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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 27 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/111 Group includes the documents listed below. Verify this manual is the latest version by visiting
the Renesas Electronics website.

Type of Document

Contents

Document Name

Document Number

Datasheet

Overview of Hardware and Electrical
Characteristics

R32C/111 Group
Datasheet

R01DS0062EJ0130

User’s Manual:
Hardware

Specifications and detailed
descriptions of:

-pin layout

-memory map

-peripherals

-electrical characteristics

-timing characteristics

Refer to the Application Manual for
peripheral usage.

R32C/111 Group
User’s Manual:
Hardware

This publication

User’s Manual:
Software/Software
Manual

Descriptions of instruction set

R32C/100 Series
Software Manual

REJ09B0267-0100

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 mmmmmmmmmemees eeeh A

! * « « Bit Functions vary with operating modes
: L eee B WO
]
! e e oo
S 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.
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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/111 Group is the standard MCU within the R32C/100 Series. This product, provided as 100-pin
plastic molded LGA, and 100-/64-pin plastic molded LQFP packages, has a maximum of nine channels of
serial interface.

111 Applications

Audio, cameras, television, home appliance, printer, meter, office/industrial equipment, communication/
portable devices

RO1UH0209EJ0130 Rev.1.30 RENESAS Page 1 of 484
Mar 13, 2014



R32C/111 Group

1. Overview

1.1.2

Performance Overview

Tables 1.1 to 1.4 show the performance overview of the R32C/111 Group.

Table 1.1

Performance Overview for the 100-pin Package (1/2)

Unit

Function

Explanation

CPU

Central
processing unit

R32C/100 Series CPU Core

* Basic instructions: 108

* Minimum instruction execution time: 20 ns (f(CPU) = 50 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: 256 to 512 Kbytes

RAM: 32 to 63 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 Ghytes (of which up to 64 Mbytes is user
accessible)

 External bus Interface: Support for wait-state insertion, 4 chip select
outputs, 3V/5V interface

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

Interrupts

Interrupt vectors: 261
External interrupt inputs: NMI, INT x 6, key input x 4
Interrupt priority levels: 7

Watchdog Timer

15 bits x 1 (selectable input frequency from prescaler output)

DMA

DMAC

4 channels

* Cycle-steal transfer mode

* Request sources: 51

» 2 transfer modes: Single transfer, repeat transfer

DMAC lI

» 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/0 ports

* 2 input-only ports

* 82 CMOS I/O ports

* 2 N-channel open drain ports

* A pull-up resistor is selectable for every 4 input ports

Note:

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

RO1UH0209EJ0130 Rev.1.30

Mar 13, 2014
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R32C/111 Group

1. Overview

Table 1.2 Performance Overview for the 100-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 UARTS |Asynchronous/synchronous serial interface x 9 channels
Interface *12C-bus (UARTO to UART6)
* Special mode 2 (UARTO to UARTG6)
« |[EBus (optional (1)) (UARTO to UART®6)

A/D Converter

10-bit resolution x 26 channels
Sample and hold functionality integrated

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 19

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

Flash Memory

Programming and erasure supply voltage:
VCC1=VCC2=3.0to5.5V

Minimum endurance: 1,000 program/erase cycles

Security protection: ROM code protect, ID code protect

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

Operating Frequency/Supply
Voltage

50 MHz/VCC1=3.0t0 5.5V, VCC2=3.0 V to VCC1

Operating Temperature

-20°C to 85°C (N version)
-40°C to 85°C (D version)

Current Consumption

32 mA (VCC1 = VCC2 = 5.0 V, f(CPU) = 50 MHz)
8 BA (VCC1 = VCC2 = 3.3 V, f(XCIN) = 32.768 kHz, in wait mode)

Package

100-pin plastic molded LQFP (PLQP0100KB-A)
100-pin plastic molded TFLGA (PTLG0100KA-A)

Note:

1.  Contact a Renesas Electronics sales office to use the optional features.
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R32C/111 Group

1. Overview

Table 1.3

Performance Overview for the 64-pin Package (1/2)

Unit

Function

Explanation

CPU

Central
processing unit

R32C/100 Series CPU Core

* Basic instructions: 108

* Minimum instruction execution time: 20 ns (f(CPU) = 50 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

Flash memory: 128/256 Kbytes

RAM: 32 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

Interrupts

Interrupt vectors: 261
External interrupt inputs: N
Interrupt priority levels: 7

I, INT x 6, key input x 4

Watchdog Timer

15 bits x 1 (selectable input frequency from prescaler output)

DMA

DMAC

4 channels

* Cycle-steal transfer mode

* Request sources: 45

» 2 transfer modes: Single transfer, repeat transfer

DMAC lI

« 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

* 1 input-only port

*49 CMOS I/0 ports

* 2 N-channel open drain ports

* A pull-up resistor is selectable for every 4 input ports

Note:

1. Contact a Renesas Electronics sales office to use the optional features.
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R32C/111 Group 1. Overview

Table 1.4 Performance Overview for the 64-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 (1)
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 6 channels
Interface UART3, UARTS, | «12C-bus (UARTO to UART3, UART5)

UART8 » Special mode 2 (UARTO to UART3, UARTS5)

« IEBus (optional (2)) (UARTO to UART3, UARTS5)
A/D Converter 10-bit resolution x 20 channels
Sample and hold functionality integrated

D/A Converter 8-bit resolution x 1
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 19

Serial interface: Variable-length synchronous serial I/O mode, IEBus
mode (optional (2))

Flash Memory Programming and erasure supply voltage: VCC1=3.0t0 5.5V
Minimum endurance: 1,000 program/erase cycles

Security protection: ROM code protect, ID code protect

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

Operating Frequency/Supply 50 MHz/VCC1=3.0t0 5.5V

Voltage
Operating Temperature -40°C to 85°C (D version)
Current Consumption 32mA (VCC1=5.0V, f(CPU) = 50 MHz)
8 pA (VCC1 =3.3V, f(XCIN) = 32.768 kHz, in wait mode)
Package 64-pin plastic molded LQFP (PLQP0064KB-A)
Notes:

1. Timer B4 is available in timer mode only.
2. Contact a Renesas Electronics sales office to use the optional features.
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R32C/111 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/111 Group Product List As of March, 2014
Part Number Package Code (1) | ROM Capacity (2) |RAM Capacity Remarks
R5F64110DFB 256 Kbytes
+8 Kbytes
R5F64111DFB 384 Kbytes
+8 Kbytes 63 Kbytes
R5F64112DFB 512 Kbytes
+8 Kbytes .
PLQPO0100KB-A -40°C to 85°C (D version)
R5F64114DFB 256 Kbytes
+8 Kbytes
R5F64115DFB 384 Kbytes
+8 Kbytes 40 Kbytes
R5F64116DFB 512 Kbytes
+8 Kbytes
R5F64111NLG 384 Kbytes
+8 Kbytes
R5F64112NLG 512 Kbyt 63 Kbytes
PTLGO100KA-A ytes -20°C to 85°C (N version)
+8 Kbytes
R5F6411FNLG 256 Kbytes
+8 Kbytes 32 Kbytes
R5F6411EDFN 128 Kbytes
+8 Kbytes .
PLQP064KB-A 32 Kbytes -40°C to 85°C (D version)
R5F6411FDFN 256 Kbytes
+8 Kbytes
Notes:

1. The old package codes are as follows:
PLQPO0100KB-A: 100P6Q-A
PTLG0100KA-A: 100FOM
PLQPO0064KB-A: 64P6Q-A

2. “+ 8 Kbytes” in the ROM capacity column indicates the data flash capacity.

RO1UH0209EJ0130 Rev.1.30

Mar 13, 2014
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R32C/111 Group

1. Overview

Part Number
R5F64116

FB

|— Package Code
FB : PLQP0100KB-A
FN: PLQP0064KB-A
LG: PTLGO100KA-A

ROM Number
Omitted in the flash memory version

——  Temperature Code

N:-20°C to 85°C
D:-40°C to 85°C

ROM/RAM Capacity
: 256 KB/63 KB
: 384 KB/63 KB
: 512 KB/63 KB
: 256 KB/40 KB
: 384 KB/40 KB
: 512 KB/40 KB
: 128 KB/32 KB
: 256 KB/32 KB

mMmo on &N =20

R32C/111 Group

R32C/100 Series

Memory Type
F : Flash memory version

Figure 1.1 Part Numbering
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R32C/111 Group

1. Overview

1.3

Block Diagram

Figures 1.2 and 1.3 show block diagram of the R32C/111 Group.

JpE

o4

Serial interface:

8 bits x 2 channels

[ PortPo | [ PortP1 | [ PortP2 | | PortP3 | | PortP4 | | PortP5 ||| PortP6
VCC2 VCC1
Peripherals
_ Timer: A/D converter: Clock generator:
Timer A 16 bits x 5 timers 10 bits x 1 circuit 4 circuits
Timer B 16 bits x 6 timers Standard: 10 inputs - XIN-XOUT
Th h t Maximum: 26 inputs - XCIN-XCOUT
ree-p taS”e motor - On-chip oscillator
controlier - PLL frequency synthesizer
D/A converter: i vy

9 channels DMAC |
Watchdog timer:
X-Y converter: 15 bits DMAC Il |
16 bits x 16 bits
R32C/100 Series CPU Core Memory
CRC calculator (CCITT)
INTB
ISP
Intelligent I/O USP RAM
Time measurement: 16 PC
Wave generation: 19 SVF
Serial interface: \s/\g Multiplier

- Variable-length
synchronous serial /0
- IEBus

| Floating-point unit

]

| [ sdrod | [ zdwod

LOOA
| | s7sd

1 6d

[ ordvod | [ 6dmod | |

Figure 1.2

R32C/111 Group Block Diagram for the 100-pin Package
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- Variable-length
synchronous serial I/O
- |IEBus

| Floating-point unit

R32C/111 Group 1. Overview
4 3 8 % 4 % 8 % 8
I [ portPo | [ PotP1 | [ PortP2 | [ PortP3 | [ PortP6 | [ PortP7 [
| |
| Peripherals ] |
o
- ] o
| ] Tlmgr. ] A/D converter: Clock generator: s T~
Timer A 16 bits x 5 timers 10 bits x 1 circuit 4 circuits ® ~
| TimerB 16 bits x & timers Standard: 8 inputs - XIN-XOUT — |
| Three-phase motor Maximum: 20 inputs - XCIN-XCOQT |
| controller ] gﬂﬁ?elp tjf:cl‘,l Iastor:thesizer ] |
| D/A converter: i vy -
X-Y converter: 8 bits x 1 channel |2 «~t—
| 16 bits x 16 bits | DMAC |
| Watchdog timer: o
Serial interface: 15 bits | DMAC Il
| 6 channels - |
! R32C/100 Series CPU Core Memory 3 |
CRC calculator (CCITT) 12
X4+ X124+ X5+ 1 G ROM “
| INTB —
) ISP
| Intelligent I/O UsP RAM |
I Time measurement: 16 PC ] |
Wave generation: 19 SVF S
| Serial interface: SvP Multiplier = <_|;r>
VCT T
| o
|

Figure 1.3

R32C/111 Group Block Diagram for the 64-pin Package
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R32C/111 Group

1. Overview

1.4

Pin Assighments

Figures 1.4 to 1.6 show the pin assignments (top view) and Tables 1.6 to 1.10 show the pin

characteristics.

CTS4/ RTS4/SS4/TB4IN/DA1/P9_4 <«

Notes:

1101_2/RXD8/W /TA2IN/P7_5 <>

(Note 1)
N g g
g 58 8
< -~ =
= < 8> = o
oo g § BimcEie,
QOO‘U = ;Szgzgz\m
P @, 5 Esssgass@
1156~ = 0NN 5 oS EEEEEm
ST To oy ooy S sEEEEERR
ngocpzzzzzzz < <o
5s888kk<<gg<<s £ ESTyOTOK
M~~~ e = =000000 &
ggkEldagddsds & 5?3553@‘2%’
S 222223885 g gLLLsLsbo
CTEP¥IP2S S qgmnsnen © oocCffF¥oor
o000 o0L L LI L < oL LI
SS=S9333332332 2 .3333333232
RN EINE NN NEINE B SRS I
aoooocooc0oO0oOQCOQCOQCOQCQAQO>0a>000000000
LRIl el el ol e el ol el el o el
1100_2/1101_2/D10/P1_2 <> [75] [50] <>
1100_1/1101_1/D9/P1_1 <> [77] O [49] <>
1100_0/1101_0/D8/P1_0 <> 73] [ <>
ANO_7/D7/P0_7 <« [79] / \ [7] <>
ANO_6/D6/P0_6 <> [ [46] <>
ANO_5/D5/P0_5 <> [&1] [45] <>
ANO_4/D4/P0_4 <> [EZ] [7] <>
ANO_3/D3/P0_3 <« [&] [3] <>
ANO_2/D2/P0_2 <> [34] [2] <>
weeies = | R32C/111 GROUP | [
ANO_0/DO0/P0_0 <> [&5] \ 4 [40] <>
KI3/AN_7/P10_7 <« [o7] A [39] <>
Ki2/AN_6/P10_6 <« [35] [38] <>
KIT/AN_5/P10_5 <« [&9] PLQPO100KB-A \ 4 [37] <>
KIO/AN_4/P10_4 <> [%] A [36] <>
AN_3/P10_3 < [57] (100P6Q-A) [5] <>
AN_2/P10_2 <> [92] . [34] <>
AN_1/P10_1 < [53] (TOp VleW) [55] <>
AVSS [} [32] <>
AN_0/P10_0 <« [55] [51] <>
VREF [s5] [30] <>
AVCC 7] \ [29] <>
RXD4 /SCL4 / STXD4 /ADTRG / P9_7 <> [ A [28] <>
TXD4 / SDA4 / SRXD4 / ANEX1/P9_6 <> [59] O """""" VCC1 [27] <>
CLK4 / ANEXO0/P9_5 < [100] [26] <>
. J
e T G 2 3 2 6 0 2 o 2 o O S o
\gégggggﬁgggégggggw\\l\\\
foge=EEQ-"SEEEE
s zZE SN
z =
g 83 EEEE
z X
&
o
[=

