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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.

5. Reading from/Writing Reserved Bit of Each Register

Note:

Treat the reserved bit of register used in each module as follows except in cases where the
specifications for values which are read from or written to the bit are provided in the
description.

The bit is always read as 0. The write value should be O or one, which has been read
immediately before writing.

Writing the value, which has been read immediately before writing has the advantage of
preventing the bit from being affected on its extended function when the function is
assigned.
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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
e 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

10. Main Revisions for 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

The SH7730 Group RISC (Reduced Instruction Set Computer) microcomputers include 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 SH7730 Group 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 SH7730 Group to the target users. Refer to the SH-4A Extended
Functions Software Manual for a detailed description of the instruction set.

Notes on reading this manual:

e Product names

The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code
SH7730 R8A77301

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-4A Extended Functions Software Manual.

Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g. serial communication, is implemented
on more than one channel:

XXX_N (XXX is the register name and N is the channel
number)

Bit order: The MSB (most significant bit) is on the left and the LSB
(least significant bit) is on the right.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxxx.

Signal notation: ~ An overbar is added to a low-active signal: xxxx

RO1UHO346EJ0400 Rev. 4.00 Page v of xlviii
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Related Manuals: ~ The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com

SH7730 manuals:

Document Title Document No.
SH7730 Hardware Manual This manual
SH-4A Extended Functions Software Manual REJ09B0224

Users manuals for development tools:

Document Title Document No.

Super™ RISC engine C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0152
Compiler Package V.9.00 User's Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 User's REJ10B0025
Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 Tutorial ~ REJ10B0023

Application note:

Document Title Document No.
SuperH™ RISC engine C/C++ Compiler Package Application Note REJ05B0463
Abbreviations

ACIA Asynchronous Communication Interface Adapter

AUD Advanced User Debugger

BSC Bus State Controller

CPG Clock Pulse Generator

DMA Direct Memory Access

DMAC Direct Memory Access Controller
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ETU

FIFO

H-UDI

INTC

JTAG

LSB

MMU

MSB

PFC

RISC

SCIF

TLB

TMU

UART

UBC

WDT

Elementary Time Unit

First-In First-Out

User Debug Interface

Interrupt Controller

Joint Test Action Group

Least Significant Bit

Memory Management Unit

Most Significant Bit

Pin Function Controller

Reduced Instruction Set Computer

Serial Communication Interface with FIFO
Translation Lookaside Buffer

Timer Unit

Universal Asynchronous Receiver/Transmitter
User Break Controller

Watch Dog Timer
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All trademarks and registered trademarks are the property of their respective owners.
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SH7730 Group Section 1 Overview

Section 1 Overview

1.1 Features of This LSI

This LSI is a single-chip RISC microprocessor that integrates a 32-bit RISC-type SuperH
architecture CPU as its core with a floating point unit (FPU), 64-Kbyte large-capacity cache
memory, 16-Kbyte on-chip memory, an interrupt controller, and other peripherals.

High-speed data transfers can be performed by an on-chip direct memory access controller
(DMAC), and an external memory access support function enables direct connection to different
kinds of memory.

Moreover, this LSI incorporates a 16-bit timer pulse unit (TPU), realtime clock (RTC), compare-
match timer (CMT), stereo audio recording/playback function interface (SIOF), I'C bus interface
(IIC), serial communication interface with FIFO (SCIF), IrDA interface (IrDA), SIM card
interface (SIM), A/D converter (ADC), and D/A converter (DAC).

A powerful built-in power-management function keeps power consumption low, even during
high-speed operation. This LSI is ideal for use in electronic devices such as those for applications
that require both high-speed operation and low power consumption simultaneously.
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Section 1 Overview

SH7730 Group

The features of this LSI are listed in table 1.1.

Table 1.1  Features of This LSI

Item Features

CPU .
L]

Renesas original architecture

Upward compatible with SH-1, SH-2, SH-3, and SH4 at instruction set level
32-bit internal data bus

General-register files

— Sixteen 32-bit general registers (eight 32-bit shadow registers)

— Seven 32-bit control registers

— Four 32-bit system registers

RISC-type instruction set (upward compatible with SH-1, SH-2, SH-3, and
SH4

— Instruction length: 16-bit fixed length for improved code efficiency
— Load/store architecture

— Delayed branch instructions

— Instructions executed with conditions

— Instruction set based on the C language

Super scalar design which executes two instructions simultaneously
Instruction execution time: Two instructions per cycle (max.)

Virtual address space: 4 Gbytes

Space identifier ASID: 8 bits, 256 virtual address spaces

Built-in multiplier

Eight-stage pipeline
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SH7730 Group

Section 1 Overview

Item Features

Floating-point .
unit (FPU) .

Single precision (32 bits) and double precision (64 bits)
IEEE754-compliant data types and exceptions
Rounding mode: Rounding to nearest and rounding to O

Handling of non-normalized values: Truncate to O or interrupt generation
because of compliance to IEEE754

Floating-point registers: 32 bits x 16 registers x 2 banks

(single precision x 16 registers or double precision x 8 registers) x 2 banks

32-bit CPU-FPU floating-point communication register (FPUL)

FMAC (multiply and accumulate) instruction

FDIV (division)/FSQRT (square root) instructions

FLDIO/FLDI1 (load constants 0 and 1) instructions

Instruction execution time

— Latency (FADD/FSUB): 3 cycles (single precision), 5 cycles (double
precision)

— Latency (FMAC/FMULY): 5 cycles (single precision), 7 cycles (double
precision)

— Pitch (FADD/FSUB): 1 cycle (single/double precision)

— Pitch (FMAC/FMUL): 1 cycle (single precision), 3 cycles (double
precision)

Note: FMAC instruction only support single precision

3D graphics instructions (single precision only)

— 4-dimensional vector transformation and matrix operation (FTRV):
4 cycles (pitch), 8 cycles (latency)

— 4-dimensional inner product (FIPR): 1 cycle (pitch), 5 cycles (latency)

10-stage pipeline

Memory .
management unit o
(MMU)

