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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 all MPU/MCU products from Renesas. For detailed usage notes

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

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

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

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

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

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

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

signal has stabilized.

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

Differences between Products

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

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




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 28 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/116 Group includes the documents listed below. Verify this manual is the latest version by visiting
the Renesas Electronics website.

Software/Software
Manual

Type of Document Contents Document Name Document Number
Datasheet Overview of Hardware and Electrical | R32C/116 Group R01DS0063EJ0120
Characteristics Datasheet
User’s Manual: Specifications and detailed R32C/116 Group This publication
Hardware descriptions of: User’s Manual:
-pin layout Hardware
-memory map
-peripherals
-electrical characteristics
-timing characteristics
Refer to the Application Manual for
peripheral usage.
User’s Manual: Descriptions of instruction set R32C/100 Series REJ09B0267-0100

Software Manual

Application Note

-Usages

-Applications

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

Renesas Technical
Update

Bulletins on product specifications,
documents, etc.

Available on the Renesas Electronics

website.




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

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

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




3.

Registers

The following illustration describes registers used throughout this manual.

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

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

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

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

\ [~

AR

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

p o mmmmmmemmmmees eeeh A

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

1:00cee

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

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

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

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

*2

*3

*4




4. Abbreviations and Acronyms

The following acronyms and terms are used throughout this manual.

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

All trademarks and registered trademarks are the property of their respective owners.
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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, and watchdog timer
enables to minimize external components.

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

1.1.1 Applications

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

RO1UH0210EJ0120 Rev.1.20 RRENESAS Page 1 of 520
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R32C/116 Group

1. Overview

1.1.2

Performance Overview

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

Table 1.1

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

Unit

Function

Explanation

CPU

Central
processing unit

R32C/100 Series CPU Core

* Basic instructions: 108

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

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

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

* IEEE-754 compatible FPU: Single precision

* 32-bit barrel shifter

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

Memory

Flash memory: 384 Kbytes to 1 Mbyte

RAM: 40 K/48 K/63 Kbytes

Data flash: 4 Kbytes x 2 blocks

Refer to Table 1.5 for each product’'s memory size

Voltage
Detector

Low voltage
detector

Optional (1)
Low voltage detection interrupt

Clock

Clock generator

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

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

» Low power modes: Wait mode, stop mode

External Bus

Bus and memory

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

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

External interrupt inputs: N
Interrupt priority levels: 7

I, INT x 9, key input x 4

Watchdog Timer

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

DMA

DMAC

4 channels

* Cycle-steal transfer mode

* Request sources: 57

» 2 transfer modes: Single transfer, repeat transfer

DMAC I

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

I/0O Ports

Programmable
I/0O ports

* 2 input-only ports

* 120 CMOS /O ports (of which 32 are 5 V tolerant)

* A pull-up resistor is selectable for every 4 input ports (except 5 V
tolerant inputs)

Note:

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

RO1UH0210EJ0120 Rev.1.20
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R32C/116 Group 1. Overview

Table 1.2 Performance Overview for the 144-pin Package (2/2)

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

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

Serial UARTO to UARTS |Asynchronous/synchronous serial interface x 9 channels

Interface * 12C-bus (UARTO to UART®)

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

A/D Converter 10-bit resolution x 34 channels
Sample and hold functionality integrated
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 1/0O Time measurement (input capture): 16 bits x 16

Waveform generation (output compare): 16 bits x 24

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

Multi-master 12C-bus Interface 1 channel

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

Security protection: ROM code protect, ID code protect

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

Operating Frequency/Supply 64 MHz (high speed version)/VCC =3.0t0 5.5V
Voltage 50 MHz (normal speed version)/VCC =3.0t0 5.5V
Operating Temperature -20°C to 85°C (N version)

-40°C to 85°C (D version)

-40°C to 85°C (P version)

Current Consumption 45 mA (VCC =5.0V, f(CPU) = 64 MHz)

35 mA (VCC =5.0V, f(CPU) = 50 MHz)

8 pA (VCC = 3.3V, f(XCIN) = 32.768 kHz, in wait mode)

Package 144-pin plastic molded LQFP (PLQP0144KA-A)

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

1. Overview

Table 1.3

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: 15.625 ns (f(CPU) = 64 MHz)

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

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

* IEEE-754 compatible FPU: Single precision

* 32-bit barrel shifter

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

Memory

Flash memory: 384 Kbytes to 1 Mbyte

RAM: 40 K/48 K/63 Kbytes

Data flash: 4 Kbytes x 2 blocks

Refer to Table 1.5 for each product’'s memory size

Voltage
Detector

Low voltage
detector

Optional (1)
Low voltage detection interrupt

Clock

Clock generator

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

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

» Low power modes: Wait mode, stop mode

External Bus
Expansion

Bus and memory
expansion

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

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

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

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

I/0O Ports

Programmable
I/0O ports

* 2 input-only ports

* 84 CMOS /O ports (of which 32 are 5V tolerant)

* A pull-up resistor is selectable for every 4 input ports (except 5V
tolerant inputs)

Note:

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

1. Overview

Table 1.4 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 UART®6)
* Special mode 2 (UARTO to UART®6)
« |[EBus (optional (1)) (UARTO to UART®)

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))

Multi-master 12C-bus Interface

1 channel

Flash Memory

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

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

Operating Frequency/Supply
Voltage

64 MHz (high speed version)/VCC =3.0t0 5.5V
50 MHz (normal speed version)/VCC =3.0t0 5.5V

Operating Temperature

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

Current Consumption

45 mA (VCC = 5.0 V, f(CPU) = 64 MHz)
35 mA (VCC = 5.0 V, f(CPU) = 50 MHz)
8 BA (VCC = 3.3V, f(XCIN) = 32.768 kHz, in wait mode)

Package

100-pin plastic molded LQFP (PLQP0100KB-A)

Note:

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

1. Overview

1.2

Product Information

Tables 1.5 and 1.6 list the product information and Figure 1.1 shows the details of the part number.

Table 1.5 R32C/116 Group Product List for Normal Speed Version (1/2) As of February, 2013
Part Number Package Code (1) | ROM Capacity (2) | RAM Capacity Remarks
R5F64165NFD P) -20°C to 85°C (N version)
R5F64165DFD PLQP0144KA-A -40°C to 85°C (D version)
R5F64165PFD 384 Kbytes -40°C to 85°C (P version)
R5F64165NFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64165DFB PLQPO100KB-A -40°C to 85°C (D version)
R5F64165PFB -40°C to 85°C (P version)
40 Kbytes -
R5F64166NFD P) -20°C to 85°C (N version)
R5F64166DFD PLQP0144KA-A -40°C to 85°C (D version)
R5F64166PFD 512 Kbytes -40°C to 85°C (P version)
R5F64166NFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64166DFB PLQP0O100KB-A -40°C to 85°C (D version)
R5F64166PFB -40°C to 85°C (P version)
R5F64167NFD (P) -20°C to 85°C (N version)
R5F64167DFD PLQPO0144KA-A -40°C to 85°C (D version)
R5F64167PFD 640 Kbytes -40°C to 85°C (P version)
R5F64167NFB (P) + 8 Kbytes 48 Kbytes -20°C to 85°C (N version)
R5F64167DFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64167PFB -40°C to 85°C (P version)
R5F64168NFD (P) -20°C to 85°C (N version)
R5F64168DFD PLQPO0144KA-A -40°C to 85°C (D version)
R5F64168PFD 768 Kbytes -40°C to 85°C (P version)
R5F64168NFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64168DFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64168PFB -40°C to 85°C (P version)
63 Kbytes -
R5F64169NFD (P) -20°C to 85°C (N version)
R5F64169DFD PLQPO0144KA-A -40°C to 85°C (D version)
R5F64169PFD 1 Mbyte -40°C to 85°C (P version)
R5F64169NFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64169DFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64169PFB -40°C to 85°C (P version)

(P): On planning phase

Notes:

1. The old package codes are as follows:
PLQPO100KB-A: 100P6Q-A; PLQP0144KA-A: 144P6Q-A

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

RO1UH0210EJ0120 Rev.1.20
Feb 18, 2013
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R32C/116 Group

1. Overview

Table 1.6 R32C/116 Group Product List for High Speed Version (2/2) As of February, 2013
Part Number Package Code (1) | ROM Capacity (2) | RAM Capacity Remarks
R5F64165HNFD  (P) -20°C to 85°C (N version)
R5F64165HDFD PLQPO0O144KA-A -40°C to 85°C (D version)
R5F64165HPFD 384 Kbytes -40°C to 85°C (P version)
R5F64165HNFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64165HDFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64165HPFB -40°C to 85°C (P version)
40 Kbytes -
R5F64166HNFD P) -20°C to 85°C (N version)
R5F64166HDFD PLQPO0O144KA-A -40°C to 85°C (D version)
R5F64166HPFD 512 Kbytes -40°C to 85°C (P version)
R5F64166HNFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64166HDFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64166HPFB -40°C to 85°C (P version)
R5F64167HNFD  (P) -20°C to 85°C (N version)
R5F64167HDFD PLQPO0O144KA-A -40°C to 85°C (D version)
R5F64167HPFD 640 Kbytes -40°C to 85°C (P version)
R5F64167HNFB (P) + 8 Kbytes 48 Kbytes -20°C to 85°C (N version)
R5F64167HDFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64167HPFB -40°C to 85°C (P version)
R5F64168HNFD  (P) -20°C to 85°C (N version)
R5F64168HDFD PLQPO0O144KA-A -40°C to 85°C (D version)
R5F64168HPFD 768 Kbytes -40°C to 85°C (P version)
R5F64168HNFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64168HDFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64168HPFB -40°C to 85°C (P version)
63 Kbytes -
R5F64169HNFD P) -20°C to 85°C (N version)
R5F64169HDFD PLQPO0O144KA-A -40°C to 85°C (D version)
R5F64169HPFD 1 Mbyte -40°C to 85°C (P version)
R5F64169HNFB (P) + 8 Kbytes -20°C to 85°C (N version)
R5F64169HDFB PLQP0100KB-A -40°C to 85°C (D version)
R5F64169HPFB -40°C to 85°C (P version)

(P): On planning phase

Notes:

1.  The old package codes are as follows:
PLQPO100KB-A: 100P6Q-A; PLQP0144KA-A: 144P6Q-A

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

RO1UH0210EJ0120 Rev.1.20
Feb 18, 2013
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R32C/116 Group 1. Overview

Part Number
R5F 64 1

[92]

9 XX FD

I— Package Code
FB : PLQP0100KB-A
FD: PLQP0144KA-A

ROM Number
Omitted in the flash memory version

Temperature Code
N:-20°C to 85°C
D:-40°C to 85°C
P :-40°C to 85°C

Rated Operating Frequency
H : 64 MHz (High speed version)
None : 50 MHz (Normal speed version)

ROM/RAM Capacity
5:384 KB/40 KB
6 : 512 KB/40 KB
7 : 640 KB/48 KB
8 : 768 KB/63 KB
9:1 MB/63 KB

R32C/116 Group
R32C/100 Series

Memory Type
F : Flash memory version

Figure 1.1 Part Numbering

RO1UH0210EJ0120 Rev.1.20 RENESAS Page 8 of 520
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R32C/116 Group

1. Overview

1.3

Block Diagram

Figure 1.2 shows the block diagram for the R32C/116 Group.

8 8 8 % 8 %8 8
I | PortPo | | PortP1 | [ PortP2 | [ PortP3 | [ PortP4 | [ PortP5 | | PortP6 I
| ) — |
| Peripherals A/D converter: Clock generator: .
. L 4 circuits g J*_>
; 10 bits x 1 circuit 3
Timers: P - XIN-XOUT T
' Timer A 16 bits x 5 timers MSta.”da“,"qu e - XCIN-XCOUT I e
| Timer B 16 bits x 6 timers aximum: % nputs - On-chip oscillator — |
I Three-phase motor — - - PLL frequency synthesizer - |
controller /A converter: g 4_|;r>
| 8 bits x 2 channels Watchdog timer: I <
| Serial interface: 15 bits L] !
| 9 channels X-Y converter: _ |
16 bits x 16 bit
| _ s x oot | DMAC | o 1
Multi-master 12C-bus @
| interface: CRC calculator (CCITT) o |
| 1 channel X716+ X124 X5+ 1 | DMAC I | I
| Intelligent /O R32C/100 Series CPU Core Memory e |
| Time measurement: 16 <>
Wave generation: 24 2 FLG 3 |
| Serial interface: INTB L ®
| - Variable-length ISP RAM — | <
: USP
synchronous serial I/O PC 3
| - IEBus SVF =3 A*}
SVP ol X ]
i VeT Multiplier 2 | foe)
| | Floating-point unit | I
[ PortP15 | | PortP14 | [ PortP14_1 | | PortP13 | [ PortP12 | [ PortP11 | I
|_ i ﬁ 4% % % J
8 v 4 8 8 5
(Note 4)
Notes:
1. The 144-pin package has 34 inputs. The 100-pin package can have up to 26 inputs.
2. The 144-pin package has 24 outputs. The 100-pin package has 19 outputs.
3. The 144-pin package has eight ports. The 100-pin package has five I/O ports and one input-only port
(P9_1).
4. Ports P11 to P15 are only available in the 144-pin package.
Figure 1.2 R32C/116 Group Block Diagram
R0O1UH0210EJ0120 Rev.1.20 -IENESAS Page 9 of 520
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R32C/116 Group

1. Overview

1.4

Pin Assignments

Figures 1.3 and 1.4 show the pin assignments (top view) and Tables 1.7 to 1.13 list the pin characteristics.

1100_0/1101_0/D8/P1_0
ANO_7 /D7 /PO_7

ANO_6 /D6 / PO_6

ANO_5/D5/P0_5

ANO_4 /D4 /P0_4

WR3/BC3/P11_4

1101_3 /CTS8 / RTS8/ WR2/ TS3/P11_3
1101_2/RXD8 / TS2/ P11_2

1101_1/ CLK8 /TST/ P11_1

1101_0/ TXD8 /TS0 / P11_0

ANO_3/D3/P0_3

ANO_2/D2/P0_2

ANO_1/D1/P0_1

ANO_0 /D0 /P0_0

1100_7 / CTTS6 / RTS6 / SS6 / AN15_7 / P15_7
1100_6 / CLK6 / AN15_6 / P15_6

1100_5 / RXD6 / SCL6 / STXDG / AN15_5 / P15_5
1100_4 / TXD6 / SDAG / SRXD6 / AN15_4 / P15_4
1100_3 / CTS7 /RTST/ AN15_3/P15_3

1100_2/ RXD7 / AN15_2/ P15_2

1100_1/ CLK7 / AN15_1/P15_1

vss

1100_0 / TXD7 / AN15_0/ P15_0

vee

KI3/AN_7 /P10_7
2/AN_6/P10_6
T/AN_5/P10_5
0/AN_4/P10_4
AN_3/P10_3
AN_2/P10_2
AN_1/P10_1
AVSS
AN_0/P10_0
VREF

AVCC
RXD4/SCL4 / STXD4 / ADTRG / P9_7

333

Notes:

[TATETRETE S 1 E4E3 0488880888 88484s

@]

>

\9/D9] / TA30UT / UDOB / UD1B
D15]/ TA4IN /T

D1

——————— o o
a

111111111
BBl EEE EEEEEE

[92] <« P3_0/A8/[A8/D8]/ TAOOUT / UDOA/ UD1A
[75] «—> P4_2/A18/RXD3/SCL3/STXD3/ISRXD2 / IEIN

[76] «>» P4_0/A16/CTS3/RTS3/5S3

)
[0] «>» P
[] <> P
[] «> P
[=]

vce

[7] <> P

4_3/ A19/ TXD3 / SDA3 / SRXD3 / OUTC2_0 / ISTXD2 / [EOUT

O

R32C/116 Group

PLQPO0144KA-A
(144P6Q-A)
(Top view)

O

TETEIETE

O I R R o R R R R R

7

%
]
Ea}
=
=
=
|
=
=
]
=
[=]
]
=
=]
[
[]
[e=]
=]
Eal

0 5 2 0 T O 0 0 . o o .
©6 % N =0 © W TGS ONNOE D Z QDTN O NGB o N
ololololalelalss <2820 ol 3LRO e oo
RRRRRRRTTITTOTCZ2REMD PERRRREEEREERER
\\\\\\\ & zitp ceoEgrrraazst
ssz-ozzz zZe SEBZEZE zez
XR2IZZZ © z5 ‘E‘F‘FE*:*D 252
4ucoodag ‘5 Qg ZeEEz223 08
<TzzEEE = S g ag's CzE
SISaong [ER="Ra >Ez
I3 et Sz
Z38838%2 S3¥353238
X3~~zE0O BZog ‘m\g
% BB22 02 5% o g =
S BB ER20 N3
3 2923 B a2 BoQ
2 5Epag ©5S s @2 x
2 kkw@ Ez225k b
3 EEgg 8382258 o
3 FmiR oS e ‘F o]
a3 ‘ﬂ‘,"_’F’I o528 6 3
cbEz ag7E g g
oY 59 2 8

oS EP £ e

S8 ER- ez

[=l'4 8> = w

26 S= g =

57 - < = o

2 a5 2 8

S, 5 < 2

o o} 3 @

5 < S

o

o a8 o

2 5

e o

2 o

MSCL /I

1. Pin names in brackets [ ] represent a functional signal as a whole and should not be considered as two separate pins.
2. The following pins are 5 V tolerant inputs: P4_0 to P4_7, P5_4 to P5_7, P6_0 to P6_7, P7_0 to P7_7, and P8_0 to P8_3.
3. The position of pin number 1 varies by product. Refer to the index mark in attached “Package Dimensions”.

P4_4/TS3/ A20 / TTSG / RTSG / SS6
P4_5/TS2/A21/ CLKS

P4_6/TST/ A22/ RXD6 / SCL6 / STXD6
P4_7 TS0/ A23/ TXDG6 / SDAG / SRXDG
P12.5/D21

P12_6/D22

P12.7/D23

P5_0 /WR0/WR

P5_1 /WRT / BCT

P5_2/RD

P5_3/CLKOUT / BCLK
P13.0/D24/0UTC2_4
P13_1/D25/0UTC2_5

vee

P13_2/D26/0UTC2_6

vss

P13_3/D27/0UTC2_3

P5_4 /HLDA / TST/ TXD7

P5_5 /HOLD / CLK?

P5_6/ALE /TS2/ RXD7

P5_7 /RDY / CS3/ CTS7 | RTST
P13_4/D28/0UTC2_0/ISTXD2 / IEOUT
P13_5/D29/OUTC2_2/ISRXD2 / IEIN
P13_6/D30/OUTC2_1/ISCLK2
P13_7/D31/0UTC2_7

P6_0/TBOIN / CTS0/ RTS0 /550
P6_1/TB1IN/ CLKO
P6_2/TB2IN/RXDO / SCLO / STXDO
P6_3/TXDO / SDAO / SRXDO

P6_4 /CTST /RTST/S5T/0UTC2_1/1SCLK2
P6_5/CLK1

vss

P6_6/RXD1/SCL1/STXD1

vee

P6_7/TXD1/SDA1 / SRXD1
P7_0/TAOOUT / TXD2 / SDA2 | SRXD2 / l01_6 / OUTC2_0 /ISTXD2 / IEOUT / MSDA

(Note 2)

Figure 1.3

Pin Assignment for the 144-pin Package (top view)

RO1UH0210EJ0120 Rev.1.20
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R32C/116 Group

1. Overview

Table 1.7 Pin Characteristics for the 144-pin Package (1/4)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og B”Sgi‘:‘tm'
1 P9 6 TXD4/SDA4/SRXD4 ANEX1
2 P9 5 CLK4 ANEX0
3 P9 4 TB4IN CTS4/RTS4/SS4 DA1
4 P9 3 TB3IN CTS3/RTS3/SS3 DAO
5 P9 2 TB2IN TXD3/SDA3/SRXD3  |OUTC2_0/ISTXD2/
IEOUT
6 P9_1 TB1IN RXD3/SCL3/STXD3  [ISRXD2/IEIN
7 P9 0 TBOIN CLK3
8 P14_6 |INT8
9 P14 5 |INT7
10 P14 4 |INT6
1 P14 3
12 |VDCO
13 P14_1
14 |VDCH1
15 |NSD
16 |CNVSS
17 |XCIN |P8_7
18 |XCOUT |P8_6
19  |RESET
20 |XOouT
21 |VSS
22 |XIN
23 |VCC
24 P8 5 |NMI
25 P8 4 [INT2
26 P8 3 |INTT
27 P8_2 |INTO
28 P8_1 TA4IN/U |CTS5/RTS5/SS5 1101_5/UDOB/UD1B
29 P8 0 TA40UT/U |RXD5/SCL5/STXD5  |UDOA/UD1A
30 P7_ 7 TA3IN CLK5 1101_4/UDOB/UD1B
31 P7_ 6 TA30UT | TXD5/SDA5/SRXD5/  |I01_3/UDOA/UD1A
CTS8/RTS8
32 P7 5 TA2INW  |RXDS8 o1 _2
33 P7_4 TA20UT/W |CLK8 1101_1
34 P7 3 TA1IN/V  |CTS2/RTS2/SS2/TXD8 |1101_0
35 P7 2 TA1OUT/V |CLK2
36 P7_1 TAOIN/ RXD2/SCL2/STXD2/  |ll01_7/0UTC2_2/
TB5IN MSCL ISRXD2/IEIN
RO1UH0210EJ0120 Rev.1.20 :{ENESAS Page 11 of 520

Feb 18, 2013




R32C/116 Group

1. Overview

Table 1.8 Pin Characteristics for the 144-pin Package (2/4)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent I/O Pin A':f;:]og Bus gi‘;““o'
37 P70 TAOOUT  |TXD2/SDA2/SRXD2/ |lI01_6/OUTC2_0/
MSDA ISTXD2/IEOUT
38 P6_7 TXD1/SDA1/SRXD1
39 |vCC
40 P6_6 RXD1/SCL1/STXD1
41 |VSS
42 P6_5 CLK1
43 P6_4 CTS1/RTS1/SST OUTC2_1/ISCLK2
44 P6_3 TXDO/SDAO/SRXDO0
45 P6_2 TB2IN RXDO0/SCLO/STXDO
46 P6_1 TB1IN CLKO
47 P6_0 TBOIN CTSO0/RTS0/SS0
48 P13 7 ouTC2_ 7 D31
49 P13 6 OUTC2_1/ISCLK2 D30
50 P13_5 OUTC2_2/ISRXD2/ D29
IEIN
51 P13 4 OUTC2_0/ISTXD2/ D28
IEOUT
52 P5 7 CTS7/RTS7 RDY/CS3
53 P5 6 RXD7 ALE/CS2
54 P5 5 CLK7 HOLD
55 P5 4 TXD7 HLDA/CST
56 P13 3 ouTC2_3 D27
57 |VSS
58 P13 2 OuUTC2_6 D26
59 |vCC
60 P13_1 ouTC2_ 5 D25
61 P13 0 ouTC2_4 D24
62 P5 3 CLKOUT/
BCLK
63 P5 2 RD
64 P5 1 WR1/BC1
65 P5 0 WRO/WR
66 P12_7 D23
67 P12_6 D22
68 P12_5 D21
69 P4 7 TXD6/SDAG/SRXD6 CS0/A23
70 P4 6 RXD6/SCL6/STXD6 CS1/A22
71 P4 5 CLK6 CS2/A21
72 P4 4 CTS6/RTS6/SS6 CS3/A20
73 P4 3 TXD3/SDA3/SRXD3  |OUTC2_0/ISTXD2/ A19
IEOUT
74 |vVCC
RO1UH0210EJ0120 Rev.1.20 :{ENESAS Page 12 of 520
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R32C/116 Group 1. Overview
Table 1.9 Pin Characteristics for the 144-pin Package (3/4)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent /O Pin A':f;:]og Bus gi‘:’tro'

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

76 |VSS

77 P4_1 CLK3 A17

78 P4 0 CTS3/RTS3/SS3 A16

79 P3 7 TA4IN/U A15(/D15)

80 P3 6 TA40UT/U A14(/D14)

81 P3 5 TA2IN/W A13(/D13)

82 P3 4 TA20UT/W A12(/D12)

83 P3 3 TA1INNV A11(/D11)

84 P3 2 TA10UTV A10(/D10)

85 P3 1 TA30UT UDOB/UD1B A9(/D9)

86 P12 4 D20

87 P12 3 CTS6/RTS6/SS6 D19

88 P12_2 RXD6/SCL6/STXD6 D18

89 P12_1 CLK6 D17

90 P12_0 TXD6/SDA6/SRXD6 D16

91 |vCC

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

93 |VSS

94 P2 7 AN2_7 |A7(/D7)

95 P2 6 AN2_6 |AB(/D6)

96 P2 5 AN2_5 |A5(/D5)

97 P2 4 AN2_4 |A4(/D4)

98 P2 3 AN2_3 |A3(/D3)

99 P2 2 AN2_2 |A2(/D2)

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

101 P2 0 AN2_0  |A0(/DO)/
BCO(/DO)

102 P1_7 |INT5 1100_7/1101_7 D15

103 P1_6 |INT4 1100_6/1101_6 D14

104 P15 |INT3 1100_5/1101_5 D13

105 P1_4 1100_4/1101_4 D12

106 P13 1100_3/1101_3 D11

107 P1_2 1100_2/1101_2 D10

108 P1_1 1100_1/1101_1 D9

109 P1_0 1100_0/1101_0 D8

110 PO_7 ANO_7 |D7

111 P0_6 ANO_6 |D6

112 PO_5 ANO_5 |D5

13 PO_4 ANO_4 |D4

114 P11_4 BC3/WR3

RO1UHO210EJ0120 Rev.1.20 RENESAS Page 13 of 520

Feb 18, 2013




R32C/116 Group 1. Overview
Table 1.10  Pin Characteristics for the 144-pin Package (4/4)

Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘:’tro'
115 P11_3 CTS8/RTS8 o1 3 CS3/WR2
116 P11 _2 RXD8 o1 2 CS2
117 P11_1 CLK8 01_1 CS1
118 P11_0 TXD8 1101_0 CSo
119 PO_3 ANO_3 |D3
120 PO 2 ANO 2 |D2
121 PO_1 ANO_1 |D1
122 PO 0 ANO_0 |DO
123 P15 7 CTS6/RTS6/SS6 1100 7 AN15_7
124 P15 6 CLK6 1100_6 AN15_6
125 P15 5 RXD6/SCL6/STXD6  |I100_5 AN15_5
126 P15 _4 TXD6/SDAG/SRXD6  [[100_4 AN15_4
127 P15 3 CTS7/RTS7 1100 3 AN15_3
128 P15 2 RXD7 1100 _2 AN15_2
129 P15_1 CLK7 1100_1 AN15_1
130 |VSS
131 P15 0 TXD7 1100_0 AN15_0
132 |VCC
133 P10_7 |KI3 AN_7
134 P10_6 |KI2 AN_6
135 P10 5 |KIT AN_5
136 P10_4 |KIO AN_4
137 P10_3 AN_3
138 P10_2 AN _2
139 P10_1 AN_1
140 |AVSS
141 P10_0 AN_O
142 |VREF
143 |AVCC
144 P9 7 RXD4/SCL4/STXD4 ADTRG

RO1UH0210EJ0120 Rev.1.20 :{ENESAS Page 14 of 520
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R32C/116 Group

1. Overview

1100_2/1101_2/D10/P1_2
1100_1/1101_1/D9/P1_1
1100_0/1101_0/D8/P1_0
ANO_7/D7/P0_7

ANO_6 /D6 /P0_6

AN0_5/D5/P0_5

ANO_4/D4/P0_4

AN0_3/D3/P0_3

ANO_2/D2/P0_2

ANO_1/D1/P0_1

ANO_0/D0/P0_0

K3 /AN_7 /P10_7

K2/ AN_6/P10_6

KIT/AN_5/P10_5

KO /AN_4/P10_4

AN_3/P10_3

AN_2/P10_2

AN_1/P10_1

AVSS

AN_0/P10_0

VREF

Avce

RXD4 / SCL4 / STXD4 | ADTRG / P9_7
TXD4 / SDA4 / SRXD4 /| ANEX1/P9_6
CLK4 / ANEX0/ P9_5

(

P4
=}
I3
(]

Notes:
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R32C/116 Group
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(100P6Q-A)
(Top view)
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1101_2/RXD8 /W /TA2IN/P7_5 €

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

1101_0/TXD8 /CTS2/RTS2/SS2/V/TA1IN/P7_3

P4_2/A18/RXD3/ SCL3/ STXD3 / ISRXD2 / IEIN
P4_3/A19/TXD3/SDA3 / SRXD3 / OUTC2_0/ISTXD2 / IEOUT
P4_4/CS3/A20/ CTS6 / RTS6 / 556

P4_5/TS2/A21/CLK6

P4_6/TST/A22 / RXD6 / SCL6 / STXDE

P4_7/CS0/A23/TXD6 / SDA6 / SRXD6

P5_0/WR0/WR
P5_1/WRT/BCT
P5_2/RD

P5_3/CLKOUT /BCLK

P5_4 /HLDA/TST/TXD7
P5_5/HOLD / CLK7

P5_6/ ALE / CS2/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/TXDO0 / SDAO / SRXDO

P6_4 /CTST/RTS1/SST/0UTC2_1/1SCLK2
P6_5/CLK1
P6_6/RXD1/SCL1/STXD1
P6_7 / TXD1/SDA1 / SRXD1

(Note 2)

P7_0/TAOOUT / TXD2/ SDA2 / SRXD2 /1101_6 / OUTC2_0 / ISTXD2 / IEOUT / MSDA
P7_1/TAOIN / TB5IN / RXD2 / SCL2 / STXD2/1101_7 / OUTC2_2 / ISRXD2 / IEIN / MSCL

P7_2/TA10UT/V/CLK2

1. Pin names in brackets [ ] represent a functional signal as a whole and should not be considered as two separate pins.
2. The following pins are 5 V tolerant inputs: P4_0 to P4_7, P5_4 to P5_7, P6_0 to P6_7, P7_0 to P7_7, and P8_0 to P8_3.
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)
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R32C/116 Group

1. Overview

Table 1.11 Pin Characteristics for the 100-pin Package (1/3)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og B”Sgi‘:‘tm'
1 P9 4 TB4IN CTS4/RTS4/SS4 DA1
2 P9 3 TB3IN DAO
3 VDCO
4 P9 1
5 VDC1
6 NSD
7 CNVSS
8 XCIN |P8 7
9 XCOUT |P8_6
10 |RESET
1 XOUT
12 |VSS
13 |XIN
14 |VCC
15 P8 5 |NMI
16 P8 4 |INT2
17 P8 3 |INTT
18 P8_2 |INTO
19 P8 1 TA4IN/U  |CTS5/RTS5/SS5 1101_5/UDOB/UD1B
20 P8 0 TA40UT/U |RXD5/SCL5/STXD5  |UDOA/UD1A
21 P7 7 TA3IN CLK5 1101_4/UD0OB/UD1B
22 P7 6 TA30UT | TXD5/SDA5/SRXD5/  |II01_3/UDOA/UD1A
CTS8/RTS8
23 P7 5 TA2INW  |RXDS8 01 _2
24 P7 4 TA20UT/W |CLK8 101_1
25 P7 3 TA1INV  |CTS2/RTS2/SS2/TXD8 |1101_0
26 P7 2 TA1OUT/V |CLK2
27 P7_1 TAOIN/ RXD2/SCL2/STXD2/  |ll01_7/0UTC2_2/
TB5IN MSCL ISRXD2/IEIN
28 P7 0 TAOOUT  |TXD2/SDA2/SRXD2/ |lI01_6/QUTC2_0/
MSDA ISTXD2/IEQUT
29 P6_7 TXD1/SDA1/SRXD1
30 P6_6 RXD1/SCL1/STXD1
31 P6_5 CLK1
32 P6_4 CTS1/RTS1/SST OUTC2_1/ISCLK2
33 P6_3 TXDO/SDAO/SRXDO
34 P6_2 TB2IN RXDO0/SCLO/STXDO
35 P6_1 TB1IN CLKO
36 P6_0 TBOIN CTSO/RTS0/SS0
37 P5 7 CTS7/RTS7 RDY/CS3
38 P5_6 RXD7 ALE/CS2
RO1UH0210EJ0120 Rev.1.20 :{ENESAS Page 16 of 520
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R32C/116 Group

1. Overview

Table 1.12  Pin Characteristics for the 100-pin Package (2/3)
Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og Bus gi‘:’tro'

39 P5 5 CLK7 HOLD

40 P5 4 TXD7 HLDA/CS1

41 P5 3 CLKOUT/
BCLK

42 P5 2 RD

43 P5 1 WR1/BC1

44 P5 0 WRO/WR

45 P4 7 TXD6/SDA6G/SRXD6 CS0/A23

46 P4 6 RXD6/SCL6/STXD6 CS1/A22

47 P4 5 CLK6 CS2/A21

48 P4 4 CTS6/RTS6/SS6 CS3/A20

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

IEOUT

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

51 P4 1 CLK3 A17

52 P4 0 CTS3/RTS3/SS3 A16

53 P3_7 TA4IN/U A15(/D15)

54 P3_6 TA40UT/U A14(/D14)

55 P3 5 TA2IN/W A13(/D13)

56 P3_4 TA20UT/W A12(/D12)

57 P3 3 TA1INNV A11(/D11)

58 P3_2 TA1OUTV A10(/D10)

59 P3_1 TA30UT UDOB/UD1B A9(/D9)

60 |VCC

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

62 |VSS

63 P2 7 AN2_7 |A7(/D7)

64 P2 6 AN2_6 |AB(/D6)

65 P2 5 AN2_5 |A5(/D5)

66 P2 4 AN2_4  |A4(/D4)

67 P2 3 AN2_3 |A3(/D3)

68 P2 2 AN2_2 |A2(/D2)

69 P2_1 AN2_1  |A1(/D1)

70 P2 0 AN2_0  [AO(/DOY
BCO(/D0)

71 P1_7 |INT5 1100_7/1101_7 D15

72 P16 |INT4 1100_6/1101_6 D14

73 P15 |INT3 1100_5/1101_5 D13

74 P14 1100_4/1101_4 D12

75 P13 1100_3/1101_3 D11

R0O1UH0210EJ0120 Rev.1.20 RENESAS Page 17 of 520
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R32C/116 Group

1. Overview

Table 1.13  Pin Characteristics for the 100-pin Package (3/3)

Eg C‘;’?:‘" Port '“tﬁ,ri;“pt Timer Pin UART Pin Intelligent 1/0 Pin A':f;:]og B”Sgi‘:‘tm'
76 P12 1100_2/1101_2 D10
77 P1_1 1100_1/1101_1 D9
78 P10 1100_0/1101_0 D8
79 PO_7 ANO_ 7 |D7
80 P0_6 ANO 6 |D6
81 P0_5 ANO_5 |D5
82 PO_4 ANO 4 |D4
83 PO_3 ANO_3 |D3
84 PO _2 ANO 2 |D2
85 PO_1 ANO_1 |D1
86 P00 ANO 0 |DO
87 P10_7 |KI3 AN_7
88 P10 6 |KI2 AN_6
89 P10_5 |KIT AN_5
90 P10_4 |KIO AN 4
91 P10_3 AN_3
92 P10_2 AN_2
93 P10_1 AN _1
94  |AVSS
95 P10_0 AN_O
96 |VREF
97 |AvVCC
98 P9 7 RXD4/SCL4/STXD4 ADTRG
99 P9 6 TXD4/SDA4/SRXD4 ANEX1
100 P9 5 CLK4 ANEXO0
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R32C/116 Group

1. Overview

1.5 Pin Definitions and Functions

Tables 1.14 to 1.18 list the pin definitions and functions.

Table 1.14  Pin Definitions and Functions (1/4)
Function Symbol I/0 Description
Power supply VCC, VSS I Applicable as follows: VCC =3.0t0 5.5V, VSS =0V
Connecting pins |VDCO, VDCA1 A decoupling capacitor for internal voltage should be
for decoupling — |connected between VDCO and VDC1
capacitor
Analog power AVCC, AVSS | Power supply for the A/D converter. AVCC and AVSS
supply should be connected to VCC and VSS, respectively
Reset input RESET 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 10 This pin is to communicate with a debugger. It should be
connected to VCC via a resistor of 1 to 4.7 kQ
Main clock input | XIN | Input/output for the main clock oscillator. A crystal, or a
ceramic resonator should be connected between pins XIN
Main clock output |[XOUT and XOUT. An external clock should be input at the XIN
o while leaving the XOUT open
Sub clock input | XCIN | Input/output for the sub clock oscillator. A crystal oscillator
should be connected between pins XCIN and XCOUT. An
Sub clock output |XCOUT external clock should be input at the XCIN while leaving the
XCOUT open
BCLK output BCLK BCLK output
Clock output CLKOUT Output of the clock with the same frequency as low speed
clocks, 8, or f32
External interrupt |INTO to INT8 (1) | |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
Bus control pins |DO to D7 e Input/output of data (DO to D7) while accessing an external
memory space with a separate bus
D8 to D15 /0 Input/output of data (D8 to D15) while accessing an
external memory space with 16-bit or 32-bit separate bus
D16 to D31 (2 Input/output of data (D16 to D31) while accessing an
I/0 . .
external memory space with 32-bit separate bus
A0 to A23 O |Output of address bits A0 to A23
AO0/DO0 to A7/D7 Output of address bits (A0 to A7) and input/output of data
I/0 |(DO to D7) by time-division while accessing an external
memory space with multiplexed bus
A8/D8 to Output of address bits (A8 to A15) and input/output of data
A15/D15 I/O |(D8 to D15) by time-division while accessing an external
memory space with 16-bit or 32-bit multiplexed bus
Notes:
1. Pins INT6 to INT8 are available in the 144-pin package only.
2. Pins D16 to D31 are available in the 144-pin package only.
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R32C/116 Group 1. Overview

Table 1.15 Pin Definitions and Functions (2/4)

Function Symbol I/0 Description
Bus control pins |BC0/D0, BC2/D1 Output of byte control (BCO and BC2) and input/output of
(1 I/O |data (DO and D1) by time-division while accessing an
external memory space with multiplexed bus
CS0 to CS3 O |Chip select output
WRO/WR1/WR2/ Output of write, byte control, and read signals. Either WRx
WR3, or WR and BCx can be selected by a program.
WR/BCO/BC1/ Data is read when RD is low.
BC2/BC3,
RD (1) + When WR0, WR1, WR2, WR3, and RD are selected,

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

or
an even address, when WRO is low
an odd address, when WR1 is low
(0] on 16-bit external data bus

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

data is written, when WR is low

and

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

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

ALE O |Latch enable signal in multiplexed bus format

HOLD | |The MCU is in a hold state while this pin is held low
HLDA O |This pin is driven low while the MCU is held in a hold state
RDY Bus cycle is extended by the CPU if this pin is low on the

falling edge of BCLK

Note:
1. Pins BC2/D1, WR2, WRS3, BC2, and BC3 are available in the 144-pin package only.
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R32C/116 Group

1. Overview

Table 1.16  Pin Definitions and Functions (3/4)
Function Symbol I/0 Description

I/O port (1. 2) PO O0to PO 7, I/0O ports in CMOS. Each port can be programmed to input
P1_0toP1_7, or output under the control of the direction register.
P2 0toP2_ 7, Some ports are 5V tolerant inputs.
P3 0toP3 7, Pull-up resistors and N-channel open drain setting can be
P4 OtoP4 7, enabled on some ports. Refer to Table 1.18 “Pin
P5 0toP5 7, Specifications” for details
P6_0to P6_7,
P7_0to P7_7,
P8 0to P8 4, I/O
P8_6, P8_7,
P9 _0to P9 7,

P10_0to P10_7,
P11_0 to P11_4,
P12 _0to P12 7,
P13 0to P13_7,
P14 _3to P14_86,
P15 _0to P15_7

Input port (2)

P9_1 (for 100-pin
package)

P14 _1 (for 144-
pin package)

Input port in CMOS
Pull-up resistor is selectable.

Refer to Table 1.18 “Pin Specifications” for details

Timer A TAOOUT to /o Timers AO to A4 input/output
TA40UT
TAOIN to TA4IN I Timers AO to A4 input

Timer B TBOIN to TB5IN I Timers BO to B5 input

Three-phase

UuuyVv,v,w,w

Three-phase motor control timer output

motor control 0]
timer output
Serial interface  |CTSO0 to CTS8 | |Handshake input
RTSO to RTS8 O |Handshake output
CLKO to CLK8 I/0  |Transmit/receive clock input/output
RXDO0 to RXD8 I Serial data input
TXDO to TXD8 O |Serial data output
[2C-bus SDAO to SDA6 /O |Serial data input/output
(simplified) SCLO to SCL6 I/O |Transmit/receive clock input/output
Serial interface STXDO to 0 Serial data output in slave mode
special functions |STXD6
SRXDO to | Serial data input in slave mode
SRXD6
SS0 to SS6 I Input to control serial interface special functions

Notes:

1. Port P9_1 in the 100-pin package is an input-only port.
2. Ports P9_0, P9_2, and P11 to P15 are available in the 144-pin package only.
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R32C/116 Group 1. Overview

Table 1.17  Pin Definitions and Functions (4/4)

Function Symbol I/0 Description
A/D converter AN_0to AN_7, Analog input for the A/D converter
ANO_0 to ANO_7,
AN2 _0to AN2 7, I
AN15 0Oto
AN15_7 (1)
ADTRG | |External trigger input for the A/D converter
ANEXO0 10 Expanded analog input for the A/D converter and output in
external op-amp connection mode
ANEX1 | Expanded analog input for the A/D converter
D/A converter DAO, DA1 O |Output for the D/A converter
Reference voltage |VREF | Reference voltage input for the A/D converter and D/A
input converter
Intelligent 1/0 100 _0to OO0 _7 1o Input/output for Intglligent I/O group 0. Either input capture
or output compare is selectable
101 0tollO1_7 e Input/output for Intelligent 1/0 group 1. Either input capture
or output compare is selectable
UDOA, UDOB, | Input for the two-phase encoder
UD1A, UD1B
OUTC2 0to o Output for OC (output compare) of Intelligent I/O group 2
ouTCc2 7 ()
ISCLK2 I/0  |Clock input/output for the serial interface
ISRXD2 I Receive data input for the serial interface
ISTXD2 O |Transmit data output for the serial interface
IEIN I Receive data input for the serial interface
IEOUT O |Transmit data output for the serial interface
Multi-master 12C- |MSDA I/O |Serial data input/output
bus MSCL /0 |Transmit/receive clock input/output

Notes:
1. Pins AN15_0 to AN15_7 are available in the 144-pin package only.
2. Pins OUTC2_3 to OUTC2_7 are available in the 144-pin package only.
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R32C/116 Group

1. Overview

Table 1.18

Pin Specifications

Pin Names

Package

Selectable Functions

144-

T.
5

100-
pin

Pull-up resistor (1)

N-channel
open drain (2)

5V Tolerant Input (3)

PO_0to PO_7

v

P1 0toP1_7

P2 0toP2_7

P3 0toP3_7

v
v
v

P4 OtoP4_7

\

<\

P5 0toP5_3

<

P5 4 to P5_7

P6_0 to P6_7

P7 0toP7_7

P8 0to P8_3

NN

NEAYRIE

P8 4,P8_6, P8 7

NN ENENENENENENENENEN

P9 0to P9_3 (144-pin)

N AYAYENENENENENENENENEN

<

P9_1, P9_3 (100-pin)

<\

P9 4to P9 7

<\

P10_0to P10_7

P11_0to P11_3

P11 4

P12_0to P12_3

P12_4to P12_7

P13_0to P13_7

P14_1, P14_3

P14_4 to P14_6

P15 0to P15 7

NAYRIRYAYRS R A AN A

NENENENENENENENENENENENEN

Notes:

1. Pull-up resistors are selected for the following 4-pin units: Pi_0to Pi_3 and Pi_4 to Pi_7 (i = 0 to 15);
however, they are enabled only for the input pins.

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

3. 5V tolerant input is enabled when an applicable pin is set as an input port. When it is set as an 1/O
port, to enable 5 V tolerant input, this pin should be set as N-channel open drain output.
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R32C/116 Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

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

General purpose

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

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

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

21.8.5 Register Bank Select Flag (B flag)

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

21.8.6 Overflow Flag (O flag)

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

21.8.7 Interrupt Enable Flag (I flag)

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

2.1.8.8 Stack Pointer Select Flag (U flag)

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

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

2.1.8.9 Floating-point Underflow Flag (FU flag)

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

2.1.8.10 Floating-point Overflow Flag (FO flag)

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

2.1.8.11 Processor Interrupt Priority Level (IPL)

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

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

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

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

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

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

2.2 Fast Interrupt Registers

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

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

222 Save PC Register (SVP)

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

223 Vector Register (VCT)

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

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

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

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

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

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

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

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

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

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

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

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

These 32-bit registers are used to set reloaded values for DMA destination address registers.
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3. Memory
Figure 3.1 shows the memory map of the R32C/116 Group.

The R32C/116 Group provides a 4-Gbyte address space from 00000000h to FFFFFFFFh.

The internal ROM is mapped from address FFFFFFFFh in the inferior direction. For example, the 1-Mbyte

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

FFFFFFDCh to FFFFFFFFh.
The internal RAM is mapped from address 00000400h in the superior direction. For example, the 63-Kbyte

internal RAM is mapped from 00000400h to O000FFFFh. 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 SFRA1
00000400h
Internal RAM
Internal RAM
Capacity | XXXXXXXXh XXXXXXXXh
40 Kbytes | 0000A400h Reserved
48 Kbytes | 0000C400h
63 Kbytes | 00010000h 00040000h SFR2
00050000h Reserved

00060000h Internal ROM
(Data space) ("

Internal ROM 00062000h
Reserved
Capacity [YYYYYYYYh ,
384 Kbytes | FFFA0000h 00080000h / FFFFFFDCh EGndefined instruction 3
/ E Overflow 3
512 Kbytes | FFF80000h External space @ / EBRK instruction 3
640 Kbytes | FFF60000h /' E Reserved 3
768 Kbytes | FFF40000h FFE00000h B / F Reserved 3
1 Mbyte | FFF00000h Reserved EWatchdog timer ©
YYYYYYYYh / 3 Reserved E
Internal ROM @ E NMmI 3
FFFFFFFFh FFFFFFFFhE Reset E

Notes:
. The flash memory version provides two additional 4-Kbyte spaces (blocks A and B) for storing data.
This space can be used in memory expansion mode or microprocessor mode. Addresses from 02000000h

to FDFFFFFFh are inaccessible.
This space is reserved in memory expansion mode. It becomes an external space in microprocessor mode

This space can be used in single-chip mode or memory expansion mode. It becomes an external space in

microprocessor mode.
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. Table 4.1 SFR List
(1) to Table 4.25 SFR List (25) 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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4. Special Function Registers (SFRs)
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Table 4.2 SFR List (2)
Address Register Symbol Reset Value
000060h
000061h|Timer B5 Interrupt Control Register TBSIC XXXX X000b
000062h|UART5 Transmit/NACK Interrupt Control Register S5TIC XXXX X000b
000063h|UART2 Receive/ACK Interrupt Control Register/I2C-bus Line |S2RIC/I2CLIC XXXX X000b
Interrupt Control Register
000064h|UART6 Transmit/NACK Interrupt Control Register S6TIC XXXX X000b
000065h|UART3 Receive/ACK Interrupt Control Register S3RIC XXXX X000b
000066h|UART5/6 Bus Collision, START Condition/STOP Condition BCNSIC/BCNGBIC | XXXX X000b
Detection Interrupt Control Register
000067h|UART4 Receive/ACK Interrupt Control Register S4RIC XXXX X000b
000068h|DMAO Transfer Complete Interrupt Control Register DMOIC XXXX X000b
000069h | UARTO0/3 Bus Collision, START Condition/STOP Condition BCNOIC/BCN3IC | XXXX X000b
Detection Interrupt Control Register
00006Ah|DMA2 Transfer Complete Interrupt Control Register DM2IC XXXX X000b
00006Bh|A/D Converter 0 Convert Completion Interrupt Control Register ADOIC XXXX X000b
00006Ch |Timer AO Interrupt Control Register TAOIC XXXX X000b
00006Dh |Intelligent 1/O Interrupt Control Register 0 l1ooIC XXXX X000b
00006Eh | Timer A2 Interrupt Control Register TA2IC XXXX X000b
00006Fh |Intelligent I/O Interrupt Control Register 2 lo21C XXXX X000b
000070h|Timer A4 Interrupt Control Register TA4IC XXXX X000b
00007 1h|Intelligent I/O Interrupt Control Register 4 11041C XXXX X000b
000072h|UARTO Receive/ACK Interrupt Control Register SORIC XXXX X000b
000073h|Intelligent 1/O Interrupt Control Register 6 11061C XXXX X000b
000074h|UART1 Receive/ACK Interrupt Control Register S1RIC XXXX X000b
000075h|Intelligent 1/O Interrupt Control Register 8 1108IC XXXX X000b
000076h|Timer B1 Interrupt Control Register TB1IC XXXX X000b
000077h|Intelligent I/O Interrupt Control Register 10 11010IC XXXX X000b
000078h|Timer B3 Interrupt Control Register TB3IC XXXX X000b
000079h
00007Ah|INT5 Interrupt Control Register INTSIC XX00 X000b
00007Bh
00007Ch|INT3 Interrupt Control Register INT3IC XX00 X000b
00007Dh
00007Eh|INT1 Interrupt Control Register INT1IC XX00 X000b
00007Fh
000080h
000081h|UART2 Transmit/NACK Interrupt Control Register/I2C-bus S2TIC/I12CIC XXXX X000b
Interrupt Control Register
000082h|UARTS5 Receive/ACK Interrupt Control Register S5RIC XXXX X000b
000083h|UART3 Transmit/NACK Interrupt Control Register S3TIC XXXX X000b
000084h|UART6 Receive/ACK Interrupt Control Register S6RIC XXXX X000b
000085h|UART4 Transmit/NACK Interrupt Control Register S4TIC XXXX X000b
000086h
000087h|UART2 Bus Collision, START Condition/STOP Condition BCN2IC XXXX X000b
Detection Interrupt Control Register
X: Undefined
Blanks are reserved. No access is allowed.
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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 0X00 0XX1b
0000AAh |Intelligent I/O Interrupt Request Register 10 II010IR 0X00 0XX1b
0000ABh |Intelligent I/O Interrupt Request Register 11 IIO11IR 0X00 0XX1b
0000ACh

0000ADN

0000AEh

0000AFh

X: Undefined

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

Address Register Symbol Reset Value
0000BOh|Intelligent 1/O Interrupt Enable Register 0 IIO0IE 00h
0000B1h|Intelligent I/O Interrupt Enable Register 1 IIO1IE 00h
0000B2h|Intelligent I/O Interrupt Enable Register 2 II02IE 00h
0000B3h|Intelligent 1/O Interrupt Enable Register 3 IIO3IE 00h
0000B4h|Intelligent 1/O Interrupt Enable Register 4 IIO41E 00h
0000B5h|Intelligent 1/O Interrupt Enable Register 5 IIOSIE 00h
0000B6h|Intelligent I/O Interrupt Enable Register 6 1IO6IE 00h
0000B7h|Intelligent I/O Interrupt Enable Register 7 1IO7IE 00h
0000B8h|Intelligent I/O Interrupt Enable Register 8 1I08IE 00h
0000B9h|Intelligent I/O Interrupt Enable Register 9 11O9IE 00h
0000BAh |Intelligent I/O Interrupt Enable Register 10 1I010IE 00h
0000BBh |Intelligent I/O Interrupt Enable Register 11 IIO11IE 00h
0000BCh
0000BDh
0000BEh
0000BFh
0000COh
0000C1h
0000C2h
0000C3h
0000C4h
0000C5h
0000C6h
0000C7h
0000C8h
0000C9%h
0000CAhN
0000CBh
0000CCh
0000CDh
0000CEh
0000CFh
0000DO0Oh
0000D1h
0000D2h
0000D3h
0000D4h
0000D5h
0000D6h
0000D7h
0000D8h
0000D%h
0000DAhN
0000DBh
0000DCh
0000DDh |UART7 Transmit Interrupt Control Register S7TIC XXXX X000b
O0000ODEh|INT?7 Interrupt Control Register INT7IC XX00 X000b
0000DFh|UARTS Transmit Interrupt Control Register S8TIC XXXX X000b

X: Undefined
Blanks are reserved. No access is allowed.
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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|INTS8 Interrupt Control Register INT8IC XX00 X000b
0000FDh|UART?7 Receive Interrupt Control Register S7RIC XXXX X000b
000OFEh|INT6 Interrupt Control Register INT6IC XX00 X000b
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.

RO1UH0210EJ0120 Rev.1.20 RENESAS Page 33 of 520
Feb 18, 2013



R32C/116 Group

4. Special Function Registers (SFRs)

Table 4.6 SFR List (6)

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

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

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

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

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

X: Undefined

Blanks are reserved. No access is allowed.
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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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Table 410  SFR List (10)

Address Register Symbol Reset Value
0001DOh

0001D1h

0001D2h

0001D3h

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

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

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

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

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

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

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

0001F2h

0001F3h

0001F4h

0001F5h

0001F6h

0001F7h

0001F8h

0001F9h

0001FAh

0001FBh

0001FCh

0001FDh

0001FEh

0001FFh

X: Undefined

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

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

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

4. Special Function Registers (SFRs)

Table 412 SFR List (12)
Address Register Symbol Reset Value
0002F0h
0002F1h
0002F2h
0002F3h
0002F4h |UART4 Special Mode Register 4 U4SMR4 00h
0002F5h |UART4 Special Mode Register 3 U4SMR3 00h
0002F6h |UART4 Special Mode Register 2 U4SMR2 00h
0002F7h |UART4 Special Mode Register U4SMR 00h
0002F8h |UART4 Transmit/Receive Mode Register U4MR 00h
0002F9h |UART4 Bit Rate Register U4BRG XXh
0002FAh|UART4 Transmit Buffer Register U4TB XXXXh
0002FBh
0002FCh|UART4 Transmit/Receive Control Register 0 u4Co 0000 1000b
0002FDh|UART4 Transmit/Receive Control Register 1 u4cC1 0000 0010b
0002FEh|UART4 Receive Buffer Register U4RB XXXXh
0002FFh
000300h|Count Start Register for Timers B3, B4, and B5 TBSR 000X XXXXb
000301h
000302h|Timer A1-1 Register TANM XXXXh
000303h
000304h|Timer A2-1 Register TA21 XXXXh
000305h
000306h| Timer A4-1 Register TA41 XXXXh
000307h
000308h | Three-phase PWM Control Register 0 INVCO 00h
000309h | Three-phase PWM Control Register 1 INVC1 00h
00030Ah | Three-phase Output Buffer Register 0 IDBO XX11 1111b
00030Bh | Three-phase Output Buffer Register 1 IDB1 XX11 1111b
00030Ch|Dead Time Timer DTT XXh
00030Dh | Timer B2 Interrupt Generating Frequency Set Counter ICTB2 XXh
00030Eh
00030Fh
000310h|Timer B3 Register TB3 XXXXh
000311h
000312h|Timer B4 Register TB4 XXXXh
000313h
000314h|Timer B5 Register TB5 XXXXh
000315h
000316h
000317h
000318h
000319h
00031Ah
00031Bh|Timer B3 Mode Register TB3MR 00XX 0000b
00031Ch|Timer B4 Mode Register TB4MR 00XX 0000b
00031Dh|Timer B5 Mode Register TB5MR 00XX 0000b
00031Eh
00031Fh
X: Undefined
Blanks are reserved. No access is allowed.
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R32C/116 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/116 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/116 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/116 Group 4. Special Function Registers (SFRs)

Table 416  SFR List (16)

Address Register Symbol Reset Value
0003B0h

0003B1h

0003B2h

0003B3h

0003B4h

0003B5h

0003B6h

0003B7h

0003B8h

0003B%h

0003BAh

0003BBh

0003BCh

0003BDh

0003BEh

0003BFh

0003COh|Port PO Register PO XXh
0003C1h|Port P1 Register P1 XXh
0003C2h |Port PO Direction Register PDO 0000 0000b
0003C3h|Port P1 Direction Register PD1 0000 0000b
0003C4h|Port P2 Register P2 XXh
0003C5h|Port P3 Register P3 XXh
0003C6h |Port P2 Direction Register PD2 0000 0000b
0003C7h|Port P3 Direction Register PD3 0000 0000b
0003C8h|Port P4 Register P4 XXh
0003C9h |Port P5 Register P5 XXh
0003CAh|Port P4 Direction Register PD4 0000 0000b
0003CBh|Port P5 Direction Register PD5 0000 0000b
0003CCh|Port P6 Register P6 XXh
0003CDh |Port P7 Register P7 XXh
0003CEh|Port P6 Direction Register PD6 0000 0000b
0003CFh|Port P7 Direction Register PD7 0000 0000b
0003DO0h |Port P8 Register P8 XXh
0003D1h|Port P9 Register P9 XXh
0003D2h |Port P8 Direction Register PD8 00X0 0000b
0003D3h|Port P9 Direction Register PD9 0000 0000b
0003D4h |Port P10 Register P10 XXh
0003D5h |Port P11 Register P11 XXh
0003D6h |Port P10 Direction Register PD10 0000 0000b
0003D7h|Port P11 Direction Register PD11 XXX0 0000b
0003D8h |Port P12 Register P12 XXh
0003D9h |Port P13 Register P13 XXh
0003DAhI|Port P12 Direction Register PD12 0000 0000b
0003DBh|Port P13 Direction Register PD13 0000 0000b
0003DCh |Port P14 Register P14 XXh
0003DDh |Port P15 Register P15 XXh
0003DEh|Port P14 Direction Register PD14 X000 0000b
0003DFh|Port P15 Direction Register PD15 0000 0000b

X: Undefined

Blanks are reserved. No access is allowed.

RO1UH0210EJ0120 Rev.1.20 RRENESAS Page 44 of 520
Feb 18, 2013



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

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 X0XXb
0003F2h |Pull-up Control Register 2 PUR2 000X XXXXb
0003F3h |Pull-up Control Register 3 PUR3 0000 0000b
0003F4h |Pull-up Control Register 4 PUR4 XXXX 0000b
0003F5h
0003F6h
0003F7h
0003F8h
0003F%h
0003FAh
0003FBh
0003FCh
0003FDh
0003FEh
0003FFh|Port Control Register PCR OXXX XXXO0b

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

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 2?2X? ?2?2?2?b (1)

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

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

X: Undefined

Blanks are reserved. No access is allowed.

Note:
1. The reset value reflects the value of the protect bit for each block in the flash memory.
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Table 4.19  SFR List (19)
Address Register Symbol Reset Value
040030h to
04003Fh
040040h
040041h
040042h
040043h
040044h|Processor Mode Register 0 (1) PMO 1000 0000b
(CNVSS pin = Low)
0000 0011b
(CNVSS pin = High)

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

040068h to
040093h

X: Undefined

Blanks are reserved. No access is allowed.

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

Table 4.20  SFR List (20)

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

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

04009Dh

04009Eh
04009Fh

0400AO0h|Port PO_0 Function Select Register PO_0S 0XXX X000b
0400A1h|Port P1_0 Function Select Register P1_0S XXXX X000b
0400A2h|Port PO_1 Function Select Register PO_1S 0XXX X000b
0400A3h|Port P1_1 Function Select Register P1_1S XXXX X000b
0400A4h|Port PO_2 Function Select Register PO_2S 0XXX X000b
0400A5h|Port P1_2 Function Select Register P1_2S XXXX X000b
0400A6h|Port PO_3 Function Select Register PO_3S 0XXX X000b
0400A7h|Port P1_3 Function Select Register P1_3S XXXX X000b
0400A8h|Port PO_4 Function Select Register PO_4S 0XXX X000b
0400A9h|Port P1_4 Function Select Register P1_4S XXXX X000b
0400AAhN |Port PO_5 Function Select Register P0O_5S 0XXX X000b
0400ABh |Port P1_5 Function Select Register P1_5S XXXX X000b
0400ACh|Port PO_6 Function Select Register P0O_6S 0XXX X000b
0400ADhI|Port P1_6 Function Select Register P1_6S XXXX X000b
0400AEh |Port PO_7 Function Select Register PO_7S 0XXX X000b
0400AFh |Port P1_7 Function Select Register P1_7S XXXX X000b
0400B0h|Port P2_0 Function Select Register P2_0S 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.
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R32C/116 Group 4. Special Function Registers (SFRs)

Table 4.21  SFR List (21)

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

X: Undefined

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

Table 4.22  SFR List (22)

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

X: Undefined

Blanks are reserved. No access is allowed.
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Table 4.23  SFR List (23)
Address Register Symbol Reset Value

040120h 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 X0XX X000b
04406Eh
04406Fh |External Interrupt Request Source Select Register 0 IFSRO 0000 0000b
044070h|DMAO Request Source Select Register 2 DMOSL2 XX00 0000b
044071h|DMA1 Request Source Select Register 2 DM1SL2 XX00 0000b
044072h|DMA2 Request Source Select Register 2 DM2SL2 XX00 0000b
044073h|DMA3 Request Source Select Register 2 DM3SL2 XX00 0000b
044074h
044075h
044076h
044077h
044078h|DMAO Request Source Select Register DMOSL XXX0 0000b
044079h|DMA1 Request Source Select Register DM1SL XXX0 0000b
04407Ah|DMA2 Request Source Select Register DM2SL XXX0 0000b
04407Bh|DMAS3 Request Source Select Register DM3SL XXX0 0000b
04407Ch
04407Dh |Wake-up IPL Setting Register 2 RIPL2 XX0X 0000b
04407Eh
04407Fh |Wake-up IPL Setting Register 1 RIPLA1 XX0X 0000b
044080h
044081h
044082h
044083h
044084h
044085h
044086h
044087h
044088h
044089h
04408Ah
04408Bh
04408Ch
04408Dh
04408Eh
04408Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.25  SFR List (25)
Address Register Symbol Reset Value

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

044420h to
04FFFFh

X: Undefined

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

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

5.1 Hardware Reset

A hardware reset is generated when a low signal is applied to the RESET pin under the recommended
operating conditions of the supply voltage. When the RESET pin is driven low, all pins, and oscillators are
reset (refer to Table 5.1 for details), 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 to the recommended operating voltage.
(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.

Recommended
operating voltage /
VCC
VCC /
oV
RESET RESET ¥ 0.2VCC
oV /

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

Figure 5.1  Reset Circuitry
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o L

<—> Input at least 20 clock cycles

| Microprocessor mode

Address

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

Reset vector value

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

RD

Address

[N i N N B O

Byte access —J» Byte access

Reset vector value

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

RD

Address

I i R N e B N

Byte access —J» Word access

Reset vector value

@_SF(FFFFFFFCQ—%—( X X X

RD

Single-chip mode
Address ("

[ e N e B b N

Byte access —J» Long word access

FFFFFFFCh

Note:

Reset vector value

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

Figure 5.2 Reset Sequence
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Table 5.1 Pin States while RESET Pin is Held Low (1)

Pin Name Pin States
CNVSS =VSS CNVSS =VCC
PO Input port (high-impedance) Inputs data
P1 Input port (high-impedance) Input port (high-impedance)
P2, P3 Input port (high-impedance) Output addresses (undefined)
P4 0toP4 6 |Input port (high-impedance) Output addresses (undefined)
P4 7 Input port (high-impedance) Outputs the CSO0 signal (high)
P50 Input port (high-impedance) Outputs the WR signal (high)
P5 1 Input port (high-impedance) Outputs the BC1 signal (undefined)
P5 2 Input port (high-impedance) Outputs the RD signal (high)
P5 3 Input port (high-impedance) Outputs BCLK (2)
P5 4 Input port (high-impedance) Outputs the HLDA signal (output signal depends on
an input signal to the HOLD pin) (2)
P5_5 Input port (high-impedance) Inputs the HOLD signal (high-impedance)
P5 6 Input port (high-impedance) Outputs the CS2 signal (high)
P5_7 Input port (high-impedance) Inputs the RDY signal (high-impedance)
P6 to P15 (3) Input port (high-impedance) Input port (high-impedance)

Notes:
1. Whether a pull-up resistor is enabled or not is undefined until the internal voltage is stabilized.
2. State after power is on and the internal voltage has stabilized. It is undefined until the internal voltage
is stabilized
3. Ports P11 to P15 are available in the 144-pin package only.

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)
bzﬁ/ b24 b23 b16b15 ) Y bo [ XXXXXXXXh | Save PC register (SVP)
IXIXIXIXIXIXIXIXIX]XTX]XTo] o] x]o]x]o]oo]X]X]o]o]o]o]o]o]o]o]o]o] [ XXXXXXXXh | Vector register (VCT)

RND DP IPL FO UIOBSZDC
b31 b0 Fu DMAC-associated registers

00h | 00h | 00h | 00h |y Data register (R2H/R2L/ROH/ROL)
00h | 00n | 00h | 00h [ Data register (R3H/R3L/RTH/RIL) b31  b24 b0
0000h 0000h [ Data register (R6/R4) % DMA mode register (DMDO to DMD3)
0000?:)0000000: 000 H z:;::g i;rsiz: Q:s; DMA terminal count register (DCTO to DCT3)
00000000h M Address register (A1) DMA terminal count reload register
00000000h H Address register (A2) —————1 (0CRo to DCR3)
00000000h [ Address register (A3) DMA source address register (DSAO to DSA3)
00000000h [] Static base register (SB) DMA source address reload register
00000000h [ Frame base register (FB) % (DSRO to DSR3)
L . DMA destination address register
00000000h User stack pointer (USP) % (DDAO to DDA3)
00000000 Interrupt stack pointer (ISP) 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
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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 PMOO in the PMO register are not affected by
a watchdog timer reset.

5.4 Reset Vector

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

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

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

b7 bo
FFFFFFFCh _
FFFFFFFDh —_

FFFFFFFEh

FFFFFFFFh \\ \

T
Reset vector value | | | | H

Start address of the

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

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

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

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

Figure 5.4 Reset Vector Configuration
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6. Power Management

6.1 Voltage Regulators for Internal Logic

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

Figure 6.2 shows the VRCR register.

VCC G

Main regulator
SHDN Y
T VDC1
MRS
Sub regulator VDCO

A

External decoupling
capacitor

VSS G

MRS: Bit in the VRCR register

Supply voltage for
internal logic

Internal logic GND

Figure 6.1  Block Diagram of Voltage Regulators for Internal Logic

b7 b6 b5 b4 b3 b2 b1

b0

[

Voltage Regulator Control Register ™

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

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

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

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

Figure 6.2 VRCR Register
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6.1.1

Decoupling Capacitor

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

in Table 6.1.
The traces between the capacitor and the VDC1/VDCO pins should be as short and wide as physically
possible.
Table 6.1 Recommended Capacitor Specifications
Temperature Characteristics Nominal
Operating ) Rated Voltage . Capacitance
Applicable standard temperature Capacﬂar;ce (V) Capac::tance Tolerance (%)
range (°C) change (%) (MF)
B JIS -25t0 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 +22 6.3 or higher 4.7 120 or better
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6.2 Low Voltage Detector

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

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

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

associated with the circuit.

Voltage . .
VCC O regulators Supply voltage for internal logic
% R VDEN LVDIEN
y
Low voltage
Edge _!:)_> detection
gene- interrupt
rator request
R
z <RVC3 to RVCO VMF LVDF
VDEN, LVDIEN, LVDF, and VMF: Bits in the LVDC register
RVC3 to RVCO: Bits in the DVCR register
Figure 6.3 Low Voltage Detector Block Diagram
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Low Voltage Detector Control Register ™
b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
LvDC 40062h 0000 XX00b
1 ] ] 1 1 1 1 1
A
i E E i i i i i Bit Symbol Bit Name Function RW
i E E i i i i i VDEN Low Voltage Detector 0: Low voltage detector disabled RW
[ S R R Enable Bit 1: Low voltage detector enabled
T Low Voltage Detection 0: Interrupt disabled
i E E E i i R LVDIEN Interrupt Enable Bit ) 1: Interrupt enabled RW
i E E E i i ________ LVDF Low Voltage Detection 0: Low voltage undetected RW
R Flag @4 1: Low voltage detected (Vdet passed)
1 ] ] ] ]
Poronod 0: VCC < Vdet
P 1 Remmmeeoeod VMF Voltage Monitor Flag @ 1: VCC > Vdet or low voltage RO
vy detector disabled
1 ] ] ]
1 ] ] ]
| I Y B | - H H - H -
(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 A 0100:330V

TR T A A T Reference Voltage ;

R A R Configuration Bit ) 1011:465V

[ B B A 17100:450V

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

T T T 1111:405V

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

P

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

1

S (b_7) Reserved Should be written with 1 RW

1. Set the PRC31 bit in the 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
450 V 4.40V 462V
435V 424V 446V
420V 4,09V 431V
405V 3.95V 417V
3.90V 3.80V 4.02V
3.75V 3.65V 3.87V
3.60V 3.50 V 3.72V
3.45V 3.35V 3.57V
3.30V 320V 3.42V

Figure 6.5 DVCR Register
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6.2.1 Operational State of Low Voltage Detector

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

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

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

Figure 6.6 shows the operation of the low voltage detector.

Vdet(R)

Vdet(F)
VCC
VDEN bit

tdE-a)
Voltage detector Disabled Unstable F Stable

VMF bit
LVDF bit

1

Set to 0 by a program

Figure 6.6 Low Voltage Detector Operation

6.2.2 Low Voltage Detection Interrupt

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

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

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

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

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

Voltage
A
VCC

Vdet

Supply voltage for internal logic

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

71

Types of Processor Modes

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

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

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

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

Note:

1.

Refer to 9. “Bus” for details.

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

7.2

Processor Mode Setting

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

Table 7.2 Processor Mode after Hardware Reset
Input Level into the CNVSS Pin (1) Processor Mode
Low Single-chip mode

High Microprocessor mode
Note:
1. The CNVSS pin should be connected to VCC or VSS via a resistor.

To change to memory expansion mode after starting an operation in single-chip mode, set bits PM01 and
PMO0O 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.

2.
3.

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

When rewriting bits PM07 to PM02, do not change bits PM01 and PMO0O.

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

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

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

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

b7 b6 b5 b4 b3 b2 b1 b0

1 1 : Microprocessor mode

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

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

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

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

i 0: Output BCLK ®

i . 1: Do not output BCLK. Select a

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

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

register

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

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

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

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

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

Figure 7.1 PMO Register
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00000000h
00000400h

00040000h

00050000h

00060000h
00062000h

00080000h

02000000h

FE000000h

FFEQO0000hA

FFFFFFFFh

Notes:

Single-chip Mode

Memory Expansion Mode

Microprocessor Mode

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

(internal RAM)

(internal RAM)

(internal RAM)

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

(Internal ROM)

(Internal ROM)

(Internal ROM)

Cannot be used (")

External space
31.5 MB

External space
31.5 MB

Cannot be used @

Cannot be used @

External space
30 MB

Reserved
(Internal ROM)

Reserved
(Internal ROM)

External space
32 MB

Internal ROM

Internal ROM

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

Figure 7.2

Memory Map of Each Processor Mode
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8.

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,
CMO01 and CMO00
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
'_4>°_ PLL frequency < > 32
synthesizer —] g Jo—— 1/p -9
A (Note 1) csT
o
-
BCS | PM26 (Note 2)
CM10 0@ PLL oscillator BCD OBCS
CM02 L 1o Base
(Note3) 1 Clock
wait_mode . D_ CPU
stop_mode o) clock
Sub clock oscillator PCD
XCIN  XCOUT — 256 M0 Peripheral
0 (Now ) bus clock
CPSR=1
CM31 Divider
Sub clock fC 0 reset
CMo4 P4 1/32 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 CPSREF 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 q 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
IR — w
A R Base Clock Divide Ratio 00 Divide-by-6
e . 0 1 :Divide-by-4
A Select Bit ) S
[ R T TR N IR PUONIPRP BCD1 10: D|V|de-by-3 RW
i E i i i i 1 1 :Divide-by-2
A T I S— ccoo B RW
P CPU Clock Divide Ratio 0 0:Divide-by-4
[ T T B | (3 01: D|V|de-by-3
oo Select Bit ® 1 0 - Divide-bv-2
R T R TR U CCD1 - Divide-by- RW
I 1 1 : No division
1 ] ] 1
L cDo b5 b4
Vo Tttt PCD Peripheral Bus Clock 0 0 : Do not use this combination RW
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 1256 . 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 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
ol [ ] []]] cmo 40046h 0000 1000b
N
AR RN R
i E E i i i b Bit Symbol Bit Name Function RW
1
R oveo -
1 == .
I T A ! Clock Output Function 00 : VO port P5_3
oo : 0 1 :Output a low speed clock
O Select Bit )
[ T T T TR R S—— CMO1 1 0: Output f8 RW
i E i i i i 1 1 : Output f32
E E i i i i 0: Peripheral clock source not
o Peripheral Clock Source stopped in wait mode
1 ] ] ] ] e,
(N cMo2 Stop Bit @ : Peripheral clock source stopped in RW
i E E E i wait mode 4
1 ] ] 1 1
[ XCIN-XCOUT Drive 0: Low
R CMO3 | strength Select Bit © 1: High RW
1 ] ] 1
o . . 0: 1/0 port
1 ] ] |
tolo CMo4 | Port XC Switch Bit 1: XCIN-XCOUT oscillator © RW
1 ] ]
I CMO5 Main Clock Oscillator (XIN- | 0: Main clock oscillator enabled RW
i i XOUT) Stop Bit @7 1: Main clock oscillator disabled
1 ] . . . .
[ Watchdog Timer Function 0: Watchdog timer interrupt
E CMos Select Bit ) 1: Reset © RW
1
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 CMO0O 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
CMO0O in the CMO register) and bits CM01 and CMO0O 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 bit and CM05 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 CMO04 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 the on-chip
feedback resistor remains connected, the XIN pin is connected to the XOUT pin via the feedback resistor.

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

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

Figure 8.3 CMO Register
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System Clock Control Register 1

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

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
[o[ofofo] | [o] | cwme2 4004Dh 0000 0000b
REREREERE
1 1 1 1
i i i i Bit Symbol Bit Name Function RW
I Oscillator Stop Detection 0: Disable oscillator stop detection
i i i -1 CM20 Enable Bit 2 3) 1: Enable oscillator stop detection RW
1 1 1
A S (a) Reserved Should be written with 0 RW
P
1 1
] 1

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

Oscillator Stop Detection

R R CcM22 Flag

oo CM23 | Main Clock Monitor Flag ® | - Main clock oscillator active RO
1: Main clock oscillator stopped

Reserved Should be written with 0 RW

(b7-b4)

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

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

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

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

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

Figure 8.5 CM2 Register

Low Speed Mode Clock Control Register

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

1 ] ] 1 1 1 1 1

T T T R 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)

R T T T B 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

RO1UH0210EJ0120 Rev.1.20 RRENESAS Page 73 of 520
Feb 18,2013



R32C/116 Group 8. Clock Generator

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)
CMZ20 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 GECELELELELELE PM36 - Divide-by- RW
' 1 1:Divide-by-2
1
et EEEEE R (b_7) Reserved Should be written with 0 RW

this register.

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

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

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

8.1.1 Main Clock

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

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

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

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

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

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

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

XIN I I} XIN|[€«——— External clock

e LT
Oscillator [_] VSS

XOUT Al\/v\,L —se XOUT| Open

Rd ™ CcouT

T

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

Figure 8.11 Main Clock Circuit Connection
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8.1.2  Sub Clock (fC)

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

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

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

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

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

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

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

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

Figure 8.12 Sub Clock Circuit Connection
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8.1.3 PLL Clock

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

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

Main clock @ Reference N Phase | Charge pump | Filter

counter (a)
Divider (m)

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

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

Figure 8.13 PLL Frequency Synthesizer Block Diagram

PLL Control Register 0 (2

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT T 1] ]]] 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 Tt (b7-b5) Reserved Should be written with 0 RW
Note:

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

Figure 8.15 PLC1 Register

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

m=nxp

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

=5n+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.
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8.6 Clock Output Function

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

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

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

microprocessor mode, respectively.

Table 8.3 CLKOUT Pin Functions in Single-chip Mode

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

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

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

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

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

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

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

All oscillators are stopped

STOP

( Reset

\ 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

RO1UH0210EJ0120 Rev.1.20
Feb 18, 2013

RRENESAS

Page 86 of 520



R32C/116 Group 8. Clock Generator

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.

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

Table 8.5 Pin State in Wait Mode

Pin

Memory Expansion Mode/
Microprocessor Mode

Single-chip Mode

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

The state immediately before entering

wait mode is held

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

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

8.7.2.4 Exiting Wait Mode

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

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

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

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

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

Timer A interrupt
Timer B interrupt

Available in any mode

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

Serial interface interrupt (2)

Available when an internal or
external clock is used

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

A/D conversion interrupt

Available in single mode or single-
sweep mode

Should not be used

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

Notes:

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

2. UARTY7 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 BC3 stop mode is held
RD, WR, WRO to WR3 High —
HLDA, BCLK High —
ALE High —
Ports The state immediately before entering stop mode is held
DAO, DA1 The state immediately before entering stop mode is held
CLKOUT When a low High

speed clock is

selected

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

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

8.7.3.3 Exiting Stop Mode

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

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

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

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

Table 8.8 Interrupts for Exiting Stop Mode and Usage Conditions

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

[2C-bus line interrupt

Note:
1. 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

A LT
CPU data bus (64 bits) > <Perlphera| data bus (16/32 blts)>

CPU BIU
CPU address bus (26 bits) Peripheral address bus >

External data bus
8/16/32 bits (1)

Chip select
External address bus
24 bits

<
<

S

buffer

Note:
1. A 32-bit data bus is available in the 144-pin package only. Only a 16-bit data bus is provided in the 100-pin package.

Figure 9.1 Bus Block Diagram

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

9.1 Bus Settings

The bus settings are controlled by the two lowest bits of the reset vector, the PBC register, registers EBCO
to EBC3, and CSOPO to CSOP2.
Table 9.1 lists bus settings and their sources.

Table 9.1 Bus Settings and Sources
Bus Settings Sources
Internal SFR bus timing PBC register
External bus timing Registers EBCO to EBC3
External data bus width PBC register, registers EBCO to EBC3
External data bus width after reset Two lowest bits of the reset vector
Separate bus/multiplexed bus selection PBC register, registers EBCO to EBC3
Pins outputting chip select signals Registers CSOPO0 to CSOP2
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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 27. “Electrical Characteristics”).
The timing adjustment and bus-width conversion with the faster, 64-bit wide CPU bus are controlled in the

bus interface unit (BIU).

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

Peripheral Bus Control Register (2
b0 Symbol Address Reset Value
PBC 001Fh-001Eh 0504h
Bit Symbol Bit Name Function RW
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 RwW
to:
PRD3 1.01b : 00100b
2.10b:01101b
3.11b:01111b
PRD4
(b7-b5) Reserved Should be written with 0 RwW
PWRO
Select from the three options below
according to the peripheral bus clock
PWR1 setting (bits PCD1 and PCDO in the
CCR register).
PWR2 Write Timing Setting Bit When bits PCD1 and PCDO are set RW
to:
PWR3 1.01b: 00101b
2.10b: 01010b
3.11b:01111b
PWR4
External Bus Format Select | 0: Separate bus in some spaces
EXMPX Bit @ 1: Multiplexed bus in all spaces RW
EXBWO b15b14
. 0 0 : 8-bit width
External Bus Maximum 1 5 1 . 46 it width RW
Width Setting Bit 4 : L (5)
1 1 : Do not use this combination
Notes
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. Set this register only once after a reset. Do not rewrite this register after setting the CCR register.
3. If this bit is set to 1 when the all MPX bits in registers EBCO to EBC3 are set to 1, ports PO, P1, and P4_0 to
P4_3 can be used as programmable 1/O ports.
4. This bit should be the maximum bus width set in bits BW1 and BWO in registers EBCO to EBC3. The
functions of ports P1, P12, and P13 vary with this bit setting.
5. This bit setting is applicable only in the 144-pin package.

Figure 9.2

PBC Register
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9.3 External Bus Setting

The 8-/16-/32-bit wide external bus operates at a frequency up to 32 MHz (the theoretical value and the
maximum frequency of each product group are as defined by f(BCLK) in 27. “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 AO to A23 can be used for external output. Decoded A18 to A25 function as
4 chip select signals (CS3 to CS0). If a 16 MB space is assigned to each chip select signal, up to 63.5
MB can be used as external address space. When the processor mode is changed from single-chip
mode to memory expansion mode, the address bus status is undefined until an external space is
accessed.
Chip select signals CS3 to CSO0 share pins with A20 to A23, respectively. Other combinations of signal
and output port are also available as follows: signals CS0 to CS3 with ports P11_0 to P11_3, and
signals CS1 to CS3 with ports P5_4, P5 6, and P5_7.
In microprocessor mode, the CSO0 signal is output from port P4_7 after a reset. The maximum space
per chip select signal is 8 MB since A23 is not available. Signals CS1 to CS3 are output only when
being set.
CSi (i = 0 to 3) is held low while accessing an external space i. It becomes high when accessing
another external space. Figure 9.3 shows output examples of address bus and chip select signals.
Set registers CSOPO0 to CSOP2 to select a chip select signal to be used and its output pin. Set registers
CBO01, CB12, and CB23 to set the address space for each chip select signal.
Figures 9.4 to 9.6 show registers CSOPO0 to CSOP2. Figures 9.7, 9.8, and 9.9 show registers CBO1,
CB12, and CB23, respectively. Figures 9.10 and 9.11 show the chip select space.
A chip select signal should not be set for more than two output pins in registers CSOP0 to CSOP2.
Registers CB01, CB12, and CB23 should be set to meet the conditions below:

* In memory expansion mode

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

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

y =0 to 3, other than x

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

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

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

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

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

Figure 9.5 CSOP1 Register
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Chip Select Output Pin Setting Register 2

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

1 ] ] 1 1 1 1 1

I S T R B R

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

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

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

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

Vo e - Setting Bit 1: Output CS1 from P11_1

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

A A - Setting Bit 1: Output CS2 from P11_2

1 ] ] ] ]

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

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

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

output.

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

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

Figure 9.6 CSOP2 Register

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

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

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

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

The immediately preceding address mentioned 02h to FFh @ in

above and lower is designated for CS2 space microprocessor mode

RwW

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

Figure 9.8 CB12 Register

Chip Selects 2 and 3 Boundary Setting Register

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

Chip Select Spaces in Memory Expansion Mode

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

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

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

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

9.3.2 External Data Bus Width Setting

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

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

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

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

Figure 9.12 shows registers EBCO to EBC3
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External Bus Control Register i (i=0to 3) ™
b15 b8 b7 b0 Symbol Address Reset Value
1 1 EBCO, EBC1 001Dh-001Ch, 0019h-0018h 0000h
AR, EBC2, EBC3 0015h-0014h, 0011h-0010h 0000h
LI O A A O O Y O I N |
itidtiiii iyt | Bit Symbol Bit Name Function RW
AR RN —
EERRRRE R R R R R R o
E E E i i i E E i i i P E Address Setup Cycles :sur:
AERRRERRERRERE Before Read Setting Bit @ |0 175Ur= RW
I O T T O TR Py ESURA1 10:sur=2
EEERERRREREEE 11:sur=3
SERRRRRREREEE o
R R R R . EWRO0 N
EERRRRERERRE Read Pulse Width Setting [0 97"~} W
AR ) Bit @ =
REREREER R phw— EWRT }Qiwr=3
AR 11:wr=4
RERRERERERE _
ARREREEEERILELELEL Reserved Should be written with 1 RW
SEEEEREREE (b4)
EERERREREE SE——— 0: Ignore RDY
i E i i i i E i i i --------- RDY DY Monitor Bit 1: Use RDY RW
i o
[ R I I N T L . . 0 0:mpy=1
trrrrr Multiplied Cycle Setting Bit
SERRRRRE @ Proa Y 958 10 1:mpy=2 RW
SRR - MPY1 10:mpy=3
EEREREE 11:mpy=4
EEERREE b9 b8
[ T T T O SRR ESUWO . —
i E i i i i E Address Setup Cycles g ?:Zx=? RW
e Before Write Setting Bit ) : _
[ R B R R B T T T T T vapup—— ESUW1 10:suw=2
R 11:suw=3
trrr
R EWWO b11610
111 ]| bemmmm e ce e e . _
RN Write Pulse Width Setting 8 ?jWW: ; RW
R Bit @ :WW:
I S EWW1 10:ww=3
A 11:ww=4
i _
HEEH L LR PR Reserved Should be written with 1 RW
P (®12)
Tl External Bus Format Select | 0: Separate bus
i i MPX Bit 1: Multiplexed bus RW
i E BWO b15b14
i Extornal Bus Width Setting 09SOk v W
. BWA Bit 10 : 32-bit width @
1 1 : Do not use this combination
Notes

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

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

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

4. This bit setting is applicable only in the 144-pin package.

Figure 9.12

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 among 8 bits, 16 bits, and 32 bits by setting bits BW1 and BWO in registers EBCO
to EBC3.

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

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

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

(2) Multiplexed Bus

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

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

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

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

Table 9.2 lists pin functions for each processor mode and Table 9.3 lists pin functions for each bus
format.
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Table 9.2 Processor Mode and Pin Functions (1)
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 . 8 bits onl 8/16 bits | 8/16/32 bits 8 bits onl 8/16 bits | 8/16/32 bits 8 bits onl 8/16 bits | 8/16/32 bits
width Y| (mixed) | (mixed) Y| (mixed) | (mixed) Y| (mixed) | (mixed)
PO_0Oto
PO 7 1/0 ports DO to D7 1/O ports
P1 0to
P17 1/0 ports | 1/O ports D8 to D15 I/0 ports D8 to D15 1/0 ports
o A0 or A0, A0/DO, BCO, or e
P2_0 1/0 port A0 A0 or BCO AO/DO BCO/DO A0/DO A0/DO or BCO/D0O
A1,A1/
P21 | UOport | A A1 or BC2 A1 or A1/D1 D1,BC2, or A1/D1 AB'1C/2/1D‘1”
BC2/D1
P2_2to
P2 7 1/0 ports A2 to A7 A2 to A7 or A2/D2 to A7/D7 A2/D2 to A7/D7
P3 0to A8 to A15 or
P3 7 1/0 ports A8 to A15 A8 to A15 A8/DS to A15/D15 A8 to A15 A8/D8 to A15/D15
P4_0to
P4 3 1/0O ports A16 to A19 1/O ports
P4_4 1/0 port A20 or CS3
P4 5 1/0 port A21 or CS2
P4 6 1/0 port A22 or CS1
P4_7 1/0 port A23 or CSO
P5 0 1/O port WR or WRO
Ps_t | yoport (UN9EIed) BETorwRT |Un9Eed) BoTorwmT |Undeied) BGTorWRT
P5 2 1/O port RD
P53 1/0 port BCLK
P5 4 1/0 port HLDA or CS1
P5 5 1/0 port HOLD
P5 6 1/0 port ALE or CS2 Set to ALE
P5 7 1/0 port RDY or CS3
P11_0to 1/0 ports CSO0 to CS2 or 1/0 ports
P11_2
— CS3or — R — — CS3or
P11_3 1/0 port CS3 or I/O port WRS CS8 or I/0O port CS3to WR2 CS8 or I/0O port WRS
BC3 or ey v BC3 or
P11_4 1/0 port 1/0 port WR3 1/0 port BC3 to WR3 I/0 port WR3
P12_0to
P12 7 1/0 ports 1/0 ports D16 to D23 1/0 ports D16 to D23 I/O ports D16 to D23
P13_0to
P13 7 1/0 ports 1/0 ports D24 to D31 1/0 ports D24 to D31 I/0 ports D24 to D31
Notes:

1. Ports P11 to P15 are available only in the 144-pin package.

2. Anundefined value is output.
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Table 9.3 Bus Format and Pin Functions (in Microprocessor Mode/Memory Expansion Mode) (1)
Bus Format Separate Bus Multiplexed Bus
MPX bit 0 1
Bus width 8 bits 16 bits 32 bits 8 bits 16 bits 32 bits
Bits BW1 to
BWO 00b 01b 10b 00b 01b 10b
PO_0to PO_7 DO to D7 I/O ports
P1 0toP1_7| /O ports D8 to D15 I/O ports
P2 0 A0 BCO A0/DO BCO0/DO
P2_1 A1 BC2 A1/D1 BC2/D1
P2 2toP2_7 A2 to A7 A2/D2 to A7/D7
P3 0toP3_ 7 A8 to A15 A8/D8 to A15/D15
P4 0toP4_3 A16 to A19 A16 to A19 or I/O ports
P4 4 A20 or CS3
P4 5 A21 or CS2
P4 6 A22 or CS1
P4_7 A23 or CS0 (CSO fixed in microprocessor mode)
P5 0 WR or WRO
P5_1 Undefined () BC1 or WR1 | Undefined @) | BCT or WRT
P5 2 RD
P5 3 BCLK
P5 4 HLDA or CS1
P5 5 HOLD
P5 6 ALE or CS2 Set to ALE
P5 7 RDY or CS3
P;h?zto CS0 to CS2 or I/0 ports
P11_3 CS3 or I/0 port CS3 or WR2 CS3or I/0 port CS3 or WR2
P11_4 /O port BC3 or WR3 /O port BC3 or WR3
P;fao;o I/O ports D16 to D23 I/O ports D16 to D23
P;?go;o I/0O ports D24 to D31 I/O ports D24 to D31
Notes:

1.
2.

Ports P11 to P15 are available only in the 144-pin package.
An undefined value is output.
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9.3.4

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

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

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

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

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

Table 9.4 RD, WR0, WR1, WR2, and WR3 Signals (1)
Ds;t/? dl?hus RD | WRO | WR1 | WR2 | WR3 External Data Bus Status
L H H H H |Read 4-byte data
H L H H H |Write 1-byte data to address 4n+0
H H L H H |Write 1-byte data to address 4n+1
H H H L H |Write 1-byte data to address 4n+2
H H H H L |Write 1-byte data to address 4n+3
32 bits @ H L L H H |Write 2-byte data to addresses 4n+0 to 4n+1

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

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

8 bits L |H (@) — |H/L(A1)] — |Read 1-byte data
H L(WR)| — [H/L(A1)] — |Write 1-byte data

Notes:

1. Signals WR2 and WR3 are available only in the 144-pin package.
2. Signals for the 32-bit data bus width can only be set in the 144-pin package.
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Table 9.5 D, WR, BCO, BC1, BC2, and BC3 Signals(1)
D?Atl? dl?hus RD | WR | BCO |BC1| BC2 |BC3 External Data Bus Status
L H L L L L |Read 4-byte data
H L L H H H |Write 1-byte data to address 4n+0
H L H L H H [Write 1-byte data to address 4n+1
H L H H L H |Write 1-byte data to address 4n+2
H L H H H L |Write 1-byte data to address 4n+3
32bits@ | H L L L H H |Write 2-byte data to addresses 4n+0 to 4n+1

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

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

8 bits L H |H/L(AO)] — |H/L(A1)] — |Read 1-byte data
H L |H/L (AO0)] — |H/L (A1)] — |Write 1-byte data

Notes:

1. Signals BC2 and BC3 are available only in the 144-pin package.
2. Signals for the 32-bit data bus width can only be set in the 144-pin package.
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9.3.5 External Bus Timing

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

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

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

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

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

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

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

1. Do not set this value.

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

(A) When the EBCi register is XX01 0100 0001 0000b

Bus cycle

<&

A 4

Base clock
(internal signal)

CS, BCO to BC3

I 1 O I A O

>
» €

Address

==

Data

Writ

1]

Read

~—

RD
WR, WRO to WR3

Bus cycle

(B) When the EBCi register is XX01 1001 0001 0101b

Bus cycle

»

\ 4

Base clock
(internal signal)

CS, BCO to BC3

Address

<&
<

>

Ngigigigigigigigigh

==

<X Read

Writ

()

~—

Base clock
(internal signal)

CS, BCO to BC3

Address

(C) When the EBCi register is XX01 0101 0101 0101b

Bus cycle

A 4

<&
<

L

L L

==

Data (Read)

Data (Write)

R, WRO to

Figure 9.13 External Bus Timing in Separate Bus Format (i = 0 to 3)
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(A) When the EBCi register is XX11 0100 0001 0100b

Bus cycle Bus cycle

<& »l
<€ » €

et N O [ O I

Y

S, BCO to BC3

]

Address / Data

>

Address! <X Read

-

<Address Write

ALE _/—

RD

WR, WRO to WR3

(B) When the EBCi register is XX11 1010 0001 1010b

Bus cycle

e N N I I A

s
—

S, BCOto BC3

Address / Data (Read)

Address Data >

==

]

Address / Data (Write) _>< Address Data

R, WRO to

=
!

R

(C) When the EBCi register is XX11 0101 0101 0101b

Bus cycle

Base clock

S| LML L L

TS,BCOt0BC3 |

Address / Data (Read)_>< Address Data > C
ALE
RD

Address / Data (Write) _>< Address Data C
WR, WRO to WR3

Figure 9.14 External Bus Timing in Multiplexed Bus Format (i = 0 to 3)
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9.3.6 ALE Signal

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

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

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

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

A23/CS0 Address or CS A23CSO Address or CS

(C) 32-bit data bus

ALE / \

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

Figure 9.15 ALE Signal and Address Bus/Data Bus

The ALE signal becomes high when a bus cycle is started and changes to low at 1/2 base clock before
RD or WR becomes low.

RO1UH0210EJ0120 Rev.1.20 RRENESAS Page 118 of 520
Feb 18, 2013



R32C/116 Group 9. Bus

9.3.7 RDY Signal

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

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

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

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

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

Bus cycle

gigigigigigininiin
/

2
i
N

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

BCLK = 1/2 base clock

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

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

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

BCLK = 1/3 base clock

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

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

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

BCLK = 1/4 base clock

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

In separate bus format
Not available

In multiplexed bus format
Not available

X: Given value

RO1UH0210EJ0120 Rev.1.20
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(A) In separate bus format EBCi register = XX01 1101 1011 1101b (X: given value)
Sampling every 3 clocks (mpy = 3)

v
Base clock ﬂ , ,
_|

(Ing?nC; 2%?123 J_ —| |—| |—| |_| |_| |——| |—

Bus cycle = 17¢ + 3¢

<&
<

Address >< ,X‘

. T

oaa (Reat)————— RN R,
WR WROtoWR3 | { 1
Data (Write) { J— —_—

rov \ j

Bus cycle is completed here when RDY is not used.

(B) In multiplexed bus format EBCi register = XX11 1101 1011 1101b (X: given value)
Sampling every 3 clocks (mpy = 3)
Bus cycle = 17¢ + 3¢

< . . X
easecock || [ [{[JTUUUUUUUU LU UL UL
(Ingr?ncali(l 2%2:?) J_ —| |_| |_| |_| |_| |_—| |——|

r

PR — —_— H
]
L

CS, BCO to BC3

ALE \

Address / Data (Read):x Address X)OOOOOOOOOOOOOOOWWW Data >—
RO |\ T Y

Address / Data (Write) _>< Address X Data ‘)- ----- ---->—-<

R, WRO to WR3 _—\ e -

Fov \ /

=

Bus cycle is completed here when RDY is not used.

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

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

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

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

Table 9.11 lists the MCU state in a hold state.

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

Table 9.11 MCU State in Hold State

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

9.3.9 BCLK Output

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

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

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

Table 9.12  External Bus State when Accessing Internal Space

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

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

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

Write cycle |Data is output Undefined

CS0to CS3 High is output High is output

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

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

ALE The ALE signal is output The ALE signal is output
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9.5 Notes on Bus

9.5.1 Notes on 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 FEBCS 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

9.5.2.1 Chip Select Boundary Select Registers
When not using memory expansion mode, do not change values after a reset for registers CB01,
CB12, and CB23.

When using memory expansion mode, set all of these registers to a value within the specified range
whether or not each chip select space is used.

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, 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, CSOP2, INVCO, INVC1, IOBC, and I2CMR
PRC2 PLCO, PLC1, PD9, and P9_iS (i=0to 7)

The PRC2 bit becomes 0 (write disabled) when a write operation is performed in any other address after
this bit is set to 1 (write enabled). Set the PRC2 bit to 1 just before rewriting registers PD9, P9 _iS, PLCO,
and PLC1 (i = 0 to 7). No interrupt handling or DMA transfers should be inserted between these two
instructions. Bits PRC1 and PRCO do not become 0 even if a write operation is performed in any other
address. These bits should be set to 0 by a program.

Protect Register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
PRCR 4004Ah XXXX X000b
Bit Symbol Bit Name Function RwW

Enable writing to registers CMO,
CM1, CM2, and PM3

0: Write disabled

1: Write enabled

- PRCO Protect Bit 0 RwW

Enable writing to registers PMO,
PM2, CSOPO0, CSOP1, CSOP2,
EEREEE PRC1 Protect Bit 1 INVCO, INVC1, IOBC, and I2CMR RW
0: Write disabled
1: Write enabled

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

1: Write enabled

o PRC2 Protect Bit 2 (1 RW

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

Yy g g g g g g g g g

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 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
PRCR2 4405Fh OXXX XXXXb

] ] ] ] 1 ] ] ]

A

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

] ] ] ] 1 ] ] ]

] ] ] ] 1 ] ] ]

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

1 e — e b ———— J—

(b6-b0) | value

Enable writing to the CM3 register
e L EEEEEE PR PRC27 CM3 Protect Bit 0: Write disabled RW
1: Write enabled

Figure 10.2 PRCR2 Register

10.3 Protect Register 3 (PRCR3 Register)

Figure 10.3 shows the PRCR3 register. Registers protected by the bits in the PRCR3 register are listed in
Table 10.2.

Table 10.2  Registers Protected by the PRCR3 Register
Bit Protected Registers
PRC31 VRCR, LVDC, and DVCR

Protect Register 3

Enable writing to registers VRCR,
LVDC, and DVCR

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
l[o[o[o[o]o[o] [o]  PRcR3 4004Ch 0000 0000b
I i i i
] ] ]
i E E Bit Symbol Bit Name Function RW
] ] ]
i E - (&) Reserved Should be written with 0 RW
Lo
] ]
1 ]
1 ]

|ommms PRC31 Protect Bit 31 0: Write disabled RW
i 1: Write enabled
-------------:- -------- (b7Tb2) Reserved Should be written with 0 RwW
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.

b7 b0

Protect Release Register

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

AAh: Write enabled
Value other than AAh: Write disabled

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
\ hardware Single-step @

DMAC Il

Peripheral ("

(Maskable interrupts)

Notes:

1. The peripheral interrupts are generated by the corresponding peripherals in the MCU.
2. This interrupt is used exclusively as a development support tool. Users are not allowed to use this interrupt.

Figure 11.1 Interrupts

Interrupts are also classified into maskable/non-maskable.

(1) Maskable Interrupts

Maskable interrupts can be disabled by the interrupt enable flag (I flag).
The priority can be configured by assigning an interrupt request level.

(2) Non-maskable Interrupts

Maskable interrupts cannot be disabled by the interrupt enable flag (I flag).
The interrupt priority cannot be configured.
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11.2 Software Interrupts

Software interrupts are non-maskable. A software interrupt occurs by executing an instruction.
There are five types of software interrupts shown below.

(1) Undefined Instruction Interrupt
This interrupt occurs when the UND instruction is executed.

(2) Overflow Interrupt

This interrupt occurs when the INTO instruction is executed while the O flag is 1. The following
instructions may change the O flag to 1, depending on the operation result:

ABS, ADC, ADCF, ADD, ADDF, ADSF, CMP, CMPF, CNVIF, DIV, DIVF, DIVU, DIVX, EDIV, EDIVU,
EDIVX, MUL, MULF, MULU, MULX, NEG, RMPA, ROUND, SBB, SCMPU, SHA, SUB, SUBF, SUNTIL,
and SWHILE

(3) BRK Instruction Interrupt
This interrupt occurs when the BRK instruction is executed.

(4) BRK2 Instruction Interrupt

This interrupt occurs when the BRK2 instruction is executed.
This interrupt is only meant for use as a development support tool and users are not allowed to use it.

(5) INT Instruction Interrupt

This interrupt occurs when the INT instruction is executed with a selected software interrupt number
from 0 to 255. Software interrupt numbers 0 to 127 are designated for peripheral interrupts. That is, the
INT instruction with a software interrupt number from 0 to 127 has the same interrupt handler as that for
peripheral interrupts.

The stack pointer (SP) used for this interrupt differs depending on the software interrupt numbers. For
software interrupt numbers 0 to 127, when an interrupt request is accepted, the U flag is saved and set
to 0 to select the interrupt stack pointer (ISP) during the interrupt sequence. The saved data of the U
flag is restored upon returning from the interrupt handler. For software interrupt numbers 128 to 255,
the stack pointer does not change during the interrupt sequence.
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11.3 Hardware Interrupts

There are two kinds of hardware interrupts: special interrupts and peripheral interrupts.
In peripheral interrupts, only one interrupt with the highest priority can be specified as a fast interrupt.