1101_1/CLK8 / W/ TA20UT / P7_4 <>

1101_3/UDOA / UD1A / TXD5 / SDAS5 / SRXD5 / CTS8 / RTS8/ TA30UT /P7_6 <«

RTS2 7352 /TXD8 /V/TA1IN/P7_3 <>

1101_5/UDOB/UD1B / CTS5/RTS5/SS5/U/TA4IN/P8_1 <>

1101_4/UDOB /UD1B / CLK5 / TA3IN / P7_7 <

UDOA / UD1A / RXD5 / SCL5/ STXD5 /U / TAAOUT / P8_0 <«
101_0/TTS2/

P4_2/A18/RXD3 /SCL3 / STXD3 / ISRXD2 / IEIN
P4_3/A19/ TXD3 / SDA3 / SRXD3 / OUTC2_0 /ISTXD2 / EOUT
P4_4/TS3/A20 / CTS6 / RTS6 / 556

P4_5/TS2/ A21/CLKE

P4_6/TST/A22/ RXD6 / SCL6 / STXD6

P4_7/ TS0/ A23/ TXD6 / SDAG / SRXD6

P5_0/ WRO / WR

P5_1/WRT/BCT

P5_2/RD

P5_3/ CLKOUT / BCLK

P5_4 /DA /CST/ TXD7

P5_5/FOLD / CLK7

P5_6/ALE /TS2 / RXD7

P5_7 /RDY /CS3/CTS7 / RTS7

P6_0/TBOIN / CTS0 / RTS0/ S50

P6_1/TB1IN/ CLKO

P6_2/TB2IN /RXDO / SCLO / STXDO

P6_3/ TXDO / SDAO / SRXDO

P6_4/CTST /RTST/ SST/ OUTC2_1/1SCLK2

P6_5/ CLK1

P6_6 /RXD1/SCL1/ STXD1

P6_7/TXD1/ SDA1/ SRXD1

P7_0/TAOOUT / TXD2 / SDA2 / SRXD2 / l01_6 / OUTC2_0 / ISTXD2 / IEOUT (Note 2)
P7_1/TAOIN/ TBSIN / RXD2 / SCL2 / STXD2 / 1101_7 / OUTC2_2 / ISRXD2 / IEIN
P7_2/TA10UT/V / CLK2 (Note 2)

1. Pin names in brackets [ ] represent a functional signal as a whole and should not be considered as two separate pins.
2. Pins P7_0 and P7_1 are open drain outputs.
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 100-pin Package (top view)

RO1UH0209EJ0130 Rev.1.30
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R32C/111 Group 1. Overview
PTLGO0100KA-A (100FOM)
(Top view)
veez « > VCCT
10 9 8 7 6 5 4 3 2 1
JIGICIOIOIOIOICIOISIOIE
CIOIOIOICIGIOIICIOIE
() () () () () () () () () () | »
o | () () () () ()| (=) (=) @) (@) () | o
JCICICIOICICIOICIOIOIL
2| () () (=) () @) (=) () @) =) (=) |
o | (=) (=) (=) () () ) (29) (=) () @) | 0
e | (=) @) () () ()| (=) () (=) () | ¢
ACICIOIOICICICICIOIOIL
JOICICIOICISIOICIOIONK
10 9 8 7 6 5 4 3 2 1 (Note2)
VCC2 <« I VCC1
Notes:
1. Pins P7_0 and P7_1 are open drain outputs.
2. The pin position A1 varies by product. Refer to the index mark in attached “Package Dimensions”.

Figure 1.5 Pin Assignment for the 100-pin LGA Package (top view)
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R32C/111 Group

1. Overview

Table 1.6 Pin Characteristics for the 100-pin Package (1/3)
Q':; '\LIC;A C‘;"i:‘ro' Port '”tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'I‘D‘?Log B“Sg;”tm'
1 |A1 P9_4 TB4IN CTS4/RTS4/SS4 DA1
2 |E4 P9_3 TB3IN DAO
3 |B1 |VDCO
4 |D3 P9_1
5 |C2 |vDCH1
6 |C1 |NSD
7 |D2 |CNVSS
8 |D1 [XCIN |P8_7
9 |E3 |XCOUT|P8 6
10 |E2 |RESET
1 |E1 |XOUT
12 |F3 |VvSS
13 |F2 |XIN
14 |F1 |vcCc1
15 |G2 P8_5 |NMI
16 |F5 P8 4 |INT2
17 |G3 P8_3 |INTT
18 |G1 P8 2 |INTO
19 |F4 P8_1 TA4IN/U |CTS5/RTS5/SS5  |1101_5/UDOB/UD1B
20 |H1 P8_0 TA40UT/U |RXD5/SCL5/STXD5 |UDOA/UD1A
21 |H2 P77 TA3IN CLK5 1101_4/UDOB/UD1B
22 |G4 P7_6 TA3OUT |TXD5/SDA5/  |lI01_3/UDOA/UD1A

SRXD5/CTS8/RTS8
23 |H3 P7_5 TA2IN/W  |RXDS8 1101_2
24 |J1 P7_4 TA20UT/W |CLK8 1101_1
25 [J2 P7_3 TA1IN/V  |CTS2/RTS2/SS2/  |1101_0

TXD8
26 |K1 P7 2 TA1OUT/V |CLK2
27 |K2 P7_1 TAOIN/ RXD2/SCL2/STXD2 |1l01_7/0UTC2_2/

TB5IN ISRXD2/IEIN
28 |J3 P70 TAOOUT  |TXD2/SDA2/SRXD2 |lI01_6/0OUTC2_0/
ISTXD2/IEQUT
29 |H4 P6_7 TXD1/SDA1/SRXD1
30 |K3 P6_6 RXD1/SCL1/STXD1
31 |G5 P6_5 CLK1
32 |J4 P6_4 CTS1/RTS1/SST  |OUTC2_1/ISCLK2
33 |K4 P6_3 TXDO0/SDAO/SRXDO
34 |[H5 P6_2 TB2IN RXDO0/SCLO/STXDO
35 |J5 P6_1 TB1IN CLKO
36 |K5 P6_0 TBOIN CTSO/RTS0/SS0
37 |G6 P5 7 CTS7/RTS7 RDY/CS3
38 |H6 P5_6 RXD7 ALE/CS2
39 |J6 P5 5 CLK7 HOLD
RO1UH0209EJ0130 Rev.1.30 :{ENESAS Page 12 of 484
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R32C/111 Group

1. Overview

Table 1.7 Pin Characteristics for the 100-pin Package (2/3)

Q':; '\ngA C‘;,”i:]ro' Port '”tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'I‘D‘?Log B“Sg;”tm'

40 |K6 P5_4 TXD7 HLDA/CS1

41 |H7 P5_3 CLKOUT/
BCLK

42 |J7 P5 2 RD

43 |K7 P5_1 WR1/BCH1

44 |K8 P50 WRO/WR

45 |G7 P4 7 TXD6/SDA6/SRXD6 CS0/A23

46 |J8 P4_6 RXD6/SCL6/STXD6 CS1/A22

47 |H8 P4 5 CLK6 CS2/A21

48 |G8 P4_4 CTS6/RTS6/SS6 CS3/A20

49 |K9 P4 3 TXD3/SDA3/SRXD3 |[OUTC2_0/ISTXD2/ A19

IEOUT

50 |K10 P4_2 RXD3/SCL3/STXD3 |ISRXD2/IEIN A18

51 [J10 P4_1 CLK3 A17

52 |J9 P4 0 CTS3/RTS3/SS3 A16

53 [H9 P3 7 TA4IN/U A15(/D15)

54 [H10 P3 6 TA40UT/U A14(/D14)

55 |F6 P35 TA2IN/W A13(/D13)

56 |F7 P3_4 TA20UT/W A12(/D12)

57 |G9 P3_ 3 TA1INNV A11(/D11)

58 [G10 P3 2 TA10UT/V A10(/D10)

59 |F8 P3_1 TA30UT UDOB/UD1B A9(/D9)

60 |F9 |vCC2

61 |F10 P3 0 TAOOUT UDOA/UD1A A8(/D8)

62 |E8 |[VSS

63 |E9 P2 7 AN2_7 |A7(/D7)

64 |E10 P2_6 AN2_6 |AB(/D6)

65 |E7 P2 5 AN2_5 |A5(/D5)

66 |D7 P2_4 AN2_4 |A4(/D4)

67 |D8 P2 3 AN2_3 |A3(/D3)

68 |D10 P2 2 AN2_2 |A2(/D2)

69 |D9 P2_1 AN2_1 |A1(/D1)

70 [C10 P2 0 AN2_0  |A0(/DO)/
BCO(/D0)

71 |C9 P1_7 |INT5 1100_7/1101_7 D15

72 |E6 P1_6 |INT4 1100_6/1101_6 D14

73 |B9 P15 |INT3 1100_5/1101_5 D13

74 [B10 P1_4 1100_4/1101_4 D12

75 |A10 P1_3 1100_3/1101_3 D11

76 |A9 P1_2 1100_2/1101_2 D10

77 |C8 P1_1 1100_1/1101_1 D9

78 |C7 P1_0 1100_0/1101_0 D8

79 |A8 PO_7 ANO_7 |D7

RO1UH0209EJ0130 Rev.1.30 :{ENESAS Page 13 of 484
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R32C/111 Group

1. Overview

Table 1.8 Pin Characteristics for the 100-pin Package (3/3)

Q':; '\LIC;A C‘;,”igo' Port '”tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A'I‘D‘?Log B“Sgi%”t“"

80 |B8 P0_6 ANO_6 |D6

81 |D6 P0_5 ANO_5 |D5

82 |B7 PO_4 ANO_4 |D4

83 |A7 P0_3 ANO_3 |D3

84 |B6 PO_2 ANO_2 |D2

85 |C6 PO_1 ANO_1 |D1

86 |E5 PO_0 ANO_O |DO

87 |D5 P10_7 |KI3 AN_7

88 |A6 P10_6 |KI2 AN_6

89 |B5 P10_5 |KIT AN_5

90 |A5 P10_4 |KIO AN_4

91 |[C5 P10_3 AN_3

92 |B4 P10_2 AN_2

93 |A4 P10_1 AN_1

94 [C4 |AVSS

95 |D4 P10_0 AN_0O

96 |A3 |VREF

97 (B3 |AVCC

98 |C3 P9 7 RXD4/SCL4/STXD4 ADTRG

99 |[B2 P9_6 TXD4/SDA4/SRXD4 ANEX1

100 |A2 P9 5 CLK4 ANEXO0
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R32C/111 Group 1. Overview
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ANO_2/P0_2 <> [49] [32] «> P3_0/TAOOUT/CLK3/UDOA/UD1A
ANO_1/P0_1 < [5] [37] «>» P3_1/TA30UT/RXD3/SCL3/STXD3/UDOB/UD1B
ANO_0/P0_0 < [57] [30] «>» P3_2/TA10UT/V/TXD3/SDA3/SRXD3
KI3/AN_7/P10_7 <> [52] [29] «—>» P3_3/TA1IN/V/CTS3/RTS3/SS3
Ki2/AN_6/P10_6 <> [53] [28] «—» P6_4/CTS1/RTST/SST/0UTC2_1/1SCLK2
KT /AN_5/P10_5 <« [5] R32C/1 1 1 GROUP [27] €« P6_5/CLK1
KIO/AN_4/P10_4 <> [55] [26] «—>» P6_6/RXD1/SCL1/STXD1
AN_3/P10_3 <> [55] [25] «>» P6_7/TXD1/SDA1/SRXD1
AN_2/P10_2 < [57] PLQP0O064KB-A [24] «—» P7_0/TAOOUT /TXD2/SDA2/SRXD2/1101_6 / OUTC2_0/ISTXD2 / IEOUT (Note 1)
AN_1/P10_1 <> [58] - [23] €« P7_1/TAOIN/TB5IN/RXD2/SCL2/STXD2/1l01_7 / OUTC2_2/ISRXD2/ IEIN
AVSS = (64P6Q-A) [22] «> P7_2/TA10UT/V/CLK2 (Note 1)
AN_0/P10_0 <« [&0] . [27] «>» P7_3/TA1IN/V/CTS2/RTS2/SS2/TXD8/1101_0
VREF [&7] (TOp VIeW) [20] €« P7_4/TA20UT /W /CLK8/1IO1_1
AvVCC (62} P7_5/TA2IN /W /RXD8 /l01_2
TB3IN/DAO/P9_3 <> [&3] P7_6/TA30UT / TXD5 / SDA5 / SRXD5 / CTS8 / RTS8 / 1101_3 / UDOA / UD1A
VDCO [54] P7_7 / TA3IN / CLK5/ 1101_4 / UDOB / UD1B
(Note 2) [=[|°]
TAONONOFE®MZ ST WS ONTO
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Notes:

1. Pins P7_0 and P7_1 are open drain outputs.
2. The position of pin number 1 varies by product. Refer to the index mark in attached “Package Dimensions”.