4-Gbyte address space, 256 address space identifiers (8-bit ASID)
Single virtual memory mode and multiple virtual memory mode
Supports multiple page sizes: 1 Kbyte, 4 Kbytes, 64 Kbytes, or 1 Mbyte
4-entry full associative TLB for instructions

64-entry full associative TLB for instructions and operands

Supports replacement by software and random counter-based replacement
algorithm

Address mapping allows direct access to TLB contents

Cache memory o

Instruction cache (IC)

— 32-Kbyte, 4-way set associative

— 32-byte block length

Operand cache (OC)

— 32-Kbyte, 4-way set associative

— 32-byte block length

— Selectable write mode (copy-back or write-through)
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Section 1 Overview

SH7730 Group

ltem Features
On-chip memory e Three independent read/write ports
(IL memory) — Instruction fetch access from the CPU
— 8-/16-/32-bit operand access from the CPU
— 8-/16-/32-/64-bit or 16-/32-byte access from the DMAC
e Total of 16 Kbytes
Interrupt o 21 external interrupt pins (NMI, IRQ7 to IRQO, PINTA7 to PINTAO, PINTB3

controller (INTC)

to PINTBO)

— NMI: Fall/rise detection selectable

— |IRQ: Fall/rise/high-level/low-level detection selectable

15-level coded external interrupts: IRL3 to IRLO (shared with IRQ3 to IRQO)
On-chip peripheral interrupts: Priority can be specified for each module

Bus state .
controller (BSC)

Supports physical address space for areas of up to 32 Mbytes, up to 64
Mbytes, and up to 128 Mbytes each.

The following functions can be set independently for each area

— Data bus width: 8, 16, or 32 bits (16 or 32 bits for area 0)

— Number of access wait cycles: For some areas, different wait cycles can
be specified for read and write accesses

— Idle wait cycle setting: For continuous access to the same area and to a
different area

— Supports SRAM, bust ROM, SDRAM, SRAM with byte-select function,
and PCMCIA by specifying memory to be connected to each area.

— OQutputs a chip select signals, CS0, CS2 to CS4, CS5A/CS5B, or
CS6A/CS6B to the target area

SDRAM

— Up to two 512-Mbit memory devices or up to one 1-Gbit memory device
can be connected

— Data bus width: 16 bits or 32 bits

— Supports auto-refresh or self-refresh functions

— Auto-precharge mode or bank active mode can be selected
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SH7730 Group

Section 1 Overview

Item

Features

Direct memory
access controller
(DMAC)

Six channels, two channels of which (channels 0, 1) support external
requests

Address space: 4 Gbytes on architecture

Data transfer length: Byte, word (2 bytes), longword (4 bytes), 8 bytes,
16 bytes, and 32 bytes

Maximum number of transfer times: 16,777,216 times

Address mode: Dual address mode

Transfer request: Selectable from external request, on-chip peripheral
module request, and auto request

Bus mode: Selectable from cycle stealing mode (normal mode and
intermittent mode) and burst mode

Priority: Selectable between fixed channel priority mode and round-robin
mode

Interrupt request: Generates an interrupt request to the CPU at the end of
data transfer

Repeat function: Automatically re-sets the transfer source, destination, and
number of transfers at the end of DMA transfer

Reload function: Automatically re-sets the transfer source and destination at
the end of the specified number of DMA transfers

External request detection: Selectable from low-level/high-level detection or
rise/fall detection of the DREQ input

Transfer request acknowledge signals: Active level is selectable for DACK
and TEND
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SH7730 Group

ltem Features
Clock pulse e Clock mode: Input clock selectable from external input (EXTAL) and crystal
generator (CPG) resonator
e Output clock: Bus clock (B¢)
o Generates four types of system clocks
— CPU clock (1¢): Maximum 266.7 MHz (266 MHz version)
Maximum 200 MHz (200 MHz version)
— SH (SuperHyway) clock (S¢): Maximum 133.4 MHz
— Bus clock (B¢): Maximum 66.7 MHz
— Peripheral clock (P¢): Maximum 33.4 MHz
e Supports power-down mode
— Sleep mode
— Software standby mode
— Module standby mode
RCLK watchdog e One channel of watchdog timer
timer (RWDT)
16-bit Timer e Six channels of 16-bit timers

Pulse Unit (TPU)

Supports PWM function
Four types of counter input clocks

Realtime clock
(RTC)

Clock/calendar function (BCD representation)
30-second adjustment function
Alarm/period/carry interrupts

Automatic leap year correction function

Note: It is not possible to make the RTC operate alone by shutting off the power

to all other modules except for the RTC.

Timer unit (TMU)

Three channels of 32-bit timers
Incorporates a prescaler
Auto-reload type 32-bit down counter

Compare match
timer (CMT)

Five channels of 32-bit timers (16-bit/32-bit selectable)
Incorporates a prescaler

Compare match function provided on all channels
Generation of interrupt requests and DMA transfer requests

I’C bus interface
(IIC)

Two channels
Supports multi-master/slave transmission and reception
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SH7730 Group Section 1 Overview
Item Features
Serial I/0 with e One channel
FIFO (SIOF) Internal 64-byte (32 bits x 16 stages) transmit/receive FIFOs
e Supports 8-/16-bit data and 16-bit stereo audio input/output
e Sampling rate clock input from an external pin
¢ Incorporates a prescaler
e Module stop function
e Generation of interrupt requests and DMA transfer requests
Serial e Four channels (SCIFO0 to SCIF3)

communication
interface with
FIFO (SCIF) ®

Internal 16-byte (8 bits x 16 stages) transmit/receive FIFOs
Asynchronous mode and clock synchronous mode

Modem control functions (RTS, CTS) on channels 2 and 3
High-speed UART for Bluetooth

Incorporates a prescaler

Generation of interrupt requests and DMA transfer requests

Serial .
communication
interface with

FIFO A (SCIFA) *

Two channels (SCIF4, SCIF5)

Internal 64-byte (8 bits x 64 stages) transmit/receive FIFOs
Asynchronous mode and clock synchronous mode

Modem control functions (RTS, CTS)

High-speed UART for Bluetooth

Incorporates a prescaler

Generation of interrupt requests and DMA transfer requests

IrDA interface .
(IrDA) .