11.3.1  Special Interrupts
Special interrupts are non-maskable. There are five special interrupts shown below.

(1) NMI (Non Maskable Interrupt)

This interrupt occurs when an input signal at the NMI pin switches from high to low. Refer to 11.11 “NMI”
for details.

(2) Watchdog Timer Interrupt
The watchdog timer generates this interrupt. Refer to 12. “Watchdog Timer” for details.

(3) Oscillator Stop Detection Interrupt

This interrupt occurs when the MCU detects a main clock oscillator stop. Refer to 8.2 “Oscillator Stop
Detection” for details.

(4) Low Voltage Detection Interrupt

This interrupt occurs when a low voltage input to VCC is detected by the voltage detector. Refer to 6.2
“Low Voltage Detector” for details.

(5) Single-step Interrupt
This interrupt is only meant for use as a development support tool and users are not allowed to use it.

11.3.2 Peripheral Interrupts

Peripheral interrupts occur when an interrupt request from a peripheral in the MCU is accepted. They
share the interrupt vector with software interrupt numbers 0 to 127 for the INT instruction. Peripheral
interrupts are maskable.
Refer to Tables 11.2 to 11.5 for details on the interrupt sources. Refer to the relevant descriptions for
details on each function.
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11.4 Fast Interrupt

A fast interrupt enables the CPU to accelerate interrupt response. In peripheral interrupts, only one
interrupt with the highest priority can be specified as the fast interrupt.
Use the following procedure to enable a fast interrupt:
(1) Set the both FSIT bit in registers RIPL1 and RIPL2 to 1 (interrupt request level 7 available for fast
interrupt).
(2) Set the both DMAII bit in registers RIPL1 and RIPL2 to O (interrupt request level 7 available for
interrupts).
(3) Set the start address of the fast interrupt handler to the VCT register.
Under the conditions above, bits ILVL2 to ILVLO in the interrupt control register should be set to 111b
(level 7) to enable the fast interrupt. No other interrupts should be set to interrupt request level 7.
When the fast interrupt is accepted, the flag register (FLG) and program counter (PC) are saved to the
save flag register (SVF) and save PC register (SVP), respectively. The program is executed from the
address indicated by the VCT register.
To return from the fast interrupt handler, the FREIT instruction should be executed. The values saved into
registers SVF and SVP are restored to the FLG register and PC, respectively.

11.5 Interrupt Vectors

Each interrupt vector has a 4-byte memory space, in which the start address of the associated interrupt
handler is stored. When an interrupt request is accepted, a jump to the address set in the interrupt vector
takes place. Figure 11.2 shows an interrupt vector.

MSB LSB
Vector address + 0 Lower byte of an address
Vector address + 1 Mid-lower byte of an address
Vector address + 2 Mid-upper byte of an address
Vector address + 3 Upper byte of an address
Figure 11.2 Interrupt Vector
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11.5.1

Fixed Vector Table

The fixed vector table is allocated in addresses FFFFFFDCh to FFFFFFFFh. Table 11.1 lists the fixed

vector table.

Table 11.1

Fixed Vector Table

Interrupt Source

Vector Addresses
(Address (L) to Address (H))

Remarks

Reference

Undefined FFFFFFDCh to FFFFFFDFh |Interrupt by the UND

instruction instruction

Overflow FFFFFFEOh to FFFFFFE3h |Interrupt by the INTO
instruction

BRK instruction

FFFFFFE4h to FFFFFFE7h

If address FFFFFFE7h is FFh,
a jump to the interrupt vector of
software interrupt number 0 in
the relocatable vector table
takes place

R32C/100 Series Software
Manual

FFFFFFESh to FFFFFFEBh

Reserved

FFFFFFECh to FFFFFFEFh

Reserved

Watchdog timer
Oscillator stop

FFFFFFFON to FFFFFFF3h

These addresses are shared
by the watchdog timer

12. “Watchdog Timer”
8. “Clock Generator”

detection interrupt, oscillator stop 6.2 “Low Voltage Detector”
Low voltage detection interrupt, and low
detection voltage detection interrupt

— FFFFFFF4h to FFFFFFF7h |Reserved
NMI FFFFFFF8h to FFFFFFFBh |External interrupt by the NMI

pin

Reset FFFFFFFCh to FFFFFFFFh 5. “Resets”
11.5.2 Relocatable Vector Table

The relocatable vector table occupies a 1024-byte memory space from the start address set in the INTB
register. Tables 11.2 to 11.5 list the relocatable vector table entries.
An address in a multiple of 4 should be set in the INTB register for a faster interrupt sequence.
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Table 11.2  Relocatable Vector Table (1/4)

Interrupt Source Vector Table Relative Addresses ?n?:::j;} Reference
(Address (L) to Address (H)) (1) Number
BRK instruction (2) +0 to +3 (0000h to 0003h) 0 R32C/100 Series
Software Manual
Reserved +4 to +7 (0004h to 0007h) 1
UARTS5 transmission, NACK (3) +8 to +11 (0008h to 000Bh) 2 18. “Serial
UARTS5 reception, ACK (3) +12 to +15 (000Ch to 000Fh) 3 Interface”
UARTS6 transmission, NACK (3) +16 to +19 (0010h to 0013h) 4
UART®6 reception, ACK (3) +20 to +23 (0014h to 0017h) 5
Bus collision detection, START +24 to +27 (0018h to 001Bh) 6
condition detection, or STOP condition
detection (UART5 or UART6) (3. 4)
Reserved +28 to +31 (001Ch to 001Fh) 7
DMAO transfer complete +32 to +35 (0020h to 0023h) 8 13. “DMAC”
DMAT1 transfer complete +36 to +39 (0024h to 0027h) 9
DMAZ2 transfer complete +40 to +43 (0028h to 002Bh) 10
DMAS3 transfer complete +44 to +47 (002Ch to 002Fh) 11
Timer AO +48 to +51 (0030h to 0033h) 12 16.1 “Timer A”
Timer A1 +52 to +55 (0034h to 0037h) 13
Timer A2 +56 to +59 (0038h to 003Bh) 14
Timer A3 +60 to +63 (003Ch to 003Fh) 15
Timer A4 +64 to +67 (0040h to 0043h) 16
UARTO transmission, NACK (3) +68 to +71 (0044h to 0047h) 17 18. “Serial
UARTO reception, ACK (3) +72 to +75 (0048h to 004Bh) 18 Interface”
UART1 transmission, NACK (3) +76 to +79 (004Ch to 004Fh) 19
UART1 reception, ACK (3) +80 to +83 (0050h to 0053h) 20
Timer BO +84 to +87 (0054h to 0057h) 21 16.2 “Timer B”
Timer B1 +88 to +91 (0058h to 005Bh) 22
Timer B2 +92 to +95 (005Ch to 005Fh) 23
Timer B3 +96 to +99 (0060h to 0063h) 24
Timer B4 +100 to +103 (0064h to 0067h) 25
INT5 +104 to +107 (0068h to 006Bh) 26 11.10 “External
INT4 +108 to +111 (006Ch to 006Fh) 27 Interrupt”
INT3 +112 to +115 (0070h to 0073h) 28
INT2 +116 to +119 (0074h to 0077h) 29
INT1 +120 to +123 (0078h to 007Bh) 30
INTO +124 to +127 (007Ch to 007Fh) 31
Timer B5 +128 to +131 (0080h to 0083h) 32 16.2 “Timer B”
Notes:

1. Each entry is relative to the base address in the INTB register.
2. Interrupts from this source cannot be disabled by the | flag.
3. In I2C mode, interrupts are generated by NACK, ACK, or detection of a START condition/STOP

condition.

4. The IFSR16 bit in the IFSR1 register selects either the interrupt source in UART5 or UART6.
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Table 11.3  Relocatable Vector Table (2/4)
Interrupt Source Vector Table Relative Addresses ?n?tfet\r,:j ret) Reference
P (Address (L) to Address (H)) (1) P
Number
UART?2 transmission, NACK (2)/12C-bus  |+132 to +135 (0084h to 0087h) 33 18. “Serial

interface )

Interface”/24. “Multi-

UART?2 reception, ACK ()/12C-bus line (3) [+136 to +139 (0088h to 008Bh) 34 master [2C-bus

UART3 transmission, NACK (2) +140 to +143 (008Ch to 008Fh) |35 Interface”

UARTS3 reception, ACK (2) +144 to +147 (0090h to 0093h) 36

UART4 transmission, NACK (2) +148 to +151 (0094h to 0097h) 37

UART4 reception, ACK (2) +152 to +155 (0098h to 009Bh) 38

Bus collision detection, START condition |+156 to +159 (009Ch to 009Fh) 39

detection, or STOP condition detection

(UART2) (@)

Bus collision detection, START condition |+160 to +163 (00AOh to 00A3h) 40

detection, or STOP condition detection

(UART3 or UARTO) (2, 4)

Bus collision detection, START condition |+164 to +167 (00A4h to 00A7h) 41

detection, or STOP condition detection

(UART4 or UART1) (2,4)

A/DO +168 to +171 (00A8h to 00ABh) 42 19. “A/D Converter”

Key input +172 to +175 (00ACh to 00AFh) 43 11.12 “Key Input
Interrupt”

Intelligent 1/O interrupt 0 +176 to +179 (00BOh to 00B3h) 44 11.13 “Intelligent I/O

Intelligent 1/O interrupt 1 +180 to +183 (00B4h to 00B7h) 45 Interrupt”,

Intelligent 1/O interrupt 2 +184 to +187 (00B8h to 00BBh) 46 23. “Intelligent I/O”

Intelligent 1/O interrupt 3 +188 to +191 (00BCh to 00BFh) 47

Intelligent 1/O interrupt 4 +192 to +195 (00COh to 00C3h) 48

Intelligent 1/O interrupt 5 +196 to +199 (00C4h to 00C7h) 49

Intelligent 1/O interrupt 6 +200 to +203 (00C8h to 00CBh) 50

Intelligent 1/O interrupt 7 +204 to +207 (00CCh to 00CFh) 51

Intelligent 1/O interrupt 8 +208 to +211 (00DOh to 00D3h) 52

Intelligent 1/O interrupt 9 +212 to +215 (00D4h to 00D7h) 53

Intelligent 1/O interrupt 10 +216 to +219 (00D8h to 00DBh) 54

Intelligent 1/O interrupt 11 +220 to +223 (00DCh to 00DFh) 55

Reserved +224 to +227 (00EOh to 00E3h) 56

Reserved +228 to +231 (00E4h to 00E7h) 57

Reserved +232 to +235 (00E8h to 00EBh) 58

Reserved +236 to +239 (00ECh to 00EFh) 59

Reserved +240 to +243 (00FO0h to 00F3h) 60

Reserved +244 to +247 (00F4h to 00F7h) 61

Reserved +248 to +251 (00F8h to 00FBh) 62

Reserved +252 to +255 (00FCh to 00FFh) 63

Notes:

1. Each entry is relative to the base address in the INTB register.
2. In I2C mode, interrupts are generated by NACK, ACK, or detection of a START condition/STOP

condition.

3. Select an interrupt source either of UART2 or I2C-bus interface by setting the I2CEN bit in the I2CMR

register.

4. The IFSRO06 bit in the IFSRO register selects either the interrupt source in UARTO or UARTS3. The
IFSRO7 bit selects either the interrupt source in UART1 or that in UART4.
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Table 11.4  Relocatable Vector Table (3/4) (1)

Interrupt Source Vector Table Relative Addresses ISnc;::\lﬁs Reference
(Address (L) to Address (H)) (2) Number
Reserved +256 to +259 (0100h to 0103h) 64
Reserved +260 to +263 (0104h to 0107h) 65
Reserved +264 to +267 (0108h to 010Bh) 66
Reserved +268 to +271 (010Ch to 010Fh) 67
Reserved +272 to +275 (0110h to 0113h) 68
Reserved +276 to +279 (0114h to 0117h) 69
Reserved +280 to +283 (0118h to 011Bh) 70
Reserved +284 to +287 (011Ch to 011Fh) 71
Reserved +288 to +291 (0120h to 0123h) 72
Reserved +292 to +295 (0124h to 0127h) 73
Reserved +296 to +299 (0128h to 012Bh) 74
Reserved +300 to +303 (012Ch to 012Fh) 75
Reserved +304 to +307 (0130h to 0133h) 76
Reserved +308 to +311 (0134h to 0137h) 77
Reserved +312 to +315 (0138h to 013Bh) 78
Reserved +316 to +319 (013Ch to 013Fh) 79
Reserved +320 to +323 (0140h to 0143h) 80
Reserved +324 to +327 (0144h to 0147h) 81
Reserved +328 to +331 (0148h to 014Bh) 82
Reserved +332 to +335 (014Ch to 014Fh) 83
Reserved +336 to +339 (0150h to 0153h) 84
Reserved +340 to +343 (0154h to 0157h) 85
Reserved +344 to +347 (0158h to 015Bh) 86
Reserved +348 to +351 (015Ch to 015Fh) 87
Reserved +352 to +355 (0160h to 0163h) 88
Reserved +356 to +359 (0164h to 0167h) 89
Reserved +360 to +363 (0168h to 016Bh) 90
Reserved +364 to +367 (016Ch to 016Fh) 91
Reserved +368 to +371 (0170h to 0173h) 92
INT8 +372 to +375 (0174h to 0177h) 93 11.10 “External
INT7 +376 to +379 (0178h to 017Bh) 94 Interrupt”
INT6 +380 to +383 (017Ch to 017Fh) 95
Notes:
1. Entries in this table cannot be used to exit wait mode or stop mode.
2. Each entry is relative to the base address in the INTB register.
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Table 11.5 Relocatable Vector Table (4/4) (1)

+1020 to +1023 (03FCh to 03FFh)

Interrupt Source Vector Table Relative Addresses ISnc;::\;i;r)T Reference
(Address (L) to Address (H)) (2) Number

Reserved +384 to +387 (0180h to 0183h) 96
Reserved +388 to +391 (0184h to 0187h) 97
Reserved +392 to +395 (0188h to 018Bh) 98
Reserved +396 to +399 (018Ch to 018Fh) 99
Reserved +400 to +403 (0190h to 0193h) 100
Reserved +404 to +407 (0194h to 0197h) 101
Reserved +408 to +411 (0198h to 019Bh) 102
Reserved +412 to +415 (019Ch to 019Fh) 103
Reserved +416 to +419 (01AOh to 01A3h) 104
Reserved +420 to +423 (01A4h to 01A7h) 105
Reserved +424 to +427 (01A8h to 01ABh) 106
Reserved +428 to +431 (01ACh to 01AFh) 107
Reserved +432 to +435 (01BOh to 01B3h) 108
Reserved +436 to +439 (01B4h to 01B7h) 109
Reserved +440 to +443 (01B8h to 01BBh) 110
Reserved +444 to +447 (01BCh to 01BFh) 111
Reserved +448 to +451 (01COh to 01C3h) 112
Reserved +452 to +455 (01C4h to 01C7h) 113
Reserved +456 to +459 (01C8h to 01CBh) 114
Reserved +460 to +463 (01CCh to 01CFh) 115
Reserved +464 to +467 (01D0h to 01D3h) 116
Reserved +468 to +471 (01D4h to 01D7h) 117
Reserved +472 to +475 (01D8h to 01DBh) 118
Reserved +476 to +479 (01DCh to 01DFh) 119
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 |I:LL1 PO Acceptable Interrupt Request Levels

1 1 1 All maskable interrupts are disabled

1 1 0 Level 7 only

1 0 1 Level 6 and above

1 0 0 Level 5 and above

0 1 1 Level 4 and above

0 1 0 Level 3 and above

0 0 1 Level 2 and above

0 0 0 Level 1 and above
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11.6.2 Interrupt Control Registers

Each peripheral interrupt is controlled by an interrupt control register.
11.4 show the interrupt control registers.

Interrupt Control Register
b7 b6 b5 b4 b3 b2 bf bO Symbol Address Reset Value
WMJ TAOIC to TA4IC 006Ch, 008Ch, 006Eh, 008Eh, 0070h XXXX X000b
- B B B B TBOIC to TB5IC 0094h, 0076h, 0096h, 0078h, 0098h, 0061h XXXX X000b
A R S SOTIC to S4TIC 0090h, 0092h, 0081h (M, 0083h, 0085h XXXX X000b
{ £ 1 1 1 1 1 1 S5TICtoS8TIC 0062h, 0064h, 00DDh, 00DFh XXXX X000b
it 11111 SORICtoS4RIC 0072h, 0074h, 0063h @), 0065h, 0067h XXXX X000b
[ A A S5RIC to S8RIC 0082h, 0084h, 00FDh, 00FFh XXXX X000b
vy e BCNOIC to BCN3IC 0069h, 0089h, 0087h, 0069h 3 XXXX X000b
i © 1 1 1 1 1 | BCN4ICtoBCN6IC 0089h “), 0066h, 0066h & XXXX X000b
i+ 11 1 1 1 1 DMOICtoDM3IC 0068h, 0088h, 006Ah, 008Ah XXXX X000b
bbb ADOIC 006Bh XXXX X000b
[ A KUPIC 008Bh XXXX X000b
e e 1100IC to 11O5IC 006Dh, 008Dh, 006Fh, 008Fh, 0071h, 0091h XXXX X000b
R S 1106IC to 1011IC 0073h, 0093h, 0075h, 0095h, 0077h, 0097h XXXX X000b
i i E E i i E E I12CIC, 12CLIC 0081h ™M, 0063h @ XXXX X000b
] ] ] ] 1 ] ] ]
tfo1 11111 | Bit Symbol Bit Name Function RW
A A b2 b1 b0
A ILVLO 0 0 0: Level O (interrupt disabled) | RW
T T R 00 1: Level1
1 1 1 1 1 1 ] .
EEREE R Lvir [ Itemust RequestLovel | g 3 90 8 aw
[ B B B Select Bit 100 Level 4
1 (] ] 1 ] 1 "
I 10 1: Level5
T T T B RS ILVL2 11 0: Level 6 RW
i i i i i 11 1: Level7
R A 0: No interrupt requested
i i i i ----------- IR Interrupt Request Flag 1: |nterrupt requested (6) RwW
i__;___;__i _____________ — No register bits; should be written with 0 and read as undefined
(b7-b4) value -
Notes
1. The S2TIC register shares an address with the 12CIC register.
2. The S2RIC register shares an address with the 12CLIC register.
3. The BCNOIC register shares an address with the BCN3IC register.
4. The BCN1IC register shares an address with the BCN4IC register.
5. The BCNS5IC register shares an address with the BCNGIC register.
6. This bit can only be set to 0 (do not 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
A INT6IC to INT8IC O0OFEh, OODEh, 00FCh XX00 X000b
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
Pobob Bit Symbol Bit Name Function RW
REREERE
A ILVLO 0 0 0: Level O (interrupt disabled) | RW
I B I 00 1: Level1
i i i i i i i Interrupt Request Level 010: Level2
[ T B T B BT T ILVL1 . 01 1: Level3 RW
i i i i i i Select Bit 10 0: Level4
Ve 10 1: Level5
(I R T T R ILVL2 110: Level 6 RW
b 111: Level 7
T B 0: No interrupt requested
e IR Interrupt Request Flag | 1"t e uested @ RW
oo . . 0: Select the falling edge or a low
i i i frmmmmeeeen POL Polarity Select Bit 1: Select the rising edge or a high ¢ RW
1 ] 1
N Level/Edge Sensitive 0: Edge sensitive
. LvS Select Bit 1: Level sensitive ¥ RW
1 1
R — No register bits; should be written with 0 and read as undefined .
(b7-b6) value
Notes
1. When the 16- or 32-bit data bus is used in microprocessor mode or memory expansion mode, pins INT3 to
INT5 function as data bus. In this case, set bits ILVL2 to ILVLO in registers INT3IC to INT5IC to 000b.
2. This bit can only be set to 0 (do not setitto 1).
3. Set this bit to 0 (the falling edge) to set the corresponding bit in registers IFSR0 and IFSR1 to 1 (both
edges).
4. Set the corresponding bit in registers IFSR0O and IFSR1 to 0 (one edge) to select the level sensitive.

Figure 11.4

Bits ILVL2 to ILVLO

Interrupt Control Register (2/2)

The interrupt request level is selected by setting bits ILVL2 to ILVLO. The higher the level is, the higher

interrupt priority is.

When an interrupt request is generated, its request level is compared to the IPL. The interrupt is
accepted only when the interrupt request level is higher than the IPL. When bits ILVL2 to ILVLO are set

to 000b, the interrupt is disabled.

IR bit

The IR bit becomes 1 (interrupt requested) when an interrupt request is generated; this bit setting is
retained until the interrupt request is accepted. When the request is accepted and a jump to the
corresponding interrupt vector takes place, the IR bit becomes 0 (no interrupt requested).

The IR bit can be set to 0 by a program. This bit should not be set to 1.
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When rewriting the interrupt control register, no corresponding interrupt request should be generated. If
there is a possibility that an interrupt request may be generated, disable the interrupt request before
rewriting the register.
When enabling an interrupt immediately after changing the interrupt control register, insert NOPs
between two instructions or perform a dummy read of the interrupt control register so that the interrupt
enable flag (I flag) cannot become 1 (interrupt enabled) before writing to the interrupt control register is
completed.
If an interrupt request is generated for the register being rewritten, the IR bit may not become 1
depending on the instruction being used. If it matters, use one of the following instructions to rewrite the
register:

* AND

*OR

*BCLR

*BSET
If the AND or BCLR instruction is used to set the IR bit to 0, the IR bit may not become 0 as these
instructions cause the interrupt request to be retained during the rewrite. To prevent this from
happening, rewrite the register using the MOV instruction. To set just the IR bit to 0, first temporarily
store the read value to memory or a CPU internal register, then execute either the AND or BCLR
instruction in the stored area. After that, write the value back to the register using the MOV instruction.
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11.6.3 Wake-up IPL Setting Register

Set the wake-up IPL setting registers (registers RIPL1 and RIPL2) when using an interrupt to exit wait
or stop mode, or using the fast interrupt.

Refer to 8.7.2 “Wait Mode”, 8.7.3 “Stop Mode”, or 11.4 “Fast Interrupt” for details.

Figure 11.5 shows registers RIPL1 and RIPL2.

Wake-up IPL Setting Registeri (i=1,2) ™

b7 b6 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

I 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 show the priority resolver.
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Level 0
High Request level of interrupts ~ (default) Request level of interrupts Request level of interrupts
e T T s eraivats i o
A i | UARTS transmission Timer BO | Bus collision (UART2)
1
i [ UARTS reception Timer B1 [ Bus collision (UARTO, 3)
1
!|  UARTS transmission Timer B2 [ Bus collision (UARTT, 4)
1
! | UART®6 reception Timer B3 | A/D converter 0
1
i [ Bus collision (UARTS, 6) Timer B4 | Key input
i | DMAO INT5 | Intelligent 1/00
1
' DMA1 INT4 | Intelligent /01
1
l DMA2 INT3 | Intelligent 1/02
1
i [ DMA3 INT2 [ Intelligent /03
1
l Timer A INT1 [ Inteliigent 1104
1
H Timer A1 INTO | Intelligent 1/05
1
i | Timer A2 Timer B5 | Intelligent 1/06
i | Timer A3 UART2 trans. / I2C I/F | Intelligent 1/07
]
l Timer A4 UART2 rec. / I2C line | Intelligent /08
]
H | UARTO transmission UARTS3 transmission | Intelligent 1/09
]
i [ UARTO reception UARTS3 reception | Intelligent 1/010
t [ UARTT transmission UART4 transmission [ Intelligent /O11
l-—-—e 1 JV |- UV | L e = =
! | UART1 reception UART4 reception
1
Level 0
Request level of interrupts ~ (default) Request level of interrupts
R oo B R NN bchvopdy bt oSN IR IR kbbbl
1 1
i | INT8 i [ UART7 reception
H | INT7 | | UARTS transmission
1 1
______________________ 1
v i_l UARTS reception
Low o e
High <€ >
Peripheral interrupt priority
(for interrupts with same request level)
Bits RLVL2 to RLVLO in
| IPL the RIPL1 register
Wake-up signal
| I flag from wait or stop
| Watchdog timer mode (to clock
generator)
| Low voltage detection
— \ Interrupt request
| Oscillator stop detection accepted (to CPU)
| NMI
| DMA Il transfer complete I—

Figure 11.8 Priority Resolver
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11.10 External Interrupt

An external interrupt occurs by an external input applied to the INTi pin (i = 0 to 8). Set the LVS bit in the
INTIIC register to select whether an interrupt is triggered by the effective edge(s) (edge sensitive), or by
the effective level (level sensitive) of the input signal. The polarity of the input signal is selected by setting
the POL bit in the same register.

When using edge-triggered interrupts, setting the IFSROj bit in the IFSRO register to 1 (both edges)
causes interrupt requests to be generated on both rising and falling edges of the external input applied to
the INT]j pin (j = 0 to 5). This also applies to setting the IFSR1n bit (n = m - 6) in the IFSR1 register to 1
(both edges) for the INTm pin (m = 6 to 8). Set the POL bit in the corresponding register to 0 (falling edge)
to set the IFSROj bit or the IFSR1n bit to 1.

When using level-triggered interrupts, set the IFSROj or IFSR1n bit to 0 (one edge). When an effective
level, which is selected by the POL bit, is detected on the INTi pin, the IR bit in the INTIIC register
becomes 1. The IR bit does not become 0 even if the signal level at the INTi pin changes. This bit is set to
0 when the INTi interrupt is accepted or it is set to 0 by a program.

Figures 11.9 and 11.10 show registers IFSRO and IFSR1, respectively.

External Interrupt Request Source Select Register 0
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address Reset Value
LT ] ] IFSRO 4406Fh 0000 0000b
HEHH
ST T T T T
E E E i i i i i Bit Symbol Bit Name Function RW
) ] ] 1 ] ] ] ] TN A DO . . .
I O IFSRO0 I1NT0 Pin Polarity Select Bit 0: One edge RW
I M 1: Both edges
) ] ] 1 1 ] 1 —_—
Voo INT1 Pin Polarity Select Bit | 0: One edge
R FSROT ’ 1:Boih dges Rw
) ] ] 1 1 ] —
[ R INT2 Pin Polarity Select Bit | 0: One edge
) ] ] 1 1 |
SR IFSROZ 1) 1: Both edges RW
) ] ] 1 1
] ] ] 1 1 INT?2 Di - H .
I IFSRO3 I1NT3 Pin Polarity Select Bit 0: One edge RW
oo M 1: Both edges
[ | TNTA D : - _
[ T S IFSR04 I1NT4 Pin Polarity Select Bit 0: One edge RW
o M 1: Both edges
) ] ] p—
Voo INT5 Pin Polarity Select Bit | 0: One edge
I IFSROS ) 1: Both edges RW
E i 0: Bus collision, START condition
E E detection, STOP condition detection
"o UARTO/UARTS Interrupt in UART3
E ------------------- IFSR06 Source Select Bit 1: Bus collision, START condition RW
! detection, STOP condition detection
' in UARTO
)
E 0: Bus collision, START condition
! detection, STOP condition detection
! UART1/UART4 Interrupt in UART4
e e ————————
IFSRO7 Source Select Bit 1: Bus collision, START condition RW
detection, STOP condition detection
in UART1
Note:
1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register to 0 (falling edge) (i = 0 to 5).

11. Interrupts

Figure 11.9

IFSRO Register

RO1UH0210EJ0120 Rev.1.20

Feb 18, 2013

RENESAS

Page 146 of 520



R32C/116 Group 11. Interrupts

External Interrupt Request Source Select Register 1

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address Reset Value
IFSR1 4406Dh X0XX X000b

! Voo

[ T R R R

AR Pl Bit Symbol Bit Name Function RW

(I — O - -

[ INT6 Pin Polarity Select Bit | 0: One edge

) 1 e

' E E i i i E IFSR10 ) 1: Both edges RW

)

E E E E E i i ______ IFSR11 INT7 Pin Polarity Select Bit | 0: One edge RW

bl b : M 1: Both edges

[ I TNTE Pi : : .

N INT8 Pin Polarity Select Bit | 0: One edge

E E E P IFSR12 ™ 1: Both edges RW

1 1

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

(I (b5-b3) value

) ]

E E 0: Bus collision, START condition

v detection, STOP condition detection

' UART5/UARTS Interrupt in UART5

] e ————————— -]

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

E detection, STOP condition detection

! in UART6

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

(b7) value

Note:

1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register (i = 6 to 8) to O (falling edge).

Figure 11.10 IFSR1 Register

11.11 NMI

The NMI (non maskable interrupt) occurs when an input signal at the NMI pin switches from high to low.
This non maskable interrupt is disabled after a reset. To enable this interrupt, set the PM24 bit in the PM2
register to 1 after setting the interrupt stack pointer (ISP) at the beginning of the program. The NMI pin
shares a pin with port P8_5, which enables the P8_5 bit in the P8 register to indicate the input level at the

NMI pin.
Note:

1. When not using the NMI, do not change the reset value of the PM24 bit in the PM2 register.
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11. Interrupts

11.12 Key Input Interrupt
The key input interrupt is enabled by setting ports P10_4 to P10_7 as input ports.

The interrupt request is generated if any of the signals applied to ports P10_4 to P10_7 switch from high
to low. This interrupt also functions as key wake-up to exit wait or stop mode. Figure 11.11 shows a block
diagram of the key input interrupt. If any of the ports are held low, signals applied to other ports are not
detected as interrupt request signals.
To use the key input interrupt, every register from P10_4S to P10_7S should be set to 00h (I/O port) and
bits PD10_4 to PD10_7 should be set to 0 (input). This is the only setting available for the key input

interrupt.

:

PU31 bit in the PURS register

o— PD10_7 bit

P10_7/KI3 O F

:

~__ ASEL bitin the
P10_6S register

* PD10_6 bit

P10_6/KIZ O F

:

__ ASEL bitinthe
P10_5S register

PD10_5 bit

P10_5KT O (F

FHCL—_

~_ ASEL bitin the
P10_4S register

P10_4/KI0 O

PD10_4 bit
1

—— ASEL bit in the P10_7S register

KUPIC register

\ 4
Interrupt control
circuit

—» Key input interrupt request

Figure 11.11 Key Input Interrupt Block Diagram
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11.13 Intelligent 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 setting changes from 0 to 1, it remains unchanged if a bit in the 11OilIR register becomes 1
by another interrupt request source and the corresponding bit in the IIOIIE 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 °\¢ | Intelligent 1/O
Interrupt request —|—1>—|:|—:——o nterrane roquest

_________________

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

respective interrupt request sources.

2. Bits 1 to 7 in the 1IOIIR register do not
become 0 even if an interrupt request is
accepted. Set these bits to 0 by a program.

3. The IRLT bit and the interrupt enable bit in
the IIOIIE register should not be rewritten
simultaneously.

Figure 11.12 Intelligent I/O Interrupt Block Diagram (i = 0 to 11)
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11. Interrupts

Intelligent 1/O Interrupt Request Registeri (i=0to 11)

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

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LI ol [ [ ] X 100Rt1011IR  Refer to the table below 220? 2221b )
B
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
[ 0: No interrupt requested
A (Note 2) 1: Interrupt requested ® RW
T R
o 0: No interrupt requested
1 ] ] 1 1 | .
A (Note 2) 1: Interrupt requested @ RW
1 ] ] ] 1
A A 0: No interrupt requested
1 ] ] 1 1
i E E i (Note 2) 1: Interrupt requested @ RW
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

Symbol [ Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIO0IR | O00AOh — — — — — TM13R/PO13R [ TM02R/PO02R —
IIO1IR | 00A1h — — — — — TM14R/PO14R [ TMOOR/POO0OR —
IIO2IR | 00A2h — — — — — TM12R/PO12R — —
IIO3IR | 00A3h — — — — PO27R | TM10R/PO10R | TMO3R/POO03R —
IIO4IR | 00A4h — — — BT1R — TM17R/PO17R [ TM04R/PO04R —
IIO5IR | 00A5h — — — SI02RR — PO21R TMO5R/PO05R —
IIO6IR | 00A6h — — — SIO2TR — PO20R TMO6R/PO06R —
IIO7IR | 00A7h IEOR — — BTOR — PO22R TMO7R/PO07R —
IIO8IR | 00A8h IE1R IE2R — BT2R — PO23R TM11R/PO11R —
IIO9IR | 00AS%h — INT6R — — — PO24R TM15R/PO15R —
IIO10IR | 00AAh — INT7R — — — PO25R TM16R/PO16R —
II011IR | 00ABh — INT8R — — — PO26R TMO1R/PO01R —

BTxR: Intelligent /O group x base timer interrupt request (x = 0 to 2)
TMxyR: Intelligent 1/0 group x time measurement channel y interrupt request (x =0, 1;y=0to 7)
POxyR: Intelligent I/O group x waveform generation channel y interrupt request (x=0to 2; y=0to 7)
IEZR: Intelligent 1/0 group 2 IEBus interrupt request (z = 0 to 2)
SIO2RR: Intelligent I/O group 2 receive interrupt request
SIO2TR: Intelligent /0 group 2 transmit interrupt request

INTmR: INTm interrupt request (m = 6 to 8)

Figure 11.13 Registers IIO0IR to 11011IR
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Intelligent 1/O Interrupt Enable Register i (i=0to 11)
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address Reset Value
Lol [ [ || ] 100Etno11E  Referto the table below. 0000 0000b
I
) ] ] 1 1 ] 1 1
E E E i i i i i Bit Symbol Bit Name Function RW
T T A A .. | 0: Use interrupt requests for DMA or
E E E i i i i ] IRLT (Igterrupt Request Select Bit DMA I RW
oo 1: Use interrupt requests for interrupt
] ] ] 1 1 ] 1 . . . . . .
E E E i i E ] (Note 1) 0 Disable thellnterrupt of bllt 1.'” the IIQlIR reglster RW
Vot 1: Enable the interrupt of bit 1 in the IOIIR register
) ] ] 1 1 ]
T A R 0: Disable the interrupt of bit 2 in the l10iIR register
T A (Note 1) 1: Enable the interrupt of bit 2 in the 1IOIIR register RW
) 1 1 1 1
A 0: Disable the interrupt of bit 3 in the IIOiIR register
bl (Note 1) | 1~ Enable the interrupt of bit 3 in the IIOIIR register RW
Voo 0: Disable the interrupt of bit 4 in the IOIIR register
E E E ______________ (Note 1) 1: Enable the interrupt of bit 4 in the I1IOIlIR register RW
] ] ]
) ] ] _— . .
E i e el (b5) Reserved Should be written with 0 RW
) 1
R 0: Disable the interrupt of bit 6 in the l10iIR register
H (Note 1) 1: Enable the interrupt of bit 6 in the 1IOiIR register RW
)
. 0: Disable the interrupt of bit 7 in the 11OiIR register
(Note 1) 1: Enable the interrupt of bit 7 in the 1IOIIR register RW
Notes
1. Refer to the table below for bit symbols.
2. To use interrupt requests for interrupt, the IRLT bit should be set to 1, then bits 1 to 4, 6, and 7 should be
setto 1.
Bit Symbols for the Intelligent I/O Interrupt Enable Register
Symbol [ Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIO0IE | 00BOh — — — — — TM13E/PO13E | TMO2E/PO02E| IRLT
IIO1IE | 00B1h — — — — — TM14E/PO14E | TMOOE/POOOE | IRLT
IIO2IE | 00B2h — — — — — TM12E/PO12E — IRLT
IIO3IE | 00B3h — — — — PO27E | TM10E/PO10E [ TMO3E/POO3E| IRLT
IIO4IE | 00B4h — — — BT1E — TM17E/PO17E | TMO4E/POO4E| IRLT
IIO5IE | 00B5h — — — SIO2RE — PO21E TMO5E/POOSE| IRLT
IIO6IE | 00B6h — — — SIO2TE — PO20E TMO6E/POO6E| IRLT
IIO7IE | 00B7h IEOE — — BTOE — PO22E TMO7E/POO7E| IRLT
IIO8IE | 00B8h IE1E IE2E — BT2E — PO23E TM11E/PO11E| IRLT
IIO9IE | 00BY9h — INT6E — — — PO24E TM15E/PO15E| IRLT
II010IE | 00BAh — INT7E — — — PO25E TM16E/PO16E| IRLT
II0111E | 00BBh — INT8E — — — PO26E TMO1E/POO1E| IRLT
BTXE: Intelligent I/O group x base timer interrupt enabled (x = 0 to 2)
TMxyE: Intelligent I/O group x time measurement channel y interrupt enabled (x=0,1; y=0to 7)
POXxyE: Intelligent /O group x waveform generation channel y interrupt enabled (x=0to 2; y =0to 7)
IEZE: Intelligent I/O group 2 IEBus interrupt enabled (z = 0 to 2)
SIO2RE: Intelligent I/O group 2 receive interrupt enabled
SIO2TE: Intelligent I/O group 2 transmit interrupt enabled
INTmE: INTm interrupt enabled (m = 6 to 8)
Figure 11.14 Registers IIO0IE to IIO11IE
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11.14 Notes on Interrupts

11.14.1 ISP Setting

The interrupt stack pointer (ISP) is initialized to 00000000h after a reset. Set a value to the ISP before
an interrupt is accepted, otherwise the program may go out of control. A multiple of 4 should be set to
the ISP, which enables faster interrupt sequence due to less memory access.

When using NMI, in particular, since this interrupt cannot be disabled, set the PM24 bit in the PM2
register to 1 (NMI enabled) after setting the ISP at the beginning of the program.

11.14.2 NMI

* NMI cannot be disabled once the PM24 bit in the PM2 register is set to 1 (NMI enabled). This bit
setting should be done only when using NMI.

* When the PM24 bit in the PM2 register is 1 (NMI enabled), the P8_5 bit in the P8 register is
enabled just for monitoring the NMI pin state. It is not enabled as a general port.

11.14.3 External Interrupts

* The input signal to the INTi pin requires the pulse width specified in the electrical characteristics (i
= 0 to 8). If the pulse width is narrower than the specification, an external interrupt may not be
accepted.

+ When the effective level or edge of the INTi pin (i = 0 to 8) is changed by the following bits: bits
POL, LVS in the INTIIC register, the IFSROi bit (i = 0 to 5) in the IFSRO register, and the IFSR1j bit
(j=1i-6;i=061to8)inthe IFSR1 register, the corresponding IR bit may become 1 (interrupt
requested). When setting the above mentioned bits, preset bits ILVL2 to ILVLO in the INTIIC
register to 000b (interrupt disabled). After setting the above mentioned bits, set the corresponding
IR bit to 0 (no interrupt requested), then rewrite bits ILVL2 to ILVLO.

» The interrupt input signals to pins INT6 to INT8 are also connected to bits INT6R to INT8R in
registers 1IO9IR to IIO11IR. Therefore, these input signals, when assigned to the intelligent I/0, can
be used as a source for exiting wait mode or stop mode. Note that these signals are enabled only
on the falling edge and not affected by the following bit settings: bits POL and LVS in the INTiIC
register (i = 0 to 8), IFSROi bit (i = 0 to 5) in the IFSRO register, and the IFSR1jbit (j=i-6;i=61to
8) in the IFSR1 register.
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12. Watchdog Timer

The watchdog timer is used to detect program runaway. The 15-bit watchdog counter decrements with the
cycle which is the peripheral bus clock frequency 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 is the peripheral bus clock divided by 16 or 128. To select the
divide ratio, set the WDC?7 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 64 MHz CPU clock and the prescaler has a divide-by-
16 operation, the watchdog timer period is approximately 16.4 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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12. Watchdog Timer

|"E!|-»és-(;;;|;;-" Watchdog timer
i 116 0WDC7 CM060 interrupt request
Peripheral bus clock : 1 o Watchdog timer o 1 ¢
HOLD 1 1/128 o o »
! 7y Reset
Write to the WDTS register —l_\—\ Set to
RESET O g|> 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
L ool [I 1] wnc 4404Fh 000X XXXXb
R
i i i i i i i i Bit Symbol Bit Name | Function RW
E E E R Y S S (bé':bO) Upper 5 bits of the watchdog timer (b14 to b10) RO
1 1 1
1 1 1 —_— . .
i il (b6-b5) Reserved Should be written with 0 RW
! P
— 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

DMADO terminal count register
DMA1 terminal count register
DMA2 terminal count register
DMAZ3 terminal count register

DMAO terminal count reload register ()
DMA1 terminal count reload register (")
DMAZ2 terminal count reload register ()
DMA3 terminal count reload register ()

DMAO source address register
DMA1 source address register
DMAZ2 source address register
DMAS3 source address register

DMAO source address reload register (")
DMA1 source address reload register ()
DMAZ2 source address reload register ()
DMAS3 source address reload register ()
DMADO destination address register
DMA1 destination address register
DMA2 destination address register

DMAS destination address register

DMAO destination address reload register ('
DMA1 destination address reload register(’
DMAZ2 destination address reload register(’
(

)
)
)
DMAZ3 destination address reload register (")

1. This register is used for repeat transfer, not for single transfer.

Figure 13.1 CPU-internal Registers for DMAC
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Table 13.1

DMAC Specifications (i = 0 to 3)

ltem

Specification

Channels

4

Bus request mode

Cycle-steal mode

Transfer memory spaces

From a given address in a 64-Mbyte space (00000000h to
01FFFFFFh and FEO0000Oh to FFFFFFFFh) to another given
address in the same space

Maximum transfer bytes

64-Mbytes (when 32-bit data is transferred), 32-Mbytes (when 16-bit
data is transferred), 16-Mbytes (when 8-bit data is transferred)

DMA request sources (1)

Falling edge or both edges of signals applied to pins INTO to INT3 or
pins INT6 to INT8

Interrupt requests from timers AQ to A4

Interrupt requests from timers BO to B5

Transmit/receive interrupt requests from UARTO to UARTS8

A/D conversion interrupt requests

Intelligent 1/O interrupt requests

Multi-master 12C-bus interrupt requests

Software trigger

Channel priority

DMAO > DMA1 > DMA2 > DMA3 (DMAO has the highest priority)

Transfer sizes

8 bits, 16 bits, or 32 bits

Addressing modes

Incrementing addressing or non-incrementing addressing

Transfer modes |Single transfer

Transfer is completed when the DCTi register becomes 00000000h

Repeat transfer

When the DCTi register becomes 00000000h, the value of the DCRIi
register is reloaded into the DCTi register to continue the DMA
transfer

DMA transfer complete interrupt
request generation timing

When the DCTi register changes from 00000001h to 00000000h

DMA transfer Single transfer  |When a DMA transfer request is generated after the DCTi register is
start-up set to a value other than 00000000h and bits MDi1 and MDi0 in the
DMDi register are set to 01b (single transfer)

Repeat transfer |When a DMA transfer request is generated after the DCTi register is
set to a value other than 00000000h and bits MDi1 and MDiO are set
to 11b (repeat transfer)

DMA transfer Single transfer  |When bits MDi1 and MDiO are set to 00b (DMA transfer disabled)
stop Repeat transfer |When bits MDi1 and MDi0 are set to 00b (DMA transfer disabled)

Reload timing to DCTi, DSAI, or
DDA.: register

When the DCTi register changes from 00000001h to 00000000h in
repeat transfer mode

Minimum DMA transfer cycles

3

Note:

1. DMA transfer does not affect any interrupts.
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The DMA transfer request is available by two different sources: software and hardware. More concretely,
they are a write access to the DSR bit in the DMiSL2 register and an interrupt request output from a function
specified in bits DSEL4 to DSELO in the DMISL register, and in bits DSEL24 to DSEL20 in the DMiSL2
register (i = 0 to 3). Unlike interrupt requests, the DMA transfer request is not affected by the | flag or the
interrupt control register. Therefore this request can be accepted even when interrupts are disabled. Since
the DMA transfer does not affect any interrupts, either, the IR bit in the interrupt control register is not
changed by the DMA transfer.

DMAI Request Source Select Register (i=0to 3)

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
DMOSL to DM3SL 44078h, 44079h, 4407Ah, 4407Bh XXX0 0000b

T T T T R A

1 ] ] 1 ] 1 1 1

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

1 ] ] ] 1 1 1 1

{11 1111 -4 DSELO RW

1 ] ] ] 1 1 1

1 ] ] ] 1 1 1

1 ] ] 1 1 1 1

1 ] ] 1 1 1 1

N DSEL1 RW

R T A

A DMA Request Source Refer to Table 13.2 “DMiSL Register

A DSEL2 Select Bit (1) Functions (i = 0 to 3)” RW

1 1 1 1 1

1 1 1 1 1

R DSEL3 RW

I

1 ] ] 1

Podod e DSEL4 RW

1 ] ]

i__i___! ________________ — No register bits; should be written with 0 and read as undefined _
(b7-b5) value

Note:
1. Change the bit settings of bits DSEL4 to DSELO while bits MDi1 and MDi0 in the DMDi register of the
corresponding channel are 00b (DMA transfer disabled).

Figure 13.2 Registers DMOSL to DM3SL
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DMAI Request Source Select Register 2 (i=0to 3)

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
DX [ [ | | || DMmoSL2 to DM3SL2 44070, 44071h, 44072h, 44073h XX00 0000b
R
1 ] ] 1 ] 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 ] 1 1 1
L L] 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
r as 0)
1 ]
I___I ___________________ — No register bits; should be written with 0 and read as undefined .
(b7-b6) value

1. Change the bit settings of bits DSEL24 to DSEL20 while bits MDi1 and MDi0 in the DMDi register of the
corresponding channel are 00b (DMA transfer disabled).

Figure 13.3 Registers DMOSL2 to DM3SL2
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Table 13.2 DMIiSL Register Functions (i = 0 to 3)

Setting Value DMA Request Source

b4 b3 b2 b1 b0 DMAO | DMA1 | DMA2 DMA3

0 0 0 0 O |Selectfrom DMISL2 register

0 0 0 0 1 |Falling edge of INTO () |Falling edge of INT1 () |Falling edge of INT2 (1) |Falling edge of INT3 (1. 2)

0 0 0 1 O |Bothedges of INTO (1) |Both edges of INT1 (1) |Both edges of INT2 (1) |Both edges of INT3 (1. 2)

0 0 0 1 1 |Timer AO interrupt request

0 0 1 0 O |Timer A1 interrupt request

0 0 1 0 1 |Timer A2 interrupt request

0 0 1 1 0 |Timer A3 interrupt request

0 0 1 1 1 |Timer A4 interrupt request

0 1 0 0 O |TimerBO interrupt request

0 1 0 0 1 |TimerB1 interrupt request

0 1 0 1 0 |TimerB2 interrupt request

0 1 0 1 1 |Timer B3 interrupt request

0 1 1 0 O |Timer B4 interrupt request

0 1 1 0 1 |TimerB5 interrupt request

0 1 1 1 0 |UARTO transmit interrupt request

0 1 1 1 1 |UARTO receive interrupt request or ACK interrupt request ()

1 0 0 0 0 |UART1 transmit interrupt request

1 0 0 0 1 |UART1 receive interrupt request or ACK interrupt request (3)

1 0 0 1 0 |UART2 transmit interrupt request or I2C-bus interface interrupt request (4)

1 0 0 1 1 |UART2 receive interrupt request, ACK interrupt request (3), or 12C-bus line interrupt request (4)

1 0 1 0 0 |UARTS3 transmit interrupt request UARTS transmit interrupt request

1010 1 UART3 receive interrupt request or ACK interrupt | UARTS5 receive interrupt request or ACK interrupt
request (3) request (3)

1 0 1 1 0 |UART4 transmit interrupt request UART®6 transmit interrupt request

1011 1 UART4 receive interrupt request or ACK interrupt | UART®6 receive interrupt request or ACK interrupt
request (3) request (3)

1 1 0 0 O |A/DO interrupt request

1100 1 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 0 request interrupt 7 request interrupt 2 request interrupt 9 request

11010 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent I/0
interrupt 1 request interrupt 8 request interrupt 3 request interrupt 10 request

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

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

11101 Iptelligent I/0 Iptelligent I/0 Iptelligent 1/0 Iptelligent 1/0
interrupt 4 request interrupt 11 request interrupt 6 request interrupt 1 request

11110 Iptelligent 1/0 Iptelligent 1/0 Ir\telligent 1/0 Iptelligent /0
interrupt 5 request interrupt O request interrupt 7 request interrupt 2 request

1111 1 Iptelligent 1/0 Iptelligent 1/0 Iptelligent 1/0 Iptelligent 1/0
interrupt 6 request interrupt 1 request interrupt 8 request interrupt 3 request

1. The falling edge and both edges of signals applied to the INTi pin become the DMA request sources
(i=0to 3). These request sources are not affected by external interrupts (the IFSRO register and bits

POL and LVS in the INTIIC register), and vice versa.

2. When the INT3 pin is used as data bus in memory expansion mode or microprocessor mode, it
cannot be used as a signal input of the DMAS3 request source.
3. Registers UiSMR and UiSMR2 are used to switch between the UARTi receive interrupt and ACK
interrupt (i = 0 to 6).
4. Setthe I2CEN bit in the I2CMR register to select an interrupt source from either UART2 or 12C-bus.
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Table 13.3

DMiSL2 Register Functions (i

=0to 3)

Setting Value

DMA Request Source

b4 b3 b2 b1 b0

DMAO |

DMA1 | DMA2

DMA3

0

0

0

Software trigger

Falling edge of INT6 () |Falling edge of INT7 (1) |Falling edge of INT8 (1)

Reserved

Both edges of INT6 (1) |Both edges of INT7 (1) |Both edges of INT8 (1)

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

UARTY7 transmit interrupt request

UARTY receive interrupt request

UARTS8 transmit interrupt request

UARTS receive interrupt request

Reserved

Reserved

Reserved

= Al Al Al Al Al Al Al Al Al Al Al Al Al Al a0 00 0O 0O 0O 0O O O oo oo o oo

Sl Al Al Al Al Al A A OO O O Ol O Ol O = x| x| Al Al al Al Ol Ol Ol Ol Ol O] ©O

Al Al Al | O O O O = = 2| x| O O O O = | x| 2| OO O O = | |l |l Ol O] O

Al Al O O | 2 OO = | OO | OO | OO oo | Ol o | | O

= O = O O O O O O O O O »| O] »O| »| O »| O] =» O] m| O

Reserved

Note:

The falling edge and both edges of signals applied to the INTi pin become the DMA request sources
(i = 6 to 8). These request sources are not affected by external interrupts (the IFSR1 register and bits
POL and LVS in the INTIIC register), and vice versa.
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DMAIi Mode Register (i=0to 3) ™
b31 b24b23 b16b15 b8b7 b0 Symbol Address
><T><><] | bmbotoDMD3 (CPU internal register)
bz65755 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 R S MDi1 1 0 : Do not use this combination RW
i E E E i i 1 1 : Repeat transfer
T T T R ) 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) ("
b3t 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 bus cycles as well as for source-read bus cycles.
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 the destination-write is two as well as for the 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

RO1UHO0210EJ0120 Rev.1.20

Feb 18, 2013

RENESAS

Page 168 of 520



R32C/116 Group 13. DMAC

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.

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 170 of 520
Feb 18, 2013



R32C/116 Group 14. DMAC Il

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 aeressmg RW
Bit 1: Incrementing addressing
UPDD Destlnat!on Addressing 0 Non-|ncrement|ng add_ressmg RW
Select Bit 1: Incrementing addressing
Calculation Result Transfer | 0: Not used
OPER | select Bit 1: Used RW
. 0: Single transfer
BRST Burst Transfer Select Bit ) RW
1: Burst transfer
DMA Il Transfer Complete | 0: Not used
INTE Interrupt Select Bit 1: Used RW
CHAIN | Chain Transfer Select Bit | 0 Not used RW
1: Used
(b14-b8) Reserved Should be written with 0 RwW
MULT Multiple Transfer Select Bit | 0: Not used RW
When multiple transfer is selected (MULT = 1)
Bit Symbol Bit Name Function RwW
SIZE Transfer Size Select Bit 0 8 blt.s RW
1: 16 bits
IMM Reserved Should be written with 1 RwW
UPDS S_ource Addressing Select 0 Non-|ncrement|ng add_ressmg RW
Bit 1: Incrementing addressing
UPDD Destlnat{on Addressing 0 Non-mcrementlng aeressmg RW
Select Bit 1: Incrementing addressing
b6 b5 b4
CNTO 0 0 0:Do not use this combination RW
0 0 1:0nce
CNT1 Number of Transfers 0 1 0:Twice RW
Setting Bit .
CNT2 : _ RW
1 1 1:Seven times
CHAIN Reserved Should be written with 0 RwW
(b14-b8) Reserved Should be written with 0 RW
MULT Multiple Transfer Select Bit | 1: Used RW
Note
1. The MOD should be allocated on the RAM.

Figure 14.3 MOD
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14.1.3 Interrupt Control Register of the Peripherals

Set bits ILVL2 to ILVLO in the interrupt control register for the peripheral interrupt triggering DMAC Il to
111b (level 7).

14.1.4 Relocatable Vector Table of the Peripherals

Set the start address of the DMAC Il index in the interrupt vector space for the peripheral interrupt
triggering DMAC 11.
To use the chain transfer, allocate the relocatable vector table on the RAM.

14.1.5 IRLT Bit in the IIOIlE Register (i = 0 to 11)

To use the intelligent I/O interrupt as a trigger for DMAC I, set the IRLT bit in the corresponding l1OIlE
register to O (interrupt request for DMA or DMA Il used).

14.2 DMAC Il Operation

Set the DMAII bit in registers RIPL1 and RIPL2 to 1 (interrupt request level 7 used for DMA Il transfer) to
perform a DMA Il transfer. DMAC Il starts by an interrupt request from any peripheral whose bits ILVL2 to
ILVLO in the corresponding interrupt control register are set to 111b (level 7). These peripheral interrupt
requests are available only for DMA |l transfer and cannot be used for the CPU.

When an interrupt request is generated with interrupt request level 7, DMAC |l starts irrespective of the
state of the | flag or IPL.

When a peripheral interrupt request triggering DMAC Il and a higher-priority request such as the
watchdog timer interrupt, low voltage detection interrupt, oscillator stop detection interrupt, or NMI are
simultaneously generated, the higher-priority interrupt is accepted prior to the DMA 1l transfer, and the
DMA |l transfer starts after the higher-priority interrupt sequence.

14.3 Transfer Types
DMAC Il transfers three types of 8-bit or 16-bit data as follows:
» Memory-to-memory transfer: Data is transferred from a given memory location in a 64-Mbyte space
(addresses 00000000h to 01FFFFFFh and FEOO000Oh to
FFFFFFFFh) to another given memory location in the same space.

* Immediate data transfer: Immediate data is transferred to a given memory location in a 64-
Mbyte space.
* Calculation transfer: Two data are added together and the result is transferred to a given

memory location in a 64-Kbyte space.
When 16-bit data is transferred to DADR at FFFFFFFFh, it is transferred to 00000000h as well as
FFFFFFFFh. The same transfer is performed when SADR is FFFFFFFFh.

14.3.1 Memory-to-memory Transfer

Data transfer between any two memory locations can be:
* A transfer from a fixed address to another fixed address
* A transfer from a fixed address to an address range in memory
* A transfer from an address range in memory to a fixed address
* A transfer from an address range in memory to another address range in memory

When increment addressing mode is selected, SADR and DADR increment by 1 in an 8-bit transfer and
by 2 in a 16-bit transfer after a data transfer for the next transfer. When SADR or DADR exceeds
FFFFFFFFh by the incrementation, it returns to 00000000h. Likewise, when SADR or DADR exceeds
01FFFFFFh, it becomes 02000000h, but an actual transfer is performed for FEO00000h.
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14.3.2 Immediate Data Transfer

DMAC Il transfers immediate data to a given memory location. Either incrementing or non-incrementing
addressing mode can be selected for the destination address. Store the immediate data to be
transferred into SADR. To transfer 8-bit immediate data, set the data to the lower 1 byte of SADR. The
upper 3 bytes are ignored. To transfer 16-bit immediate data, set the data to the lower 2 bytes. The
upper 2 bytes are ignored.

14.3.3 Calculation Result Transfer

After two memory data or immediate data and memory data are added together, DMAC Il transfers the
calculated result to a given memory location. Set an address to be calculated or immediate data to
SADR and set the other address to be calculated to OADR. Either incrementing or non-incrementing
addressing mode can be selected for source and destination addresses when performing data in
memory + data in memory calculation transfer. If the source addressing is in incrementing mode, the
operation addressing is also in incrementing mode. When performing immediate data + data in memory
calculation transfer, the addressing mode is selectable only for the destination address.

14.4 Transfer Modes

DMAC Il provides three types of basic transfer mode: single transfer, burst transfer, and multiple transfer.
COUNT determines the number of transfers to be performed. Transfers are not performed when COUNT
is 0000h.

14.4.1 Single Transfer

Set the BRST bit in the MOD to 0.

A single data transfer is performed by one transfer request.

When incrementing addressing mode is selected for the source and/or destination address, the
address or addresses increment after a data transfer for the next transfer.

COUNT is decremented each time a data transfer is performed. When COUNT reaches 0000h, the
DMA Il transfer complete interrupt request is generated if the INTE bit in the MOD is 1 (DMA Il transfer
complete interrupt used).

14.4.2 Burst Transfer

Set the BRST bit in the MOD to 1.

DMAC Il continuously transfers data for the number of times determined by COUNT with one transfer
request. COUNT decrements each time a data transfer is performed. When COUNT reaches 0000h,
the burst transfer is completed. The DMA 1l transfer complete interrupt request is generated if the INTE
bit is 1 (DMA Il transfer complete interrupt used).

No interrupts are accepted during a burst transfer.

14.4.3 Multiple Transfer

Set the MULT bit in the MOD to 1.

Multiple memory-to-memory transfers are performed from different source addresses to different
destination addresses using one transfer request.

Set bits CNT2 to CNTO in the MOD to select the number of transfers to be performed from 001b (once)
to 111b (seven times). Do not set these bits to 000b.

Allocate the required number of SDARs and DADRs alternately following MOD and COUNT.

When the multiple transfer is selected, the following transfer functions are not available: calculation
result transfer, burst transfer, chain transfer, and DMA Il transfer complete interrupt.
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14.5 Chain Transfer

The chain transfer is available when the CHAIN bit in the MOD is 1.
The chain transfer is performed as follows:
(1) When a transfer request is generated, a data transfer is performed according to the DMAC Il
index specified by the corresponding interrupt vector. Either a single transfer (the BRST bit in the
MOD is 0) or burst transfer (the BRST bit is 1) is performed according to the BRST bit setting.
(2) When COUNT reaches 0000h, the value in the interrupt vector in (1) above is overwritten with
the value in CADR. Simultaneously, the DMA Il transfer complete interrupt request is generated
when the INTE bit in the MOD is 1.
(3) When the next DMA 1l transfer request is generated, the data transfer is performed according to
the DMAC Il index specified by the peripheral interrupt vector in (2) above.

Figure 14.4 shows the relocatable vector and DMAC Il index in a chain transfer.
To use the chain transfer, the relocatable vector table should be allocated on the RAM.

RAM
(" INTB
Relocatable <
vector Peripheral interrupt vector triggering DMAC II
Default value of DMAC II: BASE(a)
—
(" BASE(a)
DMAC Il
index (a) The above vector is overwritten with BASE(b)
(CADR) SASE) when a data transfer is completed
—
The next data transfer is performed according to
DMAC Il index with the start address at BASE(b)
when a new transfer request is generated
BASE(b) 4—1
DMAC Il
index (b) (CADR) BASE() |—» The above vector is overwritten with BASE(c)
when the data transfer above is completed

Figure 14.4 Relocatable Vector and DMAC Il Index in a Chain Transfer

14.6 DMA Il Transfer Complete Interrupt

The DMA |l transfer complete interrupt is available when the INTE bit in the MOD is 1.
Set the start address of the DMA Il transfer complete interrupt handler to IADR. The interrupt request is
generated when COUNT reaches 0000h.

The initial instruction of the interrupt handler is executed in the eighth cycle after a DMA Il transfer is
completed.
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14.7 Execution Time
The DMAC Il execution cycle is calculated by the following equations:

Mode other than multiple transfer:t=6+ (26 +a+b+c+d)xm+ (4 + e) x n cycles
When using multiple transfer: t = 21 + (11 + b + ¢) x k cycles

a: When IMM is 0O (transfer source is immediate data), a is O;
When IMM is 1 (transfer source is memory), a is -1
b: When UPDS is 1 (source addressing is incrementing), b is 0;
When UPDS is 0 (source addressing is non-incrementing), b is 1
c: When UPDD is 1 (destination addressing is incrementing), c is 0;
When UPDD is 0 (destination addressing is non-incrementing), c is 1
d: When OPER is 0 (calculation transfer is not selected), d is 0;
When OPER is 1 (calculation transfer is selected) and UPDS is 0 (source addressing is
immediate data or non-incrementing), d is 7;
When OPER is 1 (calculation transfer is selected) and UPDS is 1 (source addressing is
incrementing), d is 8
e: When CHAIN is 0 (chain transfer is not selected), e is 0;
When CHAIN is 1 (chain transfer is selected), e is 4
m: When BRST is 0 (single transfer), mis 1;
When BRST is 1 (burst transfer), m is COUNT
n: When COUNT is 0001h, nis 0; if COUNT is 0002h or more, n is 1
k: The number of transfers set using bits CNT2 to CNTO

The equations above are estimations. The number of cycles may vary depending on CPU state, bus wait
state, and DMAC Il index allocation.

The figure below applies under the following conditions:
memory-to-memory transfer; incrementing source address; non-incrementing
destination address; number of transfers = 2; single transfer mode; using a transfer
complete interrupt (transfer counter = 2); no chain transfer

(@a=-1,b=0,c=1,d=0,e=0,m=1)

First DMA 1l transfer t=6+(26-1+0+1+0)x1+(4+0)x1=236cycles
Second DMA Il transfer t=6+(26-1+0+1+0)x 1+ (4+0)x0=32cycles

DMA Il transfer request DMA Il transfer request
DMA Il transfer DMA Il transfer DMA Il transfer complete
Program . Program . . .
(first time) (second time) interrupt processing
36 cycles 32 cycles 7 cycles
Transfer counter = 2 Transfer counter = 1

Transfer counter decrements Transfer counter decrements
Transfer counter = 1 Transfer counter = 0

Figure 14.5 Transfer Cycles
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15. Programmable I/O Ports

The programmable 1/O ports in each pin package are designated as follows:

100-pin package: 84 ports from PO to P10 (excluding P8 5 and P9 _0 to P9_2)

144-pin package: 120 ports from PO to P15 (excluding P8 5, and P14_0 to P14_2)

Each port status, input or output, can be selected using the direction register except P8 5 and P9_1/P14_1
which are input only. The P8_5 bit in the P8 register indicates an NMI input level since the P8_5 shares a
pin with the NMI.

Figure 15.1 shows a configuration of programmable I/O ports, and Figures 15.2 to 15.4 show a configuration
of each input-only port.

i Function select (See Note 1) i
i registers PSEL2 to PSELO = 000b i
—E—>| Direction register I i
| i Function selector E
—>| Port latch | ' !
, RN |
:-; Port read signal 9 i :z |l\ O Pin i
[0 1
a i —?/, i
« ~ | |
« < G ;
Vs T ’
Note:
1. Refer to 25. “I/O Pins” for details on the area enclosed with the dotted line above.
Figure 15.1 Programmable I/O Port Configuration
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Input-only port (P8_5)

P8 read signal —L

Data bus <] @ O P8_5/NMI
NMT
Figure 15.2 Input-only Port Configuration (1/3)
Input-only port (P9_1)
P9 read signal —L
Data bus < @ O P9 1
Figure 15.3 Input-only Port Configuration (2/3) (in the 100-pin package only)
Input-only port (P14_1)
P14 read signal —L
Data bus <] @ O P14.1
Figure 15.4 Input-only Port Configuration (3/3) (in the 144-pin package only)
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15.1

Port Pi Register (Pi register, i = 0 to 15)

A write/read operation to the Pi register is required to communicate with external devices. This register
consists of a port latch to hold output data and a circuit to read pin states. Bits in the Pi register
correspond to respective ports.
When a programmable 1/O port is selected in the output function select registers, the value in the port
latch is read for output and the pin state is read for input.
In memory expansion mode and microprocessor mode, this register cannot control pins being assigned
bus control signals (A0 to A23, DO to D31, CS0 to CS3, WR/WRO0, BCO, BC1/WR1, BC2/WR2, BC3/WRS3,
RD, CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).
Figure 15.5 shows the Pi register.

Port Pi Register (i=0to 15) -2

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LIT 11111l ] Potors 03CO0h, 03C1h, 03C4h, 03C5h Undefined
Poror P4 to P7 03C8h, 03C9h, 03CCh, 03CDh Undefined
T R T R B P8 ), P9 3.4 03DO0h, 03D1h Undefined
A P10, P11 @5 03D4h, 03D5h Undefined
I R T T B P12,P13@ 03D8h, 03D9%h Undefined
A P14 23.4.5 P15 (3DCh, 03DDh Undefined
1 ] ] ] 1 1 1 1
E E i i i i i i Bit Symbol Bit Name Function RwW
1 ] ] ] 1 ] ] ]
biob bbb s PLO Port Pi_0 Bit ¢ When the direction bit is 0 (input) RW
I R R T A value is written to the
i E i i i i beeem Pi_1 Port Pi_1 Bit @ corresponding bit. It is not output RW
oo due to input mode selected. The
i E i i i e Pi 2 Port Pi_2 Bit read value is thg corresponding pin RW
[ T state as follows:
I R 0: Low
i E i i R Pi_3 Port Pi_3 Bit 1: High RW
1 ] 1 1
i E i b e Pi_4 Port Pi_4 Bit When the direction bit is 1 (output) RW
P _ _ A value is written to the
E E o pi 5 Port Pi 5 Bit @9 corresponding bit as follows: RW
I - - 0: Output low
. 1: Output high
|t Pi_6 Port Pi_6 Bit The read value has the same RW
i output level as that written to the
L] Pi 7 Port Pi 7 Bit ® corresponding bit RW

values.

1. In memory expansion mode and microprocessor mode, this register cannot control pins being assigned bus

control signals (A0 to A23, DO to D31, CS0 to CS3, WR/WRO0, BC0, BCT/WRT, BC2/WR2, BC3/WR3, RD,
CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).

Registers P11 to P15 are available in the 144-pin package only.
The P8_5 bit in the P8 register, the P9_1 bit in the P9 register (in the 100-pin package), and the P14_1 bit in
the P14 register (in the 144-pin package) are read only.
Bits P9_0 and P9_2 in the P9 register (in the 100-pin package) and bits P14_0 and P14_2 in the P14
register (in the 144-pin package) are reserved. These bits should be written with 0 and read as undefined

No register bits are assigned to bits P11_5 to P11_7 in the P11 register and the P14_7 bit in the P14
register. These bits should be written with 0 and read as undefined values.

Figure 15.5 Registers PO

to P15

RO1UHO0210EJ0120 Rev.1.20
Feb 18, 2013

RENESAS

Page 181 of 520



R32C/116 Group

16. Timers

16. Timers

This MCU has eleven 16-bit timers which are divided into two groups according to their functions: five timer
As and six timer Bs. Each timer functions individually. The count source of each timer provides the clock for

timer operations such as counting and reloading.
Figures 16.1 and 16.2 show the configuration of timers A and B, respectively.

Clock prescaler

XCINO 1/32 » fC32
Setting the CPSR bit in Reset

the CPSREF register to 1

|

118 f2nfC32

TCK1 and TCKO

00 TMOD1 and TMODO

0T °\c
0 g 00,10,11 0'\!:
1y Timer A0

Timer AQ interrupt

00 01 o
07
Noise J 10 °°\0—J_
TAOIN O {}— filter ™
TAOTGH and TAOTGL

TCK1 and TCKO

00 TMOD1 and TMODO

NI N 00,1011

% o a\c Timer A1
00 —O
07
TA1IN Nose | | 10 3°\°‘J_
O B> filter g

TA1TGH and TA1TGL

TCK1 and TCKO

8? TMOD1 and TMODO

:>°'\c 00,10,11
019 o\c
KN Hw Timer A2

Timer A1 interrupt

Timer A2 interrupt

00 o1l 4
01
TAZIN Nose | | 0 3o\o——|
O B fiter o

TA2TGH and TA2TGL

TCK1 and TCKO

00 TMOD1 and TMODO

0T °\c
0 g 00,10,11 o\c
1l Timer A3

Timer A3 interrupt

00 01l o

Noise J ?i} 33'\0—J_
filter —°

TA3TGH and TA3TGL

TA3IN O 3>

TCK1 and TCKO

00 TMOD1 and TMODO

01
0 gc\c 00,10,11 o\c
K By Timer A4

Timer A4 interrupt

00 01l o

oe ] | S e
filter <

TA4TGH and TAATGL

TA4IN O L

Timer B2 overflow or
underflow

TCK1 and TCKO, TMOD1 and TMODOQO: Bits in the TAIMR register
TAITGH and TAITGL: Bits in the ONSF or TRGSR register (i = 0 to 4)

Figure 16.1 Timer A Configuration
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Timer BO interrupt

Timer B1 interrupt

Timer B2 interrupt

Timer B3 interrupt

Timer B4 interrupt

Timer B5 interrupt

Clock prescaler
XCINO 1/32 » fC32
Setting the CPSR bit in Reset
the CPSREF register to 1
f1f8 f2nfC32
" Timer B2 overflow or underflow (to a timer A count source)
TCK1and TCKo 4
00 TMOD1 and TMODO
NS N 00,10
0
% a\q: Timer BO
L o1] o —‘
i TCK1
TBOIN O > '\]f.z'se i
nter Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
NI N 00,10
0
% a\c Timer B1
01 l o —‘
i TCK1
TB1IN O - o il
Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
o oo\c 00,10
0
KN B c,'\c Timer B2
o1] o —‘
i TCKA1
TB2IN O - N0 il
I Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
o oo\c 00,10
0
% o\c Timer B3
o1] o —‘
i TCK1
TB3IN O p{ oe il
e Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
NP N 00,10
0
LN o\c Timer B4
o1] o —‘
i TCK1
TB4IN O > "f‘l‘l’t':re |
Overflow or underflow
TCK1 and TCKO
00 TMOD1 and TMODO
o :>°'\c 00,10
0
KN o\c Timer B5
o1} o —‘
i TCKA1
TB5IN O - Nose il
Overflow or underflow
TCK1 and TCKO, TMOD1 and TMODOQO: Bits in the TBiMR register (i = 0 to 5)

Figure 16.2 Timer B Configuration
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16.1 Timer A

Figure 16.3 shows a block diagram of timer A and Figure 16.4 to Figure 16.10 show registers associated
with timer A.
Timer A supports the four modes shown below. Timers AO to A4 in any mode other than the event counter
mode have the same function. Select a mode by setting bits TMOD1 and TMODO in the TAIMR register (i
=0to4).

» Timer mode: The timer counts an internal count source

» Event counter mode: The timer counts an external pulse or overflow and underflow of other timers

* One-shot timer mode: The timer outputs pulses after a trigger input until the counter reaches

0000h
* Pulse-width modulation mode: The timer successively outputs pulses of a given width

U byte of data b
o Clock selection_ S BRI al |uﬁsz} S
Count source selection : S Lower byte of data bus
TCK1 and TCKO | J\/L TTLower byte J\/L | | Upper byte
f1 9 TMOD1 and TMODO!

f8 01_& 10,11 | Reload register

et 1 : M 11 1 TT

Counter

Increment/decrement
Polarity selector,

TAIN Edge detector

Always decrements except
TAITGH and in event counter mode

TAITGL

|

|

|

|

00 |

TB2 overflow (M —(1)(1) & :
|

|

|

TAj overflow (-2
TAK overflow (13 —to

Pulse output

TAIOUT o 4 | Toggle fiip flop |
TAI TAj TAk

. Timer AO Timer A4 Timer A1
i=0to4 Timer A1 Timer A Timer A2
Notes: - - -

1. The timer overflows or underflows. Timer A2 Timer A1 Timer A3

2. j=i-1,orj=4ifi=0 (refer to the list on the right) Timer A3 Timer A2 Timer A4

3. k=i+1,0ork=0ifi=4 (refer to the list on the right) Timer A4 Timer A3 Timer AO

TCK1 and TCKO, TMOD1 and TMODO, MR2: Bits in the TAIMR register

TAITGH and TAITGL: Bits in the ONSF register (i = 0) or in the TRGSR register (i = 1 to 4)
TAIS: Bits in the TABSR register

TAIUD: Bits in the UDF register

Figure 16.3 Timer A Block Diagram

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 184 of 520
Feb 18, 2013



R32C/116 Group

16. Timers

b15

Timer Ai Register (i=0to 4) "

2.
3.

4.
5.

b8 b7 £0 Symbol Address Reset Value
i | TAO to TA2 0347h-0346h, 0349h-0348h, 034Bh-034Ah Undefined
{ TA3, TA4 034Dh-034Ch, 034Fh-034Eh Undefined
]
]
]
E Mode Function Setting Range | RW
| . Divides the count source by n+1 0000h to
E Timer Mode (n = setting value) FFFFh RW
E Divides the count source by FFFFh -n+1
] . .
E Event Counter Mode fjvgt;?;n;r;zrt?nrgt)antlng) or by n+1 (when Oggg?:rt]o RW
E (n = setting value) @
]
H ) Divides the count source by n, then stops 0000h to
bommmmeee One-shot Timer Mode (n = setting value) @ FFFFh @ WO
o PWM period: (2'6-1) / fj
K’A“'Se width High level width of PWM pulse: n / fj 0000h to
odulation Mode > _ . ” (e}
(16-bit PWM) (fi = count source frequency, n = setting FFFEh ¥
value of the TAi register) ©
PWM period: (28-1) x (m+1) / fj
Pulse-width High level width of PWM pulse: (m+1)n/ 00h to FEh
Modulation Mode fj (fi = count source frequency, n = setting (upper byte) WO
(8-bit PWM) value of the upper byte in the TAi 00h to FFh
register, m = setting value of the lower (lower byte) 4
byte in the TAi register) ©

fi: f1, 18, f2n, fC32
Notes:
1.

A 16-bit read/write access to this register should be performed.
The timer counts an external input pulse or overflow and underflow of other timers.

When the TAi register is set to 0000h, the timer counter does not start, and the TAi interrupt request is not

generated.
Use the MOV instruction to set the TAI

When the TAi register is set to 0000h, the pulse-width modulator does not operate, the TAIOUT pin is held

register.

low, and the TAi interrupt request is not generated. The same restrictions apply in 8-bit pulse-width
modulator mode if the upper byte in the TAi register is set to 00h.

Figure 16.4 Registers TAO to TA4
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Timer Ai Mode Register (i = 0 to 4)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
L] ][] [o] | TAOMR to TA4MR  0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
EEEEEEE
1 1 ) 1 1 1 ) 1
T T R Bit Symbol Bit Name Function RW
I
by bbb d.d TMoDpo b1 b0 RW
I A 0 0:Timer mode
e e Operating Mode Select Bit | 0 1 : Event counter mode
i i E i i i [ TMOD1 10 One-shc_)t timer modg RW
A N 1 1 : Pulse-width modulation mode
] 1 ] 1 1 ]
R T R R - Reserved Should be written with 0 RW
[ B | (b2)
A
bbbt MR1 RW
] 1 ] ]
E i E i _____________ MR2 . Functi(_)n varies according to the RW
Voo operating mode
1 1 ]
1 1 ]
A SOUORO MR3 RW
Lol
R et TCKO Functi _ g ) RW
| Count Source Select Bit unctl(_)n varies according to the
H operating mode
b TCK1 RW
Figure 16.5 Registers TAOMR to TAAMR
Count Start Register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] TABSR 0340h 0000 0000b
I
I A A
E i i i i i E i Bit Symbol Bit Name Function RwW
] ] ] ] ] ] ] ] .
borobb b b Ll TAOS | Timer A0 CountStartBit | 9 Stop counter RW
I A A A 1: Start counter
R TA1S | Timer A1 Count StartBit | - Stop counter RW
I R imer ount Start S 1: Start counter
1 1 1 1 1 1
1 1 1 1 1 1 .
A R S TA2S | Timer A2 Count Start Bit | O Stop counter RW
[ T T 1: Start counter
1 1 1 1 1
1 1 1 1 1 .
A R I S TA3S | Timer A3 Count Start Bit | O+ Stop counter RW
[T 1: Start counter
oo 0 St :
R . TA4S Timer A4 Count Start Bit - Stop coun'er RW
o 1: Start counter
1 1 ]
N S — TBOS | Timer BO Count StartBit | o oiob SOUNter RW
P :
R R —— TB1S | Timer B1 Count StartBit | O- Stop counter RW
! 1: Start counter
]
] .
e TB2S | Timer B2 Count Start Bit ?; gtgft zgz?]tt‘:rr RW

Figure 16.6 TABSR Register
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Increment/Decrement Select Register ()
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ][] UDF 0344h 0000 0000b
T
I T T S A T A
i E E i ! i i i Bit Symbol Bit Name Function RW
[ T T R S T -
| T T TR B T | Timer AO .
P i I 1 - TAOUD Increment/Decrement o: ggﬂ:t idni(;reenrreenr:tezd(z) RW
L ! - Select Bit ’
1 ] ] ] 1 1 ]
1 ] ] ] 1 1 ] .
[ R R R T A Timer A1 .
i E E E i i R TA1UD Increment/Decrement Oj 823:: idnic;;enrqr;r:;%d(z) RW
N Select Bit :
1 ] ] ] 1 1
T R R Timer A2
[ T T )
i E E i R TA2UD Increment/Decrement O: 823:; idniicreerrr?e?]rzzd(z) RW
oo Select Bit :
[ T T -
oy Timer A3
1 ] ] ] .
L R TA3UD Increment/Decrement Oj ggﬂ:: idneC(;;enr:;enr:;edd(z) RW
i E E i Select Bit :
1 ] ] ]
vt Timer A4 .
i E i (— TA4UD Increment/Decrement Oj ggﬂ:t :jni(;reenrreenr:tezd(z) RW
I Select Bit :
1 ] ]
[ R i
i E E Timer A2 : ;’iv;/;;l)::se pulse signal processing
1 ] | PP _ H
i TAZP Two-phase Pulse Signal : Two-phase pulse signal processing WO
[ Processing Select Bit
Lol enabled
1 ]
[ ) . .
i E Timer A3 : ;’iv;/;;l)::se pulse signal processing
[ e EEL L LY TA3P Two-phase Pulse Signal . . WO
! p . ) : Two-phase pulse signal processing
! rocessing Select Bit enabled @
i
! . .
i Timer Ad .Ziv;/gérl):;se pulse signal processing
e L EEEEEE R, TA4P Two-phase Pulse Signal WO

Processing Select Bit

: Two-phase pulse signal processing

enabled @

1. Use the MOV instruction to set this register.
2. This bit is enabled in event counter mode and when the MR2 bit in the TAIMR register is set to 0 (the UDF
register setting is the source of increment/decrement switching) (i = 0 to 4).

3. Set this bit to 0 when not using two-pulse signal processing.

Figure 16.7 UDF Register
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One-shot Start Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value

ONSF 0342h 0000 0000b

Bit Symbol Bit Name Function RwW
Timer AO 0: Timer in idle state

TA0OS One-shot Start Bit 1: Start the timer (") RW
Timer A1 0: Timer in idle state

TA10S One-shot Start Bit 1: Start the timer (V) RW
Timer A2 0: Timer in idle state

TA208 One-shot Start Bit 1: Start the timer () RW
Timer A3 0: Timer in idle state

LS One-shot Start Bit 1: Start the timer (1) RW
Timer A4 0: Timer in idle state

TA40S One-shot Start Bit 1: Start the timer (") RW

: . 0: Z-phase input disabled
TAZIE Z-phase Input Enable Bit 1: Z-phase input enabled RW
TAOTGL br o RW
; . 0 0 : Select the input to the TAOIN pin
;Z’I‘:gtg?f"e“tm'gger 0 1 : Select the overflow of TB2 @
TAOTGH 1 0 : Select the overflow of TA4 @ RW
1 1: Select the overflow of TA1 @

Notes:

1. This bit is read as 0.
2. The timer overflows or underflows.

Figure 16.8 ONSF Register
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b7 b6 b5 b4 b3 b2 b1 b0

Trigger Select Register

Symbol Address Reset Value
TRGSR 0343h 0000 0000b
Bit Symbol Bit Name Function RwW
TA1TGL o100 RW
) . 0 0: Select the input to the TA1IN pin
;g:;tﬁé}tEvent/Trlgger 0 1 : Select the overflow of TB2 ()
TA1TGH 1 0: Select the overflow of TAQ () RW
1 1:Select the overflow of TA2 ()
TA2TGL b2 RW
) . 0 0 : Select the input to the TA2IN pin
;'E:Tl‘:ét’gzif"e”t” figger 1o 1. Select the overflow of TB2
TA2TGH 1 0 : Select the overflow of TA1 () RW
1 1 : Select the overflow of TA3 ()
TA3TGL babo RW
) . 0 0 : Select the input to the TA3IN pin
qimer AS EVenUTrigger 1o 1 : Select the overflow of TB2 ()
TA3TGH 1 0 : Select the overflow of TA2 () RW
1 1: Select the overflow of TA4 ()
TA4TGL i RW
) . 0 0: Select the input to the TA4IN pin
;g:c:tpé‘ilt Event/Trigger 0 1 : Select the overflow of TB2 ()
TAATGH 1 (1J : Select the overflow of TA3 () RW

: Select the overflow of TAQ ()

Note:

1. The timer overflows or underflows.

Figure 16.9 TRGSR Register
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Count Source Prescaler Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ JoJofo] [ [ || TcsPr 035Fh 0000 0000b
N
T T T T A T
E E i i i i i i Bit Symbol Bit Name Function RwW
] ] ] ] 1 ] ] ]
b1 4111 t-=4  CNTO RW
] ] ] ] 1 ] ]
T R T
e f2n is either th in clock
E i i i i i T CNT ) per:ilp?hzlralecrzloci Z:Lr:c(;odivig;d by RW
. . -
i E i i i i Divide Ratio Select Bit 2n. If n = 0, the clock is not divided (n
Vb T CNT2 = setting value) RW
] ] ] ] )
] ] ] ] ]
I CNT3 RW
P
oL . R d Should b itt ith O RW
-------------------- eserve ould be written wi
i (b6-b4)
i Divider Operation Enable 0: Stop divider operation
--------------------- csT Bit 1: Start divider operation RW
Note:
1. Set the CST bit to 0 before rewriting bits CNT3 to CNTO.

Figure 16.10 TCSPR Register
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16.1.1 Timer Mode

In timer mode, the timer counts an internally generated count source. Table 16.1 lists the specifications
of timer mode. Figure 16.11 shows registers TAOMR to TA4MR in this mode.

Table 16.1  Timer Mode Specifications (i = 0 to 4)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations » Decrement

* When the timer counter underflows, the reload register value is reloaded
into the counter to continue counting

Divide ratio nJlr T n: TAi register setting value, 0000h to FFFFh

Count start condition The TAIS bit in the TABSR register is 1 (start counter)

Count stop condition The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request generating |When the timer counter underflows

timing

TAIIN pin function Functions as a programmable /O port or a gate input

TAIOUT pin function Functions as a programmable 1/O port or a pulse output

Read from timer The TAi register indicates the counter value

Write to timer * While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)

Other functions + Gate function
Input signal to the TAIIN pin can control the count start/stop

* Pulse output function
The polarity of the TAIOUT pin is inverted each time the timer counter
underflows.
A low is output while the TAIS bit holds 0 (stop counter)

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 191 of 520
Feb 18, 2013



R32C/116 Group

16. Timers

Timer Ai Mode Register (i = 0 to 4) (timer mode)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value

| | [o] | [o]o]o]  TAOMRtoTA4MR  0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
R
) ] 1 1 1 ] ] ]
R S T R R R Bit Symbol Bit Name Function RW
P
bbb i 4 - TMODO b1 b0 RW
E E E i i E i Operating Mode Select Bit [0 0 : Timer mode
A T N N — TMODH1 RW
] ] ] ] 1 1
AT R T
R R b_2 Reserved Should be written with 0 RW
bl (b2)
RERR s
[ 0 X:No gate function (")
E E E i MRA (TAIIN pin functions as RW
b . . programmable 1/O port)
b Gate Function Select Bit | 4 . 5 int only while the TAIIN pin is
| I T | held low
E E E fmmmmmmmmmees MR2 1 1 : Count only while the TAIIN pin is RW
N held high
) ] ]
R S — MR3 Should be written with 0 in timer mode RW
) ]
E E b7 b6
: -------------- TCKO 00 f1 RW
: Count Source Select Bit 01:f8
)
L TCKA 10:f2n RW

1 1:fC32
Note:
1. X can be set to either 0 or 1.
Figure 16.11 Registers TAOMR to TA4MR in Timer Mode
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16.1.2 Event Counter Mode
In event counter mode, the timer counts an external signal or an overflow and underflow of other timers.
Timers A2, A3, and A4 can count two-phase external signals. Table 16.2 lists the specifications in event
count mode and Table 16.3 also lists the specifications when the timers use two-phase pulse signal
processing. Figure 16.12 shows registers TAOMR to TA4MR in this mode.

Table 16.2 Event Counter Mode Specifications (without two-phase pulse signal processing)

(i=0to4)
Item Specification

Count sources  External signal applied to the TAIIN pin (valid edge is selectable by a

program)
* One of the following: the overflow and/or underflow signal of timer B2, the

overflow and/or underflow signal of timer Aj (j=i-1,orj=4ifi=0), or
the overflow and/or underflow signal of timer Ak (k =i+ 1,ork =0ifi = 4)

Count operations * Increment/decrement can be switched by an external signal or program

* When the timer counter underflows or overflows, the reload register value
is reloaded into the counter to continue counting. In a free-running count
operation, the timer counter continues counting without reloading

Divide ratio 1

" FFFFh—n+1

when incrementing

when decrementing

n+1l
n: TAI register setting value, 0000h to FFFFh
Count start condition The TAIS bit in the TABSR register is 1 (start counter)
Count stop condition The TAIS bit in the TABSR register is 0 (stop counter)
Interrupt request generating |When the timer counter overflows or underflows
timing
TAIIN pin function Functions as a programmable I/O port or a count source input
TAIOUT pin function Functions as a programmable I/O port, a pulse output, or an input for
switching between increment/decrement
Read from timer The TAi register indicates a counter value
Write to timer » While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

» While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)

Other functions * Free-running count function
The reload register value is not reloaded even if the timer counter
overflows or underflows

* Pulse output function
The polarity of the TAIOUT pin is inverted whenever the timer counter
overflows or underflows.
A low is output while the TAIS bit holds 0 (stop counter)
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Table 16.3 Event Counter Mode Specifications (with two-phase pulse signal processing on timers
A2to Ad) (i=2to4)

Item Specification
Count sources Two-phase pulse signal applied to pins TAIIN and TAIOUT
Count operations * Increment/decrement can be switched by a two-phase pulse signal

* When the timer counter underflows or overflows, the reload register value is
reloaded into the counter to continue counting. In a free-running count
operation, the timer counter continues counting without reloading

Divide ratio 1

" FFFFh—n+1

when incrementing

p when decrementing n: TAi register setting value, 0000h to FFFFh

Count start condition | The TAIS bit in the TABSR register is 1 (start counter)
Count stop condition | The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request When the timer counter overflows or underflows

generating timing

TAIIN pin function A two-phase pulse input

TAIOUT pin function  |A two-phase pulse input

Read from timer The TAi register indicates a counter value

Write to timer » While the timer counter is stopped or before the initial count source is input after

starting to count, the value written to the TAi register is written to both the reload
register and the counter
» While the timer counter is running, the value written to the TAi register is written
to the reload register (it is transferred to the counter at the next reload timing)
Other functions (1) * Normal processing operation (timers A2 and A3)
While the input signal applied to the TAjOUT pin is held high, the timer
increments on the rising edge of the TAjIN pin and decrements on the falling
edge (j=2or 3)

mout [T LILIL
TAjIN § § £y v v
IC: Increments

IC IC IC DC DC DC DC: Decrements

» Quadrupled processing operation (timers A3 and A4)
When the input signal applied to the TAKOUT pin is held high on the rising edge
of the TAKIN pin, the timer increments on both the rising and falling edges of
pins TAKOUT and TAKIN (k = 3 or 4).
When the signal is held high on the falling edge of the TAKIN pin, the timer
decrements on both the rising and falling edges of pins TAKOUT and TAKIN

TAKOUT

TAKIN

Increments Decrements
on all edges on all edges

* Counter reset by Z-phase input (timer A3)
The counter value is set to 0 by Z-phase input

Note:
1. Only timer A3 is available for any of the other functions. Timer A2 is exclusively for normal processing
operations and timer A4 is for the quadrupled processing operation.
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Timer Ai Mode Register (i = 0 to 4) (event counter mode)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ | [o] | [o]o]1]  TAOMRtoTA4MR 0356h, 0357h, 0358h, 0350h, 035Ah 0000 0000b
R
) ] ] ] ] ] ] ]
) ] ] ] ] ] ] ] . .
[ T T T B I Function Function
E E E i i E i i Bit Symbol Bit Name (without twg- (with two-_phase RW
Voo phase pulse signal pulse signal
E E E i i E i i processing) processing)
) ] ] ] ] ] ] ]
E E E i i i i t--4  TMODO b1 b0 RwW
E E E i i E i Operating Mode Select Bit |0 1 : Event counter mode ("
N TMOD1 RW
) ] ] ] ] ]
T T R _
N Reserved Should be written with 0 RW
I (®2)
E E E i i 0: Count falling
Vo . . dges Should be written
[ @ edg
P MR1 Count Polarity Select Bit 1: Count rising with 0 RW
I edges
) ] ] 1
] ] ] ]
E E E i 0: UDF register
P Increment/Decrement setting Should be written
. MR2 | switching Source Select Bit | |- IMPutsignalto 1 RW
bl 9 the TAIOUT
N pin ©
oo
R e e EEE L MR3 Should be written with 0 in event counter mode RW
] ]
] ]
[ . . .
E ] TCKO Count Operatlon Type 0: Reloadlng_ RW
! Select Bit 1: Free-running
)
E 0: Normal
' .
H ’ processing
: Two phase Pulse . Should be written operation
---------------------- TCK1 Processing Operation with 0 1: Quadrupled RW
Select Bit “5) : P
processing
operation
Notes
1. Set bits TAITGH and TAITGL in the ONSF or TRGSR register to select the count source in event counter
mode.
2. This bit setting is enabled only when an external signal is counted.
3. The timer decrements when the input signal to the TAIOUT pin is held low, and increments when the signal
is held high.
4. The TCK1 bit is enabled only in the TA3SMR register.
5. For two-phase pulse signal processing, set the TAjP bit in the UDF register to 1 (two-phase pulse signal
processing enabled) and bits TAJTGH and TAJTGL to 00b (input to the TAjIN pin) (j = 2 to 4).

Figure 16.12 Registers TAOMR to TA4MR in Event Counter Mode
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16.1.2.1 Counter Reset by Two-phase Pulse Signal Processing

A Z-phase input signal resets the timer counter when a two-phase pulse signal is being processed.
This function can be used under the following conditions: timer A3 event counter mode, two-phase
pulse signal processing, free-running count operation, and quadrupled processing. The Z-phase signal
is applied to the INT2 pin.

When the TAZIE bit in the ONSF register is set to 1 (Z-phase input enabled), the timer counter can be
reset by Z-phase input. To reset the counter, set the TA3 register to 0000h beforehand.

A Z-phase signal applied to the INT2 pin is detected on an edge. The edge polarity is selected using the
POL bit in the INT2IC register. The Z-phase signal should be input in order to have a pulse width of at
least one count source cycle for timer A3. Figure 16.13 shows the two-phase pulse (phases A and B)
and the Z-phase.

The timer counter is reset at the initial count source input after Z-phase input is detected. Figure 16.14
shows the counter reset timing.

When timer A3 overflows or underflows during a reset by the Z-phase input, two timer A3 interrupt
requests are successively generated. To avoid this, the timer A3 interrupt request should not be used
when using this function.

TA30UT
(A-phase)

TA3IN
(B-phase)

Count source

| L] | L
TNTZ |

(Z-phase)

Pulse width of at least one count

source cycle is required
Note: Y a

1. This example assumes when the rising edge is selected for the INT signal.

Figure 16.13 Two-phase Pulse (phases A and B) and Z-phase

TA30UT

(A-phase)

TA3IN —l—l—l—

(B-phase)

omsauce [ [ [ 1 1L T

(Z-phase)
Counter value ><m><m+1 1><2><3><4><5><6><7><
i

Note: The counter is reset at this timing

1. This example assumes when the rising edge is selected for the INT signal.

Figure 16.14 Counter Reset Timing
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16.1.3 One-shot Timer Mode

In one-shot timer mode, the timer operates only once for each trigger. Table 16.4 lists specifications of
one-shot timer mode. Once a trigger occurs, the timer starts and operates for a given period. Figure
16.15 shows registers TAOMR to TA4MR in this mode.

Table 16.4 One-shot Timer Mode Specifications (i = 0 to 4)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations * Decrement

* When the timer counter reaches 0000h, it stops running after the reload
register value is reloaded

* When a trigger occurs while counting, the reload register value is
reloaded into the counter to continue counting

Divide ratio 1 n: TAI register setting value, 0000h to FFFFh
n (Note that the timer counter does not run if n = 0000h)
Count start conditions The TAIS bit in the TABSR register is 1 (start counter) and any of following

triggers occurs:

* An external trigger applied to the TAIIN pin

* One of the following: the overflow and/or underflow signal of timer B2, the
overflow and/or underflow signal of timer Aj (j=i-1,orj=4ifi=0), or
the overflow and/or underflow signal of timer Ak (k=i+ 1,ork =0 ifi=4)

* The TAIOS bit in the ONSF register is 1 (start the timer)

Count stop conditions * The timer counter reaches 0000h and the reload register value is
reloaded

* The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request generating |When the timer counter reaches 0000h

timing

TAIIN pin function A programmable I/O port or a trigger input

TAIOUT pin function A programmable 1/O port or a pulse output

Read from timer The TAi register indicates an undefined value

Write to timer * While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)

Other function * Pulse output function

A low is output while the timer counter is stopped and a high is output

while the timer counter is running
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Timer Ai Mode Register (i = 0 to 4) (one-shot timer mode)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ | [o] | [o]1]o]  TAOMRtoTA4MR 0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
HEEEEEE
) ] ] ] ] ] ] ]
E E E i i i i i Bit Symbol Bit Name Function RwW
) ] ] ] ] ] ] ]
b1y bbbt TMODO b1 b0 RW
HE T Operating Mode Select Bit |1 0 : One-shot timer mode
I T T S R TMOD1 RW
) ] ] 1 1 ]
AT T R A —
L et (b2) Reserved Should be written with 0 RW
A
E E E i i 0: Falling edge of input signal to the
N MR1 External Trigger Select Bit TAi_IN pin _ _ RW
oo U] 1: Rising edge of input signal to the
Voo TAIIN pin
Voo
Voo 0: TAIOS bit in the ONSF register is
E E E i enabled
Pl teeeeeccconne- MR2 Trigger Select Bit 1: Selected using bits TAITGH and RW
Vo TAITGL in the ONSF or TRGSR
N register
] ] ]
v
Vo) e MR3 Should be written with 0 in one-shot timer mode RW
P
I b7 b6
: """""""""" TCKO 00:f1 RwW
E Count Source Select Bit 01:f8
e TCK1 10:f2n RW
11:fC32
Note:
1. The MR1 bit setting is enabled only when bits TAITGH and TAITGL in the TRGSR register are set to 00b
(input to the TAIIN pin). This bit can be set to either 0 or 1 when bits TAITGH and TAITGL are set to 01b
(overflow or underflow of TB2), 10b (overflow or underflow of TAi), or 11b (overflow or underflow of TAi).

Figure 16.15 Registers TAOMR to TA4MR in One-shot Timer Mode
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16.1.4 Pulse-width Modulation Mode

In pulse-width modulation mode, the timer outputs pulses of given width successively. Table 16.5 lists
specifications of pulse-width modulation mode. The timer counter functions as either a 16-bit or 8-bit
pulse-width modulator. Figure 16.16 shows registers TAOMR to TA4MR in this mode. Figures 16.17 and
16.18 show operation examples of 16-bit and 8-bit pulse-width modulators.

Table 16.5 Pulse-width Modulation Mode Specifications (i = 0 to 4)
Item Specification
Count sources

Count operations

f1, 18, f2n, or fC32

» Decrement (the timer counter functions as an 8-bit or a 16-bit pulse-width
modulator)

* The reload register value is reloaded on the rising edge of a PWM pulse
to continue counting

* The timer is not affected by a trigger that occurs while the counter is

running
16-bit PWM . . n N .
* High level width: 7 n: TAi register setting value, 0000h to FFFEh
/i Count source frequency
16
- Period: fixed to 2 ,_l
Vi
8-bit PWM
- High level width: 2>+ 1)
Vij
8
* Period: 2z -D X,(m 1)
i

n: Upper byte of the TAi register setting value, 00h to FEh
m: Lower byte of the TAi register setting value, 00h to FFh

* The TAIS bit in the TABSR register is 1 (start counter)

* The TAIS bitis 1 and an external trigger is applied to the TAIIN pin

* The TAIS bit is 1 and any of following triggers occurs:
the overflow and/or underflow signal of timer B2, the overflow and/or
underflow signal of timer Aj (j =i -1, orj =4 if i = 0), or the overflow and/
or underflow signal of timer Ak (k =i+ 1,ork=0ifi=4)

Count start conditions

Count stop condition

The TAIS bit in the TABSR register is 0 (stop counter)

Interrupt request generating
timing

On the falling edge of the PWM pulse

TAIIN pin function

A programmable 1/O port or trigger input

TAIOUT pin function

A pulse output

Read from timer

The TAi register indicates an undefined value

Write to timer

» While the timer counter is stopped or before the initial count source is
input after starting to count, the value written to the TAi register is written
to both the reload register and the counter

» While the timer counter is running, the value written to the TAi register is
written to the reload register (it is transferred to the counter at the next
reload timing)

RO1UHO0210EJ0120 Rev.1.20
Feb 18, 2013

RENESAS

Page 199 of 520



R32C/116 Group

16. Timers

Timer Ai Mode Register (i = 0 to 4) (pulse-width modulation mode)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
L1 ][] [o[1]1] TAOMRtoTA4MR 0356h, 0357h, 0358h, 0359h, 035Ah 0000 0000b
HEEEEEE
) ] ] ] ] ] ] ]
E E E i i i i i Bit Symbol Bit Name Function RwW
) ] ] ] ] ] ] ]
b4 b 1 TMODO b11 b10- Pulse-width modulation (PWM) | "
N R R R Operating Mode Select Bit - Pulse-width modulation ( )
| T T T I | mode
Pl ey TMOD1 RW
) ] ] ] ] ]
AT T R —
L b2 Reserved Should be written with 0 RW
P 02
E E E i i 0: Falling edge of the input signal to
e MR1 External Trigger Select Bit .th_e_TAllN pin _ _ RW
oo U] 1: Rising edge of the input signal to
A the TAIIN pin
) ] ] ]
) ] ] 1
A 0: TAIS bit in the ONSF register is
E E E i enabled
P mememeeeeees MR2 Trigger Select Bit 1: Selected using bits TAITGH and RW
o TAITGL in the ONSF or TRGSR
o register
) ] ]
E E E 0: Function as a 16-bit pulse-width
o 16-/8-bit PWM Mode Select modulator
E E ---------------- MR3 Bit 1: Function as a 8-bit pulse-width RW
P modulator
E E b7 b6
: b= TCKO 00:f1 RwW
i Count Source Select Bit 01:f8
! .
b ] TCK1 10:f2n RW
11:fC32
Note:
1. The MR1 bit setting is enabled only when bits TAITGH and TAITGL in the TRGSR register are set to 00b
(input to the TAIIN pin). This bit can be set to either 0 or 1 when bits TAITGH and TAITGL are set to 01b
(overflow or underflow of TB2), 10b (overflow or underflow of TAi), or 11b (overflow or underflow of TAi).

Figure 16.16 Registers TAOMR to TA4MR in Pulse-width Modulation Mode
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When the reload register is 0003h and an external trigger (the rising edge of an input signal
applied to the TAIIN pin) is selected.
1/fj x (218-1)

Count sotrroe U UHU LT HIUUUUUUUL
ITrfilIJlElS;i)?r?al to the T T K\ _________

No trigger occurs by this signal
1fjxn

PWM pulse output
from TAIOUT pin T N

IR bit in the TAIIC —|_ —|
register 0 L P—

Set to 0 by an interrupt request acceptance or by a program

i=0to4
fj: Count source frequency
(1, 8, f2n, fC32)

Note:
1. nis a value from 0000h to FFFEh.

Figure 16.17 16-bit Pulse-width Modulator Operation

16. Timers

When the upper byte of the reload register is 02h, the lower byte is 02h and an external
trigger (the falling edge of an input signal applied to the TAIIN pin) is selected.

