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Notice

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

2. 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.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4. 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.

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

6. 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.

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

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

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

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

8. 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.

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

10. 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.

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

12. 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.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
* CPU and System-Control Modules
*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix
* Package Dimensions, etc.

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

This LSI is an RISC (Reduced Instruction Set Computer) microcomputer which includes a
Renesas-original RISC CPU as its core, and the peripheral functions required to configure a
system.

Target Users: This manual was written for users who will be using this LSI in the design of
application systems. Target users are expected to understand the fundamentals of
electrical circuits, logical circuits, and microcomputers.

Objective:  This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the target users.
Refer to the SH-2A, SH2A-FPU Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the SH-2A, SH2A-FPU Software Manual.
e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 35,
List of Registers.
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Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic names in this
manual are explained below.

(1) Overall notation

In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms

"module name"."register name"."bit name" or "register name"."bit name".

&)

Register notation

The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.

[Example] CMCSR_O0: Indicates the CMCSR register for the compare-match timer of channel 0.

(3) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAO or OXEFAO
Decimal: 1234

Notation for active-low
An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

E

(4) (2)

14.2.2 Compare Match Control/Status Register_0, _{ (CMCSR_0,)CMCSR_1)

CMCSR indicates compar ation, enables or disables interrupts, and selects the counter L

it clock. Generation ofla WDTOVE digi initializes the TCNT value to 0. r

14.3

14.3.1 Interval Count Operation

When an internal clock is selected with the CKS1 and CKSO0 bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT ig cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO bits are set '01 at this tip€,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS

(©))
Note: The bit names and sentences in the above figure are examples and do not refer to
specific data in this manual.
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e Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Bit Chart]
Bit:(_15 14 1 9 8 7 6 5 4 3 2 1 0
I — — @z‘Asm ‘ASIDO — ‘ — ‘ — ‘ Q ‘ACMPZ‘ACMFH‘ACMPO‘ IFE I
Initial value: 0 0 0 0
RW: RW | RW RW 9 RW RW RW RW RW RW RW RW RW
f
[Table of Bits] (V) “ ()
Bitl Bit Name _Initial Value R/W _Description ‘
15 - i Reserved [
14 - ( These bits are always read as 0. )
13to 11 ASID2to AIIO R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.

(1) Bit
Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.
Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0)).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
(3) Initial value
Indicates the value of each bit inmediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

(2

G

All trademarks and registered trademarks are the property of their respective owners.
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SH7266 Group, SH7267 Group Section 1 Overview

Section 1 Overview

1.1 SH7266/7267 Features

This LSI is a single-chip RISC (reduced instruction set computer) microcontroller that includes a
Renesas-original RISC CPU as its core, and the peripheral functions required to configure a
system.

The CPU in this LSI is an SH-2A CPU, which provides upward compatibility for SH-1, SH-2, and
SH-2E CPUs at object code level. It has a RISC-type instruction set, superscalar architecture, and
Harvard architecture, for superior rates of instruction execution. In addition, an independent 32-bit
internal-bus architecture enhances data processing power. This CPU brings the user the ability to
set up high-performance systems with strong functionality at less expense than was achievable
with previous microcontrollers, and is even able to handle realtime control applications requiring
high-speed characteristics.

This LSI has a floating-point unit and cache. In addition, this LSI includes on-chip peripheral
functions necessary for system configuration, such as a 64-Kbyte RAM for high-speed operation,
a 1.5-Mbyte large-capacity RAM (128-Kbytes are shared by the data-retention RAM), multi-
function timer pulse unit 2, compare match timer, realtime clock, serial communication interface
with FIFO, I'C bus interface 3, serial sound interface, serial I/O with FIFO**, controller area
network interface*’, IEBus™*' controller, Renesas SPDIF interface, Renesas serial peripheral
interface, Renesas quad serial peripheral interface, CD-ROM decoder , A/D converter, NAND
flash memory controller, USB 2.0 host/function, video display controller 3, sampling rate
converter, SD host interface, motor control PWM timer, and interrupt controller modules, and
general I/O ports.

This LSI also provides an external memory access support function to enable direct connection to
various memory devices or peripheral LSIs. These on-chip functions significantly reduce costs of
designing and manufacturing application systems.

The features of this LSI are listed in table 1.1.

Notes: 1. IEBus (Inter Equipment Bus) is a trademark of Renesas Electronics Corporation.

2. This module is included or not depending on the product code.

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS
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Section 1 Overview SH7266 Group, SH7267 Group

Table 1.1 SH7266/7267 Features

Items Specification

CPU e Renesas original SuperH architecture
e Compatible with SH-1, SH-2, and SH-2E at object code level
e 32-bit internal data bus
e Support of an abundant register-set
— Sixteen 32-bit general registers
— Four 32-bit control registers
— Four 32-bit system registers
— Register bank for high-speed response to interrupts
e RISC-type instruction set (upward compatible with SH series)

— Instruction length: 16-bit fixed-length basic instructions for
improved code efficiency and 32-bit instructions for high
performance and usability

— Load/store architecture
— Delayed branch instructions
— Instruction set based on C language
e Superscalar architecture to execute two instructions at one time
including a floating-point unit
¢ Instruction execution time: Up to two instructions/cycle
e Address space: 4 Gbytes
e Internal multiplier
¢ Five-stage pipeline
e Harvard architecture

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016
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SH7266 Group, SH7267 Group Section 1 Overview

Iltems Specification

Floating-point unit ¢ Floating-point co-processor included
e Supports single-precision (32-bit) and double-precision (64-bit)
e Supports data type and exceptions that conforms to IEEE754 standard
e Two rounding modes: Round to nearest and round to zero
e Two denormalization modes: Flush to zero
¢ Floating-point registers
— Sixteen 32-bit floating-point registers (single-precision x 16 words
or double-precision x 8 words)
— Two 32-bit floating-point system registers
e Supports FMAC (multiplication and accumulation) instructions
e Supports FDIV (division) and FSQRT (square root) instructions
e Supports FLDIO/FLDI1 (load constant 0/1) instructions
¢ Instruction execution time
— Latency (FMAC/FADD/FSUB/FMUL): Three cycles (single-
precision), eight cycles (double-precision)
— Pitch (FMAC/FADD/FSUB/FMUL): One cycle (single-precision), six
cycles (double-precision)
Note: FMAC only supports single-precision

o Five-stage pipeline

Cache memory e Instruction cache: 8 Kbytes
e Operand cache: 8 Kbytes

e 128-entry/way, 4-way set associative, 16-byte block length
configuration each for the instruction cache and operand cache

o Write-back, write-through, LRU replacement algorithm

o Way lock function available (only for operand cache); ways 2 and 3
can be locked

Interrupt controller

SH7266: Nine external interrupt pins (NMI, IRQ7 to IRQO)

SH7267: Seventeen external interrupt pins (NMI, IRQ7 to IRQO, and
PINT7 to PINTO)

e On-chip peripheral interrupts: Priority level set for each module
e 16 priority levels available

¢ Register bank enabling fast register saving and restoring in interrupt
processing

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS
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Section 1 Overview SH7266 Group, SH7267 Group

Iltems Specification

Bus state controller e Address space divided into seven areas (0 to 6), each a maximum of

64 Mbytes

e The following features settable for each area independently

— Bus size (8 or 16 bits): Available sizes depend on the area.

— Number of access wait cycles (different wait cycles can be
specified for read and write access cycles in some areas)

— Idle wait cycle insertion (between the same area access cycles or
different area access cycles)

— Specifying the memory to be connected to each area enables
direct connection to SRAM, SRAM with byte selection, SDRAM,
and burst ROM (clocked synchronous or asynchronous). The
address/data multiplexed I/0O (MPX) interface are also available.

— PCMCIA interface

— Outputs a chip select signal (CS0 to CS6) according to the target
area (CS assert or negate timing can be selected by software)

o SDRAM refresh
Auto refresh or self refresh mode selectable
o SDRAM burst access

Direct memory access e Sixteen channels; external requests are available for one of them.
controller ¢ Can be activated by on-chip peripheral modules

o Burst mode and cycle steal mode

¢ Intermittent mode available (16 and 64 cycles supported)

e Transfer information can be automatically reloaded

Clock pulse generator e Clock mode: Input clock can be selected from external input (EXTAL
or USB_X1) or crystal resonator

¢ Input clock can be multiplied by 12 (max.) by the internal PLL circuit
e Three types of clocks generated:

— CPU clock: Maximum 144 MHz

— Bus clock: Maximum 72 MHz

— Peripheral clock: Maximum 36 MHz

Watchdog timer ¢ On-chip one-channel watchdog timer
¢ A counter overflow can reset the LSI

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016
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SH7266 Group, SH7267 Group Section 1 Overview

Items Specification

Power-down modes e Four power-down modes provided to reduce the power consumption in
this LSI
— Sleep mode

— Software standby mode
— Deep standby mode
— Module standby mode

Multi-function timer e Maximum 16 lines of pulse inputs/outputs based on fix channels of 16-
pulse unit 2 bit timers

e 18 output compare and input capture registers
e Input capture function

e Pulse output modes

Toggle, PWM, complementary PWM, and reset-synchronized PWM
modes

e Synchronization of multiple counters
e Complementary PWM output mode
— Non-overlapping waveforms output for 3-phase inverter control
— Automatic dead time setting
— 0% to 100% PWM duty value specifiable
— A/D converter start request delaying function
— Interrupt skipping at crest or trough

e Reset-synchronized PWM mode

Three-phase PWM waveforms in positive and negative phases can be
output with a required duty value

e Phase counting mode
Two-phase encoder pulse counting available

Two-channel 16-bit counters
e Four types of clock can be selected (P¢/8, P$/32, P$/128, and P¢/512)

* DMA transfer request or interrupt request can be issued when a
compare match occurs

Compare match timer

Realtime clock ¢ Internal clock, calendar function, alarm function

¢ Interrupts can be generated at intervals of 1/64 s by the 32.768-kHz
on-chip crystal oscillator

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS
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Iltems Specification

Serial communication e SH7266: five channels, SH7267: eight channels

interface with FIFO Clocked synchronous or asynchronous mode selectable (channels 0 to

2,4)

e Simultaneous transmission and reception (full-duplex communication)
supported

¢ Dedicated baud rate generator

e Separate 16-byte FIFO registers for transmission and reception

e Modem control function (channel 1 in asynchronous mode)

Renesas serial e SH7266: one channel, SH7267: two channels
peripheral interface SPI operation
o Master mode and slave mode selectable

e Programmable bit length, clock polarity, and clock phase can be
selected.

¢ Consecutive transfers
e MSB first/LSB first selectable
e Maximum transfer rate: 36 Mbps

Renesas quad serial e Connectable to serial flash memory with multiple /O functionality
peripheral interface (single/dual/quad)

e Programmable bit length, clock polarity, and clock phase can be
selected.

e Consecutive transfers
e MSB first/LSB first selectable
e Maximum transfer rate: 288.00 Mbps

I’C bus interface 3 e Three channels
o Master mode and slave mode supported

Serial sound interface e Four-channel bidirectional serial transfer
e Duplex communication (channel 0)
e Support of various real audio formats
e Support of master and slave functions
e Generation of programmable word clock and bit clock
e Multi-channel formats
e Support of 8, 16, 18, 20, 22, 24, and 32-bit data formats
e Support of eight-stage FIFO for transmission and reception

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016
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SH7266 Group, SH7267 Group

Section 1 Overview

ltems Specification
Serial /O with FIFO e Support of 16-stage 32-bits FIFOs independently for transmission and
Note: reception

This module is not
included in the
SH7266 Group.

8-bit monaural/16-bit monaural/16-bit stereo audio input and output
Connectable to linear, audio, or A-Law or u-Law CODEC chip
Support of master and slave functions

Controller area
network

Note:

This module is
included or not
depending on the
product code.

Two channels

TTCAN level 1 supports for all channels

BOSCH 2.0B active compatible

Buffer size: transmit/receive x 31, receive only x 1

Two or more controller area network channels can be assigned to one
bus to increase number of buffers with a granularity of 32 channels

31 Mailboxes for transmission or reception

IEBus™ controller

IEBus protocol control (layer 2) supported

— Half-duplex asynchronous communications

— Multi-master system

— Broadcast communications function

— Selectable mode (three types) with different transfer speeds

On-chip buffers (dual port RAM) for data transmission and reception
that enable up to 128 bytes of consecutive transmit/reception
(maximum number of transfer bytes in mode 2)

Operating frequency

— 1/2 divided clocks of 12 MHz or 12.58 MHz
— 1/3 divided clocks of 18 MHz or 18.87 MHz
— 1/4 divided clocks of 24 MHz or 25.16 MHz
— 1/5 divided clocks of 30 MHz or 31.45 MHz
— 1/6 divided clock of 36 MHz

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016
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Iltems Specification
Renesas SPDIF e Support of IEC60958 standard (stereo and consumer use modes only)
interface e Sampling frequencies of 32 kHz, 44.1 kHz, and 48 kHz

e Audio word sizes of 16 to 24 bits per sample

¢ Biphase mark encoding

e Double buffered data

e Parity encoded serial data

e Simultaneous transmit and receive

e Receiver autodetects IEC 61937 compressed mode data

CD-ROM decoder e Support of five formats: Mode 0, mode 1, mode 2, mode 2 form 1, and
mode 2 form 2

e Sync codes detection and protection

(Protection: When a sync code is not detected, it is automatically
inserted.)

e Descrambling
e ECC correction
— P, Q, PQ, and QP correction
— PQ or QP correction can be repeated up to three times
e EDC check
Performed before and after ECC
e Mode and form are automatically detected
o Link sectors are automatically detected
o Buffering data control

Buffering CD-ROM data including Sync code is transferred in specified
format, after the data is descrambled, corrected by ECC, and checked

by EDC.
NAND flash memory e Direct-connected memory interface with NAND-type flash memory
controller e Read/write in sectors

e Two types of transfer modes: Command access mode and sector
access mode (512-byte data + 16-byte management code)

e Interrupt request and DMA transfer request
e Supports flash memory requiring 5-byte addresses (2 Gbits and more)

USB 2.0 host/function e Conforms to the Universal Serial Bus Specification Revision 2.0

module e 480-Mbps, 12-Mbps, and 1.5-Mbps transfer rates provided (host
mode)

e 480-Mbps and 12-Mbps transfer rates provided (function mode)
¢ On-chip 8-Kbyte RAM as communication buffers

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016
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Section 1 Overview

Iltems Specification
Video display e Video input
controller 3

Input format: BT601, BT656 (NTSC/PAL)

Video recording

Can be saved in RGB565 format, at 1/2 field rate.
Video processing

Video scaling: 1/2, 1/3, 1/4

Horizontal scaling: 1/2, 1/3, 2/3, 1/4 (Each scaling value can be
multiplied by 6/7 for PAL.)

Adjustment of contrast and brightness
Graphic image 1 and 2 (two layers)
Input format: RGB565 (16 bits), tRGB4444 (16 bits)

Overlap function

a-blending window function: Mixes input image, layer 1, and layer 2 in
a specified area according to the transmittance o (fade-
in and face-out possible).

Chromakey function: Mixes images according to the specified RGB
color and transmittance o.

Dot a function: Mixes a«RGB4444-format graphic images according to
the transmittance o.

Output image

Resolution: VGA (640 x 480), WQVGA (480 x 240), QVGA (320 x

240), QVGA (240 x 320)
Format: RGB565 (16 bits)

Sampling rate .
converter

Data format: 32-bit stereo (16 bits each to L/R), 16-bit monaural for
channel 0, and 16-bit monaural for channel 1

Input sampling rate: 8/11.025/12/16/22.05/24/32/44.1/48kHz (channel
0), 44.1kHz (channel 1)

Output sampling rate: 44.1/48 kHz (channel 0), 8/16 kHz (channel 1)

RO1UH0412EJ0300 Rev.3.00
Oct 31, 2016
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SH7266 Group, SH7267 Group

Items

Specification

SD host interface

SD memory I/O card interface (1-/4-bits SD bus)

Error check function: CRC7 (command), CRC16 (data)
Interrupt requests

— Card access interrupt

— SDIO access interrupt

— Card detect interrupt

DMA transfer requests

— SD_BUF write

— SD_BUF read

Card detect function, write protect supported

General I/O ports

SH7266: 68 1/Os, 6 inputs with open-drain outputs, and 6 inputs
SH7267: 92 I/Os, 6 inputs with open-drain outputs, and 6 inputs
Input or output can be selected for each bit

A/D converter

10-bit resolution
Six input channels
A/D conversion request by the external trigger or timer trigger

Motor control PWM
timer

Two 10-bit PWM channels, each with eight outputs

User debugging e E10A emulator support
interface ¢ JTAG-standard pin assignment
On-chip RAM e 64-Kbyte memory for high-speed operation (16 Kbytes x 4)
¢ 1.5-Mbyte large capacity memory for video display/recording and work
(128-Kbytes are used for data retention)
e 128-Kbyte memory for data retention (16 Kbytesx 2, 32 Kbytesx1, 64
Kbytesx1)
Boot modes e SH7266: Two boot modes (boot modes 0 and 1)

SH7267: Four boot modes (boot modes 0 to 3)
Boot mode 0: Booting from memory connected to CSO area

Boot mode 1: Booting from a serial flash memory (low-speed
communication)

Boot mode 2: Booting from a NAND flash memory

Boot mode 3: Booting from a serial flash memory (high-speed
communication)

Page 10 of 2104
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ltems Specification

Power supply voltage e Vcc:1.15t01.35V
e PVcc:3.0t03.6V

Packages SH7266

e 144-pin QFP, 20-mm square, 0.5-mm pitch
JEITA package code: P-LQFP144-20 x 20-0.50
Renesas code: PLQP0144KA-A

SH7267

e 176-pin QFP, 24-mm square, 0.5-mm pitch
JEITA package code: P-LQFP176-24 x 24-0.50
Renesas code: PLQP0176KB-A

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS
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SH7266 Group, SH7267 Group

1.2 Product Lineup
Table 1.2  Product Lineup
Controller ]
Product Product  Area Operating Suitable
Classification Code Network Temperature Package New application substitute
SH7266 R5S72660 Included Regular 144-pin Recommended —
Group W144FP specifications QFP
R5S72661 Included (20 0 +85°C) Not R5S572660W
W144FP Recommended  144FP
R5S72660 Notincluded Wide-range Not R5S72661P
P144FP specifications Recommended  144FP
R5572661 Included (4010 +85°C) Recommended _
P144FP
SH7267 R5S72670 Included Regular 176-pin Recommended —
Group W144FP specifications QFP
R5S72671 Included (-2010 +85°C) Not R5S72670W
W144FP Recommended  144FP
R5S72670 Not included Wide-range Not R5S72671P
P144FP specifications Recommended  144FP
R5S72671 Included (-40 10 +85°C) Recommended —
P144FP

Page 12 of 2104
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Section 1 Overview

1.3 Block Diagram
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Pin Assignment
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15 Pin Functions

Table 1.3  Pin Functions

Classification

Symbol /O Name

Function

Power supply

Vce |

Power supply

Power supply pins. All the Vcc pins
must be connected to the system
power supply. This LS| does not
operate correctly if there is a pin left
open.

Vss I Ground Ground pins. All the Vss pins must be
connected to the system power
supply (0 V). This LSI does not
operate correctly if there is a pin left
open.

PVcc I Power supply for Power supply for I/O pins. All the

1/O circuits PVcc pins must be connected to the
system power supply. This LSI does
not operate correctly if there is a pin
left open.

PLLVcc | Power supply for Power supply for the on-chip PLL

PLL oscillator.

PLLVss I Ground for PLL Ground pin for the on-chip PLL
oscillator.

Clock EXTAL | External clock Connected to a crystal resonator. An
external clock signal may also be
input to the EXTAL pin.

XTAL O Crystal Connected to a crystal resonator.

CKIO O Systemclock I/O  Supplies the system clock to external
devices.

AUDIO_CLK | External clock for Input pin of external clock for audio. A

audio clock input to the divider is selected
from an oscillation clock input on this
pin or pins AUDIO_X1 and
AUDIO_X2.

AUDIO_X1 I Crystal resonator/ Pins connected to a crystal resonator

AUDIO X2 external clock for for audio. An external clock can be

UDIO_. © audio input on pin AUDIO_X1. A clock input
to the divider is selected from an
oscillation clock input on these pins or
the AUDIO_CLK pin.

Clock AUDIO_XOUT O AUDIO_X1 clock Output for the on-chip crystal

I/0

oscillator on AUDIO_X1 or the
external clock signal.
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Section 1 Overview

Classification

Symbol

/0 Name

Function

Operating mode
control

MD_BOOT1
MD_BOOTO

Mode set

Sets the operating mode. Do not
change the signal levels on these pins
while the RES pin is asserted or until
the mode is fixed, after the negation.

Only MD_BOOQOTO can be used in the
SH7266 Group.

MD_CLK

Clock mode set

This pin sets the clock operating
mode. Do not change the signal level
on this pin while the RES pin is
asserted or until the mode is fixed,
after the negation.

ASE mode

If a low level is input at the ASEMD
pin while the RES pin is asserted,
ASE mode is entered; if a high level is
input, product chip mode is entered.

In ASE mode, the E10A-USB
emulator function is enabled. When
this function is not in use, fix it high.

System control

Power-on reset

This LSI enters the power-on reset
state when this signal goes low.

Watchdog timer
overflow

Outputs an overflow signal from the
watchdog timer.

Bus-mastership
request

A low level is input to this pin when an
external device requests the release
of the bus mastership.

Bus-mastership
request
acknowledge

Indicates that the bus mastership has
been released to an external device.
Reception of the BACK signal informs
the device which has output the
BREQ signal that it has acquired the
bus.

RO1UH0412EJ0300 Rev.3.00
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Classification Symbol /O Name Function
Interrupts NMI I Non-maskable Non-maskable interrupt request pin.
interrupt Fix it high when not in use.
IRQ7t0 IRQO0 | Interrupt requests Maskable interrupt request pins.

7t00

Level-input or edge-input detection
can be selected. When the edge-input
detection is selected, the rising edge,
falling edge, or both edges can also
be selected.

PINT7 to PINTO

Interrupt requests
7t00

Maskable interrupt request pins.

Only level-input detection can be
selected.

Address bus A25 to A0 O Address bus Outputs addresses.

Data bus D15 to DO I/O Data bus Bidirectional data bus.

Bus control CS6 to CSO O Chipselect 6to 0 Chip-select signals for external
memory or devices.

RD O Read Indicates that data is read from an
external device.

RD/WR O Read/write Read/write signal.

BS O Bus start Bus-cycle start signal.

AH O Address hold Address hold timing signal for the
device that uses the address/data-
multiplexed bus.

WAIT I Wait Inserts a wait cycle into the bus cycles
during access to the external space.

WEOQO O Byte select Indicates a write access to bits 7 to 0
of data of external memory or device.

WEH1 O Byte select Indicates a write access to bits 15 to 8
of data of external memory or device.

DQML O Byte select Selects bits D7 to DO when SDRAM is
connected.

DQMU O Byte select Selects bits D15 to D8 when SDRAM

is connected.
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Classification Symbol I/O Name Function
Bus control RAS O RAS Connected to the RAS pin when
SDRAM is connected.
CAS O CAS Connected to the CAS pin when
SDRAM is connected.
CKE O CKenable Connected to the CKE pin when
SDRAM is connected.
CE1A, CE1B O Lower byte select Connected to PCMCIA card select
for PCMCIA card signals D7 to DO.
CE2A, CE2B O Upper byte select Connected to PCMCIA card select
for PCMCIA card signals D15 to D8.
ICIOWR O Write strobe for ~ Connected to the PCMCIA 1/O write
PCMCIA strobe signal.
ICIORD O Read strobe for  Connected to the PCMCIA 1/O read
PCMCIA strobe signal.
WE O Write strobe for ~ Connected to the PCMCIA memory
PCMCIA memory write strobe signal.
10IS16 I PCMCIA dynamic Indicates 16-bit I/O of the PCMCIA.
bus sizing
Direct memory DREQO | DMA-transfer Input pin to receive external requests
access controller request for DMA transfer.
DACKO O DMA-transfer Output pin for signals indicating
request accept acceptance of external requests from
external devices.
TENDO O DMA-transfer end Output pin for DMA transfer end.
output
Multi-function TCLKA, I Timer clock input External clock input pins for the timer.
timer pulse unit2 TCLKB,
TCLKC,
TCLKD
TIOCOA, I/O Input capture/ The TGRA_0 to TGRD_O input
TIOCOB, output compare  capture input/output compare
TIOCOC, (channel 0) output/PWM output pins.
TIOCOD
TIOC1A, I/O Input capture/ The TGRA_1 and TGRB_1 input
TIOC1B output compare  capture input/output compare
(channel 1) output/PWM output pins.
TIOC2A, I/0 Input capture/ The TGRA_2 and TGRB_2 input
TIOC2B output compare  capture input/output compare

(channel 2)

output/PWM output pins.
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Classification Symbol /O Name Function
Multi-function TIOC3A, I/O Input capture/ The TGRA_3 to TGRD_3 input
timer pulse unit2 TIOCS3B, output compare  capture input/output compare
TIOC3C, (channel 3) output/PWM output pins.
TIOC3D
TIOC4A, I/O Input capture/ The TGRA_4 to TGRD_4 input
TIOC4B, output compare  capture input/output compare
TIOC4C, (channel 4) output/PWM output pins.
TIOC4D
Realtime clock RTC_X1 I Crystal resonator Connected to 32.768-kHz crystal
RTC_X2 0 for realtime clock/ resonator.
external clock The RTC_X1 pin can also be used to
input an external clock.
Serial TxD7to TxDO O Transmit data Data output pins.
communication Only TxD4 to TxDO can be used in the
interface with SH7266 Group.
FIFO
RxD7to RxDO | Receive data Data input pins.
Only RxD4 to RxDO can be used in
the SH7266 Group.
SCK4, I/O Serial clock Clock input/output pins.
SCK2 to SCKO
RTSH1 O Transmit request Modem control pin.
CTSH1 I Transmit enable = Modem control pin.
Renesas serial MOSI1, MOSIO /O Data Data I/O pin.
peripheral Only MOSIO can be used in the
interface SH7266 Group.
MISO1, MISOO I/O Data Data /O pin.
Only MISOO can be used in the
SH7266 Group.
RSPCK1, I/0 Clock Clock 1/0 pin.
RSPCKO Only RSPCKO can be used in the
SH7266 Group.
SSL10, SSLOO I/O Slave select Slave select 1/O pin.
Only SSL0OO can be used in the
SH7266 Group.
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Classification Symbol /O Name Function
Renesas quad QMO/QIO0 I/O Data Data I/O pin.
serial peripheral Q01 VO Data Data I/O pin.
interface
Qlo2 I/O Data Data I/O pin.
QIO3 I/O Data Data I/O pin.
QSPCLK O Clock Clock output pin.
QSSL O Slave select Slave select output pin.
I°C bus SCL2to SCLO I/O Serial clock pin Serial clock I/0 pin.
interface 3 SDA2 to SDAO /O Serial data pin Serial data I/O pin.
Serial sound SSITxDO O Data output Serial data output pin.
interface SSIRxDO | Data input Serial data input pin.
SSIDATAS to I/O Data I/O Serial data I/O pin.
SSIDATAT1
SSISCKS to I/0O SSI clock 1/0 I/O pins for serial clocks.
SSISCKO
SSIWSS to I/0 SSlclock LR /0 I/O pins for word selection.
SSIWS0
Serial /0O with SIOFTxD O Data output Data output pin.
FIFO SIOFRxD | Data input Data input pin.
SIOFSCK I/0 1/O clock Clock 1/0 pin.
SIOFSYNC I/0 1/O chip select I/0 pin for chip selection.
Controller area CTx0, CTx1 O CAN bus transmit Output pin for transmit data on the
network data CAN bus.
CRx0, CRx1 I CAN bus receive Output pin for receive data on the
data CAN bus.
IEBus™ controller IETxD O IEBus controller  Output pin for transmit data on IEBus
transmit data controller.
IERXD | IEBus controller  Input pin for receive data on IEBus
receive data controller.
Renesas SPDIF  SPDIF_OUT O Output data Transmit data output pin.
interface SPDIF_IN | Input data Receive data input pin.
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Classification Symbol I/O Name Function
NAND flash FALE O Flash memory Asserted for address output and
memory controller address latch negated for data I/O.
enable Negated at data input/output.
FRE O Flash memory Reads data at falling edge.
read enable
FCE O Flash memory Enables the flash memory connected
chip enable to this LSI.
FCLE O Flash memory Asserted at command output.
command latch
enable
FRB I Flash memory High level indicates ready state and
ready/busy low level indicates busy state.
FWE O Flash memory Flash memory latches commands,
write enable addresses, and data at rising edge.
NAF7 to NAFO I/O Flash memory Data I/O pins.
data
USB 2.0 DP I/lO USB 2.0 D+ data pin for USB 2.0 host/function
host/function host/function module bus.
module module D+ data
DM /0 USB 2.0 D- data pin for USB 2.0 host/function
host/function module bus.
module D—- data
VBUS I VBUS input Connected to Vbus on USB 2.0
host/function module bus.
REFRIN I Reference input  Connected to USBAPVss via
5.6-kQ + 1% resistance.
USB_X1 I Crystal resonator/ Connected to a crystal resonator for
USB X2 o) external clock for USB 2.0 host/function module. An
- USB 2.0 external clock signal may also be
host/function input to the USB_X1 pin.
module
USBAPVcc I Power supply for Power supply for pins.
transceiver analog
pins
USBAPVss I Ground for Ground for pins.
transceiver analog
pins
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Classification Symbol I/O Name Function
USB 2.0 USBDPVcc I Power supply for Power supply for pins.
host/function transceiver digital
module pins
USBDPVss I Ground for Ground for pins.
transceiver digital
pins
USBAVcc I Power supply for Power supply for core.
transceiver analog
core
USBAVss I Ground for Ground for core.
transceiver analog
core
USBDVcc I Power supply for Power supply for core.
transceiver digital
core
USBDVss I Ground for Ground for core.
transceiver digital
core
USBUVcc | 480-MHz power  Power supply for 480-MHz sections
supply for USB
2.0 host/function
module
USBUVss | 480-MHz ground Ground for 480-MHz sections
for USB 2.0
host/function
module
Video display LCD_DATA15 O Output data Data output pin for panel.
controller 3 to LCD_DATAO
LCD_DE O Data enable Data enable output pin for panel.
LCD_VSYNC O VSYNC output VSYNC output pin for panel.
LCD_HSYNC O HSYNC output HSYNC output pin for panel.
LCD_CLK O Panel clock Panel clock output pin.
LCD_EXTCLK | Panel clock Panel clock source input pin.
source
LCD_M_DISP O LCD current LCD current alternating signal pin.
alternation
DV_DATA7to | Inputdata Data input pin for BT.601 and BT.656.
DV_DATAO
DV_VSYNC I VSYNC input VSYNC input pin.
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Classification Symbol /O Name Function
Video display DV_HSYNC I HSYNC input HSYNC input pin.
controller 3 DV_CLK | Input clock Clock input signal pin for BT.601 and
BT.656.
SD host interface  SD_CLK O SD clock Output pin for SD clock.
SD_CMD /0 SD command SD command output and response
input signal.
SD_D3to I/O SD data SD data bus signal.
SD_DO
SD_CD | SD card detection SD card detection.
SD_wWp | SD write SD write protection signal.
protection
A/D converter AN5 to ANO | Analog input pins Analog input pins.
ADTRG I A/D conversion External trigger input pin for starting
trigger input A/D conversion.
AVcc I Analog power Power supply pin for A/D converter.
supply
AVss I Analog ground Ground pin for A/D converter.
AVref I Analog reference Reference voltage pin for A/D
voltage converter.
General I/O ports PA2 to PAO, I/O General port 68 general I/O port pins in the
PB22 to PB1, SH7266 Group.
PC8 to PCO, 92 general 1/O port pins in the
:;81125 to EEO’ SH7267 Group.
PG 4tt% PGO(’) Only PA1, PAO, PB22 to PB1, PC8 to
PJ3 to PJO ’ PCO, PD15 to PDO, PF12 to PFO,
PG19, PG18, and PJ3 to PJO can be
used in the SH7266 Group.
PE5 to PEO I/O General port 6 input port pins with open-drain
output.
PH5 to PHO I General port 6 general input port pins.
Motor control PWM1H to O Timer output PWM output pins.
PWM timer PWM1A,
PWM2H to
PWM2A
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Classification Symbol /O Name Function

User debugging TCK I Test clock Test-clock input pin.

interface TMS I Test mode select Test-mode select signal input pin.
TDI | Test data input Serial input pin for instructions and
data.
TDO O Testdata output Serial output pin for instructions and
data.
TRST Test reset Initialization-signal input pin.
Emulator interface AUDATAGS to Data Branch source or destination address
AUDATAO output pins.
AUDCK Clock Sync-clock output pin.
AUDSYNC Sync signal Data start-position acknowledge-
signal output pin.
Emulator interface ASEBRKAK Break mode Indicates that the E10A-USB emulator
acknowledge has entered its break mode.
ASEBRK Break request E10A-USB emulator break input pin.
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1.6 List of Pins
Table 1.4  List of Pins

Function 1 Function 2 Function 3 Function 4
SH7266 SH7267
Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110
1 1 PVcc
2 2 PG18 I(s)/O LCD_DE o TIOC2A I(s)/O RxD3 I(s)
3 3 Vss
4 4 PB1 I(s)/O Al o — — LCD_HSYNC o
5 5 Vce
6 6 PB2 I(s)/O A2 o — — LCD_VSYNC o
7 7 PB3 I(s)/O A3 o — — LCD_DATA15 O
8 8 PB4 I(s)/O A4 o TIOCOA I(s)/O LCD_DATA14 O
— 9 PG9 I(s)/O LCD_DATA9 O SSIRxDO I(s) — —
— 10 PVcc
— 11 PG8 I(s)/O LCD_DATA8 O SSITxDO o — —
— 12 Vss
9 13 PB5 I(s)/O A5 o TIOCOB I(s)/O LCD_DATA13 O
10 14 PB6 I(s)/O A6 o TIOCOC I(s)/O LCD_DATA12 o
11 15 PB7 I(s)/O A7 o TIOCOD I(s)/O LCD_DATA11 o

Function 5 Function 6 Function 7 Function 8

SH7266 SH7267
Pin No. Pin No. Symbol 110 Symbol 110 Symbol /O Symbol 110 Figure 1.3
1 1
2 2 RTST I(s)/O — — — — — — (7)
3 3
4 4 — — — — — — — — (7)
5 5
6 6 — — — — — — — — (7)
7 7 — — — — — — — — @
8 8 — — — — — — — — (7)
— 9 TxD4 o SIOFSYNC [(s)/O — — — — (7)
— 10
— 11 RxD4 I(s) SIOFSCK  I(s)/O — — — — (7)
— 12
9 13 — — — — — — — — (7)
10 14 — — — — — — — — 7)
11 15 — — — — — — — — @)
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SH7266 SH7267 Function 1 Function 2 Function 3 Function 4

Pin No. Pin No. Symbol /10 Symbol 110 Symbol 110 Symbol 110

12 16 PB8 I(s)/O A8 o TIOC1A I(s)/O LCD_DATA10 O

13 17 PVcc

14 18 PB9 I(s)/O A9 o TIOC1B 1(s)/O LCD_DATA9 O

15 19 Vss

16 20 PB10 I(s)/O A10 o TIOC2A I(s)/O LCD_DATA8 O

17 21 Vce

18 22 PB11 I(s)/O A1 o TIOC2B I(s)/O LCD_DATA7 O

19 23 PB12 I(s)/O Al12 o TIOC3A I(s)/O LCD_DATA6 O

20 24 PB13 I(s)/O A13 o TIOC3B 1(s)/O LCD_DATA5 O

21 25 PB14 I(s)/O Al4 o TIOC3C I(s)/O LCD_DATA4 O

22 26 PB15 I(s)/O A15 o TIOC3D I(s)/O LCD_DATA3 O

— 27 PG7 I(s)/O LCD_DATA7 O SD_CD I(s) PINT7 I(s)

— 28 PG6 I(s)/O LCD_DATA6 O SD_WP I(s) PINT6 I(s)

23 29 PVce

— 30 PG5 I(s)/O LCD_DATA5 O SD_D1 I(s)/O PINT5 I(s)

24 31 Vss

— 32 PG4 I(s)/O LCD_DATA4 O SD_Do I(s)/O PINT4 I(s)
Function 5 Function 6 Function 7 Function 8

SH7266 SH7267

Pin No. Pin No. Symbol /10 Symbol 110 Symbol 1/0 Symbol  1/O Figure 1.3

12 16 — — — — — — — — 7)

13 17

14 18 — — — — — — — — (7)

15 19

16 20 — — — — — — — — (7)

17 21

18 22 — — — — — — — — (7)

19 23 — — — — — — — — 7)

20 24 — — — — — — — — (7)

21 25 — — — — — — — — 7)

22 26 — — — — — — — — (7)

— 27 IRQ7 I(s) — — — — — — (7)

— 28 IRQ6 I(s) — — — — — — (7)

23 29

— 30 IRQ5 I(s) — — — — — — 7)

24 31

— 32 IRQ4 I(s) — — — — — — 7)
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SH7266 SH7267 Function 1 Function 2 Function 3 Function 4

Pin No. Pin No. Symbol /10 Symbol 110 Symbol 110 Symbol 110

25 33 Vce

26 34 PB16 I(s)/O A16 o TIOC4A I(s)/O LCD_DATA2 O

27 35 PB17 I(s)/O A17 (e} TIOC4B I(s)/O LCD_DATA1 O

28 36 PB18 I(s)/O A18 o TIOC4C I(s)/O LCD_DATAO O

29 37 PB19 I(s)/O A19 o TIOC4D I(s)/O — —

30 38 PB20 I(s)/O A20 o SPDIF_IN I(s) — —

31 39 PB21 I(s)/O A21 o SPDIF_OUT O — —

32 40 PVce

33 41 CKIO o — — — — — —

34 42 Vss

35 43 PB22 I(s)/O A22 o CS4 o — —

36 44 NMI I(s)

37 45 PLLVcc

38 46 RES I(s)

39 47 PLLVss

40 48 PAO I(s)/O MD_CLK I(s) — — — —

41 49 PA1 I(s)/O MD_BOOTO  [(s) — — — —
Function 5 Function 6 Function 7 Function 8

SH7266 SH7267

Pin No. Pin No. Symbol 110 Symbol 110 Symbol 1/0 Symbol  1/O Figure 1.3

25 33

26 34 — — — — — — — — 7)

27 35 SCK1 I(s)/O — — — — — — (7)

28 36 TxD1 0} — — — — — — (7)

29 37 RxD1 I(s) — — — — — — (7)

30 38 SCK4 I(s)/O — — — — — — (7)

31 39 TxD4 0} — — — — — — (7)

32 40

33 41 — — — — — — — — (5)

34 42

35 43 RxD4 I(s) — — — — — — (7)

36 44 (1)

37 45

38 46 (1)

39 47

40 48 — — — — — — — — (7)

41 49 — — — — — — — — (7)
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SH7266 SH7267 Function 1 Function 2 Function 3 Function 4
Pin No. Pin No. Symbol 110 Symbol 110 Symbol /10 Symbol /0
42 50 EXTAL |

43 51 XTAL (o}

— 52 PG3 I(s)/O LCD_DATA3 O SD_CLK o PINT3 I(s)
— 53 PG2 I(s)/O LCD_DATA2 O SD_CMD I(s)/O PINT2 I(s)
— 54 PG1 I(s)/O LCD_DATA1 O SD_D3 I(s)/O PINT1 I(s)
— 55 PGO I(s)/O LCD_DATAO O SD_D2 I(s)/O PINTO I(s)
44 56 Vss

45 57 PVce

— 58 PG20 I(s)/O LCD_EXTCLK I(s) — — — —
46 59 Vss

— 60 RTC_X1 | — — — — — —
— 61 RTC_X2 o — — — — — —
— 62 PA2 I(s)/O MD_BOOT1  [(s) — — — —
47 63 USB_X1 | — — — — — —
48 64 USB_X2 o — — — — — —
49 65 ASEMD I(s) — — — — — —
50 66 USBDPVce

SH7266 SH7267 Function 5 Function 6 Function 7 Function 8

Pin No. Pin No. Symbol 110 Symbol 110 Symbol /10 Symbol 110 Figure 1.3
42 50 (10)
43 51

— 52 — — — — — — — — (7)
— 53 — — — — — — — — (7)
— 54 — — — — — — — — (7)
— 55 — — — — — — — — (7)
44 56

45 57

— 58 SCK1 I(s)/O — — — — — — (7)
46 59

— 60 — — — — — — — — (11)
— 61 — _ — _ _ _ _ —

— 62 — — — — — — — — (7)
47 63 — — — — — — — — (10)
48 64 — — — — — — — —

49 65 — — — — — — — — (1)
50 66
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SH7266 SH7267 Function 1 Function 2 Function 3 Function 4
Pin No. Pin No. Symbol /10 Symbol 110 Symbol 110 Symbol /10
51 67 USBDPVss

52 68 DM 110 — — — — — _
53 69 DP 1/0 — — — — — _
54 70 VBUS | — — — — — _
55 71 USBDVce

56 72 USBDVss

57 73 REFRIN | — — — — — —
58 74 USBAPVss

59 75 USBAPVce

60 76 USBAVcc

61 77 USBAVss

62 78 USBUVcce

63 79 USBUVss

64 80 PHO I(s) ANO I(a) — — — —
65 81 PH1 I(s) AN1 I(a) — — — —
66 82 PH2 I(s) AN2 I(a) — — — —
67 83 PH3 I(s) AN3 I(a) — — _ _
SH7266 SH7267 Function 5 Function 6 Function 7 Function 8

Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110 Figure 1.3
51 67

52 68 — — — — — — — _

53 69 — — — — — — _ _

54 70 — — — — — — _ _

55 71

56 72

57 73 — — — — — — — —

58 74

59 75

60 76

61 77

62 78

63 79

64 80 — — — — — — — _ (@)
65 81 — — — — — — — — (4)
66 82 — — — — — — — — (4)
67 83 — — — — — — — _ ()
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Function 1 Function 2 Function 3 Function 4
SH7266 SH7267
Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110
68 84 AVss
69 85 PH4 I(s) AN4 I(a) — — — —
70 86 AVref
71 87 PH5 I(s) AN5 I(a) — — — —
72 88 AVce
73 89 TRST I(s) — — — — — —
74 90 ASEBRKAK/  I(s)/O — — — — — —
ASEBRK
75 91 TDO o — — — — — —
76 92 TDI | — — — — — —
77 93 TMS | — — — — — —
78 94 TCK | — — — — — —
79 95 AUDIO_X2 o — — — — — —
80 96 AUDIO_X1 | — — — — — —
— 97 PG24 I(s)/O MISO1 I(s)/O TIOCOD I(s)/O — —
81 98 PVce
— 99 PG23 I(s)/O MOSIH I(s)/O TIOCOC I(s)/O — —
82 100 Vss
Function 5 Function 6 Function 7 Function 8
SH7266 SH7267
Pin No. Pin No. Symbol 110 Symbol 110 Symbol 1/0 Symbol 110 Figure 1.3
68 84
69 85 — — — — — — — — (4)
70 86
71 87 — — — — — — — — (4)
72 88
73 89 — — — — — — — — (3)
74 90 — — — — — — — — (7)
75 91 — — — — — — — — (5)
76 92 — — — — — — — — (2)
77 93 — — — — — — — — @)
78 94 — — — — — — — — (2)
79 95 — — — — — — — — (10)
80 96 — — — — — — — —
— 97 — — — — — — — — (7)
81 98
— 99 — — — — — — — — (7)
82 100
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SH7266 SH7267 Function 1 Function 2 Function 3 Function 4
Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110
— 101 PG22 I(s)/O SSL10 I(s)/O TIOCOB 1(s)/O — —
83 102 Vce

— 103 PG21 I(s)/O RSPCK1 I(s)/O TIOCOA I(s)/O — —
84 104 PJ3 I(s)/O CRx1 I(s) CRx0/CRx1 I(s) IRQ1 I(s)
85 105 PJ2 I(s)/O CTx1 o CTx0&CTx1 O CS2 o
86 106 PJ1 I(s)/O CRx0 I(s) IERXD I(s) IRQO I(s)
87 107 PJO I(s)/O CTx0 o IETXD o CST o
88 108 PF8 I(s)/O CE2B o SSIDATA2  [(s)/O DV_CLK I(s)
89 109 PF7 I(s)/O CE2A o SSIWS2 I(s)/O DV_DATA7  [(s)
90 110 PVcc

91 111 PF6 I(s)/O CS6/CETB O SSISCK2 I(s)/O DV_DATA6  [(s)
92 112 Vss

93 113 PF5 I(s)/O CS5/CETA O SSIDATA1  [(s)/O DV_DATA5  [(s)
94 114 Vce

95 115 PF4 I(s)/O ICIOWR/AH O SSIWS1 I(s)/O DV_DATA4  [(s)
96 116 PF3 I(s)/O ICIORD o SSISCK1 I(s)/O DV_DATA3  [(s)
97 117 PF2 I(s)/O BACK o — — DV_DATA2  I(s)
SH7266 SHT267 Function 5 Function 6 Function 7 Function 8

Pin No. Pin No. Symbol 110 Symbol 110 Symbol /O Symbol 110 Figure 1.3
— 101 — — — — — — — — @)
83 102

— 103 — — — — — — — — (7)
84 104 AUDIO_XOUT O WDTOVF o — — — — (7)

85 105 SCKO I(s)/O LCD_M_DISP O — — — — (7)
86 106 RxDO I(s) — — — — — — (7)
87 107 TxDO o A0 o — — — — @)
88 108 — — — — SD_CD IKs) — — (7)
89 109 TCLKD I(s) — — SD_WP  I(s) — — (7)
90 110

91 111 TCLKB I(s) — — SD_D1  [(s)/O — — (7)

92 112

93 113 TCLKC I(s) — — SD_DO  [(s)/O AUDATA3 O (7)
94 114

95 115 TxD3 (0] — — SD_CLK O AUDATA2 O (7)
96 116 RxD3 I(s) — — SD_CMD I(s)/O AUDATA1 O (7)
97 117 TxD2 o DACKO o SD_D3  I(s)/O AUDATAO O (7)
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Section 1 Overview

SH7266 SHT267 Function 1 Function 2 Function 3 Function 4

Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110
98 118 PF1 I(s)/O BREQ I(s) — — DV_DATA1 I(s)
99 119 PFO I(s)/O WAIT I(s) — — DV_DATAO I(s)
— 120 PVce

— 121 PG17 I(s)/O LCD_HSYNC O TIOC1B I(s)/O — —
— 122 Vss

— 123 PG16 I(s)/O LCD_VSYNC O TIOC1A I(s)/O — —
100 124 PF12 I(s)/O BS o — — MISO0 I(s)/O
101 125 PF11 I(s)/O A25 o SSIDATA3  I(s)/O MOSIo I(s)/O
102 126 PVce

103 127 PF10 I(s)/O A24 o SSIWS3 I(s)/O SSL00 I(s)/O
104 128 Vss

105 129 PF9 I(s)/O A23 o SSISCK3 I(s)/O RSPCKO I(s)/O
106 130 Vce

107 131 PD15 I/0 D15 1/0 NAF7 110 PWM2H (0]
108 132 PD14 1/0 D14 I/0 NAF6 I/0 PWM2G o
109 133 PE5 I(s)/O(o) SDA2 I(s)/O(o) — — DV_HSYNC  [(s)
110 134 PE4 I(s)/O(0) SCL2 I(s)/O(0) — — DV_VSYNC  [(s)
SH7266 SH7267 Function 5 Function 6 Function 7 Function 8

Pin No. Pin No. Symbol 110 Symbol 110 Symbol /O Symbol 110 Figure 1.3
98 118 RxD2 I(s) DREQO I(s) SD_D2 I(s))O  AUDSYNC O 7)

99 119 SCK2 I(s)/O TENDO (0} — — AUDCK o (7)

— 120

— 121 TxD1 o — — — — — — (7)

— 122

— 123 RxD1 I(s) — — — — — — (7)

100 124 TIOC3D I(s)/O SPDIF_OUT O QMI/QIO1 I(s)/O — — (7)

101 125 TIOC3C I(s)/O SPDIF_IN  I(s) QMI/QIOO I(s)/O — — (7)

102 126

103 127 TIOC3B I(s)/O FCE (0] QSSsL (0] — — (7)

104 128

105 129 TIOC3A I(s)/O FRB I(s) QSPCLK O — — (7)

106 130

107 131 QIO3 I(s)/O — — — — — — (8)

108 132 Qlo2 I(s)/O — — — — — — (8)

109 133 — — — — — — — — 9)

110 134 — — — — — — — — 9)
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SH7266 SH7267 Function 1 Function 2 Function 3 Function 4
Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol /10
111 135 PE3 I(s)/O(o) SDAT1 I(s)/O(0) — — IRQ3 I(s)
112 136 PE2 I(s)/O(0) SCL1 I(s)/O(0) — — IRQ2 I(s)
113 137 PE1 I(s)/O(0) SDAO I(s)/O(0)  TOIS16 I(s) IRQ1 I(s)
114 138 PEO I(s)/O(0) SCLO I(s)/O(0)  AUDIO_CLK I(s) IRQO I(s)
115 139 PD13 110 D13 110 NAF5 /0 PWM2F o
116 140 PD12 I/0 D12 110 NAF4 110 PWM2E o
117 141 PVce
118 142 PD11 I/0 D11 110 NAF3 110 PWM2D o
119 143 Vss
120 144 PD10 I/0 D10 110 NAF2 /0 PWM2C o
121 145 PD9 I/0 D9 110 NAF1 110 PWM2B o
122 146 PD8 I/0 D8 110 NAFO 110 PWM2A o
123 147 PD7 /0 D7 /0 FWE o PWM1H o
124 148 PD6 I/0 D6 110 FALE (o} PWM1G o
125 149 PD5 /0 D5 110 FCLE o PWM1F o
— 150 PG15 I(s)/O LCD_DATA15 O TIOCOD I(s)/O — —
— 151 PG14 I(s)/O LCD_DATA14 O TIOCOC I(s)/O — —
Function 5 Function 6 Function 7 Function 8
SH7266 SH7267 Figure
Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110 1.3
111 135 — — — — — — — — 9)
112 136 — — — — — — — — (9)
113 137 TCLKA I(s) ADTRG I(s) LCD_EXTCLK I(s) — — 9)
114 138 — — — — — — — — 9)
115 139 — — — — — — — — (6)
116 140 — — — — — — — — (6)
117 141
118 142 — — — — — — — — (6)
119 143
120 144 — — — — — — — — (6)
121 145 — — — — — — — — (6)
122 146 — — — — — — — — (6)
123 147 — — — — — — — — (6)
124 148 — — — — — — — — (6)
125 149 — — — — — — — — (6)
— 150 TxD7 (0] — — — — — — (7)
— 151 RxD7 I(s) — — — — — — (7)

Page 34 of 2104 RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016



SH7266 Group, SH7267 Group Section 1 Overview

SH7266 SH7267 Function 1 Function 2 Function 3 Function 4

Pin No. Pin No. Symbol 110 Symbol 110 Symbol /10 Symbol 110
126 152 PVce

127 153 Vss

— 154 PG13 I(s)/O LCD_DATA13 O TIOCOB I(s)/O — —
— 155 PG12 I(s)/O LCD_DATA12 O TIOCOA I(s)/O — —
128 156 PD4 110 D4 I/0 FRE (0] PWM1E 0}
129 157 PD3 110 D3 I/0 — — PWM1D (0]
130 158 PD2 110 D2 I/0 — — PWM1C (0]
131 159 PD1 110 D1 I/0 — — PWM1B (0}
132 160 PDO /0 DO I/0 — — PWM1A 0}
133 161 PCO I(s)/O CSo o SSIWS0 I(s)/O — —
134 162 PVce

135 163 PC1 1(s)/O RD o SSISCKO I(s)/O — —
136 164 Vss

137 165 PC2 I(s))O  RD/WR 0 SSIRxDO I(s) — —
138 166 PC3 I(s)/O WEO/DQML o SSITxDO o — —
139 167 PC4 Is))O  WE1/DQMU/WE O — — — —
140 168 PC5 I(s)/O RAS o TIOC4A I(s)/O IRQ4 I(s)
SH7266 SH7267 Function 5 Function 6 Function 7 Function 8

Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110 Figure 1.3
126 152

127 153

— 154 TxD6 (0] — — — — — — (7)
— 155 RxD6 I(s) — — — — — — (7)
128 156 — — — — — — — — (6)
129 157 — — — — — — — — (6)
130 158 — — — — — — — — (6)
131 159 — — — — — — — — (6)
132 160 — — — — — — — — (6)
133 161 — — — — — — — — (7)
134 162

135 163 — — — — — — — — (7)
136 164

137 165 — — — — — — — — (7)
138 166 — — — — — — — — (7)
139 167 — — — — — — — — (7)
140 168 — — — — — — — — (7)
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Function 1 Function 2 Function 3 Function 4
SH7266 SH7267
Pin No. Pin No. Symbol 110 Symbol 110 Symbol lfe} Symbol 110
— 169 PG11 1(s)/O LCD_DATA11 O SSIWS0 I(s)/O IRQ3 I(s)
— 170 PVce
— 171 PG10 I(s)/O LCD_DATA10 O SSISCKO I(s)/O IRQ2 I(s)
— 172 Vss
141 173 PC6 I(s)/O CAS o TIOC4B I(s)/O IRQ5 I(s)
142 174 PC7 I(s)/O CKE o TIOC4C I(s)/O IRQ6 I(s)
143 175 PC8 I(s)/O CS3 o TIOC4D I(s)/O IRQ7 I(s)
144 176 PG19 I(s LCD_CLK (o} TIOC2B I(s)/O TxD3 o
SH7266 SHT267 Function 5 Function 6 Function 7 Function 8
Pin No. Pin No. Symbol 110 Symbol 110 Symbol /O Symbol I/O Figure 1.3
— 169 TxD5 (e} SIOFTxD O — — — — (7)
— 170
— 171 RxD5 I(s) SIOFRxD  I(s) — — — — (7)
— 172
141 173 — — — — — — — %)
142 174 — — — — — — — @
143 175 — — — — — — — (7)
144 176 CTS1 I(s)/O — — — — — (7)
[Legend]
(s): Schmitt
(a): Analog

(0): Open drain

Page 36 of 2104

RENESAS

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016



SH7266 Group, SH7267 Group Section 1 Overview

PAD

—b— Schmitt input data

Figure 1.3 (1) Simplified Circuit Diagram (Schmitt Input Buffer)

PAD

ETTL input data
TTL input enable

Figure 1.3 (2) Simplified Circuit Diagram (TTL AND Input Buffer)

PAD

Schmitt input data
Schmitt input enable

Figure 1.3 (3) Simplified Circuit Diagram (Schmitt AND Input Buffer)

A/D analog input data

A/D analog input enable
PAD
[ 1
| I— |

I

Schmitt input data 4@

Schmitt input enable

Figure 1.3 (4) Simplified Circuit Diagram (Schmitt OR Input and A/D Input Buffer)

Latch enable

Output enable
| ,\I PAD
Output data

Figure 1.3 (5) Simplified Circuit Diagram (Output Buffer with Enable, with Latch)
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Latch enable

QOutput enable

| PAD

Output data

TTL input data 4C
TTL input enable _|

\ /

Figure 1.3 (6) Simplified Circuit Diagram (Bidirectional Buffer,
TTL AND Input, with Latch)

Latch enable

Output enable
| \I PAD

Output data

Schmitt input data 4€
Schmitt input enable _|

Figure 1.3 (7) Simplified Circuit Diagram (Bidirectional Buffer, Schmitt AND Input,
with Latch)
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Latch enable

Output enable

| PAD

Output data

N

TTL input data

TTL input enable _|

Schmitt input data

Schmitt input enable _|

Q

Figure 1.3 (8) Simplified Circuit Diagram (Bidirectional Buffer,
TTL AND Input, Schmitt AND Input, with Latch)

PAD

Output data

Schmitt input data —QT

Schmitt input enable

Figure 1.3 (9) Simplified Circuit Diagram (Open Drain Output and
Schmitt OR Input Buffer)
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XOUT & o o {bc Input clock
(XTAL, AUDIO_X2, USB_X2)

A0k
XIN g -
(EXTAL, AUDIO_X1, USB_X1) ﬁ

Input enable

Figure 1.3 (10) Simplified Circuit Diagram (Oscillation Buffer 1)

XOuUT ° °
(RTC_X2) g :)O— input clock

XIN
(RTC_X1) g

input enable

Figure 1.3 (11) Simplified Circuit Diagram (Oscillation Buffer 2)
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Section 2 CPU

2.1 Register Configuration

The register set consists of sixteen 32-bit general registers, four 32-bit control registers, and four
32-bit system registers.

211 General Registers
Figure 2.1 shows the general registers.

The sixteen 32-bit general registers are numbered RO to R15. General registers are used for data
processing and address calculation. RO is also used as an index register. Several instructions have
RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving and
restoring the status register (SR) and program counter (PC) in exception handling is accomplished
by referencing the stack using R15.

31 0
RO"
R1

R2

R3

R4

R5
R6
R7
R8
R9
R10
R11

R12

R13

R14

R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indexed register indirect addressing mode and indexed GBR indirect
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. Ri15 functions as a hardware stack pointer (SP) during exception processing.

Figure 2.1 General Registers
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2.1.2 Control Registers

The control registers consist of four 32-bit registers: the status register (SR), the global base
register (GBR), the vector base register (VBR), and the jump table base register (TBR).

The status register indicates instruction processing states.

The global base register functions as a base address for the GBR indirect addressing mode to

transfer data to the registers of on-chip peripheral modules.

The vector base register functions as the base address of the exception handling vector area
(including interrupts).

The jump table base register functions as the base address of the function table area.

S 7| Status register (SR)

31 1413 98 76543210
|---------- BOCS---M Q _ 1[3:0] _ --

31 0
| GBR

31 0
| VBR

31 0
| TBR

| Global base register (GBR)
| Vector base register (VBR)

| Jump table base register (TBR)

Figure 2.2 Control Registers

(1) Status Register (SR)

Btt 31 30 29 28 27 26 25 24 23 22 21 2 19 18 17 16
L r-r-f-[-1-7-[]-] | | [ -1
Initialvale: 0 o0 o0 ©0 ©0 0 0 O O ©O0O 0 0 ©0 0 0 0
RW. R R R R R R R R R R R R R R R R
Bt: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ - lsofos| - [ -] -]wm[al 150 | [s ] 7]
Initialvalue: 0 0 0 0 0 0 - - 1 1 1 o o - -
RW. R RW RW R R R RW RW RW RW RW RW R R RW RW
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Bit Bit Name Initial Value R/W Description

31to15 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

14 BO 0 R/W BO Bit
Indicates that a register bank has overflowed.
13 CSs 0 R/W CS Bit

Indicates that, in CLIP instruction execution, the value
has exceeded the saturation upper-limit value or
fallen below the saturation lower-limit value.

12t0 10 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

M — R/W M Bit
Q — R/W Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.
7t04 I[3:0] 1111 R/W Interrupt Mask Level
3,2 — All O R Reserved

These bits are always read as 0. The write value
should always be O.

1 S — R/W S Bit
Specifies a saturation operation for a MAC
instruction.

0 T — R/W T Bit

True/false condition or carry/borrow bit

(2) Global Base Register (GBR)
GBR is referenced as the base address in a GBR-referencing MOV instruction.
(3) Vector Base Register (VBR)

VBR is referenced as the branch destination base address in the event of an exception or an
interrupt.

(4) Jump Table Base Register (TBR)

TBR is referenced as the start address of a function table located in memory in a
JSR/N@ @ (disp8,TBR) table-referencing subroutine call instruction.
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2.1.3 System Registers

The system registers consist of four 32-bit registers: the high and low multiply and accumulate
registers (MACH and MACL), the procedure register (PR), and the program counter (PC). MACH
and MACL store the results of multiply or multiply and accumulate operations. PR stores the
return address from a subroutine procedure. PC points four bytes ahead of the current instruction
and controls the flow of the processing.

31 0 Multiply and accumulate register high (MACH) and multiply

MACH and accumulate register low (MACL):

MACL Store the results of multiply or multiply and accumulate operations.
31 0

Procedure register (PR):

I PR | Stores the return address from a subroutine procedure.
31 0 Program counter (PC):
[ PC | Indicates the four bytes ahead of the current instruction.

Figure 2.3 System Registers

(1) Multiply and Accumulate Register High (MACH) and Multiply and Accumulate
Register Low (MACL)

MACH and MACL are used as the addition value in a MAC instruction, and store the result of a
MAC or MUL instruction.

(2) Procedure Register (PR)

PR stores the return address of a subroutine call using a BSR, BSRF, or JSR instruction, and is
referenced by a subroutine return instruction (RTS).

(3) Program Counter (PC)

PC points four bytes ahead of the instruction being executed.
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2.1.4 Register Banks

For the nineteen 32-bit registers comprising general registers RO to R14, control register GBR, and
system registers MACH, MACL, and PR, high-speed register saving and restoration can be carried
out using a register bank. The register contents are automatically saved in the bank after the CPU
accepts an interrupt that uses a register bank. Restoration from the bank is executed by issuing a
RESBANK instruction in an interrupt processing routine.

This LSI has 15 banks. For details, see the SH-2A, SH2A-FPU Software Manual and section 7.8,

Register Banks.

2.15 Initial Values of Registers

Table 2.1 lists the values of the registers after a reset.

Table 2.1 Initial Values of Registers

Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits 1[3:0] are 1111 (H'F), BO and CS are
0, reserved bits are 0, and other bits are
undefined
GBR, TBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits). If the size of memory operand is a byte (8 bits)
or a word (16 bits), it is changed into a longword by expanding the sign-part when loaded into a
register.

31 0

Longword

Figure 2.4 Data Format in Registers

2.2.2 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
8-bit bytes, 16-bit words, or 32-bit longwords. A memory operand of fewer than 32 bits is stored
in a register in sign-extended or zero-extended form.

A word operand should be accessed at a word boundary (an even address of multiple of two bytes:
address 2n), and a longword operand at a longword boundary (an even address of multiple of four
bytes: address 4n). Otherwise, an address error will occur. A byte operand can be accessed at any
address.

Only big-endian byte order can be selected for the data format.

Data formats in memory are shown in figure 2.5.

Address m + 1 Address m + 3

Address m Address m + 2

)

31 23 15 l 7 0
Byte | Byte Byte | Byte
Address 2n —» Word Word

1

Address 4n —» Longword

Big endian

Figure 2.5 Data Formats in Memory
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2.2.3 Immediate Data Format

Byte (8-bit) immediate data is located in an instruction code. Immediate data accessed by the
MOV, ADD, and CMP/EQ instructions is sign-extended and handled in registers as longword
data. Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

20-bit immediate data is located in the code of a MOVI20 or MOVI20S 32-bit transfer instruction.
The MOVI20 instruction stores immediate data in the destination register in sign-extended form.
The MOVI20S instruction shifts immediate data by eight bits in the upper direction, and stores it
in the destination register in sign-extended form.

Word or longword immediate data is not located in the instruction code, but rather is stored in a
memory table. The memory table is accessed by an immediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement.

See examples given in section 2.3.1 (10), Immediate Data.
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2.3 Instruction Features

2.3.1 RISC-Type Instruction Set

Instructions are RISC type. This section details their functions.

(1) 16-Bit Fixed-Length Instructions

Basic instructions have a fixed length of 16 bits, improving program code efficiency.
(2) 32-Bit Fixed-Length Instructions

The SH-2A additionally features 32-bit fixed-length instructions, improving performance and ease
of use.

(3) One Instruction per State
Each basic instruction can be executed in one cycle using the pipeline system.

(4) Data Length

Longword is the standard data length for all operations. Memory can be accessed in bytes, words,
or longwords. Byte or word data in memory is sign-extended and handled as longword data.
Immediate data is sign-extended for arithmetic operations or zero-extended for logic operations. It
is also handled as longword data.

Table 2.2 Sign Extension of Word Data

SH2-A CPU Description Example of Other CPU
MOV .W @(disp, PC),R1 Datais sign-extendedto 32 ADD.W #H'1234,R0
ADD R1, RO bits, and R1 becomes

H'00001234. It is next

operated upon by an ADD
-DATA.W H'1234 instruction.

Note: @(disp, PC) accesses the immediate data.

(5) Load-Store Architecture

Basic operations are executed between registers. For operations that involve memory access, data
is loaded to the registers and executed (load-store architecture). Instructions such as AND that
manipulate bits, however, are executed directly in memory.

RO1UH0412EJ0300 Rev.3.00
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(6) Delayed Branch Instructions

With the exception of some instructions, unconditional branch instructions, etc., are executed as
delayed branch instructions. With a delayed branch instruction, the branch is taken after execution
of the instruction immediately following the delayed branch instruction. This reduces disturbance
of the pipeline control when a branch is taken.

In a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution such as register updating excluding the actual branch operation, is
performed in the order of delayed branch instruction — delay slot instruction. For example, even
though the contents of the register holding the branch destination address are changed in the delay
slot, the branch destination address remains as the register contents prior to the change.

Table 2.3  Delayed Branch Instructions

SH-2A CPU Description Example of Other CPU
BRA TRGET Executes the ADD before ADD.W R1,R0
ADD R1,RO branching to TRGET. BRA TRGET

(7) Unconditional Branch Instructions with No Delay Slot

The SH-2A additionally features unconditional branch instructions in which a delay slot
instruction is not executed. This eliminates unnecessary NOP instructions, and so reduces the code
size.

(8) Multiply/Multiply-and-Accumulate Operations

16-bit x 16-bit — 32-bit multiply operations are executed in one to two cycles. 16-bit x 16-bit +
64-bit — 64-bit multiply-and-accumulate operations are executed in two to three cycles. 32-bit x
32-bit — 64-bit multiply and 32-bit x 32-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to four cycles.

@) TBit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a
conditional branch is taken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.
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Table2.4 T Bit

SH-2A CPU Description Example of Other CPU
CMP/GE R1,RO0 T bit is set when RO > R1. CMP.W R1,RO
BT TRGETO The program branches to TRGETO BGE TRGETO
BF TRGET1 when RO > R1 and to TRGET1 BLT TRGET1
when RO < R1.
ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ #0, RO T bit is set when RO = 0. BEQ TRGET
BT TRGET The program branches if RO = 0.

(10) Immediate Data

Byte immediate data is located in an instruction code. Word or longword immediate data is not
located in instruction codes but in a memory table. The memory table is accessed by an immediate
data transfer instruction (MOV) using the PC relative addressing mode with displacement.

With the SH-2A, 17- to 28-bit immediate data can be located in an instruction code. However, for
21- to 28-bit immediate data, an OR instruction must be executed after the data is transferred to a

register.

Table 2.5 Immediate Data Accessing

Classification SH-2A CPU

Example of Other CPU

8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0

16-bit immediate  MOVI20 #H'1234,R0 MOV.W #H'1234,R0

20-bit immediate MOVI20 #H'12345,R0 MOV.L #H'12345,R0

28-bit immediate MOVI20S #H'12345,R0 MOV.L #H'1234567,R0
OR #H'67,R0

32-bitimmediate MOV.L @(disp, PC),RO MOV.L #H'12345678,R0
.DATA.L H'12345678

Note: @(disp, PC) accesses the immediate data.
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(11) Absolute Address

When data is accessed by an absolute address, the absolute address value should be placed in the
memory table in advance. That value is transferred to the register by loading the immediate data
during the execution of the instruction, and the data is accessed in register indirect addressing
mode.

With the SH-2A, when data is referenced using an absolute address not exceeding 28 bits, it is also
possible to transfer immediate data located in the instruction code to a register and to reference the
data in register indirect addressing mode. However, when referencing data using an absolute
address of 21 to 28 bits, an OR instruction must be used after the data is transferred to a register.

Table 2.6 Absolute Address Accessing

Classification SH-2A CPU Example of Other CPU

Up to 20 bits MOVI20 #H'12345,R1 MOV.B @H'12345,R0
MOV .B @R1,R0O

21 to 28 bits MOVI20S #H'12345,R1 MOV.B @H'1234567,R0
OR #H'67,R1
MOV.B @R1,R0O

29 bits or more MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV .B @R1,R0O

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

When data is accessed by 16-bit or 32-bit displacement, the displacement value should be placed
in the memory table in advance. That value is transferred to the register by loading the immediate
data during the execution of the instruction, and the data is accessed in the indexed indirect
register addressing mode.

Table 2.7  Displacement Accessing

Classification SH-2A CPU Example of Other CPU
16-bit displacement MoOvV.w @ (disp, PC),RO MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234
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2.3.2 Addressing Modes
Addressing modes and effective address calculation are as follows:

Table 2.8 Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Register direct Rn The effective address is register Rn. (The operand —
is the contents of register Rn.)
Register indirect @Rn The effective address is the contents of register Rn. Rn
Register indirect @Rn+ The effective address is the contents of register Rn. Rn
with post- A constant is added to the contents of Rn after the (After
increment instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a execution)

I ion.
ongword operation Byte:

-Pmm Rn+ 1 Rn
O,

Word:
Rn+2 - Rn

1/2/4
_ Longword:

Rn +4 — Rn
Register indirect @-RrRn The effective address is the value obtained by Byte:
with pre- subtracting a constant from Rn. 1 is subtracted for Rn—-1—> Rn
decrement a byte operation, 2 for a word operation, and 4 for  \yorg:
a longword operation. Rn—-2 - Rn
Longword:
Rn-4 - Rn

(Instruction is
executed with
Rn after this
calculation)
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Register indirect @ (disp:4, The effective address is the sum of Rn and a 4-bit Byte:
with Rn) displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, andis R, . disp x 2
quadrupled for a longword operation. Longword:
Rn + disp x 4
disp
(zero-extended)
Register indirect @ (disp:12, The effective address is the sum of Rn and a 12- Byte:
with Rn) bit Rn + disp
displacement displacement (disp). The value of disp is zero- Word:
extended. Rn + disp
Longword:
Rn + disp
disp
(zero-extended)
Indexed register @ (R0, Rn) The effective address is the sum of Rn and RO. Rn + RO
indirect “
®
GBR indirect @(disp:8, The effective address is the sum of GBR value Byte:
with GBR) and an 8-bit displacement (disp). The value of GBR + disp
displacement disp is zero-extended, and remains unchanged for g
a byte operation, is doubled for a word operation, GBR + disp x 2
and is quadrupled for a longword operation. Longword:
GBR GBR + disp x 4
disp GBR

(zero-extended)

1/2/4

+ disp x 1/2/4

RO1UH0412EJ0300 Rev.3.00
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indexed GBR @ (RO, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.
TBR duplicate  c@ The effective address is the sum of TBR value Contents of
indirect with (disp:8, and an 8-bit displacement (disp). The value of address (TBR
displacement TBR) disp is zero-extended, and is multiplied by 4. + disp x 4)

disp TBR

(zero-extended) +disp x 4 —|
L (TBR
+ disp x 4)

PC indirect with @ (disp:8, The effective address is the sum of PC value and Word:
displacement PC) an 8-bit displacement (disp). The value of dispis PC + disp x 2

zero-extended, and is doubled for a word Longword:
operation, and quadrupled for a longword PC &
operation. For a longword operation, the lowest H'FEFFFFFC +
two bits of the PC value are masked. disp x 4

(for longword)

PC +disp x 2
or
PC & HFFFFFFFC
+ disp x 4

disp
(zero-extended)
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Addressing
Mode

Instruction
Format

Effective Address Calculation

Equation

PC relative

disp:8

The effective address is the sum of PC value and
the value that is obtained by doubling the sign-

extended 8-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

disp:12

The effective address is the sum of PC value and
the value that is obtained by doubling the sign-

extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

Rn

The effective address is the sum of PC value and

Rn.

PC + Rn
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Immediate #imm:20 The 20-bit immediate data (imm) for the MOVI20 —

instruction is sign-extended.
31 19 0

imm (20 bits)

The 20-bit immediate data (imm) for the MOVI20S —
instruction is shifted by eight bits to the left, the
upper bits are sign-extended, and the lower bits are
padded with zero.

3127 8 0

[z s

Sign-extended

#imm: 8 The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions is zero-extended.

#imm: 8 The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions is sign-extended.

#imm: 8 The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and then quadrupled.

#imm:3 The 3-bit immediate data (imm) for the BAND, BOR, —
BXOR, BST, BLD, BSET, and BCLR instructions
indicates the target bit location.
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2.3.3 Instruction Format

The instruction formats and the meaning of source and destination operands are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

e xxxx: Instruction code

e mmmm: Source register
e nnnn: Destination register
e iiii: Immediate data

e dddd: Displacement

Table 2.9  Instruction Formats

Source Destination
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
| XXXX XKXXXX XXXX XXXX |
n format — nnnn: Register MOVT Rn
15 direct
[ooox [ mman [ so00c oo Control register or  nnnn: Register STS  MACH,Rn
system register direct
RO (Register direct) nnnn: Register DIVU RO,Rn
direct
Control register or  nnnn: Register STC.L SR, @-Rn
system register indirect with pre-
decrement
mmmm: Register ~ R15 (Register MOVMU. L
direct indirect with pre- Rm, @-R15
decrement)
R15 (Register nnnn: Register MOVMU. L
indirect with post-  direct @R15+,Rn
increment)
RO (Register direct) nnnn: (Register MOV.L RO, @Rn+

indirect with post-
increment)

RO1UH0412EJ0300 Rev.3.00
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Source Destination
Instruction Formats Operand Operand Example
m format mmmm: Register Control register or  LDC Rm, SR
15 0 direct system register

mmmm: Register Control registeror  LDC.L @Rm+, SR
indirect with post-  system register
increment

mmmm: Register — JMP @Rm
indirect

mmmm: Register RO (Register direct) MOV.L @-Rm, RO
indirect with pre-

decrement
mmmm: PC relative — BRAF Rm
using Rm
nm format mmmm: Register nnnn: Register ADD Rm, Rn
15 0 direct direct
| XXXX' nonn | o | R | mmmm: Register  nnnn: Register MOV.L Rm,@Rn
direct indirect
mmmm: Register MACH, MACL MAC.W @Rm+, @Rn+

indirect with post-
increment (multiply-
and-accumulate)
nnnn*: Register
indirect with post-
increment (multiply-
and-accumulate)

mmmm: Register nnnn: Register MOV.L @Rm+,Rn
indirect with post-  direct
increment
mmmm: Register nnnn: Register MOV.L Rm,@-Rn
direct indirect with pre-
decrement
mmmm: Register nnnn: Indexed MOV.L
direct register indirect Rm, @ (RO, Rn)
md format mmmmdddd: RO (Register direct) MOV.B
15 0 Register indirect @(disp,Rm), RO
KKK xxxx| mmmm| dddad | with displacement
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Source Destination
Instruction Formats Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV .B
15 0 Register indirect RO, @ (disp,Rn)
| XXXX XXXX | nnnn | dddd | with diSplacement
nmd format mmmm: Register nnnndddd: Register MOV.L
0 direct indirect with Rm, @ (disp, Rn)
| XXXX | nnnn | mmmm | dddd | displacement
mmmmdddd: nnnn: Register MOV.L
Register indirect direct @(disp,Rm),Rn
with displacement
nmd12 format mmmm: Register nnnndddd: Register MOV.L
32 16 direct indirect with Rm, @(displ2,Rn)
| xxxx| nnnn | mmmm | XXKK | diSp'acement
15 0 mmmmdddd: nnnn: Register MOV.L
|XXXX| dddd  ddad dddd| Register indirect direct @(displ2,Rm),Rn
with displacement
d format dddddddd: GBR RO (Register direct) MOV.L
15 0 indirect with @(disp,GBR),R0O
| XXXX ~ XXXX | dddd dddd | displacement
RO (Register direct) dddddddd: GBR MOV.L
indirect with RO, @(disp, GBR)
displacement
dddddddd: PC RO (Register direct) Mova
relative with @(disp, PC),RO
displacement
dddddddd: TBR — JSR/N
duplicate indirect @@ (disp8, TBR)
with displacement
dddddddd: PC — BF label
relative
d12 format dddddddddddd: PC — BRA label
15 0 relative (label = dlSp +
| KKK | dddd dddd dddd | PC)
nd8 format dddddddd: PC nnnn: Register MOV.L
15 0 relative with direct @(disp, PC),Rn
| xxxx| rmnr1| daaa dddd| displacement
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Source Destination

Instruction Formats Operand Operand Example

i format iiiiiiii: Immediate Indexed GBR AND.B

15 indirect #imm, @ (RO, GBR)

oo wooee| 531t tid]  Gmoee o RO (Register direct) AND  #imm, RO

iiiiiiii: Immediate — TRAPA  #imm

ni format jiiiiiii: Immediate nnnn: Register direct ADD #imm, Rn

15

| XXXX | nnnn | iiii ddiii |

ni3 format nnnn: Register direct — BLD #imm3, Rn
iii: Immediate

| KXXX XXXX | nnnn |x| iii| . . .
— nnnn: Register direct BST #imm3, Rn

iii: Immediate

ni20 format iiiiiiiiiiiiiiiiii: nnnn: Register direct MOVI20

32 16 Immediate #1imm20, Rn

| xxxx| nnnn| iiii | KXXX |

15 0

| iiii i1iii iid4i iidd |

nid format nnnndddddddddddd: — BLD.B

32 Register indirect with #imm3, @ (displ2,Rn)

| xxxx| rmrml xiii | XXKK |

15 0
| xxxx| dddd dddd dddd |

displacement
iii: Immediate

nnnndddddddddddd: BsT.®
Register indirect with #imm3, @ (disp12,Rn)

displacement
iii: Immediate

Note: *

In multiply-and-accumulate instructions, nnnn is the source register.
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2.4 Instruction Set

24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table 2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62

Immediate data transfer
Peripheral module data transfer
Structure data transfer

Reverse stack transfer

MOVA

Effective address transfer

MOVI20

20-bit immediate data transfer

MOVI20S

20-bit immediate data transfer
8-bit left-shit

MOVML

RO-Rn register save/restore

MOVMU

Rn—R14 and PR register save/restore

MOVRT

T bit inversion and transfer to Rn

MOVT

T bit transfer

MOVU

Unsigned data transfer

NOTT

T bit inversion

PREF

Prefetch to operand cache

SWAP

Swap of upper and lower bytes

XTRCT

Extraction of the middle of registers connected

RO1UH0412EJ0300 Rev.3.00
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 26 ADD Binary addition 40
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

CLIPS Signed saturation value comparison

CLIPU Unsigned saturation value comparison

DIVS Signed division (32 + 32)

DIVU Unsigned division (32 + 32)

DIVA One-step division

DIVOS Initialization of signed one-step division

DIVoU Initialization of unsigned one-step division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-precision

multiply-and-accumulate operation

MUL Double-precision multiply operation

MULR Signed multiplication with result storage in Rn

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion
OR Logical OR
TAS Memory test and bit set
TST Logical AND and T bit set
XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16
ROTR One-bit right rotation
ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit
SHAD Dynamic arithmetic shift
SHAL One-bit arithmetic left shift
SHAR One-bit arithmetic right shift
SHLD Dynamic logical shift
SHLL One-bit logical left shift
SHLLn n-bit logical left shift
SHLR One-bit logical right shift
SHLRn n-bit logical right shift
Branch 10 BF Conditional branch, conditional delayed branch 15
(branch when T = 0)
BT Conditional branch, conditional delayed branch
(branch when T = 1)
BRA Unconditional delayed branch
BRAF Unconditional delayed branch
BSR Delayed branch to subroutine procedure
BSRF Delayed branch to subroutine procedure
JMP Unconditional delayed branch
JSR Branch to subroutine procedure
Delayed branch to subroutine procedure
RTS Return from subroutine procedure
Delayed return from subroutine procedure
RTV/N Return from subroutine procedure with Rm —

RO transfer

RO1UH0412EJ0300 Rev.3.00
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Operation No. of
Classification Types Code Function Instructions
System 14 CLRT T bit clear 36
control CLRMAC MAC register clear
LDBANK  Register restoration from specified register
bank entry
LDC Load to control register
LDS Load to system register
NOP No operation
RESBANK Register restoration from register bank
RTE Return from exception handling
SETT T bit set
SLEEP Transition to power-down mode
STBANK  Register save to specified register bank entry
STC Store control register data
STS Store system register data
TRAPA Trap exception handling
Floating-point 19 FABS Floating-point absolute value 48
insiructions FADD Floating-point addition
FCMP Floating-point comparison
FCNVDS Conversion from double-precision to single-
precision
FCNVSD Conversion from single-precision to double -
precision
FDIV Floating-point division
FLDIO Floating-point load immediate O
FLDI1 Floating-point load immediate 1
FLDS Floating-point load into system register FPUL
FLOAT Conversion from integer to floating-point
FMAC Floating-point multiply and accumulate
operation
FMOV Floating-point data transfer
FMUL Floating-point multiplication
FNEG Floating-point sign inversion
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Operation No. of
Classification Types Code Function Instructions
Floating-point 19 FSCHG SZ bit inversion 48
instructions FSQRT Floating-point square root

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to

integer

FPU-related 2 LDS Load into floating-point system register 8
.CPU . STS Store from floating-point system register
instructions
Bit 10 BAND Bit AND 14
manipulation BCLR Bit clear

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR

BANDNOT Bit NOT AND

BORNOT Bit NOT OR

BLDNOT  Bit NOT load
Total: 112 253
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The table below shows the format of instruction codes, operation, and execution states. They are
described by using this format according to their classification.

Instruction

Instruction Code

Execution

Operation States

T Bit

Indicated by mnemonic.

[Legend]

Rm: Source register
Rn:  Destination register
imm: Immediate data

disp: Displacement**

Indicated in MSB <>
LSB order.

[Legend]
mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15
fiii: Immediate data

dddd: Displacement

Value when no
wait states are
inserted.*'

Indicates summary of
operation.

[Legend]

—, < Transfer direction
(xx):
M/Q/T: Flag bits in SR

&: Logical AND of each bit
I: Logical OR of each bit

A: Exclusive logical OR of
each bit

~:  Logical NOT of each bit
<<n: n-bit left shift

Memory operand

>>n: n-bit right shift

Value of T bit after
instruction is
executed.