Two channels
Conforms to version 1.2a

SIM card .
interface (SIM)

One channel. Conforms to the ISO 7816-3 data protocol. (T=0, T =1)

Asynchronous half-duplex character transmission protocol
Data length: 8 bits

Parity bit generation and check

Selectable output clock cycles per etu (elementary time unit)
Selectable direct convention/inverse convention
Incorporates a prescaler

Clock output level can be fixed (high or low) in idle state
Generation of interrupt requests and DMA transfer requests
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Section 1 Overview SH7730 Group

Item Features
A/D converter e 10 bits +4 LSB, four channels
(ADC) e Conversion time: 16 pus

¢ Input range: 0 to AVcc (maximum 3.6 V)
D/A converter e 10 bits +4 LSB, two channels

(DAC) e Conversion time: 10 us
¢ Input range: 0 to AVcc (maximum 3.6 V)
I/0O port e 17 ports (107 pins in total)

¢ Signal direction is switchable for each bit of 1/0 ports

User break e Supports debugging with user break interrupts
controller (UBC) o«  Two break channels

e All of address, data value, access type, and data size can be set as break
conditions

e Supports sequential break function

User debugging e Supports E10A emulator
interface (H-UDI) o Realtime branch trace

Package e 208-pin LQFP (PLQP0208KB-A)

Power-supply e [/O: 33V+03V

voltage e Internal: 1.2+0.1V

Process e 90-nm CMOS

Page 8 of 1162 RO1UHO0346EJ0400 Rev. 4.00
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SH7730 Group

Section 1 Overview

1.2 Block Diagram

Figure 1.1 shows a block diagram of this LSI.

FPU KT
=
0 &
< ILRAM E
cPU 23] K| 16 Kbytes k=12
§ |2 S
'%IC 9 |-Cache S
= o 1]
E g 32 Kbytes 2
<
uBC MMU g
D =B
O-Cache 3|
AUD B 32 Kbytes :>§>
8
]
[Legend]
FPU: Floating point unit
CPU: Central processing unit
UBC: User break controller
AUD: Advanced user debugger
ILRAM: IL memory
I-Cache: Instruction cache
MMU: Memory management unit
O-Cache: Operand cache
DMAC: Direct memory access controller
BSC: Bus state controller

PB-Bridge: Peripheral bus bridge

SIM: SIM card interface
TPU: Timer pulse unit
RTC: Realtime clock

PB-Bridge SIOF
RWDT SCIF
INTC SCIFA
CPG IrDA
H-UDI E Ic
K&
2
T™U < SIM
&
CMT ADC
TPU DAC
1/0 port
RTC
(PFC)
DMAC
BSC
External
bus
RWDT: RCLK watchdog timer
INTC: Interrupt controller
CPG: Clock pulse generator
TMU:  Timer unit
CMT: Compare match timer
SIOF:  Serial I/O with FIFO
SCIF:  Serial communication interface
SCIFA: Serial communication interface A
IIC: 12C bus interface
IrDA:  IrDA interface
H-UDI: User debugging interface
PFC:  Pin function controller
ADC: A/D converter
DAC: D/A converter

Figure 1.1 Block Diagram of This LSI
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Section 1 Overview

SH7730 Group

1.3 Pin Assignments

Figure 1.2 and table 1.2 show the pin assignments.

STATUSO/PTJ6

Ve
SCIFO_TXD/IrDAO_TXD/PTQ2
SCIFO_SCK/PTQO
SCIF1_TXD/IrDA1_TXD/PTR2
SCIF1_SCK/PTRO
SCIF2_TXD/SIOF_TXD/PTS2
SCIF2_SCK/SIOF_SCK/PTSO
SCIF2_RTS/SIOF_SYNC/PTS4
SCIFO_RXD/IrDA0_RXD/PTQ1

140 1 TPUO_TO3/PINTB3/PTF3

145 [ Vee_PLL1

135 ] AUDATAO/PTGO
121 [_1BACK/PTNO
112 EJIRQ6/PTJ4
110 [ TENDO/PTJ3
105 1 CKE/PTKS

156 [ EXTAL

] [ 1 CS6A/CE2B/PTES

VssQ
SCIF3_RXD/PTE7

RDWR_

SCIF1_RXD/IDA1_RXD/PTR1 EO/DQMLL
Vss RD
SCIF2_RXD/SIOF_RXD/PTS1 BS/PTK4
Vee A25/PTT7
SCIF2_CTS/SIOF_MCK/IRQ5/PTS3 VeeQ
SCIF5_RTS/PINTA7/PTC7 A24/PTT6
SCIF5_CTS/PINTAG6/PTC6 VssQ
SCIF4_RTS/PINTAS/PTCS A23/PTTS
sC
VssQ SH7730 A22/PTT4
SCIF3_TXD/SIM_D/PTD3 208-pin LQFP Vss
Ve A21/PTT3
RESETOUT/PTD2 (Top view) A20/PTT2
- PINTA3/PTC3 A19/PTT
SCIF3_RTS/SIM_RST/PINTA2/PTC2 Al8
SCIF3_CTS/PINTA1/PTC1 A17
SCIF3_SCK/SIM_CLK/PINTAO/PTCO A16
SCIF5_TXD/PTD1 Al5
SCIF4_TXD/PTDO veeQ
DREQO/PTD4 A4
DREQ1/PTD6 VssQ
RESETP A13
NMI Al2
D3 Al
Testd_VssQ Al0
MD5 A9
ss A8
11CO_SDA/PTLO A7
11CO_SCL/PTLY A6
A5
MD1 veeQ
PTL4 A4
PTLS VssQ
VeeQ A3
PTL6 A2
PTL? Al
VssQ AO/PTTO

o RO e LGN GG BRSO DT 0e e n
hee ST RTRe RN MR RRBF YRS 8858895008592,
IO O
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SSOFEF RO IIITIINNNNNN N oACILILILLOICIpr oo 0O000p0 00000
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EF 922222528888 & 388R8 & 355
0 3538
[efeJe)e)
crcoc