1fx (m+1)x(28-1)

Count source ( A AT LR AT
-

Input signal applied to
the TAIIN pin

1 x (m+1) ™

ot prescar 0 I U I

PWM pulse output

from the TAIOUT pip | _____
IR bit in the TAIIC |

register

i=0to4 Set to 0 by an interrupt request acceptance or by a program
fji: Count source frequency
(f1, 8, f2n, fC32)

Notes:
1. The 8-bit prescaler counts a count source.
2. The 8-bit pulse-width modulator counts underflow signals of the 8-bit prescaler.
3. mis a value from 00h to FFh, and n is a value from 00h to FEh.

Figure 16.18 8-bit Pulse-width Modulator Operation
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16.2 TimerB

Figure 16.19 shows a block diagram of timer B, and Figure 16.20 to Figure 16.23 show registers

associated with timer B.

Timer B supports the three modes shown below. Select a mode by setting bits TMOD1 and TMODOQO in the

TBIMR register (i = 0 to 5).
» Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts an external pulse or an overflow and underflow of other

timers.

* Pulse period/pulse-width measure mode: The timer measures the pulse period or pulse width of an

external signal.

Counter

q Upper byte of data bus §
i 1 [+
Count source selection S Lower byte of data bus S
‘I;)%K1 and TCKO Lower byte ll TT ll | | Upper byte
f1 = :
f8 %—K TMOD1 and TMODO | Reload register |
2 1 — LT LT
fC32 —— |

A

o
TBj overflow (.2 - 5

TBj

Timer B2

Timer BO

Timer B1

Timer B5

Timer B3

TBIIN Polarity selector, 0 o/o_
Edge detector
I Counter reset circuit |7
i=0to5
Notes: TBi
1. The timer overflows or underflows. -
2. j=i-1;j=2ifi=0;orj=5ifi = 3 (refer to the list on the right) Timer BO
Timer B1
Timer B2
TCK1 and TCKO, TMOD1 and TMODO: Bits in the TBIMR register Timer B3
TBIS: Bits in the TABSR or TBSR register Timer B4
Timer B5

Timer B4

Figure 16.19 Timer B Block Diagram
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Timer Bi Register (i=0to 5) ("
b15 b8 b7 bo Symbol Address Reset Value
| i | TBO to TB2 0351h-0350h, 0353h-0352h, 0355h-0354h Undefined
H TB3to TB5 0311h-0310h, 0313h-0312h, 0315h-0314h Undefined
!
]
i Mode Function Setting Range | RW
]
! ) Divides the count source by n+1 0000h to
! Timer Mode (n = setting value) FFFFh RW
]
l_ ____________ Divides the count source by n+1 0000h to
Event Counter Mode (n = setting value) @ FFFFh RwW
Pulse Period/Pulse- Increments the counter between one
width Measure valid edge and another of TBiIN input — RO
Mode pulse
Notes:
1. A 16-bit read/write access to this register should be performed.
2. The TBi register counts an external input pulse, or an overflow and underflow of other timers.
Figure 16.20 Registers TB0 to TB5
Timer Bi Mode Register (i = 0 to 5)
Reset Value
Symbol Address
b7 b6 b5 b4 b3 b2 b1 b0
CTT 11 1] TEOMR©TBZMR  035Bn, 035Ch, 0350 88§§ 8888E
N N [ A I TB3MR to TBSMR 031Bh, 031Ch, 031Dh
I A A
E E E i i E E i Bit Symbol Bit Name Function RW
RN A b1 b0
Vv b vy = TMODO 0 0 : Timer mode RW
R T T B ) .. | 0 1:Event counter mode
i i i i i E i Operating Mode Select Bit 1 0 : Pulse period measure mode,
T T T T R S TMODA1 pulse-width measure mode RW
T T R A 1 1 : Do not use this combination
.
bbb e MRO RW
] 1 1 1 1
] ] ] 1 1
] ] ] 1 1
T T T S SRR MR1 RW
A . Function varies according to the
P operating mode (1:2)
bl temmceomceeeee MR2 RW
P
b e MR3 RW
.
E et TCKO : . . RW
: Count Source Select Bit Functlc_)n varies according to the
! operating mode
---------------------- TCK1 RW
Notes:
1. The MR2 bit is available for registers TBOMR and TB3MR only.
2. The MR2 bit in registers TB1MR, TB2MR, TB4MR and TB5MR are unavailable on this MCU. This bit
should be written with 0 and read as undefined value.

Figure 16.21 Registers TBOMR to TBSMR
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Count Start Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] TABSR 0340h 0000 0000b
ERERREE
1 1 ) 1 1 1 ) 1
i i E i i i E i Bit Symbol Bit Name Function RW
I R T R T B 0: Stop counter
[ T TR T TR R R TAOS Timer A0 Count Start Bit : RwW
A R T 1: Start counter
A A R ) . 0: Stop counter
i i E E i i (EETLEL TA1S Timer A1 Count Start Bit 1- Start counter RW
] 1 ] 1 1 ]
A T T R IO TA2S | Timer A2 Count Start Bit | - Stop counter RW
[ R T T 1: Start counter
1 1 ] ] ]
] 1 ] ] ] .
S S A S TA3S | Timer A3 Count StartBit | O Stop counter RW
I I 1: Start counter
[ T | _
R T S TA4S | Timer A4 Count Start Bit | - Stop counter RW
. 1: Start counter
Conoa 0: St t
R TBOS | Timer BO Count Start Bit 2 O couner RW
T 1: Start counter
] I
1 ] .
L E— TBIS | Timer B1 Count Startgit | O Stop counter RW
H 1: Start counter
1
1 .
S TB2S | Timer B2 Count StartBit | O Stop counter RW
1: Start counter
Figure 16.22 TABSR Register
Count Start Register for Timers B3, B4, and B5
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
TBSR 0300h 000X XXXXb
1 1 ] ] ] ] ] ]
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 - - -
i i E i i i E i Bit Symbol Bit Name Function RW
i i E IR — No register bits; should be written with 0 and read as undefined .
o (b4-b0) value
1 1 ]
S —— TB3S | Timer B3 Count Start Bit | O: Stop counter RW
(. 1: Start counter
P ] . 0: Stop counter
R e DL DR L TB4S Timer B4 Count Start Bit : RW
! 1: Start counter
]
] .
e TB5S | Timer B5 Count Start Bit | - Stop counter RW
1: Start counter

Figure 16.23 TBSR Register
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16.2.1 Timer Mode
In timer mode, the timer counts an internally generated count source. Table 16.6 lists specifications of
timer mode. Figure 16.24 shows registers TBOMR to TB5MR in this mode.

Table 16.6  Timer Mode Specifications (i = 0 to 5)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations » Decrement

* When the timer counter underflows, the reload register value is reloaded
into the counter to continue counting

Divide ratio nJlr T n: TBi register setting value, 0000h to FFFFh

Count start condition The TBiS bit in the TABSR or TBSR register is 1 (start counter)

Count stop condition The TBiS bit in the TABSR or TBSR register is 0 (stop counter)
Interrupt request generating |When the timer counter underflows

timing

TBIIN pin function Functions as a programmable 1/O port

Read from timer The TBi register indicates a counter value

Write to timer * While the timer counter is stopped or before the initial count source is

input after starting to count, the value written to the TBi register is written

to both the reload register and the counter
* While the timer counter is running, the value written to the TBi register is
written to the reload register (it is transferred to the counter at the next

reload timing)
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Timer Bi Mode Register (i = 0 to 5) (timer mode)

Symbol Address Reset Value

|b7|b6|t§|b4|b3|b2|tz)1 |t§| TBOMR to TB2MR  035Bh, 035Ch, 035Dh 00XX 0000b
S N Tt N N N Bl TB3MR to TBS5MR  031Bh, 031Ch, 031Dh 00XX 0000b
] 1 ] ] ] ] ] ]
1 1 ] ] ] ] 1 1
] 1 ) 1 1 1 ) 1
i i E i i i E i Bit Symbol Bit Name Function RW
EERRREE i R
L A Operating Mode Select Bit [0 0 : Timer mode
A T T T R m— TMODH1 RW
1 1 ] 1 1 1
1 1 ] 1 1 1
1 1 ] 1 1 1
R MRO . - RW
I Disabled in timer mode.
e Can be settoOor 1
bbb e MR1 RW
1 1 1 1
i i E i In registers TBOMR and TB3MR: RW
oo Reserved; should be written with 0
Podod hemmmeeeen MR2 In registers TB1MR, TB2MR, TB4MR, and TB5MR:
. No register bit; should be written with 0 and read as undefined —
i i E value
i E E ________________ MR3 Disabled in timer mode. Should be written with 0 and read as _
P undefined value
i i b7 b6
| mmmmmmmsmommoooee- TCKO 00:f1 RW
H Count Source Select Bit 01:f8
: ______________________ TCKA1 1 0:f2n RW

1 1:fC32
Figure 16.24 Registers TBOMR to TB5SMR in Timer Mode
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16.2.2 Event Counter Mode
In event counter mode, the timer counts an external signal or the overflow or underflow of other timers.
Table 16.7 lists specifications of event counter mode. Figure 16.25 shows the TBiMR register in this

mode (i = 0 to 5).

Table 16.7

Event Counter Mode Specifications (i = 0 to 5)

Item

Specification

Count sources

 External signal applied to the TBIilN pin (valid edge is selectable among
the falling edge, the rising edge, or both)

* The overflow or underflow signal of TBj (j=i-1;j=2ifi=0;orj=5if
i=3)

Count operations

* Decrement
* When the timer counter underflows, the reload register value is reloaded

into the counter to continue counting

Divide ratio

1

) n: TBi register setting value, 0000h to FFFFh

Count start condition

The TBiIS bit in the TABSR or TBSR register is 1 (start counter)

Count stop condition

The TBiS bit in the TABSR or TBSR register is 0 (stop counter)

Interrupt request generation
timing

When the timer counter underflows

TBIIN pin function

Functions as a programmable 1/O port or count source input

Read from timer

The TBi register indicates a counter value

Write to timer

* While the timer counter is stopped or before the initial count source is
input after starting to count, the value written to the TBi register is written
to both the reload register and the counter

* While the timer counter is running, the value written to the TBi register is
written to the reload register (it is transferred to the counter at the next
reload timing)
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Timer Bi Mode Register (i = 0 to 5) (event counter mode)
Reset Value
Symbol Address
b7 b6 b5 b4 b3 b2 b1 b0
CTTo] ] Jo[1] TEOMRt0TB2VR 0358, 035Ch, 035Dn ggx 88883
S N S N N Bl A TB3MR to TB5SMR  031Bh, 031Ch, 031Dh
T R T T B
] ] ] ] 1 ] ] ]
I R A R R Bit Symbol Bit Name Function RW
R
EERRRE R oo RW
A Operating Mode Select Bit | 0 1 : Event counter mode
A O T R W TMOD/1 RW
1 ] ] ] 1 ]
1 ] ] ] 1 ]
] ] ] ] 1 ]
T R A b3 b2
E E i i E b MRO 0 0: Count falling edges RW
P Count Polarity Select Bit () | 0 1 : Count rising edges
T R S — MR1 1 0 : Count both edges RW
L 1 1 : Do not use this combination
] ] ] ]
I In registers TBOMR and TB3MR: RW
E E i i Reserved; should be written with 0
i i i B MR2 In registers TBIMR, TB2MR, TB4MR, and TB5MR:
P No register bit; should be written with 0 and read as undefined —
(. value
] ] 1
N MR3 Disabled in event counter mode. -
i E Should be written with 0 and read as undefined value
P Disabled in event counter mode.
i ____________________ TCKO CanbesettoOor1 RW
]
]
R . 0: Input signal to the TBIIN pin
TCK1 Event Clock Select Bit 1: Overflow or underflow of TBj @ RW
Notes:
1. These bit settings are enabled when the TCK1 bit is 0. When the TCK1 bit is 1, these bits can be set to
either O or 1.
2. j=i-1;j=2ifi=0;0rj=5if i = 3.

Figure 16.25 Registers TBOMR to TBSMR in Event Counter Mode
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16.2.3 Pulse Period/Pulse-width Measure Mode

In pulse period/pulse-width measure mode, the timer measures the pulse period or pulse width of an
external signal. Table 16.8 lists specifications of the pulse period/pulse-width measure mode. Figure
16.26 shows registers TBOMR to TBSMR in this mode. Figures 16.27 and 16.28 show an operation
example of pulse period measurement and pulse-width measurement, respectively.

Table 16.8  Pulse Period/Pulse-width Measure Mode Specifications (i = 0 to 5)

ltem Specification
Count sources f1, 8, f2n, or f{C32
Count operations * Increment

* The counter value is transferred to the reload register on the valid edge of
a pulse to be measured, then it is set to 0000h to resume counting

Count start condition The TBiS bit in the TABSR or TBSR register is 1 (start counter)
Count stop condition The TBiS bit in the TABSR or TBSR register is 0 (stop counter)
Interrupt request generating | « On the valid edge of a pulse to be measured (1)
timing « When the timer counter overflows
(when the MR3 bit in the TBIMR register becomes 1 (overflow)) (2)
TBIIN pin function A pulse input to be measured
Read from timer The TBi register indicates a reload register value (measurement results) (3)
Write to timer The value written to the TBi register is written to neither the reload register

nor the counter

Notes:
1. No interrupt request is generated when the pulse to be measured is applied on the initial valid edge
after the timer counter starts.
2. While the TBiS bit is 1 (start counter), after the MR3 bit becomes 1 (overflow) and at least one count
source cycle has elapsed, a write operation to the TBiMR register sets the MR3 bit to 0 (no overflow).
3. The TBiregister indicates an undefined value until the pulse to be measured is applied on the second
valid edge after the timer counter starts.
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Timer Bi Mode Register (i = 0 to 5) (pulse period/pulse-width measure mode)

Symbol Address Reset Value
b7 b6 b5 b4 b3 b2 bl b0
| | y |0| TBOMR to TB2MR  035Bh, 035Ch, 035Dh 00XX 0000b
— TB3MR to TBSMR  031Bh, 031Ch, 031Dh 00XX 0000b
T T A T T
) ] ] 1 1 ] 1 1
R R T R R R Bit Symbol Bit Name Function RW
.
EEEERE R o Rw
Ve Operating Mode Select Bit |1 O : Pulse period/pulse-width
O T T S— TMOD1 measure mode RW
) ] ] 1 1 ]
) ] ] 1 1 ]
b b3 b2
E E E i i et MRO 0 0 :Pulse period measurement 1 RW
Pror e Measure Mode Select Bit(") [ 0 1 : Pulse period measurement 2
N MR1 1 0 : Pulse-width measurement RW
L 1 1 : Do not use this combination
[) ] ] 1
HE In registers TBOMR and TB3MR: RW
N Reserved; should be written with 0
) ] ] L e e e e e e e e e e e e e e e e e e e e e o e e o
R MR2 In registers TB1MR, TB2MR, TB4MR, and TB5MR:
Vo No register bit; should be written with 0 and read as undefined —
[ ] value
bl
N ' . 0: No overflow
[ R @
E E MR3 Timer Bi Overflow Flag 1: Overflow RO
P b7 b6
E e LR LD bl TCKO 00:f RW
! Count Source Select Bit 01:f8
e TCKA1 10:f2n RW
1 1:fC32

Notes:

1. The measure modes selected by setting bits MR1 and MRO are as follows:
Pulse period measurement 1 (bits MR1 and MRO = 00b):
Measures between a falling edge and the next falling edge of a pulse

Pulse period measurement 2 (bits MR1 and MRO = 01b):
Measures between a rising edge and the next rising edge of a pulse
Pulse-width measurement (bits MR1 and MRO = 10b):
Measures between a falling edge and the next rising edge of a pulse and between the rising edge

and the next falling edge of the pulse

2. The MR3 bit is undefined when the timer is reset.
While the TBIS bit in the TABSR or TBSR register is 1 (start counter), after the MR3 bit becomes 1 and at
least one count source cycle has elapsed, a write operation to the TBIMR register sets the MR3 bit to 0. The
MR3 bit cannot be set to 1 by a program.

Figure 16.26 Registers TBOMR to TB5SMR in Pulse Period/Pulse-width Measure Mode
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Count source J U --- |_|_
Measured pulse

o A Transferred A Transferred
Timing to transfer value from (undefined value) (measured value)
the counter to the reload
register T

A See Note 1 A See Note 1 A N?J?:Z
Timing when the counter —| —|
reaches 0000h -
TBIS bit in the TABSR -
or TBSR register N
IR bit in the TBIIC register ] ‘
al

Set to 0 by an interrupt request acceptance or by a program

MR3 bit in TBIMR register

i=0to 5

Notes:
1. The timer counter is reset when the measurement is completed.
2. The timer counter overflows.

Figure 16.27 Operation Example in Pulse Period Measurement

Count source yuuuyUtupguu Uttt
Measured pulse l T l

Transferred Transferred Transferred Transferred
Timing to transfer value from /Y (undefined | (measured |/ (measured /'(measured value)
the counter to the reload value) value) value)
register -

A See Note 1 A See Note 1 /See Note 1 A See Note 1 ¥ N?)teeez
Timing when the counter —| —|
reaches 0000h -
TBIS bit in the TABSR -
or TBSR register N
IR bit in the TBIIC register | |

X Val Val
Set to 0 by an interrupt request acceptance or by a program
MRS bit in the TBIMR |
register —— |
i=0to5
Notes:
1. The timer counter is reset when the measurement is completed.
2. The timer counter overflows.
Figure 16.28 Operation Example in Pulse-width Measurement
RO1UHO0210EJ0120 Rev.1.20 -IENESAS Page 211 of 520

Feb 18, 2013



R32C/116 Group 16. Timers

16.3 Notes on Timers

16.3.1 Timer A and Timer B

All timers are stopped after a reset. To restart timers, configure parameters such as operating mode,
count source, and counter value, then set the TAIS bit or TBjS bit in the TABSR or TBSR register to 1
(count starts) (i=0to 4;j=0to5).
The following registers and bits should be set while the TAIS bit or TBjS bit is 0 (count stops):

* Registers TAIMR and TBjMR

» UDF register

* Bits TAZIE, TAOTGL, and TAOTGH in the ONSF register

* TRGSR register

16.3.2 Timer A

16.3.2.1 Timer Mode

* While the timer counter is running, the TAi register indicates a counter value at any given time.
However, FFFFh is read while reloading is in progress. A set value is read if the TAi register is set
while the timer counter is stopped.

16.3.2.2 Event Counter Mode

* While the timer counter is running, the TAi register indicates a counter value at any given time.
However, FFFFh is read if the timer counter underflows or 0000h if overflows while reloading is in
progress. A set value is read if the TAi register is set while the timer counter is stopped.

16.3.2.3 One-shot Timer Mode
« If the TAIS bit in the TABSR register is set to 0 (count stops) while the timer counter is running, the
following operations are performed:
- The timer counter stops and the setting value of the TAi register is reloaded.
- A low signal is output at the TAIOUT pin.
- The IR bit in the TAIIC register becomes 1 (interrupts requested) after one CPU clock cycle.

» The one-shot timer is operated by an internal count source. When the trigger is an input to the
TAIIN pin, the signal is output with a maximum one count source clock delay after a trigger input to
the TAIIN pin.

* The IR bit becomes 1 by any of the settings below. To use the timer Ai interrupt, set the IR bitto 0
after one of the settings below is done:

- Select one-shot timer mode after a reset.
- Switch operating modes from timer mode to one-shot timer mode.
- Switch operating modes from event counter mode to one-shot timer mode.

« If a retrigger occurs while counting, the timer counter decrements by one, reloads the setting value
of the TAI register, and then continues counting. To generate a retrigger while counting, wait at
least one count source cycle after the last trigger is generated.

* When an external trigger input is selected to start counting in timer A one-shot mode, do not
provide an external retrigger for 300 ns before the timer counter reaches 0000h. Otherwise, it may
stop counting.

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 212 of 520
Feb 18, 2013



R32C/116 Group 16. Timers

16.3.2.4 Pulse-width Modulation Mode
* The IR bit becomes 1 by any of the settings below. To use the timer Ai interrupt, set the IR bitto 0
after one of the settings below is done (i = 0 to 4):
- Select pulse-width modulation mode after a reset.
- Switch operating modes from timer mode to pulse-width modulation mode.
- Switch operating modes from event counter mode to pulse-width modulation mode.

« If the TAIS bit in the TABSR register is set to 0 (count stops) while PWM pulse is output, the
following operations are performed:
- The timer counter stops.
- The output level at the TAIOUT pin changes from high to low. The IR bit becomes 1.

- When a low signal is output at the TAIOUT pin, it does not change. The IR bit does not change,
either.
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16.3.3 Timer B

16.3.3.1 Timer Mode and Event Counter Mode

» While the timer counter is running, the TBj register indicates a counter value at any given time (j =
0 to 5). However, FFFFh is read while reloading is in progress. When a value is set to the TBj
register while the timer counter is stopped, if the TBj register is read before the count starts, the set
value is read.

16.3.3.2 Pulse Period/Pulse-width Measure Mode

* While the TBjS bit in the TABSR or TBSR register is 1 (start counter), after the MR3 bit becomes 1
(overflow) and at least one count source cycle has elapsed, a write operation to the TBjMR register
sets the MR3 bit to 0 (no overflow).

* Use the IR bit in the TBjIC register to detect overflow. The MR3 bit is used only to determine an
interrupt request source within the interrupt handler.

* The counter value is undefined when the timer counter starts. Therefore, the timer counter may
overflow before a measured pulse is applied on the initial valid edge and cause a timer Bj interrupt
request to be generated.

* When the measured pulse is applied on the initial valid edge after the timer counter starts, an
undefined value is transferred to the reload register. At this time, a timer Bj interrupt request is not
generated.

* The IR bit may become 1 (interrupt requested) by changing bits MR1 and MRO in the TBjMR
register after the timer counter starts. However, if the same value is rewritten to bits MR1 and MRO,
the IR bit does not change.

* Pulse width is continuously measured in pulse-width measure mode. Whether the measurement
result is high-level width or not is determined by a program.

* When an overflow occurs at the same time a pulse is applied on the valid edge, this pulse is not
recognized since an interrupt request is generated only once. Do not let an overflow occur in pulse
period measure mode.

* In pulse-width measure mode, determine whether an interrupt source is a pulse applied on the
valid edge or an overflow by reading the port level in the timer Bj interrupt handler.
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17. Three-phase Motor Control Timers

A three-phase motor driving waveform can be output using timers A1, A2, A4, and B2. The three-phase
motor control timers are enabled by setting the INV02 bit in the INVCO register to 1. Timer B2 is used for
carrier wave control, and timers A1, A2, and A4 for three-phase PWM output (U, U, V, V, W, and W) control.
Table 17.1 lists the specifications of the three-phase motor control timers and Figure 17.1 shows its block
diagram. Figures 17.2 to 17.6 show registers associated with this function.

Table 17.1  Specifications for Three-phase Motor Control Timers

ltem Specification
Three-phase PWM waveform [Six pins: U, U, V, V, W, and W
output pins
Forced cutoff (1) A low input to the NMI pin
Timers Timers A4, A1, and A2 are used in one-shot timer mode:

Timer A4 is used for U- and U-phase waveform control
Timer A1 is used for V- and V-phase waveform control
Timer A2 is used for W- and W-phase waveform control
Timer B2 is used in timer mode
Carrier wave cycle control
Dead time timer (three 8-bit timers share a reload register):
Dead time control
Output waveforms Triangular wave modulation and sawtooth wave modulation
* Output of a high or a low waveform for one cycle
» Separately settable levels of high side and low side
Carrier wave periods Triangular wave modulation: count source x (m + 1) x 2
Sawtooth wave modulation: count source x (m + 1)
m: TB2 register setting value from 0000h to FFFFh
Count source: f1, f8, f2n, or f{C32
Three-phase PWM output Triangular wave modulation: count source x n x 2
width Sawtooth wave modulation: count source x n
n: Setting value of registers TA4, TA1, and TA2 (registers TA4, TA41,
TA1, TA11, TA2, and TA21 when the INV11 bit in the INVC1 register
is 1) from 0001h to FFFFh
Count source: f1, f8, f2n, or fC32
Dead time (width) Count source x p or no dead time

p: DTT register setting value from 01h to FFh
Count source: f1 or f1 divided by 2

Active level Selectable either active high or active low

Simultaneous conduction Function to detect simultaneous turn-on signal outputs, function to disable
prevention signal output when simultaneous turn-on signal outputs are detected
Interrupt frequency Selectable from one through 15 time-carrier wave cycle-to-cycle basis for

the timer B2 interrupt

Note:
1. Forced cutoff by a signal input to the NMI pin can be performed when the PM24 bit in the PM2
register is 1 (NMI enabled), the INV02 bit in the INVCO register is 1 (three-phase motor control timers
used), and the INVO03 bit is 1 (three-phase motor control timer output enabled).
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D ICTB2 register
INV13 n=01h to OFh

Circuit to set interrupt
generating frequency

I [
1 1
1 1
1 1
! INV0O — i
! e ICTB2 counter | |
) H ) . )
Timer B2 underflows : n = 01h to OFh : Timer B2 interrupt request bit
O | INV02
Value to be written to the INV03 bit
o INV12 Write signal to the INVO3 bit
f1 . 1/2 n 0 INVOG
Trigger l RE
Write signal INVO7
rite signal _ | Trigqer Dead time timer INV05
totimer B2 n=01hto FFh
INV10 —
1~ U-phase output ~ ! INVO4
H control circuit i
(Timer mode) : DU1 DUO |1 [|U-phase
' bit bit |1 output
H signal
la ; 1
Start trigger signal for timers A1, A2, A4 v * :{> o—{D Q conE_D Ou
' \ Y.
‘| foa—paf G
Transfer trigger (") H T o T '\i\
' .
Three-phase output shift
1 =S
' \l\ registers (U-phase)
i || [ouB1] | [DuBo| | g P
H bit bit |1
| TA4 register | | TA41 register | E > : Inverse U
: 3 ot P DQ control {>—0
' D Q) palH| U-phase
' T T 1 || output signal
'
Timer A4 counter " :

(One-shot timer mode) One-shot pulse of timer A4

INV11 .
1 Reload control signal for timer A4

When the TA4S bit is 0,

the signal becomes 0 INV06 .
rigger
% Inverse v
Trigger > Dead time timer L control E> O
[ TAT register | [ TA11 register | n=01h to FFh

V-phase output 7‘ 4>

Inverse E O 7
Timer A1 counter P> controller - :{>— control v
(One-shot timer mode) V-phase V-phase
INV11 output output signal
q PT Q Reload control signal for timer A1 signal
When the TA1S bit is 0,
the signal becomes 0 INVO6
Trigger I
o Lp—OW
Trigger Dead time timer 1
[ TA2register | [ TA21 register | n=01hto FFh

W-phase output

signal
W-phase output 4>

Inverse
oW

Timer A2 counter > controller — :{>— control
(One-shot timer mode) Ouvt\;'&h;;al Switching to P3_2 to P3_7, P7_2
INV11 . to P7_5, P8_0, and P8_1 is not
T Q Reload control signal for timer A2 shown in this diagram
When the TA2S bit s 0, INVOO to INVO7: Bits in the INVCO register

the signal becomes 0

INV10 to INV15: Bits in the INVC1 register
DUi and DUBi: Bits in the IDBi register (i=0, 1)
TA1S to TA4S: Bits in the TABSR register
Note:
1. When the INVO06 bit is 0 (triangular wave modulation mode), the transfer trigger is generated only when the
initial underflow of timer B2 occurs after setting registers IDB0O and IDB1.

Figure 17.1 Block Diagram for Three-phase Motor Control Timers
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Three-phase PWM Control Register 0 ™

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI ]  iNveo 0308h 0000 0000b
A
1 ] ] ] ] 1 ] ]
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
RERRERE T
[ T T T T B T | 0 X: The underflow of timer B2
i E E E i i i INV0O 1 0: The underflow of timer B2 when RW
I ICTB2 Count Condition the reload control signal for
A Select Bit @ timer A1is 0 ©®
1 ] ] ] ] 1 ] .
[ T T T R A | 1 1 : The underflow of timer B2 when
i E E E i i o INVO1 the reload control signal for RW
A timer Alis 1 &4
A A Three-phase Motor Control | 0: Do not use this function
[ INV02 ; . : ; e 67 RW
(A Timers Select Bit 1: Use this function ¢ 67
1 ] ] ] ]
i E E i i 0: Disables the three-phase motor
N INVO3 Three-phase Motor Control control timer output RW
[ Timer Output Control Bit 1: Enables the three-phase motor
G control timer output ®
1 ] ] ]
i E i i 0: Ignores simultaneous turn-on
A Simultaneous Conduction signal output
1 ] ] ]
i E E INVO4 Prevention Bit 1: Disables simultaneous turn-on RW
P signal output
1 ] ]
. Simultaneous Conduction 0: Not detected
1 ] L D
i E INVOS Detection Flag 1: Detected @ RO
(A 0: Triangular wave modulation mode
I EEEEEEEE e INVO6 Modulation Mode Select Bit | 1: Sawtooth wave modulation mode RW
i (10)
1
1
i A transfer trigger is generated when
i this bit is set to 1. When the INVO06 bit
T e L E LR PP INVO7 Software Trigger Select Bit | is 1, another trigger to the dead time | RW
timer is also generated. This bit is
read as 0
Notes

1. Set this register after setting the PRC1 bit in the PRCR register to 1 (write enabled). Also, rewrite bits INV0O
to INV02 and INV06 while timers A1, A2, A4, and B2 are stopped.

2. This bit is enabled when the INV11 bit in the INVC1 register is 1 (three-phase mode 1). When the INV11 bit
is 0 (three-phase mode 0), the ICTB2 counter increments by one each time timer B2 underflows irrespective
of the INV0OO and INVO1 bit settings.

3. Set the ICTB2 register before setting the INV01 bit to 1. Also, set the TA1S bit in the TABSR register to 1
before the initial timer B2 underflow occurs.

4. When the INVOO bit is 1, the first interrupt occurs when timer B2 underflows n-1 times (n is the value set in
the ICTB2 counter). Subsequent interrupts occur every n times timer B2 underflows.

5. Set the INV02 bit to 1 to operate the dead time timer, U-, V-, and W-phase output control circuits, and the
ICTB2 counter.

6. After setting the INV02 bit to 1, pins should be configured first by the IOBC register then by the output
function select registers.

7. When the INV02 bit is set to 1 and the INVO3 bit is set to 0, pins U, U, V, V, W, and W, even when they are
assigned to other peripheral functions, become high-impedance.

8. The INVO03 bit becomes 0 when any of the following occurs:

- Reset

- Signals of both the high and low sides are simultaneously switched to active when the INV04 bit is 1.
- The INVO3 bit is set to 0 by a program.

- The NMI pin goes from high to low when the PM24 bit in the PM2 register is 1 (NMI enabled).

9. This bit cannot be set to 1 by a program. Set the INV04 bit to O to set this bit to 0.

10.When the INVOG6 bit is 1, set the INV11 bit in the INVC1 register to 0 (three-phase mode 0) and the PWCON
bit in the TB2SC reglster to O (timer B2 register reloaded when timer B2 underflows).

Figure 17.2 INVCO Register
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Three-phase PWM Control Register 1
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
ol [ [ ][] ]] INVC1 0309h 0000 0000b
A
1 ] ] ] ] 1 ] ]
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 ] ]
[ T R T S B A . 0: The underflow of timer B2
A S T R N N VET) ;‘t:r‘frTsnm . fzs'e‘fgg gﬁ 1: The underflow of timer B2 anda | RW
H 99 write operation to the TB2 register
1 ] ] ] ] 1 ]
T T T T T T INVA1 Timers A1-1, A2-1, and 0: Three-phase mode 0 23) RW
i E E E i i A4-1 Control Bit 1: Three-phase mode 1
1 ] ] ] ] 1 . .
[ T T B Dead Time Timer Count 0:f1
S INVI2 | Source Select Bit 1:1 divided-by-2 RW
i E E i i ___________ INV13 Carrier Wave Detection 0: Timer A1 reload control signal is 0 RO
vy Flag @ 1: Timer A1 reload control signal is 1
1 ] ] ]
HE . . 0: Active low output
1 ] ] L e e = ]
i E E INV14 Active Level Control Bit 1: Active high output RW
1 ] ] . 1
R S INV15 Dead Time Disable Bit 0-Enables dead time RW
vl 1: Disables dead time
1 ]
I 0: Falling edge of a one-shot pulse of
1 ] .
o ' . . timer (A4, A1, and A2) ®
bohemmee e INV16 gg;itTEI;?e Timer Trigger | 4. Rising edge of the three-phase RW
! output shift register (phases U, V,
H and W)
1
1
e e (b_7) Reserved Should be written with 0 RwW
Notes
1. Set this register after setting the PRC1 bit in the PRCR register to 1 (write enabled). Also, rewrite this
register while timers A1, A2, A4, and B2 are stopped.
2. Set the INV11 bit to 0 when the INVO6 bit in the INVCO register is 1 (sawtooth wave modulation mode).
3. Set the PWCON bit in the TB2SC register to O (timer B2 register reloaded if timer B2 underflows) when the
INV11 bit is 0.
4. This bit setting is enabled when the INV06 bit is 0 (triangular wave modulation mode) and the INV11 bit is 1.
5. Set the INV16 bit to 1 when the following conditions are all met:
- The INV15 bit is 0.
- The Dij bit has a different value from the DiBj bit whenever the INV03 bit is 1 (enables the three-phase
motor control timer output); the high- and low-side output signals always have inverse levels on periods
other than dead time (i=U, V,or W; j=0, 1).
Set the INV16 bit to 0 when the conditions above are not met.
Figure 17.3 INVC1 Register
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Three-phase Output Buffer Control Register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
I0BC 40097h OXXX XXXXb

1 ] ] ] 1 ] ] ]

I A A

E E i i i i i i Bit Symbol Bit Name Function RwW

1 ] ] ] 1 1 ] ]

1 ] ] ] 1 1 ] ]

— No register bits; should be written with 0 and read as undefined
(b6-b0) value

1

1

! — — —

H 0:Use pins U, U, V, V, W, and W of
1

1

______________________ Three-phase Output Pin ports P7 and P8
TBSOUT Select Bit @ 1:Use pins U, U, V, V, W, and W of RW
port P3

Notes:

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

2. Set this bit after setting the INV02 bit in the INVCO register to 1. Then, set the output function select register
of corresponding port. When the INVO3 bit in the INVCO register is 0, output pins for the three-phase motor
control timers become high-impedance by the output enable control of output buffers. However, the output
enable cannot be controlled only by the output function select register when more than two ports are
assigned for output. Thus, a three-state output buffer should be selected using the TBSOUT bit.

TBSOUT
INV02 S
INVO3
LOV.V.WW — Function select > O U,?, V, Y W, and?of ports P7 and P8
register ——I%—0 U,T,V,V,W, and W of port P3
Figure 17.4 10BC Register
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Three-phase Output Buffer Registeri (i=0, 1)

b7 06 bS5 b4 b3 b2 b1 b0 Symbol Address Reset Value
IDBO, IDB1 030Ah, 030Bh XX11 1111b

) ] ] ] ] ] ] ]

) ] ] ] ] ] ] ]

) ] ] ] 1 ] ] ]

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

) ] ] ] ] ] ] ]

E E E i i i E L DUi U-phase Output Buffer i RW

) ] ] ] ] ] ]

L ] _ ] These bits should be written with an

E E E i i i == DUBI U-phase Output Buffer i output level of the three-phase output | RW

Yy e shift register. The written value is

E E E i i oo Dvi V-phase Output Buffer i reflected in each turn-on signal as RW

Coror follows:

I L PP R DVBi V-phase Output Buffer i 0: Active (ON) RW

oo 1: Inactive (OFF)

Vol e DWi W-phase Output Buffer i The bits are read as the value of the | gy

E E E three-phase output shift register

bl e DWBi | W-phase Output Buffer i RW

P

) ]

__1

— No register bits; should be written with 0 and read as undefined
(b7-b6) value

Note:

1. Values of registers IDBO and IDB1 are transferred to the three-phase output shift register by a transfer
trigger. The initial output signal level of each phase is determined by the value written in the IDBO register
after the transfer trigger occurs. Then the output signal level is determined by the value written in the IDB1
register on the falling edge of a one-shot pulse of timers A1, A2, and A4.

Figure 17.5 Registers IDB0 and IDB1
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Timer B2 Interrupt Generating Frequency Set Counter (2.3

b7 b0 Symbol Address Reset Value
DODIX [ | [ | icme2 030Dh Undefined
Function Setting Range | RW

- When the INVO1 bit is 0 (ICTB2 counter increments each time
timer B2 underflows), a timer B2 interrupt request is generated
every nth times timer B2 underflows

- When the INVO1 bitis 1 (ICTB2 counter increments when the

--4 timer A1 reload control signal is set to 0 or 1 and timer B2 01h to OFh WO

underflows), a timer B2 interrupt request is generated every

nth times timer B2 underflows when the timer A1 reload

control signal is 0 or 1

(n = setting value)

---------------------- No register bits; should be written with 0 —

1. Use the MOV instruction to set the ICTB2 register.

2. When the INVO1 bit in the INVCO register is 1, set this register while the TB2S bit in the TABSR register is 0
(timer B2 count stops). Although it can be set even when the TB2S bit is 1 (timer B2 count starts) when the
INVO1 bit is 0, do not set this register when timer B2 underflows.

3. When the INVOO bit in the INVCO register is set to 1, the first interrupt occurs when timer B2 underflows n-1
times. Subsequent interrupts occur every n times timer B2 underflows.

(n = setting value of the ICTB2 counter)

Figure 17.6 ICTB2 Register
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171

Modulation Modes of Three-phase Motor Control Timers

The three-phase motor control timers support two modulation modes: triangular wave modulation mode
and sawtooth wave modulation mode. The triangular wave modulation mode has two modes: three-phase
mode 0 and three-phase mode 1. Table 17.2 lists bit settings and characteristics of each mode.

Table 17.2  Modulation Modes
itemn Triangular Wave Modulation Mode I\/IS;:IASIZ ?it:nvl\\lllac;/:e
Three-phase mode 0 Three-phase mode 1 (Three-phase mode 0)
Bit settings INVO6 is 0, INV11is 0, [INV0O6is 0, INV11is1 |INVO06is 1, INV11is O,
PWCON is 0 PWCONis 0
Waveform Triangular wave Sawtooth wave

Registers TA11, TA21, and
TA41

Not used Used

Not used

Timing to transfer data from
registers IDB0 and IDB1 to
the three-phase output shift
register

Only once when a transfer trigger (1) occurs after
setting registers IDB0 and IDB1

Whenever a transfer
trigger (1) occurs

Timing to trigger the dead
time timer when the INV16 bit
isO

On the falling edge of a one-shot pulse of timers
A1, A2, and A4

When a transfer trigger
occurs, or on the falling
edge of a one-shot pulse
of timers A1, A2, and A4

Bits INVOO and INVO01 in the |Disabled. The ICTB2 Enabled Disabled. The ICTB2

INVCO register counter increments each counterincrements each
time timer B2 time timer B2
underflows, irrespective underflows, irrespective
of the INV0OO and INVO01 of the INVOO and INVO1
bit settings bit settings

INV13 bit Disabled Enabled Disabled

Note:

1. The transfer trigger is a timer B2 underflow, a write operation to the INVO7 bit, or a write operation to
the TB2 register when the INV10 bit is 1.

RO1UHO0210EJ0120 Rev.1.20
Feb 18, 2013

RENESAS

Page 222 of 520



R32C/116 Group 17. Three-phase Motor Control Timers

17.2 Timer B2

Timer B2, which operates in timer mode, is used for carrier wave control in the three-phase motor control
timers.

Figures 17.7 and 17.8 show registers TB2 and TB2MR in this function, respectively. Figure 17.9 shows
the TB2SC register which switches timing to change the carrier wave frequency in three-phase mode 1.

Timer B2 Register
b15 b8 b7 b0 Symbol Address Reset Value
| : TB2 0355h-0354h Undefined
i
1
i Function Setting Range | RW
1
1
! - .
R D|V|de§ the count source by n+1. S_tarts.tlmers A1, A2, and A4 0000h to FFEEh RW
each time an underflow occurs (n = setting value)
Note:
1. A 16-bit read/write access to this register should be performed.

Figure 17.7 TB2 Register When Using Three-phase Motor Control Timers

Timer B2 Mode Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| | [o[X[o]o|o]o]  TB2MR 035Dh 00XX 0000b
A
T T T R R
E E i i i i i i Bit Symbol Bit Name Function RW
1 ] 1 1 1 1 1 1
bbb -4 TMODO Should be written with 00b (timer RW
T T T A Operating Mode Select Bit | mode) when using the three-phase
R T T T T T P TMOD1 motor control timers RW
N
1 ] 1 1 ] ]
T Ittt MRO . . . RW
boror Disabled when using the three-phase motor control timers. Should
oo be written with 0 and read as undefined value
bl e MR1 RW
1 ] 1 ]
E E i G MR2 No register bit; should be written with 0 and read as undefined .
P value
E E i ________________ MR3 Disabled when using the three-phase motor control timers. Should .
(. be written with 0 and read as undefined value
E E b7 b6
Gt e TCKO 001 RW
| Count Source Select Bit 01:f8
i 10:f2n
RPN TCK1 : RW
1 1:fC32

Figure 17.8 TB2MR Register When Using Three-phase Motor Control Timers
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Timer B2 Special Mode Register

b7 b6 05 b4 b3 b2 b1 b0 Symbol Address Reset Value
TB2SC 035Eh XXXX XXX0b
Bit Symbol Bit Name Function RwW

0: The underflow of timer B2
Timer B2 Reload Timing 1: The underflow of timer B2 when

e
Frmm———— e ———————

--| PWCON Switching Bit " the reload control signal for timer RW
Alis0
T N N — No register bits; should be written with 0 and read as undefined .
(b7-b1) value
Note:
1. Set this bit to 0 when the INV11 bit is 0 (three-phase mode 0) or the INVO06 bit is 1 (sawtooth wave
modulation mode).
Figure 17.9 TB2SC Register
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17.3 Timers A4, A1, and A2

Timers A4, A1, and A2 are used for three-phase PWM output (U, U, V, V, W, and W) control when using
the three-phase motor control timers.

These timers should be operated in one-shot timer mode. Every time timer B2 underflows, a trigger is
input to timers A4, A1, and A2 to generate a one-shot pulse. If the values of registers TA4, TA1, and TA2
are rewritten every time a timer B2 interrupt occurs, the duty cycle of the PWM waveform can be varied.
In three-phase mode 1, the value of registers TAi and TAi-1 is alternately reloaded to the counter at each
timer B2 interrupt, which halves the timer B2 interrupt frequency (i = 4, 1, 2).

Figure 17.10 shows registers TA1, TA2, TA4, TA11, TA21, and TA41 in the three-phase motor control
timers. Figure 17.11 shows registers TATMR, TA2MR, and TA4MR in this function. Figures 17.12 and
17.13 show registers TRGSR and TABSR, respectively, in this function.

Timer Ai/Timer Ai-1 Registers (i=1, 2, 4) (19

b15 b8 b7 bo Symbol Address Reset Value

| H TA1, TA2, TA4 0349h-0348h, 034Bh-034Ah, 034Fh-034Eh Undefined
: TA11, TA21, TA41 0303h-0302h, 0305h-0304h, 0307h-0306h Undefined
1
1
i Function Setting Range |RW
1
i The timer stops when the nth count source is counted after a
et start trigger is generated. The output signal for each phase is 0000h to FFFFh [ WO

switched when timers A1, A2, and A4 stop (n = setting value)
Notes

1. A 16-bit write access to these registers should be performed.

2. When these registers are set to 0000h, the counter does not start, and no timer Ai interrupt request is
generated.

3. Use the MOV instruction to set these registers.

4. When the INV15 bit in the INVC1 register is 0 (enables dead time), the turn-on output signal is switched to
its active state with a delay. It switches when the dead time timer stops.

5. When the INV11 bit in the INVC1 register is 0 (three-phase mode 0), the value of the TA.i register is
transferred to the reload register by a timer Ai start trigger. When the INV11 bit is 1 (three-phase mode 1),
first the value of the TAi1 register is transferred to the reload register by a timer Ai start trigger. Then the
value of the TAi register is transferred by the next timer Ai start trigger. After that, the values of registers
TAi1 and TAi are alternately transferred to the reload register.

6. These registers should not be written when timer B2 underflows.

Figure 17.10 Registers TA1, TA2, TA4, TA11, TA21, and TA41
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Timer Ai Mode Register (i=1, 2, 4)

the three-phase motor control timers

Should be written with 1 (selected by
L s MR2 Trigger Select Bit the TRGSR register) when using the | RW
three-phase motor control timers

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[ | [o[1]o]o[1]0]  TAIMR, TA2MR, TA4MR 0357h, 0358h, 035Ah 0000 0000b
HEREEE
] ] ] 1 ] ] ]
E i i i i i i Bit Symbol Bit Name Function RW
] ] ] 1 1 ] ]
Porobd b == TMODO Should be written with 10b (one-shot | RW
T T T A Operating Mode Select Bit | timer mode) when using the three-
i i i i i N TMODA1 phase motor control timers RW
I
] ] ] 1 ]
et MRO Reserved Should be written with 0 RW
] 1 ] 1
] 1 ] 1
] ] ] 1 H H H
[ R S MR1 External Trigger Select Bit | S1°uld be written with 0 when using | g,
P
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

Should be written with 0 when using the three-phase motor control

I L MR3 - RW
! timers
| b7 b6
R L EEEEEEE R TCKO 00:f1 RW
Count Source Select Bit 01:f8
. TCK1 10:f2n RW
1 1:fC32

Figure 17.11 Registers TATMR, TA2MR, and TA4AMR When Using Three-phase Motor Control Timers
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Trigger Select Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT TL LTI 1] 7Resr 0343h 0000 0000b
N
I R T T B
E i i i i i E i Bit Symbol Bit Name Function RW
1 1 1 1 1 1 1 1
oo - TAITGL Should be set to 01b (the underflow | RW
Pl Timer A1 Event/Trigger of TB2) to use the V-éhase output
T T T T R Select Bit o
L TA1TGH control circuit RW
I R
] 1 1 1 1 1
I ettt TA2TGL i i Should be set to 01b (the underflow | RW
[ T T Timer A2 Event/Trigger
oo Select Bit of TB2) to the use W-phase output
E i i i . TA2TGH control circuit RW
L o5 b4
(I T OV — TA3TGL . - | RW
[ ) . 0 0 : Select the input to the TA3IN pin
o qmer AS Even/Trigger 1 o 1 : Select the overflow of TB2 ()
[ . Q]
R TA3TGH 10 : Select the overflow of TA2 1 RW
I 1 1 : Select the overflow of TA4 (')
] ]
] ]
] ]
I b TA4TGL i i Should be set to 01b (the underflow | RW
i ‘gmer AL.‘ Event/Trigger of TB2) to the use U-phase output
H elect Bit A
S, TA4TGH control circuit RW

1. The timer overflows or underflows.

Figure 17.12 TRGSR Register in Three-phase Motor Control Timers

Count Start Register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value

| | | | | | | | | TABSR 0340h 0000 0000b
-
A R
I S T R R R Bit Symbol Bit Name Function RW
AR 0: Stop counter
4 b 4 b1 t=1  TAOS | TimerA0 CountStartBit | o b RW
i E E E i i i : Start counter
T T T (N TA1S | Timer A1 Count StartBit | O Stop counter RW
[ R A 1: Start counter
1 ] ] ] ] 1
A T TA2S | Timer A2 Count Start it | O Stop counter RW
[ R T A 1: Start counter
1 ] ] 1 1
1 ] ] 1 1 .
A S TA3S | Timer A3 Count Startgit | O Stop counter RW
T A A 1: Start counter
I 0: Stop counter
T T - TA4S Timer A4 Count Start Bit 2P RW
o 1: Start counter
1 ] ]
i E oo TBOS Timer BO Count Start Bit Oj Stop counter RW
- 1: Start counter
1 ]
i R — TB1S Timer B1 Count Start Bit O: Stop counter RW
i 1: Start counter
1
H ; . 0: Stop counter
---------------------- TB2S Timer B2 Count Start Bit : RW

1: Start counter
Figure 17.13 TABSR Register
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17.4 Simultaneous Conduction Prevention and Dead Time Timer

The three-phase motor control timers offer two ways to avoid shoot-through, which occurs when high-side
and low-side transistors are simultaneously turned on.

One is “simultaneous turn-on signal output disable function”. This function prevents high-side and low-
side transistors from being inadvertently switched to active due to events like program errors. The other is
by the use of dead time timers. A dead time timer delays the turn-on of one transistor in order to ensure
that an adequate time (the dead time) passes after the other is turned off.

To disable simultaneous turn-on output signals, the INV04 bit in the INVCO register should be set to 1. If
outputs for any pair of phases (U and U, V and V, or W and W) are simultaneously switched to an active
state, every three-phase motor control output pin becomes high-impedance. Figure 17.14 shows an
example of output waveform when simultaneous turn-on signal output is disabled.

To enable the dead time timer, the INV15 bit in the INVC1 register should be set to 0. The DTT register
determines the dead time. Figure 17.15 shows the DTT register and Figure 17.16 shows an example of
output waveform on using dead time timer.

U-phase output signal

. . OFF ‘ ON OFF ON OFF
(internal signal)

Simultaneous
turn-on signal
ON OFF ON OFF ON

‘U-phase output signal
(internal signal)

U-phase turn-on

. OFF | ON OFF ON
signal output

High-impedance

U-phase turn-on

: ON OFF ON
signal output - |

V-phase turn-on
signal output

High-impedance

V-phase turn-on
signal output

]
-

W-phase turn-on
signal output

High-impedance

W-phase turn-on
signal output

_II_“|7%

]
N

Figure 17.14 Output Waveform When Simultaneous Turn-on Signal Output is Disabled
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Dead Time Timer .2

b7 b0 Symbol Address Reset Value
| |  otT 030Ch Undefined
Function Setting Range |RW

The dead time timer is a one-shot timer that delays the timing
for a turn-on signal to be switched to its active state
' preventing a simultaneous conduction of high-side and low- 01h to FFh WO
side transistors.

The timer stops when counting a count source n times after a

start trigger occurs (n = setting value) @

Notes:
1. Use the MOV instruction to set this register.
2. This register setting is enabled when the INV15 bit in the INVC1 register is 0 (enables dead time). No dead
time can be set when the INV15 bit is 1 (disables dead time).
3. The trigger and count source should be selected using bits INV16 and INV12 in the INVC1 register,
respectively.

Figure 17.15 DTT Register

U-phase output signal — ™) ON OFF ON OFF
(internal signal)
U-phase output signal OFF ON OFF ON
(internal signal) _—— |
««» Deadtime ««» Deadtime ««» Deadtime ««» Dead time
Dead time timer
U-phase turn-on — 5 ON OFF ON OFF
signal output
U-phase turn-on OFF ON OFF ON
signaloutput _— |
U-phase transistor OFF ON \ OFF ON \ OFF
U-phase transistor ON K OFF ON K OFF ON

Figure 17.16 Output Waveform When Using Dead Time Timer

17.5 Three-phase Motor Control Timer Operation

Figures 17.17 and 17.18 show an operation example of triangular wave modulation and sawtooth wave
modulation, respectively.
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Triangular carrier wave

Triangular wave

Signal wave @ —>

TB2S bit in the
TABSR register J

Timer 82 \\\\\\\\\\\\\\\

Reload control signal for
timer A1 (™

Timer B2 interrupt —I

|

TA4 register @ < a

TA41 register @ < a’

Reload register @ < a a axX b b X ¢ c cX o d

Start trigger signal for

timer A4 —I —| —| —| —|
S|

One-shot pulse of J J —U
timer A4 M

U-phase output
signal (") L/ K .
Registers IDB0 and IDB1 are rewritten Rewritten value is

U-phase output 7\ reflected here
signal ¥

gjt?)itﬁme mer “|'Dead time J J J_ TJ
I

s

U-phase | |
INV14 =0
(active low) U-phase | __|

INV14 =1 | Phase | | I
(active high) U-phase | J

This figure applies when INVCO = 00XX11XXb (X varies depending on each system) and INVC1 = 010XXXX0b.
PWM output may vary as follows:

(A) When INV11 = 1 (three-phase mode 1)
- INV01 =0 and ICTB2 = 2h (timer B2 interrupt occurs every second time timer B2 underflows), or
INVO1 =1, INVOO = 1, and ICTB2 = 1h (timer B2 interrupt occurs every time timer B2 underflows when the
reload control signal for timer A1 is 1)
- The setting of registers TA4 and TA41 are varied every time a timer B2 interrupt occurs,
Default value: TA41 =a’, TAd =a
On the first timer B2 interrupt: TA41 = b’, TA4 = b; the second time: TA41 =c', TAd=c¢
- Default value of registers IDBO and IDB1: DUO = 1, DUBO = 0, DU1 =0, DUB1 =1
On the third time: DUO = 1, DUBO = 0, DU1 =1, DUB1 =0
(B) When INV11 = 0 (three-phase mode 0)
-INV01 =0 and ICTB2 = 1h (timer B2 interrupt occurs every time timer B2 underflows)
- TA4 register setting is varied every time a timer B2 interrupt occurs,
Default value: TA4 = a’
On the first timer B2 interrupt: TA4 = a; 2nd time: TA4 = b’; 3rd time: TA4 = b; 4th time: TA4 = ¢’; 5th time: TA4 = ¢
- Default value of registers IDB0O and IDB1: DUO = 1, DUBO = 0, DU1 =0, DUB1 =1
On the sixth time: DUO = 1, DUBO = 0, DU1 =1, DUB1 =0
Notes:
1. Internal signal. Refer to the block diagram of three-phase motor control timers.
2. Applicable when the INV11 bit in the INVC1 register is 1 (three-phase mode 1).

Figure 17.17 Triangular Wave Modulation Operation
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Sawtooth carrier wave

Sawtooth wave ———
Signal wave —>

i NN AN ENENANANRNY

| 1 8
One-shot pulse of | | | | | | | I
timer A4 ™M

Registers IDB0 and IDB1 are rewritten Rewritten value is reflected here

U-phase output | | v | —
signal (" - \

U-phase output | |
signal ("

omputtr ] I ! I I I I

— l«—Dead time
U-phase
INV14 =0

—

L
(active low) U-phase I_I I_I |_

U-phase

—

INV14 =1

(active high) U-phase I_I |_| |_

This figure applies when INVCO = 01XX110Xb (X varies depending on each system) and INVC1 = 000XXX00b.
This bit setting is applicable to turn-on control with a phase shift of 120 degrees.

PWM output may vary as follows:
Default value of registers IDB0O and IDB1: DUO = 0, DUBO = 1, DU1 =1, DUB1 =1
On the third timer B2 interrupt: DUO = 1, DUBO = 1, DU1 =1, DUB1 =1
On the fifth timer B2 interrupt: DUO = 1, DUB0 =0, DU1 = 1, DUB1 =1

Note:
1. Internal signal. Refer to the block diagram of three-phase motor control timers.

Figure 17.18 Sawtooth Wave Modulation Operation
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17.6 Notes on Three-phase Motor Control Timers

17.6.1  Shutdown

+ When a low signal is applied to the NMI pin with the following bit settings, pins TATOUT, TA20UT,
and TA4OUT become high-impedance: the PM24 bit in the PM2 register is 1 (NMI enabled), the
INVO2 bit in the INVCO register is 1 (three-phase motor control timers used), and the INVO3 bit is 1
(three-phase motor control timer output enabled).

17.6.2 Register Setting

* Do not write to the TAi1 register before and after timer B2 underflows (i = 1, 2, 4). Before writing to
the TAi1 register, read the TB2 register to verify that sufficient time remains until timer B2
underflows. Then, immediately write to the TAi1 register so no interrupt handling is performed
during this write procedure. If the TB2 register indicates little time remains until the underflow, write
to the TAi1 register after timer B2 underflows.
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18. Serial Interface

The serial interface consists of nine channels: UARTO to UARTS.
Each channel has an exclusive timer to generate the transmit/receive clock and operates independently.
Figures 18.1 and 18.2 show block diagrams of UARTO to UART6 and UART7 and UARTS, respectively.
UARTI supports the following modes:

* Synchronous serial interface mode (for UARTO to UARTS)

» Asynchronous serial interface mode (UART mode) (for UARTO to UARTS8)

« Special mode 1 (12C mode) (for UARTO to UART6)

* Special mode 2 (for UARTO to UARTG6)

* Special mode 4 (Bus collision detection: IE mode) (optional) () (for UARTO to UART6)
Figures 18.3 to 18.19 show registers associated with UARTi (i = 0 to 8).
Refer to the tables listing each mode for registers and pin settings.

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

Table 18.1  Comparison of UARTO0 to UART8 Functions

Mode/Function UARTO to UART6 UART7, UARTS8
Synchronous serial interface mode Available Available
Serial data logic inversion Available Not available
UART mode Available Available
CTS/RTS function selection Available Available
TXD and RXD I/O polarity selection Available Not available
Special mode 1 (12C mode) Available Not available
Special mode 2 Available Not available
Special mode 4 (IE mode) (optional) (1) Available Not available
Pins TXD and RXD output mode Push-pull output, N-channel |Push-pull output, N-channel
open drain output open drain output
programmable by port programmable by port
function select registers function select registers

Note:
1. Contact a Renesas Electronics sales office to use the optional features.
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RXD polarity

| | TXD polarity 5 TXDi

RXDi O—

switch circuit

SMD2 to SMDO

. switch circuit
Receive

clock

Transmit/

CLK1 and CLKO

1
Receive control K
mc un—l— receive

CRD D

m = Value set in the UiBRG register

0 ,.‘
RXDi O M
SMD2 to SMDO

. ]
00 KDIR UBRG 0011 i
]:23 01_0\ oC register o | : unit
0 X ol [1men) 010, 100, 101, TTOY T
fan——o 1o 1 i [Transmitcontrol] | |
001, ! circuit
CKDIR f=mmes Transmit
-o\} clock
o
CKPOL CKDIR
i O CLK polarity
CLKi switch circuit ~
— Direction register
CTSI/RTSi RTST
CTSi

UARTi receive register

o
-
-
-
-
-
-
-
B

D2 { D1 | DO | UiRB register

D6 { D5 { D4 | D3

| Logic inversion circuit + Bit order reverse circuit |

Upper byte of data bus

AV

Lower byte of data bus

| Logic inversion circuit + Bit order reverse circuit |

Z

(o7

D6 | D5 ! D4 | D3

D2 | D1 | DO | UITB register

SMD2 to SMDO
SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, and CKDIR: Bits in the UIMR register
CLK1, CLKO, CKPOL, and CRD: Bits in the UiCO register

UARTi transmit register

IOPOL

Figure 18.1 UARTiI Block Diagram (i = 0 to 6)
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RXDi O

SMD2 to SMDO

Rece
clock

CLK1 and CLKO

Receive control

mc un—l— receive

ive

Transmit/

00) UIBRG
£ 90 CKDIR “'®
fg 01 K 0 register

—————0O TXDi

CRD D

m = Value set in the UiBRG register

SMD2 to SMDO

1
|
1 | .
H ! ! unit
10 100, 101, 770! _ T 4
f2n——o 1_:\0- 1/(m+1) To%_!  [Transmit control L |
001} ! circuit
CKDIR - Transmit
-o\} clock
1,
CKPOL CKDIR
. CLK polarity
CLKi O switch circuit ~
— Direction register
O &
T ~ CTSi

UARTi receive register

o
_;_
_;_
__o__
__O__

D6

D5 | D4

| D3

D2 |

D1

DO | UIRB register

| Logic inversion circuit + Bit order reverse circuit |

Upper byte of data bus

AV

Lower byte of data bus

| Logic inversion circuit + Bit order reverse circuit |

Z

[ b7

D6

| D5 ! D4 | D3

D2 |

D1

DO | UITB register

110 SMD2 to SMDO 110

SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, and CKDIR: Bits in the UIMR register
CLK1, CLKO, CKPOL, and CRD: Bits in the UiCO register

Figure 18.2 UARTi Block Diagram (i =7, 8)
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UARTI Transmit/Receive Mode Register (i = 0 to 6)

b7 b6 bS b4 b3 b2 bi b0 Symbol Address Reset Value

| . | . | . | . | . | . | . | . UOMR to U3SMR 0368h, 02E8h, 0338h, 0328h 0000 0000b
A U4MR to UBMR  02F8h, 01C8h, 01D8h 0000 0000b
T R T T B
] ] ] ] 1 ] ] ]
] ] ] ] 1 ] ] : -
A Bit Symbol Bit Name Function RW
REREREE
[ 0 O 0: Serial interface disabled
E E i i i i i === SMDO 0 0 1:Synchronous serial interface RW
R T T B mode
i i i i i i i 0 1 0:12C mode
i E i i i i i ------ D! Serial Interface Mode 100: lLéﬁRt'rl; mode, 7-bit character W
o Select Bit . J i
[ T N R 1 0 1:UART mode, 8-bit character
I T R length
E E i i i i 1 1 0 :UART mode, 9-bit character
[ I | 1 o |ength
E E i i i I SMD2 Only use the combinations listed RW
REES
N N Internal/External Clock 0: Internal clock
E i i i CKDIR Select Bit 1: External clock RW
P . ) 0: 1 stop bit
E i i B STPS Stop Bit Length Select Bit 12 stop bits RW
Ponod Enabled when the PRYE bit is 1
e e n L P PRY Odd/Even Parity Select Bit | 0: Odd parity RW
i i 1: Even parity
P . . 0: Parity disabled
i e P e L L ey PRYE Parity Enable Bit 1: Parity enabled RW
1
- TXD, RXD Input/Output 0: Not inverted
I IOPOL Polarity Switch Bit 1: Inverted RW

Figure 18.3 Registers UUMR to U6MR
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UARTI Transmit/Receive Mode Register (i=7, 8)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value

ol [T ]]] uvrusmr 01EOh, 01E8h 0000 0000b
A
1 ] ] ] ] 1 ] 1
1 ] 1 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
REREEEE
. SMDO 0 0 O : Serial interface d?sa_bled RW
e 0 0 1 :Synchronous serial interface
I R T B mode
A 1 0 0:UART mode, 7-bit character
pror e Serial Interface Mode length
b SMDT 1 Select Bit 10 1:UART mode, 8-bit character | RV
T T length
T T T T 1 1 0:UART mode, 9-bit character
REREE ength
[ SMD2 Only use the combinations listed RW
Vo above
1 ] ] ] 1
N T R Internal/External Clock 0: Internal clock
A CKDIR Select Bit 1: External clock RW
1 ] ] 1
oo . .| 0:1 stop bit
i E E STPS Stop Bit Length Select Bit 1 2 stop bits RW
Pl Enabled when the PRYE bit is 1
Vo) e PRY Odd/Even Parity Select Bit | 0: Odd parity RW
I 1: Even parity
(o
[ . . 0: Parity disabled
i PRYE Parity Enable Bit 1: Parity enabled RW
1
b (b_7) Reserved Should be written with 0 RW

Figure 18.4 Registers U7TMR and USMR
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UARTi Transmit/Receive Control Register 0 (i=0 to 6)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address Reset Value
| . | . |9| . | . |9| . | . | UOCO to U3CO 036Ch, 02ECh, 033Ch, 032Ch 0000 1000b
T T R S U4CO0 to UBCO 02FCh, 01CCh, 01DCh 0000 1000b
T S R T A A
T S R T A A
A Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 ] ]
1 ] ] ] ] 1 ] ] b1 b0
i b4 1411 t--{  CLKO 00:f RW
R T T UiBRG Count Source :
1 ] ] ] ] 1 ] . 0 1 f8
P Select Bit 1.0:f2n
[ T R B T B CLK1 ) RwW
oy 1 1 :Do not use this combination
1 ] ] ] ] 1
A T A A SO ©2) Reserved Should be written with 0 RW
I
i E E i i 0: Data held in the transmit shift
i E E i ] TXEPT Transmit Shift Register . register (tran§m|SS|on in pr_ogre_ss) RO
Vo Empty Flag 1: No data held in the transmit shift
G register (transmission completed)
1 ] ] ]
R . . 0: CTS function enabled
i E E ------------- CRD CTS Function Disable Bit | " Sro o' isabled Rw
1 ] ]
E E R — - Reserved Should be written with 0 RW
Lo (b3)
. 0: Output transmit data on the falling
P edge of the transmit/receive clock
i E and input receive data on the rising
[ ) . edge
i CKPOL CLK Polarity Select Bit 1: Output transmit data on the rising RW
{ edge of the transmit/receive clock
i and input receive data on the
i falling edge
1 .
. . ) 0: LSB first
UFORM Bit Order Select Bit 1 MSB first RW
Note:
1. This bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (synchronous serial
interface mode) or 101b (UART mode, 8-bit character length). It should be set to 1 when bits SMD2 to
SMDO are set to 010b (I2C mode) and should be set to 0 when they are set to 100b (UART mode, 7-bit
character length) or 110b (UART mode, 9-bit character length).

Figure 18.5 Registers U0OCO to U6C0O
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. Serial Interface

b7 b6 b5 b4 b3 b2 b1 b0

Note:

UARTI Transmit/Receive Control Register 0 (i=7, 8)
Symbol Address Reset Value
u7Co0, U8CO0 01E4h, 01ECh 00X0 1000b
Bit Symbol Bit Name Function RwW
b1 b0
CLKO 00:f RW
UiBRG Count Source :
: 01:f8
Select Bit 102
CLK1 -1en RW
1 1 : Do not use this combination
(b_2) Reserved Should be written with 0 RW
0: Data held in the transmit shift
Transmit Shift Register register (transmission in progress)
TXEPT Empty Flag 1: No data held in the transmit shift RO
register (transmission completed)
. . . 0: CTS function enabled
CRD CTS Function Disable Bit 1- CTS function disabled RW
— No register bit; should be written with 0 and read as undefined .
(b5) value
0: Output transmit data on the falling
edge of the transmit/receive clock
and input receive data on the rising
. . edge
CKPOL CLK Polarity Select Bit 1: Output transmit data on the rising RW
edge of the transmit/receive clock
and input receive data on the
falling edge
. . 0: LSB first
1)
UFORM Bit Order Select Bit 1- MSB first RW
1. This bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (synchronous serial
interface mode) or 101b (UART mode, 8-bit character length). It should be set to 0 when they are set to
100b (UART mode, 7-bit character length) or 110b (UART mode, 9-bit character length).

Figure 18.6 Registers U7C0 and U8SCO
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UARTI Transmit/Receive Control Register 1 (i=0to 6)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
|0| . | . | . | . | . | . | . | U0C1 to U3C1 036Dh, 02EDh, 033Dh, 032Dh 0000 0010b
e e U4C1 to UBC1 02FDh, 01CDh, 01DDh 0000 0010b
(I T T T T T A
1 ] ] ] ] 1 ] ]
(I T T T T T A . : .
P Bit Symbol Bit Name Function RW
P 0: Transmission disabled
A T T T A N TE Transmit Enable Bit - ransmission disab'e RW
Ve 1: Transmission enabled
1 ] ] ] ] 1 ]
R R A . 0: Data held in the UiTB register
HE R Tl Transmit Buffer Empty Flag 1: No data held in the UiTB register RO
1 ] ] 1 1 )
1 ] ] 1 1 ] . H H
A A SO RE Receive Enable Bit 0: Reception disabled RW
I 1: Reception enabled
R A . 0: No data held in the UiRB register
N RI Receive Complete Flag 1: Data held in the UiRB register RO
1 ] ] ]
[ ' . 0: Transmit buffer is empty (Tl = 1)
I R ettt UilRS gQLiIIeTSrZIr; scrtngilltnterrupt 1: Transmission is completed RW
i E i (TXEPT = 1)
i E i ________________ UIRRM UARTi Continuous Receive | 0: Continuous receive mode disabled RW
H Mode Enable Bit 1: Continuous receive mode enabled
[ - - . " . T
N UILCH L109IC Inversion Select Bit O: Data is not'Io'glc inverted RW
! U] 1: Data is logic inverted
1
] J—
e e EEEEEEE R (b7) Reserved Should be written with 0 RW
Note:
1. This bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (synchronous serial
interface mode), 100b (UART mode, 7-bit character length), or 101b (UART mode, 8-bit character length).
Set this bit to 0 when bits SMD2 to SMDO are set to 010b (I2C mode) or 110b (UART mode, 9-bit character
length).

Figure 18.7 Registers U0C1 to U6C1

UARTI Transmit/Receive Control Register 1 (i=7, 8)

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
U7C1, U8CH1 01E5h, 01EDhA XXXX 0010b

1 ] 1 1 1 1 1 1

R T T T R S

R T T T B S Bit Symbol Bit Name Function RW

R T T T B S - ission di

A e L Transmit Enable Bit ?; ?ansmfss!m‘ disabled RW

I S T A B : Transmission enabled

I . 0: Data held in the UiTB register

by T T Transmit Buffer Empty Flag | 11\ 1t i the UITB register | RO

1 ] 1 ] 1 1

o . . 0: Reception disabled

E E E i i e RE Receive Enable Bit 1 Reception enabled RW

1 ] 1 ] 1

T A . 0: No data held in the UiRB register

i i i i R RI Receive Complete Flag 1: Data held in the UiRB register RO

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

Figure 18.8 Registers U7C1 and U8C1
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UART7, UARTS8 Transmit/Receive Control Register 2

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
DofoJo] [ | | |  u7scon 01FOh X000 0000b
R
T R T T B
E E i i i i i i Bit Symbol Bit Name Function RwW
] ] ] ] 1 ] ] ]
[ T T T T T . 0: Transmit buffer is empty (Tl = 1)
A T A T U7IRS UART7 Transml_t Interrupt 1: Transmission is completed RW
oy Source Select Bit (TXEPT = 1)
] ] ] ] 1 ] ] -
] ] ] ] 1 ] ]
] ] ] ] 1 ] ] . .
TR T T T T B . 0: Transmit buffer is empty (Tl = 1)
[ T T R B B UARTS8 Transmit Interrupt : o
i E i i i i tmm e UBIRS Source Select Bit 1: ;I'_F;réspm_rls_s?)n is completed RW
[ T Y N | -
] ] ] ] ) ]
T A N U7RRM UART?7 Continuous 0: Continuous receive mode disabled RW
i E i i i Receive Mode Enable Bit | 1: Continuous receive mode enabled
I R R UARTS8 Continuous 0: Continuous receive mode disabled
i E i i ____________ USRRM Receive Mode Enable Bit 1: Continuous receive mode enabled RW
] ] ] ]
E (S S M (b(;)4) Reserved Should be written with 0 RW
]
E ______________________ — No register bit; should be written with 0 and read as undefined -
(b7) value

Figure 18.9 U78CON Register
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UARTI Special Mode Register (i =0 to 6)

Transmit Enable Bit Auto- 0: No auto-reset to zero
reset to Zero Select Bit @ | 1: Auto-reset to zero at bus collision

Transmit START Condition | 0: No relation with RXDi
Select Bit @ 1: Synchronized with RXDi

S S ACSE RW

| SSS RW

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| 0 | | | | 0 | | | | UOSMR to U3SMR  0367h, 02E7h, 0337h, 0327h 0000 0000b
R R R U4SMR to UBSMR  02F7h, 01C7h, 01D7h 0000 0000b
R T T T T R
) ] ] 1 1 ] 1 1
(I T T T R R - - -
o Bit Symbol Bit Name Function RW
) ] ] 1 1 ] 1 1 . 2
{1 bbb b ] M| FC Mode Select Bit 0 hiode olher than FC mode RW
) ] ] 1 1 ] 1
N R R A Arbitration Lost Detection 0: Update every bit
N ABC Flag Control (" 1: Update every byte RW
) ] ] 1 1 ]
HE . 0: Detect STOP condition
] ] ] ] ] I_ ________ (1,2)
E E E i i BBS Bus Busy Flag 1: Detect START condition (bus busy) RW
) ] ] ] ]
R T T S O - Reserved Should be written with 0 RW
bl (03)
] ] ] ]
Voo Bus Collision Detect 0: Rising edge of the transmit/receive
E E T e ABSCS Sampling Clock Select Bit clock RW
bl ® 1: Underflow of timer Aj (j = 0, 3, 4)“
v
] ]
)
)
]
)
)
)
]
]
]
)
]

..................... (b7) Reserved Should be written with 0 RwW

1. This bit is used in 1>°C mode.

2. The BBS bit can only be set to 0. Writing 1 to this bit has no effect.

3. This bit is used in IE mode.

4. UARTO: timer A3 underflow signal, UART1: timer A4 underflow signal
UART2: timer AO underflow signal, UART3: timer A3 underflow signal
UART4: timer A4 underflow signal, UARTS: timer A3 underflow signal
UART®6: timer A4 underflow signal

Figure 18.10 Registers UOSMR to U6SMR
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UARTI Special Mode Register 2 (i =0 to 6)

b7 b6 b5 b4 b3 b2 b1 b0

1: Clock synchronization enabled

Symbol Address Reset Value

|9| | | | | . | . | . | UOSMR2 to U3SMR2 0366h, 02E6h, 0336h, 0326h 0000 0000b

oo U4SMR2 to U6SMR2  02F6h, 01C6h, 01D6h 0000 0000b

P

1 1 1

Ponod Bit Symbol Bit Name Function RW

P 0: Use ACK/NACK interrupt

[P 2 i .

E E CM2 *C Mode Select Bit 2 1: Use transmit/receive interrupt RW

1 1

i i ______ csc (C1))Iock Synchronization Bit 0: Clock synchronization disabled RW

i

]

]

1

0: No wait-state/wait-state cleared
e SWC SCL Wait Auto Insert Bit @ | 1: Hold the SCLi pin low after the RW
eighth bit is received

. When an arbitration lost is detected,
I ALs | SPAOQutputAuto Stop Bit 1 4. i ot stop the SDAI output RW
1: Stop the SDAI output

When a START condition is detected,
e STC UARTI Auto Initialize Bit @ | 0: Do not initialize the circuit RwW
1: Initialize the circuit

0: Output the transmit/receive clock
D SwWC2 SCL Wait Output Bit 2 ™ at the SCLi pin RW
1: Hold the SCLi pin low

0: Output data

___________________ SDHI SDA Output Stop Bit @ 1: Stop the output (high-impedance) RW
---------------------- (b_7) Reserved Should be written with 0 RwW
Notes:
1. This bit is used in master mode of °C mode.
2. This bit is used in slave mode of °C mode.
Figure 18.11 Registers UUSMR2 to U6SMR2
RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 243 of 520

Feb 18, 2013



R32C/116 Group 18. Serial Interface

UARTI Special Mode Register 3 (i =0 to 6)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[T ]o] | |] UosvMR3tou3smMR3 0365h, 02E5h, 0335h, 0325h 0000 0000b
i E i i i i i i U4SMR3 to U6SMR3  02F5h, 01C5h, 01D5h 0000 0000b
T S R T A
T S N T
vy r Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 ] ]
e 'SS Pin Function Enable Bit | 0: SS function disabled
i E E i i i i SSE .2 1: SS function enabled RW
1 ] ] ] ] 1 ] .
T A A S CKPH Clock-phase Set Bit 0:No clock delay RW
Poron o 1: Clock delayed
i E E i i i 0: Select the TXDi/RXDi pin (master
S T DINC Serial Input Pin Set Bit ( mode) RW
I A P 1: Select the STXDi/SRXDi pin (slave
I R mode)
1 ] ] ] ]
I A —
e Reserved Should be written with 0 RW
S (b3)
1 ] ] 1
N ) 0: No mode fault detected
i E E ERR Mode Fault Flag 1: Mode fault detected © RW
i E i Based on the baud rate generator
R T PO DLO count source, the SDAI output is RW
. delayed as follows:
P b7 b6 b5
i i 0 0 0:No delay
v SDAI Digital Delay Time 0 0 1:1to2cycles
i ' DL1 Set Bit 45 0 1 0:2to 3 cycles RW
H 0 1 1:3to4cycles
i 10 0:4to5cycles
i 10 1:5t06cycles
""""""""""" DL2 11 0:6to7cycles RW
11 1:7to8cycles
Notes:
1. This bit is used in special mode 2.
2. Set the CRD bit in the UiCO register to 1 (CTS function disabled) to use the SS function.
3. The ERR bit can only be set to 0. Writing 1 to this bit has no effect.
4. Bits DL2 to DLO in I2C mode generate a digital delay for the SDAI output. Set these bits to 000b in all modes
other than I°C mode.
5. When an external clock is selected, a delay of approximately 100 ns is added.

Figure 18.12 Registers UUSMR3 to U6SMR3
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UARTI Special Mode Register 4 (i =0 to 6)

b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
| | | | | | | | | UOSMR4 to U3SMR4  0364h, 02E4h, 0334h, 0324h 0000 0000b
R ERRE U4SMR4 to UBSMR4  02F4h, 01C4h, 01D4h 0000 0000b
R T T T T R
) ] ] 1 1 ] 1 1
I T T T T R R - - -
Lo Bit Symbol Bit Name Function RW
A A START Condition Generate | 0: Clear
b b1t STAREQ g 1: Start @ RW
) ] ] 1 1 ] 1
A Repeated START 0: Clear
HE T R RSTAREQ Condition Generate Bit(") 1: Start @ RW
) ] ] ] ] ]
L STOP Condition Generate | 0: Clear
b STPREQ | gjt) 1: Start @ RW
T A 0: Select serial 1/O circuit
T A S STSPSEL | Sy SPAQUIPULSeledt 4 seject START condition/STOP | RW
Voo condition generation circuit ®
) ] ] 1
I . 0: ACK
' ' ' | 4)
E E E ACKD ACK Data Bit 1- NACK RwW
I ACK Data Output Enable | 0: Serial data output
E E trTTTT T ACKC Bit @ 1: ACK data output RW
i E When a STOP condition is detected,
HE SCLHI SCL Output Stop Bit M 0: Do not stop SCLi output RW
E 1: Stop SCLi output
)
! . . 0: No wait-state/wait-state cleared
(N sweg | ot WaitAutolnsert BIt3 | 4. o) the SCLi pin low after the RW
ninth bit is received

1. This bit is used in master mode of ’C mode. It can be set to 1 when the IICM bit in the UiSMR register is 1
(I>C mode).

2. This bit becomes 0 when the condition is generated. The setting remains 1 when the condition is
incomplete.

3. Set the STSPSEL bit to 1 after setting the STAREQ, RSTAREQ, or STPREQ bit to 1.

4. This bit is used in slave mode of PC mode. It can be set to 1 when the IICM bit in the UiSMR register is 1
(I>)C mode).

Figure 18.13 Registers UUSMR4 to U6SMR4

UARTI Bit Rate Register (i=0t0 8) (23

b7 b0

Symbol Address Reset Value
| . | UOBRG to U3BBRG 0369h, 02E9h, 0339h, 0329h Undefined
H U4BRG to U7TBRG 02F9h, 01C9h, 01D9h, 01E1h Undefined
i U8BRG 01E9h Undefined
1
i Function Setting Range |RW
i ____________ Th(i UiBRG register divides the count source by n+1 00h to FFh WO
(n = setting value)
Notes:

1. Set bits CLK1 and CLKO in the UiCO register before rewriting this register.
2. Use the MOV instruction to set this register.
3. Write this register while no data is being transmitted/received.

Figure 18.14 Registers UOBRG to USBRG
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UARTI Transmit Buffer Register (i=0to 8) "
015 b8 b7 80 Symbol Address Reset Value
UOTB to U2TB  036Bh-036Ah, 02EBh-02EAh, 033Bh-033Ah Undefined
! ! U3TB to USTB  032Bh-032Ah, 02FBh-02FAh, 01CBh-01CAh  Undefined
E i U6TB to USTB  01DBh-01DAh, 01E3h-01E2h, 01EBh-01EAh  Undefined
] ]
i i Bit Symbol Function RW
] ]
] ] _— .
E lemmmem (b7-60) Data (D7 to DO) to be transmitted WO
]
]
! — .
i ------------- (b8) Data (D8) to be transmitted WO
]
' e . . . . .
L e et (b15-b9) No register bits; should be written with 0 —
Note:
1. Use the MOV instruction to set this register.
Figure 18.15 Registers UOTB to USTB
UARTI Receive Buffer Register (i = 0 to 6)
£15 b8 b7 80 Symbol Address Reset Value
UORB to U2RB 036Fh-036Eh, 02EFh-02EEh, 033Fh-033Eh Undefined
U3RB to USRB 032Fh-032Eh, 02FFh-02FEh, 01CFh-01CEh Undefined
U6RB 01DFh-01DEh Undefined
Bit Symbol Bit Name Function RwW
(b7-b0) — Data (D7 to DO) received RO
(b8) — Data (D8) received RO
(b10-b9) No register bits; should be written with 0 and read as 0 —
Arbitration Lost Detection 0: Not detected (win)
ABT Flag ™ 1: Detected (lose) RW
OER Overrun Error Flag @ (1) (l\;o overrun error occurred RO
: Overrun error occurred
FER Framing Error Flag %) (1) l';lo frgming error oceurred RO
: Framing error occurred
. 0: No parity error occurred
2,3)
PER Parity Error Flag 1: Parity error occurred RO
SUM Error Sum Flag 2 3 ?f E‘o error oceurred RO
: Error occurred
Notes:
1. The ABT bit can only be set to 0.
2. Bits OER, FER, PER, and SUM become 0 when bits SMD2 to SMDO in the UiMR register are set to 000b
(serial interface disabled) or the RE bit in the UiC1 register is set to 0 (reception disabled). When bits OER,
FER, and PER all become 0, the SUM bit also becomes 0. Bits FER and PER become 0 when the lower
byte in the UiRB register is read.
3. When bits SMD2 to SMDO are 001b (synchronous serial interface mode) or 010b (I12C mode), these error
flags are disabled and read as an undefined value.

Figure 18.16 Registers UORB to U6RB
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UARTI Receive Buffer Register (i=7, 8)

b1 b8 b7 b0 Symbol Address Reset Value
xxx U7RB, USRB 01E7h-01E6h, 01EFh-01EEh Undefined

LI I I I I I} ]

RERRRERE i

E E i E i i i i E Bit Symbol Bit Name Function RwW

| I I I I I I | ]

| I I I I I I | 1 -_ .

E E i E i i i i ------- (b7-b0) — Data (D7 to DO) received RO

] (I

] (I

] [N - .

E E i E (b8) — Data (D8) received RO

[}

[} _ . L . . _

E E i E (b11-b9) No register bits; should be written with 0 and read as 0

[}

E E i e OER Overrun Error Flag (" (1): lc\l)o overrun error occurred RO

i : Overrun error occurred

[ )

[ ) . H

: : L S S — FER Framing Error F|ag (1,2) O No fr?mmg error occurred RO

i 1: Framing error occurred

() . .

: LI PER Panty Error F|ag (1.2) O No Parlty error occurred RO

! 1: Parity error occurred

' .

l ---------------------- SUM Error Sum F|ag (1,2) O No error occurred RO

1: Error occurred

1. Bits OER, FER, PER, and SUM become 0 when bits SMD2 to SMDO in the UiMR register are set to 000b
(serial interface disabled) or the RE bit in the UiC1 register is set to 0 (reception disabled). When bits OER,
FER, and PER all become 0, the SUM bit also becomes 0. Bits FER and PER become 0 when the lower
byte in the UiRB register is read.

2. When bits SMD2 to SMDO are 001b (synchronous serial interface mode) or 010b (I°C mode), these error
flags are disabled and read as an undefined value.

Figure 18.17 Registers U7RB and USRB
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External Interrupt Request Source Select Register 0
b7 b6 bS b4 b3 b2 b1 bO Symbol Address Reset Value
LT 1] ]] isro 4406Fh 0000 0000b
HEE
) ] ] ] ] ] ] ]
) ] ] ] ] ] ] ]
E E E i i i i i Bit Symbol Bit Name Function RW
R T T R R R TNTO Pin Polarity Select Bit | 0: One edge
A A e e i 1: Both edges RW
A INT1 Pin Polarity Select Bit | 0: One edge
E E E i i E ------ IFSRO1 ™ 1: Both edges RW
) ] ] ] ] ] —
N INT2 Pin Polarity Select Bit | 0: One edge
Vo IFSR02 m 1: Both edges RW
] ] ] ] ]
E E E i G IFSR03 INT3 Pin Polarity Select Bit | 0: One edge RW
: : : : M 1: Both edges
E E E G IESRO4 INTZ Pin Polarity Select Bit | 0: One edge RW
o U] 1: Both edges
Vo TNT5 Pin Polarity Select Bit | 0: One edge
E E feommmmmeeeee IFSRO5 M 1: Both edges RW
) ]
. 0: Bus collision, START condition
E E detection, STOP condition detection
[ UARTO/UARTS3 Interrupt in UART3
E IFSR06 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).
Figure 18.18 IFSRO Register
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External Interrupt Request Source Select Register 1

b7 b6 bS b4 b3 b2 bi b0 Symbol Address Reset Value
IFSR1 4406Dh X0XX X000b

H Voo .

A

bl bl Bit Symbol Bit Name Function RW

] } —_— . .

E E i i i i i i IESR10 (I1l\)lT6 Pin Polarity Select Bit (1) (B)nteh ec(ijge RW

AR R : Both edges

A A \FSR11 | INT7 Pin Polarity Select Bit | 0: One edge RW

I M 1: Both edges

[ T N8 o - .

E E i i i v IFSR12 (I1l\)lT8 Pin Polarity Select Bit (1): ggﬁ‘ e;%geés RW

[ : : : . g

E E l___:___: ___________ — No register bits; should be written with 0 and read as undefined .

' (b5-b3) value

) ]

o 0: Bus collision, START condition

' detection, STOP condition detection

' UART5/UART® Interrupt in UART5

] S ——

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

E detection, STOP condition detection

' in UART6

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

(b7) value
Note:
1. Set this bit to 0 to select the level sensitive input as trigger. To set this bit to 1, set the POL bit in the
corresponding INTIIC register (i = 6 to 8) to 0 (falling edge).
Figure 18.19 IFSR1 Register
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18.1 Synchronous Serial Interface Mode

The synchronous serial interface mode allows data transmission/reception synchronized with the
transmit/receive clock. Table 18.2 lists specifications of synchronous serial interface mode.

Table 18.2 Synchronous Serial Interface Mode Specifications

ltem Specification
Data format 8-bit character length
Transmit/receive clock | « The CKDIR bit in the UiMR register is 0 (internal clock) (i = 0 to 8):
fx

T+ fx =f1, 8, f2n; m: UiBRG register setting value, 00h to FFh

* The CKDIR bit is 1 (external clock): input to the CLKi pin
Transmit/receive control |CTS function enabled, RTS function enabled, or CTS/RTS function disabled

Transmit start conditions | The conditions for starting data transmission are as follows (1):
* The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
* Input level at the CTSi pin is low when the CTS function is selected
Receive start conditions |The conditions for starting data reception are as follows (1):
* The RE bit in the UiC1 register is 1 (reception enabled)
* The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
« Input level at the CTSi pin is low when the CTS function is selected
Interrupt request In transmit interrupt, one of the following conditions can be selected by setting
generating timing the UiIRS bit in registers UOC1 to U6C1 and U78CON:
* The UiIRS bit is 0 (transmit buffer is empty):
when data is transferred from the UiTB register to the UARTi transmit register
(when the transmission has started)
* The UIIRS bit is 1 (transmission is completed):
when data transmission from the UARTi transmit register is completed
In receive interrupt,
* When data is transferred from the UARTI receive register to the UiRB register
(when the reception is completed)
Error detection Overrun error (2)
This error occurs when the seventh bit of the next data is received before the
UiRB register is read
Other functions * CLK polarity
Rising or falling edge of the transmit/receive clock for output and input of
transmit/receive data
* Bit order selection
LSB first or MSB first
* Continuous receive mode
Data reception is enabled by a read access to the UiRB register
« Serial data logic inversion (UARTO to UARTG6)
This function logically inverses transmit/receive data

Notes:
1. When selecting an external clock, the following preconditions should be met:
* The CLKi pin is held high when the CKPOL bit in the UiCO register is set to 0 (transmit data output
on the falling edge of the transmit/receive clock and receive data input on the rising edge).
* The CLKi pin is held low when the CKPOL bit is set to 1 (transmit data output on the rising edge of
the transmit/receive clock and receive data input on the falling edge).
2. The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does
not change to 1 (interrupt requested).
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Tables 18.3 and 18.4 list register settings. When UARTI operating mode is selected, a high is output at the
TXDi pin until transmission starts (the TXDi pin is high-impedance when the N-channel open drain output
is selected) (i = 0 to 8).

Figures 18.20 and 18.21 show examples of transmit and receive operations in synchronous serial
interface mode, respectively.

Table 18.3  Register Settings in Synchronous Serial Interface Mode (for UARTO to UART6)
Register Bits Function
UiIMR 7to4 Set the bits to 0000b
CKDIR Select either an internal clock or external clock
SMD2 to SMDO Set the bits to 001b
uiCo UFORM Select either LSB first or MSB first
CKPOL Select a transmit/receive clock polarity
5 Set the bitto 0
CRD Select CTS function enabled or disabled
TXEPT Transmit register empty flag
2 Set the bitto 0
CLK1 and CLKO Select a count source for the UiBRG register
uiC1 7 Set the bitto 0
UiLCH Set the bit to 1 to use logic inversion
UiRRM Set the bit to 1 to use continuous receive mode
UiIRS Select a source for the UARTI transmit interrupt
RI Receive complete flag
RE Set the bit to 1 to enable data reception
Tl Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
UiSMR 7t00 Set the bits to 00h
UiSMR2 7t00 Set the bits to 00h
UiSMR3 7t00 Set the bits to 00h
UiSMR4 7t00 Set the bits to 00h
UiBRG 7100 Set the bit rate
IFSO IFS06 Select input pins for CLK3, RXD3, and CTS3
IFS03 and IFS02 Select input pins for CLK6, RXD6, and CTS6
UiTB 7t00 Set the data to be transmitted
UiRB OER Overrun error flag
7t00 Received data is read
i=0to6
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Table 18.4  Register Settings in Synchronous Serial Interface Mode (for UART7 and UARTS)
Register Bits Function
UiIMR 7to4 Set the bits to 0000b
CKDIR Select an internal clock or external clock
SMD2 to SMDO Set the bits to 001b
uiCo UFORM Select either LSB first or MSB first
CKPOL Select a transmit/receive clock polarity
5 Set the bitto 0
CRD Select CTS function enabled or disabled
TXEPT Transmit register empty flag
2 Set the bitto 0
CLK1 and CLKO Select a count source for the UiBRG register
uiC1 RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
U78CON UiRRM Set the bit to 1 to use continuous receive mode
UiIRS Select an interrupt source for UARTI transmit
IFSO IFS05 Select input pins for CLK7, RXD7, and CTS7
IFS04 Select input pins for CLK8, RXD8, and CTS8
UiBRG 7t00 Set the bit rate
UiTB 7t00 Set the data to be transmitted
UiRB OER Overrun error flag
7100 Received data can be read
i=7,8
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Transmit timing (when selecting an internal clock)
TC

LT LU UUUL DUUUULU Uy

Internal transmit/
receive clock

_

TE bitin the
UiC1 register

Data is set to the UiTB regis'te'r | |

[}

UiTB register to

Data is transferred from th
{ the UARTI transmit registe

I | | |

J TCLK Z%?EZS% uisnei;hsiér;]put PIKesgps because the TE bit is set to 0
CLKi
TXDi _ ooeeabobabsieeior Yeokebabaipaesiee] o7 Yeoieieaesiparesieeor

5o egiser | [ ] | [

|
gI{T?g i:eg::ter —I _I _I
T \ e

Set to 0 by accepting an interrupt or by a program

=

Tl bit in the
UiC1 register

CTSi

L.

l&——,
[ —
Pl

This figure applies under the following conditions:
- The CKDIR bit in the UiMR register is 0 (internal clock).
- The CRD bit in the UiCO register is 0 (CTS function enabled).
- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/receive clock).
- The UiIRS bit in registers UiC1 and U78CON is 0 (an interrupt request is generated when the transmit buffer is
empty).

TC = TCLK =2(m + 1)/fx
fx: UIBRG count source frequency (f1, f8, or f2n)
m: Value set in the UiBRG register

Figure 18.20 Transmit Operation in Synchronous Serial Interface Mode
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Receive timing (when selecting an external clock)

RE bit in the
UiC1 register —

TE bitin the . . .
Dummy data is set to the UiTB register

UiC1 register —

4(/ l \
Tl bitin the —| —I—I—I—I
UiC1 register \

The data is transferred from the UiTB register to the UARTi transmit register

RTSI T |

T 1fEXT

LA UL UUULIUL

! Input of receive data

RXDI O PEEEERE( DEEEEEER(™ eEEEERE

The data is transferred from the UARTI receive register to the UiRB register

Jv \
RI bit in the ]
UiC1 register

|:"

)
o
N

IR bit in the —| The UiRB register is read
SiRIC register

O,ER bit i'," the Set to 0 by accepting an interrupt request or by a program
UiRB register

This figure applies under the following conditions:
- The CKDIR bit in the UiIMR register is 1 (external clock).
- The CKPOL bit in the UiCO register is 0 (input receive data on the rising edge of the transmit/receive clock).

fEXT: External clock frequency

The following conditions should be met while an input level at the CLKi pin before receiving data is high:
- The TE bit in the UiC1 register is 1 (transmission enabled).
- The RE bit in the UiC1 register is 1 (reception enabled).
- Write of dummy data to the UiTB register.

Figure 18.21 Receive Operation in Synchronous Serial Interface Mode
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18.1.1 Reset Procedure on Transmit/Receive Error

When a transmit/receive error occurs in synchronous serial interface mode, follow the procedures
below to perform a reset:

A. Reset procedure for the UiRB register (i = 0 to 8)

(1) Set the RE bit in the UiC1 register to 0 (reception disabled).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).
(3) Set bits SMD2 to SMDO to 001b (synchronous serial interface mode).

(4) Set the RE bit in the UiC1 register to 1 (reception enabled).

B. Reset procedure for the UiTB register

(1) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).
(2) Set bits SMD2 to SMDO to 001b (synchronous serial interface mode).
(3) Irrespective of its status, set the TE bit in the UiC1 register to 1 (transmission enabled).

18.1.2 CLK Polarity

As shown in Figure 18.22, the polarity of the transmit/receive clock is selected using the CKPOL bit in
the UiCO register (i = 0 to 8).

(A) When the CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the
transmit/receive clock and input receive data on the rising edge)

| \
TXDi XDOXD1X2?XD3XD4XD5XD6XD7
RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

Notes:
1. The CLKi pin is held high when no data is transmitted/received.
2. This figure applies under the following conditions:
- The UFORM bit in the UiCO register is 0 (LSB first).
- The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted).

(B) When the CKPOL bit in the UiCO register is 1 (output transmit data on the rising edge of the
transmit/receive clock and input receive data on the falling edge)

| \
TXDi XDOXD1X2?XD3XD4XD5XD6XD7
RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

Notes:
3. The CLKi pin is held low when no data is transmitted/received.
4. This figure applies under the following conditions:
-The UFORM bit in the UiCO register is 0 (LSB first).
-The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted).

Figure 18.22 Transmit/Receive Clock Polarity (i = 0 to 8)
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18.1.3 LSB First and MSB First Selection
As shown in Figure 18.23, the bit order is selected by setting the UFORM bit in the UiCO register (i = 0
to 8).

(A) When the UFORM bit in the UiCO register is 0 (LSB first)

TXDi X o X b1 X b2 ¥ D3 X D4 X D5 X D6 X D7
RXDi X po X b1 X b2 ¥ D3 X D4 X D5 X D6 X D7

Note:
1. This figure applies under the following conditions:
- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/
receive clock and input receive data on the rising edge).
- The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted).

(B) When the UFORM bit in the UiCO register is 1 (MSB first)

TXDi X b7 X b6 X D5 ¥ D4 X D3 X D2 X D1 X DO
RXDi X b7 X b6 X D5 ¥ D4 X D3 X D2 X D1 X DO

Note:
2. This figure applies under the following conditions:
- The CKPOL bit in the UiCO register is 0 (output transmit data on the falling edge of the transmit/
receive clock and input receive data on the rising edge).
- The UILCH bit in the UiC1 register is 0 (data is not logic inverted).

Figure 18.23 Bit Order (i =0 to 8)

18.1.4 Continuous Receive Mode

In continuous receive mode, data reception is automatically enabled by a read access to the receive
buffer register without writing dummy data to the transmit buffer register. To start data reception,
however, dummy data is required to read the receive buffer register.

When the UiRRM bit in registers UOC1 to U6C1 and the U78CON register is set to 1 (continuous
receive mode enabled), the Tl bit in the UiC1 register becomes 0 (data held in the UiTB register) by a
read access to the UiRB register (i = 0 to 8). In this UiRRM bit setting, no dummy data should be written
to the UiTB register.
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18.1.5 Serial Data Logic Inversion

When the UiLCH bit in the UiC1 register is 1 (data is logic inverted), the logical value written in the UiTB
register is inverted before being transmitted (i = 0 to 6). The UiRB register is read as logic-inverted
receive data. Figure 18.24 shows the logic inversion of serial data.

(A) When the UILCH bit in the UiC1 register is 0 (data is not logic inverted)

TXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(B) When the UIiLCH bit in the UiC1 register is 1 (data is logic inverted)

TXDi X Do X DT ¥ D2 X D3 X D4 X D5 X D6 X D7

Note:
1. This figure applies under the following conditions:
- The CKPOL bit in the UiCO0 register is 0 (output transmit data on the falling edge of the transmit/receive
clock and input receive data on the rising edge).
- The UFORM bit is 0 (LSB first).

Figure 18.24 Serial Data Logic Inversion (i = 0 to 6)

18.1.6 CTS/RTS Function

CTS function controls data transmission using the CTSi/RTSi pin (i = 0 to 8). When an input level at the
pin becomes low, data transmission starts. If the input level changes to high during transmission, the
transmission of the next data is stopped.

In synchronous serial interface mode, the transmitter is required to operate even during the receive
operation. If CTS function is enabled, the input level at the CTSi/RTSi pin should be low to start data
reception as well.

RTS function indicates receiver status using the CTSi/RTSi pin. When data reception is ready, the
output level at the pin becomes low. It becomes high on the first falling edge of the CLKi pin.
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18.2 Asynchronous Serial Interface Mode (UART Mode)

The UART mode enables data transmission/reception synchronized with an internal clock generated by a
trigger on the falling edge of the start bit. Table 18.5 lists specifications of UART mode.

Table 18.5 UART Mode Specifications

Item Specification
Data format « Start bit: 1-bit
+ Data bit (data character): 7-bit, 8-bit, or 9-bit
* Parity bit: odd, even, or none
» Stop bit: 1-bit or 2-bit

Transmit/receive clock » The CKDIR bit in the UiMR register is 0 (internal clock) (i = 0 to 8):
fx _ o . .
Tom+ 1) fx =11, 8, f2n; m: UIBRG register setting value, 00h to FFh
» The CKDIR bit is 1 (external clock)
fEXT i .

——16(m s JEXT: Clock applied to the CLKi pin
Transmit/receive control CTS function enabled, RTS function enabled, or CTS/RTS function disabled
Transmit start conditions The conditions for starting data transmission are as follows:

» The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
* Input level at the CTSi pin is low when CTS function is selected

Receive start conditions The conditions for starting data reception are as follows:
» The RE bit in the UiC1 register is 1 (reception enabled)
* The start bit is detected

Interrupt request generating |In transmit interrupt, one of the following conditions can be selected by setting the UilRS

timing bit in registers UOC1 to U6C1 and the U78CON register:

* The UiIRS bit is 0 (transmit buffer is empty):
when data is transferred from the UiTB register to the UARTIi transmit register (when
the transmission has started)

» The UiIRS bit is 1 (transmission is completed):
when data transmission from the UARTi transmit register is completed

In receive interrupt,

* When data is transferred from the UARTIi receive register to the UiRB register (when
reception is completed)

Error detection « Overrun error (1)
This error occurs when 1 bit prior to the stop bit (when 1 stop bit length is selected) or
the first stop bit (when 2 stop bit length is selected) of the next data is received before
the UiRB register is read

* Framing error
This error occurs when the required number of stop bits is not detected

* Parity error
This error occurs when an even number of 1’s in parity and character bits is detected
while the odd number is set, or vice versa. The parity should be enabled

* Error sum flag
This flag becomes 1 when any of overrun error, framing error, or parity error occurs

Other functions « Bit order selection
LSB first or MSB first

» Serial data logic inversion
This function logically inverses transmit/receive data. The start bit and stop bit are not
inverted

* TXD/RXD 1/O polarity switching
The output level from the TXD pin and the input level to the RXD pin are inverted. All
I/O levels are inverted

Note:
1.  The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does
not change to 1 (interrupt requested).
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Tables 18.6 and 18.7 list register settings. When UARTI operating mode is selected, a high is output at the
TXDi pin until transmission starts (the TXDi pin is high-impedance when the N-channel open drain output
is selected) (i = 0 to 8). Figures 18.25 and 18.26 show examples of transmit operations in UART mode.
Figure 18.27 shows an example of receive operation.