Figure 1.6  Pin Assignment for the 64-pin Package (top view)
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R32C/111 Group

1. Overview

Table 1.9 Pin Characteristics for the 64-pin Package (1/2)
Pin No. | Control Pin | Port | Interrupt Pin | Timer Pin UART Pin Intelligent I/0O Pin | Analog Pin
1 VDCH1
2 NSD
3 CNVSS
4 XCIN P8_7
5 XCOUT |P8_6
6 RESET
7 XOUuT
8 VSS
9 XIN
10 VCCH1
11 P8 5 |NMI
12 P8_4 |INT2
13 P8 3 |INTT
14 P8_2 [INTO
15 P8 1 TA4IN/U CTS5/RTS5/SS5 1101_5/UDOB/UD1B
16 P8_0 TA40UT/U |RXD5/SCL5/STXD5  |UDOA/UD1A
17 P7_7 TA3IN CLK5 1101_4/UDOB/UD1B
18 P7_6 TA30UT TXD5/SDA5/SRXD5/  (1I01_3/UDOA/UD1A
CTS8/RTS8
19 P75 TA2IN/W RXD8 1o1_2
20 P7_4 TA20UT/W |CLKS8 101_1
21 P7_3 TA1INNV CTS2/RTS2/SS2/TXDS8 |1101_0
22 P7_2 TA1OUT/V  |CLK2
23 P7_1 TAOIN/ RXD2/SCL2/STXD2  |ll01_7/0UTC2_2/
TB5IN ISRXD2/IEIN
24 P7_0 TAOOUT TXD2/SDA2/SRXD2  |lI01_6/0UTC2_0/
ISTXD2/IEOUT
25 P6_7 TXD1/SDA1/SRXD1
26 P6_6 RXD1/SCL1/STXD1
27 P6_5 CLK1
28 P6_4 CTS1/RTS1/SS1 OUTC2_1/ISCLK2
29 P3 3 TA1INNV CTS3/RTS3/SS3
30 P3_2 TA1OUT/V | TXD3/SDA3/SRXD3
31 P3_1 TA30UT RXD3/SCL3/STXD3  |UDOB/UD1B
32 P3_0 TAOOUT CLK3 UDOA/UD1A
33 P6_3 TXDO/SDAO/SRXDO0
34 P6_2 TB2IN RXD0/SCLO/STXDO
35 P6_1 TB1IN CLKO
36 P6 0 TBOIN CTSO/RTS0/SS0
37 P2 7 1100_7 AN2_7
38 P2_6 1100_6 AN2_6
39 P2 5 1100_5 AN2_5
40 P2_4 1100_4 AN2_4
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R32C/111 Group

1. Overview

Table 1.10  Pin Characteristics for the 64-pin Package (2/2)
Pin No. | Control Pin | Port | Interrupt Pin | Timer Pin UART Pin Intelligent I/0O Pin | Analog Pin
41 P2 3 1100_3 AN2_3
42 P2 2 1100_2 AN2_2
43 P2 1 1100 _1 AN2_1
44 P2 0 1100_0 AN2_0
45 P17 |INT5 1100_7/1101_7
46 P16 |INT4 1100_6/1101_6
47 P15 |INT3 1100_5/1101_5 ADTRG
48 PO_3 ANO_3
49 PO 2 ANO_2
50 PO_1 ANO_1
51 PO 0 ANO_0
52 P10_7 |KI3 AN_7
53 P10 _6 |KI2 AN_6
54 P10_5 |KIT AN_5
55 P10_4 |KIO AN_4
56 P10_3 AN_3
57 P10 2 AN_2
58 P10_1 AN_1
59 AVSS
60 P10_0 AN_O
61 VREF
62 AVCC
63 P9 3 TB3IN DAO
64 VDCO
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R32C/111 Group

1. Overview

1.5

Pin Definitions and Functions

Tables 1.11 to 1.17 show the pin definitions and functions.

Mar 13, 2014

Table 1.11 Pin Definitions and Functions for the 100-pin Package (1/4)
Function Symbol I/O Power Description
Supply
Power supply VCC1, VCC2, | . Applicable as follows: VCC1 and VCC2 = 3.0 to
VSS 55V (VCC1>VCC2),VSS=0V
Connecting pins |VDCO, VDC1 A decoupling capacitor for internal voltage should
for decoupling — — be connected between VDCO and VDC1
capacitor
Analog power AVCC, AVSS Power supply for the A/D converter. AVCC and
supply I VCC1 |AVSS should be connected to VCC1 and VSS,
respectively
Reset input RESET I VCC1 |The MCU is reset when this pin is driven low
CNVSS CNVSS I VCC1 |This pin should be connected to VSS via a resistor
Debug port NSD This pin is to communicate with a debugger. It
I/0 VCC1 |should be connected to VCC1 via a resistor of 1 to
4.7 kQ
Main clock input | XIN Input/output for the main clock oscillator. A crystal,
I VCC1 :
or a ceramic resonator should be connected
Main clock output |XOUT between pins XIN and XOUT. An external clock
0] VCC1 |should be input at the XIN while leaving the XOUT
open
Sub clock input | XCIN | VCCH Input/output for the sub clock oscillator. A crystal
oscillator should be connected between pins XCIN
Sub clock output | XCOUT and XCOUT. An external clock should be input at
veer the XCIN while leaving the XCOUT open
BCLK output BCLK VCC2 |BCLK output
Clock output CLKOUT Output of the clock with the same frequency as
O VCC2
low speed clocks, f8, or f32
External interrupt |INTO to INT5 VCC1 |Input for external interrupts
. I
input VCC2
NMI input P8 _5/NMI I VCC1 |Input for NMI
Key input interrupt|KIO to KI3 I VCC1 |Input for the key input interrupt
Bus control pins |DO0 to D7 Input/output of data (DO to D7) while accessing an
I/O VCC2 .
external memory space with a separate bus
D8 to D15 Input/output of data (D8 to D15) while accessing
/0 VCC2 |an external memory space with 16-bit separate
bus
A0 to A23 (6] VCC2 |Output of address bits A0 to A23
RO1UH0209EJ0130 Rev.1.30 RENESAS Page 18 of 484




R32C/111 Group 1. Overview

Table 1.12  Pin Definitions and Functions for the 100-pin Package (2/4)

Function Symbol I/O Power Description

Supply
Bus control pins  |A0/DO to A7/D7 Output of address bits (A0 to A7) and input/output
I/O VCC2 |of data (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/
A15/D15 output of data (D8 to D15) by time-division while
I/O VCC2 ) A ,
accessing an external memory space with 16-bit
multiplexed bus

BCO0/D0O Output of byte control (BCO) and input/output of
I/0 VCC2 |data (DO) by time-division while accessing an
external memory space with multiplexed bus

CS0 to CS3 0] VCC2 |Chip select output

WRO/WR1/WR/ Output of write, byte control, and read signals.

BCO/BC1/RD Either WRx or WR and BCx can be selected by a
program.

Data is read when RD is low.

+ When WRO0, WR1, and RD are selected,
data is written to the following address:
an even address, when WRO is low
an odd address, when WR1 is low

© vee2 on 16-bit external data bus
+ When WR, BCO, BC1, and RD are selected,
data is written, when WR is low
and
the following address is accessed:
an even address, when BCO is low
an odd address, when BC1 is low
on 16-bit external data bus
ALE 0] VCC2 |Latch enable signal in multiplexed bus format
HOLD | VCC2 The MCU is in a hold state while this pin is held
low
HLDA 0 VCC2 This pin is driven low while the MCU is held in a
hold state
RDY | VCC2 Bus cycle is extended by the CPU if this pin is low
on the falling edge of BCLK
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Table 1.13  Pin Definitions and Functions for the 100-pin Package (3/4)

Function Symbol I/O Power Description
Supply
I/0O port PO _0to PO _7, I/O ports in CMOS. Each port can be programmed
P1 O0toP1_7, to input or output under the control of the direction
P2_0toP2_7, register.
P3 0toP3 7, Vo vee2 Pull-up resistors are selected for the following 4-
P4 0toP4 7, pin units: Pi_ OtoPi_3andPi_ 4toPi_ 7(i=0to
P5 0toP5 7, 10); however, they are enabled only for the input
P6_0to P6_7, pins.
P7 0to P7 7, P7_0 and P7_1 outputs are N-channel open drain
P8_0 to P8 4,
P8_6, P8_7, I/0 VCCA1
P9 3to P9 7,
P10_0to
P10_7
Input port P9 1 | VCCH Input port in CMOS. Pull-up resistors are
selectable for P9_1 and P9_3
Timer A TAOOUT to VCCH Timers AO to A4 input/output.
TA40UT I/O TAOOUT output assigned for port P7_0 is N-
VCC2 .
channel open drain
TAOIN to TA4IN | VCC1 |Timers AO to A4 input
VCC2
Timer B TBOIN to Timers B0 to B5 input
TB5IN ! Veer
Three-phase u,u,v,v,w,w Three-phase motor control timer output
motor control 0] VeCT
. VCC2
timer output
Serial interface CTSOto CTS8 | VCC1 |Handshake input
VCC2
RTSO0 to RTS8 0 VCC1 |Handshake output
VCC2
CLKO to CLK8 VCC1 |Transmit/receive clock input/output
I/0
VCC2
RXDO0 to RXD8 | VCC1 |Serial data input
VCC2
TXDO to TXD8 0 VCC1 |Serial data output.
VCC2 |TXD2 output is N-channel open drain
I12C-bus SDAO to SDA6 e VCC1 |Serial data input/output.
(simplified) VCC2 |SDA2 output is N-channel open drain
SCLO to SCL6 1o VCC1 |Transmit/receive clock input/output.
VCC2 |SCL2 output is N-channel open drain
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Table 1.14  Pin Definitions and Functions for the 100-pin Package (4/4)

Power

Function Symbol /0 Supply Description

Serial interface STXDO to 0 VCC1 |Serial data output in slave mode.

special functions |STXD6 VCC2 |STXD2 is N-channel open drain
SRXDO to | VCC1 |Serial data input in slave mode
SRXD6 VCC2
SS0 to SS6 | VCC1 |Input to control serial interface special functions

VCC2

A/D converter AN Oto AN 7 I VCC1 |Analog input for the A/D converter
ANO_O0 to
ANO _7,
AN2_ 0 to ' vee2
AN2 7
ADTRG I VCC1 |External trigger input for the A/D converter
ANEXO0 e VCCH Expanqed analog input for the A/D. converter and

output in external op-amp connection mode

ANEX1 I VCC1 |Expanded analog input for the A/D converter

D/A converter DAO, DA1 0] VCC1 |Output for the D/A converter

Reference voltage | VREF | B Reference voltage input for the A/D converter and

input D/A converter

Intelligent 1/0 1100_0to e VCC1 |Input/output for Intelligent I/O group 0. Either input
1100_7 VCC2 |capture or output compare is selectable
101 _0Oto Input/output for Intelligent 1/0 group 1. Either input
o1 7 e VCC1 |capture or output compare is selectable. 1101_6

VCC2 |and IIO1_7 outputs assigned for ports P7_0 and
P7_1 are N-channel open drain

UDOA, UDOB, | VCC1 |Input for the two-phase encoder

UD1A, UD1B VCC2

OUTC2 0to Output for OC (output compare) of Intelligent I/O
OouTC2 2 0 VCC1 |group 2.

VCC2 |OUTC2_0and OUTC2_2 assigned for ports P7_0
and P7_1 are N-channel open drain

ISCLK2 I/0 Clock input/output for the serial interface
ISRXD2 I VCCH Receive data input for the serial interface
ISTXD2 vce2 |Transmit data output for the serial interface.
0] ISTXD2 assigned for port P7_0 is N-channel open
drain
IEIN I Receive data input for the serial interface
IEOUT VCC1  |Transmit data output for the serial interface.
o VCC2 |IEOUT assigned for port P7_0 is N-channel open
drain
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Table 1.15 Pin Definitions and Functions for 64-pin Package (1/3)
Function Symbol I/0 Description
Power supply VCC1, VSS I Applicable as follows: VCC1=3.0t05.5V,VSS=0V
Connecting pins |VDCO, VDCA1 A decoupling capacitor for internal voltage should be
for decoupling — |connected between VDCO and VDCA1
capacitor
Analog power AVCC, AVSS | Power supply for the A/D converter. AVCC and AVSS should
supply be connected to VCC and VSS, respectively
Reset input RESET I 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 e This pin is to communicate with a debugger. It should be
connected to VCC1 via a resistor of 1 to 4.7 kQ
Main clock input | XIN Input/output for the main clock oscillator. A crystal, or a
I . :
ceramic resonator should be connected between pins XIN
Main clock output |XOUT and XOUT. An external clock should be input at the XIN while
0 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
0O XCOUT open
External interrupt [INTO to INT5 | Input for external interrupts
input
NMI input P8 _5/NMI I Input for NMI
Key input interrupt|KIO to KI3 | |Input for the key input interrupt
I/O port PO _0to PO_3, I/O ports in CMOS. Each port can be programmed to input or
P1 5toP1_7, output under the control of the direction register.
P2 0toP2 7, Pull-up resistors are selected for the following 4-pin units:
P3_0to P3_3, Pi_ OtoPi_3and Pi_4toPi_7 (i=0to 3, 6to 10); however,
P6_0 to P6_7, e they are enabled only for the input pins.
P7 0toP7_7, P7_0 and P7_1 outputs are N-channel open drain
P8_0to P8 4,
P8_6, P8_7,
P9_3,
P10 0to P10_7
Timer A TAOOUT to Timers A0 to A4 input/output.
TA40UT I/O | TAOOUT output assigned for port P7_0 is N-channel open
drain
TAOIN to TA4IN I Timers AO to A4 input
Timer B TBOIN to | Timers B0 to B3, and B5 input
TB3IN, TB5IN
Three-phase U, u,Vv,v,w,w Three-phase motor control timer output
motor control (0]
timer output
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Table 1.16  Pin Definitions and Functions for the 64-pin Package (2/3)
Function Symbol I/0 Description
Serial interface  |CTSO0 to CTS3, | Handshake input
CTS5, CTS8
RTSO0 to RTSS3, o Handshake output
RTS5, RTS8
CLKO to CLK3, /0 Transmit/receive clock input/output
CLK5, CLK8
RXDO to RXD3, | Serial data input
RXD5, RXD8
TXDO to TXD3, 0 Serial data output.
TXD5, TXD8 TXD2 output is N-channel open drain
12C-bus SDAO to SDAS, e Serial data input/output.
(simplified) SDA5 SDAZ2 output is N-channel open drain
SCLO to SCL3, 10 Transmit/receive clock input/output.
SCL5 SCL2 output is N-channel open drain
Serial interface  |STXDO0 to STXD3, 0 Serial data output in slave mode.
special functions |STXD5 STXD2 is N-channel open drain
SRXDO to | Serial data input in slave mode
SRXD3, SRXD5
SS0 to SS3, SS5 I Input to control serial interface special functions
A/D converter AN_0to AN _7, Analog input for the A/D converter
ANO_0 to ANO_3, I
AN2_0to AN2_7
ADTRG | |External trigger input for the A/D converter
D/A converter DAO O |Output for the D/A converter
Reference voltage |VREF | Reference voltage input for the A/D converter and D/A
input converter
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Table 1.17  Pin Definitions and Functions for the 64-pin Package (3/3)

Function Symbol I/0 Description
Intelligent 1/0 100 _0tollIO0_7 10 Input/output for Intelligent I/O group 0. Either input capture
or output compare is selectable
101 _0tollO1_7 Input/output for Intelligent I/O group 1. Either input capture
e or output compare is selectable. 1101_6 and 1101_7 outputs
assigned for ports P7_0 and P7_1 are N-channel open
drain
UDOA, UDOB, | Input for the two-phase encoder
UD1A, UD1B
OUTC2 0to Output for OC (output compare) of Intelligent I/O group 2.
OuUTC2 2 O |OUTC2_0and OUTC2_2 assigned for ports P7_0 and
P7_1 are N-channel open drain
ISCLK2 I/0 |Clock input/output for the serial interface
ISRXD2 I Receive data input for the serial interface
ISTXD2 0 Transmit data output for the serial interface. ISTXD2
assigned for port P7_0 is N-channel open drain
IEIN I Receive data input for the serial interface
IEQUT 0 Transmit data output for the serial interface. IEOUT
assigned for port P7_0 is N-channel open drain
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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
b b24 b23 b16 b15 bobr T b0
LR [T iee [ [ [ ] ]ultiolsls|z]plc
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/111 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.
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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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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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3. Memory
Figure 3.1 shows the memory map of the R32C/111 Group.