Figure 1.2 Pin Assignments (208-Pin LQFP)
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SH7730 Group Section 1 Overview

Table 1.2  Pin Assignment

Power
Supply
Pin No. Pin Name 1/0 Description Source
1 AN2/PTMO I A/D converter input/input port M AVce
2 AN3/PTM1 I A/D converter input/input port M AVcce
3 VeeQ — I/0O power supply (3.3 V) —
4 XTAL_RTC (6] Crystal resonator connection pin for RTC VeeQ
5 EXTAL_RTC | Crystal resonator connection pin for RTC VeeQ
6 VssQ — 1/0O ground (0 V) —
7 Test0_VceQ | Test mode 0 VeeQ
8 IRQO/IRLO/PTHO 11/ External interrupt request/external interrupt  VccQ
request/input port H
9 IRQ1/IRL1/PTH1 il External interrupt request/external interrupt  VeccQ
request/input port H
10 IRQ2/IRL2/PTH2 11/ External interrupt request/external interrupt  VccQ
request/input port H
11 IRQ3/IRL3/PTH3 il External interrupt request/external interrupt  VeccQ
request/input port H
12 IRQ4/PTH4 1" External interrupt request/input port H VeeQ
13 D31/PTB7 10/10 Data bus/IO port B VeeQ
14 D30/PTB6 10/10 Data bus/IO port B VeeQ
15 D29/PTB5 10/10 Data bus/IO port B VeeQ
16 D28/PTB4 10/10 Data bus/IO port B VeeQ
17 D27/PTB3 10/10 Data bus/IO port B VeeQ
18 D26/PTB2 10/10 Data bus/IO port B VeeQ
19 VssQ — 1/0O ground (0 V) —
20 D25/PTB1 10/10 Data bus/IO port B VeeQ
21 VeeQ — I/0O power supply (3.3 V) —
22 D24/PTBO 10/10 Data bus/IO port B VeeQ
23 D23/PTA7 10/10 Data bus/IO port A VeeQ
24 D22/PTA6 10/10 Data bus/IO port A VeeQ
25 D21/PTA5 10/10 Data bus/IO port A VeeQ
26 D20/PTA4 10/10 Data bus/IO port A VeeQ
RO1UH0346EJ0400 Rev. 4.00 Page 11 of 1162

Mar 19, 2012 RENESAS



Section 1 Overview SH7730 Group
Power
Supply
Pin No. Pin Name 110 Description Source
27 Vss — Internal ground (0 V) —
28 D19/PTA3 10/10 Data bus/IO port A VeeQ
29 Vee — Internal power supply (1.2 V) —
30 D18/PTA2 10/10 Data bus/IO port A VeeQ
31 D17/PTA1 10/10 Data bus/IO port A VeeQ
32 D16/PTAO 10/10 Data bus/IO port A VeeQ
33 VssQ — 1/0O ground (0 V) —
34 D15 10 Data bus VeeQ
35 VeeQ — I/0O power supply (3.3 V) —
36 D14 10 Data bus VeeQ
37 D13 10 Data bus VeeQ
38 D12 10 Data bus VeeQ
39 D11 10 Data bus VeeQ
40 D10 10 Data bus VeeQ
41 D9 10 Data bus VeeQ
42 D8 10 Data bus VeeQ
43 D7 10 Data bus VeeQ
44 D6 10 Data bus VeeQ
45 VssQ — 1/0O ground (0 V) —
46 D5 10 Data bus VeeQ
47 VeeQ — I/0O power supply (3.3 V) —
48 D4 10 Data bus VeeQ
49 D3 10 Data bus VeeQ
50 D2 10 Data bus VeeQ
51 D1 10 Data bus VeeQ
52 DO 10 Data bus VeeQ
53 AO/PTTO o/10 Address bus/IO port T VeeQ
54 A1l (0] Address bus VeeQ
55 A2 (0] Address bus VeeQ
56 A3 (6] Address bus VeeQ

Page 12 of 1162
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SH7730 Group Section 1 Overview