Explanation of
Symbols

—: No change

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In
practice, the number of instruction execution states will be increased in cases such as
the following:
a. When there is a conflict between an instruction fetch and a data access
b. When the destination register of a load instruction (memory — register) is the same

as the register used by the next instruction.
2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For details,
refer to the SH-2A, SH2A-FPU Software Manual.
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24.2 Data Transfer Instructions

Table 2.11 Data Transfer Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV #imm,Rn 1110nnnniiiiiiii imm — sign extension > Rn 1 — Yes Yes Yes
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2 + PC) — sign 1 — Yes Yes Yes
extension — Rn
MOV.L @(disp,PC),Rn 1101nnnndddddddd (disp x 4 + PC) - Rn 1 — Yes Yes  Yes
MOV Rm,Rn 0110nnnnmmmm0011 Rm — Rn 1 — Yes Yes Yes
MOV.B Rm,@Rn 0010nnnnmmmm0000  Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@Rn 0010nnnnmmmm0001  Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@Rn 001 0nnnnmmmm0010  Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm,Rn 0110nnnnmmmm0000 (Rm) — sign extension -» Rn 1 — Yes Yes Yes
MOV.W  @Rm,Rn 0110nnnnmmmm0001  (Rm) — sign extension > Rn 1 — Yes Yes Yes
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) — Rn 1 — Yes Yes Yes
MOV.B Rm,@-Rn 001 0nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.W Rm,@-Rn 0010nnnnmmmm0101  Rn-2 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — sign extension —» Rn, 1 — Yes Yes Yes
Rm+1— Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101  (Rm) — sign extension — Rn, 1 — Yes Yes Yes
Rm +2 - Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) — Rn, Rm + 4 — Rm 1 — Yes Yes Yes
MOV.B RO, @ (disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes Yes
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes Yes
MOV.L Rm,@(disp,Rn)  0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes  Yes
MOV.B @(disp,Rm),R0  10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes Yes
— RO
MOV.W  @(disp,Rm),R0  10000101lmmmmdddd (disp x 2 + Rm) — 1 — Yes Yes Yes
sign extension — RO
MOV.L @(disp,Rm),Rn  010lnnnnmmmmndddd (disp x 4 + Rm) - Rn 1 — Yes Yes Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.W  Rm,@(RO,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 — Yes Yes Yes

RO1UH0412EJ0300 Rev.3.00
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ibili
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L Rm, @ (RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.B @(R0,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.W  @(R0O,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.L @(R0,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) —» Rn 1 — Yes Yes Yes
MOV.B RO, @ (disp,GBR) 11000000dddddddd RO — (disp + GBR) 1 — Yes Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes Yes Yes
MOV.L RO, @ (disp,GBR) 11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes Yes
MOV.B @(disp,GBR),R0 11000100dddddddd (disp + GBR) —» 1 — Yes Yes Yes
sign extension — RO
MOV.W  @(disp,GBR),R0 11000101dddddddd (disp x 2 + GBR) — 1 — Yes Yes Yes
sign extension — RO
MOV.L @(disp,GBR),R0 11000110dddddddd (disp x 4 + GBR) —» RO 1 — Yes Yes Yes
MOV.B RO,@Rn+ 0100nnnn10001011 RO — (Rn), Rn+1 — Rn 1 — Yes
MOV.W  RO,@Rn+ 0100nnnn10011011 RO — (Rn), Rn+2 — Rn 1 — Yes
MOV.L R0O,@Rn+ 0100nnnn10101011 RO — Rn), Rn +4 — Rn 1 — Yes
MOV.B @-Rm,R0 0100mmmm11001011 Rm-1 - Rm, (Rm) > 1 — Yes
sign extension — RO
MOV.W  @-Rm,R0 0100mmmm11011011 Rm-2 - Rm, (Rm) - 1 — Yes
sign extension — RO
MOV.L @-Rm,R0 0100mmmm11101011 Rm-4 - Rm, (Rm) —» RO 1 — Yes
MOV.B Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001dddddddddddd
MOV.L Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12,Rm),Rn 001 Innnnmmmm0001 (disp + Rm) — 1 — Yes
0100dddaddddadad Sign extension — Rn
MOV.W  @(disp12,Rm),Rn 001 1lnnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
0101dddaddddadad Sign extension — Rn
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ibili
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L @(disp12,Rm),Rn 001 1nnnnmmmm0001 (disp x 4 + Rm) — Rn 1 — Yes
0110dddddddddddd
MOVA @ (disp,PC),R0 11000111dddddddd disp x 4 + PC — RO 1 — Yes Yes Yes
MOVI20  #imm20,Rn 0000nnnniiii0000 imm — sign extension - Rn 1 — Yes
1iidiiiiidiiidiiiii
MOQOVI20S #imm20,Rn 0000nnnniiii0001 imm << 8 — sign extension 1 — Yes
iiiiiiiiiiiiiiii 7 Rn
MOVML.L Rm,@-R15 0100mmmm11110001 R15-4 —» R15, Rm — (R15) 1to16 — Yes
R15-4 — R15, Rm-1 - (R15)
R15-4 — R15, RO — (R15)
Note: When Rm = R15, read
Rm as PR
MOVML.L @R15+,Rn 0100nnnn11110101 (R15) >R0O,R15+4 >R15 1t0o16 — Yes
(R15) > R1,R15+4 —» R15
(R15) -> Rn
Note: When Rn = R15, read
Rn as PR
MOVMU.L Rm,@-R15 0100mmmm11110000 R15-4 - R15, PR — (R15) 1to16 — Yes
R15-4 - R15, R14 — (R15)
R15-4 - R15, Rm — (R15)
Note: When Rm = R15, read
Rm as PR
MOVMU.L @R15+,Rn 0100nnnn11110100 (R15)—>Rn,R15+4 —»>R15 1t0o16 — Yes
(R15) > Rn+1,R15+4 >
R15
(R15) > R14, R15 + 4 - R15
(R15) > PR
Note: When Rn = R15, read
Rn as PR
MOVRT Rn 0000nnnn00111001 ~T - Rn 1 — Yes
MOVT Rn 0000nnnn00101001 T —Rn 1 — Yes Yes Yes
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C tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOVU.B @(disp12,Rm),Rn 0011lnnnnmmmm0001 (disp + Rm) — 1 — Yes
10004ddddddddddd zero extension — Rn
MOVU.W  @(disp12,Rm),Rn 0011nnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
1001ddddadddddaa Zero extension — Rn
NOTT 0000000001101000 ~T—>T 1 Oper- Yes
ation
result
PREF @Rn 0000nnnn10000011 (Rn) — operand cache 1 — Yes  Yes
SWAP.B Rm,Rn 0110nnnnmmmm1000 Rm — swap lower 2 bytes » 1 — Yes Yes Yes
Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm — swap upper and lower 1 — Yes Yes Yes
words — Rn
XTRCT Rm,Rn 0010nnnnmmmm1101  Middle 32 bits of Rm:Rn — Rn 1 — Yes Yes Yes

Page 70 of 2104

RENESAS

RO1UH0412EJ0300 Rev.3.00
Oct 31, 2016



SH7266 Group, SH7267 Group

Section2 CPU

243

Arithmetic Operation Instructions

Table 2.12 Arithmetic Operation Instructions

Compatibilit
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 001 1lnnnnmmmml100 Rn + Rm — Rn 1 — Yes Yes Yes
ADD #imm,Rn 0lllnnnniiiiiiii  Rn+imm — Rn 1 — Yes Yes Yes
ADDC Rm,Rn 001lnnnnmmmm1110  Rn+Rm+T— Rn,carry > T 1 Carry Yes Yes Yes
ADDV Rm,Rn 001llnnnnmmmml1111  Rn+ Rm — Rn, overflow - T 1 Over- Yes Yes Yes
flow
CMP/EQ #imm,R0O 10001000iiiiiiii  WhenRO=imm,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 - T parison
result
CMP/EQ Rm,Rn 0011nnnnmmmm0000  When Rn=Rm, 1> T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 0011nnnnmmmm0010  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/GE Rm,Rn 0011nnnnmmmm0011  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/HI  Rm,Rn 0011nnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 - T result
CMP/GT Rm,Rn 0011lnnnnmmmm0111  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 - T result
CMP/PL  Rn 0100nnnn00010101  WhenRn>0,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/PZ Rn 0100nnnn00010001 WhenRn>0,1->T 1 Com- Yes Yes Yes
Otherwise, 0 - T parison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100  When any bytes are equal, 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 - T result
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ibili
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLIPS.B Rn 0100nnnn10010001  When Rn > (H'0000007F), 1 — Yes
(H'0000007F) - Rn, 1 —» CS
when Rn < (H'FFFFFF80),
(H'FFFFFF80) - Rn, 1 - CS
CLIPS.W Rn 0100nnnn10010101  When Rn > (H'00007FFF), 1 — Yes
(H'00007FFF) - Rn, 1 - CS
When Rn < (H'FFFF8000),
(H'FFFF8000) — Rn, 1 - CS
CLIPU.B Rn 0100nnnn10000001  When Rn > (H'000000FF), 1 — Yes
(H'000000FF) — Rn, 1 - CS
CLIPUW Rn 0100nnnn10000101  When Rn > (H'0000FFFF), 1 — Yes
(H'0000FFFF) — Rn, 1 — CS
DIV1 Rm,Rn 0011nnnnmmmm0100  1-step division (Rn + Rm) 1 Calcu- Yes Yes Yes
lation
result
DIVOS Rm,Rn 0010nnnnmmmm0111  MSB of Rn — Q, 1 Calcu- Yes Yes Yes
MSBof Rm ->M,MAQ—>T lation
result
DIVoU 0000000000011001 0 — M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnn10010100  Signed operation of Rn + RO 36 — Yes
— Rn 32 + 32 — 32 bits
DIVU RO,Rn 0100nnnn10000100  Unsigned operation of Rn + RO 34 — Yes
— Rn 32 + 32 — 32 bits
DMULS.L Rm,Rn 0011lnnnnmmmm1101  Signed operation of Rn x Rm 2 — Yes Yes Yes
— MACH, MACL
32 x 32 — 64 bits
DMULU.L Rm,Rn 0011nnnnmmmm0101  Unsigned operation of Rn x 2 — Yes Yes Yes

Rm — MACH, MACL
32 x 32 — 64 bits

DT Rn 0100nnnn00010000 Rn—-1—-Rn 1 Compa Yes Yes Yes
When Rnis0,1 > T -rison
When Rnisnot0,0 > T result

EXTS.B  Rm,Rn 0110nnnnmmmml1110  Byte in Rmis 1 — Yes Yes Yes
sign-extended — Rn

EXTS.W Rm,Rn 0110nnnnmmmm1111  Word in Rm is 1 — Yes Yes Yes

sign-extended — Rn

Page 72 of 2104

RENESAS

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016



SH7266 Group, SH7267 Group Section2 CPU

ibili
Execu- Compatibility
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A

EXTU.B Rm,Rn 0110nnnnmmmm1100  Byte in Rmis 1 — Yes Yes Yes
zero-extended — Rn

EXTUW Rm,Rn 0110nnnnmmmm1101  Word in Rm is 1 — Yes Yes Yes
zero-extended — Rn

MAC.L @Rm+,@Rn+  0000nnnnmmmm1111  Signed operation of (Rn) x 4 — Yes Yes Yes
(Rm) + MAC - MAC
32 x 32 + 64 — 64 bits

MACW  @Rm+,@Rn+ 0100nnnnmmmml111  Signed operation of (Rn) x 3 — Yes Yes Yes
(Rm) + MAC - MAC
16 x 16 + 64 — 64 bits

MUL.L Rm,Rn 0000nnnnmmmm0111  Rn x Rm — MACL 2 — Yes Yes Yes
32 x 32 — 32 bits

MULR RO,Rn 0100nnnn10000000 RO x Rn — Rn 2 Yes
32 x 32 — 32 bits

MULS.W Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn x Rm 1 — Yes Yes Yes
— MACL
16 x 16 — 32 bits

MULU.W Rm,Rn 0010nnnnmmmm1110  Unsigned operation of Rn x 1 — Yes Yes Yes
Rm — MACL
16 x 16 — 32 bits

NEG Rm,Rn 0110nnnnmmmm1011  0-Rm — Rn 1 — Yes Yes Yes

NEGC Rm,Rn 0110nnnnmmmm1010  0-Bm-T — Rn, borrow — T 1 Borrow Yes Yes Yes

SUB Rm,Rn 0011nnnnmmmm1000  Rn-Rm — Rn 1 — Yes Yes Yes

SUBC Rm,Rn 0011nnnnmmmm1010  Rn-Rm-T — Rn, borrow - T 1 Borrow Yes Yes Yes

SUBV Rm,Rn 0011nnnnmmmm1011  Rn-Rm — Rn, underflow - T 1 Over- Yes Yes Yes

flow
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Table 2.13 Logic Operation Instructions

Logic Operation Instructions

Ci tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
AND Rm,Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 — Yes Yes Yes
AND #imm,R0O 11001001liiiiiiii RO &imm— RO 1 — Yes Yes Yes
AND.B #imm,@(R0,GBR) 11001101iiiiiiii (RO+ GBR)&imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnmmmm0111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmmmm1011 Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0O 11001011iiiiiiii ROIlimm— RO 1 — Yes Yes Yes
OR.B #imm,@(R0O,GBR) 11001111iiiiiiii (RO+ GBR)|imm— 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnNnn00011011 When (Rn)is0,1—> T 3 Test Yes Yes Yes
Otherwise, 0 —> T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnmmmm1000 Rn & Rm 1 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 - T
TST #imm,R0O 11001000iiiiiiii RO&imm 1 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
TST.B #imm,@(R0,GBR) 11001100iiiiiiii (RO + GBR) &imm 3 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
XOR Rm,Rn 0010nnnnmmmm1010 Rn~ARm — Rn 1 — Yes Yes Yes
XOR #imm,R0O 11001010iiiiiiii RO~imm — RO 1 — Yes Yes Yes
XOR.B #imm,@(R0O,GBR) 11001110iiiiiiii (RO + GBR)Aimm — 3 — Yes Yes Yes

(RO + GBR)
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Shift Instructions

Table 2.14 Shift Instructions

C tibilit
Execu- ompatibility
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ROTL Rn 0100nNNN00000100 T « Rn « MSB 1 MSB Yes Yes Yes
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB Yes Yes Yes
ROTCL Rn 0100nNNN00100100 T« Rn«T 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T>Rn>T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnNnnnmmmm1100 When BRm >0, Rn<<Rm - Rn 1 — Yes Yes

When BRm < 0, Rn >> IRm| —»

[MSB — Rn]
SHAL Rn 0100nnnNn00100000 T« Rn«0 1 MSB Yes Yes Yes
SHAR Rn 0100nnnNn00100001 MSB —->Rn—>T 1 LSB Yes Yes Yes
SHLD Rm,Rn 0100nnnnmmmm1101 When BRm >0, Rn<<Rm —- Rn 1 — Yes Yes

When BRm < 0, Rn >> IRm| —»

[0 - Rn]
SHLL Rn 0100nnNNN00000000 T« Rn«0 1 MSB Yes Yes Yes
SHLR Rn 0100nnnNn00000001 0->Rn>T 1 LSB Yes Yes Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 — Yes Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn <<8 - Rn 1 — Yes Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 — Yes Yes Yes
SHLL16 Rn 0100nnnNn00101000 Rn << 16 - Rn 1 — Yes Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 — Yes Yes Yes
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2.4.6

Branch Instructions

Table 2.15 Branch Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BF label 10001011dddddddd When T =0, dispx2 +PC —» 3/1* — Yes Yes Yes
PC,
When T =1, nop
BF/S label 10001111dddddddd  Delayed branch 2/1% — Yes Yes Yes
When T =0, disp x2 + PC —
PC,
When T =1, nop
BT label 10001001dddddddd  When T =1, dispx2+ PC —» 3/1* — Yes Yes Yes
PC,
When T =0, nop
BT/S label 10001101dddddddd  Delayed branch 2/1* — Yes Yes Yes
When T =1, disp x2 + PC >
PC,
When T =0, nop
BRA label 1010dddddddddddd  Delayed branch, 2 — Yes Yes Yes
dispx2 + PC —» PC
BRAF Rm 0000mmmm00100011  Delayed branch, 2 — Yes Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd  Delayed branch, PC — PR, 2 — Yes Yes Yes
disp x 2+ PC —> PC
BSRF Rm 0000mmmm00000011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm + PC —» PC
JMP @Rm 0100mmmm00101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mmmm00001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm — PC
JSR/N @Rm 0100mmmm01001011 PC-2 - PR, Rm —» PC 3 — Yes
JSR/N @ @(disp8,TBR) 10000011dddddddd PC-2 — PR, 5 — Yes
(disp x 4 + TBR) - PC
RTS 0000000000001011  Delayed branch, PR — PC 2 — Yes Yes Yes
RTS/N 0000000001101011 PR —>PC 3 — Yes
RTV/N Rm 0000mmmm01111011 Rm — RO, PR —» PC 3 — Yes
Note: * One cycle when the program does not branch.
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247

System Control Instructions

Table 2.16 System Control Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLRT 0000000000001000 0—>T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 - MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,R0O 0100mmmm11100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100mmmm00001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm,TBR 0100mmmm01001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mmmm00011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100mmmm00101110 Rm — VBR 1 — Yes Yes Yes
LDC.L @Rm+,SR 0100mmmm00000111  (Rm) —» SR, Rm + 4 —» Rm 5 LSB Yes Yes Yes
LDC.L @Rm+,GBR 0100mmmm00010111  (Rm) -»> GBR,Rm+4 > Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmmm00100111  (Rm) -» VBR,Rm+4 —->Rm 1 — Yes Yes Yes
LDS Rm,MACH 0100mmmm00001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mmmm00011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmmm00101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH  0100mmmm00000110 (Rm)—> MACH, Rm +4 — Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL  0100mmmm00010110 (Rm)—> MACL, Rm+4 - Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100mmmm00100110 (Rm) —» PR, Rm + 4 — Rm 1 — Yes Yes Yes
NOP 0000000000001001  No operation 1 — Yes Yes Yes
RESBANK 0000000001011011 Bank — RO to R14, GBR, 9% — Yes
MACH, MACL, PR
RTE 0000000000101011  Delayed branch, 6 — Yes Yes Yes
stack area — PC/SR
SETT 0000000000011000 1T 1 1 Yes Yes Yes
SLEEP 0000000000011011  Sleep 5 — Yes Yes Yes
STBANK RO,@Rn 0100nnnn11100001 RO — 7 — Yes
(specified register bank entry)
STC SR,Rn 0000NnNNN00000010 SR — Rn 2 — Yes Yes Yes
STC TBR,Rn 0000nnnNn01001010 TBR — Rn 1 — Yes
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Execu- Compatibility

tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
STC GBR,Rn 0000nNNN00010010 GBR — Rn 1 — Yes Yes Yes
STC VBR,Rn 0000nnNNn00100010 VBR — Rn 1 — Yes Yes Yes
STC.L SR,@-Rn 0100nnnNn00000011  Rn-4 - Rn, SR — (Rn) 2 — Yes Yes Yes
STC.L GBR,@-Rn 0100nnnNn00010011  Rn-4 — Rn, GBR — (Rn) 1 — Yes Yes Yes
STC.L VBR,@-Rn 0100nnnNn00100011  Rn-4 — Rn, VBR — (Rn) 1 — Yes Yes Yes
STS MACH,Rn 0000nNNN00001010 MACH — Rn 1 — Yes Yes Yes
STS MACL,Rn 0000nNnn00011010 MACL — Rn 1 — Yes Yes Yes
STS PR,Rn 0000nNNNn00101010 PR — Rn 1 — Yes Yes Yes
STS.L MACH, @-Rn 0100nnnn00000010  Rn-4 - Rn, MACH — (Rn) 1 — Yes Yes Yes
STS.L MACL,@-Rn 0100nnNn00010010 Rn-4 — Rn, MACL — (Rn) 1 — Yes Yes Yes
STS.L PR,@-Rn 0100nnnNn00100010 Rn-4 — Rn, PR — (Rn) 1 — Yes Yes Yes
TRAPA #imm 11000011uaaiiiii PC/SR — stack area, 5 — Yes Yes Yes

(imm x 4 + VBR) — PC

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory — register) is the same
as the register used by the next instruction.

In the event of bank overflow, the number of cycles is 19.
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2.4.8 Floating-Point Operation Instructions

Table 2.17 Floating-Point Operation Instructions

Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FABS FRn 1111nnnn01011101 IFRnl — FRn 1 — Yes Yes Yes
FABS DRn 1111nnn001011101 IDRnl — DRn 1 — Yes Yes
FADD FRm, FRn 1111nnnnmmmmO000 FRn + FRm — FRn 1 — Yes Yes Yes
FADD DRm, DRn 1111nnnOmmmO0000 DRn + DRm — DRn 6 — Yes Yes
FCMP/EQ FRm, FRn 1111nnnnmmmm0100 (FRn=FRm)? 1.0 >T 1 Com-  Yes Yes Yes

parison

result
FCMP/EQ DRm, DRn 11121nnnOmmm00100 (DRn=DRmM)?1:0 > T 2 Com- Yes Yes

parison

result
FCMP/GT FRm, FRn 1112nnnnmmmm0101 (FRn >FRm)? 1.0 > T 1 Com-  Yes Yes Yes

parison

result
FCMP/GT DRm, DRn 1112nnnOmmm00101 (DRn>DRm)? 1:0 > T 2 Com- Yes Yes

parison

result
FCNVDS DRm, FPUL 1111mmm010111101 (float) DRm — FPUL 2 — Yes Yes
FCNVSD FPUL, DRn 1111nnn010101101 (double) FPUL - DRn 2 — Yes Yes
FDIV FRm, FRn 1111nnnnmmmm0011 FRn/FRm — FRn 10 — Yes Yes Yes
FDIV DRm, DRn 1111nnnOmmmO0011 DRn/DRm — DRn 23 — Yes Yes
FLDIO FRn 1111nnnn10001101 0 x 00000000 — FRn 1 — Yes Yes Yes
FLDI1 FRn 1111nnnn10011101 0 x 3F800000 — FRn 1 — Yes Yes Yes
FLDS FRm, FPUL 1111mmmm00011101 FRm — FPUL 1 — Yes Yes Yes
FLOAT FPUL,FRn 1111nnnn00101101 (float)FPUL — FRn 1 — Yes Yes Yes
FLOAT FPUL,DRn 1111nnn000101101 (double)FPUL - DRn 2 — Yes Yes
FMAC FRO,FRm,FRn 1111nnnnmmmm1110 FRO x FRm+FRn — 1 — Yes Yes Yes

FRn

FMOV FRm, FRn 1111nnnnmmmm1100 FRm — FRn 1 — Yes Yes Yes
FMOV DRm, DRn 1111nnnOmmm01100 DRm — DRn 2 — Yes Yes
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Compeatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FMOV.S @(RO, Rm), FRn  1111nnnnmmmm0110 (RO + Rm) —» FRn 1 — Yes Yes Yes
FMOV.D @(RO, Rm), DRn  1111nnnOmmmmO0110 (RO + Rm) —» DRn 2 — Yes Yes
FMOV.S @Rm+, FRn 1111nnnnmmmm1001 (Rm) —» FRn, Rm+=4 1 — Yes Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmmm1001 (Rm) > DRn,Rm+=8 2 — Yes Yes
FMOV.S @Rm, FRn 1112nnnnmmmm1000 (Rm) —» FRn 1 — Yes Yes Yes
FMOV.D @Rm, DRn 1111nnnOmmmm1000 (Rm) —» DRn 2 — Yes Yes
FMOV.S @(disp12,Rm),FRn 0011nnnnmmmmO001 (disp x4+ Rm) > FRn 1 — Yes

0111dddddddddddd
FMOV.D @(disp12,Rm),DRn 0011nnnOmmmmO001 (disp x 8+ Rm) > DRn 2 — Yes

0111dddddddddddd
FMOV.S FRm, @(RO,Rn) 1112nnnnmmmm0111 FRm — (RO + Rn) 1 — Yes Yes Yes
FMOV.D DRm, @(RO,Rn) 1111nnnnmmm00111 DRm — (RO + Rn) 2 — Yes Yes
FMOV.S FRm, @-Rn 1111nnnnmmmm1011 Rn-=4, FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmmm01011 Rn-=8, DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, @Rn 1111nnnnmmmm1010 FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @Rn 1112nnnnmmm01010 DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, 0011nnnnmmmmO001 FRm — (disp x4 + Rn) 1 — Yes
@(disp12,Rn) 0011dddddddddddd
FMOV.D DRm, 0011nnnnmmm0O0001 DRm — (disp x8 + Rn) 2 — Yes
@(disp12,Rn) 0011dddddddddddd
FMUL FRm, FRn 1111nnnnmmmm0010 FRn x FRm — FRn 1 — Yes Yes Yes
FMUL DRm, DRn 1111nnnOmmm00010 DRn x DRm — DRn 6 — Yes Yes
FNEG FRn 1111nnnn01001101 -FRn — FRn 1 — Yes Yes Yes
FNEG DRn 1111nnn001001101 -DRn — DRn 1 — Yes Yes
FSCHG 1111001111111101 FPSCR.SZ=~FPSCR.S 1 — Yes Yes

z

FSQRT FRn 1111nnnn01101101 \FRn — FRn 9 — Yes Yes
FSQRT DRn 1111nnn001101101 \DRn — DRn 22 — Yes Yes
FSTS FPUL,FRn 1111nnnn00001101 FPUL — FRn 1 — Yes Yes Yes
FSUB FRm, FRn 1111nnnnmmmmO001 FRn-FRm — FRn 1 — Yes Yes Yes
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Compatibility

Execu- SH-2A/

tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FSUB DRm, DRn 1111nnnOmmmO0001 DRn-DRm — DRn 6 — Yes Yes
FTRC FRm, FPUL 1112mmmm00111101 (long)FRm — FPUL 1 — Yes Yes Yes
FTRC DRm, FPUL 1111mmm000111101 (long)DRm — FPUL 2 — Yes Yes
249 FPU-Related CPU Instructions
Table 2.18 FPU-Related CPU Instructions

Compatibility

Execu- SH-2A/

tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
LDS Rm,FPSCR 0100mmmm01101010 Rm — FPSCR 1 — Yes Yes Yes
LDS Rm,FPUL 0100mmmm01011010 Rm — FPUL 1 — Yes Yes Yes
LDS.L @Rm+, FPSCR 0100mmmm01100110 (Rm) - FPSCR, Rm+=4 1 — Yes Yes Yes
LDS.L @Rm+, FPUL 0100mmmm01010110 (Rm) > FPUL, Rm+=4 1 — Yes Yes Yes
STS FPSCR, Rn 0000nnnNn01101010 FPSCR — Rn 1 — Yes Yes Yes
STS FPUL,Rn 0000nnNnn01011010 FPUL — Rn 1 — Yes Yes Yes
STS.L FPSCR,@-Rn 0100nnnn01100010 Rn-=4, FPCSR — (Rn) 1 — Yes Yes Yes
STS.L FPUL,@-Rn 0100nnnNn01010010 Rn-=4, FPUL — (Rn) 1 — Yes Yes Yes
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2.4.10

Bit Manipulation Instructions

Table 2.19 Bit Manipulation Instructions

Compatibilit:
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BAND.B #imm3, @ (disp12,Rn) 0011nnnNnOiiil1001 (imm of (disp + Rn)) & T — 3 Ope- Yes
0100dddddddddddd ration
result
BANDNOT.B  #imm3,@(disp12,Rn) 0011nnnNnOiiil001 ~(immof(disp+Rn) &T—>T 3 Ope- Yes
1100dddddddddddd ration
result
BCLR.B #imm3, @ (disp12,Rn) 0011nnnNnOiiil001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnnOiii 0 — imm of Rn 1 — Yes
BLD.B #imm3, @ (disp12,Rn) 0011nnnnOiii1001  (imm of (disp + Rn)) — 3 Ope- Yes
0011dddddddddddd ration
result
BLD #imm3,Rn 10000111nnnnliii immofRn > T 1 Ope- Yes
ration
result
BLDNOT.B  #imm3,@(disp12,Rn) 0011nnnnOiii1001  ~(imm of (disp + Rn)) 3 Ope- Yes
1011dddddddddddd T ration
result
BOR.B #imm3, @ (disp12,Rn) 0011nnnnOiii1001  (immof(disp+Rn)) IT—>T 3 Ope- Yes
0101dddddddddddd ration
result
BORNOT.B  #imm3,@(disp12,Rn) 0011nnnnOiii1001  ~(immof (disp+Rn)) IT>T 3 Ope- Yes
1101dddddddddddd ration
result
BSET.B #imm3, @ (disp12,Rn) 0011nnnnOiii1001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnnliii 1 — imm of Rn 1 — Yes
BST.B #imm3, @ (disp12,Rn) 0011nnnNnOi1i1001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnnOiii T — imm of Rn 1 — Yes
BXOR.B #imm3, @ (disp12,Rn) 0011nnnNnOiiil001  (imm of (disp+ RN)AT > T 3 Ope- Yes
0110dddddddddddd ration
result
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2.5 Processing States

The CPU has five processing states: reset, exception handling, bus-released, program execution,
and power-down. Figure 2.6 shows the transitions between the states.

Manual reset from any state

Interrupt source or
DMA address error occurs

Bus request
cleared

Bus-released state

generated
Bus request

generated Bus request

cleared

! Sleep mode

Manual reset state

Bus request  source
generated oceurs

us request
\@fd \
Bus reqm

Power-on reset from any state

Power-on reset state

Reset canceled

Exception

handling state NMI interrupt or

IRQ interrupt occurs

Exception 1

handling Exception

handling
ends

Program execution state

STBY bit cleared | STBY bit set

for SLEEP and DEEP bit
instruction cleared for SLEEP,
instruction

for SLEEP
instruction

Reset state !

STBY and DEEP bits set

Deep standby mode

Power-down state

NMI interrupt,
realtime clock
alarm interrupt,
change in the level
of a pin that
initiates release,
and power-on
reset

Figure 2.6 Transitions between Processing States
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(1) Reset State
In the reset state, the CPU is reset. There are two kinds of reset, power-on reset and manual reset.
(2) Exception Handling State

The exception handling state is a transient state that occurs when exception handling sources such
as resets or interrupts alter the CPU’s processing state flow.

For a reset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception handling vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception handling vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

(3) Program Execution State
In the program execution state, the CPU sequentially executes the program.
(4) Power-Down State

In the power-down state, the CPU stops operating to reduce power consumption. The SLEEP
instruction places the CPU in sleep mode, software standby mode, or deep standby mode.

(5) Bus-Released State

In the bus-released state, the CPU releases bus to a device that has requested it.

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016

Page 84 of 2104



SH7266 Group, SH7267 Group Section 3 Floating-Point Unit (FPU)

Section 3 Floating-Point Unit (FPU)

3.1 Features
The FPU has the following features.

e Conforms to IEEE754 standard

e 16 single-precision floating-point registers (can also be referenced as eight double-precision
registers)

e Two rounding modes: Round to nearest and round to zero

e Denormalization modes: Flush to zero

o Five exception sources: Invalid operation, divide by zero, overflow, underflow, and inexact

e Comprehensive instructions: Single-precision, double-precision, and system control

RO1UH0412EJ0300 Rev.3.00
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3.2 Data Formats

321 Floating-Point Format
A floating-point number consists of the following three fields:

e Sign (s)
e Exponent (e)
e Fraction (f)

This LSI can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 3.1 and 3.2.

31 30 23 22 0

s e f

Figure 3.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

s e f

Figure 3.2 Format of Double-Precision Floating-Point Number

The exponent is expressed in biased form, as follows:

e = E + bias

The range of unbiased exponent EisE , —1to E _+ 1. The two valuesE , —1and E  + 1 are

distinguished as follows. E , — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E__+ 1 indicates positive or negative infinity or a non-number (NaN).

‘max

Table 3.1 shows E . and E__ values.

min max
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Table 3.1  Floating-Point Number Formats and Parameters

Parameter Single-Precision Double-Precision
Total bit width 32 bits 64 bits

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E. +127 +1023

E_ -126 -1022

‘min

Floating-point number value v is determined as follows:

IfE=E _+1andf=0,visanon-number (NaN) irrespective of sign s
IfE=E__ +1andf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E_ ,v=(-1)2"(1.f) [normalized number]

IfE=E_ —1andf=#0,v=(-1)2""(0.f) [denormalized number]

IfE=E_, —1andf=0,v=(-1)0 [positive or negative zero]

RO1UH0412EJ0300 Rev.3.00
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Table 3.2 shows the ranges of the various numbers in hexadecimal notation.

Table 3.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H'7FCO 0000

H'7FFF FFFF FFFF FFFF to
H'7FF8 0000 0000 0000

Quiet non-number

H'7FBF FFFF to H'7F80 0001

H'7FF7 FFFF FFFF FFFF to
H'7FF0 0000 0000 0001

Positive infinity

H'7F80 0000

H'7FFO0 0000 0000 0000

Positive normalized
number

H'7F7F FFFF to H'0080 0000

H'7FEF FFFF FFFF FFFF to
H'0010 0000 0000 0000

Positive denormalized
number

H'007F FFFF to H'0000 0001

H'000F FFFF FFFF FFFF to
H'0000 0000 0000 0001

Positive zero

H'0000 0000

H'0000 0000 0000 0000

Negative zero

H'8000 0000

H'8000 0000 0000 0000

Negative denormalized
number

H'8000 0001 to H'807F FFFF

H'8000 0000 0000 0001 to
H'800F FFFF FFFF FFFF

Negative normalized
number

H'8080 0000 to H'FF7F FFFF

H'8010 0000 0000 0000 to
H'FFEF FFFF FFFF FFFF

Negative infinity

H'FF80 0000

H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

H'FFFO 0000 0000 0001 to
H'FFF7 FFFF FFFF FFFF

Signaling non-number

H'FFCO 0000 to HFFFF FFFF

H'FFF8 0000 0000 0000 to
H'FFFF FFFF FFFF FFFF
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3.2.2 Non-Numbers (NaN)
Figure 3.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care
e Exponent field: All bits are 1
e Fraction field: At least one bit is 1

The NaN is a signaling NaN (sNaN) if the MSB of the fraction field is 1, and a quiet NaN (qNaN)
if the MSB is 0.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

N = 1: sNaN
N = 0: gNaN

Figure 3.3 Single-Precision NaN Bit Pattern

An sNaN is input in an operation, except copy, FABS, and FNEG, that generates a floating-point
value.

e  When the EN.V bit in FPSCR is 0, the operation result (output) is a qNaN.

e  When the EN.V bit in FPSCR is 1, an invalid operation exception will generate FPU exception
processing. In this case, the contents of the operation destination register are unchanged.

If a gNaN is input in an operation that generates a floating-point value, and an sNaN has not been
input in that operation, the output will always be a qNaN irrespective of the setting of the EN.V bit
in FPSCR. An exception will not be generated in this case.

The gNAN values as operation results are as follows:

e Single-precision qNaN: H'7FBF FFFF
e Double-precision qNaN: H'7FF7 FFFF FFFF FFFF

See the individual instruction descriptions for details of floating-point operations when a non-
number (NaN) is input.

RO1UH0412EJ0300 Rev.3.00
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3.2.3 Denormalized Numbers

For a denormalized number floating-point value, the exponent field is expressed as 0, and the
fraction field as a non-zero value.

In the SH2A-FPU, the DN bit in the status register FPSCR is always set to 1, therefore a
denormalized number (source operand or operation result) is always flushed to 0 in a floating-
point operation that generates a value (an operation other than copy, FNEG, or FABS).

When the DN bit in FPSCR is 0, a denormalized number (source operand or operation result) is
processed as it is. See the individual instruction descriptions for details of floating-point
operations when a denormalized number is input.

RO1UH0412EJ0300 Rev.3.00
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3.3 Register Descriptions

331 Floating-Point Registers

Figure 3.4 shows the floating-point register configuration. There are sixteen 32-bit floating-point
registers FPRO to FPR 15, referenced by specifying FRO to FR15, DR0/2/4/6/8/10/12/14. The
correspondence between FRPn and the reference name is determined by the PR and SZ bits in

FPSCR. Refer figure 3.4.

1. Floating-point registers, FPRi (16 registers)

FPRO to FPR15

2. Single-precision floating-point registers, FRi (16 registers)

FRO to FR15 indicate FPRO to FPR15

3. Double-precision floating-point registers or single-precision floating-point vector registers in

pairs, DRI (8 registers)
A DR register comprises two FR registers.

DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS = {FRS, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Reference name

Transfer instruction case: FPSCR.SZ=0 FPSCR.SZ=1
Operation instruction case: FPSCR.PR=0 FPSCR.PR =1

FRO
FR1
FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14
FR15

DRO

DR2

DR4

DR6

DR8

DR10

DR12

DR14

Register name

FPRO

FPR1

FPR2

FPR3

FPR4

FPR5

FPR6

FPR7

FPR8

FPR9

FPR10

FPR11

FPR12

FPR13

FPR14

FPR15

Figure 3.4 Floating-Point Registers
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3.3.2 Floating-Point Status/Control Register (FPSCR)

FPSCR is a 32-bit register that controls floating-point instructions, sets FPU exceptions, and
selects the rounding mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Ll -1 -[-[-T-T-T-]-Jos]-Jszferfon] cas |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
RW: R R R R R R R R R RW R RW RW R RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Cause Enable Flag | RM1 | RMO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31t023 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.

22 QIs 0 R/W  Nonnunerical Processing Mode
0: Processes qNaN or +oo as such

1: Treats gNaN or +wo as the same as sNaN (valid only
when FPSCR.Enable.V = 1)

21 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
20 Sz 0 R/W  Transfer Size Mode
0: Data size of FMOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register pair
(64 bits)
19 PR 0 R/W  Precision Mode
0: Floating-point instructions are executed as single-
precision operations
1: Floating-point instructions are executed as double-
precision operations (graphics support instructions
are undefined)
18 DN 1 R Denormalization Mode (Always fixed to 1 in SH2A-
FPU)

1: Denormalized number is treated as zero
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Initial
Bit Bit Name Value

R/W

Description

17to 12 Cause H'00

R/W

11to7 Enable H'00

R/W

6102 Flag H'00

R/W

FPU Exception Cause Field

FPU Exception Enable Field

FPU Exception Flag Field

Each time floating-point operation instruction is
executed, the FPU exception cause field is cleared to 0
first. When an FPU exception on floating-point
operation occurs, the bits corresponding to the FPU
exception cause field and FPU exception flag field are
set to 1. The FPU exception flag field remains set to 1
until it is cleared to O by software.

As the bits corresponding to FPU exception enable
filed are sets to 1, FPU exception processing occurs.

For bit allocations of each field, see table 3.3.

RMH1 0
0 RMO

R/W
R/W

Rounding Mode

These bits select the rounding mode.
00: Round to Nearest

01: Round to Zero

10: Reserved

11: Reserved

Table 3.3  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (2) (O) (9)] ()
Cause FPU exception Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field
Enable FPU exception None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
enable field
Flag FPU exception flag None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
field

Note: No FPU error occurs in the SH2A-FPU.
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3.33 Floating-Point Communication Register (FPUL)

Information is transferred between the FPU and CPU via FPUL. FPUL is a 32-bit system register
that is accessed from the CPU side by means of LDS and STS instructions. For example, to
convert the integer stored in general register R1 to a single-precision floating-point number, the
processing flow is as follows:

R1 — (LDS instruction) - FPUL — (single-precision FLOAT instruction) — FR1

RO1UH0412EJ0300 Rev.3.00
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3.4 Rounding

In a floating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC will
differ from the result when using a basic instruction such as FADD, FSUB, or FMUL. Rounding is
performed once in FMAC, but twice in FADD, FSUB, and FMUL.

Which of the two rounding methods is to be used is determined by the RM bits in FPSCR.

FPSCR.RM[1:0] = 00: Round to Nearest
FPSCR.RM[1:0] =01: Round to Zero

(1) Round to Nearest

The operation result is rounded to the nearest expressible value. If there are two nearest
expressible values, the one with an LSB of 0 is selected.

Emax

If the unrounded value is 2°™ (2 — 2°) or more, the result will be infinity with the same sign as the
unrounded value. The values of Emax and P, respectively, are 127 and 24 for single-precision, and
1023 and 53 for double-precision.

(2) Round to Zero
The digits below the round bit of the unrounded value are discarded.

If the unrounded value is larger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value.
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35 FPU Exceptions
35.1 FPU Exception Sources

FPU exceptions may occur on floating-point operation instruction and the exception sources are as
follows:

e FPU error (E): When FPSCR.DN = 0 and a denormalized number is input (No error occurs in
the SH2A-FPU)

o Invalid operation (V): In case of an invalid operation, such as NaN input
e Division by zero (Z): Division with a zero divisor

e Overflow (O): When the operation result overflows

e Underflow (U): When the operation result underflows

o Inexact exception (I): When overflow, underflow, or rounding occurs

The FPU exception cause field in FPSCR contains bits corresponding to all of above sources E, V,
Z, 0, U, and I, and the FPU exception flag and enable fields in FPSCR contain bits corresponding
to sources V, Z, O, U, and I, but not E. Thus, FPU errors cannot be disabled.

When an FPU exception occurs, the corresponding bit in the FPU exception cause field is set to 1,
and 1 is added to the corresponding bit in the FPU exception flag field. When an FPU exception
does not occur, the corresponding bit in the FPU exception cause field is cleared to 0, but the
corresponding bit in the FPU exception flag field remains unchanged.

3.5.2 FPU Exception Handling
FPU exception handling is initiated in the following cases:

e FPU error (E): FPSCR.DN = 0 and a denormalized number is input (No error occurs in the
SH2A-FPU)

o Invalid operation (V): FPSCR.Enable.V = 1 and invalid operation

e Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor

e Overflow (O): FPSCR.Enable.O = 1 and instruction with possibility of operation result
overflow

e Underflow (U): FPSCR.Enable.U = 1 and instruction with possibility of operation result
underflow

o Inexact exception (I): FPSCR.Enable.I = 1 and instruction with possibility of inexact operation
result
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These possibilities of each exceptional handling on floating-point operation are shown in the
individual instruction descriptions. All exception events that originate in the floating-point
operation are assigned as the same FPU exceptional handling event. The meaning of an exception
generated by floating-point operation is determined by software by reading from FPSCR and
interpreting the information it contains. Also, the destination register is not changed when FPU
exception handling operation occurs.

Except for the above, the FPU disables exception handling. In every processing, the bit
corresponding to source V, Z, O, U, or L is set to 1, and a default value is generated as the
operation result.

o Invalid operation (V): gNaN is generated as the result.

e Division by zero (Z): Infinity with the same sign as the unrounded value is generated.

e Overflow (O):
When rounding mode = RZ, the maximum normalized number, with the same sign as the
unrounded value, is generated.
When rounding mode = RN, infinity with the same sign as the unrounded value is generated.

e Underflow (U):
Zero with the same sign as the unrounded value is generated.

e Inexact exception (I): An inexact result is generated.
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Section 4 Boot Mode

This LSI can be booted from the memory connected to the CSO space, the NAND flash memory,
and the serial flash memory.

4.1 Features

e Four boot modes
Boot mode 0: Boots the LSI from the memory connected to the CSO space
Boot mode 1: Boots the LSI from the serial flash memory (low-speed communication)
Boot mode 2: Boots the LSI from the NAND flash memory

Boot mode 3: Boots the LSI from the serial flash memory (high-speed communication)

4.2 Boot Mode and Pin Function Setting

This LSI can determine the boot mode using external pins when RES is low. The external pin
settings for selecting the boot mode are shown in table 4.1.

Table 4.1  External Pin (MD_BOOT1 and MD_BOOTDO0) Settings and Corresponding Boot

Modes

MD_BOOT1 MD_BOOTO Boot Mode

0 0 Boots the LSI from the memory connected to the CSO
space (boot mode 0).

0 1 Boots the LSI, through low-speed communication, from the
serial flash memory connected to channel 0 of the Renesas
serial peripheral interface (boot mode 1).

1 0 Boots the LSI from the NAND flash memory connected to
the NAND flash memory controller (boot mode 2).

1 1 Boots the LSI, through high-speed communication, from the

serial flash memory connected to channel 0 of the Renesas
serial peripheral interface (boot mode 3).
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4.3 Operation
431 Boot Mode 0

In boot mode 0, this LSI is booted from the memory connected to the CSO space. In this mode,
this LSI operates as follows:

After the power-on reset is canceled, the initial value (execution start address) of the program
counter (PC) and the initial value of the stack pointer (SP) are fetched from the exception handling
vector table located in the memory connected to the CSO space, then program execution is started.

4.3.2 Boot Modes 1 and 3

In boot modes 1 and 3, booting up is from serial flash memory, which is connected to channel O of
the Renesas serial peripheral interface. The flow of initiation in boot mode is as described below.

(1) Execution from on-Chip ROM of the Program for Boot Initiation

After release from the power-on reset state, the CPU executes the boot initiation program that has
been stored in on-chip ROM (and is not publicly disclosed).

(2) Transfer of the Loader Program

Starting with transfer from the respective first locations, the 8-KB loader program is transferred
from serial flash memory, which is connected to channel O of the Renesas serial peripheral
interface, to high-speed on-chip RAM.

Transfer proceeds at 1/4 of the rate of the bus clock (B¢) in boot mode 1 and at 1/2 of the rate of
the bus clock in boot mode 3. Decide on the boot mode in accord with the connected serial flash
memory.

Once transfer of the loader program has been completed, execution by the CPU jumps to high-
speed on-chip RAM so that it can start executing the transferred loader program.

(3) Transfer of an Application Program (as Desired)

The loader program employs the Renesas serial peripheral interface to transfer the data to be
deployed from serial flash memory to on-chip RAM or external RAM.
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Figure 4.1 is a schematic view of the specification for boot modes 1 and 3.

This LSI
1) Program execution
R - i
On-chip ROM for boot ead request= Renesas serial Read - Serial flash memory
initiation (not publicly disclosed) peripheral »1 Loader program
interface (8 KB)
w/ (2) Loading into high-speed
I C’OOOHigh—speed on-chip RAM/ on-chip FKQMd Application
Loader program ca - program
(8 KB) Read reguesj,
H'FFF8 1FFF|
|1 (3) Loading into external External RAM
/‘< or on-chip RAM
—]
On-chip AAM / \ Application
program
Application
program

Figure 4.1 Schematic View of Specification for Boot Modes 1 and 3
4.3.3 Boot Mode 2

In boot mode 2, booting up is from NAND flash memory, which is connected to the NAND flash
memory controller. Suitable NAND flash memory has a large block size (2048 + 64) and takes
five-byte addresses (has a capacity of 2 GB or greater). The flow of initiation for a NAND-flash
boot is as described below.

(1) Execution from on-Chip ROM of the Program for Boot Initiation

After release from the power-on reset state, the CPU executes the boot initiation program that has
been stored in on-chip ROM (and is not publicly disclosed).

(2) Transfer of the Loader Program

Starting with transfer from the respective first locations, the 8-KB loader program is transferred
from NAND flash memory, which is connected to the NAND flash memory controller, to high-
speed on-chip RAM. Transfer and checking by the loader program proceed as follows.
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(a) A search is conducted to find the block which holds the loader program. Block addresses 0 to
1023 (max.)
(b) The 8-KB (16-sector) loader program is read out and transferred to high-speed on-chip RAM.

Once transfer of the loader program has been completed, execution by the CPU jumps to high-
speed on-chip RAM so that it can start executing the transferred loader program.

(3) Transfer of an Application Program (as Desired)

The loader program employs the NAND flash memory controller to transfer the data to be
deployed from NAND flash memory to on-chip RAM or external RAM.

Figure 4.2 is a schematic view of the specifications for boot mode 2.

This LSI
1) Program execution (2) (a) Search for the
On-chip ROM for boot Read request‘ NAND loader program NAND flash memory
initiation (not publicly disclosed) P flash memory »-1  Loader program
controller (8 KB)
// (2) (b) Loading into high-
High-speed on-chip RAM speed on-chip RAM Application
H'FFF8 0000 -« | s
I(‘g aK%e)r program Read request, Read >
HFFF8 1FFF >
L—1 (3) Loading into external External RAM
/< or on-chip RAM
]
On-chip RAM / \ Application
program
Application
program

Figure 4.2 Schematic View of Specification for Boot Mode 2
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Figure 4.3 shows the locations where the loader program is stored.

Store the loader program in sectors O to 15 of the loader block. Read out the loader program in

sectors.

Sectors 0 to 15

NAND flash memory

Highest

A

Loader program

Lowest

Search in blocks
0 to 1023 (max.)

Figure 4.3 Locations where the Loader Program is Stored

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016

RENESAS

Page 103 of 2104




Section 4 Boot Mode SH7266 Group, SH7267 Group

4.4 Notes

44.1 Boot Related Pins

The initial states and output states in deep standby mode of the pins related to CSO space memory
read, NAND flash memory controller, and channel O of the Renesas serial peripheral interface are
different in each boot mode.

For details, refer to section 9, Bus State Controller, section 32, General Purpose I/O Ports, and
section 33, Power-Down Modes.
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Section 5 Clock Pulse Generator

This LSI has a clock pulse generator that generates a CPU clock (I¢), a peripheral clock (P¢), and
a bus clock (B¢). The clock pulse generator consists of a crystal oscillator, PLL circuits, and
divider circuits.

51 Features

e Two clock operating modes
The mode is selected from among the two clock operating modes based on the frequency range
to be used and the input clock type: the clock from crystal resonator or the clock for USB 2.0
host/function module.

e Three clocks generated independently
A CPU clock (I¢) for the CPU and cache; a peripheral clock (P¢) for the on-chip peripheral
modules; a bus clock (By = CKIO) for the external bus interface

e Frequency change function
CPU and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuits and divider circuits within this module. Frequencies are changed by
software using frequency control register (FRQCR) settings.

e Power-down mode control
The clock can be stopped in sleep mode, software standby mode, and deep standby mode, and
specific modules can be stopped using the module standby function. For details on clock
control in the power-down modes, see section 33, Power-Down Modes.
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Figure 5.1 shows a block diagram of the clock pulse generator.

On-chip oscillator circuit

! CPU clock

——> (I¢ Max: 144 MHz)

L——3pp Peripheral clock

(P9 Max: 36 MHz)

p Bus clock

P T T T T T T T T T T T T T T T T T OO T T T T T TS 1
1 Divider 2
: Divider 1 1 >
N |
1 - x1/2 P>
»| x1/1 p| PLL circuit —pp|
| w| xa (x12) x1/3 >
' x 1/4 >
: x 1/6 >
1 x1/8 >
Crystal
1
XTAL B oscillator > x 1/12 >
1 ||
! |-
EXTAL g_g_f_> »
1 -
E ! Crystal o
UsB_x2 1 | oscillator >
1 .
1
USB_X1 !
1
I
1
]
I
Control unit

[Legend]

(B = CKIO Max: 72 MHz)

Clock frequency
control circuit

Standby control circuit

?

FRQCR

A
\4

\4

Bus interface

FRQCR: Frequency control register

{ Peripheral bus »

Figure 5.1 Block Diagram
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The blocks of this module function as follows:
(1) Crystal Oscillator

The crystal oscillator is used in which the crystal resonator is connected to the XTAL/EXTAL pin
or USB_X1/USB_X2 pin. One of them is selected according to the clock operating mode.

(2) Divider1

Divider 1 divides the output from the crystal oscillator or the external clock input. The division
ratio depends on the clock operating mode.

(3) PLL Circuit

PLL circuit multiplies the frequency of the output from the divider 1. The multiplication ratio
depends on the clock operating mode.

(4) Divider 2

Divider 2 generates a clock signal whose operating frequency can be used for the CPU clock, the
peripheral clock, and the bus clock. The division ratio of the bus clock depends on the clock
operating mode. The division ratio of the CPU clock and the peripheral clock is set by the
frequency control register.

(5) Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the MD_CLK pin and the
frequency control register (FRQCR).

(6) Standby Control Circuit

The standby control circuit controls the states of the on-chip oscillation circuit and other modules
during clock switching, or sleep, software standby or deep standby mode.

In addition, the standby control register is provided to control the power-down mode of other
modules. For details on the standby control register, see section 33, Power-Down Modes.

(7) Frequency Control Register (FRQCR)

The frequency control register (FRQCR) has control bits assigned for the following functions:
clock output/non-output from the CKIO pin during software standby mode and the frequency
division ratio of the CPU clock and the peripheral clock (Po).
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5.2

Input/Output Pins

Table 5.1 lists the clock pulse generator pins and their functions.

Table 5.1  Pin Configuration and Functions of the Clock Pulse Generator

Function Function
Pin Name Symbol 1/0 (Clock Operating Mode 0) (Clock Operating Mode 1)
Mode control pin  MD_CLK  Input  Sets the clock operating mode.
Crystal XTAL Output Connected to the crystal Leave this pin open.
input/output pins resonator. (Leave this pin
(clock input pins) open when the crystal

resonator is not in use.)
EXTAL Input  Connected to the crystal Fix this pin (Connect it to
resonator or used to input  pull-up/down resistor,
external clock. power supply, or ground.)
Clock output pin  CKIO Output Clock output pin. Clock output pin
Crystal USB_X1 Input  Connected to the crystal Connected to the crystal
input/output pins resonator to input the clock resonator to input the clock
for USB 2.0 for the USB 2.0 host/function for both the USB 2.0
host/function module only, or used to host/function module and
module input external clock. When  the LSI, or used to input
(clock input pins) the USB 2.0 host/function external clock.

module is not used, this pin

should be fixed (connected

to pull-up/down resistor,

power supply or ground).

USB_X2  Output Connected to the crystal Connected to the crystal

resonator for the USB 2.0
host/function module.
(Leave this pin open when
the crystal resonator is not in
use.)

resonator for both the USB
2.0 host/function module
and the LSI.

(Leave this pin open when
the crystal resonator is not
in use.)
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5.3 Clock Operating Modes

Table 5.2 shows the relationship between the mode control pin (MD_CLK) and the clock
operating modes. Table 5.3 shows the usable frequency ranges in the clock operating modes.

Table 5.2 Clock Operating Modes

Pin Values Clock 110 PLL Circuit

Mode MD_CLK Source Output Divider 1 On/Off CKIO Frequency

0 0 EXTAL or CKIO 1 ON (EXTAL or crystal
crystal (x12) resonator) x 6
resonator

1 1 USB_X1or CKIO 1/4 ON (USB_X1 or crystal
crystal (x12) resonator) x 3/2
resonator

Mode 0

In mode 0, clock is input from the EXTAL pin or the crystal oscillator. The PLL circuit shapes
waveforms and multiples the frequency, and then supplies the clock to the LSI. The oscillating
frequency for the crystal resonator and EXTAL pin input clock ranges from 10 to 12 MHz.
The frequency range of CKIO is from 60 to 72 MHz. To reduce current supply, fix the
USB_X1 pin (connect it to a pull-up/down resistor, the power supply, or the ground) and open
the USB_X2 pin when the USB 2.0 host/function module is not used.

Mode 1

In mode 1, clock is input from the USB_X1 pin or the crystal oscillator. The external clock is
input through this pin and waveform is shaped in the PLL circuit. Then the frequency is
multiplied according to the frequency control register setting before the clock is supplied to the
LSI. The frequency of CKIO is the same as that of the input clock (USB_X1/crystal resonator)
multiplied by 3/2, (72 MHz). To reduce current supply, fix the EXTAL pin (connect it to a
pull-up/down resistor, the power supply, or the ground) and open the XTAL pin when the LSI
is used in mode 1.
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Table 5.3  Relationship between Clock Operating Mode and Frequency Range
Ratio of Selectable Frequency Range (MHz)

Clock Internal Clock Output

Operating FRQCR PLL Frequencies  |nput Clock (CKIO CPUclock Bus Clock  Peripheral

Mode Setting** Frequency Multiplier (1:B:P)** Clock*® Pin) (1) (B9) Clock (P4)

0 H'x103 ON (x12) 12:6:3 10to12 60to72 120to 144 60to72 30to 36
H'x104 ON (x12) 12:6:2 10to12 60to72 120to144 60to72 20to24
H'x105 ON (x12) 12:6:3/2 10to12 60to72 120to144 60to72 15t0 18
H'x106 ON (x12) 12:6:1 10to12 60to72 120to 144 60to72 10to 12
H'x113 ON (x12) 6:6:3 10to12 60to72 60to72 60to72 30to 36
H'x114 ON (x12) 6:6:2 10to12 60to72 60to72 60to72 20to24
H'x115 ON (x12) 6:6:3/2 10to12 60to72 60to72 60to72 15t018
H'x116 ON (x12) 6:6:1 10to12 60to72 60to72 60to72 10to12

1 H'x103 ON (x12) 3:3/2:3/4 48 72 144 72 36
H'x104 ON (x12) 3:32:12 48 72 144 72 24
H'x105 ON (x12) 3:3/2:3/8 48 72 144 72 18
H'x106 ON (x12) 3:32:1/4 48 72 144 72 12
H'x113 ON (x12) 3/2:3/2:3/4 48 72 72 72 36
H'x114 ON (x12) 3/2:3/2:1/2 48 72 72 72 24
H'x115 ON (x12) 3/2:3/2:3/8 48 72 72 72 18
H'x116 ON (x12) 3/2:3/2:1/4 48 72 72 72 12

Notes: 1. xin the FRQCR register setting depends on the set value in bits 12, 13, and 14.
2. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.
3. In mode 0, the frequency of the EXTAL pin input clock or the crystal resonator
In mode 1, the frequency of the USB_X1 pin input clock or the crystal resonator
Caution: Do not use this LSI for frequency settings other than those in table 5.3.
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54 Register Descriptions
Table 5.4 shows the register configuration of the clock pulse generator.

Table 5.4  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size

Frequency FRQCR R/W  H'0113 H'FFFEO010 16
control register

54.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the
CKIO pin during normal operation mode, release of bus mastership, change of gain of crystal
oscillator for the XTAL pin, software standby mode, and standby mode cancellation. The register
specifies the frequency division ratio for the CPU clock and peripheral clock (P$). FRQCR is
accessed by word.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ %ﬁg‘ CKOEN[1:0] ‘ - ‘ ; ‘ - ‘ - ‘ ; ‘ - ‘ - ‘ IFC ‘ - ‘ PFC[2:0]
Initial value: 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1

R/W: R RW RW R/W R R R R R R R R/W R RW RW R/W

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
14 CKOEN2 0 R/W Clock Output Enable 2

Specifies whether the CKIO pin outputs clock signals
or is fixed to the low level when the gain of the crystal
oscillator for the XTAL pin is changed.

If this bit is set to 1, the CKIO pin is fixed to the low
level when the gain of the crystal oscillator for the
XTAL pin is changed. Therefore, the malfunction of
an external circuit caused by an unstable CKIO clock
while changing the gain of the crystal oscillator for the
XTAL pin can be prevented.

0: Unstable clock output

1: Low-level output
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Initial
Bit Bit Name Value R/W Description

13, 12 CKOEN][1:0] 00 R/W Clock Output Enable

Specifies whether the CKIO pin outputs clock signals,
or is set to a fixed level or high impedance (Hi-Z)
during normal operation mode, release of bus
mastership, standby mode, or cancellation of standby
mode.

If these bits are set to 01, the CKIO pin is fixed at low
during software standby mode or cancellation of
software standby mode. Therefore, the malfunction of
an external circuit caused by an unstable CKIO clock
during cancellation of software standby mode can be
prevented.

1109 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

8 — 1 R Reserved

This bit is always read as 1. The write value should
always be 1.

7to5 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

4 IFC 1 R/W CPU clock Frequency Division Ratio

This bit specifies the frequency division ratio of the
CPU clock with respect to the output frequency of
PLL circuit.

0: 1 time
1: 1/2 times

3 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
2t00 PFC[2:0] 011 R/W Peripheral Clock Frequency Division Ratio
These bits specify the frequency division ratio of the
peripheral clock with respect to the output frequency
of PLL circuit.
000: Reserved (setting prohibited)
001: Reserved (setting prohibited)
010: Reserved (setting prohibited)
011: 1/4 times
100: 1/6 times
101: 1/8 times
110: 1/12 times
111: Reserved (setting prohibited)
Table 5.5 CKOEN[1:0] Settings
Release of Bus Software Standby
Setting  Normal Operation Mastership Mode Deep Standby Mode
00 Output Output off (Hi-2) Output off (Hi-Z) Low-level or high-level
output
01 Output Output Low-level output Low-level or high-level
output
10 Output Output Output (unstable Low-level or high-level
clock output) output
11 Output off (Hi-Z) Output off (Hi-Z)  Output off (Hi-Z) Output off (Hi-Z)

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016

RENESAS

Page 113 of 2104



Section 5 Clock Pulse Generator SH7266 Group, SH7267 Group

55 Changing the Frequency

The frequency of the CPU clock (I¢) and peripheral clock (P¢) can be changed by changing the
division rate of divider. The division rate can be changed by software through the frequency
control register (FRQCR).

55.1 Changing the Division Ratio

The division rate of divider can be changed by the following operation.

1. In the initial state, IFC = B'l and PFC2 to PFCO = B'011.

2. Set the desired value in the IFC and PFC2 to PFCO bits. The values that can be set are limited
by the clock operating mode and the multiplication rate of PLL circuit. Note that if the wrong
value is set, this LSI will malfunction.

3. After the register bits (IFC and PFC2 to PFCO) have been set, the clock is supplied of the new
division ratio.

Note: When executing the SLEEP instruction after the frequency has been changed, be sure to
read the frequency control register (FRQCR) three times before executing the SLEEP
instruction.
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5.6 Usage of the Clock Pins

For the connection of a crystal resonator or the input of a clock signal, this LSI circuit has the pins
listed in table 5.6. With regard to these pins, take care on the following points. Furthermore, Xin
pin and Xout pin are used in this section to refer to the pins listed in the table.

Table 5.6  Clock Pins

Xin Pins

(Used for Connection of a Crystal Resonator Xout Pins

and Input of External Clock Signals) (Used for Connection of a Crystal Resonator)
EXTAL XTAL

uUSB_X1 USB_X2

AUDIO_X1 AUDIO_X2

RTC_X1 RTC_X2

56.1 In the Case of Inputting an External Clock

An example of the connection of an external clock is shown in figure 5.2. In cases where the Xout
pin is left open state, take the parasitic capacitance as less than 10 pF.

This LSI

External clock input I | I | I | —— D Xin

Open state —— ] Xout

Figure 5.2 Example of the Connection of an External Clock
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5.6.2 In the Case of Using a Crystal Resonator
An example of the connection of crystal resonator is shown in figure 5.3.

Place the crystal resonator and capacitors (CL1 and CL2) as close to pins Xin and Xout as
possible. Furthermore, to avoid inductance so that oscillation is correct, use the points where the
capacitors are connected to the crystal resonator in common and do not place wiring patterns close
to these components.

Since the design of the user board is closely connected with the effective characteristics of the
crystal resonator, refer to the example of connection of the crystal resonator that is introduced in
this section and perform thorough evaluation on the user side as well. The rated value of the
crystal resonator will vary with the floating capacitances and so on of the crystal resonator and
mounted circuit, so proceed with decisions on the basis of full discussions with the maker of the
crystal resonator. Ensure that voltages applied to the clock pins do not exceed the maximum rated
values.

Although the feedback resistor is included in this LSI, an external feedback resistor may be
required in some cases. This depends on the characteristics of the crystal resonator.

Set the parameters (of resistors and capacitors) with thorough evaluation on the user side.

This LSI
CL1
Xin
—l l D2
Crystal = <
= resonator = Ror = R Y
cL2 Xout
I A To internal
1 1 M & R'” D O sections
ob D

n

Figure 5.3 Example of the Connection of a Crystal Resonator

5.6.3 In the Case of Not Using the Clock Pin

In cases where the pins are not in use, fix the level on the Xin pin (pull it up or down, or connect it
to the power-supply or ground level), and leave the Xout pin open state.
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5.7 Oscillation Stabilizing Time

57.1 Oscillation Stabilizing Time of the On-chip Crystal Oscillator

In the case of using a crystal resonator, please wait longer than the oscillation stabilizing time at
the following cases, to keep the oscillation stabilizing time of the on-chip crystal oscillator (In the
case of inputting an external clock input, it is not necessary).

e Power on
¢ Releasing the software standby mode or deep standby mode by RES pin

e Changing from halting oscillation to running oscillation by power-on reset or register setting
(AUDIO_X1, RTC_X1)

¢ Changing the gain of the on-chip crystal oscillator by RES pin (EXTAL)

5.7.2 Oscillation Stabilizing Time of the PLL circuit

The clock from EXTAL in the clock mode O or USB_X1 in the clock mode 1 is supplied to the
PLL circuit. So, regardless of whether using a crystal resonator or inputting an external clock from
EXTAL (clock mode 0) or USB_X1 (clock mode 1), please wait longer than the oscillation
stabilizing time at the following cases, to keep the oscillation stabilizing time of the PLL circuit.

e Power on (in the case of using the crystal resonator)/start inputting external clock (in the case
of inputting the external clock)

¢ Releasing the software standby mode or deep standby mode by RES pin
[Remarks]
The oscillation stabilizing time is kept by the counter running in the LSI at the following cases.

e Releasing the software standby mode or deep standby mode by the other than RES pin
e Changing the gain of the on-chip crystal oscillator by the register setting (EXTAL)
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5.8 Notes on Board Design

5.8.1 Note on Using a PLL Oscillation Circuit

In the PLLVcc and PLLVss connection pattern for the PLL, signal lines from the board power
supply pins must be as short as possible and pattern width must be as wide as possible to reduce
inductive interferences.

Since the analog power supply pins of the PLL are sensitive to the noise, the system may
malfunction due to inductive interference at the other power supply pins. To prevent such
malfunction, the analog power supply pins and the digital power supply pins Vcc and PVcc should
not supply the same resources on the board if at all possible.

Ensure that PLLVcc has the same electric potential as Vcc.

Signal lines prohibited

Power supply

PLLVce Vce

PLLVss -|- : Vss

Figure 5.4 Note on Using a PLL Oscillation Circuit
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Section 6 Exception Handling

6.1 Overview

6.1.1 Types of Exception Handling and Priority

Exception handling is started by sources, such as resets, address errors, register bank errors,
interrupts, and instructions. Table 6.1 shows their priorities. When several exception handling
sources occur at once, they are processed according to the priority shown.

Table 6.1  Types of Exception Handling and Priority Order

Type Exception Handling Priority
Reset Power-on reset High
A

Manual reset

Address CPU address error
error

DMA address error

Instruction FPU exception

Integer division exception (division by zero)

Integer division exception (overflow)

Register Bank underflow
bank error

Bank overflow

Interrupt NMI

User debugging interface
IRQ v
PINT Low
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Type Exception Handling

Priority

Instruction Trap instruction (TRAPA instruction) High

General illegal instructions (undefined code)

Slot illegal instructions (undefined code placed directly after a delayed
branch instruction*' (including FPU instructions and FPU-related CPU
instructions in FPU module standby state), instructions that rewrite the
PC*?, 32-bit instructions*®, RESBANK instruction, DIVS instruction, and

DIVU instruction)

Low

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N.

3. 32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B, MOV.B@disp12, MOV.W @disp12,
MOV.L@disp12, MOVI20, MOVI20S, MOVU.B, MOVU.W.

6.1.2 Exception Handling Operations

The exception handling sources are detected and start processing according to the timing shown in

table 6.2.

Table 6.2 Timing of Exception Source Detection and Start of Exception Handling

Exception Source

Timing of Source Detection and Start of Handling

Reset Power-on reset

Starts when the RES pin changes from low to high, when the
user debugging interface reset negate command is set after the
user debugging interface reset assert command has been set,
or when the watchdog timer overflows.

Manual reset

Starts when the watchdog timer overflows.

Address error

Interrupts

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Register bank Bank underflow
error

Starts upon attempted execution of a RESBANK instruction
when saving has not been performed to register banks.

Bank overflow

In the state where saving has been performed to all register
bank areas, starts when acceptance of register bank overflow
exception has been set by the interrupt controller (the BOVE bit
in IBNR of the interrupt controller is 1) and an interrupt that
uses a register bank has occurred and been accepted by the
CPU.
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Exception Source Timing of Source Detection and Start of Handling

Instructions Trap instruction  Starts from the execution of a TRAPA instruction.

General illegal Starts from the decoding of undefined code anytime except

instructions immediately after a delayed branch instruction (delay slot)
(including FPU instructions and FPU-related CPU instructions
in FPU module standby state).

Slot illegal Starts from the decoding of undefined code placed directly after

instructions a delayed branch instruction (delay slot) (including FPU
instructions and FPU-related CPU instructions in FPU module
standby state), of instructions that rewrite the PC, of 32-bit
instructions, of the RESBANK instruction, of the DIVS
instruction, or of the DIVU instruction.

Integer division  Starts when detecting division-by-zero exception or overflow
exceptions exception caused by division of the negative maximum value
(H'80000000) by —1.

Instructions FPU exceptions  Starts when detecting invalid floating point operation exception
defined by IEEE standard 754, division-by-zero exception,
overflow, underflow, or inexact exception.

Also starts when gNaN or = is input to the source for a floating
point operation instruction when the QIS bit in FPSCR is set.

When exception handling starts, the CPU operates as follows:
(1) Exception Handling Triggered by Reset

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception handling vector table (PC and SP are respectively the H'00000000 and H'00000004
addresses for power-on resets and the H'00000008 and H'0000000C addresses for manual resets).
See section 6.1.3, Exception Handling Vector Table, for more information. The vector base
register (VBR) is then initialized to H'00000000, the interrupt mask level bits (I3 to 10) of the
status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are initialized to 0. The
BN bit in IBNR of the interrupt controller is also initialized to 0. The floating point status/control
register (FPSCR) is initialized to H'00040001 by a power-on reset. The program begins running
from the PC address fetched from the exception handling vector table.
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(2) Exception Handling Triggered by Address Errors, Register Bank Errors, Interrupts,
and Instructions

SR and PC are saved to the stack indicated by R15. In the case of interrupt exception handling
other than NMI with usage of the register banks enabled, general registers RO to R14, control
register GBR, system registers MACH, MACL, and PR, and the vector table address offset of the
interrupt exception handling to be executed are saved to the register banks. In the case of
exception handling due to an address error, register bank error, NMI interrupt, or instruction,
saving to a register bank is not performed. When saving is performed to all register banks,
automatic saving to the stack is performed instead of register bank saving. In this case, an interrupt
controller setting must have been made so that register bank overflow exceptions are not accepted
(the BOVE bit in IBNR of the interrupt controller is 0). If a setting to accept register bank
overflow exceptions has been made (the BOVE bit in IBNR of the interrupt controller is 1),
register bank overflow exception will be generated. In the case of interrupt exception handling, the
interrupt priority level is written to the I3 to I0 bits in SR. In the case of exception handling due to
an address error or instruction, the I3 to I0 bits are not affected. The exception service routine start
address is then fetched from the exception handling vector table and the program begins running
from that address.

6.1.3 Exception Handling Vector Table

Before exception handling begins running, the exception handling vector table must be set in
memory. The exception handling vector table stores the start addresses of exception service
routines. (The reset exception handling table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception handling, the start addresses of
the exception service routines are fetched from the exception handling vector table, which is
indicated by this vector table address.
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Table 6.3 shows the vector numbers and vector table address offsets. Table 6.4 shows how vector
table addresses are calculated.

Table 6.3  Exception Handling Vector Table

Vector
Exception Sources Numbers  Vector Table Address Offset
Power-on reset PC 0 H'00000000 to H'00000003
SP 1 H'00000004 to H'00000007
Manual reset PC 2 H'00000008 to H'0000000B
SP 3 H'0000000C to H'0000000F
General illegal instruction 4 H'00000010 to H'00000013
(Reserved by system) 5 H'00000014 to H'00000017
Slot illegal instruction 6 H'00000018 to H'0000001B
(Reserved by system) 7 H'0000001C to H'0000001F
8 H'00000020 to H'00000023
CPU address error 9 H'00000024 to H'00000027
DMA address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F
(Reserved by system) 12 H'00000030 to H'00000033
FPU exception 13 H'00000034 to H'00000037
User debugging interface 14 H'00000038 to H'0000003B
Bank overflow 15 H'0000003C to H'0000003F
Bank underflow 16 H'00000040 to H'00000043
Integer division exception (division by zero) 17 H'00000044 to H'00000047
Integer division exception (overflow) 18 H'00000048 to H'0000004B
(Reserved by system) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
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Vector
Exception Sources Numbers  Vector Table Address Offset
External interrupts (IRQ, PINT), 64 H'00000100 to H'00000103
on-chip peripheral module interrupts* . .

511 H'000007FC to H'000007FF

Note: * The vector numbers and vector table address offsets for each external interrupt and on-
chip peripheral module interrupt are given in table 7.4 in section 7, Interrupt Controller.

Table 6.4  Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

Resets Vector table address = (vector table address offset)
= (vector number) x 4

Address errors, register bank Vector table address = VBR + (vector table address offset)
errors, interrupts, instructions = VBR + (vector number) x 4

Notes: 1. Vector table address offset: See table 6.3.
2. Vector number: See table 6.3.
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6.2 Resets
6.2.1 Input/Output Pins
Table 6.5 shows the pin configuration.

Table 6.5 Pin Configuration

Pin Name Symbol 1/0 Function

Power-on reset RES Input When this pin is driven low, this LSI shifts to the power-
on reset processing

6.2.2 Types of Reset

A reset is the highest-priority exception handling source. There are two kinds of reset, power-on
and manual. As shown in table 6.6, the CPU state is initialized in both a power-on reset and a
manual reset. The FPU state is initialized by a power-on reset, but not by a manual reset. On-chip
peripheral module registers except a few registers are also initialized by a power-on reset, but not
by a manual reset.

Table 6.6  Reset States

Type Conditions for Transition to Reset State Internal States

On-Chip Large-
Capacity RAM On-Chip

Watchdog On-Chip (Excluding Data
User Debugging Timer Other High-Speed On-Chip Data Retention
RES Interface Command Overflow  CPU Modules RAM Retention RAM)  RAM
Power- Low — — Initialized Initialized Initialized or Initialized or Initialized or
on reset Retained Retained Retained
contents**  contents*® contents**, *°
High User debugging — Initialized Initialized Initialized or Initialized or Initialized or
interface reset assert Retained Retained Retained
command is set contents**  contents** contents**
High Command other than Power-on Initialized *' Initialized or Initialized or Initialized or
user debugging reset Retained Retained Retained
interface reset assert is contents**  contents*° contents**
set
Manual High Command other than Manual Initialized *' Retained Retained contents  Retained
reset user debugging reset contents contents

interface reset assert is
set
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Notes: 1.
2.
3.
4.

See section 36.3, Register States in Each Operating Mode.
Data are retained when the setting of either the RAME or RAMWE bit is disabled.
Data are retained when the setting of either the VRAME or VRAMWE bit is disabled.

Data are retained when the setting of any of the VRAME, VRAMWE, or RRAMWE bits
is disabled.

When the deep standby mode is canceled by a power-on reset, the data cannot be
retained.
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6.2.3 Power-On Reset
(1) Power-On Reset by Means of RES Pin

When the RES pin is driven low, this LSI enters the power-on reset state. To reliably reset this
LSI, the RES pin should be kept at the low level for the duration of the oscillation settling time at
power-on or when in software standby mode (when the clock is halted), or at least 20-tcyc when
the clock is running. In the power-on reset state, the internal state of the CPU and all the on-chip
peripheral module registers are initialized. See section 38.1, Pin States, for the status of individual
pins during the power-on reset state.

In the power-on reset state, power-on reset exception handling starts when the RES pin is first
driven low for a fixed period and then returned to high. The CPU operates as follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are
initialized to 0. The BN bit in IBNR of the interrupt controller is also initialized to 0. FPSCR is
initialized to H'00040001

4. The values fetched from the exception handling vector table are set in the PC and SP, and the
program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.
(2) Power-On Reset by Means of User Debugging Interface Reset Assert Command

When the user debugging interface reset assert command is set, this LSI enters the power-on reset
state. Power-on reset by means of the user debugging interface reset assert command is equivalent
to power-on reset by means of the RES pin. Setting the user debugging interface reset negate
command cancels the power-on reset state. The time required between the user debugging
interface reset assert command and the user debugging interface reset negate command is the same
as the time to keep the RES pin low to initiate a power-on reset. In the power-on reset state
generated by the user debugging interface reset assert command, setting the user debugging
interface reset negate command starts power-on reset exception handling. The CPU operates in the
same way as when a power-on reset was caused by the RES pin.
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(3) Power-On Reset Initiated by Watchdog Timer

When a setting is made for a power-on reset to be generated in watchdog timer mode of the
watchdog timer, and WTCNT of the watchdog timer overflows, this LSI enters the power-on reset
state.

In this case, WRCSR of the watchdog timer and FRQCR of the clock pulse generator are not
initialized by the reset signal generated by the watchdog timer.

If a reset caused by the RES pin or the user debugging interface reset assert command occurs
simultaneously with a reset caused by watchdog timer overflow, the reset caused by the RES pin
or the user debugging interface reset assert command has priority, and the WOVF bit in WRCSR
is cleared to 0. When power-on reset exception processing is started by the watchdog timer, the
CPU operates in the same way as when a power-on reset was caused by the RES pin.

6.2.4 Manual Reset
(1) Manual Reset Initiated by Watchdog Timer

When a setting is made for a manual reset to be generated in watchdog timer mode of the
watchdog timer, and WTCNT of the watchdog timer overflows, this LSI enters the manual reset
state.

When manual reset exception processing is started by the watchdog timer, the CPU operates as
follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are
initialized to 0. The BN bit in IBNR of interrupt controller is also initialized to O.

4. The values fetched from the exception handling vector table are set in the PC and SP, and the
program begins executing.
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(2) Note in Manual Reset

When a manual reset is generated, the bus cycle is retained, but if a manual reset occurs while the
bus is released or during burst transfer by the direct memory access controller, manual reset
exception handling will be deferred until the CPU acquires the bus. The CPU and the BN bit in
IBNR of the interrupt controller are initialized by a manual reset. The FPU and other modules are
not initialized.
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6.3 Address Errors

6.3.1 Address Error Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 6.7.

Table 6.7 Bus Cycles and Address Errors
Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Instruction CPU Instruction fetched from even address None (normal)
fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip None (normal)
peripheral module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*
Instruction fetched from on-chip peripheral Address error occurs
module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*
Data CPU or Word data accessed from even address None (normal)
read/write ilt’aerﬁtory Word data accessed from odd address Address error occurs
access Longword data accessed from a longword None (normal)
controller  boundary
Longword data accessed from other thana  Address error occurs
long-word boundary
Double longword data accessed from double None (normal)
longword boundary
Double longword data accessed from other ~ Address error occurs
than double longword boundary
Byte or word data accessed in on-chip None (normal)
peripheral module space*
Longword data accessed in 16-bit on-chip None (normal)
peripheral module space*
Longword data accessed in 8-bit on-chip None (normal)
peripheral module space*
Note: * See section 9, Bus State Controller, for details of the on-chip peripheral module space

and on-chip RAM space.
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6.3.2 Address Error Exception Handling

When an address error occurs, the bus cycle in which the address error occurred ends. When the
executing instruction then finishes, address error exception handling starts. The CPU operates as
follows:

1. The exception service routine start address which corresponds to the address error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.

6.4 Register Bank Errors

6.4.1 Register Bank Error Sources
(1) Bank Overflow

In the state where saving has already been performed to all register bank areas, bank overflow
occurs when acceptance of register bank overflow exception has been set by the interrupt
controller (the BOVE bit in IBNR of the interrupt controller is set to 1) and an interrupt that uses a
register bank has occurred and been accepted by the CPU.

(2) Bank Underflow

Bank underflow occurs when an attempt is made to execute a RESBANK instruction while saving
has not been performed to register banks.

6.4.2 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. The CPU operates
as follows:

1. The exception service routine start address which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a bank overflow, and the start
address of the executed RESBANK instruction for a bank underflow.
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To prevent multiple interrupts from occurring at a bank overflow, the priority level of the
interrupt that caused the bank overflow is written to the interrupt mask level bits (I3 to 10) of
the status register (SR).

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.

6.5 Interrupts

6.5.1 Interrupt Sources

The sources that start interrupt exception handling are divided into NMI, user debugging interface,
IRQ, PINT, and on-chip peripheral modules.

Each interrupt source is allocated a different vector number and vector table offset. See table 7.4
in section 7, Interrupt Controller, for more information on vector numbers and vector table address
offsets.
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6.5.2 Interrupt Priority Level

The interrupt priority order is predetermined. When multiple interrupts occur simultaneously

(overlap), the interrupt controller determines their relative priorities and starts exception handling
according to the results.

The priority order of interrupts is expressed as priority levels O to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is
always accepted. The priority level of user debugging interface interrupts is 15. Priority levels of
IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts can be set freely using
the interrupt priority registers 01, 02, and 05 to 23 (IPRO1, IPR02, and IPROS to IPR23) of the
interrupt controller as shown in table 6.9. The priority levels that can be set are 0 to 15. Level 16
cannot be set. See section 7.3.1, Interrupt Priority Registers 01, 02, 05 to 23 (IPRO1, IPR02, IPR05
to IPR23), for details of IPRO1, IPR02, and IPRO5 to IPR23.

Table 6.9 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User debugging interface 15 Fixed priority level.

IRQ Oto 15 Set with interrupt priority registers 01, 02, and 05
PINT to 23 (IPRO1, IPR02, and IPRO5 to IPR23).

On-chip peripheral module
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6.5.3 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller. NMI is
always accepted, but other interrupts are only accepted if they have a priority level higher than the
priority level set in the interrupt mask level bits (I3 to 10) of the status register (SR).

When an interrupt is accepted, interrupt exception handling begins. In interrupt exception
handling, the CPU fetches the exception service routine start address which corresponds to the
accepted interrupt from the exception handling vector table, and saves SR and the program counter
(PC) to the stack. In the case of interrupt exception handling other than NMI with usage of the
register banks enabled, general registers RO to R14, control register GBR, system registers
MACH, MACL, and PR, and the vector table address offset of the interrupt exception handling to
be executed are saved in the register banks. In the case of exception handling due to an address
error, NMI interrupt, or instruction, saving is not performed to the register banks. If saving has
been performed to all register banks (0 to 14), automatic saving to the stack is performed instead
of register bank saving. In this case, an interrupt controller setting must have been made so that
register bank overflow exceptions are not accepted (the BOVE bit in IBNR of the interrupt
controller is 0). If a setting to accept register bank overflow exceptions has been made (the BOVE
bit in IBNR of the interrupt controller is 1), register bank overflow exception occurs. Next, the
priority level value of the accepted interrupt is written to the I3 to I0 bits in SR. For NMI,
however, the priority level is 16, but the value set in the I3 to 10 bits is H'F (level 15). Then, after
jumping to the start address fetched from the exception handling vector table, program execution
starts. The jump that occurs is not a delayed branch. See section 7.6, Operation, for further details
of interrupt exception handling.
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6.6 Exceptions Triggered by Instructions

6.6.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, general illegal instructions, slot illegal
instructions, integer division exceptions, and FPU exceptions, as shown in table 6.10.

Table 6.10 Types of Exceptions Triggered by Instructions

Type

Source Instruction

Comment

Trap instruction

TRAPA

Slot illegal
instructions

Undefined code placed
immediately after a delayed
branch instruction (delay slot)
(including FPU instructions and
FPU-related CPU instructions in
FPU module standby state),
instructions that rewrite the PC,
32-bit instructions, RESBANK
instruction, DIVS instruction, and
DIVU instruction

Delayed branch instructions: JMP, JSR,
BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF

Instructions that rewrite the PC: JMP, JSR,
BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N

32-bit instructions: BAND.B, BANDNOT.B,
BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B,
MOV.B@disp12, MOV.W@disp12,
MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, MOVU.W.

General illegal
instructions

Undefined code anywhere
besides in a delay slot (including
FPU instructions and FPU-related
CPU instructions in FPU module
standby state)

Integer division
exceptions

Division by zero

DIVU, DIVS

Negative maximum value =+ (-1)

DIVS

FPU exceptions

Starts when detecting invalid
operation exception defined by
|IEEE754, division-by-zero
exception, overflow, underflow, or
inexact exception.

FADD, FSUB, FMUL, FDIV, FMAC,
FCMP/EQ, FCMP/GT, FLOAT, FTRC,
FCNVDS, FCNVSD, FSQRT
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6.6.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception handling starts. The CPU
operates as follows:

1. The exception service routine start address which corresponds to the vector number specified
in the TRAPA instruction is fetched from the exception handling vector table.

The status register (SR) is saved to the stack.
3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.

6.6.3 Slot lllegal Instructions

An instruction placed immediately after a delayed branch instruction is called the “instruction
placed in a delay slot”. When the instruction placed in the delay slot is undefined code (including
FPU instructions and FPU-related CPU instructions in FPU module standby state), an instruction
that rewrites the PC, a 32-bit instruction, an RESBANK instruction, a DIVS instruction, or a
DIVU instruction, slot illegal exception handling starts when such kind of instruction is decoded.
When the FPU has entered a module standby state, the floating point operation instruction and
FPU-related CPU instructions are handled as undefined codes. If these instructions are placed in a
delay slot and then decoded, a slot illegal instruction exception handling starts.

The CPU operates as follows:

1. The exception service routine start address is fetched from the exception handling vector table.
The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code, the instruction that rewrites
the PC, the 32-bit instruction, the RESBANK instruction, the DIVS instruction, or the DIVU
instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.

Page 136 of 2104 RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016



SH7266 Group, SH7267 Group Section 6 Exception Handling

6.6.4 General lllegal Instructions

When an undefined code, including FPU instructions and FPU-related CPU instructions in FPU
module standby state, placed anywhere other than immediately after a delayed branch instruction,
i.e., in a delay slot, is decoded, general illegal instruction exception handling starts. When the FPU
has entered a module standby state, the floating point instruction and FPU-related CPU
instructions are handled as undefined codes. If these instructions are placed anywhere other than
immediately after a delayed branch instruction (i.e., in a delay slot) and then decoded, general
illegal instruction exception handling starts.

In general illegal instruction exception handling, the CPU handles general illegal instructions in
the same way as slot illegal instructions. Unlike processing of slot illegal instructions, however,
the program counter value stored is the start address of the undefined code.

6.6.5 Integer Division Exceptions

When an integer division instruction performs division by zero or the result of integer division
overflows, integer division instruction exception handling starts. The instructions that may become
the source of division-by-zero exception are DIVU and DIVS. The only source instruction of
overflow exception is DIVS, and overflow exception occurs only when the negative maximum
value is divided by —1. The CPU operates as follows:

1. The exception service routine start address which corresponds to the integer division exception
that occurred is fetched from the exception handling vector table.

The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
integer division instruction at which the exception occurred.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.
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6.6.6 FPU Exceptions

An FPU exception handling is generated when the V, Z, O, U or I bit in the FPU exception enable
field (Enable) of the floating point status/control register (FPSCR) is set. This indicates the
occurrence of an invalid operation exception defined by the IEEE standard 754, a division-by-zero
exception, overflow (in the case of an instruction for which this is possible), underflow (in the
case of an instruction for which this is possible), or inexact exception (in the case of an instruction
for which this is possible).

The floating point operation instructions that may cause an FPU exception handling are FADD,
FSUB, FMUL, FDIV, FMAC, FCMP/EQ, FCMP/GT, FLOAT, FTRC, FCNVDS, FCNVSD, and
FSQRT.

An FPU exception handling is generated only when the corresponding FPU exception enable bit
(Enable) is set. When the FPU detects an exception source in floating point operation, FPU
operation is halted and generation of an FPU exception handling is reported to the CPU. When
exception handling is started, the CPU operations are as follows.

1. The start address of the exception service routine which corresponds to the FPU exception
handling that occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.
3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. This jump is not a delayed branch.

The FPU exception flag field (Flag) of FPSCR is always updated regardless of whether or not an
FPU exception handling has been accepted, and remains set until explicitly cleared by the user
through an instruction. The FPU exception source field (Cause) of FPSCR changes each time a
floating point operation instruction is executed.

When the V bit in the FPU exception enable field (Enable) of FPSCR is set and the QIS bit in
FPSCR is also set, FPU exception handling is generated when qNAN or oo is input to a floating
point operation instruction source.
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6.7 When Exception Sources Are Not Accepted

When an address error, FPU exception, register bank error (overflow), or interrupt is generated
immediately after a delayed branch instruction, it is sometimes not accepted immediately but
stored instead, as shown in table 6.11. When this happens, it will be accepted when an instruction
that can accept the exception is decoded.

Table 6.11 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Floating-Point

Address Unit Register Bank
Point of Occurrence Error Exception Error (Overflow) Interrupt
Immediately after a delayed  Not accepted Not accepted Not accepted Not accepted

branch instruction™

Note: * Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF

6.8 Stack Status after Exception Handling Ends
The status of the stack after exception handling ends is as shown in table 6.12.

Table 6.12 Stack Status After Exception Handling Ends

Exception Type Stack Status
Address error E Iy
SP » Address of instruction 32 bits
after executed instruction
SR 32 bits
Interrupt T T
SP -» Address of instruction 32 bits

after executed instruction

SR 32 bits
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Exception Type

Stack Status

Register bank error (overflow) F T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
Register bank error (underflow) E iy
Start address of relevant .
SP | RESBANK instruction 32 bits
SR 32 bits
Trap instruction E iy
Address of instruction .
SP after TRAPA instruction 32 bits
SR 32 bits
Slot illegal instruction F oy
Jump destination address .
SP > of delayed branch instruction 32 bits
SR 32 bits
General illegal instruction F T
Start address of general .
SP ™ illegal instruction 32 bits
SR 32 bits
Integer division exception F T
Start address of relevant .
SP > integer division instruction 32 bits
SR 32 bits
FPU exception T T
Address of instruction .
SP ™ after executed instruction 32 bits
SR 32 bits
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6.9 Usage Notes
6.9.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception handling.