The R32C/111 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 512-Kbyte

internal ROM is mapped from FFF80000h 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 63-Kbyte
internal RAM is mapped from 00000400h to 0000FFFFh. 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
Internal RAM XXXXXXXXh
Capacity | XXXXXXXXh Reserved
32 Kbytes | 00008400h
40 Kbytes | 0000A400h 00040000h SFR2
63 Kbytes | 00010000h 00050000h Reserved
00060000h Internal ROM
(Data space) ("
00062000h
Reserved
Internal ROM 00080000h ’;" FFFFFFDCh E Undefined instruction 3
. " / E Overflow E
Capacity [YYYYYYYYh External space / E BRK instruction 3
128 Kbytes | FFFEO0OOh /’ E Reserved =
256 Kbytes | FFFC0000h FFE00000h o o / 3 Reserved 3
eserve ; = ; GEE
384 Kbytes | FFFA0000h 3 Wat;hmg t'";er 3
i = eserve =
512 Kbytes | FFF80000h YYYYYYYYh / E NIV =
Internal ROM ¢4 E 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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4. Special Function Registers (SFRs)

SFRs are memory-mapped peripheral registers that control the operation of peripherals. Tables 4.1 SFR
List (1) to 4.24 SFR List (24) 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
000009n
00000AN
00000Bh
00000Ch
00000Dh
00000Eh
00000Fh
000010h|External Bus Control Register 3/Flash Memory Rewrite Bus EBC3/FEBC3 0000h
000011h|Control Register 3
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 O/Flash Memory Rewrite Bus EBCO/FEBCO 0000h
00001Dh|Control Register 0
00001Eh|Peripheral Bus Control Register PBC 0504h
00001Fh

000020h to
00005Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.2 SFR List (2)

Address Register Symbol Reset Value
000060h
000061h|Timer B5 Interrupt Control Register TBS5IC XXXX X000b
000062h|UART5 Transmit/NACK Interrupt Control Register S5TIC XXXX X000b
000063h|UART2 Receive/ACK Interrupt Control Register S2RIC XXXX X000b
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 BCNS5IC/BCNBIC | 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 A0 Interrupt Control Register TAOIC XXXX X000b
00006Dh |Intelligent I/O Interrupt Control Register 0 l1ooIC XXXX X000b
00006Eh | Timer A2 Interrupt Control Register TA2IC XXXX X000b
00006Fh |Intelligent 1/O Interrupt Control Register 2 lo2i1c XXXX X000b
000070h|Timer A4 Interrupt Control Register TA4IC XXXX X000b
00007 1h|Intelligent 1/O Interrupt Control Register 4 1104I1C XXXX X000b
000072h|UARTO Receive/ACK Interrupt Control Register SORIC XXXX X000b
000073h|Intelligent 1/O Interrupt Control Register 6 1106IC XXXX X000b
000074h|UART1 Receive/ACK Interrupt Control Register S1RIC XXXX X000b
000075h|Intelligent 1/O Interrupt Control Register 8 losic XXXX X000b
000076h|Timer B1 Interrupt Control Register TB1IC XXXX X000b
000077h|Intelligent 1/O Interrupt Control Register 10 11010IC XXXX X000b
000078h|Timer B3 Interrupt Control Register TB3IC XXXX X000b
000079
00007Ah|INTS5 Interrupt Control Register INT5IC 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 S2TIC XXXX X000b
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.
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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 0000 0XX1b

0000AAh |Intelligent I/O Interrupt Request Register 10 II010IR 0000 0XX1b

0000ABh |Intelligent I/O Interrupt Request Register 11 IIO11IR 0000 0XX1b

0000ACh

0000ADN

0000AEh

0000AFh

X: Undefined

Blanks are reserved. No access is allowed.
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R32C/111 Group 4. Special Function Registers (SFRs)

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
0000C%h
0000CAhN
0000CBh
0000CCh
0000CDh
0000CEh
0000CFh
0000DO0Oh
0000D1h
0000D2h
0000D3h
0000D4h
0000D5h
0000D6h
0000D7h
0000D8h
0000D%h
0000DAhN
0000DBh
0000DCh
0000DDh |UART7 Transmit Interrupt Control Register S7TIC XXXX X000b
0000DEh
0000DFh|UARTS Transmit Interrupt Control Register S8TIC XXXX X000b

X: Undefined
Blanks are reserved. No access is allowed.
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R32C/111 Group 4. Special Function Registers (SFRs)

Table 4.5 SFR List (5)

Address Register Symbol Reset Value
0000EON
0000E1h
0000E2h
0000E3h
0000E4h
0000E5h
0000E6h
0000E7h
0000E8h
0000ES%h
0000EAh
0000EBh
0000ECh
0000EDN
0000EEh
0000EFh
0000FOh
0000F1h
0000F2h
0000F3h
0000F4h
0000F5h
0000F6h
0000F7h
0000F8h
0000F9%h
0000FAh
0000FBh
0000FCh
0000FDh|UART?7 Receive Interrupt Control Register S7RIC XXXX X000b
0000FEh
0000FFh|UART8 Receive Interrupt Control Register S8RIC XXXX X000b
000100h|Group 1 Time Measurement/\Waveform Generation Register 0 |G1TM0/G1PO0 XXXXh
000101h
000102h|Group 1 Time Measurement/\Waveform Generation Register 1 |G1TM1/G1PO1 XXXXh
000103h
000104h|Group 1 Time Measurement/\Waveform Generation Register 2 |G1TM2/G1PO2 XXXXh
000105h
000106h|Group 1 Time Measurement/\Waveform Generation Register 3 |G1TM3/G1PO3 XXXXh
000107h

X: Undefined
Blanks are reserved. No access is allowed.
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R32C/111 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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R32C/111 Group

4. Special Function Registers (SFRs)

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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R32C/111 Group 4. Special Function Registers (SFRs)

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/111 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/111 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.

RO1UH0209EJ0130 Rev.1.30 ENESAS Page 39 of 484
Mar 13, 2014



R32C/111 Group 4. Special Function Registers (SFRs)

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/111 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.

RO1UH0209EJ0130 Rev.1.30

Mar 13, 2014

RRENESAS

Page 41 of 484



R32C/111 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/111 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/111 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
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.
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R32C/111 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
0003D6h |Port P10 Direction Register PD10 0000 0000b
0003D7h
0003D8h
0003D%h
0003DAN
0003DBh
0003DCh
0003DDh
0003DEh
0003DFh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.17  SFR List (17)

Address Register Symbol Reset Value
0003EOh
0003E1h
0003E2h
0003E3h
0003E4h
0003E5h
0003E6h
0003E7h
0003E8h
0003E9%h
0003EAh
0003EBh
0003ECh
0003EDh
0003EEh
0003EFh
0003FO0h |Pull-up Control Register 0 PURO 0000 0000b
0003F1h |Pull-up Control Register 1 PUR1 XXXX 0000b
0003F2h |Pull-up Control Register 2 PUR2 0000 0000b
0003F3h |Pull-up Control Register 3 PUR3 XXXX XX00b
0003F4h
0003F5h
0003F6h
0003F7h
0003F8h
0003F%h
0003FAh
0003FBh
0003FCh
0003FDh
0003FEh
0003FFh|Port Control Register PCR XXXX XXX0b

X: Undefined
Blanks are reserved. No access is allowed.
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Table 418 SFR List (18)

Address Register Symbol Reset Value
040000h|Flash Memory Control Register 0 FMRO 0X01 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 ??X? 2?2?27 (1)

04000Bh|Block Protect Bit Monitor Register 1 FBPM1 XXX? ?2?227b (1)
04000Ch
04000Dh
04000Eh
04000Fh
040010h
040011h
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 PLCA1 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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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
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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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 (1)
040099h
04009Ah|Input Function Select Register 2 IFS2 0000 00X0b (2
04009Bh|Input Function Select Register 3 IFS3 XXXX XX00b
04009Ch
04009Dh
04009Eh
04009Fh | Input Function Select Register 7 (3) IFS7 XXXX XX0Xb
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
0400AAN |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 0XXX X000b
0400B1h|Port P3_0 Function Select Register P3_0S XXXX X000b
0400B2h|Port P2_1 Function Select Register P2_1S 0XXX X000b
0400B3h|Port P3_1 Function Select Register P3_1S XXXX X000b
0400B4h|Port P2_2 Function Select Register P2_2S 0XXX X000b
0400B5h|Port P3_2 Function Select Register P3_2S XXXX X000b
0400B6h|Port P2_3 Function Select Register P2_3S 0XXX X000b
0400B7h|Port P3_3 Function Select Register P3_3S XXXX X000b
0400B8h|Port P2_4 Function Select Register P2_4S 0XXX X000b
0400B9h|Port P3_4 Function Select Register P3_4S XXXX X000b
0400BAh |Port P2_5 Function Select Register P2_5S 0XXX X000b
0400BBh |Port P3_5 Function Select Register P3_5S XXXX X000b
0400BCh|Port P2_6 Function Select Register P2_6S 0XXX X000b
0400BDh|Port P3_6 Function Select Register P3_6S XXXX X000b
0400BEh |Port P2_7 Function Select Register P2_7S 0XXX X000b
0400BFh |Port P3_7 Function Select Register P3_7S XXXX X000b
X: Undefined

Blanks are reserved. No access is allowed.

Notes:
1. The reset value is 0000 0000b in the 64-pin package.
2. The reset value is 0000 000Xb in the 64-pin package.
3. This register is provided for the 64-pin package only. No access is allowed in the 100-pin package.
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Table 4.21  SFR List (21)

Address Register Symbol Reset Value
0400COh |Port P4_0 Function Select Register P4_0S XXXX X000b
0400C1h|Port P5_0 Function Select Register P5_0S XXXX X000b
0400C2h|Port P4_1 Function Select Register P4_1S XXXX X000b
0400C3h|Port P5_1 Function Select Register P5_1S XXXX X000b
0400C4h |Port P4_2 Function Select Register P4_2S XXXX X000b
0400C5h |Port P5_2 Function Select Register P5_2S XXXX X000b
0400C6h |Port P4_3 Function Select Register P4_3S XXXX X000b
0400C7h|Port P5_3 Function Select Register P5_3S XXXX X000b
0400C8h |Port P4_4 Function Select Register P4_4S XXXX X000b
0400C9h |Port P5_4 Function Select Register P5_4S XXXX X000b
0400CAh|Port P4_5 Function Select Register P4_5S XXXX X000b
0400CBh|Port P5_5 Function Select Register P5_5S XXXX X000b
0400CCh |Port P4_6 Function Select Register P4_6S XXXX X000b
0400CDh |Port P5_6 Function Select Register P5_6S XXXX X000b
0400CEh|Port P4_7 Function Select Register P4_7S XXXX X000b
0400CFh|Port P5_7 Function Select Register P5_ 7S XXXX X000b
0400DO0h |Port P6_0 Function Select Register P6_0S XXXX X000b
0400D1h|Port P7_0 Function Select Register P7_0S XXXX X000b
0400D2h |Port P6_1 Function Select Register P6_1S XXXX X000b
0400D3h|Port P7_1 Function Select Register P7_1S XXXX X000b
0400D4h |Port P6_2 Function Select Register P6_2S XXXX X000b
0400D5h |Port P7_2 Function Select Register P7_2S XXXX X000b
0400D6h |Port P6_3 Function Select Register P6_3S XXXX X000b
0400D7h|Port P7_3 Function Select Register P7_3S XXXX X000b
0400D8h |Port P6_4 Function Select Register P6_4S XXXX X000b
0400D%h |Port P7_4 Function Select Register P7_4S XXXX X000b
0400DAhI|Port P6_5 Function Select Register P6_5S XXXX X000b
0400DBh|Port P7_5 Function Select Register P7_5S XXXX X000b
0400DCh |Port P6_6 Function Select Register P6_6S XXXX X000b
0400DDh |Port P7_6 Function Select Register P7_6S XXXX X000b
0400DEh|Port P6_7 Function Select Register P6_7S XXXX X000b
0400DFh|Port P7_7 Function Select Register P7_7S XXXX X000b
0400EOh|Port P8_0 Function Select Register P8_0S XXXX X000b
0400E1h
0400E2h|Port P8_1 Function Select Register P8_1S XXXX X000b
0400E3h
0400E4h|Port P8_2 Function Select Register P8_2S XXXX X000b
0400E5h
0400E6h|Port P8_3 Function Select Register P8_3S XXXX X000b
0400E7h|Port P9_3 Function Select Register P9O_3S 0XXX X000b
0400E8h|Port P8_4 Function Select Register P8_4S XXXX X000b
0400ES9h|Port P9_4 Function Select Register P9O_4S 0XXX X000b
0400EAh
0400EBh |Port P9_5 Function Select Register P9 5S 0XXX X000b
0400ECh|Port P8_6 Function Select Register P8_6S XXXX X000b
0400EDh |Port P9_6 Function Select Register P9 _6S 0XXX X000b
0400EEh |Port P8_7 Function Select Register P8_7S XXXX X000b
0400EFh |Port P9_7 Function Select Register P9 7S XXXX X000b