Power
Supply
Pin No. Pin Name 110 Description Source
57 VssQ — I/0 ground (0 V) —
58 A4 (0] Address bus VeeQ
59 VeeQ — I/O power supply (3.3 V) —
60 A5 (0] Address bus VeeQ
61 A6 (0] Address bus VeeQ
62 A7 (6] Address bus VeeQ
63 A8 (0] Address bus VeeQ
64 A9 (6] Address bus VeeQ
65 A10 (0] Address bus VeeQ
66 A1 (6] Address bus VeeQ
67 A12 (6] Address bus VeeQ
68 A13 (0] Address bus VeeQ
69 VssQ — I/0 ground (0 V) —
70 A14 (0] Address bus VeeQ
71 VeeQ — I/O power supply (3.3 V) —
72 A15 (0] Address bus VeeQ
73 A16 (0] Address bus VeeQ
74 A17 (6] Address bus VeeQ
75 A18 (0] Address bus VeeQ
76 A19/PTTH 0O/10 Address bus/IO port T VeeQ
77 A20/PTT2 O/10 Address bus/IO port T VeeQ
78 A21/PTT3 0O/10 Address bus/IO port T VeeQ
79 Vss — Internal ground (0 V) —
80 A22/PTT4 O/10 Address bus/IO port T VeeQ
81 Vee — Internal power supply (1.2 V) —
82 A23/PTT5 O/10 Address bus/IO port T VeeQ
83 VssQ — I/0 ground (0 V) —
84 A24/PTT6 O/10 Address bus/IO port T VeeQ
85 VeeQ — I/0O power supply (3.3 V) —
RO1UH0346EJ0400 Rev. 4.00 Page 13 of 1162
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Section 1 Overview SH7730 Group
Power
Supply
Pin No. Pin Name 110 Description Source
86 A25/PTT7 0o/10 Address bus/IO port T VeeQ
87 BS/PTK4 O/10 Bus cycle start signal/IO port K VeeQ
88 RD 0 Read strobe VeeQ
89 WEO/DQMLL O/0 D7 to DO select signal/DQM (SDRAM) VeeQ
90 WE1/DQMLU/WE 0/0/0 D15 to D8 select signal/DQM (SDRAM)/ VeeQ
PCMCIA write enable
91 WE2/DQMUL/ICIORD/PTK6  O/O/O/I0 D23 to D16 select signal/DQM (SDRAM)/  VccQ
PCMCIA 10 read/IO port K
92 WES3/DQMUU/ICIOWR/PTK7  O/O/O/I0 D31 to D24 select signal/DQM (SDRAM)/  VccQ
PCMCIA 10 read/IO port K
93 RDWR 0 Read/write VeeQ
94 SCIF3_RXD/PTE7 1110 SCIF3 receive data/IO port E VeeQ
95 VssQ — 1/0O ground (0 V) —
96 CSo0 0 Chip select 0 VeeQ
97 VeeQ — I/O power supply (3.3 V) —
98 CS2/PTKO O/10 Chip select 2/I0 port K VeeQ
99 CS3/PTK1 o/I0 Chip select 3/I0 port K VeeQ
100 CS4/PTK2 O/10 Chip select 4/10 port K VeeQ
101 CSBB/CETA/PTK3 0/0/10 Chip select 5B/CE1 (area 5 PCMCIA)/ VeeQ
10 port K
102 CS6B/CE1B/PTM3 0O/0/I0 Chip select 6B/CE1 (area 6 PCMCIA)/ VeeQ
10 port M
103 CSBA/CE2A/PTE4 0/0/10 Chip select 5A/CE2 (area 5 PCMCIA)/ VeeQ
10 port E
104 CSG6A/CE2B/PTE5 0O/0/I0 Chip select 6A/CE2 (area 6 PCMCIA)/ VeeQ
10 port E
105 CKE/PTK5 O/10 CK enable (SDRAM)/IO port K VeeQ
106 RAS/PTJO o/I0 RAS (SDRAMY/IO port J VeeQ
107 TEND1/PTJ1 O/10 DMA transfer end/IO port J VeeQ
108 CAS/PTJ2 O/I0 CAS (SDRAM)/IO port J VeeQ
109 VssQ — I/0 ground (0 V) —
110 TENDO/PTJ3 O/10 DMA transfer end/IO port J VeeQ
Page 14 of 1162 RO1UH0346EJ0400 Rev. 4.00
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SH7730 Group Section 1 Overview
Power
Supply

Pin No. Pin Name 110 Description Source
111 VeeQ — I/O power supply (3.3 V) —

112 IRQ6/PTJ4 ] External interrupt request/input port J VeeQ
113 IRQ7/PTJ5 1" External interrupt request/input port J VeeQ
114 DACKO/PTD5 0/10 DMA acknowledge 0/I0 port D VeeQ
115 DACK1/PTD7 O/10 DMA acknowledge 1/10 port D VeeQ
116 SCIF4_RXD/PTE6 I SCIF4 receive data/input port E VeeQ
117 SCIF5_RXD/PTES I SCIF5 receive data/input port E VeeQ
118 SCIF4_SCK/PTE2 10/10 SCIF4 serial clock/IO port E VeeQ
119 SCIF5_SCK/PTE1 10/10 SCIF5 serial clock/IO port E VeeQ
120 TDO (6] Test data output VeeQ
121 BACK/PTNO 0/10 Bus acknowledge/IO port N VeeQ
122 BREQ/PTN1 I Bus request/input port N VeeQ
123 WAIT/PTN2 1 Hardware wait request/input port N VeeQ
124 AUDCK/PTG5 O/10 Dedicated pin for emulator/IO port G VeeQ
125 IIC1_SDA/ADTRG/PTH5 10/1/1 IIC1 data/analog trigger/input port H VeeQ
126 IIC1_SCL/I0IS16/PTN3 10/1/ IIC1 data/IOI1S16 (PCMCIA)/input port N VeeQ
127 MPMD | ASE mode VeeQ
128 ASEBRK/BRKACK 1’0 Dedicated pin for emulator VeeQ
129 AUDSYNC/PTG4 O/10 Dedicated pin for emulator /10 port G VeeQ
130 AUDATA3/PTG3 o/10 Dedicated pin for emulator /IO port G VeeQ
131 AUDATA2/PTG2 O/10 Dedicated pin for emulator /10 port G VeeQ
132 Vss — Internal ground (0 V) —

133 AUDATA1/PTGH1 o/10 Dedicated pin for emulator /IO port G VeeQ
134 Vcce — Internal power supply (1.2 V) —

135 AUDATAO/PTGO o/10 Dedicated pin for emulator /IO port G VeeQ
136 TRST I Test reset VeeQ
137 T™MS | Test mode switch VeeQ
138 TDI | Test data input VeeQ
139 TCK | Test clock VeeQ
RO1UH0346EJ0400 Rev. 4.00 Page 15 of 1162
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Power
Supply
Pin No. Pin Name 110 Description Source
140 TPUO_TOS3/PINTB3/PTF3 Oo/INo TPUO output compare/port interrupt/ VeeQ
10 port F
141 TPUO_TO2/PINTB2/PTF2 O/IN0 TPUO output compare/port interrupt/ VeeQ
10 port F
142 TPUO_TO1/PINTB1/PTF1 o/INo TPUO output compare/port interrupt/ VeeQ
10 port F
143 TPUO_TOO/PINTBO/PTFO Oo/IN1o TPUO output compare/port interrupt/ VeeQ
10 port F
144 PTN4 10 10 port N VeeQ
145 Vcc_PLL1 — PLL1 power supply (1.2 V) —
146 Test1_VssQ | Test mode 1 VeeQ
147 Vss_PLL1 — PLL1 ground (0 V) —
148 Vss_PLL2 — PLL2 ground (0 V) —
149 Test2_VceQ | Test mode 2 VeeQ
150 Vee_PLL2 — PLL2 power supply (1.2 V) —
151 PTH6 | Input port H VeeQ
152 Vss — Internal ground (0 V) —
153 Test3_VceQ | Test mode 3 VeeQ
154 Vce — Internal power supply (1.2 V) —
155 XTAL (6] Crystal resonator connection pin VeeQ
156 EXTAL | External clock/ Crystal resonator connection VccQ
pin
157 STATUSO/PTJ6 O/10 Processor status/IO port J VeeQ
158 TPU1_TO1/PTJ7 O/I0 TPU1 output compare/lO port J VeeQ
159 TPU1_TOO0/PTH7 0O/10 TPU1 output compare/IO port H VeeQ
160 IRQOUT/REFOUT/PTQ7 0/0/I0 Interrupt request notification/ VeeQ
refresh output/IO port Q
161 VssQ — I/0 ground (0 V) —
162 CKO (6] System clock output VeeQ
Page 16 of 1162 RO1UH0346EJ0400 Rev. 4.00
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SH7730 Group Section 1 Overview