6.9.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception handling.

6.9.3 Address Errors Caused by Stacking of Address Error Exception Handling

When the stack pointer is not a multiple of four, an address error will occur during stacking of the
exception handling (interrupts, etc.) and address error exception handling will start up as soon as
the first exception handling is ended. Address errors will then also occur in the stacking for this
address error exception handling. To ensure that address error exception handling does not go into
an endless loop, no address errors are accepted at that point. This allows program control to be
shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. During stacking of the status register (SR) and program counter (PC), the SP is
decremented by 4 for both, so the value of SP will not be a multiple of four after the stacking
either. The address value output during stacking is the SP value, so the address where the error
occurred is itself output. This means the write data stacked will be undefined.
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6.9.4 Note before Exception Handling Begins Running

Before exception handling begins running, the exception handling vector table must be stored in a
memory, and the CPU must be able to access the memory. So, if the exception handling is
generated

e Ex. 1: when the exception handling vector table is stored in an external address space, but the
settings of bus state controller and general I/O ports to access the external address space
have been not completed yet, or

e Ex. 2: when the exception handling vector table is stored in the on-chip RAM, but the vector
base register (VBR) has been not changed to the on-chip RAM address yet,

the CPU fetches an unintended value as the execution start address, and starts executing programs

from unintended address.

(1) Manual Reset

Before the settings necessary to access the external CSO space are completed, the manual reset
should not be generated. When a manual reset is generated, the CPU fetches the execution start
address from the location at the offset for the manual reset (H'00000008) in the vector table, that
is, always from the external CSO space. Additionally, in the case that no memory is connected to
the external CSO space in boot mode 1 to 3, the manual reset should not be generated.

(2) NMI Interrupt

Before the exception handling vector table is stored in a memory and the settings necessary to
access the memory are completed, the settings to permit the interrupts should not be done.

Specially in boot mode 1 to 3, the VBR is kept as the initial value H'00000000 in the period of the
boot operation (before the transfer of the loader program is completed and the CPU jumps to the
on-chip high-speed RAM). Before the VBR is changed or the settings necessary to access the
external address space are completed in the loader program, the settings to permit the interrupts
should not be done.

(3) Interrupts Other Than NMI

Before the exception handling vector table is stored in a memory and the settings necessary to
access the memory are completed, the settings to permit the interrupts should not be done.
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(4) The Other Exceptions

Before the exception handling vector table is stored in a memory and the settings necessary to
access the memory are completed, the exception handling should not be generated.
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Section 7 Interrupt Controller

The interrupt controller ascertains the priority of interrupt sources and controls interrupt requests
to the CPU. The interrupt controller registers set the order of priority of each interrupt, allowing
the user to process interrupt requests according to the user-set priority.

7.1 Features

e 16 levels of interrupt priority can be set.
By setting the 21 interrupt priority registers, the priorities of IRQ interrupts, PINT interrupts,
and on-chip peripheral module interrupts can be selected from 16 levels for request sources.

e NMI noise canceler function
An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt
exception service routine, the pin state can be checked, enabling it to be used as the noise
canceler function.

e Register banks
This LSI has register banks that enable register saving and restoration required in the interrupt
processing to be performed at high speed.
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Figure 7.1 shows a block diagram.

NMI Input
IRQ7 to IRQ0 ——w=| P >
PINT7 to PINTO ——={ _cONtrol

Direct memory access controller _(Interrupt request) -
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Compare match timer —Unterrupt request)

Bus state controller —iInterrupt requesf) =

Watchdog timer —{Interrupt request) -

Multi-function timer pulse unit 2 _:Umﬂm@) .

Motor control PWM timer _t(”“ﬂm@) _ o
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12C bus interface 3 —i(Interrupt request) _
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Interrupt control register O
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IRQ interrupt request register
PINT interrupt enable register
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Figure 7.1 Block Diagram
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7.2 Input/Output Pins

Table 7.1 shows the pin configuration.

Table 7.1  Pin Configuration

Pin Name Symbol 1/0 Function

Nonmaskable interrupt input ~ NMI Input Input of nonmaskable interrupt

pin request signal

Interrupt request input pins IRQ7 to IRQO Input Input of maskable interrupt request

PINT7 to PINTO Input

signals
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7.3 Register Descriptions

Table 7.2 shows the register configuration. These registers are used to set the interrupt priorities

and control detection of the external interrupt input signal.

Table 7.2  Register Configuration
Initial Access

Register Name Abbreviation R/W Value Address Size
Interrupt control register 0 ICRO R/W ! H'FFFE0800 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFE0802 16, 32
Interrupt control register 2 ICR2 R/W H'0000 H'FFFE0804 16, 32
IRQ interrupt request register IRQRR R/(W)**  H'0000 H'FFFE0806 16, 32
PINT interrupt enable register PINTER R/W H'0000  H'FFFE0808 16, 32
PINT interrupt request register ~ PIRR R H'0000 H'FFFEO80A 16, 32
Bank control register IBCR R/W H'0000 H'FFFEO80C 16, 32
Bank number register IBNR R/W H'0000 H'FFFEO80E 16, 32
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFE0818 16, 32
Interrupt priority register 02 IPR0O2 R/W H'0000 H'FFFEO81A 16, 32
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFE0820 16, 32
Interrupt priority register 06 IPR0O6 R/W H'0000 H'FFFEOC00 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOC02 16, 32
Interrupt priority register 08 IPR0O8 R/W H'0000 H'FFFEOC04 16, 32
Interrupt priority register 09 IPR0O9 R/W H'0000 H'FFFEOC06 16, 32
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFEOC08 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFEOCOA 16, 32
Interrupt priority register 12 IPR12 R/W H'0000 H'FFFEOCOC 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFEOCOE 16, 32
Interrupt priority register 14 IPR14 R/W H'0000 H'FFFEOC10 16, 32
Interrupt priority register 15 IPR15 R/W H'0000 HFFFEOC12 16, 32
Interrupt priority register 16 IPR16 R/W H'0000 H'FFFEOC14 16, 32
Interrupt priority register 17 IPR17 R/W H'0000 H'FFFEOC16 16, 32
Interrupt priority register 18 IPR18 R/W H'0000 H'FFFEOC18 16, 32
Interrupt priority register 19 IPR19 R/W H'0000 H'FFFEOC1A 16, 32
Interrupt priority register 20 IPR20 R/W H'0000 H'FFFEOC1C 16, 32
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Initial Access
Register Name Abbreviation R/W Value Address Size
Interrupt priority register 21 IPR21 R/W H'0000 H'FFFEOC1E 16, 32
Interrupt priority register 22 IPR22 R/W H'0000 H'FFFEOC20 16, 32
Interrupt priority register 23 IPR23 R/W H'0000 H'FFFEOC22 16, 32

Notes: 1. When the NMI pin is high, becomes H'8001; when low, becomes H'0001.
2. Only 0 can be written after reading 1, to clear the flag.
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7.3.1 Interrupt Priority Registers 01, 02, 05 to 23 (IPR01, IPR02, IPRO5 to IPR23)

IPRO1, IPRO2, and IPROS to IPR23 are 16-bit readable/writable registers in which priority levels
from O to 15 are set for IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts.
Table 7.3 shows the correspondence between the interrupt request sources and the bits in [PRO1,

IPRO2, and IPRO5 to IPR23.

Bit: 15 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Initial value: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Table 7.3 Interrupt Request Sources and IPRO1, IPR02, and IPRO05 to IPR23
Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRO1 IRQO IRQA1 IRQ2 IRQ3
IPR0O2 IRQ4 IRQ5 IRQ6 IRQ7
IPRO5 PINT7 to PINTO Reserved Reserved Reserved
IPR0O6 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 0 channel 1 channel 2 channel 3
IPRO7 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 4 channel 5 channel 6 channel 7
IPRO8 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 8 channel 9 channel 10 channel 11
IPR0O9 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 12 channel 13 channel 14 channel 15
IPR10 USB 2.0 Video display Compare match  Compare match
host/function controller 3 timer channel 0 timer channel 1
module
IPR11 Bus state Watchdog timer Multi-function timer Multi-function timer
controller pulse unit 2 pulse unit 2
channel 0 channel 0
(TGIOA to TGIOD) (TCIoV, TGIOE,
TGIOF)
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Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0

IPR12 Multi-function timer Multi-function timer Multi-function timer Multi-function timer
pulse unit 2 pulse unit 2 pulse unit 2 pulse unit 2
channel 1 channel 1 channel 2 channel 2

(TGIA, TGI1B)

(TCI1V, TCI1U)

(TGI2A, TGI2B)

(TCI2V, TCI2V)

IPR13 Multi-function timer Multi-function timer Multi-function timer Multi-function timer
pulse unit 2 pulse unit 2 pulse unit 2 pulse unit 2
channel 3 channel 3 channel 4 channel 4
(TGISA to TGI3D) (TCI3V) (TGI4A to TGI4D) (TCl4V)

IPR14 Motor control Motor control A/D converter Reserved
PWM timer PWM timer
channel 1 channel 2

IPR15 Serial sound Serialtsound Serial sound Serial sound
interface channel 0 interface channel O interface channel 2 interface channel 3

IPR16 Renesas SPDIF  I°C bus interface 3 I°C bus interface 3 I°C bus interface 3
interface channel 0 channel 1 channel 2

IPR17 Channel 0 for Channel 1 for Channel 2 for Channel 3 for
serial serial serial serial
communication communication communication communication
interface with FIFO interface with FIFO interface with FIFO interface with FIFO

IPR18 Channel 4 for Channel 5 for Channel 6 for Channel 7 for
serial serial serial serial
communication communication communication communication
interface with FIFO interface with FIFO interface with FIFO interface with FIFO

IPR19 Serial I/0 with Reserved Renesas serial Renesas serial
FIFO peripheral peripheral

interface channel 0 interface channel 1

IPR20 Controller area Controller area IEBus™ controller CD-ROM decoder
network channel 0 network channel 1

IPR21 NAND flash SD host interface  Realtime clock Reserved
memory controller

IPR22 Sampling rate Sampling rate Reserved Reserved
converter channel converter channel
0 1

IPR23 Renesas quad Reserved Reserved Reserved

serial peripheral
interface
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As shown in table 7.3, by setting the 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3
to 0) with values from H'0 (0000) to H'F (1111), the priority of each corresponding interrupt is set.
Setting of H'0 means priority level O (the lowest level) and H'F means priority level 15 (the
highest level).

7.3.2 Interrupt Control Register 0 (ICRO0)

ICRO is a 16-bit register that sets the input signal detection mode for the external interrupt input
pin NMI, and indicates the input level at the NMI pin.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o] - ] - [ -] -] - -Jowme] [ -] -] -[-]- [wr][om
Initialvalue: ** o o o0 o0 ©0 O O 0 0 ©0 O 0 0 0 1

R/W: R R R R R R R R/W R R R R R R R R/(W)*2

Notes: 1. 1 when the NMI pin is high, and 0 when the NMI pin is low.
2. Only 0 can be written to this bit.

Initial
Bit Bit Name Value R/W Description
15 NMIL * R NMI Input Level

Sets the level of the signal input at the NMI pin. The
NMI pin level can be obtained by reading this bit. This
bit cannot be modified.

0: Low level is input to NMI pin
1: High level is input to NMI pin

14t09 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

8 NMIE 0 R/W  NMI Edge Select
Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.
0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input

7t02 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
1 NMIF 0 R NMI Interrupt Request

This bit indicates the status of the NMI interrupt
request. This bit cannot be modified.

0: NMI interrupt request has not occurred

[Clearing conditions]

e Cleared by changing NMIE of ICRO

e Cleared by executing NMI interrupt exception
handling

1: NMl interrupt request is detected

[Setting condition]

e Edge corresponding to NMIE of ICRO has occurred
at NMlI pin

0 NMIM 1 R/(W) NMI Mask

%2 . .
Selects whether to enable interrupt request input to
external interrupt input pin NMI.

0: NMI input interrupt request is enabled
1: NMI input interrupt request is masked
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7.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQ7 to
IRQO individually: low level, falling edge, rising edge, or both edges.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IIRQ71S‘IF{Q7OS‘IRQG1 S‘IRQBOS‘IRQ51S‘IRQSOS‘IRQ41S‘IRQ4OS‘IRQ31S‘IRQSOS‘IR021S‘IRQZOS‘IRQ11S‘IRQ1OS‘IRQO1S‘IRQOOSI

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial

Bit Bit Name Value R/W Description
15 IRQ71S 0 R/W IRQ Sense Select
14 IRQ70S 0 R/W These bits select whether interrupt signals
s asis 0w _jreendng g 07 o H ettty
12 IRQE0S 0 RW oo Interrupt request is detected on low level of IRQN
11 IRQ51S 0 R/W input
10 IRQ50S 0 r/w 01: Interrupt request is detected on falling edge of IRQn
9 IRQ41S 0 R/W input . -

10: Interrupt request is detected on rising edge of IRQn
8 IRQ40S 0 R/W input
7 IRQ31S 0 R/W  11: Interrupt request is detected on both edges of IRQn
6 IRQ30S 0 RIW input
5 IRQ21S 0 R/W
4 IRQ20S 0 R/W
3 IRQ11S 0 R/W
2 IRQ10S 0 R/W
1 IRQO1S 0 R/W
0 IRQ00S 0 R/W
[Legend]
n=7t0
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7.3.4 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-bit register that specifies the detection mode for external interrupt input pins PINT7
to PINTO individually: low level or high level.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - - [ -] -] -1 -1-71 - [pw~rs|pintes|pintss|pinTas|pinraslpinras|eintis/piTos|

Initial value: 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

o
o
o
o
o
o

Initial
Bit Bit Name Value R/W  Description
15to8 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
7 PINT7S 0 R/W  PINT Sense Select
6 PINT6ES 0 R/W  These bits select whether interrupt signals
5 PINT5S 0 R/W Zokr)r;slzszldgmrghtighp:gselilNT7 to PINTO are detected by
4 PINT4S 0 R/W 0: Interrupt request is detected on low level of PINTn
3 PINT3S 0 R/W input
2 PINT2S 0 r/w 1: Interrupt request is detected on high level of PINTn
1 PINT1S 0 R/W input
0 PINTOS 0 R/W
[Legend]
n=7t0
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7.35 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-bit register that indicates interrupt requests from external input pins IRQ7 to IRQO.
If edge detection is set for the IRQ7 to IRQO interrupts, writing O to the IRQ7F to IRQOF bits after
reading IRQ7F to IRQOF = 1 cancels the retained interrupts.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ IHQ7F‘ IHQGF‘ IRQ5F ‘ IRQ4F ‘ IRQSF‘ IRQZF‘ IHQ1F‘ IHQOFI

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R/(W)* RIW)* RI(W)* RIW)* RIW)* R/(W)* R/(W)* R/(W)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15t08 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
R/(W)* IRQ Interrupt Request

« These bits indicate the status of the IRQ7 to IRQ0
interrupt requests.

)
)
) Level detection:
RIW)*  0: IRQn interrupt request has not occurred
)
)
)
)

IRQ7F
IRQ6F
IRQ5F
IRQ4F
IRQ3F
IRQ2F
IRQ1F
IRQOF

* [Clearing condition]

* e |[RQn input is high
% 1: IRQn interrupt has occurred
[Setting condition]

O| =[N W|~|lO[O| N
oO|Oo|O0O|O|OC|O|O| O

¢ [RQn input is low

Edge detection:

0: IRQn interrupt request is not detected

[Clearing conditions]

e Cleared by reading IRQnF while IRQnF = 1, then
writing O to IRQNnF

o Cleared by executing IRQn interrupt exception
handling

1: IRQn interrupt request is detected

[Setting condition]

e Edge corresponding to IRQn1S or IRQNOS of
ICR1 has occurred at IRQn pin

[Legend]
n=7t0
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7.3.6 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-bit register that enables interrupt request inputs to external interrupt input pins
PINT7 to PINTO.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - - -1 -1 -1 -1 -1 - [p~relrntee|pinrse|pintae|pinTae|pinToe|pinT1E]pinToE|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PINT7E 0 R/W  PINT Enable
6 PINT6E 0 R/W These bits select whether to enable interrupt request
5 PINT5E 0 RIW inputs to external interrupt input pins PINT7 to PINTO.
0: PINTn input interrupt request is disabled
4 PINT4E 0 R/W . . .
1: PINTn input interrupt request is enabled
3 PINT3E 0 R/W
2 PINT2E 0 R/W
1 PINT1E 0 R/W
0 PINTOE 0 R/W
[Legend]
n=7t0
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7.3.7 PINT Interrupt Request Register (PIRR)

PIRR is a 16-bit register that indicates interrupt requests from external input pins PINT7 to
PINTO.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - -] -] -1 -1-1-71 - [prrnterlpinTsrpinTarlpinTarlpinTzrlpinT1R[PINTOR

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W Description
15t08 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PINT7R 0 R PINT Interrupt Request
6 PINT6R 0 R These bits indicate the status of the PINT7 to PINTO
5 PINT5R 0 R interrupt requests.
0: No interrupt request at PINTn pin
4 PINT4R 0 R .
1: Interrupt request at PINTn pin
3 PINT3R 0 R
2 PINT2R 0 R
1 PINT1R 0 R
0 PINTOR 0 R
[Legend]
n=7t0
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7.3.8 Bank Control Register (IBCR)

IBCR is a 16-bit register that enables or disables use of register banks for each interrupt priority
level.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I E15 ‘ E14 ‘ E13 ‘ E12 ‘ E11 ‘ E10 ‘ E9 ‘ E8 ‘ E7 ‘ E6 ‘ E5 ‘ E4 ‘ E3 ‘ E2 ‘ E1 ‘ - I
Initalvalue: 0 0 o0 o0 0 ©0 O 0 0 ©O0 O 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name Value R/W  Description
15 E15 0 R/W  Enable
14 E14 0 R/W These bits enable or disable use of register banks for
13 E13 0 R/W interrupt priority levels 15 to 1.
0: Use of register banks is disabled
12 E12 0 R/W . .
1: Use of register banks is enabled
11 E11 0 R/W
10 E10 0 R/W
9 E9 0 R/W
8 E8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 E1 0 R/W
0 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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7.3.9 Bank Number Register (IBNR)

IBNR is a 16-bit register that enables or disables use of register banks and register bank overflow
exception. IBNR also indicates the bank number to which saving is performed next through the
bits BN3 to BNO.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[om Toel 1 [ 1 T [ [ T T _weu ]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RW RW RW R R R R R R R R R R R R R

o
o

Initial
Bit Bit Name Value R/W  Description
15, 14 BE[1:0] 00 R/W  Register Bank Enable
These bits enable or disable use of register banks.
00: Use of register banks is disabled for all interrupts.
The setting of IBCR is ignored.
01: Use of register banks is enabled for all interrupts
except NMI. The setting of IBCR is ignored.
10: Reserved (setting prohibited)
11: Use of register banks is controlled by the setting of
IBCR.
13 BOVE 0 R/W  Register Bank Overflow Enable
Enables of disables register bank overflow exception.
0: Generation of register bank overflow exception is
disabled
1: Generation of register bank overflow exception is
enabled
12to4 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
3100 BN[3:0] 0000 R Bank Number

These bits indicate the bank number to which saving is
performed next. When an interrupt using register banks
is accepted, saving is performed to the register bank
indicated by these bits, and BN is incremented by 1.
After BN is decremented by 1 due to execution of a
RESBANK (restore from register bank) instruction,
restoration from the register bank is performed.
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7.4 Interrupt Sources

There are five types of interrupt sources: NMI, user debugging interface, IRQ, PINT, and on-chip
peripheral modules. Each interrupt has a priority level (0 to 16), with O the lowest and 16 the
highest. When set to level 0, that interrupt is masked at all times.

741 NMI Interrupt

The NMI interrupt has a priority level of 16 and is accepted at all times when the NMI mask bit
(NMIM) in interrupt control register 0 (ICRO) is enabled. NMI interrupt requests are edge-
detected, and the NMI edge select bit (NMIE) in ICRO selects whether the rising edge or falling
edge is detected.

Though the priority level of the NMI interrupt is 16, the NMI interrupt exception handling sets the
interrupt mask level bits (I3 to I0) in the status register (SR) to level 15.

When the NMIM bit in ICRO is set to 1 (NMI interrupt request is masked), the NMI interrupt is
not generated, however the NMI edge corresponding to NMIE bit of ICRO is detected and the
NMI interrupt request is retained until the interrupt request is accepted. The status of the interrupt
request can be checked by reading the NMI interrupt request bit (NMIF) in the ICRO. If O is
written to the NMIM bit (NMI interrupt request is enabled) when the NMIF bit is set to 1, the
NMI interrupt request that is retained is accepted. Once the NMIM bit is set to O (NMI interrupt
request is enabled), the NMIM bit cannot be set to 1 again, because only 0 can be written to the
NMIM bit. When the NME bit is changed, the NMI interrupt request that is retained is cleared.

When canceling software standby mode by the NMI interrupt, set the NMIM bit to O to enable the
NMI interrupt request after confirming that the NMI interrupt request has been cleared in the
NMIF. If software standby mode is entered when the NMIM bit is 1 (NMI interrupt request is
masked), the NMI interrupt cannot cancel software standby mode. In this case, the NMI edge
cannot be detected in software standby mode and the NMI interrupt is not generated even if
software standby mode is canceled by cancel source other than NMI. When the NMI pin keeps
level (low level after the falling edge or high level after the rising edge) in software standby mode
until software standby mode is canceled by cancel source other than NMI (until the clock is
initiated after the oscillation settling), that edge of the NMI in software standby mode can be
detected.

When deep standby mode is entered, deep standby mode is canceled by the NMI interrupt
regardless of the NMI mask bit setting. NMIM bit is initialized by a power-on reset after canceling
deep standby mode.

When a sleep instruction is to be executed after O has been written to the NMIM bit (enabling the
NMI), read the value of the NMIM bit before executing the sleep instruction.
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7.4.2 User Debugging Interface Interrupt

The user debugging interface interrupt has a priority level of 15, and occurs at serial input of a
user debugging interface interrupt instruction. User debugging interface interrupt requests are
edge-detected and retained until they are accepted. The user debugging interface interrupt
exception handling sets the I3 to I0 bits in SR to level 15. For user debugging interface interrupts,
see section 34, User Debugging Interface.

7.4.3 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. For the IRQ interrupts, low-level, falling-edge,
rising-edge, or both-edge detection can be selected individually for each pin by the IRQ sense
select bits IRQ71S to IRQO1S and IRQ70S to IRQO0S) in interrupt control register 1 (ICR1). The
priority level can be set individually in a range from O to 15 for each pin by interrupt priority
registers 01 and 02 (IPRO1 and IPR0O2).

When using low-level sensing for IRQ interrupts, an interrupt request signal is sent to the interrupt
controller while the IRQ7 to IRQO pins are low. An interrupt request signal is stopped being sent
to the interrupt controller when the IRQ7 to IRQO pins are driven high. The status of the interrupt
requests can be checked by reading the IRQ interrupt request bits (IRQ7F to IRQOF) in the IRQ
interrupt request register (IRQRR).

When using edge-sensing for IRQ interrupts, an interrupt request is detected due to change of the
IRQ7 to IRQO pin states, and an interrupt request signal is sent to the interrupt controller. The
result of IRQ interrupt request detection is retained until that interrupt request is accepted.
Whether IRQ interrupt requests have been detected or not can be checked by reading the IRQ7F to
IRQOF bits in IRQRR. Writing 0 to these bits after reading them as 1 clears the result of IRQ
interrupt request detection.

The IRQ interrupt exception handling sets the I3 to I0 bits in SR to the priority level of the
accepted IRQ interrupt.

When returning from IRQ interrupt exception service routine, execute the RTE instruction after
confirming that the interrupt request has been cleared by the IRQ interrupt request register
(IRQRR) so as not to accidentally receive the interrupt request again.

744 PINT Interrupts

PINT interrupts are input from pins PINT7 to PINTO. Input of the interrupt requests is enabled by
the PINT enable bits (PINT7E to PINTOE) in the PINT interrupt enable register (PINTER). For
the PINT7 to PINTO interrupts, low-level or high-level detection can be selected individually for
each pin by the PINT sense select bits (PINT7S to PINTOS) in interrupt control register 2 (ICR2).
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A single priority level in a range from O to 15 can be set for all PINT7 to PINTO interrupts by bits
15 to 12 in interrupt priority register 05 (IPROS5).

When using low-level sensing for the PINT7 to PINTO interrupts, an interrupt request signal is
sent to the interrupt controller while the PINT7 to PINTO pins are low. An interrupt request signal
is stopped being sent to the interrupt controller when the PINT7 to PINTO pins are driven high.
The status of the interrupt requests can be checked by reading the PINT interrupt request bits
(PINT7R to PINTOR) in the PINT interrupt request register (PIRR). The above description also
applies to when using high-level sensing, except for the polarity being reversed. The PINT
interrupt exception handling sets the I3 to I0 bits in SR to the priority level of the PINT interrupt.

When returning from IRQ interrupt exception service routine, execute the RTE instruction after
confirming that the interrupt request has been cleared by the PINT interrupt request register
(PIRR) so as not to accidentally receive the interrupt request again.
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7.4.5 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the following on-chip peripheral modules:

e Direct memory access controller
e USB 2.0 host/function module

e Video display controller 3

e Compare match timer

o Bus state controller

e Watchdog timer

e Multi-function timer pulse unit 2
e Motor control PWM timer

e A/D converter

e Serial sound interface

e Renesas SPDIF interface

e I’C bus interface 3

e Serial communication interface with FIFO
e Serial I/O with FIFO

e Renesas serial peripheral interface
e Controller area network

e IEBus™ controller

e CD-ROM decoder

e NAND flash memory controller
e SD host interface

e Realtime clock

e Sampling rate converter

e Renesas quad serial peripheral interface

As every source is assigned a different interrupt vector, the source does not need to be identified in
the exception service routine. A priority level in a range from 0 to 15 can be set for each module
by interrupt priority registers 05 to 23 (IPROS to IPR23). The on-chip peripheral module interrupt
exception handling sets the I3 to I0 bits in SR to the priority level of the accepted on-chip
peripheral module interrupt.
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7.5 Interrupt Exception Handling Vector Table and Priority

Table 7.4 lists interrupt sources and their vector numbers, vector table address offsets, and
interrupt priorities.

Each interrupt source is allocated a different vector number and vector table address offset. Vector
table addresses are calculated from the vector numbers and vector table address offsets. In
interrupt exception handling, the interrupt exception service routine start address is fetched from
the vector table indicated by the vector table address. For details of calculation of the vector table
address, see table 6.4 in section 6, Exception Handling.

The priorities of IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts can be
set freely between 0 and 15 for each pin or module by setting interrupt priority registers 01, 02,
and 05 to 23 (IPRO1, IPR02, and TPROS to IPR23). However, if two or more interrupts specified
by the same IPR among IPROS5 to IPR23 occur, the priorities are defined as shown in the IPR
setting unit internal priority of table 7.4, and the priorities cannot be changed. A power-on reset
assigns priority level 0 to IRQ interrupts, PINT interrupts, and on-chip peripheral module
interrupts. If the same priority level is assigned to two or more interrupt sources and interrupts
from those sources occur simultaneously, they are processed by the default priorities indicated in
table 7.4.
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Table 7.4 Interrupt Exception Handling Vectors and Priorities
Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
NMI 11 H'0000002C to 16 — — High
H'0000002F A
User debug interface 14 H'00000038to 15 — —
H'0000003B
IRQ IRQO 64 H'00000100to  0to 15 (0) IPRO1 (15t0 12) —
H'00000103
IRQ1 65 H'00000104to  0to 15 (0) IPRO1 (11t08) —
H'00000107
IRQ2 66 H'00000108to  0to 15 (0) IPRO1 (7 to 4) —
H'0000010B
IRQ3 67 H'0000010C to  0to 15 (0) IPRO1 (3 to 0) —
H'0000010F
IRQ4 68 H'00000110to  0to 15 (0) IPRO2 (15t0 12) —
H'00000113
IRQ5 69 H'00000114to 0to 15 (0) IPRO2 (11t08) —
H'00000117
IRQ6 70 H'00000118to  0to 15 (0) IPRO2 (7 to 4) —
H'0000011B
IRQ7 71 H'0000011Cto 0to 15 (0) IPRO2 (3 to 0) —
H'0000011F
PINT  PINTO 80 H'00000140to  0to 15 (0) IPRO5 (15t0 12) 1
H'00000143
PINTA 81 H'00000144 to 2
H'00000147
PINT2 82 H'00000148 to 3
H'0000014B
PINT3 83 H'0000014C to 4
H'0000014F
v
PINT4 84 H'00000150 to 5
H'00000153 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
PINT PINT5 85 H'00000154to  0to 15 (0) IPRO5 (15t0 12) 6 High
H'00000157 A
PINT6 86 H'00000158 to 7
H'0000015B
PINT7 87 H'0000015C to 8
H'0000015F
Direct Channel DEIO 108 H'000001BOto 0to 15 (0) IPRO6 (15t0 12) 1
memory 0 H'000001B3
accesTI HEIO 109  H'000001B4 to 2
controller H'000001B7
Channel DEI1 112 H'000001COto 0to 15 (0) IPRO6 (11t08) 1
1 H'000001C3
HEI1 113 H'000001C4 to 2
H'000001C7
Channel DEI2 116 H'000001D0to 0to 15 (0) IPRO6 (7 to 4) 1
2 H'000001D3
HEI2 117 H'000001D4 to 2
H'000001D7
Channel DEI3 120 H'000001EOto  0Oto 15 (0) IPRO6 (3 to 0) 1
3 H'000001E3
HEI3 121 H'000001E4 to 2
H'000001E7
Channel DEI4 124 H'000001FOto  0Oto 15 (0) IPRO7 (15t0 12) 1
4 H'000001F3
HEI4 125 H'000001F4 to 2
H'000001F7
Channel DEI5 128 H'00000200to  0Oto 15 (0) IPRO7 (11t08) 1
5 H'00000203
HEI5 129 H'00000204 to 2
H'00000207
Channel DEI6 132 H'00000210to  Oto 15 (0) IPRO7 (7 to 4) 1
6 H'00000213
HEI6 133 H'00000214 to 2 v
H'00000217 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
Direct Channel DEI7 136 H'00000220to  0to 15 (0) IPRO7 (3 to 0) 1 High
memory 7 H'00000223 A
access HEI7 137  H'00000224 to 2
controller H'00000227
Channel DEI8 140 H'00000230to  0to 15 (0) IPRO8 (15t0 12) 1
8 H'00000233
HEI8 141 H'00000234 to 2
H'00000237
Channel DEI9 144 H'00000240to  0to 15 (0) IPRO8 (11t0 8) 1
9 H'00000243
HEI9 145 H'00000244 to 2
H'00000247
Channel DEI10 148 H'00000250to  0to 15 (0) IPRO8 (7 to 4) 1
10 H'00000253
HEI10 149 H'00000254 to 2
H'00000257
Channel DEI11 152 H'00000260to  0to 15 (0) IPRO8 (3 to 0) 1
11 H'00000263
HEI11 153 H'00000264 to 2
H'00000267
Channel DEI12 156 H'00000270to  0Oto 15 (0) IPR09 (15t0 12) 1
12 H'00000273
HEI12 157 H'00000274 to 2
H'00000277
Channel DEI13 160 H'00000280to 0 to 15 (0) IPRO9 (11t0 8) 1
13 H'00000283
HEI13 161 H'00000284 to 2
H'00000287
Channel DEI14 164 H'00000290to O to 15 (0) IPRO9 (7 to 4) 1
14 H'00000293
HEI14 165 H'00000294 to 2 v
H'00000297 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
Direct Channel DEI15 168 H'000002A0to 0to 15 (0) IPRO9 (3 to 0) 1 High
memory 15 H'000002A3 A
access HEI15 169  H'000002A4 to 2
controller H'000002A7
USB 2.0 USBI 170 H'000002A8to 0to 15 (0) IPR10 (15t0 12) —
host/ H'000002AB
function
module
Video VIVSYNCJ 171 H'000002AC to 0 to 15 (0) IPR10 (11t08) 1
display H'000002AF
controller y/grERR 172 H000002B0 to 2
3 H'000002B3
VIFIELDE 173 H'000002B4 to 3
H'000002B7
VOLINE 174 H'000002B8 to 4
H'000002BB
Compare Channel CMIO 175 H'000002BC to 0 to 15 (0) IPR10 (7 to 4)
match 0 H'000002BF
timer Channel CMI1 176  H'000002COto Oto 15 (0) IPR10 (3t0 0) —
1 H'000002C3
Bus state CMI 177 H'000002C4 to  0to 15 (0) IPR11 (15t0 12) —
controller H'000002C7
v
Watchdog ITI 178  H'000002C8to 0 to 15 (0) IPR11 (11t08) —
timer H'000002CB Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
Multi- Channel TGIOA 179 H'000002CCto 0to 15 (0) IPR11 (7 to 4) 1 High
function 0 H'000002CF A
“mler TGIOB 180  H000002DO to 2
pulse H'000002D3
unit 2
TGIOC 181 H'000002D4 to 3
H'000002D7
TGIOD 182 H'000002D8 to 4
H'000002DB
TCIOV 183 H'000002DC to 0to 15 (0) IPR11 (310 0) 1
H'000002DF
TGIOE 184 H'000002E0 to 2
H'000002E3
TGIOF 185 H'000002E4 to 3
H'000002E7
Channel TGIHA 186 H'000002E8to 0to 15 (0) IPR12 (15t0 12) 1
1 H'000002EB
TGIHB 187 H'000002EC to 2
H'000002EF
TCHHV 188 H'000002F0to 0to 15 (0) IPR12(11t08) 1
H'000002F3
TCHU 189 H'000002F4 to 2
H'000002F7
Channel TGI2A 190 H'000002F8to  0to 15 (0) IPR12 (7 to 4) 1
2 H'000002FB
TGI2B 191 H'000002FC to 2
H'000002FF
TCI2V 192 H'00000300to 0to 15 (0) IPR12 (3to 0) 1
H'00000303
TCl2U 193 H'00000304 to 2 v
H'00000307 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
Multi-  Channel TGI3A 194 H'00000308to  0to 15 (0) IPR13 (15t0 12) 1 High
function 3 H'0000030B A
“mler TGISB 195  H0000030C to 2
pulse H'0000030F
unit 2
TGI3C 196 H'00000310 to 3
H'00000313
TGI3D 197 H'00000314 to 4
H'00000317
TCI3V 198 H'00000318to  0to 15 (0) IPR13(11t08) —
H'0000031B
Channel TGI4A 199 H'0000031Cto  0to 15 (0) IPR13 (7 to 4) 1
4 H'0000031F
TGI4B 200 H'00000320 to 2
H'00000323
TGI4C 201 H'00000324 to 3
H'00000327
TGI4D 202 H'00000328 to 4
H'0000032B
TCl4V 203 H'0000032C to  0to 15 (0) IPR13 (310 0) —
H'0000032F
Motor ~ Channel 1 204 H'00000330to  0to 15 (0) IPR14 (15t0 12) —
control H'00000333
PWM " Channel 2 205  H00000334to Oto15(0)  IPR14(11to8) —
timer H'00000337
A/D con- ADI 206 H'00000338to  0to 15 (0) IPR14 (7 to 4) —
verter H'0000033B
Serial Channel SSIFO 207 H'0000033C to  0to 15 (0) IPR15 (15t0 12) 1
sound O H'0000033F
interface SSIRXI0O 208  H'00000340 to 2
H'00000343
SSITXIO 209 H'00000344 to 3 v
H'00000347 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
Serial Channel SSII1 210 H'00000348to0 0to 15 (0) IPR15(11t08) 1 High
sound 1 H'0000034B A
interface SSIRTH 211  H'0000034C to 2
H'0000034F
Channel SSII2 212 H'00000350t0 0to 15 (0) IPR15 (7 to 4) 1
2 H'00000353
SSIRTI2 213 H'00000354 to 2
H'00000357
Channel SSII3 214 H'00000358t0 0to 15 (0) IPR15 (310 0) 1
3 H'0000035B
SSIRTI3 215 H'0000035C to 2
H'0000035F
Renesas SPDIFI 216 H'00000360to  0to 15 (0) IPR16 (15t0 12) —
SPDIF H'00000363
interface
I’Cbus Channel STPIO 217 H'00000364to 0to 15 (0) IPR16 (11t08) 1
interface 0 H'00000367
3 NAKIO 218 H'00000368 to 2
H'0000036B
RXIO 219 H'0000036C to 3
H'0000036F
TXIO 220 H'00000370 to 4
H'00000373
TEIO 221 H'00000374 to 5 v
H'00000377 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
I’Cbus  Channel STPI1 222 H'00000378to  0to 15 (0) IPR16 (7 to 4) 1 High
interface 1 H'0000037B A
8 NAKI1 223 H'0000037C to 2
H'0000037F
RXI1 224 H'00000380 to 3
H'00000383
X1 225 H'00000384 to 4
H'00000387
TEN 226 H'00000388 to 5
H'0000038B
Channel STPI2 227 H'0000038Cto 0to 15 (0) IPR16 (3 to 0) 1
2 H'0000038F
NAKI2 228 H'00000390 to 2
H'00000393
RXI2 229 H'00000394 to 3
H'00000397
TXI2 230 H'00000398 to 4
H'0000039B
TEI2 231 H'0000039C to 5
H'0000039F
Serial Channel BRIO 232 H'000003A0to 0to 15 (0) IPR17 (15t0 12) 1
communi- 0 H'000003A3
cation ERIO 233  HO000003A4 to 2
interface H'000003A7
with FIFO
RXI0 234 H'000003A8 to 3
H'000003AB
TXI0O 235 H'000003AC to 4 v
H'0000030AF Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
Serial Channel BRI1 236 H'000003BOto  0to 15 (0) IPR17 (11t0 8) 1 High
communi- 1 H'000003B3 A
cation ERI1 237  H'000003B4 to 2
interface H'000003B7
with FIFO
RXI1 238 H'000003B8 to 3
H'000003BB
TXI1 239 H'000003BC to 4
H'000003BF
Channel BRI2 240 H'000003C0to 0to 15 (0) IPR17 (7 to 4) 1
2 H'000003C3
ERI2 241 H'000003C4 to 2
H'000003C7
RXI12 242 H'000003C8 to 3
H'000003CB
TXI2 243 H'000003CC to 4
H'000003CF
Channel BRI3 244 H'000003D0to  0to 15 (0) IPR17 (3to 0) 1
3 H'000003D3
ERI3 245 H'000003D4 to 2
H'000003D7
RXI3 246 H'000003D8 to 3
H'000003DB
TXI3 247 H'000003DC to 4
H'000003DF
Channel BRI4 248 H'000003E0to  0to 15 (0) IPR18 (15t0 12) 1
4 H'000003E3
ERI4 249 H'000003E4 to 2
H'000003E7
RXl4 250 H'000003ES8 to 3
H'000003EB
TX14 251 H'000003EC to 4 v
H'000003EF Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
Serial Channel BRI5 252 H'000003F0to  0to 15 (0) IPR18 (11t0 8) 1 High
communi- 5 H'000003F3 A
cation ERI5 253  H'000003F4 to 2
interface H'000003F7
with FIFO
RXI5 254 H'000003F8 to 3
H'000003FB
TXI5 255 H'000003FC to 4
H'000003FF
Channel BRI6 256 H'00000400to  0to 15 (0) IPR18 (7 to 4) 1
6 H'00000403
ERI6 257 H'00000404 to 2
H'00000407
RXI6 258 H'00000408 to 3
H'0000040B
TXI6 259 H'0000040C to 4
H'0000040F
Channel BRI7 260 H'00000410to  0Oto 15 (0) IPR18 (310 0) 1
7 H'00000413
ERI7 261 H'00000414 to 2
H'00000417
RXI7 262 H'00000418 to 3
H'0000041B
TXI7 263 H'0000041C to 4
H'0000041F
Serial I/0  SIOFI 264 H'00000420to  0to 15 (0) IPR19 (15t0 12) — v
with FIFO H'00000423 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
Renesas Channel SPEI0O 265 H'00000424to  0to 15 (0) IPR19 (7 to 4) 1 High
serial 0 H'00000427 A
peripheral SPRIO 266  H'00000428 to 2
interface H'00000428B
SPTIO 267 H'0000042C to 3
H'0000042F
Channel SPEI1 268 H'00000430to  0Oto 15 (0) IPR19 (310 0) 1
1 H'00000433
SPRI1 269 H'00000434 to 2
H'00000437
SPTIH 270 H'00000438 to 3
H'0000043B
Controller Channel ERSO 271 H'0000043C to 0to 15 (0) IPR20 (15t0 12) 1
area 0 H'0000043F
network OVRO 272  H'00000440 to 2
H'00000443
RM00 273 H'00000444 to 3
H'00000447
RM10 274 H'00000448 to 4
H'0000044B
SLEO 275 H'0000044C to 5
H'0000044F
Channel ERS1 276 H'00000450to  Oto 15 (0) IPR20 (11t08) 1
1 H'00000453
OVR1 277 H'00000454 to 2
H'00000457
RMO1 278 H'00000458 to 3
H'0000045B
RM11 279 H'0000045C to 4
H'0000045F
SLE1 280 H'00000460 to 5 v
H'00000463 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
IEBus™ IEB 281 H'00000464 to  0to 15 (0) IPR20 (7 to 4) — High
controller H'00000467 A
CD-ROM ISY 282 H'00000468to 0to 15 (0) IPR20 (3to 0) 1
decoder H'0000046B
IERR 283 H'0000046C to 2
H'0000046F
ITARG 284 H'00000470 to 3
H'00000473
ISEC 285 H'00000474 to 4
H'00000477
IBUF 286 H'00000478 to 5
H'0000047B
IREADY 287 H'0000047C to 6
H'0000047F
NAND FLSTEI 288 H'00000480to  0to 15 (0) IPR21 (15t0 12) 1
flash H'00000483
memory  FLTENDI 289  H'00000484 to 2
controller H'00000487
FLTREQOI 290 H'00000488 to 3
H'0000048B
FLTREQ1I 291 H'0000048C to 4
H'0000048F
SD host  SDHI3 292 H'00000490to  0to 15 (0) IPR21 (11t08) 1
interface H'00000493
SDHIO 293 H'00000494 to 2
H'00000497
SDHN 294 H'00000498 to 3 v
H'0000049B Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority ~ Priority
Realtime ARM 296 H'000004A0to  0to 15 (0) IPR21 (7 to 4) 1 High
clock H'000004A3 A
PRD 297 H'000004A4 to 2
H'000004A7
CUP 298 H'000004A8 to 3
H'000004AB
Sampling Channel OVFO 299 H'000004AC to 0to 15(0) IPR22 (15t0 12) 1
rate 0 H'000004AF
converter UDFO 300  H'000004BO to 2
H'000004B3
CEFO 301 H'000004B4 to 3
H'000004B7
ODFIO 302 H'000004B8 to 4
H'000004BB
IDEIO 303 H'000004BC to 5
H'000004BF
Channel OVF1 304 H'000004C0to 0Oto 15(0) IPR22 (11t08) 1
1 H'000004C3
UDF1 305 H'000004C4 to 2
H'000004C7
CEF1 306 H'000004C8 to 3
H'000004CB
ODFI1 307 H'000004CC to 4
H'000004CF
IDEI1 308 H'000004D0 to 5
H'000004D3
Renesas SPRI 314 H'000004E8to 0to 15 (0) IPR23 (15t0 12) 1
quad H'000004ED
Se”,a'h | SPTI 315  H'000004EC to 2
eriphera \
perip H'000004EF v
interface

Low
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7.6 Operation

7.6.1 Interrupt Operation Sequence
The sequence of interrupt operations is described below. Figure 7.2 shows the operation flow.

1. The interrupt request sources send interrupt request signals to the interrupt controller.

2. The interrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers 01, 02, and 05 to 23 (IPRO1,
IPRO2, and IPROS to IPR23). Lower priority interrupts are ignored*. If two of these interrupts
have the same priority level or if multiple interrupts occur within a single IPR, the interrupt
with the highest priority is selected, according to the default priority and IPR setting unit
internal priority shown in table 7.4.

3. The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt level mask bits (I3 to I0) in the status register (SR) of the CPU. If the interrupt
request priority level is equal to or less than the level set in bits I3 to 10, the interrupt request is
ignored. If the interrupt request priority level is higher than the level in bits I3 to 10, the
interrupt controller accepts the interrupt and sends an interrupt request signal to the CPU.

4. The CPU detects the interrupt request sent from the interrupt controller when the CPU decodes
the instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception handling (figure 7.4).

5. The interrupt exception service routine start address is fetched from the exception handling
vector table corresponding to the accepted interrupt.

6. The status register (SR) is saved onto the stack, and the priority level of the accepted interrupt
is copied to bits I3 to 10 in SR.

7. The program counter (PC) is saved onto the stack.

8. The CPU jumps to the fetched interrupt exception service routine start address and starts
executing the program. The jump that occurs is not a delayed branch.
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Notes: The interrupt source flag should be cleared in the interrupt handler. After clearing the
interrupt source flag, "time from occurrence of interrupt request until interrupt controller
identifies priority, compares it with mask bits in SR, and sends interrupt request signal to
CPU" shown in table 7.5 is required before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not
inadvertently accepted again, read the interrupt source flag after it has been cleared, and
then execute an RTE instruction.

* Interrupt requests that are designated as edge-sensing are held pending until the
interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing
the IRQ interrupt request register (IRQRR). For details, see section 7.4.3, IRQ
Interrupts.

Interrupts held pending due to edge-sensing are cleared by a power-on reset.
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Program
execution state

No

Level 15
interrupt?

I3tol0<

Yes
level 14?

13tol0<
level 13?

Read exception
handling vector table

1
| Save SR to stack

Copy accept-interrupt
level to I3 to 10

1
| Save PC to stack

Branch to interrupt
exception service routine

Level 14 No_ ...... ,
interrupt?

Level 1 No
interrupt?

Yes

level 0?7
No

Figure 7.2 Interrupt Operation Flow
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7.6.2 Stack after Interrupt Exception Handling

Figure 7.3 shows the stack after interrupt exception handling.

Addres?v [~
4n-8 | PC* 32 bits < SPx2
4n-4| SR 32 bits
4n
—~ T

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executed instruction
2. Always make sure that SP is a multiple of 4.

Figure 7.3 Stack after Interrupt Exception Handling
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7.7 Interrupt Response Time

Table 7.5 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception handling starts and fetching of the first instruction in the
exception service routine begins. The interrupt processing operations differ in the cases when
banking is disabled, when banking is enabled without register bank overflow, and when banking is
enabled with register bank overflow. Figures 7.4 and 7.5 show examples of pipeline operation
when banking is disabled. Figures 7.6 and 7.7 show examples of pipeline operation when banking
is enabled without register bank overflow. Figures 7.8 and 7.9 show examples of pipeline
operation when banking is enabled with register bank overflow.

Table 7.5  Interrupt Response Time

Number of States

Peripheral
Module
(Other than
USB 2.0 USB 2.0
User host/ host/
Debugging function function
Item NMI Interface IRQ, PINT module module) Remarks
Time from occurrence of interrupt 2 leyc + 2 leyc + 2 lcyc + 2 leyc + 2 leyc +
request until interrupt controller 2 Beyce + 1 Pcyc 3 Beyc + 4 Beyc 2 Beyc
identifies priority, compares it with 1 Pcyc 1 Pcyc
mask bits in SR, and sends interrupt
request signal to CPU
Time from No register Min. 3lcyc + m1 + m2 Min. is when the interrupt
!nput of banking Max. 4 loyc+2(m1 +m2) + m3 wait tllme is zero.l
interrupt Max. is when a higher-
request signal priority interrupt request has
to CPU until occurred during interrupt
sequence exception handling.
currently t_)elng Register Min. — 3lcyc + m1 + m2 Min. is when the interrupt
executed is X L
completed, bénklng Max. — 12 Icyc + m1 + m2 wait tl,me s zero.l
interrupt wnhout Max. is when an mterruptA
exception register request has occurred during
) bank execution of the RESBANK
handling starts, ) X
X overflow instruction.
and first
instruction in Register Min. — 3lcyc + m1 + m2 Min. is when the interrupt
|nterru;.)t be.mklng Max, — 3loyc + m1 +m2 + 19(md) wait tl.me is zero..
exception with Max. is when an interrupt
service routine register request has occurred during
is fetched bank execution of the RESBANK
overflow instruction.
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Number of States

Peripheral
Module (Other
than USB 2.0
host/
User Debugging USB 2.0 host/ function
ltem NMI Interface IRQ, PINT function module module) Remarks
Interrupt  No Min. 5 lcyc + 5 lcyc + 5lcyc + 5 lcyc + 5lcyc + 144-MHz operation*'+*:
response register 2 Beyc + 1 Pcyc + 3 Beyce + 4 Beye + 2 Beyc + 0.076 t0 0.118 pus
time banking 1 Peyc + m1 +m2 1 Peyc + m1 +m2 mi1 +m2
mi +m2 mi +m2
Max. 6 lcyc + 6 Icyc + 6 Icyc + 6 Icyc + 6 Icyc + 144-MHz operation*'+*:
2 Beye + 1 Pcyc + 3 Beyce + 4 Beyc + 2 Beyc + 0.104 t0 0.145 us
1 Pcyc + 2(m1+m2)+m3 1 Pcyc+ 2(m1+m2)+m3 2(m1+m2)+m3
2(m1 + m2) + m3 2(m1 + m2) + m3
Register Min. — 5 lcyc + 5 lcyc + 5 lcyc + 5 lcyc + 144-MHz operation*'+*:
banking 1 Pcyc + 3 Beyc + 4 Beyc + 2 Beyc + 0.076 t0 0.118 us
without m1+m2 1 Pcyc + m1+m2 m1 +m2
register mi1 +m2
bank o
overflow Max. — 14 Ieyc + 14 leyc + 14 Ieyc + 14 leyc + 144-MHz operation*"**:
1 Pcyc + 3 Beyc + 4 Beyc + 2 Beye + 0.138t0 0.180 us
m1 +m2 1 Peyc + m1 +m2 m1 +m2
mi1 +m2
Register Min. — 5 lcyc + 5lcyc + 5 lcyc + 5lcyc + 144-MHz operation*'+*:
banking 1 Pcyc + 3 Beyc + 4 Beye + 2 Beye + 0.076 t0 0.118 us
with m1 +m2 1 Peyc + mi1 +m2 mi1 +m2
register m1 +m2
bank o
overflow Max. — 5 lcyc + 5lcyc + 5 lcyc + 5lcyc + 144-MHz operation®'*":
1Pcyc +m1 + 3 Beyc + 4 Beyc + 2 Beye + 0.208 to 0.250 us
m2 + 19(m4) 1Pcyc+mi + mil+m2+ m1+m2+
m2 + 19(m4) 19(m4) 19(m4)
Notes: m1 to m4 are the number of states needed for the following memory accesses.

m1: Vector address read (longword read)
m2: SR save (longword write)
m3: PC save (longword write)

m4: Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the
stack.

1. Inthe case thatm1 =m2=m3 =m4 =1 Icyc.

2. In the case that (I¢, By, P¢) = (144 MHz, 72 MHz, 36 MHz).

Page 184 of 2104

RENESAS

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016



SH7266 Group, SH7267 Group Section 7 Interrupt Controller

Interrupt acceptance

3lcyc + m1 + m2

2 lcyc + 3 Beye + 1 Peyc m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc mi  m2

[Flolele[m]|m]wm

First instruction in interrupt exception
service routine

-
H

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

F: Instruction fetch. Instruction is fetched from memory in which program is stored.

D: Instruction decoding. Fetched instruction is decoded.

E: Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
M:  Memory access. Memory data access is performed.

Figure 7.4 Example of Pipeline Operation when IRQ Interrupt is Accepted
(No Register Banking)
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2 Icyc + 3 Beye + 1 Peyc

IRQ —|

[Flof[ele[m]|[m]wm

3 lcyc + m1 1leyc + m1 +2(m2) + m3

mi + m2 ' m3 mi1 ' m2

First instruction in interrupt exception
service routine

First instruction in multiple interrupt
exception service routine

H

- e e oo

| Interrupt acceptance | IMuItipIe interrupt acceptance

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 7.5 Example of Pipeline Operation for Multiple Interrupts
(No Register Banking)

| Interrupt acceptance |

3lcyc + m1 + m2

2 Icyc + 3 Beyc + 1 Peyc m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc mi  m2

[Flolele|[m|[m]m]eE]

First instruction in interrupt exception
service routine

-
H

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 7.6 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking without Register Bank Overflow)
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2 lecyc + 3 Beye + 1 Peye 9 leyc

IRQ _l

3lcyc + m1 + m2

|
1 1
1 1
rResBANKinstrucon | F [ D] E| E[ e e e[ e e]e]| e o .
| " rmirm2,m3:
! ! LLLLGSLLLELLE
Instruction (instruction replacing , i , I 1 ,
interrupt exception handling) ' I D I E I E I M I M I M I E I
First instruction in interrupt I ! 1 ]
exception service routine E E ' ' n
! ! H H ! H

[Legend]

m1:  Vector address read
m2:  Saving of SR (stack)
m3:  Saving of PC (stack)

Figure 7.7 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)

Interrupt acceptance

3lcyc + m1 + m2

2Icyc+Schc+1Pcch 3 Icyc ., m1m2 E m3 E
IRQ —| E A
Instruction (instruction replacing
interrupt exception handling) | F D | E | E M M M | M |

First instruction in interrupt exception
service routine

-
O

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 7.8 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking with Register Bank Overflow)
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2 Icyc + 3 Beye + 1 Peyc

IRQ _l

2 lcyc + 17(m4) 1lcyc + m1 + m2 + 2(m4)

, , .
\ \ \
i i i
E :m4:m4: :m1:m2:m3
RESBANK nstrucion | F [ D] E|M|[mM[m] [ m|[m]m]w]
1 R !
Instruction (instruction replacing: i D i E i E i M i M i M I I
interrupt exception handling) E . ! ! 1 1 .
First instruction in interrupt E E E E E E I
exception service routine ' ! , , H H EEr

Interrupt acceptance

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3:  Saving of PC (stack)

mé4: Restoration of banked registers

Figure 7.9 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking with Register Bank Overflow)
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7.8 Register Banks

This LSI has fifteen register banks used to perform register saving and restoration required in the
interrupt processing at high speed. Figure 7.10 shows the register bank configuration.

Registers Register banks
| Bank 0
General RO RO Bank 1
registers R1 R
. Interrupt generated . Bank 14
: (save) :
R14 R14
R15
GBR
Control SR
registers GBR MACH
VBR MACL
TBR BESBANK PR
instruction
System MACH (restore) VTO
registers MACL
PR |
PC

Bank control registers (interrupt controller)

Bank control register IBCR
Bank number register IBNR

Note: :|: Banked register
VTO: Vector table address offset

Figure 7.10 Overview of Register Bank Configuration
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7.8.1 Banked Register and Input/Output of Banks
(1) Banked Register

The contents of the general registers (RO to R14), global base register (GBR), multiply and
accumulate registers (MACH and MACL), and procedure register (PR), and the vector table
address offset are banked.

(2) Input/Output of Banks

This LSI has fifteen register banks, bank 0 to bank 14. Register banks are stacked in first-in last-
out (FILO) sequence. Saving takes place in order, beginning from bank 0, and restoration takes
place in the reverse order, beginning from the last bank saved to.

7.8.2 Bank Save and Restore Operations
(1) Saving to Bank

Figure 7.11 shows register bank save operations. The following operations are performed when an
interrupt for which usage of register banks is allowed is accepted by the CPU:

a. Assume that the bank number bit value in the bank number register IBNR), BN, is i before the
interrupt is generated.

b. The contents of registers RO to R14, GBR, MACH, MACL, and PR, and the interrupt vector
table address offset (VTO) of the accepted interrupt are saved in the bank indicated by BN,
bank i.

c. The BN value is incremented by 1.

Register banks Registers
© é 22:‘;? ROto R14

BN GBR
. MACH
(@) | Banki -—(b) MACL
Bank i + 1 PR
: VTO

Bank 14

Figure 7.11 Bank Save Operations
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Figure 7.12 shows the timing for saving to a register bank. Saving to a register bank takes place
between the start of interrupt exception handling and the start of fetching the first instruction in the

interrupt exception service routine.

2 lcyc + 3 Beye + 1 Peyc

3lcyc + m1 + m2

3 lcyc

m1

m2

m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

Overrun fetch

First instruction in interrupt exception
service routine

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

[ F

p|el|cE

M

M

M

E

Saved to bank

= (1) VTO, PR, GBR, MACL

m— (2) R12, R13, R14, MACH
s (3) B8, R9, R10, R11

(4) R4, R5, R6, R7

= (5) RO, R1, R2, R3

)

Figure 7.12 Bank Save Timing

Restoration from Bank

The RESBANK (restore from register bank) instruction is used to restore data saved in a register

bank. After restoring data from the register banks with the RESBANK instruction at the end of the
interrupt exception service routine, execute the RTE instruction to return from interrupt exception
service routine.
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7.8.3 Save and Restore Operations after Saving to All Banks

If an interrupt occurs and usage of the register banks is enabled for the interrupt accepted by the
CPU in a state where saving has been performed to all register banks, automatic saving to the
stack is performed instead of register bank saving if the BOVE bit in the bank number register
(IBNR) is cleared to 0. If the BOVE bit in IBNR is set to 1, register bank overflow exception
occurs and data is not saved to the stack.

Save and restore operations when using the stack are as follows:
(1) Saving to Stack

1. The status register (SR) and program counter (PC) are saved to the stack during interrupt
exception handling.

2. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are saved to
the stack. The registers are saved to the stack in the order of MACL, MACH, GBR, PR, R14,
R13, ..., R1, and RO.

3. The register bank overflow bit (BO) in SR is set to 1.

4. The bank number bit (BN) value in the bank number register (IBNR) remains set to the
maximum value of 15.

(2) Restoration from Stack

When the RESBANK (restore from register bank) instruction is executed with the register bank
overflow bit (BO) in SR set to 1, the CPU operates as follows:

1. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored
from the stack. The registers are restored from the stack in the order of RO, R1, ..., R13, R14,
PR, GBR, MACH, and MACL.

2. The bank number bit (BN) value in the bank number register IBNR) remains set to the
maximum value of 15.
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7.8.4 Register Bank Exception

There are two register bank exceptions (register bank errors): register bank overflow and register
bank underflow.

(1) Register Bank Overflow

This exception occurs if, after data has been saved to all of the register banks, an interrupt for
which register bank use is allowed is accepted by the CPU, and the BOVE bit in the bank number
register (IBNR) is set to 1. In this case, the bank number bit (BN) value in the bank number
register (IBNR) remains set to the bank count of 15 and saving is not performed to the register
bank.

(2) Register Bank Underflow

This exception occurs if the RESBANK (restore from register bank) instruction is executed when
no data has been saved to the register banks. In this case, the values of RO to R14, GBR, MACH,
MACL, and PR do not change. In addition, the bank number bit (BN) value in the bank number
register (IBNR) remains set to 0.

7.8.5 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. When this
happens, the CPU operates as follows:

1. The exception service routine start address which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a register bank overflow, and
the start address of the executed RESBANK instruction for a register bank underflow. To
prevent multiple interrupts from occurring at a register bank overflow, the interrupt priority
level that caused the register bank overflow is written to the interrupt mask level bits (I3 to 10)
of the status register (SR).

4. Program execution starts from the exception service routine start address.
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7.9 Data Transfer with Interrupt Request Signals

Interrupt request signals can be used to activate the direct memory access controller and transfer
data.

Interrupt sources that are designated to activate the direct memory access controller are masked
without being input to the interrupt controller. The mask condition is as follows:

Mask condition = DME e (DEO e interrupt source select O + DE1 e interrupt source select 1
+ DE2 e interrupt source select 2 + DES3 e interrupt source select 3 +
DE4 e interrupt source select 4 + DES5 e interrupt source select 5 + DE6
e interrupt source select 6 + DE7 o interrupt source select 7 + DE8 e
interrupt source select 8 + DE9 e interrupt source select 9 + DE10 o
interrupt source select 10 + DE11 e interrupt source select 11 + DE12 e
interrupt source select 12 + DE13 e interrupt source select 13 + DE14 o
interrupt source select 14 + DE15 e interrupt source select 15)

Figure 7.13 shows a block diagram of interrupt control.

Here, DME is bit 0 in DMAOR of the direct memory access controller, and DEn (n =0 to 15) is
bit 0 in CHCR_0 to CHCR_15 of the direct memory access controller. For details, see section 10,
Direct Memory Access Controller.

Interrupt source. ——| pirect memory
access
Interrupt source _ controller
flag clearing

(by the direct memory
access controller)

Interrupt source (not specified as a direct memory access controller activating source)

Interrupt CPU interrupt request

controller CPU

Figure 7.13 Interrupt Control Block Diagram
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7.9.1 Handling Interrupt Request Signals as Sources for CPU Interrupt but Not Direct
Memory Access Controller Activating

1 Do not select direct memory access controller activating sources or clear the DME bit to 0. If,
direct memory access controller activating sources are selected, clear the DE bit to O for the
relevant channel of the direct memory access controller.

2. When interrupts occur, interrupt requests are sent to the CPU.

The CPU clears the interrupt source and performs the necessary processing in the interrupt
exception service routine.

7.9.2 Handling Interrupt Request Signals as Sources for Activating Direct Memory
Access Controller but Not CPU Interrupt

1. Select direct memory access controller activating sources and set both the DE and DME bits to
1. This masks CPU interrupt sources regardless of the interrupt priority register settings.

2. Activating sources are applied to the direct memory access controller when interrupts occur.

3. The direct memory access controller clears the interrupt sources when starting transfer.
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7.10  Usage Note

7.10.1  Timing to Clear an Interrupt Source

The interrupt source flags should be cleared in the interrupt exception service routine. After
clearing the interrupt source flag, "time from occurrence of interrupt request until interrupt
controller identifies priority, compares it with mask bits in SR, and sends interrupt request signal
to CPU" shown in table 7.5 is required before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not inadvertently
accepted again, read* the interrupt source flag after it has been cleared, and then execute an RTE
instruction.

Note: * When clearing the USB 2.0 host/function module interrupt source flag, read the flag
three times after clearing it.
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Section 8 Cache

8.1 Features

e Capacity
Instruction cache: 8 Kbytes
Operand cache: 8 Kbytes
e Structure: Instructions/data separated, 4-way set associative
e Way lock function (only for operand cache): Way 2 and way 3 are lockable
e Line size: 16 bytes
e Number of entries: 128 entries/way
e Write system: Write-back/write-through selectable
e Replacement method: Least-recently-used (LRU) algorithm

8.1.1 Cache Structure

The cache separates data and instructions and uses a 4-way set associative system. It is composed
of four ways (banks), each of which is divided into an address section and a data section.

In each way, each of the address and data sections is divided into 128 entries. The data section of
the entry is called a line. Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is
2 Kbytes (16 bytes x 128 entries), with a total of 8 Kbytes in the cache as a whole (4 ways).

Figure 8.1 shows the operand cache structure. The instruction cache structure is the same as the
operand cache structure except for not having the U bit.
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Address array (ways 0 to 3) Data array (ways 0 to 3) LRU
i '
1
1
Entry 0 | V | U | Tag address 0 LWO LW1 Lw2 LW3 0
Entry 1 1 1
Entry 127 | 127 L 127
23 (1 + 1+ 21) bits 128 (32 x 4) bits 6 bits
—— ~—

LWO to LW3: Longword data 0 to 3

Figure 8.1 Operand Cache Structure
(1) Address Array

The V bit indicates whether the entry data is valid. When the V bit is 1, data is valid; when 0, data
is not valid.

The U bit (only for operand cache) indicates whether the entry has been written to in write-back
mode. When the U bit is 1, the entry has been written to; when 0, it has not.

The tag address holds the physical address used in the access to external memory or large-capacity
on-chip RAM. It consists of 21 bits (address bits 31 to 11) used for comparison during cache
searches. In this LSI, the addresses of the cache-enabled space are H'00000000 to H'I FFFFFFF
(see section 9, Bus State Controller), and therefore the upper three bits of the tag address are
cleared to 0.

The V and U bits are initialized to 0 by a power-on reset but not initialized by a manual reset or in
software standby mode. The tag address is not initialized by a power-on reset or manual reset or in
software standby mode.

(2) Data Array
Holds a 16-byte instruction or data. Entries are registered in the cache in line units (16 bytes).

The data array is not initialized by a power-on reset or manual reset or in software standby mode.
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(3) LRU

With the 4-way set associative system, up to four instructions or data with the same entry address
can be registered in the cache. When an entry is registered, LRU shows which of the four ways it
is recorded in. There are six LRU bits, controlled by hardware. A least-recently-used (LRU)
algorithm is used to select the way that has been least recently accessed.

Six LRU bits indicate the way to be replaced in case of a cache miss. The relationship between
LRU and way replacement is shown in table 8.1 when the cache lock function (only for operand
cache) is not used (concerning the case where the cache lock function is used, see section 8.2.2,
Cache Control Register 2 (CCR2)). If a bit pattern other than those listed in table 8.1 is set in the
LRU bits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patterns listed in table 8.1.

The LRU bits are initialized to B'000000 by a power-on reset but not initialized by a manual reset
or in software standby mode.

Table 8.1 LRU and Way Replacement (Cache Lock Function Not Used)

LRU (Bits 5to 0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS

Page 199 of 2104



Section 8 Cache SH7266 Group, SH7267 Group

8.2 Register Descriptions
Table 8.2 shows the register configuration of the cache.

Table 8.2  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Cache control register 1 CCRt1 R/W  H'00000000 HFFFC1000 32
Cache control register 2 CCR2 R/W  H'00000000 HFFFC1004 32

8.2.1 Cache Control Register 1 (CCR1)

The instruction cache is enabled or disabled using the ICE bit. The ICF bit controls disabling of all
instruction cache entries. The operand cache is enabled or disabled using the OCE bit. The OCF
bit controls disabling of all operand cache entries. The WT bit selects either write-through mode
or write-back mode for operand cache.

Programs that change the contents of CCR1 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR1.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-tr-tr-r-r-r-t-t-;t-;t-[{-7-7-°"]}

Initial value: 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0
R/W: R R R R R/W R R R/W R R R

<)
)
<)
)
<)
)
I o
2o
=3
I o
)
o
)
2o
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Initial

Bit Bit Name Value R/W Description

31to12 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

11 ICF 0 R/W Instruction Cache Flush
Writing 1 flushes all instruction cache entries (clears the
V and LRU bits of all instruction cache entries to 0).
Always reads 0. Write-back to the external memory or
the large-capacity on-chip RAM is not performed when
the instruction cache is flushed.

10,9 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

8 ICE 0 R/W Instruction Cache Enable
Indicates whether the instruction cache function is
enabled/disabled.

0: Instruction cache disable

1: Instruction cache enable

7104 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

3 OCF 0 R/W  Operand Cache Flush

Writing 1 flushes all operand cache entries (clears the
V, U, and LRU bits of all operand cache entries to 0).
Always reads 0. Write-back to the external memory or
the large-capacity on-chip RAM is not performed when
the operand cache is flushed.

2 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

1 WT 0 R/W  Write Through
Selects write-back mode or write-through mode.
0: Write-back mode
1: Write-through mode

0 OCE 0 R/W  Operand Cache Enable

Indicates whether the operand cache function is
enabled/disabled.

0: Operand cache disable

1: Operand cache enable
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8.2.2 Cache Control Register 2 (CCR2)

CCR2 is used to enable or disable the cache locking function for operand cache and is valid in
cache locking mode only. In cache locking mode, the lock enable bit (the LE bit) in CCR2 is set to
1. In non-cache-locking mode, the cache locking function is invalid.

When a cache miss occurs in cache locking mode by executing the prefetch instruction (PREF
@Rn), the line of data pointed to by Rn is loaded into the cache according to bits 9 and 8 (the
W3LOAD and W3LOCK bits) and bits 1 and 0 (the W2LOAD and W2LOCK bits) in CCR2. The
relationship between the setting of each bit and a way, to be replaced when the prefetch instruction
is executed, are listed in table 8.3. On the other hand, when the prefetch instruction is executed
and a cache hit occurs, new data is not fetched and the entry which is already enabled is held. For
example, when the prefetch instruction is executed with W3LOAD = 1 and W3LOCK = 1
specified in cache locking mode while one-line data already exists in way 0 which is specified by
Rn, a cache hit occurs and data is not fetched to way 3.

In the cache access other than the prefetch instruction in cache locking mode, ways to be replaced
by bits W3LOCK and W2LOCK are restricted. The relationship between the setting of each bit in
CCR2 and ways to be replaced are listed in table 8.4.

Programs that change the contents of CCR2 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR2.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-r-t-[-1-[T-[-7-1T-]- [}

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L1 -[-[-[ -1 [3&[&&l -1 -[-[ 1 [  [3&[&l
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R RW  R/W R R R R R R RW  R/W

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Initial

Bit Bit Name Value R/W Description

31to17 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

16 LE 0 R/W  Lock Enable
Controls the cache locking function.
0: Not cache locking mode
1: Cache locking mode

15t0 10 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

9 W3LOAD* 0 R/W  Way 3 Load

8 WB3LOCK 0 R/W  Way 3 Lock
When a cache miss occurs by the prefetch instruction
while W3LOAD = 1 and W3LOCK = 1 in cache locking
mode, the data is always loaded into way 3. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

7to02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

1 W2LOAD* 0 R/W Way 2 Load

0 W2LOCK 0 R/W  Way 2 Lock
When a cache miss occurs by the prefetch instruction
while W2LOAD = 1 and W2LOCK =1 in cache locking
mode, the data is always loaded into way 2. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Table 8.3 Way to be Replaced when a Cache Miss Occurs in PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 8.1)
1 X 0 X 0 Decided by LRU (table 8.1)
1 X 0 0 1 Decided by LRU (table 8.5)
1 0 1 X 0 Decided by LRU (table 8.6)
1 0 1 0 1 Decided by LRU (table 8.7)
1 0 X 1 Way 2

1 1 1 0 X Way 3

[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table 8.4  Way to be Replaced when a Cache Miss Occurs in Other than PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 8.1)
1 X 0 X 0 Decided by LRU (table 8.1)
1 X 0 X 1 Decided by LRU (table 8.5)
1 X 1 X 0 Decided by LRU (table 8.6)
1 X 1 X 1 Decided by LRU (table 8.7)
[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table 8.5 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=0)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 8.6 LRU and Way Replacement (when W2LOCK=0 and W3LOCK=1)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table 8.7 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1

010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0

111011, 111100, 111110, 111111
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8.3 Operation

Operations for the operand cache are described here. Operations for the instruction cache are
similar to those for the operand cache except for the address array not having the U bit, and there
being no prefetch operation or write operation, or a write-back buffer.

8.3.1 Searching Cache

If the operand cache is enabled (OCE bit in CCR1 is 1), whenever data in a cache-enabled area is
accessed, the cache will be searched to see if the desired data is in the cache. Figure 8.2 illustrates
the method by which the cache is searched.

Entries are selected using bits 10 to 4 of the address used to access memory and the tag address of
that entry is read. At this time, the upper three bits of the tag address are always cleared to 0. Bits
31 to 11 of the address used to access memory are compared with the read tag address. The
address comparison uses all four ways. When the comparison shows a match and the selected
entry is valid (V = 1), a cache hit occurs. When the comparison does not show a match or the
selected entry is not valid (V = 0), a cache miss occurs. Figure 8.2 shows a hit on way 1.

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016

Page 206 of 2104



SH7266 Group, SH7267 Group

Section 8 Cache

Access address

31 11 10

4 3210

Entry selection | Longword (LW) selection
Address array Data array
(ways 0 to 3) (ways 0 to 3)
|
|
Entry0 | v | U | Tag address Entry0 | WO LwWi1 Lw2 Lw3
Entry 1 Entry 1
L .
Entry 127 T Entry 127 _—_
CMPO|CMP1|CMP2|CMP3|
Hit signal (way 1)
[Legend]
CMPO to CMP3: Comparison circuits 0 to 3
Figure 8.2 Cache Search Scheme
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8.3.2 Read Access
(1) Read Hit

In a read access, data is transferred from the cache to the CPU. LRU is updated so that the hit way
is the latest.

(2) Read Miss

An internal bus cycle starts and the entry is updated. The way replaced follows table 8.4. Entries
are updated in 16-byte units. When the desired data that caused the miss is loaded from the
external memory or the large-capacity on-chip RAM to the cache, the data is transferred to the
CPU in parallel with being loaded to the cache. When it is loaded in the cache, the V bitis setto 1,
and LRU is updated so that the replaced way becomes the latest. In operand cache, the U bit is
additionally cleared to 0. When the U bit of the entry to be replaced by updating the entry in write-
back mode is 1, the cache update cycle starts after the entry is transferred to the write-back buffer.
After the cache completes its update cycle, the write-back buffer writes the entry back to the
memory. The write-back unit is 16 bytes. Cache update operation and write-back operation to the
memory are performed in wrap-around mode. When the lower four bits of the address of read-
miss data are H'4, for example, cache update operation and write-back operation to the memory
are performed in the following order of the lower 4-bit value of address: H4 - H'8§ - HC —
H'0.

8.3.3 Prefetch Operation (Only for Operand Cache)
(1) Prefetch Hit

LRU is updated so that the hit way becomes the latest. The contents in other caches are not
modified. No data is transferred to the CPU.

(2) Prefetch Miss

No data is transferred to the CPU. The way to be replaced follows table 8.3. Other operations are
the same as those in the case of read miss.

Page 208 of 2104 RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016



SH7266 Group, SH7267 Group Section 8 Cache

8.34 Write Operation (Only for Operand Cache)
(1) Write Hit

In a write access in write-back mode, the data is written to the cache and no write cycle to the
external memory or the large-capacity on-chip RAM is issued. The U bit of the entry written is set
to 1 and LRU is updated so that the hit way becomes the latest.

In write-through mode, the data is written to the cache and a write cycle to the external memory or
the large-capacity on-chip RAM is issued. The U bit of the written entry is not updated and LRU
is updated so that the replaced way becomes the latest.

(2) Write Miss

In write-back mode, an internal bus cycle starts when a write miss occurs, and the entry is
updated. The way to be replaced follows table 8.4. When the U bit of the entry to be replaced is 1,
the cache update cycle starts after the entry is transferred to the write-back buffer. Data is written
to the cache, the U bit is set to 1, and the V bit is set to 1. LRU is updated so that the replaced way
becomes the latest. After the cache completes its update cycle, the write-back buffer writes the
entry back to the memory. The write-back unit is 16 bytes. Cache update operation and write-
back operation to the memory are performed in wrap-around mode. When the lower four bits of
the address of write-miss data are H'4, for example, cache update operation and write-back
operation to the memory are performed in the following order of the lower 4-bit value of address:
H'4 — H'8 - H'C - HO.

In write-through mode, no write to cache occurs in a write miss; the write is only to the external
memory or the large-capacity on-chip RAM.

8.35 Write-Back Buffer (Only for Operand Cache)

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory or the large-capacity on-chip RAM. To increase performance, the entry to be
replaced is first transferred to the write-back buffer and fetching of new entries to the cache takes
priority over writing back to the external memory. After the cache completes to fetch the new
entry, the write-back buffer writes the entry back to the external memory or the large-capacity on-
chip RAM. During the write-back cycles, the cache can be accessed. The write-back buffer can
hold one line of cache data (16 bytes) and its physical address. Figure 8.3 shows the configuration
of the write-back buffer.
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A(31to4)

Longword 0O

Longword 1 Longword 2

Longword 3

A (31 to 4):

Physical address written to external memory (upper three bits are 0)
Longword 0 to 3: One line of cache data to be written to external memory

Figure 8.3 Write-Back Buffer Configuration

Operations in sections 8.3.2 to 8.3.5 are summarized in table 8.8.

Table 8.8  Cache Operations
Write-Back Mode/ Access to External Memory
CPU Hit/ Write-Through or Large-Capacity On-Chip
Cache Cycle Miss Mode U Bit RAM (Through Internal Bus) Cache Contents
Instruction Instruction Hit — — Not generated Not updated
cache fetch
Miss — — Cache update cycle is Updated to new values by cache
generated update cycle
Operand  Prefetch/  Hit Either mode is Not generated Not updated
cache read available
Miss  Write-through — Cache update cycle is Updated to new values by cache
mode generated update cycle
Write-back mode Cache update cycle is Updated to new values by cache
generated update cycle
Cache update cycle is Updated to new values by cache
generated. Then write-back update cycle
cycle in write-back buffer is
generated.
Write Hit Write-through — Write cycle CPU issues is Updated to new values by write
mode generated. cycle the CPU issues
Write-back mode Not generated Updated to new values by write
cycle the CPU issues
Miss  Write-through — Write cycle CPU issues is Not updated*
mode generated.
Write-back mode Cache update cycle is Updated to new values by cache
generated update cycle. Subsequently
updated again to new values in
write cycle CPU issues.
Cache update cycle is Updated to new values by cache
generated. Then write-back update cycle. Subsequently
cycle in write-back buffer is updated again to new values in
generated. write cycle CPU issues.
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[Legend]
X: Don't care.

Note: Cache update cycle: 16-byte read access
Write-back cycle in write-back buffer: 16-byte write access

* Neither LRU updated. LRU is updated in all other cases.

8.3.6 Coherency of Cache and External Memory or Large-Capacity On-Chip RAM

Use software to ensure coherency between the cache and the external memory or the large-
capacity on-chip RAM. When memory shared by this LSI and another device is mapped in the
cache-enabled space, operate the memory-mapped cache to invalidate and write back as required.
The same operation should be performed for the memory shared by the CPU and the direct
memory access controller in this LSI.
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8.4 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructions. The instruction cache address array is mapped onto addresses H'FO000000 to
H'FO7FFFFF, and the data array onto addresses H'F1000000 to H'F17FFFFF. The operand cache
address array is mapped onto addresses HF0800000 to HFOFFFFFF, and the data array onto
addresses H'F1800000 to H'FI1FFFFFF. Only longword can be used as the access size for the
address array and data array, and instruction fetches cannot be performed.

8.4.1 Address Array

To access an address array, the 32-bit address field (for read/write accesses) and 32-bit data field
(for write accesses) must be specified.

In the address field, specify the entry address for selecting the entry, the W bit for selecting the
way, and the A bit for specifying the existence of associative operation. In the W bit, B'00 is way
0, B'01 is way 1, B'10 is way 2, and B'11 is way 3. Since the access size of the address array is
fixed at longword, specify B'00 for bits 1 and O of the address.

The tag address, LRU bits, U bit (only for operand cache), and V bit are specified as data. Always
specify O for the upper three bits (bits 31 to 29) of the tag address.

For the address and data formats, see figure 8.4.
The following three operations are possible for the address array.
(1) Address Array Read

The tag address, LRU bits, U bit (only for operand cache), and V bit are read from the entry
address specified by the address and the entry corresponding to the way. For the read operation,
associative operation is not performed regardless of whether the associative bit (A bit) specified
by the address is 1 or 0.

(2) Address-Array Write (Non-Associative Operation)

When the associative bit (A bit) in the address field is cleared to 0, write the tag address, LRU
bits, U bit (only for operand cache), and V bit, specified by the data field, to the entry address
specified by the address and the entry corresponding to the way. When writing to a cache line for
which the U bit = 1 and the V bit =1 in the operand cache address array, write the contents of the
cache line back to memory, then write the tag address, LRU bits, U bit, and V bit specified by the
data field. When 0 is written to the V bit, 0 must also be written to the U bit of that entry. Write-

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016

Page 212 of 2104



SH7266 Group, SH7267 Group Section 8 Cache

back operation to the memory is performed in the following order of the lower 4-bit value of
address: H'0 - H'4 — H'8 —» H'C.

(3) Address-Array Write (Associative Operation)

When writing with the associative bit (A bit) of the address field set to 1, the addresses in the four
ways for the entry specified by the address field are compared with the tag address that is specified
by the data field. Write the U bit (only for operand cache) and the V bit specified by the data field
to the entry of the way that has a hit. However, the tag address and LRU bits remain unchanged.
When there is no way that has a hit, nothing is written and there is no operation. This function is
used to invalidate a specific entry in the cache.

When the U bit of the entry that has had a hit is 1 in the operand cache, writing back should be
performed. However, when 0 is written to the V bit, 0 must also be written to the U bit of that
entry. Write-back operation to the memory is performed in the following order of the lower 4-bit
value of address: H'0 - H'4 — H'S - H'C.

8.4.2 Data Array

To access a data array, the 32-bit address field (for read/write accesses) and 32-bit data field (for
write accesses) must be specified. The address field specifies information for selecting the entry to
be accessed; the data field specifies the longword data to be written to the data array.

Specify the entry address for selecting the entry, the L bit indicating the longword position within
the (16-byte) line, and the W bit for selecting the way. In the L bit, B'00 is longword 0, B'01 is
longword 1, B'10 is longword 2, and B'11 is longword 3. In the W bit, B'00 is way 0, B'01 is way
1, B'10 is way 2, and B'11 is way 3. Since the access size of the data array is fixed at longword,
specify B'00 for bits 1 and O of the address.

For the address and data formats, see figure 8.4.

The following two operations are possible for the data array. Information in the address array is
not modified by this operation.

(1) Data Array Read

The data specified by the L bit in the address is read from the entry address specified by the
address and the entry corresponding to the way.
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(2) Data Array Write

The longword data specified by the data is written to the position specified by the L bit in the
address from the entry address specified by the address and the entry corresponding to the way.

1. Instruction cache 2. Operand cache
1.1 Address array access 2.1 Address array access
(a) Address specification (a) Address specification

Read access Read access

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
| ERRRL LT — = | w | Entryaddress [ o] =] o [o] | ERRRE L I — « [ w | Entryaddress [ o] *[ o ]o]
Write access Write access

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
|111100000] #rrereeve- «| w | Entryaddress [ A[ =] 0]o] [111100001] #errreres +| W | Entryaddress [ A[ =] o]o]
(b) Data specification (both read and write accesses) (b) Data specification (both read and write accesses)

31 29 28 1110 9 4 3 2 1 0 31 29 28 1110 9 4 3 2 1 0
|0 0 0Tagaddress (28to 1) E|  LRU [ X x x[v] |0 0 ofTagaddress (28to 1) E|  LRU [ X x| u|v]
1.2 Data array access (both read and write accesses) 2.2 Data array access (both read and write accesses)

(a) Address specification (a) Address specification

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
[111100010] #rrrrrees +| W | Entryaddress | L [o]o|  [111100011] #errreeemee <] w | Entryaddress | L [o]o]
(b) Data specification (b) Data specification

31 0 31 0
| Longword data | | Longword data |
[Legend]

* Don't care
E: Bit 10 of entry address for read, don't care for write
X: 0 for read, don't care for write

Figure 8.4 Specifying Address and Data for Memory-Mapped Cache Access
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8.4.3 Usage Examples
(1) Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry's V bit in the memory mapping
cache access. When the A bit is 1, the tag address specified by the write data is compared to the
tag address within the cache selected by the entry address, and data is written to the bits V and U
specified by the write data when a match is found. If no match is found, there is no operation.
When the V bit of an entry in the address array is set to 0, the entry is written back if the entry's U
bitis 1.

An example when a write data is specified in RO and an address is specified in R1 is shown below.

; RO=H'0110 0010; tag address(28-11)=B'0 0001 0001 0000 0000 0, U=0, V=0
; R1I=H'F080 0088; operand cache address array access, entry=B'000 1000, A=1

MOV.L RO,G@R1

(2) Reading the Data of a Specific Entry

The data section of a specific cache entry can be read by the memory mapping cache access. The
longword indicated in the data field of the data array in figure 8.4 is read into the register.

An example when an address is specified in RO and data is read in R1 is shown below.
; RO=H'F100 004C; instruction cache data array access, entry=B'000 0100,
; Way=0, longword address=3

7

MOV.L @RO,R1
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844 Usage Notes

1. Programs that access memory-mapped cache of the operand cache should be placed in a cache-
disabled space. Programs that access memory-mapped cache of the instruction cache should be
placed in a cache-disabled space, and in each of the beginning and the end of that, two or
more read accesses to on-chip peripheral modules or external address space (cache-disabled
address) should be executed.

2. Rewriting the address array contents so that two or more ways are hit simultaneously is
prohibited. Operation is not guaranteed if the address array contents are changed so that two or
more ways are hit simultaneously.

3. Registers and memory-mapped cache can be accessed only by the CPU and not by the direct
memory access controller.
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Section 9 Bus State Controller

The bus state controller outputs control signals for various types of memory and external devices
that are connected to the external address space. The functions of this module enable this LSI to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

9.1 Features

1. External address space
— A maximum of 64 Mbytes for each of areas CSO to CS6.

— Can specify the normal space interface, SRAM interface with byte selection, burst ROM
(clocked synchronous or asynchronous), MPX-1/0, SDRAM memory type, and PCMCIA
interface for each address space.

— Data bus width for CSO space is 16 bits. Can select the data bus width (8 or 16 bits) for
each of address spaces CS1 to CS6.

— Controls insertion of wait cycles for each address space.
— Controls insertion of wait cycles for each read access and write access.

— Can set independent idle cycles during the continuous access for five cases: read-write (in
same space/different spaces), read-read (in same space/different spaces), the first cycle is a
write access.

2. Normal space interface

— Supports the interface that can directly connect to the SRAM.
3. Burst ROM interface (clocked asynchronous)

— High-speed access to the ROM that has the page mode function.
4. MPX-I/O interface

— Can directly connect to a peripheral LSI that needs an address/data multiplexing.
5. SDRAM interface

— Can set the SDRAM in up to two areas.

— Multiplex output for row address/column address.

— Efficient access by single read/single write.

— High-speed access in bank-active mode.

