-bit-position value of remainder 1001 0001 1000 1000b (9188h) can be
read from the CRCD register.

When continuing on to (4) above, add 1100 0100 0000 0000 0000 0000b as C4h (1100 0100b) plus 16 digits to 1001
0001 1000 1000 0000 0000b as the remainder of (3) left in the CRCD register plus eight digits to perform the modulo-2
division.

0000 1010 0100 0001b (0A41h), the reversed-bit-position value of remainder 1000 0010 0101 0000b (8250h) can be
read from the CRCD register.

Figure 21.4 CRC Calculation
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22. X-Y Conversion

X-Y conversion rotates a 16 x 16-bit matrix data 90 degrees or reverses the bit position of 16-bit data.

X-Y conversion is set using the XYC register shown in Figure 22.1.

Data is written to the write-only XiR registers and converted data is read from the read-only Y|R register (i =
0 to 15;j = 0 to 15). These registers are allocated to the same address. Figures 22.2 and 22.3 show
registers XiR and YjR, respectively. A write/read access to registers XiR and YjR should be performed in
16-bit units from an even address. 8-bit access operation results are undefined.

X-Y Control Register

b7 6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
XYC 02EOh XXXX XX00b

]
{ [ Bitsymbol Bit Name Function RW

1

1

t--{  XYCO |Read Mode Set Bit 0: Data rotation RW
1: No data rotation

0: No bit position reverse

g
g gy Sy

(EEEEEL XYC1 Write Mode Set Bit . - RW
1: Bit position reverse
S T S — No register bits; should be written with 0 and read as undefined _
(b7-b2) value
Figure 22.1 XYC Register
Xi Register (i=0to 15) ("
b15 b3 b7 bo Symbol Address Reset Value
i | XOR to X2R 02C1h-02C0h, 02C3h-02C2h, 02C5h-02C4h Undefined
1 X3R to X5R 02C7h-02C6h, 02C9h-02C8h, 02CBh-02CAh  Undefined
E X6R to X8R 02CDh-02CCh, 02CFh-02CEh, 02D1h-02D0Oh  Undefined
! X9R to X11R 02D3h-02D2h, 02D5h-02D4h, 02D7h-02D6h Undefined
E X12R to X14R  02D9h-02D8h, 02DBh-02DAh, 02DDh-02DCh  Undefined
! X15R 02DFh-02DEh Undefined
]
]
E Function Setting Range |RW
]
— Input data for X-Y conversion 0000h to FFFFh [ WO
Note:
1. A 16-bit write access to this register should be performed.

Figure 22.2 Registers X0R to X15R
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b15 b8 b7 b0

Note:

Y] Register (j=0to 15)

Symbol Address Reset Value
YOR to Y2R 02C1h-02C0h, 02C3h-02C2h, 02C5h- 02C4h  Undefined
Y3R to Y5R 02C7h-02C6h, 02C9h-02C8h, 02CBh-02CAh  Undefined
Y6R to Y8R 02CDh-02CCh, 02CFh-02CEh, 02D1h-02D0h  Undefined
YOR to Y11R  02D3h-02D2h, 02D5h-02D4h, 02D7h-02D6h Undefined
Y12R to Y14R 02D9h-02D8h, 02DBh-02DAh, 02DDh-02DCh  Undefined
Y15R 02DFh-02DEh Undefined

Function RW

Result of X-Y conversion RO

1. A 16-bit read access to this register should be performed.

Figure 22.3 Registers YOR to Y15R

22.1 Data Conversion When Reading

Set the XYCO bit in the XYC register to select a read mode for the YjR register. When the XYCO bit is 0
(data rotation), bit j in the corresponding registers XOR to X15R is automatically read upon reading the
YjR register (j = 0 to 15).
More concretely, upon reading biti (i = 0 to 15) in the YOR register, the data of bit 0 in the XiR register is
read. That is, the read data of bit 0 in the Y15R register means the data of bit 15 in the XOR register and
the data of bit 15 in the YOR register is identical to that of bit O in the X15R register.
Figure 22.4 shows the conversion table when the XYCO bit is 0 and Figure 22.5 shows an example of X-Y

conversion.
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Addresses to be read
A

Y15R )
Y14R
Y13R
Y12R
Y11R
Y10R
YOR
Y8R
X7R
Y6R
Y5R
Y4R
Y3R
Y2R
Y1R
YOR

XOR
X1R
X2R
X3R
X4R
X5R
X6R
X7R
X8R
X9R
X10R
X11R
X12R
X13R
X14R
X15R

b0

»
>

Addresses to be written
N
Bits in the YjR register

o
Y

b15

b0 i=0to 15
Bits in the XiR register j=0to 15

b15 <€

\ 4

Figure 22.4 Conversion Table (XYCO Bit is 0)

i
( V|
. nw < O N «~ O N <+ MO N «— O
Registers S oo o5 n33588238583 Registers Yo o o o » o 385 883385 83
XO0R YOR
X1R Y1R R
X2R Y2R
X3R Y3R
X4R Y4R
X5R Y5R
X6R Y6R
X7R [j> X7R
<
X8R Y8R
X9R YO9R
X10R Y10R
X11R Y11R
X12R Y12R
X13R Y13R
X14R Y14R
v
X15R — Y15R <«
Figure 22.5 X-Y Conversion
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When the XYCO bit is set to 1 (no data rotation), the data of each bit in the YjR register is identical to that
written in the XiR register. Figure 22.6 shows the conversion table when the XYCO bit is set to 1.

Address to be written,
address to be read

<

XO0R, YOR
X1R, Y1IR
X2R, Y2R
X3R, Y3R
X4R, Y4R
X5R, Y5R
X6R, Y6R
X7R, Y7TR
X8R, Y8R
X9R, YOR
X10R, Y10R
X11R, Y11R
X12R, Y12R
X13R, Y13R
X14R, Y14R
X15R, Y15R

b15 <«

\4

Bits in the XiR register
Bits in the YjR register

b0

i=0to15
j=0to 15

Figure 22.6 Conversion Table (XYCO Bit is 1)

22.2 Data Conversion When Writing
Set the XYC1 bit in the XYC register to select a write mode for the XiR register.

When the XYC1 bit is set to 0 (no bit position reverse), the data is written in order. When it is set to 1 (bit
position reverse), the data is written in reversed order. Figure 22.7 shows the conversion table when the
XYC1 bitis setto 1.

b0

b15
Data to be
written
b15
XiR register
(i=0to 15)

Figure 22.7 Conversion Table (XYC1 Bitis 1)
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23. Intelligent I/O

The intelligent 1/0 is a multifunctional 1/O port for time measurement, waveform generation, variable
character length synchronous serial interface, and IEBus.
It consists of three groups each of which has one free-running 16-bit base timer and eight 16-bit registers for
time measurement or waveform generation.
Table 23.1 lists the functions and channels of the intelligent I/O.

Table 23.1  Intelligent I/O Functions and Channels
Functions Group 0 Group 1 Group 2
Time Digital filter 8 channels 8 channels
measurement (1) |Prescaler 2 channels 2 channels Not available
Gating 2 channels 2 channels
Waveform Single-phase waveform output mode |8 channels 8 channels 8 channels
generation (1) Inverted waveform output mode 8 channels 8 channels 8 channels
SR waveform output mode 8 channels 8 channels 8 channels
Bit modulation PWM mode 8 channels
RTP mode Not available |Not available |8 channels
Parallel RTP mode 8 channels
Serial interface Variable character length synchronous
serial interface mode Not available [Not available |Available

IEBus mode (optional (2))

Notes:

1. The time measurement and waveform generation functions share a pin.
2. Contact a Renesas Electronics sales office to use the optional features.

Each channel can be individually assigned for time measurement or waveform generation function.

Figures 23.1 to 23.3 show block diagrams of the intelligent I/O.
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Request from group 1 Request by matching the base timer with the GOPOO register
Request from the INTO pin or the INT1 pin | 4\_(_\ Group 0 base
BTOS timer reset
BCK1 and BCKO gTg ——
10— Reset
Two-phase pulse input %—O
Ol 5 Divide-by- fBTO ) Base timer interrupt request
00_0/: 1 2(n+1) divider Base timer > BTOR
7J/; DIV4 to DIVO | Base timer overflow
— Edge | GOTMO, GOPOO |
1100_0 input E;!ﬁ'tal selection register (" < O 1100_0 output
Lol IDF1and DFO CTST and CTSO 2
=]
(o]
=
i 00 Edge | GOTM1, GOPO1 &
1100_1 inputol—{ Df:ﬁgf' 1X selection | register () O 1100_1 output
DF1and DFO  CTSTand CTSO L
L 00 Edge GOTM2, GOPO2
1100_2 inputOl—{ Df!ﬁ'tal X selection register " = OII00_2 output
B IDF1and DFO  CTST and CTSO B
5
o
s
L 00 Edge | GOTM3, GOPO3 &
1100_3 inputOl—{ Df!ﬁ'tal 1X selection register (" O 1100_3 output
~S"—IDF1and DFO  CTST and CTSO L
00 Ed 1
—= ge GOTM4, GOPO4
1100_4 inputol_{ Df!ﬁ'ta' 1X selection register (" . O 1100_4 output
L& IDF1and DFO  'CTST and CTSO E
3
o
=
00 Ed 1 o
—= ge GOTMS, GOPO5 |
1100_5 inputOl—{ E;!ﬁ'tal 1X selection register (" O 1100_5 output
B¢l IDF1andDFO  'CTST and CTSO L
DF1 and DFO I
00 1
—= "‘. GOTM6, GOPO6 |
1100_6 input Digital 1X u register (" . O 1100_6 output
filter 3
3
DF1 and DFO 2
1 o
—= Prescaler GOTM7, GOPO7 |
CTS1and CTSO PR — Interrupt
\ request
DIV4 to DIVO, BCK1, and BCKO: Bits in the GOBCRO register signals
BTS: Bit in the GOBCR1 register Ch0 to Ch7
BTOS: Bit in the BTSR register
CTS1, CTS0, DF1, DFO, GT, and PR: Bits in the GOTMCR] register
BTOR: Bit in the IIO7IR register
Note:
1. Each register is placed in a reset state after the clock is provided via the GOBCRO register.

Figure 23.1 Intelligent /O Group 0 Block Diagram (j = 0 to 7)
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Request from group 0 Request by matching the base timer with the G1POO register
Request from the TNTO pin or the INTT pin Group 1 base
BT1S | timer reset
BCK1 and BCKO grg :D—o—_<_/
10— Reset
Two-phase pulse input %—O
Ol 45 Divide-by- fBT1 . Base timer interrupt request
00_0/: t 2(n+1) divider Base timer > BT1R
7J/; DIV4 to DIVO | Base timer overflow
— Edge | G1TMO, G1POO |
1101_0 input E;:ﬁgfl selection | register (" . O 1101_0 output
DF1and DFO CTS1 and CTSO £
(o]
=
L 0 [ Edge | G1TM1, G1PO1 a
101_1 inputOl—{ Df:ﬁgfl 1X selection | register (" O1101_1 output
DF1and DFO  CTSTand CTSO L
L 00 Edge G1TM2, G1PO2
lo1_2 inputol—{ Df:ﬁgf' 1X selection register ) y O1101_2 output
DF1and DFO CTS1and CTSO g
o
s
L 00 Edge | G1TM3, G1PO3 &
101_3 inputol—{ Df:ﬁgfl 1X selection | register (" O1101_3 output
DF1and DFO CTS1 and CTSO L
% [Edge |
— ge G1TM4, G1PO4
101_4 inputOl—{ Df:ﬁgfl 1X selection | register (" 5 O1101_4 output
DF1and DFO  CTS1and CTSO =
o
=
0 [TEdge | =
— ge G1TMS5, G1PO5 |
1101_5 inputOl—{ E;:ﬁgfl }ZE} selection | register (" O 1101_5 output
DF1and DFO  CTS1and CTSO L |
DF1 and DFO —
L 90 ! G1TM6, G1POG
1101_6 inputOl—{ Df:ﬁgfl u register < O 1101_6 output
CTS1 and CTSO =
o
DF1 and DFO 2
1 o
—= Prescaler G1TM7, G1PO7 |
CTS1 and CTSO PR — Interrupt
\ request
DIV4 to DIVO, BCK1, and BCKO: Bits in the G1BCRO register signals
BTS: Bit in the G1BCR1 register Ch0 to Ch7
BT1S: Bit in the BTSR register
CTSH1, CTS0, DF1, DFO, GT, and PR: Bits in the G1TMCR] register
BT1R: Bit in the IIO4IR register
Note:
1. Each register is placed in a reset state after the clock is provided via the G1BCRO register.

Figure 23.2 Intelligent /O Group 1 Block Diagram (j = 0 to 7)
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Request from group 1

Byte counter

L ACK calculation

I

: Request by matching
Request from the serial
intgrl;ace " the base timer with the
BT2S G2P0O0
BTS :D—Dc S register
Reset Group 2 base
BCK1 and BCKO timer reset
11 Divide-by- fBT2 . 1o o
1 2(n+1) divider Base timer » Base timer interrupt request BT2R
DIV4 to DIVO S Overfl@w of bit 15 in the Real-time port
base timer output value
G2P00 | | | L MR UREE o
. - 000 to 010,100, .
| register | l Bit modulation PWM [ PWM z ISTXD2/
output w00 IEOUT
| G2PO1 1 | - 1 L control 010100 MOD2 to MODO
) Bit modulation PWM - ouTC2_1/
ter (1) _
ISCLK2 [ register | ] I ISCLK2
111
| G_2P02(1) l l Bit modulation PWM l 0 OUTC2_2
/ISRXD2 o—e— Didital rogister 7| l ! PWM
IEIN filter output
control
G2PO3 | [ Bit modutation Pwm | 60UTC2_3
register | | |
G2P0O4 ] | . - ]
| register | | Bit modulation PWM | PWM 0 OUTC2_4
output
control
G.2P051 l l Bit modulation PWM l 0 OUTC2_5
register | ] |
G2P0O6 ] | . . ]
| register @ | l Bit modulation PWM [ PWM 0 OUTC2_6
output
control
c2PoT g [ Bit modutation Pwm | 0 0UTC2_7
register | I | |
Q . Waveform
N " generation interrupt
request PO2jR
G2TB register
Clock Bit Transmit register Output control
|_selector counter
T—T T 'y
! | OPOL
Transmit parity Transmit| g | | Polarity
calculation latch _l inversion

Arbitration lost
detection

A

Start bit detection

Note:

oL X Receive parity IE, serial interface
calculation interrupt control
| Polarity
" inversion [ ]
.’_I Receive register | G2RB register |
ement length

ID detection

| Stat

detection

ALL “F” detection

Address detection

DIV4 to DIVO, BCK1, and BCKO: Bits in the G2BCRO register
BTS: Bit in the G2BCR1 register

BT2S: Bit in the BTSR register

OPOL and IPOL: Bits in the G2CR register
DF: Bit in the IECR register

MOD2 to MODO: Bits in the G2POCR; register
BT2R, PO2jR, IEOR to IE2R, SIO2TR, and SIO2RR: Bits in registers 1I03IR and II05IR to 11011IR

1. Each register is placed in a reset state after the clock is provided via the G2BCRO register.

[

P |E start bit interrupt request: IEOR to IE2R
IE transmit interrupt request:

IEOR to IE2R

IE receive interrupt request:

IEOR to IE2R

Synchronous serial interface transmit
interrupt request: SIO2TR

Synchronous serial interface receive
interrupt request: SIO2RR

Figure 23.3

Intelligent 1/0 Group 2 Block Diagram (j =0 to 7)
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Figures 23.4 to 23.17 show registers associated with the intelligent I/O base timer, time measurement, and
waveform generation (for registers associated with the serial interface, refer to Figures 23.33 to 23.40).

Group i Base Timer Register (i=0to2) ™

b15 b8 b7 b0 Symbol Address Reset Value
| GOBT, G1BT 01A1h-01A0h, 0121h-0120h Undefined
G2BT 0161h-0160h Undefined

Function Setting Range |RW

- While the base timer is running, this register indicates the
value of base timer; when a value is written, the counter
immediately starts counting from this value. The register is

e il set to 0000h when the base timer is reset 0000h to FFFFh [ RW

- While the base timer is being reset, this register is set to
0000h; the register is read as undefined value; no value
can be set @

Notes:

1. The GIBT register reflects the base timer value after a delay of a half fBTi cycle.

2. The base timer stops only when bits BCK1 and BCKO in the GiBCRO register are set to 00b (clock stopped).
However, the base timer can be in a “no-counting” state, holding the value 0000h, by setting the BTiS bit in
the BTSR register and the BTS bit in the GiBCR1 register to 0 (reset the base timer). When either of these
bits is set to 1 (start counting), this state is cleared and the base timer starts counting.

Figure 23.4 Registers GOBT to G2BT

RO1UH0213EJ0120 Rev.1.20 T{ENESAS Page 328 of 541
Dec 18, 2014



R32C/116A Group 23. Intelligent 1/O

Group i Base Timer Control Register 0 (i=0to 2)

b6 b5 b4 b3 b2
Count Source Divide Ratio |0 0 0 0 O :divide-by-2 (n =0)

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address Reset Value
LIl 1 ]]]] coBCcROtoG2BCRO 01A2h, 0122h, 0162h 0000 0000b
R
1 1 1 1 1 1 1 1
I S T R R R Bit Symbol Bit Name Function RW
I S T R R R o102
I S T T O A R BCKO ) RW
A 0 0:Clock stopped
I Count Source Select Bit 0 1: Do not use this combination
I BCKA1 1 0 : Two-phase pulse signal input (" | gy
I T R 11:f
] ] ] 1 1 1
T R R
Voo by T DIVO Divide the count source by 2(n+1). RW
A The count source is not divided when
TR T T S VORI DIV1 n=31(n=0to31). RW
P
] 1 ] ]
] 1 ]
1 1 1
1 1 1
1 1 1
1 1 ]
1 ]
1 1
1 ]
1 1
1 1
1 1

T DIV2 Select Bit 0 00 0 1:divide-by-4 (n=1) RW
0 0 0 1 0:divide-by-6 (n=2)
e L L LT DIV3 : RW
11 1 1 0:divide-by-62 (n = 30)
S, DIV4 1111 1:nodivision (n=31) RW
1
1
:L _____________________ T Base Timer Interrupt 0: Overflow of bit 15 or bit 9 RW
Source Select Bit 1: Overflow of bit 14

Note:
1. This bit setting is enabled only when bits UD1 and UDO in the GjBCR1 register are set to 10b (two-phase
pulse signal processing mode) (j = 0, 1). Bits BCK1 and BCKO should not be set to 10b in other modes or in
group 2.

Figure 23.5 Registers GOBCRO0 to G2BCR0
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Group i Base Timer Control Register 1 (i=0, 1)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
o] [ [ [o] | | | oBCR1,G1BCRT 01A3h, 0123h 0000 0000b
1
1
1
i Bit Symbol Bit Name Function RW
i 0: No reset
1

--- RSTO Base T"T‘er Reset Source 1: Synchronization with another base | RW
Select Bit 0 X 1
timer reset ()

Base Timer Reset Source :No reset

0
i RSTT | Select Bit 1 1: Match with the GiPOO register @ | XV
1
| ) 0: No reset
R RST2 Base Timer Reset Source | 4 o\ ional input into the TNTO/AINTT | RW
Select Bit 2 pin ©
I (b_3) Reserved Should be written with 0 RW

e Ll BTS Base Timer Start Bit 4 5 O Reset the ?ase timer RW
1: Start counting

o
(=]

b5
VT uDo 0 O :Increment mode RW
H Increment/Decrement 0 1 :Increment/decrement mode

E Control Bit 1 0: Two-phase pulse signal

1

___________________ uD1 processing mode © RW
1 1 : Do not use this combination

L (b7) Reserved Should be written with 0 RW

1. The group 0 base timer is reset by synchronizing with the reset of group 1 base timer, and vice versa.

2. The base timer is reset after two fBTi clock cycles when the base timer value matches the GiPOO register
setting. When the RST1 bit is 1, the value of the GiPOj register used for waveform generation should be
smaller than that of the GiPOO register (j = 1 to 7).

3. The base timer is reset by an input of low signal to the external interrupt input pin selected for the UDiZ
signal by the IFS2 register.

4. To start base timer group 0 and 1 individually, the BTS bit should be set to 1 after setting the BTkS bit in
the BTSR register to 0 (reset the base timer) (k = 0, 1).

5. To start the base timers of multiple groups simultaneously, the BTSR register should be used. The BTS bit
should be set to 0.

6. In two-phase pulse signal processing mode, the base timer is not reset, even if the RST1 bit is 1, if the
timer counter decrements after two clock cycles when the base timer value matches the GiPOO register.

Figure 23.6 Registers GOBCR1 and G1BCR1
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R32C/116A Group 23. Intelligent 1/O

Group 2 Base Timer Control Register 1

e BTS Base Timer Start Bit 3 O Reset the ?ase timer RW
1: Start counting

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| Jofo] [o] | | | w2BCR1 0163h 0000 0000b
REEEEEE

[ ! 1

Pror E E ' Bit Symbol Bit Name Function RwW
A 0 No reset

[ B ] . :Norese

E E i H i T — RSTO Base T'".‘e" Reset Source 1: Synchronization with group1 base | RW
S A B Select Bit 0 timer reset

Pb

[ T T ; .