Power
Supply

Pin No. Pin Name 110 Description Source

163 VeeQ — I/O power supply (3.3 V) —

164 SCIFO_TXD/IrDAO0_TXD/PTQ2 O/O/IO SCIFO0 transmit data/IrDA transmit data/ VeeQ
10 port Q

165 SCIFO_SCK/PTQO 10/10 SCIFO serial clock/IO port Q VeeQ

166 SCIF1_TXD/IrDA1_TXD/PTR2 O/O/I0 SCIF1 transmit data/IrDA transmit data/ VeeQ
10 port R

167 SCIF1_SCK/PTRO 10/10 SCIF1 serial clock/IO port R VeeQ

168 SCIF2_TXD/SIOF_TXD/PTS2 0O/O/I0 SCIF2 transmit data/SIOF transmit data/ VeeQ
|10 port S

169 SCIF2_SCK/SIOF_SCK/PTS0 10/10/10 SCIF2 serial clock/SIOF serial clock/ VeeQ
10 port S

170 SCIF2_RTS/SIOF_SYNC/ 0/10/10 SCIF2 transmit request/SIOF frame sync VeeQ

PTS4 signal/lO port S

171 SCIFO_RXD/IrDA0_RXD/PTQ1 I/I/1 SCIFO receive data/IrDA receive data/ VeeQ
input port Q

172 SCIF1_RXD/IrDA1_RXD/PTR1 1/I/] SCIF1 receive data/IrDA receive data/ VeeQ
input port R

173 Vss — Internal ground (0 V) —

174 SCIF2_RXD/SIOF_RXD/PTS1 /Il SCIF2 receive data/SIOF receive data/ VeeQ
input port S

175 Vce — Internal power supply (1.2 V) —

176 SCIF2_CTS/SIOF_MCK/ v SCIF2 transmit clear/SIOF master clock VeeQ

IRQ5/PTS3 input/external interrupt request/input port S

177 SCIF5_RTS/PINTA7/PTC7 O/Nno SCIF5 transmit request/port interrupt/ VeeQ
10 port C

178 SCIF5_CTS/PINTA6/PTC6 111110 SCIF5 transmit clear/port interrupt/ VeeQ
10 port C

179 SCIF4_RTS/PINTA5/PTCS O/Nno SCIF4 transmit request/port interrupt/ VeeQ
10 port C

180 SCIF4_CTS/PINTA4/PTC4 111110 SCIF4 transmit clear/port interrupt/ VeeQ
10 port C

181 VssQ — 1/0O ground (0 V) —

182 SCIF3_TXD/SIM_D/PTD3 O/I0/10 SCIF3 transmit data/smart card transmit VeeQ
and receive data/lO port D

RO1UHO346EJ0400 Rev. 4.00 Page 17 of 1162
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Power
Supply
Pin No. Pin Name 110 Description Source
183 VeeQ — I/O power supply (3.3 V) —
184 RESETOUT/PTD2 0/10 Power-on reset output/IO port D VeeQ
185 PINTA3/PTC3 110 Port interrupt/IO port C VeeQ
186 SCIF3_RTS/SIM_RST/ O/O/NNO  SCIF3 transmit request/smart card reset/  VccQ
PINTA2/PTC2 port interrupt/IO port C
187 SCIF3_CTS/PINTA1/PTC1 1110 SCIF3 transmit clear/port interrupt/IO port C VccQ
188 SCIF3_SCK/SIM_CLK/ I0/O/I/I0  SCIF3 serial clock/smart card clock/ VeeQ
PINTAO/PTCO port interrupt/IO port C
189 SCIF5_TXD/PTD1 O/10 SCIF5 transmit data/IO port D VeeQ
190 SCIF4_TXD/PTDO O/10 SCIF4 transmit data/IO port D VeeQ
191 DREQO/PTD4 I DMA request 0/input port D VeeQ
192 DREQ1/PTD6 I DMA request 1/input port D VeeQ
193 RESETP | Power-on reset request VeeQ
194 NMI | Non-maskable interrupt request VeeQ
195 MD3 | Area 0 bus width setting VeeQ
196 Test4_VssQ | Test mode 4 VeeQ
197 MD5 | Data alignment setting VeeQ
198 VssQ — 1/0O ground (0 V) —
199 1ICO_SDA/PTLO 10/1 [ICO data/input port L VeeQ
200 11CO_SCL/PTLA 10/1 11CO clock/input port L VeeQ
201 MDO | Clock mode setting VeeQ
202 MD1 | Clock mode setting VeeQ
203 DA1/PTL4 o/ DA converter output/input port L AVcc
204 DAO/PTL5 o/l DA converter output/input port L AVcc
205 AVcc — Analog power supply (3.3 V) —
206 ANO/PTL6 I AD converter input/input port L AVcc
207 AN1/PTL7 ] AD converter input/input port L AVcc
208 AVss — Analog ground (0 V) —
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1.3.1 Pin Function

Table 1.3  Pin Functions

Classification Symbol Function 1/0 Description

Power supply  Vcc Power supply — Power supply for the internal modules and ports for
the system. Connect all Vcc pins to the system
power supply. There will be no operation if any pins
are open.