X: Undefined

Blanks are reserved. No access is allowed.
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Table 4.22  SFR List (22)

Address Register Symbol Reset Value
0400FO0h [Port P10_0 Function Select Register P10_0S 0XXX X000b
0400F1h
0400F2h |Port P10_1 Function Select Register P10_1S 0XXX X000b
0400F3h
0400F4h |Port P10_2 Function Select Register P10_2S 0XXX X000b
0400F5h
0400F6h |Port P10_3 Function Select Register P10_3S 0XXX X000b
0400F7h
0400F8h |Port P10_4 Function Select Register P10_4S 0XXX X000b
0400F9h
0400FAh|Port P10_5 Function Select Register P10_5S 0XXX X000b
0400FBh
0400FCh|Port P10_6 Function Select Register P10_6S 0XXX X000b
0400FDh
0400FEh|Port P10_7 Function Select Register P10_7S 0XXX X000b
0400FFh
040100h
040101h
040102h
040103h
040104h
040105h
040106h
040107h
040108h
040109h
04010Ah
04010Bh
04010Ch
04010Dh
04010Eh
04010Fh
040110h
040111h
040112h
040113h
040114h
040115h
040116h
040117h
040118h
040119h
04011Ah
04011Bh
04011Ch
04011Dh
04011Eh
04011Fh

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

RO1UH0209EJ0130 Rev.1.30 ENESAS Page 51 of 484
Mar 13, 2014



R32C/111 Group 4. Special Function Registers (SFRs)

Table 4.23  SFR List (23)
Address Register Symbol Reset Value

040120h to
04403Fh
044040h
044041h
044042h
044043h
044044h
044045h
044046h
044047h
044048h
044049h
04404Ah
04404Bh
04404Ch
04404Dh
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.
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Table 4.24  SFR List (24)

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 XOXX XXXXb
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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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 26. “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 _/
VCC1

VCC1 /
oV

RESET M, 0.2 VCC1

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

1. In the 100-pin package, when the power is being turned on or off, the voltage should be as follows: VCC1 > VCC2.

Figure 5.1 Reset Circuitry
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5. Resets

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 T N B N

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 ("

N s N e O 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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5. Resets

Table 5.1 Pin States while RESET Pin is Held Low (1)
Pin Name Pin States
CNVSS = VSS CNVSS =VCC1 (2)
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 _0to P4_6 (3)|Input port (high-impedance) Output addresses (undefined)
P4 73 Input port (high-impedance) Outputs the CSO signal (high)
P5 03 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 (4)
P5 4 () Input port (high-impedance) Outputs the HLDA signal (output signal depends on
an input signal to the HOLD pin) (4)
P5 53) Input port (high-impedance) Inputs the HOLD signal (high-impedance)
P5 6 Q) Input port (high-impedance) Outputs the CS2 signal (high)
P5 73 Input port (high-impedance) Inputs the RDY signal (high-impedance)
P6 to P10 Input port (high-impedance) Input port (high-impedance)
Notes:

1.

2.
3.
4

is stabilized

Whether a pull-up resistor is enabled or not is undefined until the internal voltage is stabilized.
Do not use this setting in the 64-pin package.

Ports P4 and P5 are only available in the 100-pin package.
State after power is on and the internal voltage has stabilized. It is undefined until the internal voltage
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5. Resets

0: 0 after reset
X: Undefined after reset
General purpose registers Fast interrupt registers
b31 b0 b31 b0
[ | Flag register (FLG) [ XXXXXXXXh |  save flag register (SVF)
bgﬁ/ b24 b23 b16 b15 \\65‘57““——-____90 | XXXXXXXXh | Save PC register (SVP)
XPXPXPXIXIXIXIXIXIXIXEXTo]o]X]o]X] o] oo [x]x]o]o]o]o]o]o]o]o]o]o] [ XXXXXXXXh | Vector register (VCT)
— | —
RND DP IPL FO UlOBSZDC
b31 b0 FU DMAC-associated registers
00h | 00h [ 0oh [ 00h |y Data register (R2H/R2L/ROH/ROL)
00h | 00h | 00h | 00h [ Data register (R3H/R3L/RTH/RIL) b31  b24 b0
0000h 0000h [ Data register (R6/R4) 00000000h DMA mode register (DMDO to DMD3)
0000h 0000h M Data register (R7/R5) OOOOOXX . .
00000000h H Address register (AO) DMA terminal count register (DCTO to DCT3)
00000000h M Address register (A1) XXXXXXXXh DMA terminal count reload register
00000000h H Address register (A2) ——— | (DCRO 0 DCR3)
00000000h [ Address register (A3) XXXXXXXXh DMA source address register (DSAO to DSA3)
00000000h [| Static base register (SB) YOO DMA source address reload register
00000000h [ Frame base register (FB) —I (DSRO to DSR3)
k XXXXXXXXh DMA destination address register
00000000h User stack pointer (USP) 4| (DDAO to DDA3)
00000000h Interrupt stack pointer (ISP) XXXXXXXXh DMA destination address reload register
00000000h Interrupt vector table base register (INTB) (DDRO to DDR3)
Reset vector value Program counter (PC)
Figure 5.3 CPU Registers after Reset

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 PMOOQ in the PMO register are not affected by

a watchdog timer reset.
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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 VCC1 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.

VCC1 O

VSS O

_ Supply voltage for
Main regulator internal logic
SHDN
4 VDC1
MRS
External decoupling
capacitor
Sub regulator VDCO

A

MRS: Bit in the VRCR register

Internal logic GND

Figure 6.1  Block Diagram of Voltage Regulators for Internal Logic

b7 b6 b5 b4 b3 b2 b1

b0

e ccccaa-

_——be L

Notes:

Voltage Regulator Control Register ™

Symbol Address Reset Value
VRCR 040060h 0000 0000b
Bit Symbol Bit Name Function RW
R e [ ey dopes |
(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 0 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
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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 Capacrcar;ce (V) Capac::tance Tolerance (%)
range (°C) change (%) (MF)
B JIS -251t0 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 -55 to 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 -55to 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 -55t0 125 122 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 VCC1 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 . .
VCC1 O regulators Supply voltage for internal logic
LVDIEN
Low voltage
Edge —!3_> detection
gene- interrupt
rator request
<—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 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LvDC 40062h 0000 XX00b
] ] ] ] ] ] ] ]
1 1 1 1 1 1 1 1
1 ] ] ] 1 1 ] ]
i i E E i i E E Bit Symbol Bit Name Function RW
1 1 1 1 1 1 1 1 . .
I VDEN Low Voltgge Detector 0: Low voltage detector disabled RW
I A R Enable Bit 1: Low voltage detector enabled
T T T T Low Voltage Detection 0: Interrupt disabled
A LVDIEN Interrupt Enable Bit @ 1: Interrupt enabled RW
i i E E i i ________ LVDF Low Voltage Detection 0: Low voltage undetected RW
A Flag @4 1: Low voltage detected (Vdet passed)
1 1 ] ] 1
Pobono 0: VCC1 < Vdet
N e bt VMF Voltage Monitor Flag 1: VCC1 > Vdet or low voltage RO
HE . detector disabled
1 1 ] ]
1 1 ] ]
] - 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 6251 60

(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 R 0100:330V

TR T A A T Reference Voltage ;

R A R Configuration Bit ) 1011:465V

[ I 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 PRCRS3 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
3.75V 3.65V 3.87V
3.60V 3.50V 3.72V
345V 3.35V 3.57V
3.30V 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 VCC1 pin drops below Vdet(F), the VMF bit becomes 0 (VCC1 < 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 (VCC1 > 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)
VCC1
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 VCC1 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 VCC1 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 VCC1 pin with
the voltage regulators. When the input voltage begins to fall, the internal voltage remains steady.
However, as the VCC1 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 VCC1 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
VCCA1

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. Refer to 9. “Bus” for details.

The R32C/111 Group supports two standard processor modes: single-chip mode and memory expansion
mode in the 100-pin package. Microprocessor mode is optional. Contact a Renesas Electronics sales
office to use this mode. In the 64-pin package, only single-chip mode is supported.

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 VCC1 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 PMOO to 01b (memory expansion mode) or 11b (microprocessor
mode), do not change bits PM07 to PMO02.

2. When rewriting bits PMQ07 to PM02, do not change bits PM01 and PMO0O0.

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.
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Figure 7.1 shows the PMO register and Figure 7.2 shows the memory map for each processor mode.

Processor Mode Register 0 ()
b7 b6 b5 b4 b3 b2 b1 b0

1:RD / WRO / WR1

. The MCU is reset when this bit is set
[EEEE P PMO03 Software Reset Bit to 1. The bit is read as 0 RW

Symbol Address Reset Value
| Jololo] [ ||| Pmo 40044h 1000 0000b (CNVSS pin is held low)
R 0000 0011b (CNVSS pin is held high)
] 1 1 1 1 1 1
R R T R Bit Symbol Bit Name Function RW
I R R B
[ T T I N B | b1 b0
E E i i E E '--- PMO0 0 0 : Single-chip mode RW
N R Processor Mode Bit %) 0 1:Memory expansion mode
A A R N S PMO1 1 0: Do not use this combination RW
b 1 1 : Microprocessor mode
] ] 1 1 ] LB TS
R PM02 | R/W Mode Select Bit 0:RD/WR /BCO/ BCT RW
P
] 1 1 1
] ] ] 1
] ]
] ]
] ]
] ]
] ]

P —— e ——————————— ]

___________________ — eserve ould be written wi
(b6-b4) R d Should b tt, th 0 RW
0: Output BCLK ®
. 1: Do not output BCLK. Select a
_____________________ 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 PMO03 bit is set to 1 (software reset).

3. Rewrite bits PM01 and PMO0O 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 PMO07 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 CMO0O in the CMO register to 00b (I/O port P5_3). I/0O port P5_3 outputs a low signal in this case.

5. Set bits CM01 and CMO0O0 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

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
clock can be input  |clock can be input  |oscillator stops
running, the PLL
frequency
synthesizer
oscillates at its own
frequency of fso(pLL)
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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
oy ]
o
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 R 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 TR TR Y 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 | (3 01: D|V|de-by-3
oo Select Bit ® 1 0 - Divide-bv-2
I T T TR 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
I . w
1 == .
O T T A ! Clock Output Function 00 : VO port P5_3
oo e - 0 1 :Output a low speed clock
A 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 e (b4-b1) Reserved Should be written with 0 RW
BT " —
1 ] .
Lo XIN-XOUT Drive Strength | © 0 *-OW
[ i+ (4) 01: ngh
H 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 ™

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
lofoJofo] [ o] |  cme2 4004Dh 0000 0000b
A
] ] ] 1 ] ] ] ]
1 ] ] 1 1 ] 1 1
E E E i i i i i Bit Symbol Bit Name Function RW
] ] ] 1 ] ] ] ] . .
| T T T T T T | Oscillator Stop Detection 0: Disable oscillator stop detection
veed CM20 . RW
i E E i i E i Enable Bit @3 1: Enable oscillator stop detection
1 ] ] 1 1 ] 1
R o1) Reserved Should be written with 0 RW
P
T T R . . 0: Main clock oscillator has not been
1 ] ] 1 1 ]
A T SRR CM22 ?;C”!?)tor Stop Detection stopped RW
E E E i i 9 1: Main clock oscillator stop detected
] ] ] 1 1
[ . . 0: Main clock oscillator active
U 1 lemccceeee o] (5)
[ CM23 Main Clock Monitor Flag 1: Main clock oscillator stopped RO
] ] ] 1
1 ] ] 1
o0 _v_ 0 ___________J - H H
(b7-b4) 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. 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 N T B b1 b0
e Y 00:fC RW
A Low Speed Mode Base 0 1:f256 (main clock divided by 256)
N R R Clock Select Bit 1 0 :fOCO4 (on-chip oscillator
R CM31 divided by 4) @ 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. 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

peripheral clock source divided by

ivi i it
Divide Ratio Select Bit 2n. If n = 0, the clock is not divided (n

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| [oJoJo[ [ | | ] TcsPr 035Fh 0000 0000b
R
1 1 1 1
i i i i Bit Symbol Bit Name Function RW
1 1 1 1
i E i L CNTO RW
1 1 1
i i i ______ CNT1 f2n is either the main clock or RW
P
1 1
1
1
1
1
1
1

i CNT2 = setting value) RW
b bemeeeee CNT3 RW
]
]
i L (b(;b4) Reserved Should be written with 0 RW
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 8.7 TCSPR Register
Clock Prescaler Reset Register
b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
CPSRF 0341h OXXX XXXXb
1 ] ] 1 1 1 1 1
T A
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

— No register bits; should be written with 0 and read as undefined

Ty J—

(b6-b0) value

When this bit is set to 1, the fC
T L L L EE LY CPSR Clock Prescaler Reset Bit divided-by-32 divider is initialized. RW
The bitis read as 0

Figure 8.8 CPSRF Register
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Processor Mode Register 2 ()
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[o] [o] [o]o]| [o]  Pm2 40053h 0000 0000b
A
) ] ] 1 ] ] ] ]
) ] ] 1 1 ] 1 1
E E E i i i i i Bit Symbol Bit Name Function RW
) ] ] 1 ] ] ] ]
T T S N T R L Reserved Should be written with 0 RW
Pl (b0)
E E E i i E i 0: Protect the clock by the PRCR
N e PM21 System Clock Protect Bit - 3) register RW
E E E i i E 1: Clock change disabled
] ] ] 1 1 ]
] ] ] 1 1 ] —_ N .
E E E i tmebeeeeeead (b3-b2) Reserved Should be written with 0 RW
) ] ] 1
[ I T I | . 0: NMI disabled 4
______________ @
E E E ! PM24 NMI Enable Bit 1- NMI enabled RW
] ] ]
) ] ] J—
I Reserved Should be written with 0 RW
o ©9)
[ . B .
R PM26 :‘52)n Clock Source Select Bit 0: Per'lpheral clock source RW
! 1: Main clock
(]
b (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. When the PM24 bit is 0, the forced cutoff of the three-phase motor control timers is also disabled.
5. 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 0o 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 SGECELELELELELE 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 —s 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

RO1UH0209EJ0130 Rev.1.30 ENESAS Page 78 of 484
Mar 13, 2014



R32C/111 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 i A ittt - v
clock ! ) Dual-modulus | !