[ T T S R A Base Timer Reset Source 0: No reset

P RSTT | select Bit 1 1: Match with the G2POO register (1 | RV
1 1 1 1 1 ]

[ ) 0: No reset

E E i LTS RST2 Base Terler Reset Source 1: Reset request from the serial RW
A Select Bit 2 interface

b

[} ] 1

R ~ Reserved Should be written with 0 RW
1 [ b3

- 1 (b3)

oo H

1 ] ]

1 ] ]

1 ] ]

1 ] 1

1 ] 1

1 ] 1

1 L

)

]

]

1

[}

e LD ELS (b6-b5) Reserved Should be written with 0 RW
Parallel Real-time Port 0: RTP output mode
---------------------- PRP Select Bit 4 1: Parallel RTP output mode RW

1. The base timer is reset after two fBT2 clock cycles if the base timer value matches the G2POO0 register
setting. When the RST1 bit is set to 1, the value of G2POj register used for waveform generation or the
serial interface should be smaller than that of the G2PQOO register (j = 1 to 7).

2. To start the group 2 base timer, the BTS bit should be set to 1 after setting the BT2S bit in the BTSR
register to O (reset the base timer).

3. To start the base timers of multiple groups simultaneously, the BTSR register should be used. The BTS bit
should be set to 0.

4. This bit setting is enabled when the RTP bit in the G2POCR I register is set to 1 (real-time port used).

Figure 23.7 G2BCR1 Register
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R32C/116A Group 23. Intelligent 1/O

Base Timer Start Register (2

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
DDDDA] [ [ | BTsR 0164h XXXX 0000b
R
Pl
boror b Bit Symbol Bit Name Function RW
]
! E i i i E i :.___ BTOS Group 0 Base Timer Start | 0: Reset the base timer RW
E [ Bit 1: Start counting
I ] 1
, E i E P Group 1 Base Timer Start 0: Reset the base timer
E E i i i b BT1S Bit 1: Start counting RW
]
E i i i i I BT2S Group 2 Base Timer Start | 0: Reset the base timer RW
I Bit 1: Start counting
[ N
R —— e Reserved Should be written with 0 RW
b (b3)
:___E__i___i ______________ — No register bits; should be written with 0 and read as undefined B
(b7-b4) value.
Notes:

1. The following initial bit and register settings for the intelligent /0 should be performed:
(1) Set the G2BCRO register to provide the clock to the group 2 base timer.
(2) Set all bits BTOS to BT2S to 0.
(3) Set other registers associated with the intelligent I/O.
The BTiS bit allows the base timers of two or all groups to start counting simultaneously (i = 0 to 2). To start
counting individually, the BTiS bit should be set to 0 and the BTS bit in the GiIBCR1 register should be used.
2. Perform the following procedure to start the base timers of multiple groups simultaneously:
-Bits BCK1 to BCKO and bits DIV4 to DIVO in the GiBCRO register to be used should be set identically (more than
one of i =0to 2).
-After bits BCK1 to BCKO or bits DIV4 to DIVO are changed, use the following procedure to start the base timers
twice:
(1) Set the BTiS bit to 1.
(2) Set the BTiS bit to 0 after one fBTi clock cycle.
(3) Set the BTiS bit to 1 again after one additional fBTi clock cycle.

Figure 23.8 BTSR Register
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R32C/116A Group

23. Intelligent I/O

Group i Time Measurement Control Register j(i=0,1; j=0to 7)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
111 ] ]]] cotMcrRotoGOTMCR3 0198h, 0199h, 019Ah, 019Bh 0000 0000b
IR AR GOTMCR4 to GOTMCR7  019Ch, 019Dh, 019Eh, 019Fh 0000 0000b
I T T T B R G1TMCRO to G1ITMCR3  0118h, 0119h, 011Ah, 011Bh 0000 0000b
A G1TMCR4 to GITMCR7 ~ 011Ch, 011Dh, 011Eh, 011Fh 0000 0000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
bbbt | Bit Symbol Bit Name Function RW
I O T T T B B b1 b0
A CTs0 0 0 :No time measurement RW
I T T T B Time Measurement Trigger | 1 . Rising edge
i E i i i i i Select Bit 10 Falling edge
i E i i i i ______ CcTst 1 1 :Both edges RW
A b3 02
i DFO 0 0:No digital filter used RW
HE T R Digital Filter Select Bit 0 1 : Do not use this combination
S T S SO DF1 10:fBTi RW
: : : : 11:f1
1 ] ] 1 . .
[ . i 0: Gating disabled
i E E GT Gating Select Bit 1: Gating enabled RW
1 ] ]
o 0: Gating not cleared
i E o Goc Gating Clear Select Bit 1: Gating cleared when the base RW
vl .2 timer matches the GiPOKk register
i E (k=j-2)
i . GSe Gating Clear Bit (-2 (13ating is cleared by setting this bitto | .\
1
1 R .
R — PR Prescaler Select Bit (" ?j llzrescaler disabled RwW
: Prescaler enabled
Notes:
1. These functions are available in registers GiTMCR6 and GiTMCRY. Bits 4 to 7 in registers GITMCRO to
GiTMCRS5 should be set to 0.
2. These bit settings are enabled when the GT bit is 1.

Figure 23.9 Registers GOTMCRO to GOTMCR7 and G1TMCRO0 to G1ITMCR7

Group i Time Measurement Prescaler Register j(i=0,1; j=6,7)

b7 b0 Symbol Address Reset Value
| | GOTPR6, GOTPR7 01A4h, 01A5h 00h
i G1TPR6, G1TPR7 0124h, 0125h 00h
!
]
E Function Setting Range |RW
i ____________ Time measurement is executed whenever a trigger input is 00h to EEh RW
counted by n+1 (n = setting value) (")
Note:
1. The first prescaler, after the PR bit in the GITMCR; register is changed from 0 (prescaler disabled) to 1
(prescaler enabled), may be divided by n rather than n+1. The subsequent prescaler is divided by n+1.
Figure 23.10 Registers GOTPR6, GOTPR7, G1TPR6, and G1TPR7
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R32C/116A Group

23. Intelligent I/O

b15 b8 b7 b0 Symbol

| GOTMO, GOTM1
GO0TM2, GOTM3
GO0TM4, GOTM5
GOTM6, GOTM7
G1TMO, G1TM1
G1TM2, G1TM3
G1TM4, G1TM5
G1TM6, G1TM7

Group i Time Measurement Registerj(i=0,1;j=0to7)

Address

0181h-0180h, 0183h-0182h

0185h-0184h, 0187h-0186h

0189h-0188h, 018Bh-018Ah
018Dh-018Ch, 018Fh-018Eh
0101h-0100h, 0103h-0102h

0105h-0104h, 0107h-0106h

0109h-0108h, 010Bh-010Ah
010Dh-010Ch, 010Fh-010Eh

Reset Value
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined

Function Setting Range |RW
b The base timer value is stored every measurement timing — RO
Figure 23.11 Registers GOTMO0 to GOTM7 and G1TMO0 to G1TM7
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R32C/116A Group

23. Intelligent I/O

Group i Waveform Generation Control Registerj(i=0,1; j=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
[T X |]] corpocro 0190h 0000 X000b
i : : : : : : : GOPOCR1 to GOPOCR3  0191h, 0192h, 0193h 0X00 X000b
[ B GOPOCR4 to GOPOCR7  0194h, 0195h, 0196h, 0197h 0X00 X000b
i E i i i i i i G1POCRO 0110h 0000 X000b
I G1POCR1 to G1IPOCR3  0111h, 0112h, 0113h 0X00 X000b
i E i i i i i i G1POCR4 to GIPOCR7  0114h, 0115h, 0116h, 0117h 0X00 X000b
1 ] ] ] 1 1 1 1
E E E i i E E i Bit Symbol Bit Name Function RW
EEREEEE
e MODO 0 0 0:Single-phase waveform RW
O output mode
oy v 0 0 1:SR waveform output mode ("
T N A R 0 1 0:Inverted waveform output
i E i i E i S— MOD1 Operating Mode Select Bit mode RW
N 0 1 1:Do not use this combination
A 1 0 0:Do not use this combination
T T T 1 0 1:Do not use this combination
i E i i i ---ome- MOD2 1 1 0:Do not use this combination | RW
oo 1 1 1:Do not use this combination
E E E i i ___________ — No register bit; should be written with 0 and read as undefined
E E E i (b3) value -
I N VL Default Output Value 0: Output low as default value RW
E E i Select Bit @ 1: Output high as default value
i i i Reload the value into the GiPOj
S RLD GiPOj Re_g|§ter Value _ register _ RW
. Reload Timing Select Bit 0: On a write access
E E 1: When the base timer is reset
. ) Reset the base timer when
R BTRE gats(; Timer Reset Enable | . gt 15 overflows RW
E ! 1: Bit 9 overflows
:_ _____________________ INV Output Level Inversion 0: Do not invert the output level RW
Select Bit ® 1: Invert the output level
Notes
1. This bit setting is enabled only for even channels. In SR waveform output mode, the corresponding odd
channel (the next channel after an even channel) setting is ignored. Waveforms are only output from even
channels.
2. The setting value is output by a write operation to the IVL bit when the FSCj bit in the GiFS register is 0
(select the waveform generation) and the IFEj bit in the GiFE register is 1 (enable the channel j function).
3. This bit is available only in the GIPOCRO register. Set bit 6 in registers GIPOCR1 to GiPOCR?7 to 0.
4. To set the BTRE bit to 1, set bits BCK1 and BCKO in the GiBCRO register to 11b (f1) and bits UD1 and UDO
in the GIBCR1 register to 00b (increment mode).
5. The output level inversion is the final step in the waveform generation process. When the INV bit is 1, high
is output by setting the IVL bit to 0, and vice versa.

Figure 23.12 Registers GOPOCRO to GOPOCR7 and G1POCRO0 to G1POCR?7
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R32C/116A Group 23. Intelligent 1/O

Group 2 Waveform Generation Control Register j (j=0to 7)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
1] 1] ]| ]| &2rocrotoG2POCR3  0150n, 0151h, 0152h, 0153h 0000 0000b
Poror G2POCR4 to G2POCR7  0154h, 0155h, 0156h, 0157h 0000 0000b
T T T R R
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
i1t 111 | Bit Symbol Bit Name Function RW
1 ] 1 1 1 1 1 1
A b2 b1 b0
T T T T T T T MODO 0 0 0:Single waveform output mode | gy
T R S R 0 0 1: SR waveform output mode @
E E i i i i i 0 1 0 :Inverted waveform output
A R mode
A MOD1 Operating Mode Select Bit |0 1 1 : Do not use this combination RW
I R U 1 0 0 :Bit modulation PWM output
REREE mode
A R 1 0 1:Do not use this combination
Vb b 1 1 0: Do not use this combination
I MOD2 1 1 1:Use an output for the serial RW
P interface @)
T
oy e 0: Not triggered by matching the base
A timer with registers G2POO0 to
E E E i L PRT Parallel Real-time Port G2PO7 RW
oo Output Trigger Select Bit ) [ 1: Triggered by matching the base
oo timer with registers G2POO0 to
Voo G2PO7
] ] ] 1
T VL Default Output Value 0: Output low as default value RW
E E E Select Bit 1: Output high as default value
E E E 0: Reload the value into the G2PQj
[ . . register on a write access
T S — RLD G2POj Register Value 1: Reload the value into the G2POj | RW
[ Reload Timing Select Bit . - .
Pl register when the base timer is
P reset
E E 0: No real-time port function used
L RTP Real-time Port Select Bit 1: Use RTP output mode or parallel RW
E RTP output mode
i _____________________ INV Output Level Inversion 0: Do not invert the output level RW
Select Bit © 1: Invert the output level
Notes

1. When the RTP bit is set to 1, the settings of bits MOD2 to MODO are disabled.

2. This bit setting is enabled only for even channels. In SR waveform output mode, the corresponding odd
channel (the next channel after an even channel) setting is ignored. Waveforms are only output from even
channels.

3. This bit setting is enabled only for channels 0 and 1 of group 2. To use the ISTXD2 or IEOUT pin as an
output, set bits MOD2 to MODO in the G2POCRO register to 111b. To use the ISCLK2 pin, set the same bits
in the G2POCR1 register to 111b. This bit setting should only be performed with channels 0 and 1.

4. This bit setting is enabled when the RTP bit is 1 and the PRP bit in the G2BCR1 register is 1 (parallel RTP
output mode).

5. The output level inversion is the final step in the waveform generation process. When the INV bit is 1, high
is output by setting the IVL bit to 0, and vice versa.

Figure 23.13 Registers G2POCRO0 to G2POCR7
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R32C/116A Group

23. Intelligent I/O

b15 b8 b7 b0 Symbol

| GoPOO to GOPO2

Address

Group i Waveform Generation Register j (i=0to 2;j=0to 7)

Reset Value
0181h-0180h, 0183h-0182h, 0185h-0184h  Undefined

|
i GOPO3 to GOPO5 0187h-0186h, 0189n-0188h, 018Bh-018Ah Undefined
: GOPO6, GOPO7 018Dh-018Ch, 018Fh-018Eh Undefined
E G1PO0 to G1PO2 0101h-0100h, 0103h-0102h, 0105h-0104h  Undefined
: G1P0O3 to G1PO5 0107h-0106h, 0109n-0108h, 010Bh-010Ah Undefined
E G1PO6, G1PO7 010Dh-010Ch, 010Fh-010Eh Undefined
: G2P0O0 to G2P0O2 0141h-0140h, 0143h-0142h, 0145h-0144h  Undefined
E G2P03 to G2P0O5 0147h-0146h, 0149n-0148h, 014Bh-014Ah Undefined
E G2P06, G2PO7 014Dh-014Ch, 014Fh-014Eh Undefined
]
]
i Function Setting Range |RW
E - When the RLD bit in the GiPOCR;j register is 0, the value is
E reloaded into the GiPOj register immediately after being
1 written and is reflected in the output waveform
_____________ - When the RLD bit is 1, the value ?s reloaded when the base 0000h to FFFFh RW
timer is reset. The register indicates the written value until
the value is reloaded
Figure 23.14 Registers GOPOO0 to GOPO7, G1POO0 to G1PO7, and G2PO0 to G2PO7
Group i Function Select Register (i=0, 1)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI 1] coFs GiFs 01A7h, 0127h 0000 0000b
A
i E E i i i i i Bit Symbol Bit Name Function RW
T R S S Channel 0 Time
T T R T RO FSCO Measurement/Waveform RW
i E E i i i i Generation Select Bit
T T R S Channel 1 Time
A T A R S FSC1 Measurement/Waveform RW
i E E i i i Generation Select Bit
T T R Channel 2 Time
R R e oD FSC2 Measurement/Waveform RW
i E E i i Generation Select Bit
T A Channel 3 Time
R FSC3 Measurement/Waveform RW
i E E i Generation Select Bit 0: Select the waveform generation
o Channel 4 Time 1: Select the time measurement
Vol ) b FSC4 Measurement/Waveform RW
i E E Generation Select Bit
. Channel 5 Time
[ EEEPE S EEEEEES FSC5 Measurement/Waveform RW
i E Generation Select Bit
I Channel 6 Time
HE e FSC6 Measurement/Waveform RW
i Generation Select Bit
! Channel 7 Time
e e EE LR FSC7 Measurement/Waveform RW
Generation Select Bit

Figure 23.15 Registers GOFS and G1FS
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23. Intelligent I/O

Group i Function Enable Register (i=0to 2)

Dec 18, 2014

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ][] GOFE to G2FE 01A6h, 0126h, 0166h 0000 0000b
R
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 1 1 1 1 .
i E E i i i i ] IFEO gir:annel 0 Function Enable RW
1 ] ] 1 1 1 1
1 ] ] 1 1 1 1 .
i E E E i i ] IFE1 CB)iTanneI 1 Function Enable RW
T A -
i E E E i L IFE2 Channel 2 Function Enable RW
I Bl
A Channel 3 Function Enable
E E E E RaSEELEEEEE IFE3 Bit 0: Disable the channel j function Rw
(. - T2 Furcion Erabi 1: Enable the channel j function
i E E L IFE4 gitanne unction Enable (i=0to7) | RW
1 ] ]
1 ] ] .
i E b IFE5 CB)iTanneI 5 Function Enable RW
(o
i ] IFE6 CB)hanneI 6 Function Enable RW
1 it
]
' -
v IFE7 gir:annel 7 Function Enable RW
Figure 23.16 Registers GOFE to G2FE
Group 2 RTP Output Buffer Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LILLI L] G2RTP 0167h 0000 0000b
I
T T T H R R
E E i i i i i i Bit symbol Bit Name Function RW
1 ] 1 1 1 1 1 1
I RTPO CB:h;nneI 0 RTP Output RW
A "
A Channel 1 RTP Output
BEE R R B 7 R
] ] 1 1 ] ]
N Channel 2 RTP Output
R RTP2 | Buffer RW
1 ] 1 1 1
1 ] 1 1 1
: : : : [ RTP3 Channel 3 RTP Output RW
oo Buffer 0: Output a low level
E E i G RTPA Channel 4 RTP Output 1: Output a high level RW
o Buffer
1 ] 1
E E o] RTP5 S'J;gr”el 5 RTP Output RW
P
E -] RTP6 CB)hanneI 6 RTP Output RW
1 uffer
1
1
| RTP7 g:‘;g:]el 7RTP OUtPUt RW
Figure 23.17 G2RTP Register
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R32C/116A Group 23. Intelligent 1/O

23.1 Base Timer for Groups 0 to 2

The base timer is a free-running counter that counts an internally generated count source. Table 23.2 lists
specifications of the base timer. Figures 23.4 to 23.17 show registers associated with the base timer.
Figure 23.18 shows a block diagram of the base timer. Figures 23.19, 23.20, and 23.21 show operation
examples of the base timer for groups 0 and 1 in increment mode, increment/decrement mode, and two-
phase pulse signal processing mode, respectively.
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R32C/116A Group 23. Intelligent 1/O

Table 23.2 Base Timer Specifications (i = 0 to 2)
ltem Specification
Count source (fBTi) 1 divided by 2(n+1) for groups 0 to 2, two-phase pulse input divided by
2(n+1) for groups 0 and 1
n: setting value using bits DIV4 to DIVO in the GiBCRO register
n = 0 to 31; however no division when n = 31
Count operations * Increment
* Increment/decrement
» Two-phase pulse signal processing
Count start conditions * To start each base timer individually,
The BTS bit in the GiBCR1 register is 1 (start counting)
» To start the base timers of multiple groups simultaneously,
The BTiS bit in the BTSR register is 1 (start counting)

Count stop condition The BTiS bit in the BTSR register and the BTS bit in the GIBCR1 register are
0 (reset the base timer)
Reset conditions * The base timer value matches the GiPOO register setting
« An input of low signal into the external interrupt pin (INTO or INT1) as
follows:

for group 0: selected using bits IFS23 and IFS22 in the IFS2 register

for group 1: selected using bits IFS27 and IFS26 in the IFS2 register
* The overflow of bit 15 or bit 9 in the base timer
* The base timer reset request from the communication functions (group 2)
Reset value 0000h

Interrupt request When the BTiR bit in the interrupt request register becomes 1 (interrupt
requested) by the overflow of bit 9, 14, or 15 in the base timer (refer to Figure
11.12)

Read from base timer » The GiBT register indicates a counter value while the base timer is running
» The GiBT register is undefined while the base timer is being reset

Write to base timer When a value is written while the base timer is running, the timer counter

immediately starts counting from this value. No value can be written while the
base timer is being reset
Other functions * Increment/decrement mode for groups 0 and 1
The base timer starts counting when the BTS or BTiS bit is set to 1. When
the base timer reaches FFFFh, it starts decrementing. When the RST1 bit
in the GIBCR1 register is 1 (the base timer is reset by matching with the
GiPOO register), the timer counter starts decrementing two counts after the
base timer value matches the GiPOO register setting. When the timer
counter reaches 0000h, it starts incrementing again (refer to Figure 23.20).
» Two-phase pulse signal processing mode for groups 0 and 1
Two-phase pulse signals at pins UDIA and UDiB are counted (refer to
Figure 23.21).