Vss Ground — Ground pin. Connect all Vss pins to the system
power supply (0 V). There will be no operation if any
pins are open.

VeeQ Power supply — Power supply for I/0 pins. Connect all VccQ pins to
the system power supply. There will be no operation
if any pins are open.

VssQ Ground — Ground pin. Connect all VssQ pins to the system
power supply (0 V). There will be no operation if any
pins are open.

AVcc Analog power — Analog power supply

supply

AVss Analog ground — Analog ground and reference voltage for A/D

conversion
Clock Vee PLLA PLL1 power — Power supply for the on-chip PLL1 oscillator.
supply

Vss_PLL1 PLL1 ground — Ground pin for the on-chip PLL1 oscillator.

Vee PLL2 PLL2 power — Power supply for the on-chip PLL2

supply oscillator.
Vss_PLL2 PLL2 ground — Ground pin for the on-chip PLL2 oscillator.
XTAL Crystal Output Connects the crystal resonator
resonator
Connection
EXTAL Crystal Input  For connection of the crystal resonator; also, used
resonator as an external clock input pin.
Connection/
external clock
input
CKO Clock output pin Output Used as an external clock output pin.
R0O1UHO0346EJ0400 Rev. 4.00 Page 19 of 1162
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SH7730 Group

Classification Symbol Function 110 Description
Operating mode MDO, MD1 Clock mode Input  Sets the clock operating mode.
control setting
MD3 Area 0 bus Input  Specifies area 0 bus width (16/32 bits)
width setting
MD5 Data alignment Input Selects data alignment (big endian or little endian)
setting
System control RESETP Power-on reset Input This LSI enters the power-on reset state when this
request pin becomes low level.
RESETOUT Power-on reset Output Becomes low level while this LSI is being power-on
output signal reset.
STATUSO Processing Output Becomes high level in software standby mode.
state 0
Interrupt NMI Non maskable Input Interrupt request signal that is not maskable
controller interrupt input
(INTC) pin
IRQ7 to IRQ4, External Input  Inputs of interrupt request signals
IRQ3/IRL3 to interrupt input
IRQO/IRLO pins
IRQOUT Interrupt Output Signal indicating that an interrupt request has been
request output generated.
pin
PINTA7 to Port-interrupt Input  Inputs of port interrupt request signals
PINTAO, input pins
PINTB3 to
PINTBO
Bus Control. A25 to A0 Address bus Input  Address bus
D31 to DO Data bus Output Data bus
BS Bus cycle start  Output Bus cycle start
CS0, CS2to  Chip select OQutput Chip select
CS4
CS5A/CE2A Output Chip select
Active only for address maps 1 and 3
Corresponds to PCMCIA card select signals D15 to
D8 when the PCMCIA is used.
CS5B/CE1A Output Chip select
Corresponds to PCMCIA card select signals D7 to
DO when the PCMCIA is used.
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Classification Symbol Function 110 Description
Bus control CS6A/CE2B  Chip select Output Chip select

Active only for address maps 1 and 3

Corresponds to PCMCIA card select signals D15 to
D8 when the PCMCIA is used.

CS6B/CE1B Output

Chip select

Corresponds to PCMCIA card select signals D7 to
DO when the PCMCIA is used.

RDWR Read/write Output

Read or write signal

Connects to WE pins when SDRAM or byte-
selection SRAM is connected.

RD Read strobe Output

Read pulse signal (read data output enable signal)

A strobe signal to indicate the memory read cycle
when the PCMCIA is used.

WES3/DQMUU Select signal for Output
/ICIOWR D31 to D24
/DQM (SDRAM)
/PCMCIA 1/O
write

Indicates that D31 to D24 are being written to.

Connected to the byte select signal when a byte-
selection SRAM is connected.

Corresponds to signals D31 to D24 when SDRAM is
connected.

Functions as the 1/O write strobe signal when the
PCMCIA is used.

WE2/DQMUL/ Select signal for Output
ICIORD D23 to D16
/DQM (SDRAM)
/PCMCIA I/O
read

Indicates that D23 to D16 are being written to.
Connected to the byte select signal when a byte-
selection SRAM is connected. Corresponds to
signals D23 to D16 when the SDRAM is used.
Functions as the 1/O read strobe signal when the
PCMCIA is used.

WE1/DQMLU/ Select signal for Output
WE D15 to D8
/DQM (SDRAM)
/PCMCIA I/O

write enable

Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a byte-
selection SRAM is connected.

Corresponds to signals D15 to D8 when the
SDRAM is used.

Functions as the memory write enable signal when
the PCMCIA is used.
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SH7730 Group

Classification Symbol Function 110 Description
Bus control WEO/DQMLL  Select signal for Output Indicates that D7 to DO are being written to.
D7to DO Connected to the byte select signal when a byte-
/DQM (SDRAM) selection SRAM is connected.
Corresponds to select signals D7 to DO when the
SDRAM is used.
RAS RAS (SDRAM) Output Connects to RAS pin when SDRAM is connected.
CAS CAS (SDRAM) Output Connects to CAS pin when SDRAM is connected.
CKE CK enable Output Connects to CKE pin when SDRAM is connected.
(SDRAM)
101S16 PCMCIA 16 bits Input PCMCIA 16-bit I/O signal
I/0 Valid only in little endian mode.
Pulled low in big endian mode.
AlIT Hardware wait Input  External wait input
request
BREQ Bus Request Input  Bus request input
BACK Bus Output Bus acknowledge output
acknowledge
REFOUT Refresh request Output Refresh request output when a bus is released
Direct memory DREQO, DMA transfer Input  DMA transfer request input from external device.
access DREQ1 request
controller
(DMAC)
DACKO, DMA transfer ~ Output Strobe as a response to the DMA transfer request,
DACK1 request which is output to external device
acknowledge
TENDO, DMA transfer ~ Output DMA transfer end output to external device
TEND1 end notification
16-bits timer TPUOTO3to Compare match Output Compare match output/PMW output pin
pulse unit TPUOTOO, output
(TPU) TPU1TOA1,
TPU1TOO
Realtime clock EXTAL_RTC Crystal Output Connects the crystal resonator for the RTC.
(RTC) resonator
connection
XTAL_RTC  Crystal Input  Connects the crystal resonator for the RTC.
resonator
connection
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Classification Symbol