— Supports an auto-refresh and self-refresh.

— Supports a power-down mode.

— Issues MRS and EMRS commands.
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6. PCMCIA direct interface

— Supports the IC memory card and I/O card interface defined in JEIDA specifications Ver.
4.2 (PCMCIA2.1 Rev. 2.1).

— Wait-cycle insertion controllable by program.
7. SRAM interface with byte selection

— Can connect directly to a SRAM with byte selection.
8. Burst ROM interface (clocked synchronous)

— Can connect directly to a burst ROM of the clocked synchronous type.
9. Bus arbitration

— Shares all of the resources with other CPU and outputs the bus enable after receiving the
bus request from external devices.

10. Refresh function

— Supports the auto-refresh and self-refresh functions.

— Specifies the refresh interval using the refresh counter and clock selection.

— Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).
11. Usage as interval timer for refresh counter

— Generates an interrupt request at compare match.
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Figure 9.1 shows a block diagram of this module.

o (7]
-]
’ 2
BREQ 1> T
BACK Bus o)
Bus request from mastership [* CMNCR [~ €
NAND flash memory controller controller
Bus use enable for =
NAND flash memory controller
< I CSOWCR |<->
Wait :
WAIT controller .
-< I CS6WCR |<->
[ CSOBCR |<gp]
CS0to CS6 -« Area : %)
controller |4 : 3
. o
< CS6BCR || g
o
B p=
A25 to A0,
D15 to DO,
BS, RD/WR,
RD, WE1, WEO, Memory
RAS, CAS, ~ controller
CKE, DQMU, DQML,
AH, 10IS16,
CE2A, CE2B
A
Refresh
controller
[Legend]

CMNCR : Common control register

CSnWCR : CSn space wait control register (n =0 to 6)
CSnBCR : CSn space bus control register (n = 0 to 6)

SDCR  : SDRAM control register

RTCSR : Refresh timer control/status register
RTCNT  : Refresh timer counter

RTCOR : Refresh time constant register

Figure 9.1 Block Diagram of Bus State Controller
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9.2 Input/Output Pins

Table 9.1 shows the pin configuration.

Table 9.1  Pin Configuration

Name 110 Function

A25 to A0 Output Address bus
D15 to DO I/0 Data bus

BS Output  Bus cycle start
CS0to CS4 Output  Chip select

CS5/CE1A, CS6/CE1B  Output Chip select

Function as PCMCIA card select signals for D7 to DO when
PCMCIA is used.

CE2A, CE2B Output Function as PCMCIA card select signals for D15 to D8.

RD/WR Output  Read/write

Connects to WE pins when SDRAM or SRAM with byte
selection is connected.

RD Output Read pulse signal (read data output enable signal)

Functions as a strobe signal for indicating memory read
cycles when PCMCIA is used.

ICIOWR/AH Output Functions as a strobe signal for indicating 1/O write cycles
when PCMCIA is used.

Functions as the address hold signal when the MPX-1/O is

used.

ICIORD Output Functions as a strobe signal for indicating 1/0O read cycles
when PCMCIA is used.

WE1/DQMU/WE Output Indicates that D15 to D8 are being written to.

Connected to the byte select signal when a SRAM with byte
selection is connected.

Functions as the select signals for D15 to D8 when SDRAM
is connected.

Functions as a strobe signal for indicating memory write
cycles when PCMCIA is used.
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Name 1/O Function

WEO/DQML Output Indicates that D7 to DO are being written to.
Connected to the byte select signal when a SRAM with byte
selection is connected.
Functions as the select signals for D7 to DO when SDRAM
is connected.

RAS Output  Connects to RAS pin when SDRAM is connected.

CAS Output  Connects to CAS pin when SDRAM is connected.

CKE Output Connects to CKE pin when SDRAM is connected.

WAIT Input External wait input

BREQ Input Bus request input

BACK Output  Bus enable output

10IS16 Input Indicates 16-bit I/O of PCMIA.

Enabled only in little endian mode. The pin should be driven
low in big endian mode.
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9.3

931 Address Map

Area Overview

In the architecture, this LSI has a 32-bit address space, which is divided into cache-enabled,
cache-disabled, and on-chip spaces (on-chip RAM, on-chip peripheral modules, and reserved
areas) according to the upper bits of the address.

External address spaces CSO to CS6 are cache-enabled when internal address A29 = 0 or cache-

disabled when A29 = 1.

The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the external address space is listed below.

Table 9.2  Address Map
Internal Address Space Memory to be Connected Cache
H'00000000 to H'03FFFFFF CSo Normal space, SRAM with byte selection, Cache-enabled
burst ROM (asynchronous or synchronous)
H'04000000 to H'07FFFFFF CS1 Normal space, SRAM with byte selection
H'08000000 to H'OBFFFFFF Cs2 Normal space, SRAM with byte selection,
SDRAM
H'0C000000 to H'OFFFFFFF CS3 Normal space, SRAM with byte selection,
SDRAM
H'10000000 to H'13FFFFFF CS4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)
H'14000000 to H'17FFFFFF CS5 Normal space, SRAM with byte selection,
MPX-1/0, PCMCIA
H'18000000 to H'1BFFFFFF CSé Normal space, SRAM with byte selection,
PCMCIA
H'1C000000 to H'1FFFFFFF Other  On-chip RAM
H'20000000 to H'23FFFFFF CS0 Normal space, SRAM with byte selection, Cache-disabled
burst ROM (asynchronous or synchronous)
H'24000000 to H'27FFFFFF CS1 Normal space, SRAM with byte selection
H'28000000 to H'2BFFFFFF CSs2 Normal space, SRAM with byte selection,
SDRAM
H'2C000000 to H'2FFFFFFF CS3 Normal space, SRAM with byte selection,
SDRAM
H'30000000 to H'33FFFFFF Cs4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)
H'34000000 to H'37FFFFFF CS5 Normal space, SRAM with byte selection,

MPX-I/0, PCMCIA
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Internal Address Space Memory to be Connected Cache
H'38000000 to H'3BFFFFFF CS6 Normal space, SRAM with byte selection, Cache-disabled
PCMCIA

H'3C000000 to H'3FFFFFFF Other  On-chip RAM
H'40000000 to H'FFFBFFFF Other On-chip RAM, reserved area* —
H'FFFCO0000 to H'FFFFFFFF Other  On-chip peripheral modules, reserved area*  —

Note: * Forthe on-chip RAM space, access the addresses shown in section 31, On-Chip RAM.
For the on-chip peripheral module space, access the addresses shown in section 36,
List of Registers. Do not access addresses which are not described in these sections.
Otherwise, the correct operation cannot be guaranteed.

9.3.2 Data Bus Width, Endian Specification, and Related Pin Setting for Each Area
Depending on Boot Mode

The initial state of data bus width, endian specification, and settings of the pins related to this
module depends on boot mode. For boot mode, refer to section 4, Boot Mode.

In boot mode 0, the state of area 0 is fixed to the state with bus width of 16 bits and big endian,
because this LSI is started up by the program stored in the ROM connected to area 0.The initial
states of areas 1 to 6 are the same as that of area 0, but can be changed by the program.
Immediately after a power-on reset in this mode, some of the address and data-bus signals and the
CS0 and RD signals are automatically selected by default as the functions of the corresponding
pins, since these signals are required to read ROM data from area 0. With the exception of these
pins, the general purpose pin function is selected by default, and other required pin functions must
be specified by the program. Read access to area 0 is only permitted before the pin settings are
completed.

In boot modes 1 to 3, the state of areas 0 to 6 can be changed from the initial state by the program,
because the LSI is started by the program stored in the NAND flash memory or the serial flash
memory. Since pin functions related to this module are not set automatically, they need to be set
by the program. Do not access external address spaces before the pin settings are completed. Table
9.3 shows the initial state by areas 0 to 6 in boot modes 0, and 1 to 3.

The sample access waveforms shown in this section include the pins such as BS, RD/WR, and
WEn. They are the waveforms when pin functions are assigned to the general I/O ports. For
example, when 8-bit bus width is used in boot mode 1, setting for pin A0 is needed.

For details on pin function settings, see section 32, General Purpose I/O Ports.
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Table 9.3  Initial States by Areas in Boot Modes 0, and 1 to 3
Boot Mode Item Area 0 Areas 1to 5
0 Data bus width  Fixed to 16 bits. 16 bits.
Not changeable. Can be changed by
program.
Endian Fixed to big endian. Big endian.
specification Not changeable. Can be changed by
program.
Settings of pins  Pins A20 to A1, D15 to DO, CS0, and RD are set automatically.
related to this Other pins need to be set by program.
module
1t03 Data bus width 16 bits. Can be changed by program.
Endian Big endian. Can be changed by program.
specification

Settings of pins
related to this
module

General I/0O function.

For external bus access, all the necessary pins need to be set by

program.

Notes: 1. In boot mode 0, if a boot ROM that uses higher-order address lines than A21 is

connected, the circuit board must include pull-down resistors for those address lines.

2. The data-bus width may be limited by the type of memory in use. For details, section
9.4.2, CSn Space Bus Control Register (CSnBCR) (n = 0 to 6).

3. Since the CST1 and A0 pin functions are assigned to the same pin, it is not possible to
use area 1 and a device with an 8-bit bus connection at the same time.

4. Since the CS4 and A22 pin functions are assigned to the same pin, it is not possible to
use area 4 and a device using address lines A22 and above at the same time.
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9.4

Register Descriptions

Table 9.4 shows the register configuration of this module.

Do not access the areas until settings of the connected memory interface are completed.

Table 9.4  Register Configuration

Access
Register Name Abbreviation R/W Initial Value  Address Size
Common control register CMNCR R/W H'00001010 H'FFFC0000 32
CSO0 space bus control  CSOBCR R/W H'36DB0400 H'FFFC0004 32
register
CS1 space bus control  CS1BCR R/W H'36DB0400 H'FFFC0008 32
register
CS2 space bus control  CS2BCR R/W H'36DB0400 H'FFFC000C 32
register
CS3 space bus control  CS3BCR R/W H'36DB0400 H'FFFC0010 32
register
CS4 space bus control  CS4BCR R/W H'36DB0400 H'FFFC0014 32
register
CS5 space bus control  CS5BCR R/W H'36DB0400 H'FFFC0018 32
register
CS6 space bus control  CS6BCR R/W H'36DB0400 H'FFFC001C 32
register
CSO0 space wait control  CSOWCR R/W H'00000500 H'FFFC0028 32
register
CS1 space wait control  CS1WCR R/W H'00000500 H'FFFC002C 32
register
CS2 space wait control  CS2WCR R/W H'00000500 H'FFFC0030 32
register
CS83 space wait control  CS3WCR R/W H'00000500 H'FFFC0034 32
register
CS4 space wait control  CS4WCR R/W H'00000500 H'FFFC0038 32
register
CS5 space wait control  CS5WCR R/W H'00000500 H'FFFC003C 32
register
CS6 space wait control  CS6WCR R/W H'00000500 H'FFFC0040 32
register
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Access

Register Name Abbreviation R/W Initial Value  Address Size

SDRAM control register SDCR R/W H'00000000 H'FFFC004C 32

Refresh timer RTCSR R/W H'00000000 H'FFFC0050 32
control/status register

Refresh timer counter RTCNT R/W H'00000000 H'FFFC0054 32

Refresh time constant RTCOR R/W H'00000000 H'FFFC0058 32

register
Page 226 of 2104 RO1UH0412EJ0300 Rev.3.00

RENESAS

Oct 31, 2016



SH7266 Group, SH7267 Group

Section 9 Bus State Controller

9.4.1

Common Control Register (CMNCR)

CMNCR is a 32-bit register that controls the common items for each area.

Bit: 31 30 29

28 27 26

25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | | - |BLOCK| DPRTY[1:0] DMAIW[2:0] | DMA - | - | - | g | dhz
Initial value: 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW R R R RW RW
Initial
Bit Bit Name  Value R/W Description
311013 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
12 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
11 BLOCK 0 R/W Bus Lock

Specifies whether or not the BREQ signal is received.
0: Receives BREQ.
1: Does not receive BREQ.
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Bit Bit Name

Initial
Value

R/W

Description

10, 9 DPRTY[1:0]

00

R/W

DMA Burst Transfer Priority

Specify the priority for a refresh request/bus
mastership request during DMA burst transfer.

00: Accepts a refresh request and bus mastership
request during DMA burst transfer.

01: Accepts a refresh request but does not accept a
bus mastership request during DMA burst
transfer.

10: Accepts neither a refresh request nor a bus
mastership request during DMA burst transfer.

11: Reserved (setting prohibited)

8106  DMAIW[2:0]

000

R/W

Wait states between access cycles when DMA single
address transfer is performed.

Specify the number of idle cycles to be inserted after
an access to an external device with DACK when
DMA single address transfer is performed. The
method of inserting idle cycles depends on the
contents of DMAIWA.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name  Value R/W Description
5 DMAIWA 0 R/W Method of inserting wait states between access

cycles when DMA single address transfer is
performed.

Specifies the method of inserting the idle cycles
specified by the DMAIW][2:0] bit. Clearing this bit will
make this LSI insert the idle cycles when another
device, which includes this LSI, drives the data bus
after an external device with DACK drove it. However,
when the external device with DACK drives the data
bus continuously, idle cycles are not inserted. Setting
this bit will make this LSl insert the idle cycles after an
access to an external device with DACK, even when
the continuous access cycles to an external device
with DACK are performed.

0: Idle cycles inserted when another device drives the
data bus after an external device with DACK drove
it.

1: Idle cycles always inserted after an access to an
external device with DACK

4 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.

3,2 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

1 HIZMEM 0 R/W High-Z Memory Control

Specifies the pin state in software standby mode or
deep standby mode for A25 to A0, BS, CSn, CE2x,
RD/WR, WEn/DQMx/AH, and RD. At bus-released
state, these pin are high-impedance states regardless
of the setting value of the HIZMEM bit.

0: High impedance in software standby mode or deep
standby mode.

1: Driven in software standby mode or deep standby
mode

RO1UH0412EJ0300 Rev.3.00
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Initial
Bit Bit Name  Value R/W Description
0 HIZCNT* 0 R/W High-Z Control

Specifies the state in software standby mode, deep
standby mode, or bus-released state for CKE, RAS,
and CAS.

0: High impedance in software standby mode, deep
standby mode, or bus-released state for CKE, RAS,
and CAS.

1: Driven in software standby mode, deep standby
mode, or bus-released state for CKE, RAS, and
CAS.

Note: * For High-Z control of CKIO, see section 5, Clock Pulse Generator.

9.4.2 CSn Space Bus Control Register (CSnBCR) (n =0 to 6)

CSnBCR is a 32-bit readable/writable register that specifies the memory connected to each space,
the number of idle cycles between bus cycles, and the bus width.

Do not access external memory for the corresponding area until CSnBCR initial setting and pin
setting are completed.

Idle cycles may be inserted even when they are not specified. For details, see section 9.5.11, Wait
between Access Cycles.

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ -] wwea | wewoeg |  wawspo | wembo) | wRasig

Initial value: 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | TYPE[2:0] |END|A!\4 BSZ[1:0] | - | - | - | - | - | - | - | - | - |
Initial value: 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW R R R R R R R R R
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Initial
Bit Bit Name Value

R/W

Description

31 — 0

R

Reserved

This bit is always read as 0. The write value should
always be 0.

30t028 IWW[2:0] 011

R/W

Idle Cycles between Write-Read Cycles and Write-
Write Cycles

These bits specify the number of idle cycles to be
inserted after the access to a memory that is
connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

27t025 IWRWD[2:0] 011

R/W

Idle Cycles for Another Space Read-Write

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target access cycle is a read-write one in
which continuous access cycles switch between
different spaces.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

RO1UH0412EJ0300 Rev.3.00
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Bit Bit Name  Value R/W Description
24t022 IWRWS[2:0] 011 R/W Idle Cycles for Read-Write in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-write cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted
111: 12 idle cycles inserted

21to 19 IWRRDJ[2:0] 011 R/W Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles switch between different
space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

RO1UH0412EJ0300 Rev.3.00
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Initial
Bit Bit Name  Value R/W Description
18to 16 IWRRS[2:0] 011 R/W Idle Cycles for Read-Read in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted
011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted

111: 12 idle cycles inserted
15 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

14t012 TYPE[2:0] 000 R/W Specify the type of memory connected to a space.
000: Normal space
001: Burst ROM (clock asynchronous)
010: MPX-I/O
011: SRAM with byte selection
100: SDRAM
101: PCMCIA
110: Reserved (setting prohibited)
111: Burst ROM (clock synchronous)

For details for memory type in each area, see table
9.2.

Note: When connecting the burst ROM to the CS0
space in boot mode 0, change the CSOWCR
register to the settings by the burst ROM
CSOWCR uses and then set TYPE[2:0] to the
burst ROM setting. In boot mode 2 and 3,
memory access should be performed after
setting CSOBCR and CSOWCR.
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Initial

Bit Bit Name Value R/W Description

11 ENDIAN 0 R/W Endian Setting
Specifies the arrangement of data in a space.

0: Arranged in big endian

1: Arranged in little endian

Note: Little endian cannot be set for area 0 in boot
mode 0. In this case, this bit of CSOBCR is
always read as 0. The write value should
always be 0.

10,9 BSZ[1:0] 10 R/W Data Bus Width Specification
Specify the data bus widths of spaces.
00: Reserved (setting prohibited)

01: 8-bit size

10: 16-bit size
11: Bus width selected by address when the MPX-I/O

is used. When the MPX-I/O is not used, setting
prohibited.

For MPX-I/O, selects bus width by address

Notes: 1.

If area 5 is specified as MPX-I/O, the bus
width can be specified as 8 bits or 16 bits
by the address according to the SZSEL
bit in CS5WCR by specifying the
BSZ[1:0] bits to 11. The fixed bus width
can be specified as 8 bits or 16 bits

In boot mode 0, the BSZ[1:0] bits settings
in CSOBCR are ignored.

If area 5 or area 6 is specified as
PCMCIA space, the bus width can be
specified as either 8 bits or 16 bits.

If area 2 or area 3 is specified as SDRAM
space, the bus width can be specified as
16 bits.

If area 0 is specified as clocked
synchronous burst ROM space, the bus
width can be specified as 16 bits.

8to 0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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9.43

CSn Space Wait Control Register (CSnWCR) (n =0 to 6)

CSnWCR specifies various wait cycles for memory access. The bit configuration of this register
varies as shown below according to the memory type (TYPE2 to TYPEO) specified by the CSn
space bus control register (CSnBCR). Specify CSnWCR before accessing the target area. Specify
CSnBCR first, then specify CSnWCR.

(1) Normal Space, SRAM with Byte Selection, and MPX-1/0
e CSOWCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Ll -[-[-[ 1 | |- [ -[-Jes] [ -[~]~]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | - | | SWI[1:0] WR[3:0] | WM | - | - | - | | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name  Value R/W Description
31to22 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
21 —* 0 R/W Reserved

Set this bit to 0 when the interfaces for normal space

or for SRAM with byte selection are used.

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write
access cycle and asserts the RD/ WR signal at the
write timing.

19, 18 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value

R/W

Description

17,16 —* AllO

R/W

Reserved

Set these bits to 0 when the interfaces for normal
space or for SRAM with byte selection are used.

15t0 13 — AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11 SW[1:0] 00

R/W

Nuﬂber of Delay Cycles from Address, CS0 Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CSO0 assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

10t07  WRI[3:0] 1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Initial
Bit Bit Name  Value R/W Description
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5t02 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CSO0 Negation
Specify the number of delay cycles from RD and WEn
negation to address and CSO negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
Note: * To connect the burst ROM to the CS0 space and switch to burst ROM interface after
activation, set the TYPE[2:0] bits in CSOBCR after setting the burst number by the bits
20 and 21 and the burst wait cycle number by the bits 16 and 17. Do not write 1 to the
reserved bits other than above bits.
e CSIWCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ - [ ] | | [ [ - Jews] - [ o
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW R PRW RW RW
Bit: 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
| ‘ - ‘ - ‘ SW[1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[1:0]
Initial value: 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name  Value R/W Description
31to21 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name  Value R/W Description
20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write
access cycle and asserts the RD/WR signal at the
write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18t0 16  WWI[2:0] 000 R/W Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for

write access.

000: The same cycles as WR[3:0] setting (number of

read access wait cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

151013 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.

12, 11 SWI1:0] 00 R/W Number of Delay Cycles from Address, CSn Assertion

to RD, WEn Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name  Value R/W Description
10to 7 WR[3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)
6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5102 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CSn Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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e CS2WCR, CS3WCR

Bitt 3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L [T -[ T ] | [ - [es] ||
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R RW R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -T-[ 1 WAL [ [ [ -] |-
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name  Value R/W Description
31to21 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access
cycle and asserts the RD/WR signal at the write
timing.

19to 11 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name  Value R/W Description
10to 7 WR[3:0] 1010 R/W Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t00 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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e CS4WCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L | | | | L[ - [ -Jes] - [ v
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R RW R PRW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | | SWI[1:0] WR[3:0] |WM| - | - | - | - | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name  Value R/W Description
31to21 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEnR signal during the read access
cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R Reserved

This bit is always read as 0. The write value should

always be 0.
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Bit Bit Name

Initial
Value

R/W

Description

181016  WW[2:0]

000

R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (number of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15013 —

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11 SW[1:0]

00

R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

RO1UH0412EJ0300 Rev.3.00
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Bit Bit Name

Initial
Value

R/W

Description

10to7  WRI[3:0]

1010

R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to2 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 HW[1:0]

00

Delay Cycles from RD, WEn Negation to Address,
CS4 Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

Page 244 of 2104

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016



SH7266 Group, SH7267 Group

Section 9 Bus State Controller

e CS5WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L [-[T-T-[ 1 [ - [ - - Josa[B] - [ wweo
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | - | | SWI[1:0] WRI3:0] | WM | - | - | - | | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 o
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name  Value R/W Description
31to22 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
21 SZSEL 0 R/W MPX-1/O Interface Bus Width Specification
Specifies an address to select the bus width when the
BSZ[1:0] of CS5BCR are specified as 11. This bit is
valid only when area 5 is specified as MPX-1/O.
0: Selects the bus width by address A14
1: Selects the bus width by address A21
The relationship between the SZSEL bit and bus
width selected by A14 or A21 are summarized below.
SZSEL Al4 A21 Bus Width
0 0 Not affected 8 bits
0 1 Not affected 16 bits
1 Not affected 0 8 bits
1 Not affected 1 16 bits
20 MPXW 0 R/W MPX-1/O Interface Address Wait
This bit setting is valid only when area 5 is specified
as MPX-I/O. Specifies the address cycle insertion wait
for MPX-1/O interface.
0: Inserts no wait cycle
1: Inserts 1 wait cycle
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Initial
Bit Bit Name  Value R/W Description
20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

This bit setting is valid only when area 5 is specified

as SRAM with byte selection.

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access
cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18to 16  WWI[2:0] 000 R/W Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for

write access.

000: The same cycles as WR[3:0] setting (number of

read access wait cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

151013 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

12, 11 SW[1:0] 00 R/W  Number of Delay Cycles from Address, CS5 Assertion
to RD, WE Assertion

These bits specify the number of delay cycles from
address and CS5 assertion to RD and WEn assertion
when area 5 is specified as normal space or SRAM
with byte selection. They specify the number of delay
cycles from address cycle (Ta3) to RD and WEn
assertion when area 5 is specified as MPX-1/0.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles

RO1UH0412EJ0300 Rev.3.00
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Initial
Bit Bit Name  Value R/W Description

10to 7 WR[3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.
0000: No cycle
0001: 1 cycle
0010: 2 cycles
0011: 3 cycles
0100: 4 cycles
0101: 5 cycles
0110: 6 cycles
0111: 8 cycles
1000: 10 cycles
1001: 12 cycles
1010: 14 cycles
1011: 18 cycles
1100: 24 cycles
1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.
0: External wait input is valid

1: External wait input is ignored

5t02 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 HWI[1:0] 00 R/W Delay Cycles from RD, WEn Negation to Address,
CS5 Negation
These bits specify the number of delay cycles from
RD and WEn negation to address and CS5 negation
when area 5 is specified as normal space or SRAM
with byte selection. They specify the number of delay
cycles from RD and WEn negation to CS5 negation
when area 5 is specified as MPX-1/O.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

RO1UH0412EJ0300 Rev.3.00
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e CS6WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L-[-[-T-1-1] | -l -] -1 -TJeas]-T-]T-7-1]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R/W R R R R

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | | SW[1:0] WR[3:0] | WM | - | - | - | - | HW[1:0]

0 0 1 0 1 0 0 0 0 0 0 0 0

Initial value: 0 0 0
R/W: R R R

Bit Bit Name

RW RW RW RW RW RW RW R R R

Initial
Value

R/W

uy)

RW  R/W

Description

31to21 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS

R/W

SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write
access cycle and asserts the RD/WR signal at the
write timing.

19t013 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

12, 11 SW[1:0]

00

R/W

Number of Delay Cycles from Address, CS6 Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address,
CS6 assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name  Value R/W Description
10to 7 WR[3:0] 1010 R/W Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)
6 WN 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification of this bit is valid even when
the number of access wait cycles is 0.

0: The external wait input is valid
1: The external wait input is ignored
5t02 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 HWI[1:0] 00 R/W  Number of Delay Cycles from RD, WEn Negation to
Address, CS6 Negation

Specify the number of delay cycles from RD, WEn
negation to address, and CS6 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

RO1UH0412EJ0300 Rev.3.00
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(2) Burst ROM (Clocked Asynchronous)

e CSOWCR
Bitt 3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CT T T T T T T T T Tew [ T ] ows
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -1 -[-[-] wiso) T O I I N
Initial value: 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name  Value R/W Description
31t022 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 BST[1:0] 00 R/W Burst Count Specification
Specify the burst count for 16-byte access. These bits
must not be set to B'11, because B’11 setting is
reserved.
Bus Width ~ BST[1:0] Burst count
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
19, 18 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value

R/W

Description

17,16 BW[1:0] 00

R/W

Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

15t0 11 — AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

10t07  W[3:0] 1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

RO1UH0412EJ0300 Rev.3.00
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Initial
Bit Bit Name  Value R/W Description
6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t00 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

e CS4WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- [ T T T T T T T o [ T [oma

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R RW  R/W RW  R/W

I o
I o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | - | SWI[1:0] W([3:0] |WM| - | - | - | - | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name  Value R/W Description
31t022 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name  Value R/W Description
21,20 BST[1:0] 00 R/W Burst Count Specification
Specify the burst count for 16-byte access. These bits
must not be set to B'11, because B'11 setting is
reserved.
Bus Width  BST[1:0] Burst count
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
19, 18 — All 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15t0 183 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

12, 11 SWI1:0] 00 R/W Nulber_of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit Bit Name

Initial
Value

R/W

Description

10t07  W[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to2 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 HW[1:0]

00

Delay Cycles from RD, WEn Negation to Address,
CS4 Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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(3) SDRAM*
e CS2WCR
Bitt 3 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
C T T 1 | [wowo [ [ [ [ [ [ T ]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW R R R R R R R
Initial
Bit Bit Name  Value R/W Description
31to11 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
10 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
9 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
8,7 A2CL[1:0] 10 R/W CAS Latency for Area 2
Specify the CAS latency for area 2.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6100 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
Note: * If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2

as normal space or SRAM with byte selection.
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e CS3WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SN N N N N N N N N B B I NN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ - | wmenor | - [wrreomop | - [ ascuno | - | - | tRwuror | wrrarror-
Initialvalve: 0 o o0 o0 o 1 ©0 1 0 ©0 0 ©0 0 0 0 0

R/W: R RW  R/W R RW  R/W R RW  R/W

s}
s}

RW  R/W R RW  R/W

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCDI[1:0], TRWL[1:0], and WTRC[1:0] bit settings are
used in both areas in common.

Initial
Bit Bit Name  Value R/W Description
31to15 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

14,13 WTRP[1:0]* 00 R/W Number of Auto-Precharge Completion Wait Cycles

Specify the number of minimum precharge completion
wait cycles as shown below.

e From the start of auto-precharge and issuing of
ACTV command for the same bank

e From issuing of the PRE/PALL command to
issuing of the ACTV command for the same bank

o Till entering the power-down mode or deep power-
down mode

e From the issuing of PALL command to issuing
REF command in auto refresh mode

e From the issuing of PALL command to issuing
SELF command in self refresh mode

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles
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Initial
Bit Bit Name Value R/W Description
12 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

11,10 WTRCDI[1:0]* 01 R/W Number of Wait Cycles between ACTV Command
and READ(A)/WRIT(A) Command

Specify the minimum number of wait cycles from
issuing the ACTV command to issuing the
READ(A)/WRIT(A) command. The setting for areas 2
and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles
9 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

8,7 A3CL[1:0] 10 R/W CAS Latency for Area 3
Specify the CAS latency for area 3.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6,5 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name  Value R/W Description
4,3 TRWL[1:0]* 00 R/W Number of Auto-Precharge Startup Wait Cycles

Specify the number of minimum auto-precharge
startup wait cycles as shown below.

e Cycle number from the issuance of the WRITA
command by this LSI until the completion of auto-
precharge in the SDRAM.

Equivalent to the cycle number from the issuance
of the WRITA command until the issuance of the
ACTV command. Confirm that how many cycles
are required between the WRITA command
receive in the SDRAM and the auto-precharge
activation, referring to each SDRAM data sheet.
And set the cycle number so as not to exceed the
cycle number specified by this bit.

e Cycle number from the issuance of the WRIT
command until the issuance of the PRE
command. This is the case when accessing
another low address in the same bank in bank
active mode.

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles

2 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name  Value R/W Description
1,0 WTRC[1:0]* 00 R/W Number of Idle Cycles from REF Command/Self-

Refresh Release to ACTV/REF/MRS Command

Specify the number of minimum idle cycles in the
periods shown below.

e From the issuance of the REF command until the
issuance of the ACTV/REF/MRS command

o From releasing self-refresh until the issuance of
the ACTV/REF/MRS command.

The setting for areas 2 and 3 is common.

00: 2 cycles

01: 3 cycles

10: 5 cycles

11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL[1:0],
and WTRC[1:0] bit settings are used in both areas in common.
If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or SRAM with byte selection.
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(4) PCMCIA
e CS5WCR, CS6WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

L r-r-r-r-J7-J-J-J-[ -Jeoa | -J-]-]-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW  R/W R R R R

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | TED[3:0] PCW(3:0] |WM| - | - | TEH([3:0]

Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW RW R R R RW RW RW R/W

Initial
Bit Bit Name  Value R/W Description
31t022 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
21, 20 SA[1:0] 00 R/W Space Attribute Specification

Select memory card interface or 1/O card interface
when PCMCIA interface is selected.

SA1:

0: Selects memory card interface for the space for
A25=1.

1: Selects I/O card interface for the space for A25 = 1.
SAOQ:

0: Selects memory card interface for the space for
A25 = 0.

1: Selects I/O card interface for the space for A25 = 0.

19to15 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name  Value R/W Description
14t0 11 TED[3:0] 0000 R/W Number of Delay Cycles from Address Output to

RD/WE Assertion

Specify the number of delay cycles from address
output to RD/WE assertion for the memory card or to
ICIORD/ICIOWR assertion for the 1/0 card in

PCMCIA interface.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

0.5 cycle
1.5 cycles
2.5 cycles
3.5 cycles
4.5 cycles
5.5 cycles
6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
15.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to 7 PCWI3:0] 1010 R/W Number of Access Wait Cycles
Specify the number of wait cycles to be inserted.
0000: 3 cycles
0001: 6 cycles
0010: 9 cycles
0011: 12 cycles
0100: 15 cycles
0101: 18 cycles
0110: 22 cycles
0111: 26 cycles
1000: 30 cycles
1001: 33 cycles
1010: 36 cycles
1011: 38 cycles
1100: 52 cycles
1101: 60 cycles
1110: 64 cycles
1111: 80 cycles
6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycles is 0.

0: External wait input is valid
1: External wait input is ignored

5,4 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name  Value R/W Description
3t00 TEH[3:0] 0000 R/W  Delay Cycles from RD/WE Negation to Address

Specify the number of address hold cycles from
RD/WE negation for the memory card or those from

ICIORD/ICIOWR negation for the 1/0O card in PCMCIA
interface.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

0.5 cycle
1.5 cycles
2.5 cycles
3.5 cycles
4.5 cycles
5.5 cycles
6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
15.5 cycles
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(5) Burst ROM (Clocked Synchronous)

e CSOWCR
Bitt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
L r-r-r-r-r-F-[-7T- 7 -J-[-]T -] ] swa
Initialvalve: 0 0 0 o0 0 O 0 0 O 0O 0 0 0 0 0 O
RW. R R R R R R R R R R R R R R RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CT T T T T wo  Twl [ [ [ [ T[]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name  Value R/W Description
31to 18 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
17,16 BWI1:0] 00 R/W Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

15to11 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Description

10t07  W[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the

first access cycle.

0000:
0001:
0010
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

No cycle
1 cycle

: 2 cycles

3 cycles
4 cycles
5 cycles
6 cycles
8 cycles
10 cycles
12 cycles
14 cycles
18 cycles
24 cycles

Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when

the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored

5to0 —

AllO

R

Reserved

These bits are always read as 0. The write value

should always be 0.
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9.4.4

SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAM:s to be

connected.
Bitt 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| - | - | - | | | | - | | | A2ROW[1:0] | | A2COL[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R RW RW
Bitt 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
| - | - | DEEP| - | RFSH |RMODE|F‘DOWV\48ACTV| - | - | | A3ROW[1:0] | | A3COL[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW R RW RW RW RW R R R RW RW R RW RW
Initial
Bit Bit Name  Value R/W Description
31to21 — Allo R Reserved
These bits are always read as 0. The write value
should always be 0.
20, 19 A2ROWT[1:0] 00 R/W Number of Bits of Row Address for Area 2
Specify the number of bits of row address for area 2.
00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)
18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
17,16 A2COL[1:0] 00 R/W Number of Bits of Column Address for Area 2
Specify the number of bits of column address for
area 2.
00: 8 bits
01: 9 bits
10: 10 bits
11: Reserved (setting prohibited)
15, 14 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial

Bit Bit Name Value R/W Description

13 DEEP 0 R/W Deep Power-Down Mode
This bit is valid for low-power SDRAM. If the RFSH or
RMODE bit is set to 1 while this bit is set to 1, the
deep power-down entry command is issued and the
low-power SDRAM enters the deep power-down
mode.
0: Self-refresh mode
1: Deep power-down mode

12 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

11 RFSH 0 R/W Refresh Control
Specifies whether or not the refresh operation of the
SDRAM is performed.
0: No refresh
1: Refresh

10 RMODE 0 R/W Refresh Control

Specifies whether to perform auto-refresh or self-
refresh when the RFSH bit is 1. When the RFSH bit is
1 and this bit is 1, self-refresh starts immediately.
When the RFSH bit is 1 and this bit is 0, auto-refresh
starts according to the contents that are set in
registers RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

9 PDOWN 0 R/W Power-Down Mode

Specifies whether the SDRAM will enter the power-
down mode after the access to the SDRAM. With this
bit being set to 1, after the SDRAM is accessed, the
CKE signal is driven low and the SDRAM enters the
power-down mode.

0: The SDRAM does not enter the power-down mode
after being accessed.

1: The SDRAM enters the power-down mode after
being accessed.
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Initial
Bit Bit Name Value R/W Description
8 BACTV 0 R/W Bank Active Mode

Specifies to access whether in auto-precharge mode

(using READA and WRITA commands) or in bank

active mode (using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRITA
commands)

1: Bank active mode (using READ and WRIT
commands)

Note: Bank active mode can be set only for area 3.
When both areas 2 and 3 are set to SDRAM,
specify the auto-precharge mode.

7105 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

4,3 A3ROWI[1:0] 00 R/W Number of Bits of Row Address for Area 3

Specify the number of bits of the row address for
area 3.

00: 11 bits

01: 12 bits

10: 13 bits

11: Reserved (setting prohibited)
2 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

1,0 A3COL[1:0] 00 R/W Number of Bits of Column Address for Area 3

Specify the number of bits of the column address for
area 3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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9.4.5 Refresh Timer Control/Status Register (RTCSR)
RTCSR specifies various items about refresh for SDRAM.

When RTCSR is written, the upper 16 bits of the write data must be H'AS5A to cancel write
protection.

The phase of the clock for incrementing the count in the refresh timer counter (RTCNT) is
adjusted only by a power-on reset. Note that there is an error in the time until the compare match
flag is set for the first time after the timer is started with the CKS[2:0] bits being set to a value
other than B'000.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

o
o
o
o
o
o
o
o
o
o

Initial value: 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | - |CMF|CMIE| CKS[2:0] RRC[2:0]

o
o

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0.
7 CMF 0 R/W Compare Match Flag

Indicates that a compare match occurs between the
refresh timer counter (RTCNT) and refresh time
constant register (RTCOR). This bit is set or cleared
in the following conditions.

0: Clearing condition: When 0 is written in CMF after
reading out RTCSR during CMF = 1.

1: Setting condition: When the condition RTCNT =
RTCOR is satisfied.

6 CMIE 0 R/W Compare Match Interrupt Enable

Enables or disables CMF interrupt requests when the
CMF bitin RTCSR is set to 1.

0: Disables CMF interrupt requests.
1: Enables CMF interrupt requests.
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Initial
Bit Bit Name Value R/W Description
5t03 CKS[2:0] 000 R/W Clock Select

Select the clock input to count-up the refresh timer
counter (RTCNT).

000: Stop the counting-up
001: B¢p/4
010: B¢/16
011: B¢/64
100: B¢/256
101: B¢/1024
110: B¢/2048
111: B¢/4096
2t00 RRC[2:0] 000 R/W Refresh Count

Specify the number of continuous refresh cycles,
when the refresh request occurs after the coincidence
of the values of the refresh timer counter (RTCNT)
and the refresh time constant register (RTCOR).
These bits can make the period of occurrence of
refresh long.

000: 1 time

001: 2 times

010: 4 times

011: 6 times

100: 8 times

101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)
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9.4.6

Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit counter that increments using the clock selected by bits CKS[2:0] in RTCSR.
When RTCNT matches RTCOR, RTCNT is cleared to 0. The value in RTCNT returns to O after
counting up to 255. When the RTCNT is written, the upper 16 bits of the write data must be

H'ASS5A to cancel write protection.

Bitt 31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R
Bitt 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name  Value R/W Description
31t08 — AllO R Reserved
These bits are always read as 0.
7100 AllO R/W 8-Bit Counter
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9.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit register. When RTCOR matches RTCNT, the CMF bit in RTCSR s set to 1
and RTCNT is cleared to O.

When the RFSH bit in SDCR is 1, a memory refresh request is issued by this matching signal.
This request is maintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request is ignored.

When the CMIE bit in RTCSR is set to 1, an interrupt request is issued by this matching signal.
The request continues to be output until the CMF bit in RTCSR is cleared. Clearing the CMF bit
only affects the interrupt request and does not clear the refresh request. Therefore, a combination
of refresh request and interval timer interrupt can be specified so that the number of refresh
requests are counted by using timer interrupts while refresh is performed periodically.

When RTCOR is written, the upper 16 bits of the write data must be H'AS5A to cancel write
protection.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

S N N N N N N N N N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW.. R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 i 9 8 7 6 5 4 3 2 1 0
-r-r-r-r-r-fr-r-F

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW. R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name  Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0.
7100 AllO R/W 8-Bit Counter

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016

Page 272 of 2104



SH7266 Group, SH7267 Group Section 9 Bus State Controller

9.5 Operation

95.1 Endian/Access Size and Data Alignment

This LSI supports both big endian, in which the most significant byte (MSB) of data is that in the
direction of the Oth address, and little endian, in which the least significant byte (LSB) is that in
the direction of the Oth address. In the initial state after a power-on reset, all areas will be in big
endian mode. Endian mode can be changed by setting the CSnBCR register as long as the target
space is not being accessed.

Data bus width can be selected from 8 bits and 16 bits for the normal memory and SRAM with
byte selection. It is fixed to 16 bits for SDRAM. Two data bus widths (8 bits and 16 bits) are
available for the PCMCIA interface. For MPX-I/O, the data bus width is fixed to either 8 or 16
bits, or made selectable as 8 bits or 16 bits by one of the address lines.

Endian specification and data bus width varies depending on boot mode. For details, refer to
section 9.3.2, Data Bus Width and Endian Specification for Each Area Depending on Boot Mode.

Data alignment is performed in accordance with the data bus width selected for the device. This
also means that four read operations are required to read longword data from a byte-width device.
In this LSI, data alignment and conversion of data length is performed automatically between the
respective interfaces.

Tables 9.5 to 9.8 show the relationship between device data width and access unit. Note that the
correspondence between addresses and strobe signals for the 16-bit bus width depends on the
endian setting. For example, with big endian and a 16-bit bus width, WEI corresponds to the Oth
address, which is represented by WEO when little endian has been selected.

Since instructions are fetched with both 32- and 16-bit accesses, their alignment in the little-endian
area is difficult. Execute instructions from big-endian area.
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Table 9.5 16-Bit External Device Access and Data Alignment in Big Endian
Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WE1, DQMU WEOQO, DQML
Byte access at address 0 Data7t0 0 — Assert —
Byte access at address 1 — Data7to 0 — Assert
Byte access at address 2 Data 7to0 0 — Assert —
Byte access at address 3 — Data7to 0 — Assert
Word access at address 0 Data 15t0 8 Data7to 0 Assert Assert
Word access at address 2 Data 15t0 8 Data7to0 Assert Assert
Longword 1st access at address 0 Data 31to24 Data23to 16 Assert Assert
access at
address 0 2nd access at address2  Data 15t0 8 Data7to 0 Assert Assert
Table 9.6  8-Bit External Device Access and Data Alignment in Big Endian
Data Bus Strobe Signals

Operation D15 to D8 D7 to DO E1, DQMU WEOQO, DQML
Byte access at address 0 — Data7to0 0 — Assert
Byte access at address 1 — Data7to 0 — Assert
Byte access at address 2 — Data7to 0 — Assert
Byte access at address 3 — Data7to 0 — Assert
Word 1st access at address 0 — Data 15t0 8 — Assert
access at
address 0 2nd access at address 1 — Data7to 0 — Assert
Word 1st access at address2 ~ — Data 1510 8 — Assert
access at
address 2 2nd access at address 3 — Data7to 0 — Assert
Longword  1staccess ataddress0  — Data 31 to 24 — Assert
access at
address 0 2nd access at address 1 — Data 23 to 16 — Assert

3rd access at address2 =~ — Data 15t0 8 — Assert

4th access at address 3 — Data7t0 0 — Assert
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Table 9.7  16-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WET, DOMU  WEO, DQML
Byte access at address 0 — Data7to 0 — Assert
Byte access at address 1 Data7to 0 — Assert —
Byte access at address 2 — Data7to0 0 Assert
Byte access at address 3 Data 7to 0 — Assert —
Word access at address 0 Data 15t0 8 Data7to 0 Assert Assert
Word access at address 2 Data 15to0 8 Data7to 0 Assert Assert
Longword 1st access at address 0 Data 15t0 8 Data7to 0 Assert Assert
access at
address 0 2nd access at address2  Data 31to 24 Data23to 16 Assert Assert

Table 9.8 8-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals

Operation D15 to D8 D7 to DO WE1, DQMU WEOQO, DQML
Byte access at address 0 — Data7to0 0 — Assert
Byte access at address 1 — Data7to 0 — Assert
Byte access at address 2 — Data 7to 0 — Assert
Byte access at address 3 — Data7to 0 — Assert
Word 1st access at address 0 — Data7t0 0 — Assert
access at
address 0 2nd access at address 1 — Data 15t0 8 — Assert
Word 1st access at address 2 — Data7to 0 — Assert
access at
address 2 2nd access at address 3 — Data 15t0 8 — Assert
Longword 1staccess ataddress0  — Data 7 to O — Assert
access at
address 0 2nd access at address 1 — Data 15t0 8 — Assert

3rd access at address 2 — Data 23 to 16 — Assert

4th access at address 3 — Data 31 to 24 — Assert
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9.5.2 Normal Space Interface
(1) Basic Timing

For access to a normal space, this LSI uses strobe signal output in consideration of the fact that
mainly static RAM will be directly connected. When using SRAM with a byte-selection pin, see
section 9.5.8, SRAM Interface with Byte Selection. Figure 9.2 shows the basic timings of normal
space access. A no-wait normal access is completed in two cycles. The BS signal is asserted for
one cycle to indicate the start of a bus cycle.

1
1
A25 to A0 X

Read RD I
e e

! 1

! 1

! 1

1

1

TS 1

1

1

1 1

1

1 1
Write WEn E :\ / E

1 . 1

1

1

1

Note: * The waveform for DACKn is when active low is specified.

Figure 9.2 Normal Space Basic Access Timing (Access Wait 0, Word Access)

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 16 bits are always
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read in case of a 16-bit device. When writing, only the WEn signal for the byte to be written is
asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal is in a read state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer with this signal, to avoid
output collision.

Figures 9.3 and 9.4 show the basic timings in continuous access to normal space. If the WM bit in
CSnWCR is cleared to 0, a Tnop cycle is inserted after the CSn space access to evaluate the
external wait (figure 9.3). If the WM bit in CSnWCR s set to 1, external waits are ignored and no
Tnop cycle is inserted (figure 9.4).

CKIO

'
' ! ' ! ' ! ' ! ' .
Note: * The waveform for DACKn is when active low is specified.

Figure 9.3 Continuous Access to Normal Space (1)
Bus Width = 16 Bits, Longword Access, CSN\WCR.WM Bit =0
(Access Wait = 0, Cycle Wait = 0)
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DACKn®™ N\ . | |
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Note: * The waveform for DACKn is when active low is specified.

Figure 9.4 Continuous Access to Normal Space (2)
Bus Width = 16 Bits, Longword Access, CSN\WCR.WM Bit =1
(Access Wait = 0, Cycle Wait = 0)
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This LSI

A17

Al
CSn

D15
D8
WET
b7

DO
WEO

128K x 8-bit
SRAM

A6

Ao

cs

OE

/07

1/00

WE

A6

A0

cs

OE

1107

1/00

WE

Figure 9.5 Example of 16-Bit Data-Width SRAM Connection

This LSI

A16
A0
CSn
RD
D7
DO
WEO

128K x 8-bit
SRAM

A16
A0
cs
OE
/107

1/00
WE

Figure 9.6 Example of 8-Bit Data-Width SRAM Connection
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95.3 Access Wait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO in CSnWCR. It is possible for areas 1, 4, and 5 to insert wait cycles independently in read
access and in write access. Areas 0, 2, 3, and 6 have common access wait for read cycle and write
cycle. The specified number of Tw cycles are inserted as wait cycles in a normal space access
shown in figure 9.7.

BS ™\ /
DACKn* _\

Note: * The waveform for DACKn is when active low is specified.

T Tw ., T2,
st p0 —y
s L
RD/\W; ! : X:
AN S N N A

Read ' 1 | H | | 1
D15to D0___ : : : /\::>_

Write I E i E : I
D15 to DO —

Figure 9.7 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CSnWCR s cleared to O, the external wait input WAIT signal is also
sampled. WAIT pin sampling is shown in figure 9.8. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CKIO at the transition from the T1 or Tw
cycle to the T2 cycle.

Wait states inserted
by WAIT signal
T1 Tw Tw Twx T2

osn o\ L .

RDWR | X
e I I I Y aus

Read N
D15 to D0 ———t——— : — Y

Write ! 1 , ' , : i ' i ' |
D15t0 D0 — V—

wAT TETTITIVIIUU /9 ALVITL
BTNV
o L

Note: * The waveform for DACKn is when active low is specified.

Figure 9.8 Wait Cycle Timing for Normal Space Access
(Wait Cycle Insertion Using WAIT Signal)
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954 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, a flexible interface to an external device
can be obtained. Figure 9.9 shows an example. A Th cycle and a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

oo /S S S
A25 to AO :X

CSn

RD/WR

RD
Read
D15 to DO

WEn ' : .
Write { | : .
D15t0 DO ——

BS —\ v
DACKn* _\

Note: * The waveform for DACKn is when active low is specified.

Figure 9.9 CSn Assert Period Expansion
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9.55 MPX-1/O Interface

Access timing for the MPX space is shown below. In the MPX space, CS5, AH, RD, and WEn
signals control the accessing. The basic access for the MPX space consists of 2 cycles of address
output followed by an access to a normal space. The bus width for the address output cycle or the
data input/output cycle is fixed to 8 bits or 16 bits. Alternatively, it can be 8 bits or 16 bits
depending on the address to be accessed.

Output of the addresses D15 to DO or D7 to DO is performed from cycle Ta2 to cycle Ta3.
Because cycle Tal has a high-impedance state, collisions of addresses and data can be avoided
without inserting idle cycles, even in continuous access cycles. Address output is increased to 3
cycles by setting the MPXW bit in CSSWCR to 1.

The RD/WR signal is output at the same time as the CS5 signal; it is high in the read cycle and
low in the write cycle.

The data cycle is the same as that in a normal space access.

The delay cycles specified by SW[1:0] are inserted between the Ta3 and T1 cycles. The delay
cycles specified by HW[1:0] are added after the T2 cycle.

Timing charts are shown in figures 9.10 to 9.12.
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Note: * The waveform for DACKn is when active low is specified.

Figure 9.10 (1) Access Timing for MPX Space

(Address Cycle No Wait, Data Cycle No Wait)
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Note: * The waveform for DACKn is when active low is specified.

Figure 9.10 (2) Access Timing for MPX Space (Address Cycle No Wait,
Assert Extension Cycle 1.5, Data Cycle No Wait, Negate Extension Cycle 1.5)
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Note: * The waveform for DACKn is when active low is specified.

Figure 9.11 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait)

Oct 31, 2016

RO1UHO412EJ0300 Rev.3.00
RENESAS

Page 286 of 2104



SH7266 Group, SH7267 Group Section 9 Bus State Controller

Tal Tadw Ta2 Ta3 T Tw Twx T2

w1 N\
Read

D15/D7 to D0 ————— Address —
WER T A\
wite T T N N N R A
D15/D7 to DO —-—-—( Address X

WAIT \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ :

Note: * The waveform for DACKn is when active low is specified.

Figure 9.12 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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9.5.6 SDRAM Interface
(1) SDRAM Direct Connection

The SDRAM that can be connected to this LSI is a product that has 11/12/13 bits of row address,
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting precharge mode in
read and write command cycles.

The control signals for direct connection of SDRAM are RAS, CAS, RD/W, DQMU, DQML,
CKE, CS2, and CS3. All the signals other than CS2 and CS3 are common to all areas, and signals
other than CKE are valid only when CS2 or CS3 is asserted. SDRAM can be connected to up to 2
spaces. The data bus width of the area that is connected to SDRAM is 16 bits.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as
the SDRAM operating mode.

Commands for SDRAM can be specified by RAS, CAS, RD/WR, and specific address signals.
These commands supports:

e NOP

e Auto-refresh (REF)

o Self-refresh (SELF)

o All banks pre-charge (PALL)

e Specified bank pre-charge (PRE)
e Bank active (ACTV)

e Read (READ)

e Read with pre-charge (READA)
o  Write (WRIT)

e Write with pre-charge (WRITA)
e Write mode register (MRS, EMRS)

The byte to be accessed is specified by DQMU and DQML. Reading or writing is performed for a
byte whose corresponding DQMx is low. For details on the relationship between DQMx and the
byte to be accessed, see section 9.5.1, Endian/Access Size and Data Alignment.
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Figures 9.13 shows an example of the connection of the SDRAM with the LSI.

64M SDRAM
This LSI (1M x 16-bit x 4-bank)
A14 A13
Al A0
CKE CKE
CKIO CLK
CSn [
RAS RAS
CAS CAS
RD/WR WE
D15 11015
DO 1100
DQMU DQMU
DQML DQML

Figure 9.13 Example of 16-Bit Data Width SDRAM Connection
(2) Address Multiplexing

An address multiplexing is specified so that SDRAM can be connected without external
multiplexing circuitry according to the setting of bits BSZ[1:0] in CSnBCR and bits AZROW[1:0],
A2COL[1:0], A3ROW[1:0], and A3COL[1:0] in SDCR. Tables 9.9 to 9.11 show the relationship
between the settings of bits BSZ[1:0], A2ZROW[1:0], A2COL[1:0], A3ROWT[1:0], and
A3COL[1:0] and the bits output at the address pins. Do not specify those bits in the manner other
than this table, otherwise the operation of this LSI is not guaranteed. A25 to A18 are not
multiplexed and the original values of address are always output at these pins.

When the data bus width is 16 bits (BSZ1 and BSZ0 = B'10), A0 of SDRAM specifies a word
address. Therefore, connect this AQ pin of SDRAM to the A1 pin of the LSI; the A1l pin of
SDRAM to the A2 pin of the LSI, and so on.
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Table 9.9  Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address
Multiplex Output (1)-1

Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
11 (16 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
Al4 A22 A4
A13 A21 A21
A12 A20% A20% A11 (BAO) Specifies bank
Al A19 L/H*" A10/AP Specifies

address/precharge

A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 Al4 A6 A5
A5 A13 A5 A4
A4 Al12 A4 A3
A3 A1 A3 A2
A2 A10 A2 Al
Al A9 Al AO
A0 A8 AO Unused

Example of connected memory
16-Mbit product (512 Kwords x 16 bits x 2 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 9.9  Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address
Multiplex Output (1)-2
Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22+#* A22%#* A13 (BA1) Specifies bank
A13 A21%# A21%* A12 (BAO)
A12 A20 A12 Al1 Address
Al A19 L/H*" A10/AP Specifies

address/precharge

A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 Al14 A6 A5
A5 A13 A5 A4
A4 Al12 A4 A3
A3 A1 A3 A2
A2 A10 A2 Al
A1 A9 A1 A0
A0 A8 AO Unused

Example of connected memory

64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 9.10 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address
Multiplex Output (2)-1

Setting

A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 hits) 01 (9 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A24 A15
Al4 A23* A23# A13 (BA1) Specifies bank
A13 A2+ A22+ A12 (BAO)
A12 A21 Al12 A1l Address
Al A20 L/H*! A10/AP Specifies

address/precharge

A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 Al14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 A1 A2 Al
A1 A10 Al A0
AO A9 AO Unused

Example of connected memory
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 9.10 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address
Multiplex Output (2)-2

Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A27 A17 Unused
A16 A26 A16
A15 A25 A15
A4 A24+#* A24+* A13 (BA1) Specifies bank
A13 A23+ A23+ A12 (BAO)
A12 A22 A12 Al1 Address
Al A21 L/H*" A10/AP Specifies

address/precharge

A10 A20 A10 A9 Address
A9 A19 A9 A8
A8 A18 A8 A7
A7 A17 A7 A6
A6 A16 A6 A5
A5 A15 A5 A4
A4 Al4 A4 A3
A3 A13 A3 A2
A2 A12 A2 Al
A1 A1 Al A0
AO A10 AO Unused

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 9.11 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address
Multiplex Output (3)-1

Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 01 (9 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A24+#* A24+* A14 (BA1) Specifies bank
Al4 A23+# A23%#* A13 (BAO)
A13 A22 A13 A12 Address
A12 A21 A12 A1
Al A20 L/H*" A10/AP Specifies

address/precharge

A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 A14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 Al A2 Al
A1 A10 Al A0
A0 A9 AO Unused

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 9.11 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address
Multiplex Output (3)-2

Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 10 (10 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A27 A17 Unused
A16 A26 A16
A15 A25% A25% A14 (BA1) Specifies bank
A4 A24%#* A24%2 A13 (BAO)
A13 A23 A13 A12 Address
A12 A22 A12 A1
Al A21 L/H*" A10/AP Specifies

address/precharge

A10 A20 A10 A9 Address
A9 A19 A9 A8
A8 A18 A8 A7
A7 A17 A7 A6
A6 A16 A6 A5
A5 A15 A5 A4
A4 Al4 A4 A3
A3 A13 A3 A2
A2 A12 A2 Al
A1 A1 Al A0
AO A10 AO Unused

Example of connected memory
512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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(3) BurstRead
A burst read occurs in the following cases with this LSI.

e Access size in reading is larger than data bus width.
e 16-byte transfer in cache miss.

e 16-byte transfer in the direct memory access controller

This LST always accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 8 times to read 16-byte continuous data from the SDRAM that
is connected to a 16-bit data bus. This access is called the burst read with the burst number 8.
Table 9.12 shows the relationship between the access size and the number of bursts.

Table 9.12 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts
16 bits 8 bits 1
16 bits 1
32 bits 2
16 bytes 8
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Figures 9.14 and 9.15 show a timing chart in burst read. In burst read, an ACTV command is
output in the Tr cycle, the READ command is issued in the Tc1, Tc2, and Tc3 cycles, the READA
command is issued in the Tc4 cycle, and the read data is received at the rising edge of the external
clock (CKIO) in the Td1 to Td4 cycles. The Tap cycle is used to wait for the completion of an
auto-precharge induced by the READA command in the SDRAM. In the Tap cycle, a new
command will not be issued to the same bank. However, access to another CS space or another
bank in the same SDRAM space is enabled. The number of Tap cycles is specified by the WTRP1
and WTRPO bits in CS3WCR.

In this LSI, wait cycles can be inserted by specifying each bit in CS3WCR to connect the SDRAM
in variable frequencies. Figure 9.15 shows an example in which wait cycles are inserted. The
number of cycles from the Tr cycle where the ACTV command is output to the Tcl cycle where
the READ command is output can be specified using the WTRCD1 and WTRCDO bits in
CS3WCR. If the WTRCD1 and WTRCDO bits specify one cycles or more, a Trw cycle where the
NOP command is issued is inserted between the Tr cycle and Tcl cycle. The number of cycles
from the Tc1 cycle where the READ command is output to the Td1 cycle where the read data is
latched can be specified for the CS2 and CS3 spaces independently, using the A2CL1 and A2CL0O
bits in CS2WCR or the A3CL1 and A3CLO bits in CS3WCR. The number of cycles from Tcl to
Td1 corresponds to the SDRAM CAS latency. The CAS latency for the SDRAM is normally
defined as up to three cycles. However, the CAS latency in this LSI can be specified as 1 to 4
cycles. This CAS latency can be achieved by connecting a latch circuit between this LSI and the
SDRAM.

A Tde cycle is an idle cycle required to transfer the read data into this LSI and occurs once for
every burst read or every single read.
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Td2 Td3 Td4

Td1

in A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.
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CKIO
D15 to DO

Notes: 1. Address pin to be connected to p
Figure 9.14 Burst Read Basic Timing (CAS Latency 1, Auto Pre-Charge)

Page 298 of 2104




Section 9 Bus State Controller

SH7266 Group, SH7267 Group

Td1 Td2 Td3 Td4

Tw

CKIO

A12/A11#1

D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.15 Burst Read Wait Specification Timing

(CAS Latency 2, WTRCDI[1:0]

1 Cycle, Auto Pre-Charge)
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(4) Single Read

A read access ends in one cycle when data exists in a cache-disabled space and the data bus width
is larger than or equal to the access size. As the SDRAM is set to the burst read with the burst
length 1, only the required data is output. A read access that ends in one cycle is called single read.

Figure 9.16 shows the single read basic timing.

CKIO

A25 to AO

A12/A11%1 x | /

—_—>1

RD/WR _/
DQMx _“\

[T

D15 to DO

[

DACKn*2 —\

%

-

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.16 Basic Timing for Single Read (CAS Latency 1, Auto Pre-Charge)
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(5) Burst Write
A burst write occurs in the following cases in this LSI.

e Access size in writing is larger than data bus width.
e Write-back of the cache

e 16-byte transfer in the direct memory access controller

This LST always accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 8 times to write 16-byte continuous data to the SDRAM that is
connected to a 16-bit data bus. This access is called burst write with the burst number 8. The
relationship between the access size and the number of bursts is shown in table 9.12. Figure 9.17
shows a timing chart for burst writes. In burst write, an ACTV command is output in the Tr cycle,
the WRIT command is issued in the Tcl, Tc2, and Tc3 cycles, and the WRITA command is issued
to execute an auto-precharge in the Tc4 cycle. In the write cycle, the write data is output
simultaneously with the write command. After the write command with the auto-precharge is
output, the Trw1 cycle that waits for the auto-precharge initiation is followed by the Tap cycle that
waits for completion of the auto-precharge induced by the WRITA command in the SDRAM.
Between the Trwl and the Tap cycle, a new command will not be issued to the same bank.
However, access to another CS space or another bank in the same SDRAM space is enabled. The
number of Trw1 cycles is specified by the TRWL1 and TRWLO bits in CS3WCR. The number of
Tap cycles is specified by the WTRP1 and WTRPO bits in CS3WCR.
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A12/A11%#1
R
D15 to DO

\
g

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.17 Basic Timing for Burst Write (Auto Pre-Charge)
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(6) Single Write

A write access ends in one cycle when data is written in a cache-disabled space and the data bus
width is larger than or equal to access size. As a single write or burst write with burst length 1 is
set in SDRAM, only the required data is output. The write access that ends in one cycle is called
single write. Figure 9.18 shows the single write basic timing.

Tr Tei Trwl Tap

CKIO

A25 to A0

A12/A11#1 x 1 /

DQMx_é'\

D15 to DO

DACKn*2 \

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.18 Single Write Basic Timing (Auto-Precharge)
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(7) Bank Active

The SDRAM bank function can be used to support high-speed access to the same row address.
When the BACTV bit in SDCR is 1, access is performed using commands without auto-precharge
(READ or WRIT). This function is called bank-active function. This function is valid only for area
3. When area 3 is set to bank-active mode, area 2 should be set to normal space or SRAM with
byte selection. When areas 2 and 3 are both set to SDRAM, auto precharge mode must be set.

When the bank-active function is used, precharging is not performed when the access ends. When
accessing the same row address in the same bank, it is possible to issue the READ or WRIT
command immediately, without issuing an ACTV command. As SDRAM is internally divided
into several banks, it is possible to activate one row address in each bank. If the next access is to a
different row address, a PRE command is first issued to precharge the relevant bank, then when
precharging is completed, the access is performed by issuing an ACTV command followed by a
READ or WRIT command. If this is followed by an access to a different row address, the access
time will be longer because of the precharging performed after the access request is issued. The
number of cycles between issuance of the PRE command and the ACTV command is determined
by the WTRP1 and WTPRO bits in CS3WCR.

In a write, when an auto-precharge is performed, a command cannot be issued to the same bank
for a period of Trwl + Tap cycles after issuance of the WRITA command. When bank active mode
is used, READ or WRIT commands can be issued successively if the row address is the same. The
number of cycles can thus be reduced by Trwl + Tap cycles for each write.

There is a limit on tRAS, the time for placing each bank in the active state. If there is no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of tRAS.

A burst read cycle without auto-precharge is shown in figure 9.19, a burst read cycle for the same
row address in figure 9.20, and a burst read cycle for different row addresses in figure 9.21.
Similarly, a single write cycle without auto-precharge is shown in figure 9.22, a single write cycle
for the same row address in figure 9.23, and a single write cycle for different row addresses in
figure 9.24.

In figure 9.20, a Tnop cycle in which no operation is performed is inserted before the Tc cycle that
issues the READ command. The Tnop cycle is inserted to acquire two cycles of CAS latency for
the DQMXx signal that specifies the read byte in the data read from the SDRAM. If the CAS
latency is specified as two cycles or more, the Tnop cycle is not inserted because the two cycles of
latency can be acquired even if the DQMXx signal is asserted after the Tc cycle.
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When bank active mode is set, if only access cycles to the respective banks in the area 3 space are
considered, as long as access cycles to the same row address continue, the operation starts with the
cycle in figure 9.19 or 9.22, followed by repetition of the cycle in figure 9.20 or 9.23. An access to
a different area during this time has no effect. If there is an access to a different row address in the
bank active state, the bus cycle in figure 9.21 or 9.24 is executed instead of that in figure 9.20 or
9.23. In bank active mode, too, all banks become inactive after a refresh cycle or after the bus is
released as the result of bus arbitration.

Td1 Td2 Td3 Td4
Tr Tel Tc2 Tc3 Tc4 Tde

CKIO

A25 to AO

><
><
><
><
><

]

A12/A11#1

)
)
[

D
>
@]

O
>
@

L]

RD/WR

DQMx

X
X
X

=

D15 to DO

|

BS

J

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.19 Burst Read Timing (Bank Active, Different Bank, CAS Latency 1)
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Td2 Td3 Td4

Td1

CKIO

D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.20 Burst Read Timing
(Bank Active, Same Row Addresses in the Same Bank, CAS Latency 1)
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Td2 Td3 Td4
Tc4

Tc3

Td1
Tc2

e

D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.21 Burst Read Timing
(Bank Active, Different Row Addresses in the Same Bank, CAS Latency 1)
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oo _f N N
A25 to A X . A .
A12/A11%1 X

N

RAS \ Ry, \

DQMx _"\
D15 to DO —-——(:)—
s
DACKn*2 _\

I~

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.22 Single Write Timing (Bank Active, Different Bank)
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cko /N N\

A25 to A0

A12/A11#1

RD/WR

DQMx

D15 to DO

BS

DACKn*2 :\
Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.23 Single Write Timing (Bank Active, Same Row Addresses in the Same Bank)

RO1UH0412EJ0300 Rev.3.00

Oct 31,2016 RENESAS

Page 309 of 2104




Section 9 Bus State Controller SH7266 Group, SH7267 Group

CKIO

A25 to A0

A12/A11#1

CAS

RD/WR

DQMx

D15 to DO

BS

DACKn*z_é‘\é /_

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.24 Single Write Timing (Bank Active, Different Row Addresses in the Same Bank)

(8) Refreshing

This module has a function for controlling SDRAM refreshing. Auto-refreshing can be performed
by clearing the RMODE bit to 0 and setting the RFSH bit to 1 in SDCR. A continuous refreshing
can be performed by setting the RRC2 to RRCO bits in RTCSR. If SDRAM is not accessed for a
long period, self-refresh mode, in which the power consumption for data retention is low, can be
activated by setting both the RMODE bit and the RFSH bit to 1.
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(a) Auto-refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2 to CKS0
in RTCSR, and the value set by in RTCOR. The value of bits CKS2 to CKSO0 in RTCOR should
be set so as to satisfy the refresh interval stipulation for the SDRAM used. First make the settings
for RTCOR, RTCNT, and the RMODE and RFSH bits in SDCR, and then make the CKS2 to
CKSO0 and RRC2 to RRCO settings. When the clock is selected by bits CKS2 to CKSO, RTCNT
starts counting up from the value at that time. The RTCNT value is constantly compared with the
RTCOR value, and if the two values are the same, a refresh request is generated and an auto-
refresh is performed for the number of times specified by the RRC2 to RRCO. At the same time,
RTCNT is cleared to zero and the count-up is restarted.

Figure 9.25 shows the auto-refresh cycle timing. After starting the auto refreshing, PALL
command is issued in the Tp cycle to make all the banks to pre-charged state from active state
when some bank is being pre-charged. Then REF command is issued in the Trr cycle after
inserting idle cycles of which number is specified by the WTRP1 and WTRPO bits in CS3WCR. A
new command is not issued for the duration of the number of cycles specified by the WTRC1 and
WTRCO bits in CS3WCR after the Trr cycle. The WTRC1 and WTRCO bits must be set so as to
satisfy the SDRAM refreshing cycle time stipulation (tRC). An idle cycle is inserted between the
Tp cycle and Trr cycle when the setting value of the WTRP1 and WTRPO bits in CS3WCR is
longer than or equal to 1 cycle.

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS

Page 311 of 2104



SH7266 Group, SH7267 Group

Section 9 Bus State Controller

CKIO

A12/A11#1

D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.25 Auto-Refresh Timing
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(b) Self-refreshing

Self-refresh mode is a kind of standby mode, in which the refresh timing and refresh addresses are
generated within the SDRAM. Self-refreshing is activated by setting both the RMODE bit and the
RFSH bit in SDCR to 1. After starting the self-refreshing, PALL command is issued in Tp cycle
after the completion of the pre-charging bank. A SELF command is then issued after inserting idle
cycles of which number is specified by the WTRP1 and WTRPO bits in CS3WSR. SDRAM
cannot be accessed while in the self-refresh state. Self-refresh mode is cleared by clearing the
RMODE bit to 0. After self-refresh mode has been cleared, command issuance is disabled for the
number of cycles specified by the WTRC1 and WTRCO bits in CS3WCR.

Self-refresh timing is shown in figure 9.26. Settings must be made so that self-refresh clearing and
data retention are performed correctly, and auto-refreshing is performed at the correct intervals.
When self-refreshing is activated from the state in which auto-refreshing is set, auto-refreshing is
restarted if the RFSH bit is set to 1 and the RMODE bit is cleared to O when self-refresh mode is
cleared. If the transition from clearing of self-refresh mode to the start of auto-refreshing takes
time, this time should be taken into consideration when setting the initial value of RTCNT.
Making the RTCNT value 1 less than the RTCOR value will enable refreshing to be started
immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby state is
entered using the LSI standby function, and is maintained even after recovery from standby mode
due to an interrupt. Note that the necessary signals such as CKE must be driven even in standby
state by setting the HIZCNT bit in CMNCR to 1.

When the multiplication rate for the PLL circuit is changed, the CKIO output will become
unstable or will be fixed low. For details on the CKIO output, see section 5, Clock Pulse
Generator. The contents of SDRAM can be retained by placing the SDRAM in the self-refresh
state before changing the multiplication rate.

The self-refresh state is not cleared by a manual reset. In case of a power-on reset, the bus state
controller's registers are initialized, and therefore the self-refresh state is cleared.
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A25 to AO :X

A12/A11%1
D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.26 Self-Refresh Timing
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(9) Relationship between Refresh Requests and Bus Cycles

If a refresh request occurs during bus cycle execution, the refresh cycle must wait for the bus cycle
to be completed. If a refresh request occurs while the bus is released by the bus arbitration
function, the refresh will not be executed until the bus mastership is acquired.

If the external bus does not return the bus for a period longer than the specified refresh interval,
refresh cannot be executed and the SDRAM contents may be lost.

If a new refresh request occurs while waiting for the previous refresh request, the previous refresh
request is deleted. To refresh correctly, a bus cycle longer than the refresh interval or the bus
mastership occupation must be prevented from occurring.

If a bus mastership is requested during self-refresh, the bus will not be released until the refresh is
completed.
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(10) Power-Down Mode

If the PDOWN bit in SDCR is set to 1, the SDRAM is placed in power-down mode by bringing

the CKE signal to the low level in the non-access cycle. This power-down mode can effectively
lower the power consumption in the non-access cycle. However, please note that if an access

occurs in power-down mode, a cycle of overhead occurs because a cycle is needed to assert the

CKE in order to cancel the power-down mode.

Figure 9.27 shows the access timing in power-down mode.

Power-down

Tnop

CKIO
CKE

A25 to AO

n A10 of SDRAM.

D15 to DO

Notes: 1. Address pin to be connected to p

2. The waveform for DACKn is when active low is specified.

Figure 9.27 Power-Down Mode Access Timing
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(11) Power-On Sequence

In order to use SDRAM, mode setting must first be made for SDRAM after the pose interval
specified for the SDRAM to be used after powering on. The pose interval should be obtained by a
power-on reset generating circuit or software.

To perform SDRAM initialization correctly, the registers of this module must first be set, followed
by a write to the SDRAM mode register. In SDRAM mode register setting, the address signal
value at that time is latched by a combination of the CSn, RAS, CAS, and RD/WR signals. If the
value to be set is X, the bus state controller provides for value X to be written to the SDRAM
mode register by performing a word write to address HFFFC4000 + X for area 2 SDRAM, and to
address HFFFC5000 + X for area 3 SDRAM. In this operation the data is ignored, but the mode
write is performed as a byte-size access. To set burst read/single write or burst read/burst write
(CAS latency 2 to 3, wrap type = sequential, and burst length 1) supported by the LSI, arbitrary
data is written in a byte-size access to the addresses shown in table 9.13. In this time O is output at
the external address pins of A12 or later.

Table 9.13 Access Address in SDRAM Mode Register Write

e Setting for Area 2
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC4440 H'0000440
3 H'FFFC4460 H'0000460

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC4040 H'0000040
3 H'FFFC4060 H'0000060
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e Setting for Area 3
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC5440 H'0000440
3 H'FFFC5460 H'0000460

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC5040 H'0000040
3 H'FFFC5060 H'0000060

Mode register setting timing is shown in figure 9.28. A PALL command (all bank pre-charge
command) is firstly issued. A REF command (auto refresh command) is then issued 8 times. An
MRS command (mode register write command) is finally issued. Idle cycles, of which number is
specified by the WTRP1 and WTRPO bits in CS3WCR, are inserted between the PALL and the
first REF. Idle cycles, of which number is specified by the WTRC1 and WTRCO bits in CS3WCR,
are inserted between REF and REF, and between the 8th REF and MRS. One or more idle cycles
are inserted between the MRS and a command to be issued next.

It is necessary to keep idle time of certain cycles for SDRAM before issuing PALL command after
power-on. Refer to the manual of the SDRAM for the idle time to be needed. When the pulse
width of the reset signal is longer than the idle time, mode register setting can be started
immediately after the reset, but care should be taken when the pulse width of the reset signal is
shorter than the idle time.
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 9.28 SDRAM Mode Write Timing (Based on JEDEC)
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(12) Low-Power SDRAM
The low-power SDRAM can be accessed using the same protocol as the normal SDRAM.

The differences between the low-power SDRAM and normal SDRAM are that partial refresh
takes place that puts only a part of the SDRAM in the self-refresh state during the self-refresh
function, and that power consumption is low during refresh under user conditions such as the
operating temperature. The partial refresh is effective in systems in which the data in a work area
other than the specific area can be lost without severe repercussions. For details, please refer to the
Data Sheet for the low-power SDRAM to be used.

The low-power SDRAM supports the extension mode register in addition to the mode registers as
the normal SDRAM. This LSI supports issuing of the extension mode register write command
(EMRS).

The EMRS command is issued according to the conditions specified in table below. For example,
if data HOYYYYYYY is written to address HFFFC5XXO0 in longword, the commands are issued
to the CS3 space in the following sequence: PALL -> REF x 8 -> MRS -> EMRS. In this case, the

MRS and EMRS issue addresses are H'0000XX0 and HYYYYYYY, respectively. If data
H'1YYYYYYY is written to address HFFFC5XXO0 in longword, the commands are issued to the

CS3 space in the following sequence: PALL -> MRS -> EMRS.

Table 9.14 Output Addresses when EMRS Command Is Issued

Write MRS EMRS
Command to be Access Access Command Command
Issued Address Access Data Size Issue Address Issue Address
CS2 MRS H'FFFCAXX0 K"tk 16 bits H'0000XX0 —
CS3 MRS H'FFFCS5XX0  H'sss 16 bits H'0000XX0 —
CS2 MRS + EMRS  H'FFFC4XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS3 MRS + EMRS H'FFFC5XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS2 MRS + EMRS H'FFFC4XX0 H'1YYYYYYY 32 bits H'0000XX0 HYYYYYYY
(without refresh)
CS3 MRS + EMRS H'FFFC5XX0 H'1YYYYYYY 32 bits H'0000XX0 HYYYYYYY

(without refresh)
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Notes: 1. Address pin to be connected to pin BA1 of SDRAM.

2. Address pin to be connected to pin BAO of SDRAM.
3. Address pin to be connected to pin A10 of SDRAM.

4. The waveform for DACKn is when active low is specified.

Figure 9.29 EMRS Command Issue Timing
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e Deep power-down mode
The low-power SDRAM supports the deep power-down mode as a low-power consumption
mode. In the partial self-refresh function, self-refresh is performed on a specific area. In the
deep power-down mode, self-refresh will not be performed on any memory area. This mode is
effective in systems where all of the system memory areas are used as work areas.

If the RMODE bit in the SDCR is set to 1 while the DEEP and RFSH bits in the SDCR are set to
1, the low-power SDRAM enters the deep power-down mode. If the RMODE bit is cleared to O,

the CKE signal is pulled high to cancel the deep power-down mode. Before executing an access

after returning from the deep power-down mode, the power-up sequence must be re-executed.

CKIO

CKE

A25 to A0

:IXI ' 1 H [l
A12/A11%1 _/ oo

1.

w N TN T ¢
R N e s I I B AN
R —— e
v T\ N TG
e A
orst200 —H——+———— e ————
s
DACKn*2':':';"'))/,"'!EEE:E\_

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 9.30 Deep Power-Down Mode Transition Timing
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9.5.7 Burst ROM (Clocked Asynchronous) Interface

The burst ROM (clocked asynchronous) interface is used to access a memory with a high-speed
read function using a method of address switching called the burst mode or page mode. In a burst
ROM (clocked asynchronous) interface, basically the same access as the normal space is
performed, but the 2nd and subsequent access cycles are performed only by changing the address,
without negating the RD signal at the end of the 1st cycle. In the 2nd and subsequent access
cycles, addresses are changed at the falling edge of the CKIO.

For the 1st access cycle, the number of wait cycles specified by the W3 to WO bits in CSnWCR is
inserted. For the 2nd and subsequent access cycles, the number of wait cycles specified by the
BW1 and BWO bits in CSnWCR is inserted.

In the access to the burst ROM (clocked asynchronous), the BS signal is asserted only to the first
access cycle. An external wait input is valid only to the first access cycle.

In the single access or write access that does not perform the burst operation in the burst ROM
(clocked asynchronous) interface, access timing is same as a normal space.

Table 9.15 lists a relationship between bus width, access size, and the number of bursts. Figure
9.31 shows a timing chart.

Table 9.15 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width  Access Size CSnWCR. BST[1:0] Bits Number of Bursts Access Count

8 bits 8 bits Not affected 1 1
16 bits Not affected 1

32 bits Not affected 1

16 bytes 00 16 1

01 4 4
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Bus Width  Access Size CSnWCR. BST[1:0] Bits Number of Bursts Access Count

16 bits 8 bits Not affected 1 1
16 bits Not affected 1 1

32 bits Not affected 2 1

16 bytes 00 8 1

01 2 4

10%* 4 2

2,4,2 3

Note: * When the bus width is 16 bits, the access size is 16 bits, and the BST[1:0] bits in
CSnWCR are 10, the number of bursts and access count depend on the access start
address. At address H'xxx0 or H'xxx8, 4-4 burst access is performed. At address H'xxx4
or H'xxxC, 2-4-2 burst access is performed.

Tt Twor Tw o T2B: Twby T2B ' Twb @ T2B ! Twb: T2 !

CKIO

A25 to A0

E:E:E::/ \j::/ \ oy
D15toD0| A\ [ Y A WY R W

AT \\\\\\\\\\\\\\'

5
=

Note: * The waveform for DACKn is when active low is specified.

Figure 9.31 Burst ROM Access Timing (Clocked Asynchronous)
(Bus Width = 16Bits, 16-Byte Transfer (Number of Burst 4-4), Wait Cycles Inserted in First
Access = 2, Wait Cycles Inserted in Second and Subsequent Access Cycles = 1)
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9.5.8 SRAM Interface with Byte Selection

The SRAM interface with byte selection is a memory interface that outputs the byte selection
signal (WEn) in both read and write bus cycles. This interface has 16-bit data pins and accesses
SRAMs having upper and lower byte selection pins, such as UB and LB.

When the BAS bit in CSnWCR is cleared to O (initial value), the write access timing of the SRAM
interface with byte selection is the same as that for the normal space interface. While in read
access of a byte-selection SRAM interface, the byte-selection signal is output from the WEn pin,
which is different from that for the normal space interface. The basic access timing is shown in
figure 9.32. In write access, data is written to the memory according to the timing of the byte-
selection pin (WEn). For details, please refer to the Data Sheet for the corresponding memory.

If the BAS bit in CSnWCR is set to 1, the WEn pin and RD/WR pin timings change. Figure 9.33
shows the basic access timing. In write access, data is written to the memory according to the
timing of the write enable pin (RD/WR). The data hold timing from RD/WR negation to data write
must be acquired by setting the HW1 and HWO bits in CSnWCR. Figure 9.34 shows the access
timing when a software wait is specified.
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Note: * The waveform for DACKn is when active low is specified.
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Figure 9.32 Basic Access Timing for SRAM with Byte Selection (BAS
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Note: * The waveform for DACKn is when active low is specified.
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Figure 9.33 Basic Access Timing for SRAM with Byte Selection (BAS
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Figure 9.34 Wait Timing for SRAM with Byte Selection (BAS
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64K x 16-bit
This LSI SRAM
A16 A15
A1 A0
CSn CS
RD OE
RD/WR| WE
D15 /0 15
Do 1100
WET uB
WEO B

Figure 9.35 Example of Connection with 16-Bit Data-Width SRAM with Byte Selection
9.5.9 PCMCIA Interface

With this LSI, areas 5 and 6 can be used for the IC memory card and I/O card interface defined in
the JEIDA specifications version 4.2 (PCMCIA2.1 Rev. 2.1) by specifying bits TYPE[2:0] in
CSnBCR (n =5 and 6) to B'101. In addition, the bits SA[1:0] in CSaWCR (n =5 and 6) assign the
upper or lower 32 Mbytes of each area to IC memory card or I/O card interface. For example, if
the bits SA1 and SAQ in CSSWCR are set to 1 and cleared to 0, respectively, the upper 32 Mbytes
of area 5 are used for IC memory card interface and the lower 32 Mbytes are used for I/O card
interface.

When the PCMCIA interface is used, the bus size must be specified as 8 bits or 16 bits using the
bits BSZ[1:0] in CS5BCR or CS6BCR.

Figure 9.36 shows an example of connection between this LSI and a PCMCIA card. To enable hot
swapping (insertion and removal of the PCMCIA card with the system power turned on), tri-state
buffers must be connected between the bus interface of this LSI and the PCMCIA card.

In the JEIDA and PCMCIA standards, operation in big endian mode is not clearly defined.
Consequently, the provided PCMCIA interface in big endian mode is available only for this LSI.
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PC card
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WETAWE -
ICIORD
ICIOWR
REG (Output port)
G
WAIT -+
101S16
Card
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A25 to A0

D7 to DO

D15 to D8

Figure 9.36 Example of PCMCIA Interface Connection
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(1) Basic Timing for Memory Card Interface

Figure 9.37 shows the basic timing of the PCMCIA IC memory card interface. When areas 5 and 6
are specified as the PCMCIA interface, the bus is accessed with the IC memory card interface
according to the SA[1:0] bit settings in CSSWCR and CS6WCR. If the external bus frequency
(CKIO) increases, the setup times and hold times for the address pins (A25 to A0), card enable
signals (CE1A, CE2A, CE1B, CE2B), and write data (D15 to D0) to the RD and WE signals
become insufficient. To prevent this error, this LSI enables the setup times and hold times for
areas 5 and 6 to be specified independently, using CSSWCR and CS6WCR. In the PCMCIA
interface, as in the normal space interface, a software wait or hardware wait using the WAIT pin
can be inserted. Figure 9.38 shows the PCMCIA memory bus wait timing.

Tpem1 Tpecmiw Tpecmiw Tpcmiw Tpecm2
—— > T !

Ko \_/ N\ | |
A25 10 A :X x:
e ¥ T TN
SV G N R R R
e e N T S N O O o

Read ! |
151000 ————— L}
e N I A A N B e

Write E E E E : E i | E i

Figure 9.37 Basic Access Timing for PCMCIA Memory Card Interface
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Figure 9.38 Wait Timing for PCMCIA Memory Card Interface
(TED[3:0] = B'0010, PCWI[3:0] = B'0000, TEH[3:0] = B'0001, Hardware Wait = 1)

A port is used to generate the REG signal that switches between the common memory and
attribute memory. As shown in the example in figure 9.39, when the total memory space necessary
for the common memory and attribute memory is 32 Mbytes or less, pin A24 can be used as the
REG signal to allocate a 16-Mbyte common memory space and a 16-Mbyte attribute memory
space.
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For 32-Mbyte capacity (I/O port is used for REG)

Area 5: H'14000000
Attribute memory/common memory

Area 5: H'16000000
1/0O space

Area 6: H'18000000
Attribute memory/common memory

Area 6: H'1A000000
1/0 space

For 16-Mbyte capacity (A24 is used for REG)

Area 5: H'14000000
Area 5: H'15000000
Area 5: H'16000000

H'17000000
Area 6: H'18000000
Area 6: H'19000000
Area 6: H'1A000000

H'1B000000

Attribute memory

Common memory

1/0O space

Attribute memory

Common memory

1/0 space

Figure 9.39 Example of PCMCIA Space Allocation
(CS5WCR.SA[1:0] = B'10, CS6WCR.SA[1:0] = B'10)
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(2) Basic Timing for 1/0 Card Interface
Figures 9.40 and 9.41 show the basic timing for the PCMCIA I/O card interface.

When accessing an I/O card through the PCMCIA interface, be sure to access the space as cache-
disabled.

Switching between I/O card and IC memory card interfaces in the respective address spaces is
accomplished by the SA[1:0] bit settings in CSSWCR and CS6WCR.

The IOIS16 pin can be used for dynamic adjustment of the width of the I/O bus in access to an I/O
card via the PCMCIA interface when little endian mode has been selected. When the bus width of
area 5 or 6 is set to 16 bits and the IOIS16 signal is driven high during a cycle of word-unit access
to the I/O card bus, the bus width will be recognized as 8 bits and only 8 bits of data will be
accessed during the current cycle of the I/O card bus. Operation will automatically continue with
access to the remaining 8 bits of data.

The IOIS16 signal is sampled on falling edges of the CKIO in TpciO as well as all TpciOw cycles
for which the TED3 to TEDO bits are set to 1.5 cycles or more, and the CE2A and CE2B signals
are updated after 1.5 cycles of the CKIO signal from the sampling point of Tpci0. Ensure that the
IOIS16 signal is defined at all sampling points and does not change along the way.

Set the TED3 to TEDO bits to satisfy the requirement of the PC card in use with regard to setup
timing from ICIORD or ICIOWR to CE1 or CE2.

The basic waveforms for dynamic bus-size adjustment are shown in figure 9.41.