Table 18.6  Register Settings in UART Mode (UARTO to UART®6)

Register Bits Function
UiIMR IOPOL Select I/O polarity of pins TXD and RXD
PRY and PRYE Select parity enabled or disabled, and odd or even
STPS Select a stop bit length
CKDIR Select an internal clock or external clock
SMD2 to SMDO Set the bits to 100b in 7-bit character length
Set the bits to 101b in 8-bit character length
Set the bits to 110b in 9-bit character length
uUiCo UFORM Select LSB first or MSB first in 8-bit character length. Set the bit
to 0 in 7-bit or 9-bit character length
CKPOL Set the bitto 0
5 Set the bitto 0
CRD Select CTS function enabled or disabled
TXEPT Transmit register empty flag
2 Set the bitto 0
CLK1 and CLKO Select a count source for the UIBRG register
UiC1 7 Set the bitto 0
UiLCH Set the bit to 1 to use logic inversion
UiRRM Set the bitto 0
UiIRS Select an interrupt source for UARTI transmission
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission
UiSMR 7t00 Set the bits to 00h
UiSMR2 |(7to0 Set the bits to 00h
UiSMR3 |7to0 Set the bits to 00h
UiSMR4 |7to0 Set the bits to 00h
UiBRG 7100 Set the bit rate
IFSO IFS06 Select input pins for CLK3, RXD3, and CTS3
IFS03 and IFS02 Select input pins for CLK6, RXD6, and CTS6
uiTB 8t 0 Set the data to be transmitted (1)
UiRB OER, FER, PER, and SUM |Error flag
8to 0 Received data is read (1)
i=0to6
Note:

1. The bits used are as follows: 7-bit character length: bits 6 to 0
8-bit character length: bits 7 to 0
9-bit character length: bits 8 to 0

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 259 of 520
Feb 18, 2013



R32C/116 Group

18. Serial Interface

Table 18.7  Register Settings in UART Mode (UART7, UARTS)
Register Bits Function
UiIMR PRY and PRYE Select parity enabled or disabled, and odd or even
STPS Select a stop bit length
CKDIR Select an internal clock or external clock
SMD2 to SMDO Set the bits to 100b in 7-bit character length
Set the bits to 101b in 8-bit character length
Set the bits to 110b in 9-bit character length
UiCo UFORM Select LSB first or MSB first in 8-bit character length. Set the bit
to 0 in 7-bit or 9-bit character length
CKPOL Set the bitto 0
5 Set the bit to 0
CRD Select CTS function enabled or disabled
TXEPT Transmit register empty flag
2 Set the bitto 0

CLK1 and CLKO

Select a count source for the UiBRG register

uiC1 RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission
U78CON |UiRRM Set the bitto 0
UiIRS Select an interrupt source for UARTI transmission
UiBRG 7t00 Set the bit rate
IFSO IFS05 Select input pins for CLK7, RXD7, and CTS7
IFS04 Select input pins for CLK8, RXD8, and CTS8
uiTB 8t00 Set the data to be transmitted (1)
UiRB OER, FER, PER, and SUM |Error flag
8to0 Received data is read (1)
i=7,8
Note:

1. The bits used are as follows: 7-bit character length: bits 6 to 0

8-bit character length: bits 7 to O
9-bit character length: bits 8 to 0
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Example of data transmit timing when the character length is 8-bit (parity enabled, 1 stop bit)

The transmit/receive clock stops because the input level at the CTSi
pin is high when the stop bit state is verified. It resumes running as

soon as low is verified
TC
Internal transmit/

. V
weraerens 1 0 (A UL )0

TE bit in the . . .
UiC1 register J /Data is set to the UiTB reglsti‘ |
Tl bitin the UiC1 ~ —— /—T \\—| —
it in the Ui
register J
\ ) 4 . Pulse stops becaulse the T
Data is transferred from the UiTB

o
=
>

- . - . setto 0
register to the UARTI transmit register

orsi aill il il
T PRRRERREH T\ RRRREERER e

TXEPT bit in the -]
UiCO register L

IR bit in the —I —I
SiTIC register X >

Set to 0 by accepting an interrupt or by a program

)

ST: Start bit
P: Parity bit

This figure applies under the following conditions: .
SP: Stop bit

- The PRYE bit in the UiIMR register is 1 (parity enabled).

- The STPS bit in the UIMR register is 0 (1 stop bit).

- The CRD bit in the UiCO register is 0 (CTS function enabled).
- The UiIRS bit in the UiC1 register is 1 (an interrupt request is generated when transmission is comepleted).

TC=16(m+1)/fxor 16 (m+ 1)/ fEXT
fx: UIBRG count source frequency (f1, f8, or f2n)
fEXT: UiBRG count source frequency (external clock)
m: Value set in the UiBRG register

Figure 18.25 Transmit Operation in UART Mode (1/2) (i = 0 to 8)
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Example of data transmit timing when the character length is 9-bit (parity disabled, 2 stop bits)

TC

"
oo dock hininiiihih
e ook JUuriuvuiuuy i

TE bitin the J

UiC1 register Data is set to the UiTB register |

T

]

g
Tl bit in the

s

Data is transferred from the UiTB setto 0
register to the UARTI transmit register ¥

XD T A0REEEREEE FeRERRRREE s

TXEPT bit in the -]
UiCO register

IR bit in the —I —I
SiTIC register

T

Y

R
UiC1 register ]
\ U Pulse stops because the TE bit is

AN d
Set to 0 by accepting an interrupt or by a program

ST: Start bit

. . . . P: Parity bit
This figure applies under the following conditions: SP: Stop bit

- The PRYE bit in the UiMR register is 0 (parity disabled).

- The STPS bit in the UiMR register is 1 (2 stop bits).

- The CRD bit in the UiCO register is 1 (CTS function disabled).

- The UiIRS bit in the UiC1 register is 0 (an interrupt request is generated when the transmit buffer is empty).

TC=16(m+1)/fxor16 (m+ 1)/ fEXT
fx: UIBRG count source frequency (f1, f8, or f2n)
fEXT: UiBRG count source frequency (external clock)
m: Value set in the UiBRG register

Figure 18.26 Transmit Operation in UART Mode (2/2) (i = 0 to 8)
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UiBRG output

RE bit in the
UiC1 register

RXDi

Transmit/
receive clock

RI bit in the

UiC1 register

RTSi

IR bitin the
SiRIC register

UUAUDUUAR

Example of data receive timing when the character length is 8-bit (parity disabled, 1 stop bit)

muwwwwwwuuwuyﬁmmmﬂﬂﬂﬂﬂﬂmmmmmm

Start bit’

N
A%

D

X D1

p7 Y

Data reception starts when the transmit/receive clock is
generated on the falling edge of the start bit

@
A7

Stop bit

A—L

\

Low is reverified

Input of receive data

|

7

Data is transferred from the UARTI rece'ive register to the UiRB register

It becom

register is read

I

es low when the URB —>

L
|

Set to 0 by accepting an interrupt request or by a program

This figure applies under the following conditions:
- The PRYE bit in the UIMR register is 0 (parity disabled).
- The STPS bit in the UIMR register is 0 (1 stop bit).

I

Figure 18.27 Receive Operation in UART Mode (i = 0 to 8)

18.2.1

Bit Rate

In UART mode, the bit rate is a clock frequency which is divided by a setting value of the UIBRG
register and again divided by 16 (i = 0 to 8). Table 18.8 lists an example of bit rate setting.

Table 18.8  Bit Rate Setting

Count Source of Peripheral Clock: 30 MHz Peripheral Clock: 32 MHz

Bit Rate (bps) BRG Setting value of | Actual bit rate | Setting value of | Actual bit rate
BRG: n (bps) BRG: n (bps)

1200 f8 194 (C2h) 1202 207 (CHh) 1202

2400 f8 97 (61h) 2392 103 (67h) 2404

4800 f8 48 (30h) 4783 1(33h) 4808

9600 f1 194 (C2h) 9615 207 (CFh) 9615

14400 f1 129 (81h) 14423 138 (8Ah) 14388

19200 f1 97 (61h) 19133 103 (67h) 19231

28800 f1 4 (40h) 28846 68 (44h) 28986

31250 f1 (BBh) 31250 3 (3Fh) 31250

38400 f1 8 (30h) 38265 51 (33h) 38462

51200 f1 6 (24h) 50676 8 (26h) 51282
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18.2.2 Reset Procedure on Transmit/Receive Error
When a transmit/receive error occurs in UART mode, follow the procedure below to perform a reset:

A. Reset procedure for the UiRB register (i = 0 to 8)

(1) Set the RE bit in the UiC1 register to 0 (reception disabled).
(2) Set the RE bit in the UiC1 register to 1 (reception enabled).

B. Reset procedure for the UiTB register

(1) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).
(2) Set again bits SMD2 to SMDO to either of 001b, 101b, or 110b.
(3) Irrespective of its status, set the TE bit in the UiC1 register to 1 (transmission enabled).

18.2.3 LSB First and MSB First Selection

As shown in Figure 18.28, the bit order is selected by setting the UFORM bit in the UiCO register (i = 0
to 8). This function is available when the character length is 8-bit.

(A) When the UFORM bit in the UiCO register is 0 (LSB first)

T™x0i  \ sT {po X b1t X Dp2YD3sYDa)YD5YpeYXDrY P Ysp
RxDi  \ ST {po X b1 X b2 X D3 X Da X D5¥peYbprY P Ysp

(B) When the UFORM bit in the UiCO register is 1 (MSB first)

Tx0i  \ sT { b7 X b6 X D5 Y\ D4 X D3)YD2YD1YXpoY P Ysp
RxDi  \ ST { b7 X' b6 X b5 Y\ D4a X\ D3 X\ b2 X b1 X bo X P Y sP

Note:
1. This figure applies under the following conditions: ST: Start bit
- The UIiLCH bit in the UiC1 register is 0 (data is not logic inverted). P: Parity bit
- The STPS bit in the UIMR register is 0 (1 stop bit). SP: Stop bit

- The PRYE bit is 1 (parity enabled).

Figure 18.28 Bit Order (i =0 to 8)
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18.2.4 Serial Data Logic Inversion

When the UiLCH bit in the UiC1 register is 1 (data is logic inverted), the logical value written in the UiTB
register is inverted before being transmitted (i = 0 to 6). The UiRB register is read as logic-inverted
receive data. The parity bit is not inverted. Figure 18.29 shows the logic inversion of serial data.

(A) When the UILCH bit in the UiC1 register is 0 (data is not logic inverted)

oK BRSNS
TXDi —\ST/<DOXD1XDZXD3><D4XD5XD6><D7XP>/SP

(not logic inverted)

(B) When the UIiLCH bit in the UiC1 register is 1 (data is logic inverted)

;II-C)J(;]:i)ci:inverted) \STAWXWXWXWXWXWXWXWXPYSP

) ST: Start bit
Note: = , , y P: Parity bit

1. This figure applies under the following conditions: SP: Stop bit
- The UFORM bit in the UiCO register is 0 (LSB first). ’
- The STPS bit in the UiMR register is 0 (1 stop bit).
- The PRYE bit is 1 (parity enabled).

Figure 18.29 Serial Data Logic Inversion (i = 0 to 6)
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18.2.5 TXD and RXD I/O Polarity Inversion

The output level at the TXD pin and the input level at the RXD pin are inverted by this function. All I/O
data levels, including the start bit, stop bit, and parity bit are inverted by setting the IOPOL bit in the
UiMR register to 1 (inverted) (i = 0 to 6). Figure 18.30 shows TXD and RXD I/O polarity inversion.

(A) When the IOPOL bit in the UiMR register is 0 (not inverted)

CLKi
T(ffgtiinverted) \ ST A Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P Y SP
ngiinverted) \ ST A Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P Y SP

(B) When the IOPOL bit in the UiMR register is 1 (inverted)

CLKi

(nverted) // 8T X D0 X DT X D2 X B3 X D2 X D5 X D6 X D7 X P \ SP
nverted) // ST X D0 X DT X D2 X B3 X D2 X D5 X D6 X D7 X P ) SP
Note: ST: Start bit
1. This figure applies under the following conditions: P: Parity biF
- The UFORM bit in the UiCO register is 0 (LSB first). SP: Stop bit

- The STPS bit in the UiMR register is 0 (1 stop bit).
- The PRYE bit is 1 (parity enabled).

Figure 18.30 TXD and RXD 1/O Polarity Inversion (i = 0 to 6)

18.2.6 CTS/RTS Function

CTS function controls data transmission using the CTSi/RTSi pin (i = 0 to 8). When an input level at the
pin becomes low, data transmission starts. If the input level changes to high during transmit operation,
transmission of the next data is stopped.

RTS function indicates receiver status using the CTSi/RTSi pin. When the MCU is ready to receive
data, the output level at the pin becomes low. It becomes high on the first falling edge of the CLKi pin.

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 266 of 520
Feb 18, 2013



R32C/116 Group 18. Serial Interface

18.3 Special Mode 1 (12C Mode)

This mode uses an |12C-typed interface for communication. Table 18.9 lists specifications of the I2C mode.

Table 18.9  12C Mode Specifications

ltem Specification
Data format 8-bit character length
Transmit/receive clock In master mode
* The CKDIR bit in the UiMR register is 0 (internal clock) (i = 0 to 6):
Jx -
<1 fe=1f1,18, f2n

m: UIBRG register setting value, 00h to FFh
In slave mode
* The CKDIR bit is 1 (external clock): input to the SCLi pin
Transmit start conditions The conditions for starting data transmission are as follows (1):
* The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
Receive start conditions The conditions for starting data reception are as follows (1):
* The RE bit in the UiC1 register is 1 (reception enabled)
* The TE bit in the UiC1 register is 1 (transmission enabled)
* The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
Interrupt request generating |When any of the following is detected: START condition, STOP condition,
timing NACK (not-acknowledge), or ACK (acknowledge)
Error detection Overrun error (2)
This error occurs when the eighth bit of the next data is received before the
UiRB register is read
Other functions * Arbitration lost
Update timing of the ABT bit in the UiRB register can be selected
+ SDAI digital delay
No digital delay or two to eight cycles of digital delay of UiBRG count
source
* Clock phase setting
Clock delayed or no clock delay

Notes:
1. When an external clock is selected, the conditions should be met while the external clock signal is
held high.
2. The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does
not change to 1 (interrupt requested).

Table 18.10 lists register settings in 12C mode, and Tables 18.11 and 18.12 list I2C mode functions. Figure

18.31 shows a block diagram of 12C mode, and Figure 18.32 shows timings for the transfer to the UiRB
register and the interrupt (i = 0 to 6).

As shown in Tables 18.11 and 18.12, UARTi enters this mode when bits SMD2 to SMDO in the UiMR
register are set to 010b, and the IICM bit in the UiSMR register is set to 1 (i = 0 to 6). Since a transmit
signal at the SDA. pin is output via the delay circuit, it changes after the SCLi pin is stably held low.
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SDAiI

Noise
filter

SCLi O—‘—L

ACKD

lIC™ Delay
circuit

Transmit

circuit

Arbitration lost

NACK

DMA transfer request
(interrupt request by
UARTI transmission)

Interrupt request by
UARTI transmission
or NACK

*— detection

4lICM
fo ] Receive
0 |o‘P circuit
START
condition 4

STOP condition
detection

STSPSEL
1

L] START condition/

STOP condition
generation

Bus collision detection (IE mode)

| oth bit

Interrupt request by
UARTIi reception,
ACK interrupt, or
DMA transfer request

Interrupt request by bus collision,
START condition detected, or
STOP condition detected

Clock
| [Noise Jlicm control
filter o] 7 Falling edge of the 8th bit
| Noise
filter —SWC
Clki O——}—— |
IICM: Bit in the UiSMR register
IICM2, SWC, ALS, SWC2, and SDHI: Bits in the UiSMR2 register
STSPSEL, ACKD, and ACKC: Bits in the UiSMR4 register
Figure 18.31 12C Mode Block Diagram (i = 0 to 6)
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Table 18.10 Register Settings in I2C Mode (i = 0 to 6)

Register Bits Function
Master | Slave
UiIMR I0POL Set the bit to 0
CKDIR Set the bit to 0 |Set the bit to 1
SMD2 to SMDO |Set the bit to 010b
uico 7to4 Set the bits to 1001b
TXEPT Transmit register empty flag
2 Set the bitto 0
CLK1 and CLKO |Select a count source for the UiBRG register Disabled
uiC1 7t05 Set the bits to 000b
UiIRS Set the bit to 1
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
UiSMR 7t03 Set the bits to 00000b
BBS Bus busy flag
ABC Select an arbitration lost detection timing Disabled
IICM Set the bit to 1
UiSMR2 |7 Set the bit to 0
SDHI Set the bit to 1 to disable the SDA output
SWC2 Set the bit to 1 to hold the SCL output at a forcible low
STC Set the bit to 0 Set the bit to 1 to reset UARTIi by
detecting the START condition
ALS Set the bit to 1 to stop the output at the SDAI pin to detect an Set the bitto 0
arbitration lost
SWC Set the bit to 1 to hold a low output at the SCLi pin after receiving the eighth bit of the clock
CSsC Set the bit to 1 to enable clock synchronization Set the bit to 0
1ICM2 Refer to Tables 18.11 and 18.12
UiSMR3 |DL2to DLO Set the digital delay value of SDAI
4102 Set the bit to 000b
CKPH Refer to Tables 18.11 and 18.12
SSE Set the bit to 0
UiSMR4 [SWC9 Set the bitto 0 Set the bit to 1 to hold a low
output at the SCLi pin after
receiving the ninth bit of the clock
SCLHI Set the bit to 1 to stop the SCL output to detect STOP condition Set the bitto 0
ACKC Set the bit to 1 for ACK data output
ACKD Select ACK or NACK
STSPSEL Set the bit to 1 when any condition is output Set the bit to 0
STPREQ Set the bit to 1 to generate a STOP condition Set the bit to 0
RSTAREQ Set the bit to 1 to generate a repeated START condition Set the bit to 0
STAREQ Set the bit to 1 to generate a START condition Set the bit to 0
UiBRG 7t00 Set the bit rate Disabled
IFSRO IFSR06 and Select a UART as interrupt source
IFSR0O7
IFSR1 IFSR16 Select a UART as interrupt source
IFSO IFS06 Select input pins for SCL3 and SDA3
IFS03 and IFS02 | Select input pins for SCL6 and SDA6
uUiTB 8 Set the bit to 1 when transmitting. Set the bit to the value of the ACK bit when receiving
7t00 Set the data to be transmitted when transmitting. Set the register to FFh when receiving
UiRB OER Overrun error flag
ABT Arbitration lost detection flag |Disab|ed
8 DO is loaded immediately after a receive interrupt occurs. ACK or NACK is loaded after a transmit
interrupt occurs
7t00 D7 to D1 are read immediately after a receive interrupt occurs. D7 to DO are read after a transmit
interrupt occurs
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Table 18.11 12C Mode Functions (i = 0 to 6) (1/2)
Synchronous IZC MOde (SMD2 to SMDO are 010b, ”CM |S 1)
Serial Interface IICM2is 0 IICM2 is 1
F . Mode (ACK/NACK interrupt) (Transmit/receive interrupt)
unction SMD2 to SMDO
( 0 CKPHis 0 | CKPH is 1 . .
are 001b, (No clock (Clock CKPH is 0 CKPH is 1
IICM is 0) delay) delayed) (No clock delay) (Clock delayed)
Source of software START condition or STOP condition detection (refer to Table 18.13)
interrupt numbers 6 and .
39to41 (1)
(refer to Figure 18.32)
Source of software UARTI NACK detection: Rising |UARTi transmission:  [UARTi transmission:

interrupt numbers 2, 4,
17,19, 33, 35, and 37 (1)

transmission:
Transmission

edge of the ninth bit of
SCLi

Rising edge of the
ninth bit of SCLi

Falling edge of the
ninth bit of SCLi

(refer to Figure 18.32) |started or

completed

(selected using

the UiIRS

register)
Source of software UARTi reception: | ACK detection: Rising UARTI reception: Falling edge of the eighth bit
interrupt numbers 3, 5, |Receiving at edge of the ninth bit of of SCLi
18, 20, 34, 36, and 38 (1)|eighth bit SCLi
(refer to Figure 18.32) |CKPOL is 0

(rising edge)

CKPOL is 1

(falling edge)
Data transfer timing from |CKPOL is 0 Rising edge of the ninth  |Falling edge of the Falling edge of the
the UARTI receive (rising edge) bit of SCLi eighth bit of SCLi eighth bit and rising
register to the UiRB CKPOL is 1 edge of the ninth bit of

P7_5,P8_0, P9_1,
P9 7, P11 2, P12 2,
P15_2, and P15_5

register (falling edge) SCLi
UARTI transmit output  |No delay Delayed

delay

Pins P6_3, P6_7, P7_0, | TXDi output SDAI I/0

P7_3, P7_6,P9_2,

P9_6, P11_0, P12_0,

P15_0, and P15 _4

Pins P6_2, P6_6, P7_1, |RXDi input SCLi I/0

Pins P6_1, P6_5, P7_2,
P7_4,P7_7,P9_0,
P9 5 P11_1, P12_1,
P15_1, and P15_6

Select CLKi input
or output

(Not used in 12C mode)

Note:

1. Steps to change an interrupt source are as follows:
(1) Disable the interrupt of the corresponding software interrupt number.
(2) Change the source of interrupt.
(3) Set the IR bit of the corresponding software interrupt number to 0 (no interrupt requested).
(4) Set bits ILVL2 to ILVLO of the corresponding software interrupt number.
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Table 18.12 12C Mode Functions (i = 0 to 6) (2/2)
Synchronous IZC MOde (SMD2 to SMDO are 010b, ”CM |S 1)
Serial Interface [ICM2is 0 IICM2 is 1
F . Mode (ACK/NACK interrupt) (Transmit/receive interrupt)
unction SMD2 to SMDO

( 0 CKPHis 0 | CKPH is 1 . .
are 001b, (No clock (Clock CKPH is 0 CKPH is 1
IICM is 0) delay) delayed) (No clock delay) (Clock delayed)

Read level at pins RXDi
and SCLi

Readable irrespective of the port direction bit

Default output value at

High (Value set in the port Pi register if the I/O port is selected by output

Figure 18.32)

the SDAI pin function select registers (i = 0 to 7))

SCLi default and end . High Low High Low

values

DMA source (refer to UARTI reception |ACK detection UARTI reception: Falling edge of the eighth bit

of SCLi

Store received data

The first to
eighth bits of
received data
are stored into
bits 0 to 7 in the
UiRB register

The first to eighth bits of
received data are stored
into bits 7 to 0 in the UiRB
register

The first to seventh bits
of received data are
stored into bits 6to 0 in
the UiRB register and
the eighth bit is stored
into bit 8

Same as on the left
column on the first data
storing. (1) The first to
eighth bits of received
data are stored into 7
to 0 bits in the UiRB
register and the ninth
bit is stored into bit 8
on the second data
storing (2)

Read received data

The UiRB register status is read as it is

Bits 6 to 0 in the UiRB
register are read as
bits 7 to 1 and bit 8 is
read as bit 0

Same as on the left
column on the first
read. (1) The UiRB
register status is read
as it is on the second
read (2)

Notes:

1. The first data transfer to the UiRB register starts on the rising edge of the eighth bit of SCLi.
2. The second data transfer to the UiRB register starts on the rising edge of the ninth bit of SCLi.
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(A)  When the IICM2 bit is 0 (Use ACK/NACK interrupt) and the CKPH bit is 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO X D8 (ACKINACK)

ACK interrupt (DMA transfer
request) or NACK interrupt
} Transfer to the UiRB register

b15 b9 b8 b7 b0
|:|| |D8|D7|D6|D5|D4|D3|D2|D1|DO|
UiRB register
(B) When the IICM2 bit is 0 and the CKPH bit is 1 (clock delayed)
istbit  2ndbit  3rdbit  4thbit  Sthbit  6thbit  7thbit  Sthbit  9th bit
SCLi
SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO X D8 (ACKINACK)
ACK interrupt (DMA transfer
request) or NACK interrupt
A
Transfer to the UiRB register
b15 b9 b8 b7 b0
|:|| |D8|D7|D6|D5|D4|D3|D2|D1|DO|
UiRB register
(C) When the IICM2 bit is 1 (Use transmit/receive interrupt) and the CKPH bit is 0
istbit  2ndbit  3rdbit  4thbit  Sthbit  6thbit  7thbit  Sthbit  9th bit
SCLi
SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X Doi X {D8 (ACKINACK)
A A
Receive interrupt (DMA transfer request) Transmit interrupt
A
Transfer to the UiRB register
b15 b9 b8 b7 b0
|:|| |D0| - |D7|D6|D5|D4|D3|D2|D1|

(D)  When the IICM2 bit is 1 and the CKPH bit is 1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

b15 b9 pg b7 b b15 b9 b8 b7

UiRB register

SCLi
SDAI X b7 X b6 X D5 X D4 X D3 X D2 X D1 X Do! X |D8{(ACKINACK)
A A
Receive interrupt (DMA transfer request) Transmit interrupt
The first transfer to the UiRB register 4 4 The second transfer to the UiRB register

b0

|:|| |D0| —|D7|D6|D5|D4|D3|D2|D1| |:|| |D8|D7|D6|D5|D4|D3|D2|D1|DO|

This figure applies under the following condition:
- The CKDIR bit in the UiMR register is 0 (internal clock).

UiRB register UiRB register

Figure 18.32 Timings for the Transfer and Interrupt to the UiRB Register (i = 0 to 6)
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18.3.1

START Condition and STOP Condition Detection

The START condition and STOP condition are detected by their respective detectors.
The START condition detection interrupt request is generated by a high-to-low transition at the SDAI pin
while the SCLi pin is held high (i = 0 to 6). The STOP condition detection interrupt request is generated
by a low-to-high transition at the SDAI pin while the SCLi pin is held high.
The START condition detection interrupt shares interrupt control registers and vectors with the STOP
condition detection interrupt. The BBS bit in the UiSMR register determines which interrupt is

requested.

To detect a START condition or STOP condition, both set-up and hold times require at least six cycles
of the peripheral clock (f1) as shown in Figure 18.33. To meet the condition for the Fast-mode
specification, f1 must be at least 10 MHz.

Hold time > 6 cycles ("

SDAI

Set-up time > 6 cycles M

>,

SCLi

START condition

Note:

1. These are cycles of the peripheral clock (f1).

STOP condition

Figure 18.33 START Condition and STOP Condition Detection Timing (i = 0 to 6)

18.3.2 START Condition and STOP Condition Generation

The START condition, repeated START condition, and STOP condition are generated by bits STAREQ,
RSTAREQ, and STPREQ in the UiSMRA4 register, respectively (i = 0 to 6). To output a START condition,
set the STSPSEL bit in the UiSMR4 register to 1 (select START condition/STOP condition generation
circuit) after setting the STAREQ bit to 1 (start). To output a repeated START condition or STOP
condition, set the STSPSEL bit to 1 after setting RSTAREQ bit or STPREQ bit to 1, respectively.

Table 18.13 and Figure 18.34 show the functions of the STSPSEL bit.

Table 18.13 STSPSEL Bit Functions

Function

STSPSEL is 0

STSPSEL is 1

START condition and STOP
condition generation

Output is provided by the
program with port (no auto
generation by hardware)

START condition or STOP condition is output
according to the STAREQ, RSTAREQ, or

STPREQ bit

START condition and STOP
condition interrupt request
generating timing

When START condition or
STOP condition is detected

When START condition or STOP condition

generation is completed
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(A) In slave mode
The CKDIR bit is 1 (external clock) and the STSPSEL bit is 0 (select serial I/O circuit)

SCLi

SDAI AKX A AN/
f f

Interrupt by START condition detection Interrupt by STOP condition detection

(B) In master mode
The CKDIR bit is 0 (internal clock) and the CKPH bit is 1 (clock delayed)

Software

STAREQ 0 1 0
STPREQ 0 1 0
STSPSEL 0 1 0 1 0

Hardware
SCLi

SDA A XX D S N

Interrupt by START condition Interrupt by STOP condition
detection (or generation) detection (or generation)

Figure 18.34 STSPSEL Bit Functions (i = 0 to 6)

18.3.3 Arbitration

On the rising edge of the SCLi, the MCU compares the transmit data with the data input from the SDAI
pin. If no match is found, the MCU performes arbitration by stopping the SDAI output.

The update timing for the ABT bit in the UiRB register is selected by setting the ABC bit in the UiSMR
register (i =0 to 6).

When the ABC bit is 0 (update every bit), the ABT bit becomes 1 (detected (lose)) as soon as a data
discrepancy is detected. If not detected, the ABT bit becomes 0 (not detected (win)). When the ABC bit
is 1 (update every byte), the ABT bit becomes 1 on the falling edge of the eighth bit of the SCLi if any
discrepancy is detected. In this ABC bit setting, set the ABT bit to O to start the next 1-byte transfer.
When the ALS bit in the UiISMR2 register is 1 (stop the SDAI output), the SDAI pin becomes high-
impedance as the ABT bit becomes 1 when an arbitration lost occurs.
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18.3.4 SCL Control and Clock Synchronization

Data transmission/reception in 12C mode uses the transmit/receive clock as shown in Figure 18.32. The
clock speed increase makes it difficult to secure the required time for ACK generation and data transmit
procedure. 12C mode supports a function of wait-state insertion to secure this required time and a
function of clock synchronization with a wait-state inserted by other devices.

The SWC bit in the UiISMR2 register is used to insert a wait-state for ACK generation (i = 0 to 6). When
the SWC bit is 1 (hold the SCLi pin low after the eighth bit is received), the SCLi pin is held low on the
falling edge of the eighth bit of the SCLi. When the SWC bit is 0 (no wait-state/wait-state cleared), the
SCLi line is released.

When the SWC2 bit in the UiSMR2 register is 1 (hold the SCLi pin low), the SCLi pin is forced low even
during transmission or reception. When the SWC2 bit is 0 (output the transmit/receive clock at the SCLi
pin), the SCLi line is released to output the transmit/receive clock.

The SWC9 bit in the UiISMRA4 register is used to insert a wait-state for checking received acknowledge
bits. While the CKPH bit in the UiSMR3 register is 1 (clock delayed), when the SWC9 bit is set to 1
(hold the SCLi pin low after the ninth bit is received), the SCLi pin is held low on the falling edge of the
ninth bit of the SCLi. When the SWC9 bit is set to 0 (no wait-state/wait-state cleared), the SCLi line is
released.

(A) SWOC bit function

SDAI (master) _\ / X X X X X X X y
SDAI (slave) \ A/A /

Address bit comparison, acknowledge generation

SCLi (slave) \—/7

A
Clock line is Clock line is
held low released
(B) SWC9 bit function (SWC is 0)

SDAI (master) _\_/ AA

SCLi (master)

SDA. (slave) \ X X X X X X X /

Acknowledge check

SCLi (slave) \ /

+ 4
Clock lineis  Clock line is
held low released
(SWC9 is 0)
Figure 18.35 Wait-state Insertion Using the SWC or SWC9 Bit (i = 0 to 6)
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The CSC bit in the UiSMR2 register is used to synchronize an internally generated clock with the clock
applied to the SCLi pin. For example, if a wait-state is inserted from another device, the two clocks are
not synchronized. While the CSC bit is 1 (clock synchronization enabled) and the internal clock is held
high, when a high at the SCLi pin changes to low, the internal clock becomes low in order to reload the
value of the UiBRG register and to resume counting. While the SCLi pin is held low, when the internal
clock changes from low to high, the count is stopped until the SCLi pin becomes high. That is, the
UARTI transmit/receive clock is the logical AND of the internal clock and the SCLi. The synchronized
period starts from one clock prior to the first synchronized clock and ends when the ninth clock is
completed. The CSC bit can be set to 1 only when the CKDIR bit in the UiMR register is 0 (internal
clock).

The SCLHI bit in the UiSMR4 register is used to leave the SCLi pin open when another master
generates a STOP condition while the master is in transmit/receive operation. If the SCLHI bit is set to
1 (stop SCLi output), the SCLi pin is open (the pin is high-impedance) when a STOP condition is
detected and the clock output is stopped.

(A) Clock synchronization
Clock output of \—/—\ /—
another device
SCLi [ \ / \

4 A
Change the internal clock . Resume
signal from high to low to Stop counting counting

start counting low period

Y A
Y

Internal clock

(B) Synchronization period

o

Write of transmit data

Y

Synchronized period

Figure 18.36 Clock Synchronization (i = 0 to 6)
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18.3.5 SDA Output

Values set to bits 8 to 0 (D8 to DO0) in the UiTB register are output starting from D7 to DO, and lastly D8,
which is a bit for the acknowledge signal (i = 0 to 6). When transmitting, D8 should be set to 1 to free
the bus. When receiving, D8 should be set to ACK or NACK.

Bits DL2 to DLO in the UiSMR3 register set a delay time of the SDAi on the falling edge of the SCLi.
Based on the UiBRG count source, the delay time can be selected from zero cycles (no delay) or two to
eight cycles.

The SDA. pin can be high-impedance at any given time once the SDHI bit in the UiSMR2 register is set
to 1 (stop the output). Output at the SDAI pin is low if an I/O port is selected for the SDAIi and the pin is
specified as the output port after selecting 12C mode. In this case, if the SDHI bit is 1, the SDAI pin
becomes high-impedance.

When the SDHI bit is rewritten while the SCLi pin is held high, a START condition or STOP condition is
generated. When it is rewritten immediately before the rising edge of SCLi, arbitration lost may be
accidently detected. Therefore, the SDHI bit should be rewritten so the SDAI pin level changes while
the SCLi pin is low.

18.3.6 SDA Input

When the IICM2 bit in the UiSMR2 register is 0 (use ACK/NACK interrupt), the first 8 bits of received
data (D7 to DO) are stored into bits 7 to 0 in the UiRB register and the ninth bit (ACK/NACK) is stored
into bit 8 (i = 0 to 6).

When the IICM2 bit is 1, the first 7 bits of received data (D7 to D1) are stored into bits 6 to 0

in the UIiRB register and eighth bit (D0) is stored into bit 8.

If the IICM2 bit is 1 and the CKPH bit in the UiSMR3 register is 1 (clock delayed), the same data that is
set when the 1ICM2 bit is 0 can be read. To read this data, read the UiRB register after data in the ninth
bit is latched on the rising edge of the SCLi.

18.3.7 Acknowledge

When data is to be received in master mode, ACK is output after 8 bits are received by setting the UiTB
register to 00FFh as dummy data. When the STSPSEL bit in the UiSMR4 register is 0 (select serial 1/0
circuit) and the ACKC bit is 1 (ACK data output), the value of the ACKD bit is output at the SDA. pin (i =
0 to 6).

If the IICM2 bit is 0, a NACK interrupt request is generated when the SDAI pin is high on the rising edge
of the ninth bit of the SCLi. An ACK interrupt request is generated when the SDAI pin is low.

When the DMA request source is “UARTi receive interrupt request or ACK interrupt request”, the DMA
transfer starts when an ACK is detected.

18.3.8 Transmit/Receive Operation Reset

When the CKDIR bit in the UiIMR register is 1 (external clock), the STC bit in the UiISMR2 register is 1
(initialize the circuit), and a START condition is detected, the following three operations are performed (i
=0 to 6):

* The transmit register is reset and the UiTB register value is transferred to the transmit register.
New data transmission starts on the falling edge of the first bit of the next SCLi as transmit clock.
The transmit register value before the reset is output at the SDAI pin in the period from the falling
edge of the SCLi until the first data output.

* The receive register is reset and the new data reception starts on the falling edge of the first bit of
the next SCLi.

» The SWC bit in the UiSMR2 register becomes 1 (hold the SCLi pin low after the eighth bit is
received).

The TI bit in the UiC1 register does not change when using this function to start the UARTI
transmission/reception.
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18.4 Special Mode 2

Special mode 2 enables serial communication between one or multiple masters and multiple slaves. The
SSi input pin controls serial bus communication (i = 0 to 6). Table 18.14 lists specifications of special
mode 2.

Table 18.14 Special Mode 2 Specifications

Item Specification
Data format 8-bit character length
Transmit/receive clock * The CKDIR bit in the UiMR register is set to 0 (internal clock) (i = 0 to 6):
_Sx S =11,18, f2n m: UiBRG register setting value, 00h to FFh
2(m+1)
» The CKDIR bit is set to 1 (external clock): input to the CLKi pin
Transmit/receive control SS function

Transmit start conditions | The conditions for starting data transmission are as follows (1):
» The TE bit in the UiC1 register is 1 (transmission enabled)
» The Tl bit in the UiC1 register is 0 (data held in the UiTB register)

Receive start conditions The conditions for starting data reception are as follows (1):
» The RE bit in the UiC1 register is 1 (reception enabled)
» The TE bit in the UiC1 register is 1 (transmission enabled)
» The Tl bit in the UiC1 register is 0 (data held in the UiTB register)
Interrupt request generating |In transmit interrupt, one of the following conditions can be selected by setting the UiIRS
timing bit in registers UOC1 to U6C1:
» The UiIRS bit is 0 (transmit buffer is empty):
when data is transferred from the UiTB register to the UARTi transmit register (when
the transmission has started)
» The UIiIRS bit is 1 (transmission is completed):
when data transmission from the UARTi transmit register is completed
In receive interrupt,
* When data is transferred from the UARTI receive register to the UiRB register (when
the reception is completed)
Error detection Overrun error (2)
This error occurs when the seventh bit of the next data has been received before
reading the UiRB register
Other functions * CLK polarity
Rising or falling edge of the transmit/receive clock for transfer data input and output
« Bit order selection
LSB first or MSB first
+ Continuous receive mode
Data reception is enabled by a read access to the UiRB register
+ Serial data logic inversion
This function logically inverses transmit/receive data
* Clock phase selection
One of four combinations of transmit/receive clock polarity and phases
« SSi input pin function
Output pin can be high-impedance when the SSi pin is high

Notes:
1. When selecting an external clock, the following preconditions should be met:
» The CLKi pin is held high when the CKPOL bit in the UiCO register is 0 (transmit data output on the falling
edge of the transmit/receive clock and receive data input on the rising edge).
» The CLKi pin is held low when the CKPOL bit is 1 (transmit data output on the rising edge of the transmit/
receive clock and receive data input on the falling edge).
2. The UiRB register is undefined when an overrun error occurs. The IR bit in the SiRIC register does not change to
1 (interrupt requested).

RO1UH0210EJ0120 Rev.1.20 RENESAS Page 278 of 520
Feb 18, 2013



R32C/116 Group

18. Serial Interface

Table 18.15 lists register settings in special mode 2.

Table 18.15 Register Settings in Special Mode 2 (i = 0 to 6)

Register Bits Function
UiIMR 7to4 Set the bits to 0000b
CKDIR Set the bit to 0 in master mode and set it to 1 in slave mode
SMD2 to SMDO Set the bits to 001b
uUiCo UFORM Select either LSB first or MSB first
CKPOL Clock phase can be set by the combination of bits CKPOL and CKPH in
the UiSMR3 register
5 Set the bitto 0
CRD Set the bit to 1
TXEPT Transmit register empty flag
2 Set the bitto 0
CLK1 and CLKO Select a count source for the UiBRG register
UiC1 7 and 6 Set the bits to 00b
UiRRM Set the bit to 1 to use continuous receive mode
UilIRS Select a source for UARTI transmit interrupt
RI Receive complete flag
RE Set the bit to 1 to enable data reception
TI Transmit buffer empty flag
TE Set the bit to 1 to enable data transmission/reception
UiSMR [7to0 Set the bits to 00h
UiSMR2 [7to 0 Set the bits to 00h
UiSMR3 |7 t0 5 Set the bits to 000b
ERR Mode fault flag
3 Set the bitto 0
DINC Set to 0 in master mode and set to 1 in slave mode
CKPH Clock phase can be set by the combination of bits CKPH and CKPOL in
the UiCO register
SSE Set the bit to 1
UiSMR4 [7to 0 Set the bits to 00h
UBRG |[7to0 Set the bit rate
IFSO IFS06 Select input pins for CLK3, RXD3, SRXD3, and SS3
IFS03 and IFS02 Select input pins for CLK6, RXD6, SRXD6, and SS6
UiTB 7t00 Set the data to be transmitted
UiRB OER Overrun error flag
7t00 Received data is read
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18.4.1  SSi Input Pin Function (i = 0 to 6)

Special mode 2 is selected by setting the SSE bit in the UiSMR3 register to 1 (SS function enabled).
The CTSiI/RTSi/SSi pin functions as SSi input.

The DINC bit in the UiSMRS register determines which MCU performs as a master or slave.

When multiple MCUs perform as masters (multi-master system), the SSi pin setting determines which
master MCU is active and when.

18.4.1.1 SS Function in Slave Mode

When the DINC bit is 1 (slave mode) while input at the SSi pin is high, the STXDi pin becomes high-
impedance and the clock input at the CLKi pin is ignored. When input at the SSi pin is low, the clock
input is valid and serial data is output from the STXDi pin to enable serial communication.

18.4.1.2 SS Function in Master Mode

When the DINC bit is 0 (master mode) while input at the SSi pin is high, which means there is the only
one master MCU or no other master MCU is active, the MCU as master starts communication. The
master provides the transmit/receive clock output at the CLKi pin. When input at the SSi pin is low,
which means that there are more masters, pins TXDi and CLKi become high-impedance. This error is
called a mode fault. It can be verified using the ERR bit in the UiISMR3 register. The ongoing data
transmission/reception does not stop even if a mode fault occurs. To stop transmission/reception, bits
SMD2 to SMDO in the UiMR register should be set to 000b (serial interface disabled).

MCU MCU
P13
P12 SS0
CLKO
SSO |—=x STXDO
CLKO SRXDO
RXDO
TXDO (Slave)
(Master) MCU
SSO
CLKO
STXDO
SRXDO
(Slave)

Figure 18.37 Serial Bus Communication Control with the SSi Pin
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18.4.2 Clock Phase Setting

The CKPH bit in the UiSMR3 register and the CKPOL bit in the UiCO register select one of four
combinations of transmit/receive clock polarity and serial clock phase (i = 0 to 6).

The transmit/receive clock phase and polarity should be identical for the master device and the
communicating slave device.

18.4.2.1 Transmit/Receive Timing in Master Mode

When the DINC bit is 0 (master mode), the CKDIR bit in the UiMR register should be set to 0 (internal
clock) to generate the clock. Figure 18.38 shows transmit/receive timing of each clock phase.

SS input for the master

Clock output (CLKi pin)

CKPOL =0, CKPH = 0 J

e e D T 0 0 3 63

Data input timing T T T T T T T T

Figure 18.38 Transmit/Receive Timing in Master Mode

CKPOL =0, CKPH =1
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18.4.2.2 Transmit/Receive Timing in Slave Mode

When the DINC bit is 1 (slave mode), the CKDIR bit in the UiMR register should be set to 1 (external

clock).

When the CKPH bit is 0 (no clock delay) while input at the SSi pin is high, the STXDi pin becomes high-
impedance. When input at the SSi pin is low, the conditions for data transmission are all met, but output
is undefined. Then the data transmission/reception starts synchronizing with the clock. Figure 18.39

shows the transmit/receive timing.

When the CKPH bit is 1 (clock delayed) while input at the SSi pin is high, the STXDi pin becomes high-
impedance. When input at the SSi pin is low, the first data is output. Then the data transmission starts

synchronizing with the clock. Figure 18.40 shows the transmit/receive timing.

S input for the slave

Clock input (CLKi pin)

CKPOL =0, CKPH=0

CKPOL =1,CKPH=0

Data input timing T T T

(DSa_IEz)a(Iglthp;?z;timing Hi-Z <XX>< II:)O X ?1 X II:)Z X P3 X ?4 X ?5 X ?6 X I,D? /M

f

Figure 18.39 Transmit/Receive Timing in Slave Mode (CKPH = 0)

S input for the slave

Clock input (CLKi pin)

CKPOL =0, CKPH =1

CKPOL =1, CKPH =1

Data output timing Hi-Z

(STXDi pin) HZ bo X Ii31 X |i32 X |i33 X |i34 X |i35 X ITDG X TD7 Hi-Z

Data input timing T T T T

!

Figure 18.40 Transmit/Receive Timing in Slave Mode (CKPH = 1)
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18.5 Notes on Serial Interface

18.5.1 Changing the UiBRG Register (i = 0 to 8)

» Set the UIBRG register after setting bits CLK1 and CLKO in the UiCO register. When these bits are
changed, the UiBRG register must be set again.

* When a clock is input immediately after the UiBRG register is set to 00h, the counter may become
FFh. In this case, it requires extra 256 clocks to reload 00h to the register. Once 00h is reloaded,
the counter performs the operation without dividing the count source according to the setting.

18.5.2 Synchronous Serial Interface Mode

18.5.2.1 Selecting an External Clock

« If an external clock is selected, the following conditions must be met while the external clock is held
high when the CKPOL bit in the UiCO register is O (transmit data output on the falling edge of the
transmit/receive clock and receive data input on the rising edge), or while the external clock is held
low when the CKPOL bit is 1 (transmit data output on the rising edge of the transmit/receive clock
and receive data input on the falling edge) (i = 0 to 8):

- The TE bit in the UiC1 register is 1 (transmission enabled).

- The RE bit in the UiC1 register is 1 (reception enabled). This bit setting is not required when only
transmitting.

- The Tl bit in the UiC1 register is 0 (data held in the UiTB register).

18.5.2.2 Receive Operation
* In synchronous serial interface mode, the transmit/receive clock is controlled by the transmit
control circuit. Set UARTI-associated registers for a transmit operation, even if the MCU is used
only for receive operation (i = 0 to 8). Dummy data is output from the TXDi pin while receiving when
the TXDi pin is set to output mode.

* When data is received continuously, an overrun error occurs when the Rl bit in the UiC1 register is
1 (data held in the UiRB register) and the seventh bit of the next data is received in the UARTI
receive shift register. Then, the OER bit in the UiRB register becomes 1 (overrun error occurred). In
this case, the UiRB register becomes undefined. If an overrun error occurs, the IR bit in the SiRIC
register does not change to 1.

18.5.3 Special Mode 1 (12C Mode)
* To generate a START condition, STOP condition, or repeated START condition, set the STSPSEL
bit in the UiSMR4 register to 0 (i = 0 to 6). Then, wait at least a half clock cycle of the transmit/
receive clock to change the condition generate bits (STAREQ, RSTAREQ, or STPREQ bit) from 0
to 1.
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18.5.4 Reset Procedure on Communication Error

Operations which result in communication errors such as rewriting function select registers during
transmission/reception should not be performed. Follow the procedure below to reset the internal circuit
once the communication error occurs in the following cases: when the operation above is performed by
a receiver or transmitter or when a bit slip is caused by noise.

A. Synchronous Serial Interface Mode

(1) Set the TE bit in the UiC1 register to 0 (transmission disabled) and the RE bit to 0 (reception
disabled) (i = 0 to 8).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 001b (synchronous serial interface mode).

(4) Set the TE bit in the UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception
enabled) if necessary.

B. UART Mode

(1) Set the TE bit in the UiC1 register to 0 (transmission disabled) and the RE bit to 0 (reception
disabled).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 100b (UART mode, 7-bit character length), 101b
(UART mode, 8-bit character length), or 110b (UART mode, 9-bit character length).

(4) Set the TE bit in the UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception
enabled) if necessary.
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19. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter with a capacitive coupling
amplifier.

A/D converted results are stored in the A/D registers corresponding to selected pins. Results are stored in
the ADOO register only when the DMAC operating mode is enabled.

When the A/D converter is not in use, power consumption can be reduced by setting the VCUT bit in the
ADOCONT1 register to 0 (VREF disconnected). This bit setting enables the power supply from the VREF pin
to the resistor ladder to stop.

Table 19.1 lists specifications of the A/D converter. Figure 19.1 shows a block diagram of the A/D converter.
Figures 19.2 to 19.7 show registers associated with the A/D converter.

RO1UH0210EJ0120 Rev.1.20 RENESAS Page 285 of 520
Feb 18, 2013



R32C/116 Group 19. A/D Converter

Table

19.1  A/D Converter Specifications

ltem Specification

A/D conversion method |Capacitance-based successive approximation

Analog input voltage (1) |0V to AVCC (VCC)

Operating clock, $AD (2) |fAD, fAD divided by 2, fAD divided by 3, fAD divided by 4, fAD divided by 6, or

fAD divided by 8

Resolution 8 bits or 10 bits

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweet mode 0, repeat
sweep mode 1, multi-port single sweep mode, multi-port repeat sweep mode 0

Analog input pins (3) 34 4)

8 pins each for AN, ANO, AN2, and AN15 (5)
2 function-extended input pins (ANEX0 and ANEX1)

A/D conversion start « Software trigger
conditions The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program

 External trigger (retrigger is enabled)
An input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program
» Hardware trigger (retrigger is enabled)
*» Generation of a timer B2 interrupt request which has passed through the
circuit to set an interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program

Conversion rates per pin| * Without sample and hold function

49 ¢AD cycles at 8-bit resolution

59 ¢AD cycles at 10-bit resolution

including 2 $AD cycles for sampling time
» With sample and hold function

28 dAD cycles at 8-bit resolution

33 ¢AD cycles at 10-bit resolution

including 3 $AD cycles for sampling time

Notes:

The analog input voltage is not dependent on whether the sample and hold function is enabled or
disabled.

2.  The ¢AD frequency should be as follows:
*When VCC = 4.2 t0 5.5V, 16 MHz or below
*When VCC =3.0t0 4.2 V, 10 MHz or below
* When not using the sample and hold function, 250 kHz or above
* When using the sample and hold function, 1 MHz or above

3. When AVCC = VREF = VCC, A/D input voltage for pins AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2_7, AN15_0 to AN15_7, ANEXO0, and ANEX1 should be VCC or lower.

4. Specification of the 144-pin package. In the 100-pin package, 26 channels are available.

5. Pins AN15_0 to AN15_7 are not available in the 100-pin package.
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TRGO bit in the 000
ADOCON2 register F——OAN15_0
001
R 0 ——O AN15_1
ADTRGO———— -
% 15 [/Lo AN15_2
Timer B2 interrupt request which —1—0 0 _o/—— EXTRGO O’LO AN15_3 )
has passed through the three-phase ) ol 100 OAN15 4 P15
motor control timers’ circuit to set TRG bit in the " Q101 -
the interrupt generating frequency ADOCONO register al \_TO AN15_5
A ——O AN1
Software trigger e \ 111 >0
i ——OAN15_7
]
AN_0 O——2 T E 190 5 ANO O
001 el Bits CH2 to CHO in the 1 001
AN_T O 010'\ s ADOCONO register ) / 010 O ANO_1
AN_2 O—\> L, ] (/—O ANO_2
’ ]
b0 AN3 o—%s 00 : o O ANO_3 b0 @
AN_4 0—1%10 o1 \,\ E A o —0 ANO 4
AN_5 M? oo e ] QLO ANO_5
AN_6 O——] / A1 /S N E’ v \ 110 5 ANO_6
AN 7 O 1 . N E 1 O ANO_7
‘.| | Bits OPA1and OPAO , 000
| inthe ADOCON1 ' ————O0 AN2_0
P9_5 ANEX0O O . \ register : /_Lo AN2_1
S 010
P9 6 ANEX1 O v ; o O AN2.2
1 of—O AN2_ 3
— @
00| 01| 10 11|_E—, o190 5 AN2 4 P2
] ’ —
Bits APS1 and APSO in [\, ® S /| | N5 ANz 5
the ADOCON2 register Vo \\;—oﬂo AN2_6
|14 —
11 o AN2 7
VREF O
VCUT bit in the "1 compa®
ADOCONT1 register - rator O
AVSS O [o~cl Resistor ladder
Successive conversion register
ADOCONO register m_ »  ADOO register
> » ADO1 register
ADOCONA1 registerljj:[[l:ljj »|  ADO2 register
c? » ADOS3 register
ADOCON?2 register 8
S » ADO4 register
» ADOS5 register
ADOCONS3 register
» ADOG register
ADOCON4 registerl:l:l:l:ljﬁ> »  ADO7 register
1 O
1 q 1/3 O-of TI—1-°
1/2 ro N —» ¢AD
R L, o O
FADO ¢ T721—0lox™f i~ CKS1bitin the
CKS2 bit in the N ADOCON1 register
ADOCONS register CKSO bit in the
Not ADOCONO register
otes:
1. The Port P15 is available in the 144-pin package.
2. Ports PO and P2 are available in single-chip mode.
Figure 19.1 A/D Converter Block Diagram
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A/DO Control Register 0

[«

10b for multi-port single sweep mode and 11b for multi-port repeat sweep mode 0.
. Set bits MD1 and MDO to 10b or 11b when the MSS bit in the ADOCONS3 register is 1.
7. To use the external trigger or the hardware trigger, select the source of the trigger by setting the TRGO bit in
the ADOCONZ2 register. Then set the ADST bit to 1 after setting the TRG bit to 1.

8. The GAD frequency should be as follows: 16 MHz or below when VCC =5V,

10 MHz or below when VCC = 3.3 V

The $AD frequency is selected from the combination of bits CKS0, CKS1, and CKS2 shown as below:

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT ] ] ] ADOCONO 0396h 0000 0000b
A
1 ] ] 1 ] 1 1 1
] ] ] 1 ] 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
A b2 b1 b0
A 00 0:ANiO RW
i E i i i i i 0 0 1:ANi_1
[ T T T R | . . 010 ZANi_Z
i E E i i i ] CHA1 ér;?l?g Input Pin Select Bit 011:ANi 3 RW
toror 10 0:ANi_4
I I 10 1:ANi_5
A R T A SO CH2 110:ANi_6 RW
[ 11 1:ANi_7 (i=novalue,O0, 2, 15)
1 ] ] 1 1
I — MDO s RW
R A/D Operating Mode Select 00 : One-shot mode
I Bit 0 2 5.6) 0 1:Repeat mode
IR S MD1 1 0 : Single sweep mode RW
(. 1 1 :Repeat sweep mode 0 or 1
1 ] ]
. 0: Software trigger
i E T TRG Trigger Select Bit 1: External trigger or hardware trigger | RW
[ 7)
1 ]
1 ]
] . . 0: A/D conversion stopped
i ' ADST A/D Conversion Start Bit 1 AID conversion started RW
1
1
G EEEEE TR CKSO0 Frequency Select Bit (See Note 8) RW
Notes:
1. When this register is rewritten during an A/D conversion, the converted result is undefined.
2. Set the analog input pins again after changing the A/D operating mode.
3. This bit setting is enabled in one-shot mode or repeat mode.
4. Select a port from AN, ANO, AN2, or AN15 by using bits APS1 and APSO in the ADOCONZ2 register.
5. When the MSS bit in the ADOCONS register is 1 (multi-port sweep mode enabled), set bits MD1 and MDO to

CKS2 Bitin the CKSO0 Bitin the CKS1 Bit in the
ADOCONS3 Register | ADOCONO Register | ADOCON1 Register 9AD

0 fAD divided by 4
0 1 fAD divided by 3
0 0 fAD divided by 2

! 1 fAD
1 . 0 fAD divided by 8
1 fAD divided by 6

Figure 19.2 ADOCONO Register
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A/DO Control Register 1

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[T ][ ]]] Abocont 0397h 0000 0000b
Bit Symbol Bit Name Function RwW

In single sweep mode or repeat

sweep mode 0
b1 b0

]

]

1

1

1

1

]

]

]

]

1

1

i 0 0:ANi_0, ANi_1
i i--{  SCANO 0 1:ANi_0to ANi_3 RW
: 1 0:ANi_Oto ANi_5
1
1
]
]
]
]
]
]
1
1
1
1
1
1
1
]

1 1:ANi_0to ANi_7
In repeat sweep mode 1
A/D Sweep Pin Select b1 b0
Bit 23 0 0:ANi_O
0 1:ANi_O, ANi_1
1 0:ANi_0 to ANi_2
1 1:ANi_0 to ANi_3
| mm———- SCAN1 In multi-port single sweep mode or RW
multi-port repeat sweep mode 0
b1 b0
1 1:ANi_0to ANi_7 ©®
(i=no value, 0, 2, 15)

0: Mode other than repeat sweep

A/D Operating Mode Select

R SR, MD2 Bit 1 mode 1 RW
i 1: Repeat sweep mode 1(©
]
! . . 0: 8-bit mode
BITS 8/10-bit Mode Select Bit 1+ 10-bit mode RwW
C—— CKS1 Frequency Select Bit (See Note 7) RW

0: VREF disconnected

_________________ i it @
) VCUT VREF Connection Bit 1: VREF connected (10

RwW

b7 b6

N OPAO 0 0 :No use of ANEXO or ANEX1 pin | RW
(convert input at pins ANi_0 to
ANi_7)

: Convert input at the ANEXO pin

: Convert input at the ANEX1 pin | RW

: External op-amp connected

External Op-Amp Connect
Mode Bit (1. 12)

b OPA1

N )
N R

1. When this register is rewritten during A/D conversion, the converted result is undefined.
2. This bit setting is enabled in single sweep mode, repeat sweep mode 0, repeat sweep mode 1, multi-port
single sweep mode, or multi-port repeat sweep mode 0.
. Select a port from AN, ANO, AN2, or AN15 by using bits APS1 and APSO0 in the ADOCON2 register.
These pins are commonly used in A/D conversion when the MD2 bit is set to 1.
. Set bits SCAN1 and SCANO to 11b in multi-port single sweep mode or multi-port repeat sweep mode 0.
. When the MSS bit in the ADOCONS3 register is 1 (multi-port sweep mode enabled), set the MD2 bit to 0.
. Refer to the note on the CKSO bit in the ADOCONO register.
. This bit controls the reference voltage to the A/D converter. It does not affect VREF performance of the D/A
converter.
9. Do not set the VCUT bit to 0 during A/D conversion.
10.When the VCUT bit is switched from 0 to 1, wait at least 1 ps before starting A/D conversion.
11.Bits OPA1 and OPAO can be set to 01b or 10b only in one-shot mode or repeat mode. Set them to 00b or
11b in other modes.
12.Set bits OPA1 and OPAOQ to 00b when the MSS bit in the ADOCONS register is 1 (multi-port sweep mode
enabled).

©~NO U AW

Figure 19.3 ADOCON1 Register
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A/DO Control Register 2

— No register bits; should be written with 0 and read as undefined
(b4-b3) value

0: Select ADTRG pin
1: Select a timer B2 interrupt request

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
lofo] XIXI | | | Aapoconz 0394h XX0X X000b
I
] 1 1 1 1 1
E i i i i i Bit Symbol Bit Name Function RW
E i i i i i SMP A/D Conversion Method 0: Without sample and hold function | o
A Select Bit 1: With sample and hold function
AERE a
P ST APSO 0 0:AN_Oto AN_7, ANEX0, ANEX1 | RW
HE Analog Input Port Select Bit | 0 1 : AN15_0to AN15_7
] 1 ] 1 .
I S S S APS1 (2.3.4) 1 0:ANO_Oto ANO_7 RW
b 1 1:AN2_0to AN2_7
P
1
1
]
1
1
1
1
1
1

External Trigger Request

e — e — e — e ————————————————————

e L e LB e TRGO Source Select Bit _(after counting the ICTB2 register ) [ RW
in the three-phase motor control
timers
— Should be written with 0 and read as
e = = ]
(b7-b6) | Reserved undefined value RW

Notes:
1. When this register is rewritten during A/D conversion, the converted result is undefined.
2. Set bits APS1 and APSO0 to 01b when the MSS bit in the ADOCONS register is 1 (multi-port sweep mode
enabled).
3. Do not set bits APS1 and APSO0 to 01b in the 100-pin package when the MSS bit in the ADOCON3 register
is 0 (multi-port sweep mode disabled).
4. These bits can be set to 10b or 11b in single-chip mode only.

Figure 19.4 ADOCON2 Register
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A/DO Control Register 3 (:2)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
loJoJo[ | [ [ | | ADocons 0395h XXXX X000b
A
I S R R R B
i E i i i i i i Bit Symbol Bit Name Function RW
i E i i i i i i DUS DMAC Operating Mode 0: DMAC operating mode disabled RW
[ A Select Bit @ 1: DMAC operating mode enabled “ %
1 ] ] ] ] 1 ]
e . 0: Multi-port sweep mode disabled
T T B S L MSS Multi p°r.‘ Sweep Mode 1: Multi-port sweep mode enabled RW
[ T T T Select Bit 3.6)
I R T R
T T R
e CKS2 Frequency Select Bit (See Note 7) RW
A A
R b4 b3
e MSFO 0 0:AN_Oto AN_7 RO
N Multi-port Sweep Status 0 1:AN15 0to AN15 7
[ | .
I I MSF1 Flag ® 1 0:ANO_O to ANO_7 RO
P 1 1:AN2_0to AN2_7
1 1 ]
1 ] ] _ . .
------------------- (b7-b5) Reserved Set to 0. The read value is undefined | RW

1. When this register is rewritten during A/D conversion, the converted result is undefined.

2. This register may be read incorrectly during A/D conversion. It should be read or written after the A/D
converter stops operating.

3. To set the MSS bit to 1, the DUS bit should be also set to 1.

4. When the DUS bit is set to 1, all A/D converted results are stored into the ADOO register.

5. Configure DMAC when it is used to transfer converted results.

6. To set the MSS bit to 1:
- Set the MD2 bit in the ADOCON1 register to 0 (mode other than repeat sweep mode 1).
- Set bits APS1 and APS0 in the ADOCON2 register to 01b (AN15_0 to AN15_7).
- Set bits OPA1 and OPAO in the ADOCON1 register to 00b (no use of ANEX0 or ANEX1).

7. Refer to the note on the CKSO bit in the ADOCONO register.

8. This bit setting is enabled when the MSS bit is set to 1. The read value is undefined when the MSS bit is set
to 0.

Figure 19.5 ADOCON3 Register
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A/DO Control Register 4

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
loJofo]o] | |oJo]  ADocona4 0392h XXXX 00XXb
R
P
i i E i i i i i Bit Symbol Bit Name Function RW
1 1 1 ] ] 1 1 1 . .
T — Reserved Shoul_d be written with 0 and read as RW
[ A (b1-b0) undefined value
NN b3 b2
A MPS10 0 0:(Note 4) Rw
R Multi-port Sweep Port 0 1:AN_Oto AN_7, AN15 0O to
AR Select Bit 23 AN15_7
T MPS11 1 0:AN_Oto AN_7, ANO_O to ANO_7 | RW
b 1 1:AN_Oto AN_7, AN2_0to AN2_7
1 ] 1 1
R — Should be written with 0 and read as
[ N
(b7-b4) Reserved undefined value RW

1. When this register is rewritten during A/D conversion, the converted result is undefined.

2. Do not set bits MPS11 and MPS10 to 01b when using the 100-pin package.

3. Bits MPS11 and MPS10 can be set to 10b or 11b in single-chip mode only.

4. When the MSS bit in the ADOCONS3 register is 0 (multi-port sweep mode disabled), set bits MSP11 and
MPS10 to 00b. When it is 1 (multi-port sweep mode enabled), set them to any value other than 00b.

Figure 19.6 ADOCONA4 Register

A/DO Registeri (i=0to 7) (14

b15 b8 b7 bo Symbol Address Reset Value

LT |  ADO0O,ADO1  0381h-0380h, 0383h-0382h 0000 0000 XXXX XXXXb

R i AD02,AD03  0385h-0384h, 0387h-0386h 0000 0000 XXXX XXXXb

ERERERE | AD04, AD05 0389h-0388h, 038Bh-038Ah 0000 0000 XXXX XXXXb

EERRRRE : AD06, ADO7  038Dh-038Ch, 038Fh-038Eh 0000 0000 XXXX XXXXb
]

i i [N E : "

trrrrei H Bit Symbol Function RwW

rtereroen 1

i i E i E i E E Lo (b7_bO) The lower byte in an A/D converted result RO

trrrren =

[} ]

i i i i_ — In 10-bit mode: 2 upper bits in an A/D converted result RO

e (b9-b8) In 8-bit mode: These bits are read as 0

[

i . These bits are read as 0 RO

(b15-b10)

1. If this register is read by a program while the DMAC is configured to transfer converted results, the value is
undefined.

2. The register value written while the A/D converter stops operating is undefined.

3. Only the ADOO register is available when the DUS bit in the ADOCONS3 register is 1 (DMAC operating mode
enabled). Other registers are undefined.

4. When a converted result is transferred by DMAC at 10-bit mode, the DMAC should be set for a 16-bit transfer.

Figure 19.7 Registers AD00 to AD07
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19.1 Mode Descriptions

19.1.1 One-shot Mode

In one-shot mode, the analog voltage applied to a selected pin is converted into a digital code only
once. Table 19.2 lists specifications of one-shot mode.

Table 19.2 One-shot Mode Specifications
ltem Specification
Function Converts the analog voltage applied to a pin into a digital code only once. The
pin is selected by setting bits CH2 to CHO in the ADOCONO register, bits OPA1
and OPAQO in the ADOCON/1 register, and bits APS1 and APSO0 in the ADOCON2
register
Start conditions When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.
Stop conditions » A/D conversion is completed (the ADST bit is set to 0 when the software
trigger is selected)
* The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When A/D conversion is completed, an interrupt request is generated
generation timing
Input pin to be selected |One pin is selected from among AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2 7, AN15_0to AN15_7, ANEXO0, and ANEX1
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)
Read the ADQj register corresponding to the selected pin (j = 0 to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADOQO register by a program
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19.1.2 Repeat Mode

In repeat mode, the analog voltage applied to a selected pin is repeatedly converted into a digital code.
Table 19.3 lists specifications of repeat mode.

Table 19.3 Repeat Mode Specifications
ltem Specification
Function Converts the analog voltage input to a pin into a digital code repeatedly. The pin
is selected by setting bits CH2 to CHO in the ADOCONO register, bits OPA1 and
OPAO in the ADOCON1 register, and bits APS1 and APSO0 in the ADOCON2
register
Start conditions When the TRG bit in the ADOCONOQO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.

Stop conditions The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
generation timing disabled), no interrupt request is generated.

When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated
Analog voltage input One pin is selected from among AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
pins AN2_7, AN15_0 to AN15_7, ANEXO0, and ANEX1
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)
Read the ADQj register corresponding to the selected pin (j = 0 to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
* When the converted result is transferred by DMAC
Configure the DMAC (refer to 13. “DMAC").
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program
* When the converted result is transferred by a program
Read the ADOO register after the IR bit in the ADOIC register becomes 1. Set
the IR bit back to 0
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19.1.3 Single Sweep Mode

In single sweep mode, the analog voltage applied to selected pins is converted one-by-one into a digital
code. Table 19.4 lists specifications of single sweep mode.

Table 19.4  Single Sweep Mode Specifications
ltem Specification
Function Converts the analog voltage input to a set of pins into a digital code one-by-one.
The pins are selected by setting bits SCAN1 and SCANO in the ADOCON"1
register and bits APS1 and APSO0 in the ADOCONZ2 register
Start conditions When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.
Stop conditions * A/D conversion is completed (the ADST bit is set to 0 when the software
trigger is selected)
* The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request When the DUS bit in the ADOCONS register is 0 (DMAC operating mode
generation timing disabled) when a sweep is completed, an interrupt request is generated.
When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated
Analog voltage input Selected from a group of 2 pins (ANi_0 and ANi_1), 4 pins (ANi_0 to ANi_3), 6

pins pins (ANi_0 to ANi_5), or 8 pins (ANi_0 to ANi_7) (i = no value, 0, 2, 15)
Reading A/D converted |When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
result disabled)

Read the ADQj register corresponding to the selected pin (j =0 to 7)

When the DUS bit is 1 (DMAC operating mode enabled)
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program
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19.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, the analog voltage applied to selected pins is repeatedly converted into a
digital code. Table 19.5 lists specifications of repeat sweep mode 0.

Table 19.5 Repeat Sweep Mode 0 Specifications

ltem Specification
Function Converts the analog voltage input to a set of pins into a digital code repeatedly.
The pins are selected by setting bits SCAN1 and SCANO in the ADOCON"1
register and APS1 and APSO in the ADOCON2 register
Start conditions When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by
a program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.
* When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the
circuit to set the interrupt generating frequency in the three-phase motor
control timers after the ADST bit is set to 1 by a program.

Stop conditions The ADST bit is set to O (A/D conversion stopped) by a program
Interrupt request When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
generation timing disabled), no interrupt request is generated.

When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated
Analog voltage input Selected from a group of 2 pins (ANi_0 and ANi_1), 4 pins (ANi_0 to ANi_3), 6
pins pins (ANi_0 to ANi_5), or 8 pins (ANi_0 to ANi_7) (i = no value, 0, 2, 15)
Reading A/D converted |When the DUS bit in the ADOCON3 register is 0 (DMAC operating mode
result disabled)
Read the ADQj register corresponding to the selected pin (j = 0 to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
* When the converted result is transferred by DMAC
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADOO register by a program
* When the converted result is transferred by a program
Read the ADOO register after the IR bit in the ADOIC register becomes 1. Set
the IR bit back to 0
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19. A/D Converter

19.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, the analog voltage applied to eight selected pins including one to four
prioritized pins is repeatedly converted into a digital code. Table 19.6 lists specifications of repeat

sweep mode 1.

Table 19.6

Repeat Sweep Mode 1 Specifications

Item

Specification

Function

The analog voltage applied to eight selected pins including one to four prioritized
pins is repeatedly converted into a digital code. The prioritized pins are selected
by setting bits SCAN1 and SCANO in the ADOCON1 register and bits APS1 and
APSO0 in the ADOCONZ2 register
For example, when AN_0 is selected, the A/D conversion is performed in the
following order: AN_0—AN_1—-AN_0—-AN_2—-AN_0—AN_3e¢e-

Start conditions

When the TRG bit in the ADOCONO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program.

When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.

*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program. Retrigger is invalid.

*When 1 is selected,
generation of a timer B2 interrupt request which has passed through the circuit
to set the interrupt generating frequency in the three-phase motor control
timers after the ADST bit is set to 1 by a program.

Stop conditions

The ADST bit is set to 0 (A/D conversion stopped) by a program

Interrupt request
generation timing

When the DUS bit in the ADOCONS3 register is 0 (DMAC operating mode
disabled), no interrupt request is generated.

When the DUS bit is 1 (DMAC operating mode enabled), each time A/D
conversion is completed, an interrupt request is generated

Analog voltage input
pins

8 (ANi_0 to ANi_7) (i = no value, 0, 2, 15)

Prioritized pin(s)

Selected from a group of 1 pin (ANi_0), 2 pins (ANi_0 and ANi_1), 3 pins (ANi_0
to ANi_2), or 4 pins (ANi_0 to ANi_3)

Reading A/D converted
result

When the DUS bit in the ADOCONS register is 0 (DMAC operating mode
disabled)
Read the ADQj register corresponding to the selected pin (j = 0 to 7)
When the DUS bit is 1 (DMAC operating mode enabled)
* When the converted result is transferred by DMAC
Configure the DMAC (refer to 13. “DMAC”).
Then the A/D converted result is stored in the ADOO register after the
conversion is completed. The DMAC transfers the converted result from the
ADOO register to a given memory space.
Do not read the ADQO register by a program
* When the converted result is transferred by a program
Read the ADOO register after the IR bit in the ADOIC register becomes 1. Set
the IR bit back to 0
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19.1.6 Multi-port Single Sweep Mode

In multi-port single sweep mode, the analog voltage applied to 16 selected pins is converted one-by-
one into a digital code. The DUS bit in the ADOCONS register should be set to 1 (DMAC operating
mode enabled). Table 19.7 lists specifications of multi-port single sweep mode.

Table 19.7  Multi-port Single Sweep Mode Specifications
ltem Specification
Function Converts the analog voltage input to a set of 16 selected pins into a digital code
one-by-one in the following order: AN_0 to AN_7—-ANi_0to ANi_7 (i=0, 2, 15)
The 16 pins are selected by setting bits MPS11 and MPS10 in the ADOCON4
register
For example, when bits MPS11 and MPS10 are set to 10b (AN_0 to AN_7,
ANO_O0 to ANO_7), the analog voltage is converted into a digital code in the
following order:
AN_0—-AN_1-AN _2—-AN 3-AN_4-AN 5-AN_6—~AN_7-ANQ_Q—seee—
ANO_6—ANO_7
Start conditions When the TRG bit in the ADOCONOQO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
* When 1 is selected,
generation of a timer B2 interrupt request which has passed through the circuit
to set the interrupt generating frequency in the three-phase motor control
timers after the ADST bit is set to 1 by a program.

Stop conditions * A/D conversion is completed (the ADST bit is set to 0 when the software trigger
is selected)
* The ADST bit is set to 0 (A/D conversion stopped) by a program
Interrupt request Every time A/D conversion is completed (set the DUS bit to 1)

generation timing
Analog voltage input A combination of pin group is selected from AN_0 to AN_7—-AN15_0to AN15 7,

pins AN_O to AN_7-ANO_0 to ANO_7, or AN_0O to AN_7—AN2_0 to AN2_7
Reading A/D converted |Set the DUS bit to 1 and configure the DMAC (refer to 13. “DMAC”).
result Then the A/D converted result is stored in the ADOO register after the conversion

is completed. The DMAC transfers the converted result from the ADOO register to
a given memory space.
Do not read the ADOQO register by a program
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19.1.7 Multi-port Repeat Sweep Mode 0

In multi-port repeat sweep mode 0, the analog voltage applied to 16 selected pins is repeatedly
converted into a digital code. The DUS bit in the ADOCONS register should be set to 1 (DMAC
operating mode enabled). Table 19.8 lists specifications of multi-port repeat sweep mode 0.

Table 19.8  Multi-port Repeat Sweep Mode 0 Specifications
ltem Specification
Function Converts the analog voltage input to a set of 16 selected pins into a digital code
repeatedly in the following order: AN_0 to AN_7—ANi_0to ANi_7 (i=0, 2, 15)
The 16 pins are selected by setting bits MPS11 and MPS10 in the ADOCON4
register
For example, when bits MPS11 and MPS10 are set to 10b (AN_0 to AN_7,
ANO_0 to ANO_7),the analog voltage is converted into a digital code
repeatedly in the following order:
AN_0—-AN_1-AN_2—-AN 3-AN_4-AN 5-AN_6—~AN_7-ANQ_Q—seee—
ANO_6—ANO_7
Start conditions When the TRG bit in the ADOCONOQO register is 0 (software trigger)
The ADST bit in the ADOCONO register is set to 1 (A/D conversion started) by a
program.
When the TRG bit is 1 (external trigger or hardware trigger)
Set the TRGO bit in the ADOCONZ2 register to select external trigger request
source.
*When 0 is selected,
an input signal at the ADTRG pin switches from high to low after the ADST bit
is set to 1 by a program.
* When 1 is selected,
generation of a timer B2 interrupt request which has passed through the circuit
to set the interrupt generating frequency in the three-phase motor control
timers after the ADST bit is set to 1 by a program.
Stop conditions The ADST bit is set to O (A/D conversion stopped) by a program
Interrupt request Every time A/D conversion is completed (set the DUS bit to 1)
generation timing
Analog voltage input A combination of pin group is selected from AN_0 to AN_7—-AN15_0to AN15_7,

pins AN_O to AN_7—-ANO_0 to ANO_7, or AN_0O to AN_7—AN2_0 to AN2_7
Reading A/D converted |Set the DUS bit to 1 and configure the DMAC (refer to 13. “DMAC”).
result Then the A/D converted result is stored in the ADOO register after the conversion

is completed. The DMAC transfers the converted result from the ADOO register to
a given memory space.
Do not read the ADQO register by a program
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19.2 Functions

19.2.1 Resolution Selection

Resolution is selected by setting the BITS bit in the ADOCON1 register. When the BITS bit is set to 1
(10-bit precision), the A/D converted result is stored into bits 9 to 0 in the ADQi register (i = 0 to 7).
When the BITS bit is set to 0 (8-bit precision), the result is stored into bits 7 to 0 in the ADQi register.

19.2.2 Sample and Hold Function

This function improves the conversion rate per pin to 28 ¢AD cycles at 8-bit resolution and 33 $AD
cycles for 10-bit resolution. This function is available in all operating modes and is enabled by setting
the SMP bit in the ADOCON2 register to 1 (with sample and hold function). Start A/D conversion after
setting the SMP bit.

19.2.3 Trigger Selection

A trigger to start A/D conversion is specified by the combination of TRG bit in the ADOCONO register
and the TRGO bit in the ADOCON?2 register. Table 19.9 lists the settings of the trigger selection.

Table 19.9  Trigger Selection Settings

Bit and Setting .
- , Trigger
ADOCONO register | ADOCONZ2 register
TRG =0 Software trigger
o The ADST bit in the ADOCONO register is set to 1
TRG=11,2) TRG0 =0 External trigger
Falling edge of a signal applied to the ADTRG pin
TRGO =1 Hardware trigger
Generation of a timer B2 interrupt request which has passed
through the circuit to set the interrupt generating frequency
in the three-phase motor control timers

Notes:
1. A/D conversion starts when a trigger is generated while the ADST bit is 1 (A/D conversion started).
2. When an external trigger or a hardware trigger is generated during A/D conversion, the A/D converter
aborts the operation in progress. Then, it restarts the operation.

19.2.4 DMAC Operating Mode

DMAC operating mode can be used in all operating modes. DMAC operating mode is highly
recommended when the A/D converter is in multi-port single sweep mode or multi-port repeat sweep
mode 0. When the DUS bit in the ADOCONS3 register is set to 1 (DMAC operating mode enabled), all A/
D converted results are stored in the ADOO register. The DMAC transfers the data from the ADOO
register to a given memory space every time A/D conversion is completed at a pin. 8-bit DMA transfer
should be selected for 8-bit resolution. For 10-bit resolution, 16-bit DMA transfer should be selected.
Refer to 13. “DMAC” for details.
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19.2.5 Function-extended Analog Input Pins

In one-shot mode and repeat mode, pins ANEXO and ANEX1 can be used as analog input pins by
setting bits OPA1 and OPAO in the ADOCON1 register (refer to Table 19.10). The A/D converted results
of pins ANEXO and ANEX1 are stored into registers ADOO and ADO1, respectively. However, when the
DUS bit in the ADOCONS register is set to 1 (DMAC operating mode enabled), all results are stored into
the ADOO register.

To use function-extended analog input pins, bits APS1 and APSO0 in the ADOCONZ2 register should be
set to 00b (ANO to AN7, ANEXO, ANEX1 function as analog input ports) and the MSS bit in the
ADOCONS register to 0 (multi-port sweep mode disabled).

Table 19.10 Function-extended Analog Input Pin Settings

ADOCON1 Register
ANEXO0 ANEX1
OPA1 OPAO
0 0 Not used Not used
0 1 Analog input Not used
1 0 Not used Analog input
1 1 Output to an external op-amp Input from an external op-amp

19.2.6 External Operating Amplifier (Op-Amp) Connection Mode

In external op-amp connection mode, multiple analog inputs can be amplified by one external op-amp
using function-extended analog input pins ANEX0 and ANEX1.

When bits OPA1 and OPAOQ in the ADOCON1 register are 11b (external op-amp connected), the voltage
applied to pins ANO to AN7 is output from the ANEXO pin. This output signal should be amplified by an
external op-amp and applied to the ANEX1 pin.

The analog voltage applied to the ANEX1 pin is converted into a digital code. The converted result is
stored in the corresponding ADQi register (i = 0 to 7). The conversion rate varies with the response of
the external op-amp. Note that the ANEXO pin should not be connected to the ANEX1 pin directly.

To use external op-amp connection mode, set bits APS1 and APSO0 in the ADOCON?2 register to 00b.
Figure 19.8 shows an example of an external op-amp connection.

19. A/D Converter

AN_O
AN_1
AN_2 \}o
Analog input AN 3 Lo Successive conversion register
—» -
AN_4 ro
AN_5 /'j
AN_6
AN 7 / Resistor ladder
ANEXO0
O
ANEX1 00b
O o ~o
Bits APS1 and APSO0 in
External op-amp the ADOCON2 register
Figure 19.8 External Op-Amp Connection
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19.2.7 Power Saving

When the A/D converter is not in use, power consumption can be reduced by setting the VCUT bit in
the ADOCONT1 to 0 (VREF disconnected). With this bit setting, the reference voltage input pin (VREF)
can be disconnected from the resistor ladder, which enables the power supply from the VREF to the
resistor ladder to stop.

To use the A/D converter, set the VCUT bit to 1 (VREF connected) and wait at least 1 ys before setting
the ADST bit in the ADOCONO register to 1 (A/D conversion started). Bits ADST and VCUT should not
be set to 1 simultaneously. The VCUT bit should not be set to 0 during A/D conversion.

The VCUT bit does not affect VREF performance of the D/A converter (refer to Figure 19.9).

VREF O * » To D/A converter

| Resistor ladder |

AVSS © 6o |

VCUT bit

Figure 19.9 Power Supply by VCUT Bit

19.2.8 Output Impedance of Sensor Equivalent Circuit under A/D Conversion

Figure 19.10 shows an analog input pin and external sensor equivalent circuit.

To perform A/D conversion correctly, the internal capacitor (C) charging, shown in Figure 19.10, should
be completed within the specified period. This period, called the sampling time, is 2 $AD cycles for
conversion without the sample and hold function and 3 $AD cycles for conversion with this function.

____________________ MCU
! Sensor equivalent |}
| circuit 1
1 :
i RO | R
: VVW— O VWA I
] ]
] ]
] ] V
i VIN i c I N
] ]
i i Ve N
] 1
1 1
1 ]
] ]
| ]
> t

Figure 19.10 Analog Input Pin and External Sensor Equivalent Circuitry
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R32C/116 Group 19. A/D Converter

The voltage between pins (VC) is expressed as follows:

_ t
Ve = VIN{I e C(R“R)}
When t = T and the precision (error) is x or less,
VC = VIN-ZVIN = VIN(I J-‘)
y y

Thus, output impedance of the sensor equivalent circuit (R0O) is determined by the following formulas:

_ T
B C(RO+R) _ x
y
T - In¥
———— . — n_
C(RO +R) ¥
RO =L _p
Cln%
y

where:

T[s] = Sampling time

RO[Q] = Output impedance of the sensor equivalent circuit

VC = Potential difference between edges of capacitor C

R[Q] = Internal resistance of the MCU

X[LSB] = Precision (error) of the A/D converter

y[step] = Resolution of the A/D converter (1024 steps at 10-bit mode, 256 steps at 8-bit mode)

When ¢AD = 10 MHz, the A/D conversion mode is 10-bit resolution with the sample and hold function,
the output impedance (R0O) with the precision (error) of 0.1 LSB or less is determined by the following
formula:

Using T = 0.3 ys, R = 2.0 kQ (reference value), C = 6.5 pF (reference value), x = 0.1, y = 1024,

RO = —

2998

Thus, the allowable output impedance of the sensor equivalent circuit (R0), making the precision (error)
of 0.1 LSB or less, should be less than 3 kQ.
The actual error, however, is the value of absolute precision added to the 0.1 LSB mentioned above.
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19.3 Notes on A/D Converter

19.3.1 Notes on Designing Boards
* Three capacitors should be placed between the AVSS pin and pins such as AVCC, VREF, and
analog inputs (AN_0 to AN_7, ANO_0to ANO_7, AN2_0to AN2_7, and AN15 _0to AN15_7) to
avoid erroneous operations caused by noise or latchup, and to reduce conversion errors. Figure
19.11 shows an example of pin configuration for A/D converter.

MCU
- -
AVCC
VREF
C1 == -— C2
Analog input pins _T_ O
T C3
AVSS
777

Notes:
1. C1>0.47 yF, C2>0.47 yF, and C3 > 100 pF (reference values)
2. The traces for the capacitor and the MCU should be as short and wide as physically possible.

Figure 19.11 Pin Configuration for the A/D Converter

* Do not use AN_4 to AN_7 for analog input if the key input interrupt is to be used. Otherwise, a key
input interrupt request occurs when the A/D input voltage becomes VIL or lower.

* When AVCC = VREF = VCC, A/D input voltage for pins AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2_7, AN15_0 to AN15_7, ANEXO0, and ANEX1 should be VCC or lower.
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19.3.2 Notes on Programming

* The following registers should be written while A/D conversion is stopped. That is, before a trigger
occurs: ADOCONO (except the ADST bit), ADOCON1, ADOCON2, ADOCON3, and ADOCONA4.

* When the VCUT bit in the ADOCONT1 register is changed from 0 (VREF connected) to 1 (VREF
disconnected), wait for at least 1 ys before starting A/D conversion. When not performing A/D
conversion, set the VCUT bit to 0 to reduce power consumption.

* Set the port direction bit for the pin to be used as an analog input pin to 0 (input). Set the ASEL bit
of the corresponding port function select register to 1 (port is used as A/D input).

* When the TRG bit in the ADOCONOQO register is 1 (external trigger or hardware trigger), set the
corresponding port direction bit (PD9_7 bit) for the ADTRG pin to 0 (input).

* The $AD frequency should be 16 MHz or lower when VCC is 4.2 to 5.5V, and 10 MHz or lower
when VCC is 3.0 to 4.2 V. It should be 1 MHz or higher when the sample and hold function is
enabled. If not, it should be 250 kHz or higher.

* When A/D operating mode (bits MD1 and MDO in the ADOCONO register or the MD2 bit in the
ADOCONT1 register) has been changed, reselect analog input pins by setting bits CH2 to CHO in
the ADOCONO register or bits SCAN1 and SCANO in the ADOCON1 register.

« If the ADQi register is read when the A/D converted result is stored to the register, the stored value
may have an error (i = 0 to 7). Read the ADQi register after A/D conversion is completed.
In one-shot mode or single sweep mode, read the ADOi register after the IR bit in the ADOIC
register becomes 1 (interrupt requested).
In repeat mode, repeat sweep mode 0, or repeat sweep mode 1, an interrupt request can be
generated each time A/D conversion is completed when the DUS bit in the ADOCONS register is 1
(DMAC operating mode enabled). Similar to the other modes above, read the ADOO register after
the IR bit in the ADOIC register becomes 1 (interrupt requested).

* When an A/D conversion is halted by setting the ADST bit in the ADOCONO register to 0, the
converted result is undefined. In addition, the unconverted ADOQi register may also become
undefined. Consequently, the ADQi register should not be used just after A/D conversion is halted.

« External triggers cannot be used in DMAC operating mode. When the DMAC is configured to
transfer converted results, do not read the ADOO register by a program.

* While in single sweep mode, if A/D conversion is halted by setting the ADST bit in the ADOCONO
register to 0 (A/D conversion is stopped), an interrupt request may be generated even though the
sweep is not completed. To halt A/D conversion, disable interrupts before setting the ADST bit to 0.
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20. D/A Converter

The MCU has two separate 8-bit R-2R resistor ladder D/A converters.

Digital code is converted to an analog voltage when a value is written to the corresponding DAi register
(i=0, 1). The DAIE bit in the DACON register determines whether the D/A conversion result is output or
not. Set the DAIE bit to 1 (output enabled) to output the converted value. This bit setting disables a pull-up
resistor for the corresponding port.

Analog voltage to be output (V) is calculated based on the value (n) set in the DAI register (n is a decimal
number).

VREF xn
256

VREF: reference voltage

V= (n =0to 255)

Table 20.1 lists specifications of the D/A converter. Figure 20.1 shows a block diagram of the D/A converter.
Figures 20.2 and 20.3 show registers associated with the D/A converter. Figure 20.4 shows a D/A converter
equivalent circuit.

When the D/A converter is not used, set the DAI register to 00h and the DAIE bit to 0 (output disabled).

Table 20.1 D/A Converter Specifications

ltem Specification
D/A conversion method |R-2R resistor ladder
Resolution 8 bits
Analog output pins 2 channels

Lower byte of data bus

)

| DAO register | DAOE

) 0
| R-2R resistor ladder li"’/:ﬂ—o DAO

)

| DAA1 register | DAIE

) 0
| R-2R resistor ladder li"’/:ﬂ—o DA1

DAOE and DA1E: Bits in the DACON register

Figure 20.1 D/A Converter Block Diagram
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20. D/A Converter

S

D/A Control Register

b7 b6 b5 b4 b3 b2 b1 b0

e cccccc e ——————

Symbol Address Reset Value
DACON 039Ch XXXX XX00b
Bit Symbol Bit Name Function RW
. 0: Output disabled
DAOE D/AQ Output Enable Bit 1 Output enabled RW
. 0: Output disabled
DA1E D/A1 Output Enable Bit 1 Output enabled RW
— No register bits; should be written with 0 and read as undefined .
(b7-b2) value

Figure 20.2 DACON Register

b7

b0

D/A Registeri (i=0, 1)

Symbol
DAO, DA1

Address
0398h, 039Ah

Reset Value
Undefined

Function

Setting Range |RW

Output value by the D/A conversion

00h to FFh RwW

Figure 20.3 Registers DAO and DA1

Notes:

DAO  O— A
0

AVSS O
VREF O

1.
2.
3.

R

DAO register

This figure applies when the DAO register is 2Ah.
This circuitry also applies to D/A converter 1.

To reduce power consumption when the D/A converter is not in use, set the DAIE bit to 0 (output
disabled) and the DAi register to 00h to prevent the current from flowing into the R-2R resistor ladder

(i=0,1).

Figure 20.4 D/A Converter Equivalent Circuitry
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R32C/116 Group 21. CRC Calculator

21. CRC Calculator

The Cyclic Redundancy Check (CRC) calculator is used for detecting errors in data blocks. A generator
polynomial of CRC-CCITT (X16 + X12 + X5 + 1) generates the CRC.

The CRC is a 16-bit code generated for a given set of blocks of 8-bit data. It is set in the CRCD register
every time 1-byte data is written to the CRCIN register after a default value is set to the CRCD register.
Figure 21.1 shows a block diagram of the CRC calculator. Figures 21.2 and 21.3 show registers associated
with the CRC. Figure 21.4 shows an example of the CRC calculation.

§ Upper byte of data bus
| [ >
§ Lower byte of data bus

il Upper byte il TT Lower byte

CRCD register

11 11

CRC generator
X16+X12+ x5+ 1

| CRCIN register |

3

Figure 21.1 CRC Calculator Block Diagram

CRC Data Register

p1% b8 b7 b0 Symbol Address Reset Value
| | crep 037Dh-037Ch Undefined

The CRC calculation result is stored in the CRCD register.
When a default value in a reversed bit position is set in this
------------- register and then data in reversed bit position is written to the 0000h to FFFFh RW
CRCIN register, the CRC in the reversed bit position is read
from this register

i
]
i
]
| Function Setting Range |RW
i
]
]
]
]

Figure 21.2 CRCD Register
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CRC Input Register

b7 b0 Symbol Address Reset Value
| | crciN 037Eh Undefined
!
]
E Function Setting Range |RW
]
]

This register is for input data.

------------- Input data should be in the reversed bit position 00 to FFh RW
Figure 21.3 CRCIN Register
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CRC Calculation and Setting Procedure to Generate CRC for 80C4h

® CRC Calculation for R32C

CRC: a remainder of the division as follows: reversed-bit-position value in the CRCIN register

generator polynominal
Generator Polynomial: X6+ X2+ X5+ 1(1 0001 0000 0010 0001b)

® Setting Procedure
(1) Reverse the bit position of 80C4h in 1-byte units by a program

80h to 01h, C4h to 23h

(2) Set 0000h (default value in reversed bit position) in CRCD register
b15 bo
| 0000h |  CRCD register

(3) Set 01h (80h in reversed bit position) in CRCIN register

b7 b0
1189h, CRC for 80h (9188h) in reversed bit position is
b15 b stored into the CRCD register in the third cycle.
1189h |  CRCD register

(4) Set 23h (C4h in reversed bit position) in CRCIN register

b7 b0
23h CRCIN register
0A41h, CRC for 80C4h (8250h) in revered bit position is
b15 b stored into the CRCD register in the third cycle.
0A41h |  CRCD register

® Details of the CRC Calculation

As shown in (3) above, add 1000 0000 0000 0000 0000 0000b as 80h (1000 0000b) plus 16 digits to 0000 0000 0000
0000 0000 0000b as the default value of the CRCD register, 0000h plus eight digits to perform the modulo-2 division.

1000 1000
1000 1000 0001 0000 1 ) 1000 0000 0000 0000 0000 0000 «— data The modulo-2 calculation is
T 1000 1000 0001 0000 1 based on the following law
0+0=0
Generator Polynomial 100000010000 1000 0 0+1=1
1000 1000 0001 0000 1 1+0=1
1001 0001 1000 1000 1+1=0
-1=1
CRC

0001 0001 1000 1001b (1189h), the reversed-bit-position value of remainder 1001 0001 1000 1000b (9188h) can be
read from the CRCD register.

When continuing on to (4) above, add 1100 0100 0000 0000 0000 0000b as C4h (1100 0100b) plus 16 digits to 1001
0001 1000 1000 0000 0000b as the remainder of (3) left in the CRCD register plus eight digits to perform the modulo-2
division.

0000 1010 0100 0001b (0A41h), the reversed-bit-position value of remainder 1000 0010 0101 0000b (8250h) can be
read from the CRCD register.

Figure 21.4 CRC Calculation
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22. X-Y Conversion

X-Y conversion rotates a 16 x 16-bit matrix data 90 degrees or reverses the bit position of 16-bit data.

X-Y conversion is set using the XYC register shown in Figure 22.1.

Data is written to the write-only XiR registers and converted data is read from the read-only Y|R register (i =
0 to 15;j = 0 to 15). These registers are allocated to the same address. Figures 22.2 and 22.3 show
registers XiR and YjR, respectively. A write/read access to registers XiR and YjR should be performed in
16-bit units from an even address. 8-bit access operation results are undefined.

X-Y Control Register

b7 6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
XYC 02EOh XXXX XX00b

]
{ [ Bitsymbol Bit Name Function RW

1

1

t--{  XYCO |Read Mode Set Bit 0: Data rotation RW
1: No data rotation

0: No bit position reverse

g
g gy Sy

(EEEEEL XYC1 Write Mode Set Bit . - RW
1: Bit position reverse
S T S — No register bits; should be written with 0 and read as undefined _
(b7-b2) value
Figure 22.1 XYC Register
Xi Register (i=0to 15) ("
b15 b3 b7 bo Symbol Address Reset Value
i | XOR to X2R 02C1h-02C0h, 02C3h-02C2h, 02C5h-02C4h Undefined
1 X3R to X5R 02C7h-02C6h, 02C9h-02C8h, 02CBh-02CAh  Undefined
E X6R to X8R 02CDh-02CCh, 02CFh-02CEh, 02D1h-02D0Oh  Undefined
! X9R to X11R 02D3h-02D2h, 02D5h-02D4h, 02D7h-02D6h Undefined
E X12R to X14R  02D9h-02D8h, 02DBh-02DAh, 02DDh-02DCh  Undefined
! X15R 02DFh-02DEh Undefined
]
]
E Function Setting Range |RW
]
— Input data for X-Y conversion 0000h to FFFFh [ WO
Note:
1. A 16-bit write access to this register should be performed.

Figure 22.2 Registers X0R to X15R
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b15 b8 b7 b0

Note:

Y] Register (j=0to 15)

Symbol Address Reset Value
YOR to Y2R 02C1h-02C0h, 02C3h-02C2h, 02C5h- 02C4h  Undefined
Y3R to Y5R 02C7h-02C6h, 02C9h-02C8h, 02CBh-02CAh  Undefined
Y6R to Y8R 02CDh-02CCh, 02CFh-02CEh, 02D1h-02D0h  Undefined
YOR to Y11R  02D3h-02D2h, 02D5h-02D4h, 02D7h-02D6h Undefined
Y12R to Y14R 02D9h-02D8h, 02DBh-02DAh, 02DDh-02DCh  Undefined
Y15R 02DFh-02DEh Undefined

Function RW

Result of X-Y conversion RO

1. A 16-bit read access to this register should be performed.

Figure 22.3 Registers YOR to Y15R

22.1 Data Conversion When Reading

Set the XYCO bit in the XYC register to select a read mode for the YjR register. When the XYCO bit is 0
(data rotation), bit j in the corresponding registers XOR to X15R is automatically read upon reading the
YjR register (j = 0 to 15).
More concretely, upon reading biti (i = 0 to 15) in the YOR register, the data of bit 0 in the XiR register is
read. That is, the read data of bit 0 in the Y15R register means the data of bit 15 in the XOR register and
the data of bit 15 in the YOR register is identical to that of bit O in the X15R register.
Figure 22.4 shows the conversion table when the XYCO bit is 0 and Figure 22.5 shows an example of X-Y

conversion.
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Addresses to be read
A

Y15R )
Y14R
Y13R
Y12R
Y11R
Y10R
YOR
Y8R
X7R
Y6R
Y5R
Y4R
Y3R
Y2R
Y1R
YOR

XOR
X1R
X2R
X3R
X4R
X5R
X6R
X7R
X8R
X9R
X10R
X11R
X12R
X13R
X14R
X15R

b0

»
>

Addresses to be written
N
Bits in the YjR register

o
Y

b15

b0 i=0to 15
Bits in the XiR register j=0to 15

b15 <€

\ 4

Figure 22.4 Conversion Table (XYCO Bit is 0)

i
( V|
. nw < O N «~ O N <+ MO N «— O
Registers S oo o5 n33588238583 Registers Yo o o o » o 385 883385 83
XO0R YOR
X1R Y1R R
X2R Y2R
X3R Y3R
X4R Y4R
X5R Y5R
X6R Y6R
X7R [j> X7R
<
X8R Y8R
X9R YO9R
X10R Y10R
X11R Y11R
X12R Y12R
X13R Y13R
X14R Y14R
v
X15R — Y15R <«
Figure 22.5 X-Y Conversion
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When the XYCO bit is set to 1 (no data rotation), the data of each bit in the YjR register is identical to that
written in the XiR register. Figure 22.6 shows the conversion table when the XYCO bit is set to 1.

Address to be written,
address to be read

<

XO0R, YOR
X1R, Y1IR
X2R, Y2R
X3R, Y3R
X4R, Y4R
X5R, Y5R
X6R, Y6R
X7R, Y7TR
X8R, Y8R
X9R, YOR
X10R, Y10R
X11R, Y11R
X12R, Y12R
X13R, Y13R
X14R, Y14R
X15R, Y15R

b15 <«

\4

Bits in the XiR register
Bits in the YjR register

b0

i=0to15
j=0to 15

Figure 22.6 Conversion Table (XYCO Bit is 1)

22.2 Data Conversion When Writing
Set the XYC1 bit in the XYC register to select a write mode for the XiR register.

When the XYC1 bit is set to 0 (no bit position reverse), the data is written in order. When it is set to 1 (bit
position reverse), the data is written in reversed order. Figure 22.7 shows the conversion table when the
XYC1 bitis setto 1.

b0

b15
Data to be
written
b15
XiR register
(i=0to 15)

Figure 22.7 Conversion Table (XYC1 Bitis 1)
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23. Intelligent I/O

The intelligent 1/0 is a multifunctional 1/O port for time measurement, waveform generation, variable
character length synchronous serial interface, and IEBus.
It consists of three groups each of which has one free-running 16-bit base timer and eight 16-bit registers for
time measurement or waveform generation.
Table 23.1 lists the functions and channels of the intelligent I/O.

Table 23.1  Intelligent /O Functions and Channels
Functions Group 0 Group 1 Group 2
Time Digital filter 8 channels 8 channels
measurement (1) |Prescaler 2 channels 2 channels Not available
Gating 2 channels 2 channels
Waveform Single-phase waveform output mode |8 channels 8 channels 8 channels
generation (1) Inverted waveform output mode 8 channels 8 channels 8 channels
SR waveform output mode 8 channels 8 channels 8 channels
Bit modulation PWM mode 8 channels
RTP mode Not available [Not available |8 channels
Parallel RTP mode 8 channels
Serial interface | Variable character length synchronous
serial interface mode Not available [Not available |Available
IEBus mode (optional (2))

Notes:

1. The time measurement and waveform generation functions share a pin.
2. Contact a Renesas Electronics sales office to use the optional features.

Each channel can be individually assigned for time measurement or waveform generation function.

Figures 23.1 to 23.3 show block diagrams of the intelligent 1/0.
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Request from group 1 Request by matching the base timer with the GOPOO register
Request from the INTO pin or the INT1 pin Group 0 base
BT0S | timer reset
BCK1 and BCKO grg :D—o—_(_/
14— Reset
Two-phase pulse input ﬁ—o
Ol 45 Divide-by- fBTO ) Base timer interrupt request
Oo_f 1 2(n+1) divider Base timer > BTOR
7J/; DIV4 to DIVO | Base timer overflow
— Edge | GOTMO, GOPOO |
1100_0 input Df!ﬁ'tal selection register () < O 1100_0 output
T8 _IDF1and DFO  CTSTand CTSO e
o
s
R | Edge GOTM1, GOPO1 | E O 1100_1 output
1100_1 input fige? X selection register () - P
DF1and DFO  CTSTand CTSO L |
\:E}OO Ed GOTM2, GOPO2
—L ge ) n
1100_2 input II;!IgltaI 1X selection register () = O1100_2 output
lter_|oF1andDFO CTSTand CTSO 2
o
s
=
L 00 Edge | GOTM3, GOPO3 =
lloo_3 inputol—{ Df:ﬂ:f' }ZE} | selection| register () O1100_3 output
DF1and DFO  CTS1and CTSO L
L 00 Edge | GOTM4, GOPO4
100_4 inputol—{ Digital }:E“( E selection register ( = O 1100_4 output
lter_|oF1andDFO ©T87and CTSO 2
o
=
2
00 Edge | GOTMS, GOPO5 a
— ge , N
1100_5 inputOl— Df;ﬁgf' :E1X E selection register () O 1100_5 output
DF1and DFO  CTS1and CTSO L
DF1 and DFO N
L 00 GOTM6, GOPO6
100_6 inputOe—| Digial register () B O 1100_6 output
filter 32
3
DF1 and DFO §
—L GOTM7, GOPO7 o
100_7 inputOe— 192! - register ) O 1100_7 output
CTS1 and CTSO PR — Interrupt
request
DIV4 to DIVO, BCK1, and BCKO: Bits in the GOBCRO register signals
BTS: Bit in the GOBCR1 register Ch0 to Ch7
BTOS: Bit in the BTSR register
CTS1, CTSO, DF1, DFO, GT, and PR: Bits in the GOTMCR;j register
BTOR: Bit in the IIO7IR register
Note:
1. Each register is placed in a reset state after the clock is provided via the GOBCRO register.