The timer counter increments The timer counter decrements
on all edges on all edges
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R32C/116A Group 23. Intelligent 1/0O
BCK1 and BCKO
11 Base timer
o ivide-by- fBTi —————
Two-phase pulse input (1)8—_00/0—— D'V'dz. b)(; 2(n+1) —| b9} ib14ib15|
(for groups 0 and 1)7J/7_ |V|Aer Y U
IT
0 BTRE 15
— />
BTiS bit in the oo
BTSR register 5 i i
BTS bit in the Overflow signal Base timer interrupt
GIBCR1 register rqu%sé (t:ﬁfiirttr?ethe
A base timer reset RSTO intelligent I/O interrupt
of the other groups @ L Base timer reset request register)

Match with the
GiPOO register

TNTO/INTT pin

(for groups 0 and 1)
Request from the
communication
functions (for group

Low signal input to the

RST1

RST2

2)

BCK1, BCKO, and IT: Bits in the GiBCRO register
RST2 to RSTO: Bits in the GIBCR1 register

BTRE: Bit in the GiIPOCRO regi

ster

Figure 23.18 Base Timer Block Diagram (i = 0 to 2)

Table 23.3 Base Timer Associated Register Settings (Common Settings for Time Measurement,
Waveform Generation, and Serial Interface) (i = 0 to 2)
Register Bits Function
G2BCRO |— Provide an operating clock to the BTSR register. Set to 0111 1111b
BTSR — Set to 0000 0000b
GIiBCRO BCK1 and BCKO |Select a count source
DIV4 to DIVO Select a count source divide ratio
IT Select a base timer interrupt source
GIiBCR1 RST2 to RSTO |Select a timing for base timer reset
BTS Use this bit when each base timer individually starts counting
UD1 and UDO |Select a count mode in groups 0 and 1
GIPOCRO |BTRE Select a source for base timer reset
GiBT — Read or write the base timer value

The following register settings are required to set the RST1 bit to 1 (the base timer is reset by matching
with the GiPOO register).

GiPOCRO [MOD2 to MODO |Set to 000b (single-phase waveform output mode)
GiPOO — Set the reset cycle

GiFS FSCO Set the bit to 0 (select the waveform generation)
GIiFE IFEO Set the bit to 1 (channel operation starts)

Bit configurations and functions vary by group.
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R32C/116A Group 23. Intelligent 1/0O

(A) When the IT bit in the GiIBCRO register is 0
(an interrupt is requested by the overflow of bit 15 in the base timer)

FFFFh
Base timer i 8000h
0000h
Overflow signal of bit 15
_ Write 0 by a program
/ to setto 0
BTiR bit in the 110jIR register

j=7,4

This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)

- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

(B) When the IT bit in the GiIBCRO register is 1
(an interrupt is requested by the overflow of bit 14 in the base timer)

FFFFh
C000h
Base timer i 8000h
4000h
0000h
Overflow signal of bit 14 T
BTiR bit in the IIOjIR register
i=7,4 \ Write 0 by a‘>rogram to set't}O

This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)

- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

Figure 23.19 Base Timer Increment Mode for Groups 0 and 1 (i =0, 1)
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(A) When the IT bit in the GiBCRO register is 0
(an interrupt is requested by the overflow of bit 15 in the base timer)

FFFFh
Base timer i 8000h
0000h
Overflow signal of bit 15
Write 0 by a program
BTiR bit in the IIQjIR register «—tosetto0

j=7,4

This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)

- Bits UD1 and UDO in the GiBCR1 register are 01b (increment/decrement mode)

(B) When the IT bit in the GIBCRO register is 1
(an interrupt request is requested by the overflow of bit 14 in the base timer)

FFFFh
C000h
Base timer i 8000h
4000h
0000h
Overflow signal of bit 14 \ Y

BTiIR bit in the 110jIR register |_| |_|_

j=7,4 Write 0 by a program to set to 0

This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)

- Bits UD1 and UDO in the GiBCR1 register are 01b (increment/decrement mode)

(C) When the RST bit in the GiIBCR1 register is 1 (the base timer is reset by matching with the GiPOO register)

8002h

8000h AJ_JAI_Lf AJ_J L1

Base timer i

0000h

This figure applies under the following conditions:
- The GiPOO register value is 8000h
- Bits UD1 and UDO in the GiBCR1 register are 01b (increment/decrement mode)

Figure 23.20 Base Timer Increment/Decrement for Groups 0 and 1 (i =0, 1)
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(A) When the base timer is reset while it increments

UDOA/UD1A (A-phase)

Input
waveform

UDOB/UD1B (B-phase)

fBTi
When no division of the
divide-by-2(n+1) divider is
selected

INTO/INTT (Z-phase) @

Base timer i

min. 1 us

[

min. 1 ys

i

| [

—l: (See Note 1) =I

pN The base timer starts counting

>< m ><m+1

0 1><2><

The value

0 in this timing

(B) When the base timer is reset while it decrements

UDOA/UD1A (A-phase)

Input
waveform

UDOB/UD1B (B-phase)

divide-by-2(n+1) divider is
selected

INTO/INTT (Z-phase) @

fBTi
When no division of the ]

Base timeri

Notes:

becomes 'The value becomes
1 in this timing

min. 1 us

[

| ]

[

— (See Note 1

C 1

The base timer starts counting

>< m ><m+1

0 ErrrnXFrFERY

The value

0 in this timing

1. Atleast 1.5 fBTi clock cycles are required.
2. Setthe RST2 bit in the GIBCR1 register to 1 in two-phase pulse signal processing mode.

becomes The value becomes
FFFFh in this timing

Figure 23.21 Base Timer Two-phase Pulse Signal Processing Mode for Groups 0 and 1 (i =0, 1)
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23.2 Time Measurement for Groups 0 and 1

Every time an external trigger is input, the base timer value is stored into the GiTM;j register (i=0,1;j=0
to 7). Table 23.4 lists specifications of the time measurement and Table 23.5 lists its register settings.
Figures 23.22 and 23.23 show operation examples of the time measurement and Figure 23.24 shows
operation examples with the prescaler or gate function.

Table 23.4 Time Measurement Specifications (i=0,1; j=0to 7)

ltem Specification
Time measurement |Group 0: Channels 0 to 7
channels Group 1: Channels 0 to 7

Trigger input polarity |Rising edge, falling edge, or both edges of the 1IOi_j pin

Time measurement |The IFEj bit in the GIiFE register is 1 (enable the channel j function) while the FSCj
start condition bit in the GiFS register is 1 (select the time measurement)

Time measurement |The IFE]j bit is O (disable the channel j function)

stop condition
Time measurement | » Without the prescaler: every time a trigger is input

timing * With the prescaler for channels 6 and 7: every [GiTPRk register value + 1] times
a trigger is input (k = 6, 7)
Interrupt request When the TMijR bit in the interrupt request register becomes 1 (interrupt
requested) (refer to Figure 11.12)
[1Oi_j input pin Trigger input
function
Other functions * Digital filter

The digital filter determines a trigger input level every f1 or fBTi cycle and passes
the signals holding the same level during three sequential cycles
* Prescaler for channels 6 and 7
Time measurement is executed every [GiTPRKk register value + 1] times a trigger
is input
* Gating for channels 6 and 7
This function disables any trigger input to be accepted after the time
measurement by the first trigger input. However, the trigger input can be
accepted again if any of following conditions are met while the GOC bit in the
GIiTMCRK register is 1 (the gating is cleared when the base timer matches the
GiPOp register) (p =4, 5; p=4whenk=6; p=5whenk=7):
* The base timer value matches the GiPOp register setting
* The GSC bit in the GITMCRK register is 1
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Table 23.5 Time Measurement (for Groups 0 and 1) Associated Register Settings (i=0,1;j=0to
7, k=6,7)
Register Bits Function
GiTMCR; CTS1and CTSO |Select a time measurement trigger
DF1 and DFO Select a digital filter
GT, GOC, GSC Select if the gating is used
PR Select if the prescaler is used
GiTPRk — Set the prescaler value
GiFS FSCj Set the bit to 1 (select the time measurement)
GiFE IFE] Set the bit to 1 (enable the channel j function)

Bit configurations and functions vary with channels and groups.
Registers associated with the time measurement should be set after setting the base timer-associated

registers.
Input to the
110i_j pin _I
FFFFh
n
Base timer i p
m
0000h

GiTM;j register

TMijR bit

m n p

~ Write 0 by a program to setto 0

TMijR: Bits in registers IIO0IR to 11011IR

This figure applies under the following conditions:
- Bits CTS1 and CTSO0 in the GiTMCR register are 01b (rising edge as time measurement trigger), the PR bit is 0

(prescaler disabled), and the GT bit is to 0 (gating disabled)
- Bits RST2 to RSTO in the GIBCR1 register are 000b (reset the base timer) and bits UD1 and UDO are 00b

(increment mode)
When the base timer is reset by matching with the GiPOO register (bits RST2 to RSTO0 in the GiBCR1 register are
010b), the base timer becomes 0000h after it reaches the GiPOO register setting value + 2.

Figure 23.22 Time Measurement Operation (1/2) (i=0,1;j=0to 7)
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(A) When selecting the rising edge as a time measurement trigge
(bits CTS1 and CTSO in the GiTMCR;j register are 01b)

r

(See Note 2)§
Base timer i (2 Xn-1 X Xore1 Xn#2 Xn+3 Kna X5 X6 X n+7 X n+8 X n+0 Yo+ 100 +1 X012+ 13 14)
Input to the >
110i_j pin | /i |
TMIjR bit \l \
<«—> Delayed by max. one clock | Write 0 byia program to set to 0

GiTMj register X n X n+5 X n+8
Notes:
1. Bits in registers 1I00IR to 1I011IR.
2. Input pulse applied to the IIOi_j pin requires at least 1.5 fBTi clock cycles.
(B) When selecting both edges as a time measurement trigger
(bits CTS1 and CTSO in the GiTMCR;j register are 11b)
fBTi
Base timer | (2 et X n Xn#1 Xns2 X ne3 Kne4 Xt X ne6 X n+7 X n+8 X+ X0+ 10K0+1 X0+ 1204130 +14)
Input to the l_
110i_j pin ;l /l
(See NoteQ}
TMiiR bit | |
Writei 0 by a program to set to 0

GiTM,j register n+2

X

n

X

X3 e X

n+8 n+12

X

Notes:
1. Bits in registers 1I00IR to II011IR.

GiTMj register changes.

(C) Trigger signal when using the digital filter
(bits DF1 and DFO in the GiTMCR;j register are 10b or 11b)

2. No interrupt occurs if the MCU receives a trigger signal when the TMijR bit is 1. However, the value of

vy yuyyyL

i |
| |
| |
! |
T !
i i
i Maximum 3.5 f1 or fBTi

after passing during three sequential cycles are rejected

f1 or BTi ™M
Input to the ; i
110i_j pin g lj: : g | } |
Tri ignal \ 7
rigger signa Signals which do not hold the same level

—]

" clock cycles

the digital filter

Note:
1. fBTi when bits DF1 and DFO0 are 10b, f1 when the bits are 11b.

The trigger signal is delayed by
passing the digital filter

Figure 23.23 Time Measurement Operation (2/2) (i=0,1;j=0to 7)
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(A) Operation with the prescaler
(the GIiTPR;j register is 02h and the PR bit in the GITMCR;j register is 1)

BT Uy Uyt
Base imer 19, G0 G G €5 D) G G D G, i b

1O ipin A Al A LA

Internal time \ \ \‘ K‘

measurement | | | |

trigger

Prescaler M 0 2 >< 1 >< 0 2

TMijR bit @ _| «— Write 0 by a program to set to 0 _|

GiTMj register X n X n+12
Notes:

1. This example applies to cycles following the first cycle after the PR bit in the GITMCR] register is set to 1
(prescaler enabled).
2. Bits in registers 1I00IR to 1I011IR.

(B) Operation with the gating
(the gating is cleared by matching the base timer value with the GiPOKk register setting, and
bits GT and GOC in the GiITMCR;j register are 1, respectively)

UL

FFFFh

GiPOKk register value

Base timer i

0000h

IFE]j bit in the
GIFE register |

rputto e mi (n) 1

Internal time This trigger input is disabled

measurement |_—| by the gating |_—|
trigger

Match signal with v !

the GiPOKk register —|

setting

Gating control

signal 1
— Gating Gating cleared — — Gating
TMijR bit (" 4— Write 0 by a program to set to 0
4
GiTMj register X X
Note:

1. Bits in registers 1I00IR to 11011IR.

Figure 23.24 Prescaler and Gate Operations (i=0,1;j=6, 7; k =4, 5)
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23.3 Waveform Generation for Groups 0 to 2

Waveforms are generated when the base timer value matches the GiPOj register setting (i=0to2;j=0
to 7).
Waveform generation has the following six modes:
« Single-phase waveform output mode for groups 0 to 2
* Inverted waveform output mode for groups 0 to 2
* Set/reset waveform output (SR waveform output) mode for groups 0 to 2
* Bit modulation PWM output mode for group 2
* Real-time port output (RTP output) mode for group 2
* Parallel real-time port output (parallel RTP output) mode for group 2
Table 23.6 lists registers associated with the waveform generation.

Table 23.6 Waveform Generation Associated Register Settings (i=0to 2; j=0to 7)

Register Bits Function
GiPOCR] MOD2 to MODO |Select a waveform output mode
PRT (1) Set the bit to 1 to use parallel RTP output mode
IVL Select a default value
RLD Select a timing to reload the value into the GiPOj register
RTP (1) Set the bit to 1 to use RTP output mode or parallel RTP output mode.
The settings of bits MOD2 to MODO are disabled when this bit is set
to 1
INV Select if output level is inverted
G2BCR1 PRP Set the bit to 1 to use parallel RTP output mode
GiPQj — Set the timing to invert output waveform level
GiFS FSCj Set the bit to 0 (select the waveform generation) for groups 0 and 1
only
GIiFE IFEj Set the bit to 1 (enable the channel j function)
G2RTP RTPO to RTP7 |Set the RTP output value in RTP output mode or parallel RTP output
mode

Bit configurations and functions vary with channels and groups.
Registers associated with the waveform generation should be set after setting the base timer-associated
registers.
Note:
1. This bitis available in the G2POCR;j register only. Neither the GOPOCR]j nor G1POCR;j register has it.
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23.3.1 Single-phase Waveform Output Mode for Groups 0 to 2

The output level at the 11Oi_j pin (or OUTC2_j pin for group 2) becomes high when the base timer value
matches the GiPQj register (i= 0to 2; j = 0 to 7). It switches to low when the base timer reaches 0000h.
If the IVL bit in the GIPOCR;j register is set to 1 (output high as default value), a high level output is
provided when a waveform output starts. If the INV bit is set to 1 (invert the output level), a waveform
with an inverted level is output. Refer to Figure 23.25 for details on single-phase waveform mode
operation.

Table 23.7 lists specifications of single-phase waveform output mode.

Table 23.7  Single-phase Waveform Output Mode Specifications (i = 0 to 2)

ltem Specification
Output waveform (1) * Free-running operation (when bits RST2 to RSTO in the GiBCR1 register
are 000b)

. 65536
Cycle: —_fBTi
idth: _m_
Low level width: BT

. el 65536 —m

High level width: —fB T

m: GiPOj register setting value (j = 0 to 7), 0000h to FFFFh
» The base timer is reset by matching the base timer value with the GiPOO
register setting (when bits RST2 to RSTO are 010b)

. n+2
Cycle: 7B
L. m
Low level width: BT
. . n+2-m
High level width: ——fB 7

m: GiPOj register setting value (j = 1 to 7), 0000h to FFFFh
n: GiPOO register setting value, 0001h to FFFDh

If m>n+2,the output level is fixed to low

Waveform output start The IFEj bit in the GIiFE register is 1 (enable the channel j function) (j =0 to 7)
condition (2)
Waveform output stop The IFEj bit is O (disable the channel j function)

condition
Interrupt request When the POIjR bit in the intelligent I/O interrupt request register becomes 1
(interrupt requested) by matching the base timer value with the GiPOj register
setting (refer to Figure 11.12)
[1Oi_j output pin (or Pulse signal output
OUTC2_j pin for group 2)
function
Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the 11Oi_j pin (or OUTC2_j pin for group 2)
Notes:
1. When the INV bit in the GIPOCR;j register is 1 (invert the output level), the high and low widths are
inverted.

2. To use channels shared by time measurement and waveform generation, set the FSCj bit in the GiFS
register to 0 (select the waveform generation).

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 350 of 541
Dec 18, 2014



R32C/116A Group 23. Intelligent 1/0O

(A) Free-running operation (bits RST2 to RSTO in the GiBCR register are 000b)

FFFFh
Base timer i
m
0000h
m 65536-m
- BTi fBTi
10i_j pin ™ ‘
) 65536
fBTi
l0i_j pin @
1 Write 0 by a program
POIjR bit | «— tosetto0
j=0to7

m: GiPQj register setting value (0000h to FFFFh)
PQOijR: Bits in registers 1100IR to I1011IR

Notes:
1. Output waveform when the INV bit in the GIPOCR;j register is 0 (do not invert the output level) and the IVL
bit is 0 (output low as default value).
2. Output waveform when the INV bit is 0 (do not invert the output level) and the IVL bit is 1 (output high as
default value).

This figure applies under the following condition:
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

(B) The base timer is reset by matching with the GiPOO register (bits RST2 to RSTO0 in the GiBCR register are 010b)

n+2

Base timer i

0000h

m n+2-m
fBTi P fBTi

I10i_j pin | I

>
>

A
N
A
Y.

A

n+2
|_fBTi Write 0 by a program !
POUR bit KtO setto 0

j=1to7

m: GiPOj register setting value (0000h to FFFFh)
n: GiPOO register setting value (0001h to FFFDh)
POijR: Bits in registers IIO0IR to 1011IR

This figure applies under the following conditions:

- The IVL bit in the GIPOCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the output
level)

- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

-m<n+2

Figure 23.25 Single-phase Waveform Output Mode Operation (i = 0 to 2)
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23.3.2 Inverted Waveform Output Mode for Groups 0 to 2

The output level at the I10i_j pin (or OUTC2_j pin for group 2) is inverted every time the base timer
value matches the GiPQj register setting (i=0to 2;j=0to 7).

Table 23.8 lists specifications of the inverted waveform output mode. Figure 23.26 shows an example of
the inverted waveform output mode operation.

Table 23.8  Inverted Waveform Output Mode Specifications (i = 0 to 2)

ltem Specification
Output waveform * Free-running operation (when bits RST2 to RSTO in the GiBCR1 register
are 000b)
: 65536 x 2
Cycle: BT

. . 65536
High or low level width: ﬁﬁ-
m: GiPQOj register setting value (j = 0 to 7), 0000h to FFFFh
* The base timer is reset by matching the base timer value with the GiPOO
register setting (when bits RST2 to RSTO are 010b)

: 2(nt2)
Cycle: /BT
. . nt2
High or low level width: 7B

n: GiPOO register setting value, 0001h to FFFDh
GiPQj register setting value (j = 1 to 7), 0000h to FFFFh

If the GiPQj register setting > n + 2, the output level is not inverted

Waveform output start The IFE]j bit in the GIiFE register is 1 (enable the channel j function) (j = 0 to 7)
condition (1)
Waveform output stop The IFEj bit is O (disable the channel j function)

condition
Interrupt request When the POIjR bit in the intelligent I/O interrupt request register becomes 1
(interrupt requested) by matching the base timer value with the GiPOj register
setting (refer to Figure 11.12)
[1Oi_j output pin (or Pulse signal output
OUTC2_j pin for group 2)
function
Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the 11Oi_j pin (or OUTC2_j pin for group 2)
Note:

1. To use channels shared by time measurement and waveform generation, set the FSC;j bit in the GiFS
register to 0 (select the waveform generation).
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FFFFh
Base timer i
m
0000h
110i_j pin @
110i_j pin @
PQIjR bit
j=0to7

Notes:

default value).

n+2
Base timer i
m
0000h
110i_j pin
POIjR bit
j=1to7

-m<n+2

(A) Free-running operation (bits RST2 to RSTO in the GiBCR1 register are 000b)

| e

m: GiPQj register setting value (0000h to FFFFh)
PQOijR: Bits in registers 1100IR to I1011IR

65536 65536
< fBTi e fBTi >
*— |nverted /Inverted ‘
) 65536 x 2 !
fBTi
& nverted Inverted

Write O by a program
tosetto 0

]

]

This figure applies under the following condition:
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

(B) The base timer is reset by matching with the GiPOO register (bits RST2 to RSTO are 010b)

1. Output waveform when the INV bit in the GIPOCR;j register is 0 (do not invert the output level) and the
IVL bit is O (output low as default value).
2. Output waveform when the INV bit is 0 (do not invert the output level) and the IVL bit is 1 (output high as

fBTi

A

\ 4
A

Inverted

—.

tosetto 0

n+2 n+2
fBTi ; fBTi R
Inverted /Invened
) 2(n +2) "
Write O by a program | fBTi

L

m: GiPQj register setting value (0000h to FFFFh)
n: GiPOO register setting value (0001h to FFFDh)
PQOijR: Bits in registers 1I00IR to I1011IR

This figure applies under the following conditions:
- The IVL bit in the GiIPOCR; register is 0 (output low as default value) and the INV bit is 0 (do not invert the output level)
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

Figure 23.26 Inverted Waveform Output Mode Operation (i = 0 to 2)

RO1UH0213EJ0120 Rev.1.20
Dec 18, 2014

RRENESAS Page 353 of 541



R32C/116A Group 23. Intelligent 1/0O

23.3.3 Set/Reset Waveform Output Mode (SR Waveform Output Mode) for Groups
0to2

The output level at the 11Oi_j pin (or OUTC2_j pin for group 2) becomes high when the base timer value
matches the GiPOj register setting (i=01to 2;j =0, 2, 4, 6). It becomes low when the base timer value
matches the GiPOk register setting or the base timer reaches 0000h (k = j + 1). When the IVL bit in the
GiPOCR] register is set to 1 (output high as default value), a high output level is provided when a
waveform output starts (j = 0 to 7). When the INV bit is set to 1 (invert the output level), a waveform with
inverted level is output. Refer to Figure 23.27 for details on SR waveform mode operation. Tables 23.9
and 23.10 list specifications of SR waveform output mode.