Since the IOIS16 signal is not supported in big endian mode, the IOIS16 signal should be fixed to
the low level when big endian mode has been selected.
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B'0010, PCW[3:0] = B'0000, TEH[3:0] = B'0001, Hardware Wait = 1)

Figure 9.41 Dynamic Bus-Size Adjustment Timing for PCMCIA 1/O Card Interface
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9.5.10 Burst ROM (Clocked Synchronous) Interface

The burst ROM (clocked synchronous) interface is supported to access a ROM with a
synchronous burst function at high speed. The burst ROM interface accesses the burst ROM in the
same way as a normal space. This interface is valid only for area 0.

In the first access cycle, wait cycles are inserted. In this case, the number of wait cycles to be
inserted is specified by the W3 to WO bits in CSOWCR. In the second and subsequent cycles, the
number of wait cycles to be inserted is specified by the BW1 and BWO bits in CSOWCR.

While the burst ROM (clocked synchronous) is accessed, the BS signal is asserted only for the
first access cycle and an external wait input is also valid for the first access cycle.

Since the bus width is 16 bits, the burst length must be specified as 8. The burst ROM interface
does not support the 8-bit bus width for the burst ROM.

The burst ROM interface performs burst operations for all read access. For example, in a
longword access over a 16-bit bus, valid 16-bit data is read two times and invalid 16-bit data is
read six times. These invalid data read cycles increase the memory access time and degrade the
program execution speed and DMA transfer speed. To prevent this problem, it is recommended
using a 16-byte read by cache fill in the cache-enabled spaces or 16-byte read by the DMA. The
burst ROM interface performs write access in the same way as normal space access.

T Tw Tw T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2
v 1 e <~— T T 3 +—— < <—

CK'O ::I:I = 1 I:I:I = y
A25toA0 X X X X X X X O
CSO =\ | 4 b e
i
RO TN b
D15 to DO —— e T e T T Ty T
WAIT  \FTTNNNTNWTRTVTY ALTTALLRLTATALTATALTATARTETAREETETAEERELEEEEERELEEALFARLEAEARUETTDEVETUARUUAREUUREEERERHRUEEADVEERRELERRL DL
BS N/
YN i R A A A N A A O A T A O A A R A A R R Y o

Note: * The waveform for DACKn is when active low is specified.

Figure 9.42 Burst ROM Access Timing (Clocked Synchronous)
(Burst Length = 8, Wait Cycles Inserted in First Access = 2,
Wait Cycles Inserted in Second and Subsequent Access Cycles = 1)
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9.5.11  Wait between Access Cycles

As the operating frequency of LSIs becomes higher, the off-operation of the data buffer often
collides with the next data access when the read operation from devices with slow access speed is
completed. As a result of these collisions, the reliability of the device is low and malfunctions may
occur. A function that avoids data collisions by inserting idle (wait) cycles between continuous
access cycles has been newly added.

The number of wait cycles between access cycles can be set by the WM bit in CSnWCR, bits
IWW?2 to IWWO0, IWRWD?2 to IWRWDO, IWRWS2 to IWNRWSO0, IWRRD2 to IWRRDO, and
IWRRS2 to IWRRS 0 in CSnBCR, and bits DMAIW?2 to DMAIWO0 and DMAIWA in CMNCR.
The conditions for setting the idle cycles between access cycles are shown below.

Continuous access cycles are write-read or write-write
Continuous access cycles are read-write for different spaces
Continuous access cycles are read-write for the same space
Continuous access cycles are read-read for different spaces

Continuous access cycles are read-read for the same space

A ol e

Data output from an external device caused by DMA single address transfer is followed by
data output from another device that includes this LSI (DMAIWA = 0)

7. Data output from an external device caused by DMA single address transfer is followed by any
type of access (DMAIWA = 1)

For the specification of the number of idle cycles between access cycles described above, refer to
the description of each register.

Besides the idle cycles between access cycles specified by the registers, idle cycles must be
inserted to interface with the internal bus or to obtain the minimum pulse width for a multiplexed
pin (WEn). The following gives detailed information about the idle cycles and describes how to
estimate the number of idle cycles.

The number of idle cycles on the external bus from CSn negation to CSn or CSm assertion is
described below. Here, CSn and CSm also include CE2A and CE2B for PCMCIA.

There are eight conditions that determine the number of idle cycles on the external bus as shown
in table 9.16. The effects of these conditions are shown in figure 9.43.
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Table 9.16 Conditions for Determining Number of Idle Cycles

No. Condition Description Range Note
[1] DMAIWI[2:0]in These bits specify the number of 0to 12 When 0 is specified for the
CMNCR idle cycles for DMA single address number of idle cycles, the
transfer. This condition is effective DACK signal may be
only for single address transfer and asserted continuously. This
generates idle cycles after the causes a discrepancy
access is completed. between the number of
cycles detected by the device
with DACK and the direct
memory access controller
transfer count, resulting in a
malfunction.
[2] IW=#¢[2:0]in  These bits specify the number of 0to 12 Do not set 0 for the number
CSnBCR idle cycles for access other than of idle cycles between

single address transfer. The
number of idle cycles can be
specified independently for each
combination of the previous and
next cycles. For example, in the
case where reading CS1 space
followed by reading other CS
space, the bits IWRRD[2:0] in
CS1BCR should be set to B'100 to
specify six or more idle cycles. This
condition is effective only for access
cycles other than single address
transfer and generates idle cycles
after the access is completed.

memory types which are not
allowed to be accessed
successively.

(3]

SDRAM-related
bits in
CSnWCR

These bits specify precharge 0to3
completion and startup wait cycles

and idle cycles between commands

for SDRAM access. This condition

is effective only for SDRAM access

and generates idle cycles after the

access is completed

Specify these bits in
accordance with the
specification of the target
SDRAM.
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No. Condition

Description Range Note

[4] WMin
CSnWCR

This bit enables or disables external 0 or 1
WAIT pin input for the memory

types other than SDRAM. When

this bit is cleared to 0 (external

WAIT enabled), one idle cycle is

inserted to check the external WAIT

pin input after the access is

completed. When this bit is set to 1
(disabled), no idle cycle is

[5] Read data
transfer cycle

generated.

One idle cycle is inserted after a Oor1  Oneidle cycle is always
read access is completed. This idle generated after a read cycle
cycle is not generated for the first or with SDRAM or PCMCIA
middle cycles in divided access interface.

cycles. This is neither generated
when the HW[1:0] bits in CSnWCR

are not B'00.

[6] Internal bus External bus access requests from 0 or The number of internal bus

idle cycles, etc. the CPU or the direct memory larger idle cycles may not become

access controller and their results 0 depending on the 19:B¢
are passed through the internal clock ratio. Tables 9.17 and
bus. The external bus enters idle 9.18 show the relationship
state during internal bus idle cycles between the clock ratio and
or while a bus other than the the minimum number of
external bus is being accessed. internal bus idle cycles.

This condition is not effective for
divided access cycles, which are
generated by the bus state
controller when the access size is
larger than the external data bus
width.
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No. Condition

Description Range

Note

Write data wait

(7]

During write access, a write cycleis 0 or 1

For write — write or write —

cycles executed on the external bus only read access cycles,
after the write data becomes ready. successive access cycles
This write data wait period without idle cycles are
generates idle cycles before the frequently available due to
write cycle. Note that when the the write buffer effect
previous cycle is a write cycle and described in the left column.
the internal bus idle cycles are If successive access cycles
shorter than the previous write without idle cycles are not
cycle, write data can be prepared in allowed, specify the minimum
parallel with the previous write cycle number of idle cycles
and therefore, no idle cycle is between access cycles
generated (write buffer effect). through CSnBCR.

[8] Idle cycles To ensure the minimum pulse width 0to 2.5 The number of idle cycles
between on the signal-multiplexed pins, idle depends on the target
different cycles may be inserted before memory types. See table

memory types

access after memory types are
switched. For some memory types,
idle cycles are inserted even when
memory types are not switched.

9.19.
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In the above conditions, a total of four conditions, that is, condition [1] or [2] (either one is
effective), condition [3] or [4] (either one is effective), a set of conditions [5] to [7] (these are
generated successively, and therefore the sum of them should be taken as one set of idle cycles),
and condition [8] are generated at the same time. The maximum number of idle cycles among
these four conditions become the number of idle cycles on the external bus. To ensure the
minimum idle cycles, be sure to make register settings for condition [1] or [2].

oo LML

Previous access .

WL

External bus idle cycles

h
1 Next access

—_—

———

o _ [

Idle cycle after access
—

Y

Idle cycle before access

—_—

[1]DMAIW[2:0] setting in CMNCR

[2]IWWI[2:0] setting in CSnBCR
IWRWD][2:0] setting in CSnBCR
IWRWSJ[2:0] setting in CSnBCR
IWRRD[2:0] setting in CSnBCR
IWRRSI2:0] setting in CSnBCR

Either one of them
is effective

Condition [1] or [2]

[3]WTRP[1:0] setting in CSnWCR
TRWL[1:0] setting in CSnWCR
WTRCI[1:0] setting in CShWCR

[4]WM setting in CSnNWCR

Either one of them
is effective

Condition [3] or [4]

[5]Read
data
transfer

[6] Internal bus idle cycles, etc.

[7] Write
data
wait

Set of conditions
[5]to [7]

[8] Idle cycles
between
different

Condition [8]

memory types

Note: A total of four conditions (condition [1] or [2], condition [3] or [4], a set of conditions [5] to [7],
and condition [8]) generate idle cycle at the same time. Accordingly, the maximum number of
cycles among these four conditions become the number of idle cycles.

Figure 9.43 Idle Cycle Conditions
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Table 9.17 Minimum Number of Idle Cycles on Internal Bus (CPU Operation)

Clock Ratio (I¢:B¢)

CPU Operation 8:1 6:1 4:1 3:1 2:1 1:1
Write — write 1 1 2 2 2 3
Write — read 0 0 0 0 0 1
Read — write 1 1 2 2 2 3
Read — read 0 0 0 0 0 1

Table 9.18 Minimum Number of Idle Cycles on Internal Bus (Direct Memory Access
Controller Operation)

Direct Memory Access Transfer Mode

Controller Operation Dual Address Single Address
Write — write 0 2
Write — read Oor2 0
Read — write 0 0
Read — read 0 2

Notes: 1. The write — write and read — read columns in dual address transfer indicate the cycles
in the divided access cycles.

2. For the write — read cycles in dual address transfer, 0 means different channels are
activated successively and 2 means when the same channel is activated successively.

3. The write — read and read — write columns in single address transfer indicate the case
when different channels are activated successively. The "write" means transfer from a
device with DACK to external memory and the "read" means transfer from external
memory to a device with DACK.
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Table 9.19 Number of Idle Cycles Inserted between Access Cycles to Different Memory
Types

Next Cycle

Byte
Burst ROM MPX- Byte SRAM SRAM Burst ROM
Previous Cycle  SRAM  (Asynchronous) 1/O (BAS=0) (BAS=1) SDRAM PCMCIA (Synchronous)

SRAM 0 0 1 0 0/1%' 0/1%' 0 0
Burst ROM 0 0 1 0 o/ 0/1*' 0 0
(asynchronous)

MPX-1/0 1 1 0 1 1 1 1 1
Byte SRAM 0 0 1 0 0/1*' 0/ 0 0
(BAS =0)

Byte SRAM /1% 0/1#' 1/2%' 011 0 0 0/1%' 0/1%'
(BAS = 1)

SDRAM 1 1 2 1 0 0 1 1
PCMCIA 0 0 1 0 0/1% 0/1#* 0 0
Burst ROM 0 0 1 0 1 1 0 0
(synchronous)

Notes: 1. The number of idle cycles is determined by the setting of the CSnWCR.HWT[1:0] bits on
the previous cycle. The number of idle cycles will be the number shown at the left when
HWI[1:0] = B'00, will be the number shown at the right when HW[1:0] = B'00. Also, for
CSn spaces for which the CSnWCR.HW[1:0] bits do not exist, the number of idle cycles
shown at the right will be used.

2. The number of idle cycles is determined by the setting of the CSnWCR.TEH[3:0] bits on
the previous cycle. The number of idle cycles will be the number shown at the left when
TEH[3:0] = B'0000, will be the number shown at the right when TEH[3:0] = B'0000.

Figure 9.44 shows sample estimation of idle cycles between access cycles. In the actual operation,
the idle cycles may become shorter than the estimated value due to the write buffer effect or may
become longer due to internal bus idle cycles caused by stalling in the pipeline due to CPU
instruction execution or CPU register conflicts. Please consider these errors when estimating the
idle cycles.
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Sample Estimation of Idle Cycles between Access Cycles

This example estimates the idle cycles for data transfer from the CS1 space to CS2 space by CPU access. Transfer is
repeated in the following order: CS1 read — CS1 read — CS2 write — CS2 write — CS1 read — ...

» Conditions

The bits for setting the idle cycles between access cycles in CS1BCR and CS2BCR are all set to 0.
In CS1TWCR and CS2WCR, the WM bit is set to 1 (external WAIT pin disabled) and the HW[1:0] bits are set to 00

(CS negation is not extended).

10:Bo is set to 4:1, and no other processing is done during transfer.
For both the CS1 and CS2 spaces, normal SRAM devices are connected, the bus width is 32 bits, and access size is

also 32 bits.

The idle cycles generated under each condition are estimated for each pair of access cycles. In the following table,

R indicates a read cycle and W indicates a write cycle.

RENESAS

Condition R->R |[R->-W |W->W|W->R Note

[1]or[2] 0 0 0 0 CSnBCRis setto 0.

[3] or [4] 0 0 0 0 The WM bit is set to 1.

[5] 1 1 0 0 Generated after a read cycle.

[6] 0 2 2 0 See the 10:Bo = 4:1 columns in table 9.17.

[7] 0 1 0 0 No idle cycle is generated for the second time due to the
write buffer effect.

[5] + [6] + [7] 1 0

[8] 0 0 0 0 Value for SRAM — SRAM access

Estimated idle 1 4 2 0 Maximum value among conditions [1] or [2], [3] or [4],

cycles [5] + [6] + [7], and [8]

Actual idle 1 4 2 1 The estimated value does not match the actual value in

cycles the W — R cycles because the internal idle cycles due to
condition [6] is estimated as 0 but actually an internal idle
cycle is generated due to execution of a loop condition
check instruction.

Figure 9.44 Comparison between Estimated Idle Cycles and Actual Value
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9.5.12 Bus Arbitration

The bus arbitration of this LSI has the bus mastership in the normal state and releases the bus
mastership after receiving a bus request from another device.

Bus mastership is transferred at the boundary of bus cycles. Namely, bus mastership is released
immediately after receiving a bus request when a bus cycle is not being performed. The release of
bus mastership is delayed until the bus cycle is complete when a bus cycle is in progress. Even
when from outside the LSI it looks like a bus cycle is not being performed, a bus cycle may be
performing internally, started by inserting wait cycles between access cycles. Therefore, it cannot
be immediately determined whether or not bus mastership has been released by looking at the CSn
signal or other bus control signals. The states that do not allow bus mastership release are shown
below.

1. 16-byte transfer because of a cache miss

2. During write-back operation for the cache

3. Between the read and write cycles of a TAS instruction

4. Multiple bus cycles generated when the data bus width is smaller than the access size (for
example, between bus cycles when longword access is made to a memory with a data bus
width of 8 bits)

5. 16-byte transfer by the direct memory access controller

6. Setting the BLOCK bit in CMNCR to 1

7. During access to the external flash memory by the NAND flash memory controller

Moreover, by using DPRTY bit in CMNCR, whether the bus mastership request is received or not
can be selected during burst transfer by the direct memory access controller.

The LSI has the bus mastership until a bus request is received from another device. Upon
acknowledging the assertion (low level) of the external bus request signal BREQ, the LSI releases
the bus at the completion of the current bus cycle and asserts the BACK signal. After the LSI
acknowledges the negation (high level) of the BREQ signal that indicates the external device has
released the bus, it negates the BACK signal and resumes the bus usage.

With the SDRAM interface, all bank pre-charge commands (PALLs) are issued when active banks
exist and the bus is released after completion of a PALL command.
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The bus sequence is as follows. The address bus and data bus are placed in a high-impedance state
synchronized with the rising edge of CKIO. The bus mastership enable signal is asserted 0.5
cycles after the above timing, synchronized with the falling edge of CKIO. The bus control signals
(ﬁ, @, M, m, CKE, DQMx, W, @, and RD/W) are placed in the high-impedance
state at subsequent rising edges of CKIO. These bus control signals are driven high one or more
cycles before they are placed in the high-impedance state. Bus request signals are sampled at the
falling edge of CKIO. Note that CKE, RAS, and CAS can be continued to be driven at the
previous value even in the bus-released state by setting the HIZCNT bit in CMNCR.

The sequence for reclaiming the bus mastership from an external device is described below. 1.5
cycles after the negation of BREQ is detected at the falling edge of CKIO, the bus control signals
are driven high. The bus acknowledge signal is negated at the next falling edge of the clock. The
fastest timing at which actual bus cycles can be resumed after bus control signal assertion is at the
rising edge of the CKIO where address and data signals are driven. Figure 9.45 shows the bus
arbitration timing.

When it is necessary to refresh SDRAM while releasing the bus mastership, the bus mastership
should be returned. If the bus mastership is not returned for a specified refreshing period or longer,
the contents of SDRAM cannot be guaranteed because a refreshing cannot be executed.

While releasing the bus mastership, the SLEEP instruction (to enter sleep mode, deep standby
mode, or software standby mode), as well as a manual reset, cannot be executed until the LSI
obtains the bus mastership.

The BREQ input signal is ignored in software standby mode or deep standby mode and the BACK
output signal is placed in the high impedance state. If the bus mastership request is required in this
state, the bus mastership must be released by pulling down the BACK pin to enter software
standby mode or deep standby mode.

The bus mastership release (BREQ signal for high level negation) after the bus mastership request
(BREQ signal for low level assertion) must be performed after the bus usage permission (BACK
signal for low level assertion). If the BREQ signal is negated before the BACK signal is asserted,
only one cycle of the BACK signal is asserted depending on the timing of the BREQ signal to be
negated and this may cause a bus contention between the external device and the LSI.
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Figure 9.45 Bus Arbitration Timing
9.5.13 Others
(1) Reset

This module can be initialized completely only at power-on reset. At power-on reset, all signals
are negated and data output buffers are turned off regardless of the bus cycle state after the internal
reset is synchronized with the internal clock. All control registers are initialized. In software
standby, sleep, and manual reset, control registers of the bus state controller are not initialized. At
manual reset, only the current bus cycle being executed is completed. Since the RTCNT continues
counting up during manual reset signal assertion, a refresh request occurs to initiate the refresh
cycle.

(2) Access from the Side of the LSI Internal Bus Master

There are three types of LSI internal buses: a CPU bus, internal bus, and peripheral bus. The CPU
and cache memory are connected to the CPU bus. The bus state controller and internal bus masters
other than the CPU are connected to the internal bus. Low-speed peripheral modules are connected
to the peripheral bus. Internal memories other than the cache memory are connected
bidirectionally to the CPU bus and internal bus. Access from the CPU bus to the internal bus is
enabled but access from the internal bus to the CPU bus is disabled. This gives rise to the
following problems.

On-chip bus masters such as the direct memory access controller other than the CPU can access
internal memory other than the cache memory but cannot access the cache memory. If an on-chip
bus master other than the CPU writes data to an external memory other than the cache, the
contents of the external memory may differ from that of the cache memory. To prevent this
problem, if the external memory whose contents is cached is written by an on-chip bus master
other than the CPU, the corresponding cache memory should be purged by software.
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In a cache-enabled space, if the CPU initiates read access, the cache is searched. If the cache stores
data, the CPU latches the data and completes the read access. If the cache does not store data, the
CPU performs four contiguous longword read cycles to perform cache fill operations via the
internal bus. If a cache miss occurs in byte or word operand access or at a branch to an odd word
boundary (4n + 2), the CPU performs four contiguous longword access cycles to perform a cache
fill operation on the external interface. For a cache-disabled space, the CPU performs access
according to the actual access addresses. For an instruction fetch to an even word boundary (4n),
the CPU performs longword access. For an instruction fetch to an odd word boundary (4n + 2), the
CPU performs word access.

For a read cycle of an on-chip peripheral module, the cycle is initiated through the internal bus and
peripheral bus. The read data is sent to the CPU via the peripheral bus, internal bus, and CPU bus.

In a write cycle for the cache-enabled space, the write cycle operation differs according to the
cache write methods.

In write-back mode, the cache is first searched. If data is detected at the address corresponding to
the cache, the data is then re-written to the cache. In the actual memory, data will not be re-written
until data in the corresponding address is re-written. If data is not detected at the address
corresponding to the cache, the cache is modified. In this case, data to be modified is first saved to
the internal buffer, 16-byte data including the data corresponding to the address is then read, and
data in the corresponding access of the cache is finally modified. Following these operations, a
write-back cycle for the saved 16-byte data is executed.

In write-through mode, the cache is first searched. If data is detected at the address corresponding
to the cache, the data is re-written to the cache simultaneously with the actual write via the internal
bus. If data is not detected at the address corresponding to the cache, the cache is not modified but
an actual write is performed via the internal bus.

Since the bus state controller incorporates a one-stage write buffer, it can execute an access via the
internal bus before the previous external bus cycle is completed in a write cycle. If the on-chip
module is read or written after the external low-speed memory is written, the on-chip module can
be accessed before the completion of the external low-speed memory write cycle.

In read cycles, the CPU is placed in the wait state until read operation has been completed. To
continue the process after the data write to the device has been completed, perform a dummy read
to the same address to check for completion of the write before the next process to be executed.
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The write buffer of the bus state controller functions in the same way for an access by a bus master
other than the CPU such as the direct memory access controller. Accordingly, to perform dual
address DMA transfers, the next read cycle is initiated before the previous write cycle is
completed. Note, however, that if both the DMA source and destination addresses exist in external
memory space, the next read cycle will not be initiated until the previous write cycle is completed.

Changing the registers in this module while the write buffer is operating may disrupt correct write
access. Therefore, do not change the registers in this module immediately after a write access. If
this change becomes necessary, do it after executing a dummy read of the write data.

(3) On-Chip Peripheral Module Access

To access an on-chip module register, two or more peripheral module clock (P¢) cycles are
required. Care must be taken in system design.

When the CPU writes data to the internal peripheral registers, the CPU performs the succeeding
instructions without waiting for the completion of writing to registers.

For example, a case is described here in which the system is transferring to the software standby
mode for power savings. To make this transition, the SLEEP instruction must be performed after
setting the STBY bit in the STBCRI register to 1. However a dummy read of the STBCRI register
is required before executing the SLEEP instruction. If a dummy read is omitted, the CPU executes
the SLEEP instruction before the STBY bit is set to 1, thus the system enters sleep mode not
software standby mode. A dummy read of the STBCRI1 register is indispensable to complete
writing to the STBY bit.

To reflect the change by internal peripheral registers while performing the succeeding instructions,
execute a dummy read of registers to which write instruction is given and then perform the
succeeding instructions.

(4) External Flash Memory Access by NAND Flash Memory Controller

In this product, a part of the external data bus is used also as data bus for the NAND flash memory
controller. The use of the data bus is controlled by the NAND flash memory controller. Memory
access by the NAND flash memory controller is started after the preceding access to the external
device by this module is completed. If an access to the external device by this module occurs
during the access by the NAND flash memory controller, it must wait until the completion of the
access by the NAND flash memory controller.
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When a memory access request by the NAND flash memory controller and an external bus release
request conflict with each other, the request accepted first has higher priority. When the two
requests occur at the same time, the access by the NAND flash memory controller has higher
priority.

Auto-refresh operation and self-refresh operation are executed even during a memory access by
the NAND flash memory controller.
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Section 10 Direct Memory Access Controller

Direct Memory Access Controller can be used in place of the CPU to perform high-speed transfers
between external devices that have DACK (transfer request acknowledge signal), external
memory, on-chip memory, memory-mapped external devices, and on-chip peripheral modules.

10.1 Features

e Number of channels: 16 channels (channels O to 15) selectable
One channel (channel 0) can receive external requests.
e 4-Gbyte physical address space

e Data transfer unit is selectable: Byte, word (two bytes), longword (four bytes), and 16 bytes
(longword x 4)

e Maximum transfer count: 16,777,216 transfers (24 bits)
e Address mode: Dual address mode and single address mode are supported.
e Transfer requests
— External request
— On-chip peripheral module request
— Auto request
The following modules can issue on-chip peripheral module requests.
— Serial communication interface with FIFO: 16 sources
— I°C bus interface 3: six sources
— A/D converter: one source
— Multi-function timer pulse unit 2: five sources
— Compare match timer: two sources
— USB 2.0 host/function module: two sources
— NAND flash memory controller: two sources
— Controller area network: two sources
— Serial sound interface: five sources
— Sampling rate converter: four sources
— Renesas SPDIF interface: two sources
— CD-ROM decoder: one source
— SD host interface: two sources
— Renesas serial peripheral interface: four sources
— Clock synchronous serial I/0 with FIFO: two sources

— Motor control PWM timer: two sources

RO1UH0412EJ0300 Rev.3.00
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— Renesas quad serial peripheral interface: two sources
e Selectable bus modes

— Cycle steal mode (normal mode or intermittent mode)

— Burst mode

o Selectable channel priority levels: The channel priority levels are selectable between two fixed
modes.

e Interrupt request: An interrupt request can be sent to the CPU on completion of half- or full-
data transfer. Through the HE and HIE bits in CHCR, an interrupt is specified to be issued to
the CPU when half of the initially specified DMA transfer is completed.

e External request detection: There are following four types of DREQ input detection.
— Low level detection
— High level detection
— Rising edge detection
— Falling edge detection

o Transfer request acknowledge and transfer end signals: Active levels for DACK and TEND
can be set independently.

e Support of reload functions in DMA transfer information registers: DMA transfer using the
same information as the current transfer can be repeated automatically without specifying the
information again. Modifying the reload registers during DMA transfer enables next DMA
transfer to be done using different transfer information. The reload function can be enabled or
disabled independently in each channel or reload register.
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Figure 10.1 shows the block diagram of this module.
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DMA channel control register
DMA operation register

DMARSO to DMARS7: DMA extension resource selectors 0 to 7

RSAR: DMA reload source address register

SAR: DMA source address register HEIn:
RDAR: DMA reload destination address register DEIn:
DAR: DMA destination address register n=0to 15

DMA transfer half-end interrupt request to the CPU
DMA transfer end interrupt request to the CPU

Figure 10.1 Block Diagram
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10.2  Input/Output Pins

Table 10.1 lists the pin configuration of this module. This module has pins for one channel
(channel 0) for external bus use.

Table 10.1 Pin Configuration

Channel Name Abbreviation 1/0 Function
0 DMA transfer request DREQO | DMA transfer request input from an
external device to channel 0
DMA transfer request DACKO (0] DMA transfer request acknowledge
acknowledge output from channel 0 to an external
device
DMA transfer end TENDO (0] DMA transfer end output for channel 0
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10.3

Register Descriptions

This module has the registers listed in table 10.2. There are four control registers and three reload
registers for each channel, and one common control register is used by all channels. In addition,
there is one extension resource selector per two channels. Each channel number is expressed in the

register names, as in SAR_O for SAR in channel 0.

Table 10.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
0 DMA source address  SAR_O R/W  H'00000000 H'FFFE1000 16, 32
register_0
DMA destination DAR_O R/W  H'00000000 H'FFFE1004 16, 32
address register_0
DMA transfer count DMATCR_0 R/W  H'00000000 H'FFFE1008 16, 32
register_0
DMA channel control  CHCR_O R/W*' H'00000000 H'FFFE100C 8, 16, 32
register_0
DMA reload source RSAR_O R/W  H'00000000 H'FFFE1100 16, 32
address register_0
DMA reload destination RDAR_O R/W  H'00000000 H'FFFE1104 16, 32
address register_0
DMA reload transfer RDMATCR_0 R/W  H'00000000 H'FFFE1108 16, 32
count register_0
1 DMA source address  SAR_1 R/W  H'00000000 H'FFFE1010 16, 32
register_1
DMA destination DAR_1 R/W  H'00000000 H'FFFE1014 16, 32
address register_1
DMA transfer count DMATCR_1 R/W  H'00000000 H'FFFE1018 16, 32
register_1
DMA channel control  CHCR_1 R/W*' H'00000000 H'FFFE101C 8, 16, 32
register_1
DMA reload source RSAR_1 R/W  H'00000000 H'FFFE1110 16, 32
address register_1
DMA reload destination RDAR_1 R/W  H'00000000 H'FFFE1114 16, 32
address register_1
DMA reload transfer RDMATCR_1 R/W  H'00000000 H'FFFE1118 16, 32

count register_1
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
2 DMA source address  SAR_2 R/W  H'00000000 H'FFFE1020 16, 32
register_2
DMA destination DAR_2 R/W  H'00000000 H'FFFE1024 16, 32
address register_2
DMA transfer count DMATCR_2 R/W  H'00000000 H'FFFE1028 16, 32
register_2
DMA channel control CHCR_2 R/W:*' H'00000000 H'FFFE102C 8, 16, 32
register_2
DMA reload source RSAR_2 R/W  H'00000000 H'FFFE1120 16, 32
address register_2
DMA reload destination RDAR_2 R/W H'00000000 H'FFFE1124 16, 32
address register_2
DMA reload transfer RDMATCR_2 R/W  H'00000000 H'FFFE1128 16, 32
count register_2
3 DMA source address  SAR_3 R/W  H'00000000 H'FFFE1030 16, 32
register_3
DMA destination DAR_3 R/W  H'00000000 H'FFFE1034 16, 32
address register_3
DMA transfer count DMATCR_3 R/W  H'00000000 H'FFFE1038 16, 32
register_3
DMA channel control CHCR_3 R/W:*' H'00000000 H'FFFE103C 8, 16, 32
register_3
DMA reload source RSAR_3 R/W  H'00000000 H'FFFE1130 16, 32
address register_3
DMA reload destination RDAR_3 R/W  H'00000000 H'FFFE1134 16, 32
address register_3
DMA reload transfer RDMATCR_3 R/W  H'00000000 H'FFFE1138 16, 32

count register_3
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
4 DMA source address  SAR_4 R/W  H'00000000 H'FFFE1040 16, 32
register_4
DMA destination DAR_4 R/W  H'00000000 H'FFFE1044 16, 32
address register_4
DMA transfer count DMATCR_4 R/W  H'00000000 H'FFFE1048 16, 32
register_4
DMA channel control CHCR_4 R/W:*' H'00000000 H'FFFE104C 8, 16, 32
register_4
DMA reload source RSAR_4 R/W  H'00000000 H'FFFE1140 16, 32
address register_4
DMA reload destination RDAR_4 R/W  H'00000000 H'FFFE1144 16, 32
address register_4
DMA reload transfer RDMATCR_4 R/W  H'00000000 H'FFFE1148 16, 32
count register_4
5 DMA source address  SAR_5 R/W  H'00000000 H'FFFE1050 16, 32
register_5
DMA destination DAR_5 R/W  H'00000000 H'FFFE1054 16, 32
address register_5
DMA transfer count DMATCR_5 R/W  H'00000000 H'FFFE1058 16, 32
register_5
DMA channel control CHCR_5 R/W:*' H'00000000 H'FFFE105C 8, 16, 32
register_5
DMA reload source RSAR_5 R/W  H'00000000 H'FFFE1150 16, 32
address register_5
DMA reload destination RDAR_5 R/W  H'00000000 H'FFFE1154 16, 32
address register_5
DMA reload transfer RDMATCR_5 R/W  H'00000000 H'FFFE1158 16, 32

count register_5
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
6 DMA source address  SAR_6 R/W  H'00000000 H'FFFE1060 16, 32
register_6
DMA destination DAR_6 R/W  H'00000000 H'FFFE1064 16, 32
address register_6
DMA transfer count DMATCR_6 R/W  H'00000000 H'FFFE1068 16, 32
register_6
DMA channel control CHCR_6 R/W:*' H'00000000 H'FFFE106C 8, 16, 32
register_6
DMA reload source RSAR_6 R/W  H'00000000 H'FFFE1160 16, 32
address register_6
DMA reload destination RDAR_6 R/W  H'00000000 H'FFFE1164 16, 32
address register_6
DMA reload transfer RDMATCR_6 R/W  H'00000000 H'FFFE1168 16, 32
count register_6
7 DMA source address  SAR_7 R/W  H'00000000 H'FFFE1070 16, 32
register_7
DMA destination DAR_7 R/W  H'00000000 H'FFFE1074 16, 32
address register_7
DMA transfer count DMATCR_7 R/W  H'00000000 H'FFFE1078 16, 32
register_7
DMA channel control CHCR_7 R/W:*' H'00000000 H'FFFE107C 8, 16, 32
register_7
DMA reload source RSAR_7 R/W  H'00000000 H'FFFE1170 16, 32
address register_7
DMA reload destination RDAR_7 R/W  H'00000000 H'FFFE1174 16, 32
address register_7
DMA reload transfer RDMATCR_7 R/W  H'00000000 H'FFFE1178 16, 32

count register_7
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
8 DMA source address  SAR_8 R/W  H'00000000 H'FFFE1080 16, 32
register_8
DMA destination DAR_8 R/W  H'00000000 H'FFFE1084 16, 32
address register_8
DMA transfer count DMATCR_8 R/W  H'00000000 H'FFFE1088 16, 32
register_8
DMA channel control CHCR_8 R/W:' H'00000000 H'FFFE108C 8, 16, 32
register_8
DMA reload source RSAR_8 R/W  H'00000000 H'FFFE1180 16, 32
address register_8
DMA reload destination RDAR_8 R/W  H'00000000 H'FFFE1184 16, 32
address register_8
DMA reload transfer RDMATCR_8 R/W  H'00000000 H'FFFE1188 16, 32
count register_8
9 DMA source address  SAR_9 R/W  H'00000000 H'FFFE1090 16, 32
register_9
DMA destination DAR_9 R/W  H'00000000 H'FFFE1094 16, 32
address register_9
DMA transfer count DMATCR_9 R/W  H'00000000 H'FFFE1098 16, 32
register_9
DMA channel control CHCR_9 R/W:' H'00000000 H'FFFE109C 8, 16, 32
register_9
DMA reload source RSAR_9 R/W  H'00000000 H'FFFE1190 16, 32
address register_9
DMA reload destination RDAR_9 R/W  H'00000000 H'FFFE1194 16, 32
address register_9
DMA reload transfer RDMATCR_9 R/W  H'00000000 H'FFFE1198 16, 32

count register_9

RO1UH0412EJ0300 Rev.3.00
Oct 31, 2016

RENESAS

Page 359 of 2104



Section 10 Direct Memory Access Controller

SH7266 Group, SH7267 Group

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
10 DMA source address  SAR_10 R/W  H'00000000 H'FFFE10AO0 16, 32
register_10
DMA destination DAR_10 R/W  H'00000000 H'FFFE10A4 16, 32
address register_10
DMA transfer count DMATCR_10 R/W  H'00000000 H'FFFE10A8 16, 32
register_10
DMA channel control CHCR_10 R/W:*' H'00000000 H'FFFE10AC 8, 16, 32
register_10
DMA reload source RSAR_10 R/W  H'00000000 H'FFFE11A0 16, 32
address register_10
DMA reload destination RDAR_10 R/W  H'00000000 H'FFFE11A4 16, 32
address register_10
DMA reload transfer RDMATCR_10 R/W H'00000000 H'FFFE11A8 16, 32
count register_10
11 DMA source address  SAR_11 R/W  H'00000000 H'FFFE10BO 16, 32
register_11
DMA destination DAR_11 R/W  H'00000000 H'FFFE10B4 16, 32
address register_11
DMA transfer count DMATCR_11  R/W  H'00000000 H'FFFE10B8 16, 32
register_11
DMA channel control CHCR_11 R/W:*' H'00000000 H'FFFE10BC 8, 16, 32
register_11
DMA reload source RSAR_11 R/W  H'00000000 H'FFFE11BO 16, 32
address register_11
DMA reload destination RDAR_11 R/W  H'00000000 H'FFFE11B4 16, 32
address register_11
DMA reload transfer RDMATCR_11 R/W H'00000000 H'FFFE11B8 16, 32

count register_11
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
12 DMA source address  SAR_12 R/W  H'00000000 H'FFFE10CO 16, 32
register_12
DMA destination DAR_12 R/W  H'00000000 H'FFFE10C4 16, 32
address register_12
DMA transfer count DMATCR_12 R/W  H'00000000 H'FFFE10C8 16, 32
register_12
DMA channel control CHCR_12 R/W:' H'00000000 H'FFFE10CC 8, 16, 32
register_12
DMA reload source RSAR_12 R/W  H'00000000 H'FFFE11CO 16, 32
address register_12
DMA reload destination RDAR_12 R/W  H'00000000 H'FFFE11C4 16, 32
address register_12
DMA reload transfer RDMATCR_12 R/W  H'00000000 H'FFFE11C8 16, 32
count register_12
13 DMA source address  SAR_13 R/W  H'00000000 H'FFFE10DO 16, 32
register_13
DMA destination DAR_13 R/W  H'00000000 H'FFFE10D4 16, 32
address register_13
DMA transfer count DMATCR_13 R/W  H'00000000 H'FFFE10D8 16, 32
register_13
DMA channel control CHCR_13 R/W:' H'00000000 H'FFFE10DC 8, 16, 32
register_13
DMA reload source RSAR_13 R/W  H'00000000 H'FFFE11D0O 16, 32
address register_13
DMA reload destination RDAR_13 R/W  H'00000000 H'FFFE11D4 16, 32
address register_13
DMA reload transfer RDMATCR_13 R/W  H'00000000 H'FFFE11D8 16, 32

count register_13
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
14 DMA source address  SAR_14 R/W  H'00000000 H'FFFE10EO0 16, 32
register_14
DMA destination DAR_14 R/W  H'00000000 H'FFFE10E4 16, 32

address register_14

DMA transfer count DMATCR_14 R/W  H'00000000 H'FFFE10E8 16, 32
register_14

DMA channel control CHCR_14 R/W:*' H'00000000 H'FFFE10EC 8, 16, 32
register_14

DMA reload source RSAR_14 R/W  H'00000000 H'FFFE11EO 16, 32
address register_14

DMA reload destination RDAR_14 R/W  H'00000000 H'FFFE11E4 16, 32
address register_14

DMA reload transfer RDMATCR_14 R/W  H'00000000 H'FFFE11E8 16, 32
count register_14

15 DMA source address SAR_15 R/W  H'00000000 H'FFFE10FO 16, 32
register_15
DMA destination DAR_15 R/W  H'00000000 H'FFFE10F4 16, 32

address register_15

DMA transfer count DMATCR_15 R/W  H'00000000 H'FFFE10F8 16, 32
register_15

DMA channel control CHCR_15 R/W:' H'00000000 H'FFFE10FC 8, 16, 32
register_15

DMA reload source RSAR_15 R/W  H'00000000 H'FFFE11FO 16, 32
address register_15

DMA reload destination RDAR_15 R/W  H'00000000 H'FFFE11F4 16, 32
address register_15

DMA reload transfer RDMATCR_15 R/W  H'00000000 H'FFFE11F8 16, 32
count register_15
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Access

Channel Register Name Abbreviation R/W Initial Value Address Size

Common DMA operation register DMAOR R/W#**  H'0000 H'FFFE1200 8, 16

0and 1 DMA extension DMARSO R/W  H'0000 H'FFFE1300 16
resource selector 0

2and 3 DMA extension DMARS1 R/W  H'0000 H'FFFE1304 16
resource selector 1

4 and 5 DMA extension DMARS2 R/W  H'0000 H'FFFE1308 16
resource selector 2

6and7 DMA extension DMARS3 R/W  H'0000 H'FFFE130C 16
resource selector 3

8and 9 DMA extension DMARS4 R/W  H'0000 H'FFFE1310 16
resource selector 4

10 and 11 DMA extension DMARS5 R/W  H'0000 H'FFFE1314 16
resource selector 5

12 and 13 DMA extension DMARS6 R/W  H'0000 H'FFFE1318 16
resource selector 6

14 and 15 DMA extension DMARS7 R/W  H'0000 H'FFFE131C 16

resource selector 7
Notes: 1. For the HE and TE bits in CHCR_n, only 0 can be written to clear the flags after 1 is
read.

2. For the AE and NMIF bits in DMAOR, only 0 can be written to clear the flags after 1 is
read.
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10.3.1 DMA Source Address Registers (SAR)

The DMA source address registers (SAR) are 32-bit readable/writable registers that specify the
source address of a DMA transfer. During a DMA transfer, these registers indicate the next source
address. When the data of an external device with DACK is transferred in single address mode,
SAR is ignored.

To transfer data in word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

- r-r-r-r-r-re el
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

S N N N N N N BN N B B N NN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

10.3.2 DMA Destination Address Registers (DAR)

The DMA destination address registers (DAR) are 32-bit readable/writable registers that specify
the destination address of a DMA transfer. During a DMA transfer, these registers indicate the
next destination address. When the data of an external device with DACK is transferred in single
address mode, DAR is ignored.

To transfer data in word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

- r-r-r-r-r-re el
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

S N N N N N N BN N B B N NN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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10.3.3 DMA Transfer Count Registers (DMATCR)

The DMA transfer count registers (DMATCR) are 32-bit readable/writable registers that specify
the number of DMA transfers. The transfer count is 1 when the setting is H'00000001, 16,777,215
when H'O0OFFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. During a DMA
transfer, these registers indicate the remaining transfer count.

The upper eight bits of DMATCR are always read as 0, and the write value should always be 0. To
transfer data in 16 bytes, one 16-byte transfer (128 bits) counts one.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S N N N N N N N DN N B B I NN

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW

T o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- r-r-tr-r-r-t-t-rt-;t-{-7-1-[-7-"}

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

10.3.4 DMA Channel Control Registers (CHCR)

The DMA channel control registers (CHCR) are 32-bit readable/writable registers that control the
DMA transfer mode.

The DO, AM, AL, DL, DS, and TL bits which specify the DREQ, DACK, and TEND external pin
functions can be read and written to in channel 0, but they are reserved in channels 1 to 15.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| TC | - |§J&R | Bl - | DAF | SAF| - | DO | L | - |MI\'§K| HE | HIE | AM | AL |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. RW R RW RW R PRW RW R RW RW R PRW R(MW?#* RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DM[1:0] SM[1:0] RS[3:0] | DL | DS | B | TS[1:0] | IE | TE | DE |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/(W)* RW

Note: * Only 0 can be written to clear the flag after 1 is read.
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Initial
Bit Bit Name Value R/W  Description

31 TC 0 R/W  Transfer Count Mode

Specifies whether to transmit data once or for the
count specified in DMATCR by one transfer request.
This function is valid only in on-chip peripheral module
request mode. Note that when this bit is set to 0, the
TB bit must not be set to 1 (burst mode). This bit (TC)
must not be set to 1 if a module other than the
multifunction timer pulse unit 2, the compare match
timer, the controller area network, the CD-ROM
decoder, or the A/D converter is selected as a source
of transfer requests.

0: Transmits data once by one transfer request

1: Transmits data for the count specified in DMATCR
by one transfer request

30 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

29 RLDSAR 0 R/W  SAR Reload Function ON/OFF

Enables (ON) or disables (OFF) the function to reload
SAR and DMATCR.

0: Disables (OFF) the function to reload SAR and
DMATCR

1: Enables (ON) the function to reload SAR and
DMATCR

28 RLDDAR 0 R/W  DAR Reload Function ON/OFF

Enables (ON) or disables (OFF) the function to reload
DAR and DMATCR.

0: Disables (OFF) the function to reload DAR and
DMATCR

1: Enables (ON) the function to reload DAR and
DMATCR

27 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name

Initial
Value

R/W

Description

26 DAF

0

R/W

Fixed Destination Address 16-Byte Transfer

Enabled when the transfer size (set in TS[1:0]) is 16
bytes and the destination address mode (set in
DM[1:0]) is fixed address.

0: 16 bytes of data are transferred to the address.
Transfer destination addresses for the writing of
data are the addresses specified in the DAR, and
that address plus H'0, H'4, H'8, and H'C.

1: Four bytes of data are transferred four times to the
address specified in DAR. The transfer destination
address for the writing of data is fixed to the address
specified in the DAR. This function is only for use
with the CD-ROM decoder, the USB 2.0
host/function module, the sampling rate converter,
and the Renesas quad serial peripheral interface.

25 SAF

R/W

Fixed Source Address 16-Byte Transfer

Enabled when the transfer size (set in TS[1:0]) is 16
bytes and the source address mode (set in SM[1:0]) is
fixed address.

0: 16 bytes of data are transferred from the address.
Transfer source addresses for the reading of data
are the addresses specified in the SAR, and that
address plus H'0, H'4, H'8, and H'C.

1: Four bytes of data are transferred four times from
the address specified in SAR. The transfer source
address for the reading of data is fixed to the
address specified in the SAR. This function is only
for use with the CD-ROM decoder, the USB 2.0
host/function module, the sampling rate converter,
and the Renesas quad serial peripheral interface.

24 —

Reserved

This bit is always read as 0. The write value should
always be 0.

23 DO

R/W

DMA Overrun

Selects whether DREQ is detected by overrun 0 or by
overrun 1. This bit is valid only in level detection by
CHCR_O. This bit is reserved in CHCR_1 to
CHCR_15; it is always read as 0 and the write value
should always be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1
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Bit

Bit Name

Initial
Value

R/W

Description

22

TL

0

R/W

Transfer End Level

Specifies the TEND signal output is high active or low
active. This bit is valid only in CHCR_O. This bit is
reserved in CHCR_1 to CHCR_15; it is always read as
0 and the write value should always be 0.

0: Low-active output from TEND

1: High-active output from TEND

21

Reserved

This bit is always read as 0. The write value should
always be 0.

20

TEMASK

R/W

TE Set Mask

Specifies that DMA transfer does not stop even if the
TE bit is set to 1. If this bit is set to 1 along with the bit
for SAR/DAR reload function, DMA transfer can be
performed until the transfer request is cancelled.

In auto request mode or when a rising/falling edge of
the DREQ signal is detected in external request mode,
the setting of this bit is ignored and DMA transfer stops
if the TE bit is setto 1.

Note that this function is enabled only when either the
RLDSAR bit or the RLDDAR bit is set to 1.

0: DMA transfer stops if the TE bit is set

1: DMA transfer does not stop even if the TE bit is set

19

HE

R/(W)*

Half-End Flag

This bit is set to 1 when the transfer count reaches half
of the DMATCR value that was specified before
transfer starts.

If DMA transfer ends because of an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR before the transfer count reaches
half of the initial DMATCR value, the HE bit is not set
to 1. If DMA transfer ends due to an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR after the HE bit is set to 1, the bit
remains set to 1.

To clear the HE bit, write 0 to it after HE = 1 is read.

0: DMATCR > (DMATCR set before transfer starts)/2
during DMA transfer or after DMA transfer is
terminated

[Clearing condition]
e Writing O after reading HE = 1.
1: DMATCR < (DMATCR set before transfer starts)/2
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Initial
Bit Bit Name Value R/W  Description
18 HIE 0 R/W  Half-End Interrupt Enable

Specifies whether to issue an interrupt request to the
CPU when the transfer count reaches half of the
DMATCR value that was specified before transfer
starts.

When the HIE bit is set to 1, this module requests an
interrupt to the CPU when the HE bit becomes 1.

0: Disables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2

1: Enables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2
17 AM 0 R/W  Acknowledge Mode

Specifies whether DACK and TEND are output in data
read cycle or in data write cycle in dual address mode.

In single address mode, DACK and TEND are always

output regardless of the specification by this bit.

This bit is valid only in CHCR_O. This bit is reserved in

CHCR_1 to CHCR_15; it is always read as 0 and the

write value should always be 0.

0: DACK and TEND output in read cycle (dual address
mode)

1: DACK and TEND output in write cycle (dual address
mode)

16 AL 0 R/W  Acknowledge Level

Specifies the DACK (acknowledge) signal output is

high active or low active.

This bit is valid only in CHCR_O. This bit is reserved in

CHCR_1 to CHCR_15; it is always read as 0 and the

write value should always be 0.

0: Low-active output from DACK
1: High-active output from DACK
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Bit Bit Name

Initial
Value

R/W

Description

15, 14 DM[1:0]

00

R/W

Destination Address Mode

These bits select whether the DMA destination
address is incremented, decremented, or left fixed. (In
single address mode, DM1 and DMO bits are ignored
when data is transferred to an external device with
DACK.)

00: Fixed destination address

01: Destination address is incremented (+1 in byte-unit
transfer, +2 in word-unit transfer, +4 in longword-
unit transfer, +16 in 16-byte-unit transfer)

10: Destination address is decremented (-1 in byte-
unit transfer, =2 in word-unit transfer, —4 in
longword-unit transfer, setting prohibited in 16-
byte-unit transfer)

11: Setting prohibited

13,12 SM[1:0]

00

R/W

Source Address Mode

These bits select whether the DMA source address is

incremented, decremented, or left fixed. (In single

address mode, SM1 and SMO bits are ignored when
data is transferred from an external device with

DACK.)

00: Fixed source address

01: Source address is incremented (+1 in byte-unit
transfer, +2 in word-unit transfer, +4 in longword-
unit transfer, +16 in 16-byte-unit transfer)

10: Source address is decremented (-1 in byte-unit
transfer, —2 in word-unit transfer, —4 in longword-
unit transfer, setting prohibited in 16-byte-unit
transfer)

11: Setting prohibited
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Initial
Bit Bit Name Value R/W  Description
11t08 RS[3:0] 0000 R/W  Resource Select

These bits specify which transfer requests will be sent

to this module. The changing of transfer request

source should be done in the state when DMA enable

bit (DE) is set to 0.

0000: External request, dual address mode

0001: Setting prohibited

0010: External request/single address mode
External address space — External device with
DACK

0011: External request/single address mode
External device with DACK — External address
space

0100: Auto request

0101: Setting prohibited

0110: Setting prohibited

0111: Setting prohibited

1000: DMA extension resource selector

1001: Controller area network, channel 0

1010: Controller area network, channel 1

1011: Setting prohibited

1100: Setting prohibited

1101: Setting prohibited

1110: Setting prohibited

1111: Setting prohibited

Note: External request specification is valid only in
CHCR_0. External request should not be
specified for channels CHCR_1 to CHCR_15.
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Initial
Bit Bit Name Value R/W  Description
7 DL 0 R/W  DREQ Level
6 DS 0 R/W  DREQ Edge Select

These bits specify the sampling method of the DREQ
pin input and the sampling level.

These bits are valid only in CHCR_O. These bits are
reserved in CHCR_1 to CHCR_15; they are always
read as 0 and the write value should always be 0.

If the transfer request source is specified as an on-chip
peripheral module or if an auto-request is specified, the
specification by these bits is ignored.

00: DREQ detected in low level

01: DREQ detected at falling edge

10: DREQ detected in high level

11: DREQ detected at rising edge
5 TB 0 R/W  Transfer Bus Mode

Specifies the bus mode at DMA transfer. Note that the
burst mode must not be selected when TC = 0.

0: Cycle steal mode
1: Burst mode
4,3 TS[1:0] 00 R/W  Transfer Size
These bits specify the size of data to be transferred.

Select the size of data to be transferred when the
source or destination is an on-chip peripheral module
register of which transfer size is specified.

00: Byte unit

01: Word unit (two bytes)

10: Longword unit (four bytes)
11: 16-byte (four longword) unit
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Bit Bit Name

Initial
Value

R/W

Description

2 IE

0

R/W

Interrupt Enable

Specifies whether or not an interrupt request is
generated to the CPU at the end of the DMA transfer.
Setting this bit to 1 generates an interrupt request
(DEI) to the CPU when TE bit is set to 1.

0: Disables an interrupt request

1: Enables an interrupt request

Transfer End Flag

This bit is set to 1 when DMATCR becomes 0 and
DMA transfer ends.

The TE bit is not set to 1 in the following cases.

o DMA transfer ends due to an NMlI interrupt or DMA
address error before DMATCR becomes 0.

o DMA transfer is ended by clearing the DE bit and
DME bit in DMA operation register (DMAOR).

To clear the TE bit, write O after reading TE = 1.

Even if the DE bit is set to 1 while the TEMASK bit is 0
and this bit is 1, transfer is not enabled.

0: During the DMA transfer or DMA transfer has been
terminated

[Clearing condition]
e Writing O after reading TE = 1

1: DMA transfer ends by the specified count (DMATCR
= 0)
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Initial
Bit Bit Name Value R/W  Description
0 DE 0 R/W  DMA Enable

Enables or disables the DMA transfer. In auto request
mode, DMA transfer starts by setting the DE bit and
DME bit in DMAOR to 1. In this case, all of the bits TE,
NMIF in DMAOR, and AE must be 0. In an external
request or peripheral module request, DMA transfer
starts if DMA transfer request is generated by the
devices or peripheral modules after setting the bits DE
and DME to 1. If the DREQ signal is detected by
low/high level in external request mode, or in
peripheral module request mode, the NMIF bit and the
AE bit must be 0 if the TEMASK bit is 1. If the
TEMASK bit is 0, the TE bit must also be 0. If the
DREQ signal is detected by a rising/falling edge in
external request mode, all of the bits TE, NMIF, and
AE must be 0 as in the case of auto request mode.
Clearing the DE bit to 0 can terminate the DMA
transfer.

0: DMA transfer disabled
1: DMA transfer enabled

Note: * Only 0 can be written to clear the flag after 1 is read.
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10.3.5 DMA Reload Source Address Registers (RSAR)
The DMA reload source address registers (RSAR) are 32-bit readable/writable registers.

When the SAR reload function is enabled, the RSAR value is written to the source address register
(SAR) at the end of the current DMA transfer. In this case, a new value for the next DMA transfer
can be preset in RSAR during the current DMA transfer. When the SAR reload function is
disabled, RSAR is ignored.

To transfer data in word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-rrere e PP
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

- r-r-r-r-rerere PPl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

10.3.6 DMA Reload Destination Address Registers (RDAR)
The DMA reload destination address registers (RDAR) are 32-bit readable/writable registers.

When the DAR reload function is enabled, the RDAR value is written to the destination address
register (DAR) at the end of the current DMA transfer. In this case, a new value for the next DMA
transfer can be preset in RDAR during the current DMA transfer. When the DAR reload function
is disabled, RDAR is ignored.

To transfer data in word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-rrere e PP
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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10.3.7 DMA Reload Transfer Count Registers (RDMATCR)
The DMA reload transfer count registers (RDMATCR) are 32-bit readable/writable registers.

‘When the SAR/DAR reload function is enabled, the RDMATCR value is written to the transfer
count register (DMATCR) at the end of the current DMA transfer. In this case, a new value for the
next DMA transfer can be preset in RDMATCR during the current DMA transfer. When the
SAR/DAR reload function is disabled, RDMATCR is ignored.

The upper eight bits of RDMATCR are always read as 0, and the write value should always be 0.

As in DMATCR, the transfer count is 1 when the setting is H'00000001, 16,777,215 when
H'O0FFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. To transfer data in
16 bytes, one 16-byte transfer (128 bits) counts one.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SN N N N N N N BN N B B I NN

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

- r-r-r-r-r-r-fr-r-r-f-1-1-[-7-"}
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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10.3.8 DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit readable/writable register that specifies the
priority level of channels at the DMA transfer. This register also shows the DMA transfer status.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I - ‘ - ‘ CMS[1:0] ‘ - ‘ - ‘ PR[1:0] ‘ - ‘ - ‘ - ‘ - ‘ - ‘ AE ‘ NMIF‘ DME I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW RW R R RW RW R R R R R RAW)*R/(W)* R/W

Note: * Only O can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W  Description
15, 14 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

13,12 CMSJ[1:0] 00 R/W  Cycle Steal Mode Select

These bits select either normal mode or intermittent
mode in cycle steal mode.

It is necessary that the bus modes of all channels be
set to cycle steal mode to make the intermittent mode
valid.

00: Normal mode
01: Setting prohibited
10: Intermittent mode 16

Executes one DMA transfer for every 16 cycles of
B¢ clock.

11: Intermittent mode 64

Executes one DMA transfer for every 64 cycles of
B¢ clock.

11, 10 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
9,8 PR[1:0] 00 R/W Priority Mode

These bits select the priority level between channels
when there are transfer requests for multiple channels
simultaneously.

00: Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 >
CH5 > CH6 > CH7 > CH8 > CH9 > CH10 > CH11
>CH12 > CH13 > CH14 > CH15

01: Fixed mode 2: CHO > CH8 > CH1 > CH9 > CH2 >
CH10 > CH3 > CH11 > CH4 > CH12 > CH5 >
CH13 > CH6 > CH14 > CH7 > CH15

10: Setting prohibited

11: Setting prohibited

7t03 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

2 AE 0 R/(W)* Address Error Flag

Indicates whether an address error has occurred by
this module. When this bit is set, even if the DE bit in
CHCR and the DME bit in DMAOR are set to 1, DMA
transfer is not enabled. This bit can only be cleared by
writing 0 after reading 1.

0: No address error occurred by this module
1: Address error occurred by this module
[Clearing condition]

e Writing O after reading AE = 1
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Initial

Bit Bit Name Value R/W Description

1 NMIF 0 R/(W)* NMI Flag
Indicates that an NMI interrupt occurred. When this bit
is set, even if the DE bit in CHCR and the DME bit in
DMAOR are set to 1, DMA transfer is not enabled. This
bit can only be cleared by writing 0 after reading 1.
When the NMI is input, the DMA transfer in progress
can be done in one transfer unit. Even if the NMI
interrupt is input while this module is not in operation,
the NMIF bit is set to 1.
0: No NMI interrupt
1: NMl interrupt occurred
[Clearing condition]
Writing 0 after reading NMIF = 1

0 DME 0 R/W DMA Master Enable

Enables or disables DMA transfer on all channels. If
the DME bit and DE bit in CHCR are set to 1, DMA
transfer is enabled.

However, transfer is enabled only when the TE bit in
CHCR of the transfer corresponding channel, the NMIF
bit in DMAOR, and the AE bit are all cleared to 0.
Clearing the DME bit to 0 can terminate the DMA
transfer on all channels.

0: DMA transfer is disabled on all channels

1: DMA transfer is enabled on all channels

Note: * Only 0 can be written to clear the flag after 1 is read.
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If the priority mode bits are modified after a DMA transfer, the channel priority is initialized. If
fixed mode 2 is specified, the channel priority is specified as CHO > CH8 > CH1 > CH9 > CH2 >
CHI10 > CH3 > CH11 > CH4 > CH12 > CHS5 > CH13 > CH6 > DH14 > CH7 > CH15. If fixed
mode 1 is specified, the channel priority is specified as CHO > CH1 > CH2 > CH3 > CH4 > CH5
> CH6 > CH7 > CH8 > CH9 > CH10 > CH11 > CH12 > CH13 > CH14 > CH15.

The internal operation of this module for an address error is as follows:

e No address error: Read (source to interior of this module) — Write (interior of this module to
destination)

e Address error in source address: Nop — Nop
e Address error in destination address: Read — Nop
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10.3.9 DMA Extension Resource Selectors 0 to 7 (DMARSO to DMARS7)

The DMA extension resource selectors (DMARS) are 16-bit readable/writable registers that
specify the source of the DMA transfer request from peripheral modules in each channel.
DMARSO to DMARSY7 are for channels O and 1,2 and 3,4 and 5,6 and 7, 8 and 9, 10 and 11, 12
and 13, and 14 and 15, respectively. Table 10.3 shows the specifiable combinations.

DMARS can specify the following transfer request sources (The following modules can issue on-
chip peripheral module requests):

e Serial communication interface with FIFO: 16 sources
e T’C bus interface 3: six sources

e A/D converter: one source

e Multi-function timer pulse unit 2: five sources

e Compare match timer: two sources

e USB 2.0 host/function module: two sources

e NAND flash memory controller: two sources

e Controller area network: two sources

e Serial sound interface: five sources

e Sampling rate converter: four sources

e Renesas SPDIF interface: two sources

e CD-ROM decoder: one source

e SD host interface: two sources

e Renesas serial peripheral interface: four sources

e Clock synchronous serial I/O with FIFO: two sources
e Motor control PWM timer: two sources

e Renesas quad serial peripheral interface: two sources

Two transfer request sources for the controller area network do not need to be specified by these
registers, for they can be specified using the RS3 to RSO bits in the DMA channel control register
(CHCR).
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e DMARSO
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH1 MID[5:0] CH1 RID[1:0] CHO MID[5:0] CHo RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
¢ DMARSI
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH3 MID[5:0] CH3 RID[1:0] CH2 MID[5:0] CH2 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
e DMARS2
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH5 MID[5:0] CH5 RID[1:0] CH4 MID[5:0] CH4 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
e DMARS3
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH7 MID[5:0] CH7 RID[1:0] CH6é MID[5:0] CH6 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
e DMARS4
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH9 MID[5:0] CH9 RID[1:0] CH8 MID[5:0] CH8 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
e DMARS5S
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH11 MID[5:0] CH11 RID[1:0] CH10 MIDI[5:0] CH10 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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e DMARS6

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH13 MID[5:0] CH13 RID[1:0] CH12 MID[5:0] CH12 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS7

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH15 MID[5:0] CH15 RID[1:0] CH14 MID[5:0] CH14 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Transfer requests from the various modules specify MID and RID as shown in table 10.3.

Table 10.3 DMARS Settings

Setting Value for One

Peripheral Module  Channel ({MID, RID}) MID RID Function
USB 2.0 host/function H'03 B'000000 B'11 Channel 0
module FIFO
H'07 B'000001 B'11 Channel 1
FIFO
Renesas SPDIF H'09 B'000010 B'01 Transmit
interface H'0A B'000010 B'10 Receive
SD host interface H'11 B'000100 B'01 SD_BUF write
H'12 B'10 SD_BUF read
Clock synchronous H'19 B'000110 B'01 Transmit
serial 1/0 with FIFO H1A B'10 Receive
Serial sound interface H'21 B'001000 B'01 Transmit
Channel 0 H'22 B'10 Receive
Serial sound interface H'27 B'001001 B'11 —
Channel 1
Serial sound interface H'2B B'001010 B'11 —
Channel 2
Serial sound interface H'2F B'001011 B'11 —
Channel 3
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Setting Value for One

Peripheral Module  Channel ({MID, RID}) MID RID Function

Motor control PWM H'33 B'001100 B'11 —

timer

Channel 1

Motor control PWM H'37 B'001101 B'11 —

timer

Channel 2

Sampling rate H'41 B'010000 B'01 Input data

converter FIFO empty

Channel 0 H'42 B'10 Output data
FIFO full

Sampling rate H'45 B'010001 B'01 Input data

converter FIFO empty

Channel 1 H'46 B'10 Output data
FIFO full

Renesas serial H'51 B'010100 B'01 Transmit

peripheral interface H'52 B'10 Receive

Channel 0

Renesas serial H'55 B'010101 B'01 Transmit

peripheral interface H'56 B'10 Receive

Channel 1

I°C bus interface 3 H'61 B'011000 B'01 Transmit

Channel 0 H'62 B'10 Receive

I°C bus interface 3 H'65 B'011001 B'01 Transmit

Channel 1 H'66 B'10 Receive

I’C bus interface 3 H'69 B'011010 B'01 Transmit

Channel 2 H'6A B'10 Receive

CD-ROM decoder H'73 B'011100 B'11 —

Serial communication H'81 B'100000 B'01 Transmit

interface with FIFO H'82 B'10 Receive

Channel 0

Serial communication H'85 B'100001 B'01 Transmit

interface with FIFO H'86 B'10 Receive

Channel 1

Serial communication H'89 B'100010 B'01 Transmit

interface with FIFO H'8A B'10 Receive

Channel 2
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Setting Value for One

Peripheral Module  Channel ({MID, RID}) MID RID Function

Serial communication H'8D B'100011 B'01 Transmit

interface with FIFO H'8E B'10 Receive

Channel 3

Serial communication H'91 B'100100 B'01 Transmit

interface with FIFO H'92 B'10 Receive

Channel 4

Serial communication H'95 B'100101 B'01 Transmit

interface with FIFO H'96 B'10 Receive

Channel 5

Serial communication H'99 B'100110 B'01 Transmit

interface with FIFO H'9A B'10 Receive

Channel 6

Serial communication H'9D B'100111 B'01 Transmit

interface with FIFO H'9E B'10 Receive

Channel 7

A/D converter H'B3 B'101100 B'11 —

NAND flash memory H'BB B'101110 B'11 Transmit/

controller receive data
H'BF B'101111 B'11 Transmit/

receive
control code

Multi-function timer ~ H'E3 B'111000 B'11 —

pulse unit 2

Channel 0

Multi-function timer H'E7 B'111001 B'11 —

pulse unit 2

Channel 1

Multi-function timer H'EB B'111010 B'11 —

pulse unit 2

Channel 2

Multi-function timer ~ H'EF B'111011 B'11 —

pulse unit 2

Channel 3

Multi-function timer H'F3 B'111100 B'11 —

pulse unit 2

Channel 4

Compare match timer H'FB B'111110 B'11 —

Channel 0
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Setting Value for One

Peripheral Module  Channel ({MID, RID}) MID RID Function
Compare match timer H'FF B'111111 B'11 —
Channel 1

Renesas quad serial H'A1 B'101000 B'01 Transmit
peripheral interface H'A2 B'10 Receive

When MID or RID other than the values listed in table 10.3 is set, the operation of this LSI is not
guaranteed. The transfer request from DMARS is valid only when the resource select bits (RS3 to
RS0) in CHCRO to CHCR15 have been set to B'1000. Otherwise, even if DMARS has been set,

the transfer request source is not accepted.
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104  Operation

When there is a DMA transfer request, this module starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto request, external request, and on-chip
peripheral module request. In bus mode, the burst mode or the cycle steal mode can be selected.

10.4.1  Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA operation
register (DMAOR), three reload registers (RSAR, RDAR, RDMATCR) and DMA extension
resource selector (DMARS) are set for the target transfer conditions, this module transfers data
according to the following procedure:

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TEMASK =0 or 1 (TE = 0 when
TEMASK = 0), AE = 0, NMIF = 0).

2. When a transfer request comes and transfer is enabled, this module transfers one transfer unit
of data (depending on the settings of the TS1 and TS0 bits). For an auto request, the transfer
begins automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 for each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When half of the specified transfer count is exceeded (when DMATCR reaches half of the
initial value), an HEI interrupt is sent to the CPU if the HIE bit in CHCR is set to 1.

4. When transfer has been completed for the specified count (when DMATCR reaches 0) while
the TEMASK bit is 0, the transfer ends normally. If the IE bit in CHCR is set to 1 at this time,
a DEI interrupt is sent to the CPU. When DMATCR reaches 0 while the TEMASK bit is 1, the
TE bit is set to 1 and then the values set in RSAR, RDAR and RDMATCR are reloaded in
SAR, DAR and DMATCR, respectively to continue transfer operation until the DMA transfer
request is cancelled.

5. When an address error in this module or an NMI interrupt is generated, the transfer is
terminated. Transfers are also terminated when the DE bit in CHCR or the DME bit in
DMAOR is cleared to O.
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Figure 10.2 is a flowchart of this procedure.

Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR, DMARS)

DE, DME =1 and
NMIF, AE, TE =02

Transfer request
occurs?#!

Bus mode;
transfer request mode;

ves|< #3 REQ detection syste]

Transfer (one transfer unit); A
DMATCR - 1 — DMATCR,
SAR and DAR updated

DMATCR = 0? No
Y,
s DMATCR =1/2?
TE=1
* HE =1 |
DEl interrupt request
(when |[E = 1) +
* HEI interrupt request
When reload function is enabled, (when HE = 1)
RSAR — SAR, RDAR — DAR,
and RDMATCR — DMATCR #
L] When the TC bitin CHCR is 0, or
For a request from an for a request from an on-chip peripheral
on-chip peripheral modul_e, module, the transfer acknowledge
the transfer acknowledge signa signal is sent to the module.
is sent to the module.

NMIF = 1
orAE=10rDE=0
or DME = 0?

NMIF = 1
orAE=10orDE=0
or DME =07?

( Transfer end ) ( Normal end ) ﬁransfer terminate@

Notes: 1. In auto-request mode, transfer begins when the NMIF, AE, and TE bits are cleared to 0 and the
E and DME bits are set to 1.
2. DREQ level detection in burst mode (external request) or cycle steal mode.
3. DREQ edge detection in burst mode (external request), or auto request mode in burst mode.

Figure 10.2 DMA Transfer Flowchart
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10.4.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated in external devices and on-chip peripheral modules that are neither the
transfer source nor destination.

Transfers can be requested in three modes: auto request, external request, and on-chip peripheral
module request. The request mode is selected by the RS[3:0] bits in CHCR_0 to CHCR_15 and
DMARSO to DMARS7.

(1) Auto-Request Mode

When there is no transfer request signal from an external source, as in a memory-to-memory
transfer or a transfer between memory and an on-chip peripheral module unable to request a
transfer, the auto-request mode allows this module to automatically generate a transfer request
signal internally. When the DE bits in CHCR_0 to CHCR_15 and the DME bit in DMAOR are set
to 1, the transfer begins so long as the TE bits in CHCR_0 to CHCR_15, and the AE and NMIF
bits in DMAOR are 0.

(2) External Request Mode

In this mode a transfer is performed at the request signal (DREQO) of an external device. Choose
one of the modes shown in table 10.4 according to the application system. When the DMA
transfer is enabled (DE = 1, DME = 1, TEMASK =0 or 1 (TE = 0 when TEMASK = 0), AE =0,
NMIF = 0 for level detection; DE = 1, DME = 1, TE = 0, AE = 0, NMIF = 0 for edge detection),
DMA transfer is performed upon a request at the DREQ input.

Table 10.4 Selecting External Request Modes with the RS Bits

Transfer
RS[3] RS[2] RS[1] RS[0] Address Mode Transfer Source Destination
0 0 0 0 Dual address mode  Any Any
0 0 1 0 Single address mode External memory, External device with

memory-mapped DACK
external device

1 External device with  External memory,
DACK memory-mapped
external device
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Choose to detect DREQ by either the edge or level of the signal input with the DL and DS bits in
CHCR_0 as shown in table 10.5. The source of the transfer request does not have to be the data
transfer source or destination. When DREQ is detected by a rising/falling edge and DMA transfer
is performed in burst mode, the transfer continues until DMATCR reaches 0 by one DMA transfer
request. In cycle steal mode, one DMA transfer is performed by one request.

Table 10.5 Selecting External Request Detection with DL and DS Bits

CHCR
DL Bit DS Bit Detection of External Request
0 0 Low-level detection
1 Falling-edge detection
1 0 High-level detection
1 Rising-edge detection

When DREQ is accepted, the DREQ pin enters the request accept disabled state (non-sensitive
period). After issuing acknowledge DACK signal for the accepted DREQ, the DREQ pin again
enters the request accept enabled state.

When DREQ is used by level detection, there are following two cases by the timing to detect the
next DREQ after outputting DACK.

e Overrun 0: Transfer is terminated after the same number of transfer has been performed as
requests.

e Overrun 1: Transfer is terminated after transfers have been performed for (the number of
requests plus 1) times.

The DO bit in CHCR selects this overrun O or overrun 1.

Table 10.6 Selecting External Request Detection with DO Bit

CHCR

DO Bit External Request
0 Overrun 0

1 Overrun 1
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(3) On-Chip Peripheral Module Request

In this mode, the transfer is performed in response to the DMA transfer request signal from an on-
chip peripheral module.

Table 10.7 lists the DMA transfer request signals sent from on-chip peripheral modules to this
module.

If DMA transfer is enabled (DE = 1, DME = 1, TEMASK =0 or 1 (TE = 0 when TEMASK = 0),
AE =0, and NMIF = 0) in on-chip peripheral module request mode, DMA transfer is started by a
transfer request signal.

In on-chip peripheral module request mode, there are cases where transfer source or destination is
fixed. For details, see table 10.7.

Table 10.7 Selecting On-Chip Peripheral Module Request Modes with RS3 to RS0 Bits

CHCR DMARS DMA Transfer

Request Transfer Transfer Bus
RS[3:0] MID RID Source DMA Transfer Request Signal Source Destination Mode
1001 Any Any Controllerarea  RMO (reception end) MBO Any Cycle
network steal
Channel 0
1010 Any Any Controllerarea  RMO (reception end) MBO Any
network
Channel 1
1000 000000 11 USB2.0 USB_DMAO DOFIFO Any
host/function (receive FIFO in channel 0 full)
module USB_DMAO Any DOFIFO
(transmit FIFO in channel 0
empty)
000001 11 USB_DMA1 D1FIFO Any
(receive FIFO in channel 1 full)
USB_DMA1 Any D1FIFO
(transmit FIFO in channel 1
empty)
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CHCR DMARS DMA Transfer
Request Transfer Transfer Bus
RS[3:0] MID RID Source DMA Transfer Request Signal Source Destination Mode
1000 000010 01 Renesas SPDIF SPDIFTXI Any TDAD Cycle
interface (DMA transfer from transmission steal
module)
10 SPDIFRXI RDAD Any
(DMA transfer to reception
module)
000100 01 SD host SD_BUF write Any Data
interface register
10 SD_BUF read Data Any
register
000110 01 Clock TXI transmit data transfer) Any SITDR
synchronous .
RXI f IRDR A
serial /O with (receive data transfer) S ny
FIFO
001000 01 Serial sound SSITXIO (transmit data empty)  Any SSIFTDR_0
interface SSIRXIO (receive data full) SSIFRDR_O Any
Channel 0
001001 11  Serial sound SSIRTI (transmit data empty)  Any SSIFTDR_1
interface SSIRTH (receive data full) SSIFRDR_1 Any
Channel 1
001010 11  Serial sound SSIRTI2 (transmit data empty)  Any SSIFTDR_2
gngﬁz SSIRTI2 (receive data full) SSIFRDR_2 Any
001011 11  Serial sound SSIRTI3 (transmit data empty) ~ Any SSIFTDR_3
interface SSIRTI3 (receive data full) SSIFRDR_3 Any
Channel 3
001100 11  Motor control CMI1 (PWM compare match) Any PWBFR1
PWM timer
Channel 1
001101 11 Motor control CMI2 (PWM compare match) Any PWBFR2
PWM timer
Channel 2
010000 01 Sampling rate IDEIO (input data empty) Any SRCIDR_0
converter
DFI tput data full RCODR_0 A
Channel 0 ODFIO (output data full) SRCODR_0 Any
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CHCR DMARS DMA Transfer
Request Transfer Transfer Bus
RS[3:0] MID RID Source DMA Transfer Request Signal Source Destination Mode
1000 010001 01 Sampling rate IDEH (input data empty) Any SRCIDR_1 Cycle
converter ODFI1 (output data full) SRCODR_1 Any steal
Channel 1
010100 01 Renesas serial SPTIO (transmit buffer empty) Any SPDR_0
10 Peripheral SPRIO (receive buffer full) SPDR O Any
interface
Channel 0
010101 01 Renesas serial SPTI1 (transmit buffer empty) Any SPDR_1
10 Peripheral SPRI1 (receive buffer full) SPDR 1 Any
interface
Channel 1
011000 01 I°C bus interface TXIO (transmit data empty) Any ICDRT_O
3 RXIO (receive data full) ICDRR_0  Any
Channel 0
011001 01 I°C bus interface TXI1 (transmit data empty) Any ICDRT_1
10 3 RXI1 (receive data full) ICDRR_1 Any
Channel 1
011010 01 I°C bus interface TXI2 (transmit data empty) Any ICDRT_2
10 3 RXI2 (receive data full) ICDRR_2  Any
Channel 2
011100 11 CD-ROM IREADY (decode end) STRMDOUT Any Cycle
decoder steal or
burst
100000 01 Serial TXIO (transmit FIFO data empty) Any SCFTDR_0 Cycle
19 communicalion “oyyqreceive FIFO datafull) ~ SCFRDR_O Any steal
interface with
FIFO
Channel 0
100001 01 Serial TXI1 (transmit FIFO data empty) Any SCFTDR_1
communication “g 1" receive FIFO data ful) ~ SCFRDR_1_Any
interface with
FIFO
Channel 1
100010 01 Serial TXI2 (transmit FIFO data empty) Any SCFTDR_2
19 communicalion “oy,o receive FIFO dataful) ~ SCFRDR_2 Any
interface with
FIFO
Channel 2
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CHCR DMARS DMA Transfer
Request Transfer Transfer Bus
RS[3:0] MID RID Source DMA Transfer Request Signal Source Destination Mode
1000 100011 01 Serial TXI3 (transmit FIFO data empty) Any SCFTDR_3 Cycle
communication "3 receive FIFO data ful) ~ SCFRDR_3 Any steal
interface with
FIFO
Channel 3
100100 01 Serial TXI4 (transmit FIFO data empty) Any SCFTDR_4
19 communicalion "oy, ) receive FIFO datafull) ~ SCFRDR_4 Any
interface with
FIFO
Channel 4
100101 01 Serial TXI5 (transmit FIFO data empty) Any SCFTDR_5
10 communication "oy o ceive FIFO dataful)  SCFRDR 5 Any
interface with
FIFO
Channel 5
100110 01 Serial TXI6 (transmit FIFO data empty) Any SCFTDR_6
10 communication "oy receive FIFO dataful)  SCFRDR_6 Any
interface with
FIFO
Channel 6
100111 01 Serial TXI7 (transmit FIFO data empty) Any SCFTDR_7
communication "oy eceive FIFO datafull)  SCFRDR_7 Any
interface with
FIFO
Channel 7
101100 11 A/D converter  ADI (A/D conversion end) ADDR Any
101110 11 NAND flash Data part Any FLDTFIFO
memory Transmission FIFO data empty
controller Data part FLDTFIFO Any
Reception FIFO data full
101111 11 Control code part Any FLECFIFO
Transmission FIFO data empty
Control code part FLECFIFO Any

Reception FIFO data full
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CHCR DMARS DMA Transfer
Request Transfer Transfer Bus
RS[3:0] MID RID Source DMA Transfer Request Signal Source Destination Mode
1000 111000 11  Multi-function TGIOA Any Any Cycle
timer pulse unit  (input capture or compare match) steal or
2 burst
Channel 0
111001 11 Multi-function TGHA Any Any
timer pulse unit  (input capture or compare match)
2
Channel 1
111010 11  Multi-function TGI2A Any Any
timer pulse unit  (input capture or compare match)
2
Channel 2
111011 11 Multi-function TGI3A Any Any
timer pulse unit  (input capture or compare match)
2
Channel 3
111100 11  Multi-function TGI4A Any Any
timer pulse unit  (input capture or compare match)
2
Channel 4
111110 11 Compare match CMIO (compare match) Any Any
timer
Channel 0
111111 11 Compare match CMI1 (compare match) Any Any
timer
Channel 1
101000 01 Renesas quad SPTI (transmit buffer empty) Any SPDR Cycle
10 Seralperipheral “gpp, o ceive buffer full) SPDR Any steal
interface
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10.4.3  Channel Priority

When this module receives simultaneous transfer requests on two or more channels, it selects a
channel according to a predetermined priority order. Two modes (fixed mode 1 and fixed mode 2)
are selected.

In these mode, the priority levels among the channels are as follows:

Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 > CH8 > CH9 >
CH10 > CH11> CH12> CH13 > CH14 > CH15
Fixed mode 2: CHO > CH8 > CH1 > CH9 > CH2 > CH10 > CH3 > CH11> CH4 >

CH12 > CHS > CH13 > CH6> CH14 > CH7 > CH15
These are selected by the PR1 and PRO bits in the DMA operation register (DMAOR).

10.4.4 DMA Transfer Types

DMA transfer has two types; single address mode transfer and dual address mode transfer. They
depend on the number of bus cycles of access to the transfer source and destination. A data
transfer timing depends on the bus mode, which is the cycle steal mode or burst mode. This
module supports the transfers shown in table 10.8.

Table 10.8 Supported DMA Transfers

Transfer Destination

External Memory- On-Chip

Device with External Mapped Peripheral On-Chip
Transfer Source DACK Memory External Device Module Memory
External device Not available Dual, single Dual, single Dual Dual
with DACK
External memory Dual, single Dual Dual Dual Dual
Memory-mapped Dual, single Dual Dual Dual Dual
external device
On-chip Dual Dual Dual Dual Dual
peripheral
module
On-chip memory Dual Dual Dual Dual Dual

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. 16-byte transfer is available only for on-chip peripheral modules that support longword
access.
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(1) Address Modes

(a) Dual Address Mode

In dual address mode, both the transfer source and destination are accessed (selected) by an
address. The transfer source and destination can be located externally or internally.

DMA transfer requires two bus cycles because data is read from the transfer source in a data read
cycle and written to the transfer destination in a data write cycle. At this time, transfer data is
temporarily stored in this module. In the transfer between external memories as shown in figure
10.3, data is read to this module from one external memory in a data read cycle, and then that data
is written to the other external memory in a data write cycle.

H AN N

[

P8 g "

v S B 2 Transfer source
15 | £ £ module

1 O = ' S ©

' Eg ' o a

52 H I

B ‘g Data H Transfer destination
0o buffer U A module

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the direct memory access controller.

First bus cycle

H HEP= N AN

E § SAR E Memory
s |3

e DAR e ) a

12 ] ﬁ Transfer source
PE : g = module
{ED |2 °

15D N L
1 8= Data ' — Transfer destination
= Q buffer |+ 1 ™ > module

: 0o NS N

The DAR value is an address and the value stored in the data buffer in the
direct memory access controller is written to the transfer destination module.

Second bus cycle

Figure 10.3 Data Flow of Dual Address Mode
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Auto request, external request, and on-chip peripheral module request are available for the transfer
request. DACK can be output in read cycle or write cycle in dual address mode. The AM bit in the
channel control register (CHCR) can specify whether the DACK is output in read cycle or write

cycle.

Figure 10.4 shows an example of DMA transfer timing in dual address mode.

CKIO |

L]

DACKn \ /
(Active-low)

/T

Data write cycle

A25 to AO ;>< Tran:(fﬁf es;)surce ;>< ;)(Transfg(lz| g%sstisnation;><
D15 to DO ( \ /:_>_
T
WEn é ; ;

i Datareadcycle
E (1st cycle) E

(2nd cycle)

Note: In transfer between external memories, with DACK output in the read cycle,
DACK output timing is the same as that of CSn.

Figure 10.4 Example of DMA Transfer Timing in Dual Mode
(Transfer Source: Normal Memory, Transfer Destination: Normal Memory)
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(b) Single Address Mode

In single address mode, both the transfer source and destination are external devices, either of
them is accessed (selected) by the DACK signal, and the other device is accessed by an address. In
this mode, this module performs one DMA transfer in one bus cycle, accessing one of the external
devices by outputting the DACK transfer request acknowledge signal to it, and at the same time
outputting an address to the other device involved in the transfer. For example, in the case of
transfer between external memory and an external device with DACK shown in figure 10.5, when
the external device outputs data to the data bus, that data is written to the external memory in the
same bus cycle.

External address bus External data bus

(1
This LSI =
Direct memory R External
access controller ' memory
V7 I S
A
E External device
-R=--»]  with DACK
~ r——
DACK *
DREQ

---------- » Data flow (from memory to device)

----- » Data flow (from device to memory)

Figure 10.5 Data Flow in Single Address Mode

Two kinds of transfer are possible in single address mode: (1) transfer between an external device
with DACK and a memory-mapped external device, and (2) transfer between an external device
with DACK and external memory. In both cases, only the external request signal (DREQ) is used
for transfer requests.
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Figure 10.6 shows an example of DMA transfer timing in single address mode.

CK

A25 to A0
Csn
WEn

D15 to DO
DACKn

CK

A25 to A0

CSn

RD
D15 to DO
DACKn

—

[

[

.

—

~<—— Address output to external memory space
<«—— Select signal to external memory space

<—— Write strobe signal to external memory space

.

-

[

Data output from external device with DACK

<«—— DACK signal (active-low) to external device with DACK

(a) External device with DACK — External memory space (normal memory)

<—— Address output to external memory space
<«—— Select signal to external memory space

<~—— Read strobe signal to external memory space

Data output from external memory space

<—— DACK signal (active-low) to external device with DACK

(b) External memory space (normal memory) — External device with DACK

Figure 10.6 Example of DMA Transfer Timing in Single Address Mode

(2) Bus Modes

There are two bus modes; cycle steal and burst. Select the mode by the TB bits in the channel
control registers (CHCR).

(a) Cycle Steal Mode

e Normal mode

In normal mode of cycle steal, the bus mastership is given to another bus master after a one-
transfer-unit (byte, word, longword, or 16-byte unit) DMA transfer. When another transfer
request occurs, the bus mastership is obtained from another bus master and a transfer is
performed for one transfer unit. When that transfer ends, the bus mastership is passed to
another bus master. This is repeated until the transfer end conditions are satisfied.