Figure 23.1 Intelligent /O Group 0 Block Diagram (j = 0 to 7)
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23. Intelligent 1/0

Request from group 0 Request by matching the base timer with the G1POO register
Request from the TNTO pin or the INTT pin Group 1 base
BT1S | timer reset
BCK1 and BCKO grg :D—o—_(_/
1= Reset
Two-phase pulse input ﬁ—o
Ol 45 Divide-by- fBT1 ) Base timer interrupt request
Oo_f 1 2(n+1) divider Base timer > BT1R
7J/; DIV4 {0 DIVO | Base timer overflow_
— Edge | G1TMO, G1POO | _
101_0 input Df!ﬁltal selction register (1 - O 1101_0 output
L& _IDF1and DFO  CTSTand CTSO 2
3
o
s
L 0 [ Edge G1TM1, G1POT g
”01_1 inputOl—{ Df:glet?l }EE} selection. register 1) * O ”01—1 output
DF1and DFO CTS1 and CTSO L
00 Ed G1TM2, G1PO2
—= ge , N
101 2 inputol—{ II;!IgzltaI }ZE} selection register ( - QO1101_2 output
T _IDF1and DFO  CTST and CTSO e
o
=
L 00 Edge | G1TM3, G1PO3 =
1013 inpmol—{ E;:I%:atfl }EE} selection | register () Q11013 output
DF1and DFO  'CTS1and CTSO L
L 00 Edge | G1TM4, G1PO4
01_4 inputol—{ Df!ﬁ'tal }ZE} selection register () = O101_4 output
Per_IDF1and DFO  CTSTand CTSO 3
3
o
=
00 Edge | G1TMS5, G1PO5 a
— ge 3 o
1101_5 inputol— Df:ﬁletfl EE} selection . register (1) O 101_5 output
DF1and DFO  'CTS1 and CTSO L
DF1 and DFO —
T 00 G1TM6, G1PO6
101_6 input D!gltal register = O 1101_6 output
filter 32
3
DF1 and DFO 2
—L G1TM7, G1PO7 &
1101_7 inputQO E;:Eg?' GT register () O 1101_7 output
CTS1 and CTSO PR — Interrupt
\ ) request
DIV4 to DIVO, BCK1, and BCKO: Bits in the G1BCRO register signals
BTS: Bit in the G1BCR1 register Cho to Ch7
BT1S: Bit in the BTSR register
CTS1, CTSO, DF1, DFO, GT, and PR: Bits in the G1TMCR;j register
BT1R: Bit in the 1I04IR register
Note:
1. Each register is placed in a reset state after the clock is provided via the G1BCRO register.

Figure 23.2 Intelligent /O Group 1 Block Diagram (j = 0 to 7)
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23. Intelligent 1/0

Note:

Request from group 1 -
Request from the serial Request by matching
interface the base timer with the
BT2S GZEOO
BTS N register
Reset Group 2 base
BCK1 and BCKO timer reset
11 Divide-by- fBT2 . . .
f1 2(n+1) divider Base timer » Base timer interrupt request BT2R
DV4t©oDIVO e | _4 Overflow of bit 15 in the Real-time port
base timer output value
MOD2 to MODO
| G2P00 | [ Bit modulation PwM | |— 000 to 010,100, ouTC2_0/
register | | | PWM E—o ISTXD2/
output w00 IEOUT
0
| G2PO1 ] [ = - | L_{ control 010100 AMOD2 to MODO
) Bit modulation PWM - ouTC2_1/
(U] _
ISCLK2 o register @ _ | | | _@* ISCLK2
111
| reGgistt’Srz“) I I Bit modulation PWM I 0 OUTC2_2
Digital PWM
IEIN/ISRXD2 o—¢ output
control
G.2P031 l l Bit modulation PWM l 0 OUTC2_3
register | | |
G2P0O4 | [ o . |
| register @ | l Bit modulation PWM [ PWM 0 OUTC2_4
output
control
G2POs | [ Bit modutation PwM | 60UTC2_5
register | | |
G2PO6 | [ & . |
| register @ | l Bit modulation PWM | PWM 0 OUTC2_6
output
control
G.2P071 [ l Bit modulation PWM l 0 OUTC2_7
register | I | |
L\ . Waveform

G2TB register

Bit
counter

Clock
|_selector

|—| l—‘»—l Transmit register

|:_| Output control |

T | A

Transmit parity
calculation
Byte counter

L ACK calculation

I

OPOL
Transmit{ g1 | Polarity
latch -l inversion

A

Arbitration lost
detection

Start bit detection

IE, serial interface
interrupt control

A Receive parity
IPOL calculation
Polarity
| inversion [ |

’_I Receive register

’J | G2RB register |

ID detection

Statement length
detection

ALL “F” detection

Address detection

DIV4 to DIVO, BCK1, and BCKO: Bits in the G2BCRO register
BTS: Bit in the G2BCR1 register

BT2S: Bit in the BTSR register

OPOL and IPOL: Bits in the G2CR register

DF: Bit in the IECR register

MOD2 to MODO: Bits in the G2POCR;j register

BT2R, PO2JR, IEOR to IE2R, SIO2TR, and SIO2RR: Bits in registers lI0O3IR and IIO5IR to 1I011IR

1. Each register is placed in a reset state after the clock is provided via the G2BCRO register.

[

P |E start bit interrupt request: IEOR to IE2R
|E transmit interrupt request:

IEOR to IE2R

2
IE receive interrupt request:

IEOR to IE2R

Synchronous serial interface transmit
interrupt request: SIO2TR
Synchronous serial interface receive
interrupt request: SIO2RR

" generation interrupt
request PO2jR

Figure 23.3

Intelligent 1/0 Group 2 Block Diagram

(i=0to7)
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R32C/116 Group 23. Intelligent 1/0

Figures 23.4 to 23.17 show registers associated with the intelligent 1/O base timer, time measurement, and
waveform generation (for registers associated with the serial interface, refer to Figures 23.33 to 23.40).

Group i Base Timer Register (i=0to2) ™

b15 b8 b7 b0 Symbol Address Reset Value
| GOBT, G1BT 01A1h-01A0h, 0121h-0120h Undefined
G2BT 0161h-0160h Undefined

Function Setting Range |RW

- While the base timer is running, this register indicates the
value of base timer; when a value is written, the counter
immediately starts counting from this value. The register is

oo set to 0000h when the base timer is reset 0000h to FFFFh [ RW

- While the base timer is being reset, this register is set to
0000h; the register is read as undefined value; no value
can be set @

Notes:

1. The GiBT register reflects the base timer value after a delay of a half fBTi cycle.

2. The base timer stops only when bits BCK1 and BCKO in the GiBCRO register are set to 00b (clock stopped).
However, the base timer can be in a “no-counting” state, holding the value 0000h, by setting the BTiS bit in
the BTSR register and the BTS bit in the GIBCR1 register to 0 (reset the base timer). When either of these
bits is set to 1 (start counting), this state is cleared and the base timer starts counting.

Figure 23.4 Registers GOBT to G2BT

RO1UH0210EJ0120 Rev.1.20 RENESAS Page 319 of 520
Feb 18, 2013



R32C/116 Group 23. Intelligent 1/0

Group i Base Timer Control Register 0 (i=0to 2)

b6 b5 b4 b3 b2
Count Source Divide Ratio [0 0 0 0 O :divide-by-2 (n =0)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
1] ] ] ]]|] coBcrotoG2BCRO 01A2h, 0122h, 0162h 0000 0000b
EEEEEEE
1 ] ] ] ] 1 ] ]
A R A A Bit Symbol Bit Name Function RW
P o102
i E E i i i i = BCKO 0 0 : Clock stopped RW
vy b Count Source Select Bit 0 1 : Do not use this combination
I T S R R T A BCK1 1 0 : Two-phase pulse signal input M | gy
P 11:M
1 ] ] ] ] 1
I T T A
[ DIVO Divide the count source by 2(n+1). RW
HE R The count source is not divided when
I T SR S VR DIV1 n=31(n=0to31). RW
A
1 ] ] ]
1 ] ]
1 ] ]
1 ] ]
1 ] ]
1 ] ]
1 ]
1 ]
1 )
1 ]
1 ]
1 ]

T DIV2 Select Bit 0 0 0 0 1:divide-by-4 (n=1) RW
0 0 0 1 0:divide-by-6 (n=2)
e e EL L E e DIV3 : RW
111 1 0:divide-by-62 (n = 30)
Pt DIV4 11 11 1:nodivision (n=31) RW
1
:L _____________________ T Base Timer Interrupt 0: Overflow of bit 15 or bit 9 RW
Source Select Bit 1: Overflow of bit 14

Note:
1. This bit setting is enabled only when bits UD1 and UDO in the GjBCR1 register are set to 10b (two-phase
pulse signal processing mode) (j = 0, 1). Bits BCK1 and BCKO should not be set to 10b in other modes or in
group 2.

Figure 23.5 Registers GOBCRO to G2BCRO0
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R32C/116 Group

Group i Base Timer Control Register 1 (i=0, 1)

b5
VoTTTTTTTTTTTTTTT ubo 0 0 :Increment mode RW
Increment/Decrement 0 1 :Increment/decrement mode
Control Bit 1 0: Two-phase pulse signal
___________________ uD1 processing mode © RW
1 1 : Do not use this combination
e T (b_7) Reserved Should be written with 0 RW

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
o] [ [ [o] | | | oBCR1,G1BCRT 01A3h, 0123h 0000 0000b
]
]
]
i Bit Symbol Bit Name Function RW
E 0: No reset
1

-=- RSTO Base T"T‘er Reset Source 1: Synchronization with another base [ RW
Select Bit 0 . 1
timer reset ("

Base Timer Reset Source - No reset

0
i ______ RST1 Select Bit 1 1: Match with the GiPOO register @) RW
1
1 . 0: No reset
N RST2 Base Timer Reset Source | 4.\ signal input into the TNTOANTT | RW
Select Bit 2 pin @
____________ (;}) Reserved Should be written with 0 RW

————————————— BTS Base Timer Start Bit “-5) 0:Reset the base timer RW
1: Start counting

o
(<)

. The group 0 base timer is reset by synchronizing with the reset of group 1 base timer, and vice versa.

The base timer is reset after two fBTi clock cycles when the base timer value matches the GiPOO register
setting. When the RST1 bit is 1, the value of the GiPOj register used for waveform generation should be
smaller than that of the GiPOO register (j = 1 to 7).

The base timer is reset by an input of low signal to the external interrupt input pin selected for the UDiZ
signal by the IFS2 register.

To start base timer group 0 and 1 individually, the BTS bit should be set to 1 after setting the BTkS bit in
the BTSR register to 0 (reset the base timer) (k =0, 1).

To start the base timers of multiple groups simultaneously, the BTSR register should be used. The BTS bit
should be set to 0.

In two-phase pulse signal processing mode, the base timer is not reset, even if the RST1 bit is 1, if the
timer counter decrements after two clock cycles when the base timer value matches the GiPOO register.

Figure 23.6 Registers GOBCR1 and G1BCR1
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R32C/116 Group 23. Intelligent 1/0

Group 2 Base Timer Control Register 1

-------------- BTS Base Timer Start Bit 23 0 Reset the t?ase timer RW
1: Start counting

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| Jofo] [o] | | | @2BCR1 0163h 0000 0000b
N
[T ! 1
bl E i Bit Symbol Bit Name Function RW
brob b 0 No reset
) N ' :No rese
E i H i I R RSTO Base T'”.“er Reset Source 1: Synchronization with group1 base | RW
, (O A Select Bit 0 i t
: P imer rese
1 I ; .
] A O Base Timer Reset Source | 0: No reset
E E i i i RSTI Select Bit 1 1: Match with the G2POO register (! RW
) 1 1 1 '
1 Voo ) 0: No reset
E i Pl e RST2 Base T'".‘er Reset Source 1: Reset request from the serial RwW
: I Select Bit 2 interf
: | i i interface
1 1
i i R S—— (g) Reserved Should be written with 0 RW
R
1 !
1 1
1 1
1 1
1 1
1 L
]
]
]
]
[}

e e L (b6-b5) Reserved Should be written with 0 RW
______________________ PRP Parallel Real-time Port 0: RTP output mode RW
Select Bit 4 1: Parallel RTP output mode

1. The base timer is reset after two fBT2 clock cycles if the base timer value matches the G2POO0 register
setting. When the RST1 bit is set to 1, the value of G2POj register used for waveform generation or the
serial interface should be smaller than that of the G2PQOO register (j = 1 to 7).

2. To start the group 2 base timer, the BTS bit should be set to 1 after setting the BT2S bit in the BTSR
register to 0 (reset the base timer).

3. To start the base timers of multiple groups simultaneously, the BTSR register should be used. The BTS bit
should be set to 0.

4. This bit setting is enabled when the RTP bit in the G2POCR i register is set to 1 (real-time port used).

Figure 23.7 G2BCR1 Register
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Base Timer Start Register (-2

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
DDAl T[] BTsR 0164h XXXX 0000b
EEEEEEE
1
v 4111 | BitSymbol Bit Name Function RW
O T T T R R " n
L Group 0 Base Timer Start 0: Reset the base timer
) -]
E E i i i i i BTOS Bit 1: Start counting RW
] 1 ] 1 1 1
N R A Group 1 Base Timer Start 0: Reset the base timer
| T T T N T
E E i i i ' BT1S Bit 1: Start counting RW
[ R . _ X
A I N BT2S G.roup 2 Base Timer Start 0: Reset the pase timer RW
I Bit 1: Start counting
| T T |
T I ——— - Reserved Should be written with 0 RW
Pl (b3)
l__j__i___i ______________ — No register bits; should be written with 0 and read as undefined .
(b7-b4) value.

Notes:

1. The following initial bit and register settings for the intelligent I/O should be performed:
(1) Set the G2BCRO register to provide the clock to the group 2 base timer.
(2) Set all bits BTOS to BT2S to 0.
(3) Set other registers associated with the intelligent I/O.
The BTiS bit allows the base timers of two or all groups to start counting simultaneously (i = 0 to 2). To start
counting individually, the BTiS bit should be set to 0 and the BTS bit in the GIBCR1 register should be used.

2. Perform the following procedure to start the base timers of multiple groups simultaneously:
-Bits BCK1 to BCKO and bits DIV4 to DIVO in the GiBCRO register to be used should be set identically (more than
one of i =0 to 2).
-After bits BCK1 to BCKO or bits DIV4 to DIVO are changed, use the following procedure to start the base timers
twice:
(1) Set the BTIS bit to 1.
(2) Set the BTiS bit to 0 after one fBTi clock cycle.
(3) Set the BTiS bit to 1 again after one additional fBTi clock cycle.

Figure 23.8 BTSR Register
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Group i Time Measurement Control Register j (i=0,1; j=0to 7)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTIl 111]1l] GoTMCROtoGOTMCR3  0198h, 0199h, 019Ah, 019Bh 0000 0000b
R GOTMCR4 to GOTMCR7 ~ 019Ch, 019Dh, 019Eh, 019Fh 0000 0000b
I T T N T B G1TMCRO to G1ITMCR3  0118h, 0119h, 011Ah, 011Bh 0000 0000b
A G1TMCR4 to GITMCR7 ~ 011Ch, 011Dh, 011Eh, 011Fh 0000 0000b
1 ] ] ] ] 1 ] ]
1 ] ] ] ] 1 ] ]
i E E i i E i i Bit Symbol Bit Name Function RW
I T T T T R R b1 b0
I I I S CTso 0 0 : No time measurement RW
G o Time Measurement Trigger | q 4 . Rising edge
R R cTst Both adgos RW
: : : : : : 1 1:Both edges
N 03 02
R DFO 0 0 : No digital filter used RW
HE R R Digital Filter Select Bit 0 1:Do not use this combination
S T S S DF1 10:1BTi RW
: : : : 11:f1
1 ] ] ] . .
[ . - 0: Gating disabled
i E i GT Gating Select Bit 1 Gating enabled RW
1 ] ]
i i i 0: Gating not cleared
O Gating Clear Select Bit 1: Gating cleared when the base
i E GoC .2 timer matches the GiPOKk register RW
i E (k=j-2)
i . Gsc Gating Clear Bit (.2 ?ating is cleared by setting this bitto |
b PR Prescaler Select Bit (" (1) grescaler disabled RW
: Prescaler enabled
Notes:
1. These functions are available in registers GiTMCR6 and GiTMCRY. Bits 4 to 7 in registers GITMCRO to
GiTMCRS5 should be set to 0.
2. These bit settings are enabled when the GT bit is 1.

Figure 23.9 Registers GOTMCRO0 to GOTMCR7 and G1TMCRO to G1TMCR7

b7 b0

Symbol Address
GOTPR6, GOTPR?

G1TPR6, G1TPR7

01A4h, 01A5h
0124h, 0125h

Group i Time Measurement Prescaler Registerj(i=0,1; j=6,7)

Reset Value
00h
00h

Function

Setting Range

RW

Time measurement is executed whenever a trigger input is
counted by n+1 (n = setting value) "

00h to FFh

RwW

Note:

1. The first prescaler, after the PR bit in the GITMCR] register is changed from O (prescaler disabled) to 1
(prescaler enabled), may be divided by n rather than n+1. The subsequent prescaler is divided by n+1.

Figure 23.10 Registers GOTPR6, GOTPR7, G1TPR6, and G1TPR?7
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b15 b8 b7 b0 Symbol

| GoTmo, GoTM1
GOTM2. GOTM3
GOTM4. GOTM5
GOTM6. GOTM7
G1TMO. G1TM1
G1TM2. G1TM3
G1TM4. G1TM5
G1TM6, G1TM?

Group i Time Measurement Registerj(i=0,1;j=0to07)

Address

0181h-0180h, 0183h-0182h

0185h-0184h, 0187h-0186h

0189h-0188h, 018Bh-018Ah
018Dh-018Ch, 018Fh-018Eh
0101h-0100h, 0103h-0102h

0105h-0104h, 0107h-0106h

0109h-0108h, 010Bh-010Ah
010Dh-010Ch, 010Fh-010Eh

Reset Value
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined

Function

Setting Range |RW

lemmmmmm e The base timer value is stored every measurement timing

RO

Figure 23.11 Registers GOTMO to GOTM7 and G1TMO0 to G1TM7
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Group i Waveform Generation Control Register j(i=0,1; j=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
LTI X 1] corocro 0190h 0000 X000b
i i i i i i i i GOPOCR1 to GOPOCR3  0191h, 0192h, 0193h 0X00 X000b
Vv GOPOCR4 to GOPOCR7  0194h, 0195h, 0196h, 0197h 0X00 X000b
E E i i i i i i G1POCRO 0110h 0000 X000b
AR R G1POCR1 to G1IPOCR3  0111h, 0112h, 0113h 0X00 X000b
E E i i i i i i G1POCR4 to G1IPOCR7  0114h, 0115h, 0116h, 0117h 0X00 X000b
] ] ] ] 1 ] ] ]
E E i i i i i i Bit Symbol Bit Name Function RwW
EEREEEE
O MODO 0 0 0:Single-phase waveform RW
e output mode
e 0 0 1:SR waveform output mode ("
R T R B 0 1 0:Inverted waveform output
A MOD1 Operating Mode Select Bit mode RW
A 0 1 1 :Do not use this combination
oy 1 0 0: Do not use this combination
L 1 0 1:Do not use this combination
E E i i i b-ommee- MOD2 1 1 0: Do not use this combination | RW
oo 1 1 1:Do not use this combination
E i i i i ___________ — No register bit; should be written with 0 and read as undefined
o (b3) value -
i i i i ______________ VL Default Output Value 0: Output low as default value RW
i E i Select Bit @ 1: Output high as default value
i i i Reload the value into the GiPOj
I RLD GiPQOj Rgg|§ter Value . register . RW
(A Reload Timing Select Bit 0: On a write access
. 1: When the base timer is reset
] ]
P ) Reset the base timer when
e BTRE gat‘s(g Timer Reset Enable | o. git 15 overflows RW
E : 1: Bit 9 overflows “)
i _____________________ INV Output Level Inversion 0: Do not invert the output level RW
Select Bit ) 1: Invert the output level
Notes
1. This bit setting is enabled only for even channels. In SR waveform output mode, the corresponding odd
channel (the next channel after an even channel) setting is ignored. Waveforms are only output from even
channels.
2. The setting value is output by a write operation to the IVL bit when the FSCj bit in the GiFS register is 0
(select the waveform generation) and the IFE;j bit in the GiFE register is 1 (enable the channel j function).
3. This bit is available only in the GIPOCRO register. Set bit 6 in registers GIPOCR1 to GiPOCR?7 to 0.
4. To set the BTRE bit to 1, set bits BCK1 and BCKO in the GiBCRO register to 11b (f1) and bits UD1 and UDO
in the GIBCR1 register to 00b (increment mode).
5. The output level inversion is the final step in the waveform generation process. When the INV bit is 1, high
is output by setting the IVL bit to 0, and vice versa.

Figure 23.12 Registers GOPOCRO0 to GOPOCR7 and G1POCRO0 to G1POCR7
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Group 2 Waveform Generation Control Register j (j=0to 7)
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[T] 1] ]| ]| c2rocrotoG2POCR3  0150n, 0151h, 0152h, 0153h 0000 0000b
R G2POCR4 to G2POCR7  0154h, 0155h, 0156h, 0157h 0000 0000b
T T T T R T
] ] ] ] 1 ] ] ]
] ] ] ] 1 ] ] ]
A Bit Symbol Bit Name Function RW
] ] ] ] 1 ] ] ]
A A b2 b1 b0
I MODO 0 0 0:Single waveform output mode | gy
I R A R 0 0 1:SR waveform output mode @
E E E i E i i 0 1 0:Inverted waveform output
A A mode
A MOD1 Operating Mode Select Bit [0 1 1 : Do not use this combination RW
T T T A U] 1 0 0 :Bit modulation PWM output
REREE
A R 1 0 1:Do not use this combination
Vror o 1 1 0: Do not use this combination
I MOD2 1 1 1 :Use an output for the serial RW
R interface @)
T R
Vol o 0: Not triggered by matching the base
N timer with registers G2POO0 to
A PRT Parallel Real-time Port G2PO7 RW
i E i i __________ Output Trigger Select Bit ® | 1: Triggered by matching the base
ror timer with registers G2POO0 to
Voo G2PO7
] ] ] ]
T VL Default Output Value 0: Output low as default value RW
E E i Select Bit 1: Output high as default value
Pl 0: Reload the value into the G2POj
[ . . register on a write access
A RLD G2POj Register Value 1: Reload the value into the G2POj | RW
1o Reload Timing Select Bit . . .
bl register when the base timer is
P reset
i i 0: No real-time port function used
R RTP Real-time Port Select Bit 1: Use RTP output mode or parallel RW
i RTP output mode
i _____________________ INV Output Level Inversion 0: Do not invert the output level RW
Select Bit ® 1: Invert the output level
Notes

1. When the RTP bit is set to 1, the settings of bits MOD2 to MODO are disabled.

2. This bit setting is enabled only for even channels. In SR waveform output mode, the corresponding odd
channel (the next channel after an even channel) setting is ignored. Waveforms are only output from even
channels.

3. This bit setting is enabled only for channels 0 and 1 of group 2. To use the ISTXD2 or IEOUT pin as an
output, set bits MOD2 to MODO in the G2POCRO register to 111b. To use the ISCLK2 pin, set the same bits
in the G2POCR1 register to 111b. This bit setting should only be performed with channels 0 and 1.

4. This bit setting is enabled when the RTP bit is 1 and the PRP bit in the G2BCR1 register is 1 (parallel RTP
output mode).

5. The output level inversion is the final step in the waveform generation process. When the INV bit is 1, high
is output by setting the IVL bit to 0, and vice versa.

Figure 23.13 Registers G2POCRO0 to G2POCR7
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b15 b8 b7 b0 Symbol

| GoPOO to GOPO2

Address

Group i Waveform Generation Register j (i=0t02;j=0to 7)

Reset Value
0181h-0180h, 0183h-0182h, 0185h-0184h  Undefined

|
i GOPO3 to GOPO5 0187h-0186h, 0189n-0188h, 018Bh-018Ah Undefined
: GOPO6, GOPO7 018Dh-018Ch, 018Fh-018Eh Undefined
E G1POO0 to G1PO2 0101h-0100h, 0103h-0102h, 0105h-0104h  Undefined
: G1PO3 to G1PO5 0107h-0106h, 0109h-0108h, 010Bh-010Ah Undefined
E G1P0O6, G1PO7 010Dh-010Ch, 010Fh-010Eh Undefined
: G2PO0 to G2P02 0141h-0140h, 0143h-0142h, 0145h-0144h  Undefined
E G2P0O3 to G2P0O5 0147h-0146h, 0149h-0148h, 014Bh-014Ah Undefined
E G2P0O6, G2PO7 014Dh-014Ch, 014Fh-014Eh Undefined
]
]
E Function Setting Range |RW
]
E - When the RLD bit in the GiPOCR;j register is 0, the value is
E reloaded into th?I GitP(d)j ret?]istertimrtnediatfly after being
1 written and is reflected in the output waveform
_____________ - When the RLD bit is 1, the value ?s reloaded when the base 0000h to FFFFh RW
timer is reset. The register indicates the written value until
the value is reloaded
Figure 23.14 Registers GOPO0 to GOPO7, G1POO0 to G1PO7, and G2PO0 to G2PO7
Group i Function Select Register (i=0, 1)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| . | . | . | . | . | : | . | . | GOFS, G1FS 01A7h, 0127h 0000 0000b
A
i E E i i i i i Bit Symbol Bit Name Function RW
T R S Channel 0 Time
T T R R FSCO Measurement/Waveform RW
i E E E i E i Generation Select Bit
H T Channel 1 Time
R R R R A O FSC1 Measurement/Waveform RW
i E E E i i Generation Select Bit
T S R Channel 2 Time
R e oD FSC2 Measurement/Waveform RW
i E E i i Generation Select Bit
T A Channel 3 Time
A FSC3 Measurement/Waveform RW
i E E i Generation Select Bit 0: Select the waveform generation
G Channel 4 Time 1: Select the time measurement
P10 beemeecceaaas FSC4 Measurement/Waveform RW
i E E Generation Select Bit
HE Channel 5 Time
I FSC5 Measurement/Waveform RW
i E Generation Select Bit
. Channel 6 Time
HER T FSC6 Measurement/Waveform RW
i Generation Select Bit
! Channel 7 Time
e EEE LR FSC7 Measurement/Waveform RW
Generation Select Bit

Figure 23.15 Registers GOFS and G1FS
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Group i Function Enable Register (i=0to 2)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[T 111 ]] coreEtocerE 01A6h, 0126h, 0166h 0000 0000b
HEEREEREE
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 ] ] .
i E E i i i i ] IFEO CB:iTanneI 0 Function Enable RW
1 ] ] ] ] 1 ]
1 ] ] ] ] 1 ] .
i E i i i i ] IFE1 gir;annel 1 Function Enable RW
I A -
i E E i i L IFE2 Channel 2 Function Enable RW
A Bi
A A Channel 3 Function Enable
i E E i b - IFE3 Bit 0: Disable the channel j function RW
o ch AF or Enabi 1: Enable the channel j function
i E E R IFE4 Bitanne unction Enable (=0t 7) | RW
1 1 1
1 1 1 .
i E L IFE5 CB)iTanneI 5 Function Enable RW
P
i ] IFE6 g_hannel 6 Function Enable RW
1 it
1
' -
o IFE7 CB:irt1anneI 7 Function Enable RW
Figure 23.16 Registers GOFE to G2FE
Group 2 RTP Output Buffer Register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LITIITI1] 2w 0167h 0000 0000b
I
T T T T O T A
i E i i i i i i Bit symbol Bit Name Function RW
T Channel 0 RTP Output RW
P Buffer
T T T T A Channel 1 RTP Output
REREE R B Y .
] ] ] ] 1 ]
T S e e Channel 2 RTP Output
. RTP2 | uffer RW
1 ] 1 1 1
1 ] 1 1 1
T T S, RTP3 Channel 3 RTP Output RW
P Buffer 0: Output a low level
L 1: Output a high level
I RTP4 Channel 4 RTP Output utput a high leve RW
P Buffer
1 ] 1
i E fe oo RTP5 gSfan:el 5 RTP Output RW
P
E ] RTP6 ghannel 6 RTP Output RW
i uffer
]
]
e ] RTP7 gsfafgrel 7 RTP Output RW
Figure 23.17 G2RTP Register
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23.1 Base Timer for Groups 0 to 2

The base timer is a free-running counter that counts an internally generated count source. Table 23.2 lists
specifications of the base timer. Figures 23.4 to 23.17 show registers associated with the base timer.
Figure 23.18 shows a block diagram of the base timer. Figures 23.19, 23.20, and 23.21 show operation
examples of the base timer for groups 0 and 1 in increment mode, increment/decrement mode, and two-
phase pulse signal processing mode, respectively.
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Table 23.2

Base Timer Specifications (i = 0 to 2)

ltem

Specification

Count source (fBTi)

1 divided by 2(n+1) for groups 0 to 2, two-phase pulse input divided by
2(n+1) for groups 0 and 1

n: setting value using bits DIV4 to DIVO in the GiBCRO register

n = 0 to 31; however no division when n = 31

Count operations

* Increment
* Increment/decrement
» Two-phase pulse signal processing

Count start conditions

« To start each base timer individually,
The BTS bit in the GiIBCR1 register is 1 (start counting)

* To start the base timers of multiple groups simultaneously,
The BTiS bit in the BTSR register is 1 (start counting)

Count stop condition

The BTiS bit in the BTSR register and the BTS bit in the GiBCR1 register are
0 (reset the base timer)

Reset conditions

* The base timer value matches the GiPOO register setting

« An input of low signal into the external interrupt pin (INTO or INT1) as
follows:
for group 0: selected using bits IFS23 and IFS22 in the IFS2 register
for group 1: selected using bits IFS27 and IFS26 in the IFS2 register

* The overflow of bit 15 or bit 9 in the base timer

* The base timer reset request from the communication functions (group 2)

Reset value

0000h

Interrupt request

When the BTiR bit in the interrupt request register becomes 1 (interrupt
requested) by the overflow of bit 9, 14, or 15 in the base timer (refer to Figure
11.12)

Read from base timer

» The GIBT register indicates a counter value while the base timer is running
» The GiBT register is undefined while the base timer is being reset

Write to base timer

When a value is written while the base timer is running, the timer counter
immediately starts counting from this value. No value can be written while the
base timer is being reset

Other functions

* Increment/decrement mode for groups 0 and 1
The base timer starts counting when the BTS or BTiS bit is set to 1. When
the base timer reaches FFFFh, it starts decrementing. When the RST1 bit
in the GIBCR1 register is 1 (the base timer is reset by matching with the
GiPOO register), the timer counter starts decrementing two counts after the
base timer value matches the GiPOO register setting. When the timer
counter reaches 0000h, it starts incrementing again (refer to Figure 23.20).
» Two-phase pulse signal processing mode for groups 0 and 1
Two-phase pulse signals at pins UDIA and UDiB are counted (refer to
Figure 23.21).

The timer counter increments
on all edges

The timer counter decrements
on all edges
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Feb 18, 2013

RENESAS

Page 331 of 520



R32C/116 Group 23. Intelligent 1/0O
BCK1 and BCKO
11 Base timer
—° ivide-bv- fBTi —————
Two-phase pulse input ggy— D'V'dz.b.)é 2(n+1) —| 1b9 i ib14ib15|
(for groups 0 and 1)7J/7_ 'V"fr y U
IT
LBTRE L1f5
— —

BTiS bit in the oo
BTSR register ] = . .
BTS bit in the j:D Overflow signal Base timer interrput

GiBCR1 register

A base timer reset

Match with the
GiPOO register

Low signal input to the
TNTO/INTT pin

(for groups 0 and 1)
Request from the
communication
functions (for group 2)

RSTO

of the other groups @
RST1

RST2

Base timer reset

=N

BCK1, BCKO, and IT: Bits in the GiBCRO register
RST2 to RSTO: Bits in the GiIBCR1 register

BTRE: Bit in the GiIPOCRO regi

request (refer to the
BTiR bit in the
intelligent 1/O interrupt
request register)

ster

Figure 23.18 Base Timer Block Diagram (i = 0 to 2)

Table 23.3 Base Timer Associated Register Settings (Common Settings for Time Measurement,
Waveform Generation, and Serial Interface) (i = 0 to 2)
Register Bits Function
G2BCRO |— Provide an operating clock to the BTSR register. Set to 0111 1111b
BTSR — Set to 0000 0000b
GiBCRO BCK1 and BCKO |Select a count source
DIV4 to DIVO Select a count source divide ratio
IT Select a base timer interrupt source
GIiBCR1 RST2 to RSTO |Select a timing for base timer reset
BTS Use this bit when each base timer individually starts counting
UD1 and UDO |Select a count mode in groups 0 and 1
GiPOCRO |BTRE Select a source for base timer reset
GIiBT — Read or write the base timer value

The following register settings are required to set the RST1 bit to 1 (the base timer is reset by matching

with the GiPOO register).

GIPOCRO |MOD2 to MODOQ |Set to 000b (single-phase waveform output mode)
GiPOO — Set the reset cycle

GiFS FSCO Set the bit to 0 (select the waveform generation)
GiFE IFEO Set the bit to 1 (channel operation starts)

Bit configurations and functions vary by group.
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(A) When the IT bit in the GIBCRO register is 0
(an interrupt is requested by the overflow of bit 15 in the base timer)

FFFFh

Base timer i

8000h

0000h

Overflow signal of bit 15

A

Write 0 by a program

/ tosetto 0
BTIR bit in the IIOjIR register —|

j=7,4

This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)

- Bits UD1 and UDO in the GiIBCR1 register are 00b (increment mode)

(B) When the IT bit in the GIBCRO register is 1
(an interrupt is requested by the overflow of bit 14 in the base timer)

FFFFh

C000h

Base timer i 8000h

4000h

0000h

Overflow signal of bit 14

BTIR bit in the IIOjIR register ] ]
A A A___ Write 0 by a program

tosetto 0

j=7,4

This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)

- Bits UD1 and UDO in the GiIBCR1 register are 00b (increment mode)

Figure 23.19 Base Timer Increment Mode for Groups 0 and 1 (i =0, 1)
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(A) When the IT bit in the GIBCRO register is 0
(an interrupt is requested by the overflow of bit 15 in the base timer)

FFFFh

Base timer i 8000h

0000h

Overflow signal of bit 15

Write 0 by a program
BTiR bit in the IIOjIR register «—1osetto0

j=7,4
This figure applies under the following conditions:

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)
- Bits UD1 and UDO in the GiBCR1 register are 01b (increment/decrement mode)

(B) When the IT bit in the GiBCRO register is 1
(an interrupt request is requested by the overflow of bit 14 in the base timer)

T
CO00h |===m=mmmmm e e e e e e e e e e e e ee
Base timer i 8000h=-======-~ 4 ---------- x ------------------ /
4000h b===~ 4 ____________________ k ________ /
0000h \/

Overflow signal of bit 14

BTiR bit in the IIOjIR register |_|
j=7,4 Write 0 by a program
This figure applies under the following conditions: tosetto 0

- The RST1 bit in the GIBCR1 register is 0 (the match with the GiPOO register is not the reset source for the base
timer)
- Bits UD1 and UDO in the GiBCR1 register are 01b (increment/decrement mode)

(C) When the RST bit in the GIBCR1 register is 1 (the base timer is reset by matching with the GiPOO register)

002 == == = = = o m s
B000h frmmmmm = m e e el

Base timer i

—

T e

This figure applies under the following conditions:
- The GiPOO register value is 8000h
- Bits UD1 and UDO in the GiBCR1 register are 01b (increment/decrement mode)

Figure 23.20 Base Timer Increment/Decrement for Groups 0 and 1 (i = 0, 1)

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 334 of 520
Feb 18, 2013



R32C/116 Group 23. Intelligent 1/0O

(A) When the base timer is reset while it increments

UDOA/UD1A (A-phase)

Input .
waveform min. 1 ps

UDOB/UDB (B-phase) min. 1 s ’7

fBTi
When no division of the |_| —| |_|
divide-by-2(n+1) divider is]
selected

See Note 1
INTO/INTT (Z-phase) @) e ( ) :}

p The base timer starts counting

Base timer i >< m >< m+1 0 X ] >< 2 ><
The value becomes The value becomes
0 in this timing 1 in this timing

(B) When the base timer is reset while it decrements

UDOA/UD1A (A-phase)

Input

waveform nin. 1 HS

UDOB/UD1B (B-phase) min. 1 ys

fBTi
When no division of the
divide-by-2(n+1) divider is |_| —| |_| |_|_
selected
(See Note 1
INTO/INTT (Z-phase) @ < >

C 1

The base timer starts counting

Base timer i X m X m+ 0 WFrrFnXFFFERY

The value becomes The value becomes
0 in this timing FFFFh in this timing

Notes:
1. Atleast 1.5 fBTi clock cycles are required.
2. Set the RST2 bit in the GiIBCR1 register to 1 in two-phase pulse signal processing mode.

Figure 23.21 Base Timer Two-phase Pulse Signal Processing Mode for Groups 0 and 1 (i =0, 1)
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23.2 Time Measurement for Groups 0 and 1

Every time an external trigger is input, the base timer value is stored into the GiTM;j register (i=0, 1;j=0
to 7). Table 23.4 lists specifications of the time measurement and Table 23.5 lists its register settings.
Figures 23.22 and 23.23 show operation examples of the time measurement and Figure 23.24 shows
operation examples with the prescaler or gate function.

Table 23.4 Time Measurement Specifications (i=0,1; j=0to 7)

ltem Specification
Time measurement |Group 0: Channels 0 to 7
channels Group 1: Channels 0 to 7

Trigger input polarity |Rising edge, falling edge, or both edges of the 110i_j pin

Time measurement |The IFE]j bit in the GIiFE register is 1 (enable the channel j function) while the FSCj
start condition bit in the GiFS register is 1 (select the time measurement)

Time measurement |The IFE]j bit is O (disable the channel j function)

stop condition
Time measurement | « Without the prescaler: every time a trigger is input

timing » With the prescaler for channels 6 and 7: every [GiTPRK register value + 1] times
a trigger is input (k =6, 7)
Interrupt request When the TMijR bit in the interrupt request register becomes 1 (interrupt
requested) (refer to Figure 11.12)
[1Oi_j input pin Trigger input
function
Other functions * Digital filter

The digital filter determines a trigger input level every f1 or fBTi cycle and passes
the signals holding the same level during three sequential cycles
* Prescaler for channels 6 and 7
Time measurement is executed every [GiTPRKk register value + 1] times a trigger
is input
* Gating for channels 6 and 7
This function disables any trigger input to be accepted after the time
measurement by the first trigger input. However, the trigger input can be
accepted again if any of following conditions are met while the GOC bit in the
GiTMCRK register is 1 (the gating is cleared when the base timer matches the
GiPOp register) (p =4, 5;p=4 whenk=6; p=5whenk =7):
* The base timer value matches the GiPOp register setting
* The GSC bit in the GiITMCRK register is 1
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Table 23.5 Time Measurement (for Groups 0 and 1) Associated Register Settings (i=0,1; j=0to
7, k=6,7)
Register Bits Function
GITMCR;j CTS1and CTSO |Select a time measurement trigger
DF1 and DFO Select a digital filter
GT, GOC, GSC Select if the gating is used
PR Select if the prescaler is used
GIiTPRk — Set the prescaler value
GiFS FSCj Set the bit to 1 (select the time measurement)
GIiFE IFE;j Set the bit to 1 (enable the channel j function)

Bit configurations and functions vary with channels and groups.
Registers associated with the time measurement should be set after setting the base timer-associated

registers.

Input to the
1101_j pin

Base timer i

GiTMj register

TMijR bit

TMijR: Bits in registers 1IO0IR to 11011IR

This figure applies under the following conditions:

- Bits CTS1 and CTSO0 in the GiTMCR;j register are 01b (rising edge as time measurement trigger), the PR bit is O
(prescaler disabled), and the GT bit is to 0 (gating disabled)

- Bits RST2 to RSTO in the GiIBCR1 register are 000b (reset the base timer) and bits UD1 and UDO are 00b
(increment mode)

When the base timer is reset by matching with the GiPOO register (bits RST2 to RSTO in the GiBCR1 register are

010b), the base timer becomes 0000h after it reaches the GiPOO register setting value + 2.

m n p

:Write 0 by a program to set to 0

Figure 23.22 Time Measurement Operation (1/2) (i=0,1;j=0to 7)
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(A) When selecting the rising edge as a time measurement trigger
(bits CTS1 and CTSO0 in the GiTMCR register are 01b)

fBTi

i (See Note 2); :
Base timer | (-2 X1 X n Xt Xn#2 X3 X4 X+ Xn+6 X n+7 X +8 X n+9 Xn+10Kn+1 X+ 120130+ 14)

Input to the | — |
110i_j pin

TMijR bit () ] ] ]

\ Write 0 by a program
<«—>»! Delayed by max. one clock tosetto 0

GiTM;j register >< n X n+5 >< n+8

Notes:
1. Bits in registers IIO0IR to I011IR.
2. Input pulse applied to the 11Oi_j pin requires at least 1.5 fBTi clock cycles.

(B) When selecting both edges as a time measurement trigger
(bits CTS1 and CTSO0 in the GiTMCR;j register are 11b)

fBTi

F |---—-

Base timer | € CYED G G 6 GO G G (a0 (G G (Gl ek e k)

Input to the

110i_j pin —l\ l\ l\
y (See Note 2)

TMijR bit |<, | QA <

&\ \ Write 0 by a program
tosetto 0
4 A A, 4 4
GiTMj register >< n X n+2 >@< n+6 X n+8 >< n+12

Notes:
1. Bits in registers IIO0IR to [I0O11IR.
2. No interrupt occurs if the MCU receives a trigger signal when the TMijR bit is 1. However, the value of
GiTMj register changes.

(C) Trigger signal when using the digital filter
(bits DF1 and DFO in the GiTMCRj register are 10b or 11b)

f1 or fBTi (V

I H
i 1
i 1
1 H
2 1 1
i 1
| |
| 1 i .
i Maximum 3.5 f1 or fBTi

—]

Trigger signal Signals which do not hold the same level " clock cycles
after passing during three sequential cycles are rejected

the digital filter The trigger signal is delayed by
passing the digital filter

Input to the
110i_j pin

:@

Note:
1. fBTi when bits DF1 and DFO are 10b, f1 when the bits are 11b.

Figure 23.23 Time Measurement Operation (2/2) (i=0,1;j=0to 7)
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Notes:

fBTi

trigger

setting

signal

Note:

Base timer i

IFEj bit in the
GiFE register
Input to the
110i_j pin
Internal time

measurement —|

Match signal with
the GiPOKk register

Gating control
TMijR bit (M
GiTM;j register

1.

(A) Operation with the prescaler
(the GITPR; register is 02h and the PR bit in the GiITMCR; register is 1)

BT Uy ypuyy ULt
T 2 () ) () e ) ) o0 G G (e G

1O pin A AL/ L4

Internal time \ K‘ \ \

measurement | | | |

trigger

Prescaler () 0 2 X 1 X 0 2

TMijR bit @ _I «— Write 0 by a program to set to 0 _I

GiTM;j register X n X n+12

(B) Operation with the gating

(the gating is cleared by matching the base timer value with the GiPOKk register setting, and
bits GT and GOC in the GiTMCR;j register are 1, respectively)

1. This example applies to cycles following the first cycle after the PR bit in the GITMCR] register is set to 1
(prescaler enabled).
2. Bits in registers IIO0IR to I011IR.

This trigger input is disabled
by the gating

—

Gating

Gating cleared
4— Write 0 by a program to set to 0

/

Gating

v

X

Bits in registers 1100IR to II011IR.

Figure 23.24 Prescaler and Gate Operations (i=0,1;j=6,7; k =4, 5)
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23.3 Waveform Generation for Groups 0 to 2

Waveforms are generated when the base timer value matches the GiPOj register setting i=0t02;j=0
to 7).
Waveform generation has the following six modes:
« Single-phase waveform output mode for groups 0 to 2
* Inverted waveform output mode for groups 0 to 2
* Set/reset waveform output (SR waveform output) mode for groups 0 to 2
* Bit modulation PWM output mode for group 2
* Real-time port output (RTP output) mode for group 2
« Parallel real-time port output (parallel RTP output) mode for group 2
Table 23.6 lists registers associated with the waveform generation.

Table 23.6  Waveform Generation Associated Register Settings (i=0to 2; j=0to 7)

Register Bits Function
GiPOCR; MOD2 to MODO |Select a waveform output mode
PRT (1) Set the bit to 1 to use parallel RTP output mode
IVL Select a default value
RLD Select a timing to reload the value into the GiPOj register
RTP (1) Set the bit to 1 to use RTP output mode or parallel RTP output mode.
The settings of bits MOD2 to MODO are disabled when this bit is set
to 1
INV Select if output level is inverted
G2BCR1 PRP Set the bit to 1 to use parallel RTP output mode
GiPOj — Set the timing to invert output waveform level
GiFS FSCj Set the bit to 0 (select the waveform generation) for groups 0 and 1
only
GiFE IFEj Set the bit to 1 (enable the channel j function)
G2RTP RTPO to RTP7 |Set the RTP output value in RTP output mode or parallel RTP output
mode

Bit configurations and functions vary with channels and groups.
Registers associated with the waveform generation should be set after setting the base timer-associated
registers.
Note:
1. This bit is available in the G2POCR;j register only. Neither the GOPOCRj nor G1POCR;j register has it.
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23.31

Single-phase Waveform Output Mode for Groups 0 to 2

The output level at the 11Oi_j pin (or OUTC2_j pin for group 2) becomes high when the base timer value
matches the GiPQj register (i = 0to 2; j = 0 to 7). It switches to low when the base timer reaches 0000h.
If the IVL bit in the GIPOCR;j register is set to 1 (output high as default value), a high level output is
provided when a waveform output starts. If the INV bit is set to 1 (invert the output level), a waveform
with an inverted level is output. Refer to Figure 23.25 for details on single-phase waveform mode

operation.

Table 23.7 lists specifications of single-phase waveform output mode.

Table 23.7

Single-phase Waveform Output Mode Specifications (i = 0 to 2)

Iltem

Specification

Output waveform (1)

* Free-running operation (when bits RST2 to RSTO in the GiBCR1 register
are 000b)

Cvele: 65536
ycle: /BT
. . m
Low level width: f_B 7
. . 65536 —m
High level width: —fB T

m: GiPQOj register setting value (j = 0 to 7), 0000h to FFFFh
* The base timer is reset by matching the base timer value with the GiPOO
register setting (when bits RST2 to RSTO are 010b)

. n+2
Cycle: 7BTi
. . m
Low level width: f_B T
. . n+2-m
High level width: —fB T

m: GiPOj register setting value (j = 1 to 7), 0000h to FFFFh
n: GiPOO register setting value, 0001h to FFFDh

If m>n+2,the output level is fixed to low

Waveform output start
condition (2)

The IFE]j bit in the GIiFE register is 1 (enable the channel j function) (j = 0 to 7)

Waveform output stop
condition

The IFE;j bit is 0 (disable the channel j function)

Interrupt request

When the PQIjR bit in the intelligent 1/O interrupt request register becomes 1
(interrupt requested) by matching the base timer value with the GiPOj register
setting (refer to Figure 11.12)

[1Oi_j output pin (or
OUTC2_j pin for group 2)
function

Pulse signal output

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the 110i_j pin (or OUTCZ2_j pin for group 2)
Notes:

When the INV bit in the GIPOCR] register is 1 (invert the output level), the high and low widths are

inverted.

To use channels shared by time measurement and waveform generation, set the FSC;j bit in the GiFS

register to 0 (select the waveform generation).
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(A) Free-running operation (bits RST2 to RSTO0 in the GiBCR register are 000b)

FFFFh
Base timer i
m
0000h
m 65536-m
- fBTi I fBTi R
IOi_j pin (M
) 65536
fBTi
I1Oi_j pin @
Write 0 by a program
POIjR bit | «— tosetto0
j=0to7

m: GiPQj register setting value (0000h to FFFFh)
PQijR: Bits in registers 11O0IR to 11011IR

Notes:
1. Output waveform when the INV bit in the GIPOCR; register is 0 (do not invert the output level) and the IVL

bit is 0 (output low as default value).
2. Output waveform when the INV bit is 0 (do not invert the output level) and the IVL bit is 1 (output high as
default value).

This figure applies under the following condition:
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

(B) The base timer is reset by matching with the GiPOO register (bits RST2 to RSTO in the GiBCR register are 010b)

n+2

Base timer i

0000h
m n+2-m

BTi | BT

Oi_j pin ‘

A
N
A
A

>

A

n+2
fBTi Write O by a program !
POI]R blt ‘/to setto 0

j=1to7

m: GiPOj register setting value (0000h to FFFFh)
n: GiPOO register setting value (0001h to FFFDh)
POijR: Bits in registers [IO0IR to 11011IR

This figure applies under the following conditions:
- The IVL bit in the GIPOCR; register is 0 (output low as default value) and the INV bit is 0 (do not invert the output

level)
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)
-m<n+2

Figure 23.25 Single-phase Waveform Output Mode Operation (i = 0 to 2)
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23.3.2 Inverted Waveform Output Mode for Groups 0 to 2

The output level at the I10i_j pin (or OUTC2_j pin for group 2) is inverted every time the base timer

value matches the GiPQj register setting (i=0to 2;j=01o 7).

Table 23.8 lists specifications of the inverted waveform output mode. Figure 23.26 shows an example of

the inverted waveform output mode operation.

Table 23.8 Inverted Waveform Output Mode Specifications (i = 0 to 2)

Item

Specification

Output waveform

* Free-running operation (when bits RST2 to RSTO in the GiBCR1 register
are 000b)

Cycle: 65536 x 2
' fBTi
. . 65536
High or low level width: BT

m: GiPOj register setting value (j = 0 to 7), 0000h to FFFFh
* The base timer is reset by matching the base timer value with the GiPOO
register setting (when bits RST2 to RSTO are 010b)

: 2(n+2)
Cycle: BT
. s nt2
High or low level width: BT

n: GiPOO register setting value, 0001h to FFFDh
GiPQj register setting value (j = 1 to 7), 0000h to FFFFh

If the GiPOj register setting > n + 2, the output level is not inverted

Waveform output start
condition (1)

The IFEj bit in the GIiFE register is 1 (enable the channel j function) (j =0 to 7)

Waveform output stop
condition

The IFE;j bit is 0 (disable the channel j function)

Interrupt request

When the PQIjR bit in the intelligent 1/O interrupt request register becomes 1
(interrupt requested) by matching the base timer value with the GiPOj register
setting (refer to Figure 11.12)

[1Oi_j output pin (or
OUTC2_j pin for group 2)
function

Pulse signal output

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the 11Oi_j pin (or OUTCZ2_j pin for group 2)
Note:

1. To use channels shared by time measurement and waveform generation, set the FSCj bit in the GiFS

register to O (select the waveform generation).
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FFFFh
Base timer i
m
0000h
110i_j pin
110i_j pin @
PQOIjR bit
j=0to7

Notes:

default value).

n+2

Base timer i
m
0000h
110i_j pin
POIjR bit
j=1to7

-m<n+2

(A) Free-running operation (bits RST2 to RSTO in the GIBCR1 register are 000b)

65536 65536
» fBTi e fBTi >
*— |nverted /Invened ‘
) 65536 x 2 !
fBTi
«— nverted Inverted

S =

m: GiPQj register setting value (0000h to FFFFh)
PQijR: Bits in registers 11O0IR to 11I011IR

Write 0 by a program
tosetto 0

B

]

This figure applies under the following condition:
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

1. Output waveform when the INV bit in the GiIiPOCR register is 0 (do not invert the output level) and the
IVL bitis O (output low as default value).
2. Output waveform when the INV bit is 0 (do not invert the output level) and the IVL bit is 1 (output high as

(B) The base timer is reset by matching with the GiPOO register (bits RST2 to RSTO0 are 010b)

fBTi

A

A\ 4

Inverted

n+2 n+2
; fBTi 4 BTi X
Inverted “— Inverted
A 2(n +2) "
Write 0 by a program | fBTi

tosetto 0

—.

.

m: GiPQj register setting value (0000h to FFFFh)
n: GiPOO register setting value (0001h to FFFDh)
PQOijR: Bits in registers [IO0IR to 11011IR

This figure applies under the following conditions:
- The IVL bit in the GiIPOCR; register is 0 (output low as default value) and the INV bit is 0 (do not invert the output level)
- Bits UD1 and UDO in the GiBCR1 register are 00b (increment mode)

Figure 23.26 Inverted Waveform Output Mode Operation (i = 0 to 2)
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23.3.3 Set/Reset Waveform Output Mode (SR Waveform Output Mode) for Groups

0to2

The output level at the 110i_j pin (or OUTC2_j pin for group 2) becomes high when the base timer value
matches the GiPQOj register setting (i=0to 2;j =0, 2, 4, 6). It becomes low when the base timer value
matches the GiPOk register setting or the base timer reaches 0000h (k = j + 1). When the IVL bit in the
GiPOCRj register is set to 1 (output high as default value), a high output level is provided when a
waveform output starts (j = 0 to 7). When the INV bit is set to 1 (invert the output level), a waveform with
inverted level is output. Refer to Figure 23.27 for details on SR waveform mode operation. Tables 23.9
and 23.10 list specifications of SR waveform output mode.

Table 23.9 SR Waveform Output Mode Specifications (i = 0 to 2) (1/2)

ltem Specification
Output waveform (1) * Free-running operation (when bits RST2 to RSTO in the GiBCR1 register
are 000b)
(A) m<n
. el n—m
High level width: BT
s m_ 65536 —n
Low level width: 7BTi (See Note 2) + —fBTi (See Note 3)
(B m>n
. i 65536 —m
High level width: —fBTi
idth- _m_
Low level width: 7BTi

m: GiPOj register setting value (j = 0, 2, 4, 6), 0000h to FFFFh
n: GiPOK register setting value (k =j + 1), 0000h to FFFFh

* The base timer is reset by matching with the GiPOO register (when bits
RST2 to RSTO are 010b) (4)
(A m<n<p+2

. . n+m

High level width: 7B
. m_ p+2-n

Low width: 7BTi (See Note 2) + 7B T (See Note 3)
(Bym<p+2<n

. e pt2-m
High level width: —fBTi

idth: _m_

Low level width: 7BTi

(C) m>p +2, output level is fixed to low

p: GIPOO register setting value, 0001h to FFFDh

m: GiPOj register setting value (j = 2, 4, 6), 0000h to FFFFh
n: GiPOK register setting value (k = j + 1), 0000h to FFFFh

Notes:

1. When the INV bit in the GIPOCR;j register is 1 (invert the output level), the high and low widths are
inverted.

2. Output period from a base timer reset until when the output level becomes high.

3. Output period from when the output level becomes low until the next base timer reset.

4. When the GiPOO register resets the base timer, channel 0 and channel 1 SR waveform generation
functions are not available.
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Table 23.10 SR Waveform Output Mode Specifications (i = 0 to 2) (2/2)

Iltem

Specification

Waveform output start
condition (1)

The IFEq bit in the GIiFE register is 1 (enable the channel g function) (=0 to
7)

Waveform output stop
condition

The IFEq bit is 0 (disable the channel q function)

Interrupt request

When the POIjR bit in the intelligent I/O interrupt request register becomes 1
(interrupt requested) by matching the base timer value with the GiPOj register
setting.

When the POIkR bit becomes 1 (interrupt requested) by matching the base
timer value with the GiPOk register setting (refer to Figure 11.12)

[1Oi_j output pin (or
OUTC2_j pin for group 2)
function

Pulse signal output

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the 11Oi_j pin (or OUTCZ2_j pin for group 2)
Note:

1. To use channels shared by time measurement and waveform generation, set the FSCj bit in the GiFS

register to O (select the waveform generation).
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(A) Free-running operation (bits RST2 to RSTO in the GiBCR1 register are 000b)

m: GiPQj register setting value, 0000h to FFFFh

n: GiPOKk register setting value, 0000h to FFFFh

POIjR and POIkR: Bits in registers 1I00IR to 1011IR

Notes:
1.

low as default value).
2. Output waveform when the INV bit is 0 (do not invert the output level) and the IVL bit is 1 (output high as default value).

This figure applies under the following conditions:
- Bits UD1 and UDO in the GIBCR1 register are 00b (increment mode)
-m<n

(B) The base timer is reset by matching with the GiPOO register
(bits RST2 to RSTO in the GiBCR1 register are 010b)

FFFFh
n
Base timer i
m
0000h
n-m 65536 -n+m
- fBTi 1 fBTi R
Oi_j pin (M
< 65536 >
fBTi
IOi_j pin @
Write 0 by a program
POI]R blt / tosetto 0
i Write 0 by a program
POIKR bit / tosetto 0
j=0,2,4,6;k=j+1

Output waveform when the INV bit in the GIPOCR; register is 0 (do not invert the output level) and the IVL bit is 0 (output

p
Base timer i
n
m
0000h
n-m p+2-n+m
_ fBTi i fBTi R
IIOi_j pin p+2
P fBTi -
Write 0 by a program |
POI]R bit / tosetto 0
! Write 0 by a program |
POIkR bit »/ 1osett00

j=2,4,6;k=j+1

m: GiPQj register setting value, 0000h to FFFFh

n: GiPOKk register setting value, 0000h to FFFDh

p: GiPOO register setting value, 0001h to FFFDh
POIjR and POIkR: Bits in registers 1I00IR to I011IR

This figure applies under the following conditions:

- The IVL bit is O (output low as default value) and the INV bit is 0 (do not invert the output level).
- Bits UD1 and UDO in the GIBCR1 register are 00b (increment mode)

-m<n<p+2

Figure 23.27 SR Waveform Output Mode Operation (i = 0 to 2)
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23.3.4 Bit Modulation PWM Output Mode for Group 2

In bit modulation PWM output mode, a PWM output has 16-bit resolution.
Pulses are repeatedly output in a period of 1024 consecutive periods of span t. The period of span t is

64
fBT2"

The 6 upper bits in the G2POj register determine the base low width (j = 0 to 7). The 10 lower

bits determine the number of span t, within a period, in which the low width is extended by the minimum

resolution bit width, that is, one clock cycle.

When the INV bit is set to 1 (invert the output level), the waveform with an inverted level is output.
Table 23.11 lists specifications of bit modulation PWM output mode. Table 23.12 lists the number of
modulated spans and span ts to be extended with the minimum resolution bit width. Figure 23.28 shows

an example of bit modulation PWM output mode operation.

Table 23.11 Bit Modulation PWM Output Mode Specifications (j = 0 to 7)

ltem Specification
Output waveform (1.2) . 65536 64
PWM-repeated period T: ﬁ(— 7BT2 X 1024)
. . 64
Period of span t: ﬂ?_Tz
Low width: ;BJFT; of m spans
anTz of (1024 —m) spans

. 1 ( m )
: — +
Mean low width: 7BT2 x| n ™

n: G2PQj register setting value (6 upper bits), 00h to 3Fh
m: G2PQj register setting value (10 lower bits), 000h to 3FFh

Waveform output start
condition

The IFEj bit in the G2FE register is 1 (enable the channel j function)

Waveform output stop
condition

The IFEj bit is O (disable the channel j function)

Interrupt request

When the PO2jR bit in the interrupt request register becomes 1 (interrupt
requested) by matching the 6 lower bits of the base timer value with the 6
upper bits of the G2POj register setting (refer to Figure 11.12)

OUTC2_j pin function

Pulse signal output pin

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the OUTC2_j pin
Notes:

1. Bits RST2 and RSTO in the G2BCR1 register should be set to 000b to use bit modulation PWM

output mode.

2. When the INV bit in the G2POCR;j register is set to 1 (invert the output level), the high and low widths

are inverted.
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Table 23.12 Number of Modulated Spans and Span t Extended Minimum Resolution Bit Width

Modulated Spans Span ts to be Extended with Minimum Resolution Bit Width
00 0000 0000b none
00 0000 0001b t512
00 0000 0010b t256 and t768
00 0000 0100b t128, t384, t640, and t896
00 0000 1000b t64, 1192, 1320, 1448, t576, t704, t832, and t960
10 0000 0000b t1, t3, t5, t7, «=+ 11019, 11021, and 11023
Base width Modulated spans
n =0 to 63 (3Fh) m = 0 to 1023 (3FFh)
'b15 b10"b9 b0

G2POj register

L PWM-repeated period T

/L

3Fh
6 lower bits in
the base timer
00h

oUTC2_j pin

EydaiaYnlyEntnint

t510-- {511 It512 t513 t514 11022 t1023 t1024

Ss

| Low width of m spans out of 1024 is extended by
| minimum resolution bit width

6 lower bits in
the base timer

fBT2 |_|_
Internal signal T

OUTC2_j pin _A\—>

€»1 Minimum resolution bit width

1
n+1 R
™~ Inverted

~

Inverted \ d
~
PO2JR bit Low
~ ~
Write 0 by a program Write 0 by a program
tosetto 0 tosetto 0
m=1,j=0to7

PO2jR: Bits in registers 1I03IR to 1I1011IR

This figure above applies under the following condition:
- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the
output level)

Figure 23.28 Bit Modulation PWM Output Mode Operation
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23.3.5 Real-time Port Output Mode (RTP Output Mode) for Group 2

The OUTC2_j pin outputs the G2RTP register setting value in 1-bit units when the base timer value
matches the G2PQj register setting (j = 0 to 7). Table 23.13 lists specifications of RTP output mode.
Figure 23.29 shows a block diagram of RTP output and Figure 23.30 shows an example of RTP output

mode operation.

Table 23.13 RTP Output Mode Specifications (j = 0 to 7)

ltem Specification
Waveform output start The IFE;j bit in the G2FE register is 1 (enable the channel j function)
condition
Waveform output stop The IFEj bit is O (disable the channel j function)
condition

Interrupt request

When the PO2jR bit in the interrupt request register becomes 1 (interrupt
requested) by matching the base timer value with the G2PQj register setting
(0000h to FFFFh (1) (refer to Figure 11.12)

OUTC2_j pin function

RTP output pin

Other functions * Default value setting
This function determines the starting waveform output level
* Output level inversion
This function inverts the waveform output level and outputs the inverted
signal from the OUTC2_j pin
Note:

1.

The G2POO0 register should be set to between 0001h and FFFDh to set the base timer value to
0000h (bits RST2 to RSTO are set to 010b) when the base timer value matches the G2PO0 register

setting.

Base timer

G2RTP register Real-time port output

: 0a ouUTC2. 0

G2POO0 register

D_Q—> OUTC2 6
G2PO6 register : e
; 6 o—» OUTC2_7
G2PO7 register = = e
Figure 23.29 RTP Output Block Diagram
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(A) Free-running operation (bits RST2 to RSTO in the G2BCR1 register are 000b)

FFFFh

Base timer 2

0000h

RTPj bit in the
G2RTP register 0 ><

OUTC2_j pin K. \\

m 3 65535

A
Y.

>
>

Write 0 by a program |

PO2jR bit /tosetto0 —|

j=0to7
m: G2PQj register setting value, 0000h to FFFFh
PO2jR: Bits in registers 1I003R to [I011IR

This figure applies under the following conditions:

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the
output level).

(B) The base timer is reset by matching the base timer value with the G2PQO0 register setting
(bits RST2 to RSTO are 010b)

n+2
Base timer 2
m
0000h
RTPj bit
OUTC2_j pin
PO2jR bit
Write O by a program to
setto 0
j=1to7

m: G2PQj register setting value, 0000h to FFFFh
n: G2PQj register setting value, 0001h to FFFDh
PO2jR: Bits in registers IIO03R to IO11IR

This figure applies under the following conditions:

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the INV bit is 0 (do not invert the
output level).

-m<n+2

Figure 23.30 RTP Output Mode Operation
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23.3.6 Parallel Real-time Port Output Mode (RTP Output Mode) for Group 2

The OUTC2_j pin outputs all the G2RTP register setting values in 1-byte units when the base timer
value matches the G2PQj register setting (j = 0 to 7). Table 23.14 lists specifications of parallel RTP
output mode. Figure 23.7 shows the G2BCR1 register. Figure 23.31 shows a block diagram of parallel
RTP output and Figure 23.32 shows an example of parallel RTP output mode operation.

Table 23.14 Parallel RTP Output Mode Specifications (j = 0 to 7)
ltem Specification

Waveform output start The IFE;j bit in the G2FE register is 1 (enable the channel j function)
condition
Waveform output stop The IFEj bit is O (disable the channel j function)
Condition
Interrupt request The PO2)R bit in the interrupt request register becomes 1 (interrupt
requested) when the base timer value matches the G2POj register setting
(0000h to FFFFh (1) (refer to Figure 11.12)
OUTC2_j pin function RTP output pin
Other functions * Default value setting

This function determines the starting waveform output level
* Output level inversion

This function inverts the waveform output level and outputs the inverted

signal from the OUTC2_j pin

Note:
1. The G2PO0 register should be set to between 0001h and FFFDh to set the base timer value to
0000h (bits RST2 to RSTO are set to 010b) when the base timer value matches the G2PO0 register
setting.

Base timer G2RTP register Real-time port output

|
Tﬂ
U
o
o)
s)

|

—— OUTC2_0
G2POO0 register

w]
s)

> OUTC2_1

G2PO1 register

| [

w]
s)

> ouTC2 2

G2PO2 register

|
|
I
|
|
I
|
1
|
!
G2PO3 register . !
|
I
|
1
|
!
|
I
I
|

| [

w]
s)

L > OUTC2_3

| [

w]
3]

> OUTC2 4

G2PO4 register

| [

w]
3]

L > OUTC2. 5

G2POS5 register

| [

(3]

w]
3]

L > OUTC2.6

G2POE6 register

| [

w]
3]

x o x o x b b
35 35 35 35 35 35 35
T T T T T 3 T
~ [$)] N w N -

> OUTC2_7

|—¢

G2PO7 register PR —

e

Figure 23.31 Parallel RTP Output Mode Block Diagram
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(A)Free-running operation

FFFFh

Base timer 2

0000h
G2RTP register Z(X Xt X k3 X ke X XC X

OUTC2_0 pin

OUTC2_1 pin

OUTC2_2 pin

OUTC2_3 pin

PO20R bit ]
PO21R bit ]

PO22R bit

m: G2POO0 register setting value, 0000h to FFFFh
n: G2PO1 register setting value, 0000h to FFFFh
p: G2PO2 register setting value, 0000h to FFFFh
PO20R, PO21R, and PO22R: Bits in registers [IO3IR to 11011IR

This figure applies under the following conditions:

- The IVL bit in the G2POCR;j register is 0 (output low as default value) and the IVL bit is 0 (do not invert
the output level)

- Bits RST2 to RSTO in the G2BCR1 register are 000b (base timer is not reset)

-m<n<p

Figure 23.32 Parallel RTP Output Mode Operation
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23.4 Group 2 Serial Interface

Two 8-bit shift registers and waveform generation enable the serial interface function. In group 2 of the
intelligent 1/0, the variable synchronous serial interface and IEBus (optional (1)) are available.
Figures 23.33 to 23.40 show associated registers.

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

Group 2 SI/O Transmit Buffer Register

Symbol Address Reset Value
G2TB 016Dh-016Ch Undefined
Bit Symbol Bit Name Function RwW
(b7-60) Transmit Buffer Data transmitted o]
b10 b9 b8
$Z0 0 0 0:8 bits RW
00 1:1bit
. . 0 1 0:2bits
St e e |0 1 1:301 o
9 10 0:4 bits
1 0 1:5bits
s72 11 0:6 bits RW
11 1:7 bits

— No register bits; should be written with 0 and read as undefined
(b12-b11) | value

0: Do not add the ACK bit
A ACK Function Select Bit 1: Add the ACK bit after last transmit | RW
bit

0: Add the parity bit after this transmit
Parity Calculation data

PC Continuing Bit 1: Carry over a parity to the data to RW
be transmitted (")
. . 0: No parity
P Parity Select Bit 1: Parity (even parity only) RW
Note:
1. Set the PC bit to 1 after setting the P bit to 0.
Figure 23.33 G2TB Register
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Group 2 SI/O Receive Buffer Register

b15 b8 b7 b0 Symbol Address Reset Value
G2RB 016Fh-016Eh Undefined

| I R I I I I} 1

LI I I I I O} 1

| I R I I I B} 1

E E i E i i i i i Bit Symbol Bit Name Function RwW

| I R I I I B} 1

i i i i i i i i R (bYTbO) Receive Buffer Data received RO

] ()

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

[} —_

P (b11-b8) value

R 0: No overrun error

e e LR LR LS OER Overrun Error Flag " : RO

e 1: Overrun error

E_E_j_ ___________________ — No register bits; should be written with 0 and read as undefined o
(b15-b13) value

Note:

1. The OER bit becomes 0 when bits GMD1 and GMDO in the G2MR register are set to 00b (communication
block is reset) or the RE bit in the G2CR register is set to 0 (reception disabled).

Figure 23.34 G2RB Register

Group 2 Serial Interface Mode Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
G2MR 016Ah 00XX X000b

] ] ] ] I ] ] 1

] ] ] ] I ] ] ]

] ] ] ] 1 ] ] ]

E E i i i i i i Bit Symbol Bit Name Function RW
T T T T R R b1 b0

P11 -] eMDo 0 0 : Communication block is reset RW
R T T B . (OER bit is set to 0)

T T T S T Serial Interface Mode ) :
Py . 0 1 :Variable synchronous serial
e Select Bit . >

N interface mode @

I R T T T GMD1 1 0:|EBus mode @ RW
i i i i i i 1 1:Do not use this combination

R Internal/External Clock 0: Internal clock

] ] 1 1 1 | I

i E i i i CKDIR Select Bit 1: External clock RW
i E e — No register bits; should be written with 0 and read as undefined .
P (b5-b3) value

P ) ) 0: LSB first

i e L LR EEEEE UFORM Bit Order Select Bit 1- MSB first RW
i Transmit Interrupt Source 0: Transmit buffer is empty
---------------------- IRS . : O RW

Select Bit 1: Transmission is completed
Notes:
1. At least one base timer clock is required after setting bits GMD1 and GMDO to 00b.
2. Set bits GMD1 and GMDO to 01b or 10b while the base timer clock is stopped.

Figure 23.35 G2MR Register
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Group 2 Serial Interface Control Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI X 1] 2R 016Bh 0000 X110b
A
] ] ] ] [} ] 1 1
1 ] 1 1 1 1 1 1
E E i i i i i i Bit Symbol Bit Name Function RW
1 ] 1 1 1 1 1 ] . . . .
e L Transmit Enable Bit 0: Transmission disabled RW
T R B A 1: Transmission enabled
1 ] 1 1 1 1 1
A 0: Data in the transmit shift register
T S T B Transmit Shift Register (during transmission)
1 ] ] 1 ] 1 1
i E i i i i ----- TXEPT Empty Flag 1: No data in the transmit shift RO
[ R register (transmission completed)
1 1 1 1 1 1
A R . 0: Data held in the G2TB register
1 1 1 1 1 1
P T Tl Transmit Buffer Empty Flag | 4\ yata held in the G2TB register | RO
E E i i ] — No register bit; should be written with 0 and read as undefined .
b (b3) value
1 ] 1 1 . .
T S— RE Receive Enable Bit (" 9: Rooeption disabled RW
bl P
[ . 0: No data held in the G2RB register
] ] e e ————
b RI Receive Complete Flag 1: Data held in the G2RB register RO
1 ]
o ISTXD2 Output Polarity 0: Not inverted
1 ]
i OPOL Switching Bit 1: Inverted RW
1 . .
6 ISRXD2 Input Polarity 0: Not inverted
IPOL Switching Bit (") 1: Inverted RW

Note:
1. The group 2 base timer may be reset when these bits are rewritten. To avoid unexpected resets, set the
RST2 bit in the G2BCR1 register to 0 (base timer is not reset by a reset request from the serial interface).

Figure 23.36 G2CR Register
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b7 b6 b5 b4 b3 b2 b1 b0

Group 2 IEBus Control Register

R gy gy Sy gy gy Uy Sy Sy Sy gy

Symbol Address Reset Value
IECR 0172h 00XX X000b
Bit Symbol Bit Name Function RW
. 0: IEBus disabled @
Q]
IEB IEBus Enable Bit 1+ IEBUS enabled RW
IEBus Transmit Start 0: Transmission completed
IETS Request Bit 1: Transmission started RW
0: Idle state
IEBBS IEBus Bus Busy Flag 1: Busy state (START condition RO
detected)
— No register bits; should be written with 0 and read as undefined .
(b5-b3) value
- . . 0: No digital filter
DF Digital Filter Select Bit 1: Use the digital filter RW
. 0: Mode 1
IEM IEBus Mode Select Bit 1 Mode 2 RW

Notes:

1. Rewrite the IEB bit while the base timer clock is stopped.
2. Wait at least one fBT2 cycle after setting the IEB bit to 0. To set this bit to 1, set bits BCK1 and BCKO in
the G2BCRO register to 00b (clock is stopped).

Figure 23.37 IECR Register

b15 b8 b7 b0

A

Group 2 IEBus Address Register

P Y T S P IR

Symbol Address Reset Value
IEAR 0171h-0170h Undefined

Function RwW

Address data RW

Address data RW
No register bits; should be written with 0 and read as undefined value —

Figure 23.38 IEAR Register
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Note:

Group 2 IEBus Transmit Interrupt Source Detect Register

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
IETIF 0173h XXX0 0000b

] ] ] ] I ] ] 1

] ] ] ] I ] ] ]

] ] ] ] 1 ] ] ]

E E i i i i i i Bit Symbol Bit Name Function RwW

E E i i i i i i 0: Transmission completed in error

e IETNF Normal Completion Flag 1: Transmission completed RW

e successfully ("

] ] ] ] 1 ] ]

I A 0: No error detected

] ] ] ] 1 ] ]

i i i i i i ------ IEACK ACK Error Flag 1- Error detected RW

] ] 1 1 ) ] . .

oo Maximum Transmit Byte 0: No error detected

i E i i i IETMB Error Flag 1: Error detected RW

] ] ] ] 1

[ . 0: No error detected

Pobodod T IETT Timing Error Flag 1 Error detected RW

1 1 1 1

R N _— 0: No error detected

P IEABL Arbitration Lost Flag 1- Error detected () RW

1 1 1

G — No register bits; should be written with 0 and read as undefined .
(b7-b5) value

1. This bit can be set to 0 by a program, but cannot be set to 1. To set this bit to 0, set the IEB bit in the IECR
register to 0 (IEBus disabled).

Figure 23.39 IETIF Register

Group 2 IEBus Receive Interrupt Source Detect Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
IERIF 0174h XXX0 0000b

1 ] ] 1 1 1 1 1

I S T R B R

i E E i i i i i Bit Symbol Bit Name Function RwW

i E E i i i i i 0: Reception completed in error

I IERNF Normal Completion Flag 1: Reception completed successfully [ RW

b "

o . 0: No error detected

1 ] ] ] ] 1 ]

i E E E i i ------ IEPAR Parity Error Flag 1+ Error detected RW

1 ] ] ] ] 1 . .

A Maximum Receive byte 0: No error detected

E E E E i IERMB Error Flag 1: Error detected () RW

1 ] ] ] ]

[ T . 0: No error detected

i E E i = IERT Tlmlng Error Flag 1: Error detected (‘]) RW

1 ] ] ]

Vo Error by Other Sources 0: No error detected

1 ] ] L e e = ]

i E E IERETC Flag 1: Error detected (") RW

R — No register bits; should be written with 0 and read as undefined .
(b7-b5) value

register to 0 (IEBus disabled).

1. This bit can be set to 0 by a program, but cannot be set to 1. To set this bit to 0, set the IEB bit in the IECR

Figure 23.40 IERIF Register
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23.4.1 Variable Synchronous Serial Interface Mode for Group 2
This mode allows data transmission/reception synchronized with the transmit/receive clock. The
character length is selectable from 1 to 8 bits. Table 23.15 lists specifications of the group 2 variable
synchronous serial interface mode and Table 23.16 lists its settings. Figure 23.41 shows an operation
example of data transmission/reception.

Table 23.15 Group 2 Variable Synchronous Serial Interface Mode Specifications

ltem Specification
Data format 1- to 8-bit character length
Transmit/receive clock * The CKDIR bit in the G2MR register is 0 (internal clock selected):
BT2
2(n+2)

n: G2POO0 register setting value, 0000h to FFFFh (1)
The bit rate is set using the G2POO0 register. The clock is generated in the
inverted waveform output mode of the channel 2 waveform generation
» The CKDIR bit is 1 (external clock selected): input into the ISCLK2 pin (2)
Transmit start conditions | The conditions for starting data transmission are as follows:
* The TE bit in the G2CR register is 1 (transmission enabled)
* The Tl bit in the G2CR register is 0 (data held in the G2TB register)
Receive start conditions The conditions for starting data reception are as follows:
* The RE bit in the G2CR register is 1 (reception enabled)
* The TE bit in the G2CR register is 1 (transmission enabled)
* The Tl bit in the G2CR register is 0 (data held in the G2TB register)
Interrupt request In transmit interrupt, either of the following conditions is selected to set the
SIO2TR bit in the IIO6IR register to 1 (interrupt requested) (refer to Figure
11.12):
* The IRS bit in the G2MR register is 0 (transmit buffer in the G2TB register is
empty):
when data is transferred from the G2TB register to the transmit shift register
(when the transmission has started)
* The IRS bit is 1 (transmission is completed):
when data transmission from the transmit shift register is completed
In receive interrupt,
When data is transferred from the receive shift register to the G2RB register
(when the reception is completed), the SIO2PR bit in the IIO5IR register is
set to 1 (interrupt requested) (refer to Figure 11.12)
Error detection Overrun error (3)
This error occurs when the last bit of the next data has been received before
reading the G2RB register
Other functions * Bit order selection
LSB first or MSB first
*ISTXD2 and ISRXD2 I/O polarity
Output levels from the ISTXD2 pin and input levels to the ISRXD2 pin can
be inverted
+ Character length for data transmission/reception
1- to 8-bit character length

Notes:
1. When using the serial interface, set a value greater than or equal to 1 to the G2POO0 register.
2. The highest transmit/receive clock frequency should be fBT2 divided by 20.
3. If an overrun error occurs, the G2RB register is undefined.
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Table 23.16 Register Settings in Group 2 Variable Synchronous Serial Interface Mode
Register Bits Function

G2BCRO BCK1 and BCKO Set the bits to 11b

DIV4 to DIVO Select a divide ratio of count source

IT Set the bitto 0
G2BCR1 7t00 Set the bits to 0001 0010b
G2POCR0O |7to0 Set the bits to 0000 0111b
G2POCR1 |[7to0 Set the bits to 0000 0111b
G2POCR2 |7to0 Set the bits to 0000 0010b
G2PO0 15t00 Set a comparative value for waveform generation

T (Settji;Bg Tvzalue ey = transmit/receive clock frequency

G2P0O2 15100 Set to a value smaller than that in the G2POO0 register setting
G2FE IFE2 to IFEOQ Set the bits to 111b
G2MR GMD1 and GMDO Set the bits to 01b

CKDIR Select either the internal clock or the external clock

UFORM Select either LSB first or MSB first

IRS Select a source for transmit interrupt
G2CR TE Set the bit to 1 to enable data transmission/reception

TXEPT Transmit shift register empty flag

TI Transmit buffer empty flag

RE Set the bit to 1 to enable data reception

RI Receive complete flag

OPOL Select if the output level at the ISTXD2 pin is inverted (usually set

the bit to 0)
IPOL Select if the input level at the ISRXD2 pin is inverted (usually set
the bit to 0)

G2TB 15100 Set the data to be transmitted/received and its character length
G2RB 15t00 Store received data and error flag
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The base timer is reset by the
channel 0 waveform
generation /7

/ I

A write to the transmit register A write to the transmit register
(8-bit datg) (4-bit data)

Transmit/receive clock
by the channel 2
waveform generation

First write to the — " | " -
G2TB register ibltO bit 1 bit 2 bit 6 bit 7

Second write to the
G2TB register

bit8 | bit9 } bit10 | bit 11

Received data | bit0 | bit1 | bit2 /[ bit5 | bit6é [ bit7 } bit8 | bit9 ] bit10 ) bit 11
Z/ Transmitted to the receive Transmitted to the receive
register register

t: channel 2 waveform generation register setting value
channel 3 waveform generation register setting value

Figure 23.41 Group 2 Variable Synchronous Serial Interface Mode Transmit/Receive Operation
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24. Multi-master 12C-bus Interface

The multi-master 12C-bus interface (MMI2C) is capable of serial, bi-directional data transfer in the 12C-bus
data transmit and receive format. It contains an arbitration lost detector and a clock synchronization
function. Table 24.1 lists specifications of the multi-master I12C-bus interface. Table 24.2 lists detectors of the
multi-master I2C-bus interface. Figure 24.1 shows a block diagram of the multi-master 12C-bus interface.

Table 24.1 Multi-master 12C-bus Interface Specifications

ltem

Specification

Data format

Compliant with the 12C-bus specification
* 7-bit addressing format

* Fast-mode

« Standard-mode

Master/Slave device

Selectable

I/O pins

Serial data line: MSDA (SDA)
Serial clock line: MSCL (SCL)

Transmit/Receive clock

16.1 to 400 kbps (¢IIC =4 MHz)  ¢lIC: 12C-bus system clock

Transmit/Receive modes

Compliant with the 12C-bus specification
* Master-transmit mode

* Master-receive mode

« Slave-transmit mode

« Slave-receive mode

Interrupt request sources

» Six 12C-bus interface interrupts: Successful transmit, successful receive,
slave address match detection, general call address detection, STOP
condition detection, and timeout detection

« Two 12C-bus line interrupts: Rising or falling edge of pins MSDA and MSCL

Other functions

* Timeout detector
This function detects that the MSCL pin level is held high for longer than
the specified time while the bus is busy

* Free data format selector
This function selects the free data format to generate an interrupt request,
regardless of the slave address value, when the first byte is received
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Table 24.2  Detectors of Multi-master 12C-bus Interface

Item Specification
Slave address match In slave-receive mode, this detects whether the address sent from the
detector master device matches the slave address. When they match, an ACK is

automatically sent. When they do not, a NACK is automatically sent and
communication is stopped

General call address This detects a general call address when in slave-receive mode

detector

Arbitration lost detector This detects an arbitration lost and stops MSDA output immediately when
detected

Bus busy detector This detects that the bus is busy, and sets/resets the BBSY bit

UART2 receive interrupt
0 12CEN

N Interrupt
» I2C-bus line interrupt 1 -3”' request

SIS, SIP ——>] generator H

7'y H

]

TOSEL, TOE Timeout detector b UART2 transmit interrupt—|_ i

]
TOF v . U Interrupt

2 -
| Address comparator .I C-bus interface o request
interrupt generator
IRF
AAS
STIE, RIE
| I2CSAR register | I2CTRSR register |<—
SAD6 to SADO
LRB ——» SDAO
MSDA O—¢ Data controller > itrati
Noise filter Arbitration lost AL
'y > detector
ACKD
SSC4 to SSCO —e
STSPSEL —>
l \ 4 Bus busy detector |—» BBSY

MSCL O ' Clock controller
Noise filter
A L——» SCLO

BC2 to BCO
ICK4 to ICKO n
CKS4 to CKSO| Clock divider 00000b 2
3 00001b 4
8

A

slIC 00010b
00100b 25

CLK1 and CLKO ICK4 to ICKO| 1/n
1 _8?*\9 | CLK2 01000b 3
ff28n 10: O\& flic 01100b 5

0l 10000b 6

Only set the values listed above.

SADG to SADO: Bits in the I2CSAR register

CKS4 to CKS0, and ACKD: Bits in the I2CCCR register

BC2 to BCO: Bits in the I2CCRO register )

STIE, RIE, SDAO, SCLO, and ICKO and ICK1: Bits in the I2CCR1 register flIC: I°C-bus interface clock
TOE, TOF, TOSEL, and ICK4 to ICK2: Bits in the 2CCR2 register ¢lIC: *C-bus system clock
LRB, AAS, AL, IRF, and BBSY: Bits in the I2CSR register

SSC4 to SSCO, SIP, SIS, and STSPSEL: Bits in the I2CSSCR register

I2CEN, and CLK2 to CLKO: Bits in the I2CMR register

Figure 24.1 Multi-master 12C-bus Interface Block Diagram
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241 Multi-master I2C-bus Interface-associated Registers

24.1.1 12C-bus Transmit/Receive Shift Register (I2CTRSR)

12C-bus Transmit/Receive Shift Register (-2 3)

b7 b0 Symbol Address Reset Value
| | 12cTRSR 044400h Undefined
Function RwW

Set transmit data in transmit mode.

In receive mode, write dummy data before receiving data, and read received data
------------- after an interrupt is generated. RW
The data being shifted can be read from this register, regardless of whether it is
transmitting or receiving

Notes:
1. This register is write enabled when the ICE bit in the I2CCRO register is 1 (I2C-bus interface enabled).
2. This register is used for transmitting and receiving. Read the received data before using this register for
transmitting.
3. When data is written to this register, bits BC2 to BCO in the I2CCRO register become 000b, and bits
LRB, AAS, and AL in the I2CSR register become 0.

Figure 24.2 [12CTRSR Register

The I2CTRSR register is an 8-bit shift register where received data is stored and transmit data is written.
When transmit data is written to this register, the data is synchronized with the SCL clock and shifted out
in descending order from bit 7. Every time a bit is shifted out, the data is shifted to the left by 1 bit. During
a receive operation, the data is synchronized with the SCL clock and stored in order starting from bit 0. 1
bit of data is shifted (to the left) for every bit that is input. Figure 24.3 shows the timing when the received
data is stored to the I2CTRSR register.

The 1I2CTRSR register is write enabled when the ICE bit in the I2CCRO register is 1 (12C-bus interface
enabled). When the ICE bit is 1 and the MST bit in the I2CSR register is 1 (master mode), writing data to
the I2CTRSR register resets the bit counter and the SCL clock is output.

Write to the I2CTRSR register when a START condition is generated or the MSCL pin is low. The register
can always be read.

MSCL !
/
i
MSDA X !
1
H H
1 1
1 1 tf
Internal SCL ' :4—»'
i ' :
1 1
Internal SDA i X i
i ! i
Shift clock . tf { ! ts

|
!

(internal signal)

Data is stored to bit 0 on the rising edge of the shift clock

I2CTRSR register Data X Data
tf: Noise canceller delay time (one to two cycles of ¢lIC) ?
ts: Shift clock delay time (one cycle of ¢lIC) Data is shifted 1 bit to the left.

Figure 24.3 Received Data Storing Timing to the I2CTRSR Register
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24.1.2 12C-bus Slave Address Register (I2CSAR)

I2C-bus Slave Address Register

other slave addresses of slave
----------- SAD2 devices connected to the 12C-bus. RwW
i In slave mode, the device becomes a

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LI ] lo] 12csar 044402h 00h
A
T A
E i i i i i Bit Symbol Bit Name Function RW
] ] ] 1 ] ]
A @) Reserved Should be written with 0 RW
] ] ] I ]
A S R m— SADO RW
E i i ] SAD1 The slave address must differ from RW
P
] 1
]
]
]
]
]

bmmmme - SAD3 Slave Address . . RW
slave device when the upper 7 bits
e e e SAD4 sent in the first frame after the RwW
START condition match bits SAD6 to
| Emmmmmmmmmmmmoeeee SAD5 SADO RW
] SADG6 RW

Figure 24.4 12CSAR Register

The I2CSAR register stores a slave address to automatically recognize itself as a slave device. When the
received address matches the slave address, the device operates as a slave device.

24.1.21 Bits SAD6 to SADO

Bits SAD6 to SADO store a slave address. When the addressing format is enabled, the received 7-bit
address and the slave address set in bits SAD6 to SADO are compared. When a match is detected,
the device operates as a slave device.
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24.1.3 12C-bus Control Register 0 (I2CCRO0)

12C-bus Control Register 0
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
ol [ol [ [ ] 1] r12ccro 044403h 0000 0000b
EEEEEEE
1 ] ] ] ] 1 ] ]
i E E i i i i i Bit Symbol Bit Name Function RW
I S T R R R b2 b1 b0
bbb t--4 BCO 0 0 0:8 bits RW
Vo 0 0 1:7 bits
I R 0 1 0:6 bits
i E i i i i ] BC1 Transmit/Rgceive_z El)t 01 1:5 bits RW
P Length Setting Bit 10 0:4 bits
A 10 1:3bits
1 ] ] ] ] 1 . H
e i o
S '
R e ICE I2C-bus Interface Enable 0: I12C-bus interface disabled RW
i E E i Bit 1: 12C-bus interface enabled
[ T | . .
R A o DFS Data Format Select Bit O: Addressing format RwW
P 1: Free data format
1 ] ]
i E (R —— (g) Reserved Should be written with 0 RW
1 ]
1 ]
— — 2
i : ___________________ RST IZC'bUS |nterface ReSet B|t ertlng 1 tO thIS blt reSetS the I C bUS RW
! interface circuit
1
1 J—
B e LT (b7) Reserved Should be written with 0 RW
Note:
1. These bits automatically become 000b in the following cases:

- When a START or STOP condition is detected

- When data transmission is completed

- When data reception is completed

Figure 24.5 12CCRO0 Register
The I2CCRO register controls data communication format.

24.1.3.1 Bits BC2 to BCO

Bits BC2 to BCO set the data bit length to be transmitted or received next. When data transmission or
reception is completed for the data length (acknowledge clock pulse is included in the number when
the ACKCLK bit in the I2CCCR register is 1) specified with bits BC2 to BCO, an |12C-bus interface
interrupt request is generated. Consequently, bits BC2 to BCO become 000b. Note that these bits
also become 000b when a START condition is detected. Address data is transmitted or received in 8
bits regardless of their settings.
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24.1.3.2 ICE Bit

The ICE bit enables the 12C-bus interface. Set this bit to 1 to enable the 12C-bus interface and 0 to
disable it. When this bit is 0, pins MSDA and MSCL are fixed high (these pins are high-impedance
when the corresponding NOD bits in registers P7_0S and P7_1S are 1), therefore the 12C-bus
interface cannot be used.
When the ICE bit is set to 0, the following occurs:

* Bits ADZ, AAS, AL, BBSY, TRS, and MST in the I12CSR register become 0, and the IRF bit

becomes 1.

» Writing to the I2CTRSR register is disabled.

* The 12C-bus system clock (¢1IC) is stopped, and the internal counter and flags are reset.

* The TOF bit in the I2CCR2 register becomes 0 (timeout not detected).

24.1.3.3 DFS Bit

The DFS bit enables the automatic recognition of a slave address. When the DFS bit is set to 0, the
addressing format is selected and the slave address is automatically recognized. In this setting, data
is received only when a general call address is received or a slave address match is detected. When
the DFS bit is set to 1, the free data format is selected. In this setting, the slave address is not
recognized, so all data are received.

24.1.3.4 RST Bit

The RST bit resets the 12C-bus interface when a communication error occurs. When the ICE bit is set
to 1 (I2C-bus interface enabled), writing 1 (reset) to the RST bit has the following effects on the 12C-
bus interface:

* Bits ADZ, AAS, AL, BBSY, TRS, and MST in the I12CSR register become 0, and the IRF bit

becomes 1.

* The TOF bit in the I2CCR2 register becomes 0 (timeout not detected).

» The internal counter and flags are reset.
When the RST bit is written with 1, the multi-master 12C-bus interface is reset within a maximum of
2.5 ¢lIC cycles. Consequently, the RST bit automatically becomes 0.
Figure 24.6 shows the timing when the 12C-bus interface is reset.

1 is set by a program

¥

RST bit in the I2CCRO register

—

Up to 2.5 4lIC cycles

I2C-bus interface reset signal

[

Figure 24.6 12C-bus Interface Reset Timing
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24.1.4 12C-bus Clock Control Register (I2CCCR)

I2C-bus Clock Control Register

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTI 1] i2ceer 044404h 0000 0000b

R

] ] ] ] 1 1 1 1

1 1 1 1 1 1 1 1

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

i i E E i i E - CKS0 The transmit/receive clock frequency | RW

T R T is given by ¢lIC/8n [Hz] in Standard-

i i E E i i f==---1 CKs1 mode, or $lIC/4n [Hz] in Fast-mode, | RW

e CKS2 Transmit/Receive Clgck where n is a setting valug. ' RW

Ve Frequency Control Bit However, when 00101b is set in

T T T R SO CKS3 Fast-mode, the transmit/receive clock | ryy

R frequency becomes ¢11C/2n [Hz]. Do

T CKs4 not set to 00000b to 00010b RW

] ] ]

[ . _

I CLKMD | Clock Mode Select Bit 0: Standard-mode RW

Pl 1: Fast-mode

P . 0: ACK sent

i —————————————————— ACKD ACK Data Bit 1- NACK sent RW

i . . 0: ACK clock not generated

--------------------- ACKCLK ACK Clock Generating Bit 1: ACK clock generated RW

Figure 24.7 12CCCR Register

The 12CCCR register controls ACK and sets SCL mode and SCL clock frequency. While data is being
transmitted or received, only rewrite the ACKD bit.

24.1.41 Bits CKS4 to CKS0

Bits CKS4 to CKSO0 set the SCL clock frequency. The SCL clock frequency varies as shown in Table
24.3, where n is a setting value of bits CKS4 to CKSO (n = 3 to 31). Do not rewrite these bits while
data is being transmitted or received.

Table 24.3 I2CCCR Register Setting Values and SCL Frequencies

Bits CKS4 to SCL Frequency (When ¢lIC = 4 MHz) (1)
CKSO0 Setting
Value (n) Standard-mode Fast-mode
Oto2 Do not set (2) Do not set (2)
3 Do not set (3) 333 kHz (¢l1C/4n)
4 Do not set (3) 250 kHz (¢11C/4n)
5 100 kHz (¢11C/8n) 400 kHz (¢11C/2n) @)
6 to 31 83 to 16 kHz ($1IC/8n) 166 to 32 kHz (¢lIC/4n)
Notes:

1. The CKS value must be set so the SCL clock frequency is 100 kHz or less in Standard-mode or 400
kHz or less in Fast-mode. The high period of the SCL clock has a margin of error of +2 to -4 ¢lIC in
Standard-mode, and +2 to -2 ¢lIC in Fast-mode. Note that if the high period is shortened, the low
period is lengthened, so the frequency remains unchanged.

2. Do not set the CKS value to 0 to 2 regardless of the ¢lIC frequency.

3. When ¢lIC is 4 MHz or higher, do not set the CKS value to 3 or 4. The SCL clock frequency will
extend beyond the specified range.

4. The normal duty cycle of the SCL clock is 50%. When the CKS value is 5 in Fast-mode, it varies from
35% to 45%.
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241.4.2 CLKMD Bit
Set the CLKMD bit to select the SCL mode. Set this bit to 0 to select Standard-mode and 1 for Fast-
mode. To use the device under the Fast-mode 12C-bus specification (up to 400 kbit/s), set ¢lIC to be
4 MHz or higher.

241.4.3 ACKD Bit
Set the ACKD bit to select the state of the MSDA pin with the ACK clock. When the ACKD bit is set to
0, the MSDA pin becomes low (acknowledged) by an ACK. When the ACKD bit is 1, the MSDA pin is
held high with the ACK clock.
Table 24 .4 lists the MSDA pin state with the ACK clock.

Table 24.4 MSDA Pin States with the ACK Clock

Received | DEsBit | ACKDBit | Slave Address | MSDA Pin State
Content
. Match Low (ACK)
0 No match High (NACK)
Slave i
address ! — o A
1 0 — Low (ACK)
1 — High (NACK)
0 — Low (ACK)
Data — .
1 — High (NACK)

24144 ACKCLK Bit
Set the ACKCLK bit to select whether or not to generate an ACK handshake. When this bitis 1 (ACK
clock generated), an ACK clock pulse is generated after 1 byte of data is transmitted or received.
When this bit is 0 (ACK clock not generated), the ACK clock is not generated after 1 byte of data is
transmitted or received. In this case, the IR bit in the 12CIC register becomes 1 (I12C-bus interface
interrupt requested) on the last falling edge of the clock for data transmission or reception.
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24.1.5 12C-bus START and STOP Conditions Control Register (I2CSSCR)

[°C-bus START and STOP Conditions Control Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
| | | | | | | | | I2CSSCR 044405h 0001 1010b

A
] ] ] 1 ] ] ] ]
1 1 1 1 1 1 1 ]
i i i i i i i E Bit Symbol Bit Name Function RW
P b1 -l ssco RW
T T R B iy .
e SSC1 START and STOP The conditions f(_)_r detecting START RW
Vv o . and STOP conditions (SCL open,
L et SSC2 Conditions Detection ) ; RW
[ I R Setting Bit set-up, and hold times) are set with
i i i i R o SSC3 these bits RW
R SSCc4 RW
i i i ________________ sIP I2C-bus line Interrupt Pin 0: Falling edge RW
I Edge Select Bit 1: Rising edge
] ]
I 12C-bus line Interrupt Pin 0: MSDA pin
] I
i SIS Select Bit 1: MSCL pin RW
i START and STOP 0: Short mode
ittt L b b STSPSEL Conditions Generating 1j Long mod RW

Mode Select Bit +-ong mode

Figure 24.8 12CSSCR Register

The I2CSSCR register controls the detection and generation of START and STOP conditions.

24.1.51 Bits SSC4 to SSC0

Bits SSC4 to SSCO select the parameters for detecting the START and STOP conditions by setting
the high period of SCL pin, set-up, and hold times. This parameter is set by referencing the 12C-bus
system clock (¢lIC). Therefore, it changes according to the XIN frequency and the setting of the 12C-
bus system clock select bits (i.e. bits ICK4 to ICKO in registers I2CCR2 and 12CCR1). Do not set an
odd number or 00000b to bits SSC4 to SSCO0. Detection of START and STOP conditions starts

immediately after setting the ICE bit in the I2CCRO register to 1 (12C-bus interface enabled). Table
24 11 lists the recommended values for bits SSC4 to SSCO.

24.1.5.2 SIP Bit

Set the SIP bit to select which of the edges of MSCL or MSDA pin generates the 12C-bus line
interrupt. Set this bit to 0 to select the falling edge, and 1 to select the rising edge.

24.1.5.3 SIS Bit

Set the SIS bit to select the input signal to be used as an 12C-bus line interrupt source. To select the

MSDA pin as an 12C-bus line interrupt source, set this bit to 0. To select the MSCL pin, set this bit to
1.

24.1.5.4 STSPSEL Bit

Set the STSPSEL bit to select the set-up and hold times when START and STOP conditions are
generated. Set this bit to 0 to select short mode and 1 to select long mode. The STSPSEL bit must be
set to 1 (long mode) when the ¢lIC frequency is higher than 4 MHz. Figure 24.16 shows the START
condition generation timing. Table 24.9 lists the set-up and hold times when START and STOP
conditions are generated.
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24.1.6 12C-bus Control Register 1 (I2CCR1)

I2C-bus Control Register 1 ()
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
| | | | | 0 | 0 | | | I2CCR1 044406h 0011 0000b
A
] ] ] 1 ] ] ] ]
1 1 1 1 1 1 1 ]
i i i i i i i E Bit Symbol Bit Name Function RW
1 1 1 1 1 1 1 ] aye . .
[ T T T B B T STOP Condition Detection | 0: Disabled
i i i E i i i T STIE Interrupt Enable Bit 1: Enabled RW
i i E E i i i ______ RIE Successful Receive 0: Disabled RW
pror Interrupt Enable Bit ) 1: Enabled
] ] ] 1 1 1
] ] ] 1 ] ] —_
[ T T T N S i i
Ponod (b3-b2) Reserved Should be written with 0 RW
] ] ] 1
Vol Internal SDA Output 0: Low
1 1 1 1
i i i SDAO Monitor Bit 1: High RO
] ] 1
[ Internal SCL Output 0: Low
o SCLO | Moritor Bit 1: High RO
E E ___________________ ICKO b7 b6 RW
i I2C-bus System Clock 00 ff”C divided-by-2
' -3 0 1:flIC divided-by-4
H Select Bit @ : L
[ ICK1 1 0 :flIC divided-by-8 RW
1 1 : Do not use this combination
Notes
1. Do not use a bit processing instruction with this register.
2. Set this bit to 0 when the ACKCLK bit is 0 (ACK clock is not generated).
3. These bits are enabled when bits ICK4 to ICK2 in the I2CCR2 register are 000b.