Table 23.9 SR Waveform Output Mode Specifications (i = 0 to 2) (1/2)

Item Specification
Output waveform (1) * Free-running operation (when bits RST2 to RSTO in the GiBCR1 register
are 000Db)
(A) m<n
. . . n—m
High level width: 7B
_— m_ 65536 —n
Low level width: 7BTi (See Note 2) + BT (See Note 3)
(B)y m=n
. N 65536 —m
High level width: —fBTi
idth- _m_
Low level width: 7BTi

m: GiPQj register setting value (j = 0, 2, 4, 6), 0000h to FFFFh
n: GiPOK register setting value (k =j + 1), 0000h to FFFFh

* The base timer is reset by matching with the GiPOO register (when bits
RST2 to RSTO are 010b) (4)
(Aym<n<p+2

n+m

High level width: ﬁ

_ (See Note 2) + lﬁ;’—l (See Note 3)

Low width: ﬁ 7B

(B)ym<p+2<n

. . pt2—m
High level width: —fBTi
. . m
Low level width: 7BTi

(C) m>p + 2, output level is fixed to low

p: GiPOO register setting value, 0001h to FFFDh

m: GiPOj register setting value (j = 2, 4, 6), 0000h to FFFFh
n: GiPOK register setting value (k =j + 1), 0000h to FFFFh

Notes:
1. When the INV bit in the GIPOCR]j register is 1 (invert the output level), the high and low widths are
inverted.
2. Output period from a base timer reset until when the output level becomes high.
Output period from when the output level becomes low until the next base timer reset.
4. When the GiPOO register resets the base timer, channel 0 and channel 1 SR waveform generation
functions are not available.

w
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Table 23.10 SR Waveform Output Mode Specifications (i = 0 to 2) (2/2)

Iltem

Specification

Waveform output start
condition (1)

The IFEq bit in the GIiFE register is 1 (enable the channel g function) (q =0 to
7)

Waveform output stop
condition

The IFEq bit is 0 (disable the channel q function)

Interrupt request

When the PQIjR bit in the intelligent I/O interrupt request register becomes 1
(interrupt requested) by matching the base timer value with the GiPOj register
setting.

When the POIkR bit becomes 1 (interrupt requested) by matching the base
timer value with the GiPOKk register setting (refer to Figure 11.12)

[10i_j output pin (or
OUTC2_j pin for group 2)
function

Pulse signal output

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the 11Oi_j pin (or OUTC2_j pin for group 2)
Note:

1. To use channels shared by time measurement and waveform generation, set the FSC;j bit in the GiFS

register to 0 (select the waveform generation).
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(A) Free-running operation (bits RST2 to RSTO in the GiBCR1 register are 000b)

m: GiPQj register setting value, 0000h to FFFFh
n: GiPOKk register setting value, 0000h to FFFFh
POIjR and POIkR: Bits in registers 1I00IR to [I011IR

Notes:

low as default value).

This figure applies under the following conditions:
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

-m<n
(B) The base timer is reset by matching with the GiPOO register
(bits RST2 to RSTO in the GiBCR1 register are 010b)

FFFFh
n
Base timer i
m
0000h
n-m 65536 -n+m
_ fBTi ¥ fBTi
IOi_j pin (M
) 65536 >
fBTi
l0i_j pin @
i Write 0 by a program | i
POIJR bit / tosetto 0
i Write 0 by a program |
POIkR bit / fosetto0
j=0,2,4,6;k=j+1

1. Output waveform when the INV bit in the GIPOCR;j register is 0 (do not invert the output level) and the IVL bit is 0 (output

2. Output waveform when the INV bit is 0 (do not invert the output level) and the IVL bitis 1 (output high as default value).

p
Base timer i
n
m
0000h
n-m p+2-n+m
fBTi fBTi
I10i_j pin p+2
- fBTi N
Write 0 by a program | |
POIR bit o losettod
! Write 0 by a program !
POIkR bit ¥/ 105et00
j=2,4,6;k=j+1

m: GiPQj register setting value, 0000h to FFFFh
n: GiPOKk register setting value, 0000h to FFFDh
p: GiPOO register setting value, 0001h to FFFDh
POIjR and POikR: Bits in registers 1I00IR to [1011IR

This figure applies under the following conditions:

- The IVL bitis O (output low as default value) and the INV bit is 0 (do not invert the output level).
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

-m<n<p+2

Figure 23.27 SR Waveform Output Mode Operation (i = 0 to 2)
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23.3.4 Bit Modulation PWM Output Mode for Group 2

In bit modulation PWM output mode, a PWM output has 16-bit resolution.

Pulses are repeatedly output in a period of 1024 consecutive periods of span t. The period of span t is
64
/BT2
bits determine the number of span t, within a period, in which the low width is extended by the minimum

resolution bit width, that is, one clock cycle.

When the INV bit is set to 1 (invert the output level), the waveform with an inverted level is output.
Table 23.11 lists specifications of bit modulation PWM output mode. Table 23.12 lists the number of
modulated spans and span ts to be extended with the minimum resolution bit width. Figure 23.28 shows
an example of bit modulation PWM output mode operation.

The 6 upper bits in the G2POj register determine the base low width (j = 0 to 7). The 10 lower

Table 23.11 Bit Modulation PWM Output Mode Specifications (j = 0 to 7)

ltem Specification
Output waveform (1.2 PWM-repeated period T: %5%(: f% x 1024)
Period of span t: j%
Low width: ;BJFT; of m spans
anTZ of (1024 —m) spans
Mean low width: ,ﬁ «(n+ 1—0’”35)

n: G2PO;j register setting value (6 upper bits), 00h to 3Fh

m: G2PQj register setting value (10 lower bits), 000h to 3FFh
Waveform output start The IFE;j bit in the G2FE register is 1 (enable the channel j function)
condition
Waveform output stop The IFEj bit is 0 (disable the channel j function)
condition

Interrupt request When the PO2jR bit in the interrupt request register becomes 1 (interrupt
requested) by matching the 6 lower bits of the base timer value with the 6
upper bits of the G2PQ;j register setting (refer to Figure 11.12)

OUTC2_j pin function Pulse signal output pin

Other functions * Default value setting
This function determines the starting waveform output level

* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the OUTC2_j pin

Notes:
1. Bits RST2 and RSTO in the G2BCR1 register should be set to 000b to use bit modulation PWM
output mode.
2. When the INV bit in the G2POCR;j register is set to 1 (invert the output level), the high and low widths
are inverted.

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 357 of 541
Dec 18, 2014



R32C/116A Group

23. Intelligent I/O

Table 23.12 Number of Modulated Spans and Span t Extended Minimum Resolution Bit Width

Modulated Spans

Span ts to be Extended with Minimum Resolution Bit Width

00 0000 0000b

none

00 0000 0001b

t512

00 0000 0010b

t256 and t768

00 0000 0100b

t128, 1384, t640, and t896

00 0000 1000b

t64, 1192, t320, 1448, t576, t704, 832, and t960

10 0000 0000b

t1, 3, t5, t7, »=» 11019, 11021, and t1023

Base width Modulated spans
n =0 to 63 (3Fh) m =0 to 1023 (3FFh)
AL N
(b15 b10\(b9 bo\
G2PQ;j register
L PWM-repeated period T |
N 7
3Fh / F y:
6 lower bits in //
the base timer Q \
00h
D
n |
i —
ourczjein [ || ] [ dgiYnlyigigigh
K B 610-XEN 612 t513 (514 11022 11023 11024
«—> o T
1 span | Low width of m spans out of 1024 is extended by

minimum resolution bit width

6 lower bits in

the base timer

A

Internal signal

UV

€»1 Minimum resolution bit width

I—

]

PO2jR: Bits in registers IO3IR to 11011IR
This figure above applies under the following condition:

output level)

. ] n+1
OUTCZ_j pin \Inverted \ ™ Inverted
~
PO2jR bit Low ]
~ ~

Write 0 by a program Write 0 by a program

tosetto 0 tosetto 0
m=1,j=0to7

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the

Figure 23.28 Bit Modulation PWM Output Mode Operation
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23.3.5 Real-time Port Output Mode (RTP Output Mode) for Group 2

The OUTC2_j pin outputs the G2RTP register setting value in 1-bit units when the base timer value
matches the G2PQj register setting (j = 0 to 7). Table 23.13 lists specifications of RTP output mode.
Figure 23.29 shows a block diagram of RTP output and Figure 23.30 shows an example of RTP output

mode operation.

Table 23.13 RTP Output Mode Specifications (j = 0 to 7)

ltem Specification
Waveform output start The IFEj bit in the G2FE register is 1 (enable the channel j function)
condition
Waveform output stop The IFEj bit is 0 (disable the channel j function)
condition

Interrupt request

When the PO2jR bit in the interrupt request register becomes 1 (interrupt
requested) by matching the base timer value with the G2POj register setting
(0000h to FFFFh (1)) (refer to Figure 11.12)

OUTC2_j pin function

RTP output pin

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the OUTC2_j pin
Note:

1. The G2POO0 register should be set to between 0001h and FFFDh to set the base timer value to
0000h (bits RST2 to RSTO are set to 010b) when the base timer value matches the G2PO0 register

setting.

Base timer

G2POO0 register

G2RTP register Real-time port output

]
i : ba ouUTC2_ 0

|
TA
)
[o2]
o)
9]

> 0UTC2_6
G2PO6 register N : e
. ; [0 o——» OUTC2 7
[ 52PO7 register | e
Figure 23.29 RTP Output Block Diagram
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(A) Free-running operation (bits RST2 to RSTO in the G2BCR1 register are 000b)

Base timer 2

RTPj bit in the
G2RTP register

OUTC2_j pin

PO2jR bit

j=0to7

65535

Write 0 by a program |

‘—|/to setto 0

m: G2PQj register setting value, 0000h to FFFFh

PO2jR: Bits in registers [IO03R to 11011IR

This figure applies under the following conditions:

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the

output level).

(B) The base timer is reset by matching the base timer value with the G2PO0 register setting
(bits RST2 to RSTO are 010b)

Base timer 2

0000h

RTPj bit

ouUTC2_j pin

PO2jR bit

j=1to7

A
A 4

\ 4

]

Write 0 by a program to

setto 0

m: G2PQj register setting value, 0000h to FFFFh
n: G2POj register setting value, 0001h to FFFDh

PO2jR: Bits in registers [IO03R to 11011IR

This figure applies under the following conditions:

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the

output level).
-m<n+2

Figure 23.30 RTP Output Mode Operation
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23.3.6 Parallel Real-time Port Output Mode (RTP Output Mode) for Group 2

The OUTC2_j pin outputs all the G2RTP register setting values in 1-byte units when the base timer
value matches the G2POj register setting (j = 0 to 7). Table 23.14 lists specifications of parallel RTP
output mode. Figure 23.7 shows the G2BCR1 register. Figure 23.31 shows a block diagram of parallel
RTP output and Figure 23.32 shows an example of parallel RTP output mode operation.

Table 23.14 Parallel RTP Output Mode Specifications (j = 0 to 7)
ltem Specification

Waveform output start The IFEj bit in the G2FE register is 1 (enable the channel j function)
condition
Waveform output stop The IFEj bit is 0 (disable the channel j function)
Condition
Interrupt request The PO2jR bit in the interrupt request register becomes 1 (interrupt
requested) when the base timer value matches the G2PQOj register setting
(0000h to FFFFh (1)) (refer to Figure 11.12)
OUTC2_j pin function RTP output pin
Other functions * Default value setting

This function determines the starting waveform output level
* Output level inversion

This function inverts the waveform output level and outputs the inverted

signal from the OUTC2_j pin

Note:
1. The G2POO0 register should be set to between 0001h and FFFDh to set the base timer value to
0000h (bits RST2 to RSTO are set to 010b) when the base timer value matches the G2POO0 register
setting.

Base timer G2RTP register Real-time port output

|
TA
)
o
q
o

| [

—— OUTC2_0
G2POO0 register

]
o

> OUTC2_1

G2PO1 register

| [

]
o

> OUTC2 2

G2PO2 register

)
I
|
1
|
]
|
1
|
!
G2PO3 register . !
1
I
1
|
1
|
|
|
|
|

| [

]
o

> OUTC2_3

| [

o
s)

> OUTC2 4

G2PO4 register

| [

o
s)

> OUTC2. 5

G2POS5 register

| [

o
s)

> OUTC2_6

G2PO6 register

| [

o
s)

> ouTC2_ 7

|—|

G2POT7 register -

i

Figure 23.31 Parallel RTP Output Mode Block Diagram
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(A)Free-running operation

FFFFh

Base timer 2

0000h

XC X

>
><
>

G2RTP register X0 X

OUTC2_0 pin

OUTC2_1 pin

OUTC2_2 pin

OUTC2_3 pin

PO20R bit ]
PO21R bit ]

PO22R bit

m: G2PO0 register setting value, 0000h to FFFFh
n: G2PO1 register setting value, 0000h to FFFFh
p: G2PO2 register setting value, 0000h to FFFFh
PO20R, PO21R, and PO22R: Bits in registers IIO3IR to [I011IR

This figure applies under the following conditions:

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the IVL bit is 0 (do not invert
the output level)

- Bits RST2 to RSTO in the G2BCR1 register are 000b (base timer is not reset)

-m<n<p

Figure 23.32 Parallel RTP Output Mode Operation
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23.4 Group 2 Serial Interface
Two 8-bit shift registers and waveform generation enable the serial interface function. In group 2 of the

intelligent 1/0, the variable synchronous serial interface and IEBus (optional (1)) are available.
Figures 23.33 to 23.40 show associated registers.

Note:
1. Contact a Renesas Electronics sales office to use the optional features.

Group 2 SI/O Transmit Buffer Register

b0 Symbol Address Reset Value

G2TB 016Dh-016Ch Undefined

Bit Symbol Bit Name Function RW

------- (b7-b0) Transmit Buffer Data transmitted \We}

b10 b9 b8

------------- Sz0 0 0 0:8 bits RW
00 1:1bit
. . 0 1 0:2bits

SZ1 | rarader Longth select it | © 1 1:3bits RW
9 10 0:4 bits
1 0 1:5bits

s72 11 0:6 bits RW
11 1:7bits

— No register bits; should be written with 0 and read as undefined
(b12-b11) value

0: Do not add the ACK bit
-------------------- A ACK Function Select Bit 1: Add the ACK bit after last transmit | RW
bit

0: Add the parity bit after this transmit
Parity Calculation data

--------------------- PC Continuing Bit 1: Carry over a parity to the data to RW
be transmitted ("
_______________________ . . 0: No parity
P Parity Select Bit 1: Parity (even parity only) RW
Note:
1. Set the PC bit to 1 after setting the P bit to 0.
Figure 23.33 G2TB Register
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Group 2 SI/O Receive Buffer Register

b15 b8 b7 b0

Symbol Address Reset Value

W G2RB 016Fh-016Eh Undefined

1
1
1
i Bit Symbol Bit Name Function
1
1

1 1

] [

] [

: N RW

: N

] [ _ . .

E ERRE i i ------- (b7-b0) Receive Buffer Data received RO

| IO I I R I I A |

it — No register bits; should be written with 0 and read as undefined o

P (b11-b8) | value

P 0: No overrun error

OB Bttt OER Overrun Error Flag (" : RO

IR 1: Overrun error

E_i_,:_ ___________________ — No register bits; should be written with 0 and read as undefined .
(b15-b13) | value

Note:

block is reset) or the RE bit in the G2CR register is set to 0 (reception disabled).

1. The OER bit becomes 0 when bits GMD1 and GMDO in the G2MR register are set to 00b (communication

Figure 23.34 G2RB Register

Group 2 Serial Interface Mode Register

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address Reset Value
G2MR 016Ah 00XX X000b

1 ] 1 1 1 1 1 1

1 ] 1 1 1 1 1 1

1 ] 1 1 1 1 1 1

i i i i i i i i Bit Symbol Bit Name Function RW

I T T R S b1 b0

P00 o] eMmpo 0 0 : Communication block is reset RW

A , (OER bit s set to 0)

[ T A Serial Interface Mode . . !

e . 0 1 :Variable synchronous serial

R Select Bit ) 2

P interface mode ?

A GMD1 1 0 : IEBus mode @ RW

E E i i i E 1 1 : Do not use this combination

T R R Internal/External Clock 0: Internal clock

E E i i i CKDIR Select Bit 1: External clock RW

E E e — No register bits; should be written with 0 and read as undefined .

. (b5-b3) value

P _ : 0: LSB first

E R L e L L P LT, UFORM Bit Order Select Bit 1- MSB first RW

]

! Transmit Interrupt Source 0: Transmit buffer is empty

e ERLEEEEEEEE PP, IRS . : o RW

Select Bit 1: Transmission is completed
Notes:
1. At least one base timer clock is required after setting bits GMD1 and GMDO to 00b.
2. Set bits GMD1 and GMDO to 01b or 10b while the base timer clock is stopped.
Figure 23.35 G2MR Register
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Group 2 Serial Interface Control Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI X 1] 2R 016Bh 0000 X110b
N
I T T T T A
i E i i i i i i Bit Symbol Bit Name Function RW
] ] ] ] 1 ] ] ] . . . .
A S 1= Transmit Enable Bit 0: Transmission disabled RW
Py 1: Transmission enabled
] ] ] ] I ] ]
e 0: Data in the transmit shift register
] ] 1 1 I ] ] . . . . . .
[ T T T T R N Transmit Shift Register (during transmission)
E E i i E i TXEPT Empty Flag 1: No data in the transmit shift RO
N A register (transmission completed)
] ] 1 1 1 ]
R R . 0: Data held in the G2TB register
] ] ] ] ) 1
E i i E i --------- Tl Transmit Buffer Empty Flag | 1 \o) data held in the G2TB register RO
i E i i ] — No register bit; should be written with 0 and read as undefined .
oo (b3) value
] ] ] ] . .
AT T R RE Receive Enable Bit (" ?; Ezgipﬂgz :'rf:gfg RW
Pl _—+
[ . 0: No data held in the G2RB register
] ] e e
o RI Receive Complete Flag 1: Data held in the G2RB register RO
] ]
o ISTXD2 Output Polarity 0: Not inverted
| .
i OPOL Switching Bit 1: Inverted RW
] . .
b ISRXD2 Input Polarity 0: Not inverted
IPOL Switching Bit 1: Inverted RW

Note:
1. The group 2 base timer may be reset when these bits are rewritten. To avoid unexpected resets, set the
RST2 bit in the G2BCR1 register to 0 (base timer is not reset by a reset request from the serial interface).

Figure 23.36 G2CR Register
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Group 2 IEBus Control Register

_________________ — No register bits; should be written with 0 and read as undefined
| (b5-b3) value

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
IECR 0172h 00XX X000b

] 1 ] ] [} ] ] ]

] 1 1 ] 1 ] 1 )

] 1 1 ] 1 ] 1 )

E i i E i E i E Bit Symbol Bit Name Function RwW

] ] 1 ] I ] 1 (] . . 2)

N A S - IEBus Enable Bit 0: IEBus disabled RW

A 1: IEBus enabled

E i i E i i i ______ ETS IEBus Trar_15mit Start 0: Transm?ss?on completed RW

Ve i Request Bit 1: Transmission started

] 1 1 ] 1 ]

A 0: Idle state

N IEBBS IEBus Bus Busy Flag 1: Busy state (start condition detected) RO

NN

]

]

]

]

]

0: No digital filter

E ------------------- DF Digital Filter Select Bit 1: Use the digital filter RW
l . 0: Mode 1
L L L L L e IEM IEBus Mode Select Bit 1- Mode 2 RwW

Notes:
1. Rewrite the IEB bit while the base timer clock is stopped.
2. After setting the IEB bit to 0, hold O for at least one fBT2 cycle. To set this bit to 1, set bits BCK1 and BCKO
in the G2BCRO register to 00b (clock is stopped).

Figure 23.37 IECR Register

Group 2 IEBus Address Register

b15 b8 b7 b0 Symbol Address Reset Value
XA | IEAR 0171h-0170h Undefined

R |

[ | 1 ]

i i i i i E Function RW
11 1 ]

EERE R Address data RW
R

[ | 1

i i i i - Address data RW
[ |

[ |

bl o] No register bits; should be written with 0 and read as undefined value —

Figure 23.38 IEAR Register
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Group 2 IEBus Transmit Interrupt Source Detect Register

successfully

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
IETIF 0173h XXX0 0000b

P
o Bit Symbol Bit Name Function RW
P
P 0: Transmission completed in error
S IETNF Normal Completion Flag 1: Transmission completed RW
o
] ]
] ]

:No error detected

P IEACK ACK Error Flag (1): Error detected (¥ RW
s I el b w

B IETT Timing Error Flag (1) Eﬁf{;ﬂgiﬁgfﬁf’ RW

L S— IEABL | Arbitration Lost Flag T e oo o RW

— No register bits; should be written with 0 and read as undefined
(b7-b5) value

Note:
1. This bit can be set to 0 by a program, but cannot be set to 1. To set this bit to 0, set the IEB bit in the IECR
register to 0 (IEBus disabled).