The cycle-steal normal mode can be used for any transfer section; transfer request source,
transfer source, and transfer destination.
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Figure 10.7 shows an example of DMA transfer timing in cycle-steal normal mode. Transfer
conditions shown in the figure are;

— Dual address mode
— DREQ low level detection

DREQ ~ \ /

Bus mastership returned to CPU once

f—/\ﬁ
Bus cycle XCPU X cPUX cPu XDMA XDma X cpu X bmMaX bMa X cPu X

Read/Write Read/Write

Figure 10.7 DMA Transfer Example in Cycle-Steal Normal Mode
(Dual Address, DREQ Low Level Detection)

e Intermittent Mode 16 and Intermittent Mode 64
In intermittent mode of cycle steal, this module returns the bus mastership to other bus master
whenever a unit of transfer (byte, word, longword, or 16 bytes) is completed. If the next
transfer request occurs after that, this module obtains the bus mastership from other bus master
after waiting for 16 or 64 cycles of B¢ clock. This module then transfers data of one unit and
returns the bus mastership to other bus master. These operations are repeated until the transfer
end condition is satisfied. It is thus possible to make lower the ratio of bus occupation by
DMA transfer than the normal mode of cycle steal.
When this module obtains again the bus mastership, DMA transfer may be postponed in case
of entry updating due to cache miss.
The cycle-steal intermittent mode can be used for any transfer section; transfer request source,
transfer source, and transfer destination. The bus modes, however, must be cycle steal mode in
all channels.
Figure 10.8 shows an example of DMA transfer timing in cycle-steal intermittent mode.
Transfer conditions shown in the figure are;

— Dual address mode
— DREQ low level detection
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pREQ | // /

More than 16 or 64 Bo clock cycles
(depending on the state of bus used by bus master such as CPU)

Bus cycle:X cpu X cpu X cpu Xoma X oma X cpu cpu X DMA X DMA X cPU X:

Read/Write Read/Write

Figure 10.8 Example of DMA Transfer in Cycle-Steal Intermittent Mode
(Dual Address, DREQ Low Level Detection)

(b) Burst Mode

In burst mode, once this module obtains the bus mastership, it does not release the bus mastership
and continues to perform transfer until the transfer end condition is satisfied. In external request
mode with low-level detection of the DREQ pin, however, when the DREQ pin is driven high, the
bus mastership is passed to another bus master after the DMA transfer request that has already
been accepted ends, even if the transfer end conditions have not been satisfied.

Figure 10.9 shows DMA transfer timing in burst mode.

DREQ \ /
Bus cycle :><CPU X cPU X CPU X DMA X DMA X DMA X DMA X CPU X CPU )(:

Read Write Read Write

Figure 10.9 DMA Transfer Example in Burst Mode
(Dual Address, DREQ Low Level Detection)
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(3) Relationship between Request Modes and Bus Modes by DMA Transfer Category

Table 10.9 shows the relationship between request modes and bus modes by DMA transfer

category.

Table 10.9 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Address Request Bus Transfer Usable
Mode Transfer Category Mode Mode Size (Bits) Channels
Dual External device with DACK and external External B/C  8/16/32/128 0
memory
External device with DACK and memory- External B/C  8/16/32/128 0
mapped external device
External device with DACK and on-chip  External B/C  8/16/32/128** 0
peripheral module
External device with DACK and on-chip  External B/C  8/16/32/128** 0
memory
External memory and external memory  All** B/C 8/16/32/128 O0to 15*°
External memory and memory-mapped  All** B/C 8/16/32/128 O0to 15*°
external device
Memory-mapped external device and All#* B/C 8/16/32/128 O0to 15%°
memory-mapped external device
External memory and on-chip peripheral ~ All*' B/C** 8/16/32/128+* 0 to 15+°
module
Memory-mapped external device and All* B/C** 8/16/32/128+ 0 to 15*°
on-chip peripheral module
On-chip peripheral module and on-chip ~ All*' B/C*® 8/16/32/128** 0 to 15*°
peripheral module
On-chip memory and on-chip memory  All** B/C 8/16/32/128 O0to 15*°
On-chip memory and memory-mapped  All** B/C 8/16/32/128 O0to 15%°
external device
On-chip memory and on-chip peripheral  All*' B/C*® 8/16/32/128+* 0to 15*°
module
On-chip memory and external memory  All** B/C 8/16/32/128 O0to 15*°
Single External device with DACK and external External B/C  8/16/32/128 0
memory
External device with DACK and memory- External B/C  8/16/32/128 0
mapped external device
[Legend]
B: Burst
C: Cycle steal
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Notes: 1. External requests, auto requests, and on-chip peripheral module requests are all
available. However, in the case of internal module request, along with the exception of
the multi-function timer pulse unit 2 and the compare match timer as the transfer
request source, the requesting module must be designated as the transfer source or the
transfer destination.

2. Access size permitted for the on-chip peripheral module register functioning as the
transfer source or transfer destination.

3. If the transfer request is an external request, channel 0 is only available.

4. External requests, auto requests, and on-chip peripheral module requests are all
available. In the case of on-chip peripheral module requests, however, the compare
match timer and the multi-function timer pulse unit 2 are only available.

5. In the case of on-chip peripheral module request, only cycle steal except for the
CD-ROM decoder, the multi-function timer pulse unit 2, and the compare match timer
as the transfer request source.

(4) Bus Mode and Channel Priority

In priority fixed mode (CHO > CHI), when channel 1 is transferring data in burst mode and a
request arrives for transfer on channel 0, which has higher-priority, the data transfer on channel 0
will begin immediately. In this case, if the transfer on channel 0 is also in burst mode, the transfer
on channel 1 will only resume on completion of the transfer on channel 0.

When channel 0 is in cycle steal mode, one transfer-unit of data on this channel, which has the
higher priority, is transferred. Data is then transferred continuously to channel 1 without releasing
the bus. The bus mastership will then switch between the two in this order: channel 0, channel 1,
channel 0, channel 1, etc. That is, the CPU cycle after the data transfer in cycle steal mode is
replaced with a burst-mode transfer cycle (priority execution of burst-mode cycle). An example of
this is shown in figure 10.10.

When multiple channels are in burst mode, data transfer on the channel that has the highest
priority is given precedence. When DMA transfer is being performed on multiple channels, the
bus mastership is not released to another bus-master device until all of the competing burst-mode
transfers have been completed.
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X cPu  XDMA CH1 YXDMA CH1 XDMA CHo XXDMA CH1 YCDMA CHo XXDMA CH1 XDMA CH1 X CPU X

CHO | CH1 | CHO
CPU Direct memory Direct memory access controller Direct memory CPU
access controller CHO and CH1 access controller
CH1 Burst mode Cycle steal mode CH1 Burst mode

Priority: CHO > CH1
CHO: Cycle steal mode
CH1: Burst mode

Figure 10.10 Bus State when Multiple Channels are Operating
10.4.5 Number of Bus Cycles and DREQ Pin Sampling Timing

(1) Number of Bus Cycles

When this module is the bus master, the number of bus cycles is controlled by the bus state
controller in the same way as when the CPU is the bus master. For details, see section 9, Bus State
Controller.

(2) DREQ Pin Sampling Timing

Figures 10.11 to 10.14 show the DREQ input sampling timings in each bus mode.

Bus cycle X_cru X" cru X DVA X_cru_ X

. 1st acceptance

DREQ AR
(Rising) \ \\ on sensitive period\

DACK | |
(Active-high) !

" Acceptance start

2nd acceptance

Figure 10.11 Example of DREQ Input Detection in Cycle Steal Mode Edge Detection
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Bus cycle cPu X CPU DMA X CPU
DREQ st acceptance 1 2nd acceptance
@ ™ . ¥ \
Ouerunoat _[TRNN\\ensenstiveperca) T AN
DACK | l
(Active-high) I~ Acceptance
start

CKIO Il.ll_.ll_.ll_.ll_-ll—-ll—-ll—

Bus cycle CPU X CPU X DMA X CPU X
DREQ gistamooptance 2nd acoeplance
Overnn 12t T\ Mensensiveperd [V MMM
DACK |

(Active-high) — thﬁfptance

Figure 10.12 Example of DREQ Input Detection in Cycle Steal Mode Level Detection

CKIO

Bus cycle X _cpu_ X _cpu_ X DMA DMA
DREQ Burst acceptance

(Rising) \ \Non sensitive period \
DACK | I_/Ll

(Active-high)

Figure 10.13 Example of DREQ Input Detection in Burst Mode Edge Detection
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CKIO

X _cpu X _cpu X DMA

DREQ 1 1st acceptance

(Overrun 0 at ; o )
high level) N Non sensitive period\

DACK
(Active-high)

Bus cycle

CKIO

Bus cycle X _cpu_ X _cpu_ X DMA DMA

1 3rd
acceptance

P

DREQ . 1st acceptance ,L 2nd acceptance

(Overrun 1 at I ' Non sensitive period \i
high |eve|) ! k \\\\\\\\\\\\\\\\\\\P\\\\\\\\k \ k

DACK |
(Active-high) .

— Acceptance — Acceptance
start start

Figure 10.14 Example of DREQ Input Detection in Burst Mode Level Detection

Figure 10.15 shows the TEND output timing.

TSN I I I Iy I Iy

End of DMA transfer
Buscyde X_DMA_X__cpu_X_boma_X_cpru X__cru X

DREQ

DACK I | I |
TEND | |

Figure 10.15 Example of DMA Transfer End Signal Timing
(Cycle Steal Mode Level Detection)

The unit of the DMA transfer is divided into multiple bus cycles when 16-byte transfer is
performed for an 8-bit or16-bit external device or when word transfer is performed for an 8-bit
external device. When a setting is made so that the DMA transfer size is divided into multiple bus
cycles and the CS signal is negated between bus cycles, note that DACK and TEND are divided
like the CS signal for data alignment as shown in figure 10.16. Figures 10.11 to 10.15 show the
cases where DACK and TEND are not divided in the DMA transfer.
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CKIO

Address

D
Data

En
DACKn
(Active low)

TEND
(Active low)
WAIT

Note: TEND is asserted for the last unit of DMA transfer. If a transfer unit

is divided into multiple bus cycles and the CS is negated between

the bus cycles, TEND is also divided.

Figure 10.16 Bus State Controller Normal Memory Access

(No Wait, Idle Cycle 1, Longword Access to 16-Bit Device)
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10.5 Usage Notes

10.5.1 Timing of DACK and TEND Outputs

When the external memory is the MPX-1/O, the DACK output is asserted with the timing of the
data cycle. For details, see section 9.5.5, MPX-I/O Interface in section 9, Bus State Controller.

When the memory is other than the MPX-1/O, the DACK output is asserted with the same timing
as the corresponding CS signal.

The TEND output does not depend on the type of memory and is always asserted with the same
timing as the corresponding CS signal.
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Section 11 Multi-Function Timer Pulse Unit 2

This LSI has an on-chip multi-function timer pulse unit 2 that comprises five 16-bit timer
channels.

11.1 Features

e Maximum 16 pulse input/output lines

e Selection of eight counter input clocks for each channel

e The following operations can be set:

— Waveform output at compare match

— Input capture function

— Counter clear operation

— Multiple timer counters (TCNT) can be written to simultaneously

— Simultaneous clearing by compare match and input capture is possible

— Register simultaneous input/output is possible by synchronous counter operation

— A maximum 12-phase PWM output is possible in combination with synchronous operation

e Buffer operation settable for channels 0, 3, and 4

¢ Phase counting mode settable independently for each of channels 1 and 2

e (Cascade connection operation

e Fast access via internal 16-bit bus

e 25 interrupt sources

e Automatic transfer of register data

e A/D converter start trigger can be generated

e Module standby mode can be settable

e A total of six-phase waveform output, which includes complementary PWM output, and
positive and negative phases of reset PWM output by interlocking operation of channels 3 and
4, is possible.

e AC synchronous motor (brushless DC motor) drive mode using complementary PWM output
and reset PWM output is settable by interlocking operation of channels 0, 3, and 4, and the
selection of two types of waveform outputs (chopping and level) is possible.

¢ In complementary PWM mode, interrupts at the crest and trough of the counter value and A/D
converter start triggers can be skipped.
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Table 11.1 Functions of Multi-Function Timer Pulse Unit 2

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4

Count clock Po/1 Po/1 Po/1 P¢/1 P¢/1
P¢/4 Po/4 P¢/4 P¢/4 P¢/4
Py/16 Py/16 Py/16 Py/16 Py/16
P¢/64 P¢/64 P¢/64 P¢/64 P¢/64
TCLKA P¢/256 P¢/1024 P¢/256 P¢/256
TCLKB TCLKA TCLKA P¢/1024 P¢/1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB

General registers TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4
TGRE_O

General registers/ TGRC_0 — — TGRC_3 TGRC_4

buffer registers TGRD_0 TGRD_3 TGRD_4
TGRF_0

1/0 pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B
TIOCOC TIOC3C TIOC4C
TIOCOD TIOC3D TIOC4D

Counter clear

TGR compare

TGR compare

TGR compare

TGR compare

TGR compare

function match or input  match orinput  match orinput  match orinput  match or input
capture capture capture capture capture
Compare Ooutput < < \/ \ \
match 4 output N N N N
output
Toggle < \ \ \ \
output
Input capture v S N S \/
function
Synchronous v < \/ \ \
operation
PWM mode 1 J J
PWM mode 2 — —
Complementary — — — \ S
PWM mode
Reset PWM mode — — —
AC synchronous v — —

motor drive mode
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Phase counting  — ~ N . o

mode

Buffer operation — — N N

Activation of direct

memory access

TGR compare
match or input

TGR compare
match or input

TGR compare
match or input

TGR compare
match or input

TGR compare
match or input

controller capture capture capture capture capture and
TCNT overflow
or underflow
A/D converter TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4

start trigger compare match compare match compare match compare match compare match
or input capture or input capture orinput capture or input capture or input capture
TGRE_O TCNT_4
compare match underflow
(trough) in
complementary
PWM mode
Interrupt sources 7 sources 4 sources 4 sources 5 sources 5 sources
e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or

input capture
0A

e Compare
match or
input capture
0B

e Compare
match or
input capture
oC

e Compare
match or
input capture
oD

input capture
1A

e Compare
match or
input capture
1B

e Overflow

e Underflow

input capture
2A

Compare
match or
input capture
2B

Overflow

Underflow

input capture
3A

e Compare
match or
input capture
3B

e Compare
match or
input capture
3C

e Compare
match or
input capture
3D

input capture
4A

e Compare
match or
input capture
4B

e Compare
match or
input capture
4C

e Compare
match or
input capture
4D

e Compare e Overflow e  Overflow or
match OE underflow
e Compare
match OF
e Overflow
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
A/D converter start — — — — e A/D converter start
request delaying request at a match
function between TADCORA_4
and TCNT_4
e A/D converter start
request at a match
between TADCORB_4
and TCNT_4
Interrupt skipping — — — e Skips e Skips TCIV_4 interrupts
function TGRA_3
compare
match
interrupts
[Legend]
\- Available

— Not available
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Figure 11.1 shows a block diagram.
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[Legend]
TSTR: Timer start register TCDR: Timer cycle data register
TSYR: Timer synchronous register TCBR: Timer cycle buffer register
TCR:  Timer control register Timer dead time data register
TMDR: Timer mode register Timer general register A
TIOR: Timer I/O control register Timer general register B
TIORH: Timer I/O control register H Timer general register C
TIORL: Timer I/O control register L Timer general register D
TIER:  Timer interrupt enable register Timer general register E
TGCR: Timer gate control register TGRF: Timer general register F
TOER: Timer output master enable register
TOCR: Timer output control register
TSR:  Timer status register
TCNT: Timer counter
TCNTS: Timer subcounter
Figure 11.1 Block Diagram
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11.2  Input/Output Pins

Table 11.2 shows the pin configuration.

Table 11.2 Pin Configuration

Channel Pin Name I/O

Function

Common TCLKA Input  External clock A input pin
(Channel 1 phase counting mode A phase input)
TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC  Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD  Input External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCOA 1/O TGRA_O0 input capture input/output compare output/PWM output pin
TIOCOB 1/O TGRB_O0 input capture input/output compare output/PWM output pin
TIOCOC 1/0 TGRC_0 input capture input/output compare output/PWM output pin
TIOCOD 1/O TGRD_0 input capture input/output compare output/PWM output pin
1 TIOC1A 1/O TGRA_1 input capture input/output compare output/PWM output pin
TIOC1B I/O TGRB_1 input capture input/output compare output/PWM output pin
2 TIOC2A 1/0 TGRA_2 input capture input/output compare output/PWM output pin
TIOC2B 1/0 TGRB_2 input capture input/output compare output/PWM output pin
3 TIOC3A 1/O TGRA_3 input capture input/output compare output/PWM output pin
TIOC3B 1/0 TGRB_3 input capture input/output compare output/PWM output pin
TIOC3C /0 TGRC_3 input capture input/output compare output/PWM output pin
TIOC3D 1/0 TGRD_3 input capture input/output compare output/PWM output pin
4 TIOC4A 1/O TGRA_4 input capture input/output compare output/PWM output pin
TIOC4B 1/O TGRB_4 input capture input/output compare output/PWM output pin
TIOC4C 1/0 TGRC_4 input capture input/output compare output/PWM output pin
TIOC4D 1/O TGRD_4 input capture input/output compare output/PWM output pin

Note: For the pin configuration in complementary PWM mode, see table 11.54 in section 11.4.8,
Complementary PWM Mode.
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11.3  Register Descriptions

Table 11.3 shows the register configuration. To distinguish registers in each channel, an
underscore and the channel number are added as a suffix to the register name; TCR for channel 0

is expressed as TCR_0.

Table 11.3 Register Configuration

Initial Access
Channel Register Name Abbreviation R/W value  Address Size
0 Timer control register_0 TCR_O R/W  H'00 H'FFFE4300 8
Timer mode register_0 TMDR_O0 R/W  H'00 H'FFFE4301 8
Timer I/O control register H_0 TIORH_O R/W  H'00 H'FFFE4302 8
Timer I/O control register L_ 0 TIORL_O R/W  H'00 H'FFFE4303 8
Timer interrupt enable TIER_O R/W  H'00 H'FFFE4304 8
register_0
Timer status register_0 TSR_O0 R/W H'CO H'FFFE4305 8
Timer counter_0 TCNT_O R/W H'0000 HFFFE4306 16
Timer general register A_0 TGRA_O R/W H'FFFF HFFFE4308 16
Timer general register B_0 TGRB_0 R/W H'FFFF HFFFE430A 16
Timer general register C_0 TGRC_0 RW HFFFF HFFFE430C 16
Timer general register D_0 TGRD_0 R/W H'FFFF HFFFE430E 16
Timer general register E_0 TGRE_O R/W HFFFF HFFFE4320 16
Timer general register F_0 TGRF_0 RW HFFFF HFFFE4322 16
Timer interrupt enable register TIER2_0 R/W  H'00 H'FFFE4324 8
20
Timer status register 2_0 TSR2_0 R/W H'CO H'FFFE4325
Timer buffer operation transfer TBTM_0 R/W H'00 H'FFFE4326 8
mode register_0
1 Timer control register_1 TCR_1 R/W  H'00 H'FFFE4380 8
Timer mode register_1 TMDR_1 R/W  H'00 H'FFFE4381 8
Timer I/O control register_1 TIOR_1 R/W H'00 H'FFFE4382 8
Timer interrupt enable TIER_1 R/W H'00 H'FFFE4384 8
register_1
Timer status register_1 TSR_1 R/W H'CO H'FFFE4385 8
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Initial Access

Channel Register Name Abbreviation R/W value  Address Size

1 Timer counter_1 TCNT_1 R/W H'0000 HFFFE4386 16
Timer general register A_1 TGRA_1 R/W HFFFF HFFFE4388 16
Timer general register B_1 TGRB_1 R/W H'FFFF HFFFE438A 16
Timer input capture control TICCR R/W H'00 H'FFFE4390 8
register

2 Timer control register_2 TCR_2 R/W  H'00 H'FFFE4000 8
Timer mode register_2 TMDR_2 R/W  H'00 H'FFFE4001 8
Timer I/O control register_2 TIOR_2 R/W H'00 H'FFFE4002 8
Timer interrupt enable TIER_2 R/W H'00 H'FFFE4004 8
register_2
Timer status register_2 TSR_2 R/W H'CO H'FFFE4005 8
Timer counter_2 TCNT_2 R/W H'0000 HFFFE4006 16
Timer general register A_2 TGRA_2 R/W HFFFF HFFFE4008 16
Timer general register B_2 TGRB_2 R/W H'FFFF HFFFE400A 16

3 Timer control register_3 TCR_3 R/W H'00 H'FFFE4200 8
Timer mode register_3 TMDR_3 R/W  H'00 H'FFFE4202 8
Timer I/O control register H_3 TIORH_3 R/W H'00 H'FFFE4204 8
Timer I/O control register L_3 TIORL_3 R/W  H'00 H'FFFE4205 8
Timer interrupt enable TIER_3 R/W  H'00 H'FFFE4208 8
register_3
Timer status register_3 TSR_3 R/W H'CO H'FFFE422C 8
Timer counter_3 TCNT_3 R/W H'0000 H'FFFE4210 16
Timer general register A_3 TGRA_S R/W H'FFFF HFFFE4218 16
Timer general register B_3 TGRB_3 R/W H'FFFF HFFFE421A 16
Timer general register C_3 TGRC_3 R/W HFFFF HFFFE4224 16
Timer general register D_3 TGRD_3 R/W HFFFF H'FFFE4226 16
Timer buffer operation transfer TBTM_3 R/W H'00 H'FFFE4238 8
mode register_3

4 Timer control register_4 TCR_4 R/W H'00 H'FFFE4201 8
Timer mode register_4 TMDR_4 R/W H'00 H'FFFE4203 8
Timer I/O control register H_4 TIORH_4 R/W H'00 H'FFFE4206 8
Timer I/O control register L_4 TIORL_4 R/W H'00 H'FFFE4207 8
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Initial Access
Channel Register Name Abbreviation ~R/W value Address Size
4 Timer interrupt enable TIER_4 R/W H'00 H'FFFE4209 8
register_4
Timer status register_4 TSR_4 R/W H'CO H'FFFE422D 8
Timer counter_4 TCNT_4 R/W H'0000 H'FFFE4212 16
Timer general register A_4 TGRA_4 R/W HFFFF H'FFFE421C 16
Timer general register B_4 TGRB_4 R/W H'FFFF H'FFFE421E 16
Timer general register C_4 TGRC_4 R/W HFFFF H'FFFE4228 16
Timer general register D_4 TGRD_4 R/W H'FFFF H'FFFE422A 16
Timer buffer operation transfer TBTM_4 R/W H'00 H'FFFE4239 8
mode register_4
Timer A/D converter start TADCR R/W H'0000 H'FFFE4240 16
request control register
Timer A/D converter start TADCORA_4 R/W H'FFFF HFFFE4244 16
request cycle set register A_4
Timer A/D converter start TADCORB_4 R/W H'FFFF H'FFFE4246 16
request cycle set register B_4
Timer A/D converter start TADCOBRA_4 R/W H'FFFF HFFFE4248 16
request cycle set buffer
register A_4
Timer A/D converter start TADCOBRB_4 R/W H'FFFF HFFFE424A 16
request cycle set buffer
register B_4
Common Timer start register TSTR R/W  H00 H'FFFE4280 8
Timer synchronous register TSYR R/W H'00 H'FFFE4281 8
Timer read/write enable TRWER R/W H'01 H'FFFE4284 8
register
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Initial Access
Channel Register Name Abbreviation R/W value  Address Size
Common Timer output master enable TOER R/W H'CO H'FFFE420A 8
to3 and register
4
Timer output control register 1  TOCR1 R/W H'00 H'FFFE420E 8
Timer output control register 2 TOCR2 R/W  H'00 H'FFFE420F 8
Timer gate control register TGCR R/W  H80 H'FFFE420D 8
Timer cycle data register TCDR RW HFFFF HFFFE4214 16
Timer dead time data register TDDR R/W H'FFFF HFFFE4216 16
Timer subcounter TCNTS R H'0000 H'FFFE4220 16
Timer cycle buffer register TCBR R/W H'FFFF HFFFE4222 16
Timer interrupt skipping set TITCR R/W  H'00 H'FFFE4230 8
register
Timer interrupt skipping TITCNT R H'00 H'FFFE4231 8
counter
Timer buffer transfer set TBTER R/W H'00 H'FFFE4232 8
register
Timer dead time enable TDER R/W H'01 H'FFFE4234 8
register
Timer waveform control TWCR R/W H'00 H'FFFE4260 8
register
Timer output level buffer TOLBR R/W H'00 H'FFFE4236 8

register
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11.3.1  Timer Control Register (TCR)

The TCR registers are 8-bit readable/writable registers that control the TCNT operation for each
channel. This module has a total of five TCR registers, one each for channels 0 to 4. TCR register
settings should be conducted only when TCNT operation is stopped.

Bit: 7 6 5 4 3 2 1 0
| CCLR[2:0] | CKEG[1:0] | TPSC[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7to5 CCLR[2:0] 000 R/W Counter Clear 0 to 2

These bits select the TCNT counter clearing source.
See tables 11.4 and 11.5 for details.

4,3 CKEGJ[1:0] 00 R/W Clock Edge 0 and 1

These bits select the input clock edge. When the input
clock is counted using both edges, the input clock
period is halved (e.g. P¢/4 both edges = P¢/2 rising
edge). If phase counting mode is used on channels 1
and 2, this setting is ignored and the phase counting
mode setting has priority. Internal clock edge selection
is valid when the input clock is P¢/4 or slower. When
P¢/1, or the overflow/underflow of another channel is
selected for the input clock, although values can be
written, counter operation compiles with the initial value.

00: Count at rising edge

01: Count at falling edge

1x: Count at both edges
2to0 TPSC[2:0] 000 R/W Time Prescaler 0 to 2

These bits select the TCNT counter clock. The clock
source can be selected independently for each channel.
See tables 11.6 to 11.9 for details.

[Legend]
X: Don't care

RO1UH0412EJ0300 Rev.3.00
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Table 11.4 CCLRO to CCLR2 (Channels 0, 3, and 4)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,34 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*'
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture**
1 0 TCNT cleared by TGRD compare match/input
capture*”
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*’

Notes: 1. Synchronous operation is set by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table 11.5 CCLRO to CCLR2 (Channels 1 and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved*® CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.

RO1UH0412EJ0300 Rev.3.00
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Table 11.6 TPSCO to TPSC2 (Channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table 11.7 TPSCO to TPSC2 (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on P$/256

1 Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

RO1UH0412EJ0300 Rev.3.00
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Table 11.8 TPSCO to TPSC2 (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on P¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table 11.9 TPSCO to TPSC2 (Channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 Internal clock: counts on P¢/256
1 Internal clock: counts on P¢/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
Page 424 of 2104 RO1UHO0412EJ0300 Rev.3.00
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11.3.2  Timer Mode Register (TMDR)

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode of
each channel. This module has five TMDR registers, one each for channels 0 to 4. TMDR register
settings should be changed only when TCNT operation is stopped.

Bt 7 6 5 4 3 2 1 0
| - | BFE | BFB | BFA | MD[3:0]

Initial value: 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 BFE 0 R/W Buffer Operation E

Specifies whether TGRE_0 and TGRF_0 are to operate
in the normal way or to be used together for buffer
operation.

TGRF compare match is generated when TGRF is
used as the buffer register.

In channels 1 to 4, this bit is reserved. It is always read
as 0 and the write value should always be 0.

0: TGRE_0 and TGRF_0 operate normally

1: TGRE_O and TGRF_0 used together for buffer
operation

RO1UH0412EJ0300 Rev.3.00
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SH7266 Group, SH7267 Group

Bit Bit Name

Initial
Value

R/W

Description

5 BFB

0

R/W

Buffer Operation B

Specifies whether TGRB is to operate in the normal
way, or TGRB and TGRD are to be used together for
buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not
generated in a mode other than complementary PWM.
In channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.

0: TGRB and TGRD operate normally
1: TGRB and TGRD used together for buffer operation

4 BFA

R/W

Buffer Operation A

Specifies whether TGRA is to operate in the normal
way, or TGRA and TGRC are to be used together for
buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not
generated in a mode other than complementary PWM.
TGRC compare match is generated when in
complementary PWM mode. When compare match for
channel 4 occurs during the Tb period in
complementary PWM mode, TGFC is set. Therefore,
set the TGIEC bit in the timer interrupt enable register 4
(TIER_4) to 0.

In channels 1 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.

0: TGRA and TGRC operate normally
1: TGRA and TGRC used together for buffer operation

3t00 MD[3:0]

0000

R/W

Modes 0 to 3
These bits are used to set the timer operating mode.
See table 11.10 for details.
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Table 11.10 Setting of Operation Mode by Bits MDO to MD3

Bit 3 Bit 2 Bit 1 Bit O
MD3 MD2 MD1 MDO Description

0 0 0

o

Normal operation

Setting prohibited

PWM mode 1

PWM mode 2*'

Phase counting mode 1*2

Phase counting mode 2**

Phase counting mode 3**

Phase counting mode 4%

Reset synchronous PWM mode*®

Setting prohibited

Setting prohibited

Setting prohibited

Complementary PWM mode 1 (transmit at crest)*®

Complementary PWM mode 2 (transmit at trough)*°

-
o
o
—“|o|=|O|X|=|O|=|O|=|O|=|O|=

Complementary PWM mode 2 (transmit at crest and
trough)*®

[Legend]
X: Don't care
Notes: 1. PWM mode 2 cannot be set for channels 3 and 4.
2. Phase counting mode cannot be set for channels 0, 3, and 4.
3. Reset synchronous PWM mode, complementary PWM mode can only be set for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode cannot be set for channels 0, 1, and 2.

RO1UH0412EJ0300 Rev.3.00 Page 427 of 2104

Oct 31, 2016 RENESAS



Section 11 Multi-Function Timer Pulse Unit 2 SH7266 Group, SH7267 Group

11.3.3  Timer I/O Control Register (TIOR)

The TIOR registers are 8-bit readable/writable registers that control the TGR registers. This
module has a total of eight TIOR registers, two each for channels 0, 3, and 4, one each for
channels 1 and 2.

TIOR should be set while TMDR is set in normal operation, PWM mode, or phase counting mode.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register
operates as a buffer register.

e TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIORH_4
Bit: 7 6 5 4 3 2 1 0
| 10B[3:0] | 10A[3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RR'W RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

7t04 I0B[3:0] 0000 R/W 1/0 Control BO to B3
Specify the function of TGRB.
See the following tables.

TIORH_O: Table 11.11
TIOR_1: Table 11.13
TIOR_2: Table 11.14
TIORH_3: Table 11.15
TIORH_4: Table 11.17

3to0 I0OA[3:0] 0000 R/W 1/0 Control AO to A3
Specify the function of TGRA.
See the following tables.

TIORH_O: Table 11.19
TIOR_1: Table 11.21
TIOR_2: Table 11.22
TIORH_3: Table 11.23
TIORH_4: Table 11.25

RO1UH0412EJ0300 Rev.3.00
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e TIORL_O, TIORL_3, TIORL_4

Bit:

Initial value:

RW: R'W RW RW RW RW RW RW RW

7

6

5 4 3 2 1

10D[3:0]

10C[3:0]

0

0

0 0 0 0 0

0

Initial

Bit Bit Name Value R/W Description

7t0o4 10D[3:0] 0000 R/W 1/O Control DO to D3
Specify the function of TGRD.
See the following tables.
TIORL_O: Table 11.12
TIORL_3: Table 11.16
TIORL_4: Table 11.18

3to0 10C[3:0] 0000 R/W 1/0 Control CO to C3

Specify the function of TGRC.
See the following tables.
TIORL_O: Table 11.20
TIORL_3: Table 11.24
TIORL_4: Table 11.26

RO1UH0412EJ0300 Rev.3.00
Oct 31, 2016
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Table 11.11 TIORH_0 (Channel 0)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_0
IOB3 I0B2 [I0B1 I0OBO Function TIOCOB Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
register
1 Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.12 TIORL_0 (Channel 0)

Description

Bit7 Bit6 Bit5 Bit4 TGRD_O
IOD3 I0OD2 |I0OD1 I0ODO Function TIOCOD Pin Function

0 0 0 0 Output Output retained*’
1 comparé = nitial output is 0
register® 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register* Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bit in TMDR_O is set to 1 and TGRD_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.

RO1UH0412EJ0300 Rev.3.00
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Table 11.13 TIOR_1 (Channel 1)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_1
IOB3 I0B2 [I0B1 I0OBO Function TIOC1B Pin Function

0 0 0 0 Output Output retained*

] compare

. Initial output is 0
register

0 output at compare match

1 0 Initial output is 0
1 output at compare match

1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge
register

Input capture at falling edge

0
1

1 X Input capture at both edges
X

Input capture at generation of TGRC_0 compare
match/input capture

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.14 TIOR_2 (Channel 2)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_2
IOB3 I0B2 [I0B1 I0OBO Function TIOC2B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.15 TIORH_3 (Channel 3)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRB_3
IOB3 10B2 I0B1 10BO Function TIOC3B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.16 TIORL_3 (Channel 3)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_3
IOD3 10D2 I0D1 10D0 Function TIOC3D Pin Function

0 0 0 0 Output Output retained*’
1 comparé - nitial output is 0
register® 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bit in TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.

RO1UH0412EJ0300 Rev.3.00
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Table 11.17 TIORH_4 (Channel 4)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRB_4
IOB3 10B2 I0B1 10BO Function TIOC4B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.18 TIORL_4 (Channel 4)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_4
IOD3 10D2 I0D1 10D0 Function TIOC4D Pin Function

0 0 0 0 Output Output retained*’
1 comparé - nitial output is 0
register® 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register:* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bit in TMDR_4 is set to 1 and TGRD_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 11.19 TIORH_0 (Channel 0)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRA_O
IOA3 10A2 I0OAL1 I0A0 Function TIOCOA Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.20 TIORL_0 (Channel 0)

Description

Bit3 Bit2 Bitl Bit0 TGRC_0
IOC3 I10C2 I0C1 I0CO Function TIOCOC Pin Function

0 0 0 0 Output Output retained*’
1 comparé = nitial output is 0
register® 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register:* Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_O is set to 1 and TGRC_0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 11.21 TIOR_1 (Channel 1)

Description

Bit3 Bit2 Bitl Bit0 TGRA_1
IOA3 IOA2 IOA1 IOAO0 Function TIOC1A Pin Function

0 0 0 0 Output Output retained*

] compare

. Initial output is 0
register

0 output at compare match

1 0 Initial output is 0
1 output at compare match

1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge
register

Input capture at falling edge

0
1

1 X Input capture at both edges
X

Input capture at generation of channel 0/TGRA_0O
compare match/input capture

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.22 TIOR_2 (Channel 2)

Description

Bit3 Bit2 Bitl Bit0 TGRA_ 2
IOA3 I0OA2 I0OA1 IOAO0 Function TIOC2A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.23 TIORH_3 (Channel 3)

Description

Bit3 Bit2 Bitl Bit0 TGRA_3
IOA3 IOA2 IOA1 IOAO0 Function TIOC3A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.24 TIORL_3 (Channel 3)

Description

Bit3 Bit2 Bitl Bit0 TGRC_3
IOC3 I10C2 I0C1 I0CO Function TIOC3C Pin Function

0 0 0 0 Output Output retained*’
1 comparé = nitial output is 0
register® 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register:* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS

Page 443 of 2104



Section 11 Multi-Function Timer Pulse Unit 2 SH7266 Group, SH7267 Group

Table 11.25 TIORH_4 (Channel 4)

Description

Bit3 Bit2 Bitl Bit0 TGRA 4
IOA3 IOA2 IOA1 IOAO0 Function TIOC4A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 11.26 TIORL_4 (Channel 4)

Description

Bit3 Bit2 Bitl Bit0 TGRC_ 4
IOC3 I10C2 I0C1 I0CO Function TIOC4C Pin Function

0 0 0 0 Output Output retained*’
1 comparé = nitial output is 0
register® 0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register:* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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11.3.4  Timer Interrupt Enable Register (TIER)

The TIER registers are 8-bit readable/writable registers that control enabling or disabling of
interrupt requests for each channel. This module has six TIER registers, two for channel 0 and one
each for channels 1 to 4.

e TIER_O, TIER_1, TIER_2, TIER_3, TIER_4
Bit: 7 6 5 4 3 2 1 0
| TTGE |TTGE2|TCIEU |TCIEV |TGIED |TGIEC | TGIEB |TGIEA|

Initial value: 0 0 0 0 0 0 0 0
RW: RR'W RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 TTGE 0 R/W A/D Converter Start Request Enable

Enables or disables generation of A/D converter start
requests by TGRA input capture/compare match.

0: A/D converter start request generation disabled
1: A/D converter start request generation enabled
6 TTGE2 0 R/W A/D Converter Start Request Enable 2

Enables or disables generation of A/D converter start
requests by TCNT_4 underflow (trough) in
complementary PWM mode.

In channels 0 to 3, bit 6 is reserved. It is always read as
0 and the write value should always be 0.

0: A/D converter start request generation by TCNT_4
underflow (trough) disabled

1: A/D converter start request generation by TCNT_4
underflow (trough) enabled
5 TCIEU 0 R/W Underflow Interrupt Enable

Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1 and 2.

In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and the write value should always be 0.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled
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Initial
Bit Bit Name Value

R/W

Description

4 TCIEV 0

R/W

Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0

R/W

TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 3 is reserved. It is always read
as 0 and the write value should always be 0.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled

2 TGIEC 0

R/W

TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 2 is reserved. It is always read
as 0 and the write value should always be 0.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1 TGIEB 0

R/W

TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0 TGIEA 0

R/W

TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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e TIER2 O

Bit:

Initial value:

7

5 4 3 2 1 0

|TTGE2| ; |

| ] | R | ; |TGIEF|TGIEE|

0

R/W: R/W

Initial
Bit Bit Name Value

R/W

0 0 0 0 0 0
R R R R RW  R/W

Description

7 TTGE2 0

R/W

A/D Converter Start Request Enable 2

Enables or disables generation of A/D converter start
requests by compare match between TCNT_0 and
TGRE_O.

0: A/D converter start request generation by compare
match between TCNT_0 and TGRE_O disabled

1: A/D converter start request generation by compare
match between TCNT_0 and TGRE_O enabled

6to2 — AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

1 TGIEF 0

R/W

TGR Interrupt Enable F

Enables or disables interrupt requests by compare
match between TCNT_0 and TGRF_0.

0: Interrupt requests (TGIF) by TGFE bit disabled
1: Interrupt requests (TGIF) by TGFE bit enabled

0 TGIEE 0

R/W

TGR Interrupt Enable E

Enables or disables interrupt requests by compare
match between TCNT_0 and TGRE_O.

0: Interrupt requests (TGIE) by TGEE bit disabled
1: Interrupt requests (TGIE) by TGEE bit enabled
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11.3.5 Timer Status Register (TSR)

The TSR registers are 8-bit readable/writable registers that indicate the status of each channel.
This module has six TSR registers, two for channel 0 and one each for channels 1 to 4.

e TSR 0, TSR_1, TSR_2, TSR_3, TSR_4

Bit: 7 6 5 4 3 2 1 0
[rcro | - | Tcru | TRy | Tarp | TaFc | TarB | Tara |
Initial value: 1 1 0 0 0 0 0 0

RW: R R RAW)*TR/W)*TR/(W)* R/(W)*TR/(W)* T R/(W)*1

Note: 1. Writing 0 to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial
Bit Bit Name Value R/W Description
7 TCFD 1 R Count Direction Flag

Status flag that shows the direction in which TCNT
counts in channels 1 to 4.

In channel 0, bit 7 is reserved. It is always read as 1
and the write value should always be 1.

0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved

This bit is always read as 1. The write value should
always be 1.

5 TCFU 0 R/(W)*' Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. Only 0 can be written, for flag clearing.

In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and the write value should always be 0.

[Clearing condition]
e When 0 is written to TCFU after reading TCFU = 1+®
[Setting condition]

¢ When the TCNT value underflows (changes from
H'0000 to H'FFFF)
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Initial
Bit Bit Name Value R/W Description
4 TCFV 0 R/(W)*' Overflow Flag
Status flag that indicates that TCNT overflow has
occurred. Only 0 can be written, for flag clearing.
[Clearing condition]
e When 0 is written to TCFV after reading
TCFV = 1%
[Setting condition]
e When the TCNT value overflows (changes from
H'FFFF to H'0000)
In channel 4, when the TCNT_4 value underflows
(changes from H'0001 to H'0000) in complementary
PWM mode, this flag is also set.
3 TGFD 0 R/(W)*' Input Capture/Output Compare Flag D
Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1
and 2, bit 3 is reserved. It is always read as 0 and the
write value should always be 0.
[Clearing condition]
e When 0 is written to TGFD after reading
TGFD = 1#*
[Setting conditions]
e When TCNT = TGRD and TGRD is functioning as
output compare register
e When TCNT value is transferred to TGRD by input
capture signal and TGRD is functioning as input
capture register
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Initial
Bit Bit Name Value R/W Description
2 TGFC 0 R/(W)*' Input Capture/Output Compare Flag C
Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1
and 2, bit 2 is reserved. It is always read as 0 and the
write value should always be 0.
[Clearing condition]
e When 0 is written to TGFC after reading
TGFC = 1#*
[Setting conditions]
e When TCNT = TGRC and TGRC is functioning as
output compare register
e When TCNT value is transferred to TGRC by input
capture signal and TGRC is functioning as input
capture register
1 TGFB 0 R/(W)*' Input Capture/Output Compare Flag B
Status flag that indicates the occurrence of TGRB input
capture or compare match. Only 0 can be written, for
flag clearing.
[Clearing condition]
e When 0 is written to TGFB after reading
TGFB = 1#*
[Setting conditions]
e When TCNT = TGRB and TGRB is functioning as
output compare register
e When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register
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Initial
Bit Bit Name Value R/W Description
0 TGFA 0 R/(W)*' Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match. Only O can be written, for
flag clearing.

[Clearing conditions]

e When the direct memory access controller is
activated by TGIA interrupt

e When 0 is written to TGFA after reading
TGFA = 1%

[Setting conditions]

e When TCNT = TGRA and TGRA is functioning as
output compare register

o  When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

Notes: 1. Writing O to this bit after reading it as 1 clears the flag.

2. If the next flag is set before TGFA is cleared to 0 after reading TGFA = 1, TGFA
remains 1 even when 0 is written to. In this case, read TGFA = 1 again to clear TGFA to
0.
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e TSR2 0

Initial value:
R/W:

5 4 3 2 1 0

| - | - | - |TGFF|TGFE|

o o o0 0 0 ©
R R R R R/(WH* R(W):

Note: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial
Bit Bit Name Value

R/W

Description

7,6 — All 1

R

Reserved

These bits are always read as 1. The write value
should always be 1.

5to2 — AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

1 TGFF 0

Compare Match Flag F

Status flag that indicates the occurrence of compare
match between TCNT_0 and TGRF_0.

[Clearing condition]

e When 0 is written to TGFF after reading
TGFF = 1**

[Setting condition]

e When TCNT_0=TGRF_0 and TGRF_O is
functioning as compare register

0 TGFE 0

R/(W)*'

Compare Match Flag E

Status flag that indicates the occurrence of compare
match between TCNT_0 and TGRE_O.

[Clearing condition]

e When 0 is written to TGFE after reading
TGFE = 1%

[Setting condition]

e When TCNT_0 = TGRE_O and TGRE_O is
functioning as compare register

Notes: 1. Writing O to this bit after reading it as 1 clears the flag.

2. If the next flag is set before TGFA is cleared to 0 after reading TGFA = 1, TGFA
remains 1 even when 0 is written to. In this case, read TGFA = 1 again to clear TGFA to

0.
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11.3.6  Timer Buffer Operation Transfer Mode Register (TBTM)

The TBTM registers are 8-bit readable/writable registers that specify the timing for transferring
data from the buffer register to the timer general register in PWM mode. This module has three
TBTM registers, one each for channels 0, 3, and 4.

5 4 3 2 1 0

| - | - |TTSE|TTSB|TTSA|

Initial value: 0 0 0 0 0 0
RW: R R R R RW RW RW
Initial

Bit Bit Name Value R/W Description

7t03 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

2 TTSE 0 R/W Timing Select E
Specifies the timing for transferring data from TGRF_0
to TGRE_O when they are used together for buffer
operation.
In channels 3 and 4, bit 2 is reserved. It is always read
as 0 and the write value should always be 0.
0: When compare match E occurs in channel O
1: When TCNT_O is cleared

1 TTSB 0 R/W Timing Select B
Specifies the timing for transferring data from TGRD to
TGRB in each channel when they are used together for
buffer operation.
0: When compare match B occurs in each channel
1: When TCNT is cleared in each channel

0 TTSA 0 R/W Timing Select A

Specifies the timing for transferring data from TGRC to
TGRA in each channel when they are used together for
buffer operation.

0: When compare match A occurs in each channel
1: When TCNT is cleared in each channel
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11.3.7  Timer Input Capture Control Register (TICCR)

TICCR is an 8-bit readable/writable register that specifies input capture conditions when TCNT_1
and TCNT_2 are cascaded. This module has one TICCR in channel 1.

Bit: 7 6 5 4 3 2 1 0

| ; | ; | ; | } | 12BE | 12AE | 11BE | AE |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7t04 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
3 12BE 0 R/W Input Capture Enable

Specifies whether to include the TIOC2B pin in the
TGRB_1 input capture conditions.

0: Does not include the TIOC2B pin in the TGRB_1
input capture conditions
1: Includes the TIOC2B pin in the TGRB_1 input
capture conditions
2 I2AE 0 R/W Input Capture Enable
Specifies whether to include the TIOC2A pin in the
TGRA_1 input capture conditions.
0: Does not include the TIOC2A pin in the TGRA_1
input capture conditions
1: Includes the TIOC2A pin in the TGRA_1 input
capture conditions
1 HBE 0 R/W Input Capture Enable
Specifies whether to include the TIOC1B pin in the
TGRB_2 input capture conditions.
0: Does not include the TIOC1B pin in the TGRB_2
input capture conditions

1: Includes the TIOC1B pin in the TGRB_2 input
capture conditions
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Initial
Bit Bit Name Value R/W Description
0 I1AE 0 R/W Input Capture Enable

Specifies whether to include the TIOC1A pin in the

TGRA_2 input capture conditions.

0: Does not include the TIOC1A pin in the TGRA_2
input capture conditions

1: Includes the TIOC1A pin in the TGRA_2 input
capture conditions
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11.3.8  Timer A/D Converter Start Request Control Register (TADCR)

TADCR is a 16-bit readable/writable register that enables or disables A/D converter start requests
and specifies whether to link A/D converter start requests with interrupt skipping operation. This
module has one TADCR in channel 4.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 {1 0
| BF[1:0] | - | - | - | - | - | - | UT4AE| DT4AE| UT4BE| DT4BE | |TA3AE| |TA4VE| |TB3AE| |TB4VE|
Initialvalue: 0 0 0 0 0O O 0 O O 0 0 0% 0* 0% 0* 0%

R/W: R'W  R/W R R R R R R RW RW RW RW RW RW RW RW

Note: * Do not set to 1 when complementary PWM mode is not selected.

Initial

Bit Bit Name Value R/W Description

15,14 BF[1:0] 00 R/W TADCOBRA_4/TADCOBRB_4 Transfer Timing Select
Select the timing for transferring data from
TADCOBRA_4 and TADCOBRB_4 to TADCORA_4
and TADCORB_4.
For details, see table 11.27.

13to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

7 UT4AE 0 R/W Up-Count TRG4AN Enable

Enables or disables A/D converter start requests
(TRG4AN) during TCNT_4 up-count operation.

0: A/D converter start requests (TRG4AN) disabled
during TCNT_4 up-count operation

1: A/D converter start requests (TRG4AN) enabled
during TCNT_4 up-count operation

6 DT4AE 0* R/W Down-Count TRG4AN Enable

Enables or disables A/D converter start requests

(TRG4AN) during TCNT_4 down-count operation.

0: A/D converter start requests (TRG4AN) disabled
during TCNT_4 down-count operation

1: A/D converter start requests (TRG4AN) enabled
during TCNT_4 down-count operation
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Initial
Bit Bit Name Value R/W Description
5 UT4BE 0 R/W Up-Count TRG4BN Enable

Enables or disables A/D converter start requests
(TRG4BN) during TCNT_4 up-count operation.

0: A/D converter start requests (TRG4BN) disabled
during TCNT_4 up-count operation

1: A/D converter start requests (TRG4BN) enabled
during TCNT_4 up-count operation

4 DT4BE O* R/W Down-Count TRG4BN Enable

Enables or disables A/D converter start requests
(TRG4BN) during TCNT_4 down-count operation.

0: A/D converter start requests (TRG4BN) disabled
during TCNT_4 down-count operation

1: A/D converter start requests (TRG4BN) enabled
during TCNT_4 down-count operation

3 ITASAE 0* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4AN) with TGIA_3 interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping
2 ITA4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4AN) with TCIV_4 interrupt skipping operation.

0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping
1 ITB3AE 0* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4BN) with TGIA_3 interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping
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Bit

Initial

Bit Name Value R/W Description

0

ITB4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4BN) with TCIV_4 interrupt skipping operation.

0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping

Notes: 1.
2.

TADCR must not be accessed in eight bits; it should always be accessed in 16 bits.
When interrupt skipping is disabled (the TSAEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to 0 or the skipping count set bits (3ACOR
and 4VCOR) in TITCR are cleared to 0), do not link A/D converter start requests with
interrupt skipping operation (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in the
timer A/D converter start request control register (TADCR) to 0).

If link with interrupt skipping is enabled while interrupt skipping is disabled, A/D
converter start requests will not be issued.

Do not set to 1 when complementary PWM mode is not selected.

Table 11.27 Setting of Transfer Timing by Bits BF1 and BFO

Bit 7 Bit 6

BF1 BFO Description

0 0 Does not transfer data from the cycle set buffer register to the cycle

set register.

0 1 Transfers data from the cycle set buffer register to the cycle set

register at the crest of the TCNT_4 count.*'

1 0 Transfers data from the cycle set buffer register to the cycle set

register at the trough of the TCNT_4 count.*

1 1 Transfers data from the cycle set buffer register to the cycle set

register at the crest and trough of the TCNT_4 count.**

Notes: 1. Data is transferred from the cycle set buffer register to the cycle set register when the
crest of the TCNT_4 count is reached in complementary PWM mode, when compare
match occurs between TCNT_3 and TGRA_S8 in reset-synchronized PWM mode, or
when compare match occurs between TCNT_4 and TGRA_4 in PWM mode 1 or
normal operation mode.

2. These settings are prohibited when complementary PWM mode is not selected.
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11.3.9 Timer A/D Converter Start Request Cycle Set Registers (TADCORA_4 and
TADCORB_4)

TADCORA_4 and TADCORB_4 are 16-bit readable/writable registers. When the TCNT_4 count
reaches the value in TADCORA_4 or TADCORB_4, a corresponding A/D converter start request
will be issued.

TADCORA_4 and TADCORB_4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCORA_4 and TADCORB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.

11.3.10 Timer A/D Converter Start Request Cycle Set Buffer Registers (TADCOBRA_4
and TADCOBRB_4)

TADCOBRA_4 and TADCOBRB_4 are 16-bit readable/writable registers. When the crest or
trough of the TCNT_4 count is reached, these register values are transferred to TADCORA_4 and
TADCORB_4, respectively.

TADCOBRA_4 and TADCOBRB_4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCOBRA_4 and TADCOBRB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.
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11.3.11 Timer Counter (TCNT)

The TCNT counters are 16-bit readable/writable counters. This module has five TCNT counters,
one each for channels O to 4.

The TCNT counters must not be accessed in eight bits; they should always be accessed in 16 bits.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TCNT counters must not be accessed in eight bits; they should always be accessed in 16 bits.

11.3.12 Timer General Register (TGR)

The TGR registers are 16-bit readable/writable registers. This module has eighteen TGR registers,
six for channel O, two each for channels 1 and 2, four each for channels 3 and 4.

TGRA, TGRB, TGRC, and TGRD function as either output compare or input capture registers.
TGRC and TGRD for channels 0, 3, and 4 can also be designated for operation as buffer registers.
TGR buffer register combinations are TGRA and TGRC, and TGRB and TGRD.

TGRE_0 and TGRF_0 function as compare registers. When the TCNT_0 count matches the
TGRE_0 value, an A/D converter start request can be issued. TGRF can also be designated for
operation as a buffer register. TGR buffer register combination is TGRE and TGRF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TGR registers must not be accessed in eight bits; they should always be accessed in 16 bits.
TGR registers are initialized to H'FFFF.
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11.3.13 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that selects operation/stoppage of TCNT for channels 0

to 4.

When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT

counter.

Bit Bit Name

Initial value:
R/W: RW R/W

Initial
Value

7

5 4 3 2 1 0

[cstalcsta| - | - | - |csta|csti|csmo]

0

R/W

0 0 0 0 0 0
R R R RW RW RW

Description

7 CST4

0

R/W

6 CST3

0

R/W

Counter Start 4 and 3

These bits select operation or stoppage for TCNT.

If 0 is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNT_4 and TCNT_3 count operation is stopped

1: TCNT_4 and TCNT_3 performs count operation

5to03 —

AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

2 CST2

R/W

1 CST1

R/W

0 CSTO

R/W

Counter Start2to 0
These bits select operation or stoppage for TCNT.

If 0 is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O performs count operation
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11.3.14 Timer Synchronous Register (TSYR)

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel O to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR is set to 1.

Bit: 7 6 5 4 3 2 1 0
|stc4|stca| ] | ; | - |stcz|stc1|stco|

Initial value: 0 0 0 0 0 0 0 0
R/W: RW R/W R R R RW RW RW

Initial
Bit Bit Name Value R/W Description
7 SYNC4 0 R/W Timer Synchronous operation 4 and 3

6 SYNC3 0 R/W These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit , the
TCNT clearing source must also be set by means of
bits CCLRO to CCLR2 in TCR.

0: TCNT_4 and TCNT_3 operate independently (TCNT
presetting/clearing is unrelated to other channels)

1: TCNT_4 and TCNT_3 performs synchronous
operation
TCNT synchronous presetting/synchronous clearing
is possible

5to3 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
2 SYNC2 0 R/W Timer Synchronous operation 2 to 0
SYNCH1 0 R/W These bits are used to select whether operation is
0 SYNCO 0 R/W independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit, the
TCNT clearing source must also be set by means of
bits CCLRO to CCLR2 in TCR.

0: TCNT_2 to TCNT_O operates independently (TCNT
presetting /clearing is unrelated to other channels)

1: TCNT_2 to TCNT_O performs synchronous operation
TCNT synchronous presetting/synchronous clearing
is possible
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11.3.15 Timer Read/Write Enable Register (TRWER)

TRWER is an 8-bit readable/writable register that enables or disables access to the registers and
counters which have write-protection capability against accidental modification in channels 3 and

4.
Bit: 7 5 4 3 2 1 0
- | [ - [ - [ - [ - [ewe]
Initial value: 0 0 0 0 0 0 1
RW: R R R R R R RW
Initial
Bit Bit Name Value R/W Description
7t01 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
0 RWE 1 R/W Read/Write Enable

Enables or disables access to the registers which have
write-protection capability against accidental
modification.

0: Disables read/write access to the registers

1: Enables read/write access to the registers

[Clearing condition]

e When 0 is written to the RWE bit after reading
RWE = 1

e Registers and counters having write-protection capability against accidental modification
22 registers: TCR_3, TCR_4, TMDR_3, TMDR_4, TIORH_3, TIORH_4, TIORL_3,
TIORL_4, TIER_3, TIER_4, TGRA_3, TGRA_4, TGRB_3, TGRB_4, TOER, TOCRI,
TOCR2, TGCR, TCDR, TDDR, TCNT_3, and TCNT_4.
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11.3.16 Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables/disables output settings for output pins
TIOC4D, TIOC4C, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output correctly
if the TOER bits have not been set. Set TOER of CH3 and CH4 prior to setting TIOR of CH3 and
CH4. Set TOER when count operation of TCNT channels 3 and 4 is halted.

Bit Bit Name

Bit:

Initial value:
R/W:

Initial
Value

5 4 3 2 1 0

| ; | OE4D | OE4C | OE3D | OE4B | OE4A | OE3B |

R

R/W

0 0 0 0 0 0
RW RW RW RW RW RW

Description

7,6 —

All1

Reserved

These bits are always read as 1. The write value should
always be 1.

5 OE4D

R/W

Master Enable TIOC4D

This bit enables/disables the TIOC4D pin output for this
module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

4 OE4C

R/W

Master Enable TIOC4C

This bit enables/disables the TIOC4C pin output for this
module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

3 OE3D

R/W

Master Enable TIOC3D

This bit enables/disables the TIOC3D pin output for this
module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

2 OE4B

R/W

Master Enable TIOC4B

This bit enables/disables the TIOC4B pin output for this
module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled
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Initial
Bit Bit Name Value R/W Description
1 OE4A 0 R/W Master Enable TIOC4A
This bit enables/disables the TIOC4A pin output for this
module.
0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled
0 OE3B 0 R/W Master Enable TIOC3B

This bit enables/disables the TIOC3B pin output for this
module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

Note: * The inactive level is determined by the settings in timer output control registers 1 and 2
(TOCR1 and TOCR2). For details, refer to section 11.3.17, Timer Output Control
Register 1 (TOCR1), and section 11.3.18, Timer Output Control Register 2 (TOCR2).
Set these bits to 1 to enable output for this module in other than complementary PWM
or reset-synchronized PWM mode. When these bits are set to 0, low level is output.
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11.3.17 Timer Output Control Register 1 (TOCR1)

TOCRI is an 8-bit readable/writable register that enables/disables PWM synchronized toggle
output in complementary PWM mode/reset synchronized PWM mode, and controls output level
inversion of PWM output.

Bit: 7 6 5 4 3 2 1 0
[ - [psve| - | - [rocL|7ocs|oLsn |oLse |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW R R R(W)*® RW RW RW

Initial
Bit Bit Name value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 PSYE 0 R/W PWM Synchronous Output Enable
This bit selects the enable/disable of toggle output
synchronized with the PWM period.
0: Toggle output is disabled
1: Toggle output is enabled
5,4 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
3 TOCL 0 R/(W)** TOC Register Write Protection*’

This bit selects the enable/disable of write access to the

TOCS, OLSN, and OLSP bits in TOCR1.

0: Write access to the TOCS, OLSN, and OLSP bits is
enabled

1: Write access to the TOCS, OLSN, and OLSP bits is
disabled
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Initial
Bit Bit Name value R/W Description
2 TOCS 0 R/W TOC Select

This bit selects either the TOCR1 or TOCR2 setting to
be used for the output level in complementary PWM
mode and reset-synchronized PWM mode.
0: TOCRT1 setting is selected
1: TOCR2 setting is selected

1 OLSN 0 R/W  Output Level Select N**+*

This bit selects the reverse phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.28.

0 OLSP 0 R/W  Output Level Select P**

This bit selects the positive phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.29.

Notes: 1. Setting the TOCL bit to 1 prevents accidental modification when the CPU goes out of
control.
2. Clearing the TOCSO bit to 0 makes this bit setting valid.
3. After power-on reset, 1 can be written only once. After 1 has been written, 0 cannot be
written.

4. If there is no dead time, the reverse phase output is the inversion of the forward phase.
Set OLSP and OLSN to the same value.

Table 11.28 Output Level Select Function

Bit 1 Function

Compare Match Output

OLSN Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to active level after elapse of the
dead time after count start.
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Table 11.29 Output Level Select Function

Bit 0

Function

Compare Match Output

OLSP Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Figure 11.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,

OLSP = 1.
TCNT_3, and
TCNT_4 values
A
TGRA_3
TCNT_3
TCNT_4
TGRA_4 4 f
TDDR L L L
H0000 K- - — AV i Time
. . Compare match : . P
R output (up count) . v
Positive v Initial ] - ' Compare match !
phase output L+ output | Active level ' output (down count) !
E v Initial ) E Compare match H :
) output | ' output (downcount) | |

Reverse Active |
phase output level H

Compare match E
output (up count) '

Active level

|,__

Figure 11.2 Complementary PWM Mode Output Level Example
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11.3.18 Timer Output Control Register 2 (TOCR2)

TOCR?2 is an 8-bit readable/writable register that controls output level inversion of PWM output
in complementary PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| BF[1:0] |OLSSN|OLSBP|OLSZN|OL82P|OLS1N|OLS1P|

Initial value: 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7,6 BF[1:0] 00 R/W TOLBR Buffer Transfer Timing Select
These bits select the timing for transferring data from
TOLBR to TOCR2.
For details, see table 11.30.
5 OLS3N 0 R/W Output Level Select 3N*

This bit selects the output level on TIOC4D in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.31.

4 OLS3P 0 R/W Output Level Select 3P*

This bit selects the output level on TIOC4B in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.32.

3 OLS2N 0 R/W Output Level Select 2N*

This bit selects the output level on TIOC4C in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.33.

2 OLS2P 0 R/W Output Level Select 2P*

This bit selects the output level on TIOC4A in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.34.

1 OLS1N 0 R/W Output Level Select 1N*

This bit selects the output level on TIOC3D in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.35.
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Initial
Bit Bit Name value R/W Description
0 OLS1P 0 R/W Output Level Select 1P*
This bit selects the output level on TIOC3B in reset-
synchronized PWM mode/complementary PWM mode.
See table 11.36.
Note: * Setting the TOCS bit in TOCR1 to 1 makes this bit setting valid. If there is no dead time,

the reverse phase output is the inversion of the forward phase. Set OLSiP and OLSiN
to the same value (i=1, 2, or 3).

Table 11.30 Setting of Bits BF1 and BFO

Bit 7 Bit 6 Description
BF1 BFO Complementary PWM Mode Reset-Synchronized PWM Mode
0 0 Does not transfer data from the Does not transfer data from the
buffer register (TOLBR) to TOCR2. buffer register (TOLBR) to TOCR2.
0 1 Transfers data from the buffer Transfers data from the buffer
register (TOLBR) to TOCR2 at the register (TOLBR) to TOCR2 when
crest of the TCNT_4 count. TCNT_3/TCNT_4 is cleared
1 0 Transfers data from the buffer Setting prohibited
register (TOLBR) to TOCR2 at the
trough of the TCNT_4 count.
1 1 Transfers data from the buffer Setting prohibited

register (TOLBR) to TOCR2 at the
crest and trough of the TCNT_4
count.

Table 11.31 TIOC4D Output Level Select Function

Bit 5 Function

Compare Match Output
OLS3N Initial Output Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of
the dead time after count start.
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Table 11.32 TIOC4B Output Level Select Function

Bit 4 Function

Compare Match Output
OLS3P Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Table 11.33 TIOCA4C Output Level Select Function

Bit 3 Function

Compare Match Output
OLS2N Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of

the dead time after count start.

Table 11.34 TIOC4A Output Level Select Function

Bit 2 Function

Compare Match Output
OLS2P  Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Table 11.35 TIOC3D Output Level Select Function

Bit 1 Function

Compare Match Output
OLS1IN Initial Output Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of

the dead time after count start.
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Table 11.36 TIOC4B Output Level Select Function

Bit O Function

Compare Match Output

OLS1P Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

11.3.19 Timer Output Level Buffer Register (TOLBR)

TOLBR is an 8-bit readable/writable register that functions as a buffer for TOCR2 and specifies
the PWM output level in complementary PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| - | - |OLSSN|OLS3P|OLS2N|OLS2P|OLS1N|OLS1P|

Initial value: 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW

Initial

Bit Bit Name value R/W Description

7,6 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

5 OLS3N 0 R/W Specifies the buffer value to be transferred to the
OLS3N bit in TOCR2.

4 OLS3P 0 R/W Specifies the buffer value to be transferred to the
OLSS3P bit in TOCR2.

3 OLS2N 0 R/W Specifies the buffer value to be transferred to the
OLS2N bit in TOCR2.

2 OLS2P 0 R/W Specifies the buffer value to be transferred to the
OLS2P bit in TOCR2.

1 OLS1N 0 R/W Specifies the buffer value to be transferred to the
OLS1N bit in TOCR2.

0 OLS1P 0 R/W Specifies the buffer value to be transferred to the

OLS1P bitin TOCR2.

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016

Page 474 of 2104



SH7266 Group, SH7267 Group Section 11 Multi-Function Timer Pulse Unit 2

Figure 11.3 shows an example of the PWM output level setting procedure in buffer operation.

Set bit TOCS [1] [1] Set bit TOCS in TOCR1 to 1 to enable the TOCR2 setting.

[2] Use bits BF1 and BF0O in TOCR2 to select the TOLBR buffer
transfer timing. Use bits OLS3N to OLS1N and OLS3P to OLS1P
to specify the PWM output levels.

Set TOCR2 2]

[3] The TOLBR initial setting must be the same value as specified in
bits OLS3N to OLS1N and OLS3P to OLS1P in TOCR2.

Set TOLBR [3]

Figure 11.3 PWM Output Level Setting Procedure in Buffer Operation

11.3.20 Timer Gate Control Register (TGCR)

TGCR is an 8-bit readable/writable register that controls the waveform output necessary for
brushless DC motor control in reset-synchronized PWM mode/complementary PWM mode. These
register settings are ineffective for anything other than complementary PWM mode/reset-
synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| ; |BDC | N | P | FB | WF | VE | UF |
Initial value: 1 0 0 0 0 0 0 0

R/W: R RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
6 BDC 0 R/W Brushless DC Motor

This bit selects whether to make the functions of this
register (TGCR) effective or ineffective.

0: Ordinary output
1: Functions of this register are made effective
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Bit Bit Name

Initial
value

R/W

Description

5 N

0

R/W

Reverse Phase Output (N) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while
the reverse pins (TIOC3D, TIOC4C, and TIOC4D) are
output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

Positive Phase Output (P) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while
the positive pin (TIOC3B, TIOC4A, and TIOC4B) are
output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

External Feedback Signal Enable

This bit selects whether the switching of the output of
the positive/reverse phase is carried out automatically
with channel-0 TGRA, TGRB, TGRC input capture
signals or by writing 0 or 1 to bits 2 to 0 in TGCR.

0: Output switching is external input (Input sources are
channel 0 TGRA, TGRB, TGRC input capture signal)

1: Output switching is carried out by software (setting
values of UF, VF, and WF in TGCR).

R/W

R/W

R/W

Output Phase Switch 2to 0

These bits set the positive phase/negative phase output
phase on or off state. The setting of these bits is valid
only when the FB bit in this register is set to 1. In this
case, the setting of bits 2 to 0 is a substitute for external
input. See table 11.37.
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Table 11.37 Output level Select Function

Function
Bit 2 Bit 1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase UPhase V Phase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

11.3.21 Timer Subcounter (TCNTS)
TCNTS is a 16-bit read-only counter that is used only in complementary PWM mode.

The initial value of TCNTS is H'0000.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Note:  Accessing the TCNTS in 8-bit units is prohibited. Always access in 16-bit units.
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11.3.22 Timer Dead Time Data Register (TDDR)

TDDR is a 16-bit register, used only in complementary PWM mode that specifies the TCNT_3
and TCNT_4 counter offset values. In complementary PWM mode, when the TCNT_3 and
TCNT_4 counters are cleared and then restarted, the TDDR register value is loaded into the
TCNT_3 counter and the count operation starts.

The initial value of TDDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TDDR in 8-bit units is prohibited. Always access in 16-bit units.

11.3.23 Timer Cycle Data Register (TCDR)

TCDR is a 16-bit register used only in complementary PWM mode. Set half the PWM carrier sync
value (a value of two times TDDR + 3 or greater) as the TCDR register value. This register is
constantly compared with the TCNTS counter in complementary PWM mode, and when a match
occurs, the TCNTS counter switches direction (decrement to increment).

The initial value of TCDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: Accessing the TCDR in 8-bit units is prohibited. Always access in 16-bit units.
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11.3.24 Timer Cycle Buffer Register (TCBR)

TCBR is a 16-bit register used only in complementary PWM mode. It functions as a buffer
register for the TCDR register. The TCBR register values are transferred to the TCDR register
with the transfer timing set in the TMDR register. The initial value of TCBR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TCBR in 8-bit units is prohibited. Always access in 16-bit units.

11.3.25 Timer Interrupt Skipping Set Register (TITCR)

TITCR is an 8-bit readable/writable register that enables or disables interrupt skipping and
specifies the interrupt skipping count. This module has one TITCR.

Bit: 7 6 5 4 3 2 1 0
|T3AEN | 3ACOR[2:0] |T4VEN | 4VCOR[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7 T3AEN 0 R/W T3AEN

Enables or disables TGIA_3 interrupt skipping.
0: TGIA_3 interrupt skipping disabled
1: TGIA_3 interrupt skipping enabled

6to4 3ACORI[2:0] 000 R/W These bits specify the TGIA_3 interrupt skipping count
within the range from 0 to 7.*

For details, see table 11.38.
3 T4VEN 0 R/W T4VEN
Enables or disables TCIV_4 interrupt skipping.
0: TCIV_4 interrupt skipping disabled
1: TCIV_4 interrupt skipping enabled
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Initial
Bit Bit Name value R/W Description
2to0 4VCORJ[2:0] 000 R/W These bits specify the TCIV_4 interrupt skipping count

within the range from 0 to 7.*
For details, see table 11.39.
Note: * When 0 is specified for the interrupt skipping count, no interrupt skipping will be

performed. Before changing the interrupt skipping count, be sure to clear the TSAEN
and T4VEN bits to 0 to clear the skipping counter (TICNT).

Table 11.38 Setting of Interrupt Skipping Count by Bits SACOR2 to 3ACOR0

Bit 6 Bit 5 Bit 4

3ACOR2 3ACOR1 3ACORO Description

0 0 0 Does not skip TGIA_3 interrupts.

0 0 1 Sets the TGIA_3 interrupt skipping count to 1.
0 1 0 Sets the TGIA_3 interrupt skipping count to 2.
0 1 1 Sets the TGIA_3 interrupt skipping count to 3.
1 0 0 Sets the TGIA_3 interrupt skipping count to 4.
1 0 1 Sets the TGIA_3 interrupt skipping count to 5.
1 1 0 Sets the TGIA_3 interrupt skipping count to 6.
1 1 1 Sets the TGIA_3 interrupt skipping count to 7.

Table 11.39 Setting of Interrupt Skipping Count by Bits 4VCOR2 to 4VCORO0

Bit 2 Bit 1 Bit 0

4VCOR2 4VCOR1 4VCORO Description

0 0 0 Does not skip TCIV_4 interrupts.

0 0 1 Sets the TCIV_4 interrupt skipping count to 1.
0 1 0 Sets the TCIV_4 interrupt skipping count to 2.
0 1 1 Sets the TCIV_4 interrupt skipping count to 3.
1 0 0 Sets the TCIV_4 interrupt skipping count to 4.
1 0 1 Sets the TCIV_4 interrupt skipping count to 5.
1 1 0 Sets the TCIV_4 interrupt skipping count to 6.
1 1 1 Sets the TCIV_4 interrupt skipping count to 7.
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11.3.26 Timer Interrupt Skipping Counter (TITCNT)

TITCNT is an 8-bit readable/writable counter. This module has one TITCNT. TITCNT retains its
value even after stopping the count operation of TCNT_3 and TCNT _4.

5 4 3 2 1 0

3ACNT[2:0] | - | 4VCNT[2:0] |

Initial value: 0 0 0 0 0 0
R/W: R R R R R R
Initial
Bit Bit Name Value Description
7 — 0 Reserved

This bit is always read as 0.

6to4 3ACNT[2:0] 000

TGIA_S Interrupt Counter

While the T3AEN bit in TITCR is set to 1, the count in
these bits is incremented every time a TGIA_3 interrupt
occurs.

[Clearing conditions]

e When the SACNT2 to 3ACNTO value in TITCNT
matches the SACOR2 to 3SACORO value in TITCR

e When the T3AEN bit in TITCR is cleared to 0

e When the 3BACOR2 to 3ACORQO bits in TITCR are
clearedto 0

Reserved
This bit is always read as 0.

2t00 4VCNT[2:0]

000

TCIV_4 Interrupt Counter

While the T4VEN bit in TITCR is set to 1, the count in
these bits is incremented every time a TCIV_4 interrupt
occurs.

[Clearing conditions]

¢ When the 4VCNT2 to 4VCNTO value in TITCNT
matches the 4VCOR2 to 4VCOR2 value in TITCR

e When the T4VEN bit in TITCR is cleared to 0

e When the 4VCOR2 to 4VCOR2 bits in TITCR are
clearedto O

Note: To clear the TITCNT, clear the bits TSAEN and T4VEN in TITCR to 0.
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11.3.27 Timer Buffer Transfer Set Register (TBTER)

TBTER is an 8-bit readable/writable register that enables or disables transfer from the buffer
registers* used in complementary PWM mode to the temporary registers and specifies whether to
link the transfer with interrupt skipping operation. This module has one TBTER.

5 4 3 2 1 0

|-|-|-|-|BTE[1:0]|

Initial value: 0

0 0 0 0 0 0

RW: R R R R R RW RW
Initial
Bit Bit Name Value R/W Description
702 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1,0 BTE[1:0] 00 R/W These bits enable or disable transfer from the buffer

registers* used in complementary PWM mode to the
temporary registers and specify whether to link the
transfer with interrupt skipping operation.

For details, see table 11.40.

Note: * Applicable buffer registers:

TGRC_3, TGRD_3, TGRC_4, TGRD_4, and TCBR
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Table 11.40 Setting of Bits BTE1 and BTEO

Bit 1 Bit 0

BTE1 BTEO Description

0 0 Enables transfer from the buffer registers to the temporary registers*'
and does not link the transfer with interrupt skipping operation.

0 1 Disables transfer from the buffer registers to the temporary registers.

0 Links transfer from the buffer registers to the temporary registers with

interrupt skipping operation.**

1 1 Setting prohibited

Notes: 1. Data is transferred according to the MD3 to MDO bit setting in TMDR. For details, refer
to section 11.4.8, Complementary PWM Mode.

2. When interrupt skipping is disabled (the TSAEN and T4VEN bits are cleared to 0 in the
timer interrupt skipping set register (TITCR) or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0)), be sure to disable link of buffer transfer with
interrupt skipping (clear the BTE1 bit in the timer buffer transfer set register (TBTER) to
0). If link with interrupt skipping is enabled while interrupt skipping is disabled, buffer
transfer will not be performed.
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11.3.28 Timer Dead Time Enable Register (TDER)

TDER is an 8-bit readable/writable register that controls dead time generation in complementary
PWM mode. This module has one TDER in channel 3. TDER must be modified only while TCNT
stops.

Bit: 7 6 5 4 3 2 1 0
- [ - [ - [ - [ -1 -71- [rwe]

Initial value: 0 0 0 0 0 0 0 1
RW: R R R R R R R  R/(W)

Initial
Bit Bit Name Value R/W Description
7t01 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
0 TDER 1 R/(W) Dead Time Enable

Specifies whether to generate dead time.

0: Does not generate dead time

1: Generates dead time*

[Clearing condition]

e When 0 is written to TDER after reading TDER = 1
Note: * TDDR must be setto 1 or a larger value.
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11.3.29 Timer Wave

form Control Register (TWCR)

TWCR is an 8-bit readable/writable register that controls the waveform when synchronous counter

clearing occurs in TCN

T_3 and TCNT_4 in complementary PWM mode and specifies whether to

clear the counters at TGRA_3 compare match. The CCE bit and WRE bit in TWCR must be
modified only while TCNT stops.

Bit: 7 6 5 4 3 2 1 0
loce [ - [ - [ - [ - [ - [ - [wee]

Initial value: 0% 0 0 0 0 0 0 0
R/W: R/(W) R R R R R R R/(W)

Note: * Do not set to 1 when complementary PWM mode is not selected.
Initial

Bit Bit Name Value R/W Description

7 CCE 0* R/(W) Compare Match Clear Enable
Specifies whether to clear counters at TGRA_3
compare match in complementary PWM mode.
0: Does not clear counters at TGRA_3 compare match
1: Clears counters at TGRA_3 compare match
[Setting condition]
e When 1 is written to CCE after reading CCE =0

6to1 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
0 WRE 0 R/(W) Initial Output Suppression Enable

Selects the waveform output when synchronous
counter clearing occurs in complementary PWM mode.
The initial output is suppressed only when synchronous
clearing occurs within the Tb interval at the trough in
complementary PWM mode. When synchronous
clearing occurs outside this interval, the initial value
specified in TOCR is output regardless of the WRE bit
setting. The initial value is also output when
synchronous clearing occurs in the Tb interval at the
trough immediately after TCNT_3 and TCNT_4 start
operation.

For the Tb interval at the trough in complementary
PWM mode, see figure 11.40.

0: Outputs the initial value specified in TOCR

1: Suppresses initial output

[Setting condition]

e When 1 is written to WRE after reading WRE =0
Note: * Do not setto 1 when complementary PWM mode is not selected.

11.3.30 Bus Master Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer cycle
buffer register (TCBR), timer dead time data register (TDDR), timer cycle data register (TCDR),
timer A/D converter start request control register (TADCR), timer A/D converter start request
cycle set registers (TADCOR), and timer A/D converter start request cycle set buffer registers
(TADCOBR) are 16-bit registers. A 16-bit data bus to the bus master enables 16-bit read/writes. 8-
bit read/write is not possible. Always access in 16-bit units.

All registers other than the above registers are 8-bit registers. These are connected to the CPU by a
16-bit data bus, so 16-bit read/writes and 8-bit read/writes are both possible.
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11.4  Operation

11.4.1 Basic Functions

Each channel has a TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, cycle counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
Always select functions for external pins of this module using the general I/O ports.
(1) Counter Operation

When one of bits CSTO to CST4 in TSTR is set to 1, the TCNT counter for the corresponding
channel begins counting. TCNT can operate as a free-running counter, periodic counter, for
example.

(a) Example of Count Operation Setting Procedure

Figure 11.4 shows an example of the count operation setting procedure.

( Operation selection ) [1] Select the counter clock
with bits TPSC2 to TPSCO

| in TCR. At the same time,
select the input clock edge
with bits CKEG1 and
CKEGO in TCR.

| Select counter clock |[1]

| [2] For periodic counter
C Periodic counter ) C Free-running counter) operation, select the TGR

| to be used as the TCNT
- clearing source with bits
Select counter clearing 2] CCLR2 to CCLRO in TCR.
source
| [3] Designate the TGR
selected in [2] as an output
Select output compare [3] compare register by means
register of TIOR.
| [4] Set the periodic counter
| Set period | [4] cycle in the TGR selected
in [2].
I ,
| Start count operation | (5] | Start count operation 5] (5] Setthe CST bitin TSTR to
<Free-running counter> 1o start the counter
<Periodic counter> operation.

Figure 11.4 Example of Counter Operation Setting Procedure
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(b) Free-Running Count Operation and Periodic Count Operation:

Immediately after a reset, the TCNT counters of this module are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000), the
TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at this point,
this module requests an interrupt. After overflow, TCNT starts counting up again from H'0000.

Figure 11.5 illustrates free-running counter operation.

TCNT value

H'0000

CST bit |

TCFV

Time

Figure 11.5 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLRO to CCLR2 in TCR. After the settings have been made, TCNT starts up-count operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, this module requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.

RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016

Page 488 of 2104




SH7266 Group, SH7267 Group Section 11 Multi-Function Timer Pulse Unit 2

Figure 11.6 illustrates periodic counter operation.

Counter cleared by TGR

TCNT value
compare match

-~

TGR

H'0000 » } Time
CST bit | . ,
! Flag cleared by software or
: .~ DMAC activation
TGF

Figure 11.6 Periodic Counter Operation
(2) Waveform Output by Compare Match

This module can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

(a) Example of Setting Procedure for Waveform Output by Compare Match

Figure 11.7 shows an example of the setting procedure for waveform output by compare match

( Output selection ) [1] Select initial value 0 output or 1 output,
and compare match output value 0

output, 1 output, or toggle output, by
means of TIOR. The set initial value is
output at the TIOC pin until the first
compare match occurs.

Select waveform output | [1]

mode
[2] Set the timing for compare match
generation in TGR.
[3] Setthe CST bitin TSTR to 1 to start the
Set output timing [2] count operation.

Start count operation [3]

<Waveform output>

Figure 11.7 Example of Setting Procedure for Waveform Output by Compare Match
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(b) Examples of Waveform Output Operation:

Figure 11.8 shows an example of O output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and O is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value
H'FFFF
TGRA

TGRB
H'0000

Time

O P

No change No change

i

S
TIOCA 1 output

TIOCB No change ~No change 0 output

Figure 11.8 Example of 0 Output/1 Output Operation
Figure 11.9 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.

TCNT value
Counter cleared by TGRB compare match

[ o o T T T TS

TGRB |- === m oo e D g

TGRA oo™ T T T -

H'0000 T T } T } T } Time
TIOCB ! I E | ! I E | Toggle output

TIOCA ‘ I ‘ I Toggle output

Figure 11.9 Example of Toggle Output Operation
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(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels O and 1,
it is also possible to specify another channel's counter input clock or compare match signal as the
input capture source.

Note: When another channel's counter input clock is used as the input capture input for channels
0 and 1, P¢/1 should not be selected as the counter input clock used for input capture
input. Input capture will not be generated if P¢/1 is selected.

(a) Example of Input Capture Operation Setting Procedure

Figure 11.10 shows an example of the input capture operation setting procedure.

Inbut selection [1] Designate TGR as an input capture
put selectio register by means of TIOR, and select

rising edge, falling edge, or both edges
as the input capture source and input
signal edge.

Set the CST bitin TSTR to 1 to start
the count operation.

Select input capture input (1] 2

Start count [2]

<Input capture operation>

Figure 11.10 Example of Input Capture Operation Setting Procedure
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(b) Example of Input Capture Operation

Figure 11.11 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input capture
input edge, the falling edge has been selected as the TIOCB pin input capture input edge, and
counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB

TCNT value 7 input (falling edge)

H'O180 |- - - oo R
HO1B0 |- - e P f el
H0010 |- ool R N A S~
H'0005 |~~~ - Y77 oo O || ,\ _________
H'0000 ; \\ ; : Time
TIOCA \ 5

- '
TGRA X H0005 X H0160:
Toos — |

TGRB X X H'0180

Figure 11.11 Example of Input Capture Operation
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11.4.2  Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten

simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 4 can all be designated for synchronous operation.

(1) Example of Synchronous Operation Setting Procedure

Figure 11.12 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous 1
operation (1]

(Synchronous presetting) ( Synchronous cIearing)

Set TCNT [2]

Clearing
source generation

No

channel?

Select counter
clearing source

Start count

|

<Synchronous presetting> <Counter clearing>

[3]

[8]

Set synchronous
counter clearing

Start count

l

<Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to,

the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.
[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.
[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 11.12 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 11.13 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel O counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel 0 to 2 TCNT counters, and the data set in TGRB_O is used as the PWM
cycle.

For details of PWM modes, see section 11.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNT_0to TCNT_2
values

TGRB.O [oocmmmcmmmcceeeeee N
TGRB.1 foccoemaceo -
TGRA O |---mmmoema - i o
TGRB.2 |----nm- i
TGRA_1 |-----A--
TGRA_2 |--/-
H'0000

Time

TIOCOA !
TIOC1A

TIOC2A _,_|

Figure 11.13 Example of Synchronous Operation
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11.4.3  Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, enables TGRC and TGRD to be used as buffer
registers. In channel 0, TGRF can also be used as a buffer register.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Note: TGRE_O cannot be designated as an input capture register and can only operate as a
compare match register.

Table 11.41 shows the register combinations used in buffer operation.

Table 11.41 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_O TGRD_0
TGRE_O TGRF_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

4 TGRA_4 TGRC_4
TGRB_4 TGRD_4

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 11.14.

Compare match signal

l

Buffer Timer general [\ |, —
A K TCNT
register <l> register Comparator C

Figure 11.14 Compare Match Buffer Operation

RO1UH0412EJ0300 Rev.3.00

Page 495 of 2104
Oct 31, 2016 RENESAS




Section 11 Multi-Function Timer Pulse Unit 2

SH7266 Group, SH7267 Group

e  When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

This operation is illustrated in figure 11.15.

Input capture
signal

Buffer
register

Timer general TCNT
register

Figure 11.15 Input Capture Buffer Operation

(1) Example of Buffer Operation Setting Procedure

Figure 11.16 shows an example of the buffer operation setting procedure.

( Buffer operation )

Select TGR function

Set buffer operation

Start count

'

<Buffer operation>

[2]

(3]

[1] Designate TGR as an input capture register or
output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits
BFA and BFB in TMDR.

[3] Setthe CST bitin TSTR to 1 start the count
operation.

Figure 11.16 Example of Buffer Operation Setting Procedure
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(2) Examples of Buffer Operation

(@) When TGR is an output compare register

Figure 11.17 shows an operation example in which PWM mode 1 has been designated for channel
0, and buffer operation has been designated for TGRA and TGRC. The settings used in this
example are TCNT clearing by compare match B, 1 output at compare match A, and 0 output at
compare match B. In this example, the TTSA bit in TBTM is cleared to 0.

As buffer operation has been set, when compare match A occurs the output changes and the value
in buffer register TGRC is simultaneously transferred to timer general register TGRA. This
operation is repeated each time that compare match A occurs.

For details of PWM modes, see section 11.4.5, PWM Modes.

TCNT value

TGRB_0

TGRA 0 :

H0000 . — ——— Time

TGRC_O H0200] X | H0450 X H0520 E X:
Transfer:\ :\ ! :\ \ ! AW

TGRA_0 X T Hoz00! X | H0450 A

TIOCA I | I | I |

Figure 11.17 Example of Buffer Operation (1)

(b) When TGR is an input capture register

Figure 11.18 shows an operation example in which TGRA has been designated as an input capture
register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges
have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon the occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.
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TCNT value

HOF07
HO9FB
H0532
H0000 | : : Time
TIOCA ' | |
TeRA | : H0532 : HOFo7 :XH'OQFB

: \ \ \
TGRC ! X X Hos32 X HoFo7

Figure 11.18 Example of Buffer Operation (2)

(3) Selecting Timing for Transfer from Buffer Registers to Timer General Registers in
Buffer Operation

The timing for transfer from buffer registers to timer general registers can be selected in PWM
mode 1 or 2 for channel 0 or in PWM mode 1 for channels 3 and 4 by setting the buffer operation
transfer mode registers (TBTM_0, TBTM_3, and TBTM_4). Either compare match (initial
setting) or TCNT clearing can be selected for the transfer timing. TCNT clearing as transfer
timing is one of the following cases.

e  When TCNT overflows (H'FFFF to H'0000)
e  When H'0000 is written to TCNT during counting

e When TCNT is cleared to H'0000 under the condition specified in the CCLR2 to CCLRO bits
in TCR

Note: TBTM must be modified only while TCNT stops.