' Main &gunter prescaler (€ VCO —» PLL clock
; (p=56) |!
! £ !
] 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] ]]] PLeo 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 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
l[of[ofo[ [ [ [ | | 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 Tl (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.

The on-chip oscillator clock is stopped after a reset. It starts running when setting the CM31 bit in the
CMB3 register to 1. 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.

RO1UH0209EJ0130 Rev.1.30 ENESAS Page 85 of 484
Mar 13, 2014



R32C/111 Group 8. Clock Generator

8.6 Clock Output Function
Low speed clocks, f8, and f32 can be output from the CLKOUT pin in the 100-pin package.
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

\ 4 ) WAIT
PLL self-oscillation
mode <
N\ Y,
SEO =0
Set MCV4 to MCVO0, 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

CPU operation is stopped

Low speed mode,

instructiorl
Ll Wait mode
Interrupt

Lnstruction
Stop mode @ [
Interrupt

Notes:

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

\ 4

BCS =1

N
PLL self-oscillation [—
mode <t
/

\ Normal operating /

Low power mode  [€
J
A

BCS=0

A 4

instructiorl
Ll Wait mode
Interrupt

WAIT

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. Since the main clock, sub clock, PLL clock, and on-chip oscillator clock continue
running, the peripherals using these clocks also continue operating.

8.7.21 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, f8, 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.

* |nitial 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 0, 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 I
(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

Table 8.5

Pin State in Wait Mode
Table 8.5 lists the pin state in wait mode.

Pin State in Wait Mode

Pin

Memory Expansion Mode/
Microprocessor Mode

Single-chip Mode

Address bus, data bus,

CS0 to CS3, BCO to BC1

The state immediately before entering
wait mode is held

RD, WR, WRO to WR1 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)
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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.

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 Available Available
Key input interrupt Available Available
Low voltage detection interrupt |Available Available
Timer A interrupt Available in any mode Available in event counter mode, or
Timer B interrupt when the count source is fC32 or
f2n (when the main clock is selected
as the clock source)
Serial interface interrupt (1) Available when an internal or Available when the external clock or
external clock is used f2n (when the main clock is selected
as the clock source) is used
A/D conversion interrupt Available in single mode or single- |Should not be used
sweep mode
Intelligent 1/O interrupt Available Should not be used
Note:
1. UARTY7 and UARTS 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 BC1 stop mode is held
RD, WR, WRO to WR1 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

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

Note:

1. UART7 and UARTS 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

CPU

CPU address bus (26 bits)

L3 R
CPU data bus (64 bits) L>

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

Peripheral address bus >

External data bus
8/16 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 D15, CSO to CSS,
WRO/WR, BCO, WR1/BC1, 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 CSOP0 and CSOP1.
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 CSOP0 and CSOP1
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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 26. “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.

b0

Peripheral Bus Control Register (1.2

________________

Symbol Address Reset Value
PBC 001Fh-001Eh 0504h
Bit Symbol Bit Name Function RwW
PRDO
Select from the three options below
according to the peripheral bus clock
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:
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
External Bus Maximum 0: 8-bit width
EXBWO Width Setting Bit ) 1: 16-bit width RW
EXBWA1 Reserved Should be written with 0 RW

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 port P1 varies with this bit setting.

Figure 9.2

PBC Register
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9.3 External Bus Setting

The 8-/16-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 26. “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 CS1 to CS3 with ports P5_4, P5 6, and P5_7.
In microprocessor mode, the CSO 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 CSOP0 and CSOP1 to select a chip select signal to be used and its output pin. Set
registers CB01, CB12, and CB23 to set the address space for each chip select signal.
Figures 9.4 and 9.5 show registers CSOP0 and CSOP1. Figures 9.6, 9.7, and 9.8 show registers CB01,
CB12, and CB23, respectively. Figures 9.9 and 9.10 show the chip select space.
A chip select signal should not be set for more than two output pins in registers CSOP0 and CSOP1.
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'*) < 3DCO000R
* 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 Selects 0 and 1 Boundary Setting Register ()

b7 b0 Symbol Address Reset Value
| | cBo1 001Ah 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 CSO space. expansion mode

The immediately preceding address mentioned 02h to FFh @ in RW
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 9.6 CBO01 Register
Chip Selects 1 and 2 Boundary Setting Register ()
b7 b0 Symbol Address Reset Value
| | cB12 0016h 00h
i
]
E Function Setting Range RW
]
]
' Set this register to the value from A25 to A18 of the | 02h to F8h ?)in memory
bememeeaeaad start address in the CS1 space. expansion mode RW
The immediately preceding address mentioned 02h to FFh @ in
above and lower is designated for CS2 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 CB23 register and should be equal to or less
than that of the CBO1 register.

Figure 9.7 CB12 Register
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Chip Selects 2 and 3 Boundary Setting Register ()

The immediately preceding address mentioned
above and lower is designated for CS3 space

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
e start address in the CS2 space. expansion mode RW

02h to FFh @ in
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 9.8 CB23 Register
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Figure 9.9

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 |\
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 [=an 02h
CS3 space
o CS3 space S3 space _
CB23 . P P S3 space
CS2 space | ™ .
) \
CB12 . |cs2 )
space —_—
Cs1 (?)pace ‘\\ P S2 space \
CBO1 ) . CS2 space |} | TS3 space
a \\ ‘|
02000000h ! l'. 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 —_— — *
SO0 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 CSO
reduced.

signal) is output from port P4, the maximum valid size is reduced depending on the number of address lines

Figure 9.10 Chip Select Spaces in Microprocessor Mode

9.3.2 External Data Bus Width Setting

The external data bus width is selectable between 8 bits and 16 bits. The bus width of each space is
selected by setting the BWO bit in registers EBCO to EBC3. The maximum bus width for all spaces is

selected by setting the EXBWO bit in the PBC register. The bus width specified in the EXBWO bit should
be equal to or greater than the value specified in the BWO bit

When an accessed space has a bus width less than that specified in the EXBWO bit, an undefined
value is output from the unused data output pins
Figure 9.11 shows registers EBCO to EBC3
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Notes:

External Bus Control Register i (i=0to 3) ("
Symbol Address Reset Value
EBCO, EBC1 001Dh-001Ch, 0019h-0018h 0000h
EBC2, EBC3 0015h-0014h, 0011h-0010h 0000h
Bit Symbol Bit Name Function RwW
ESURO o160
Address Setup Cycles 00 Do rlot use this combination
. v |0 T:isur=1 RW
Before Read Setting Bit 10 sur=2
ESUR1 : -
11:sur=3
EWRO b3 b2
. . 00:wr=1
Ei?a(xzc)i Pulse Width Setting 01:wr=2 RW
10:wr=3
EWRA1
11:wr=4
(;) Reserved Should be written with 1 RW
RDY DY Monitor Bit ?f ﬁgg%@ RW
MPYO o7 b
- . . |0 0:mpy=1
!\zll)ulﬂplled Cycle Setting Bit 0 1:mpy=2 RW
MPY1 1°0:mpy=3
11:mpy=4
ESUWO b9
Address Setup Cycles 8 SDuoant use this combination W
Before Write Setting Bit @ 1 : P
ESUW1 s suw = 3
Dsuw =
EWWO b11b
Write Pulse Width Setting | 0w =1
Bit @ 01:ww=2 RW
EWW1 1 ww = Z’
Tww =
(b12) Reserved Should be written with 1 RW
External Bus Format Select | 0: Separate bus
MPX Bit 1: Multiplexed bus RW
External Bus Width Setting | 0: 8-bit width
BWO Bit @ 1: 16-bit width RW
(b15) Reserved Should be written with 0 RW
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 the EXBWO bit in the PBC register.

Figure 9.11

Registers EBCO 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 between 8 bits and 16 bits by setting the BWO bit in registers EBCO to EBC3.
When the EXBWO bit in the PBC register is 0 (8-bit width), port PO is the data bus, and port P1 is

programmable I/O port.
When the EXBWO bit is 1 (16-bit width), ports PO and P1 are data buses. Note that port P1 (D8 to
D15) becomes undefined if the MCU accesses an space where the BWO bit is to 0 (8-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 the BWO bit in registers EBCO to EBC3 is 0 (8-bit width), DO to D7 are multiplexed with A0 to
A7. When the BWO bit is 1 (16-bit width), DO to D15 are multiplexed with BCO, A1 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)
Data bus . . . . . . . . .
width — 8 bits only 8/16 bits (mixed) 8 bits only 8/16 bits (mixed) 8 bits only 8/16 bits (mixed)
PO_0Oto
PO 7 1/0 ports DO to D7 1/O ports
P1_0to
P17 1/0 ports 1/0 ports D8 to D15 1/0 ports D8 to D15 1/O ports
AO or A0, A0/DO, BCO,
P2_0 1/0 port A0 A0 or BCO AO/DO or A0/DO A0/DO or BCO/DO
BCO0/DO
P2_1 1/0 port A1 A1 or A1/D1 A1/D1
P§§27to 1/0 ports A2 to A7 A2 to A7 or A2/D2 to A7/D7 A2/D2 to A7/D7
A8 to A15 or
P3Ot 5 horts A8 to A15 AStoA15 | ASDBtoAl15 | AstoAts | NE/DBLOAITS
P3 7 D15
- 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 1/0 port WR or WRO
P5 1 1/0 port Undefined (1) BC1 or WR1 Undefined (1) BC1 or WR1 Undefined (1) BC1 or WR1
P5 2 1/O port RD
P53 1/0 port BCLK
P5 4 1/0 port HLDA or CS1
P55 1/0 port HOLD
P5 6 1/0 port ALE or CS2 Set to ALE
P5 7 1/0 port RDY or CS3
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 8 bits 16 bits

Bits BW1 to
BWO

PO O0toPO_7 DO to D7 I/0O ports
P1 OtoP1 7 I/O ports D8 to D15 I/O ports
P2 0 A0 BCO A0/DO BC0/DO
P2 1 A1 A1/D1
P2 2toP2_7 A2 to A7 A2/D2 to A7/D7
P3 0toP3_7 A8 to A15 A8/D8 to A15/D15
P4 O0toP4_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 CSO0 (fixed to CS0 in microprocessor mode)
P50 WR or WR0
P5_1 Undefined 1 |  BCT 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

Note:
1. An undefined value is output.

0 1 0 1
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9.3.4 Read and Write Signals

When the data bus is 16 bits, set the PM02 bit in the PMO register to select a combination of RD, WR,
BCO, and BC1 or RD, WRO0, and WR1 as read or write signals.

When the EXBWO bit in the PBC register is 0 (8-bit width), the PMO02 bit should be set to 0 (RD/WR/
BCO0/BC1). When accessing an 8-bit space while the EXBWO bit is 1 (16-bit width), the combination of
RD, WR, BCO, and BC1 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, and BC1. To
change to the combination of RD, WRO0, and WR1, set the PM02 bit before writing data to external

memory.
Table 9.4  RD, WRO, and WR1 Signals
Data Bus Width| RD WRO | WR1 External Data Bus Status
L H H Read 2-byte data
16 bits H L H Write 1-byte data to even address
H H L Write 1-byte data to odd address
H L L Write 2-byte data to both even and odd addresses
8 bits L |H (T) — |Read 1-byte data
H L (WR) —  |Write 1-byte data
Table 9.5 RD, WR, BCO, and BC1 Signals
Data Bus Width| RD WR BCO | BC1 External Data Bus Status
L H L L Read 2-byte data
- H L L H Write 1-byte data to even address
H L H L Write 1-byte data to odd address
H L L L Write 2-byte data to both even and odd addresses
8 bits L H H/L (AO)] — |Read 1-byte data
H L H/L (AO)| — |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, MPY0, 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), and Table 9.9 lists the bit setting of MPY1, MPY0, 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
ESURT and MPY1 and MPYO bit settings MPY1 and MPYO bit settings
Bi’ltzggtﬁr?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
01b sur =1 1.5 25 3.5 4.5 2 3 4 5
10b sur =2 25 4.5 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 1b 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 2.5 3.5 4.5 0.5 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 4.5 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

01b | suw=1 2 3 4 5
10b | suw =2 3 5 7 9
1Mb | 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 MPYO0 Bit Settings
EWWO0 00b 01b 10b 11b
Bit Settings mpy=1|mpy=2 | mpy=3| mpy=4
00b ww=1] 0.5) 1.5 25 3.5
01b ww =2 1.5 3.5 5.5 7.5
10b ww =3 25 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 9.12 and 9.13 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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(A) When the EBCi register is 0X01 0101 0001 0001b

Bus cycle Bus cycle

»i&

A 4

<&
< » €

et NI O I I

CS, BCO and BC1

Address

==

Writ

Data Read

1]

~—

(B) When the EBCi register is 0X01 1001 0001 0101b

Bus cycle Bus cycle

<& »

\ 4

< >

CS, BCO and BC1

somses [ [ 1111010 LILI Ll L]

Address

==

Writ

()

Data <X Read

~—

(C) When the EBCi register is 0X01 0101 0101 0101b

Bus cycle

<&
<

et NI O [ O I

A 4

CS, BCO and BC1

Address

==

Data (Read)

RD

Data (Write)

R, WRO0 and WR1

Figure 9.12 External Bus Timing in Separate Bus Format (i = 0 to 3)
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(A) When the EBCi register is 0X11 0101 0001 0101b
B Bus cycle L Bus cycle R
Base clock ] ]
(internal signal) LTLTLTLHJTL _TJTJ Lr\_
TS, BCOandBCT |
Address / Data _>< Address <X Read > < Addres Write C
ALE
RD
WR, WR0 and WR1
(B) When the EBCi register is 0X11 1010 0001 1010b
J Bus cycle -
Base clock 1 [ ]
(internal signal) LTLTLTHT_ | JTL
TS, BCOandBCT |
Address / Data (Read)_>< Address Data >
ALE
RD
Address / Data (Write) _>< Address Data C
WR, WRO0 and WR1
(C) When the EBCi register is 0X11 0101 0101 0101b
B Bus cycle R
Base clock
i A A R I I O
TS, BCOandBCT |
Address / Data (Read)_x Addiress Data > C
ALE
RD
Address / Data (Write) _>< Address Data C
WR, WR0 and WR1
Figure 9.13 External Bus Timing in Multiplexed Bus Format (i = 0 to 3)
RO1UH0209EJ0130 Rev.1.30 RRENESAS Page 117 of 484

Mar 13, 2014



R32C/111 Group

9. Bus

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 / \

AODOto A7/D7 X Address ¥  Data® X: AODOto A15/D15 X Address X Data X:

A8toA15:>< Address XUndefined(2>><:

A6toA19 X Address @ X: A16toA19 X Address @

X
X

1. These pins are high-impedance when read.
2. An undefined value is output.
3. When these ports are set as /O ports, addresses are not output.