Figure 23.39 IETIF Register

Group 2 IEBus Receive Interrupt Source Detect Register

(1)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
IERIF 0174h XXX0 0000b

P
1 1
i i Bit Symbol Bit Name Function RW
i i 0: Reception completed in error
LS IERNF Normal Completion Flag 1: Reception completed successfully | RW
!
]
]

rF—————————————————————

------ IEPAR | Parity Error Flag 0:No error detected RW

"""" ERMB | o P | 1:Error detected RW
i IERT Timing Error Flag (1) Efr:rr:jo;tgc?tt:gtg? RW

R IERETC Elrargr by Other Sources | 0: No eror detected RW

— No register bits; should be written with 0 and read as undefined
(b7-b5) value

1. This bit can be set to 0 by a program, but cannot be set to 1. To set this bit to 0, set the IEB bit in the IECR
register to 0 (IEBus disabled).

Figure 23.40 IERIF Register
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23.4.1 Variable Synchronous Serial Interface Mode for Group 2

This mode allows data transmission/reception synchronized with the transmit/receive clock. The
character length is selectable from 1 to 8 bits. Table 23.15 lists specifications of the group 2 variable
synchronous serial interface mode and Table 23.16 lists its settings. Figure 23.41 shows an operation
example of data transmission/reception.

Table 23.15 Group 2 Variable Synchronous Serial Interface Mode Specifications

Item Specification
Data format 1- to 8-bit character length
Transmit/receive clock » The CKDIR bit in the G2MR register is 0 (internal clock selected):
fBT2
2(n+2)

n: G2POO0 register setting value, 0000h to FFFFh (1)
The bit rate is set using the G2PO0 register. The clock is generated in the
inverted waveform output mode of the channel 2 waveform generation
» The CKDIR bit is 1 (external clock selected): input into the ISCLK2 pin (2)
Transmit start conditions | The conditions for starting data transmission are as follows:
* The TE bit in the G2CR register is 1 (transmission enabled)
* The Tl bit in the G2CR register is 0 (data held in the G2TB register)
Receive start conditions The conditions for starting data reception are as follows:
* The RE bit in the G2CR register is 1 (reception enabled)
* The TE bit in the G2CR register is 1 (transmission enabled)
* The Tl bit in the G2CR register is 0 (data held in the G2TB register)
Interrupt request In transmit interrupt, either of the following conditions is selected to set the
SIO2TR bit in the IIO6IR register to 1 (interrupt requested) (refer to Figure
11.12):
* The IRS bit in the G2MR register is 0 (transmit buffer in the G2TB register is
empty):
when data is transferred from the G2TB register to the transmit shift register
(when the transmission has started)
* The IRS bit is 1 (transmission is completed):
when data transmission from the transmit shift register is completed
In receive interrupt,
When data is transferred from the receive shift register to the G2RB register
(when the reception is completed), the SIO2PR bit in the [IO5IR register
becomes 1 (interrupt requested) (refer to Figure 11.12)
Error detection Overrun error (3)
This error occurs when the last bit of the next data has been received before
reading the G2RB register
Other functions * Bit order selection
LSB first or MSB first
*ISTXD2 and ISRXD2 I/O polarity
Output levels from the ISTXD2 pin and input levels to the ISRXD2 pin can
be inverted
* Character length for data transmission/reception
1- to 8-bit character length

Notes:
1. When using the serial interface, set a value greater than or equal to 1 to the G2POQ0 register.
2. The highest transmit/receive clock frequency should be fBT2 divided by 20.
3. If an overrun error occurs, the G2RB register is undefined.
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Table 23.16 Register Settings in Group 2 Variable Synchronous Serial Interface Mode

Register Bits Function
G2BCRO BCK1 and BCKO Set the bits to 11b
DIV4 to DIVO Select a divide ratio of count source
IT Set the bitto 0
G2BCR1 7t00 Set the bits to 0001 0010b
G2POCRO |[7to0 Set the bits to 0000 0111b
G2POCR1 |7to0 Set the bits to 0000 0111b
G2POCR2 |[7to0 Set the bits to 0000 0010b
G2PO0 15t0 0 Set a comparative value for waveform generation
T (sett{;ﬁngalue ) = transmit/receive clock frequency
G2P0O2 15t0 0 Set to a value smaller than that in the G2POO0 register setting
G2FE IFE2 to IFEO Set the bits to 111b
G2MR GMD1 and GMDO Set the bits to 01b
CKDIR Select either the internal clock or the external clock
UFORM Select either LSB first or MSB first
IRS Select a source for transmit interrupt
G2CR TE Set the bit to 1 to enable data transmission/reception
TXEPT Transmit shift register empty flag
TI Transmit buffer empty flag
RE Set the bit to 1 to enable data reception
RI Receive complete flag
OPOL Select if the output level at the ISTXD2 pin is inverted (usually set
the bit to 0)
IPOL Select if the input level at the ISRXD2 pin is inverted (usually set
the bit to 0)
G2TB 15t00 Set the data to be transmitted/received and its character length
G2RB 15100 Store received data and error flag
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The base timer is reset by the
channel 0 waveform
generation

2 /]
s i
/ I

A write to the transmit register A write to the transmit register
(8-bit data) (4-bit data)

Transmit/receive clock
by the channel 2
waveform generation

First write to the — " .
G2TB register i bit 0 bit 1 bit 2

bit6é | bit7

bits8 | bit9 | bit10 | bit 11

Second write to the
G2TB register

Received data | bito f bit1 J bit2 ][ bit5 } bit6 J bit7 X bits | bito | bit10 ) bit 11
Z/ Transmitted to the receive Transmitted to the receive
register register

t: channel 2 waveform generation register setting value
channel 3 waveform generation register setting value

Figure 23.41 Group 2 Variable Synchronous Serial Interface Mode Transmit/Receive Operation
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24. Multi-master 12C-bus Interface

The multi-master 12C-bus interface (MMI2C) is capable of serial, bi-directional data transfer in the 12C-bus
data transmit and receive format. It contains an arbitration lost detector and a clock synchronization
function. Table 24.1 lists specifications of the multi-master I12C-bus interface. Table 24.2 lists detectors of the
multi-master I2C-bus interface. Figure 24.1 shows a block diagram of the multi-master 12C-bus interface.

Table 24.1 Multi-master 12C-bus Interface Specifications

Item Specification
Data format Compliant with the 12C-bus specification
* 7-bit addressing format
* Fast-mode
« Standard-mode
Master/Slave device Selectable
I/O pins Serial data line: MSDA (SDA)

Serial clock line: MSCL (SCL)
Transmit/Receive clock 16.1 to 400 kbps (¢lIC =4 MHz)  ¢lIC: I2C-bus system clock

Transmit/Receive modes  |Compliant with the 12C-bus specification
* Master-transmit mode

* Master-receive mode

« Slave-transmit mode

« Slave-receive mode

Interrupt request sources » Six 12C-bus interface interrupts: Successful transmit, successful receive,
slave address match detection, general call address detection, STOP
condition detection, and timeout detection

« Two 12C-bus line interrupts: Rising or falling edge of pins MSDA and MSCL

Other functions * Timeout detector
This function detects that the MSCL pin level is held high for longer than
the specified time while the bus is busy

* Free data format selector
This function selects the free data format to generate an interrupt request,
regardless of the slave address value, when the first byte is received
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Table 24.2  Detectors of Multi-master 12C-bus Interface

ltem Specification
Slave address match In slave-receive mode, this detects whether the address sent from the
detector master device matches the slave address. When they match, an ACK is

automatically sent. When they do not, a NACK is automatically sent and
communication is stopped

General call address This detects a general call address when in slave-receive mode

detector

Arbitration lost detector This detects an arbitration lost and stops MSDA output immediately when
detected

Bus busy detector This detects that the bus is busy, and sets/resets the BBSY bit

UART2 receive interrupt
0 12CEN

N Interrupt
» I2C-bus line interrupt 1 -3”' request

SIS, SIP ——>] generator H

7} i

]

TOSEL, TOE Timeout detector b UART2 transmit interrupt—|_ i

]
TOF v . U Interrupt

2 -
| Address comparator .I C-bus interface o request
interrupt generator
IRF
AAS
STIE, RIE
| I2CSAR register | I2CTRSR register |<—
SAD6 to SADO
LRB ——» SDAO
MSDA O—¢ Data controller > itrati
Noise filter Arbitration lost AL
'y > detector
ACKD
SSC4 to SSCO —e
STSPSEL —>
l \ 4 Bus busy detector |—» BBSY

MSCL O ' Clock controller
Noise filter
A L——» SCLO

BC2 to BCO
ICK4 to ICKO n
CKS4 to CKSO| Clock divider 00000b 2
3 00001b 4
8

A

slIC 00010b
00100b 25

CLK1 and CLKO ICK4 to ICKO| 1/n
1 _8?*\9 | CLK2 01000b 3
ff28n 10: O\& flic 01100b 5

0l 10000b 6

Only set the values listed above.

SADG to SADO: Bits in the I2CSAR register

CKS4 to CKS0, and ACKD: Bits in the I2CCCR register

BC2 to BCO: Bits in the I2CCRO register )

STIE, RIE, SDAO, SCLO, and ICKO and ICK1: Bits in the I2CCR1 register flIC: I°C-bus interface clock
TOE, TOF, TOSEL, and ICK4 to ICK2: Bits in the 2CCR2 register ¢lIC: *C-bus system clock
LRB, AAS, AL, IRF, and BBSY: Bits in the I2CSR register

SSC4 to SSCO, SIP, SIS, and STSPSEL: Bits in the I2CSSCR register

I2CEN, and CLK2 to CLKO: Bits in the I2CMR register

Figure 24.1 Multi-master 12C-bus Interface Block Diagram
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241 Multi-master I2C-bus Interface-associated Registers

24.1.1 12C-bus Transmit/Receive Shift Register (I2CTRSR)

12C-bus Transmit/Receive Shift Register (-2 3)

b7 b0 Symbol Address Reset Value
| | 12cTRSR 044400h Undefined
Function RwW

Set transmit data in transmit mode.

In receive mode, write dummy data before receiving data, and read received data
------------- after an interrupt is generated. RW
The data being shifted can be read from this register, regardless of whether it is
transmitting or receiving

Notes:
1. This register is write enabled when the ICE bit in the I2CCRO register is 1 (I2C-bus interface enabled).
2. This register is used for transmitting and receiving. Read the received data before using this register for
transmitting.
3. When data is written to this register, bits BC2 to BCO in the I2CCRO register become 000b, and bits
LRB, AAS, and AL in the I2CSR register become 0.

Figure 24.2 [12CTRSR Register

The I2CTRSR register is an 8-bit shift register where received data is stored and transmit data is written.
When transmit data is written to this register, the data is synchronized with the SCL clock and shifted out
in descending order from bit 7. Every time a bit is shifted out, the data is shifted to the left by 1 bit. During
a receive operation, the data is synchronized with the SCL clock and stored in order starting from bit 0. 1
bit of data is shifted (to the left) for every bit that is input. Figure 24.3 shows the timing when the received
data is stored to the I2CTRSR register.

The 12CTRSR register is write enabled when the ICE bit in the 12CCRO register is 1 (12C-bus interface
enabled). When the ICE bit is 1 and the MST bit in the I2CSR register is 1 (master mode), writing data to
the I2CTRSR register resets the bit counter and the SCL clock is output.

Write to the I2CTRSR register when a START condition is generated or the MSCL pin is low. The register
can always be read.

MSCL !
/
i
MSDA X !
1
H H
1 1
1 1 tf
Internal SCL ' :4—»'
i ' :
1 1
Internal SDA i X i
i ! i
Shift clock . tf { ! ts

|
!

(internal signal)

Data is stored to bit 0 on the rising edge of the shift clock

I2CTRSR register Data X Data
tf: Noise canceller delay time (one to two cycles of lIC) ?
ts: Shift clock delay time (one cycle of ¢lIC) Data is shifted 1 bit to the left.

Figure 24.3 Received Data Storing Timing to the I2CTRSR Register
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24.1.2 12C-bus Slave Address Register (I2CSAR)

I2C-bus Slave Address Register

other slave addresses of slave
----------- SAD2 devices connected to the 12C-bus. RwW
i In slave mode, the device becomes a

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LI ] lo] 12csar 044402h 00h
A
T A
E i i i i i Bit Symbol Bit Name Function RW
] ] ] 1 ] ]
A @) Reserved Should be written with 0 RW
] ] ] I ]
A S R m— SADO RW
E i i ] SAD1 The slave address must differ from RW
P
] 1
]
]
]
]
]

bmmmme - SAD3 Slave Address . . RW
slave device when the upper 7 bits
e e e SAD4 sent in the first frame after the RwW
START condition match bits SAD6 to
| Emmmmmmmmmmmmoeeee SAD5 SADO RW
] SADG6 RW

Figure 24.4 12CSAR Register

The I2CSAR register stores a slave address to automatically recognize itself as a slave device. When the
received address matches the slave address, the device operates as a slave device.

24.1.21 Bits SAD6 to SADO

Bits SAD6 to SADO store a slave address. When the addressing format is enabled, the received 7-bit
address and the slave address set in bits SAD6 to SADO are compared. When a match is detected,
the device operates as a slave device.
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24.1.3 12C-bus Control Register 0 (I2CCRO0)

12C-bus Control Register 0
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
ol [ol [ [ ] 1] r12ccro 044403h 0000 0000b
EEEEEEE
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
I T T N R R b2 b1 b0
bbbt t--4 BCO 0 0 0:8 bits RW
Vo 0 0 1:7 bits
A Transmit/Receive Bit 0 10:6bits
1 ] ] ] ] 1 ] .
[P 0 1 1:5bits
AR BCT Length Setting Bit (" 10 0.4 bits RW
1 ] ] ] ] 1
A 10 1:3bits
1 ] ] ] ] 1 . H
] e i o
S '
R e ICE I2C-bus Interface Enable 0: I12C-bus interface disabled RW
i E E i Bit 1: I2C-bus interface enabled
[ T | . .
R A o DFS Data Format Select Bit O: Addressing format RwW
P 1: Free data format
1 ] ]
i E (R —— (g) Reserved Should be written with 0 RW
1 ]
1 ]
— — 2
i : ___________________ RST IZC'bUS |nterface Reset B|t ertlng 1 tO thIS blt reSetS the I C bUS RW
! interface circuit
1
1 —_
B e LT (b7) Reserved Should be written with 0 RW
Note:
1. These bits automatically become 000b in the following cases:
- When a START or STOP condition is detected
- When data transmission is completed
- When data reception is completed

Figure 24.5 12CCRO0 Register
The I2CCRO register controls data communication format.

24.1.3.1 Bits BC2 to BCO

Bits BC2 to BCO set the data bit length to be transmitted or received next. When data transmission or
reception is completed for the data length (acknowledge clock pulse is included in the number when
the ACKCLK bit in the I2CCCR register is 1) specified with bits BC2 to BCO, an |12C-bus interface
interrupt request is generated. Consequently, bits BC2 to BCO become 000b. Note that these bits
also become 000b when a START condition is detected. Address data is transmitted or received in 8
bits regardless of their settings.
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24.1.3.2 ICE Bit

The ICE bit enables the 12C-bus interface. Set this bit to 1 to enable the 12C-bus interface and 0 to
disable it. When this bit is 0, pins MSDA and MSCL are fixed high (these pins are high-impedance
when the corresponding NOD bits in registers P7_0S and P7_1S are 1), therefore the 12C-bus
interface cannot be used.
When the ICE bit is set to 0, the following occurs:

* Bits ADZ, AAS, AL, BBSY, TRS, and MST in the I12CSR register become 0, and the IRF bit

becomes 1.

» Writing to the I2CTRSR register is disabled.

* The 12C-bus system clock (¢1IC) is stopped, and the internal counter and flags are reset.

* The TOF bit in the I2CCR2 register becomes 0 (timeout not detected).

24.1.3.3 DFS Bit

The DFS bit enables the automatic recognition of a slave address. When the DFS bit is set to 0, the
addressing format is selected and the slave address is automatically recognized. In this setting, data
is received only when a general call address is received or a slave address match is detected. When
the DFS bit is set to 1, the free data format is selected. In this setting, the slave address is not
recognized, so all data are received.

24.1.3.4 RST Bit

The RST bit resets the 12C-bus interface when a communication error occurs. When the ICE bit is set
to 1 (I2C-bus interface enabled), writing 1 (reset) to the RST bit has the following effects on the 12C-
bus interface:

* Bits ADZ, AAS, AL, BBSY, TRS, and MST in the I12CSR register become 0, and the IRF bit

becomes 1.

* The TOF bit in the I2CCR2 register becomes 0 (timeout not detected).

» The internal counter and flags are reset.
When the RST bit is written with 1, the multi-master 12C-bus interface is reset within a maximum of
2.5 ¢lIC cycles. Consequently, the RST bit automatically becomes 0.
Figure 24.6 shows the timing when the 12C-bus interface is reset.

1 is set by a program

¥

RST bit in the I2CCRO register

—

Up to 2.5 4lIC cycles

IC-bus interface reset signal

[

Figure 24.6 12C-bus Interface Reset Timing
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24.1.4 12C-bus Clock Control Register (I2CCCR)

I2C-bus Clock Control Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI 1] i2ceer 044404h 0000 0000b

R

] ] ] ] 1 1 1 1

1 1 1 1 1 1 1 1

i i i i i i i i Bit Symbol Bit Name Function RW

i i E E i i E - CKS0 The transmit/receive clock frequency | RW

T R T is given by ¢lIC/8n [Hz] in Standard-

i i E E i i f==---1 CKS1 mode, or $lIC/4n [Hz] in Fast-mode, | RW

e CKS2 Transmit/Receive Clgck where n is a setting valug. ' RW

Ve Frequency Control Bit However, when 00101b is set in

T T T R SO CKS3 Fast-mode, the transmit/receive clock | ryy

R frequency becomes ¢11C/2n [Hz]. Do

T CKs4 not set to 00000b to 00010b RW

] ] ]

[ . _

I CLKMD | Clock Mode Select Bit 0: Standard-mode RW

Pl 1: Fast-mode

P . 0: ACK sent

i —————————————————— ACKD ACK Data Bit 1- NACK sent RW

i . . 0: ACK clock not generated

--------------------- ACKCLK ACK Clock Generating Bit 1- ACK clock generated RW

Figure 24.7 12CCCR Register

The 12CCCR register controls ACK and sets SCL mode and SCL clock frequency. While data is being
transmitted or received, only rewrite the ACKD bit.

24.1.41 Bits CKS4 to CKS0

Bits CKS4 to CKSO0 set the SCL clock frequency. The SCL clock frequency varies as shown in Table
24.3, where n is a setting value of bits CKS4 to CKSO (n = 3 to 31). Do not rewrite these bits while
data is being transmitted or received.

Table 24.3 I2CCCR Register Setting Values and SCL Frequencies

Bits CKS4 to SCL Frequency (When ¢lIC = 4 MHz) (1)
CKSO0 Setting
Value (n) Standard-mode Fast-mode
Oto2 Do not set (2) Do not set (2)
3 Do not set (3) 333 kHz (¢l1C/4n)
4 Do not set (3) 250 kHz (¢11C/4n)
5 100 kHz (¢11C/8n) 400 kHz (¢11C/2n) @)
6 to 31 83 to 16 kHz ($1IC/8n) 166 to 32 kHz (¢lIC/4n)
Notes:

1. The CKS value must be set so the SCL clock frequency is 100 kHz or less in Standard-mode or 400
kHz or less in Fast-mode. The high period of the SCL clock has a margin of error of +2 to -4 ¢lIC in
Standard-mode, and +2 to -2 ¢lIC in Fast-mode. Note that if the high period is shortened, the low
period is lengthened, so the frequency remains unchanged.

2. Do not set the CKS value to 0 to 2 regardless of the ¢lIC frequency.

3. When ¢lIC is 4 MHz or higher, do not set the CKS value to 3 or 4. The SCL clock frequency will
extend beyond the specified range.

4. The normal duty cycle of the SCL clock is 50%. When the CKS value is 5 in Fast-mode, it varies from
35% to 45%.
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241.4.2 CLKMD Bit
Set the CLKMD bit to select the SCL mode. Set this bit to 0 to select Standard-mode and 1 for Fast-
mode. To use the device under the Fast-mode 12C-bus specification (up to 400 kbit/s), set $lIC to be
4 MHz or higher.

241.4.3 ACKD Bit
Set the ACKD bit to select the state of the MSDA pin with the ACK clock. When the ACKD bit is set to
0, the MSDA pin becomes low (acknowledged) by an ACK. When the ACKD bit is 1, the MSDA pin is
held high with the ACK clock.
Table 24 .4 lists the MSDA pin state with the ACK clock.