Figure 24.9 12CCR1 Register
The 12CCR1 register controls the 12C-bus interface.

24.1.6.1 STIE Bit

Set the STIE bit to enable an interrupt when detecting a STOP condition. When this bit is set to 1, the
I2C-bus interface interrupt is generated when detecting a STOP condition. Consequently, the STOP
bit in the I2CCR2 register becomes 1 (STOP condition detection interrupt requested) and the IR bit in
the 12CIC register becomes 1 (12C-bus interface interrupt requested).

24.1.6.2 RIE Bit

Set the RIE bit to enable an interrupt when receiving the last bit of data when the ACKCLK bit in the
I2CCCR register is 1 (ACK clock generated). When the RIE bit is 1, the 12C-bus interface interrupt is
generated when the last bit (the eighth falling edge of the SCL) of data is received.

The 12C-bus interface interrupt is generated at the ACK bit transmission (the ninth falling edge of the
SCL) regardless of the RIE bit setting, therefore two 12C-bus interface interrupts are generated per
data when the RIE bit is 1. The source of the interrupt can be identified by reading the RIE bit. The
read value indicates the internal WAIT flag state. When the read value is 1, the last bit of data is the
interrupt source. When the read value is 0, the ACK bit is the interrupt source.

Set the RIE bit to 0 when the ACKCLK bit in the I2CCCR register is 0 (ACK clock not generated).
When the device is transmitting data or receiving a slave address, the 12C-bus interface interrupt is
generated only by the ACK bit (the ninth falling edge of the SCL) regardless of the RIE bit setting. In
both cases, the internal WAIT flag is 0.
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Table 24.5 I12C-bus Interrupt Request Generation Timings and How to Resume Communication

I2C-bus Interface Interrupt Internal WAIT . . .
. . Resuming Transmission/Reception
Generation Timing Flag
Last bit of data (on eighth clock) 1 Write to the ACKD bit in the I2CCCR register
ACK bit (on ninth clock) 0 Write to the I2CTRSR register

(A) When the RIE bit is O (receive mode, ACK clock generated)

ACK clock pulse
MSCL 7th clock 8th clock 9th clock \ 1st clock

MSDA  7th bit X 8th bit >\ ACK bit 1st bit

ACKD bit in the
I2CCCR register

IRF bit in the
I2CSR register

Internal WAIT flag

IR bit in the —|
12CIC register

Write signal to the Set to 0 by an interrupt acceptance or by a program |_
I2CTRSR register

(B) When the RIE bit is 1 (receive mode, ACK clock generated)

ACK clock pulse

MSCL 7th clock 8th clock \ 9th clock 1st clock
MSDA 7th bit X 8th bit 1st bit X

ACKD bit in the
I2CCCR register

Write 0iby a program —|

IRF bit in the
I2CSR register

Internal WAIT flag

IR bit in the |—|
12CIC register /

Write signal to the Set to 0 by an interrupt accelptance or by a program
I2CTRSR register

Write signal to the |_
12CCCR register

Do not rewrite bits other than the ACKD bit when setting the I2CCCR register

Figure 24.10 Interrupt Request Generation Timing in Receive Mode

RO1UH0210EJ0120 Rev.1.20 RRENESAS Page 372 of 520
Feb 18,2013



R32C/116 Group 24. Multi-master 12C-bus Interface

24.1.6.3 Bits SDAO and SCLO

Bits SDAO and SCLO are read-only bits and used to monitor the logical values of the internal SDA
output signal and internal SCL output signal, respectively. Only set these bits to 0. Note that the
internal SDA and SCL output signals indicate output levels before being affected by external devices
and do not indicate MSDA and MSCL pin states.

24.1.6.4 Bits ICK1 and ICKO
Set bits ICK1 and ICKO to select the frequency of the 12C-bus system clock (¢IIC). These bits are
enabled when bits ICK4 to ICK2 in the I2CCR2 register are 000b. Rewrite these bits when the ICE bit
in the I2CCRO register is 0 (I12C-bus interface disabled). The frequency of the I2C-bus system clock
(611C) can be selected from flIC divided-by-2, -4, and -8 by setting these bits. flIC divided-by-2.5, -3, -
5, and -6 are also available by setting bits ICK4 to ICK2 in the I2CCR2 register. However, bits ICK1
and ICKO are disabled in this case.

Table 24.6  12C-bus System Clock (4lIC) Select Bit Settings

I2CCR2 Register I2CCR1 Register $lIC
ICK4 bit ICKS bit ICK2 bit ICK1 bit ICKO bit

0 0 flIC divided-by-2
0 0 0 0 1 flIC divided-by-4

1 0 flIC divided-by-8
0 0 1 0 0 flIC divided-by-2.5
0 1 0 0 0 flIC divided-by-3
0 1 1 0 0 flIC divided-by-5
1 0 0 0 0 flIC divided-by-6

Only set the values listed above.
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24.1.7 12C-bus Control Register 2 (I12CCR2)

I2C-bus Control Register 2

b7 b6 bS5 b4 b3 b2 bi b0 Symbol Address Reset Value

o] [ [ ] ]] I2CCR2 044407h 0X00 0000b
A
I R T R R R
i i E E i i i E Bit Symbol Bit Name Function RW
I R T A B B Timeout Detector Enable 0: Timeout detector disabled
[ T T T T T B TOE . . RwW
I S R B Bit 1: Timeout detector enabled
R T T R R ' 0: Timeout not detected
i i E E i i ETLEE TOF Timeout Detect Flag 1: Timeout detected RO
] ] ] ] ] ]
T A R Timeout Detect Period 0:Long
AR TOSEL 1 Select Bit 1: Short RW
] ] ] ] ]
] ] ] ] ]
O b5b4b3
T ICK2 0 0 0:¢lIC =setbybits ICK1and | "W
. ICKO in the I2CCR1 register
T [2C-bus System Clock 0 0 1:¢lIC =flIC divided-by-2.5
P T ICK3 Select Bit 0 1 0:¢lIC = flIC divided-by-3 RW
P 0 1 1:¢lIC =AlIC divided-by-5
N 1 0 0:¢lIC = flIC divided-by-6
i i ICK4 Only set the values listed above RW
1 1
i —— (g) Reserved Should be written with 0 RW
]
]
1 20 . .
i STOP Condition Detect 0: IreCubeuSstelr&terface interrupt not
e L L LB STOP Interrupt Request Monitor 9: I2g-bus interface interrupt RW

Bit requested

Figure 24.11 12CCR2 Register

The 12CCR2 register controls communication error detection. If the SCL clock stops during transmission
or reception, each device connected to the bus is halted suspending communication. To avoid this, the
multi-master 12C-bus interface supports a function to generate an I2C-bus interface interrupt when the
SCL clock is held high for a specified period of time during transmission or reception.

MSCL

MSDA

L]

1st clock

2nd clock

3rdclock > SCL clock stops

/

1st bit

2nd bit

3rd bit

BBSY bit in the

I2CSR register J

Internal counter
start signal

Internal
counter

TOF bit in the
I2CCR2 register

Timeout detection period p———

<

P

IR bit in the

12CIC register

Figure 24.12 Timeout Detection Timing
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241.71 TOE Bit
The TOE bit enables the timeout detector. When this bit is set to 1, the timeout detector is enabled,
and when the SCL clock is held high for a specified period of time while the BBSY bit in the I2CSR
register is 1 (bus is busy), an 12C-bus interface interrupt request is generated.
The timeout detection period is determined by 1) the internal counter that uses ¢1IC as a count
source, and 2) the TOSEL bit setting (selects the timeout detection period to be either long or short).
Refer to 24.1.7.3 “TOSEL bit” for details.
When a timeout is detected, set the ICE bit in the I2CCRO register to 0 (12C-bus interface disabled)
and initialize the 12C-bus interface.

24.1.7.2 TOF Bit
The TOF bit is a flag that indicates the state of a timeout detection. This bit is enabled when the TOE
bit is 1. When the TOF bit becomes 1 (timeout detected), the IR bit in the 12CIC register becomes 1
(I2C-bus interface interrupt requested) simultaneously.

24.1.7.3 TOSEL Bit

The TOSEL bit selects a long or short length for a timeout detection period. This bit is enabled when
the TOE bit is 1 (timeout detector enabled). Set this bit to 0 to select the long timeout period. In this
setting, the internal counter functions as a 16-bit counter. Set this bit to 1 to select the short timeout
period. In this setting, the internal counter functions as a 14-bit counter.

The internal counter increments using the 12C-bus system clock (¢1IC) as a count source.

Table 24.7 lists timeout detection periods.

Table 24.7 Example Timeout Detection Periods

e Long Timeout Detection Period Short Timeout Detection Period
(TOSEL =0) (TOSEL =1)
4 MHz 16.4 ms 41 ms
2 MHz 32.8 ms 8.2ms
1 MHz 65.6 ms 16.4 ms

24.1.7.4 Bits ICK4 to ICK2

Set bits ICK4 to ICK2 to select the frequency of the 12C-bus system clock (¢1IC). Rewrite these bits
when the ICE bit in the I2CCRO register is 0 (12C-bus interface disabled).

The frequency of the 12C-bus system clock (¢1IC) can be selected from flIC divided-by-2.5, -3, -5, and
-6. When bits ICK4 to ICK2 are set to 000b, flIC divided-by-2, -4, and -8 can also be selected by
setting bits ICK1 and ICKO in the I2CCR1 register. Refer to Table 24.6.

24.1.7.5 STOP Bit

The STOP bit monitors the STOP condition detection interrupt. When the 12C-bus interface interrupt
is generated by the detection of a STOP condition, the STOP bit becomes 1. This bit is enabled when
the STIE bit in the I2CCR1 register is 1 (STOP condition detection interrupt is enabled). This bit is set
to 0 by a program. Writing 1 to this bit has no effect.
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24.1.8 12C-bus Status Register (I2CSR)

I°C-bus Status Register
b7 b6 bS b4 b3 b2 bi bO Symbol Address Reset Value
LT LTI recsr 044408h 0001 000Xb
A
1 1 1 1 1 1 1 ]
1 1 1 1 1 1 1 ]
i i i i i i i E Bit Symbol Bit Name Function RW
1 1 1 1 1 1 1 ] . . oy e
bbb i b1 -] LRB |LastReceivedBit (2 0: Last received bitis 0 RW
I 1: Last received bit is 1
i i E E i i i ______ ADZ General Call Address 0: General call address not detected RW
A Detect Flag ("2 1: General call address detected
] ] ] 1 ] ]
e Slave Address Match Flag | 0: Address not matched
] ] ] 1 ] L
P AAS (1.2) 1: Address matched RW
] ] ] 1 ]
I R AL Arbitration Lost Detect Flag | 0: Arbitration lost not detected RW
i i i i (1.2) 1: Arbitration lost detected
i i i G IRE I2C-bus Interface Interrupt | 0: Requested RO
o Request Flag ® 1: Not requested
1 1 1
[ 0: Bus is free
________________ @
i i t BBSY Bus Busy Flag 1- Bus is busy RW
1 1
ro Transmit/Receive Switch 0: Receive mode
1 e e = e ]
' TRS Bit 1: Transmit mode (") RW
: 0: Slave mode
L e EE PR MST Master/Slave Select Bit : ’ RW
1: Master mode ()
Notes
1. Write 1111b to the lower 4 bits of this register to set the TRS or MST bit to 1 without generating a START or
STOP condition.
2. These bits are read-only when using them to check the status.
3. This bit is read-only. Only set this bit to 0.

Figure 24.13 12CSR Register
The 12CSR register monitors the state of the 12C-bus interface. Write to this register only when using the
functions listed in Table 24.8, and only set the values that are listed. Note that the lower 6 bits are not

rewritten even when values from Table 24.8 are written to.

Table 24.8 I12CSR Register Settings and Functions

Values Written to the I2CSR Register Eunction
MST | TRS |BBSY | IRF AL | AAS | ADZ | LRB
0 0 Select slave-receive mode
0 1 Select slave-transmit mode
X 0 1 1 1 1 .
1 0 Select master-receive mode
1 1 Select master-transmit mode
0 Select master-transmit mode and set the
1 1 0 0 0 0 0 device to be on STOP condition standby.
1 Select master-transmit mode and set the
device to be on START condition standby.
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24.1.8.1 LRB Bit

The LRB bit stores the data of the last received bit. It is used to check whether an ACK is received.
When the ACKCLK bit in the I2CCCR register is 1 (ACK clock generated), the LRB bit becomes 0
when the ACK is received, and 1 when the ACK is not received. When the ACKCLK bit is 0 (ACK
clock not generated), the last bit of data is stored to the LRB bit. When a value is written to the
I2CTRSR register, the LRB bit becomes 0.

24.1.8.2 ADZBit

The ADZ bit is a flag that indicates that the general call address was received. When the DFS bit in
the I2CCRO register is 0 (addressing format) in slave-receive mode, the ADZ bit becomes 1 when the
general call address is received.
The ADZ bit becomes 0 in any of the following cases:

* When a STOP or START condition is detected

» When the ICE bit in the I2CCRO register is set to 0 (I12C-bus interface disabled)

» When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.3 AAS Bit

The AAS bit is a flag that indicates whether the received address matches its own slave address. The
AAS bit becomes 1 when the received address matches its own slave address in bits SAD6 to SADO
in the I2CSAR register, when the DFS bit in the I2CCRO register is 0 (addressing format) in slave-
receive mode, or when the received address is the general call address.
The AAS bit becomes 0 in any of the following cases:

* When data is written to the I2CTRSR register

» When the ICE bit in the I2CCRO register is set to 0 (I12C-bus interface disabled)

« When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.4 AL Bit

The AL bit is a flag that indicates arbitration lost detection. In master transmit mode, if the MSDA pin
is changed to low by another device, then the AL bit becomes 1. Consequently, the TRS bit in the
I2CSR register becomes 0 (receive mode), and then the MST bit becomes 0 (slave mode) at the end
of the byte in which an arbitration lost is detected.
The AL bit becomes 0 in any of the following cases:

* When data is written to the I2CTRSR register

» When the ICE bit in the I2CCRO register is set to 0 (12C-bus interface disabled)

« When the RST bit in the I2CCRO register is written with 1 (I2C-bus interface reset)
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24.1.8.5 IRF Bit

Set the IRF bit to generate the I2C-bus interface interrupt request signal. When the 12C-bus interface
interrupt source is generated, first the IRF bit becomes 0, then the 12C-bus interface interrupt is
generated on the falling edge of the IRF bit. Refer to Figure 24.10 for the timing.
The IRF bit becomes 0 in any of the following cases:

* When 1-byte data transmission is completed (including when an arbitration lost is detected)

* When 1-byte data reception is completed

* When the slave address is matched in addressing format in slave-receive mode

* When the general call address is received in addressing format in slave-receive mode

* When address data reception is completed in free data format in slave-receive mode
The IRF bit becomes 1 in any of the following cases:

* When data is written to the I2CTRSR register

* When data is written to the I2CCCR register (the RIE bit is 1, internal WAIT flag is 1)

« When the ICE bit in the I2CCRO register is set to 0 (I2C-bus interface disabled)

+ When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.6 BBSY Bit

The BBSY bit is a flag that indicates the availability of the 12C-bus. The BBSY bit becomes 1 when a
START condition is detected, and 0 when a STOP condition is detected. When the BBSY bit is 0, the
I2C-bus is not in use, and is available for the device to generate a START condition.
The detection of a START or STOP condition is dependent on the setting of bits SSC4 to SSCO in the
[2CSSCR register.
The BBSY bit becomes 0 in any of the following cases:

* When a STOP condition is detected

» When the ICE bit in the I2CCRO register is set to 0 (I12C-bus interface disabled)

» When the RST bit in the I2CCRO register is written with 1 (12C-bus interface reset)

24.1.8.7 TRS Bit

The TRS bit determines the direction of data communication. When this bit is set to 0, the device
enters receive mode and waits for data to be sent from another device. When this bit is set to 1, the
device enters transmit mode and transmits data and address to the SDA line synchronized with the
SCL clock.
The TRS bit automatically becomes 1 (transmit mode) when the received address matches its own
slave address and the received R/W bit is 1 (data requested) in addressing format in slave-receive
mode.
The TRS bit becomes 0 in any of the following cases:

* When this bit is setto 0

* When an arbitration lost is detected

* When a STOP condition is detected

* When the START condition redundancy prevention function is activated

* When a START condition is detected in slave mode

* When a NACK is received in slave mode

* When the ICE bit in the I2CCRO register is set to 0 (12C-bus interface disabled)

* When the RST bit in the I2CCRO register is written with 1 (I2C-bus interface reset)
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24.1.8.8 MST Bit

Set the MST bit to select master or slave mode. To enter slave mode, set this bit to 0. Communication
is initiated in synchronization with the SCL clock generated by the master device. Set this bit to 1 to
enter master mode. The device generates the SCL clock to initiate communication.
The MST bit becomes 0 in any of the following cases:

* When the MST bitis setto 0

* When an arbitration lost is detected, and transmission of the corresponding byte is completed

* When a STOP condition is detected

* When a START condition is detected

* When the START condition redundancy prevention function is enabled

» When the ICE bit in the I2CCRO register is set to 0 (12C-bus interface disabled)

+ When the RST bit in the I2CCRO register is written with 1 (I2C-bus interface reset)
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24.1.9 12C-bus Mode Register (I2CMR)

12C-bus Mode Register ()

b7 6 S b4 b3 b2 b1 b0 Symbol Address Reset Value
I2CMR 044410h XXXX 0000b

EEEEEEE

[ - - -

A Bit Symbol Bit Name Function RW

[ T T B

[ A I2C-bus Interface/UART2 0: UART2

e I = 1: PC-bus interface RW

[ L R |

! E E i P b3 b2 b1

A CLKO 0 0 0:f1 divided-by-2 RW

P 0 0 1:f8 divided-by-2

[ T A A 2 0 1 0 :f2n divided-by-2

A T T A S CLK1 I"C-bus Interface Clock 0 1 1:Do not use this combination | RW

R Source Select Bit 1001

Poror 101:18

e CLK2 110:f2n RW

- o 1 1 1 :Do not use this combination

1

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

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

Figure 24.14 12CMR Register

The I2CMR register selects signals for the I2C-bus interface and the clock source. Set the PRC1 bit in the
PRCR register to 1 (write enabled) before rewriting this register.

24.1.9.1 12CEN Bit

The 12CEN bit switches between signals for UART2 and the 12C-bus interface. Set this bit to 1 to use
the following signals: MSDA, MSCL, the 12C-bus interface interrupt, and the 12C-bus line interrupt.
When this bit is set to 0, signals for UART2 are enabled.

24.1.9.2 Bits CLK2 to CLKO
Bits CLK2 to CLKO select the clock source for the 12C-bus interface clock (flIC). It is selected from f1
divided-by-2, f8 divided-by-2, f2n divided-by-2, f1, f8, or f2n.
The clock source selected for the 12C-bus interface (flIC) is used as the clock source for the 12C-bus
system clock (¢lIC).
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24.2 Generating a START Condition

To enter a START condition standby state, write EOh to the I2CSR register while the ICE bit in the I2CCRO
register is 1 (I2C-bus interface enabled) and the BBSY bit in the I2CSR register is 0 (bus is free). When in
standby, write a slave address to the I2CTRSR register to generate a START condition. Consequently, the
bit counter becomes 000b, 1 byte of the SCL clock is output, and the slave address is transmitted. Figure
24.15 shows how to generate a START condition.

Note that after a STOP condition is generated, writing to the I2CSR register is disabled for 1.5 cycles of
¢lIC after the BBSY bit becomes 0. To generate a START condition immediately after generating a STOP
condition, first write EOh to the 12CSR register, then confirm that bits TRS and MST in the 12CSR register
are 1. After that, write a slave address to the I2CTRSR register.

C Generating a START condition )

| Disable interrupts |

BBSY bit in the I2CSR register

0 (bus is free)
| Write EOh to the I12CSR register | ------- START condition standby

Write a slave address to the
I2CTRSR register

1 (bus is busy)
------- Confirm the bus status

------- START condition trigger generated

&
<

| Enable interrupts |

( End )

Figure 24.15 Generating a START Condition

The timing to generate a START condition differs between Standard-mode and Fast-mode. Figure 24.16
shows START condition generation timing. Table 24.9 lists the set-up and hold times when a START or
STOP condition is generated.

Write signal to the I2CTRSR register

MSCL pin Set-up time . Hold time

g »lg »!
"~ 1Y )

MSDA pin

! BBSY bit
]
)

L . setting time
BBSY bit in the I2CSR register Bus is free !‘—’IW

Figure 24.16 START Condition Generation Timing
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Table 24.9  Set-up and Hold Times When Generating a START or STOP Condition

Short Mode Long Mode
Parameter SCL Mode (STSPSEL = 0) (STSPSEL = 1)
) Standard-mode (CLKMD = 0) 5.0 us (20) 13.0 us (52)
Set-up time
Fast-mode (CLKMD = 1) 2.5us (10) 6.5 us (26)
Hold time Standard-mode (CLKMD = 0) 5.0 us (20) 13.0 us (52)
Fast-mode (CLKMD = 1) 2.5us (10) 6.5 us (26)
CLKMD: Bit in the I2CCCR register
STSPSEL: Bit in the I2CSSCR register
Number of ¢lIC cycles in parentheses.
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24.3 Generating a STOP Condition

To enter a STOP condition standby state, write COh to the I2CSR register while the ICE bit in the I2CCRO
register is 1 (I12C-bus interface enabled). Consequently, the MSDA pin becomes low. When in a standby
state, write dummy data to the I2CTRSR register to generate a STOP condition. Figure 24.17 shows how

to generate a STOP condition.

( Generating a STOP condition )

| Disable interrupts |

| write COh to the I2CSR register |

Write dummy data to the
I2CTRSR register

| Enable interrupts |

|
( End )

------- STOP condition standby

------- STOP condition trigger generated

Figure 24.17 Generating a STOP Condition

The timing for generating a STOP condition differs between Standard-mode and Fast-mode. Figure 24.18
shows STOP condition generating timing. Table 24.9 lists the set-up and hold times when a START or

STOP condition is generated.

Write signal to the I2CTRSR register

-

MSCL pin Set-up time Hold time
1< >le >
MSDA pin BBSY bit
setting time
) ]
BBSY bit in the I2CSR register Bus is busy Bus is free

Figure 24.18 STOP Condition Generating Timing

Do not write the I2CSR or I2CTRSR register during the period after the standby setting until the BBSY bit
in the 12CSR register becomes 0. Doing so may cause a failure of a successful STOP condition

generation.

Furthermore, after the standby setting, the internal SCL output becomes low in the following case: after
the MSCL pin becomes high and when it becomes low before the BBSY bit becomes 0. In this case, low
output from the MSCL pin is stopped (clock line released) by generating a STOP condition, by setting the
ICE bit in the I2CCRO register to 0 (I2C-bus interface disabled), or by setting the RST bit to 1 (12C-bus

interface reset)
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24.4 START Condition Redundancy Prevention Function

A START condition is generated when the bus is free (confirmed with the BBSY bit in the I2CSR register).
However, before a START condition is generated, if a different master device generates another START
condition, the BBSY bit may become 1. In this case, the START condition redundancy prevention function
terminates the generation of its own START condition.
The START condition redundancy prevention functions as follows:

* The START condition standby setting is disabled (exits standby state)

* Writing to the I2CTRSR register is disabled (generation of the START condition trigger is disabled)

* Bits MST and TRS in the I2CSR register become 0 (enters slave-receive mode)

* The AL bit in the I2CSR register becomes 1 (arbitration lost is detected)
Figure 24.19 shows the operation of the START condition redundancy prevention function.

Example behavior of when a START condition from another device is generated while in a START condition standby state.

4. START condition detected

The bus becomes busy at the same time the

1 2 3 4 5
] 1 ] ] ]
H H ! [ ! 1. Confirm the bus is free
MSCL pin i i i i i
A
! I 1 ! ! 2. START condition standby setting
T o 1 1
MSDA pin ! ! !
: | | 3. Another START condition generated by external
. H ! H device
BBSY bitin the | Busis free { Busisbus
I2CSR register & i Y
A4 1
1
oy s 1
AL bit in the H START condition redundancy prevention function
I2CSR regiter ! is enabled (arbitration lost is generated).
1
1
MST bit in the

5. Enter slave-receive mode

I2CSR register

<—>| 1.5 cycles of ¢lIC
]

TRS bit in the
I2CSR register

Figure 24.19 Example Operation of the START Condition Redundancy Prevention Function

The START condition redundancy prevention function is enabled from the falling edge of an SDA line in a
START condition until the slave address is completely received. This means, when registers [I2CSR and
I2CTRSR are written during this period, then the START condition redundancy prevention function is
enabled. Figure 24.20 shows the duration.

1st clock 2nd clock . 8th clock ACK clock
wsee | [ L[ [ [ N A
MSDA _| / 1st bit X 2nd bit X o X 8th bit X ACK bit

BBSY bitin the

I2CSR register Valid duration of START condition redundancy prevention function

A 4

Figure 24.20 Enabled Duration of the START Condition Redundancy Prevention Function
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24.5 Detecting START and STOP Conditions

Figure 24.21 shows START condition detection, Figure 24.22 shows STOP condition detection, and Table
24 .10 lists the parameters for detecting START and STOP conditions. The parameters to detect START
and STOP conditions are set with bits SSC4 to SSCO in the I2CSSCR register. These parameters are
detectable only when the input signals of pins MSCL and MSDA meet all the conditions of the high period
of MSCL pin, set-up, and hold times in Table 24.10.

The BBSY bit in the I2CSR register becomes 1 when a START condition is detected, and 0 when a STOP
condition is detected. The timing for setting the BBSY bit differs between Standard-mode and Fast-mode.
Refer to Table 24.11 for BBSY bit setting time. Table 24.11 lists the recommended settings for bits SSC4
to SSCO in Standard-mode.

! High period !

MSCL pin

Set-up time P Hold time

A\
A
\

MSDA pin

| BBSY bit
| setting time
BBSY bit in the I2CSR register ;<—>|

TRS bit in the I2CSR register

(in slave mode)

Bits BC2 to BCO in the I2CCRO register X 000b

Figure 24.21 Detecting a START Condition

1 High period N
[ ]
MSCL pin
— Set-up time o Hold time “'
1 ]
MSDA pin BBSY bit i
setting time 1 !
i i
BBSY bit in the I2CSR register E
i i
1 ]
TRS bit in the I2CSR register
! :
MST bit in the I2CSR register
i i
! ]
Bits BC2 to BCO in the I2CCRO register X 000b
0.5 cycles of ¢IIC
Figure 24.22 Detecting a STOP Condition
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Table 24.10 Parameters for Detecting START and STOP Conditions

Parameter

Standard-mode

Fast-mode

High period of MSCL pin

SSC value + 1 cycle (6.25 ps)

4 cycles (1.0 us)

Set-up time w + 1 cycle <4.0 ys (3.25 ps) |2 cycles (0.5 ps)
Hold time w cycles < 4.0 ys (3.0 ys) 2 cycles (0.5 us)

. . SSC value - 1
BBSY bit set/reset time B — + 2 cycles (3.375 ps) 3.5 cycles (0.875 ps)

Unit: ¢lIC cycles
SSC value: Setting value of bits SSC4 to SSCO in the I2CSSCR register. Do not set these bits to 0 or an

odd number.

Example times of when ¢lIC = 4 MHz and the I2CSSCR register = 18h are in parentheses.

Table 24.11 Recommended Values for Bits SSC4 to SSCO0 in Standard-mode
SSC Parameters for Detecting START and STOP Conditions
e Recom High period of BBSY Bifm Set/Reset
mended MSCL pin Set-up time Hold time Time
Value
5 MHz 30 6.2 us (31) 3.2 us (16) 3.0 s (15) 4.125 ps (16.5)
4 MHz 26 6.75 us (27) 3.5 us (14) 3.25 us (13) 3.625 us (14.5)
24 6.25 us (25) 3.25 us (13) 3.0 us (12) 3.375 us (13.5)
2 Mz 12 6.5 us (13) 3.5us (7) 3.0 us (6) 3.75 us (7.5)
10 5.5 us (11) 3.0 ys (6) 2.5 us (5) 3.25 ps (6.5)
1 MHz 4 5.0 us (5) 3.0 us (3) 2.0 yus (2) 3.5us (3.5)

Number of ¢lIC cycles in parentheses.
SSC recommended values: Decimal value of bits SSC4 to SSCO in the I2CSSCR register.
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24.6 Data Transmission and Reception

Examples of the data transmission and reception format for master-transmission or slave-reception in a
7-bit address format are shown in section 24.6.1 “Master Transmission” and 24.6.2 “Slave Reception”.
These examples assume communication starts after initialization using the parameters set in Table 24.12.

Table 24.12 Example of Initial Settings

Setting

Register Value Parameter Initial Setting
[2CSAR 02h |Slave address 1
[2CCCR SCL frequency 100 kHz (¢lIC = 4 MHz)
85h  |Clock mode Standard-mode
ACK clock generation ACK clock generated
[2CCR2 00h |Timeout Detector Disabled
[2CCR1 STOP condition detection interrupt Enabled
13h  |Successful data receive interrupt Enabled
oliIC flIC divided-by-2
[2CSR OFh  |Communication mode Slave-receive mode
[2CSSCR SSC value (see Table 24.11) 24
98h  [START and STOP conditions generation Long mode
mode
[2CCRO Number of bits to be transmitted or received |8 bits
I2C-bus interface Enabled (communication
08h
enabled)
Data format Addressing format
I2CMR 0h [2C-bus interface/UART2 I2C-bus interface selected
I2C-bus interface clock source flIC = f2n
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24.6.1 Master Transmission

The operation and procedures of master transmission are described in this section. Figure 24.23 shows
an example of master transmission operation. For (A) to (C) in the figure, see A to C in the descriptions
and procedures below. (1) to (3) show the program’s instructions. Arrows indicate that the procedure is
performed by the MCU automatically.

m s m s m s m

—  EP—————— O P>
Slave address wil & Data = Data

S (7 bits) WA (8 bits) A (8 bits) N|P

]
]
MSCL pin i
1 ) ) 1 :
1 ) ) 1 1
; i i P
| I
1 1
IR bit in the

12CIC register

f

(B) (©)
STOP condition

E —_—Pp—————
T —>»—"-

S: START condition A: ACK R: Read m: Master outputs to SDA
P: STOP condition A: NACK W: Write s: Slave outputs to SDA

Figure 24.23 Example Operation of Master Transmission

A. Transmitting a slave address

(1) Confirm the BBSY bit in the I2CSR register is 0 (bus is free)

(2) Write EOh to the I2CSR register
— The device enters the START condition standby state

(3) Write an address of a receiver (slave address) to the upper 7 bits of the I2CTRSR register
— A START condition is generated
— The slave address is sent

B. Transmitting data (processed in the 12C-bus interrupt routine)

(1) Write transmit data to the I2CTRSR register
— Data is sent
To send multiple bytes of data, write them to the I2CTRSR register in succession

C. Completing master transmission (processed in the 12C-bus interrupt routine)

(1) Write COh to the 12CSR register

— The device enters the STOP condition standby state
(2) Write dummy data to the I2CTRSR register

— A STOP condition is generated

In addition to the case where transmission is completed, procedure (C) is required when no ACK from the
slave device is received (when a NACK is received as shown in Figure 24.23).
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24.6.2 Slave Reception

The operation and procedures of slave reception are described in this section. Figure 24.24 shows an
example of slave reception operation. For (A) to (D) in the figure, see A to D in the descriptions and
procedures below. (1) to (3) show the program’s instructions. Arrows indicate that the procedure is
performed by the MCU automatically.

m s m s m s m

—  EP—————— O P>
Slave address wil & Data = Data =

S (7 bits) WA (8 bits) A (8 bits) AlP

MSCL pin

MSDA pin

IR bit in the
12CIC register

> —»f-----

—_
R

(C)D) (C)D)
Slave reception completed

S: START condition A: ACK R: Read m: Master outputs to SDA
P: STOP condition A: NACK W: Write s: Slave outputs to SDA

Figure 24.24 Example Operation of Slave Reception

A. Receiving a slave address (performed by the MCU automatically)
— A START condition is detected
— A slave address is received
— An ACK is sent and the 12C-bus interface interrupt is generated in either of the following cases
-When the general call address is received (the ADZ bit in the I2CSR register is 1)
-When an address match is detected (the AAS bit in the I2CSR register is 1)

B. Starting slave reception (processed in the 12C-bus interrupt routine)

(1) Check the 12CSR register value. When the TRS bit is 0, start the slave reception.
(2) Write dummy data to the I2CTRSR register
— Data reception starts

C. Completing slave reception (processed in the 12C-bus interrupt routine)

(1) Read the received data from the I2CTRSR register

(2) Set the ACKD bit in the register to 1 (NACK) when the data is the last received data

(3) Set the ACKD bit in the register to 0 (ACK) when the data is not the last received data
— An ACK or NACK is sent and an 12C-bus interface interrupt is generated

D. Completing ACK transmission (processed in the 12C-bus interrupt routine)

(1) Write dummy data to the I2CTRSR register
— If the data is the last received data, a STOP condition is detected
— If not, data reception restarts
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24.7 Notes on Using Multi-master I2C-bus Interface

24.71 Accessing Multi-master I12C-bus Interface-associated Registers
Notes on writing to and reading 12C-bus interface-associated registers.

* I2CTRSR register
Do not write to this register during data transmission or reception. Doing so resets the transmit/
receive counter and the register is unable to perform normal data transmission or reception.

* I2CCRO register
This register becomes 000b when a START condition is detected or 1 byte of data transmission
or reception is completed. Do not write to or read this register at these two timings. Doing so may
change the register value to an unexpected value. Figures 24.26 and 24.27 show the bit counter
reset timings.

* I2CCCR register
Do not rewrite bits other than the ACKD bit during transmission or reception. Otherwise the 12C-
bus clock circuit is reset and a normal transmission or reception will not be performed as a result.

* I2CCR1 register
Rewrite bits ICK4 to ICKO only when the ICE bit in the I2CCRO register is 0 (12C-bus interface
disabled). When the 12CCR1 register is read, the internal WAIT flag status is read from this
register. Therefore, do not use a bit processing instruction (read-modify-write instruction) with
this register.

* I2CSR register
Do not use a bit processing instruction (read-modify-write instruction) since the value of each bit
in the I2CSR register changes depending on the communication state. Also, do not access this
register when MST bit or TRS bit, which select the communication mode, changes. Doing so
may change the register value to an unexpected value. Figures 24.25 to 24.27 show the timing
of bits MST and TRS to change.
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MSCL pin
MSDA pin

BBSY bit in the
I2CSR register

Bit reset signal

Bits to be reset:
Y Bits MST and TRS in the I2CSR register
:
1.5 cycles of ¢lIC

Figure 24.25 Bit Resetting Timing (when a STOP condition is detected)

MSCL pin

MSDA pin

BBSY bitin the |
i
]

I2CSR register

Bits to be reset:

) ) Bits BC2 to BCO in the I2CCRO register
Bit reset signal TRS bit in the I2CSR register (in slave mode)

Figure 24.26 Bit Resetting Timing (when a START condition is detected)

MSCL pin

IRF bit in the
I2CSR register

]
]
Bit reset signal E
; ‘
)

<& >
< P

Bit reset signal two cycles of ¢pIIC
K—P:

Bits to be reset:
Bits BC2 to BCO in the I2CCRO register
MST bit in the I2CSR register (when arbitration lost is detected)
TRS bit in the 12CSR register (when a NACK is received in slave-transmit mode)

one cycle of ¢IIC

Bit to be set:
TRS bit in the I2CSR register (when the R/W bit of the first byte received is 1 in addressing format in slave-receive
mode)

Figure 24.27 Bit Setting/Resetting Timing (when data transmission/reception is completed)
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24.7.2 Generating a Repeated START condition

Use the following steps to generate a repeated START condition after transmitting 1-byte of data:
(1) Write EOh (the START condition standby state, and the MSDA pin is high) to the I2CSR register
(2) Wait until the MSDA pin becomes high
(3) Write a slave address to the I2CTRSR register to generate a START condition trigger

Figure 24.28 shows the repeated START condition generating timing.

8th clock ACK clock
MSCL pin | | | |

MSDA pin \

i

Write signal to the I2CSR register
(START condition standby)

I I W

I

Write signal to the I2CTRSR register
(START condition trigger generated) ' !
Software wait

Figure 24.28 Repeated START Condition Generating Timing
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25. 1/0 Pins

Each pin of the MCU functions as a programmable I/O port, an 1/O pin for integrated peripherals, or a bus
control pin. These functions can be switched by the function select registers or the processor mode
registers. This chapter particularly addresses the function select registers. For the use as a bus control pin,
refer to 7. “Processor Mode” and 9. “Bus”.

The pull-up resistors are enabled for every group of four pins. However, a pull-up resistor is separated from
other peripherals even if it is enabled, when a pin functions as an output pin.

Figure 25.1 shows a block diagram of typical I/O pin.

The use of pull-up resistor

selection
NOD
PDi_j
Port output 00
Peripheral 1 output 001
Peripheral 2 output 010
011 >

Peripheral 3 output
Peripheral 4 output

A

o

Lo
Peripheral 5 output /},
Peripheral 6 output 110/
Peripheral 7 output

A A
PSEL2 4T

Pi_j pin

PSEL1

PSELO

ASEL
Port input T (LT

Peripherals 1 to 7 input
Analog I/O 5~}

Figure 25.1 Typical I/O Pin Block Diagram (i=0to 15; j=0to 7)

The registers to control I/O pins are as follows: port Pi direction register (PDi register), output function select
registers, and pull-up control registers. The PDi register selects the input or output state of pins. The output
function select registers which select output function consist of bits PSEL2 to PSELO, NOD, and ASEL. Bits
PSEL2 to PSELO select a function as a programmable I/O or peripheral output (except analog output). The
NOD bit selects the N-channel open drain output for a pin. The ASEL bit prevents the increase in power
consumption of input buffer caused by an intermediate potential when a pin functions as an analog I/O pin.
The pull-up control registers enable/disable the pull-up resistors.

To use a pin as an analog /O pin, set the PDi_j bit to 0 (input), bits PSEL2 to PSELO to 000b, and the ASEL
bit to 1.

The input-only port P8_5 shares a pin with NMI and has no function select register or bit 5 in the PD8
register. Port P14_1 (or P9_1 in the 100-pin package) also functions as an input-only port. The function
select register and bit 1 in the PD14 register are reserved. Port P9 is protected from unexpected write
accesses by the PRC2 bit in the PRCR register (refer to 10. “Protection”).
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25.1 Port Pi Direction Register (PDi Register, i = 0 to 15)

The PDi register selects the input or output state of pins. Bits in this register correspond to respective
pins.

In memory expansion mode or microprocessor mode, this register cannot control pins being assigned bus
control signals (A0 to A23, DO to D31, CS0 to CS3, WR/WR0, BCO, BC1/WR1, BC2/WR2, BC3/WRS3, RD,
CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).

Figure 25.2 shows the PDi register.

No register bit is provided for port P8 5. For port P14_1 (or P9_1 in the 100-pin package), a reserved bit
is provided.

The PD9 register is protected from unexpected write accesses by setting the PRC2 bit in the PRCR
register (refer to 10. “Protection”).

Port Pi Direction Register (i=0to 15)("
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
1111 ]]]|] ProotorD3 03C2h, 03C3h, 03C6h, 03C7h 0000 0000b
i i i i i i i i PD4 to PD7 03CAh, 03CBh, 03CEh, 03CFh 0000 0000b
Prob PD8 @ 03D2h 00X0 0000b
Lo PD9 @4, PD10 03D3h, 03D6h 0000 0000b
I PD115 03D7h XXX0 0000b
A PD12, PD13® 03DAh, 03DBh 0000 0000b
R T T T T A A PD14 (2 4.5) 03DEh X000 0000b
AR PD15®) 03DFh 0000 0000b
T T R T A
bbb Bit Symbol Bit Name Function RW
) ) ) ) I ) ) )
[ . . . . . 0: Input port
_— (4)
i i i i i i i ! PDi_0 Port Pi_0 Direction Bit 1 Output port RW
] ] 1 1 1 1 1
[ . . N . 0: Input port
| R 4)
i E i i i i PDi_1 Port Pi_1 Direction Bit 1: Output port RW
1 1 1 1 1 1 R
S A A S PDi 2 | PortPi_2 DirectionBit @ | - Input port RW
P 1: Output port
R ) . P 0: Input port
i i i i ——————————— PDi_3 Port Pi_3 Direction Bit 1: Output port RW
] 1 1 1
A . . . . . 0: Input port
E i i PDi_4 Port Pi_4 Direction Bit 1 Output port RW
Vo . . N . 0: Input port
) ' | )
E i PDi_5 Port Pi_5 Direction Bit 1: Output port RwW
] ' .
e PDI_6 | Port Pi_6 Direction Bit@ | O InPut port RW
! 1: Output port
1
oo PDi_7 | PortPi_7 Direction it @ | O InPutport RW
1: Output port
Notes
1. In memory expansion mode or microprocessor mode, this register cannot control pins being assigned bus
control signals (A0 to A23, DO to D31, CSO0 to CS3, WR/WRO0, BC0, BCT/WRT, BC2/WR2, BC3 WR3, RD,
CLKOUT/BCLK, HLDA, HOLD, ALE, and RDY).
2. The PD8_5 bit in the PD8 register, bits PD11_5 to PD11_7 in the PD11 register, and the PD14_7 bit in the
PD14 register are unavailable on this MCU. If necessary, set these bits to 0. The read value is undefined.
3. Set the PRC2 bit in the PRCR register to 1 (write enabled) just before rewriting the PD9 register. No
interrupt handling or DMA transfers should be inserted between these two instructions.
4. Bits PD9_0 to PD9_2 in the PD9 register in the 100-pin package and PD14_0 to PD14_2 in the PD14
register in the 144-pin package are reserved. These bits should be written with 0.
5. In the 100-pin package, enabled bits in registers PD11 to PD15 should be written with 1 (output port).

Figure 25.2 Registers PDO to PD15
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25.2 Output Function Select Registers

When a programmable 1/O port and peripheral output share a pin, these registers select the output
function of the pin. Regardless of the register settings, signals are input to all the connected peripherals.
An output function select register consists of bits PSEL2 to PSELO, NOD, and ASEL. Bits PSEL2 to
PSELO select a function as programmable 1/O or peripheral output (except analog output). The NOD bit
selects the N-channel open drain output. The ASEL bit prevents the increase in power consumption
caused by an intermediate potential generated when a pin functions as an analog I/O pin.

Table 25.1 shows the peripherals assigned to each PSEL2 to PSELO bit combination, and Figures 25.3 to
25.19 show the function select registers.

Note that ports P8_5 and P14_1 (or P9_1 in the 100-pin package) (input only) have no output function
select registers.

The P9 _iS register is protected from unexpected write accesses by setting the PRC2 bit in the PRCR
register (refer to 10. “Protection”).

Table 25.1  Peripheral Assignment

Bits PSEL2 to PSELO Peripherals

001b Timer
010b Three-phase motor control timers
011b UART
100b UART special function
101b Intelligent 1/0 groups 0 and 2
110b Intelligent 1/0 group 1
111b UARTS8
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Port PO _i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LDXXIXX] [ | | PoostoPo_2s  400A0h, 400A2h, 400A4h 0XXX X000b
IR PO_3S to PO_5S 400A6h, 400A8h, 400AAh 0XXX X000b
I T T N T R P0O_6S, P0O_7S 400ACh, 400AEh 0XXX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tborb i1 | Bit Symbol Bit Name Function RW
SRR N 021 b0
Py b t=-q PSELO 0 0 0:1/0 port PO_i RW
i E E i i i i 0 0 1 : Do not use this combination
[ . . 0 1 0 :Do not use this combination
A R N R W PSEL1 | gort PO OUIPULFUNCHON 1 ¢ 4 1 . Do not use this combination | RW
I elec 1 0 0:Do not use this combination
i E E i i i 1 0 1: Do not use this combination
T S S S T PSEL2 1 1 0:Do not use this combination RW
L 1 1 1 :Do not use this combination
1 ] ] ] 1
A — No register bits; should be written with 0 and read as undefined .
i (b6-b3) value
i Port PO_i Analog Function 0: Function other than ANO _i
""""""""""" ASEL | Select Bit 1: ANO_j RW

Figure 25.3 Registers P0_0S to P0_7S

Port PO_i shares a pin with the ANO _i input for the A/D converter (i=0 to 7).
To use it as a programmable 1/O port, set the PO _iS register to 00h. To use it as an A/D converter input
pin, set this register to 80h and the PDO_i bit to 0 (port P0O_i functions as an input port).
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Port P1_i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
DDA [ | | P1ostop1_2s  400A1h, 400A3h, 400A5h XXXX X000b
R P1_3StoP1_5S 400A7h, 400A9h, 400ABh XXXX X000b
I T T T B R P1_6S,P1_7S 400ADh, 400AFh XXXX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tborb i1 | Bit Symbol Bit Name Function RW
SRR N 261 b0
Py b ==y PSELO 00 0:1/0portP1_i RW
i E E E E i E 0 0 1 : Do not use this combination
[ . . 0 1 0:Do not use this combination
A R A I . PSEL1 | gort P QUIPULFUNCEON g 4 1 . Do not use this combination | RW
T T T R elec 1 0 0: Do not use this combination
i E i i i i 1 0 1:1100_i output
: : : : : | PSEL?2 110: ||O1_i output RW
v 1 1 1 :Do not use this combination
1 ] ] 1 1
I — No register bits; should be written with 0 and read as undefined .
(b7-b3) value

1. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO

000b 001b 010b 011b 100b 101b 110b 111b
P10 P10 —@ —@ —@ — @ [1100_0 output{llO1_0 output| — @
P1_1 P1_1 —@ —@ —@ — @ [1100_1 output{llO1_1 output|] — @
P12 P12 —@ —@ —@ — @ [1100_2 output{llO1_2 output|] — @
P13 P13 —@ —@ —@ — @ [1100_3 output{llO1_3 output|] — @
P1 4 P1 4 —@ —@ —@ — @ [1100_4 output{llO1_4 output|] — @
P15 P15 —@ —@ —@ — @ [1100_5 output{llO1_5 output| — @
P16 P16 —@ —@ —@ — @ [1100_6 output{llO1_6 output|] — @
P17 P17 —@ —@ —@ — @ [1100_7 output{llO1_7 output|] — @

2. Do not use this combination.

Figure 25.4 Registers P1_0S to P1_7S

Port P1_i shares a pin with intelligent I/O groups 0 and 1 (IIO0 and [I01) and the external interrupt inputs
(i=0to7).

To use it as an output pin, set the PD1_i bit to 1 (port P1_i functions as an output port) and select a
function according to Figure 25.4. To use it as an input pin, set the PD1_i bit to 0 (port P1_i functions as
an input port).

RO1UH0210EJ0120 Rev.1.20
Feb 18, 2013

RRENESAS Page 397 of 520



R32C/116 Group 25. 1/0 Pins
Port P2_i Function Select Register (i=0to 7)
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address Reset Value
LDXXIXX] [ | | P2ostop22s  200B0h, 40082h, 400B4h 0XXX X000b
I T S B A P2 _3Sto P2_5S 400B6h, 400B8h, 400BAh 0XXX X000b
S A P2 6S,P2_7S  400BCh, 400BEh OXXX X000b
1 1 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
tborb i1 | Bit Symbol Bit Name Function RW
AR AR b2 b1 b0
Py b t=-q PSELO 0 0 0:1/0 port P2_i RW
i E E i i i i 0 0 1:Do not use this combination
[ T T T A A . ) 0 1 0 :Do not use this combination
A R N R W PSEL1 | gort P2 OQUIULFUNCHon g 4 1 . Do not use this combination | RW
I T R R elec 1 0 0 :Do not use this combination
i E E i i i 1 0 1:Do not use this combination
T S S S T PSEL2 1 1 0:Do not use this combination RW
L 1 1 1:Do not use this combination
] 1 ] ] ]
A — No register bits; should be written with 0 and read as undefined .
i (b6-b3) value
i Port P2_i Analog Function 0: Function other than AN2_i
""""""""""" ASEL | select Bit 1: AN2_i RW

Figure 25.5 Registers P2_0S to P2_7S

Port P2_i shares a pin with the AN2_i for the A/D converter (i =0 to 7).
To use it as a programmable 1/O port, set the P2_iS register to 00h. To use it as an A/D converter input
pin, set this register to 80h and the PD2_i bit to 0 (port P2_i functions as an input port).
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R32C/116 Group 25. 1/0 Pins
Port P3_i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
DODXAXX] [ | | P3ostops 2s  400B1h, 40083h, 400B5h XXXX X000b
b P3_3S to P3_5S 400B7h, 400B9h, 400BBh XXXX X000b
I T T T B R P3_6S, P3_7S 400BDh, 400BFh XXXX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tbb bbb | BitSymbol Bit Name Function RW
N 021 b0
I T T R A PSELO 00 0:1/OportP3 i Rw
i E E i i i i 0 0 1:Timer output
[ A I A 0 1 0:Three-phase motor control
N Port P3_i Output Function output
i E i i i i I PSEL1 Select Bit M 0 1 1 :Do not use this combination RW
T T T R 1 0 0: Do not use this combination
i E E E i E 1 0 1 :Do not use this combination
L PSEL2 1 1 0:Do not use this combination RW
A 1 1 1 :Do not use this combination
1 ] ] 1 1
A — No register bits; should be written with 0 and read as undefined .
(b7-b3) value

. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO
o

000b 001b 010b 011b 100b 101b 110b 111b
P3_0 P3_0 |TAOOUT output| —@ —@ —@ —@ —@ —@
P3_1 P3_1 |TA30OUT output| —@ —@ —@ —@ —@ —@
P3_2 P3_2 |TA10UT output \Y —@ —@ —@ —@ —@
P3 3 P3 3 —@ v —@ —@ —@ —@ —@
P3_4 P3_4 |TA20UT output w —@ —@ —@ —@ —@
P3 5 P3 5 —@ W —@ —@ —@ —@
P3_6 P3_6 |TA40UT output U —@ —@ —@ —@
P3 7 P3 7 —@ U —@ —@ —@ —@

2. Do not use this combination.

Figure 25.6 Registers P3_0S to P3_7S

Port P3_i shares a pin with the timer output and three-phase motor control output (i = 0 to 7).

To use it as an output pin, set the PD3_i bit to 1 (port P3_i functions as an output port) and select a
function according to Figure 25.6. To use it as an input pin, set the PD3 i bit to 0 (port P3_i functions as
an input port).
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R32C/116 Group 25. 1/0 Pins
Port P4 _i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
XL DXXX] [ | | Paostopa2s  00Con, 400C2h, 400C4h XO0XX X000b
I T S B A P4_3S to P4_5S 400C6h, 400C8h, 400CAh X0XX X000b
I T T T B R P4_6S,P4_7S 400CCh, 400CEh X0XX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tbb 1| Bit Symbol Bit Name Function RW
bbb 021 b0
T T T B A R PSELO 00 0:1/OportP4_i RW
i E i i i i i 0 0 1:Do not use this combination
[ R A 0 1 0:Do not use this combination
A PSELA Port P4_i Output Function |0 1 1: UART3/UART6 output RW
Vror Select Bit (" 1 0 0:UART3/UARTS special
I T R function output
ol 1.0 1:1102 output
it PSEL2 1 1 0:Do not use this combination RW
T A 1 1 1:Do not use this combination
1 ] ] 1 1
R N — No register bits; should be written with 0 and read as undefined .
o (b5-b3) | value
P N-channel Open Drain 0: Push-pull output
i ------------------- NOD Output Select Bit 1: N-channel open drain output RW
i _____________________ — No register bit; should be written with 0 and read as undefined .
(b7) value

1. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO

000b 001b 010b 011b 100b 101b 110b 111b
P4 0 P4 0 _@ _ @ RTS3 ) ) _ @ )
P4_1 P4_1 —@ —®  [CLK3output| — @ —@ —@ —@
P4 2 P4 2 —@ — @ [scL3output| STXD3 e —@ —@
P4 3 P4 3 —® @ SD;;(gjtput _o | Seez | —e @

IEOUT

P4 4 P4_4 _® _@ RTSG ) _® _@ _®
P4 5 P4 5 —@ —@ CLK6 output| —® —@ —@ —@
P4_6 P4_6 —@ —@ SCL6 output| STXD6 —@ —@ —@
P4 7 P4 7 ) ) SD;t)S(EStput ) — ) )

2. Do not use this combination.

Figure 25.7 Registers P4_0S to P4_7S

Port P4 _i shares a pin with the serial interface (UART3 and UART®6) and intelligent I/O group 2 (1102) (i =

0to 7).

To use it as an output pin, set the PD4_i bit to 1 (port P4_i functions as an output port) and select a
function according to Figure 25.7. To use it as an input pin, set the PD4 _i bit to 0 (port P4_i functions as

an input port).

Ports P4_0 to P4_7 are 5V tolerant inputs. To use them as I/O pins with 5 V tolerant input enabled, set
the NOD bit to 1.
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R32C/116 Group 25. 1/0 Pins

Port P5_i Function Select Register (i=0to 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
MML_LJ P5_0S, P5_1S 400C1h, 400C3h XXXX X000b
A P5_2S, P5_3S 400C5h, 400C7h XXXX X000b
o P5_4S, P5 _5S 400C9h, 400CBh XOXX X000b
T R T T B P5_6S, P5_7S 400CDh, 400CFh X0XX X000b
P
1 ] 1 1 1 1 1 1
N Bit Symbol Bit Name Function RW
1 ] ] ] 1 1 1 1
T R T R B b2 b1 b0
boyor 4oy -em| o PSELO 0 0 0:1/0 port P5_i RW
N 0 0 1:Do not use this combination
- . . 0 1 0:Do not use this combination
R PSEL1 | gont PO QuipUtFunction 1o 4 4 yART? output RW
i E i i i i 1 0 0:Do not use this combination
N 1 0 1:Do not use this combination
T T T T T PSEL2 1 1 0:Do not use this combination RW
P 1 1 1: Do not use this combination
1 ] 1 1 1
i E i__i___i ___________ — No register bits; should be written with 0 and read as undefined .
1 (b5-b3) value
E E — (b6) No register bit; should be written with 0 and read as undefined o
A (i=0to3) |value
! - NOD N-channel Open Drain 0: Push-pull output RW
E (i=4t07) | Output Select Bit 1: N-channel open drain output
l _____________________ — No register bit; should be written with 0 and read as undefined o
(b7) value
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
o
000b 001b 010b 011b 100b 101b 110b 111b
P50 P5 0 ) ) ) ) ) ) )
P5_1 P5_1 ) D) ) ) D) ) D)
P5 2 P5 2 ) D) ) ) D) ) D)
P5 3 P5 3 ) D) ) ) D) ) D)
P5 4 P5_4 ) D) TXD7 ) D) ) D)
P55 P5_5 —@ —@ CLK7 output —@ —@ —@ —@
P5 6 P5 6 ) D) ) ) D) ) D)
P5 7 P5 7 —@ —@ RTS7 )] —@ —@ —®

2. Do not use this combination.

Figure 25.8 Registers P5_0S to P5_7S

Port P5_i shares a pin with the serial interface (UART7) (i=0to 7).

To use it as an output pin, set the PD5_i bit to 1 (port P5_i functions as an output port) and select a
function according to Figure 25.8. To use it as an input pin, set the PD5_i bit to 0 (port P5_i functions as
an input port).

Ports P5_4 to P5_7 are 5 V tolerant inputs. To use them as 1/O pins with 5 V tolerant input enabled, set
the NOD bit to 1.
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R32C/116 Group 25. 1/0 Pins
Port P6_i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address Reset Value
XL XXX [ | | Peostops_2s  400D0h, 400D2h, 400D4h XO0XX X000b
I T T T A A P6_3S to P6_5S 400D6h, 400D8h, 400DAh X0XX X000b
I N T T R A P6_6S, P6_7S 400DCh, 400DEh X0XX X000b
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
i1 1111 | BitSymbol Bit Name Function RW
RERRRES
T S T T T RS PSELO 0 0 0:1/O port P6_i RW
E i i i i i i 0 0 1:Do not use this combination
I A T A B 0 1 0:Do not use this combination
poror ot Port P6_i Output Function |0 1 1:UARTO/UART1 output
E E i i i i I PSEL1 Select Bit M 1 0 0:UARTO/UART1 special RW
R T R A function output
bbb 1.0 1:1102 output
[ e PSEL2 1 1 0:Do not use this combination RW
. 1 1 1 :Do not use this combination
1 ] 1 1 1
A N N — No register bits; should be written with 0 and read as undefined .
o (b5-b3) | value
P N-channel Open Drain 0: Push-pull output
E ___________________ NOD Output Select Bit 1: N-channel open drain output RW
E _____________________ — No register bit; should be written with 0 and read as undefined -
(b7) value

1. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO
o]
000b 001b 010b 011b 100b 101b 110b 111b
P6_0 P6_0 — —® RTSO ) e) — e)
P6_1 P6_1 —@ —@ CLKO output | —® —@ —@ —@
P6_2 P6_2 —@ —@ SCLO output [ STXDO —@ —@ —@
TXDO
—® —® —® ) —® )
P6_3 P6_3 SDAO output
- OUTC_1
— @ — @ — @ — — @ — @
P6_4 P6_4 RTS1 ISCLK2 output
P6_5 P6_5 —@ —@ CLK1 output| —®@ —@ —@ —@
P6_6 P6_6 —@ —@ SCL1 output [ STXD1 —@ —@ —@
TXD1
— @ — @ — @ — @ — @ — @
P6_7 P6_7 SDA1 output

2. Do not use this combination.

Figure 25.9 Registers P6_0S to P6_7S

Port P6_i shares a pin with the serial interface (UARTO and UART1) and intelligent I/O group 2 (1102) (i =
0to 7).

To use it as an output pin, set the PD6_i bit to 1 (port P6_i functions as an output port) and select a
function according to Figure 25.9. To use it as an input pin, set the PD6 _i bit to 0 (port P6_i functions as
an input port).

Ports P6_0 to P6_7 are 5 V tolerant inputs. To use them as I/O pins with 5 V tolerant input enabled, set
the NOD bit to 1.
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R32C/116 Group 25. 1/0 Pins

Port P7_i Function Select Register (i=0to 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
|Z§|_'_|Z§|Z§|Z§|__|_'_|_'_| P7 0StoP7 25  400D1h, 400D3h, 400D5h X0XX X000b
A P7_3S to P7_5S 400D7h, 400D9h, 400DBh X0XX X000b
I T T T B R P7_6S, P7_7S 400DDh, 400DFh X0XX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
tbb 11| Bit Symbol Bit Name Function RW
. 0201 b0
bbb o] PsELO 0 0 0:1/0 port P7_i RW
[ T T T T T | 0 0 1:Timer output
i E i i i i i 0 1 0: Three-phase motor control
T T R output
L ] pseL1 | POrtP7_iOutput Function |0 1 1:UART2/UARTSMMI2C RW
[ I R | Select Bit (! output
I T R 1 0 0:UART2 special function
T A output
i i i i i i 1.0 1:1102 output
e PSEL2 11 0:1101 output RW
i E E i i 1 1 1:UARTS output
T N O — No register bits; should be written with 0 and read as undefined .
ol (b5-b3) value
i i ___________________ NOD N-channel Oper.1 Drain 0: Push-pull output . RW
! Output Select Bit 1: N-channel open drain output
i _____________________ — No register bit; should be written with 0 and read as undefined .
(b7) value
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
o
000b 001b 010b 011b 100b 101b 110b 111b
TXD2 OuUTC2_0
P7 0 |P7.0|TAOOUT output| —®@ |SDA2output| —@ | ISTXD2 |IlO1_6output| — @
MSDA output IEQUT
SCL2 output
—® —® _®
P71 | P71 MSCL output| STXD2 |OUTC2_2{1I01_7 output
P7 2 P7_2 [ TA10OUT output \Y CLK2 output | —®@ —@ —@ —@
P73 |P7.3 —@ v RTS2 —@ — @ |1101_Ooutput| TXDS8
P7 4 P7_4 [ TA20UT output W —@ —@ — @ [1101_1 output | CLK8 output
P7 5 P7 5 —@ W —@ —@ — @ 11101_2 output —@
TXD5 -
— @ — @ — @
P7_6 P7_6 | TA3OUT output SDAS output 1101_3 output RTS8
P77 |P7.7 —@ — @ | CLK5 output | — @ —@ |01 _4output| —®
2. Do not use this combination.

Figure 25.10 Registers P7_0S to P7_7S

Port P7_i shares a pin with the timer, three-phase motor control, serial interface (UART2, UARTS5, and
UARTS), multi-master 12C-bus interface (MMI2C), and intelligent 1/O groups 1 and 2 (1101 and 1102) (i=0
to 7).

To use it as an output pin, set the PD7_i bit to 1 (port P7_i functions as an output port) and select a
function according to Figure 25.10. To use it as an input pin, set the PD7_i bit to 0 (port P7_i functions as
an input port).

Ports P7_0 to P7_7 are 5V tolerant inputs. To use them as I/O pins with 5 V tolerant input enabled, set
the NOD bit to 1.
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R32C/116 Group 25. 1/0 Pins

Port P8_i Function Select Register (i=0to 4, 6,7)

1 1 1:Do not use this combination

— No register bits; should be written with 0 and read as undefined
(b5-b3) value

b7 b6 b5 bd b3 b2 b1 b0 Symbol Address Reset Value
XL DX [ | | Psos,ps_1s  400E0h, 400E2h X0XX X000b
- P8_2S, P8_3S 400E4h, 400E6h XO0XX X000b
A T R R R P8_4S 400E8h XXXX X000b
A P8_6S, P8_7S 400ECh, 400EEh XXXX X000b
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
bbb b1 [ Bit Symbol Bit Name Function RW
1 ] ] ] 1 1 1 1
T R T R B b2 b1 b0
P b1 1 a4 pseELo 0 0 0:1/O port P8 i RW
E i i i i i i 0 0 1 :Timer output
e 0 1 0:Three-phase motor control
A Port P8_i Output Function output
A R RS PSELA1 Select Bit 1) 0 1 1:UARTS output RW
i E i i i i 1 0 0:UARTS5 special function
A R output
Vb b 1 0 1:Do not use this combination
T Bttt PSEL2 11 0:1101 output RW
I
1 ] 1 1 1
1 ] 1 1 1
1 ] ] ] 1
1 ]
1 ]
] ]
] ]
] ]
] ]
] ]
] ]

NOD N-channel Open Drain 0: Push-pull output RW
(i=0to3) | Output Select Bit 1: N-channel open drain output
| lommmcmcmmmcoeoC
! ~— (b6) No register bit; should be written with 0 and read as undefined
E (i=4,6,7) | value -
l_ _____________________ — No register bit; should be written with 0 and read as undefined .
(b7) value
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
o]
000b 001b 010b 011b 100b 101b 110b 111b
P8 0 P8 0 [TA40UT output U SCL5 output| STXD5 —@ —@ —@
P8_1 P8_1 —@ U RTS5 —@ —@ 01_5output| — @
P8 2 P8 2 — @ — @ — @ — @ — @ — @ — @
P8 3 P8 3 — @ — @ — @ — @ — @ — @ — @
P8 4 |P8 4 D) —@ —@ —@ D) —@ —@
P8 6 |P86 _® —@ —@ —@ D) —@ )
P8 7 P8 7 —® —® —® —® —® —® —®

2. Do not use this combination.

Figure 25.11 Registers P8_0S to P8_4S, P8_6S, and P8_7S

Port P8_i shares a pin with the timer, three-phase motor control, serial interface (UARTS5), intelligent I/O
group 1 (1101), and external interrupt inputs (i=0to 4, 6, 7).

To use it as an output pin, set the PD8_i bit to 1 (port P8_i functions as an output port) and select a
function according to Figure 25.11. To use it as an input pin, set the PD8_i bit to 0 (port P8 i functions as
an input port).

Ports P8_0 to P8_3 are 5 V tolerant inputs. To use them as 1/O pins with 5 V tolerant input enabled, set
the NOD bit to 1.
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R32C/116 Group

25. 1/0 Pins

Port P9 i Function Select Register (i=0to7)®

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value

K K K P9 _0S to P9_2S 400E1h, 400E3h, 400E5h X0XX X000b
A P9_3S to P9_5S 400E7h, 400E9h, 400EBh 00XX X000b
I S T R R R P9_6S 400EDh 00XX X000b
A P9_7S 400EFh XO0XX X000b
bbb
N Bit Symbol Bit Name Function RwW
1 ] ] 1 1 1 1 1
R S T R R R b2 b1 b0
i E i i i i i t-- PSELO 0 0 0:1/O port P9_i RW
o 0 0 1:Do not use this combination
I 0 1 0:Do not use this combination
i E E i i i L PSEL1 Port P9_i Output Function |0 1 1:UART3/UART4 output RW
A Select Bit @ 1 0 0:UART3/UART4 special
A function output
A 10 1:1102 output
A B PSR EEs PSEL2 1 1 0:Do not use this combination RW
i E E i i 1 1 1:Do not use this combination
i E E__!___E ___________ — No register bits; should be written with 0 and read as undefined .
v (b5-b3) value
1 ]
[ N-channel Open Drain 0: Push-pull output
i e NOD Output Select Bit 1: N-channel open drain output RW
i — (b7) No register bit; should be written with 0 and read as undefined .
G (i=0to02,7) |value

ASEL Port P9_i (i = 3 to 6) 0: Function other than Analog pin RW
(i=3106) | Analog Functions Select Bit | 1: Analog pin
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.

Feb 18, 2013

2. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
o
000b 001b 010b 011b 100b 101b 110b 111b
P9_0 P9_0 —® —® CLK3 output —® —® —® —®
P9_1 P9_1 —® —® SCL3 output | STXD3 —® —® —®
OuUTC2_0
P9 2 P9 2 —® —0 Jpane | =@ |isTx02 | —© —®
outpu IEOUT
P9 3 P9 3 —® —® RTS3 —® —® —® —®
P9 4 P9 4 —® —® RTS4 —® —® —® —®
P9_5 P9 5 —® —® CLK4 output —® —® —® —®
TXD4
—©® —©® —® —©® —® —®
P9_6 P9_6 SDA4 output
P9 7 P9 7 —® —® SCL4 output | STXD4 —® —® —®
3. Do not use this combination.
Figure 25.12 Registers P9_0S to P9_7S (144-pin package)
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R32C/116 Group 25. 1/0 Pins

Port P9 _i Function Select Register (i=3to 7)™

— No register bits; should be written with 0 and read as undefined
(b5-b3) value

i — (b6)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
5 5 5 P9 _3S to P9_5S 400E7h, 400E9h, 400EBh 00XX X000b

I A A P9_6S 400EDh 00XX X000b
T R T T B P9O_7S 400EFh X0XX X000b
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
tiob b1 | BitSymbol Bit Name Function RW
EEREEEE
I T T A R R L PSELO 0 0 0:1/0 port P9_i Rw
E i i i i i i 0 0 1: Do not use this combination
oo 0 1 0:Do not use this combination
A A Port P9_i Output Function [0 1 1:UART4 output
A PSELT | select Bit @ 1 0 0 : UART4 special function RW
P output
i E i i i i 1 0 1:Do not use this combination
e PSEL2 1 1 0:Do not use this combination RW
T 1 1 1:Do not use this combination
T R
1 ] 1 1 1
1
1
1
1
1
1
1
]

- Reserved Should be written with 0
R S (i=3) RW
i - NOD N-channel Open Drain 0: Push-pull output
! (i=4t07) | Output Select Bit 1: N-channel open drain output
1
H — (b7) No register bit; should be written with 0 and read as undefined .
i _____________________ (i=7) value

ASEL Port P9 _i (i =3 to 6) 0: Function other than Analog pin RW

(i=31t06) | Analog Functions Select Bit | 1: Analog pin

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. Refer to the following table for each pin setting.

Port Setting Value of Bits PSEL2 to PSELO

000b 001b 010b 011b 100b 101b 110b 111b
P9 3 P9 3 —® —@® —® —® ) —® —®
P9_4 P9 4 —® —@® RTSZ —® E) —® —®
P9 5 P9 5 —® —® |CLK4output| —® —® —® —®
P9 6 P9 6 ) _0o SDZA)l(g:tput ) _® _0o _0o
P9 7 P9_7 —® —® SCL4 output | STXD4 —® —® —®

3. Do not use this combination.

Figure 25.13 Registers P9_3S to P9_7S (100-pin package)

Port P9 _i shares a pin with the serial interface (UART3 and UART4) and intelligent /O group 2 (1102) (i =
0 to 7). Ports P9_3 to P9_6 also share a pin with the A/D converter I/O (ANEX0 and ANEX1) and D/A
converter output.

To use it as the A/D converter pin or the D/A converter pin, set the P9_iS register to 80h and the PD9 i bit
to 0 (port P9 _i functions as an input port) irrespective of the 1/O state.

To use it as an output pin for functions other than the A/D converter or the D/A converter, set the PD9 i bit
to 1 (port P9_i functions as an output port) and select a function according to Figure 25.12. To use it as an
input pin of functions other than the A/D converter or the D/A converter, set the PD9_i bit to 0 (port P9_i
functions as an input port).

When the NOD bit is set to 1, the corresponding pin functions as an N-channel open drain output.
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Port P10 _i Function Select Register (i=0to 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
LDXXIXX] [ | | P10_0stoP10_2s 400F0h, 400F2h, 400F4h 0XXX X000b
I T S B A P10_3S to P10_5S 400F6h, 400F8h, 400FAh 0XXX X000b
I S T R R R P10_6S, P10_7S 400FCh, 400FEh 0XXX X000b
1 1 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
tborb i1 | Bit Symbol Bit Name Function RW
A b2 b1 60
bbbt PSELO 0 0 0:1/0 port P10_i RW
i E E i i i i 0 0 1 :Do not use this combination
[ . . 0 1 0 :Do not use this combination
A A N PSEL1 gglr;ggt—' Output Function | 5 4 41 - b 1ot use this combination | RW
I T R R 1 0 0: Do not use this combination
i E E i i i 1 0 1: Do not use this combination
T S S S T PSEL2 1 1 0:Do not use this combination RW
L 1 1 1 :Do not use this combination
] 1 ] ] ]
A — No register bits; should be written with 0 and read as undefined .
i (b6-b3) value
i Port P10_i Analog 0: Function other than AN_i
_____________________ ASEL Functions Select Bit 1: AN RW

Figure 25.14 Registers P10_0S to P10_7S

Port P10 _i shares a pin with the AN _i input for the A/D converter and key input interrupts (i = 0 to 7).

To use it as a programmable I/O port, set the P10_iS register to 00h. To use it as an input pin (except for
the A/D converter), set the PD10_i bit to O (port P10_i functions as an input port). To use it as an input pin
for the A/D converter, set the P10_iS register to 80h and the PD10_i bit to 0 (port P10_i functions as an
input port).
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Port P11 _i Function Select Register (i =0 to 4)

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address Reset Value
MMLLJ P11_0Sto P11_2S 400F1h, 400F3h, 400F5h XOXX X000b
prr P11_3S 400F7h X0XX X000b
R A R P11_4S 400F9h XXXX X000b
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
i1 1111 | BitSymbol Bit Name Function RW
N b2 1 b0
bbby - PSELO 0 0 0:1/0 port P11_i RW
E i i i i i i 0 0 1:Do not use this combination
A . . 0 1 0:Do not use this combination
A T PSEL1 gglr;?éit—'m?“tp“t Function | 5 4 4 . UARTS output RW
T T T 1 0 0:Do not use this combination
i E i i i i 1 0 1:Do not use this combination
D S — PSEL2 1 1 0:1101_i output RW
Ve e 1 1 1:Do not use this combination
1 ] 1 1 1
i E I — No register bits; should be written with 0 and read as undefined .
Pl (b5-b3) value
i E NOD N-channel Open Drain 0: Push-pull output RW
E . (i=0to3) | Output Select Bit 1: N-channel open drain output
! — (b6) No register bit; should be written with 0 and read as undefined B
! (i=4) value
]
] — No register bit; should be written with 0 and read as undefined o
(b7) value
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
0
000b 001b 010b 011b 100b 101b 110b 111b
P11.0 | P11.0 — —@ TXD8 — —@ |01 Ooutput| — @
P11_1 P11_1 —@ —@ | CLK8output| —®@ —@ | No1_1output | —@
P11_2 P11_2 —@ —@ —@ —@ —@ | No1_2output | —®@
P11.3 | P11.3 —@ —@ RTS8 —@ —@ |01 _3output| — @
P11 4 P11 4 _® _® —_® —® —_® —_® —®

2. Do not use this combination.

Figure 25.15 Registers P11_0S to P11_4S

Port P11_i shares a pin with the serial interface (UART8) and intelligent I/O group 1 (1101) (i = 0 to 4).

To use it as an output pin, set the PD11_i bit to 1 (port P11_i functions as an output port) and select a
function according to Figure 25.15. To use it as an input pin, set the PD11_i bit to 0 (port P11_i functions
as an input port).

To use as an N-channel open drain output, set the NOD bit to 1.
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Port P12_i Function Select Register (i=0to 7)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
XL XXX [ | | P12_0stoP12_2s 40100n, 40102h, 40104h XO0XX X000b
o e P12_3S 40106h X0XX X000b
T T T R R P12_4S to P12_6S 40108h, 4010Ah 4010Ch XXXX X000b
1 ] 1 1 [} 1 1 1
L P12_7S 4010Eh XXXX X000b
1 ] 1 ] [} 1 1 1
A Bit Symbol Bit Name Function RW
1 ] ] ] 1 1 1 1
I A A T b2 b1b0
Vbbb by b == PSELO 0 0 0:1/0 port P12_i RwW
E E i i i i i 0 0 1:Do not use this combination
N . . 0 1 0:Do not use this combination
S —— PSEL1 | £ont P2 DutputFunction 14 4 4. yaRTS output RW
T R R 1 0 0:UARTS special function
i E i i i i 1 0 1:Do not use this combination
T T T S S—— PSEL2 1 1 0:Do not use this combination RW
I R 1 1 1:Do not use this combination
1 ] 1 1 [}
A N N — No register bits; should be written with 0 and read as undefined o
o (b5-b3) value
E E NOD N-channel Open Drain 0: Push-pull output RW
I (i=0to3) | Output Select Bit 1: N-channel open drain output
E — (b6) No register bits; should be written with 0 and read as undefined o
! (i=41t07) |value
]
e — No register bit; should be written with 0 and read as undefined .
(b7) value
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
ol
000b 001b 010b 011b 100b 101b 110b 111b
TXD6
— @ —® —® —@ —@ — @
P12.0 P12.0 SDAG output
P12_1 P12_1 —@ —@ CLK86 output —@ —@ —@ —@
P12_2 P12_2 —@ —@ SCL6 output | STXD6 —@ —@ —@
P12 3 P12 3 ) ) RTS6 P ) — )
P12 4 P12 4 ) ) ) P ) — )
P12.5 P12 5 ) ) ) _® ) — )
P12 6 P12 6 D) D) ) ) ) —@ )
P12 7 P12.7 D) D) ) _® ) —@ )

2. Do not use this combination.

Figure 25.16 Registers P12_0S to P12_7S

Port P12_i shares a pin with the serial interface (UART6) (i=0 to 7).

To use it as an output pin, set the PD12_i bit to 1 (port P12_i functions as an output port) and select a
function according to Figure 25.16. To use it as an input pin, set the PD12_i bit to 0 (port P12_i functions
as an input port).

When the NOD bit is set to 1, the corresponding pin functions as an N-channel open drain output.
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Port P13 _i Function Select Register (i=0to 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
DODIXXIX] [ | | P13_0StoP13_25 40101h, 40103h, 40105h XXXX X000b
I T S B A P13_3Sto P13_5S 40107h, 40109h, 4010Bh XXXX X000b
I S T R R R P13_6S, P13_7S 4010Dh, 4010Fh XXXX X000b
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
toronb i1 1| Bit Symbol Bit Name Function RW
R N 021 b0
P PSELO 0 0 0:1/0 port P13_i RW
[ A 0 0 1:Do not use this combination
[ A A . . 0 1 0 :Do not use this combination
A R A I . PSEL1 | Lot P3| DUIPULFUNCHON | g 4 1 . Do not use this combination | RW
I T R R 1 0 0 :Do not use this combination
i E E i i i 1 0 1:1102 output
[T T T R T PSEL2 1 1 0:Do not use this combination RW
v 1 1 1 :Do not use this combination
1 ] ] 1 1
I — No register bits; should be written with 0 and read as undefined .
(b7-b3) value
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
0
000b 001b 010b 011b 100b 101b 110b 111b
P13 0 P13.0 —@ —@ —@ —@ ouTC2_ 4 —@ —@
P13_1 P13_1 —@ —@ —@ —@ ouTC2_5 —@ —@
P13.2 | P13_2 —@ —@ —@ —@ 0ouUTC2_6 —@ —@
P13_3 P13_3 —@ —@ —@ —@ ouTC2_3 —@ —@
OUTC2.0
P13 _4 P13 4 —@ —@ —@ —@ ISTXD2 —@ —@
IEOUT
P13.5 | P13.5 —@ —@ —@ —@ ouTC2_2 —@ —@
ouTC2_1
— @ — @ — @ — @ — — @ — @
P13.6 P13_6 ISCLK2 output
P13_7 | P13.7 —@ —@ —@ —@ ouTC2_7 —@ —@

2. Do not use this combination.

Figure 25.17 Registers P13_0S to P13_7S

Port P13_i shares a pin with intelligent I/O group 2 (1102) (i = 0 to 7).
To use it as an output pin, set the PD13_i bit to 1 (port P13 _i functions as an output port) and select a
function according to Figure 25.17. To use it as an input pin, set the PD13_i bit to 0 (port P13 _i functions

as an input port).
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Port P14 _i Function Select Register (i = 3 to 6)

b7 06 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
P14_3S to P14_5S 40116h, 40118h, 4011Ah XXXX X000b

A P14_6S 4011Ch XXXX X000b

1 1 1 1 1 1 1 1

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

RERRRES

Pyor bbb s PSELO 0 0 0:1/0 port P14_j RW

i E i i i i i 0 0 1:Do not use this combination

[ T T T T . . 0 1 0:Do not use this combination

R T R W PSEL1 | port PAat OUIpULFUNCtion g 4 1. b6 not use this combination | RW

T 1 0 0:Do not use this combination

T R 1 0 1 :Do not use this combination

N T R S PSEL2 1 1 0:Do not use this combination | Ry

A 1 1 1 :Do not use this combination

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

Figure 25.18 Registers P14_3S to P14_6S

Port P14 _i shares a pin with external interrupt inputs. Set the P14 _iS register to 00h (1/O port) (i = 3 to 6).
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Port P15 _i Function Select Register (i=0to 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
5 5 5 P15 0Sto P15 2S 40111h, 40113h, 40115h 00XX X000b
I A A P15 _3Sto P15_5S 40117h, 40119h, 4011Bh 00XX X000b
I N T T R A P15_6S, P15_7S 4011Dh, 4011Fh 00XX X000b
1 ] 1 1 1 1 1 1
1 ] 1 1 1 1 1 1
i1t 111 | Bit Symbol Bit Name Function RW
REREREE
bbb b1 == PSELO 0 0 0:1/0 port P15_i RW
E i i i i i i 0 0 1 : Do not use this combination
oo . . 0 1 0:Do not use this combination
A A A N pPSELY | ROrtPIST OutputFunction | o 4 4. yARTE/IUART? output RW
R Select Bit 1 0 0: UARTS special function
i E E i i i 1 0 1:1100_i output
I N — PSEL2 1 1 0 :Do not use this combination RW
oo 1 1 1:Do not use this combination
1 ] 1 1 1
i E R — No register bits; should be written with 0 and read as undefined .
Pl (b5-b3) value
i b NOD N-channel Open Drain 0: Push-pull output RW
! Output Select Bit 1: N-channel open drain output
]
-] Port P15_i Analog Function | 0: Function other than AN15_i
ASEL | select Bit 1: AN15_i RW
Notes
1. Refer to the following table for each pin setting.
Port Setting Value of Bits PSEL2 to PSELO
ol
000b 001b 010b 011b 100b 101b 110b 111b
P15_0 P15 0 —@ — 0@ TXD7 —@ 1100_0 output —@ —@
P15_1 P15_1 —@ — 0@ CLKY7 output —@ 1100_1 output —@ —@
P15.2 | P15.2 —@ —@ —@ —@ | 100_2output | —®@ —@
P15_3 P15_3 —@ — 0@ RTS7 —@ 1100_3 output —@ —@
TXD6
— @ — @ — @ — @ — @
P15 4 P15 4 SDA6 output 1100_4 output
P15_5 P15_5 —@ — @ | SCL6 output| STXD6 | IIO0_5output | — @ —@
P15_6 P15 6 —@ —@ CLK6 output| — @ I100_6 output | — @ —@
P15 7 P15 7 —@ —@ RTS6 —@ 1100_7 output —@ —@

2. Do not use this combination.

Figure 25.19 Registers P15_0S to P15_7S

Port P15_i shares a pin with the serial interface (UART6 and UART?7), intelligent 1/O group 0 (1100), and
AN15_iinput for the A/D converter (i = 0 to 7).

To use it as an output pin, set the PD15_i bit to 1 (port P15_i functions as an output port) and select a
function according to Figure 25.19. To use it as an input pin (except for the A/D converter), set the PD15_i
bit to 0 (port P15_i functions as an input port). To use it as an input pin for the A/D converter, set the
P15_iS register to 80h and the PD15 _i bit to 0.

To use as an N-channel open drain output, set the NOD bit to 1.
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25.3 Input Function Select Registers
When a peripheral input is assigned to multiple pins, these registers select which input pin should be
connected to the peripheral.
Figures 25.20 to 25.22 show the input function select registers.
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Input Function Select Register 0

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address Reset Value
XL T ]] IFSO 40098h X000 0000b
A
T T R T A
i E E i i i i i Bit Symbol Bit Name Function RW
i E E i i i i i Timer A Input Pin Switch Assign timer A input to
T T A R S S0 Bit () P 0: Port P3 RW
T T T R T 1: Port P7/port P8
1 ] ] 1 1 1 1
1 ] ] ] ] 1 ] . . .
T T T T T B . . . Assign timer B input to
i E E E i i ] IFS01 gl_;n(gr B Input Pin Switch 0: Port P6 RW
oo ! 1: Port P9
1 ] ] ] ] 1
R R A Assign UARTS input to
E E E i i e IFS02 b3 b2 RW
A UART®6 Input Pin Switch Bit | 0 0 : Port P4
A @ 0 1 : Do not use this combination
T T B B e IFS03 1 0:Port P15 RW
P 1 1:Port P12
1 1 ] 1
e . . .. | Assign UARTS input to
i E E e IFS04 (l‘-tJ)ARTS Input Pin Switch Bit 0: Port P7 RW
P 1: Port P11
1 ] ]
] ] ]
[ . . .. | Assign UART7 input to
i E e IFS05 (LSJ)ART7 Input Pin Switch Bit | ("5 " 5p RW
vl 1: Port P15
1 ]
] ] . .
o . . .. | Assign UART3 input to
i ] IFS06 :.GJ)ARTB Input Pin Switch Bit | "5 " 5, RW
i 1: Port P9
1
I_ _____________________ — No register bit; should be written with 0 and read as undefined .
(b7) value
Notes
1. Refer to the following table for each pin setting of timer A.
IFS00 | TAOOUT input | TA1OUT input | TA1IN [ TA20UT input | TA2IN [ TA3OUT input | TA4OUT input | TA4IN
0 P30 P3_2 P3_3 P3_4 P3_5 P3_1 P3_6 P37
1 P7_0 P7_2 P7_3 P7_4 P7_5 P7_6 P8_0 P8_1
2. Refer to the following table for each pin setting of timer B. This bit should be set to 0 in the 100-pin package.
IFSO01 TBOIN TB1IN TB2IN
0 P6_0 P6_1 P6_2
1 P9_0 P9_1 P9_2

3. Refer to the following table for each pin setting of UART6. This bit should be set to 00b in the 100-pin package.

IFS03 | IFS02 | SDAG input/SRXD6| RXD6/SCL6 input | CLK6 input | CTS6/SS6

0 0 P4_7 P4_6 P4_5 P4_4

1 0 P15_4 P15_5 P15_6 P15_7

1 1 P12_0 P12_2 P12_1 P12_3
4. Refer to the following table for each pin setting of UART8. This bit should be set to 00b in the 100-pin package.
IFS04 | CLK8 input| RXD8 CTS8

0 P7_4 P7_5 P7_6

1 P11_1 P11_2 P11_3
5. Refer to the following table for each pin setting of UART7. This bit should be set to 00b in the 100-pin package.
IFS05 | CLK7 input| RXD7 CTS7

0 P5_5 P5_6 P5_7

1 P15_1 P15_2 P15_3

6. Refer to the following table for each pin setting of UART3. This bit should be set to 00b in the 100-pin package.

IFS06 | SDA3 input/SRXD3| RXD3/SCL3 input | CLK3 input| CTS3/SS3
0 P4 3 P4 2 P4 1 P4 0
1 P9 2 P9 1 P9 0 P9 3
Figure 25.20 IFSO Register
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Input Function Select Register 2

b7 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LT T X Fs2 4009Ah 0000 00X0b
A
I T T T T R
i E E i i i i i Bit Symbol Bit Name Function RW
I S T R T R ) Assign 1100 input to
P i rsap | Defioent IO Group O INPUL . port py RW
P ¢ 1: Port P15
1 ] ] 1 1 1 1
T T T T T T — No register bit; should be written with 0 and read as undefined .
oo (b1) value
1 ] ] 1 1 1
[ T Assign this input to
I N Fs22 | RW
o ntelligent roup 0 Two- | o ¢ - port P8 and TNTT
Vo phase Pulse Input Pin 0 1 :Port P7 and INTO
G Switch Bit @ 1 0 Port P3 and INTT
I et IFS23 o an RwW
I 1 1:Port P3 and INT!
1 ] ] 1
P Assign 1101 input to
T R IFS24 b5 b4 RW
i i i Intelligent /O Group 1 Input | 0 0 : Port P7/port P8
oo Pin Switch Bit @) 0 1:Port P11
R SO — IFS25 1 0:PortP1 RW
" 1 1 : Do not use this combination
1 ]
i E Assign this input to
| bmmmmmm oo IFS26 ) b7 b6 RW
! Intelligent I/O Group 1 Two- TNTT
! h Pulse Inout Pi 0 O:PortP8andINT1
| prase Fuss nputEin 0 1:Port P7 and INTO
b e IEs27 | Switeh Bit 1.0 :Port P3 and INTT RW
1 1:Port P3and INTO

1.
100-pin package.

Refer to the following table for each pin setting of intelligent 1/0O group 0. This bit should be set to 0 in the

IFS20 [1100_0 input{1100_1 input|II00_2 input|IIO0_3 input|IIO0_4 input{IIO0_5 input|II00_6 input|IlO0_7 input
0 P1_0 P1_1 P1_2 P1_3 P1_4 P1_5 P1_6 P1_7
1 P15_0 P15_1 P15_2 P15_3 P15_4 P15_5 P15_6 P15_7
2. Refer to the following table for each pin setting of intelligent 1/0 group 0 in two-phase pulse signal
processing mode.
IFS23 | IFS22 UDOA uDOB ubDo0Z
0 0 P8_0 P8_1 P8_3 (INTT)
0 1 P7_6 P7_7 P8_2 (INTO)
1 0 P3_0 P3_1 P8_3 (INTT)
1 1 P3_0 P3_1 P8_2 (INTO)
3. Refer to the following table for each pin setting of intelligent I/O group 1. This bit should not be set to 01b in
the 100-pin package.
IFS25 [ IFS24 |1101_0 input(1101_1 input|l1O1_2 input{II01_3 input|llO1_4 inputllO1_5 inpuf{llO1_6 input|llO1_7 inpuf]
0 0 P7_3 P7_4 P7_5 P7_6 P7_7 P8_1 P7_0 P7_1
0 1 P11_0 P11_1 P11_2 P11_3 — — — —
1 0 P1_0 P1_1 P1_2 P1_3 P1_4 P1_5 P1_6 P1_7
4. Refer to the following table for each pin setting of intelligent /O group 1 in two-phase pulse signal
processing mode.
IFS27 | IFS26 UD1A UD1B ubD1Z
0 0 P8_0 P8_1 P8_3 (INTT)
0 1 P7_6 P7_7 P8_2 (INTO)
1 0 P3_0 P3_1 P8_3 (INTT)
1 1 P3_0 P3_1 P8_2 (INTO)
Figure 25.21 IFS2 Register
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Femmm—cccc
e e —————————————

Note:

1.

[P SRR PR (R p———

Input Function Select Register 3

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
IFS3 4009Bh XXXX XX00b
Bit Symbol Bit Name Function RW
Assign 1102 input to
——d IFS30 b1 b0 RW
Intelligent 1/0O Group 2 Input | O 0 : Port P6/port P7
Pin Switch Bit " 0 1 :Port P6/port P9
IFS31 1 0:Port P13 RW
1 1 : Port P6/port P4
— No register bits; should be written with 0 and read as undefined _
(b7-b2) value

Refer to the following table for each pin setting of intelligent 1/O group 2. This bit should be set to 00b or
11b in the 100-pin package.

IFS31 | IFS30 [ISCLK2 input| ISRXD2/IEIN
0 0 P6_4 P7_1
0 1 P6_4 P9 1
1 0 P13_6 P13 5
1 1 P6_4 P4 2
Figure 25.22 IFS3 Register
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25.4 Pull-up Control Registers 0 to 4 (Registers PURO to PUR4)

Figures 25.23 to 25.27 show registers PURO to PUR4.
These registers enable/disable the pull-up resistors for every group of four pins. To enable the pull-up
resistors, set the corresponding bits in registers PURO to PUR4 to 1 (pull-up resistor enabled) and the
respective bits in the direction register to 0 (input).
In memory expansion mode or microprocessor mode, set 0 (pull-up resistor disabled) to the pull-up
control bits for ports PO to P5, and P11 to P13, operating as bus control pins. The pull-up resistors are
enabled for ports PO, P1, and P11 to P13 when these pins function as input ports in these modes.

b7 b6 b5 b4 b3 b2 b1 b0

Pull-up Control Register 0 ™

Symbol Address Reset Value
PURO 03FO0Oh 0000 0000b
Bit Symbol Bit Name Function RwW
P0O_0 to PO_3 Pull-up
PU0O Control Bit RW
PO_4 to PO_7 Pull-up
PUO1 Control Bit RW
P1_0 to P1_3 Pull-up
PU02 Control Bit RW
PUO3 P1_4to P1_7 Pull-up Control pull-up setting for RW
Control Bit corresponding ports
P2_0to P2_3 Pull-up 0: Pull-up resistor disabled
PU04 Control Bit 1: Pull-up resistor enabled RW
P2_4 to P2_7 Pull-up
PUOS Control Bit RW
P3_0 to P3_3 Pull-up
PU06 Control Bit RW
P3_4 to P3_7 Pull-up
PUo7 Control Bit RW
1. In memory expansion mode or microprocessor mode, each bit in the PURO register should be set to 0 since
ports PO to P3 are used as bus control pins. However, the pull-up resistors are enabled for ports PO and P1
when these pins function as 1/O ports with 8-bit bus or multiplexed bus format.

Figure 25.23 PURO Register
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Pull-up Control Register 1 ™

b7 06 S b4 b3 b2 b1 b0 Symbol Address Reset Value
PUR1 03F1h XXXX XOXXb

P

1 1 1
i i i Bit Symbol Bit Name Function RW

1 1 1

1 1 1

— No register bits; should be written with 0 and read as undefined
(b1-b0) value

1

1

1

| Control pull-up setting for
L] PU12 P5_0 to P5_3 Pull-up corresponding ports

i Control Bit 0: Pull-up resistor disabled

1: Pull-up resistor enabled

RwW

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

1. In memory expansion mode or microprocessor mode, each bit in the PUR1 register should be set to 0 since
the port P5 functions as a bus control pin.

Figure 25.24 PUR1 Register

Pull-up Control Register 2

b7 06 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
PUR2 03F2h 000X XXXXb

T

] 1 1 1 1 1
i i i i i i Bit Symbol Bit Name Function RW

] 1 1 1 1 1

] 1 1 1 1 1

— No register bits; should be written with 0 and read as undefined
(b4-b0) value

R — PU25 (P:S—f tcl’gf(q? Pull-up RW
ontrol 5i Control pull-up setting for
P9_0 to P9_3 Pull-up corresponding ports
M e e e e ] a— a—
PU26 Control Bit @ 0: Pull-up resistor disabled RW
P9 4 to P9_7 Pull-up 1: Pull-up resistor enabled
---------------------- PU27 . RW
Control Bit
Notes:
1. Port P8_5 has no pull-up resistor.
2. Ports P9_0 and P9_2 have no pull-up resistor in the 100-pin package.
Figure 25.25 PUR2 Register
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Pull-up Control Register 3
b7 6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
LTT1 ][ ]]] Purs 03F3h 0000 0000b
R
1 ] ] 1 1 1 1 1
1 ] ] 1 1 1 1 1
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] 1 1 1 1 1
[ T T T B | P10_0 to P10_3 Pull-up
A PU30 Control Bit RW
1 ] ] 1 1 1 1
[ T R A N P10_4 to P10_7 Pull-up
i E E E i i I PU31 Control Bit RW
1 ] ] ] ] 1
o P11_0to P11_3 Pull-up
1 ] ] ] ] | _ )
oo PU32 Control Bit 2 RW
1 ] ] ] ]
i E E i o PU33 '23)1 1_4 Pull-up Control Bit " | Control pull-up setting for RW
v corresponding ports
1 ] ] ] - H H
oo P12_0 to P12_3 Pull-up 0: Pull-up resistor disabled
N PU34 Control Bit (-2 1: Pull-up resistor enabled RW
1 ] ]
1 ] ]
[ P12_4 to P12_7 Pull-up
i E I PU35 Control Bit (-2 RW
1 ]
(. P13_0 to P13_3 Pull-up
1 e e e ] —_ —
H PU36 Control Bit (.2 RW
1
i P13_4 to P13_7 Pull-up
1 — —
PU37 Control Bit (-2 RW
Notes:
1. Ports P11 to P13 are not available in the 100-pin package. Bits PU32 to PU37 should be set to 0.
2. In memory expansion mode or microprocessor mode, bits PU32 to PU37 should be set to 0 since ports P11
to P13 function as bus control pins. However, the pull-up resistors are enabled for ports P11 to P13 when
these pins function as 1/0 ports with 8-/16-bit bus or multiplexed bus format.

Figure 25.26 PUR3 Register

Pull-up Control Register 4 ()

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
PUR4 03F4h XXXX 0000b

] ] 1 ] 1 ] ] ]

] ] 1 ] 1 1 1 1

1 1 1 1 1 1 1 1

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

T P14_1and P14_3 Pull-up RW

I A Control Bit

1 ] 1 1 ] 1 1

I T T Y N T PUA41 P14_4 to P14_6 Pull-up Control pull-up setting for RW

I Control Bit corresponding ports

bbb P15_0 to P15_3 Pull-up 0: Pull-up resistor disabled

N PU42 Control Bit 1: Pull-up resistor enabled RW

1 ] 1 1 1

A B P15_4 to P15_7 Pull-up

1 ] 1 ] 1 — —

Pl PU43 Control Bit RW

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

1. This register should be set to 00h in the 100-pin package.

Figure 25.27 PUR4 Register
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25.5 Port Control Register (PCR Register)

Figure 25.28 shows the PCR register.

This register selects an output mode for port P1 between push-pull output and pseudo-N-channel open
drain output. When the PCRO bit is set to 1, the P-channel transistor in the output buffer is turned off. Note
that port P1 cannot be a perfect open drain output due to remaining parasitic diode. The absolute
maximum rating of the input voltage is, therefore, -0.3 V to VCC + 0.3 V (refer to Figure 25.29).

In memory expansion mode or microprocessor mode, when port P1 is used for the data bus, the PCRO bit
should be set to 0. However, when port P1 is used as a programmable /O port or an 1/O pin for the
peripheral functions, the output mode can be selected by setting the PCRO bit even in these operating

modes.

b7 b6 b5 b4 b3 b2 b1 b0

Port Control Register

Symbol Address Reset Value
PCR 03FFh OXXX XXX0b
Bit Symbol Bit Name Function RW
0: Push-pull output
PCRO Port P1 O.UtPUt Format 1: Pseudo-N-channel open drain RW
Control Bit (") o
output @
— No register bits; should be written with 0 and read as undefined .
(b6-b1) value
0: Ports P9_0, P9_2, P11 to P15
Ports P9_0, P9_2, P11 to disabled
PCE P15 Enable Bit ® 1: Ports P9_0, P9_2, P11 to P15 RW

enabled

1. In memory expansion mode or microprocessor mode, this bit should be set to 0 since port P1 is used for the
data bus. However, when it is used as an I/O port or an I/O pin for the peripheral functions, the PCRO bit can
select an output format between push-pull output and pseudo-N-channel open drain output.

2. This function is designated not to make port P1 a full open drain, but to turn off the P-channel transistor in the
CMOS output buffer. Therefore, the absolute maximum rating of the input voltage is -0.3 V to VCC + 0.3 V.

3. This bit should not be set to 1 in the 100-pin package.

Figure 25.28 PCR Register

PCRO bit

Parasitic diode

[ Piibt | T
i=0to7
Figure 25.29 Port P1 Output Buffer Configuration
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25.6 Configuring Unused Pins
Tables 25.2 and 25.3, and Figure 25.31 show examples of configuring unused pins on the board.

Table 25.2  Unused Pin Configuration in Single-chip Mode (1)

Pin Name

Setting

Ports PO to P15 (excluding ports
P8_5, and P9_1 (in the 100-pin
package) or P14_1 (in the 144-pin
package)) (2.3, 4)

Configure as input ports so that each pin is connected to VSS via its
own resistor; (5) or configure as output ports to leave the pins open

P9_1 (in the 100-pin package)

Connect the pin to VSS via a resistor (5)

P14 _1 (in the 144-pin package)

Connect the pin to VSS via a resistor (5)

XOUT ()

Leave pin open

NMI (P8_5) Connect the pin to VCC via a resistor (5)

AvCC Connect the pin to VCC

AVSS, VREF Connect the pin to VSS

NSD Connect the pin to VCC via a resistor of 1 to 4.7 kQ
Notes:

1. Unused pins should be wired within 2 cm of the MCU.
2. When configuring the pins as output ports to leave them open, note that ports as inputs remain
unchanged from when the reset is released until the mode transition is completed. During this
transition, the power supply current may increase due to an undefined voltage level of the pins. In
addition, the direction register value may change due to noise or program runaway caused by the
noise. To avoid these situations, reconfigure the direction register regularly by software, which may
achieve higher program reliability.

w

Ports P9_0, P9_2, and P11 to P15 are available in the 144-pin package only.

4. In the 100-pin package, set FFh to the following addresses: 03D7h, 03DAh, 03DBh, 03DEh, and

03DFh.

5. Select a resistance value that is appropriate for the system. A range from 10 to 100 kQ is

recommended.

6. This setting is applicable when an external clock is applied to the XIN pin.
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Table 25.3 Unused Pin Configuration in Memory Expansion Mode or Microprocessor Mode (1)

Pin Name Setting

Ports P1, P6 to P15 (excluding Configure as input ports so that each pin is connected to VSS via its
ports P8_5, and P9_1 (in the 100- |own resistor; (5) or configure as output ports to leave the pins open
pin package) or P14_1 (in the 144-
pin package)) (2. 3. 4)

P9_1 (in the 100-pin package) Connect the pin to VSS via a resistor (5)

P14 _1 (in the 144-pin package) Connect the pin to VSS via a resistor (5)

BCO to BC3, WRO0 to WR3, ALE, |Leave the pins open
HLDA, XOUT (6), BCLK

HOLD, RDY Connect the pins to VCC via a resistor (5)

NMI (P8_5) Connect the pin to VCC via a resistor (5)

AvCC Connect the pin to VCC

AVSS, VREF Connect the pins to VSS

NSD Connect the pin to VCC via a resistor of 1 to 4.7 kQ
Notes:

1. Unused pins should be wired within 2 cm of the MCU.

2. When configuring the pins as output ports to leave them open, note that ports as inputs remain

unchanged from when the reset is released until the mode transition is completed. During this

transition, the power supply current may increase due to an undefined voltage level of the pins. In

addition, the direction register value may change due to noise or program runaway caused by the

noise. To avoid these situations, reconfigure the direction register regularly by software, which may

achieve higher program reliability.

Ports P9_0, P9_2, and P11 to P15 are available in the 144-pin package only.