Figure 11.19 shows an operation example in which PWM mode 1 is designated for channel 0 and
buffer operation is designated for TGRA_0 and TGRC_0. The settings used in this example are
TCNT_O clearing by compare match B, 1 output at compare match A, and 0 output at compare
match B. The TTSA bitin TBTM_Ois setto 1.
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TCNT_O value

TGRB_0

TGRC_O  H0200 X ! H0450 X P H0520 X

! E\ Transfer : E\ E '
Tera0 X | HO0200 X H0450 | X Hos2o 1 X

TIOCA _,— |_ |_|_

Figure 11.19 Example of Buffer Operation When TCNT_0 Clearing is Selected for
TGRC_0to TGRA_0 Transfer Timing

11.4.4  Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 counter clock upon overflow/underflow of
TCNT_2 as set in bits TPSCO to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 11.42 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1, the counter clock setting is invalid and the
counters operates independently in phase counting mode.

Table 11.42 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2

For simultaneous input capture of TCNT_1 and TCNT_2 during cascaded operation, additional
input capture input pins can be specified by the input capture control register (TICCR). The edge
detection that is the condition for input capture uses a signal representing the logical OR of the
original input pin and the added input pins. For details, see (4) Cascaded Operation Example (c).
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For input capture in cascade connection, refer to section 11.7.22, Simultaneous Capture of
TCNT_1 and TCNT_2 in Cascade Connection.

Table 11.43 show the TICCR setting and input capture input pins.

Table 11.43 TICCR Setting and Input Capture Input Pins

Target Input Capture TICCR Setting Input Capture Input Pins
Input capture from TCNT_1to  I12AE bit = O (initial value) TIOC1A

TGRA_1 I2AE bit = 1 TIOC1A, TIOC2A

Input capture from TCNT_1to  I12BE bit = O (initial value) TIOC1B

TGRB_1 12BE bit = 1 TIOC1B, TIOC2B

Input capture from TCNT_2to  I1AE bit = O (initial value) TIOC2A

TGRA_2 IAE bit = 1 TIOC2A, TIOC1A

Input capture from TCNT_2to  I1BE bit = O (initial value) TIOC2B

TGRB_2 11BE bit = 1 TIOC2B, TIOC1B

(1) Example of Cascaded Operation Setting Procedure

Figure 11.20 shows an example of the setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
TCR to B'111 to select TCNT_2 overflow/
| underflow counting.
Set cascading [1] [2] Set the CST bit in TSTR for the upper and
lower channel to 1 to start the count
| operation.
Start count 2]

<Cascaded operation>

Figure 11.20 Cascaded Operation Setting Procedure
(2) Cascaded Operation Example (a)

Figure 11.21 illustrates the operation when TCNT_2 overflow/underflow counting has been set for
TCNT_I and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow.
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owe — 1 L | [
ow — L[

TCNT_2

TCNT_1

FFFD FFFE XFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

0000 X 0001 X 0000

Figure 11.21 Cascaded Operation Example (a)

(3) Cascaded Operation Example (b)

Figure 11.22 illustrates the operation when TCNT_1 and TCNT_2 have been cascaded and the
I2AE bit in TICCR has been set to 1 to include the TIOC2A pin in the TGRA_1 input capture
conditions. In this example, the IOAQ to IOA3 bits in TIOR_1 have selected the TIOC1A rising
edge for the input capture timing while the IOAOQ to IOA3 bits in TIOR_2 have selected the
TIOC2A rising edge for the input capture timing.

Under these conditions, the rising edge of both TIOC1A and TIOC2A is used for the TGRA_1
input capture condition. For the TGRA_2 input capture condition, the TIOC2A rising edge is used.

TCNT_2 value
HFFFF | T AT AT o A
HC256 |~=-=-mmmmmmm e O R R RRREELELSZSELEE (Rl
He128 |77 o i (s~ N R e
H0000 : \ : \ Time
TONT 1 (i) | Hosi2 X Hos13 (1) (X H'0514 X:
TiociA ——4 \ | \ \
TIOC2A ; r |
TGRA_1 - H0512 X H'0513

: AN :

TGRA 2 : \ X HC256

N As I1AE in TICCR is 0, data is not captured in TGRA_2 at the TIOC1A input timing.

Figure 11.22 Cascaded Operation Example (b)
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(4) Cascaded Operation Example (c)

Figure 11.23 illustrates the operation when TCNT_1 and TCNT_2 have been cascaded and the
I2AE and I1AE bits in TICCR have been set to 1 to include the TIOC2A and TIOCI1A pins in the
TGRA_1 and TGRA_2 input capture conditions, respectively. In this example, the IOAQ to IOA3
bits in both TIOR_1 and TIOR_2 have selected both the rising and falling edges for the input
capture timing. Under these conditions, the ORed result of TIOC1A and TIOC2A input is used for
the TGRA_1 and TGRA_2 input capture conditions.

TCNT_2 value

HFFFF
H'C256

H'9192
H'6128
H'2064
H'0000

TCNT_1

TIOC1A

TIOC2A

TGRA_1 : Hos12| |1 H0513 ! X | Hos14

\

TGRA_2 ;X H'6128 \ ;X H'2064 x H'C256 EX H'9192

When one of the input pin signals is high-level, the edge of the
other input pin signal cannot be the input capture condition.

Figure 11.23 Cascaded Operation Example (c)
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(5) Cascaded Operation Example (d)

Figure 11.24 illustrates the operation when TCNT_1 and TCNT_2 have been cascaded and the
I2AE bit in TICCR has been set to 1 to include the TIOC2A pin in the TGRA_1 input capture
conditions. In this example, the IOAQ to IOA3 bits in TIOR_1 have selected TGRA_0 compare
match or input capture occurrence for the input capture timing while the IOAQ to IOA3 bits in
TIOR_2 have selected the TIOC2A rising edge for the input capture timing.

Under these conditions, as TIOR_1 has selected TGRA_0 compare match or input capture
occurrence for the input capture timing, the TIOC2A edge is not used for TGRA_1 input capture
condition although the I2AE bit in TICCR has been set to 1.

TCNT_O value Compare match between TCNT_0 and TGRA_O

TGRA_Q  f-m o mmmmm o ey

H'0000 Time
TCNT_2 value

[ 000 J D e .

== R - thE LR EEE R RREEEEEEEEEEEE R
1

H'0000 Time

TONT 1 (i) Hos12 Gy | X (i) Hos13

A i )

TGRA_1 ! H'0513

TGRA_2 H'D000

Figure 11.24 Cascaded Operation Example (d)
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11.45 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as 0, 1, or toggle output in response to a compare match of each TGR.

TGR registers settings can be used to output a PWM waveform in the range of 0% to 100% duty.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

e PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOAQ to IOA3 and IOCO to IOC3 in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOBO to IOB3 and IODO to IOD3 in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.
In PWM mode 1, a maximum 8-phase PWM output is possible.

e PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a period register compare match, the output value of each pin is the initial value set
in TIOR. If the set values of the cycle and duty registers are identical, the output value does not
change when a compare match occurs.

In PWM mode 2, a maximum 8-phase PWM output is possible in combination use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 11.44.
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Table 11.44 PWM Output Registers and Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCOA TIOCOA
TGRB_0 TIOCOB
TGRC_0 TIOCOC TIOCOC
TGRD_0 TIOCOD

1 TGRA_1 TIOC1A TIOC1A
TGRB_1 TIOC1B

2 TGRA_2 TIOC2A TIOC2A
TGRB_2 TIOC2B

3 TGRA_S3 TIOC3A Cannot be set
TGRB_3 Cannot be set
TGRC_3 TIOC3C Cannot be set
TGRD_3 Cannot be set

4 TGRA_4 TIOC4A Cannot be set
TGRB_4 Cannot be set
TGRC_4 TIOC4C Cannot be set
TGRD_4 Cannot be set

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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(1) Example of PWM Mode Setting Procedure

Figure 11.25 shows an example of the PWM mode setting procedure.

( PWM mode )
|

Select counter clock

Select counter clearing
source

Select waveform
output level

Set TGR

Set PWM mode

Start count

<PWM mode>

[6]

[1

2

[3

[4

[5

6

]

Select the counter clock with bits TPSC2 to
TPSCO in TCR. Atthe same time, select the
input clock edge with bits CKEG1 and
CKEGO in TCR.

Use bits CCLR2 to CCLRO in TCR to select
the TGR to be used as the TCNT clearing
source.

Use TIOR to designate the TGR as an output
compare register, and select the initial value
and output value.

Set the cycle in the TGR selected in [2], and
set the duty in the other TGR.

Select the PWM mode with bits MD3 to MDO
in TMDR.

Set the CST bitin TSTR to 1 to start the
count operation.

Figure 11.25 Example of PWM Mode Setting Procedure

(2) Examples of PWM Mode Operation

Figure 11.26 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, O is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in the TGRB registers

are used as the duty levels.
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TCNT value

Counter cleared by

/ TGRA compare match

TGRA [ - m e e e et e e -

TGRB |----_
H'0000

Time

TIOCA _l

[ N

Figure 11.26 Example of PWM Mode Operation (1)

Figure 11.27 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0 to TGRD_0, TGRA_1), outputting a 5-phase

PWM waveform.

In this case, the value set in TGRB_1 is used as the cycle, and the values set in the other TGRs are

used as the duty levels.

TCNT value

Counter cleared by
/ TGRB_1 compare match

TIOCOB |

TIOCOD

TIOC1A

Figure 11.27 Example of PWM Mode Operation (2)
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Figure 11.28 shows examples of PWM waveform output with 0% duty and 100% duty in PWM

mode.
TCNT value
TGRB rewritten
TGRA fommmmmm o e e ) S -
1

TGRB TGRB rewrittén E _fewritten |
H'0000 I/ : ! Time
TIOCA | 0% duty | | |

TCNT value

Output does not change when cycle register and duty register
compare matches occur simultaneously

TGRB rewritten
TGRA |---------- oO—
TGRB
H'0000

Time

d
(]
o
>

TCNT value

TGRB rewritten

100% duty

Output does not change when cycle register and duty
register compare matches occur simultaneously

TGRA |ocooem e O T f--
TGRB rewritten i
1
TGRB o
rewritten
H'0000 Time

TIOCA 4

100% duty

0% duty

TGRIIB

Figure 11.28 Example of PWM Mode Operation (3)

1146 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1 and 2.
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When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSCO to TPSC2 and bits
CKEGO and CKEG1 in TCR. However, the functions of bits CCLRO and CCLR1 in TCR, and of
TIOR, TIER, and TGR, are valid, and input capture/compare match and interrupt functions can be
used.

This can be used for two-phase encoder pulse input.

If overflow occurs when TCNT is counting up, the TCFV flag in TSR is set; if underflow occurs
when TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag reveals whether TCNT is
counting up or down.

Table 11.45 shows the correspondence between external clock pins and channels.

Table 11.45 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

(1) Example of Phase Counting Mode Setting Procedure

Figure 11.29 shows an example of the phase counting mode setting procedure.

. [1] Select phase counting mode with bits
( Phase counting mode ) MD3 to MDO in TMDR.
|

[2] Setthe CST bitin TSTR to 1 to start
Select phase counting the count operation.
mode

I
Start count [2]

—

<Phase counting mode>

Figure 11.29 Example of Phase Counting Mode Setting Procedure
(2) Examples of Phase Counting Mode Operation

In phase counting mode, TCNT counts up or down according to the phase difference between two
external clocks. There are four modes, according to the count conditions.
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(@)

Phase counting mode 1

Figure 11.30 shows an example of phase counting mode 1 operation, and table 11.46 summarizes

the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

—

L
L

TCLKB (channel 1) -I
TCLKD (channel 2)

TCNT value

[ N —

X
2
]
c
oL \..5

Time
Figure 11.30 Example of Phase Counting Mode 1 Operation

Table 11.46 Up/Down-Count Conditions in Phase Counting Mode 1
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Up-count
Low level 2

i Low level
KR High level

High level 2 Down-count
Low level Ky
Y High level
3 Low level
[Legend]
RN Rising edge
EE Falling edge
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(b) Phase counting mode 2

Figure 11.31 shows an example of phase counting mode 2 operation, and table 11.47 summarizes
the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)

TCLKD (channel 2)
TCNT value

/

Up-count

[

Time

Figure 11.31 Example of Phase Counting Mode 2 Operation
Table 11.47 Up/Down-Count Conditions in Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Don't care
Low level K} Don't care
Y Low level Don't care
K High level Up-count
High level KR Don't care
Low level Y Don't care
Y High level Don't care
R Low level Down-count
[Legend]

i Rising edge
‘1. Falling edge
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(c) Phase counting mode 3

Figure 11.32 shows an example of phase counting mode 3 operation, and table 11.48 summarizes

the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKG (ehamnel2) — T T |

TCLKB (channel 1)

TCLKD (channel 2) 5 ! ! 1 1 L

TCNT value

Time
Figure 11.32 Example of Phase Counting Mode 3 Operation

Table 11.48 Up/Down-Count Conditions in Phase Counting Mode 3
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Ry Don't care
Low level K} Don't care
Y Low level Don't care
Kl High level Up-count
High level v Down-count
Low level Ry Don't care

i High level Don't care
KR Low level Don't care
[Legend]

& Rising edge
‘1. Falling edge
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(d) Phase counting mode 4

Figure 11.33 shows an example of phase counting mode 4 operation, and table 11.49 summarizes
the TCNT up/down-count conditions.

TCLKA (channel 1)

TolkC (channel2) | @ L[ L[ 1] I LI

TCLKB (channel 1) ' ' | ' : : ' : '

TCLKD (channel 2) ! ! ! ! ! !_! !_!—
TCNT value ' : : ' : : : '

Time
Figure 11.33 Example of Phase Counting Mode 4 Operation
Table 11.49 Up/Down-Count Conditions in Phase Counting Mode 4
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Up-count
Low level v
Y Low level Don't care
K High level
High level 2 Down-count
Low level I
Y High level Don't care
Kl Low level
[Legend]
& Rising edge
‘1. Falling edge
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(3) Phase Counting Mode Application Example

Figure 11.34 shows an example in which channel 1 is in phase counting mode, and channel 1 is
coupled with channel 0 to input servo motor 2-phase encoder pulses in order to detect position or
speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA_0 and
TGRC_O are used for the compare match function and are set with the speed control period and
position control period. TGRB_O is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_0 input capture
source, and the pulse widths of 2-phase encoder 4-multiplication pulses are detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, and channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source and store the up/down-counter
values for the control periods.

This procedure enables the accurate detection of position and speed.
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Channel 1

TCLKA Edge
detection TCNT_1
TCLKB circuit
[
TGRA_1 | — <]'
-

(speed period capture)

TGRB_1
(position period capture)

()

TCNT_O

TGRA_O
(speed control period)

TGRC_0
(position control period)

TGRB_O (pulse width capture)

=
-

_[>_

TGRD_O0 (buffer operation)

Channel 0

cilici

Figure 11.34 Phase Counting Mode Application Example
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1147  Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three-phase output of positive and negative PWM
waveforms that share a common wave transition point can be obtained by combining channels 3
and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOCA4C,
TIOC4B, and TIOC4D pins function as PWM output pins and TCNT_3 functions as an upcounter.

Table 11.50 shows the PWM output pins used. Table 11.51 shows the settings of the registers.

Table 11.50 Output Pins for Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output pin 1
TIOC3D PWM output pin 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4C PWM output pin 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output pin 3
TIOC4D PWM output pin 3' (negative-phase waveform of PWM output 3)

Table 11.51 Register Settings for Reset-Synchronized PWM Mode

Register Description of Setting

TCNT_3 Initial setting of H'0000

TCNT_4 Initial setting of H'0000

TGRA_3 Set count cycle for TCNT_3

TGRB_3 Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D pins
TGRA_4 Sets the turning point for PWM waveform output by the TIOC4A and TIOC4C pins
TGRB_4 Sets the turning point for PWM waveform output by the TIOC4B and TIOC4D pins
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(1)

Figure 11.35 shows an example of procedure for selecting the reset synchronized PWM mode.

Procedure for Selecting the Reset-Synchronized PWM Mode

Reset-synchronized
PWM mode

| Stop counting

Select counter clock and 2]
counter clear source

Brushless DC motor 3
control setting 3]

| Set TCNT

| Set TGR

PWM cycle output enabling,
PWM output level setting [

Set reset-synchronized
PWM mode

| Enable waveform output

PFC setting

| Start count operation

[t10]

Reset-synchronized PWM mode

[1] Clear the CST3 and CST4 bits in the TSTR
to 0 to halt the counting of TCNT. The
reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.

[2] Set bits TPSC2-TPSCO and CKEG1 and

CKEGO in the TCR_3 to select the counter

clock and clock edge for channel 3. Set bits

CCLR2-CCLRO in the TCR_3 to select TGRA

compare-match as a counter clear source.

[3

When performing brushless DC motor control,
set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source
and output chopping or gate signal direct output.

[4] Reset TCNT_3 and TCNT_4 to H'0000.

[5

TGRA_3 is the period register. Set the waveform
period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
TGRA_4, and TGRB_4. Set times within the
compare-match range of TCNT_3.

X < TGRA_3 (X: set value).

S

Select enabling/disabling of toggle output

synchronized with the PMW cycle using bit PSYE

in the timer output control register (TOCR), and set

the PWM output level with bits OLSP and OLSN.

When specifying the PWM output level by using TOLBR
as a buffer for TOCR_2, see figure 11.3.

7

Set bits MD3-MDO0 in TMDR_3 to B'1000 to select
the reset-synchronized PWM mode. Do not set to TMDR_4.

[8] Set the enabling/disabling of the PWM waveform output
pin in TOER.

[9] Set the port control register and the port I/O register.

[10] Setthe CST3 bitin the TSTR to 1 to start the count
operation.

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X = TGRA, i.e., cycle = duty.

Figure 11.35 Procedure for Selecting Reset-Synchronized PWM Mode
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(2) Reset-Synchronized PWM Mode Operation

Figure 11.36 shows an example of operation in the reset-synchronized PWM mode. TCNT_3 and
TCNT_4 operate as upcounters. The counter is cleared when a TCNT_3 and TGRA_3 compare-
match occurs, and then begins incrementing from H'0000. The PWM output pin output toggles
with each occurrence of a TGRB_3, TGRA_4, TGRB_4 compare-match, and upon counter clears.

TCNT_3 and TCNT_4
values

TGRA_3
TGRB_3

TGRA_4
TGRB_4

H'0000

TIOC3B

TIOC3D

TIOC4D

TIOC4B _i
]

Figure 11.36 Reset-Synchronized PWM Mode Operation Example

(When TOCR’s OLSN =1 and OLSP =1)
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11.48 Complementary PWM Mode

In the complementary PWM mode, three-phase output of non-overlapping positive and negative
PWM waveforms can be obtained by combining channels 3 and 4. PWM waveforms without non-
overlapping interval are also available.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOC4C, and TIOC4D
pins function as PWM output pins, the TIOC3A pin can be set for toggle output synchronized with
the PWM period. TCNT_3 and TCNT_4 function as up/down counters.

Table 11.52 shows the PWM output pins used. Table 11.53 shows the settings of the registers
used.

Table 11.52 Output Pins for Complementary PWM Mode

Channel Output Pin Description

3 TIOC3A Toggle output synchronized with PWM period (or I/O port)
TIOC3B PWM output pin 1
TIOC3C 1/0O port*
TIOC3D PWM output pin 1'

(non-overlapping negative-phase waveform of PWM output 1;
PWM output without non-overlapping interval is also available)

4 TIOC4A PWM output pin 2
TIOC4B PWM output pin 3
TIOC4C PWM output pin 2'

(non-overlapping negative-phase waveform of PWM output 2;
PWM output without non-overlapping interval is also available)

TIOC4D PWM output pin 3'
(non-overlapping negative-phase waveform of PWM output 3;
PWM output without non-overlapping interval is also available)

Note: * Avoid setting the TIOC3C pin as a timer 1/O pin in the complementary PWM mode.
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Table 11.53 Register Settings for Complementary PWM Mode

Channel Counter/Register Description Read/Write from CPU
3 TCNT_3 Start of up-count from value set Maskable by TRWER
in dead time register setting*
TGRA_S3 Set TCNT_3 upper limit value Maskable by TRWER
(1/2 carrier cycle + dead time) setting*
TGRB_3 PWM output 1 compare register Maskable by TRWER
setting*
TGRC_3 TGRA_3 buffer register Always readable/writable
TGRD_3 PWM output 1/TGRB_3 buffer Always readable/writable
register
4 TCNT_4 Up-count start, initialized to Maskable by TRWER
H'0000 setting*
TGRA_4 PWM output 2 compare register Maskable by TRWER
setting*
TGRB_4 PWM output 3 compare register Maskable by TRWER
setting*
TGRC_4 PWM output 2/TGRA_4 buffer Always readable/writable
register
TGRD_4 PWM output 3/TGRB_4 buffer Always readable/writable

register

Timer dead time data register
(TDDR)

Set TCNT_4 and TCNT_3 offset
value (dead time value)

Maskable by TRWER
setting*

Timer cycle data register
(TCDR)

Set TCNT_4 upper limit value
(1/2 carrier cycle)

Maskable by TRWER
setting*

Timer cycle buffer register
(TCBR)

TCDR buffer register

Always readable/writable

Subcounter (TCNTS)

Subcounter for dead time
generation

Read-only

Temporary register 1 (TEMP1)

PWM output 1/TGRB_3
temporary register

Not readable/writable

Temporary register 2 (TEMP2)

PWM output 2/TGRA_4
temporary register

Not readable/writable

Temporary register 3 (TEMP3)

PWM output 3/TGRB_4
temporary register

Not readable/writable

Note: *

Access can be enabled or disabled according to the setting of bit 0 (RWE) in TRWER

(timer read/write enable register).
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(except for TCNTS, which can only be read)

Figure 11.37 Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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(1) Example of Complementary PWM Maode Setting Procedure

An example of the complementary PWM mode setting procedure is shown in figure 11.38.

(Complementary PWM mode)

<Complementary PWM mode>

[1] Clear bits CST3 and CST4 in the timer start register
(TSTR) to 0, and halt timer counter (TCNT) operation.
Perform complementary PWM mode setting when
TCNT_3 and TCNT_4 are stopped.

Stop count operation [11  [2] Setthe same counter clock and clock edge for channels
3 and 4 with bits TPSC2-TPSCO and bits CKEG1 and
| CKEGO in the timer control register (TCR). Use bits
Counter clock, counter clear 2 CCLR2-CCLRO to set synchronous clearing only when
source selection 2 restarting by a synchronous clear from another channel
| during complementary PWM mode operation.
Brushless DC motor control 13 [3] When performing brushless DC motor control, set bit BDC
setting in the timer gate control register (TGCR) and set the
| feedback signal input source and output chopping or gate
signal direct output.
TCNT setting [4]
| [4] Set the dead time in TCNT_3. Set TCNT_4 to H'0000.
Inter-channel synchronization (5] [5] Set only when restarting by a synchronous clear from
setting another channel during complementary PWM mode
| operation. In this case, synchronize the channel generating
the synchronous clear with channels 3 and 4 using the timer
TGR setting [6] synchro register (TSYR).
| [6] Set the output PWM duty in the duty registers (TGRB_3,
Enable/disable dead time TGRA_4, TGRB_4) and buffer registers (TGRD_3, TGRC_4,
generation 7] $22D_4). Set the same initial value in each corresponding
| .
Dead time, carrier cycle i8] [7] This setting is necessary only when no dead time should be
setting generated. Make appropriate settings in the timer dead time
| enable register (TDER) so that no dead time is generated.
PWM cycle output enabling, |5 (g] Set the dead time in the dead time register (TDDR), 1/2 the
PWM output level setting carrier cycle in the timer cycle data register (TCDR) and
| timer cycle buffer register (TCBR), and 1/2 the carrier cycle
Complementary PWM mode plus the dead time in TGRA_3 and TGRC_3. When no dead
setting [10] time generation is selected, set 1 in TDDR and 1/2 the carrier
| cycle + 1in TGRA_3 and TGRC_3.
Enable waveform output [11] [9] Select enabling/di§ablirtng of toggle output synchronized with
the PWM cycle using bit PSYE in the timer output control
| register 1 (TOCR1), and set the PWM output level with bits OLSP
and OLSN. When specifying the PWM output level by using
PFC setting [12] TOLBR as a buffer for TOCR_2, see figure 11.3.
| [10] Select complementary PWM mode in timer mode register 3
(TMDR_3). Do not set in TMDR_4.
Start count operation [3]
[11] Set enabling/disabling of PWM waveform output pin output in

the timer output master enable register (TOER).
[12] Set the port control register and the port I/O register.

[13] Set bits CST3 and CST4 in TSTR to 1 simultaneously to start
the count operation.

Figure 11.38 Example of Complementary PWM Mode Setting Procedure
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(2) Outline of Complementary PWM Mode Operation

In complementary PWM mode, 6-phase PWM output is possible. Figure 11.39 illustrates counter
operation in complementary PWM mode, and figure 11.40 shows an example of complementary
PWM mode operation.

(a) Counter Operation

In complementary PWM mode, three counters—TCNT_3, TCNT_4, and TCNTS—perform
up/down-count operations.

TCNT_3 is automatically initialized to the value set in TDDR when complementary PWM mode
is selected and the CST bit in TSTR is 0.

When the CST bit is set to 1, TCNT_3 counts up to the value set in TGRA_3, then switches to
down-counting when it matches TGRA_3. When the TCNT_3 value matches TDDR, the counter
switches to up-counting, and the operation is repeated in this way.

TCNT_4 is initialized to H'0000.

When the CST bit is set to 1, TCNT_4 counts up in synchronization with TCNT_3, and switches
to down-counting when it matches TCDR. On reaching H'0000, TCNT_4 switches to up-counting,
and the operation is repeated in this way.

TCNTS is a read-only counter. It need not be initialized.

When TCNT_3 matches TCDR during TCNT_3 and TCNT_4 up/down-counting, down-counting
is started, and when TCNTS matches TCDR, the operation switches to up-counting. When
TCNTS matches TGRA_3, it is cleared to H'0000.

When TCNT_4 matches TDDR during TCNT_3 and TCNT_4 down-counting, up-counting is
started, and when TCNTS matches TDDR, the operation switches to down-counting. When
TCNTS reaches H'0000, it is set with the value in TGRA_3.

TCNTS is compared with the compare register and temporary register in which the PWM duty is
set during the count operation only.
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TCNT_3

Counter value TCNT 4
TGRA_3 ; :
TCDR ' ; ; :

: N\ : : :

: TCNT 3 | ! :

TONT4  qonTs : : E

TDDR i o o :
H'0000 : ' / :

Time

Figure 11.39 Complementary PWM Mode Counter Operation

(b) Register Operation

In complementary PWM mode, nine registers are used, comprising compare registers, buffer
registers, and temporary registers. Figure 11.40 shows an example of complementary PWM mode
operation.

The registers which are constantly compared with the counters to perform PWM output are
TGRB_3, TGRA_4, and TGRB_4. When these registers match the counter, the value set in bits
OLSN and OLSP in the timer output control register (TOCR) is output.

The buffer registers for these compare registers are TGRD_3, TGRC_4, and TGRD_4.

Between a buffer register and compare register there is a temporary register. The temporary
registers cannot be accessed by the CPU.

Data in a compare register is changed by writing the new data to the corresponding buffer register.
The buffer registers can be read or written at any time.

The data written to a buffer register is constantly transferred to the temporary register in the Ta
interval. Data is not transferred to the temporary register in the Tb interval. Data written to a
buffer register in this interval is transferred to the temporary register at the end of the Tb interval.

The value transferred to a temporary register is transferred to the compare register when TCNTS
for which the Tb interval ends matches TGRA_3 when counting up, or H'0000 when counting
down. The timing for transfer from the temporary register to the compare register can be selected
with bits MD3 to MDO in the timer mode register (TMDR). Figure 11.40 shows an example in
which the mode is selected in which the change is made in the trough.
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In the tb interval (tb1 in figure 11.40) in which data transfer to the temporary register is not
performed, the temporary register has the same function as the compare register, and is compared
with the counter. In this interval, therefore, there are two compare match registers for one-phase
output, with the compare register containing the pre-change data, and the temporary register
containing the new data. In this interval, the three counters—TCNT_3, TCNT_4, and TCNTS—
and two registers—compare register and temporary register—are compared, and PWM output
controlled accordingly.
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Transfer from temporary Transfer from temporary
register to compare register register to compare register
Tb2 Ta Tb1 Ta Tb2 Ta
TGRA_3
TCNTS
TCDR

TCN Tj:/

TGRA_4 TCNT_4

TGRC_4 frereemmensprmmsinh ey )

TDDR

H'0000

Buffer register
TGRC_4

Temporary register
TEMP2

H'6400 X

H'6400

Compare register

TGRA 4 H'0080

' H6400 X

__.__.__.>.<_._ JRSVRRS B ERPRPN I

Output waveform |

Output waveform I | I

(Output waveform is active-low)

Figure 11.40 Example of Complementary PWM Mode Operation
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(c) Initialization

In complementary PWM mode, there are six registers that must be initialized. In addition, there is
a register that specifies whether to generate dead time (it should be used only when dead time
generation should be disabled).

Before setting complementary PWM mode with bits MD3 to MDO in the timer mode register
(TMDR), the following initial register values must be set.

TGRC_3 operates as the buffer register for TGRA_3, and should be set with 1/2 the PWM carrier
cycle + dead time Td. The timer cycle buffer register (TCBR) operates as the buffer register for
the timer cycle data register (TCDR), and should be set with 1/2 the PWM carrier cycle. Set dead
time Td in the timer dead time data register (TDDR).

When dead time is not needed, the TDER bit in the timer dead time enable register (TDER) should
be cleared to 0, TGRC_3 and TGRA_3 should be set to 1/2 the PWM carrier cycle + 1, and TDDR
should be set to 1.

Set the respective initial PWM duty values in buffer registers TGRD_3, TGRC_4, and TGRD_4.

The values set in the five buffer registers excluding TDDR are transferred simultaneously to the
corresponding compare registers when complementary PWM mode is set.

Set TCNT_4 to H'0000 before setting complementary PWM mode.

Table 11.54 Registers and Counters Requiring Initialization

Register/Counter Set Value

TGRC_3 1/2 PWM carrier cycle + dead time Td (1/2 PWM
carrier cycle + 1 when dead time generation is disabled
by TDER)

TDDR Dead time Td (1 when dead time generation is
disabled by TDER)

TCBR 1/2 PWM carrier cycle

TGRD_3, TGRC_4, TGRD_4 Initial PWM duty value for each phase

TCNT_4 H'0000

Note: The TGRC_3 set value must be the sum of 1/2 the PWM carrier cycle set in TCBR and
dead time Td set in TDDR. When dead time generation is disabled by TDER, TGRC_3
must be set to 1/2 the PWM carrier cycle + 1.
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(d) PWM Output Level Setting

In complementary PWM mode, the PWM pulse output level is set with bits OLSN and OLSP in
timer output control register 1 (TOCRI) or bits OLS1P to OLS3P and OLS1N to OLS3N in timer
output control register 2 (TOCR2).

The output level can be set for each of the three positive phases and three negative phases of 6-
phase output.

Complementary PWM mode should be cleared before setting or changing output levels.

(e) Dead Time Setting

In complementary PWM mode, PWM pulses are output with a non-overlapping relationship
between the positive and negative phases. This non-overlap time is called the dead time.

The non-overlap time is set in the timer dead time data register (TDDR). The value set in TDDR is
used as the TCNT_3 counter start value, and creates non-overlap between TCNT_3 and TCNT_4.
Complementary PWM mode should be cleared before changing the contents of TDDR.

(f) Dead Time Suppressing

Dead time generation is suppressed by clearing the TDER bit in the timer dead time enable
register (TDER) to 0. TDER can be cleared to 0 only when 0 is written to it after reading TDER =
1.

TGRA_3 and TGRC_3 should be set to 1/2 PWM carrier cycle + 1 and the timer dead time data
register (TDDR) should be set to 1.

By the above settings, PWM waveforms without dead time can be obtained. Figure 11.41 shows
an example of operation without dead time.
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Transfer from temporary register Transfer from temporary register
to compare register to compare register
Ta To1 Ta To2 Ta

TGRA_3=TCDR+1

TCNT.
TCDR
TCNT_3
TCNT_4
TGRA_4

TGRC_4 "o ’ O ST T CO T LT C LTI TIr TCLL LI : \

N7

TDDR=1
H'0000
X Data2
Temporary register TEMP2 Datat X Data2

Compare register TGRA_4 Datat Data2

Buffer register TGRC_4 H Datat

Output waveform |

—

Output waveform I

Output waveform is active-low.

Figure 11.41 Example of Operation without Dead Time
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(g9 PWM Cycle Setting

In complementary PWM mode, the PWM pulse cycle is set in two registers—TGRA_3, in which
the TCNT_3 upper limit value is set, and TCDR, in which the TCNT_4 upper limit value is set.
The settings should be made so as to achieve the following relationship between these two
registers:

With dead time: TGRA_3 set value = TCDR set value + TDDR set value
TCDR set value > two times TDDR + 2

Without dead time: TGRA_3 set value = TCDR set value + 1
TCDR set value > 4

The TGRA_3 and TCDR settings are made by setting the values in buffer registers TGRC_3 and
TCBR. The values set in TGRC_3 and TCBR are transferred simultaneously to TGRA_3 and
TCDR in accordance with the transfer timing selected with bits MD3 to MDO in the timer mode
register (TMDR).

The updated PWM cycle is reflected from the next cycle when the data update is performed at the
crest, and from the current cycle when performed in the trough. Figure 11.42 illustrates the
operation when the PWM cycle is updated at the crest.

See (h) Register Data Updating, for the method of updating the data in each buffer register.

TGRC_3 TGRA_3
update update

| |
Q

Counter value

TCNT_3

TGRA_3 i 3 TCNT_4

Time

Figure 11.42 Example of PWM Cycle Updating
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(h) Register Data Updating

In complementary PWM mode, the buffer register is used to update the data in a compare register.
The update data can be written to the buffer register at any time. There are five PWM duty and
carrier cycle registers that have buffer registers and can be updated during operation.

There is a temporary register between each of these registers and its buffer register. When
subcounter TCNTS is not counting, if buffer register data is updated, the temporary register value
is also rewritten. Transfer is not performed from buffer registers to temporary registers when
TCNTS is counting; in this case, the value written to a buffer register is transferred after TCNTS
halts.

The temporary register value is transferred to the compare register at the data update timing set
with bits MD3 to MDQO in the timer mode register (TMDR). Figure 11.43 shows an example of
data updating in complementary PWM mode. This example shows the mode in which data
updating is performed at both the counter crest and trough.

When rewriting buffer register data, a write to TGRD_4 must be performed at the end of the
update. Data transfer from the buffer registers to the temporary registers is performed
simultaneously for all five registers after the write to TGRD_4.

A write to TGRD_4 must be performed after writing data to the registers to be updated, even when
not updating all five registers, or when updating the TGRD_4 data. In this case, the data written to
TGRD_4 should be the same as the data prior to the write operation.
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(i) Initial Output in Complementary PWM Mode

In complementary PWM mode, the initial output is determined by the setting of bits OLSN and
OLSP in timer output control register 1 (TOCRI) or bits OLSIN to OLS3N and OLS1P to OLS3P
in timer output control register 2 (TOCR2).

This initial output is the PWM pulse non-active level, and is output from when complementary
PWM mode is set with the timer mode register (TMDR) until TCNT_4 exceeds the value set in
the dead time register (TDDR). Figure 11.44 shows an example of the initial output in
complementary PWM mode.

An example of the waveform when the initial PWM duty value is smaller than the TDDR value is
shown in figure 11.45.

Timer output control register settings

OLSN bit: O (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4

TGRA_4

-

TDDR
X

: i o Time
h T T 1 >
+ Initial output + | Dead time
Positive phase T — —
gutput —:/ . ! I Active level |
Negative phase T T i ) I i
output ./ : | Active level | I_
\ Y
Complementary ~ TCNT_3, 4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure 11.44 Example of Initial Output in Complementary PWM Mode (1)
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Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4

TDDR

N

TGRA_4

I

Initial output

Positive phase
output —/

Time

Active level

Negative phase
output —/

Y Y
Complementary TCNT_3, 4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure 11.45 Example of Initial Output in Complementary PWM Mode (2)
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(1) Complementary PWM Mode PWM Output Generation Method

In complementary PWM mode, 3-phase output is performed of PWM waveforms with a non-
overlap time between the positive and negative phases. This non-overlap time is called the dead
time.

A PWM waveform is generated by output of the output level selected in the timer output control
register in the event of a compare-match between a counter and compare register. While TCNTS
is counting, compare register and temporary register values are simultaneously compared to create
consecutive PWM pulses from 0 to 100%. The relative timing of on and off compare-match
occurrence may vary, but the compare-match that turns off each phase takes precedence to secure
the dead time and ensure that the positive phase and negative phase on times do not overlap.
Figures 11.46 to 11.48 show examples of waveform generation in complementary PWM mode.

The positive phase/negative phase off timing is generated by a compare-match with the solid-line
counter, and the on timing by a compare-match with the dotted-line counter operating with a delay
of the dead time behind the solid-line counter. In the T1 period, compare-match a that turns off the
negative phase has the highest priority, and compare-matches occurring prior to a are ignored. In
the T2 period, compare-match c that turns off the positive phase has the highest priority, and
compare-matches occurring prior to C are ignored.

In normal cases, compare-matches occur in the ordera —>b —>c—>d(orc >d —>a' > b'"), as
shown in figure 11.46.

If compare-matches deviate from the @ - b — ¢ — d order, since the time for which the negative
phase is off is less than twice the dead time, the figure shows the positive phase is not being turned
on. If compare-matches deviate from the ¢ - d — a" — b" order, since the time for which the
positive phase is off is less than twice the dead time, the figure shows the negative phase is not
being turned on.

If compare-match ¢ occurs first following compare-match a, as shown in figure 11.47, compare-
match b is ignored, and the negative phase is turned on by compare-match d. This is because
turning off of the positive phase has priority due to the occurrence of compare-match ¢ (positive
phase off timing) before compare-match b (positive phase on timing) (consequently, the waveform
does not change since the positive phase goes from off to off).

Similarly, in the example in figure 11.48, compare-match @' with the new data in the temporary
register occurs before compare-match ¢, but other compare-matches occurring up to ¢, which turns
off the positive phase, are ignored. As a result, the negative phase is not turned on.

Thus, in complementary PWM mode, compare-matches at turn-off timings take precedence, and
turn-on timing compare-matches that occur before a turn-off timing compare-match are ignored.
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Figure 11.46 Example of Complementary PWM Mode Waveform Output (1)
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Figure 11.47 Example of Complementary PWM Mode Waveform Output (2)
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Figure 11.48 Example of Complementary PWM Mode Waveform Output (3)
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Figure 11.49 Example of Complementary PWM Mode 0% and
100% Waveform Output (1)
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Figure 11.50 Example of Complementary PWM Mode 0% and
100% Waveform Output (2)
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Figure 11.51 Example of Complementary PWM Mode 0% and
100% Waveform Output (3)
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Figure 11.52 Example of Complementary PWM Mode 0% and
100% Waveform Output (4)

T1 period T2 period T1 period—
c aid b
TGRA_3 5,
TCDR
TDDR
H'0000

Positive phase

Negative phase

Figure 11.53 Example of Complementary PWM Mode 0% and
100% Waveform Output (5)
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(k) Complementary PWM Mode 0% and 100% Duty Output

In complementary PWM mode, 0% and 100% duty cycles can be output as required. Figures
11.49 to 11.53 show output examples.

100% duty output is performed when the compare register value is set to H'0000. The waveform in
this case has a positive phase with a 100% on-state. 0% duty output is performed when the
compare register value is set to the same value as TGRA_3. The waveform in this case has a
positive phase with a 100% off-state.

On and off compare-matches occur simultaneously, but if a turn-on compare-match and turn-off
compare-match for the same phase occur simultaneously, both compare-matches are ignored and
the waveform does not change.

()  Toggle Output Synchronized with PWM Cycle

In complementary PWM mode, toggle output can be performed in synchronization with the PWM
carrier cycle by setting the PSYE bit to 1 in the timer output control register (TOCR). An example
of a toggle output waveform is shown in figure 11.54.

This output is toggled by a compare-match between TCNT_3 and TGRA_3 and a compare-match
between TCNT_4 and H'0000.

The output pin for this toggle output is the TIOC3A pin. The initial output is 1.

TGRA_3

'
'
'
'

-
'
'
'
'
'
'
'
'
'
'
'
'
'
T
'
U

H'0000

Toggle output
TIOC3A pin |

Figure 11.54 Example of Toggle Output Waveform Synchronized with PWM Output
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(m) Counter Clearing by Another Channel

In complementary PWM mode, by setting a mode for synchronization with another channel by
means of the timer synchronous register (TSYR), and selecting synchronous clearing with bits
CCLR?2 to CCLRO in the timer control register (TCR), it is possible to have TCNT_3, TCNT_4,
and TCNTS cleared by another channel.

Figure 11.55 illustrates the operation.

Use of this function enables counter clearing and restarting to be performed by means of an
external signal.

TGRA_3

TCDR

TDDR

H'0000

Channel 1
Input capture A

TCNT_1

Synchronous counter clearing by channel 1 input capture A

Figure 11.55 Counter Clearing Synchronized with Another Channel
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(n) Output Waveform Control at Synchronous Counter Clearing in Complementary PWM
Mode

Setting the WRE bit in TWCR to 1 suppresses initial output when synchronous counter clearing
occurs in the Tb interval at the trough in complementary PWM mode and controls abrupt change
in duty cycle at synchronous counter clearing.

Initial output suppression is applicable only when synchronous clearing occurs in the Tb interval
at the trough as indicated by (10) or (11) in figure 11.56. When synchronous clearing occurs
outside that interval, the initial value specified by the OLS bits in TOCR is output. Even in the Tb
interval at the trough, if synchronous clearing occurs in the initial value output period (indicated
by (1) in figure 11.56) immediately after the counters start operation, initial value output is not
suppressed.

When using the initial output suppression function, make sure to set compare registers TGRB_3,
TGRA_4, and TGRB_4 to a value twice or more the setting of dead time data register TDDR. If
synchronous clearing occurs with the compare registers set to a value less than twice the setting of
TDDR, the PWM output dead time may be too short (or nonexistent) or illegal active-level PWM
negative-phase output may occur during the initial output suppression interval. For details, see
section 11.7.23, Notes on Output Waveform Control During Synchronous Counter Clearing in
Complementary PWM Mode.
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TDDR
H'0000

Positive phase
Negative phase
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o Example of Procedure for Setting Output Waveform Control at Synchronous Counter Clearing

in Complementary PWM Mode

An example of the procedure for setting output waveform control at synchronous counter
clearing in complementary PWM mode is shown in figure 11.57.

synchronous counter clearin

<Output waveform control at > [1] Clear bits CST3 and CST4 in the timer
g

start register (TSTR) to 0, and halt timer
counter (TCNT) operation. Perform
TWCR setting while TCNT_3 and

Stop count operation

(1] TCNT_4 are stopped.

[2] Read bit WRE in TWCR and then write 1
to it to suppress initial value output at

Set TWCR and
complementary PWM mode

counter clearing.

(2]

[3] Set bits CST3 and CST4 in TSTR to 1 to
start count operation.

Start count operation

(3]

i

< Output waveform control at

synchronous counter clearing

)

Figure 11.57 Example of Procedure for Setting Output Waveform Control at Synchronous
Counter Clearing in Complementary PWM Mode
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e Examples of Output Waveform Control at Synchronous Counter Clearing in Complementary
PWM Mode
Figures 11.58 to 11.61 show examples of output waveform control in which this module
operates in complementary PWM mode and synchronous counter clearing is generated while
the WRE bit in TWCR is set to 1. In the examples shown in figures 11.58 to 11.61,
synchronous counter clearing occurs at timing (3), (6), (8), and (11) shown in figure 11.56,

respectively.

Synchronous clearing Bit WRE = 1
TGRA_3
TCDR
TGRB_3
TDDR
H'0000

Positive phase : : | |
Negative phase | I ' I | |

: i Output waveform is active-low.

Figure 11.58 Example of Synchronous Clearing in Dead Time during Up-Counting
(Timing (3) in Figure 11.56; Bit WRE of TWCR is 1)
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Synchronous clearing Bit WRE = 1
TGRA_3 '
TCDR +
TGRB_S [orreemesereemsssereemmsseene e
TDDR -
H'0000

Positive phase

Negative phase | | : | | |

1 Output waveform is active-low.

Figure 11.59 Example of Synchronous Clearing in Interval Tb at Crest
(Timing (6) in Figure 11.56; Bit WRE of TWCR is 1)

Synchronous clearing
TGRA_3 +
TCDR :
LI = T I e O N ............
TDDR :
H'0000 :
Positive phase | I ; | l_

Negative phase | I

Output waveform is active-low.

[ L

Figure 11.60 Example of Synchronous Clearing in Dead Time during Down-Counting
(Timing (8) in Figure 11.56; Bit WRE of TWCR is 1)
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Bit WRE = 1 Synchronous clearing
TGRA_3 e
TCDR
TGRB_3 |-eeeeereesmermremmmsnsne o o Qe S S
TCNT_3 .
(MTU2) '
TCNT_4 i
(MTU2) !
TDDR
H'0000
Positive phase | I

Initial value output is suppressed.

Negative phase | | | ~

Output waveform is active-low.

—

—

Figure 11.61 Example of Synchronous Clearing in Interval Tb at Trough
(Timing (11) in Figure 11.56; Bit WRE of TWCR is 1)
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(0) Counter Clearing by TGRA_3 Compare Match

In complementary PWM mode, by setting the CCE bit in the timer waveform control register
(TWCR), it is possible to have TCNT_3, TCNT_4, and TCNTS cleared by TGRA_3 compare
match.

Figure 11.62 illustrates an operation example.

Notes: 1. Use this function only in complementary PWM mode 1 (transfer at crest)

2. Do not specify synchronous clearing by another channel (do not set the SYNCO to
SYNCH4 bits in the timer synchronous register (TSYR) to 1).

3. Do not set the PWM duty value to H'0000.
4. Do not set the PSYE bit in timer output control register 1 (TOCRI) to 1.

Counter cleared
by TGRA_3 compare match

TGRA_3

TCDR

TGRB_3

TDDR

H'0000

Output waveform | | I |
Output waveform | | I |

Output waveform is active-high.

Figure 11.62 Example of Counter Clearing Operation by TGRA_3 Compare Match
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(p) Example of AC Synchronous Motor (Brushless DC Motor) Drive Waveform Output

In complementary PWM mode, a brushless DC motor can easily be controlled using the timer gate
control register (TGCR). Figures 11.63 to 11.66 show examples of brushless DC motor drive
waveforms created using TGCR.

When output phase switching for a 3-phase brushless DC motor is performed by means of external
signals detected with a Hall element, etc., clear the FB bit in TGCR to 0. In this case, the external
signals indicating the polarity position are input to channel O timer input pins TIOCOA, TIOCOB,
and TIOCOC (set with the general I/O ports). When an edge is detected at pin TIOCOA, TIOCOB,
or TIOCOC, the output on/off state is switched automatically.

When the FB bit is 1, the output on/off state is switched when the UF, VF, or WF bit in TGCR is
cleared to O or set to 1.

The drive waveforms are output from the complementary PWM mode 6-phase output pins. With
this 6-phase output, in the case of on output, it is possible to use complementary PWM mode
output and perform chopping output by setting the N bit or P bit to 1. When the N bit or P bit is 0,
level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN and OLSP bits in the
timer output control register (TOCR) regardless of the setting of the N and P bits.

External input ~ TIOCOA pin

TIOCOB pin

TIOCOC pin

6-phase output TIOC3B pin

TIOC3D pin

TIOCA4A pin

TIOCA4C pin
TIOC4B pin

TIOC4D pin

When BDC =1, N =0, P =0, FB = 0, output active level = high

Figure 11.63 Example of Output Phase Switching by External Input (1)
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TIOC3D pin

TIOC4A pin

TIOCA4C pin
TIOC4B pin
TIOC4D pin

high

0, output active level =

WhenBDC=1,N=1,P=1,FB

Figure 11.64 Example of Output Phase Switching by External Input (2)
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TIOCS3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin
TIOC4D pin

high

0, FB =1, output active level

=0,P=

When BDC=1,N

Figure 11.65 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1)
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TGCR UF bit

VF bit

WF bit

6-phase output TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCA4C pin

TIOC4B pin

TIOCA4D pin

When BDC =1, N =1, P =1, FB = 1, output active level = high

Figure 11.66 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2)

(q) A/D Converter Start Request Setting

In complementary PWM mode, an A/D converter start request can be issued using a TGRA_3
compare-match, TCNT_4 underflow (trough), or compare-match on a channel other than channels
3 and 4.

When start requests using a TGRA_3 compare-match are specified, A/D conversion can be started
at the crest of the TCNT _3 count.

A/D converter start requests can be set by setting the TTGE bit to 1 in the timer interrupt enable
register (TIER). To issue an A/D converter start request at a TCNT_4 underflow (trough), set the
TTGE2 bit in TIER_4 to 1.
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(3) Interrupt Skipping in Complementary PWM Mode

Interrupts TGIA_3 (at the crest) and TCIV_4 (at the trough) in channels 3 and 4 can be skipped up
to seven times by making settings in the timer interrupt skipping set register (TITCR).

Transfers from a buffer register to a temporary register or a compare register can be skipped in
coordination with interrupt skipping by making settings in the timer buffer transfer register
(TBTER). For the linkage with buffer registers, refer to description (c), Buffer Transfer Control
Linked with Interrupt Skipping, below.

A/D converter start requests generated by the A/D converter start request delaying function can
also be skipped in coordination with interrupt skipping by making settings in the timer A/D
converter request control register (TADCR). For the linkage with the A/D converter start request
delaying function, refer to section 11.4.9, A/D Converter Start Request Delaying Function.

The setting of the timer interrupt skipping setting register (TITCR) must be done while the
TGIA_3 and TCIV_4 interrupt requests are disabled by the settings of TIER_3 and TIER_4 along
with under the conditions in which TGFA_3 and TCFV_4 flag settings by compare match never
occur. Before changing the skipping count, be sure to clear the T3AEN and T4VEN bits to O to
clear the skipping counter.

(a) Example of Interrupt Skipping Operation Setting Procedure

Figure 11.67 shows an example of the interrupt skipping operation setting procedure. Figure 11.68
shows the periods during which interrupt skipping count can be changed.

[1] Set bits TBAEN and T4VEN in the timer interrupt

C Interrupt skipping ) st?pping set rc:gister (TITCR) to 0 to clear the
skipping counter.

[2] Specify the interrupt skipping count within the
Clear interrupt skipping counter | [1] range from 0 to 7 times in bits BACOR2 to
3ACORO0 and 4VCOR2 to 4VCORO in TITCR, and
enable interrupt skipping through bits T3AEN and
T4VEN.

Set skipping count and 2]
enable interrupt skipping Note: The setting of TITCR must be done while the
TGIA_3 and TCIV_4 interrupt requests are
disabled by the settings of TIER_3
and TIER_4 along with under the conditions in
<Interrupt skipping> which TGFA_3 and TCFV_4 flag settings by
compare match never occur.
Before changing the skipping count, be sure to
clear the T3AEN and T4VEN bits to 0 to clear
the skipping counter.

Figure 11.67 Example of Interrupt Skipping Operation Setting Procedure
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Period during which
changing skipping count
can be performed

Period during which
changing skipping count
can be performed

Period during which

changing skipping count

can be performed

Period during which
changing skipping count
can be performed

Figure 11.68 Periods during which Interrupt Skipping Count can be Changed

(b) Example of Interrupt Skipping Operation

Figure 11.69 shows an example of TGIA_3 interrupt skipping in which the interrupt skipping
count is set to three by the 3ACOR bit and the T3AEN bit is set to 1 in the timer interrupt skipping
set register (TITCR).

TGIA_3 interrupt
flag set signal

Skipping counter

TGFA_3 flag

Interrupt skipping period

M

M

I—i

Interrupt skipping period

M

M

00

01

02

o]

00

01

02

l

.

|
03 \
(?_

Figure 11.69 Example of Interrupt Skipping Operation
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(c) Buffer Transfer Control Linked with Interrupt Skipping

In complementary PWM mode, whether to transfer data from a buffer register to a temporary
register and whether to link the transfer with interrupt skipping can be specified with the BTE1
and BTEO bits in the timer buffer transfer set register (TBTER).

Figure 11.70 shows an example of operation when buffer transfer is suppressed (BTE1 = 0 and
BTEO = 1). While this setting is valid, data is not transferred from the buffer register to the
temporary register.

Figure 11.71 shows an example of operation when buffer transfer is linked with interrupt skipping
(BTE1 =1 and BETO = 0). While this setting is valid, data is not transferred from the buffer
register to the temporary register outside the buffer transfer-enabled period. Depending on the
rewrite timing from the interrupt generation to the buffer register, there are two types of the
transfer timing such as from the buffer register to the temporary register and from the temporary
register to the general register.

Note that the buffer transfer-enabled period depends on the T3AEN and T4VEN bit settings in the
timer interrupt skipping set register (TITCR). Figure 11.72 shows the relationship between the
T3AEN and T4VEN bit settings in TITCR and buffer transfer-enabled period.

Note: This function must always be used in combination with interrupt skipping.
When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to 0 or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0), make sure that buffer transfer is not linked with
interrupt skipping (clear the BTE1 bit in the timer buffer transfer set register (TBTER) to
0). If buffer transfer is linked with interrupt skipping while interrupt skipping is disabled,
buffer transfer is never performed.

Page 554 of 2104 RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016



SH7266 Group, SH7267 Group Section 11 Multi-Function Timer Pulse Unit 2

datal

Bit BTEO in TBTER —I

Bit BTE1 in TBTER

Buffer register Datat

Temporary register Data2

\o
X Data2

General register

Buffer transfer is suppressed

[Legend]

(1) No data is transferred from the buffer register to the temporary register in the buffer transfer-disabled period
(bits BTE1 and BTEO in TBTER are set to 0 and 1, respectively).

(2) Data is transferred from the temporary register to the general register even in the buffer transfer-disabled period.

(3) After buffer transfer is enabled, data is transferred from the buffer register to the temporary register.

Note: * When buffer transfer at the crest is selected.

Figure 11.70 Example of Operation when Buffer Transfer is Suppressed
(BTE1=0and BTEO = 1)
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(1)When rewriting the buffer register within 1 carrier cycle from TGIA_3 interrupt

TGIA_3 interrupt generation TGIA_3 interrupt generation

'
'
'
'
'
'
'
'
T
'
'

m
'

'
'
'
'
i
'
1 »
I I T L
'
Buffer register'rewrite timing Buffer registe‘r rewrite tl'ming
' ' '
' '
Buffer transfer- | | . | | .
enabled period - .
TITCR[6:4] 1 2 .
T T
TITCNT[6:4] | 0 | I 1 2 | 0 | | 1
| |
Buffer register Data X ! Datat X ! Data2
j j
Temporary register Data X . Datat X . Data2
| |
| |
General register Data X Data1 X Data2

(2)When rewriting the buffer register after passing 1 carrier cycle from TGIA_3 interrupt

TGIA_3 interrupt generation TGIA_3 interrupt generation

Buffer register rewrite timing

Buffer transfer- | | | |
enabled period

|
TITCR(6:4] 2 :
'

TITCNT6:4] [ 0 [ 1 [ 2 [ 0 [: 1

|

Buffer register Data X i Datat
'
]

Temporary register Data X H Datal
|

General register Data X Datal
)

Note: * The MD bits 3 to 0 = 1101 in TMDR_3, buffer transfer at the crest is selected.
The skipping count is set to two.
T3AEN and T4VEN are setto 1 and 0.

Figure 11.71 Example of Operation when Buffer Transfer is Linked with Interrupt
Skipping (BTE1 =1 and BTEQ =0)
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Skipping counter 3ACNT 0 | 1 | 2 | 3 | o i|i " | 2 | 3 | 0

Skipping counter 4VCNT 0 | 1 | 2 | 3 |§ id §| 1 | 2 | 3 |

Buffer transfer-enabled period 3
(T3AEN is set to 1) !

|
b
Buffer transfer-enabled period P
(TAVEN is set to 1) T — L

Buffer transfer-enabled period
(T3AEN and T4VEN are set to 1)

Note: * The MD bits 3to 0 = 1111 in TMDR_3, buffer transfer at the crest and the
trough is selected.
The skipping count is set to three.
T3AEN and TAVEN are set to 1.

Figure 11.72 Relationship between Bits T3AEN and T4VEN in TITCR and Buffer
Transfer-Enabled Period

(4) Complementary PWM Mode Output Protection Function
Complementary PWM mode output has the following protection function.

(a) Register and counter miswrite prevention function

With the exception of the buffer registers, which can be rewritten at any time, access by the CPU
can be enabled or disabled for the mode registers, control registers, compare registers, and
counters used in complementary PWM mode by means of the RWE bit in the timer read/write
enable register (TRWER). The applicable registers are some (21 in total) of the registers in
channels 3 and 4 shown in the following:

e TCR_3 and TCR_4, TMDR_3 and TMDR_4, TIORH_3 and TIORH_4, TIORL_3 and
TIORL_4, TIER_3 and TIER_4, TCNT_3 and TCNT_4, TGRA_3 and TGRA_4, TGRB_3
and TGRB_4, TOER, TOCR, TGCR, TCDR, and TDDR.

This function enables miswriting due to CPU runaway to be prevented by disabling CPU access to
the mode registers, control registers, and counters. When the applicable registers are read in the
access-disabled state, undefined values are returned. Writing to these registers is ignored.
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1149 AJD Converter Start Request Delaying Function

A/D converter start requests can be issued in channel 4 by making settings in the timer A/D
converter start request control register (TADCR), timer A/D converter start request cycle set
registers (TADCORA_4 and TADCORB_4), and timer A/D converter start request cycle set
buffer registers (TADCOBRA_4 and TADCOBRB_4).

The A/D converter start request delaying function compares TCNT_4 with TADCORA_4 or
TADCORB_4, and when their values match, the function issues a respective A/D converter start
request (TRG4AN or TRG4BN).

A/D converter start requests (TRG4AN and TRG4BN) can be skipped in coordination with
interrupt skipping by setting the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in TADCR.

e Example of Procedure for Specifying A/D Converter Start Request Delaying Function

Figure 11.73 shows an example of procedure for specifying the A/D converter start request
delaying function.

[1] Set the cycle in the timer A/D converter start request cycle
A/D converter start request buffer register (TADCOBRA_4 or TADCOBRB_4) and timer
delaying function A/D converter start request cycle register (TADCORA_4 or
TADCORB_4). (The same initial value must be specified in
the cycle buffer register and cycle register.)

Set A/D converter start request cycle| [1] 2] Use bits BF1 and BF2 in the timer A/D converter start

request control register (TADCR) to specify the timing of

transfer from the timer A/D converter start request cycle

buffer register to A/D converter start request cycle register.

» Specify whether to link with interrupt skipping through bits
ITA3AE, ITA4VE, ITB3AE, and ITB4VE.

e Use bits TU4AE, DT4AE, UT4BE, and DT4BE to enable
A/D conversion start requests (TRG4AN or TRG4BN).

o Set the timing of transfer 2]
from cycle set buffer register

o Set linkage with interrupt skipping

« Enable A/D converter start
request delaying function

Notes: 1. Perform TADCR setting while TCNT_4 is stopped.
l 2. Do not set BF1 to 1 when complementary PWM mode
is not selected.
A/D converter start request 3. Do not set ITA3AE, ITA4VE, ITB3AE, ITB4VE,
delaying function DT4AE, or DT4BE to 1 when complementary PWM

mode is not selected.

Figure 11.73 Example of Procedure for Specifying A/D Converter
Start Request Delaying Function
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e Basic Operation Example of A/D Converter Start Request Delaying Function

Figure 11.74 shows a basic example of A/D converter request signal (TRG4AN) operation
when the trough of TCNT_4 is specified for the buffer transfer timing and an A/D converter
start request signal is output during TCNT_4 down-counting.

Transfer from cycle buffer Transfer from cycle buffer Transfer from cycle buffer
register to cycle register register to cycle register register to cycle register
TADCORA_4 1 1
TCNT_4
TADCOBRA74 ..............
A/D converter start request : ; - ‘ .
(TRG4AN) |_| |_| (Complementary PWM mode)

Figure 11.74 Basic Example of A/D Converter Start Request Signal (TRG4AN) Operation

e Buffer Transfer

The data in the timer A/D converter start request cycle set registers (TADCORA_4 and
TADCORB_4) is updated by writing data to the timer A/D converter start request cycle set
buffer registers (TADCOBRA_4 and TADCOBRB_4). Data is transferred from the buffer
registers to the respective cycle set registers at the timing selected with the BF1 and BFO bits
in the timer A/D converter start request control register (TADCR_4).

e A/D Converter Start Request Delaying Function Linked with Interrupt Skipping
A/D converter start requests (TRG4AN and TRG4BN) can be issued in coordination with
interrupt skipping by making settings in the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in
the timer A/D converter start request control register (TADCR).
Figure 11.75 shows an example of A/D converter start request signal (TRG4AN) operation
when TRG4AN output is enabled during TCNT_4 up counting and down counting and A/D
converter start requests are linked with interrupt skipping.
Figure 11.76 shows another example of A/D converter start request signal (TRG4AN)
operation when TRG4AN output is enabled during TCNT_4 up counting and A/D converter
start requests are linked with interrupt skipping.
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Note: This function must be used in combination with interrupt skipping.
When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to O or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0), make sure that A/D converter start requests are not
linked with interrupt skipping (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in
the timer A/D converter start request control register (TADCR) to 0).

AVARVA

TGIA_3 interrupt
skipping counter |

TCIV_4 interrupt
skipping counter

TGIA_3 A/D request-enabled | |

period

[ 00 [ o1 [

TCIV_4 A/D request-enabled
period

i

i

,

A/D converter start request (TRG4AN) '
When linked with TGIA_3 and TCIV_4 Ll

i

interrupt skipping

When linked with TGIA_3
interrupt skipping

When linked with TCIV_4
interrupt skipping

|_| |_| (UT4AE/DT4AE = 1)

Note: * When the interrupt skipping count is set to two.

Figure 11.75 Example of A/D Converter Start Request Signal (TRG4AN) Operation Linked
with Interrupt Skipping
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\ /\ /\ /\ /\
TADCORA_4 \/ \/ v
TGIA_3 interrupt
skipping counter 00 | o1 | 02

TCIV_4 interrupt

skipping counter 00

[ o I

02 [ 00 [ o1 [

TGIA_3 A/D request-enabled

:
:
:
5
- 00 | of [ |
:
:

T

period

TCIV_4 A/D request-enabled

period

A/D converter start request (TRG4AN)

When linked with TGIA_3 and TCIV_4
interrupt skipping

When linked with TGIA_3
interrupt skipping

When linked with TCIV_4
interrupt skipping

Note: *

When the interrupt skipping count is set to two.

DT4AE =0

Ll <UT4AE=1>

Figure 11.76 Example of A/D Converter Start Request Signal (TRG4AN) Operation

Linked with Interrupt Skipping
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11.4.10 TCNT Capture at Crest and/or Trough in Complementary PWM Operation

The TCNT value is captured in TGR at either the crest or trough or at both the crest and trough
during complementary PWM operation. The timing for capturing in TGR can be selected by
TIOR.

Figure 11.77 shows an example in which TCNT is used as a free-running counter without being
cleared, and the TCNT value is captured in TGR at the specified timing (either crest or trough, or
both crest and trough).

TGRA_4 I ! /
/ Tdead
Upper arm signal
Lower arm signal
Inverter output monitor signal
Tdelay
Dead time delay signal
Up-count/down-count signal (udflg) —
TCNT[15:0] 3EkE7lumi 3E5B 3ED3 lﬁmi 3F37 3FAF
TGR[15:0] j 3DE7 )é 3E5B )% 3ED3 )x( 3F37 Q@‘F

Figure 11.77 TCNT Capturing at Crest and/or Trough in Complementary PWM Operation
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11.5 Interrupt Sources

11.5.1 Interrupt Sources and Priorities

This module has three kinds of interrupt sources; TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing the generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, however the priority order
within a channel is fixed. For details, see section 7, Interrupt Controller.

Table 11.55 lists the interrupt sources of this module.

Table 11.55 Interrupts of Multi-Function Timer Pulse Unit 2

Activation of

Direct
Memory
Interrupt Access
Channel Name Interrupt Source Flag Controller Priority
0 TGIA_O0 TGRA_O input capture/compare match TGFA_O Possible High
TGIB_0 TGRB_O input capture/compare match TGFB_0 Not possible 1
TGIC_0 TGRC_0 input capture/compare match TGFC_0 Not possible
TGID_0 TGRD_0 input capture/compare match TGFD_0 Not possible
TCIV_0 TCNT_O overflow TCFV_0 Not possible
TGIE_O0 TGRE_0 compare match TGFE_O Not possible
TGIF_0 TGRF_0 compare match TGFF_O0 Not possible
1 TGIA_1 TGRA_1 input capture/compare match TGFA_1 Possible
TGIB_1 TGRB_1 input capture/compare match TGFB_1 Not possible
TCIV_1 TCNT_1 overflow TCFV_1 Not possible v
TCIU_1 TCNT_1 underflow TCFU_1 Not possible Low
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Activation of

Direct
Memory
Interrupt Access
Channel Name Interrupt Source Flag Controller Priority
2 TGIA_2 TGRA_2 input capture/compare match TGFA_2 Possible High
TGIB_2 TGRB_2 input capture/compare match TGFB_2 Not possible 3
TCIV_2 TCNT_2 overflow TCFV_2 Not possible
TCIU_2 TCNT_2 underflow TCFU_2 Not possible
3 TGIA_8 TGRA_S input capture/compare match TGFA_3 Possible

TGIB_8 TGRB_3 input capture/compare match TGFB_3 Not possible
TGIC_3 TGRC_3 input capture/compare match TGFC_3 Not possible
TGID_3 TGRD_3 input capture/compare match TGFD_3 Not possible
TCIV_3 TCNT_3 overflow TCFV_3 Not possible
4 TGIA_4 TGRA_4 input capture/compare match TGFA_4 Possible

TGIB_4 TGRB_4 input capture/compare match TGFB_4 Not possible
TGIC_4 TGRC_4 input capture/compare match TGFC_4 Not possible
TGID_4 TGRD_4 input capture/compare match TGFD_4 Not possible

TCIV_4 TCNT_4 overflow/underflow TCFV_4 Not possible LO\:\'/

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. This module has eighteen input capture/compare
match interrupts, six for channel 0, four each for channels 3 and 4, and two each for channels 1
and 2. The TGFE_0 and TGFF_0 flags in channel O are not set by the occurrence of an input
capture.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. This module has five overflow interrupts, one for each channel.
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(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to
1 by the occurrence of TCNT underflow on a channel. The interrupt request is cleared by clearing
the TCFU flag to 0. This module has two underflow interrupts, one each for channels 1 and 2.

11.5.2  Activation of Direct Memory Access Controller

The direct memory access controller can be activated by the TGRA input capture/compare match
interrupt in each channel. For details, see section 10, Direct Memory Access Controller.

In this module, a total of five TGRA input capture/compare match interrupts can be used as direct
memory access controller activation sources, one each for channels 0 to 4.

11.5.3  A/D Converter Activation

The A/D converter can be activated by one of the following three methods in this module. Table
11.56 shows the relationship between interrupt sources and A/D converter start request signals.

(1) A/D Converter Activation by TGRA Input Capture/Compare Match or at TCNT_4
Trough in Complementary PWM Mode

The A/D converter can be activated by the occurrence of a TGRA input capture/compare match in
each channel. In addition, if complementary PWM operation is performed while the TTGE2 bit in
TIER_4 is set to 1, the A/D converter can be activated at the trough of TCNT_4 count (TCNT_4 =
H'0000).

A/D converter start request signal TRGAN is issued to the A/D converter under either one of the
following conditions.

e  When the TGFA flag in TSR is set to 1 by the occurrence of a TGRA input capture/compare
match on a particular channel while the TTGE bit in TIER is set to 1

e  When the TCNT_4 count reaches the trough (TCNT_4 = H'0000) during complementary
PWM operation while the TTGE2 bit in TIER_4 is set to 1

When either condition is satisfied, if A/D converter start signal TRGAN from this module is
selected as the trigger in the A/D converter, A/D conversion will start.
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(2) A/D Converter Activation by Compare Match between TCNT_0 and TGRE_0

The A/D converter can be activated by generating A/D converter start request signal TRGON
when a compare match occurs between TCNT_0 and TGRE_O in channel 0.

When the TGFE flag in TSR2_0 is set to 1 by the occurrence of a compare match between
TCNT_0 and TGRE_O in channel O while the TTGE?2 bit in TIER2_0 is set to 1, A/D converter
start request TGRON is issued to the A/D converter. If A/D converter start signal TGRON from
this module is selected as the trigger in the A/D converter, A/D conversion will start.

(3) AJ/D Converter Activation by A/D Converter Start Request Delaying Function

The A/D converter can be activated by generating A/D converter start request signal TRG4AN or
TRG4BN when the TCNT_4 count matches the TADCORA or TADCORB value if the UT4AE,
DT4AE, UT4BE, or DT4BE bit in the A/D converter start request control register (TADCR) is set
to 1. For details, refer to section 11.4.9, A/D Converter Start Request Delaying Function.

A/D conversion will start if A/D converter start signal TRG4AN from this module is selected as
the trigger in the A/D converter when TRG4AN is generated or if TRG4BN from this module is
selected as the trigger in the A/D converter when TRG4BN is generated.

Table 11.56 Interrupt Sources and A/D Converter Start Request Signals
A/D Converter Start Request
Target Registers Interrupt Source Signal
TGRA_0 and TCNT_O Input capture/compare match ~ TRGAN
TGRA_1 and TCNT_1
TGRA_2 and TCNT_2
TGRA_3 and TCNT_3
TGRA_4 and TCNT_4

TCNT_4 TCNT_4 Trough in

complementary PWM mode
TGRE_0 and TCNT_O Compare match TRGON
TADCORA and TCNT_4 TRG4AN
TADCORB and TCNT_4 TRG4BN
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11.6  Operation Timing
11.6.1  Input/Output Timing
(1) TCNT Count Timing

Figure 11.78 shows TCNT count timing in internal clock operation, and Figure 11.79 shows
TCNT count timing in external clock operation (normal mode), and Figure 11.80 shows TCNT
count timing in external clock operation (phase counting mode).

& Uy yryyL

Internal clock 6 Falling edge q) Rising edge

S T 1

TCNT N-1 X N X N+1

Figure 11.78 Count Timing in Internal Clock Operation

-~ JUUHUHULUyrLrrL L

External clock w Falling edge (I) Rising edge
TCNT input \I_l I_l
clock

TONT N-1 X N X N+ 1

Figure 11.79 Count Timing in External Clock Operation

-~ Sy

External J) Rising edge q) Falling edge

C|00k \
TCNT input | | | |
clock

TCNT N-1 X N ) N-1

Figure 11.80 Count Timing in External Clock Operation (Phase Counting Mode)

(2) Output Compare Output Timing
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A compare match signal is generated in the final state in which TCNT and TGR match (the point
at which the count value matched by TCNT is updated). When a compare match signal is
generated, the output value set in TIOR is output at the output compare output pin (TIOC pin).
After a match between TCNT and TGR, the compare match signal is not generated until the
TCNT input clock is generated.

Figure 11.81 shows output compare output timing (normal mode and PWM mode) and Figure
11.82 shows output compare output timing (complementary PWM mode and reset synchronous
PWM mode).

o T L L L L
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare | |

match signal

TIOC pin X

Figure 11.81 Output Compare Output Timing (Normal Mode/PWM Mode)

- J UL L L L
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare I_l

match signal

TIOC pin X

Figure 11.82 Output Compare Output Timing
(Complementary PWM Mode/Reset Synchronous PWM Mode)

Page 568 of 2104 RO1UH0412EJ0300 Rev.3.00

RENESAS Oct 31, 2016




SH7266 Group, SH7267 Group Section 11 Multi-Function Timer Pulse Unit 2

(3) Input Capture Signal Timing

Figure 11.83 shows input capture signal timing.
S N ) I I

::gltjtt capture J |

ISrll g:; Icapture I_l
X: N+

A

TCNT :X N

TGR

v

Figure 11.83 Input Capture Input Signal Timing
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(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 11.84 shows the timing when counter clearing on compare match is specified, and Figure

11.85 shows the timing when counter clearing on input capture is specified.

S I I

Compare
match signal

Counter
clear signal

TCNT N H'0000

NN

TGR N

Figure 11.84 Counter Clear Timing (Compare Match)

Po

Input capture
signal

Counter clear

signal
TONT N ) H'0000
TGR ) N
Figure 11.85 Counter Clear Timing (Input Capture)
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(5) Buffer Operation Timing

Figures 11.86 to 11.88 show the timing in buffer operation.

o LTI LT LT LT L LT LT L
X n+1

Compare

matcI buffer | |

TCNT

=

signa
TGRA, ;
TGRB n ' X N
TGRC, N :
TGRD '

Figure 11.86 Buffer Operation Timing (Compare Match)

o LT L L L L
Input capture
signal | | | |

TCNT N L N+t

TGRA \ :

ToRs no ) N : D
TGRC B

TGRD X n ) N

Figure 11.87 Buffer Operation Timing (Input Capture)
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« JTUU U LU Lo

H'0000

TCNT n

TCNT clear
signal

Buffer transfer
signal

1L

TGRA, TGRB,
TGRE

TGRC, TGRD,
TGRF

Figure 11.88 Buffer Transfer Timing (when TCNT Cleared)
(6) Buffer Transfer Timing (Complementary PWM Mode)

Figures 11.89 to 11.91 show the buffer transfer timing in complementary PWM mode.

N I O I S I O
TCNTS H'0000

TGRD_4 | |
write signal

Temporary register

transfer signal | |

Buffer X
. n N
register
Temporary n X N
register

Figure 11.89 Transfer Timing from Buffer Register to Temporary Register (TCNTS Stop)
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Po

TCNTS P-x X P X H'0000

TGRD_4
write signal

Buffer X
register

—

Temporary
register

n

|
|
I
’I’I

Figure 11.90 Transfer Timing from Buffer Register to Temporary Register
(TCNTS Operating)

o LT L L L L L
TCNTS P—EX P

Buffer transfer
signal

H'0000

Temporary
register

] L

Cor_npare n ' X N
register .

Figure 11.91 Transfer Timing from Temporary Register to Compare Register
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11.6.2  Interrupt Signal Timing
(1) TGF Flag Setting Timing in Case of Compare Match

Figure 11.92 shows the timing for setting of the TGF flag in TSR on compare match, and TGI
interrupt request signal timing.

o LT L L L L
TCNT input | |
clock

TCNT N ) N+ 1
TGR N

Compare I_l

match signal

TGF flag |

TGl interrupt |

Figure 11.92 TGI Interrupt Timing (Compare Match)
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(2) TGF Flag Setting Timing in Case of Input Capture

Figure 11.93 shows the timing for setting of the TGF flag in TSR on input capture, and TGI
interrupt request signal timing.

» T UL L
Input capture
signal | |

TCNT N

TGR E I N

TGF flag |

TGl interrupt |

Figure 11.93 TGI Interrupt Timing (Input Capture)
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(3) TCFV Flag/TCFU Flag Setting Timing

Figure 11.94 shows the timing for setting of the TCFV flag in TSR on overflow, and TCIV
interrupt request signal timing.

Figure 11.95 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU
interrupt request signal timing.

Po

TCNT input
clock

TCNT
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

Uy
1

HFFFF )

H'0000

[ ]

Figure 11.94 TCIV Interrupt Setting Timing

Po

TCNT
input clock

TCNT
(underflow)

Underflow
signal

TCFU flag

TCIU interrupt

UL
1

H'0000 )

[ ]
[

H'FFFF

Figure 11.95 TCIU Interrupt Setting Timing
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(4) Status Flag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. When the direct memory
access controller is activated, the flag is cleared automatically. Figure 11.96 shows the timing for
status flag clearing by the CPU, and Figure 11.97 shows the timing for status flag clearing by the
direct memory access controller.

TSR write cycle
T T2
oo T LT L L L L L e
Address ) TSR address )
Write signal | I
Status flag |
Interrupt |

request signal

Figure 11.96 Timing for Status Flag Clearing by CPU

Direct memory Direct memory
access controller access controller
) read cycle ) write cycle |
I T 1
e LT LT L L L L
Address X Source address X Dggg?:gg n X
Status flag |

Interrupt |
request signal

Flag clear |
signal |

Figure 11.97 Timing for Status Flag Clearing by Direct Memory Access Controller
Activation
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11.7  Usage Notes

11.7.1  Module Standby Mode Setting

Operation of this module can be disabled or enabled using the standby control register. The initial
setting is for the operation to be halted. Register access is enabled by clearing module standby
mode. For details, refer to section 33, Power-Down Modes.

11.7.2  Input Clock Restrictions

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. This module will not operate properly at
narrower pulse widths.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 11.98 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
i Overlap :ence Overlap: ence |

Pulse width 1 Pulse width |

TCLKA —| ;
(TCLKC) .
TCLKB

(TCLKD)

'
——
'
'
'
'

—
Pulse width Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 11.98 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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11.7.3  Caution on Period Setting

When counter clearing on compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

fo_ PO
(N+1)

Where f: Counter frequency
Po: Peripheral clock operating frequency
N: TGR set value

11.7.4  Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
precedence and the TCNT write is not performed.

Figure 11.99 shows the timing in this case.

TCNT write cycle
T1 T2

T
Po S
Address XTCNT addressX

Write signal | I
Counter clear I_l
signal

TCNT N X Hoo00

Figure 11.99 Contention between TCNT Write and Clear Operations
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11.75  Contention between TCNT Write and Increment Operations

If incrementing occurs in the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 11.100 shows the timing in this case.

Po

Address

Write signal

TCNT input
clock

TCNT

TCNT write cycle

T T2

Iy Lre

XTCNT addressX

N M

L
[ 1
X

£

TCNT write data

Figure 11.100 Contention between TCNT Write and Increment Operations
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11.7.6  Contention between TGR Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write is executed and the
compare match signal is also generated.

Figure 11.101 shows the timing in this case.

TGR write cycle
T T2
o LT LT L
Address X TGR address X

Write signal

L
Compare I_l
A

match signal
TCNT N N +1
TGR N X, w

TGR write data

Figure 11.101 Contention between TGR Write and Compare Match
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11.7.7  Contention between Buffer Register Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the data that is transferred to TGR
by the buffer operation is the data after write.

Figure 11.102 shows the timing in this case.

TGR write cycle
T1 T2

|<—><—>|

Address Buff(érd ;eeggster

Write signal

Compare match
signal

Compare match
buffer signal

ARIN(

Buffer register write data

v

Buffer register N

v

TGR

Figure 11.102 Contention between Buffer Register Write and Compare Match
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11.7.8  Contention between Buffer Register Write and TCNT Clear

When the buffer transfer timing is set at the TCNT clear by the buffer transfer mode register
(TBTM), if TCNT clear occurs in the T2 state of a TGR write cycle, the data that is transferred to
TGR by the buffer operation is the data before write.

Figure 11.103 shows the timing in this case.

TGR write cycle

T T2
& T L e
Address Buffer register
address
Write signal | |
TCNT clear I_l
signal
Buffer transfer I_l
signal | : :
H Buffer register write data
Buffer register N E x M
TGR X N

Figure 11.103 Contention between Buffer Register Write and TCNT Clear
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11.7.9  Contention between TGR Read and Input Capture

If an input capture signal is generated in the T1 state of a TGR read cycle, the data that is read will

be the data in the buffer before input capture transfer.

Figure 11.104 shows the timing in this case.

TGR read cycle
T1 T2

fe—rfe—
Po ST L
Address X TGR address X

Read signal | I
Input capture l_l
signal

TGR N : X M
Internal dat, —~
bnugrna ata X N

Figure 11.104 Contention between TGR Read and Input Capture
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11.7.10 Contention between TGR Write and Input Capture

If an input capture signal is generated in the T2 state of a TGR write cycle, the input capture

operation takes precedence and the write to TGR is not performed.

Figure 11.105 shows the timing in this case.

TGR write cycle
T1 T2
Py ST LT L
Address X TGR address X

Write signal

Input capture

AL

signal
TCNT M
—
TGR X M

Figure 11.105 Contention between TGR Write and Input Capture
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11.7.11 Contention between Buffer Register Write and Input Capture

If an input capture signal is generated in the T2 state of a buffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 11.106 shows the timing in this case.

Buffer register write cycle

T1 T2

Py T
Buffer register

Address addregs X

Write signal

Input capture

AL

signal

TCNT I N
—

TGR Y X N
—

Buffer register X M

Figure 11.106 Contention between Buffer Register Write and Input Capture

11.7.12 TCNT_2 Write and Overflow/Underflow Contention in Cascade Connection

With timer counters TCNT_1 and TCNT _2 in a cascade connection, when a contention occurs
during TCNT_1 count (during a TCNT_2 overflow/underflow) in the T, state of the TCNT_2
write cycle, the write to TCNT_2 is conducted, and the TCNT_1 count signal is disabled. At this
point, if there is match with TGRA_1 and the TCNT_1 value, a compare signal is issued.
Furthermore, when the TCNT_1 count clock is selected as the input capture source of channel 0,
TGRA_O to D_0 carry out the input capture operation. In addition, when the compare match/input
capture is selected as the input capture source of TGRB_1, TGRB_1 carries out input capture
operation. The timing is shown in figure 11.107.

For cascade connections, be sure to synchronize settings for channels 1 and 2 when setting TCNT
clearing.
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TCNT write cycle
T1 T2
& JU UL
Address XTCNT72 addressX
Write signal | |
TCNT_2 X H'FFFE X H'FFFF X < N X N +1
TCNT_2 write data

TGRA_2to ;
TGRB_2 HFFFF
Ch2 compare- | |
match signal A/B
TCNT_1 input £77777 Disabled
clock H '
TCNT_1 M
TGRA_1 M

Ch1 compare-
match signal A

Ch1 input capture

[ ]
TGRB_1 N X M
[ ]

signal B

TCNT_O P

TGRA_O to

TGRD_0 Q X P

ChO0 input capture | |
signal Ato D

Figure 11.107 TCNT_2 Write and Overflow/Underflow Contention with Cascade
Connection
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11.7.13 Counter Value during Complementary PWM Mode Stop

When counting operation is suspended with TCNT_3 and TCNT_4 in complementary PWM
mode, TCNT_3 has the timer dead time register (TDDR) value, and TCNT_4 is held at H'0000.

When restarting complementary PWM mode, counting begins automatically from the initialized
state. This explanatory diagram is shown in figure 11.108.

When counting begins in another operating mode, be sure that TCNT_3 and TCNT_4 are set to
the initial values.

TGRA_3

TCDR

TDDR

H'0000

-~ g -~
Complementary PWM Complementary PWM
mode operation T mode operation
Counter Complementary

operation stop PMW restart

Figure 11.108 Counter Value during Complementary PWM Mode Stop
11.7.14 Buffer Operation Setting in Complementary PWM Mode

In complementary PWM mode, conduct rewrites by buffer operation for the PWM cycle setting
register (TGRA_3), timer cycle data register (TCDR), and duty setting registers (TGRB_3,
TGRA_4, and TGRB_4).

In complementary PWM mode, channel 3 and channel 4 buffers operate in accordance with bit
settings BFA and BFB of TMDR_3. When TMDR_3's BFA bit is set to 1, TGRC_3 functions as a
buffer register for TGRA_3. At the same time, TGRC_4 functions as the buffer register for
TGRA_4, and TCBR functions as the TCDR's buffer register.
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11.7.15 Reset Sync PWM Mode Buffer Operation and Compare Match Flag

When setting buffer operation for reset sync PWM mode, set the BFA and BFB bits of TMDR_4
to 0. The TIOC4C pin will be unable to produce its waveform output if the BFA bit of TMDR_4 is
set to 1.

In reset sync PWM mode, the channel 3 and channel 4 buffers operate in accordance with the BFA
and BFB bit settings of TMDR_3. For example, if the BFA bit of TMDR_3 is set to 1, TGRC_3
functions as the buffer register for TGRA_3. At the same time, TGRC_4 functions as the buffer
register for TGRA_4.

The TGFC bit and TGFD bit of TSR_3 and TSR_4 are not set when TGRC_3 and TGRD_3 are
operating as buffer registers.

Figure 11.109 shows an example of operations for TGR_3, TGR_4, TIOC3, and TIOC4, with
TMDR_3's BFA and BFB bits set to 1, and TMDR_4's BFA and BFB bits set to 0.

TGRA_3 Buffer transfer with

compare match A3

TGRC_3 TGRA_3,

TGRC_3

TGRB_3, TGRA_4,
TGRB_4

TGRD_3, TGRC_4,
TGRD_4

R - TGRB_3, TGRD_3,
TGRA_4, TGRC_4,
TGRB_4, TGRD_4

H'0000

TIOC3A
TIOC3B
TIOC3D
TIOC4A
TIOC4C
TIOC4B
TIOC4D
TGFC

TGFD

Figure 11.109 Buffer Operation and Compare-Match Flags
in Reset Synchronous PWM Mode

RO1UH0412EJ0300 Rev.3.00

Oct 31, 2016 RENESAS

Page 589 of 2104




Section 11 Multi-Function Timer Pulse Unit 2 SH7266 Group, SH7267 Group

11.7.16 Overflow Flags in Reset Synchronous PWM Mode

When set to reset synchronous PWM mode, TCNT_3 and TCNT_4 start counting when the CST3
bit of TSTR is set to 1. At this point, TCNT_4's count clock source and count edge obey the
TCR_3 setting.

In reset synchronous PWM mode, with cycle register TGRA_3's set value at HFFFF, when
specifying TGR3A compare-match for the counter clear source, TCNT_3 and TCNT_4 count up
to HFFFF, then a compare-match occurs with TGRA_3, and TCNT_3 and TCNT_4 are both
cleared. At this point, TSR's overflow flag TCFV bit is not set.