Table 24.4 MSDA Pin States with the ACK Clock

Received | DEsBit | ACKDBit | Slave Address | MSDA Pin State
Content
. Match Low (ACK)
0 No match High (NACK)
Slave i
address ! — o A
1 0 — Low (ACK)
1 — High (NACK)
0 — Low (ACK)
Data — .
1 — High (NACK)

24144 ACKCLK Bit
Set the ACKCLK bit to select whether or not to generate an ACK handshake. When this bit is 1 (ACK
clock generated), an ACK clock pulse is generated after 1 byte of data is transmitted or received.
When this bit is 0 (ACK clock not generated), the ACK clock is not generated after 1 byte of data is
transmitted or received. In this case, the IR bit in the 12CIC register becomes 1 (I12C-bus interface
interrupt requested) on the last falling edge of the clock for data transmission or reception.

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 378 of 541
Dec 18, 2014



R32C/116A Group 24. Multi-master 12C-bus Interface

24.1.5 12C-bus START and STOP Conditions Control Register (I2CSSCR)

[°C-bus START and STOP Conditions Control Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
| | | | | | | | | I2CSSCR 044405h 0001 1010b

A
] ] ] 1 ] ] ] ]
1 1 1 1 1 1 1 ]
i i i i i i i E Bit Symbol Bit Name Function RW
P b1 -l ssco RW
T T R B iy .
e SSC1 START and STOP The conditions fg_r detecting START RW
Vv o . and STOP conditions (SCL open,
L et SSC2 Conditions Detection ) ; RW
[ I R Setting Bit set-up, and hold times) are set with
i i i i R o SSC3 these bits RW
R SSCc4 RW
i i i ________________ sIP I2C-bus line Interrupt Pin 0: Falling edge RW
I Edge Select Bit 1: Rising edge
] ]
I 12C-bus line Interrupt Pin 0: MSDA pin
] I
i SIS Select Bit 1: MSCL pin RW
i START and STOP 0: Short mode
ittt L b b STSPSEL Conditions Generating 1j Long mod RW

Mode Select Bit +-0ong mode

Figure 24.8 12CSSCR Register

The [I2CSSCR register controls the detection and generation of START and STOP conditions.

24.1.51 Bits SSC4 to SSC0

Bits SSC4 to SSCO select the parameters for detecting the START and STOP conditions by setting
the high period of SCL pin, set-up, and hold times. This parameter is set by referencing the 12C-bus
system clock (¢lIC). Therefore, it changes according to the XIN frequency and the setting of the 12C-
bus system clock select bits (i.e. bits ICK4 to ICKO in registers I2CCR2 and 12CCR1). Do not set an
odd number or 00000b to bits SSC4 to SSCO0. Detection of START and STOP conditions starts

immediately after setting the ICE bit in the I2CCRO register to 1 (12C-bus interface enabled). Table
24 .11 lists the recommended values for bits SSC4 to SSCO.

24.1.5.2 SIP Bit

Set the SIP bit to select which of the edges of MSCL or MSDA pin generates the 12C-bus line
interrupt. Set this bit to 0 to select the falling edge, and 1 to select the rising edge.

24.1.5.3 SIS Bit

Set the SIS bit to select the input signal to be used as an 12C-bus line interrupt source. To select the

MSDA pin as an 12C-bus line interrupt source, set this bit to 0. To select the MSCL pin, set this bit to
1.

24.1.5.4 STSPSEL Bit

Set the STSPSEL bit to select the set-up and hold times when START and STOP conditions are
generated. Set this bit to 0 to select short mode and 1 to select long mode. The STSPSEL bit must be
set to 1 (long mode) when the ¢lIC frequency is higher than 4 MHz. Figure 24.16 shows the START
condition generation timing. Table 24.9 lists the set-up and hold times when START and STOP
conditions are generated.
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24.1.6 12C-bus Control Register 1 (I2CCR1)

I2C-bus Control Register 1 ()
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| | | | | 0 | 0 | | | I2CCR1 044406h 0011 0000b
A
] ] ] 1 ] ] ] ]
1 1 1 1 1 1 1 ]
i i i i i i i E Bit Symbol Bit Name Function RW
R R T T B STOP Condition Detection | 0: Disabled
i i i E i i i T STIE Interrupt Enable Bit 1: Enabled RwW
i i E E i i i ______ RIE Successful Receiv'e 0: Disabled RW
pror Interrupt Enable Bit ) 1: Enabled
] ] ] 1 1 1
] ] ] 1 ] ] p—
[ T T T N S i i
Ponod (b3-b2) Reserved Should be written with 0 RW
] ] ] 1
Vol Internal SDA Output 0: Low
i i i SDAO Monitor Bit 1: High RO
o Internal SCL Output 0: Low
P TTTTTTTTTTTTTTT SCLO Monitor Bit 1: High RO
E E ICKO o7 b RW
vooTTTTTT T 0 0:flIC divided-by-2
: I"C-bus System Clock 0 1:IG divided-by-4
' Select Bit @ : L
[ ICK1 1 0 :flIC divided-by-8 RW
1 1 : Do not use this combination
Notes
1. Do not use a bit processing instruction with this register.
2. Set this bit to 0 when the ACKCLK bit is 0 (ACK clock is not generated).
3. These bits are enabled when bits ICK4 to ICK2 in the I2CCR2 register are 000b.

Figure 24.9 12CCR1 Register
The 12CCR1 register controls the 12C-bus interface.

24.1.6.1 STIE Bit

Set the STIE bit to enable an interrupt when detecting a STOP condition. When this bit is set to 1, the
I2C-bus interface interrupt is generated when detecting a STOP condition. Consequently, the STOP
bit in the I2CCR2 register becomes 1 (STOP condition detection interrupt requested) and the IR bit in
the 12CIC register becomes 1 (12C-bus interface interrupt requested).

24.1.6.2 RIE Bit

Set the RIE bit to enable an interrupt when receiving the last bit of data when the ACKCLK bit in the
I2CCCR register is 1 (ACK clock generated). When the RIE bit is 1, the 12C-bus interface interrupt is
generated when the last bit (the eighth falling edge of the SCL) of data is received.

The 12C-bus interface interrupt is generated at the ACK bit transmission (the ninth falling edge of the
SCL) regardless of the RIE bit setting, therefore two 12C-bus interface interrupts are generated per
data when the RIE bit is 1. The source of the interrupt can be identified by reading the RIE bit. The
read value indicates the internal WAIT flag state. When the read value is 1, the last bit of data is the
interrupt source. When the read value is 0, the ACK bit is the interrupt source.

Set the RIE bit to 0 when the ACKCLK bit in the I2CCCR register is 0 (ACK clock not generated).
When the device is transmitting data or receiving a slave address, the 12C-bus interface interrupt is
generated only by the ACK bit (the ninth falling edge of the SCL) regardless of the RIE bit setting. In
both cases, the internal WAIT flag is 0.
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Table 24.5 I12C-bus Interrupt Request Generation Timings and How to Resume Communication

I2C-bus Interface Interrupt Internal WAIT . . .
. I Resuming Transmission/Reception
Generation Timing Flag
Last bit of data (on eighth clock) 1 Write to the ACKD bit in the I2CCCR register
ACK bit (on ninth clock) 0 Write to the I2CTRSR register

(A) When the RIE bit is O (receive mode, ACK clock generated)

ACK clock pulse
MSCL 7th clock 8th clock 9th clock \ 1st clock

MSDA  7th bit X 8th bit >\ ACK bit 1st bit

ACKD bit in the
I2CCCR register

IRF bit in the
I2CSR register

Internal WAIT flag

IR bit in the —|
12CIC register

Write signal to the Set to 0 by an interrupt acceptance or by a program |_
I2CTRSR register

(B) When the RIE bit is 1 (receive mode, ACK clock generated)

ACK clock pulse

MSCL 7th clock 8th clock \ 9th clock 1st clock
MSDA 7th bit X 8th bit 1st bit X

ACKD bit in the
I2CCCR register

Write 0iby a program —|

IRF bit in the
I2CSR register

Internal WAIT flag

IR bit in the |—|
12CIC register /

Write signal to the Set to 0 by an interrupt accelptance or by a program
I2CTRSR register

Write signal to the |_
12CCCR register

Do not rewrite bits other than the ACKD bit when setting the I2CCCR register

Figure 24.10 Interrupt Request Generation Timing in Receive Mode
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24.1.6.3 Bits SDAO and SCLO

Bits SDAO and SCLO are read-only bits and used to monitor the logical values of the internal SDA
output signal and internal SCL output signal, respectively. Only set these bits to 0. Note that the
internal SDA and SCL output signals indicate output levels before being affected by external devices
and do not indicate MSDA and MSCL pin states.

24.1.6.4 Bits ICK1 and ICKO
Set bits ICK1 and ICKO to select the frequency of the 12C-bus system clock (¢IIC). These bits are
enabled when bits ICK4 to ICK2 in the I2CCR2 register are 000b. Rewrite these bits when the ICE bit
in the 1I2CCRO register is 0 (12C-bus interface disabled). The frequency of the 12C-bus system clock
(611C) can be selected from flIC divided-by-2, -4, and -8 by setting these bits. flIC divided-by-2.5, -3, -
5, and -6 are also available by setting bits ICK4 to ICK2 in the I2CCR2 register. However, bits ICK1
and ICKO are disabled in this case.

Table 24.6  12C-bus System Clock (4lIC) Select Bit Settings

[2CCR2 Register I2CCR1 Register $lIC
ICK4 bit ICKS bit ICK2 bit ICK1 bit ICKO bit

0 0 flIC divided-by-2
0 0 0 0 1 flIC divided-by-4

1 0 flIC divided-by-8
0 0 1 0 0 flIC divided-by-2.5
0 1 0 0 0 flIC divided-by-3
0 1 1 0 0 flIC divided-by-5
1 0 0 0 0 flIC divided-by-6

Only set the values listed above.

RO1UH0213EJ0120 Rev.1.20 T{ENES/_\S Page 382 of 541
Dec 18, 2014



R32C/116A Group 24. Multi-master 12C-bus Interface
24.1.7 12C-bus Control Register 2 (I12CCR2)

[°C-bus Control Register 2

b7 b6 bS5 b4 b3 b2 bi b0 Symbol Address Reset Value

o] [ [ ] ]] 12CCR2 044407h 0X00 0000b
A
I R T R R R
i i E E i i i E Bit Symbol Bit Name Function RW
I R T A B B Timeout Detector Enable 0: Timeout detector disabled
[ T T T T T B TOE . . RwW
I S R B Bit 1: Timeout detector enabled
T T T A ’ 0: Timeout not detected
i i E E i i bmmm e TOF Timeout Detect Flag 1- Timeout detected RO
] ] ] ] ] ]
T A R Timeout Detect Period 0:Long
AR TOSEL | select Bit 1: Short RW
] ] ] ] ]
] ] ] ] ]
[ A b5b4b3
T ICK2 0 0 0:¢lIC =setbybits ICK1and | "W
. ICKO in the I2CCR1 register
T [2C-bus System Clock 0 0 1:¢lIC =flIC divided-by-2.5
- ICK3 | select Bit 0 1 0:lIC = filC divided-by-3 RW
P 0 1 1:¢lIC =AlIC divided-by-5
A 1.0 0:¢lIC = flIC divided-by-6
i i ICK4 Only set the values listed above RW
1 1
i —— (g) Reserved Should be written with 0 RW
]
]
| L2 . .
i STOP Condition Detect 0: IreCubeuSstelr&terface interrupt not
e L L LB STOP Interrupt Request Monitor 1: I2g-bus interface interrupt RW

Bit requested

Figure 24.11 12CCR2 Register

The 12CCR2 register controls communication error detection. If the SCL clock stops during transmission
or reception, each device connected to the bus is halted suspending communication. To avoid this, the
multi-master 12C-bus interface supports a function to generate an 12C-bus interface interrupt when the
SCL clock is held high for a specified period of time during transmission or reception.

MSCL

MSDA

L]

1st clock

2nd clock

3rdclock > SCL clock stops

/

1st bit

2nd bit

3rd bit

BBSY bit in the

I2CSR register J

Internal counter
start signal

Internal
counter

TOF bit in the
I2CCR2 register

Timeout detection period p———

<

P

IR bit in the

12CIC register

Figure 24.12 Timeout Detection Timing
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241.71 TOE Bit
The TOE bit enables the timeout detector. When this bit is set to 1, the timeout detector is enabled,
and when the SCL clock is held high for a specified period of time while the BBSY bit in the I2CSR
register is 1 (bus is busy), an 12C-bus interface interrupt request is generated.
The timeout detection period is determined by 1) the internal counter that uses ¢1IC as a count
source, and 2) the TOSEL bit setting (selects the timeout detection period to be either long or short).
Refer to 24.1.7.3 “TOSEL bit” for details.
When a timeout is detected, set the ICE bit in the I2CCRO register to 0 (12C-bus interface disabled)
and initialize the 12C-bus interface.

24.1.7.2 TOF Bit
The TOF bit is a flag that indicates the state of a timeout detection. This bit is enabled when the TOE
bit is 1. When the TOF bit becomes 1 (timeout detected), the IR bit in the 12CIC register becomes 1
(I2C-bus interface interrupt requested) simultaneously.

24.1.7.3 TOSEL Bit

The TOSEL bit selects a long or short length for a timeout detection period. This bit is enabled when
the TOE bit is 1 (timeout detector enabled). Set this bit to 0 to select the long timeout period. In this
setting, the internal counter functions as a 16-bit counter. Set this bit to 1 to select the short timeout
period. In this setting, the internal counter functions as a 14-bit counter.

The internal counter increments using the 12C-bus system clock (¢lIC) as a count source.

Table 24.7 lists timeout detection periods.

Table 24.7 Example Timeout Detection Periods

e Long Timeout Detection Period Short Timeout Detection Period
(TOSEL =0) (TOSEL =1)
4 MHz 16.4 ms 41 ms
2 MHz 32.8 ms 8.2ms
1 MHz 65.6 ms 16.4 ms

24.1.7.4 Bits ICK4 to ICK2

Set bits ICK4 to ICK2 to select the frequency of the 12C-bus system clock (¢1IC). Rewrite these bits
when the ICE bit in the I2CCRO register is 0 (12C-bus interface disabled).

The frequency of the 12C-bus system clock (¢1IC) can be selected from flIC divided-by-2.5, -3, -5, and
-6. When bits ICK4 to ICK2 are set to 000b, flIC divided-by-2, -4, and -8 can also be selected by
setting bits ICK1 and ICKO in the I2CCR1 register. Refer to Table 24.6.

24.1.7.5 STOP Bit

The STOP bit monitors the STOP condition detection interrupt. When the 12C-bus interface interrupt
is generated by the detection of a STOP condition, the STOP bit becomes 1. This bit is enabled when
the STIE bit in the I2CCR1 register is 1 (STOP condition detection interrupt is enabled). This bit is set
to 0 by a program. Writing 1 to this bit has no effect.
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24.1.8 12C-bus Status Register (I2CSR)

I°C-bus Status Register
b7 b6 bS b4 b3 b2 bi bO Symbol Address Reset Value
LT LTI recsr 044408h 0001 000Xb
A
1 1 1 1 1 1 1 ]
1 1 1 1 1 1 1 ]
i i i i i i i E Bit Symbol Bit Name Function RW
1 1 1 1 1 1 1 ] . . .y e
bbb i1 -] LRB|LastReceivedBit (2 0: Last received bitis 0 RW
I 1: Last received bit is 1
i i E E i i i ______ ADZ General Call Address 0: General call address not detected RW
A Detect Flag (-2 1: General call address detected
] ] ] 1 ] ]
e Slave Address Match Flag | 0: Address not matched
] ] ] 1 ] L
P AAS (1.2) 1: Address matched RW
] ] ] 1 ]
I R AL Arbitration Lost Detect Flag | 0: Arbitration lost not detected RW
i i i i (1.2) 1: Arbitration lost detected
i i i G IRE I2C-bus Interface Interrupt | 0: Requested RO
o Request Flag ® 1: Not requested
1 1 1
[ 0: Bus is free
________________ @
i i t BBSY Bus Busy Flag 1 Bus is busy RW
1 1
ro Transmit/Receive Switch 0: Receive mode
1 e e = e ]
' TRS Bit 1: Transmit mode (") RW
: 0: Slave mode
L e EE PR MST Master/Slave Select Bit : ’ RW
1: Master mode ()
Notes
1. Write 1111b to the lower 4 bits of this register to set the TRS or MST bit to 1 without generating a START or
STOP condition.
2. These bits are read-only when using them to check the status.
3. This bit is read-only. Only set this bit to 0.

Figure 24.13 12CSR Register
The 12CSR register monitors the state of the 12C-bus interface. Write to this register only when using the
functions listed in Table 24.8, and only set the values that are listed. Note that the lower 6 bits are not

rewritten even when values from Table 24.8 are written to.

Table 24.8 I12CSR Register Settings and Functions

Values Written to the I2CSR Register Eunction
MST | TRS |BBSY | IRF AL | AAS | ADZ | LRB
0 0 Select slave-receive mode
0 1 Select slave-transmit mode
X 0 1 1 1 1 .
1 0 Select master-receive mode
1 1 Select master-transmit mode
0 Select master-transmit mode and set the
1 1 0 0 0 0 0 device to be on STOP condition standby.
1 Select master-transmit mode and set the
device to be on START condition standby.
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24.1.8.1 LRB Bit

The LRB bit stores the data of the last received bit. It is used to check whether an ACK is received.
When the ACKCLK bit in the I2CCCR register is 1 (ACK clock generated), the LRB bit becomes 0
when the ACK is received, and 1 when the ACK is not received. When the ACKCLK bit is 0 (ACK
clock not generated), the last bit of data is stored to the LRB bit. When a value is written to the
[2CTRSR register, the LRB bit becomes 0.

24.1.8.2 ADZBit

The ADZ bit is a flag that indicates that the general call address was received. When the DFS bit in
the I2CCRO register is 0 (addressing format) in slave-receive mode, the ADZ bit becomes 1 when the
general call address is received.
The ADZ bit becomes 0 in any of the following cases:

* When a STOP or START condition is detected

» When the ICE bit in the I2CCRO register is set to 0 (I12C-bus interface disabled)

» When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.3 AAS Bit

The AAS bit is a flag that indicates whether the received address matches its own slave address. The
AAS bit becomes 1 when the received address matches its own slave address in bits SAD6 to SADO
in the I2CSAR register, when the DFS bit in the I2CCRO register is 0 (addressing format) in slave-
receive mode, or when the received address is the general call address.
The AAS bit becomes 0 in any of the following cases:

* When data is written to the I2CTRSR register

* When the ICE bit in the I2CCRO register is set to 0 (I12C-bus interface disabled)

« When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.4 AL Bit

The AL bit is a flag that indicates arbitration lost detection. In master transmit mode, if the MSDA pin
is changed to low by another device, then the AL bit becomes 1. Consequently, the TRS bit in the
I2CSR register becomes 0 (receive mode), and then the MST bit becomes 0 (slave mode) at the end
of the byte in which an arbitration lost is detected.
The AL bit becomes 0 in any of the following cases:

* When data is written to the I2CTRSR register

» When the ICE bit in the I2CCRO register is set to 0 (12C-bus interface disabled)

* When the RST bit in the I2CCRO register is written with 1 (I2C-bus interface reset)
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24.1.8.5 IRF Bit

Set the IRF bit to generate the I2C-bus interface interrupt request signal. When the 12C-bus interface
interrupt source is generated, first the IRF bit becomes 0, then the 12C-bus interface interrupt is
generated on the falling edge of the IRF bit. Refer to Figure 24.10 for the timing.
The IRF bit becomes 0 in any of the following cases:

* When 1-byte data transmission is completed (including when an arbitration lost is detected)

* When 1-byte data reception is completed

* When the slave address is matched in addressing format in slave-receive mode

* When the general call address is received in addressing format in slave-receive mode

* When address data reception is completed in free data format in slave-receive mode
The IRF bit becomes 1 in any of the following cases:

* When data is written to the I2CTRSR register

* When data is written to the I2CCCR register (the RIE bit is 1, internal WAIT flag is 1)

« When the ICE bit in the I2CCRO register is set to 0 (I2C-bus interface disabled)

+ When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.6 BBSY Bit

The BBSY bit is a flag that indicates the availability of the 12C-bus. The BBSY bit becomes 1 when a
START condition is detected, and 0 when a STOP condition is detected. When the BBSY bit is 0, the
I2C-bus is not in use, and is available for the device to generate a START condition.
The detection of a START or STOP condition is dependent on the setting of bits SSC4 to SSCO in the
[2CSSCR register.
The BBSY bit becomes 0 in any of the following cases:

* When a STOP condition is detected

» When the ICE bit in the I2CCRO register is set to 0 (I12C-bus interface disabled)

» When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.7 TRS Bit

The TRS bit determines the direction of data communication. When this bit is set to 0, the device
enters receive mode and waits for data to be sent from another device. When this bit is set to 1, the
device enters transmit mode and transmits data and address to the SDA line synchronized with the
SCL clock.
The TRS bit automatically becomes 1 (transmit mode) when the received address matches its own
slave address and the received R/W bit is 1 (data requested) in addressing format in slave-receive
mode.
The TRS bit becomes 0 in any of the following cases:

* When this bit is setto 0

* When an arbitration lost is detected

* When a STOP condition is detected

* When the START condition redundancy prevention function is activated

* When a START condition is detected in slave mode

* When a NACK is received in slave mode

* When the ICE bit in the I2CCRO register is set to 0 (12C-bus interface disabled)

« When the RST bit in the I2CCRO register is written with 1 (I2C-bus interface reset)
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24.1.8.8 MST Bit

Set the MST bit to select master or slave mode. To enter slave mode, set this bit to 0. Communication
is initiated in synchronization with the SCL clock generated by the master device. Set this bit to 1 to
enter master mode. The device generates the SCL clock to initiate communication.
The MST bit becomes 0 in any of the following cases:

* When the MST bitis setto 0

* When an arbitration lost is detected, and transmission of the corresponding byte is completed

* When a STOP condition is detected

* When a START condition is detected

* When the START condition redundancy prevention function is enabled

* When the ICE bit in the I2CCRO register is set to 0 (12C-bus interface disabled)

« When the RST bit in the I2CCRO register is written with 1 (I2C-bus interface reset)
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24.1.9 12C-bus Mode Register (I2CMR)

12C-bus Mode Register ()

b7 6 S b4 b3 b2 b1 b0 Symbol Address Reset Value
I2CMR 044410h XXXX 0000b

EEEEEEE

[ - - -

A Bit Symbol Bit Name Function RW

[ T T B

[ A I2C-bus Interface/UART2 0: UART2

e I = 1: PC-bus interface RW

[ L R |

! E E i P b3 b2 b1

A CLKO 0 0 0:f1 divided-by-2 RW

P 0 0 1:f8 divided-by-2

[ T A A 2 0 1 0 :f2n divided-by-2

A T T A S CLK1 I"C-bus Interface Clock 0 1 1:Do not use this combination | RW

R Source Select Bit 1001

Poror 101:18

e CLK2 110:f2n RW

- o 1 1 1 :Do not use this combination

1

I___E__i__i_ _____________ — No register bits; should be written with 0 and read as undefined RW
(b7-b4) value

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

Figure 24.14 12CMR Register

The I2CMR register selects signals for the I2C-bus interface and the clock source. Set the PRC1 bit in the
PRCR register to 1 (write enabled) before rewriting this register.