A20/CS3 to —= A20/CS3 to P
A23/CS0 Address or CS ><: A23CSO Address or CS
Notes:

Figure 9.14 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

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 WR1 signals are held in a low level, and drive the RDY signal high synchronizing the rise of the
BCLK signal.

Figure 9.15 shows an example of RDY signal generator and Table 9.10 lists setting conditions of
registers EBCO to EBC3 to use this circuit. Figure 9.16 shows examples of bus cycle that is extended
by the RDY signal.

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

Bus cycle

gigigigigigininiin
/

2
i
N

Figure 9.15 RDY Signal Generation Circuitry
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Table 9.10 EBCi Register Setting Conditions when Using the Circuit in Figure 9.15 (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 = 0X01 1101 1011 1001b
etc.

In multiplexed bus format
EBCi = 0X11 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 = 0X01 1101 1011 1101b
etc.

In multiplexed bus format
EBCi = 0X11 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

RO1UHO0209EJ0130 Rev.1.30
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(A)In separate bus format EBCi register = 0X01 1101 1011 1101b (X: given value)
Sampling every 3 clocks (mpy = 3)

v
Base clockﬂ , ’
_|

imemaignar | L1 LT L 1 [T 1 T

Bus cycle = 17¢ + 3¢

<&
<

S, BCO and BC1

Address :X
R T
Data (Reac)—————— X XRRRRR KRR, ———
WR, WRO and WRT | \ | [
Data (Write) )

ROV \ /

Bus cycle is completed here when RDY is not used.

N

I~
]

T

(B) In multiplexed bus format  EBCi register = 0X11 1101 1011 1101b (X: given value)
Sampling every 3 clocks (mpy = 3)

¥ X

ssnnnnnhnninhingnnhnhi
Rl I B B B e B R B

—_— r
1
]
I

S,BCOandBCT |

ALE_ \

Dats gy N Address  XXXOCO0RO0OCROUCAOUKOUXKY_ Data )—
@_—\ "'r ------- --/_—

pats (Wrie)___Address X Data e

WR WROandWRT | | ‘,' """" /——
Fov \ /

Bus cycle is completed here when RDY is not used.

Bus cycle = 17¢ + 3¢

<&
<

------- : signal wave when RDY is not used

Figure 9.16 An Example of Bus Cycle Extended by RDY Signal (f(BCLK) = 1/2 f(Base)) (i = 0 to 3)

RO1UH0209EJ0130 Rev.1.30 ENESAS Page 121 of 484
Mar 13, 2014



R32C/111 Group 9. Bus

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 BC1 High-impedance
RD, WR, WR0 to WR1 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 (I1/O 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
CSOto CS3 High is output High is output
BCO to BC1 BCO to BC1 are output The address of SFR or external space
last accessed is held
RD, WR, WR0 to WR1 |RD, WR, WRO0 to WR1 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 Designing a System

When a flash memory rewrite is performed in CPU rewrite mode using memory expansion mode, the
use of CS0 space and CS3 space has the following restrictions:

« If the FEBCO and/or FEBC3 registers are set in CPU rewrite mode, the bus format for the
corresponding space functions as separate bus. Any external devices connected in multiplexed
bus format become inaccessible.

« If the FEBCO and/or FEBC3 registers are set in CPU rewrite mode, the bus timing for the
corresponding space changes. This may cause external devices to become inaccessible
depending on the register settings.

Devices required to be accessed in CPU rewrite mode should be allocated in CS1 space and/or CS2
space.

9.5.2 Notes on Register Settings

9.5.21 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.

9.5.2.2 External Bus Control Registers

Registers EBCO and EBC3 share respective addresses with registers FEBCO and FEBC3. If the
FEBCO and/or FEBC3 registers are set while the flash memory is being rewritten, set the EBCO and/
or EBC3 registers again after rewriting the flash memory.
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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 PRCR3, 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, INVCO, INVC1, and IOBC
PRC2 PLCO, PLC1, PD9, and P9 _iS(i=3to7)

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 = 3 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 b6 bS b4 b3 b2 bl 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, CSOPO0, CSOP1, INVCO,

lem e PRC1 Protect Bit 1 INVC1, and IOBC RW
0: Write disabled
1: Write enabled

Enable writing to registers PLCO,
PLC1, PD9,and P9_iS (i=3to 7)
0: Write disabled

1: Write enabled

becccoee PRC2 Protect Bit 2 RwW

— No register bits; should be written with 0 and read as undefined
(b7-b3) value

g g g g Sy ey

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 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 - 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 PRCRS 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
LS @) Reserved Should be written with 0 RW
P
1 1
1 1
1 1

LVDC, and DVCR

|ommmme PRC31 Protect Bit 31 0: Write disabled RW
i 1: Write enabled
I S O N orb2) | Reserved Should be written with 0 RW
Figure 10.3 PRCRS3 Register
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10.4 Protect Release Register (PRR Register)

Figure 10.4 shows the PRR register. Registers protected by the PRR register are as follows: CCR,

FMCR, PBC, FEBCO, FEBC3, EBCO 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

AAh: Write enabled
Value other than AAh: Write disabled

b7 b0 Symbol Address Reset Value
| |  PRR 0007h 00h
i
E Function Setting Range |RW
i Control the protection for registers CCR, FMCR, PBC,
:_ ____________ FEBCO, FEBC3, EBCO to EBC3, CB01, CB12, and CB23. 00h to FFh RW

Figure 10.4 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
\ nardware 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 VCC1 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 (UARTS5 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 Isn?c]:et\r,:j;;Et2 Reference
(Address (L) to Address (H)) (1) Number
UART?2 transmission, NACK (2) +132 to +135 (0084h to 0087h) 33 18. “Serial
UART2 reception, ACK (2) +136 to +139 (0088h to 008Bh) 34 Interface”
UART3 transmission, NACK (2) +140 to +143 (008Ch to 008Fh) 35
UART3 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, 3)
Bus collision detection, START condition |+164 to +167 (00A4h to 00A7h) 41
detection, or STOP condition detection
(UART4 or UART1) (2,3)
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 O +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 I12C mode, interrupts are generated by NACK, ACK, or detection of a START condition/STOP

condition.

3. The IFSRO06 bit in the IFSRO register selects either the interrupt source in UARTO or UART3. 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 ISn?:::js 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
Reserved +372 to +375 (0174h to 0177h) 93
Reserved +376 to +379 (0178h to 017Bh) 94
Reserved +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 ISn?:::js 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
Reserved +480 to +483 (01EO0h to 01E3h) 120 18. “Serial Interface”
Reserved +484 to +487 (01E4h to 01E7h) 121
Reserved +488 to +491 (01E8h to 01EBh) 122
Reserved +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 II:LL1 iBLO 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.
Figures 11.3 and 11.4 show the interrupt control registers.

Interrupt Control Register
b7 b6 b5 b4 b3 b2 b1 bO Symbol Address Reset Value
W—J—.—'—.—L—' TAOIC to TA4IC  006Ch, 008Ch, 006Eh, 008Eh, 0070h XXXX X000b
T T T T T T T TBOICto TB5IC  0094h, 0076h, 0096h, 0078h,0098h,0061h XXXX X000b
pror b r b1 g0TIC to S4TIC  0090h, 0092h, 0081h, 0083h, 0085h XXXX X000b
b1V L1 1 11 S5TICtoS8TIC  0062h, 0064h, 00DDh, 00DFh XXXX X000b
i i i i i i i i SORIC to S4RIC ~ 0072h, 0074h, 0063h, 0065h, 0067h XXXX X000b
oLl b1 11 S5RICto S8RIC  0082h, 0084h, 00FDh, 00FFh XXXX X000b
bbb or 1t BCNOIC to BCN4IC0069h, 0089h, 0087h, 0069h (M, 0089h (2) XXXX X000b
by bbb 1} BCNSIC to BCNBIC 0066h, 0066h @) XXXX X000b
i i i i i i i i DMOIC to DM3IC  0068h, 0088h, 006Ah, 008Ah XXXX X000b
L ADOIC 006Bh XXXX X000b
brop o KUPIC 008Bh XXXX X000b
by bbb b 1100IC to IIO5IC 006D, 008Dh, 006Fh, 008Fh, 0071h, 0091h XXXX X000b
P 1 b 1 1 1 11 10BIC to II011IC  0073h, 0093h, 0075h, 0095h, 0077h, 0097h XXXX X000b
Pob
T T A R R - - -
A Bit Symbol Bit Name Function RwW
EEREEEE
I e ILVLO 0 0 0: Level O (interrupt disabled) | RW
I A 00 1: Level 1
I T A R 010: Level 2
e ILVLA 'S”é'fég:‘gif{eq“e“ Level 011: Level 3 RW
R 10 0: Level4
T A 10 1: Level5
T R R R PP ILVL2 110: Level 6 RW
i i i i i 111: Level 7
T R 0: No interrupt requested
E E E i ----------- IR Interrupt Request Flag 1: |nterrupt requested 4) RW
i__!__j__i _____________ — No register bits; should be written with 0 and read as undefined _
(b7-b4) value
Notes:
1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCN1IC register shares an address with the BCN4IC register.
3. The BCNSIC register shares an address with the BCN6IC register.
4. This bit can only be set to 0 (do not set it to 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

] ] ] ] ] ] 1 1

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

I S T T T N T b2 b1 b0

T T i L. ILVLO 0 0 0: Level O (interrupt disabled) | RW

A 00 1: Level 1

I T B B 010: Level2

) S VLt | glermip Reauest Level 011: Level3 RW

I R R 10 0: Level4

b 10 1: Level 5

I B ILVL2 110: Level6 RW

R 11 1: Level 7

] ] ] ] ]

T 0: No interrupt requested

i i i i IR Interrupt Request Flag 1: Interrupt requested @ RW

P . . 0: Select the falling edge or a low

i i i ______________ POL Polarity Select Bit 1: Select the rising edge or a high ¢ RW

P Level/Edge Sensitive 0: Edge sensitive

i i T LVS Select Bit 1: Level sensitive @ RW

i__i __________________ — No registers bits; should be written with 0 and read as undefined _
(b7-b6) value

1. When the 16-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 setit to 1).
3. Set this bit to 0 (the falling edge) to set the corresponding bit in the IFSRO register to 1 (both edges).
4. Set the corresponding bit in the IFSRO register to 0 (one edge) to select the level sensitive.

Figure 11.4 Interrupt Control Register (2/2)

Bits ILVL2 to ILVLO

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 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
RIPL1, RIPL2 4407Fh, 4407Dh XX0X 0000b

1 ] ] 1 ] 1 1 1

AR

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

A 621 b0

T R S RV 0 0 0:Level 0 RW

i E E E i i i 0 0 1:Level1

[ N T T T | 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 10 1:Level5

T T T A SO RLVL2 11 0:Level 6 RW

A 11 1:Level7

1 ] ] 1 1

i E E i i 0: Use interrupt request level 7 for

T S FSIT | Fast Interrupt Select Bit @ | | (0o om0 evel 7ror | RW

1 ] ] 1 N

[ fast interrupt )

1 ] ] 1

i E E i _____________ — No register bit; should be written with 0 and read as undefined _

o (b4) value

1 ] ]

. 0: Use interrupt request level 7 for

1 ] ] .