4. In the 100-pin package, set FFh to the following addresses: 03D7h, 03DAh, 03DBh, 03DEh, and
03DFh.

5. Select a resistance value that is appropriate for the system. A range from 10 to 100 kQ is
recommended.
6. This setting is applicable when an external clock is applied to the XIN pin.

w
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Pull-up/pull-down resistors

R RpP
|IL4/
IiH
\' RN

The figure shows the equivalent circuit of an input pin.
The equivalent input resistors (Rp and RN) are calculated using input power
current (liLand liH).
Example: When VCC =5.0V, lIH=liL = 5 pA,
5.0

0.5 =1 MQ

Rp=RN= 5x 1

Since the voltage (VIH) defined as high is more than 0.8 VCC,
the resistance value R should satisfy the following expression:
R/RP:RN=0.2:0.8

That is,
R = 2RPRN
~ 8RP-2RN
Specifically,
Example: When VCC =5.0 V, lIH=liL = 5 pA,
6 6
R=— 221X T0° 333333

=8 x100-2 x 10°

The maximum pull-up resistor R is approximately 330 kQ.
The actual resistance value is the calculated value with some margins.

Figure 25.30 Pull-up/Pull-down Resistors

MCU MCU
Ports PO (Input mode) VWA Ports P1,  (Input mode) VWA
to P15 : : P6 to P15 : :
(excluding : ) (excluding ) )
port P8 5)  (Input mode) ——/AANM——9 port P8_5)  (Input mode)——AN—9
o (Output mode) —x Open o (Output mode)—= Open  ycc
VCC
. NMI (P8_5)
NMI (P8_5) ___
BCO to BC3 —x
RO to WR3 —x
HLDA |—x Open
XOUT |—x Open ALE [—x
\{89 XOUT —=x VCC
BCLK|—x -
e 1t0 4.7 kQ Roto .
04. SRY
DY
NSD VAVAYA WV VCC
<
VREF AV a7
AVSS NSD vV\A
VREF
AVSS
VSS - VSS
In single-chip mode 777 In memory expansion mode or 777
microprocessor mode
Note:
1. Ports P11 to P15 are in the 144-pin package only.
Figure 25.31 Unused Pin Configuration
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26. Flash Memory

26.1

Overview

The flash memory can be programmed in the following three modes: CPU rewrite mode, standard serial I/
O mode, and parallel /0O mode.
Table 26.1 lists specifications of the flash memory and Table 26.2 shows the overview of each rewrite

mode.

Table 26.1

Flash Memory Specifications

ltem

Specification

Rewrite modes

CPU rewrite mode, standard serial I/O mode, parallel I/O mode

Structure Block architecture. Refer to Figure 26.1
Program operation 8-byte basis
Erase operation 1-block basis

Program and erase control method

Software commands

Protection types

Lock bit protect, ROM code protect, ID code protect

Software commands 9
Table 26.2 Flash Memory Rewrite Mode Overview

Rewrite Mode CPU Rewrite Mode Standard Serial 1/0 Mode Parallel I/O Mode
Function CPU executes a software A dedicated serial A dedicated parallel

command to rewrite the flash

memory

EWO0 mode:
Rewritable in areas other
than the on-chip flash
memory

EW1 mode:
Rewritable in areas other
than specified blocks to be
rewritten

programmer rewrites the flash

memory

Standard serial I/O mode 1:
Synchronous serial 1/0
selected

Standard serial I/O mode 2:
UART selected

programmer rewrites the
flash memory

CPU operating
mode

Single-chip mode,
Memory expansion mode
(EWO0 mode)

Standard serial I/O mode

Parallel 1/O mode

Programmer

Serial programmer

Parallel programmer

On-board
programming

Supported

Supported

Not supported

Figure 26.1 shows the on-chip flash memory structure.
The on-chip flash memory contains program area to store user programs, and data area/data flash to
store the result of user programs. The program area consists of blocks 0 to 17, and data area/data flash
consists of blocks A and B.
Each block can be individually protected (locked) from programming or erasing by setting the lock bit.
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00060000h .
FFFO00000h A
Block 17 : 64 Kbytes
FFFOFFFFh
FFF10000h
Block 16 : 64 Kbytes
FFF1FFFFh
FFF20000h
Block 15 : 64 Kbytes
FFF2FFFFh
FFF30000h
Block 14 : 64 Kbytes
FFF3FFFFh
FFF40000h A
Block 13 : 64 Kbytes
FEF4FFFFh
FFF50000h
Block 12 : 64 Kbytes
FEF5FFFFh
FFF60000h A
Block 11 : 64 Kbytes
FEFFE6FFFFh
FFF70000h
Block 10 : 64 Kbytes
FEF7FFFFh 1MB
FFF80000h A version
Block 9 : 64 Kbytes
FFF8FFFFh
FFF90000h
Block 8 : 64 Kbytes
FFFOFFFFh 768 KB
FFFA0000h A version
Block 7 : 64 Kbytes
FEFAFFFFh 640 KB
FFFB0OO0Oh version
Block 6 : 64 Kbytes
FFFBFFFFh 512 KB
FFFCO0000h version
Block 5 : 64 Kbytes
FFFCFFFFh 384 KB
FFFD000Oh version
Block 4 : 64 Kbytes
FFFB0000N
FFFFFFFFh Block 0 : 32 Kbytes v v v v v
Figure 26.1 On-chip Flash Memory Block Diagram
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26.2 Flash Memory Protection

There are three types of protection as shown in Table 26.3. Lock bit protection is intended to prevent
accidental write or erase by program runaway. ROM code protection and ID code protection are intended
to prevent read or write by a third party.

Table 26.3  Protection Types and Characteristics
Protection Type |Lock Bit Protection ROM Code Protection ID Code Protection
Protected Erase, write Read, write Read, erase, write
operations
Protection CPU rewrite mode Parallel I/O mode Standard serial 1/0 mode
available in Standard serial 1/0 mode

Parallel I/O mode
Protection Individual blocks Entire flash memory Entire flash memory
available for
Protection Setting 0 to the lock bit of |Setting the protect bit of any |Writing the program which
settings block to be protected block to 0 has set an ID code to

specified address

Protection Setting the LBD bitin the |Erasing all blocks whose Sending a proper ID code
disabled by FMR register to 1 (lock bit |protect bits are set to 0 from the serial programmer

protection disabled), or by

erasing the blocks whose

lock bits are set to 0 to

permanently disable the

protection
26.2.1 Lock Bit Protection

This protection can be used in all three rewrite modes. When the lock bit protection is enabled, all

blocks whose lock bits are set to 0 (locked) are protected against programming and erasing.
To set the lock bit to 0, the lock bit program command must be issued.
To temporarily disable the protection of all protected blocks, disable the lock bit protection itself by
setting the LBD bit in the FMR1 register to 1 (lock bit protection disabled). The protection of a protected
block is disabled permanently and its lock bit becomes 1 (unlocked) if the block is erased.

26.2.2

ROM Code Protection

This protection can only be used in parallel /O mode. When the ROM code protection is enabled, the
entire flash memory is protected against reading and writing.
To disable the protection, erase all the blocks whose protect bits are set to 0 (protected).

Each block has two protect bits. Setting any protect bit to 0 by a software command enables the

protection for the entire flash memory. Table 26.4 lists protect bit addresses.
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Table 26.4 Protect Bit Addresses

Block Protect Bit 0 Protect Bit 1
Block B 00060100h 00060300h
Block A 00061100h 00061300h
Block 17 FFF00100h FFF00300h
Block 16 FFF10100h FFF10300h
Block 15 FFF20100h FFF20300h
Block 14 FFF30100h FFF30300h
Block 13 FFF40100h FFF40300h
Block 12 FFF50100h FFF50300h
Block 11 FFF60100h FFF60300h
Block 10 FFF70100h FFF70300h
Block 9 FFF80100h FFF80300h
Block 8 FFF90100h FFF90300h
Block 7 FFFA0100h FFFA0300h
Block 6 FFFB0100h FFFBO0300h
Block 5 FFFC0100h FFFC0300h
Block 4 FFFD0100h FFFD0300h
Block 3 FFFEO100h FFFEO300h
Block 2 FFFE8100h FFFE8300h
Block 1 FFFF0100h FFFF0300h
Block 0 FFFF8100h FFFF8300h

26.2.3 ID Code Protection

This protection can only be used in standard serial I/O mode. A command from the serial programmer
is to be accepted when the 7-byte ID code sent from the serial programmer matches the ID code
programmed in the flash memory. However, when the reset vector is FFFFFFFFh, the ID code check is
skipped because the flash memory is considered to be blank. When the reset vector is FFFFFFFFh and
the ROM code protection is enabled, only the block erase command is accepted.

The ID codes sent from the serial programmer are consecutively numbered as ID1, ID2, ..., and ID7. ID
codes programmed in the flash memory, also numbered as ID1, ID2, ..., and ID7, are assigned to
addresses FFFFFFE8h, FFFFFFESh, ..., and FFFFFFEEh as shown in Figure 26.2. The ID code
protection is enabled when a program which has an ID code set in the corresponding address is written
to the flash memory.

In the high speed version (64 MHz version), the following two ASCII code combinations are specified as
reserved ID codes: “ALeRASE” and “Protect”. Refer to Table 26.5, 26.2.4 “Forcible Erase Function”,
and 26.2.5 “Standard Serial I/O Mode Disable Function” for details.
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%{
FFFFFFDFh to FFFFFFDCh Undefined instruction vector
FFFFFFE3h to FFFFFFEOh Overflow interrupt vector
FFFFFFE7h to FFFFFFE4h BRK instruction interrupt vector
FFFFFFEBh to FFFFFFE8h ID4 ID3 ID2 ID1
FFFFFFEFh to FFFFFFECh Reserved ID7 ID6 ID5
FFFFFFF3h to FFFFFFFOh Watchdog timer interrupt vector
FFFFFFF7h to FFFFFFF4h Reserved
FFFFFFFBh to FFFFFFF8h NMI interrupt vector
FFFFFFFFh to FFFFFFFCh Reset vector
4 bytes
Figure 26.2 Addresses for ID Code Stored
Table 26.5 Reserved ID Codes
ID Code ID1 ID2 ID3 ID4 ID5 ID6 ID7
Glyph A L e R A S E
ALeRASE yp
ASCII code 41h 4Ch 65h 52h 41h 53h 45h
Glyph P r o] t e c t
Protect yp
ASCII code 50h 72h 6Fh 74h 65h 63h 74h

26.2.4 Forcible Erase Function

The forcible erase function is available in standard serial I/O mode in the high speed version (64 MHz
version). It is not available in the normal speed version (50 MHz version). With this function, all blocks
of the flash memory are forcibly erased when ID codes sent from the serial programmer matches the
ASCII code corresponding to the following sequential ASCII-glyphs: “A”, “L”, “e”, “R”, “A”, “S”, and “E”.
However, the function is ignored when the ROM code protection is activated and ID codes other than
“ALeRASE” are programmed in the flash memory.

Table 26.6  Operational Conditions for Forcible Erase Function
ID Codes Sent From | ID Codes Programmed in | ROM Code Function
the Serial Programmer the Flash Memory Protection
“ALeRASE” — Erase all blocks of the flash memory
Inactivated
“ALeRASE” Any codes other than :
“ALeRASE” or "Protect” Activated Check ID codes (resulted in unmatched
codes)
B y Check ID codes (resulted in unmatched
Any codes other than ALeRASE codes)
“ALeRASE” Any codes other than . Check ID codes
“ALeRASE” or "Protect”
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26.2.5 Standard Serial I/O Mode Disable Function

The standard serial /O mode disable function is available in the high speed version (64 MHz version) It
is not available in the normal speed version (50 MHz version). With the standard serial /0O mode
disable function, the flash memory in standard serial I/O mode is inaccessible from the CPU when ID
code programmed in the flash memory are ASCII codes corresponding to the following sequential
ASCII-glyphs: “P”, “r", “0”, “t”, “e”, “c”, and “t".

When the ROM code protection is activated and ID codes corresponding to “Protect” are programmed,
the serial programmer cannot deactivate the ROM code protection. In this case, the flash memory is not
accessible from the outside of MCU, except that the parallel programmer can delete the flash memory.
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26.3 CPU Rewrite Mode

In CPU rewrite mode, the CPU executes software commands to rewrite the flash memory. The CPU
accesses the flash memory not via the CPU buses, but via the dedicated flash memory rewrite buses

(refer to Figure 26.3).

CPU

Flash memory access
path in normal
operating mode

CPU address bus (26-bit)

CPU data bus (64-bit)

/V\/

-

ess bus (20-bit)

BIU

)
)

Flash Memory

Flash memory access
path in CPU rewrite
mode

/

J

Flash memory rewrite data bus (16-bit)

< Flash memory rewrite addr:

<

Figure 26.3 Flash Memory Access Path in CPU Rewrite Mode

Bus setting for flash memory rewrite should be performed by registers FEBCO and FEBC3. Refer to
26.3.2 “Flash Memory Rewrite Bus Timing” and 27. “Electrical Characteristics” for the appropriate bus
setting. Note that registers FEBCO and FEBC3 share respective addresses with registers EBCO and
EBC3. That is, a rewrite of these registers affects the external bus setting. Set registers EBCO and EBC3
again after rewriting the registers FEBCO and FEBC3.
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The CPU rewrite mode contains modes EWO0 and EW1 as shown in Table 26.7.

Table 26.7 EWO0 and EW1 Modes

ltem EWO0 Mode EW1 Mode
CPU operating modes |Single-chip mode Single-chip mode
Memory expansion mode (1)
Rewrite program Spaces other than the on-chip flash Internal spaces other than specified
executable spaces memory blocks to be rewritten, internal RAM
Restrictions on None * Do not execute either the program
software commands command or the block erase command

for blocks where the rewrite control
programs are written to

* Do not execute the enter read status
register mode command

* Execute the enter read lock bit status
mode command in RAM

» Execute the enter read protect bit
status mode command in RAM

Mode after program/  |Read status register mode Read array mode

erase operation

CPU state during Operating In a hold state (I/O ports maintain the
program/erase state before the command was
operation executed)

Flash memory state * Reading the FMSRO register by a » Reading the FMSRO register by a
detection by program program

» Executing the enter read status
register mode command to read data

Other restrictions None * Disable interrupts (except NMI) and
DMA transfer during program/erase
operation

Note:

1. The CSO0 space and CS3 space have limited availability in memory expansion mode. Refer to 26.3.1
“CPU Operating Mode and Flash Memory Rewrite” for details.

To select CPU rewrite mode, the FEW bit in the FMCR register should be set to 1. Then, EW0 mode/EW1
mode can be selected by setting the EWM bit in the FMRO register.

Registers FMCR and FMRO are protected by registers PRR and FPRO, respectively.

Figures 26.4 to 26.12 show associated registers.
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Flash Memory Control Register (
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| [of[ofo]ofolo[1]  FmcR 0006h 0000 0001b
A
T S R T A A
i E E i i i i i Bit Symbol Bit Name Function RwW
1 ] ] ] ] 1 ] ]
(R T T A T A R - Reserved Should be written with 1 RW
I R (b0)
T R R _
i Pombodo b (b6-b1) Reserved Should be written with 0 RW
1
] CPU Rewrite Mode Setting | 0: Normal operating mode
FEW Bit @ 1: CPU rewrite mode RW
Notes:
1. Set the PRR register to AAh (write enabled) before rewriting this register.
2. Do not set this bit to 1 when the MRS bit in the VRCR register is 1 (main regulator stopped).

Figure 26.4 FMCR Register
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Flash Memory Rewrite Bus Control Registeri (i=0, 3) ")
Symbol Address Reset Value
FEBCO, FEBC3 001Dh-001Ch, 0011h-0010h 0000h
Bit Symbol Bit Name Function RwW
b3 b2 b1 b0
FWRO 0000:wr=1 RW
0001:wr=2
FWR1 0101:wr=3 RW
B . . L. 10110:wr=4
D Pulse Width Setting Bit 1010:-wr=5
FWR2 1011:wr=6 RwW
1111:wr=7
FWR3 Only use the combinations listed RW
above
RD Pulse Width Extension | 0: No pulse width extension
FWR4 Select Bit 1: Pulse width extension selected RW
(b_5) Reserved Should be written with 0 RwW
b7 b6
MPYO 0 0 : Do not use this combination RW
Multiplied Cycle Setting Bit | 0 1 : Do not use this combination
MPY1 10:mpy=3 RW
11:mpy=4
FSUWO bops
Address Setup Before WR 00 fsuw =0
. ) 01:suw=1 RwW
Setting Bit 10 2
FSUW1 - Suw =
1 1:suw=3
b11b10
Fwwo 00:ww=1
WR Pulse Width Setting Bit {0 1:ww =2 RW
11:ww=4
(b12) Reserved Should be written with 1 RwW
(b13) Reserved Should be written with 0 RwW
(b14) Reserved Should be written with 1 RwW
(b15) Reserved Should be written with 0 RwW
Note:
1. Set the PRR register to AAh (write enabled) before rewriting this register.

Figure 26.5 Registers FEBC0 and FEBC3
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Flash Register Protection Unlock Register 0

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
lo[o]o]o]ofo]o] |  FPRO 40008h 0000 0000b
A
I T T T T B
i E E i i i i i Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 ] ]
i E E i i i i i For registers FMRO and FMR1,
I PRO Protection Unlock Bit 0: Write disabled RW
I T R 1: Write enabled
1 ] ] 1 1 I ]
1 ] ] 1 1 I ]
T T R _
fomdocbodocbocodoooo i i
(b7-b1) Reserved Should be written with 0 RW
Figure 26.6 FPRO Register
Flash Memory Control Register 0 (-2
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
ol [ol T T 1 1] Fwmro 40000h 0X01 XX00b
A
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 1 1 .
t 11l -] EwWM  |Rewite Mode SelectBit | ' EVO mode RW
I A A 1: EW1 mode
i E E i i i i ______ LBM Lock Bit Read Mode 0: Read via data bus RW
A R Setting Bit 1: Read by the LBS bit ¥
1 1 1 1 1 ]
o . 0: Locked
[ T T T T, 4)
Pl LBS Lock Bit Status Flag 1: Unlocked RO
1 ] ] ] ]
HE T R 0: Bus
R RRDY  |Read Ready Flag 1 Rea’éy RO
] ] ] ]
i E E o FCA Final Command Accept 0: Final command accept ready RO
Co Busy Flag 1: Final command accept busy
1 ] ]
R O - Reserved Should be written with 0 RW
] ] (b5)
P
i R (&3) Reserved This bit is read as undefined value RO
1
1
1
L (b_7) Reserved Should be written with 0 RW
Notes

1. Set the PRO bit in the FPRO register to 1 (write enabled) before rewriting this register.
2. This register is reset after exiting wait mode or stop mode.
3. After entering read lock bit status mode, the lock bit status is reflected to bit 6 of read data when reading

any even address in the corresponding block.
4. The LBS bit reflects the lock bit status when issuing the read lock bit status command.

Figure 26.7 FMRO Register
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Flash Memory Control Register 1 ()

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
[o[o]ofo] [o] [o]  FMmR1 40009h 0000 0010b

A

I T T N T B

i E E i i i i i Bit Symbol Bit Name Function RwW

1 ] ] ] ] 1 ] ]

(I T S H T TR R N - Reserved Should be written with 0 RW

A (0)

A A A . 0: Reset

i E i i i i ------ RR Reset Release Bit 1: Reset released RW

1 ] ] 1 1 1

i i i i i R . Reserved Should be written with 0 RW

b ©2

R T A N . . .. | 0: Lock bit protection enabled

i i i i LBD Lock Bit Protect Disable Bit 1: Lock bit protection disabled RW

1 1 1 1

1 1 1 1 - . .

---------------------- (b7-b4) Reserved Should be written with 0 RW

Note:
1. Set the PRO bit in the FPRO register to 1 (write enabled) before rewriting this register.
Figure 26.8 FMR1 Register

Flash Memory Status Register 0

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address Reset Value
| ] | FMSRO 40001h 1000 0000b

A

I T T N T R

i E E i i i i i Bit Symbol Bit Name Function RwW

1 ] ] ] ] 1 ] ] . .

(AR S T N S O — Reserved These bits are read as undefined RO

o (b3-b0) value

1 ] ] ]

i E E (S WERR Program Error Flag ?j No program error RO

[ : Program error occurred

1 ] ]

R 0: No erase error

. EERR Erase Error Flag 1: Erase error occurred (") RO

1 ]

[ _

i R (b6) Reserved This bit is read as undefined value RO

1

1 .

e RDY Ready Flag 0:Busy RO

1: Ready
Note:
1. If an erase error has occurred, issue the clear status register command first, then reissue the block erase

command repeatedly until no more erase errors occur. After that, execute three more block erase

operations.

Figure 26.9 FMSRO Register
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Note:

Block Protect Bit Monitor Register 0 ™

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
FBPMO 4000Ah ?2?X? 22?2?20 (M
Bit Symbol Bit Name Function RwW
R0
BP1 | Pag M | Erotecton unlooked RO
R0
BPS | g e etecton unlooked RO
R0
(E)) Reserved This bit is read as undefined value RO
R0
BP6 Ellggk © Protect Bit Montter (1) ﬁ:gigzts)dn unlocked RO

1. This register is updated only once after reset is released. The protect bit status at that time is applied as
reset value.

Figure 26.10 FBPMO Register

T e T

Note:

Block Protect Bit Monitor Register 1

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
FBPMA1 4000Bh XXX? 22?70 (1)
Bit Symbol Bit Name Function RW
BP7 Ellg;k 7 Profect Bit Montter (1) E:g:gg:;dn unlocked RO
R0
BP9 Ellggk 9 Protect Bit Montter (1) ﬁ:gigzts)dn unlocked RO
R0
BPA Ellggk A Protect Bit Monttor (1) ﬁ:gigzts)dn unlocked RO
(b7Tb5) Reserved Izlize bits are read as undefined RO

1. This register is updated only once after reset is released. The protect bit status at that time is applied as the
reset value.

Figure 26.11 FBPM1 Register
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Block Protect Bit Monitor Register 2 ™

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address Reset Value
FBPM2 40011h 2?2?22 2?2??0 (M
Bit Symbol Bit Name Function RwW
BP10 I\B/Ilc(:g:101r0FII:;1rgteCt ot (1) g;gzgg:idn unlocked RO
BP11 ag§§;r1FT:§teCt . (1) lg:g}[zg:%dn unlocked RO
BP12 “B/:gﬁ:;ngII::gteCt o (1) ;r'g:g:i?)dn unlocked RO
BP13 I\Blllgr?:ic:rBF'I::gteCt . (1) lg:g}[zg:%dn unlocked RO
BP14 I\Blllgﬁ:ftc:r‘lFlI:;rgteCt o (1) g:gf[:g:ii)dn unlocked RO
BP15 I\B/Ilgr(::;;rsF'I:;rgteCt . (1) E:gigg:i?)dn unlocked RO
BP16 I\B/IIgﬁiiftc:reFlljargteCt o (1) gg::ﬁ:;dn unlocked RO
BP17 I\B/Ilc(:r(::;<)1r7FII:;rgtect o (1) ﬁ:giggts)dn unlocked RO

Note:

1. This register is updated only once after reset is released. The protect bit status at that time is applied as the

reset value.

Figure 26.12 FBPM2 Register
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26.3.1 CPU Operating Mode and Flash Memory Rewrite

Registers used to set the bus timing of rewriting the flash memory vary with the CPU operating modes.
Do not change the 00h reset value of registers CB01, CB12, and CB23 when using single-chip mode.
The bus setting for both the program area and data area can be performed using the FEBCO register.
In cases other than the above, when the CPU operation is performed in memory expansion mode more
than once, set registers CB01, CB12, and CB23 according to each setting range as shown in Table
26.8. The bus setting for program area and data area can be performed by the FEBCO register and
FEBC3 register, respectively.

Note that registers FEBCO and FEBC3 in memory expansion mode share respective addresses with
registers EBCO and EBC3. That is, when the FEBCi register (i = 0, 3) is set for the flash memory
rewrite, the setting value for the EBCi register is accordingly changed. This may cause external devices
allocated to the CS0 space and/or CS3 space in CPU rewrite mode to become inaccessible.

Table 26.8 lists the details of bus setting for the flash memory rewrite in each CPU operating mode.

Table 26.8 CPU Operating Mode and Flash Memory Rewrite

CPU Operating Mode
Single-chip mode Memory expansion mode
CBO1 register Hold the reset value 00h|Setting range: 02h to F8h

Set a value equal to or greater than that of the
CB12 register

CB12 register Hold the reset value 00h |Setting range: 02h to F8h

Set a value equal to or greater than that of the
CB23 register and equal to or less than that of the
CBO01 register

ltem

CB23 register Hold the reset value 00h |Setting range: 02h to F8h
Set a value equal to or less than that of the CB12
register

Bus setting for program area | FEBCO register FEBCO register

Bus setting for data area FEBCO register FEBC3 register

State of CS0 space and CS3 |N/A * Separate bus format

space after the FEBCi * 16-bit bus width

register is set * RDY ignored

Restrictions for the use of  |None * HOLD is ignored

CSO0 space and CS3 space * In CPU rewrite mode, external devices become

inaccessible to data with the bus format set for
CS0 space and/or CS3 space as multiplexed bus

» The change in bus timing may cause external
devices in the CSO0 space and/or CS3 space to
become inaccessible
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26.3.2 Flash Memory Rewrite Bus Timing

As mentioned in 26.3.1, the bus setting for the flash memory rewrite is performed by setting the FEBCO
and/or FEBC3 registers. This section specifically describes the setting of registers FEBCO and FEBC3.
The reference clock is the base clock set with bits BCD1 and BCDO in the CCR register. Time duration
including tsu, tw, tc, and th are specified by the number of base clock cycles.

Tables 26.9 to 26.11 show the correlation of the read cycle and setting of bits MPY1, MPYO, and FWR4
to FWRO, according to peripheral bus clock divide ratios. Tables 26.12 to 26.14 show the correlation of
the write cycle and setting of bits MPY1, MPYOQ, FSUW1, FSUWO0, FWW1, and FWWO0. Associated
read/write timings are illustrated in Figures 26.13 and 26.14, respectively.

Read/write cycle timing is selected from the tables below to meet the timing requirements in the CPU
rewrite mode described in the electrical characteristics.

ter
tsu(s-r) thr-s)
Chip select
‘tSU(A-R) thr-a)
Address
tw(r)
RD

Figure 26.13 Read Timing

Table 26.9 Read Cycle and Bit Settings: MPY1, MPY0, and FWR4 to FWRO0, When Peripheral Bus
Clock is Divided by 2 (unit: cycles)

MPY1 and MPYO0 Bit Settings
FWR3 to FWR0 | ' WR4 100 11b
. . Bit mpy =73 mpy =4
Bit Settings .
Settings | tsu(s-R), th(R-S), | tsu(s-R), th(r-s),
tw(Rr) tcR tw(r) tcrR
tSu(A-R) th(R-A) | tsu(A-R) th(R-A)

0 Z 3 Z 0 6 5 6 0
0000b | wr=1 1 6 5 6 0 6 5 6 0

0 8 7 8 0 10 9 10 0
0001b | wr=2 1 8 7 8 0 10 9 10 0

0 10 9 10 0 14 13 14 0

0 14 13 14 0 18 17 18 0
01106 | wr=4 1 14 13 14 0 18 17 18 0

0 16 15 16 0 22 21 22 0
10106 | wr=5 1 18 17 18 0 22 21 22 0

0 20 19 20 0 26 25 26 0
1011 | wr=6 1 20 19 20 0 26 25 26 0

0 22 21 22 0 30 29 30 0
b | wr=7 1 24 23 24 0 30 29 30 0
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Table 26.10 Read Cycle and Bit Settings: MPY1, MPY0, and FWR4 to FWRO0, When Peripheral Bus
Clock is Divided by 3 (unit: cycles)

MPY1 and MPYO0 Bit Settings
FWR3 to FWR0 | VR4 100 11b
. . Bit mpy =73 mpy =4
Bit Settings .
Settings | tsu(s-R), th(R-S), | tsu(s-R), th(r-s),
tw(R) tcrR tw(R) tcrR
tSu(A-R) th(R-A) | tsu(A-R) th(R-A)

0 6 45 6 0 6 45 6 0
0000b | wr=1 1 6 45 6 0 6 45 6 0
0 9 75 9 0 9 75 9 0
0001b | wr=2 1 9 75 9 0 12 10.5 12 0
0 12 105 12 0 15 135 15 0
0101b | wr=3 1 12 105 12 0 15 135 15 0
0 15 135 15 0 18 16.5 18 0
01106 | wr=4 1 15 135 15 0 18 16.5 18 0
0 18 16.5 18 0 21 195 21 0
1010b | wr=35 1 18 16.5 18 0 24 225 24 0
0 21 195 21 0 27 255 27 0
1011b | wr=6 1 21 195 21 0 27 255 27 0
b . 0 24 225 24 0 30 285 30 0
wr 1 24 225 24 0 30 285 30 0

Table 26.11 Read Cycle and Bit Settings: MPY1, MPY0, and FWR4 to FWRO0, When Peripheral Bus
Clock is Divided by 4 (unit: cycles)

MPY1 and MPYO0 Bit Settings
FWR3 to FWR0 | VR4 106 11b
. . Bit mpy =73 mpy =4
Bit Settings .
Settings | tsu(s-R), th(rR-S), | tsu(s-R), th(R-9),
tw(R) tcrR tw(R) tcrR
tSUu(A-R) th(R-A) | tsu(A-R) th(R-A)

0 Z 2 Z 0 8 6 8 0
0000b | wr=1 1 8 6 8 0 8 6 8 0

0 8 6 8 0 12 10 12 0
0001b | wr=2 1 8 6 8 0 12 10 12 0

0 12 10 12 0 16 14 16 0
0101b | wr=3 1 12 10 12 0 16 14 16 0

0 16 14 16 0 20 18 20 0
01106 | wr=4 1 16 14 16 0 20 18 20 0

0 16 14 16 0 24 22 24 0
1010b | wr=5 1 20 18 20 0 24 22 24 0

0 20 18 20 0 28 26 28 0
1011b 1 wr=6 1 20 18 20 0 28 26 28 0

0 24 22 24 0 32 30 32 0
Mo | wr=7 1 24 22 24 0 32 30 32 0
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tew

4tSU(S—W) . thow-s)

Chip select

tsua-w) thow-a)

< » € >

Address

tww)

Figure 26.14 Write Timing

Table 26.12 Write Cycle and Bit Settings: MPY1, MPY0, FSUW1, FSUW0, FWW1, and FWWO0, When
Peripheral Bus Clock is Divided by 2 (unit: cycles)

MPY1 and MPYO0 Bit Settings
FSUW1 and FWW1 and 10b 11b
FSUWO FWWO0 mpy =13 mpy =4

Bit Settings Bit Settings | tsu(s-w), fwiw) tow th(w-8), | tsu(s-w), (W) tow th(w-s),
tsu(a-w) th(w-A) | tsu(a-w) th(w-A)

00b |[ww=1 1 3 6 2 1 4 6 1

01b | ww=2 1 6 8 1 1 8 10 1

000 | suw =0 b =3 1 o [ 12 | 2 1 2| 14 | 1

11b | ww=4 1 12 14 1 1 16 18 1

00b |[ww=1 4 3 8 1 5 4 10 1

01b | suw=1 01b | ww=2 4 6 12 2 5 8 14 1

10b | ww=3 4 9 14 1 5 12 18 1

11b | ww=4 4 12 18 2 5 16 22 1

00b |[ww=1 7 3 12 2 9 4 14 1

10b | suw=2 01b | ww=2 7 6 14 1 9 8 18 1

10b | ww=3 7 9 18 2 9 12 22 1

11b | ww=4 7 12 20 1 9 16 26 1

00b |[ww=1 10 3 14 1 13 4 18 1

1b | suw=3 01b | ww=2 10 6 18 2 13 8 22 1

10b | ww=3 10 9 20 1 13 12 26 1

11b | ww=4 10 12 24 2 13 16 30 1
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Table 26.13 Write Cycle and Bit Settings: MPY1, MPY0, FSUW1, FSUWO0, FWW1, and FWWO0, When
Peripheral Bus Clock is Divided by 3 (unit: cycles)

MPY1 and MPYO0 Bit Settings
FSUW1 and FWW1 and 10b 11b
FSUWO FWWO0 mpy =3 mpy =4
Bit Settings Bit Settings | tsu(s-w), fWOW) tow th(w-8), | tsu(s-w), fwiw) tow th(w-s),
tsu(A-w) th(w-A) | tsu(a-w) th(w-A)

00b |ww=1 1 3 6 2 1 4 6 1
01b | ww=2 1 6 9 2 1 8 12 3

00b | suw =0 g =3 1 9 12 2 1 12 15 2
11b | ww=4 1 12 15 2 1 16 18 1
00b |ww=1 4 3 9 2 6 3 12 3

016 | suw=1 01b | ww=2 4 6 12 2 6 7 15 2
10b | ww=3 4 9 15 2 6 11 18 1
11b | ww=4 4 12 18 2 6 15 24 3
00b | ww=1 7 3 12 2 9 4 15 2

10b | s =2 01b | ww=2 7 6 15 2 9 8 18 1
10b | ww=3 7 9 18 2 9 12 24 3
11b | ww=4 7 12 21 2 9 16 27 2
00b | ww=1 10 3 15 2 13 4 18 1

16 | suw=3 01b | ww=2 10 6 18 2 13 8 24 3
10b | ww=3 10 9 21 2 13 12 27 2
11b | ww=4 10 12 24 2 13 16 30 1

Table 26.14 Write Cycle and Bit Settings: MPY1, MPY0, FSUW1, FSUW0, FWW1, and FWWO0, When
Peripheral Bus Clock is Divided by 4 (unit: cycles)

MPY1 and MPYO0 Bit Settings
FSUW1 and FWW1 and 10b 11b
FSUWO FWWO0 mpy =73 mpy =4

Bit Settings Bit Settings  |tsu(s-w), fWW) tow th(w-s), | tsu(s-w), fww) tow th(w-s),
tSu(A-W) th(w-A) | tsu(A-w) th(w-A)

00b ww =1 1 3 8 4 1 4 8 3

01b ww =2 1 6 8 1 1 8 12 3

000 suw =0 I —Gp T =3 1 9 12 2 1 12 16 3

11b ww=4 1 12 16 3 1 16 20 3

00b | ww=1 4 3 8 1 5 4 12 3

01b cuw = 1 01b ww =2 4 6 12 2 5 8 16 3

10b ww =3 4 9 16 3 5 12 20 3

11b ww=4 4 12 20 4 5 16 24 3

00b ww=1 8 2 12 2 9 4 16 3

106 | suw=2 01b | ww=2 8 5 16 3 9 8 20 3

10b | ww=3 8 8 20 4 9 12 24 3

11b ww =4 8 11 20 1 9 16 28 3

00b ww =1 10 3 16 3 13 4 20 3

11b cuw =3 01b ww =2 10 6 20 4 13 8 24 3

10b | ww=3 10 9 20 1 13 12 28 3

11b ww=4 10 12 24 2 13 16 32 3
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26.3.3 Software Commands

In CPU rewrite mode, software commands enable program and erase operations for the flash memory.
Writing commands and reading/writing data should be performed in 16-bit units.

Table 26.15 lists the software commands.

Table 26.15 Software Commands

First Command Cycle Second Command Cycle
Command

Address Data Address Data
Enter read array mode FFFFF800h 00FFh — —
Enter read status register mode (1) FFFFF800h 0070h — —
Clear status register FFFFF800h 0050h — —
Program (2) FFFFF800h 0043h WA WD
Block erase FFFFF800h 0020h BA 00DOh
Lock bit program FFFFF800h 0077h BA 00DOh
Read lock bit status FFFFF800h 0071h BA 00DOh
Enter read lock bit status mode (3) FFFFF800h 0071h — —
Protect bit program FFFFF800h 0067h PBA 00DOh
Enter read protect bit status mode (3) FFFFF800h 0061h — —

WA: Even address to be written
WD: 16-bit data to be written
BA: Even address within a specific block

PBA: Protect bit address (refer to Table 26.4)

Notes:

1. This command cannot be executed in EW1 mode.
2. The program is performed in 64-bit (4-word) units. A sequence of commands consists of commands
from the second to fifth. The upper 29 bits of the address WA should be fixed and the lower 3 bits of
respective commands from the second to fifth should be set to 000b, 010b, 100b, and 110b for the

addresses Oh, 2h, 4h, and 6h, or 8h, Ah, Ch, and Eh.
3. This command should be executed in RAM.
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26.3.4 Mode Transition

CPU rewrite mode supports four flash memory operating modes:

* Read array mode

* Read status register mode

* Read lock bit status mode

* Read protect bit status mode
When reading the flash memory in these modes, the memory data, the status register value, the state
of the lock bit in the read block, and the state of the protect bit are individually read. Details are listed in
Tables 26.16 to 26.18.

Table 26.16 Status Register

. . . Definition
Bit Bit Symbol Bit Name 0 3
b15-b8 — Disabled bit — —
b7 SR7 Sequencer status BUSY READY
b6 — Reserved bit — —
b5 SR5 Erase status Successfully Error
completed
b SR4 Program status Successfully Error
completed
b3 — Reserved bit — —
b2 — Reserved bit — —
b1 — Reserved bit — —
b0 — Reserved bit — —
Table 26.17 Lock Bit Status
. . . Definition
Bit Bit Symbol Bit Name 0 1
b15-b7 — Disabled bit — —
b6 LBS Lock bit status Locked Unlocked
b5-b0 — Disabled bit — —
Table 26.18 Protect Bit Status
. . . Definition
Bit Bit Symbol Bit Name 0 3
b15-b7 — Disabled bit — —
b6 PBS Protect bit status Protected Unprotected
b5-b0 — Disabled bit — —

In these operating modes, program or erase operation can be performed by software commands. After
an operation is completed, the flash memory module automatically enters read array mode (in EW1
mode) or read status register mode (in EWO0 mode).

RO1UHO0210EJ0120 Rev.1.20
Feb 18, 2013

RENESAS Page 444 of 520



R32C/116 Group 26. Flash Memory

26.3.5 Issuing Software Commands

This section describes how to issue software commands.
These commands should be issued while the RDY bit in the FMSRO register is 1 (ready).

26.3.5.1 Enter Read Array Mode Command

Execute this command to enter read array mode.
When 00FFh is written to address FFFFF800h, the flash memory enters read array mode. In this mode,

the value stored to a given address in memory can be read.
In EW1 mode, the flash memory is always in read array mode.

26.3.5.2 Enter Read Status Register Mode

Execute this command to enter read status register mode.
When 0070h is written to address FFFFF800h, the status register value is read in any address of the

flash memory.
Do not issue this command in EW1 mode.

26.3.5.3 Clear Status Register

Execute this command to reset the status register in the flash memory.
When 0050h is written to address FFFFF800h, bits SR5 and SR4 in the status register become 0
(successfully completed) (refer to Table 26.16). Consequently, bits EERR and WERR in the FMSRO

register become 0 (no errors).
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26.3.5.4 Program Command

Execute this command to program the flash memory in 8-byte (4-word) units.

To start automatic programming (program and program-verify operations), write 0043h to address
FFFFF800h, then write data to addresses 8n + 0 to 8n + 6. Verify that the FCA bit in the FMRO register
is 0 just before executing the final command.

To monitor the automatic program operation, read the RDY bit in the FMSRO register. This bit becomes
0 (busy) when the operation is in progress and 1 (ready) when the operation is completed.

The operation result can be verified by the WERR bit in the FMSRO register (refer to 26.3.6 “Status
Check”).

Do not write additional data to an address that is already programmed.

Write command 0043h to address FFFFF800h

v

Write corresponding data to address 8n + 0

v

Write corresponding data to address 8n + 2

v

Write corresponding data to address 8n + 4

P
[
FCA bit in the FMRO register is 0?
Yes

Write corresponding data to address 8n + 6

<
RDY bit in the FMSRO register is 1?
Yes

Check status

Figure 26.15 Program Command Execution Flowchart
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26.3.5.5 Block Erase Command

Execute this command to erase a specified block in the flash memory.
To start automatic erasing of a specified block (erase and erase-verify operations), write 0020h to
address FFFFF800h, verify that the FCA bit in the FMRO register is 0, then write 00DOh to an even
address in the corresponding block.
To monitor the automatic erase operation, read the RDY bit in the FMSRO register. This bit becomes 0
(busy) when the operation is in progress and 1 (ready) when the operation is completed.

The operation result can be verified by the EERR bit in the FMSRO register (refer to 26.3.6 “Status

Check”).

( Block erase )

v

Write the first command 0020h to address FFFFF800h

[
<

FCA bit in the FMRO register is 0?

Yes

Write the second command 00DOh to an even address
in the corresponding block

[P
)

RDY bit in the FMSRO register is 1?

Yes

Check status

End

Figure 26.16 Block Erase Command Execution Flowchart
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26.3.5.6 Lock Bit Program Command

Execute this command to lock a specified block in the flash memory.
To lock the block, write 0077h to address FFFFF800h, verify that the FCA bit in the FMRO register is 0,
then write 00D0Oh to an even address in the corresponding block. Then the lock bit of the block

becomes 0 (locked).

To monitor the lock bit program, read the RDY bit in the FMSRO register. This bit becomes 0 (busy)

when the operation is in progress and 1 (ready) when the operation is completed.

The state of the lock bit can be verified by the read lock bit status command if the LBM bit in the FMRO
register is 1 (read by the LBS bit) (refer to 26.3.5.7 “Read Lock Bit Status Command”). If the LBM bit is
0 (read via data bus), enter read lock bit status mode (refer to 26.3.5.8 “Enter Read Lock Bit Status

Mode Command”).

C Lock bit program )

v

Write the first command 0077h to address FFFFF800h

[P
)

FCA bit in the FMRO register is 0?

Yes

Write the second command 00DOh to an even address
in the corresponding block

&
<

RDY bit in the FMSRO register is 1?

Yes

Check status

End

Figure 26.17 Lock Bit Program Command Execution Flowchart
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26.3.5.7 Read Lock Bit Status Command

Execute this command to verify if a specified block in the flash memory is locked. This command can
be used when the LBM bit in the FMRO register is 1 (read by the LBS bit).

The LBS bit in the FMSRO register reflects the lock bit status of the specified block when the following is
performed: first write 0071h to address FFFFF800h and verify that the FCA bit in the FMRO register
becomes 0. Then write 00D0Oh to an even address of the corresponding block.

Read the LBS bit after the RDY bit in the FMSRO register becomes 1 (ready).

( Read lock bit status )

v

Write the first command 007 1h to address FFFFF800h

FCA bit in the FMRO register is 0?

Write the second command 00DOh to an even address
in the corresponding block

[
«

RDY bit in the FMSRO register is 1?

Yes

Read LBS bit in the FMRO register

End

Figure 26.18 Read Lock Bit Status Command Execution Flowchart

26.3.5.8 Enter Read Lock Bit Status Mode Command

Execute this command to enter read lock bit status mode. This command is enabled when the LBM bit

in the FMRO register is 0 (read via data bus).
To read the lock bit status of the read block, write 0071h to address FFFFF800h (refer to Table 26.17).

The status is read in any address of the flash memory.
Execute this command in RAM.
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26.3.5.9 Protect Bit Program Command

Execute this command to protect a specific block in the flash memory. ROM code protection is enabled
by setting one of the protect bits of the block to 0.

To set the protect bit of the designated block to O (protected), write 0067h to address FFFFF800h, verify
that the FCA bit in the FMRO register is 0, and then write 00DOh to the protect bit of the corresponding
block (refer to Table 26.4).

To monitor the protect bit program, read the RDY bit in the FMSRO register. This bit becomes 0 (busy)
when the operation is in progress and 1 (ready) when the operation is completed.

To verify the state of protect bit, enter read protect bit status mode (refer to 26.3.5.10 “Enter Read
Protect Bit Status Mode Command”), then read the flash memory.

( Protect bit program )

v

Write the first command 0067h to address FFFFF800h

&
<

FCA bit in the FMRO register is 0?

Yes

Write the second command 00DOh to the corresponding bit
address

€
<

RDY bit in the FMSRO register is 1?

Yes

Check status

End

Figure 26.19 Protect Bit Program Command Execution Flowchart

26.3.5.10 Enter Read Protect Bit Status Mode Command
Execute this command to enter read protect bit status mode.
To read the protect bit status of the read block, write 0061h to address FFFFF800h (refer to Table
26.18). The status is read from any address in the flash memory.
Execute this command in RAM.
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26.3.6 Status Check
To verify if a software command is successfully executed, read the EERR or WERR bit in the FMSRO
register, or the SR5 bit or SR4 bit in the status register.

Table 26.19 lists status and errors indicated by these bits and Figure 26.20 shows the flowchart of the
status check.

Table 26.19 Status and Errors
FMSRO Register
(Status Register)

EERR bit | WERR bit
(SR5 bit) | (SR4 bit)

Error Source of Error

Command sequence error | « Data other than 00D0h or OOFFh (command to

cancel) was written as the last command of two

1 1 commands

* An unavailable address was specified by an
address specifying command

Erase error * Attempted to erase a locked block
1 0 )
* Corresponding block was not erased properly
Program error * Attempted to program a locked block
* Data was not programmed properly
0 1 :
* Lock bit was not programmed properly
* Protect bit was not programmed properly
0 0 No error

C Check status )

EERR bit in the FMSRO is 1?

WERR bit in the FMSRO is 1? WERR bit in the FMSRO is 1?

\ 4 \ 4

A 4
(Command sequence error) ( Erase error ’ ‘ Program error ’

No error

Figure 26.20 Status Check Flowchart

When an error occurs, execute the clear status register command and then handle the error.
If erase errors or program errors occur frequently even though the program is correct, the corresponding
block may be disabled.
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26.4 Standard Serial I/O Mode

In standard serial I/O mode, an R32C/116 Group compatible serial programmer can be used to rewrite the
flash memory while the MCU is mounted on a board.

For further information on the serial programmer, contact your serial programmer manufacturer and refer
to the user’s manual included with the serial programmer for instructions.

As shown in Table 26.20, this mode provides two types of transmit/receive mode: Standard serial 1/0
mode 1 which uses a synchronous serial interface, and standard serial I/O mode 2 which uses UART.

Table 26.20 Standard Serial /0 Mode Specifications

Item Standard Serial /0 Mode 1 Standard Serial /0 Mode 2

Transmit/receive mode Synchronous serial I/O UART
Transmit/receive bit rate High Low
Serial interface to be used UART1 UART1
Pin settings CNVSS High High

CE (P5_0) High High

EPM (P5_5) |Low Low

SCLK (P6_5) |Inreset: Low In reset: Low
Pin functions In transmissio.n/reception: In transmission/reception: Unused

Transmit/receive clock
BUSY (P6_4) |BUSY signal Monitor to check program
operation
RXD (P6_6) |Serial data input Serial data input
TXD (P6_7) |Serial data output Serial data output

Table 26.21 lists the pin definitions and functions in standard serial I/O mode. Figures 26.21 and 26.22
show examples of a circuit application in standard serial I/O modes 1 and 2, respectively. Refer to the
serial programmer user manual to handle pins controlled by the serial programmer.

RO1UHO0210EJ0120 Rev.1.20 RENESAS Page 452 of 520
Feb 18, 2013



R32C/116 Group

26. Flash Memory

Table 26.21 Pin Definitions and Functions in Standard Serial /O Mode
Pin Name Function 110 Description
VCC, VSS Power supply input | Applicable as follows: VCC = guaranteed voltage for program/
erase operations, VSS =0V
VDC1, VDCO Connecting pins for A decoupling capacitor for internal voltage should be connected
decoupling — |between VDCO and VDCA1
capacitor
CNVSS CNVSS I |This pin should be connected to VCC via a resistor
RESET Reset input | Reset input pin. While the RESET pin is driven low, at least 20
clock cycles should be input at the XIN pin
XIN Main clock input I |A ceramic resonator or a crystal oscillator should be connected
XOUT Main clock output o betweep pins XIN and XOUT. An external clock should be input at
XIN while leaving XOUT open
NSD Debug port 1/0 | This pin should be connected to VCC via a resistor of 1 to 4.7 kQ
AVCC, AVSS Analog power | AVCC and AVSS should be connected to VCC and VSS,
supply respectively
VREF Reference voltage | Reference voltage input for the A/D converter and D/A converter
input
PO_0 to PO_7, Input port High or low should be input, or the ports should be left open
P1_ 0toP1_7,
P2 _0toP2_7, |
P3 0toP3_7,
P4 0toP4_7
P50 CE input I |High should be input
P5 1toP5 4 Input port I |High or low should be input, or the ports should be left open
P5 5 EPM input I |Low should be input
P5 6, P5 7, Input port | High or low should be input, or the ports should be left open
P6_0 to P6_3
P6 4 BUSY output o Standard serial I/O mode 1: BUSY output pin
Standard serial /0O mode 2: Program operation monitor
P6_5 SCLK input | Standard serial /0 mode 1: Serial clock input pin
Standard serial /0 mode 2: Low should be input
P6_6 Data input RXD | |Serial data input pin
P6_7 Data output TXD O |Serial data output pin
P7_0to P7_7, Input port | High or low should be input, or the ports should be left open
P8 0to P8 4
P8 5 NMI input I |This pin should be connected to VCC via a resistor
P8_6, P8_7, Input port High or low should be input, or the ports should be left open
P9 _0toP9_7,
P10_0 to P10_7,
P11_0to P11_4,
P12_0to P12_7, |
P13_0to P13_7,
P14_1,
P14_3 to P14_86,
P15 0to P15_7
(M

Note:

1. Ports P9_0, P9_2, and P11 to P15 are available in the 144-pin package only.
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VvCC VvCC

MCU

( BUSY output )« BUSY (P6_4) CE (P5_0)
( Clockinput )} SCLK (P6_5) EPM (P5_5)
( Data input } RXD (P6_6)

VCC
( Dataoutput )« TXD (P6_7)

\ 4

A

<
@]

o

User reset signal

Notes:
1. Control pins and external circuitry vary with the serial programmer. Refer to the user’'s manual included with
the serial programmer.
2. In this example, a selector controls the voltage applied to the CNVSS pin to switch between single-chip
mode and standard serial I/O mode 1.
3. If the user reset signal becomes low while the MCU is communicating with the serial programmer, cut off the
connection between the user reset signal and the RESET pin by, for example, a jumper selector.

Figure 26.21 Circuit Application in Standard Serial /0O Mode 1
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MCU

(' Monitor output )« BUSY (P6_4) CE (P5_0)

SCLK (P6_5) EPM (P5_5)

\ 4

RXD (P6_6)

( Data input }
VCC
( Dataoutput )« TXD (P6_7)

A

<
@]

o

CNVSS {
User reset signal RESET i

Notes:
1. Control pins and external circuitry vary with the serial programmer. Refer to the user’'s manual included with
the serial programmer.
2. In this example, a selector controls the voltage applied to the CNVSS pin to switch between single-chip
mode and standard serial I/O mode 2.
3. If the user reset signal becomes low while the MCU is communicating with the serial programmer, cut off the
connection between the user reset signal and the RESET pin by, for example, a jumper selector.

Figure 26.22 Circuit Application in Standard Serial /0 Mode 2

26.5 Parallel I/0 mode

In parallel I/O mode, an R32C/116 Group compatible parallel programmer can be used to rewrite the flash
memory.

For further information on the parallel programmer, contact your parallel programmer manufacturer and
refer to the user’s manual included with your parallel programmer for instructions.
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26.6 Notes on Flash Memory Rewriting

26.6.1 Note on Power Supply

» Keep the supply voltage constant within the range specified in the electrical characteristics while a
rewrite operation on the flash memory is in progress. If the supply voltage goes beyond the
guaranteed value, the device cannot be guaranteed.

26.6.2 Note on Hardware Reset
* Do not perform a hardware reset while a rewrite operation on the flash memory is in progress.

26.6.3 Note on Flash Memory Protection

« If an ID code written in an assigned address has an error, any read/write operation on the flash
memory in standard serial /O mode is disabled.

26.6.4 Notes on Programming

* Do not set the FEW bit in the FMCR register to 1 (CPU rewrite mode) in low speed mode or low
power mode.

» The program, block erase, lock bit program, and protect bit program are interrupted by an NMI, a
watchdog timer interrupt, an oscillator stop detection interrupt, or a low voltage detection interrupt.
If any of the software commands above are interrupted, erase the corresponding block and then
execute the same command again. If the block erase command is interrupted, the lock bit and
protect bit values become undefined. Therefore, disable the lock bit, and then execute the block
erase command again.

26.6.5 Notes on Interrupts

* EW0 mode

* To use interrupts assigned to the relocatable vector table, the vector table should be addressed in
RAM space.

* When an NMI, watchdog timer interrupt, oscillator stop detection interrupt, or low voltage detection
interrupt occurs, the flash memory module automatically enters read array mode. Therefore, these
interrupts are enabled even during a rewrite operation. However, the rewrite operation in progress
is aborted by the interrupts and registers FMRO and FRSRO are reset. When the interrupt handler
has ended, set the LBD bit in the FMR1 register to 1 (lock bit protection disabled) to re-execute the
rewrite operation.

* Instructions BRK, INTO, and UND, which refer to data on the flash memory, cannot be used in this
mode.

* EW1 mode

* Interrupts assigned to the relocatable vector table should not be accepted during program or block
erase operation.

» The watchdog timer interrupt should not be generated.

* When an NMI, watchdog timer interrupt, oscillator stop detection interrupt, or low voltage detection
interrupt occurs, the flash memory module automatically enters read array mode. Therefore, these
interrupts are enabled even during a rewrite operation. However, the rewrite operation in progress
is aborted by the interrupts and registers FMRO and FRSRO are reset. When the interrupt handler
has ended, set the EWM bit in the FMRO register to 1 (EW1 mode) and the LBD bit in the FMR1
register to 1 (lock bit protection disabled) to re-execute the rewrite operation.
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26.6.6 Notes on Rewrite Control Program

* EW0 mode
« If the supply voltage drops during the rewrite operation of blocks having the rewrite control
program, the rewrite control program may not be successfully rewritten, and the rewrite operation
itself may not be performed. In this case, perform the rewrite operation by serial programmer or

parallel programmer.

* EW1 mode
* Do not rewrite blocks having the rewrite control program.

26.6.7 Notes on Number of Program/Erase Cycles and Software Command
Execution Time
* The time to execute software commands (program, block erase, lock bit program, and protect bit
program) increases as the number of program/erase cycles increases. If the number of program/
erase cycles exceeds the endurance value specified in the electrical characteristics, it may take an
unpredictable amount of time to execute the software commands. The wait time for executing
software commands should be set much longer than the execution time specified in the electrical

characteristics.

26.6.8 Other Notes
» The minimum values of program/erase cycles specified in the electrical characteristics are the
maximum values that can guarantee the initial performance of the flash memory. The program/
erase operation may still be performed even if the number of program/erase cycles exceeds the

guaranteed values.
* Chips repeatedly programmed and erased for debugging should not be used for commercial

products.
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27. Electrical Characteristics

Table 27.1

Absolute Maximum Ratings (1)

Symbol

Characteristic

Condition

Value

Unit

Vee

Supply voltage

Vee = AVee

-0.3t0 6.0

AV

Analog supply voltage

Vee = AVcee

-0.3t06.0

V, Input
voltage

XIN, RESET, CNVSS, NSD, Vger,
PO 0to PO_7,P1 0toP1_7,

P2 0toP2_7,P3 0toP3 7,

P5 Oto P5_3, P8 4to P8 7,

P9 0toP9_7, P10_0to P10_7,
P11_0toP11_4,P12_0to P12_7,
P13 0to P13_7, P14_1,

P14_3to P14_6, P15 _0to P15_7 (2

P4 OtoP4_7,P5_4toP5_7,
P6_0to P6_7, P7_0to P7_7,
P8 0to P8 3

XOUT, P0_0to PO_7,P1 _Oto P1_7,
P2 0toP2_7,P3_0toP3_7,

P4 0toP4_7,P5 0toP5_7,
P6_0to P6_7, P7_0to P7_7,

P8 _0to P8_4, P8_6, P8_7,

P9 0to P9 _7, P10_0to P10_7,
P11_0toP11_4,P12_0to P12_7,
P13_0to P13_7, P14_3to P14_6,
P15 _0to P15_7 (2

Py Power consumption

-0.3 to VCC +0.3 V

-0.3t06.0 \Y

Vo Output
voltage

-0.3to VCC +0.3 V

Ta=25°C 500 mwW
-40 to 85 °C
-65 to 150 °C

— Operating temperature range

Tstg Storage temperature range

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

2. Ports P9 0, P9 2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
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Table 27.2  Operating Conditions (1/5) (1)

Symbol Characteristic . Value Unit
Min. Typ. Max.
Vee Digital supply voltage 3.0 5.0 5.5 \Y,
AVce  |Analog supply voltage Vee Vv
Vreg |Reference voltage 3.0 Vee Y,
Vss Digital ground voltage 0 vV
AVgg |Analog ground voltage 0 V
dVec/dt |V ramp up rate (Ve < 2.0 V) 0.05 Vims
ViH High level |XIN, RESET, CNVSS, NSD, P2_0to P2_7,
input P3_0toP3_7,P5 0toP5 3, P8 4toP8 7 (),
voltage P9_0toP9_7,P10_0to P10_7, 0.8 x Ve Vee v
P11_0to P11_4, P14_1, P14_3 to P14_6,
P15_0to P15_7 (3)
P4 OtoP4_7,P5_4toP5 7,P6_0toP6_7
- OtoP4 7,P5 4toP5 7,P6 0toP6 7, 0.8 % Vg 6.0 v
P7_OtoP7_7,P8_0toP8_3
PO _0toPO_7, |[in single-chip mode
- - 0.8 xV \Y
P1 0toP1 7, cc cc v
P12_0to P12_7, |in memory expansion mode
P13_01t0 P13_7 |or microprocessor mode 0.5xVee Vee v
(3)
i Low level  |XIN, RESET, CNVSS, NSD, P2_0 to P2_7,
input P3_0toP3_7,P4_0toP4_7,P5 _0toP5_7,
2
voltage P6_0toP6_7,P7_0toP7_7,P8_0to P8 7 (2), 0 02xVee| Vv
P9_0toP9_7,P10_0to P10_7,
P11_0to P11_4, P14_1,P14_3 to P14_6,
P15_0to P15_7 (3)
PO _0toPO_7, |[in single-chip mode 0 0.2xVee | V
250(;‘?[ PI:’TZ . in memory expansion mode
(o) .
- —_’ |or microprocessor mode
P13_0to P13 7 P 0 0.16 xVee| Vv
3)
Topr Operating [N version -20 85 °C
temperature |D version -40 85 °C
range P version -40 85 °C

Notes:
1. The device is operationally guaranteed under these operating conditions.
2. ViyandV,_ for P8_7 are specified for P8_7 as a programmable port. These values are not applicable
for P8_7 as XCIN.
3. Ports P9_0, P9 _2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
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Table 27.3  Operating Conditions (2/5)
(Vec =3.0t0 5.5V, Vgg =0V, and T, = T, unless otherwise noted) (1)

- Value (2) _
Symbol Characteristic - Unit
Min. | Typ. | Max.
Cvbc Decoupling capacitance for voltage Inter-pin voltage: 1.5V 24 100| uF
regulator
Notes:

1. The device is operationally guaranteed under these operating conditions.
2. This value should be met with due consideration to the following conditions: operating temperature,
DC bias, aging, etc.
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Table 27.4  Operating Conditions (3/5)
(Vec =3.0t0 5.5V, Vgg =0V, and T, = T, unless otherwise noted) (1)

o Value )
Symbol Characteristic i Ty Mo Unit
|OH(peak) High level |[PO_0toPO_7,P1_0toP1_7,P2 0to P2 7,
peak P3 0toP3 7,P4_0toP4_7,P5 0toP5 7,
output P6_0toP6_7,P7_0toP7_7,P8_0to P8 4, P8_6, 100 | mA
current (2) |P8_7,P9_0to P9 _7,P10_0 to P10_7, ’
P11_0toP11_4,P12_ 0to P12_7,P13_0to P13_7,
P14_3to P14_6,P15 0to P15 7 (3)
IOH(an) High level ([PO_0toPO_7,P1_0toP1_7,P2 0toP2_7,
average |P3 0toP3 7,P4 OtoP4 7,P5 0toP5 7,
output P6_0toP6_7,P7_0toP7_7,P8 0toP8_4, P8 6,
current 4) |P8_7,P9 0to P9 _7,P10_0to P10_7, -0 | mA
P11_0toP11_4,P12 0to P12_7,P13_0to P13 7,
P14_3to P14_6,P15 0to P15 7 (3)
IOL(peak) Low level |PO_OtoPO_7,P1_0toP1_7,P2 0toP2_ 7,
peak P3 0toP3 7,P4 0toP4_7,P5 0toP5_7,
output P6_ 0toP6_7,P7 0toP7_7,P8 0toP8 4, P8 6, 100 | ma
current (2) |P8 7, P9 0to P9 7,P10 0to P10 _7, :
P11_0to P11_4,P12 0to P12_7,P13_0to P13 _7,
P14_3to P14_6,P15 0to P15_7 (3)
loL(avg) |Low level |PO_OtoPO_7,P1_0toP1_7,P2 OtoP2_7,
average |P3_0toP3 7,P4 O0toP4_7,P5 0toP5 7,
output P6_0toP6_7,P7_0to P7_7,P8_0to P8 4, P8_6, 50 | mA
current 4) |P8_7,P9 0to P9 _7,P10_0to P10_7, '
P11_0toP11_4,P12_ 0to P12_7,P13_0to P13_7,
P14_3to P14_6,P15 0to P15 7 (3)

Notes:

1. The device is operationally guaranteed under these operating conditions.

2. The following conditions should be satisfied:
* The sum of Ig (peak) Of ports PO, P1, P2, P8_6, P8_7, P9, P10, P11, P14, and P15 is 80 mA or less.
* The sum of Ig| (peak) Of ports P3, P4, P5, P6, P7, P8_0 to P8_4, P12, and P13 is 80 mA or less.
* The sum of lgypeak) Of ports PO, P1, P2, and P11 is -40 mA or less.
* The sum of lgypeak) Of ports P8_6, P8_7, P9, P10, P14, and P15 is -40 mA or less.
* The sum of lgypeak) Of ports P3, P4, P5, P12, and P13 is -40 mA or less.
* The sum of lgypeak) Of ports P6, P7, and P8_0 to P8_4 is -40 mA or less.

3. Ports P9_0, P9 2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
4. Average value within 100 ms.
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Table 27.5 Operating Conditions (4/5)
(Vec =3.0t0 5.5V, Vgg =0V, and T, = T, unless otherwise noted) (1)

- Value ]
Symbol Characteristic , Unit
Min. Typ. Max.
foxainy Main clock oscillator frequency 4 16 |MHz
fixRef) Reference clock frequency 2 4 MHz
fieLy) PLL clock oscillator frequency 96 128 |MHz
fBase) Base clock frequency High speed version 64 MHz
Normal speed version 50 MHz
te(Base) Base clock cycle time High speed version 15.625 ns
Normal speed version 20 ns
ficpu) CPU operating frequency High speed version 64 MHz
Normal speed version 50 MHz
tecpu) CPU clock cycle time High speed version 15.625 ns
Normal speed version 20 ns
fecLk) Peripheral bus clock operating High speed version 32 |MHz
frequency Normal speed version 25 |MHz
tecLk)  |Peripheral bus clock cycle time High speed version 31.25 ns
Normal speed version 40 ns
fPER) Peripheral clock source frequency 32 |MHz
f(xcm) Sub clock oscillator frequency 32.768 | 62.5 |KkHz
Note:

1. The device is operationally guaranteed under these operating conditions.

tc(Base)
Base clock - 4
(internal signal) S \ \ /_\_/_\_
tecpu)
CPU clock \ \ /—\_/—\_
(internal signal) S
teBeLK)
Peripheral bus clock ﬁ/—\—
(internal signal) S

Figure 27.1 Clock Cycle Time
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Table 27.6  Operating Conditions (5/5)
(Vec =3.0t0 5.5V, Vgg =0V, and T, = T, unless otherwise noted) (1)

- Value i
Symbol Characteristic - Unit
Min. | Typ. | Max.

Vo) Allowable ripple voltage Ve =50V 0.5 | Vp-p

Vee=3.0V 0.3 Vp-p

dVyvceydt |Ripple voltage gradient Vee =50V +0.3 | V/ms

Vee=3.0V +0.3 | Vims

frvee) Allowable ripple frequency 10 kHz
Note:

1. The device is operationally guaranteed under these operating conditions.

»—<«—1/fvce)

Vee Vrvee)

Figure 27.2 Ripple Waveform
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Table 27.7  Electrical Characteristics of RAM
(Vcc=3.0t0 5.5V, Vgg =0V, and Ta = Ty, unless otherwise noted)

Symbol Characteristic Measurement | Vj'y‘:j | Uni
VRDR RAM data retention voltage In stop mode 2.0 \Y
Table 27.8  Electrical Characteristics of Flash Memory

(Vcc=3.0t05.5V,Vgg =0V, and Ta = Ty, unless otherwise noted)
o Value i

Symbol Characteristic - Unit

Min. | Typ. | Max.
— Program/erase cycles (1) Program area 1000 Cycles
Data area 10000 Cycles
— 4-word program time Program area 150 | 900 us
Data area 300 | 1700 us
— Lock bit program time Program area 70 500 us
Data area 140 | 1000 us
— Block erasure time 4-Kbyte block 012 | 3.0 S
32-Kbyte block 017 | 3.0 s
64-Kbyte block 0.20 | 3.0 s
—  |Data retention (2) T, =55°C ) 10 Years

Notes:
1. Program/erase definition
This value represents the number of erasures per block.
When the number of program/erase cycles is n, each block can be erased n times.
For example, if a 4-word write is performed in 512 different addresses in the 4-Kbyte block A and
then the block is erased, this is counted as a single program/erase operation.
However, the same address cannot be written to more than once per erasure (overwrite disabled).
2. Data retention includes periods when no supply voltage is applied and no clock is provided.
3. Contact a Renesas Electronics sales office for data retention times other than the above condition.
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R32C/116 Group

27. Electrical Characteristics

Table 27.9  Power Supply Circuit Timing Characteristics
(Vcc=3.0t05.5V,Vgg =0V, and T, = Ty, unless otherwise noted)
Value
Symbol Characteristic Measurfa.ment . Unit
Condition Min. | Typ. | Max.
tg(p-R)  |Internal power supply start-up stabilization
. . . 2 ms
time after the main power supply is turned on
taP-R) Recommended E i
Internal power supply start-up Vee operating voltage___t=Z_ !
stabilization time after the main P o
power supply is turned on < tar R ri
Supply voltage for :
internal logic i
PLL oscillator- ;
output waveform ——==e LTI
Figure 27.3 Power Supply Circuit Timing
Table 27.10 Electrical Characteristics of Voltage Regulator for Internal Logic
(Vcc=3.0t0 5.5V, Vgg =0V, and T, = Ty, unless otherwise noted)
Value
Symbol Characteristics Measurfarnent - Unit
Condition Min. | Typ. | Max.
Vvpet Output voltage 1.5 \%
Table 27.11 Electrical Characteristics of Low Voltage Detector
(Vcc=4.2t05.5V,Vgg =0V, and T, = Ty, unless otherwise noted)
Value
Symbol Characteristics Measurfa.ment - Unit
Condition Min. | Typ. | Max.
AVdet Detected voltage error 03| V
Vdet(R)-Vdet(F) |Hysteresis width 0 \Y,
Self-consuming current Vee =5.0V, low voltage 4 A
detector enabled H
taE-A) Operation start time of low voltage detector 150 | us
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Table 27.12 Electrical Characteristics of Oscillator
(Vcc=3.0t0 5.5V, Vgg =0V, and T, = Ty, unless otherwise noted)

Symbol Characteristics M(éaos:;ﬁirgsnt i Y;::f Mo Unit
fso(pLL) PLL clock self-oscillation frequency 35 50 65 |MHz
tlockpLy) |PLL lock time (1) T s
itter(p-p) | PLL Jitter period (p-p) 20 | ns
fioco) On-chip oscillator frequency 62.5 | 125 | 250 | kHz

Note:
1. This value is applicable only when the main clock oscillation is stable.

Table 27.13 Electrical Characteristics of Clock Circuitry
(Vcc=3.0t0 5.5V, Vgg =0V, and T, = Ty, unless otherwise noted)

Value
Symbol Characteristics Measurfarnent - Unit
Condition Min. | Typ. | Max.
trecwarmy |Recovery time from wait mode to low power mode 225 | ps
trec(sToP) |Recovery time from stop mode M 225 | us

Note:
1. The recovery time from stop mode does not include the main clock oscillation stabilization time. The
CPU starts operating before the oscillator is stabilized.

1 1
trec(waIT) Interrupt for exiting i i
- , wait mode \ i

Recovery time from wait mode H H

to low power mode . : '
>0 oo TR A

1 1

. . (] [l
et IR

1 1

1 1
CPU clock i i
1 1
L trec(WAIT) o
i A
i i
trec(sTOP) Interrupt for exiting -\ 1
\ 1
Recovery time from stop mode stop mode ! T
i 1
]

Main clock oscillator

output :
]

1

1

. . 1
e —{[THITTTIITTETTIITIIITTT

]

CPU clock

A

trec(sTOP)

Figure 27.4 Clock Circuit Timing
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Timing Requirements (V¢ = 3.0 to 5.5V, Vgg =0V, and Ta = T,,,, unless otherwise noted)

Table 27.14 Flash Memory CPU Rewrite Mode Timing

- Value )
Symbol Characteristics - Unit
Min. Max.
t.r Read cycle time 200 ns
tsus-R) Chip-select setup time before read 200 ns
th(r-s) Chip-select hold time after read 0 ns
tsu(A-R) Address setup time before read 200 ns
th(r-A) Address hold time after read 0 ns
tw(r) Read pulse width 100 ns
tow Write cycle time 200 ns
tsu(s-w) Chip-select setup time before write 0 ns
thow-s) Chip-select hold time after write 30 ns
tsua-w) Address setup time before write 0 ns
thw-a) Address hold time after write 30 ns
twow) Write pulse width 50 ns
Read cycle ter
:tsu(S—R) . thrs) g
Chip select
tsuAR) th(r-a)
Address
P tw(r)
RD
Write cycle P tew N
tsus-w) _thows)
Chip select
tsuaw) Ehw-a)
Address
‘ tww) -
WR
Figure 27.5 Flash Memory CPU Rewrite Mode Timing
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R32C/116 Group 27. Electrical Characteristics

VCC =5V
Table 27.15 Electrical Characteristics (1/3)
(Vcc=4.2t05.5V,Vgg =0V, T, = Ty, and ficpy) = 64 MHz, unless otherwise noted)

L Measurement Value ,
Symbol Characteristic Condition vy Typ. [Max. Unit

VoH High PO OtoPO_7,P1 OtoP1_7,P2 O0to P2 7,
level P3 0toP3 7,P4 OtoP4 _7,P5 0toP5 7,
output |[P6 OtoP6 7,P7 0toP7 _7,P8 0Oto P8 4,
voltage P8_6, P8_7, P9_O to P9_7, IOH =-5mA VCC -2.0 VCC V
P10_0to P10_7, P11_0to P11_4,

P12 0toP12_7,P13 _0to P13 7,

P14 3to P14 _6,P15 0to P15 7 (1)

PO OtoPO _7,P1 OtoP1_7,P2 Oto P2 7,
P3 OtoP3_7,P4 0to P4 7,P5 0toP5 7,
P6 0toP6_7,P7 0toP7_7,P8_0to P8 4,
P8 6,P8 7,P9 O0to P9 7, lon =-200 pA | Vee-0.3 Vee | V
P10_0to P10_7,P11_0to P11_4,

P12 0to P12 _7,P13 0to P13 7,

P14 3to P14 _6,P15 0to P15 7 (1)

VoL Low PO OtoPO_7,P1 OtoP1_7,P2 0to P2 7,
level P3 0toP3 7,P4 OtoP4_7,P5 0toP5 7,
output |[P6_ 0toP6_7,P7 0toP7_7,P8 0OtoP8 4,
voltage |P8_6,P8 7, P9 0to P9 7, loL =5 mA 2.0 \%
P10_0to P10_7,P11_0to P11 _4,

P12 0toP12_7,P13 0to P13 7,

P14 3toP14_6,P15 0to P15 7 (1)

PO OtoPO 7,P1 OtoP1 7,P2 Oto P2 7,
P3 0toP3 7,P4 OtoP4 7,P5 0toP5 7,
P6_0to P6_7,P7 0toP7_7,P8_0to P8 4,
P8 6,P8 7,P9 0toP9 7, loL =200 pA 045| V
P10_0to P10_7, P11_0to P11_4,
P12 0toP12_7,P13 0to P13 7,
P14 3to P14 _6,P15 0to P15 7 (1)

Note:
1. Ports P9_0, P9_2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
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VCC =5V
Table 27.16 Electrical Characteristics (2/3)
(Vcc=4.2t05.5V,Vgg =0V, T, = Ty, and ficpy) = 64 MHz, unless otherwise noted)

Value
Symbol Characteristic Measurlelm ent - Unit
Condition | Min. | Typ. | Max.

V1. - V.| Hysteresis | HOLD, RDY, NMI, INTO to INT8, KIO to KI3,
TAOIN to TA4IN, TAOOUT to TA4OUT,
TBOIN to TB5IN, CTSO to CTSS,

CLKO to CLK8, RXDO0 to RXDS,

SCLO to SCL6, SDAO to SDA6, SS0 to SS6, 0.2 10| V
SRXDO0 to SRXD6, ADTRG, 1100_0 to 1100 _7,
1101_0 to 1101_7, UDOA, UDOB, UD1A,
UD1B, ISCLK2, ISRXD2, IEIN, MSCL, MSDA
™)

RESET 0.2 18| V
liH High level | XIN, RESET, CNVSS, NSD,
input PO_OtoPO_7,P1_0toP1_7,P2 0toP2_7,

current P3 0toP3 7,P4 0toP4_7,P5 0toP5 7,
P6_0toP6_7,P7_0toP7_7,P8 0toP8 7,
P9 0to P9 _7,P10_0to P10_7,

P11_0Oto P11_4,P12_0to P12_7,

P13_0to P13_7,P14_1, P14_3 to P14_86,
P15 0to P15_7 (2)

he Low level |XIN, RESET, CNVSS, NSD,

input PO 0toPO_7,P1_0toP1_7,P2 0toP2_7,
current P3 O0toP3 7,P4 OtoP4 7,P5 0toP5 7,
P6 OtoP6 _7,P7 0toP7_7,P8 0to P8 7,
P9 0toP9 7,P10_0to P10_7,

P11 _O0toP11_4,P12 0to P12 7,

P13 _0to P13_7,P14_1, P14_3 to P14_6,
P15 0to P15_7 (2)

RpuLLup | Pull-up PO OtoPO _7,P1 OtoP1_7,P2 O0to P2 7,
resistor P3 0toP3 7,P5 0toP5 3,P8 4, P8 6,
P8 7,P9 _0toP9 7,P10_0to P10_7,
P11_0to P11_4,P12_0to P12_7,

P13_0to P13 _7,P14_1,P14_3to P14_6,
P15 0to P15_7 (2)

RexiN Feedback | XIN

V|=5V 50 | uA

V=0V -5.0 | A

V=0V 30 | 50 | 170 | kQ

i 15 MQ
resistor

RixcIN Fegdback XCIN . ™
resistor

Notes:
1. Pins INT6 to INT8 are available in the 144-pin package only.
2. Ports P9 _0, P9 2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
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27. Electrical Characteristics

Table 27.17 Electrical Characteristics (3/3)

VCC=5V

(Vcc=4.2t0 5.5V, Vgg =0V, and T, = Ty, unless otherwise noted)

Symbol

Characterist
ic

Measurement Condition

Value

Unit
Typ.

Min. Max.

lcc

Power supply
current

In single-chip mode,
output pins are left open
and others are
connected to Vgg

XIN-XOUT
Drive strength: low

XCIN-XCOUT
Drive strength: low

f(CPU) =64 MHZ, f(BCLK) =32 MHZ,

f(X|N) =8 MHZ,
Active: XIN, PLL,
Stopped: XCIN, OCO

45 | 60 | mA

f(CPU) =50 MHZ, f(BCLK) =25 MHZ,

f(XIN) =8 MHZ,
Active: XIN, PLL,
Stopped: XCIN, OCO

35 | 50 | mA

fcpu) = fsopLLy24 MHzZ,
Active: PLL (self-oscillation),
Stopped: XIN, XCIN, OCO

12 mA

ficpu) = fieoLk) = fxiny256 MHz,
f(XIN) =8 MHZ,

Active: XIN,

Stopped: PLL, XCIN, OCO

1.2 mA

f(CPU) = f(BCLK) =32.768 kHZ,
Active: XCIN,

Stopped: XIN, PLL, OCO,
Main regulator: shutdown

220 A

ficpuy = feeLk) = focoy4 kHz,
Active: OCO,

Stopped: XIN, PLL, XCIN,
Main regulator: shutdown

230 HA

fcpu) = fieeLk) = fxiny256 MHz,
f(XlN) =8 MHZ,

Active: XIN,

Stopped: PLL, XCIN, OCO,

T, = 25°C, Wait mode

960 | 1600 | pA

f(CPU) = f(BCLK) =32.768 kHZ,
Active: XCIN,

Stopped: XIN, PLL, OCO,
Main regulator: shutdown,

T, = 25°C, Wait mode

8 | 140 | pA

ficpuy = feeLk) = flocoy4 kHz,
Active: OCO,

Stopped: XIN, PLL, XCIN,
Main regulator: shutdown,

T, = 25°C, Wait mode

10 | 150 | pA

Stopped: all clocks,
Main regulator: shutdown,
T,=25°C

MA
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R32C/116 Group 27. Electrical Characteristics

VCC =5V
Table 27.18 A/D Conversion Characteristics (Vcc = AVee = VRep = 4.210 5.5V, Vgg = AVgg =0V,
Ta = Topr: and fgcLk) = 32 MHz, unless otherwise noted)

Value
Symbol Characteristic Measurement Condition . Unit
Min. | Typ. | Max.
— Resolution VREF = VCC 10 Bits
Absolute error VRep =Vec =5V AN_0Oto AN_7,
ANO_O0 to ANO_7,
AN2_0 to AN2_7, +3 |LSB
— AN15_0to AN15_7,
ANEXO0, ANEX1 (1)
External. op-amp +7 |LsB
connection mode
INL Integral non-linearity VrRep =Vec =5V AN_O to AN_7,
error ANO_0 to ANO_7,
AN2_0to AN2_7, +3 |LSB
AN15_0to AN15_7,
ANEXO0, ANEX1 (1)
External. op-amp +7 |LsB
connection mode
DNL Differential non-linearity +1 |LsB
error
— Offset error 3 |LSB
— Gain error +3 |LSB
RLADDER Resistor ladder VREF = VCC 4 20 kQ
tcony Conversion time oap = 16 MHz, with sample and hold
. . 2.06 us
(10 bits) function
= 16 MHz, without sample and hold
faD = 2, Without samp 3.69 us
function
tcony Conversion time oap = 16 MHz, with sample and hold
. . 1.75 us
(8 bits) function
= 16 MHz, without I d hold
dAD . z, without sample and ho 3.06 us
function
tsamp Sampling time oap = 16 MHz 0.188 us
Via Analog input voltage 0 VRer | V
oAD Operating clock Without sample and hold function 0.25 16 |MHz
frequency With sample and hold function 1 16 |MHz
Note:
1. Pins AN15_0 to AN15_7 are available in the 144-pin package only.
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R32C/116 Group 27. Electrical Characteristics

VCC =5V
Table 27.19 D/A Conversion Characteristics (Vcc = AVee = VRep = 4.210 5.5V, Vgg = AVgg =0V,
and T, = Ty, unless otherwise noted)

Symbol Characteristic Measurement Condition - Value Unit
Min. | Typ. | Max.
— Resolution 8 | Bits
— Absolute precision 10 | %
ts Settling time 3 VIS
Ro Output resistance 4 10 20 | kQ
lVREF Reference input current See Note 1 1.5 | mA

Note:
1. One D/A converter is used. The DA register (i = 0, 1) of the other unused converter is set to 00h. The
resistor ladder for the A/D converter is not considered.
Even when the VCUT bit in the ADOCON1 register is set to 0 (Vrgg disconnected), ly,ggr is supplied.
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R32C/116 Group 27. Electrical Characteristics

VCC=5V

Timing Requirements (Ve =4.2t0 5.5V, Vgg =0V, and T, = T,,,, unless otherwise noted)

Table 27.20 External Clock Input

o Value )
Symbol Characteristic - Unit
Min. Max.
teo External clock input period 62.5 250 ns
tw(xH) External clock input high level pulse width 25 ns
twoxv) External clock input low level pulse width 25 ns
tr(x) External clock input rise time 5 ns
tex) External clock input fall time 5 ns
tw / tc External clock input duty 40 60 %
Table 27.21 External Bus Timing
Symbol Characteristic Value Unit
y Min. Max.
tsu(D-R) Data setup time before read 40 ns
th(R-D) Data hold time after read 0 ns
tdis(R-D) Data disable time after read 0.5 x tc(Base) +10 ns
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27. Electrical Characteristics

VCC=5V

Timing Requirements (Ve =4.2t0 5.5V, Vgg =0V, and T, = T,,,, unless otherwise noted)

Table 27.22 Timer A Input (counting input in event counter mode)
- Value ]
Symbol Characteristic - Unit
Min. Max.
tC(TA) TAIIN input clock cycle time 200 ns
tw(TAH) TAIIN input high level pulse width 80 ns
tW(TAL) TAIIN input low level pulse width 80 ns
Table 27.23 Timer A Input (gating input in timer mode)
o Value )
Symbol Characteristic - Unit
Min. Max.
teta) TAIIN input clock cycle time 400 ns
tw(TAH) TAIIN input high level pulse width 180 ns
tw(TAL) TAIIN input low level pulse width 180 ns
Table 27.24 Timer A Input (external trigger input in one-shot timer mode)
o Value )
Symbol Characteristic - Unit
Min. Max.
tC(TA) TAIIN input clock cycle time 200 ns
tw(TAH) TAIIN input high level pulse width 80 ns
tw(TAL) TAIIN input low level pulse width 80 ns
Table 27.25 Timer A Input (external trigger input in pulse-width modulation mode)
I Value )
Symbol Characteristic - Unit
Min. Max.
tw(TAH) TAIIN input high level pulse width 80 ns
tw(TAL) TAIIN input low level pulse width 80 ns
Table 27.26 Timer A Input (increment/decrement switching input in event counter mode)
o Value )
Symbol Characteristic - Unit
Min. Max.
teup) TAIOUT input clock cycle time 2000 ns
tW(UpH) TAIOUT input high level pulse width 1000 ns
tW(UpL) TAIOUT input low level pulse width 1000 ns
tsu(UP-TIN) TAIOUT input setup time 400 ns
th(T|N-UP) TAIOUT Input hold time 400 ns
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R32C/116 Group

27. Electrical Characteristics

VCC=5V

Timing Requirements (Ve =4.2t0 5.5V, Vgg =0V, and T, = T,,,, unless otherwise noted)

Table 27.27 Timer B Input (counting input in event counter mode)

o Value )
Symbol Characteristic - Unit
Min. Max.
te(rB) TBIlIN input clock cycle time (one edge counting) 200 ns
tw(TBH) TBIIN input high level pulse width (one edge counting) 80 ns
tw(TBL) TBIIN input low level pulse width (one edge counting) 80 ns
teB) TBIIN input clock cycle time (both edges counting) 200 ns
tw(TBH) TBIIN input high level pulse width (both edges counting) 80 ns
tw(TBL) TBIIN input low level pulse width (both edges counting) 80 ns
Table 27.28 Timer B Input (pulse period measure mode)
- Value ]
Symbol Characteristic - Unit
Min. Max.
te(re) TBIIN input clock cycle time 400 ns
tw(TBH) TBIIN input high level pulse width 180 ns
tw(tBL) TBIIN input low level pulse width 180 ns
Table 27.29 Timer B Input (pulse-width measure mode)
o Value )
Symbol Characteristic - Unit
Min. Max.
te(re) TBIIN input clock cycle time 400 ns
tw(TBH) TBIIN input high level pulse width 180 ns
tw(tBL) TBIIN input low level pulse width 180 ns
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27. Electrical Characteristics

Timing Requirements (Vgc =4.2t05.5V,Vgg=0V,and T, =T,

VCC=5V

unless otherwise noted)

Table 27.30 Serial Interface
o Value )
Symbol Characteristic - Unit
Min. Max.
teick) CLKi input clock cycle time 200 ns
tw(ckH) CLKi input high level pulse width 80 ns
tw(ckL) CLKi input low level pulse width 80 ns
tsup-c) RXDi input setup time 80 ns
th(c-D) RXDi input hold time 90 ns
Table 27.31 A/D Trigger Input
. Value )
Symbol Characteristic - Unit
Min. Max.
tw(aDH) ADTRG input high level pulse width 3
Hardware trigger input high level pulse width A ns
tw(aDL) ADTRG input low level pulse width 125 ns
Hardware trigger input high level pulse width
Table 27.32 External Interrupt INTi Input
o Value )
Symbol Characteristic . Unit
Min. Max.
tw(INH) INTi input high level pulse width Edge sensitive 250 ns
Level sensitive tecpu) + 200 ns
tw(|N|_) INTi input low level pulse width Edge sensitive 250 ns
Level sensitive tecpuy 200 ns
Table 27.33 Intelligent I/O
o Value )
Symbol Characteristic - Unit
Min. Max.
teuscLk2) ISCLK2 input clock cycle time 600 ns
twiscLk2n) ISCLKZ input high level pulse width 270 ns
twascLkaL) ISCLK2 input low level pulse width 270 ns
tsu(RXD-ISCLKZ) ISRXD2 input setup time 150 ns
th(ISCLKZ-RXD) ISRXD2 |nput hold time 100 ns
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27. Electrical Characteristics

Timing Requirements (Vgc =4.2t05.5V,Vgg=0V,and T, =T,

pr:

VCC=5V

unless otherwise noted)

Table 27.34 Multi-master I2C-bus Interface
Value
Symbol Characteristic Standard-mode Fast-mode Unit
Min. Max. Min. Max.

tw(scLH) MSCL input high level pulse width 600 600 ns
tw(scLL) MSCL input low level pulse width 600 600 ns
tiscL) MSCL input rise time 1000 300 ns
tscL) MSCL input fall time 300 300 ns
ti(spa) MSDA input rise time 1000 300 ns
tispa) MSDA input fall time 300 300 ns
th(spA-scL)s MSCL high level hold time after

START condition/repeated START Q) 2 x tegic) t40 ns

condition
tsuiscL-spap  |MSCL high level setup time for

repeated START condition/STOP Q) 2 xtegic) t40 ns

condition
tw(SDAH)P gﬂfgﬁs‘ﬁzllﬁ:l pulse width after ) 4 x tygyc) + 40 ns
tsu(sba-scL) MSDA input setup time 100 100 ns
th(scL-sDA) MSDA input hold time 0 0 ns
Note:

1. The value is calculated by the following formulas based on a value SSC by setting bits SSC4 to
SSCO in the I2CSSCR register:

thisba-scLys = SSC + 2 x tyyic) + 40 [ns]

tsuiscL-spap = (SSC + 2 + 1) x tyic) + 40 [ns]
twspam)p = (SSC + 1) x teyic) + 40 [ns]
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R32C/116 Group 27. Electrical Characteristics

VCC=5V

Switching Characteristics (Vcc =4.210 5.5V, Vg =0V, and T, = T, unless otherwise noted)

Table 27.35 External Bus Timing (separate bus)

Symbol Characteristic MeCaos:dr;ir:::nt i Value Nox Unit
tsu(s-R) Chip-select setup time before ) ns
read
th(r-s) Chip-select hold time after read toBase) - 15 ns
tsua-R) Address setup time before read (1) ns
th(r-A) Address hold time after read teBase) - 15 ns
tw(r) Read pulse width (1) ns
tsu(s-w) Chip-select setup time before Refer to ) ns
write Figure 27.6
thow-s) Chip-select hold time after write 1.5 % tgase) - 15 ns
tsua-w) Address setup time before write (1) ns
thow-a) Address hold time after write 15 x toBase) - 15 ns
tww) Write pulse width ©) ns
tsup-w) Data setup time before write (1) ns
th(w-p) Data hold time after write 0 ns
Note:

1. The value is calculated using the formulas below based on the base clock cycles (t;gase)) and

respective cycles of Tsu(A-R), Tw(R), Tsu(A-W), and Tw(W) set by registers EBCO to EBC3. If the
calculation results in a negative value, modify the value to be set. For details on how to set values,
refer to 9.3.5 “External Bus Timing”.

tsus-R) = tsu(a-Rr) = TSU(A-R) X typase) - 15 [Ns]
twr) = TW(R) X tease) - 10 [NS]

tsu(s-wy = tsua-w) = TSU(A-W) X topage) - 15 [NS]
tww) = tsup-w) = TW(W) X tase) - 10 [ns]
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VCC=5V

Switching Characteristics (Vcc =4.210 5.5V, Vg =0V, and T, = T, unless otherwise noted)

Table 27.36 External Bus Timing (multiplexed bus)

Symbol Characteristic MeCaos:dr;ir:::nt i, Value Mox. Unit

tsu(s-ALE) Chip-select setup time before ) ns
ALE

th(r-s) Chip-select hold time after read 1.5 X t;Base)- 15 ns
tsu(a-ALE) Address setup time before ALE (1) ns
th(ALE-A) Address hold time after ALE 0.5 x t;(Base) = © ns
th(R-A) Address hold time after read 1.5 X tyBase)- 15 ns
t4ALE-R) ALE-read delay time 0.5 X tyBase)= 9 [0.5 % tegase)t 10| ns
tw(ALE) ALE pulse width Refer to (1) ns
tais(R-A) Address disable time after read Figure 27.6 8 ns
tw(r) Read pulse width M ns
thow-s) Chip-select hold time after write 1.5 X t;Rase) - 15 ns
thw-a) Address hold time after write 1.5 X tyBase)- 15 ns
ta(aLE-w) ALE-write delay time 0.5 * tygase)= 5 |0.5 * tease) * 10| ns
twow) Write pulse width 1) ns
tsu-w) Data setup time before write () ns
thw-D) Data hold time after write 0.5 x ty(Base) ns
Note:

1. The value is calculated using the formulas below based on the base clock cycles (t;gase)) and

respective cycles of Tsu(A-R), Tw(R), Tsu(A-W), and Tw(W) set by registers EBCO to EBC3. If the
calculation results in a negative value, modify the value to be set. For details on how to set values,
refer to 9.3.5 “External Bus Timing”.

tsu(s-ALE) = tsu(A-ALE) = twaLe) = (TSU(A-R) - 0.5) x tygase) =15 [ns]

twRr) = Tw(R) x tc(Base) -10 [ns]

tww) = tsup-w) = TW(W) X tase) -10 [ns]
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27. Electrical Characteristics

VCC=5V

Switching Characteristics (Vcc =4.210 5.5V, Vg =0V, and T, = T, unless otherwise noted)

Table 27.37 Serial Interface
Value
Symbol Characteristic Measurgm ent - Unit
Condition Min. Max.
td(C_Q) TXDi output delay time Refer to 80 ns
thc-q) TXDi output hold time Figure 27.6 0 ns
Table 27.38 Intelligent I/O
Value
Symbol Characteristic Measurg'm ent - Unit
Condition Min. Max.
td(lSCLKZ-TXD) ISTXD2 output delay time Refer to 180 ns
thascLke-rxp)  |ISTXD2 output hold time Figure 27.6 0 ns
Table 27.39 Multi-master I12C-bus Interface (standard-mode)
Value
Symbol Characteristic Measurfa_m ent - Unit
Condition Min. Max.
tiscL) MSCL output fall time 2 ns
tispa) MSDA output fall time 2 ns
ta(spa-scL)s |[MSCL output delay time after START 20 x t -120] 52 x t _ 40
condition/repeated START condition Refer to c(@lC) c(olIC) ns
tyscL-spayp|Repeated START condition/STOP | Figure 27.6
condition output delay time after 20 x togicy * 40 |52 x togicy + 120| ns
MSCL becomes high
td(SCL-SDA) MSDA OUtpUt delay time 2 % tC((])IlC) +40 | 3 % tc(¢||c) +120 | ns
Table 27.40 Multi-master I12C-bus Interface (fast-mode)
Value
Symbol Characteristic Measurgm ent - Unit
Condition Min. Max.
tiscL) MSCL output fall time 2 (1) ns
tspa) MSDA output fall time 2 () ns
taspa-scL)s |[MSCL output delay time after START 10 x
t -120| 26 x t -40
condition/repeated START condition Refer to c(elIC) c(9lIC) ns
tascL.spayp|Repeated START condition/STOP | Figure 27.6
condition output delay time after 10 x tegic) + 40 (26 x teyucy) + 120| ns
MSCL becomes high
td(SCL-SDA) MSDA OUtpUt delay time 2 % tC(d)llC) +40 |3 x tC((I)IlC) +120 | ns

Note:
1. External circuits are required to satisfy the 12C-bus specification.
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VCC =33V
Table 27.41 Electrical Characteristics (1/3) (Vcc =3.0t0 3.6 V, Vg =0V, T, = Ty, and
f(cpu) = 64 MHz, unless otherwise noted)

Value
Symbol Characteristic Measurfe_m ent , Unit
Condition Min. | Typ. | Max.

VoH High PO 0toPO_7,P1 OtoP1_7,P2 0to P2 7,
level P3 0toP3 7,P4 OtoP4 _7,P5 0toP5 7,
output |P6 O0toP6 _7,P7 0toP7_7,P8 0to P8 4,
voltage |P8 6,P8 7, P9 0to P9 7, lon=-1mA |Vcc-0.6 Vee | V
P10_0to P10_7,P11_0to P11 _4,

P12 0toP12_7,P13 0to P13 7,

P14 3to P14 _6,P15 0to P15 7 (1)

VoL Low PO 0toPO _7,P1 OtoP1_7,P2 0to P2 7,
level P3 0toP3 7,P4 O0toP4 _7,P5 0toP5 7,
output |P6 0toP6 7,P7 0toP7 _7,P8 0to P8 4,
voltage |P8_6,P8 7, P9 0to P9 7, lor =1mA 05| V
P10 0to P10 _7,P11 _0to P11 4,

P12 0to P12 _7,P13 0to P13 7,

P14 3toP14_6,P15 0to P15 _7 (1)

Note:
1. Ports P9_0, P9_2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
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27. Electrical Characteristics

Table 27.42 Electrical Characteristics (2/3) (Vcc =3.0t03.6 V,Vgg=0V, T, =T,

f(cpu) = 64 MHz, unless otherwise noted)

prs

VCC =3.3V

and

Symbol

Characteristic

Measurement

Condition

Value

Min.

Typ.

Max.