24.1.9.1 12CEN Bit

The I12CEN bit switches between signals for UART2 and the 12C-bus interface. Set this bit to 1 to use
the following signals: MSDA, MSCL, the 12C-bus interface interrupt, and the 12C-bus line interrupt.
When this bit is set to 0, signals for UART2 are enabled.

24.1.9.2 Bits CLK2 to CLKO
Bits CLK2 to CLKO select the clock source for the 12C-bus interface clock (flIC). It is selected from f1
divided-by-2, f8 divided-by-2, f2n divided-by-2, 1, f8, or f2n.
The clock source selected for the 12C-bus interface (flIC) is used as the clock source for the 12C-bus
system clock (¢lIC).
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24.2 Generating a START Condition

To enter a START condition standby state, write EOh to the I2CSR register while the ICE bit in the I2CCRO
register is 1 (I2C-bus interface enabled) and the BBSY bit in the I2CSR register is 0 (bus is free). When in
standby, write a slave address to the I2CTRSR register to generate a START condition. Consequently, the
bit counter becomes 000b, 1 byte of the SCL clock is output, and the slave address is transmitted. Figure
24.15 shows how to generate a START condition.

Note that after a STOP condition is generated, writing to the 12CSR register is disabled for 1.5 cycles of
¢lIC after the BBSY bit becomes 0. To generate a START condition immediately after generating a STOP
condition, first write EOh to the I2CSR register, then confirm that bits TRS and MST in the 12CSR register
are 1. After that, write a slave address to the I2CTRSR register.

C Generating a START condition )

| Disable interrupts |

BBSY bit in the I2CSR register

0 (bus is free)
| Write EOh to the I12CSR register | ------- START condition standby

Write a slave address to the
I2CTRSR register

1 (bus is busy)
------- Confirm the bus status

------- START condition trigger generated

&
<

| Enable interrupts |

( End )

Figure 24.15 Generating a START Condition

The timing to generate a START condition differs between Standard-mode and Fast-mode. Figure 24.16
shows START condition generation timing. Table 24.9 lists the set-up and hold times when a START or
STOP condition is generated.

Write signal to the I2CTRSR register

MSCL pin Set-up time . Hold time

g »lg »!
"~ 1Y )

MSDA pin

! BBSY bit
]
)

" . setting time
BBSY bit in the I2CSR register Bus is free !‘—’IW

Figure 24.16 START Condition Generation Timing
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Table 24.9  Set-up and Hold Times When Generating a START or STOP Condition

Short Mode Long Mode
Parameter SCL Mode (STSPSEL = 0) (STSPSEL= 1)
) Standard-mode (CLKMD = 0) 5.0 us (20) 13.0 us (52)
Set-up time
Fast-mode (CLKMD = 1) 2.5us (10) 6.5 us (26)
Hold time Standard-mode (CLKMD = 0) 5.0 us (20) 13.0 ps (52)
Fast-mode (CLKMD = 1) 2.5us (10) 6.5 us (26)
CLKMD: Bit in the I2CCCR register
STSPSEL: Bit in the I2CSSCR register
Number of ¢lIC cycles in parentheses.
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24.3 Generating a STOP Condition

To enter a STOP condition standby state, write COh to the I2CSR register while the ICE bit in the I2CCRO
register is 1 (I12C-bus interface enabled). Consequently, the MSDA pin becomes low. When in a standby
state, write dummy data to the I2CTRSR register to generate a STOP condition. Figure 24.17 shows how

to generate a STOP condition.

( Generating a STOP condition )

| Disable interrupts |

| Write COh to the I2CSR register |

Write dummy data to the
I2CTRSR register

| Enable interrupts |

|
( End )

------- STOP condition standby

------- STOP condition trigger generated

Figure 24.17 Generating a STOP Condition

The timing for generating a STOP condition differs between Standard-mode and Fast-mode. Figure 24.18
shows STOP condition generating timing. Table 24.9 lists the set-up and hold times when a START or

STOP condition is generated.

Write signal to the I2CTRSR register

-

MSCL pin Set-up time Hold time
1< >le >
MSDA pin BBSY bit
setting time
) ]
BBSY bit in the I2CSR register Bus is busy Bus is free

Figure 24.18 STOP Condition Generating Timing

Do not write the I2CSR or I2CTRSR register during the period after the standby setting until the BBSY bit
in the 12CSR register becomes 0. Doing so may cause a failure of a successful STOP condition

generation.

Furthermore, after the standby setting, the internal SCL output becomes low in the following case: after
the MSCL pin becomes high and when it becomes low before the BBSY bit becomes 0. In this case, low
output from the MSCL pin is stopped (clock line released) by generating a STOP condition, by setting the
ICE bit in the I2CCRO register to 0 (I12C-bus interface disabled), or by setting the RST bit to 1 (12C-bus

interface reset)
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24.4 START Condition Redundancy Prevention Function

A START condition is generated when the bus is free (confirmed with the BBSY bit in the I2CSR register).
However, before a START condition is generated, if a different master device generates another START
condition, the BBSY bit may become 1. In this case, the START condition redundancy prevention function
terminates the generation of its own START condition.
The START condition redundancy prevention functions as follows:

* The START condition standby setting is disabled (exits standby state)

* Writing to the I2CTRSR register is disabled (generation of the START condition trigger is disabled)

* Bits MST and TRS in the I2CSR register become 0 (enters slave-receive mode)

* The AL bit in the I2CSR register becomes 1 (arbitration lost is detected)
Figure 24.19 shows the operation of the START condition redundancy prevention function.

Example behavior of when a START condition from another device is generated while in a START condition standby state.

The bus becomes busy at the same time the

1 2 3 4 5
1 1 ] 1 ]
H H 1 1 1 1. Confirm the bus is free
MSCL pin i i i g g
] ] ] ] ]
E A:\ H i i 2. START condition standby setting
T A4 ] ]
MSDA pin ! ! !
H \ \ 3. Another START condition generated by external
o ! H device
BBSY bit in the | . | :
. 1 Busisfree 1 Busis busy
I2CSR register PN ! -
~ ! 4. START condition detected
T
]
1
]
1

AL bit in the START condition redundancy prevention function

I2CSR register is enabled (arbitration lost is generated).
1
[}

MST bit in the i 5. Enter slave-receive mode

I2CSR register ! '
1 1
] ]

TRS bit in the i

1

<—>| 1.5 cycles of $lIC
L}

I2CSR register

Figure 24.19 Example Operation of the START Condition Redundancy Prevention Function

The START condition redundancy prevention function is enabled from the falling edge of an SDA line in a
START condition until the slave address is completely received. This means, when registers [I2CSR and
I2CTRSR are written during this period, then the START condition redundancy prevention function is
enabled. Figure 24.20 shows the duration.

1st clock 2nd clock . 8th clock ACK clock
wee | [ [ 1T [ N A
MSDA _| / 1st bit X 2nd bit X o X 8th bit X ACK bit

BBSY bitin the

I2CSR register Valid duration of START condition redundancy prevention function

A 4

Figure 24.20 Enabled Duration of the START Condition Redundancy Prevention Function
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24.5 Detecting START and STOP Conditions

Figure 24.21 shows START condition detection, Figure 24.22 shows STOP condition detection, and Table
24 .10 lists the parameters for detecting START and STOP conditions. The parameters to detect START
and STOP conditions are set with bits SSC4 to SSCO in the I2CSSCR register. These parameters are
detectable only when the input signals of pins MSCL and MSDA meet all the conditions of the high period
of MSCL pin, set-up, and hold times in Table 24.10.

The BBSY bit in the I2CSR register becomes 1 when a START condition is detected, and 0 when a STOP
condition is detected. The timing for setting the BBSY bit differs between Standard-mode and Fast-mode.
Refer to Table 24.11 for BBSY bit setting time. Table 24.11 lists the recommended settings for bits SSC4
to SSCO in Standard-mode.

! High period !

MSCL pin

Set-up time P Hold time

A\
A
\

MSDA pin

| BBSY bit
| setting time
BBSY bit in the I2CSR register ;<—>|

TRS bit in the I2CSR register

(in slave mode)

Bits BC2 to BCO in the I2CCRO register X 000b

Figure 24.21 Detecting a START Condition

1 High period N
[ ]
MSCL pin
— Set-up time o Hold time “'
1 ]
MSDA pin BBSY bit i
setting time 1 !
i i
BBSY bit in the I2CSR register E
i i
1 ]
TRS bit in the I2CSR register
! :
MST bit in the I2CSR register
i i
! ]
Bits BC2 to BCO in the I2CCRO register X 000b
0.5 cycles of ¢IIC
Figure 24.22 Detecting a STOP Condition
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Table 24.10 Parameters for Detecting START and STOP Conditions

Parameter

Standard-mode

Fast-mode

High period of MSCL pin

SSC value + 1 cycle (6.25 ps)

4 cycles (1.0 us)

Set-up time w + 1 cycle <4.0 ys (3.25 ps) |2 cycles (0.5 ps)
Hold time w cycles < 4.0 ys (3.0 ys) 2 cycles (0.5 us)

. . SSC value - 1
BBSY bit set/reset time B — + 2 cycles (3.375 ps) 3.5 cycles (0.875 pus)

Unit: ¢lIC cycles
SSC value: Setting value of bits SSC4 to SSCO in the I2CSSCR register. Do not set these bits to 0 or an

odd number.

Example times of when ¢lIC = 4 MHz and the I2CSSCR register = 18h are in parentheses.

Table 24.11 Recommended Values for Bits SSC4 to SSCO0 in Standard-mode
SSC Parameters for Detecting START and STOP Conditions
olIC Recom High period of BBSY Bi? Set/Reset
mended MSCL pin Set-up time Hold time Time
Value
5 MHz 30 6.2 us (31) 3.2 us (16) 3.0 s (15) 4.125 ps (16.5)
4 MHz 26 6.75 us (27) 3.5 us (14) 3.25 us (13) 3.625 us (14.5)
24 6.25 us (25) 3.25 us (13) 3.0 us (12) 3.375 us (13.5)
2 Mz 12 6.5 us (13) 3.5us (7) 3.0 us (6) 3.75 us (7.5)
10 5.5 us (11) 3.0 ys (6) 2.5 us (5) 3.25 pys (6.5)
1 MHz 4 5.0 us (5) 3.0 us (3) 2.0 yus (2) 3.5us (3.5)

Number of ¢lIC cycles in parentheses.
SSC recommended values: Decimal value of bits SSC4 to SSCO in the I2CSSCR register.
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24.6 Data Transmission and Reception

Examples of the data transmission and reception format for master-transmission or slave-reception in a
7-bit address format are shown in section 24.6.1 “Master Transmission” and 24.6.2 “Slave Reception”.
These examples assume communication starts after initialization using the parameters set in Table 24.12.

Table 24.12 Example of Initial Settings

Setting

Register Value Parameter Initial Setting
[2CSAR 02h |Slave address 1
[2CCCR SCL frequency 100 kHz (¢lIC = 4 MHz)
85h |Clock mode Standard-mode
ACK clock generation ACK clock generated
[2CCR2 00h |Timeout Detector Disabled
[2CCR1 STOP condition detection interrupt Enabled
13h  |Successful data receive interrupt Enabled
oliIC flIC divided-by-2
[2CSR OFh  |Communication mode Slave-receive mode
[2CSSCR SSC value (see Table 24.11) 24
98h  |START and STOP conditions generation Long mode
mode
[2CCRO Number of bits to be transmitted or received |8 bits
I2C-bus interface Enabled (communication
08h
enabled)
Data format Addressing format
I2CMR 0sh I2C-bus interface/UART2 I2C-bus interface selected
I2C-bus interface clock source flIC = f2n
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24.6.1 Master Transmission

The operation and procedures of master transmission are described in this section. Figure 24.23 shows
an example of master transmission operation. For (A) to (C) in the figure, see A to C in the descriptions
and procedures below. (1) to (3) show the program’s instructions. Arrows indicate that the procedure is
performed by the MCU automatically.

m s m s m s m

— EP——————— O P>
Slave address wil & Data = Data

S (7 bits) WA (8 bits) A (8 bits) N|P

]
]
MSCL pin i
1 ) ) 1 :
1 ) ) 1 1
; i i P
| I
1 1
IR bit in the

12CIC register

f

> —_—Pp—————
T —>»—"-

(A) (B) (©)
STOP condition
S: START condition A: ACK R: Read m: Master outputs to SDA
P: STOP condition A: NACK W: Write s: Slave outputs to SDA

Figure 24.23 Example Operation of Master Transmission

A. Transmitting a slave address

(1) Confirm the BBSY bit in the I2CSR register is 0 (bus is free)

(2) Write EOh to the I2CSR register
— The device enters the START condition standby state

(3) Write an address of a receiver (slave address) to the upper 7 bits of the I2CTRSR register
— A START condition is generated
— The slave address is sent

B. Transmitting data (processed in the 12C-bus interrupt routine)

(1) Write transmit data to the I2CTRSR register
— Data is sent
To send multiple bytes of data, write them to the I2CTRSR register in succession

C. Completing master transmission (processed in the 12C-bus interrupt routine)

(1) Write COh to the 12CSR register

— The device enters the STOP condition standby state
(2) Write dummy data to the I2CTRSR register

— A STOP condition is generated

In addition to the case where transmission is completed, procedure (C) is required when no ACK from the
slave device is received (when a NACK is received as shown in Figure 24.23).
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24.6.2 Slave Reception

The operation and procedures of slave reception are described in this section. Figure 24.24 shows an
example of slave reception operation. For (A) to (D) in the figure, see A to D in the descriptions and
procedures below. (1) to (3) show the program’s instructions. Arrows indicate that the procedure is
performed by the MCU automatically.

m s m s m s m

— EP——————— O P>
Slave address wil & Data = Data =

S (7 bits) WA (8 bits) A (8 bits) AlP

MSCL pin

MSDA pin

IR bit in the
12CIC register

> —»f-----

—
R

(C)D) (C)(D)
Slave reception completed

S: START condition A: ACK R: Read m: Master outputs to SDA
P: STOP condition A: NACK W: Write s: Slave outputs to SDA

Figure 24.24 Example Operation of Slave Reception

A. Receiving a slave address (performed by the MCU automatically)
— A START condition is detected
— A slave address is received
— An ACK is sent and the 12C-bus interface interrupt is generated in either of the following cases
-When the general call address is received (the ADZ bit in the I2CSR register is 1)
-When an address match is detected (the AAS bit in the I2CSR register is 1)

B. Starting slave reception (processed in the 12C-bus interrupt routine)

(1) Check the 12CSR register value. When the TRS bit is 0, start the slave reception.
(2) Write dummy data to the I2CTRSR register
— Data reception starts

C. Completing slave reception (processed in the 12C-bus interrupt routine)

(1) Read the received data from the I2CTRSR register

(2) Set the ACKD bit in the register to 1 (NACK) when the data is the last received data

(3) Set the ACKD bit in the register to 0 (ACK) when the data is not the last received data
— An ACK or NACK is sent and an 12C-bus interface interrupt is generated

D. Completing ACK transmission (processed in the 12C-bus interrupt routine)

(1) Write dummy data to the I2CTRSR register
— If the data is the last received data, a STOP condition is detected
— If not, data reception restarts
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24.7 Notes on Using Multi-master I2C-bus Interface

24.71 Accessing Multi-master I12C-bus Interface-associated Registers
Notes on writing to and reading 12C-bus interface-associated registers.

* I2CTRSR register
Do not write to this register during data transmission or reception. Doing so resets the transmit/
receive counter and the register is unable to perform normal data transmission or reception.

* I2CCRO register
This register becomes 000b when a START condition is detected or 1 byte of data transmission
or reception is completed. Do not write to or read this register at these two timings. Doing so may
change the register value to an unexpected value. Figures 24.26 and 24.27 show the bit counter
reset timings.

* I2CCCR register
Do not rewrite bits other than the ACKD bit during transmission or reception. Otherwise the I2C-
bus clock circuit is reset and a normal transmission or reception will not be performed as a result.

* I2CCR1 register
Rewrite bits ICK4 to ICKO only when the ICE bit in the I2CCRO register is 0 (12C-bus interface
disabled). When the 12CCR1 register is read, the internal WAIT flag status is read from this
register. Therefore, do not use a bit processing instruction (read-modify-write instruction) with
this register.

* I2CSR register
Do not use a bit processing instruction (read-modify-write instruction) since the value of each bit
in the I2CSR register changes depending on the communication state. Also, do not access this
register when MST bit or TRS bit, which select the communication mode, changes. Doing so
may change the register value to an unexpected value. Figures 24.25 to 24.27 show the timing
of bits MST and TRS to change.
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MSCL pin
MSDA pin

BBSY bit in the
I2CSR register

Bit reset signal

Bits to be reset:
Y Bits MST and TRS in the I2CSR register
:
1.5 cycles of ¢lIC

Figure 24.25 Bit Resetting Timing (when a STOP condition is detected)

MSCL pin

MSDA pin

BBSY bitin the |
i
]

I2CSR register

Bits to be reset:

) ) Bits BC2 to BCO in the I2CCRO register
Bit reset signal TRS bit in the I2CSR register (in slave mode)

Figure 24.26 Bit Resetting Timing (when a START condition is detected)

MSCL pin

IRF bit in the
I2CSR register

]
]
Bit reset signal E
; ‘
)

<& >
< P

Bit reset signal two cycles of ¢pIIC
K—P:

Bits to be reset:
Bits BC2 to BCO in the I2CCRO register
MST bit in the I2CSR register (when arbitration lost is detected)
TRS bit in the 12CSR register (when a NACK is received in slave-transmit mode)

one cycle of ¢IIC

Bit to be set:
TRS bit in the I2CSR register (when the R/W bit of the first byte received is 1 in addressing format in slave-receive
mode)

Figure 24.27 Bit Setting/Resetting Timing (when data transmission/reception is completed)
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24.7.2 Generating a Repeated START condition

Use the following steps to generate a repeated START condition after transmitting 1-byte of data:
(1) Write EOh (the START condition standby state, and the MSDA pin is high) to the I2CSR register
(2) Wait until the MSDA pin becomes high
(3) Write a slave address to the I2CTRSR register to generate a START condition trigger

Figure 24.28 shows the repeated START condition generating timing.

8th clock ACK clock
MSCL pin | | | |

MSDA pin \

i

Write signal to the I2CSR register
(START condition standby)

I I W

I

Write signal to the I2CTRSR register
(START condition trigger generated) ' !
Software wait

Figure 24.28 Repeated START Condition Generating Timing
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25. Protected Areas

The R32C/116A Group has five 32-bit areas protected from unexpected write accesses. The protected
areas are randomly accessible as well as RAM. However, they are not rewritable while the protection is

being locked.

Table 25.1 lists the location of protected areas and Figures 25.1 and 25.2 show the associated registers.