Figure 11.110 shows a TCFV bit operation example in reset synchronous PWM mode with a set
value for cycle register TGRA_3 of H'FFFF, when a TGRA_3 compare-match has been specified
without synchronous setting for the counter clear source.

Counter cleared by compare match 3A
TGRA_3

(HFFFF)

TCNT_3=TCNT_4

F-m s s |7/~ T T T - - - === r-——-—-- hl
TCFV_4 | ) Not set . |

Figure 11.110 Reset Synchronous PWM Mode Overflow Flag
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11.7.17 Contention between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is

not set and TCNT clearing takes precedence.

Figure 11.111 shows the operation timing when a TGR compare match is specified as the clearing

source, and when H'FFFF is set in TGR.

wo LML LT LI LI L

TCNT input | |
clock

TCNT H'FFFF )

Counter clear

signal | |

TGF |

TCFV Disabled e

Figure 11.111 Contention between Overflow and Counter Clearing
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11.7.18 Contention between TCNT Write and Overflow/Underflow

If there is an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is
not set.

Figure 11.112 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

LT | T2

I T 1
we LTI
Address X TCNT address X
Write signal

9 |—| J/ TCNT write data

TCNT HFFFF ) M

Disabled —j=============~.
TCFV flag 1

Figure 11.112 Contention between TCNT Write and Overflow

11.7.19 Cautions on Transition from Normal Operation or PWM Mode 1 to Reset-
Synchronized PWM Mode

When making a transition from channel 3 or 4 normal operation or PWM mode 1 to reset-
synchronized PWM mode, if the counter is halted with the output pins (TIOC3B, TIOC3D,
TIOC4A, TIOCAC, TIOC4B, TIOCA4D) in the high-level state, followed by the transition to reset-
synchronized PWM mode and operation in that mode, the initial pin output will not be correct.

When making a transition from normal operation to reset-synchronized PWM mode, write H'11 to
registers TIORH_3, TIORL_3, TIORH_4, and TIORL_4 to initialize the output pins to low level
output, then set an initial register value of H'00 before making the mode transition.

When making a transition from PWM mode 1 to reset-synchronized PWM mode, first switch to
normal operation, then initialize the output pins to low level output and set an initial register value
of H'00 before making the transition to reset-synchronized PWM mode.
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11.7.20 Output Level in Complementary PWM Mode and Reset-Synchronized PWM Mode

When channels 3 and 4 are in complementary PWM mode or reset-synchronized PWM mode, the
PWM waveform output level is set with the OLSP and OLSN bits in the timer output control
register (TOCR). In the case of complementary PWM mode or reset-synchronized PWM mode,
TIOR should be set to H'00.

11.7.21 Interrupts in Module Standby Mode

If module standby mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the direct memory access controller activation source. Interrupts
should therefore be disabled before entering module standby mode.

11.7.22 Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection

When timer counters 1 and 2 (TCNT_1 and TCNT_2) are operated as a 32-bit counter in cascade
connection, the cascade counter value cannot be captured successfully even if input-capture input
is simultaneously done to TIOC1A and TIOC2A or to TIOC1B and TIOC2B. This is because the
input timing of TIOC1A and TIOC2A or of TIOC1B and TIOC2B may not be the same when
external input-capture signals to be input into TCNT_1 and TCNT_2 are taken in synchronization
with the internal clock. For example, TCNT_1 (the counter for upper 16 bits) does not capture the
count-up value by overflow from TCNT_2 (the counter for lower 16 bits) but captures the count
value before the count-up. In this case, the values of TCNT_1 = HFFF1 and TCNT_2 = H'0000
should be transferred to TGRA_1 and TGRA_2 or to TGRB_1 and TGRB_2, but the values of
TCNT_1 = HFFF0O and TCNT_2 = H'0000 are erroneously transferred.
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11.7.23 Notes on Output Waveform Control During Synchronous Counter Clearing in

Complementary PWM Mode

In complementary PWM mode, when output waveform control during synchronous counter
clearing is enabled (WRE in the TWCR register set to 1), the following problems may occur when

condition (1) or condition (2), below, is satisfied.

e Dead time for the PWM output pins may be too short (or nonexistent).

e Active-level output from the PWM negative-phase pins may occur outside the correct active-

level output interval

Condition (1): When synchronous clearing occurs in the PWM output dead time interval within

initial output suppression interval (10) (figure 11.113).

Condition (2): When synchronous clearing occurs within initial output suppression interval (10) or
(11) and TGRB_3 < TDDR, TGRA_4 < TDDR, or TGRB_4 < TDDR s true

(figure 11.114)

Synchronous clearing

L (10) (11) oy (1)

TGRA_3

: 'I"b interval

| Tb interval

TGR

TDDR

0 : N : T :
PWM output : : b
(positive phase) 1 | -
PWM output . _TDDR ] ‘E < E E

S )

Shortened dead time J ;(—)

Initial output suppression

(negative phase)

|:| Dead time

Note: PWM output is low-active.

Figure 11.113 Condition (1) Synchronous Clearing Example
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1)

Synchronous clearing

(10

TGRA_3 TCNT_3

erval

Tb interval

TDDR

TGR

PWM output
(positive phase)

e E——

PWM output
(negative phase)

Active-level output occurs at synchronous clearing

even though no active-level output interval has been set.

|:| Dead time
Note: PWM output is low-active.

Nonexistent

\ | dead time

Initial output suppression

Figure 11.114 Condition (2) Synchronous Clearing Example

The following workaround can be used to avoid these problems.

When using synchronous clearing, make sure to set compare registers TGRB_3, TGRA_4, and

TGRB_4 to a value twice or more the setting of dead time data register TDDR.
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11.8  Output Pin Initialization for Multi-Function Timer Pulse Unit 2

11.8.1  Operating Modes

This module has the following six operating modes. Waveform output is possible in all of these
modes.

e Normal mode (channels O to 4)

e PWM mode 1 (channels 0 to 4)

e PWM mode 2 (channels 0 to 2)

e Phase counting modes 1 to 4 (channels 1 and 2)

e Complementary PWM mode (channels 3 and 4)

e Reset-synchronized PWM mode (channels 3 and 4)

The output pin initialization method for each of these modes is described in this section.

11.8.2 Reset Start Operation

The output pins of this module (TIOC*) are initialized low by a power-on reset and in deep
standby mode. Since the pin functions are selected using the general I/O ports, when the general
I/O port is set, the pin states at that point are output to the ports. When this module output is
selected by the general I/O port immediately after a reset, the initial output level, low, is output
directly at the port. When the active level is low, the system will operate at this point, and
therefore the general I/O port setting should be made after the initialization of the output pins is
completed.

Note: Channel number and port notation are substituted for *.
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11.8.3  Operation in Case of Re-Setting Due to Error during Operation, etc.

If an error occurs during operation of this module, the module output should be cut by the system.
Cutoff is performed by switching the pin output to port output with the general I/O port and
outputting the inverse of the active level. The pin initialization procedures for re-setting due to an
error during operation, etc., and the procedures for restarting in a different mode after re-setting,

are shown below.

This module has six operating modes, as stated above. There are thus 36 mode transition
combinations, but some transitions are not available with certain channel and mode combinations.

Possible mode transition combinations are shown in table 11.57.

Table 11.57 Mode Transition Combinations

After
Before Normal PWM1 PWM2 PCM CPWM RPWM
Normal (1) @) 3) (4) (5) (6)
PWM1 (7) (8) 9) (10) (11) (12)
PWM2 (13) (14) (15) (16) None None
PCM (17) (18) (19) (20) None None
CPWM (21) (22) None None (23) (24) (25)
RPWM (26) (27) None None (28) (29)
[Legend]
Normal: Normal mode
PWM1: PWM mode 1
PWM2: PWM mode 2
PCM:  Phase counting modes 1 to 4
CPWM: Complementary PWM mode
RPWM: Reset-synchronized PWM mode
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11.8.4  Overview of Initialization Procedures and Mode Transitions in Case of Error
during Operation, etc.

e When making a transition to a mode (Normal, PWM1, PWM2, PCM) in which the pin output
level is selected by the timer I/O control register (TIOR) setting, initialize the pins by means of
a TIOR setting.

e In PWM mode 1, since a waveform is not output to the TIOC*B (TIOC *D) pin, setting TIOR
will not initialize the pins. If initialization is required, carry it out in normal mode, then switch
to PWM mode 1.

e In PWM mode 2, since a waveform is not output to the cycle register pin, setting TIOR will
not initialize the pins. If initialization is required, carry it out in normal mode, then switch to
PWM mode 2.

e In normal mode or PWM mode 2, if TGRC and TGRD operate as buffer registers, setting
TIOR will not initialize the buffer register pins. If initialization is required, clear buffer mode,
carry out initialization, then set buffer mode again.

e In PWM mode 1, if either TGRC or TGRD operates as a buffer register, setting TIOR will not
initialize the TGRC pin. To initialize the TGRC pin, clear buffer mode, carry out initialization,
then set buffer mode again.

e When making a transition to a mode (CPWM, RPWM) in which the pin output level is
selected by the timer output control register (TOCR) setting, switch to normal mode and
perform initialization with TIOR, then restore TIOR to its initial value, and temporarily disable
channel 3 and 4 output with the timer output master enable register (TOER). Then operate the
unit in accordance with the mode setting procedure (TOCR setting, TMDR setting, TOER
setting).

Note: Channel number is substituted for * indicated in this article.

Pin initialization procedures are described below for the numbered combinations in table 11.57.
The active level is assumed to be low.
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(1) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Normal Mode

Figure 11.115 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT)  (0) (normal) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output  { | ¥ ' [ I R Yy
T ; B — L — — L — I_,_,_
. i . . . . B R
PEn — | Highz o I R
pen — T Highz R T S U S O

n=0to 15

Figure 11.115 Error Occurrence in Normal Mode, Recovery in Normal Mode

After a reset, the module output is low and ports are in the high-impedance state.
After a reset, the TMDR setting is for normal mode.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

Ll

Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence.)

5. Set the multi-function timer pulse unit 2 output with the general I/O port.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.

8. An error occurs.

9. Set port output with the general I/O port and output the inverse of the active level.
10. The count operation is stopped by TSTR.

11. Not necessary when restarting in normal mode.

12. Initialize the pins with TIOR.

13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.
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(2) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in PWM Mode 1

Figure 11.116 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT) (0) (PWM1) (1init (MTU2) (1)
0 out) 0 out)
TIOC*A —— . ____________: _____
TIOC*B

'
'

i el [ttt AT
'
1
'
'

MTU2 module output  § - (N ' R Y J, ______ A A

Port output | 1 1
PEn — v Hgh-z V|
PEn — ' Highz ! IR
n=0to15

Figure 11.116 Error Occurrence in Normal Mode, Recovery in PWM Mode 1
1 to 10 are the same as in figure 11.115.

11. Set PWM mode 1.

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized. If
initialization is required, initialize in normal mode, and then switch to PWM mode 1.)

13. Set the multi-function timer pulse unit 2 output with the general 1/O port.
14. Operation is restarted by TSTR.
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(3) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in PWM Mode 2

Figure 11.117 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT) (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)
MTU2 module output % + } $ $ } & + } { } ;
TIOC*A — R R B I S . @ Not initialized (cycle register)

'|'|OC%B:-Nr ----- Co . o L T . o . | _____ L L
Portoutput | ! ! ! ! ! ! ! ! ! ! ! ! !
PEn — | High-Z ! N . L |
PEn — | HighZ I . I N
n=0to 15

Figure 11.117 Error Occurrence in Normal Mode, Recovery in PWM Mode 2
1 to 10 are the same as in figure 11.115.

11. Set PWM mode 2.
12. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized. If
initialization is required, initialize in normal mode, and then switch to PWM mode 2.)

13. Set the multi-function timer pulse unit 2 output with the general I/O port.
14. Operation is restarted by TSTR.

Note: PWM mode 2 can only be set for channels O to 2, and therefore TOER setting is not
necessary.
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(4) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Phase Counting Mode

Figure 11.118 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output { { } ; * } { + } ; ;
Toc*A—  + v | o : . . N D R S
T|OC*B:"’ """ I C T . N G . [ L T

Port output i i i i i i i i i i i i i i
PEn — . High-Z | d . R S [ A Lo R S
PEn L HighZ | I T F N S R
n=0to 15

Figure 11.118 Error Occurrence in Normal Mode, Recovery in Phase Counting Mode
1 to 10 are the same as in figure 11.115.

11. Set phase counting mode.

12. Initialize the pins with TIOR.

13. Set the multi-function timer pulse unit 2 output with the general I/O port.
14. Operation is restarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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(5) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Complementary PWM Mode

Figure 11.119 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in complementary PWM mode after re-setting.

4 5 6 7 8 9 10 11 12 13 14 15
RESET TMDR TOER TIOR PFC TSTR Match Error
(normal) (1) (1init (MTU2) (1)

0 out)

(16) (17)  (18)

PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(0 init (disabled) (0)
0 out)

occurs (PORT) ~ (0) (CPWM) (1) (MTU2) (1)

MTU2 module output *

PES —
PE9 —|
PET1 —]

Figure 11.119 Error Occurrence in Normal Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 11.115.

11. Initialize the normal mode waveform generation section with TIOR.
12.
13.
14.

Disable operation of the normal mode waveform generation section with TIOR.
Disable channel 3 and 4 output with TOER.

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

15.
16.
17.
18.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set the multi-function timer pulse unit 2 output with the general I/O port.
Operation is restarted by TSTR.
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(6) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Reset-Synchronized PWM Mode

Figure 11.120 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in reset-synchronized PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1)  (1init (MTU2) (1) occurs (PORT) (0) (O init (disabled) (0) (RPWM) (1) (MTU2) (1)
0 out) 0 out)
MTU2 module output | | | | | ' ' } | | { { | { |
e

Figure 11.120 Error Occurrence in Normal Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 13 are the same as in figure 11.115.

14. Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set reset-synchronized PWM.

16. Enable channel 3 and 4 output with TOER.

17. Set the multi-function timer pulse unit 2 output with the general I/O port.
18. Operation is restarted by TSTR.
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(7) Operation when Error Occurs during PWM Maode 1 Operation, and Operation is
Restarted in Normal Mode

Figure 11.121 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1)  (1init (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out) 0 out)
MTU2 module output * +_ } { {
meesA— . . el R S
I B L e Lo B S s : :
TIOC*B — ' ' @ Not initialized (TIOC*B) | ' !
Port output \ 1 1 1 ] ] ]
PEn — v Hgh-z v Lo [ S
PEn— [ Highz ] v v v [T RS
n=0to 15

Figure 11.121 Error Occurrence in PWM Mode 1, Recovery in Normal Mode

After a reset, the module output is low and ports are in the high-impedance state.
Set PWM mode 1.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

O

Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 1, the TIOC*B side is not initialized.)

5. Set the multi-function timer pulse unit 2 output with the general I/O port.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.

8. An error occurs.

9. Set port output with the general I/O port and output the inverse of the active level.
10. The count operation is stopped by TSTR.

11. Set normal mode.

12. Initialize the pins with TIOR.

13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.
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(8) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in PWM Mode 1

Figure 11.122 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (1init (MTU2) (1) occurs (PORT) (0) (PWM1) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output * { } * * } { + } * {
TOoC*A— &+ | L \ \ \ R S S
TIOC*B =TT Nk inifaized (TIOGB) 11T N inifiaized (TIOG*E)

Port output i i i i i i 1 | i i i i i
PEn — [ HighZ . I R D e
e T R A O T i
n=0to 15

Figure 11.122 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 1
1 to 10 are the same as in figure 11.121.

11. Not necessary when restarting in PWM mode 1.

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.
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(9) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in PWM Mode 2

Figure 11.123 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Tinit (MTU2) (1) occurs (PORT)  (0) (PWM2) (1init (MTU2) (1)

0 out) 0 out)

MTU2 moduleoutput___{ _____ +_ ____Jr __________ {_._.J’ ..... { ..........

TIOC*A eNot initialized (cycle register)

PEn

Portoutput | 1 i
1 High-Z

PEn

n=0to 15

Figure 11.123 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 2
1 to 10 are the same as in figure 11.121.

11. Set PWM mode 2.

12. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.

Note: PWM mode 2 can only be set for channels O to 2, and therefore TOER setting is not
necessary.

RO1UH0412EJ0300 Rev.3.00

Oct 31,2016 RENESAS

Page 607 of 2104




Section 11 Multi-Function Timer Pulse Unit 2 SH7266 Group, SH7267 Group

(10) Operation when Error Occurs during PWM Maode 1 Operation, and Operation is
Restarted in Phase Counting Mode

Figure 11.124 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (1init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)
MTU2moduleoutput  § | ' [ '
TIOC*A — | R S o | | | T R b
TlocsB — R e Not initialized (TIOC*B) @~ T T VT | ; :
Port output 1 1 1 1 1 1 1 1 1 ] ] ] ] ]
PEn — . High-Z i | T . .
oIl : : : B [ : : : : :
PENn T . High-Z | H H MR SR eeee . R I U,
n=0to 15

Figure 11.124 Error Occurrence in PWM Mode 1, Recovery in Phase Counting Mode
1 to 10 are the same as in figure 11.121.

11. Set phase counting mode.

12. Initialize the pins with TIOR.

13. Set the multi-function timer pulse unit 2 output with the general I/O port.
14. Operation is restarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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(11) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in Complementary PWM Mode

Figure 11.125 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in complementary PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (1init (MTU2) (1) occurs (PORT)  (0) (normal) (0 init(disabled) (0) (CPWM) (1) (MTU2) (1)
0 out) 0 out)

MTU2 module output | { Y

TIOC3B '—|'.'. """"""""""""""""""""""
TIOC3D %i""i""i""i'NoiThitT::ﬂiié&(
Port output _ _ : | E E I I
PE8 — , High-Z | -
PE9 — A R R N
PE11 — Hig;h-Z _____________________________________________

Figure 11.125 Error Occurrence in PWM Mode 1,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 11.121.

11. Set normal mode for initialization of the normal mode waveform generation section.
12. Initialize the PWM mode 1 waveform generation section with TIOR.

13. Disable operation of the PWM mode 1 waveform generation section with TIOR.

14. Disable channel 3 and 4 output with TOER.

15. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set complementary PWM.

17. Enable channel 3 and 4 output with TOER.

18. Set the multi-function timer pulse unit 2 output with the general I/O port.
19. Operation is restarted by TSTR.
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(12) Operation when Error Occurs during PWM Maode 1 Operation, and Operation is
Restarted in Reset-Synchronized PWM Mode

Figure 11.126 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in reset-synchronized PWM mode after re-setting.

2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19
RESETTMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (1init (MTU2) (1) occurs (PORT)  (0) (normal) (0 init(disabled) (0) (RPWM) (1) (MTU2) (1)
0 out)

MTU2 module output

&

Port output .

PES — , HighZ | |
PE9 — ._High-Z .
PE11 — T_HighZ__

Figure 11.126 Error Occurrence in PWM Mode 1,
Recovery in Reset-Synchronized PWM Mode

1 to 14 are the same as in figure 11.125.

15. Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set reset-synchronized PWM.

17. Enable channel 3 and 4 output with TOER.

18. Set the multi-function timer pulse unit 2 output with the general I/O port.
19. Operation is restarted by TSTR.
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(13) Operation when Error Occurs during PWM Mode 2 Operation, and Operation is
Restarted in Normal Mode

Figure 11.127 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output  § [ B 2R R N " v Y Y

® Not initialized (cycle register)

TIOC*B | j . [ . . | J J
- —— - - - - - | IR | - L e—— - - - - - Leccedacccaaa
Port output H H H i i i i i i . . . .
PEn ;High-Z, . . . R R R o .
PEn — Highz | I . [ I S
n=0to 15

Figure 11.127 Error Occurrence in PWM Mode 2, Recovery in Normal Mode

After a reset, the module output is low and ports are in the high-impedance state.
2. Set PWM mode 2.

3. Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 2, the cycle register pins are not initialized. In the
example, TIOC *A is the cycle register.)

Set the multi-function timer pulse unit 2 output with the general I/O port.

The count operation is started by TSTR.

4
5
6. Output goes low on compare-match occurrence.
7. An error occurs.

8. Set port output with the general I/O port and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Set normal mode.

11. Initialize the pins with TIOR.

12. Set the multi-function timer pulse unit 2 output with the general I/O port.

13. Operation is restarted by TSTR.
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(14) Operation when Error Occurs during PWM Maode 2 Operation, and Operation is
Restarted in PWM Mode 1

Figure 11.128 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (PWM1) (1init (MTU2) (1)
0 out) 0 out)

MTU2moduIeoutput___{ _____ +_ ____} _____ { _____ + _____ } _____ { ____} _____ { _____ L___ ; *

TIOC*A — i o Not initialized (cycle register) i i [ S L L
mocs — L | Ll eNotiaized (TiocB)
Portoutput___: E E E _____ i _____ j _____ i.____i E E E E E
PEn — \High-Z} | | | R T T L R
pEn | manz___ ] A . U T A A
n=0to 15

Figure 11.128 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 1
1 to 9 are the same as in figure 11.127.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
12. Set the multi-function timer pulse unit 2 output with the general I/O port.

13. Operation is restarted by TSTR.
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(15) Operation when Error Occurs during PWM Maode 2 Operation, and Operation is
Restarted in PWM Mode 2

Figure 11.129 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)

MTU2modueoutput ¥ ¥ ¥ N ¥ ¥ N YV d o h ¥ N

TIOC*A — ' ®Not initialized (cycle register) ) ! ! ®Not initialized (cycle register)
mocs T T T ]
S N N N N I A
PEn — High-Z: R N
PEn — AT A — 1 S S N R
n=0to 15

Figure 11.129 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 2
1 to 9 are the same as in figure 11.127.

10. Not necessary when restarting in PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set the multi-function timer pulse unit 2 output with the general 1/O port.

13. Operation is restarted by TSTR.
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(16) Operation when Error Occurs during PWM Maode 2 Operation, and Operation is
Restarted in Phase Counting Mode

Figure 11.130 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output ___{ _____ +_ ____} _____ { _____ + _____ } _____ { ____} _____ { _____ L___ { *

® Not initialized (cycle register)

e A — - | [ [ - -
TIOC*B i \ \ i h \ \ | | |
..... | SR ) - L L L emeeebccccdlaccc s
Port output H H H H H H H H H : : : :
PEn — High-Z| . . . . . R .
PEn — Highze | I A [ O S
n=0to 15

Figure 11.130 Error Occurrence in PWM Mode 2, Recovery in Phase Counting Mode
1 to 9 are the same as in figure 11.127.

10. Set phase counting mode.

11. Initialize the pins with TIOR.

12. Set the multi-function timer pulse unit 2 output with the general I/O port.
13. Operation is restarted by TSTR.
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(17) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in Normal Mode

Figure 11.131 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output { +_ { * { } { + i *
TIOC*A — | . L | | | R L o
T : A | e ]—.—.—
. . M M : MR R el
PEn — Highz | L e
PEn — Highz, | I A [ N A S

n=0to 15

Figure 11.131 Error Occurrence in Phase Counting Mode, Recovery in Normal Mode

After a reset, the module output is low and ports are in the high-impedance state.
Set phase counting mode.

W

Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence.)

Set the multi-function timer pulse unit 2 output with the general I/O port.

The count operation is started by TSTR.

4
5
6. Output goes low on compare-match occurrence.
7. An error occurs.

8. Set port output with the general I/O port and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Set in normal mode.

11. Initialize the pins with TIOR.

12. Set the multi-function timer pulse unit 2 output with the general 1/O port.

13. Operation is restarted by TSTR.
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(18) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in PWM Mode 1

Figure 11.132 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU2) (1) occurs (PORT) (0) (PWM1) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output ___{ _____ {r_ o * * {____} _____ { _____ +_ I * *

TIOC*A — A I R
TIOC*B

Port output
PEn

PEn -

n=0to 15

Figure 11.132 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 1
1 to 9 are the same as in figure 11.131.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initialized.)
12. Set the multi-function timer pulse unit 2 output with the general I/O port.

13. Operation is restarted by TSTR.
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(19) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in PWM Mode 2

Figure 11.133 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU2) (1) occurs (PORT) (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)

MTU2m0duIeout?ut___} _____ {y_ o { { _____ {____} _____ { _____ +_ ____Jy _____ {____} ___________

®Not initialized (cycle register)

[ — PR

TIOC*B ! j j T . . ! [ j !
e —— [ S — § (R — A A A ¥ IS [ —— | S —— e e e e e - - - -
Port output i i i 1 1 1 1 | 1 ' ' i :
PEn — High-zi | I H . TR .
PEn —]  Highzl | . . R S U U N
n=0to 15

Figure 11.133 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 2
1 to 9 are the same as in figure 11.131.

10. Set PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set the multi-function timer pulse unit 2 output with the general 1/O port.

13. Operation is restarted by TSTR.
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(20) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in Phase Counting Mode

Figure 11.134 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output ___{ _____ { o { {r _____ {____Jr _____ * _____ + _____ _*_*_

TIOC*A —f ; .

T i | — ——— — et elelelels Wil
TIOC*B v j j i N H ! ! !
L 1 1 ¥ NS R ———— | R — L [
Port output , , , i i i i i i | | | |
PEn — \High-Z; : : : T R A L S
PEn —  Highzl [ . A [ S IO O
n=0to 15

Figure 11.134 Error Occurrence in Phase Counting Mode,
Recovery in Phase Counting Mode

1 to 9 are the same as in figure 11.131.

10. Not necessary when restarting in phase counting mode.

11. Initialize the pins with TIOR.

12. Set the multi-function timer pulse unit 2 output with the general 1/O port.
13. Operation is restarted by TSTR.
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(21) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Normal Mode

Figure 11.135 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out)
MTU2 module output ¢ ¢ ¢ ¢ ‘ ¢ * ¢ ¢ { ¢
""""" [ B A [ e e e e L S
TIOC3A — ! ! ! o ! ! ! [ N S

3 —
; [ L
Portoutput 1 H H H | L :____j _____ . . H
Pes L Hihz | | SN N S N SIS SO B
Peo— . Hgnz . [ T 1
PEM—] + Hinz T ] [ [ [T

Figure 11.135 Error Occurrence in Complementary PWM Mode,
Recovery in Normal Mode

1. After a reset, the module output is low and ports are in the high-impedance state.

o

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set the multi-function timer pulse unit 2 output with the general I/O port.

The count operation is started by TSTR.

The complementary PWM waveform is output on compare-match occurrence.

An error occurs.

D A

Set port output with the general I/O port and output the inverse of the active level.

10. The count operation is stopped by TSTR. (This module outputs the same value as the
complementary PWM output initial value.)

11. Set normal mode. (This module outputs a low-level signal.)

12. Initialize the pins with TIOR.

13. Set the multi-function timer pulse unit 2 output with the general I/O port.
14. Operation is restarted by TSTR.
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(22) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in PWM Mode 1

Figure 11.136 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU2) (1) occurs (PORT)  (0) (PWM1) (1init (MTU2) (1)
0 out)
MTU2 module output | | { y ' v y v y v v
TIOC3A __I__' . . . . o . . . . ____E _____ E_ ______
........ LU R . " . " L . ! N U i
H ® Not initialized (TIOC3B)
L [ - | I —— L
1 oNot initialized (TIOC3D)

Portoutput H H ! ' : . !
pes L Fghz | N SO RS R N
PE9 —] . High-z | 11 IR 1 Foeee-
e e e e 4 e e ot o

Figure 11.136 Error Occurrence in Complementary PWM Mode,
Recovery in PWM Mode 1

1 to 10 are the same as in figure 11.135.

11. Set PWM mode 1. (This module outputs a low-level signal.)

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initialized.)
13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.
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(23) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode

Figure 11.137 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in complementary PWM mode after re-setting (when
operation is restarted using the cycle and duty settings at the time the counter was stopped).

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR PFC TSTR Match
(CPWM) (1) (MTU2) (1) occurs (PORT)  (0) (MTU2) (1)
MTU2 module output { { ¢ { * * ¢
TIOC3A —_____ L o o N i
[ [ | S L L I 1
TIOC38 —] : ; [ : : 1 :
.-.-_-J ..... [ S —— [ S M :‘ - -_-_-_-:- - -_:_-:.-_-::
TIOC3D — : ; | : i E :
I e E— e—— S L T L T T
Portoutput___: . . . | ____: :____j _____ i
eee gz | [
peo— 1 whgnz | T [
Pen— T mghz T [ T[T T

Figure 11.137 Error Occurrence in Complementary PWM Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 11.135.

11. Set the multi-function timer pulse unit 2 output with the general I/O port.
12. Operation is restarted by TSTR.
13. The complementary PWM waveform is output on compare-match occurrence.
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(24) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode

Figure 11.138 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in complementary PWM mode after re-setting (when
operation is restarted using completely new cycle and duty settings).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU2) (1) occurs (PORT)  (0) (normal) (0) (CPWM) (1) (MTU2) (1)

MTU2 module output

..................

TIOC3B —
TIOC3D —
Portoutput |t L L4 lolortoornorobb bbb
PEs ] ' Honz . | [ | v T
peo— ez | [ i i i ii.

pe—{ T Wehz T T T T T T

Figure 11.138 Error Occurrence in Complementary PWM Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 11.135.

11. Set normal mode and make new settings. (This module outputs a low-level signal.)
12. Disable channel 3 and 4 output with TOER.

13. Select the complementary PWM mode output level and cyclic output enabling/disabling with
TOCR.

14. Set complementary PWM.

15. Enable channel 3 and 4 output with TOER.

16. Set the multi-function timer pulse unit 2 output with the general I/O port.
17. Operation is restarted by TSTR.
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(25) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Reset-Synchronized PWM Mode

Figure 11.139 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in reset-synchronized PWM mode.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESETTOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU2) (1) occurs(PORT)  (0) (normal) (0) (RPWM) (1) (MTU2) (1)

MTU2 module output

..................

TIOC3B —
TIOC3D —

Portoutput ' '
PEs L High-Z

PE9 —] " High-Z

PE11 —] " High-Z

Figure 11.139 Error Occurrence in Complementary PWM Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 10 are the same as in figure 11.135.

11. Set normal mode. (This module outputs a low-level signal.)
12. Disable channel 3 and 4 output with TOER.

13. Select the reset-synchronized PWM mode output level and cyclic output enabling/disabling
with TOCR.

14. Set reset-synchronized PWM.

15. Enable channel 3 and 4 output with TOER.

16. Set the multi-function timer pulse unit 2 output with the general I/O port.
17. Operation is restarted by TSTR.
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(26) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in Normal Mode

Figure 11.140 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out)

MTU2 module output {

'
'
'
-
'
'
'
'
'

-
<
<
-~
<

IR

| oy

. : : oo
TIOC3B - ' s L ' |____5 _____ Lo
moce — T T T

Portoutput 1+ L 1L b
pes— i Highz | v | [
Peo— Hghz | T ] I I N S O N
PEM—] T Hohz ] | i R

Figure 11.140 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in Normal Mode

1. After a reset, the module output is low and ports are in the high-impedance state.

Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

Set reset-synchronized PWM.

Enable channel 3 and 4 output with TOER.

Set the multi-function timer pulse unit 2 output with the general I/O port.

The count operation is started by TSTR.

The reset-synchronized PWM waveform is output on compare-match occurrence.

An error occurs.

D A

Set port output with the general I/O port and output the inverse of the active level.

10. The count operation is stopped by TSTR. (This module outputs the same value as the reset-
synchronized PWM output initial value.)

11. Set normal mode. (The positive phase output from this module is low, and negative phase
output is high.)

12. Initialize the pins with TIOR.

13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.
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(27) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in PWM Mode 1

Figure 11.141 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU2) (1) occurs (PORT) (0) (PWM1) (1init (MTU2) (1)
0 out)
MTU2 module output | | v y \ v v v v v
mocsA | i IR A S R
L [ [ - | I (N— R ———— M e e e = [ QU — L
TIOC3B : ! : : ! ! | | o Not initialized (TIOC3B)
Tiocap =777 Tt i fT 7 P 1 3 [ ' & Not initialized (TIOC3D)
I [ ] [ eNotinitalized (TIOC3D
Portoutput , , , , , , |
PES — . High-z . | : :
PE9 —] T Highz | :
PE11 —] " High-z . | 5

Figure 11.141 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in PWM Mode 1

1 to 10 are the same as in figure 11.140.

11. Set PWM mode 1. (The positive phase output from this module is low, and negative phase
output is high.)

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initialized.)

13. Set the multi-function timer pulse unit 2 output with the general I/O port.

14. Operation is restarted by TSTR.
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(28) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode

Figure 11.142 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in complementary PWM mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TOER TOCR TMDR TOER PFC TSTR
(RPWM) (1) (MTU2) (1) occurs (PORT)  (0)  (0) (CPWM) (1) (MTU2) (1)
MTU2 module output | * { & v v ' ' & v ' " y v
TIOC3A _—l__' \ \ \ \ ! \ \ \ \ \ \ \
Tiocss — !
Tiocap— T
Port output .
PE8 —1
PE9 —]
PE11 —]

Figure 11.142 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 11.140.

11. Disable channel 3 and 4 output with TOER.

12. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

13. Set complementary PWM. (The cyclic output pin of this module outputs a low-level signal.)
14. Enable channel 3 and 4 output with TOER.

15. Set the multi-function timer pulse unit 2 output with the general I/O port.

16. Operation is restarted by TSTR.
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(29) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in Reset-Synchronized PWM Mode

Figure 11.143 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in reset-synchronized PWM mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TOCR TMDR TOER PFC TSTR Match Emor PFC TSTR PFC TSTR Match
(RPWM) (1) (MTU2) (1) occurs (PORT)  (0) (MTU2) (1)

MTU2 module output

P

TIOC3D —§

Port output .

PE8 _!

PE9 —|

PE11 —]

:
=

Figure 11.143 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 10 are the same as in figure 11.140.

11. Set the multi-function timer pulse unit 2 output with the general I/O port.
12. Operation is restarted by TSTR.

13. The reset-synchronized PWM waveform is output on compare-match occurrence.
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Section 12 Compare Match Timer

This LSI has an on-chip compare match timer module consisting of two-channel 16-bit timers.
This module has a 16-bit counter, and can generate interrupts at set intervals.

12.1 Features

e Independent selection of four counter input clocks at two channels
Any of four internal clocks (P¢/8, Pd/32, Pd/128, and P¢/512) can be selected.
e Selection of DMA transfer request or interrupt request generation on compare match by direct

memory access controller setting

e When not in use, this module can be stopped by halting its clock supply to reduce power

consumption.

Figure 12.1 shows a block diagram.

Po/8 P¢/32 Po/128 P¢/512

Y VvV OV vy

Control circuit

H Clock selection | |

Control circuit

H Clock selection |

Y h

t 3

3

<
<

<

ol [a].]8 S ] B Dl IR 1 R
AR NE AR NE
2 Q @) E o [®] o E— o
o = = 5 = = = 5 =
o 5} 3 o o 5} 3 o
Channel 0 Channel 1 Bus
N N2 N N2 )
¢ Module bus \ interface
/
--------------------------------------- Compare match timer - ----------cooom oo o -=--d
[Legend] Peripheral bus
CMSTR:  Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match constant register
CMCNT:  Compare match counter
CMI: Compare match interrupt

Figure 12.1 Block Diagram
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12.2  Register Descriptions
Table 12.1 shows the register configuration.

Table 12.1 Register Configuration

Initial Access

Channel Register Name Abbreviation R/W  Value  Address Size
Common Compare match timer start register CMSTR R/W  H'0000 HFFFEC000 16
0 Compare match timer control/ CMCSR_0 R/W  H'0000 H'FFFEC002 16

status register_0

Compare match counter_0 CMCNT_O0 R/W H'0000 H'FFFEC004 8, 16

Compare match constant register 0 CMCOR_0 R/W  HFFFF HFFFEC006 8,16
1 Compare match timer control/ CMCSR_1 R/W  H'0000 HFFFEC008 16

status register_1

Compare match counter_1 CMCNT_1 R/W  H'0000 H'FFFECO0A 8,16

Compare match constant register_ 1 CMCOR_1 R/W  HFFFF HFFFECO0C 8, 16
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12.2.1 Compare Match Timer Start Register (CMSTR)

CMSTR is a 16-bit register that selects whether compare match counter (CMCNT) operates or is
stopped.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L t-r-r-[-1-[-[-T-[ -7 -] -] -1]: [sw]sm
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R RW RW

Initial
Bit Bit Name Value R/W Description
15to2 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1 STR1 0 R/W  Count Start 1

Specifies whether compare match counter_1 operates
or is stopped.

0: Counting by CMCNT_1 is stopped
1: Counting by CMCNT_1 is started
0 STRO 0 R/W  Count Start 0

Specifies whether compare match counter_0 operates
or is stopped.

0: Counting by CMCNT_0 is stopped
1: Counting by CMCNT_0 is started
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12.2.2  Compare Match Timer Control/Status Register (CMCSR)

CMCSR is a 16-bit register that indicates compare match generation, enables or disables
interrupts, and selects the counter input clock.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

C T T T T T T T Tow[ow[ [ T T T oom

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R/(W)* RW R R R R RW  R/W

Initial
Bit Bit Name Value R/W  Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 CMF 0 R/(W)* Compare Match Flag

Indicates whether or not the values of CMCNT and
CMCOR match.

0: CMCNT and CMCOR values do not match
[Clearing condition]
¢ When 0 is written to CMF after reading CMF = 1
1: CMCNT and CMCOR values match

6 CMIE 0 R/W  Compare Match Interrupt Enable

Enables or disables compare match interrupt (CMI)
generation when CMCNT and CMCOR values match
(CMF = 1).

0: Compare match interrupt (CMI) disabled

1: Compare match interrupt (CMI) enabled
5t02 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
1,0 CKS[1:0] 00 R/W  Clock Select

These bits select the clock to be input to CMCNT from
four internal clocks obtained by dividing the peripheral
clock (P¢). When the STR bit in CMSTR is set to 1,
CMCNT starts counting on the clock selected with bits
CKS[1:0].

00: P¢/8
01: P¢/32
10: P¢/128
11: P¢/512
Note: * Only 0 can be written to clear the flag after 1 is read.
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12.2.3 Compare Match Counter (CMCNT)

CMCNT is a 16-bit register used as an up-counter. When the counter input clock is selected with
bits CKS[1:0] in CMCSR, and the STR bit in CMSTR is set to 1, CMCNT starts counting using
the selected clock. When the value in CMCNT and the value in compare match constant register
(CMCOR) match, CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set to 1.

CMCNT is initialized to H'0000 by clearing any channels of the counter start bit from 1 to O in the
compare match timer start register (CMSTR).

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

12.2.4  Compare Match Constant Register (CMCOR)

CMCOR is a 16-bit register that sets the interval up to a compare match with CMCNT.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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12.3  Operation

12.3.1 Interval Count Operation

When an internal clock is selected with the CKS[1:0] bits in CMCSR and the STR bit in CMSTR
is set to I, CMCNT starts incrementing using the selected clock. When the values in CMCNT and
CMCOR match, CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set to 1. When the
CMIE bit in CMCSR is set to 1 at this time, a compare match interrupt (CMI) is requested.
CMCNT then starts counting up again from H'0000.

Figure 12.2 shows the operation of the compare match counter.

CMCNT value

Counter cleared by compare

/ match with CMCOR

H'0000

Time

Figure 12.2 Counter Operation
12.3.2 CMCNT Count Timing

One of four clocks (P¢/8, P$/32, P$/128, and P¢/512) obtained by dividing the peripheral clock
(P¢) can be selected with the CKS1 and CKSO bits in CMCSR. Figure 12.3 shows the timing.

Peripheral clock I_l r&—l |—| I_l ry_l I_l |_|
(P9) | | | |
Internal clock | | T |
| Clock | W
Count clock N . . Clock

2 U

27 R4
CMCNT __ X . N . X N+

Figure 12.3 Count Timing
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12.4  Interrupts

12.4.1  Interrupt Sources and DMA Transfer Requests

This module has channels and each of them to which a different vector address is allocated has a
compare match interrupt. When both the compare match flag (CMF) and the interrupt enable bit
(CMIE) are set to 1, the corresponding interrupt request is output. When the interrupt is used to
activate a CPU interrupt, the priority of channels can be changed by the interrupt controller
settings. For details, see section 7, Interrupt Controller.

Clear the CMF bit to 0 by the user exception handling routine. If this operation is not carried out,
another interrupt will be generated. By setting the interrupt controller, the direct memory access
controller can be activated when a compare match interrupt is requested. In this case, an interrupt
is not issued to the CPU. If the setting to activate the direct memory access controller has not been
made, an interrupt request is sent to the CPU. The CMF bit is automatically cleared to O when data
is transferred by the direct memory access controller.

12.4.2  Timing of Compare Match Flag Setting

When CMCOR and CMCNT match, a compare match signal is generated at the last state in which
the values match (the timing when the CMCNT value is updated to H'0000) and the CMF bit in
CMCSR is set to 1. That is, after a match between CMCOR and CMCNT, the compare match
signal is not generated until the next CMCNT counter clock input. Figure 12.4 shows the timing of
CMF bit setting.
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Peripheral clock
(Po)

Counter clock

Clock
N+1

CMCNT N /\ 0

CMCOR N

Compare match
signal

Figure 12.4 Timing of CMF Setting
12.4.3  Timing of Compare Match Flag Clearing

The CMF bit in CMCSR is cleared by first, reading as 1 then writing to 0. However, in the case of
the direct memory access controller being activated, the CMF bit is automatically cleared to 0
when data is transferred by the direct memory access controller.
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12,5  Usage Notes

125.1 Conflict between Write and Compare-Match Processes of CMCNT

When the compare match signal is generated in the T2 cycle while writing to CMCNT, clearing
CMCNT has priority over writing to it. In this case, CMCNT is not written to. Figure 12.5 shows
the timing to clear the CMCNT counter.

CMCSR write cycle
T1 T2

Peripheral clock I | I I I—I I—I I—I |—|
(P9)

Address signal X CMCNT X

Internal write signal

Counter clear signal | |

CMCNT N H'0000

Figure 12.5 Conflict between Write and Compare Match Processes of CMCNT
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12.5.2  Conflict between Word-Write and Count-Up Processes of CMCNT

Even when the count-up occurs in the T2 cycle while writing to CMCNT in words, the writing has
priority over the count-up. In this case, the count-up is not performed. Figure 12.6 shows the
timing to write to CMCNT in words.

CMCSR write cycle
T1 T2

Peripheral clock
(Po) I |_| |_| |_| |_| |_| |_

Address signal X CMCNT X

Internal write signal | |
CMCNT count-up | |
enable signal

CMCNT N X M

Figure 12.6 Conflict between Word-Write and Count-Up Processes of CMCNT
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12.5.3  Conflict between Byte-Write and Count-Up Processes of CMCNT

Even when the count-up occurs in the T2 cycle while writing to CMCNT in bytes, the writing has
priority over the count-up. In this case, the count-up is not performed. The byte data on the other
side, which is not written to, is also not counted and the previous contents are retained.

Figure 12.7 shows the timing when the count-up occurs in the T2 cycle while writing to
CMCNTH in bytes.

CMCSR write cycle
T1 T2

(Po)

Address signal | omontH X

Internal write signal

enable signal
CMCNTH N M
CMCNTL X X

CMCNT count-up I_l
\
A

Figure 12.7 Conflict between Byte-Write and Count-Up Processes of CMCNT

125.4 Compare Match between CMCNT and CMCOR

Do not set the same value in CMCNT and CMCOR while CMCNT is not counting.
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Section 13 Watchdog Timer

This LSI includes the watchdog timer, which externally outputs an overflow signal (WDTOVF)
on overflow of the counter when the value of the counter has not been updated because of a
system malfunction. This module can simultaneously generate an internal reset signal for the
entire LSI.

This module is a single channel timer that counts up the clock oscillation settling period when the
system leaves software standby mode. It can also be used as a general watchdog timer or interval
timer.

13.1 Features

e Can be used to ensure the clock oscillation settling time

This module is used in leaving software standby mode.
e (Can switch between watchdog timer mode and interval timer mode.
e Outputs WDTOVF signal in watchdog timer mode

When the counter overflows in watchdog timer mode, the WDTOVF signal is output
externally. It is possible to select whether to reset the LSI internally when this happens. Either
the power-on reset or manual reset signal can be selected as the internal reset type.

e Interrupt generation in interval timer mode
An interval timer interrupt is generated when the counter overflows.
e Choice of eight counter input clocks

Eight clocks (P¢ x 1 to Pd x 1/16384) that are obtained by dividing the peripheral clock can be
selected.
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Figure 13.1 shows a block diagram.

Clock selection

I Divider I

IYYVVYVYYVYY

Clock selector |

A

4

Clock
Overflow ¢

A

4

WRCSR_|@-| WTCSR || WTCNT
4

t

Bus interface

Standby : Standby |«
cancellation €= control <
i ‘t
Interrupt E Interrupt >
request < ' control
WDTOVF 4—!—: Reset
Internal reset <¢———  control
request* ! *
[Legend]

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter
WRCSR: Watchdog reset control/status register

Note: * The internal reset signal can be generated by making a register setting.

Standby
mode

Peripheral
clock

13.2

Figure 13.1 Block Diagram

Input/Output Pin

Table 13.1 shows the pin configuration.

Table 13.1 Pin Configuration

Pin Name

Symbol

I/0

Function

Watchdog timer overflow

WDTOVF

Output

Outputs the counter overflow signal in
watchdog timer mode
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13.3

Register Descriptions

Table 13.2 shows the register configuration.

Table 13.2 Register Configuration

Initial Access
Register Name Abbreviation R/W Value Address Size
Watchdog timer counter WTCNT R/W H'00 H'FFFE0002 16*
Watchdog timer control/status WTCSR R/W H'18 H'FFFE0000 16*
register
Watchdog reset control/status WRCSR R/W H'1F H'FFFE0004 16*
register
Note: * For the access size, see section 13.3.4, Notes on Register Access.

1331

Watchdog Timer Counter (WTCNT)

WTCNT is an 8-bit readable/writable register that is incremented by cycles of the selected clock
signal. When an overflow occurs, it generates a watchdog timer overflow signal (WDTOVF) in
watchdog timer mode and an interrupt in interval timer mode.

Use word access to write to WTCNT, writing H'SA in the upper byte. Use byte access to read
from WTCNT.

Note:

The method for writing to WTCNT differs from that for other registers to prevent
erroneous writes. See section 13.3.4, Notes on Register Access, for details.

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
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13.3.2  Watchdog Timer Control/Status Register (WTCSR)

WTCSR is an 8-bit readable/writable register composed of bits to select the clock used for the
count, overflow flags, and timer enable bit.

When used to count the clock oscillation settling time for canceling software standby mode, it
retains its value after counter overflow.

Use word access to write to WTCSR, writing H'AS5 in the upper byte. Use byte access to read from
WTCSR.

Note: The method for writing to WTCSR differs from that for other registers to prevent
erroneous writes. See section 13.3.4, Notes on Register Access, for details.

Bit: 7 6 5 4 3 2 1 0
| IOVF |WT/ﬁ| TME | - | - | CKS[2:0] |
Initial value: 0 0 0 1 1 0 0 0

RW: R(W) RW RW R R RW RW RW

Initial
Bit Bit Name Value R/W Description
7 IOVF 0 R/(W) Interval Timer Overflow

Indicates that WTCNT has overflowed in interval
timer mode. This flag is not set in watchdog timer
mode.

0: No overflow

1: WTCNT overflow in interval timer mode
[Clearing condition]

o When 0 is written to IOVF after reading IOVF
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Initial
Bit Bit Name Value R/W Description
6 WTAT 0 R/W  Timer Mode Select

Selects whether to use this module as a watchdog
timer or an interval timer.

0: Use as interval timer
1: Use as watchdog timer

Note: When the WTCNT overflows in watchdog
timer mode, the WDTOVF signal is output
externally.

If this bit is modified when this module is
running, the up-count may not be performed
correctly.

5 TME 0 R/W Timer Enable

Starts and stops timer operation. Clear this bit to 0
when using this module in software standby mode or
when changing the clock frequency.

0: Timer disabled
Count-up stops and WTCNT value is retained

1: Timer enabled
4,3 — All 1 R Reserved

These bits are always read as 1. The write value
should always be 1.
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Initial
Bit Bit Name Value R/W Description
2t00 CKSJ[2:0] 000 R/W Clock Select

These bits select the clock to be used for the WTCNT
count from the eight types obtainable by dividing the
peripheral clock (P¢). The overflow period that is
shown inside the parenthesis in the table is the value
when the peripheral clock (P¢) is 24 MHz.

Bits 2to 0 Clock Ratio Overflow Cycle
000: 1xPo 10.6 us

001: 1/64 x P¢ 680 us

010: 1/128 x P¢ 1.4 ms

011: 1/256 x P¢ 2.7 ms

100: 1/512 x P 5.4 ms

101: 1/1024 x P¢ 10.9 ms

110: 1/4096 x P¢ 44 ms

111: 1/16384 x P¢ 174 ms

Note: If bits CKS[2:0] are modified when this module
is running, the up-count may not be performed
correctly. Ensure that these bits are modified
only when this module is not running.
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13.3.3  Watchdog Reset Control/Status Register (WRCSR)

WRCSR s an 8-bit readable/writable register that controls output of the internal reset signal
generated by watchdog timer counter (WTCNT) overflow.

Note: The method for writing to WRCSR differs from that for other registers to prevent
erroneous writes. See section 13.3.4, Notes on Register Access, for details.

Bit: 7 6 5 4 3 2 1 0
|WOVF| RSTE | RSTS | - | - | - | - | - |
Initial value: 0 0 0 1 1 1 1 1

RW: R(W) RW RW R R R R R

Initial
Bit Bit Name Value R/W Description
7 WOVF 0 R/(W)  Watchdog Timer Overflow

Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval
timer mode.

0: No overflow

1: WTCNT has overflowed in watchdog timer mode

[Clearing condition]

e When 0 is written to WOVF after reading WOVF
6 RSTE 0 R/W Reset Enable

Selects whether to generate a signal to reset the LSI
internally if WTCNT overflows in watchdog timer
mode. In interval timer mode, this setting is ignored.

0: Not reset when WTCNT overflows*
1: Reset when WTCNT overflows

Note: * LSI not reset internally, but WTCNT and
WTCSR reset within this module.

5 RSTS 0 R/W Reset Select

Selects the type of reset when the WTCNT overflows
in watchdog timer mode. In interval timer mode, this
setting is ignored.

0: Power-on reset
1: Manual reset
4100 — All 1 R Reserved

These bits are always read as 1. The write value
should always be 1.
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13.3.4  Notes on Register Access

The watchdog timer counter (WTCNT), watchdog timer control/status register (WTCSR), and
watchdog reset control/status register (WRCSR) are more difficult to write to than other registers.

The procedures for reading or writing to these registers are given below.

(1) Writing to WTCNT and WTCSR

These registers must be written by a word transfer instruction. They cannot be written by a byte or

longword transfer instruction.

When writing to WTCNT, set the upper byte to H'SA and transfer the lower byte as the write data,
as shown in figure 13.2. When writing to WTCSR, set the upper byte to H'A5 and transfer the

lower byte as the write data. This transfer procedure writes the lower byte
WTCSR.

data to WTCNT or

WTCNT write 15 8 7

0
Address: H'FFFE0002 | H'5A | Write data |
WTCSR write 15 8 7 0
Address: H'FFFE0000 | H'A5 | Write data |

Figure 13.2 Writing to WTCNT and WTCSR
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(2) Writing to WRCSR

WRCSR must be written by a word access to address HFFFE0004. It cannot be written by byte
transfer or longword transfer instructions.

Procedures for writing 0 to WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are
different, as shown in figure 13.3.

To write 0 to the WOVF bit, the write data must be H'AS in the upper byte and H'00 in the lower
byte. This clears the WOVF bit to 0. The RSTE and RSTS bits are not affected. To write to the
RSTE and RSTS bits, the upper byte must be H'SA and the lower byte must be the write data. The
values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits, respectively.
The WOVF bit is not affected.

Writing 0 to the WOVF bit

15 8 7 0
Address: H'FFFE0004 | H'A5 | H'00 |
Writing to the RSTE and RSTS bit
riting 1o the an IS 15 8 7 0
Address: H'FFFE0004 | H'5A | Write data |

Figure 13.3 Writing to WRCSR
(3) Reading from WTCNT, WTCSR, and WRCSR

WTCNT, WTCSR, and WRCSR are read in a method similar to other registers. WTCSR is
allocated to address HFFFEQ000, WTCNT to address HFFFE0002, and WRCSR to address
H'FFFE0004. Byte transfer instructions must be used for reading from these registers.

RO1UH0412EJ0300 Rev.3.00
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13.4  Usage

13.4.1  Canceling Software Standby Mode

This module can be used to cancel software standby mode with an interrupt such as an NMI
interrupt. The procedure is described below. (This module does not operate when resets are used
for canceling, so keep the RES or MRES pin low until clock oscillation settles.)

1. Before making a transition to software standby mode, always clear the TME bit in WTCSR
to 0. When the TME bit is 1, an erroneous reset or interval timer interrupt may be generated
when the count overflows.

2. Set the type of count clock used in the CKS[2:0] bits in WTCSR and the initial value of the
counter in WTCNT. These values should ensure that the time till count overflow is longer than
the clock oscillation settling time.

3. After setting the STBY and DEEP bits of the standby control register 1 (STBCR1: see section
33, Power-Down Modes) to 1 and O respectively, the execution of a SLEEP instruction puts
the system in software standby mode and clock operation then stops.

4. This module starts counting by detecting the edge change of the NMI signal.

5. When the module count overflows, the clock pulse generator starts supplying the clock and
this LSI resumes operation. The WOVF flag in WRCSR is not set when this happens.

13.4.2  Using Watchdog Timer Mode

1. Set the WT/IT bit in WTCSR to 1, the type of count clock in the CKS[2:0] bits in WTCSR,
whether this LSI is to be reset internally or not in the RSTE bit in WRCSR, the reset type if it
is generated in the RSTS bit in WRCSR, and the initial value of the counter in WTCNT.

2. Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

3. While operating in watchdog timer mode, rewrite the counter periodically to H'0O to prevent
the counter from overflowing.

4. When the counter overflows, this module sets the WOVF flag in WRCSR to 1, and the
WDTOVF signal is output externally (figure 13.4). The WDTOVF signal can be used to reset
the system. The WDTOVF signal is output for 64 x P¢ clock cycles.

5. If the RSTE bit in WRCSR is set to 1, a signal to reset the inside of this LSI can be generated
simultaneously with the WDTOVF signal. Either power-on reset or manual reset can be
selected for this interrupt by the RSTS bit in WRCSR. The internal reset signal is output for
128 x P¢ clock cycles.

6. When an overflow reset of this module is generated simultaneously with a reset input on the
RES pin, the RES pin reset takes priority, and the WOVF bit in WRCSR is cleared to 0.
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WTCNT
value
1 Overflow
= <
H'00 » Time
t N ot N
WTAT =1 H'00 written WOVF =1 WT/AT =1 H'00 written
TME =1 in WTCNT TME =1 in WTCNT
WDTOVF and internal reset generated
WDTOVF
signal I

[ ]
'—!

64 x qu) clocklcycles

Internal | |
reset signal* ) |
128 x P¢ clock cycles
[Legend]
WT/T: Timer mode select bit
TME:  Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure 13.4 Operation in Watchdog Timer Mode
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13.4.3  Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1. Clear the WT/IT bit in WTCSR to 0, set the type of count clock in the CKS[2:0] bits in
WTCSR, and set the initial value of the counter in WTCNT.

2. Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

3. When the counter overflows, this module sets the IOVF bit in WTCSR to 1 and an interval
timer interrupt request is sent to the interrupt controller. The counter then resumes counting.

WTCNT value

1 Overflow Overflow Overflow Overflow

HFF

H'00

» Time
t

WT/T =0 Il Tl Tl Tl
TME = 1

[Legend]
ITI: Interval timer interrupt request generation

Figure 13.5 Operation in Interval Timer Mode
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13.5 Usage Notes

Pay attention to the following points when using this module in either the interval timer or
watchdog timer mode.

13.5.1  Timer Variation

After timer operation has started, the period from the power-on reset point to the first count up
timing of WTCNT varies depending on the time period that is set by the TME bit of WTCSR. The
shortest such time period is thus one cycle of the peripheral clock, P¢, while the longest is the
result of frequency division according to the value in the CKS[2:0] bits. The timing of subsequent
incrementation is in accord with the selected frequency division ratio. Accordingly, this time
difference is referred to as timer variation.

This also applies to the timing of the first incrementation after WTCNT has been written to during
timer operation.

13.5.2  Prohibition against Setting H'FF to WTCNT

When the value in WTCNT reaches H'FF, this module assumes that an overflow has occurred.
Accordingly, when H'FF is set in WTCNT, an interval timer interrupt or reset will occur
immediately, regardless of the current clock selection by the CKS[2:0] bits.

13.5.3 Interval Timer Overflow Flag
When the value in WTCNT is HFF, the IOVF flag in WTCSR cannot be cleared.

Only clear the IOVF flag when the value in WTCNT has either become H'00 or been changed to a
value other than H'FF.

RO1UH0412EJ0300 Rev.3.00
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13.5.4  System Reset by WDTOVF Signal
If the WDTOVF signal is input to the RES pin of this LSI, this LSI cannot be initialized correctly.

Avoid input of the WDTOVF signal to the RES pin of this LSI through glue logic circuits. To
reset the entire system with the WDTOVF signal, use the circuit shown in figure 13.6.

Reset input RES
(Low active)
Reset signal to <—C@;
entire system WDTOVF
(Low active)

Figure 13.6 Example of System Reset Circuit Using WDTOVF Signal

13.5.5 Manual Reset in Watchdog Timer Mode

When a manual reset occurs in watchdog timer mode, the bus cycle is continued. If a manual reset
occurs while the bus is released or during burst transfer by the direct memory access controller,
manual reset exception handling will be pended until the CPU acquires the bus mastership.

13.5.6  Internal Reset in Watchdog Timer Mode

When an internal reset is generated by an overflow of the watchdog timer counter (WTCNT) in
watchdog timer mode, the watchdog reset control/status register (WRCSR) is not initialized and
the WOVF bit is set to 1. When the value of the WOVF bit is 1, no internal reset is generated
when a WTCNT overflow occurs.

R01UH0412EJ0300 Rev.3.00

Page 654 of 2104
? RENESAS Ot 31 2016




SH7266 Group, SH7267 Group Section 14 Realtime Clock

Section 14 Realtime Clock

This LSI has a realtime clock and a 32.768-kHz crystal oscillator.
141  Features

¢ Clock and calendar functions (BCD format): Seconds, minutes, hours, date, day of the week,
month, and year.

e [-Hz to 64-Hz timer (binary format)

64-Hz counter indicates the state of the divider circuit between 64 Hz and 1 Hz
e Start/stop function
e 30-second adjust function

e Alarm interrupt: Frame comparison of seconds, minutes, hours, date, day of the week, month,
and year can be used as conditions for the alarm interrupt

e Periodic interrupts: the interrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds

e Carry interrupt: a carry interrupt indicates when a carry occurs during a counter read
e Automatic leap year adjustment

e Any of the external clock signal dedicated for the clock function, the internal signal, or the
USB clock input signal can be selected as the operating clock signal for the clock function.

e Recovery from deep standby mode can be performed by an alarm interrupt.

RO1UH0412EJ0300 Rev.3.00
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Figure 14.1 shows the block diagram.

4 )
P RTC X1 rvetal | [ 128 Hz T
rysta
a_"j_ oscillator [ 1] Prescaler [>{| Re4cNT [ RseconT [ Rsecar | KO
RTC_X2
EXTAL [ RvinenT [ RMINAR | K
a’"’l‘ Crystal
a_"_T_ oscillator @ o
o [RHRoNT P RHRAR | KOS 3
B g ®
USB_X1 =5 I
12}
ZHie Crystal ] roavent [ RoAvar | - e
a_"_T_ oscillator L 2
USB_X2 Operation
control circuit I RWKCNT DI RWKAR I C>
| RmMONCNT [>{ RMONAR | -
Interrupt LJ
control circuit
| rRyronT [ RYRAR | <>
- J
» ARM
» PRD Interrupt
- signals
» CuP
[Legend]
RSECCNT: Second counter RSECAR: Second alarm register
RMINCNT: Minute counter RMINAR: Minute alarm register
RHRCNT:  Hour counter RHRAR: Hour alarm register
RWKCNT: Day of week counter RWKAR: Day of week alarm register
RDAYCNT: Date counter RDAYAR: Date alarm register
RMONCNT: Month counter RMONAR: Month alarm register
RYRCNT:  Year counter RYRAR: Year alarm register
R64CNT:  64-Hz counter RCR1: Control register 1
RFRH/L: Frequency register RCR2: Control register 2
RCR3: Control register 3
RCR5: Control register 5

Figure 14.1 Block Diagram
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14.2  Input/Output Pin

Table 14.1 shows the pin configuration.

Table 14.1 Pin Configuration

Pin Name Symbol 110 Description

Realtime clock resonator RTC_X1 Input Connects 32.768-kHz crystal resonator

I ATOXe owput oI mode s enabes ot

Internal clock resonator EXTAL Input Connects crystal resonator used for

crystal/ XTAL Output internal operation.

external clock For details, see section 5, Clock Pulse
Generator.

USB clock resonator USB_X1 Input Connects crystal resonator for the USB.

crystal/ USB_X2 Output  For details, see section 5, Clock Pulse

external clock

Generator.

RO1UH0412EJ0300 Rev.3.00
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143

Register Descriptions

Table 14.2 shows the register configuration.

Table 14.2 Register Configuration

Access

Register Name Abbreviation R/W Initial Value  Address Size
64-Hz counter R64CNT R H'xx H'FFFE6000 8
Second counter RSECCNT R/W  H'xx H'FFFE6002 8
Minute counter RMINCNT R/W  H'xx H'FFFE6004 8
Hour counter RHRCNT R/W  H'xx H'FFFE6006 8
Day of week counter RWKCNT R/W  H'xx H'FFFE6008 8
Date counter RDAYCNT R/W  H'xx H'FFFE600A 8
Month counter RMONCNT R/W  H'xx H'FFFE600C 8
Year counter RYRCNT R/W  H'xxxx H'FFFE600E 16
Second alarm register RSECAR R/W  H'xx H'FFFE6010 8
Minute alarm register RMINAR R/W  H'xx H'FFFE6012 8
Hour alarm register RHRAR R/W  H'xx H'FFFE6014 8
Day of week alarm register RWKAR R/W  H'xx H'FFFE6016 8
Date alarm register RDAYAR R/W  H'xx H'FFFE6018 8
Month alarm register RMONAR R/W  H'xx H'FFFE601A 8
Year alarm register RYRAR R/W  H'xxxx H'FFFE6020 16
Control register 1 RCR1 R/W  H'xx H'FFFE601C 8
Control register 2 RCR2 R/W  H09 H'FFFE601E 8
Control register 3 RCR3 R/W  H'x0 H'FFFE6024 8
Control register 5 RCR5 R/W  H'xx H'FFFE6026 8
Frequency register H RFRH R/W  H'xxxx H'FFFE602A 16
Frequency register L RFRL R/W  H'xxxx H'FFFE602C 16
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14.3.1 64-Hz Counter (R64CNT)
R64CNT indicates the state of the divider circuit between 64 Hz and 1 Hz.

Reading this register, when carry from 128-Hz divider stage is generated, sets the CF bit in the
control register 1 (RCR1) to 1 so that the carrying and reading 64 Hz counter are performed at the
same time is indicated. In this case, the R64CNT should be read again after writing O to the CF bit
in RCRI since the read value is not valid.

After the RESET bit or ADIJ bit in the control register 2 (RCR2) is set to 1, the divider circuit is
initialized and R64CNT is initialized.

B 7 6 5 4 3 2 1 0
| ; | 1Hz | 2Hz | 4Hz | 8Hz |16Hz|32Hz|64Hz|

Initial value: O Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R R R R R R R

Initial
Bit Bit Name  Value R/W  Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 1Hz Undefined R Indicate the state of the divider circuit between
5 2 Hz Undefned R  ©4Hzand1Hz.
4 4 Hz Undefined R
3 8 Hz Undefined R
2 16 Hz Undefined R
1 32 Hz Undefined R
0 64 Hz Undefined R

RO1UH0412EJ0300 Rev.3.00
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14.3.2  Second Counter (RSECCNT)

RSECCNT is used for setting/counting in the BCD-coded second section. The count operation is
performed by a carry for each second of the 64-Hz counter.

The assignable range is from 00 through 59 (practically in BCD), otherwise operation errors
occur. Carry out write processing after stopping the count operation through the setting of the
START bit in RCR2.

Blt: 7 6 5 4 3 2 1 0
| - | 10 seconds 1 second

Initial value: O Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

6to4 10seconds Undefined R/W Counting Ten's Position of Seconds
Counts on 0 to 5 for 60-seconds counting.

3to0 1 second Undefined R/W  Counting One's Position of Seconds

Counts on 0 to 9 once per second. When a carry is
generated, 1 is added to the ten's position.
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14.3.3  Minute Counter (RMINCNT)

RMINCNT is used for setting/counting in the BCD-coded minute section. The count operation is
performed by a carry for each minute of the second counter.

The assignable range is from 00 through 59 (practically in BCD), otherwise operation errors
occur. Carry out write processing after stopping the count operation through the setting of the
START bit in RCR2.

Bit: 7 6 5 4 3 2 1 0
| - | 10 minutes 1 minute

Initial value: O Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7 — 0 R Reserved
This bit is always read as 0.The write value should
always be 0.

6to4 10minutes Undefined R/W Counting Ten's Position of Minutes
Counts on 0 to 5 for 60-minutes counting.

3to0 1 minute Undefined R/W  Counting One's Position of Minutes

Counts on 0 to 9 once per second. When a carry is
generated, 1 is added to the ten's position.
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14.3.4  Hour Counter (RHRCNT)

RHRCNT is used for setting/counting in the BCD-coded hour section. The count operation is
performed by a carry for each 1 hour of the minute counter.

The assignable range is from 00 through 23 (practically in BCD), otherwise operation errors
occur. Carry out write processing after stopping the count operation through the setting of the
START bit in RCR2.

Blit: 7 6 5 4 3 2 1 0
| - | - | 10 hours 1 hour
Initial value: 0 O Undefined Undefined Undefined Undefined Undefined Undefined

RW: R R RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7,6 — All 0O R Reserved
These bits are always read as 0. The write value should
always be 0.

5,4 10 hours Undefined R/W  Counting Ten's Position of Hours
Counts on 0 to 2 for ten's position of hours.
3to0 1 hour Undefined R/W  Counting One's Position of Hours

Counts on 0 to 9 once per hour. When a carry is
generated, 1 is added to the ten's position.
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1435

Day of Week Counter (RWKCNT)

RWKCNT is used for setting/counting day of week section. The count operation is performed by a

carry for each day of the date counter.

The assignable range is from 0 through 6 (practically in BCD), otherwise operation errors occur.
Carry out write processing after stopping the count operation through the setting of the START bit

in RCR2.
Bit 7 6 5 4 3 2 1 0
L-[-[-T-]T-] o
Initial value: 0 0 0 0 0 Undefined Undefined Undefined
RW: R R R R R RW RW RW
Initial
Bit Bit Name  Value R/W  Description
7t03 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
2to0 Day Undefined R/W  Day-of-Week Counting

Day-of-week is indicated with a binary code.
000:
001:
010:
011:
100:
101:
110:
111:

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Reserved (setting prohibited)

RO1UH0412EJ0300 Rev.3.00
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14.3.6  Date Counter (RDAYCNT)

RDAYCNT is used for setting/counting in the BCD-coded date section. The count operation is
performed by a carry for each day of the hour counter.

The assignable range is from 01 through 31 (practically in BCD), otherwise operation errors
occur. Carry out write processing after stopping the count operation through the setting of the
START bit in RCR2.

The range of date changes with each month and in leap years. Confirm the correct setting. Leap
years are recognized by dividing the year counter (RYRCNT) values by 400, 100, and 4 and
obtaining a fractional result of 0.

Blt: 7 6 5 4 3 2 1 0
| - | - | 10 days | 1 day

Initial value: 0 O Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7,6 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
5,4 10 days Undefined R/W  Counting Ten's Position of Dates
3to0 1day Undefined R/W  Counting One's Position of Dates

Counts on 0 to 9 once per date. When a carry is
generated, 1 is added to the ten's position.
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14.3.7  Month Counter (RMONCNT)

RMONCNT is used for setting/counting in the BCD-coded month section. The count operation is
performed by a carry for each month of the date counter.

The assignable range is from 01 through 12 (practically in BCD), otherwise operation errors
occur. Carry out write processing after stopping the count operation through the setting of the
START bit in RCR2.

Blit: 7 6 5 4 3 2 1 0
| - | - | - |m3r(1)ths| 1 month
Initial value: 0 0 O Undefined Undefined Undefined Undefined Undefined

RW: R R R RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7to5 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
4 10 months  Undefined R/W  Counting Ten's Position of Months

3to0 1 month Undefined R/W  Counting One's Position of Months

Counts on 0 to 9 once per month. When a carry is
generated, 1 is added to the ten's position.
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14.3.8  Year Counter (RYRCNT)

RYRCNT is used for setting/counting in the BCD-coded year section. The count operation is
performed by a carry for each year of the month counter.

The assignable range is from 0000 through 9999 (practically in BCD), otherwise operation errors
occur. Carry out write processing after stopping the count operation through the setting of the
START bit in RCR2.

Blt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1000 years 100 years 10 years 1 year

Initial value: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

15t0 12 1000 years Undefined R/W  Counting Thousand's Position of Years
11t08 100years Undefined R/W Counting Hundred's Position of Years
7t04 10years Undefined R/W Counting Ten's Position of Years

3to0 1 year Undefined R/W  Counting One's Position of Years
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14.3.9  Second Alarm Register (RSECAR)

RSECAR is an alarm register corresponding to the BCD-coded second counter RSECCNT. When
the ENB bit is set to 1, a comparison with the RSECCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

The assignable range is from 00 through 59 + ENB bits (practically in BCD), otherwise operation
errors occur.

Bit: 7 6 5 4 3 2 1 0
| ENB | 10 seconds | 1 second |

Initial value: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7 ENB Undefined R/W  When this bit is set to 1, a comparison with the

RSECCNT value is performed.

6to4 10seconds Undefined R/W Ten's position of seconds setting value

3to0 1 second Undefined R/W  One's position of seconds setting value

RO1UH0412EJ0300 Rev.3.00
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14.3.10 Minute Alarm Register (RMINAR)

RMINAR is an alarm register corresponding to the BCD-coded minute counter RMINCNT. When
the ENB bit is set to 1, a comparison with the RMINCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

The assignable range is from 00 through 59 + ENB bits (practically in BCD), otherwise operation

€ITrors occur.

Bit: 7 6 5 4 3 2 1 0
| ENB | 10 minutes | 1 minute |

Initial value: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7 ENB Undefined R/W  When this bit is set to 1, a comparison with the

RMINCNT value is performed.

6to4 10 minutes

Undefined R/W  Ten's position of minutes setting value

3to0 1 minute

Undefined R/W  One's position of minutes setting value
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14.3.11 Hour Alarm Register (RHRAR)

RHRAR is an alarm register corresponding to the BCD-coded hour counter RHRCNT. When the
ENB bit is set to 1, a comparison with the RHRCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

The assignable range is from 00 through 23 + ENB bits (practically in BCD), otherwise operation

€ITors occur.

Blt: 7

6 5 4 3 2 1 0

|ENB| - | 10 hours | 1 hour |

Initial value: undef

ined

0 Undefined Undefined Undefined Undefined Undefined Undefined

RW: RW R RW RW RW RW RW RW
Initial
Bit Bit Name  Value R/W  Description
7 ENB Undefined R/W  When this bit is set to 1, a comparison with the
RHRCNT value is performed.
6 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

54 10 hours Undefined

Ten's position of hours setting value

3to0 1 hour Undefined

One's position of hours setting value

RO1UH0412EJ0300 Rev.3.00
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14.3.12 Day of Week Alarm Register (RWKAR)

RWKAR is an alarm register corresponding to the BCD-coded day of week counter RWKCNT.
When the ENB bit is set to 1, a comparison with the RWKCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

The assignable range is from O through 6 + ENB bits (practically in BCD), otherwise operation
errors occur.

Bit: 7 6 5 4 3 2 1 0
lev| - [ -[-[-] o |

Initial value: undefined O 0 0 O Undefined Undefined Undefined
R/W: RW R R R R RW R/W R/W

Initial
Bit Bit Name  Value R/W  Description
7 ENB Undefined R/W  When this bit is set to 1, a comparison with the
RWKCNT value is performed.
6to3 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
2to0 Day Undefined R/W  Day of Week Setting Value
000: Sunday
001: Monday

010: Tuesday
011: Wednesday
100: Thursday
101: Friday

110: Saturday
111: Reserved (setting prohibited)

RO1UH0412EJ0300 Rev.3.00
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14.3.13 Date Alarm Register (RDAYAR)

RDAYAR is an alarm register corresponding to the BCD-coded date counter RDAYCNT. When
the ENB bit is set to 1, a comparison with the RDAYCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

The assignable range is from 01 through 31 + ENB bits (practically in BCD), otherwise operation

€ITors occur.

Blt: 7

6 5 4 3 2 1 0

[ens| - | 10days | 1 day |

Initial value: undef

ined

0 Undefined Undefined Undefined Undefined Undefined Undefined

RW: RW R RW RW RW RW RW RW
Initial
Bit Bit Name  Value R/W  Description
7 ENB Undefined R/W  When this bit is set to 1, a comparison with the
RDAYCNT value is performed.
6 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

5,4 10 days Undefined

Ten's position of dates setting value

3to0 1day Undefined

One's position of dates setting value

RO1UH0412EJ0300 Rev.3.00
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14.3.14 Month Alarm Register (RMONAR)

RMONAR is an alarm register corresponding to the BCD-coded month counter RMONCNT.
When the ENB bit is set to 1, a comparison with the RMONCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

The assignable range is from 01 through 12 + ENB bits (practically in BCD), otherwise operation

€ITors occur.

Blt: 7

6 5 4 3 2 1 0

[EnB| - | - [nidn| 1 month |

Initial value: undef

ined

0 O Undefined Undefined Undefined Undefined Undefined

RW: RW R R RW RW RW RW RW
Initial
Bit Bit Name  Value R/W  Description
7 ENB Undefined R/W  When this bit is set to 1, a comparison with the
RMONCNT value is performed.
6,5 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
4 10 months  Undefined R/W  Ten's position of months setting value
3to0 1 month Undefined R/W  One's position of months setting value
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14.3.15 Year Alarm Register (RYRAR)

RYRAR is an alarm register corresponding to the year counter RYRCNT. The assignable range is
from 0000 through 9999 (practically in BCD), otherwise operation errors occur.

Blt:

15 14 13 12

11

10 9 8 7 6 5 4 3 2

1 0

1000 years |

100 years | 10 years

1 year

Initial value: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15to 12 1000 years Undefined R/W  Thousand's position of years setting value
11to8 100years Undefined R/W Hundred's position of years setting value
7t04 10years Undefined R/W Ten's position of years setting value
3t00 1 year Undefined R/W  One's position of years setting value
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14.3.16 Control Register 1 (RCR1)

RCRI is aregister that affects carry flags and alarm flags. It also selects whether to generate

interrupts for each flag.

The CF flag remains undefined until the divider circuit is reset (the RESET and ADIJ bits in RCR2
are set to 1). When using the CF flag, make sure to reset the divider circuit beforehand.

The AF flag remains undefined until the value is set to an alarm register and a counter. When
using the AF flag, make sure to set the alarm register and counter beforehand.

Bitt 7 6 5 4 3 2 1 0
[cFr| - [ - Joe]lae] - | - [ ar]
Initial value: undefined O 0 0 0 0 0 Undefined
RW: RW R R RW RW R R RW
Initial
Bit Bit Name  Value R/W  Description
7 CF Undefined R/W  Carry Flag
Status flag that indicates that a carry has occurred. CF
is set to 1 when a count-up to 64-Hz occurs at the
second counter carry or 64-Hz counter read. A count
register value read at this time cannot be guaranteed,;
another read is required.
0: No carry of 64-Hz counter by second counter or 64-
Hz counter
[Clearing condition]
When 0 is written to CF
1: Carry of 64-Hz counter by second counter or 64 Hz
counter
[Setting condition]
When the second counter or 64-Hz counter is read
during a carry occurrence by the 64-Hz counter, or 1 is
written to CF.
6,5 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
4 CIE 0 R/W  Carry Interrupt Enable Flag
When the carry flag (CF) is set to 1, the CIE bit enables
interrupts.
0: A carry interrupt is not generated when the CF flag is
setto 1
1: A carry interrupt is generated when the CF flag is set
to 1
3 AIE 0 R/W  Alarm Interrupt Enable Flag
When the alarm flag (AF) is set to 1, the AIE bit allows
interrupts.
0: An alarm interrupt is not generated when the AF flag
is setto 1
1: An alarm interrupt is generated when the AF flag is
setto 1
2,1 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
0 AF Undefined R/W  Alarm Flag

The AF flag is set when the alarm time, which is set by
an alarm register (ENB bit in RSECAR, RMINAR,
RHRAR, RWKAR, RDAYAR, RMONAR, or RYRAR is
set to 1), and counter match.

0: Alarm register and counter not match
[Clearing condition]

When 0 is written to AF.

1: Alarm register and counter match™
[Setting condition]

When alarm register (only a register with ENB bit set to
1) and counter match

Note: * Writing 1 holds previous value.

RO1UH0412EJ0300 Rev.3.00
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14.3.17 Control Register 2 (RCR2)

RCR2 is a register for periodic interrupt control, 30-second adjustment, divider circuit RESET,
and count control.

RCR?2 is initialized by a power-on reset or in deep standby mode. Bits other than the RTCEN and
START bits are initialized by a manual reset.

Blit: 7 6 5 4 3 2 1 0
| PEF | PES[2:0] |RTCEN| ADJ |RESET|START|
Initial value: 0 0 0 0 1 0 0 1
RW: RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
7 PEF 0 R/W  Periodic Interrupt Flag

Indicates interrupt generation with the period designated
by the PES2 to PESO bits. When set to 1, PEF generates
periodic interrupts.

0: Interrupts not generated with the period designated by
the bits PES2 to PESO.

[Clearing condition]
When 0 is written to PEF

1: Interrupts generated with the period designated by the
PES2 to PESO bits.
[Setting condition]

When an interrupt is generated with the period
designated by the bits PESO to PES2 or when 1 is
written to the PEF flag

RO1UH0412EJ0300 Rev.3.00
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Initial
Bit Bit Name Value R/W  Description
6to4 PES[2:0] 000 R/W  Interrupt Enable Flags

These bits specify the periodic interrupt.

000: No periodic interrupts generated

001: Setting prohibited

010: Periodic interrupt generated every 1/64 second
011: Periodic interrupt generated every 1/16 second
100: Periodic interrupt generated every 1/4 second
101: Periodic interrupt generated every 1/2 second
110: Periodic interrupt generated every 1 second
111: Periodic interrupt generated every 2 seconds

3 RTCEN 1

R/W

RTC_X1 Clock Control
Controls the function of RTC_X1 pin.

0: Halts the on-chip crystal oscillator/disables the
external clock input.

1: Runs the on-chip crystal oscillator/enables the
external clock input.

2 ADJ 0

R/W

30-Second Adjustment

When 1 is written to the ADJ bit, times of 29 seconds or
less will be rounded to 00 seconds and 30 seconds or
more to 1 minute. The divider circuit (prescaler and
R64CNT) will be simultaneously reset. This bit always
reads 0.

0: Runs normally.
1: 30-second adjustment.

RO1UH0412EJ0300 Rev.3.00
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Initial
Bit Bit Name Value R/W  Description
1 RESET 0 R/W  Reset

Writing 1 to this bit initializes the divider circuit, the
R64CNT register, the alarm register, the RCRS register,
bits CF and AF in RCR1, and bit PEF in RCR2. In this
case, the RESET bit is automatically reset to 0 after 1 is
written to and the above registers are reset. Thus, there
is no need to write 1 to this bit. This bit is always read
as 0.

0: Runs normally.

1: Divider circuit is reset.
0 START 1 R/W  Start
Halts and restarts the counter (clock).

0: Second/minute/hour/day/week/month/year counter
halts.

1: Second/minute/hour/day/week/month/year counter
runs normally.

14.3.18 Control Register 3 (RCR3)

When the ENB bit is set to 1, RCR3 performs a comparison with the RYRCNT. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR/RCR3, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincides, an alarm flag of RCR1 is set to 1.

Blt: 7 6 5 4 3 2 1 0
leve] - [ - [-[-T-1-1-]
Initial value: Undefined O 0 0 0 0 0 0

R/W: R/W R R R R R R

Initial

Bit Bit Name  Value R/W  Description

7 ENB Undefined R/W  When this bit is set to 1, comparison of the year alarm
register (RYRAR) and the year counter (RYRCNT) is
performed.

6to0 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

RO1UH0412EJ0300 Rev.3.00
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14.3.19 Control Register 5 (RCR5)

When the RCKSEL[1:0] bits are set to 00, the RTC_X1 clock pulses are counted; when the
RCKSEL[1:0] bits are set to 01, the EXTAL clock pulses are counted; and when the
RCKSEL[1:0] bits are set to 10, the USB_X1 clock pulses are counted to implement the clock

function.
Bit: 7 6 5 4 3 2 1 0
| ; | | ; | - | ; |RCKSEL[1:O]
Initial value: 0 0 0 0 0 O Undefined Undefined
RW: R R R R R R RW RW
Initial
Bit Bit Name Value R/W  Description
7t02 — All 0 R Reserved

These bits are always read as 0. The write value should
always be 0.

1,0 RCKSEL[1:0] Undefined R/W

Operation clock select

Operation clock can be selected from RTC_X1, EXTAL,
or USB_X1.

The setting of these bits should not be switched during
operation.

00: Selects RTC_X1.
01: Selects EXTAL.

10: Selects USB_X1.
11: Setting prohibited.

RO1UH0412EJ0300 Rev.3.00
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14.3.20 Frequency Register H/L (RFRH/L)
RFRH/L is a 16-bit readable/writable register.

The "frequency comparison value" is set in RFC[18:0] so that a 128-Hz clock is generated when
the realtime clock operates at the EXTAL clock frequency.

Change the "frequency comparison value" according to the EXTAL clock frequency. The
calculation method is shown below.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
fae] T -1 T T T T T T T T T T wwowem

Initial value: undefined O Undefined Undefined Undefined

R/W: R/W R R R R R R R R R R R R RW RW RW

o
o
o
o
o
o
o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RFC[15:0]

Initial value: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W Description
31 SEL64 Undefined R/W 64-Hz Divider Select
Indicates the operating clock that the EXTAL clock
frequency is dividable by 64-Hz and not dividable by
128-Hz.
0: EXTAL or USB_X1 clock frequency is dividable by
128-Hz.
1: EXTAL clock frequency is dividable by 64-Hz and not
dividable by 128-Hz.
30to 19 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

18to 0 RFC[18:0] Undefined R/W Frequency comparison value

Sets the comparison value to generate operation clock
from the EXTAL or USB_X1 clock frequency.
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(1) Method for calculating "*frequency comparison value".

e EXTAL or USB_XI1 clock frequency is dividable by 128-Hz
RFC[18:0] = (EXTAL or USB_X1 clock frequency) / 128
Clear the SEL64 bit to O in this case.

e EXTAL clock frequency is dividable by 64-Hz and not dividable by 128-Hz
RFC[18:0] = (EXTAL clock frequency) / 64

Set the SEL64 bit to 1 in this case.

(2) Setting Example
Table 14.3 Setting Example

Clock Frequency

SEL64 Setting Value RFC Setting Value

EXTAL 10MHz 0 H'1312D
11MHz 1 H'29F63
12MHz 0 H'16E36

USB_X1 48MHz 0 H'5B8D8

RO1UH0412EJ0300 Rev.3.00
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14.4  Operation

Usage of this module is shown below.

14.4.1 Initial Settings of Registers after Power-On

All the registers should be set after the power is turned on.

14.4.2  Setting Time

Figure 14.2 shows how to set the time when the clock is stopped.

Stop clock,
select input clock,
reset divider circuit

When EXTAL or USB_X1 is selected for input clock, set
also RCR5 and RFRH/L.

A

y

hour, day,
week, mont

Set seconds, minutes,

day of the
h, and year

Order is irrelevant

A

/

Start

clock

Write 1 to START in the RCR2 register

Write 0 to START and 1 to RESET in the RCR2 register.

Figure 14.2 Setting Time
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1443 Reading Time

Figure 14.3 shows how to read the time.

| Disable the carry interrupt | Write 0 to CIE in RCR1

o

Y Write 0 to CF in RCR1
| Clear the carry flag | (Set AF in RCR1 to 1 so that alarm
+ flag is not cleared.)

Read all the counter registers
to be read

Read RCR1 and check CF bit

(a) To read the time without using interrupts

Clear the carry flag

1

| Enable the carry interrupt | Write 1 to CIE in RCR1

Y Write 0 to CF in RCR1
| Clear the carry flag | (Set AF in RCR1 to 1 so that alarm
* flag is not cleared.)
Read all the counter registers
to be read
No
| Disable the carry interrupt | Write 0 to CIE in RCR1

(b) To read the time using interrupts

Figure 14.3 Reading Time

If a carry occurs while reading the time, the correct time will not be obtained, so it must be read
again. Part (a) in figure 14.3 shows the method of reading the time without using interrupts; part
(b) in figure 14.3 shows the method using carry interrupts. To keep programming simple, method
(a) should normally be used.
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14.4.4  Alarm Function

Figure 14.4 shows how to use the alarm function.

Clock running

Y

) ) Write 0 to AIE in RCR1
Disable alarm interrupt to prevent errorneous interrupt

Y

Set alarm time

Y

Always reset, since the flag may have been

Clear a