R 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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Wake-up signal
from wait or stop
mode (to clock
generator)

Interrupt request

Level O
High _ Request level of interrupts _ (default) | _ Request level of interrupts _ _ Request level of interrupts _
A i |  UARTS transmission Timer BO | Bus collision (UART2)
i [ UARTS5 reception Timer B1 [ Bus collision (UARTO, 3)
i [  UARTS transmission Timer B2 [ Bus collision (UART1, 4)
E | UART®6 reception Timer B3 | A/D converter 0
i [ Bus collision (UARTS, 6) Timer B4 | Key input
i | DMAO INT5 | Intelligent 1/00
i | DMA1 INT4 | Intelligent /01
i | DMA2 INT3 | Intelligent 1/02
i | DMA3 INT2 | Intelligent 1/03
iy Timer A0 INT1 [ Inteliigent 1104
E | Timer A1 INTO | Intelligent 1/05
i | Timer A2 Timer B5 | Intelligent 1/06
i | Timer A3 UART?2 transmission | Intelligent 1/07
E | Timer A4 UART?2 reception | Intelligent 1/08
i | UARTO transmission UARTS 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— Yo | 7777 7TTTTTTTTTTTTTT
Level 0
_Request level of interrupts _ (defaull) | Request level of interrupts _
i | UARTY7 transmission | UARTS transmission ]
\ 4 i | UARTY7 reception UARTS reception
Low I il R St
High <€
Peripheral interrupt priority
(for interrupts with same request level)
Bits RLVL2 to RLVLO in
| IPL the RIPL1 register
| | flag
| Watchdog timer
| Low voltage detection
| Oscillator stop detection —
| NMI }—I—_F/
| DMA I transfer complete I—

accepted (to CPU)

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 5). 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 IFSROi 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. Set the
POL bit in the corresponding register to 0 (falling edge) to set the IFSROi bit to 1.

When using level-triggered interrupts, set the IFSROi 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.

Figure 11.9 shows the IFSRO register.

External Interrupt Request Source Select Register 0
b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] IFSRO 4406Fh 0000 0000b
HEHH
) ] ] ] ] ] ] ]
) ] ] ] ] ] ] ]
E E E i i i i i Bit Symbol Bit Name Function RW
bbb bbb Ll Esroo | INTO Pin Polarity Select Bit | 0: One edge RW
[ A ™M 1: Both edges
A INT1 Pin Polarity Select Bit | 0: One edge
E E E i i E = IFSRO1 Q) 1: Both edges RW
) ] ] ] ] ] —
N INT2 Pin Polarity Select Bit | 0: One edge
bororodd IFSRO2 |4 1: Both edges RW
) ] ] ] ]
HE I R INT3 Pin Polarity Select Bit | 0: One edge
E E E E ----------- IFSR03 U] 1: Both edges RW
R INTZ Pin Polarity Select Bit | 0: One edge
E E E -------------- IFSR04 U] 1: Both edges RW
Vo TNT5 Pin Polarity Select Bit | 0: One edge
E E feommmmmmeeeee IFSRO5 M 1: Both edges RW
) ]
HE 0: Bus collision, START condition
E E detection, STOP condition detection
[ UARTO/UARTS Interrupt in UART3
E IFSRO06 Source Select Bit 1: Bus collision, START condition RW
H detection, STOP condition detection
' in UARTO
)
i 0: Bus collision, START condition
! detection, STOP condition detection
R 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 O (falling edge) (i = 0 to 5).

11. Interrupts

Figure 11.9

IFSRO Register
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External Interrupt Request Source Select Register 1

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
IFSR1 4406Dh XOXX XXXXb

1 ] ] 1 1 ] 1 1

I T T R T

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

E E AR — No register bits; should be written with 0 and read as undefined .

' (b5-b0) value

ol 0: Bus collision, START condition

P detection, STOP condition detection

P UARTS5/UARTS Interrupt in UART5

E __________________ IFSR16 Source Select Bit 1: Bus collision, START condition RW

! detection, STOP condition detection

! in UART6

1

e — No register bit; should be written with 0 and read as undefined .

(b7) value

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_5KA O (F

FHCL—_

~_ ASEL bitin the
P10_4S register

P10_4/KT0 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 I/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

1
! 1
Bit 2 i :
Q) {1 Q\¢ | Intelligent 1/O
Interrupt request —|—1>—|:|—:——o terrane roquest

_________________

Bit 1 Notes:
1. Refer to Figures 11.13 and 11.14 for bits 1
Bit 2 to 7 in registers IIOiIR and IIOIIE and their
it

respective interrupt request sources.

2. Bits 1 to 7 in the lIOIIR 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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Intelligent 1/O Interrupt Request Registeri (i=0to 11)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
[ | [o] [o] | IXI  1100IRto11011IR  Refer to the table below 2207 0221b ™
R
1 ] ] 1 1 1 1 1
i E E E i i i E Bit Symbol Bit Name Function RW
1 ] ] ] 1 1 1 1
i E E E i i i - (5) No register bit; this bit is read as 1 —
1 ] ] 1 1 1 1
1 ] ] 1 1 1 1
P 0: No interrupt requested
i E E E i i I (Note 2) 1: Interrupt requested @ RW
1 ] ] 1 1 ]
o 0: No interrupt requested
1 ] ] 1 1 |,
T (Note 2) 1: Interrupt requested @ RW
1 ] ] ] 1
[ T T | .
R EE PP Reserved Should be written with 0 RW
P (b3)
1 ] ] 1 .
[ 0: No interrupt requested
i E E (Note 2) 1: Interrupt requested @ RW
1 ] ]
i E P (b_5) Reserved Should be written with 0 RW
1 ]
1 ]
t 0: No interrupt requested
1 e e ——————)
H (Note 2) 1: Interrupt requested ©) RW
1
H 0: No interrupt requested
1
(Note 2) 1: Interrupt requested ©) RW
Notes
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.

Bit Symbols for the Intelligent I/O Interrupt Request Register

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/POOOR —
IIO2IR | 00A2h — — — — — TM12R/PO12R — —
IIO3IR | 00A3h — — — — — TM10R/PO10R | TMO3R/PO03R —
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 — — TM11R/PO11R —
IIO9IR | 00AS%h — — — — — — TM15R/PO15R —
IIO10IR | 00AAh — — — — — — TM16R/PO16R —
II011IR | 00ABh — — — — — — TMO1R/PO01R —

BTxR: Intelligent /O group x base timer interrupt request (x = 0 to 2)
TMxyR: Intelligent /O 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 I/O group 2 IEBus interrupt request (z = 0 to 2)
SIO2RR: Intelligent I/O group 2 receive interrupt request
SIO2TR: Intelligent I/O group 2 transmit interrupt request

Figure 11.13 Registers IIO0IR to lI011IR
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Intelligent 1/O Interrupt Enable Register i (i=0to 11)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
L[ o] [o] [ ] ] 100Eto011IE  Referto the table below. 0000 0000b
HEEEEEE
1 ] ] 1 1 1 1 1
i E E E i i E i Bit Symbol Bit Name Function RW
R S T R T B .. | 0: Use interrupt requests for DMA or
i E E i i i i ] IRLT (I2r1)terrupt Request Select Bit DMA I RW
v 1: Use interrupt requests for interrupt
i E E i i i E ______ (Note 1) 0: Disable the.interrupt of b_it 1 .in the IIQiIR register RW
o 1: Enable the interrupt of bit 1 in the IIOIIR register
1 ] ] 1 1 1
e 0: Disable the interrupt of bit 2 in the l10iIR register
T A (Note 1) 1: Enable the interrupt of bit 2 in the lIOIIR register RW
1 ] ] 1 1
1 ] ] 1 1
T R R R - Reserved Should be written with 0 RW
b 0%
P 0: Disable the interrupt of bit 4 in the I10iIR register
i E E ______________ (Note 1) 1: Enable the interrupt of bit 4 in the IIOiIR register RW
1 ] ]
1 ] ] —_— . .
i E ---------------- (b5) Reserved Should be written with 0 RW
1 ]
o] 0: Disable the interrupt of bit 6 in the lIOiIR register
H (Note 1) 1: Enable the interrupt of bit 6 in the IIOiIR register RW
1
e 0: Disable the interrupt of bit 7 in the IIOIIR register
(Note 1) 1: Enable the interrupt of bit 7 in the IIOiIR 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, 2, 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/POO2E | IRLT
IIO1IE | 00B1h — — — — — TM14E/PO14E | TMOOE/POOOE | IRLT
IIO2IE | 00B2h — — — — — TM12E/PO12E — IRLT
IIO3IE | 00B3h — — — — — TM10E/PO10E [ TMO3E/POO3E | IRLT
IIO4IE | 00B4h — — — BT1E — TM17E/PO17E [ TMO4E/POO4E | IRLT
IIO5IE | 00B5h — — — SIO2RE — PO21E TMO5E/POO5E | IRLT
IIO6IE | 00B6h — — — SIO2TE — PO20E TMO6E/POO6E [ IRLT
IIO7IE | 00B7h IEOE — — BTOE — PO22E TMO7E/POO7E | IRLT
IIO8IE | 00B8h IE1E IE2E — BT2E — — TM11E/PO11E| IRLT
IIO9IE | 00BSh — — — — — — TM15E/PO15E | IRLT
II010IE | 00BAh — — — — — — TM16E/PO16E| IRLT
IIO111E | 00BBh — — — — — — 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)
POxyE: Intelligent /O group x waveform generation channel y interrupt enabled (x =0to 2; y=01to 7)
IEZE: Intelligent 1/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
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 5). 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 5) is changed by the following bits: bits
POL, LVS in the INTIIC register, the IFSROi bit (i = 0 to 5) in the IFSRO 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.
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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 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 CMO06 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.

The watchdog timer has a prescaler which divides the peripheral bus clock by 16 or 128. To select the divide
ratio, set the WDCY7 bit in the WDC register.

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.

The general formula to calculate a watchdog timer period is:

Prescaler divisor (16 or 128) x 32768
Peripheral bus clock frequency

Watchdog timer period =

For example, when the peripheral bus clock is 1/2 of 50 MHz CPU clock and the prescaler has a divide-by-
16 operation, the watchdog timer period is approximately 21 ms. 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, both the watchdog timer and the prescaler are stopped. They start counting when a write
operation to the WDTS register is performed.

Figure 12.1 shows a block diagram of the watchdog timer. Figures 12.2 and 12.3 show registers associated
with the watchdog timer.
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-nﬁ;és-(;;;;;-" Watchdog timer
i 16 0WDC7 CM060 interrupt request
Peripheral bus clock ! 1 o\c Watchdog timer o/'<> 1 d
HOLD 1 1/128 o o »
! 7y Reset
Write to the WDTS register —l_\—\ Set to
RESET O gl> l_/—/ 7FFFh
CMO6: Bit in the CMO register
WDCY7: Bit in the WDC register
Figure 12.1 Watchdog Timer Block Diagram
Watchdog Timer Control Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[Jofo[ [ [ || ] wbc 4404Fh 000X XXXXb
R
i i i i i i i i Bit Symbol Bit Name | Function RW
i i i -------------- (b4-b0) Upper 5 bits of the watchdog timer (b14 to b10) RO
1 1 1
1 1 1 _— . .
i R LD (b6-b5) Reserved Should be written with 0 RW
1 . .
e oo WDC7 Prescaler Select Bit (! (1) g:z:g::gj 28 RW
Note:
1. Set this bit before activating the watchdog timer.
Figure 12.2 WDC Register
Watchdog Timer Start Register
b7 b0 Symbol Address Reset Value
| | wbTs 4404Eh Undefined
Function RwW

The watchdog timer is initialized by a write access. Then it starts counting
e downward. Regardless of the value written to, 7FFFh is set as the default value by | WO
writing this register

Figure 12.3 WDTS Register
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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

DMAO 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 ()
DMAZ3 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
Interrupt requests from timers AO to A4

Interrupt requests from timers B0 to B5

Transmit/receive interrupt requests from UARTO to UARTS8

A/D conversion interrupt requests

Intelligent 1/O 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 MDi0 are set to 00b (DMA transfer disabled)
stop Repeat transfer |When bits MDi1 and MDi0O 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

N 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

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
DIXI [ [ | | | ] DMmosL2 to DM3SL2 44070h, 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] sk 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 (1) 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
. 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 (1) |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 |[UARTZ2 transmit interrupt request

1 0 0 1 1 |UART2 receive interrupt request or ACK interrupt request (3)

1 0 1 0 0 |UART3 transmit interrupt request UARTS transmit interrupt request

1010 1 UARTS3 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 Irntelligent /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 1/0
interrupt 1 request interrupt 8 request interrupt 3 request interrupt 10 request

1101 1 Iptelligent I/O Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 2 request interrupt 9 request interrupt 4 request interrupt 11 request

11100 Iptelligent I/0 Iptelligent 1/0 Iptelligent /0 Iptelligent /0
interrupt 3 request interrupt 10 request interrupt 5 request interrupt 0 request

1110 1 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 4 request interrupt 11 request interrupt 6 request interrupt 1 request

11110 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 5 request interrupt 0 request interrupt 7 request interrupt 2 request

1111 1 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/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= 0 to 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).
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Table 13.3 DMIiSL2 Register Functions (i = 0 to 3)

Setting Value DMA Request Source

b4 b3 b2 b1 b0 DMAO | DMA1 |

DMA2

DMA3

o
o

0 Software trigger

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

UARTY transmit interrupt request

UARTY receive interrupt request

UARTS transmit interrupt request

UARTS receive interrupt request

Reserved

Reserved

Reserved

Al Al Al Al Al Al Al Al Al Al Al Al Al Al Al ol ool o O O o ol o o o o o o ol o

alalalalalalala|lo|olololooo|o| a| al a4l ol ol ol a|lo]o| oo o oo
alalalalololo|o|a|alalaloo|o|o| al al 2l oo o| oo -l 2l 2l oo oo
alalolo]alaloo|a|laloo - a|o|o| a| alolof o a|o|o| a2l o o - 4|l
alo|alo=aloa|loa|loalo alo a|lo|alo =|o oo a|lo 2o oo | -alo

Reserved
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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
RERRERE . oo
by b4 e MDIo 0 0:DMA transfer disabled RW
A Transfer Mode Select Bit @ | 0 1 : Single transfer
T T N S MDi1 1 0 : Do not use this combination RW
i E E E i i 1 1 : Repeat transfer
T T T R ) 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 ) 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 O Qymbol Address Reset Value
e | ! | DpcTotobcTs (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 b16H1S 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 b8b7 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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Transfer Mode (MOD) ™
When multiple transfer is not selected (MULT = 0)
b15 b8 b7 b0
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 a