Table 25.1

Address Range of Protected Areas

Protected Area

Address Range

Protected Area 0

42000h to 4201Fh

Protected Area 1

42020h to 4203Fh

Protected Area 2

42040h to 4205Fh

Protected Area 3

42060h to 4207Fh

Protected Area 4

42080h to 4209Fh

Dec 18, 2014

Protected Area Protect Release Register

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
PAPR 420F0h XXX0 0000b

) ] ] 1 1 ] 1 1

) ] ] 1 1 ] 1 1

] ] ] 1 1 ] 1 1

E E E i i E i i Bit Symbol Bit Name Function RW

I O T T T R Protected Area 0 Protect 0: Protect

E E E i i E i 7 PAOPR Release Bit 1: Unlock protection RW

T R Protected Area 1 Protect 0: Protect

E E E i i E R PATPR Release Bit 1: Unlock protection RW

) ] ] 1 ] ]

A Protected Area 2 Protect 0: Protect

R R PAZPR Release Bit 1: Unlock protection RW

) ] ] 1 1

T Protected Area 3 Protect 0: Protect

E E E i PA3PR Release Bit 1: Unlock protection RW

I I Protected Area 4 Protect 0: Protect

E E E -------------- PA4PR Release Bit 1: Unlock protection RW

i__i___i ________________ — No register bits; should be written with 0 and read as undefined .
(b7-b5) value

Figure 25.1 PAPR Register
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Protected Area Write Access Flag Register

b7 6 S b4 b3 b2 b1 b0 Symbol Address Reset Value
PAWF 420F2h XXX0 0000b

1 1 ] ] ] 1 ] ]

I T T T T B

i E E i i i i i Bit Symbol Bit Name Function RW

i E E i i i i i PAOWE Protected Area 0 Write 0:No write access | rRw

A Access Flag 1: Protected area is write accessed (")

I Protected Area 1 Write 0: No write access

i E E i i i R PATWF Access Flag 1: Protected area is write accessed @ | R

1 ] ] ] 1 1

T A R N Protected Area 2 Write 0: No write access

Vo PA2WF Access Flag 1: Protected area is write accessed (V) RW

1 ] ] ] ]

T A N Protected Area 3 Write 0: No write access

i E E i PASWF Access Flag 1: Protected area is write accessed @ | RW

P Protected Area 4 Write 0: No write access

i E E ______________ PAGWE Access Flag 1: Protected area is write accessed (") RW

i__i___s ________________ — No register bits; should be written with 0 and read as undefined .
(b7-b5) value

Note:
1. To set the flag to 0, write this bit to 0. Writing 1 has no effect.
Figure 25.2 PAWF Register
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26. /O Pins

Each pin of the MCU functions as a programmable I/O port, an 1/O pin for integrated peripherals, or a bus
control pin. These functions can be switched by the function select registers or the processor mode
registers. This chapter particularly addresses the function select registers. For the use as a bus control pin,
refer to 7. “Processor Mode” and 9. “Bus”.

The pull-up resistors are enabled for every group of four pins. However, when a pin functions as an output
pin, a pull-up resistor is disabled regardless of the register settings.

Figure 26.1 shows a block diagram of typical I/O pin.

The use of pull-up resistor

selection
NOD
PDi_j
Port output 00
Peripheral 1 output 001
Peripheral 2 output 010
011 >

Peripheral 3 output
Peripheral 4 output

A

o

Lo
Peripheral 5 output /},
Peripheral 6 output 110/
Peripheral 7 output

A A
PSEL2 4T

Pi_j pin

PSEL1

PSELO

ASEL
Port input T (LT

Peripherals 1 to 7 input
Analog I/O 5~}

Figure 26.1 Typical I/O Pin Block Diagram (i=0t0 19; j=0to 7)

The registers to control I/O pins are as follows: port Pi direction register (PDi register), output function select
registers, and pull-up control registers. The PDi register selects the input or output state of pins. The output
function select registers which select output function consist of bits PSEL2 to PSELO, NOD, and ASEL. Bits
PSEL2 to PSELO select a function as a programmable I/O or peripheral output (except analog output). The
NOD bit selects the N-channel open drain output for a pin. The ASEL bit prevents the increase in power
consumption of input buffer caused by an intermediate potential when a pin functions as an analog I/O pin.
The pull-up control registers enable/disable the pull-up resistors.

To use a pin as an analog /O pin, set the PDi_j bit to 0 (input), bits PSEL2 to PSELO to 000b, and the ASEL
bit to 1.

The input-only port P8_5 shares a pin with NMI and has neither function select register nor the
corresponding direction bit. Port P14_1 also functions as an input-only port. The function select register and
bit 1 in the PD14 register are reserved. Port P9 is protected from unexpected write accesses by the PRC2
bit in the PRCR register (refer to 10. “Protection”).
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26.1 Port Pi Direction Register (PDi Register, i =0 to 19)
The PDi register selects the input or output state of pins. Bits in this register correspond to respective

pins.

In memory expansion mode or microprocessor mode, this register cannot control pins being assigned bus
control signals (A0 to A23, DO to D31, CS0 to CS3, WR/WRO, BCO, BC1/WR1, BC2/WR2, BC3/WRS3, RD,

CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).
Figure 26.2 shows the PDi register.
No register bit is provided for port P8_5. For port P14_1, a reserved bit is provided.

The PD9 register is protected from unexpected write accesses by setting the PRC2 bit in the PRCR

register (refer to 10. “Protection”).

Port Pi Direction Register (i=0to 19) ™

[eNé)]

b7 b6 bS b4 b3 b2 b1 B0 Symbol Address Reset Value
111 ][ ]|]|] rootorps 03C2h, 03C3h, 03C6h, 03C7h 0000 0000b
HE : i E i i PD4 to PD7 03CAh, 03CBh, 03CEh, 03CFh 0000 0000b
i i E i i E i1 PD8 @ 03D2h 00X0 0000b
N ! i E PD9®), PD10 03D3h, 03D6h 0000 0000b
i i E i ¢+ 1y PDMM @ to PD13 03D7h, 03DAN, 03DBh 0000 0000b
bbb PD14@d 03DEh 0000 0000b
i E E E i+ 1 v PD15 03DFh 0000 0000b
P i E i i PD16 to PD19®) 03E2h, 03E3h, 03E6h, 03E7h 0000 0000b
[ A
[
i SR t 1 1 | BitSymbol Bit Name Function RW
H : 1 1 1 1 1 H -
t 404 b4 Lol PDi0 |PortPi_0Direction Bit ® | O:InPutport RW
o Pl 1: Output port
1 ] ] 1 1 I H .
[ R . . N 4 (5) 0: Input port
i E i E i E ! PDi_1 Port Pi_1 Direction Bit © 1 Output port RW
Voo .
A . . N . 0: Input port
i E : i i R G PDi_2 Port Pi_2 Direction Bit ©) 1: Output port RW
. E i i ___________ . . _— . 0: Input port
i E i i PDi_3 Port Pi_3 Direction Bit 1- Output port RW
A . . T 0: Input port
i E E D e PDi_4 Port Pi_4 Direction Bit 1: Output port RW
] PDi 5 | Port Pi_5 Direction Bit@4 | 0 Inputport RW
H - - 1: Output port
) ]
R O — PDI6 | Port Pi_6 Direction Bit® | 'cr)‘ﬁt“;u‘:‘;r; . RW
1 .
1
S — PDI_7 | Port Pi_7 Direction Bit® | 'c')‘l‘jt“ptu‘;‘;ré . RW

. In memory expansion mode or microprocessor mode, this register cannot control pins being assigned bus

control signals (A0 to A23, DO to D31, CS0 to CS3, WR/WRO0, BCO, BCT/WRT, BC2/WR2, BC3/WR3, RD,
CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).

. The PD8_5 bit in the PD8 register is unavailable on this MCU. If necessary, set this bit to 0. The read value

is undefined.

. Set the PRC2 bit in the PRCR register to 1 (write enabled) just before rewriting the PD9 register. No

interrupt handling or DMA transfers should be inserted between these two instructions.

. Bits PD11_5 to PD11_7 in the PD11 register and the PD14_7 bit in the PD14 register should be rewritten

after the PDWE bit in the PCR register is set to 1 (write enabled).

. Bits PD14_0 to PD14_2 in the PD14 register are reserved. These bits should be written with 0.
. In the 144-pin package, enabled bits in registers PD16 to PD19 should be written with 1 (output port).

Figure 26.2 Registers PD0 to PD19
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26.2 Output Function Select Registers

When a programmable 1/O port and peripheral output share a pin, these registers select the output
function of the pin. Regardless of the register settings, signals are input to all the connected peripherals.

An output function select register consists of bits PSEL2 to PSELO, NOD, and ASEL. Bits PSEL2 to
PSELO select a function as programmable I/O or peripheral output (except analog output). The NOD bit
selects the N-channel open drain output. The ASEL bit prevents the increase in power consumption

caused by an intermediate potential generated when a pin functions as an analog I/O pin.

Table 26.1 shows the peripherals assigned to each PSEL2 to PSELO bit combination, and Figures 26.3 to
26.22 show the function select registers.

Note that ports P8 5 and P14_1 (input only) have no output function select registers.

The P9 _iS register is protected from unexpected write accesses by setting the PRC2 bit in the PRCR

register (refer to 10.

“Protection”).

Table 26.1  Peripheral Assignment

Bits PSEL2 to PSELO Peripherals

001b Timer
010b Three-phase motor control timers
011b UART
100b UART special function
101b Intelligent 1/0 groups 0 and 2
110b Intelligent 1/0 group 1
111b UARTS8
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Port PO _i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LDXXXX] [ | | PoostoPo_2s  400A0h, 400A2h, 400A4h 0XXX X000b
I T S B A PO _3Sto PO_5S 400A6h, 400A8h, 400AAQ 0XXX X000b
T R R A P0O_6S, P0O_7S 400ACh, 400AEh 0XXX X000b
1 1 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
toLorb i1 1| Bit Symbol Bit Name Function RW
A b2 b1 60
T A A T 00 0:1/0port PO_i RW
i E E i i i i 0 0 1 : Do not use this combination
[ . . 0 1 0 :Do not use this combination
A R N R W PSEL1 | gort PO OUIPULFUNCHON g 4 1 . Do not use this combination | RW
I T R R 1 0 0 :Do not use this combination
i E E i i i 1 0 1: Do not use this combination
T S S S T PSEL2 1 1 0 :Do not use this combination RW
L 1 1 1 :Do not use this combination
] 1 ] ] ]
A — No register bits; should be written with 0 and read as undefined .
i (b6-b3) value
i Port PO_i Analog Function 0: Function other than ANO _i
""""""""""" ASEL | select Bit 1: ANO_i RW

Figure 26.3 Registers P0_0S to P0_7S

Port PO_i shares a pin with the ANO _i input for the A/D converter (i=0 to 7).
To use it as a programmable 1/O port, set the PO _iS register to 00h. To use it as an A/D converter input
pin, set this register to 80h and the PDO_i bit to 0 (port P0O_i functions as an input port).
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Port P1_i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
DODXAXX] [ | | P1ostop1_2s  400A1h, 400A3h, 400A5h XXXX X000b
R P1_3StoP1_5S 400A7h, 400A9h, 400ABh XXXX X000b
i E E i i P P1_6S,P1_7S 400ADh, 400AFh XXXX X000b
1 1 1
1 ] ] 1 1 1 1 1
toLorb i1 1| Bit Symbol Bit Name Function RW
SRR N 0201 b0
bbbt PSELO 0 0 0:1/0 port P1_i RW
oo 0 0 1 : Do not use this combination
oo . . 0 1 0:Do not use this combination
A R A I . PSEL1 | gort P QUIPULFUNCEON g 4 1 Do not use this combination | RW
T T T R 1 0 0: Do not use this combination
i E i i i i 1 0 1:1100_i output
: : : : : | PSEL?2 110: ||O1_i output RW
v 1 1 1 :Do not use this combination
1 ] ] 1 1
I — No register bits; should be written with 0 and read as undefined .
(b7-b3) value

1. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO

000b 001b 010b 011b 100b 101b 110b 111b
P10 P10 —@ —@ —@ — @ [1100_0 output{llO1_0 output| — @
P1_1 P1_1 —@ —@ —@ — @ [1100_1 output{llO1_1 output|] — @
P12 P12 —@ —@ —@ — @ [1100_2 output{llO1_2 output|] — @
P13 P13 —@ —@ —@ — @ [1100_3 output{llO1_3 output|] — @
P14 P1 4 —@ —@ —@ — @ [1100_4 output{llO1_4 output|] — @
P15 P15 —@ —@ —@ — @ [1100_5 output{llO1_5 output|] — @
P16 P16 —@ —@ —@ — @ [1100_6 output{llO1_6 output|] — @
P17 P17 —@ —@ — @ — @ [1100_7 output{llO1_7 output|] — @

2. Do not use this combination.

Figure 26.4 Registers P1_0S to P1_7S

Port P1_i shares a pin with intelligent I/O groups 0 and 1 (1100 and 1101) and the external interrupt input

(i=0to7)

To use it as an output pin, set the PD1_i bit to 1 (port P1_i functions as an output port) and select a
function according to Figure 26.4. To use it as an input pin, set the PD1_i bit to 0 (port P1_i functions as

an input port).
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Port P2_i Function Select Register (i=0to 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
5 5 ¥ P2_0StoP2_2S 400B0h, 400B2h, 400B4h 00XX X000b

R P2 3Sto P2 5S 400B6h, 400B8h, 400BAh 00XX X000b

I S T R R R P2_6S,P2_7S 400BCh, 400BEh 00XX X000b

1 ] 1 1 1 1 1 1

1 ] 1 1 1 1 1 1

toLorb i1 1| Bit Symbol Bit Name Function RW

A b2 b1 60

Py by b ==y PSELO 0 0 0:1/0 port P2_i RW

i E i i i i i 0 0 1:Do not use this combination

[ T S R A A | . . 0 1 0 :Do not use this combination

A N PSEL1 | Lo P2 QUIPULRNCION ¢ 4 4 UARTO/UART10 output RW

I 1 0 0 :Do not use this combination

i E E i i i 1 0 1 :Do not use this combination

[T T T R T PSEL2 1 1 0 :Do not use this combination RW

v 1 1 1:Do not use this combination

1 1 1 1 1

N — No register bits; should be written with 0 and read as undefined

o (b5-b3) | value o

N N-channel Open Drain 0: Push-pull output

i """""""""" NOD Output Select Bit 1: N-channel open drain output RW

]

- Port P2_i Analog Function | 0: Function other than AN2_i

' ASEL | select Bit 1 AN2. | RW

1. Refer to the table below for each pin setting.

Setting Value of Bits PSEL2 to PSELO
Fort 000b 001b 010b 011b 100b 101b 110b 111b
P20 P20 —@ —@ RTS9 —@ —@ —@ —@
P2_1 P2_1 —@ —@ CLKQ9 output —@ —@ —@ —@
P2 2 P2 2 —@ —@ —@ —@ —@ —@ —@
P2 3 P2 3 —@ —@ TXD9 —@ —@ —@ —@
P2 4 P2 4 —_® —_® RTS10 —_® —_® _® —®
P2_5 P2_5 —@ —@ CLK10 output —@ —@ —@ —@
P2 6 P2 6 —_@ —_® —® —_® _® _® —®
P2 7 P2 7 —_@ —_® TXD10 —_® _® _® —®

2. Do not use this combination.

Figure 26.5 Registers P2_0S to P2_7S

Port P2_i shares a pin with the serial interface (UART9 and UART10) and AN2_i for the A/D converter (i =

0to 7).

To use it as an output pin, set the PD2_i bit to 1 (port P2_i functions as an output port) and select a
function according to Figure 26.5. To use it as an input pin of functions other than the A/D converter, set
the PD2_i bit to 0 (port P2_i functions as an input port). To use it as an A/D converter input pin, set this
register to 80h and the PD2_i bit to 0 (port P2_i functions as an input port).

RO1UH0213EJ0120 Rev.1.20

Dec 18, 2014

RRENESAS

Page 409 of 541



R32C/116A Group 26. 1/0 Pins
Port P3_i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
DDA [ | | Paostops 2s  400B1h, 40083h, 400B5h XXXX X000b
b P3_3S to P3_5S 400B7h, 400B9h, 400BBh XXXX X000b
I T T T B R P3_6S, P3_7S 400BDh, 400BFh XXXX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tbb bbb | BitSymbol Bit Name Function RW
SR N 2 b1 60
T T R T T PSELO 0 0 0:1/O port P3_i RW
i E E i i i i 0 0 1:Timer output
[ A I A 0 1 0:Three-phase motor control
N Port P3_i Output Function output
i E i i i i I PSEL1 Select Bit M 0 1 1 :Do not use this combination RW
T R 1 0 0: Do not use this combination
i E E E i E 1 0 1:Do not use this combination
s PSEL2 1 1 0:Do not use this combination RW
A 1 1 1 :Do not use this combination
1 ] ] 1 1
A — No register bits; should be written with 0 and read as undefined .
(b7-b3) value

1. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO
o

000b 001b 010b 011b 100b 101b 110b 111b
P3_0 P3_0 |TAOOUT output| —@ —@ —@ —@ —@ —@
P3_1 P3_1 |TA30OUT output| —@ —@ —@ —@ —@ —@
P3_2 P3_2 |TA10UT output \Y —@ —@ —@ —@ —@
P3 3 P3 3 —@ v —@ —@ —@ —@ —@
P3_4 P3_4 |TA20UT output w —@ —@ —@ —@ —@
P3 5 P3 5 —@ W —@ —@ —@ —@ —@
P3_6 P3_6 |TA40UT output u —@ —@ —@ —@ —@
P3 7 P3 7 —@ U —@ —@ —@ —@ —@

2. Do not use this combination.

Figure 26.6 Registers P3_0S to P3_7S

Port P3_i shares a pin with the timer output and three-phase motor control output (i = 0 to 7).

To use it as an output pin, set the PD3_i bit to 1 (port P3_i functions as an output port) and select a
function according to Figure 26.6. To use it as an input pin, set the PD3 i bit to 0 (port P3_i functions as
an input port).
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R32C/116A Group 26. 1/0 Pins
Port P4 _i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
XL DXXX] [ | | Paostopa2s  00Con, 400C2h, 400C4h XO0XX X000b
I P4_3S to P4_5S 400C6h, 400C8h, 400CAh X0XX X000b
I T T T B R P4_6S,P4_7S 400CCh, 400CEh X0XX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tobonb i1 | Bit Symbol Bit Name Function RW
BERRERE
T T T B A R PSELO 00 0:1/OportP4_i RW
i E i i i i i 0 0 1:Do not use this combination
[ R A 0 1 0:Do not use this combination
A PSELA Port P4_i Output Function |0 1 1: UART3/UART6 output RW
Vror Select Bit (" 1 0 0:UART3/UART6 special
I T R function output
ol 1.0 1:1102 output
it PSEL2 1 1 0:Do not use this combination RW
T A 1 1 1:Do not use this combination
1 ] ] 1 1
R N — No register bits; should be written with 0 and read as undefined .
o (b5-b3) | value
P N-channel Open Drain 0: Push-pull output
i ------------------- NOD Output Select Bit 1: N-channel open drain output RW
i _____________________ — No register bit; should be written with 0 and read as undefined .
(b7) value

1. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO

000b 001b 010b 011b 100b 101b 110b 111b
P4 0 P4 0 _@ _ @ RTS3 ) ) _ @ _
P4_1 P4_1 —@ —®  [CLK3output| —®@ —@ —@ —@
P4 2 P4 2 —@ —@ [scL3output| STXD3 —@ —@ —@
P4 3 P4 3 —® —® SD/KB;M _o | Serez | —e —®

IEOUT

P4_4 P4_4 _® _@ RTSG ) _® _@ _®
P4 5 P4 5 —@ —@ CLK6 output| —® —@ —@ —@
P4_6 P4_6 —@ —@ SCL6 output| STXD6 —@ —@ —@
P4 7 P4 7 —@ —@ SD;()S(EStput ) — ) )

2. Do not use this combination.

Figure 26.7 Registers P4_0S to P4_7S

Port P4 _i shares a pin with the serial interface (UART3 and UART®6) and intelligent I/O group 2 (1102) (i =

0to 7).

To use it as an output pin, set the PD4_i bit to 1 (port P4_i functions as an output port) and select a
function according to Figure 26.7. To use it as an input pin, set the PD4 _i bit to 0 (port P4_i functions as

an input port).

Ports P4_0 to P4_7 are 5V tolerant inputs. To use them as 1/O pins with 5 V tolerant input enabled, set
the NOD bit to 1.
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R32C/116A Group 26. 1/0 Pins

Port P5_i Function Select Register (i=0to 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
MML_LJ P5_0S, P5_1S 400C1h, 400C3h XXXX X000b
A P5_2S, P5_3S 400C5h, 400C7h XXXX X000b
o P5_4S, P5 58S 400C9h, 400CBh XO0XX X000b
i E i i i i i i P5_6S,P5_7S 400CDh, 400CFh X0XX X000b
T T T R R
1 ] 1 1 1 1 1 1
N Bit Symbol Bit Name Function RW
1 ] ] ] 1 1 1 1
T R T R B b2 b1 b0
boyor 4oy -em| PSELO 0 0 0:1/0 port P5_i RW
N 0 0 1:Do not use this combination
- . . 0 1 0:Do not use this combination
R PSEL1 | 