Unit

VT+ = VT_

Hysteresis

HOLD, RDY, NMI, INTO to INT8, KIO to KI3,
TAOIN to TA4IN, TAOOUT to TA4OUT,
TBOIN to TB5IN, CTSO0 to CTS8,

CLKO to CLK8, RXDO to RXDS,

SCLO to SCL6, SDAO to SDABG, S50 to 5586,
SRXDO to SRXD6, ADTRG,

100_0 to 1100_7, 1101_0 to 1101_7, UDOA,
UDOB, UD1A, UD1B, ISCLK2, ISRXD2,
IEIN, MSCL, MSDA (1)

0.2

1.0

RESET

0.2

1.8

High level
input
current

XIN, RESET, CNVSS, NSD,
PO_0toPO_7,P1 _OtoP1_7,P2_0toP2_7,
P3 0toP3_7,P4 OtoP4_7,P5 0toP5 7,
P6_0toP6_7,P7 OtoP7_7,P8 0toP8_7,
P9 _0to P9_7, P10_0to P10_7,

P11_0to P11 _4,P12 0to P12 7,

P13 0to P13_7, P14_1,P14_3to P14_6,
P15 0to P15 7

V,=33V

4.0

MA

Low level
input
current

XIN, RESET, CNVSS, NSD,
PO_0toPO_7,P1 OtoP1_7,P2_0to P2 7,
P3 0toP3_7,P4 0toP4 7,P5 0toP5 7,
P6_0toP6_7,P7 OtoP7_7,P8 0toP8 7,
P9 _0to P9_7, P10_0 to P10_7,
P11_0toP11_4,P12_0to P12_7,

P13 0to P13_7, P14_1,P14_3to P14_86,
P15 _0to P15_7 (2

V=0V

MA

RpuLLup

Pull-up
resistor

PO 0to PO_7,P1 OtoP1_7,P2 0to P2 7,
P3 0toP3_7, P5_0toP5_3, P8 4, P8_6,
P8_7,P9 0to P9 7, P10_0 to P10_7,
P11_0to P11_4,P12_0to P12_7,

P13 0to P13_7, P14_1,P14_3to P14_86,
P15 _0to P15_7 (2

V=0V

50

100

500

kQ

RixiN

Feedback
resistor

XIN

MQ

RexcIN

Feedback
resistor

XCIN

25

MQ

Notes:

1. Pins INT6 to INT8 are available in the 144-pin package only.
2. Ports P9 0, P9 2, and P11 to P15 are available in the 144-pin package only. Port P9_1 is designated
as input pin in the 100-pin package.
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R32C/116 Group 27. Electrical Characteristics

VCC =3.3V

Table 27.43 Electrical Characteristics (3/3)
(Vcc=3.0t03.6 V,Vgg =0V, and T, = Ty, unless otherwise noted)

Value
Symbol Characte Measurement Condition Unit

ristic Min. | Typ. | Max.
lcc Power In single-chip mode, ficpuy = 64 MHz, fgc k) = 32 MHz,
supply output pins are left open foxiny = 8 MHz,

current and others are Active: XIN. PLL

connected to Vg Stopped: XCIN, OCO

XIN-XOUT f(CPU) =50 MHZ, f(BCLK) =25 MHZ,
Drive strength: low f(XIN) =8 MHz, 32 | 45 | mA
Active: XIN, PLL,

XCIN-XCOUT Stopped: XCIN, OCO
Drive strength: low

40 55 | mA

fcpu) = fsopLLy24 MHz,
Active: PLL (self-oscillation), 9 mA
Stopped: XIN, XCIN, OCO

fcpu) = feoLK) = fixiny256 MHz,
f(XIN) =8 MHZ,

Active: XIN,

Stopped: PLL, XCIN, OCO
f(CPU) = f(BCLK) =32.768 kHZ,
Active: XCIN,

Stopped: XIN, PLL, OCO,

Main regulator: shutdown

670 LA

180 LA

fiepuy = fBeLk) = focoy4 kHz,
Active: OCO,

Stopped: XIN, PLL, XCIN,
Main regulator: shutdown

190 LA

ficpu) = feoLk) = fxiny/256 MHz,
f(X|N) =8 MHZ,

Active: XIN, 500 | 900 | pA
Stopped: PLL, XCIN, OCO,
T, = 25°C, Wait mode

f(CPU) = f(BCLK) =32.768 kHZ,
Active: XCIN,

Stopped: XIN, PLL, OCO, 8 140 | pA
Main regulator: shutdown,
T, = 25°C, Wait mode

ficpuy = fBeLk) = focoy4 kHz,
Active: OCO,

Stopped: XIN, PLL, XCIN, 10 150 | pA
Main regulator: shutdown,
T, = 25°C, Wait mode

Stopped: all clocks,
Main regulator: shutdown, 5 70 MA
T,=25°C
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27. Electrical Characteristics

VCC =3.3V
Table 27.44 A/D Conversion Characteristics (Vcc = AVee = VRep =3.0t0 3.6 V, Vgg = AVgg =0 V,
Ta = Topr: and fgcLk) = 32 MHz, unless otherwise noted)

Value
Symbol Characteristic Measurement Condition - Unit
Min. | Typ. | Max.
— Resolution VREF = VCC 10 Bits
Absolute error VRer = Vee =3.3V |[AN_O to AN_7,
ANO_0 to ANO_7,
AN2_0 to AN2_7, +5 | LSB
— AN15_0to AN15_7,
ANEXO0, ANEX1 (1)
External. op-amp +7 | LsB
connection mode
INL Integral non-linearity  |Vrgr = Ve =3.3V [AN_Oto AN_7,
error ANO_0 to ANO_7,
AN2_0 to AN2_7, +5 | LSB
AN15_0to AN15_7,
ANEXO0, ANEX1 (1)
External. op-amp +7 | LsB
connection mode
DNL I.Differ.ential non- ViReg = Ve =33V +1 | LsB
linearity error
— Offset error +3 | LSB
— Gain error +3 | LSB
RLADDER Resistor ladder VREF = VCC 4 20 kQ
tcony Conversion time dap = 10 MHz,
. ) . 3.3 [V
(10 bits) with sample and hold function
tcony Conversion time dap = 10 MHz,
. ) ) 2.8 V]
(8 bits) with sample and hold function
tsamp Sampling time dap = 10 MHz 0.3 us
Via Analog input voltage 0 VRee| V
oAD Operating clock Without sample and hold function 0.25 10 | MHz
frequency With sample and hold function 1 10 | MHz
Note:

1. Pins AN15_0 to AN15_7 are available in the 144-pin package only.
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27. Electrical Characteristics

VCC =3.3V
Table 27.45 D/A Conversion Characteristics (Vgoc = AVee = VRgr =3.0t0 3.6 V, Vgg=AVgg =0V,
and T, = Ty, unless otherwise noted)

Symbol Characteristic Measurement Condition - Value Unit
Min. | Typ. | Max.
— Resolution 8 Bits
— Absolute precision 1.0 %
ts Settling time 3 VIS
Ro Output resistance 4 10 20 kQ
lVREF Reference input current See Note 1 1.0 | mA
Note:

1. One D/A converter is used. The DA register (i = 0, 1) of the other unused converter is set to 00h. The
resistor ladder for the A/D converter is not considered.
Even when the VCUT bit in the ADOCON1 register is set to 0 (Vrgg disconnected), ly,ggr is supplied.
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R32C/116 Group 27. Electrical Characteristics

VCC =3.3V

Timing Requirements (Vgc =3.0to 3.6 V,Vgg =0V, and T, = T,,,, unless otherwise noted)

pr:

Table 27.46 External Clock Input

Symbol Characteristic - Value Unit
Min. Max.
teo External clock input period 62.5 250 ns
tw(xH) External clock input high level pulse width 25 ns
twxe) External clock input low level pulse width 25 ns
trox) External clock input rise time 5 ns
tx) External clock input fall time 5 ns
tw / to External clock input duty 40 60 %
Table 27.47 External Bus Timing
Symbol Characteristic : Value Unit
Min. Max.
tsud-R) Data setup time before read 40 ns
th(R-D) Data hold time after read 0 ns
tais(R-D) Data disable time after read 0.5 * togase) + 10 ns
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27. Electrical Characteristics

VCC =3.3V

Timing Requirements (V¢cc =3.0t0 3.6 V, Vgg =0V, and T, = T,,,, unless otherwise noted)

Table 27.48 Timer A Input (counting input in event counter mode)
o Value )
Symbol Characteristic - Unit
Min. Max.
tea) TAIIN input clock cycle time 200 ns
tw(TAH) TAIIN input high level pulse width 80 ns
tw(TAL) TAIIN input low level pulse width 80 ns
Table 27.49 Timer A Input (gating input in timer mode)
i Value )
Symbol Characteristic - Unit
Min. Max.
tema) TAIIN input clock cycle time 400 ns
tw(TAH) TAIIN input high level pulse width 180 ns
tw(TAL) TAIIN input low level pulse width 180 ns
Table 27.50 Timer A Input (external trigger input in one-shot timer mode)
- Value ]
Symbol Characteristic - Unit
Min. Max.
tea) TAIIN input clock cycle time 200 ns
tw(TAH) TAIIN input high level pulse width 80 ns
tw(taL) TAIIN input low level pulse width 80 ns
Table 27.51 Timer A Input (external trigger input in pulse-width modulation mode)
- Value )
Symbol Characteristic - Unit
Min. Max.
tw(TAH) TAIIN input high level pulse width 80 ns
tW(TAL) TAIIN input low level pulse width 80 ns
Table 27.52 Timer A Input (increment/decrement switching input in event counter mode)
_ Value )
Symbol Characteristic - Unit
Min. Max.
teup) TAIOUT input clock cycle time 2000 ns
twuPH) TAIOUT input high level pulse width 1000 ns
twupL) TAIOUT input low level pulse width 1000 ns
tsu(UP-TIN) TAIOUT input setup time 400 ns
th(T|N-UP) TAIOUT Input hold time 400 ns
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R32C/116 Group

27. Electrical Characteristics

Table 27.53 Timer B Input (counting input in event counter mode)

VCC =3.3V

Timing Requirements (V¢cc =3.0t0 3.6 V, Vgg =0V, and T, = T,,,, unless otherwise noted)

o Value .
Symbol Characteristic - Unit
Min. Max.
tere) TBIlIN input clock cycle time (one edge counting) 200 ns
tw(TBH) TBIIN input high level pulse width (one edge counting) 80 ns
tw(TBL) TBIlN input low level pulse width (one edge counting) 80 ns
tere) TBIlN input clock cycle time (both edges counting) 200 ns
tw(TBH) TBIIN input high level pulse width (both edges counting) 80 ns
tw(tBL) TBIlN input low level pulse width (both edges counting) 80 ns
Table 27.54 Timer B Input (pulse period measure mode)
I Value )
Symbol Characteristic - Unit
Min. Max.
te(re) TBIlIN input clock cycle time 400 ns
tw(TBH) TBIlN input high level pulse width 180 ns
tw(tBL) TBIIN input low level pulse width 180 ns
Table 27.55 Timer B Input (pulse-width measure mode)
o Value )
Symbol Characteristic - Unit
Min. Max.
te(re) TBIIN input clock cycle time 400 ns
tw(TBH) TBIIN input high level pulse width 180 ns
tw(tBL) TBIlN input low level pulse width 180 ns
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R32C/116 Group 27. Electrical Characteristics

VCC =3.3V

Timing Requirements (V¢cc =3.0t0 3.6 V, Vgg =0V, and T, = T,,,, unless otherwise noted)

Table 27.56 Serial Interface

o Value )
Symbol Characteristic - Unit
Min. Max.
te(ck) CLKi input clock cycle time 200 ns
tw(ckH) CLKi input high level pulse width 80 ns
tw(ckL) CLKi input low level pulse width 80 ns
tsup-c) RXDi input setup time 80 ns
th(c-D) RXDi input hold time 90 ns
Table 27.57 A/D Trigger Input
o Value ]
Symbol Characteristic - Unit
Min. Max.
tw(ADH) ADTRG input high level pulse width 3
Hardware trigger input high level pulse width Orp ns
tw(apL) ADTRG input low level pulse width 125 ns
Hardware trigger input high level pulse width
Table 27.58 External Interrupt INTi Input
o Value )
Symbol Characteristic , Unit
Min. Max.
tw(NH) INTi input high level pulse width Edge sensitive 250 ns
Level sensitive tecpuy 200 ns
tW(|N|_) INTi input low level pulse width Edge sensitive 250 ns
Level sensitive tecpuy 200 ns
Table 27.59 Intelligent I/O
o Value )
Symbol Characteristic - Unit
Min. Max.
teascLk?) ISCLK2 input clock cycle time 600 ns
twascLk2H) ISCLKZ2 input high level pulse width 270 ns
twiscLkaL) ISCLK2 input low level pulse width 270 ns
tSU(RXD-ISCLKZ) ISRXD2 input setup time 150 ns
th(|SCLK2-RXD) ISRXD2 |npUt hold time 100 ns
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VCC =3.3V

Timing Requirements (Vgc =3.0to 3.6 V,Vgg =0V, and T, = T,,,, unless otherwise noted)

pr:

Table 27.60 Multi-master I12C-bus Interface
Value
Symbol Characteristic Standard-mode Fast-mode Unit
Min. Max. Min. Max.
tw(scLH) MSCL input high level pulse width 600 600 ns
tw(scLy) MSCL input low level pulse width 600 600 ns
tscu) MSCL input rise time 1000 300 ns
tiscL) MSCL input fall time 300 300 ns
trspa) MSDA input rise time 1000 300 ns
tispa) MSDA input fall time 300 300 ns
th(spA-scL)s MSCL high level hold time after
START condition/repeated START (1) 2 x tgucy + 40 ns
condition
tsuiscL-spap  |MSCL high level setup time for
repeated START condition/STOP Q) 2 X teeucy 40 ns
condition
t MSDA high level pulse width after
HEDARP STOP condition W 4 *Logpiicy * 40 ns
tsu(spa-scL) MSDA input setup time 100 100 ns
th(scL-spA) MSDA input hold time 0 0 ns
Note:

1. The value is calculated using the formulas below based on a value SSC set by bits SSC4 to SSCO0 in
the I2CSSCR register:

thispa-scL)s = SSC * 2 x te(yic) * 40 [ns]

tsuscL-spap = (SSC + 2 + 1) x tyyic) + 40 [ns]
twspanyp = (SSC + 1) x to i) + 40 [ns]
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VCC =3.3V

Switching Characteristics (Vcc =3.0t0 3.6 V, Vg = 0 V, and T, = T, unless otherwise noted)

Table 27.61 External Bus Timing (separate bus)

Symbol Characteristic MeCaos:dr;ir:::nt v Value Vox. Unit
tsu(s-R) Chip-select setup time before ) ns
read
th(r-s) Chip-select hold time after read te(Base) - 15 ns
tsu(A-R) Address setup time before read ) ns
th(r-A) Address hold time after read teBase) - 15 ns
twr) Read pulse width M ns
tsu(s-w) Chip-select setup time before Refer to ) ns
write Figure 27.6
thow-s) Chip-select hold time after write 1.5 X t;Base) - 15 ns
tsua-w) Address setup time before write ©) ns
thw-a) Address hold time after write 1.5 X tyBase)- 15 ns
twow) Write pulse width M ns
tsu-w) Data setup time before write (1) ns
thw-D) Data hold time after write 0 ns
Note:

1. The value is calculated using the formulas below based on the base clock cycles (t;gase)) and

respective cycles of Tsu(A-R), Tw(R), Tsu(A-W), and Tw(W) set by registers EBCO to EBC3. If the
calculation results in a negative value, modify the value to be set. For details on how to set values,
refer to 9.3.5 “External Bus Timing”.

tsus-R) = tsu(a-Rr) = TSU(A-R) X tyase) - 15 [ns]
twr) = TW(R) % tyase) - 10 [ns]

tsu(s-wy = tsua-w) = TSU(A-W) X topage) - 15 [NS]
tww) = tsup-w) = TW(W) X tgase) - 10 [ns]
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VCC =3.3V

Switching Characteristics (Vcc =3.0t0 3.6 V, Vg = 0 V, and T, = T, unless otherwise noted)

Table 27.62 External Bus Timing (multiplexed bus)

Symbol Characteristic MeCaos:dr;ir:::nt v Value Vox. Unit

tsu(s-ALE) Chip-select setup time before ) ns
ALE

th(r-s) Chip-select hold time after read 1.5 X t;Base)- 15 ns
tsu(a-ALE) Address setup time before ALE (1) ns
th(ALE-A) Address hold time after ALE 0.5 x t;Base) - © ns
th(r-A) Address hold time after read 1.5 X tBase)- 15 ns
t4ALE-R) ALE-read delay time 0.5 X t;Base) = © |0-9 * tyase) * 10| ns
tw(ALE) ALE pulse width Refer to ©) ns
tais(R-A) Address disable time after read Figure 27.6 8 ns
twRr) Read pulse width (1) ns
thw-s) Chip-select hold time after write 1.5 X tyBase)- 15 ns
thow-A) Address hold time after write 1.5 X t;Base)- 15 ns
taALE-W) ALE-write delay time 0.5 X tBase) = 5 [0.5 * tegase) ¥ 10| ns
tww) Write pulse width (1) ns
tsuip-w) Data setup time before write ©) ns
thw-D) Data hold time after write 0.5 x ty(Base) ns
Note:

1. The value is calculated using the formulas below based on the base clock cycles (t;gase)) and
respective cycles of Tsu(A-R), Tw(R), Tsu(A-W), and Tw(W) set by registers EBCO to EBC3. If the
calculation results in a negative value, modify the value to be set. For details on how to set values,
refer to 9.3.5 “External Bus Timing”.

tsu(s-ALE) = tsu(a-ALE) = (TSU(A-R) - 0.5) X tygase) =15 [Ns]
twaLe) = (TSU(A-R) - 0.5) * typase) - 20 [ns]

tw(r) = TW(R) X t(Base) -10 [ns]

twow) = tsup-w) = TW(W) X tgase) -10 [ns]
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VCC =3.3V

Switching Characteristics (Vcc =3.0t0 3.6 V, Vg = 0 V, and T, = T, unless otherwise noted)

Table 27.63 Serial Interface

Value
Symbol Characteristic Measur.e.m ent - Unit
Condition Min. Max.
tg(c-q) TXDi output delay time Refer to 80 ns
thc-q) TXDi output hold time Figure 27.6 0 ns
Table 27.64 Intelligent I/O
Value
Symbol Characteristic Measurg'm ent - Unit
Condition Min. Max.
td(lSCLKZ-TXD) ISTXD2 output delay time Refer to 180 ns
thascLke-rxp)  |ISTXD2 output hold time Figure 27.6 0 ns
Table 27.65 Multi-master I12C-bus Interface (Standard-mode)
Value
Symbol Characteristic Measur.e.ment - Unit
Condition Min. Max.
tiscL) MSCL output fall time 2 ns
tispa) MSDA output fall time 2 ns
ty(spa-scL)s |[MSCL output delay time after START 20 x t -120| 52 x t - 40
condition/repeated START condition | Refer to c(4lIC) c(4lIC) ns
tyscL-spajp| Repeated START condition/STOP | Figure 27.6
condition output delay time after 20 x te(gnc) + 40 |52 x tygicy + 120 ns
MSCL becomes high
td(SCL-SDA) MSDA OUtpUt delay time 2 xtC((l)”C) +40 3 x tC((I)”C) +120 | ns
Table 27.66 Multi-master I2C-bus Interface (Fast-mode)
Value
Symbol Characteristic Measur.e.ment - Unit
Condition Min. Max.
tiscL) MSCL output fall time 2 ns
tispa) MSDA output fall time 2 ns
td(SDA-SCL)S MSCL output delay time after START 10 x t -120| 26 x t - 40
condition/repeated START condition | Refer to c(éliC) c(@llC) ns
tascL.spayp |Repeated START condition/STOP | Figure 27.6
condition output delay time after 10 * togicy + 40 |26 X tegucy + 120 ns
MSCL becomes high
td(SCL-SDA) MSDA output delay time 2 x tc(¢IIC) +40 | 3 x tc(¢IIC) +120 | ns

Note:
1. External circuits are required to satisfy the 12C-bus specification.
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MCU

Pin to be
measured

!

30 pF

Figure 27.6 Switching Characteristic Measurement Circuit

XIN

trx) tix)

Figure 27.7 External Clock Input Timing
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External bus timing (separate bus)

Read cycle
ter
‘tsu(S—R) thr-s) g
CS0to CS3
‘tsu(A—R) R th(r-A)
A23 to A0, BCO to BC3
twr)
RD
tsu(d-R) | th(r-D) R

D31 to DO <XXXXX)<

Write cycle
tow
tsus-w) thow-s)
CS0 to CS3
tsua-w) thw-a)
A23 to A0, BCO to BC3
tww)
WR, WRO0 to WR3
P tsu(p-w) thw-D)
D31 to DO
Measurement conditions
ltem Vi;=421055V Vi ;=30t036V
Criterion for Vi 25V 15V
input voltage ViL 0.8V 0.5V
Criterion for Von 20V 24V
output voltage VoL 08V 05V
Figure 27.8 External Bus Timing for Separate Bus
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External bus timing (multiplexed bus)

Read cycle ter
tsu(s-ALE) thr-s)
S0 to CS3
‘tsu(A—ALE)‘ P th(r-a) _
A23 to A8, BCO to BC3

‘tw(ALE) R th(ALE-A)

ALE
‘t SUAALE) tdis(F<-<A)+ « tsup-R) "th(R—D)'

A15/D15 to AO/DO,
BCO/D0, BC2/D1 Address —X Data

tdALER) tw(r) tdis(R-D)

« »lg g
RD
tsu(D—R) th(R—D)

< < >

D31 to D8 <X><><

Write cycle tow
tsu(s-ALE) thw-s)
S0 to CS3
tsu(A-ALE)‘ P thw-A) _
A23 to A8, BCO to BC3
tw(aLE)
ALE
tsu(a-ALE) th(ALE-A) tsup-w) thow-D) N
A15/D15 to A0/DO,
BCO/DO, BC2/D1 Adgress A Data
td(ALE-WL tww)
WR, WRO to WR3
P tsu-w) thw-D)
D31 to D8
Measurement conditions
Iltem Vec=4.2t055V Vecc=3.0t0 3.6V
Criterion for ViH 25V 1.5V
input voltage ViL 0.8V 05V
Criterion for Von 20V 24V
output voltage VoL 08V 05V

Figure 27.9 External Bus Timing for Multiplexed Bus
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TAIIN input

TAIOUT input

In event counter mode

tera)

A

PN

tw(tAL)

toup)

<

tw(uPH)

twupL)

N\
N\
X

TAIOUT input (input for increment/ >< ><
decrement switching)
tsu(UP-TIN) th(TIN-UP,
TAIIN input (in falling edge counting)
TAIIN input (in rising edge counting)
tere)
tw(TBH) tw(tsL)
TBIIN input \
te(ck)
twckH) twick)
CLKi
tac-q) thic-q)
TXDi X X
_tsupc) | thco)
RXDi X X
twabL) tw(ADH)
ADTRG input /
tw(nL) tw(n)
INTi input /
Two CPU clock cycles +  Two CPU clock cycles +
300 ns or more 300 ns or more
NMI input /

Figure 27.10 Timing of Peripherals
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tescr)
MSCL
tw(scLH) tw(scLy)
«— —>
trscy) tiscL)
Ve
MSDA / M
« —>
trspa) tf(spa)
tw(sDaH)P
th(spa-scL)s tsuscL-spa)p tsuscL-spa)p

MSCL ﬂx _/ L _/

MSDA (input) N\ N /

| — ~ 7

v N -

>

)
th(sba-scL)s

taspa-scLys tascL-spap taiscL-sbap
[€——>

MSCL ﬂx 7L: N
MSDA (output)  \| N o

~ - i
taspa-scL)s
tsu(spa-scL) th(scL-spA)
MSCL
~— !

MSDA (input) X X

tascL-spa)
- )

MSCL AN

MSDA (output) >< j§<

Figure 27.11 Timing of Multi-master I12C-bus Interface
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28. Usage Notes
28.1 Notes on Board Designing

28.1.1 Power Supply Pins
The board should be designed so there is no potential difference between pins with the same name.

Note the following points:
* Connect all VSS pins to the same GND. Traces for the pins should be as wide as physically
possible so the same voltage can be applied to every VSS pin.
* Connect all VCC pins to the same power supply. Traces for the pins should be as wide as
physically possible so the same voltage can be applied to every VCC pin.

Insert a capacitor between each VCC pin and the VSS pin to prevent operation errors due to noise. The
capacitor should be beneficially effective at high and low frequencies and should have a capacitance of
approximately 0.1 yF. The traces for the capacitor and the power supply pins should be as short and
wide as physically possible.

28.1.2 Supply Voltage
The device is operationally guaranteed under operating conditions specified in electrical

characteristics.
Drive the RESET pin low before the supply voltage becomes lower than the recommended value.
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28.2 Notes on Register Setting

28.2.1 Registers with Write-only Bits

Read-modify-write instructions cannot be used when setting a register containing write-only bits. Read-
modify-write instructions read a value of an address, modify the value, and write the modified value to
the same address. Table 28.1 lists read-modify-write instructions, and Table 28.2 lists registers
containing write-only bits. To set a new value by modifying the previous one, write the previous value
into RAM as well as to the register, change the contents of the RAM and then transfer the new value to
the register by the MOV instruction.

Table 28.1 Read-modify-write Instructions

Function Mnemonic
Transfer MOVDir
Bit processing BCLR, BMCnd, BNOT, BSET, BTSTC, and BTSTS
Shifting ROLC, RORC, ROT, SHA, and SHL

Arithmetic operation ABS, ADC, ADCF, ADD, ADSF, DEC, DIV, DIVU, DIVX, EXTS, EXTZ, INC, MUL,
MULU, NEG, SBB, and SUB

Decimal operation DADC, DADD, DSBB, and DSUB
Floating-point operation | ADDF, DIVF, MULF, and SUBF
Logical operation AND, NOT, OR, and XOR
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Table 28.2  Registers with Write-only Bits

Module Register Symbol Address
Watchdog timer Watchdog timer start register WDTS 04404Eh
Timer A Timer AO register (1) TAO 0347h-0346h

Timer A1 register (1) TA1 0349h-0348h
Timer A2 register (1) TA2 034Bh-034Ah
Timer A3 register (1) TA3 034Dh-034Ch
Timer A4 register (1) TA4 034Fh-034Eh
Increment/decrement select register UDF 0344h
Three-phase motor |Timer B2 interrupt generating frequency set counter| ICTB2 030Dh
control timers Timer A1-1 register TA11 0303h-0302h
Timer A2-1 register TA21 0305h-0304h
Timer A4-1 register TA41 0307h-0306h
Dead time timer DTT 030Ch
Serial interface UARTO bit rate register UOBRG 0369h
UART1 bit rate register U1BRG 02E9h
UART?2 bit rate register U2BRG 0339h
UART3 bit rate register U3BRG 0329h
UART4 bit rate register U4BRG 02F9h
UARTS5 bit rate register U5BRG 01C%h
UART® bit rate register U6BRG 01D9%9hn
UART?7 bit rate register U7BRG 01E1h
UARTS bit rate register U8BBRG 01E9h
UARTO transmit buffer register uoTB 036Bh-036Ah
UART1 transmit buffer register uiTB 02EBh-02EAhR
UART2 transmit buffer register uz2TB 033Bh-033Ah
UARTS3 transmit buffer register U3TB 032Bh-032Ah
UART4 transmit buffer register u4TB 02FBh-02FAh
UARTS transmit buffer register U5TB 01CBh-01CAh
UART®6 transmit buffer register ue6TB 01DBh-01DAh
UART7 transmit buffer register u7TB 01E3h-01E2h
UARTS transmit buffer register U8TB 01EBh-01EAhQ
Intelligent 1/O Group 2 SIO transmit buffer register G2TB 016Dh-016Ch

1. The register has write-only bits in one-shot timer mode and pulse-width modulation mode.
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28.3 Notes on Clock Generator
28.3.1 Sub Clock

28.3.1.1 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.

28.3.2 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");

28.3.2.1 Stop Mode

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

28.3.2.2 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 ps 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 CMO02 bit in the CM0
register to 1 to stop the peripheral clock source. However, this setting does not stop the fC32.
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28.4 Notes on Bus

28.41 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.

28.4.2 Notes on Register Settings

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

28.4.2.2 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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28.5 Notes on Interrupts

28.5.1 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.

28.5.2 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.

28.5.3 External Interrupts

* The input signal to the INTi pin requires the pulse width specified in the electrical characteristics (i
= 0 to 8). If the pulse width is narrower than the specification, an external interrupt may not be
accepted.

+ When the effective level or edge of the INTi pin (i = 0 to 8) is changed by the following bits: bits
POL, LVS in the INTIIC register, the IFSROQi bit (i = 0 to 5) in the IFSRO register, and the IFSR1] bit
(j=1i-6;i=06to8)inthe IFSR1 register, the corresponding IR bit may become 1 (interrupt
requested). When setting the above mentioned bits, preset bits ILVL2 to ILVLO in the INTIIC
register to 000b (interrupt disabled). After setting the above mentioned bits, set the corresponding
IR bit to 0 (no interrupt requested), then rewrite bits ILVL2 to ILVLO.

» The interrupt input signals to pins INT6 to INT8 are also connected to bits INT6R to INT8R in
registers 1IO9IR to IIO11IR. Therefore, these input signals, when assigned to the intelligent I/0O, can
be used as a source for exiting wait mode or stop mode. Note that these signals are enabled only
on the falling edge and not affected by the following bit settings: bits POL and LVS in the INTilC
register (i = 0 to 8), IFSROi bit (i = 0 to 5) in the IFSRO register, and the IFSR1jbit (j=i-6;i=6to
8) in the IFSR1 register.
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28.6 Notes on DMAC

28.6.1 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 MDi0 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 MDIi0O 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).

28.6.2 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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28.7 Notes on Timers

28.7.1 Timer A and Timer B

All timers are stopped after a reset. To restart timers, configure parameters such as operating mode,
count source, and counter value, then set the TAIS bit or TBjS bit in the TABSR or TBSR register to 1
(count starts) (i=0to 4;j=0to5).
The following registers and bits should be set while the TAIS bit or TBjS bit is 0 (count stops):

* Registers TAIMR and TBjMR

* UDF register

* Bits TAZIE, TAOTGL, and TAOTGH in the ONSF register

* TRGSR register

28.7.2 Timer A

28.7.2.1 Timer Mode
* While the timer counter is running, the TAi register indicates a counter value at any given time.
However, FFFFh is read while reloading is in progress. A set value is read if the TAi register is set
while the timer counter is stopped.

28.7.2.2 Event Counter Mode

* While the timer counter is running, the TAi register indicates a counter value at any given time.
However, FFFFh is read if the timer counter underflows or 0000h if overflows while reloading is in
progress. A set value is read if the TAi register is set while the timer counter is stopped.

28.7.2.3 One-shot Timer Mode
« If the TAIS bit in the TABSR register is set to 0 (count stops) while the timer counter is running, the
following operations are performed:
- The timer counter stops and the setting value of the TAi register is reloaded.
- A low signal is output at the TAIOUT pin.
- The IR bit in the TAIIC register becomes 1 (interrupts requested) after one CPU clock cycle.

» The one-shot timer is operated by an internal count source. When the trigger is an input to the
TAIIN pin, the signal is output with a maximum one count source clock delay after a trigger input to
the TAIIN pin.

* The IR bit becomes 1 by any of the settings below. To use the timer Ai interrupt, set the IR bitto 0
after one of the settings below is done:

- Select one-shot timer mode after a reset.
- Switch operating modes from timer mode to one-shot timer mode.
- Switch operating modes from event counter mode to one-shot timer mode.

« If a retrigger occurs while counting, the timer counter decrements by one, reloads the setting value
of the TAI register, and then continues counting. To generate a retrigger while counting, wait at
least one count source cycle after the last trigger is generated.

* When an external trigger input is selected to start counting in timer A one-shot mode, do not
provide an external retrigger for 300 ns before the timer counter reaches 0000h. Otherwise, it may
stop counting.
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28.7.2.4 Pulse-width Modulation Mode
* The IR bit becomes 1 by any of the settings below. To use the timer Ai interrupt, set the IR bitto 0
after one of the settings below is done (i = 0 to 4):
- Select pulse-width modulation mode after a reset.
- Switch operating modes from timer mode to pulse-width modulation mode.
- Switch operating modes from event counter mode to pulse-width modulation mode.

« If the TAIS bit in the TABSR register is set to 0 (count stops) while PWM pulse is output, the
following operations are performed:
- The timer counter stops.
- The output level at the TAIOUT pin changes from high to low. The IR bit becomes 1.

- When a low signal is output at the TAIOUT pin, it does not change. The IR bit does not change,
either.
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28.7.3 TimerB

28.7.3.1 Timer Mode and Event Counter Mode

» While the timer counter is running, the TBj register indicates a counter value at any given time (j =
0 to 5). However, FFFFh is read while reloading is in progress. When a value is set to the TBj
register while the timer counter is stopped, if the TBj register is read before the count starts, the set
value is read.

28.7.3.2 Pulse Period/Pulse-width Measure Mode

» While the TBjS bit in the TABSR or TBSR register is 1 (start counter), after the MR3 bit becomes 1
(overflow) and at least one count source cycle has elapsed, a write operation to the TBjMR register
sets the MR3 bit to 0 (no overflow).

* Use the IR bit in the TBjIC register to detect overflow. The MR3 bit is used only to determine an
interrupt request source within the interrupt handler.

* The counter value is undefined when the timer counter starts. Therefore, the timer counter may
overflow before a measured pulse is applied on the initial valid edge and cause a timer Bj interrupt
request to be generated.

* When the measured pulse is applied on the initial valid edge after the timer counter starts, an
undefined value is transferred to the reload register. At this time, a timer Bj interrupt request is not
generated.

* The IR bit may become 1 (interrupt requested) by changing bits MR1 and MRO in the TBjMR
register after the timer counter starts. However, if the same value is rewritten to bits MR1 and MRO,
the IR bit does not change.

* Pulse width is continuously measured in pulse-width measure mode. Whether the measurement
result is high-level width or not is determined by a program.

* When an overflow occurs at the same time a pulse is applied on the valid edge, this pulse is not
recognized since an interrupt request is generated only once. Do not let an overflow occur in pulse
period measure mode.

* In pulse-width measure mode, determine whether an interrupt source is a pulse applied on the
valid edge or an overflow by reading the port level in the timer Bj interrupt handler.
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28.8 Notes on Three-phase Motor Control Timers

28.8.1 Shutdown

» When a low signal is applied to the NMI pin with the following bit settings, pins TATOUT, TA20UT,
and TA4OUT become high-impedance: the PM24 bit in the PM2 register is 1 (NMI enabled), the
INVO2 bit in the INVCO register is 1 (three-phase motor control timers used), and the INVO3 bit is 1
(three-phase motor control timer output enabled).

28.8.2 Register Setting

* Do not write to the TAi1 register before and after timer B2 underflows (i = 1, 2, 4). Before writing to
the TAi1 register, read the TB2 register to verify that sufficient time remains until timer B2
underflows. Then, immediately write to the TAi1 register so no interrupt handling is performed
during this write procedure. If the TB2 register indicates little time remains until the underflow, write
to the TAi1 register after timer B2 underflows.
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28.9 Notes on Serial Interface

28.9.1 Changing the UiBRG Register (i = 0 to 8)

» Set the UIBRG register after setting bits CLK1 and CLKO in the UiCO register. When these bits are
changed, the UiBRG register must be set again.

* When a clock is input immediately after the UiBRG register is set to 00h, the counter may become
FFh. In this case, it requires extra 256 clocks to reload 00h to the register. Once 00h is reloaded,
the counter performs the operation without dividing the count source according to the setting.

28.9.2 Synchronous Serial Interface Mode

28.9.2.1 Selecting an External Clock

« If an external clock is selected, the following conditions must be met while the external clock is held
high when the CKPOL bit in the UiCO register is 0 (transmit data output on the falling edge of the
transmit/receive clock and receive data input on the rising edge), or while the external clock is held
low when the CKPOL bit is 1 (transmit data output on the rising edge of the transmit/receive clock
and receive data input on the falling edge) (i = 0 to 8):

- The TE bit in the UiC1 register is 1 (transmission enabled).

- The RE bit in the UiC1 register is 1 (reception enabled). This bit setting is not required when only
transmitting.

- The Tl bit in the UiC1 register is 0 (data held in the UiTB register).

28.9.2.2 Receive Operation
* In synchronous serial interface mode, the transmit/receive clock is controlled by the transmit
control circuit. Set UARTI-associated registers for a transmit operation, even if the MCU is used
only for receive operation (i = 0 to 8). Dummy data is output from the TXDi pin while receiving when
the TXDi pin is set to output mode.

* When data is received continuously, an overrun error occurs when the Rl bit in the UiC1 register is
1 (data held in the UiRB register) and the seventh bit of the next data is received in the UARTI
receive shift register. Then, the OER bit in the UiRB register becomes 1 (overrun error occurred). In
this case, the UiRB register becomes undefined. If an overrun error occurs, the IR bit in the SiRIC
register does not change to 1.

28.9.3 Special Mode 1 (I12C Mode)
* To generate a START condition, STOP condition, or repeated START condition, set the STSPSEL
bit in the UiSMR4 register to 0 (i = 0 to 6). Then, wait at least a half clock cycle of the transmit/
receive clock to change the condition generate bits (STAREQ, RSTAREQ, or STPREQ bit) from 0
to 1.
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28.9.4 Reset Procedure on Communication Error

Operations which result in communication errors such as rewriting function select registers during
transmission/reception should not be performed. Follow the procedure below to reset the internal circuit
once the communication error occurs in the following cases: when the operation above is performed by
a receiver or transmitter or when a bit slip is caused by noise.

A. Synchronous Serial Interface Mode

(1) Set the TE bit in the UiC1 register to 0 (transmission disabled) and the RE bit to 0 (reception
disabled) (i = 0 to 8).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 001b (synchronous serial interface mode).

(4) Set the TE bit in the UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception
enabled) if necessary.

B. UART Mode

(1) Set the TE bit in the UiC1 register to 0 (transmission disabled) and the RE bit to 0 (reception
disabled).

(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UiMR register to 100b (UART mode, 7-bit character length), 101b
(UART mode, 8-bit character length), or 110b (UART mode, 9-bit character length).

(4) Set the TE bit in the UiC1 register to 1 (transmission enabled) and the RE bit to 1 (reception
enabled) if necessary.
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28.10 Notes on A/D Converter

28.10.1 Notes on Designing Boards
* Three capacitors should be placed between the AVSS pin and pins such as AVCC, VREF, and
analog inputs (AN_0 to AN_7, ANO_0 to ANO_7, AN2_0to AN2_7, and AN15 0 to AN15 7)to
avoid erroneous operations caused by noise or latchup, and to reduce conversion errors. Figure
28.1 shows an example of pin configuration for A/D converter.

MCU
- -
AVCC
VREF
C1 == - C2
Analog input pins _T_ O
T C3
AVSS
777

Notes:
1. C1>0.47 yF, C2>0.47 yF, and C3 > 100 pF (reference values)
2. The traces for the capacitor and the MCU should be as short and wide as physically possible.

Figure 28.1 Pin Configuration for the A/D Converter

* Do not use AN_4 to AN_7 for analog input if the key input interrupt is to be used. Otherwise, a key
input interrupt request occurs when the A/D input voltage becomes VIL or lower.

* When AVCC = VREF = VCC, A/D input voltage for pins AN_0 to AN_7, ANO_0 to ANO_7, AN2_0 to
AN2_7, AN15_0 to AN15_7, ANEXO0, and ANEX1 should be VCC or lower.
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28.10.2 Notes on Programming

* The following registers should be written while A/D conversion is stopped. That is, before a trigger
occurs: ADOCONO (except the ADST bit), ADOCON1, ADOCON2, ADOCON3, and ADOCONA4.

* When the VCUT bit in the ADOCONT1 register is changed from 0 (VREF connected) to 1 (VREF
disconnected), wait for at least 1 ys before starting A/D conversion. When not performing A/D
conversion, set the VCUT bit to 0 to reduce power consumption.

» Set the port direction bit for the pin to be used as an analog input pin to 0 (input). Set the ASEL bit
of the corresponding port function select register to 1 (port is used as A/D input).

* When the TRG bit in the ADOCONO register is 1 (external trigger or hardware trigger), set the
corresponding port direction bit (PD9_7 bit) for the ADTRG pin to 0 (input).

* The $AD frequency should be 16 MHz or lower when VCC is 4.2 to 5.5V, and 10 MHz or lower
when VCC is 3.0 to 4.2 V. It should be 1 MHz or higher when the sample and hold function is
enabled. If not, it should be 250 kHz or higher.

* When A/D operating mode (bits MD1 and MDO in the ADOCONQO register or the MD2 bit in the
ADOCONT1 register) has been changed, reselect analog input pins by setting bits CH2 to CHO in
the ADOCONO register or bits SCAN1 and SCANO in the ADOCONT1 register.

« If the ADQi register is read when the A/D converted result is stored to the register, the stored value
may have an error (i = 0 to 7). Read the ADQi register after A/D conversion is completed.
In one-shot mode or single sweep mode, read the ADQOi register after the IR bit in the ADOIC
register becomes 1 (interrupt requested).
In repeat mode, repeat sweep mode 0, or repeat sweep mode 1, an interrupt request can be
generated each time A/D conversion is completed when the DUS bit in the ADOCONS register is 1
(DMAC operating mode enabled). Similar to the other modes above, read the ADOO register after
the IR bit in the ADOIC register becomes 1 (interrupt requested).

* When an A/D conversion is halted by setting the ADST bit in the ADOCONO register to 0, the
converted result is undefined. In addition, the unconverted ADOQi register may also become
undefined. Consequently, the ADQi register should not be used just after A/D conversion is halted.

* External triggers cannot be used in DMAC operating mode. When the DMAC is configured to
transfer converted results, do not read the ADOO register by a program.

* While in single sweep mode, if A/D conversion is halted by setting the ADST bit in the ADOCONO
register to 0 (A/D conversion is stopped), an interrupt request may be generated even though the
sweep is not completed. To halt A/D conversion, disable interrupts before setting the ADST bit to 0.
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28.11 Notes on Flash Memory Rewriting

28.11.1 Note on Power Supply

» Keep the supply voltage constant within the range specified in the electrical characteristics while a
rewrite operation on the flash memory is in progress. If the supply voltage goes beyond the
guaranteed value, the device cannot be guaranteed.

28.11.2 Note on Hardware Reset
* Do not perform a hardware reset while a rewrite operation on the flash memory is in progress.

28.11.3 Note on Flash Memory Protection

« If an ID code written in an assigned address has an error, any read/write operation on the flash
memory in standard serial /O mode is disabled.

28.11.4 Notes on Programming

* Do not set the FEW bit in the FMCR register to 1 (CPU rewrite mode) in low speed mode or low
power mode.

» The program, block erase, lock bit program, and protect bit program are interrupted by an NMI, a
watchdog timer interrupt, an oscillator stop detection interrupt, or a low voltage detection interrupt.
If any of the software commands above are interrupted, erase the corresponding block and then
execute the same command again. If the block erase command is interrupted, the lock bit and
protect bit values become undefined. Therefore, disable the lock bit, and then execute the block
erase command again.

28.11.5 Notes on Interrupts

* EW0 mode

* To use interrupts assigned to the relocatable vector table, the vector table should be addressed in
RAM space.

* When an NMI, watchdog timer interrupt, oscillator stop detection interrupt, or low voltage detection
interrupt occurs, the flash memory module automatically enters read array mode. Therefore, these
interrupts are enabled even during a rewrite operation. However, the rewrite operation in progress
is aborted by the interrupts and registers FMRO and FRSRO are reset. When the interrupt handler
has ended, set the LBD bit in the FMR1 register to 1 (lock bit protection disabled) to re-execute the
rewrite operation.

* Instructions BRK, INTO, and UND, which refer to data on the flash memory, cannot be used in this
mode.

* EW1 mode

* Interrupts assigned to the relocatable vector table should not be accepted during program or block
erase operation.

» The watchdog timer interrupt should not be generated.

* When an NMI, watchdog timer interrupt, oscillator stop detection interrupt, or low voltage detection
interrupt occurs, the flash memory module automatically enters read array mode. Therefore, these
interrupts are enabled even during a rewrite operation. However, the rewrite operation in progress
is aborted by the interrupts and registers FMRO and FRSRO are reset. When the interrupt handler
has ended, set the EWM bit in the FMRO register to 1 (EW1 mode) and the LBD bit in the FMR1
register to 1 (lock bit protection disabled) to re-execute the rewrite operation.
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28.11.6 Notes on Rewrite Control Program
*« EW0 mode
« If the supply voltage drops during the rewrite operation of blocks having the rewrite control
program, the rewrite control program may not be successfully rewritten, and the rewrite operation
itself may not be performed. In this case, perform the rewrite operation by serial programmer or
parallel programmer.

* EW1 mode
* Do not rewrite blocks having the rewrite control program.

28.11.7 Notes on Number of Program/Erase Cycles and Software Command
Execution Time
» The time to execute software commands (program, block erase, lock bit program, and protect bit

program) increases as the number of program/erase cycles increases. If the number of program/
erase cycles exceeds the endurance value specified in the electrical characteristics, it may take an
unpredictable amount of time to execute the software commands. The wait time for executing
software commands should be set much longer than the execution time specified in the electrical
characteristics.

28.11.8 Other Notes
» The minimum values of program/erase cycles specified in the electrical characteristics are the
maximum values that can guarantee the initial performance of the flash memory. The program/
erase operation may still be performed even if the number of program/erase cycles exceeds the
guaranteed values.
* Chips repeatedly programmed and erased for debugging should not be used for commercial
products.
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Appendix 1. Package Dimensions

JEITA Package Code [ RENESAS Code | Previous Code [ MASS[Typ] |
P-LQFP144-20x20-0.50 | PLQPO0144KA-A [ 144P6Q-A/FP-144L / FP-144LV | 1.2g |

NOTE)
1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "#3" DOES NOT
INCLUDE TRIM OFFSET.

b
by
z Dimension in Millimeters
Symbol | Min | Nom| Max
Terminal cross section D [ 199 20.0] 20.1
E 119.9]20.020.1
A | — [ 14| —

Hp | 21.8]22.0 ] 22.2
He | 21.8]22.0| 22.2
Al —|— |17
A1 |0.05] 0.1 | 0.15

% < & bp |0.17]0.22] 0.27

\ by | — 1020 —

I c [0.09[0.145] 0.20

I < L [ 0.125
A L 9 0| — 8°

0.5

*3 @ JE—

e

g ) Detail F X | — | — o008
y |[— | —10.10
Zp | — [125] —
Ze | —[125] —
L [0.35] 05 ]0.65
L [—]10] —
JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ.] |
P-LQFP100-14x14-0.50 | PLQPO100KB-A [100P6Q-A/FP-100U / FP-100UV | 069 |
Hp
1
D
75 51
RRAARARARRRAARARARARARARA vore
1. DIMENSIONS "*1" AND "*2"
76 =g =3 50 DO NOT INCLUDE MOLD FLASH.
=0 = gty
f=.=) = :
f= =) =
f=.=) =
f= =) =
f=.=) =
== = by
= -
e ==1 by
== -
== Em N'“ z Dimension in Millimeters
= E= i ol © Symbel [ Min | Nom | Max
= Be D [13.9]14.0] 141
= = E [13.9]14.0] 141
;:: gg Terminal cross section A2 _ 14 —
= O = Hp | 15.8] 16.0 | 16.2
100 = % He [ 15.8] 16.0] 16.2
Al —[—T117
R LLELLEEEE LR EELELT! L N
, Index mark bp [0.15]0.20] 0.25
2 F by | —]0.18] —
I - i ( CC1 0.09 814212 0.20
TMAAROAOAARITA, <= [H:“ o 3 7 o — | &
— j“ e | — ] 05| —
g & 2 z L i X | — | —10.08
o L y | —]—1]0.08
Zo | — [ 10| —
Detail F Ze | — |10 | —
L [0.35| 05 |0.65
L [ —]10] —
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INDEX DDAO t0 DDA3 ..., 27, 163
DDRO to DDRS ......oiiiieeeieiieiiiiies 27,163
A Debug Flag .......ccvvveiiiiiiiiiieees 25
DMOIC to DM3IC ......coovviiiieeiiiieeeeee, 137
DMOSL to DM3SL ..o 157
2? ............................................................. ;5 DMOSL2 to DM3SL2 ... 158
............................................................. 5 DMA Destination Address Register ......... 27
ﬁg ............................................................. 22 DMA Destination Address Reload Register 27
AD(.).(.). toADo7 ........................................... .292 DMA Mode Register ......... e o7
ADOCONO . 288 DMA Source Address Register e 27
AN 258 DMA Sour;e Address Relpad Register .... 27
Oy 250 DMA Terminal Count Register ................ o7
.............................................. DMA Terminal Count Reload Register ..... 27
ADOCONS ... 291 DMDO to DMD3 ... 27. 161
ADOCONA oo 292 DP Bit oo 26
ADOIC e 137 DSAO to DSA3 27162
Address Register ........ccoocoveiiiiiiiiinnn, 25 DSROto DSR3 .. 27,163
DT T e 229
B DVCR coovoveeveeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeeeseeee 62
BFIag oo 26 E
BCNOIC to BCNGIC ..., 137
BRK Instruction Interrupt ........................ 128
BRK2 Instruction Interrupt ................... 128 EBCOto EBC3 .....ccoiiiiieeeeeeeeee, 108
BTSR e 323 F
c Fast Interrupt ........oooommmmiieee 130
F B i 25
CFlag oo 25 FBPMO 436
CaMY FIag vovsovvvssvnssvnssnss s 25 FBPMT oo 436
CBOT e 104 EBEM2 437
3812 ...................................................... 105 FEBCO, FEBC3 ..o 433
ngRs ...................................................... 133 Fixed-point Designation Bit ... o5
......................................................... FIag REGISEr oo 25
OMO v 1 FLG e 25
gm; ......................................................... ;g Floating-point Overflow FIag .. "
M2 o A Floating-point Rounding Mode ............... 2
......................................................... Floating-point Underflow Flag ............... 26
CPSRF oo 74 FMCR oo 432
R 308 FMRO e, 434
CRCIN oo 309 FMRT e, 435
CSOPD wovoos s 103 FMSRO ... 435
CSOPT oo 103 O N =V 26
CSOP2 v 104 FPRO .o 434
Frame Base Register .........ccccccceieiinnnnnn. 25
D FU FIAG orooeoeeeoeeeeeeeeeeeeeeeeeeee e 26
) o = o PP PUPPUUR 25 G
DAO, DAT oo 307
Data Regiier 1 GOBCRO1 GZBCRD v 320
GOBCR1, G1BCR1 ... 321
DCROto DCR3 ..., 27,162
CcT0toDCTS ... 27 161 GOBT 10 G2BT ... 319
D ’ GOFE t0 G2FE ... 329
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GOFS, G1FS .., 328 INTOIC to INT8IC ..o, 138
GOPOO to GOPOT ..., 328 INTB oo 25
GOPOCRO to GOPOCRY ......ccvvvvvveeenen. 326 Interrupt Control Register ..........cc........... 137
GOTMO to GOTM7 ..o, 325 Interrupt Enable Flag ..........ccccccvevvininennn. 26
GOTMCRO to GOTMCRY7 .......evviiieeeeeenn. 324 Interrupt request level ... 138
GOTPR6, GOTPRY ..o 324 Interrupt Response Time .........cccccceoeee. 142
G1PO0 to GT1PO7 ..oooiiiieeeee e 328 Interrupt Sequence .........cccoociiiiiiiieenn. 141
G1POCRO to G1POCRY .....cccvvvvvvveeenn. 326 Interrupt Stack Pointer ..........ccccvveeveeeeen. 25
G1TMO to G1TM7 ..o, 325 Interrupt TYpes ..oooeveeveviciiieeeeeeeee e 127
G1TMCRO to G1TMCRY .....ccvvvveeieee. 324 Interrupt Vector Table Base Register ....... 25
G1TPRG6, G1TPRY7 ..o, 324 INVCO oo 217
G2BCRT ettt 322 INVCT oo 218
G2CR oo 356 1] =] SRS 219
G2MR oo 355 IPL e 26, 136
G2PO0 to G2PO7 ..o 328 ISP e 25
G2POCRO to G2POCRY .....cccvvvvevenen. 327
G2RB ..ot 355 K
G2RTP e 329
(€ I = T 354 KUPIC o 137
H L
Hardware Interrupt .........ccooceiiiiiinnnns 129 Low Voltage Detection Interrupt ....... 63, 129
Low Voltage Detector .........ccccocuieeiinninnn. 60
| LVDC oot 61
N o = o T PPRPUPPR 26 M
[2CCCR oo 368
I2CCRO .o, 366 Maskable INterrupt ........cooevveeeeeeeeeene. 127
[2CCRT s 371 MOD ..o 174
[2CCR2 ..o 374
[2CIC .o 137 N
[2CLIC .o 137
[2CMR oo 380 NMI (Non Maskable Interrupt) .............. 129
[2CSAR oo 365 Non-maskable INterrupt ................... 127
[2CSR .o 376
[2CSSCR ... 370
[2CTRSR ..o 364 Y
ICTB2 ..ot 221
|DBO, IDBY oo 220 (0] FIag ...................................................... 26
17N S 357 ONSF oo 188
IECR e 357 Oscillator Stop Detection Interrupt ......... 129
1111 358 Overflow Flag ... 26
13 358 Overflow INerrupt ......ccovveeeee 128
IFSO e 414
115 OO 415 P
IFS e 416
IFSRO ..ovvveeiieee e 146, 248 POtOP15 e, 181
IFSRT i, 147, 249 PO_0StoPO_7S ..o, 396
HOOIC to HOMMIC ... 137 P10_0StoP10_7S ....ccocvii 407
IOOIE to HHOTTIE .. 151 P1_0StoP1_7S . 397
IOOIR to HOMMIR e 150 P11_0Sto P11_4S ... 408
INT Instruction Interrupt ..........ccoooeenee... 128 P12 0StoP12_7S ..o, 409
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P13 0Sto P13 7S ..o 410 SiIgNFlag ...oocoeeeeeeeee e, 25
P14 3StoP14 6S .....cccoovieeeeeeeeee, 411 Single-step Interrupt .......cooovviiiiiiiiiiinnns 129
P15 0Sto P15 7S ..., 412 Software Interrupt ........cccceeeviiiiiiiii 128
P2 0StoP2 7S ..., 398 S e —— 25
P3 0StoP3 7S .. 399 Special Interrupt ... 129
P4 0StoP4 7S . 400 Stack Pointer ... 25
P5 0StoP5 7S ..o, 401 Stack Pointer Select Flag ..........cccceeueeee. 26
P6 0StoP6 7S ..o, 402 Static Base Register .......ccccccevveiiiiiiiiinnnns 25
P7 OStoP7_ 7S ..., 403 SVF e 27
P8 0StoP8 4S,P8 6S,P8 7S ........... 404 SVP e 27
P9 0S to P9_7S (144-pin package) ...... 405
P9 3S to P9_7S (100-pin package) ...... 406 T
PBC o 100
PC 25 TAO O TAL oo 185
PCR 420 TAOIC t0 TAAIC oo 137
PDOtoOPD15 .., 394 TAOMR to TA4MR .. 186, 192, 195, 198, 200
Peripheral Interrupt ..........ccccccccci. 129 TA1, TA2, TA4, TA11, TA21, TA41 ... 225
PLCO oo 79 TAIMR, TA2MR, TAAMR oo 226
e O 80 TABSR oo 186, 204, 227
PMO oo 66 TBO O TB5 oo 203
PM2 o 75 TBOIC t0 TB5IC oo 137
PMS3 e 76 TBOMR to TB5MR .......... 203, 206, 208, 210
PROR oo 124 L1725 223
PRORZ o 125 TB2MR oo 223
PROR3 o 125 L1721 OO 224
Processor Interrupt Priority Level ..... 26, 136 TBSR e 204
Program Counter ..., 25 TCSPR oo 74,190
PRR e 126 TRGSR oo 189, 227
PUROD oo, 417
PURT e, 418 U
PUR2 oo 418
gBEi """""""""""""""""""""""""""" j::g UFIaQ oo 26
..................................................... UOBRG to USBRG ... oss
UOCO to UBCO ....vvvvvecieeeeeeeeeeeeeeeeeeeeeee, 238
R UOCT 0 UBCT eeeveeereeeeeeereeeeneeee 240
UOMR to UBMR .....oooveeeeeeeiiiiieeeee. 236
R2RO oot 25 UORB1OUBRB ..o 246
R3RT e 25 UOSMR t0 UBSMR. oo 242
ROBRA ... 25 UOSMR2 to U6SMR2 ..o 243
R7RS e 25 UOSMR3 t0 UBSMR3 oo 244
Register Bank Select Flag ...........c.......... 26 UOSMR4 to UBSMRA4 .........cooooveereean 245
Register Saving .......ccccccvevviiiieieiiiiiienenn 143 UOTBtO UBTB oo 246
RIPLT, RIPLZ s 140, 171 U78CON oo, 241
RND e 26 U7CO, UBCO .o 239
U7C1, UBCT ..o, 240
S U7MR, UBMR ..., 237
U7RB, UBRB ......ovvvvecieieeieeeieieieeeeeeee 247
SFIaQ cooeiiieee e 25 L] 187
SORIC to S8RIC .....ooeiiiiieiee, 137 Undefined Instruction Interrupt ............... 128
SOTIC to S8TIC ...eeeveeiieeeeeeee e 137 User Stack Pointer .........ccccocoviiinininnneen. 25
Save Flag Register .......cccccovviiiiiiiiinnnnnn, 27 USP e 25
Save PC Register .......ccccccvviiviiiiciienn, 27
SB 25
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\'
VCT e 27
Vector Register ..., 27
VRCR ..o, 58
w
Watchdog Timer Interrupt ..............oeeee... 129
WDC e 154
WDTS e 154
X
XOR t0 X15R ...oveiiiiiecciieeeeecee e 311
XYC oot 311
Y
YORt0 Y15R ..cooiiiiiiiieeeeceee e, 312
Z
ZFlag oo 25
Zero Flag .....oooooiiiiiiiieieeee e 25
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This manual in general

» Changed the following expressions: “start/stop condition”, to “start
condition/stop condition” (under Chapters 4, 11, 13, 18, and 24);
“Pins/ports/bits/registers xxx, xxx, and xxx are provided in the xx-pin
package”, to “Pins/ports/bits/registers xxx, xxx, and xxx are
available in the xx-pin package” (under Chapters 5, 9, 15, 16, 19,
23, 25, and 27); “reset operation”, to “reset” (under Chapters 4, 7-9,
11, 12, 24, and 26)

+ Modified the following descriptions: “multimaster 12C-bus interface”,
to “multi-master 12C-bus interface” (under Chapters 1 and 25); “This
register should be rewritten after (the xxx bit in) the xxx register is
set to 1/AAh/00b ((re)write enabled).”, to “Set (the xxx bit in) the xxx
register to 1/AAh/00b (write enabled) before rewriting this register.”
(under Chapters 6, 8, 9, 13, 18, 24, and 26)

About This Manual

« Corrected typos “Hardware Manual” and “characteristics)” in 1.
Purpose and Target User, to “Hardware” and “characteristics”,
respectively

» Made maijor text modifications to 2. Numbers and Symbols

* Revised the illustration in 3. Registers

Chapter 1. Overview

* Modified description for 1.1.1

» Modified description for “External Bus Expansion” in Tables 1.1 and
1.3; Moved this unit below “Clock”

* Modified description for “Flash memory” in Tables 1.2 and 1.4

» Modified the position of note symbol (1) in Table 1.4

» Completed all “under development” products in Table 1.5

* Corrected a typo “R5_3” for pin No. 62 in Figure 1.3 and for pin No.
41 in Figure 1.4, to “P5_3"

25

Chapter 2. CPU

» Modified the second sentence of 2.1.8.8 descriptively

28

37

38

Chapter 4. SFRs

» Changed hexadecimal format of reset values for registers CCR and
FMCR in Table 4.1, to binary

* Changed reset values “XXXX XXXXb” and “XXXX 000Xb” for
registers U7RB and U8RB in Table 4.10, to “XXXXh”

» Changed expression of register name “Xi Register Yi Register” (i=0
to 15) and register symbol “XiR, YiR” in Table 4.11, to “Xi Register/
Yi Register” and “XiR/YiR”, respectively

57

Chapter 5. Resets

* Corrected a typo “pultiple” in line 2 of 5.4, to “multiple”
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Chapter 6. Power Management
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Chapter 7. Processor Mode

» Made minor text modification to this chapter
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87-89
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93
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Chapter 8. Clock

» Made minor text modifications to this chapter

* Added “in the PLC1 register” to “SEO bit” in Figure 8.13

» Added description to Note 1 for registers PLCO and PLC1 in
Figures 8.14 and 8.15, respectively

* Deleted description associated with frequency from line 14 below
Figure 8.15, line 2 of 8.3, and line 2 of 8.4

» Added description for the following bits: BCS, CM04, CM05, CM10,
CM20, CM30, and CM31, to Figures 8.17 to 8.19

» Added description for procedure (6) to 8.7.2.2

« Added 12C-bus interface interrupt and 12C-bus line interrupt to Table
8.6

* Moved previous Table 8.7 with one sentence above the table to
8.7.3.3 as Table 8.8

+ Added I2C-bus line interrupt to Table 8.8

98

99

102

120

Chapter 9. Bus

» Made minor text modifications to this chapter

* Deleted description for frequency and Note 1 in Figure 9.1;
Modified description for peripheral data bus “16-bit”, to “16-/32-bit”

* Modified peripheral bus width in line 1 of 9.2, from “16-bit width” to
“16-/32-bit width”

* Deleted description for 00b of PRD4 to PRD0 and PWR4 to PWRO
in Figure 9.2

» Modified description for setting the P5_7B bit to 0 in Figure 9.5:
“Output RDY from P5_7”, to “RDY input pin”

* Deleted “(i = 0 to 3)” from Figure 9.17

123

124

Chapter 10. Protection

» Made minor text modifications to this chapter

* Added “I2CMR” as a protected register for PRC1 bit, to Table 10.1
and Figure 10.1; Changed the order of registers for PRC1 and
PRC2

* Deleted “(i = 0 to 7)” from the title of Table 10.2

131-134
132

144

146
148

Chapter 11. Interrupts

» Made minor text modifications to this chapter

* Added details to “Reference” in Tables 11.2 to 11.5

« Changed expression “Multi-master 12C-bus interface” in Note 3 of
Table 11.3 to “I2C-bus interface”

* Modified “Bits RLVL02 to RLVL00” and “Bits RLVL12 to RLVL10” in
Figure 11.8, to “Bits RLVL2 to RLVLO in the RIPL1 register” and
“Bits RLVL2 to RLVLO in the RIPL2 register”, respectively

» Modified Note 1 for 11.11 descriptively

* Moved “(i = 0 to 11)” in Figure 11.12 to the title
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149, 150

» Modified the following register names: “Intelligent 1/O Interrupt
Request Register” in Figure 11.13, and “Intelligent 1/O Interrupt
Enable Register” in Figure 11.14, to “Intelligent 1/O Interrupt
Request Registeri (i = 0 to 11)”, and “Intelligent I/O Interrupt Enable
Registeri (i = 0 to 11)”, respectively

* Changed variables “i’s, “j’s, and “k”s for description of bits in
Figures 11.13 and 11.14, to “X’s, “y”s, and “Z”s, respectively; Added
expression “channel”, to descriptions for BTxR, TMxyR, POxyR,

IEzR, BTxE, TMxyE, POxyE, and IEzE

Chapter 12. Watchdog Timer

* Revised this chapter entirely
» Modified description “bus clock”s, to “peripheral bus clock”s

156

158

159

160

168

Chapter 13. DMAC

» Changed the following principle expressions: “transfer unit” to
“transfer size”, “destination address” to “addressing mode”, “fixed”
to “non-incrementing addressing”, “forward” to “incrementing
addressing”

» Modified the following description: “registers DMiSL and DMiSL2” in
line 3 of the paragraph above Figure 13.2, to “the DMiSL register,
and in bits DSEL24 to DSEL20 in the DMiSL2 register”

+ Changed the following expressions in Table 13.2: “Multi-master 12C-
bus interface interrupt” to “I2C-bus interface interrupt”, “Multi-master
I2C-bus line interrupt” to “I2C-bus line interrupt”, and “Multi-master
I2C-bus interface” in Note 4 to “I2C-bus interface”

» Modified description “the INTIIC register, IFSRO register)” in Note 1
of Table 13.3, to “the INTIIC register and the IFSR1 register)”

* Changed bit names USAi and UDAI for DMDi register in Figure
13.4 and their function descriptively

* Deleted the second sentence of Note 2 for DMDi register in Figure
13.4; Added Note 3

» Modified description for Note 2 in Figure 13.5; Deleted Note 3

* Modified description “channel i” in line 1 of the first bullet point of
13.4.1, to “the DMDi register”; Added one sentence to the same
bullet point; Deleted whole description of the second and third bullet
points; Added two new paragraphs

169

Chapter 14. DMAC I

* Revised this chapter entirely
» Changed the following principle expressions: “transfer data” to

“transfer type”, “transfer data unit” to “transfer size”, “transfer space”
to “transfer memory space”, “transfer direction” to “addressing
mode”, “fixed address” to “non-incrementing/constant address”,
“forward address” to “incrementing address”, “end-of-transfer
interrupt” to “DMA |l transfer complete interrupt”, “transfer source
address” to “source addressing”, and “transfer destination address”
to “destination addressing”

* Corrected a typo “64 Kbyte-space” in Table 14.1, to “64-Mbyte

space”

B-3




Revision History

R32C/116 Group User’s Manual: Hardware

Rev. Date Description
Page Summary

169 » Modified description “The relocatable vector table” in the fourth
bullet point of 14.1, to “The relocatable vector”

173 » Modified description for MOD in Figure 14.3; Divided the figure into
two according to the MULT bit setting; Modified function of b14 to b8
from “No register bits”, to “Reserved”

174 » Moved and modified description below previous Figure 14.5, to lines
71010 of 14.2

176 » Modified description “CADR1 to CADRO” in Figure 14.4, to “CADR”;
Changed “(1)”, “(2)”, and “(3)”, to “(a)”, “(b)”, and “(c)”, respectively

» Modified description “IADR1 and IADROQ” in line 2 of 14.6 (previous
14.4.5), to “IADR”
* Moved a sentence from previous 14.5, to lines 5 and 6 of 14.6
177 * Modified formulas in Figure 14.5
Chapter 16. Timers

181 « Corrected the following typos: “TTAOTGL” and “TAiGH and TAIGL”
in Figure 16.1, to “TAOTGL” and “TAITGH and TAITGL”,
respectively

183 * Corrected a typo “TBiS bit” in Figure 16.3, to “TAiS”

198 * Corrected a typo “FEh” as value of m for “8-bit PWM” in Table 16.5,
to “FFh”

199 * Modified reset value for TAIMR register in Figure 16.16 from “0000
000b” to “0000 0000b”

201 » Changed expression “TBiS bit” in Figure 16.19, to “TBiS”

202 » Changed description for Note 1 of TBiMR in Figure 16.21
descriptively

213 * Deleted “(j = 0 to 5)” from the eighth bullet point of 16.3.3.2

Chapter 17. Three-phase Motor Control Timers

— » Made minor text modifications to the this chapter

215 * Added description “P3_2 to P3_7" to paragraph below “Inverse
control” unit in Figure 17.1

216 * Modified the expression of Note 8 for INVCO in Figure 17.2
descriptively

222 » Modified reset value for TB2MR in Figure 17.8

229 * Corrected a typo “TA4-1 register” in Figure 17.17, to “TA41 register”

Chapter 18. Serial Interface

— » Made minor text modifications to the this chapter

236 » Modified expression “7 (, 8, and 9)-bit transfer data” for “Function” of
UIMR register in Figure 18.4, to “7(, 8, and 9)-bit character length”

242 * Modified “SCL pin” for SWC bit of UiSMR2 in Figure 18.11, to “SCLi
pin”

243 » Modified description “To set the SS” in Note 2 for UiSMR3 register in
Figure 18.12, to “To use the SS function”; Corrected a typo “UiCO
register” in Note 2, to “UiCO0 register”

244 » Modified description for the SWC9 bit of UiSMR4 in Figure 18.13

245 * Deleted description “and read as undefined value” from “Function”

of b15-b9 for UiTB register in Figure 18.15
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249 » Modified description “(i = 0 to 6)” for “Transmit/receive clock” in
Table 18.2, to “(i=0to 8)”

255 * Deleted a “)” from description for Note 1 in Figure 18.23

257 » Modified expressions “1 stop bit” and “2 stop bits” in the first bullet
point of “Error detection” in Table 18.5, to “1 stop bit length” and “2
stop bit length”, descriptively

263 * Deleted “(i = 0 to 8)” from “B” of 18.2.2

269 » Modified the following descriptions in Table 18.11: “UART transmit/
UART receive interrupt” in “lICM2 = 17, to “Transmit/receive
interrupt”; “the Pi_jS register (i, j = 0 to 7) if the I/O port is selected)”
in “Default output value at the SDAI pin”, to “the Port Pi register (i =
0 to 7) if the 1/O port is selected by output function select registers)”

271 » Modified description “UART transmit/UART receive interrupt” in (3)
of Figure 18.32, to “transmit/receive interrupt”

279 « Corrected a typo “SS pin” in title of Figure 18.37, to “SSi pin”

282 * Deleted whole description from the third bullet point of 18.5.2.2

Chapter 19. A/D Converter
— » Made minor text modifications to the this chapter
288, 290 | + Modified Notes 2 to 4 for ADOCONZ2 in Figure 19.4 and ADOCON4
in Figure 19.6 descriptively

298 * Modified description “ADQj register” in line 3 of 19.2.1, to “ADOi
register”

303 * Deleted “(j = 0 to 7)” from the eighth bullet point of 19.3.2

Chapter 20. X-Y Conversion
— » Made minor text modifications to the this chapter
Chapter 23. Intelligent I/O
— » Made minor text modifications to the this chapter
314-316 | *Moved “(j =0 to 7)” in Figures 23.1 to 23.3 to respective figure titles

314 * Added description for BTOR to Figure 23.1

315 * Added description for BT1R to Figure 23.2

316 » Added description for bits BT2R, PO2jR, IEOR to IE2R, SIO2TR,
and SIO2RR to Figure 23.3; Deleted note symbol “(3)”

334 * Changed “lIOi_j pin function” in Table 23.4, to “llOi_j input pin
function”; Moved “(j = 0 to 7)” for “Trigger input polarity”, to the table
title

335 *Moved “(j =0to 7; k = 6, 7)” below Table 23.5 to the title

335,336 | *Moved “(j =0to 7)” in Figures 23.22 and 23.23 to the titles
337 * Moved “(j = 6, 7)” in Figure 23.24 to the title
338 * Moved “(j = 0 to 7)” below Table 23.6 to the title
339, 341, | * Added “(or OUTC2_j pin for Group 2)” after “llOi_j pin”, to respective
343, 344 line 1 of 23.3.1, 23.3.2, and 23.3.3 and description for “Specifica-
tion” in Tables 23.7 to 23.9
339, 341, | » Modified “llOi_j pin function” in “Item” in Table 23.7, and “1IOi_j pin
344 function (output)” in “ltem” in Tables 23.8 and 23.9, to “llOi_j output

pin (or OUTC2_j pin for Group 2) function”
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346 * Modified description “G2PO0 register” for “Output waveform” in
Table 23.10, to “G2POj register (j =0 to 7)”
347 * Corrected following typos: “fBTi” in Figure 23.28, to “fBT2”;
“G2POCR register”, to “G2POCR; register”
349 » Added description “in the G2RTP register” to “RTPj bit” in Figure
23.30
Chapter 24. Multi-master 12C-bus Interface
— » Made minor text modifications to the this chapter
368 » Modified description “SCL/SDA Interrupt’s for bits SIP and SIS in
Figure 24.8, to “I2Cbus-line Interrupt”
369 » Modified description “(b2-b3)” for 2CCR1 register in Figure 24.9, to
“(b3-b2)”
372 » Modified description “(b5)” for I2CCR2 register in Figure 24.11, to
“(b6)’
378 » Modified description “b2 b1 b0” for bits CLK2 to CLKO in Figure
24 .14, to “b3 b2 b1”
* Modified description below Figure 24.14 and 24.1.9.1
Chapter 25. I/0 Pins
— » Made minor text modifications to the this chapter
393 * Added “b” to binary form in Table 25.1
395 » Changed “llO0 _i output” and “llO1_i output” in “Function” of P1_iS
register in Figure 25.4, to “llO0 output” and “ll1O1 output”,
respectively
400, 406 | * Modified description “b7-b3” for P6_iS in Figure 25.9 and P11_iS in
Figure 25.15, to “b7”
403 » Modified bit symbol for b6 of registers P9_3S to P9_0S in Figure
25.12, to be exclusively as NOD
406 » Modified the explanation about the usage of an N-channel open
drain output in the paragraphs below Figure 25.15
412 » Modified expression “TAIIN input” in Note 1 for IFSO in Figure
25.20, to “TAIIN”
414 » Modified description for IFS30 and IFS31 in Figure 25.22 from “port
P9”, to “port P6/port P9”
Chapter 26. Flash Memory
— * Revised this chapter entirely
» Changed expressions “write” and “rewrite”, to “program” when this
word is used in combination with “erase”
422 * Revised Table 26.1
432 * Corrected a typo “(b7-4)” for FMR1 register in Figure 26.8, to “(b7-
b4)”
434 * Corrected address and “Function” of BP15 bit in Figure 26.12
441 * Corrected a typo “b5-0” in Tables 26.15 and 26.16, to “b5-b0”
448 » Modified expression “Status/Error” in Table 26.17, to “Error”
453 » Modified description for the third bullet point of EW1 mode in 26.6.5

Chapter 27. Electrical Characteristics

» Made minor text modifications to the this chapter
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458
463

473, 486
474, 477,

487, 490
476, 489

477,490

483

495

* Corrected a typo “pots” in line 2 of Note 2 for Table 27.4, to “ports”

» Changed the order of description of trec(STOP) and trec(WAIT) in
Table 27.13 and Figure 27.4

* Changed the minimum value for “tW(ADH)” in Tables 27.31 and
27.57 from “2/(I)AD”, to “3/¢AD”

+ Newly Added characteristics for multi-master 12C-bus to Tables
27.34, 27.39, 27.40, 27.60, 27.65, and 27.66

* Modified “Characteristics” for tg;s.aLg) in Tables 27.36 and 27.62,
from “Chip-select hold time for ALE” to “Chip-select setup time for
ALE”

* Modified “Characteristics” for tc.q) in Tables 27.37 and 27.63,
from “TXDi hold time” to “TXDi output hold time”

* Added “Measurement condition” to Tables 27.38 and 27.64

« Corrected typos “tyn),” “tw()’, “t;", and “t¢" in Table 27.46, to

“tW(XH)”, “tW(XL)”, “tr(x)”, and “tf(x)”, reSpeCtiver

 Newly Added timing diagram for multi-master 12C-bus to Figure
27.11

502

505
507
509
510

Chapter 28. Usage Notes

» Made minor text modifications to the this chapter

» Modified description “channel i” in line 1 of the first bullet point of
28.6.1, to “the DMDi register”; Added one sentence to the same
bullet point; Deleted whole description of the second and third bullet
points; Added two new paragraphs

* Deleted “(j = 0 to 5)” from the eighth bullet point of 28.7.3.2

* Deleted whole description from the third bullet point of 28.9.2.2

* Deleted “(i = 0 to 7)” from the eighth bullet point of 28.10.2

» Modified description for the third bullet point of EW1 mode in
28.11.5

Sep 08, 2010

Third edition released

This manual in general

* Applied new Renesas templates and formats to the manual

» Changed company name to “Renesas Electronics Corporation” and
changed related descriptions due to business merger of Renesas
Technology Corporation and NEC Electronics Corporation (under
Chapters 1, 7, 18, 23, and 27)

» Added specifications of 64 MHz version

* Modified expressions “version N”, “version D”, and “version P” to “N
version”, “D version”, and “P version”, respectively (under Chapters
1 and 27)

Chapter 1. Overview

» Modified wording and enhanced description in this chapter

* Deleted Note 1 from Tables 1.2 and 1.4

* Deleted Note 4 from Figure 1.2

» Modified expression “fC” in description for “Clock output” in Table
1.14 to “low speed clocks”




Revision History

R32C/116 Group User’s Manual: Hardware

Rev.

Date

Description

Page

Summary

23

» Modified the following descriptions in “Pin names” in Table 1.18:
“P14_1"to “P14_1, P14_3", and “P14_3 to P14_6" to “P14_4 to
P14_6"

30, 53

34, 37

36

39

41

43

52

53

Chapter 4. SFRs

* Modified expressions “I2C-Bus” and “I2C Bus” in Tables 4.2 and
4.25 to “I2C-bus”

» Changed register name “Group i Timer Measurement Prescaler
Register” in Tables 4.6 and 4.9 to “Group i Time Measurement
Prescaler Register”

» Modified expression “|IE Bus” in Table 4.8 to “IEBus”

* Modified expression “XY Control Register” in Table 4.11 to “X-Y
Control Register”

» Changed register name “UART2 Transmission/Receive Mode
Register” in Table 4.13 to “UART2 Transmit/Receive Mode
Register”; Changed hexadecimal format of reset values for registers
TABSR, ONSF, and TRGSR to binary

» Modified reset value “X00X X000b” of the ADOCONZ2 register in
Table 4.15 to “XX0X X000b”

» Changed register name “External Interrupt Source Select Register i”
in Table 4.24 to “External Interrupt Request Source Select Register
i

* Modified reset values for registers I2CSSCR, [2CCR1, I12CCR2,
I2CSR, and I2CMR in Table 4.25; Changed register name “I2C Bus
START Condition/STOP Condition Control Register” to “I2C-bus
START and STOP Conditions Control Register”

54

Chapter 5. Resets

» Changed expression “operating level” in (2) of B in 5.1 to “operating
voltage”

Chapter 6. Power Management

» Made minor text modifications to this chapter

66
67

Chapter 7. Processor Mode

» Modified wording and enhanced description in this chapter
* Corrected address “44044h” of PMO in Figure 7.1 to “40044h”
* Deleted “00008000h” and “FFF80000h” from Figure 7.2

69

70

71

72

73

Chapter 8. Clock Generator

» Made minor text modifications to this chapter

* Modified expression “fC” for CLKOUT in Figure 8.1 to “Low speed
clock”; Modified “low speed clock” associated items

* Deleted the last sentence from Note 2 in Figure 8.2; Modified Note
6

» Modified expression “fC” in “Function” of bits CM01 and CMO0O0 in
Figure 8.3 to “a low speed clock”; Added Note 8

» Modified bit name “PLL Clock Oscillator Stop Bit” in Figure 8.4 to
“PLL Oscillator Stop Bit”; Added Note 4

» Added description “and the BCS bit in the CCR register to 0 (PLL
clock selected)” to Note 1 in Figure 8.6
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75 » Changed explanations for bits CM05 and CM10 in Note 3 of Figure
8.9; Added Note 5
76 * Added the second sentence to Note 1 in Figure 8.10
80 » Modified the following descriptions for the SEO bit in Figure 8.15:
“Self-Oscillation Mode Setting Bit” to “Self-Oscillating Setting Bit”,
“PLL mode” to “PLL lock-in”, and “Self-oscillation mode” to “Self-
oscillating”
83 » Added description “the main clock oscillator should be stopped from
resuming (set the CMO5 bit in the CMO register to 1) or” to the
second paragraph in 8.2.1
85 » Modified expressions “fC” in 8.6 and “fC” in Tables 8.3 and 8.4 to
“low speed clocks” and “low speed clock”, respectively
86 * Revised the entire paragraph of 8.7
87 » Added explanation for each mode to (1) to (5) in 8.7.1; Changed the
following expressions: “peripheral clock source” to “peripheral
clocks”, and “The PLL clock or the main clock” to “fAD, f1, f8, f32,
and f2n”
88 » Added description for Figures 8.17 to 8.19 to 8.7.1
89-91 * Moved Figures 8.17 to 8.19 from 8.7 to 8.7.1; Explained “main
clock stop” and “CMO05 = 1” separately; Added explanation for the
SEO bit
89 * Corrected a typo “f(XPLL)” in the third row of Figure 8.17 to
“f(PLL)"; Deleted Note 4
90 * Deleted Note 3 in Figure 8.18
91 * Corrected “CM31 = 1” in the first row and “CM10 = 0” in the second
row of Figure 8.19 to “CM31 = 0” and “CM10 = 17, respectively;
Deleted Note 3
92 » Changed expression “Before executing WAIT instruction” in 8.7.2.2
to “Steps before entering wait mode”; Changed steps before
entering wait mode
93, 96 » Modified expression “fC” in Tables 8.5 and 8.7 to “a low speed
clock”
93 » Modified description in 8.7.2.4
94 * Added Note 1 to Table 8.6
95 » Changed the first sentence in 8.7.3
» Changed expression “Before entering stop mode” in 8.7.3.1 to
“Steps before entering stop mode”; Changed steps before entering
stop mode
96 » Modified the first sentence in 8.7.3.3
* Added the usage condition for “External interrupt” to Table 8.8
Chapter 9. Bus
103, 104 | * Deleted Note 2 from Figures 9.4 to 9.6
110 * Added EXMPX bit values to the bus format row in Table 9.2;
Modified function of P4_0 to P4_3 for memory expansion mode to
“I/O ports” only
118 » Added period of address becoming undefined to “(1) 8-bit data bus”

in Figure 9.15; Added Note 2
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Chapter 10. Protection

* Modified subchapter titles

145

150
152

Chapter 11. Interrupts

» Made minor text modifications to this chapter

* Deleted “Bits RLVL2 to RLVLO in the RIPL2 register” and associated
signal lines from Figure 11.8; Changed expression “DMAC II” to
“DMA 1l transfer complete”

» Changed description for b0 in Figure 11.13; Modified Note 3

* Revised the third bullet point of description in 11.14.3

154

Chapter 12. Watchdog Timer

* Added Note 1 to Figure 12.2

169

Chapter 13. DMAC

» Made minor text modifications to this chapter
» Modified description “peripheral clocks” in the fourth bullet point of
13.4.1 to “peripheral bus clocks”

175

Chapter 14. DMAC I

* Modified the following addresses in 14.3.1: “001FFFFFh” to
“01FFFFFFh®, “00200000h” to “02000000h", and “00000000h” to
“FE000000h”

183

Chapter 16. Timers

» Made minor text modifications to this chapter
* Separated signal for overflow or underflow from interrupt signal in
Figure 16.2

218

223
224
230
232

Chapter 17. Three-phase Motor Control Timers

* Changed “Timer A” in the Function column of the INV13 bit in
Figure 17.3 to “Timer A1”

» Changed functions of bits MR2 and MR3 in Figure 17.8

» Changed function of the PWCON bit in Figure 17.9

» Modified explanation for the bit setting of Case 1 in Figure 17.17

» Changed the order of descriptions for bits INV02 and INV03 in
17.6.1

* Modified “overflow” in 17.6.2 to “underflow”

237

245, 273

260
265, 266

283
284

Chapter 18. Serial Interface

» Made minor text modifications to this chapter

* Deleted “I2C mode” from “Function” of bits SMD2 to SMDO in
Figure 18.4

* Corrected typos “STARREQ” in Note 3 in Figure 18.13 and 18.3.2
to “STAREQ”

* Modified “SUMO0” in “Bits” of the UiRB register Table 18.7 to “SUM”

» Changed expression “Transmit/receive clock” in Figures 18.29 and
18.30 to “CLKi”

* Moved description in the fourth dash in 18.5.2.1 to the second dash

* Added 18.5.4 “Reset Procedure on Communication Error”

Chapter 19. A/D Converter

» Made minor text modifications to this chapter




Revision History

R32C/116 Group User’s Manual: Hardware

Rev. Date Description
Page Summary
— » Changed expressions “A/D conversion result” and “A/D conversion
results” to “A/D converted result” and “A/D converted results”,
respectively
291 « Changed Note 5 in Figure 19.5
292 * Changed Notes 1, 3, and 4 in Figure 19.7
293-299 | « Changed description in “Specification” for “Start conditions” and
“Reading of A/D converted result” in Tables 19.2 to 19.8
305 » Modified description in the ninth bullet of 19.3.2
Chapter 21. CRC Calculator
308 * Corrected a typo “CRC_CCITT” in line 2 of 21. CRC Calculator to
“CRC-CCITT”
Chapter 22. X-Y Conversion
311, 312 | « Changed figure titles “XiR Register” and “YjR Register” for Figures
22.2 and 22.3 to “Registers XOR to X15R” and “Registers YOR to
Y15R”, respectively; Changed preposition “t0” in between
addresses to “-”
Chapter 23. Intelligent 1/0
— » Made minor text modifications to this chapter
316, 317 | » Modified descriptions “Request from the INTO pin” in Figure 23.1
and “Request from the INT1 pin” in Figure 23.2 to “Request from
the INTO pin or the INT1 pin”
318 * Corrected the following typos in Figure 23.3: “IE_IN” to “IEIN”,
“IE_OUT” to “IEOUT”, “ISRxD2” to “ISRXD2”, and “ISTxD2” to
“ISTXD2”
321 + Changed expression “INTi pin” in Figure 23.6 to “INTO/INT1 pin”;
Changed Note 3
323 « Corrected a typo “bits BTOS to BT3S” in (2) of Note 1 in Figure 23.8
to “bits BTOS to BT2S”
327 * Corrected a typo “ISTxD2” in Figure 23.13 to “ISTXD2”
330 » Changed description in the second bullet of “Specification” for
“Reset conditions” in Table 23.2
331 + Changed expression “INTi pin” in Figure 23.18 to “INTO/INT1 pin”;
Moved “i = 0 to 2” to the title
333, 334 | «Moved “(i = 0, 1)” to the title of Figures 23.19 and 23.20
348 * Corrected a typo “00h to 3FFh” in Table 23.10 to “000h to 3FFh”
354 * Deleted Note 1 from 23.4
356 * Changed “ISTxD” and “ISRxD” in Figure 23.36 to “ISTXD2” and
“ISRXDZ2”, respectively
360 * Corrected a typo “ISRX2” in Table 23.15 to “ISRXD2”

Chapter 24. Multi-master I2C-bus Interface

» Modified wording and enhanced description in this chapter

» Modified expression “general call” to “general call address”

* Modified expression “flag” to “bit” when it is used with bit symbols

* Modified expressions “standard-mode” and “fast-mode” to
“Standard-mode” and “Fast-mode”, respectively
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— » Modified expression “set to” for the RST bit in the I2CCCRO register
to “written with”
» Modified expressions “START condition and STOP condition” and
“START condition or STOP condition” to “START and STOP
conditions” and “START or STOP condition”, respectively
362 » Modified description for “Timeout detector” in Table 24.1
363 » Modified “Bus is busy detector” in Table 24.2 to “Bus busy detector”;
Modified specifications of “Slave-address match detector” and
“Arbitration lost detector”
364 * Modified description in the Function column in Figure 24.2
366 » Changed bit name “Transmit/Receive Bit Number Set Bit” in Figure
24.5 to “Transmit/Receive Bit Length Setting Bit”
367 » Modified expression “slave address data” in line 2 of 24.1.3.3 to
“slave address”
+ Modified expression “I2C reset signal” in Figure 24.6 to “I2C-bus
interface reset signal”
368 * Modified “ACKCLK bit” in line 2 of 24.1.4 to “ACKD bit”
* Corrected descriptions “below 100 kHz” and “below 400 kHz” in
Note 1 of Table 24.3 to “100 kHz or less” and “400 kHz or less”,
respectively
369 * Corrected a typo “¢llO” in line 2 of 24.1.4.2 to “¢lIC”
* Modified expressions “MSDA pin level” in line 4 of 24.1.4.3 and
Table 24.4 and “MSDA Pin Levels” for table title of Table 24.4 to
“MSDA pin state” and “MSDA Pin States”, respectively
370 + Changed expressions “I2C Bus-line” in Figure 24.8 and “I2C bus
line” in 24.1.5.2 and 24.1.5.3 to “I2C-bus line”
371 * Moved “(2)” from “Function” to “Bit Name” in Figure 24.9; Changed
expression “1-bit instruction” to “bit processing instruction” in Note
1; Switched Notes 2 and 3
373 * Corrected a typo “SDO” in line 3 of 26.1.6.3 to “SDAO”
374 » Changed symbol “/” in function description of bits ICK4 to ICK2 in
Figure 24.11 to “divided-by-"
375 » Modified setting value of TOSEL bit in 24.1.7.3
376 * Moved “(1)” to “(3)” from “Function” to “Bit Name” in Figure 24.13;
Added “(1)” to “Function”
377 * Deleted explanation in parentheses in line 1 of 24.1.8.2
» Modified description in Line 3 and 4 of 24.1.8.4
378 * Modified “R/W bit” in Line 6 of 24.1.8.7 to “R/W bit”
379 » Modified description “lost byte of data” in the second bullet point of
24.1.8.8 to “corresponding byte”
383 « Modified “(12C-bus interface enabled)” in line 5 of the second
paragraph below Figure 24.18 to “(12C-bus interface disabled)”
384, 385 | « Modified expression “VIIC” in Figures 24.19 and 24.22 to “¢lIC”
385 » Modified expression “high period of MSCL” in lines 4 to 5 in the first

paragraph of 24.5 to “high period of MSCL pin”
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386

387

389

390
391

392

» Changed “Standard Clock Mode” and “Fast Clock Mode” in Table
24.10 to “Standard-mode” and “Fast-mode”; Changed parameter
“BBSY flag setting time” to “BBSY bit set/reset time”

» Changed parameter “Successful receive interrupt” for I2CCR1
register in Table 24.12 to “Successful data receive interrupt”

» Modified description “For (A) to (C) in the figure, see Ato C” in
24.6.2 to “For (A) to (D) in the figure, see A to D”

* Modified description for I2CCCR register in 24.7.1

* Modified expression “Bits to be zero” in Figures 24.25 and 24.26 to
“Bits to be reset”

» Modified “TRX bit” in Figure 24.27 to “TRS bit”; Modified the
following expressions: “Bits to be zero” to “Bits to be reset”, and “Bit
to be zero” to “Bit to be set”; Modified description of TRS bit

* Modified “By a program” in Figure 24.28 to “Software wait”

403
406

409

414

418

419

421, 422

Chapter 25. I/0 Pins

» Made minor text modifications to this chapter

* Added “(MMI2C)” to line 2 below Figure 25.10

» Modified reset value “0XXX X000b” of P9_3S in Figure 25.13 to
“00XX X000b”; Modified description for b6

* Modified bit symbol “PD_9i” in line 4 of the third paragraph below
Figure 25.13 to “PD9 _i”

* Modified reset values “0XXX X000b” of P12_0S to P12_3S in
Figure 25.16 to “X0XX X000b”; Modified description for b7 to b3

» Changed description “1: Port P7/port P9” in “Function” of the IFS01
bit in Figure 25.20 to “1: Port P9”
* Corrected a typo “P9_1 to P9_3 Pull-Up Control Bit” in “Bit Name” of
the PU26 bit in Figure 25.25 to “P9_0 to P9_3 Pull-Up Control Bit”
* Corrected a typo “P14_1 to P14_3 Pull-Up Control Bit” in “Bit Name”
of the PU26 bit in Figure 25.27 to “P14_1 and P14_3 Pull-Up
Control Bit”

» Added description “P9_0, P9_2, and” to Note 3 of Tables 25.2 and
25.3

426

427

Chapter 26. Flash Memory

» Made minor text modifications to this chapter

» Added forcible erase function and standard serial /O mode disable
function for high speed version (64 MHz version)

* Deleted description “erase” from “ROM Code Protection” of
“Operations to be protected” in Table 26.3; Added description
“erase” to “ID Code Protection” of “Operations to be protected”;
Deleted description “by using the serial programmer” from “ROM
Code Protection” of “Protection deactivated by”

* Deleted description “use the serial programmer to” from the second
paragraph of 26.2.2

* Corrected a typo “FFFFFE8h” in line 9 of 26.2.3 to “FFFFFFE8h”
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431

439, 441

» Changed the following descriptions in Table 26.7: “the program or
the block erase command” to “the program command or the block
erase command”, and “read status register command” and “ready
status register command” to “enter read status register mode”

» Modified figure number “Figure 26.11” in the last line below Table
26.7 to “Figure 26.12"

» Changed the following descriptions in Figures 26.13 and 26.14:
“CS0” and “CS0 to CS3” to “Chip select”, and “A23 to A0, BCO to
BC3’ to “Address”

467

468, 469,
481, 482

471, 484

Chapter 27. Electrical Characteristics

» Made minor text modifications to this chapter

» Added electrical characteristics of 64 MHz version

» Changed expression “input clock period” to “input clock cycle time”

« Changed the following descriptions in Figure 27.5: “CS0” and “CS0
to CS3” to “Chip select”, and “A23 to A0, BCO to BC3” to “Address”

* Changed values of fcpy) under the titles of Tables 27.15, 27.16,
27.41, and 27.42

* Changed values of figc k) under the titles of Tables 27.18 and
27.44

504
509

510
511
513

Chapter 28. Usage Notes

» Made minor text modifications to this chapter
* Revised the third bullet point of description in 29.5.3

» Changed the order of descriptions for bits INV02 and INVO03 in
28.8.1

» Modified “overflow” in 28.8.2 to “underflow”

* Moved description in the fourth dash in 28.9.2.1 to the second dash

* Added 28.9.4 “Reset Procedure on Communication Error”

» Modified description in the ninth bullet of 28.10.2

516

Appendix 1. Package Dimensions

» Added a seating plane to the drawing of package dimension

1.20

Feb 18, 2013

Fourth edition released

This manual in general

» Changed document number “REJ09B0532-0110” to
“RO1UH0210EJ0120”

» Modified description “restart condition” to “repeated START
condition” (under Chapters 18, 27, and 28)

2,4

10, 15
11,16

23

Chapter 1. Overview

» Modified wording and enhanced description in this chapter

» Modified expressions “calculation transfer” and “chained transfer” in
Tables 1.1 and 1.3 to “calculation result transfer” and “chain
transfer”, respectively

» Completed all “under development” phases in Table 1.6

» Changed order of signals in Figures 1.3 and 1.4

» Changed order of timer pins “TB5IN/TAOIN” in Tables 1.7 and 1.11
to “TAOIN/TB5IN”

* Modified Note 1 of Table 1.18
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25

Chapter 2. CPU

» Modified wording and enhanced description in this chapter
* Corrected a typo “R3R0” in line 3 of 2.1.1 to “R3R1”

Chapter 3. Memory

» Modified wording and enhanced description in this chapter

34, 35, 37

41

Chapter 4. SFRs

» Changed hexadecimal format of reset values for registers G1BCRO,
G2BCRO0, and GOBCRO in Tables 4.6, 4.7, and 4.9 to binary

» Changed register name “Increment/Decrement Counting Select
Register” in Table 4.13 to “Increment/Decrement Select Register”

Chapter 5. Resets

» Modified wording and enhanced description in this chapter

61

63

Chapter 6. Power Management

» Modified wording and enhanced description in this chapter

* Modified VDEN bit name in Figure 6.4 to “Low Voltage Detector
Enable Bit"; Modified its function descriptions “low voltage detection
disabled” and “low voltage detection enabled” to “low voltage
detector disabled” and “low voltage detector enabled”, respectively

» Modified description “has re-risen above Vdet(R)” in line 7 of 6.2.1
to “rises to or above Vdet(R) again”

Chapter 7. Processor Mode

» Modified wording and enhanced description in this chapter

69
71

72

73

82
83
92

Chapter 8. Clock Generator

» Modified wording and enhanced description in this chapter

» Added BCS bit to Figure 8.1

* Modified CM03 bit name “XCIN-XCOUT Drive Power Select Bit” in
Figure 8.3 to “XCIN-XCOUT Drive Strength Select Bit”; Added
description to Note 8

*» Modified bit name of bits CM16 and CM15 “XIN-XOUT Drive Power
Select Bit” in Figure 8.4 to “XIN-XOUT Drive Strength Select Bit”;
Modified description of Note 2

» Modified function descriptions of CM20 bit in Figure 8.5 to “Disable
oscillator stop detection” when it is 0 and “Enable oscillator stop
detection” when it is 1; Corrected “CMO02 bit” in Note 3 to “CM20 bit”

* Modified the last sentence of 8.1.4

* Delete the last sentence in parenthesis in 8.2

» Modified descriptions in lines 1 to 3 of 8.7.2

101
104, 105

105

Chapter 9. Bus

» Modified wording and enhanced description in this chapter

» Changed mathematical symbol “<” in formulas in 9.3.1 to “<”

» Changed minimum value for registers CB01 and CB12 in Figures
9.7 and 9.8 to “02h”

» Modified description of Note 2 in Figures 9.7 to 9.9

» Changed maximum value for registers CB12 and CB23 in Figures
9.8 and 9.9 to “F8h” in memory expansion mode and “FFh” in
microprocessor mode
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107

108

114

» Added description “(except for the CSO0 signal) to Note 1 of Figure
9.11

» Modified bit names of bits ESUR1 and ESURQO, bits ESUW1 and
ESUWO, bits EWR1 and EWRO, and bits EWW1 and EWWO in
Figure 9.12 to “Address Setup Cycles Before Read Setting Bit”,
“Address Setup Cycles Before Write Setting Bit”, “Read Pulse Width
Setting Bit”, and “Write Pulse Width Setting Bit”, respectively

» Modified descriptions “(address setup before RD)”, “(address setup
before WR)”, “(RD pulse width)”, and “(WR pulse width)” in the
second paragraph of 9.3.5 to “(address setup cycles before read)”,
“(address setup cycles before write)”, “(read pulse width)”, and
“(write pulse width)”, respectively

124

Chapter 10. Protection

» Made minor text modifications to this chapter
» Modified description of Note 1 in Figure 10.1

127
128
138

141
142
149

Chapter 11. Interrupts

» Modified wording and enhanced description in this chapter

» Modified description of Note 1 in Figure 11.1

» Modified descriptions in the second paragraph in (5) of 11.2

» Modified description of jump operation in 11.5, Table 11.1, and
below Figure 11.4

» Moved description of Note 1 to (2) of 11.6.4

» Modified description of Note 1 of Table 11.7

* Corrected register symbol “lIOiE” in the last line of 11.13 to “lIOIIE”

153

Chapter 12. Watchdog Timer

» Modified wording and enhanced description in this chapter

» Modified description of lines 3 to 4 in 12. Watchdog Timer;
Modified CPU clock frequency to “64 MHz” and watchdog timer
period to “16.4 ms”

156

164
165

Chapter 13. DMAC

» Modified wording and enhanced description in this chapter

» Modified descriptions of timer- and UART-associated interrupt
requests in “DMA request sources” in Table 13.1; Modified
description “more than 00000001h” in “DMA transfer start-up” to
“other than 00000000h”

* Modified descriptions in 13.1

* Corrected address of external bus “00060000h” in Table 13.5 to
“00080000h”

170

Chapter 14. DMAC I

» Modified wording and enhanced description in this chapter

» Modified expressions “calculation transfer” and “chained transfer” to
“calculation result transfer” and “chain transfer”, respectively

* Corrected source address “FFFFFFFh” in Note 1 of Table 14.1 to
“FFFFFFFFh”

* Corrected bit name “lIRLT” in the fifth bullet point of 14.1 to “IRLT”
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172

172,175

172

174

178

* Changed expression “DMA Il transfer complete interrupt vector
address” in lines 3 to 4 and the seventh bullet point of 14.1.2 and
Figure 14.2 to “jump address for the DMA Il transfer complete
interrupt handler”

» Modified expression “interrupt vector” in Figure 14.2 and line 1 of
14.1.4 to “interrupt vector space”

» Changed expression “jump address” in the seventh bullet point of
14.1.2 to “start address”

* Changed bit names of OPER bit and bits CNT2 to CNTO in Figure
14.3 to “Calculation Result Transfer Select Bit” and “Number of
Transfers Setting Bit”, respectively

» Modified descriptions in Figure 14.5

Chapter 15. Programmable 1/O Ports

* Modified wording and enhanced description in this chapter

184

187

195

196
214

Chapter 16. Timers

» Modified wording and enhanced description in this chapter

» Modified description of the third bullet point “One-shot timer mode”
above Figure 16.3

* Deleted “Counting” from UDF register name and bit names of bits
TA4UD to TAOUD in Figure 16.7

* Changed MR2 bit name “Increment/Decrement Count Switching
Source Select Bit” in Figure 16.12 to “Increment/Decrement
Switching Source Select Bit”; Corrected bit symbols “TAITGH and
TAITGL” in Note 5 to “TA]TGH and TAJTGL”

+ Corrected pin name “INT2” in Figures 16.13 and 16.14 to “INT2”

* Modified description in 16.3.3.1

» Modified description “TB;jS bit” in the first bullet point of 16.3.3.2 to
“TB;jS bit in the TABSR or TBSR register”; Modified “TB;j” in the
eighth bullet point to “timer Bj”

218
225
229
230

Chapter 17. Three-phase Motor Control Timers

» Modified wording and enhanced description in this chapter

» Modified Note 1 in Figure 17.3

* Deleted description in line 7 of 17.3

* Corrected bit symbol “INV06” in Note 3 of Figure 17.15 to “INV16”

* Corrected register symbol “INV1” in Note 2 of Figure 17.17 to
“INVC1”

238, 239

240

243

244

Chapter 18. Serial Interface

» Modified wording and enhanced description in this chapter

* Modified CRD bit name in Figures 18.5 and 18.6 to “CTS Function
Disable Bit”; Modified their function descriptions

» Modified bit description of UilRS bit when it is 0 in Figure 18.7 to
“Transmit Buffer is empty (Tl = 1)”; Modified bit name of UiLCH bit to
“Logic Inversion Select Bit”

* Modified CSC bit name in Figure 18.11 to “Clock synchronization
Bit”; Deleted “of the SCLi” from function description of SWC bit

* Corrected “UIBRG count source” in function description of bits DL2
to DLO in Figure 18.12 to “baud rate generator count source”
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245 * Modified RSTAREQ bit name in Figure 18.13 to “Repeated START
Condition Generate Bit”; Deleted “of the SCLi” from function
description of SWC9 bit
253 * Modified “TXEPT flag” in Figure 18.20 to “TXEPT bit”; Corrected bit
symbol “UiRS” in the fourth dash to “UilIRS”
261, 262 | « Corrected bit functions of UilRS bit in the fourth dash in Figures
18.25 and 18.26
270, 271 | « Divided Table 18.11 to Tables 18.11 and 18.12
Chapter 19. A/D Converter
— » Modified wording and enhanced description in this chapter
292 * Modified “DMA” in Note 4 of Figure 19.7 to “DMAC”
294, 296, | « Modified “DMA” in the first bullet point in “Reading A/D converted
297 result” of Tables 19.3, 19.5, and 19.6 to “DMAC”
297 » Modified description of the number of prioritized pins in line 1 of
19.1.5 and “Function” in Table 19.6
305 * Corrected “ADQOi” in the ninth bullet point of 19.3.2 to “AD00”
Chapter 20. D/A Converter
— » Made minor text modifications to this chapter
Chapter 21. CRC Calculator
— » Made minor text modifications to this chapter
308 * Modified Figure 21.1
Chapter 22. X-Y Conversion
— » Made minor text modifications to this chapter
Chapter 23. Intelligent I/O
— » Modified wording and enhanced description in this chapter
321 » Changed bit name of bits UD1 and UDO “Increment/Decrement
Counting Control Bit” in Figure 23.6 to “Increment/Decrement
Control Bit”
324 * Deleted Note 3 from Figure 23.9
331 + Added “(INTO or INT1)” to the second bullet point for “Reset
conditions” in Table 23.2; Changed description of the timer counter
to start decrementing in the first bullet point of “Other functions”
339 * Moved “(k = 4, 5)” in Figure 23.24 to its figure title
342, 344, | » Modified “Input to the 110i_j pin” in Figures 23.25 to 23.27 to “lIOi_j
347 pin”
345, 346 | - Divided Table 23.9 into Tables 23.9 and 23.10
349, 351 | « Corrected “Input to the OUTC2_j pin” in Figures 23.28 and 23.30 to
“OUTC2_j pin”
351 * Deleted the second dash of (A) in Figure 23.30
Chapter 24. Multi-master 12C-bus Interface
— » Modified wording and enhanced description in this chapter
363 » Modified Figure 24.1
378 * Added condition “the RIE bit is 1” to the second case of the IRF bit
becoming 1 in 24.1.8.5
381 * Corrected bit symbol “STR” in line 8 of 24.2 to “TRS”
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393

394

397, 408,
412
399

Chapter 25. 1/0 Pins

» Modified wording and enhanced description in this chapter

* Deleted ASEL from a factor of pull-up resistor being separated from
peripheral functions in 25. I/0 Pins and Figure 25.1

» Modified descriptions “has neither bit 5 of the function select
register nor the PDi register” in lines 10 to 11 and “Bit 1 of the
function select register and the PDi register is assigned for reserved
bit” in lines 11 to 12 below Figure 25.1 to “has no function select
register or bit 5 in the PD8 register” and “The function select register
and bit 1 in the PD14 register are reserved”, respectively.

* Corrected pin symbols “WR/WRO0”, “BC1/WR1”, “BC2/WR2”, and
“BC3/WR3” in line 4 of 25.1 to “WR/WR0”, “BC1/WR1”, “BC2/WR2”",
and “BC3/WR3”

» Changed expression “llOj output” in Figures 25.4, 25.15, and 25.19
to “llOj_i output”

* Corrected description “PD3 i register” in line 3 below Figure 25.6 to
“PD3_i bit”

438

457

Chapter 26. Flash Memory

» Modified wording and enhanced description in this chapter

» Changed minimum value for registers CB01 and CB12 in Table
26.8 to “02h” and maximum value for registers CB12 and CB23 to
“F8h”; Modified descriptions of setting range

» Modified descriptions of the first bullet points in 26.6.7 and 26.6.8

464

469, 482
470, 483

Chapter 27. Electrical Characteristics

» Modified wording and enhanced description in this chapter

» Changed expression “Programming and erasure endurance of flash
memory” in Table 27.8 to “Program/erase cycles”; Changed its unit
“times” to “Cycles”

* Added “MSCL” and “MSDA” to Tables 27.16 and 27.42

* Modified description “Drive power” in Tables 27.17 and 27.43 to
“Drive strength”

500, 501
501
508

513
515

Chapter 28. Usage Notes

» Modified wording and enhanced description in this chapter

* Changed the order of Tables 28.1 and 28.2

* Deleted “counting” from UDF register name in Table 28.2

» Modified description in 28.7.3.1

» Modified description “TBjS bit” in the first bullet point of 28.7.3.2 to
“TB;jS bit in the TABSR or TBSR register”; Modified “TB;j” in the
eighth bullet point to “timer Bj”

* Corrected “ADQi” in the ninth bullet point of 28.10.2 to “AD00”

» Modified descriptions of the first bullet points in 28.11.7 and 28.11.8
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