Function

110 Description

12C serial clock

110 12C serial clock input/output pin

12C bus 1ICO_SCL,
interface IIC1_SCL
(1c) ICO_SDA,

IIC1_SDA

12C serial data

Output 12C serial data input/output pin

Serial I/0O with  SIOF_MCK

Master clock

Input  Master clock input pin

FIFO (SIOF)

SIOF_SCK Serial clock 1/0 Serial clock (common to transmission/reception)
SIOF_SYNC Frame /0 Frame synchronization signal (common to
synchronization transmission/reception)
SIOF_TXD Transmit data  Output Transmit data pin
SIOF_RXD Receive data Input  Receive data pin
Serial SCIF3_TXD Transmitdata Output Transmit data pin

Communication to
interface with SCIFO_TXD

FIFO (SCIF) SCIF3_RXD Receive data Input  Receive data pin
to
SCIFO_RXD
SCIF3_SCK  Serial clock 1/0 Clock 1/O pin
to
SCIF0_SCK
SCIF2_RTS, Transmit Output Transmit request output pin
SCIF3_RTS request
SCIF2_CTS, Transmit enable Input Transmit enable input pin
SCIF3_CTS
Serial SCIF4_TXD, Transmitdata Output Transmit data pin

communication SCIF5_TXD

interface A with

FIF IEA SCIF4_RXD, Receive data Input  Receive data pin
O SCIFA) sciFs_rxD
SCIF4_SCK, Serial clock 1/0 Clock 1/O pin
SCIF5_SCK
R0O1UHO0346EJ0400 Rev. 4.00 Page 23 of 1162
Mar 19, 2012 RENESAS



Section 1 Overview

SH7730 Group

Classification Symbol Function

/0

Description

Serial SCIF4_RTS, Transmit request Output

communication SCIF5_RTS

Transmit request output pin

interface A with

SCIF4_CTS, Transmit enable Input

Transmit enable input pin

FIFO (SCIFA)  ____ —
SCIF5_CTS
IrDA interface  IrDAO_RXD, IrDA receive Input Infrared receive (light-receive) pulse input
(IrDA) IrDA1_RXD  data
IrDAO_TXD,  IrDA transmit Output  Infrared transmit (light-emit) pulse output
IrDA1_TXD  data
SIM card SIM_D Smart card data  1/0 Smart card data input/output
;‘gcr;i/ll;le SIM_CLK Smart card clock Output Smart card clock output
SIM_RST Smart card reset Output Smart card reset output
A/D converter  AVcc Analog power — Analog power supply
(ADC) supply
AVss Analog ground — Analog ground and reference voltage for A/D
conversion
AN3to ANO  Analog input Input  Analog input pins
ADTRG Analog trigger Input  External trigger input for starting A/D conversion
D/A converter  AVcc Analog power — Analog power supply
(DAC) supply
AVss Analog ground — Analog ground and reference voltage for D/A
conversion
DAO, DA1 Analog output Output  Analog output pins
1/0 port PTA7 to PTAO General I/O Port 1/0 8-bit general I/O port pins.
PTB7 to PTBO /0 8-bit general I/0 port pins.
PTC7 to 1/0 8-bit general I/O port pins.
PTCO
PTD7 110 8-bit general I/0 and Input port pins.
PTD6 Input
PTD5 /0
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Classification Symbol Function /0 Description
1/0 port PTD4 General I/O Input  8-bit general I/O and Input port pins.
PTD3t0 O /o
PTDO
PTE7 110 7-bit general 1/0 and Input port pins.
PTE6 Input
PTES, PTE4 /0
PTE3 Input
PTE2, PTE1 /0
PTF3to PTFO I/0 4-bit general I/O port pins.
PTG5 to 110 6-bit general I/O port pins.
PTGO
PTH7 110 8-bit general /O and Input port pins.
PTH6 to Input
PTHO
PTJ7, PTJ6 110 8-bit general /O and Input port pins.
PTJ5, PTJ4 Input
PTJ3 to PTJO /0
PTK7 to PTKO 110 8-bit general I/O port pins.
PTL7 to Input  4-bit general Input port pins.
PTE4_PTLA,
PTLO
PTM3 110 3-bit general /O and Input port pins.
PTM1, PTMO Input
PTN4 110 5-bit general /O and Input port pins.
PTN3 to Input
PTN1
PTNO /0
PTQ7 to 110 4-bit general 1/0 and Input port pins.
PTQ2
PTQ1 Input
PTQO /0
PTR2 110 3-bit general /O and Input port pins.
PTR1 Input
PTRO /0
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Classification Symbol Function 110 Description
1/0 port PTS4 General I/O /0 5-bit general /O and Input port pins.
PTS3 Port Input
PTS2 1/0
PTS1 Input
PTSO 1/0
PTT7 to PTTO I/0 8-bit general I/0O port pins.
User debugging TCK Test clock Input  Test clock input pin
interface TMS Test mode Input  Test mode select signal input pin
(H-UDI) switch
TRST Test reset Input Initialization signal input pin
TDI Test data input Input  Serial Input pin for instructions and data
TDO Test data Output Serial output pin for instructions and data
output
MPMD ASE mode Input A low level on this pin places the chip in ASE mode,
enabling use of the emulation support mode
functions. When using an emulator such as the
E10A, fix this pin at a low level.
E10A interface  ASEBRK Pins for an Input  For details, see the emulator's manual.
emulator
BRKACK Pins for an Output For details, see the emulator's manual.
emulator
Advanced user AUDSYNC Pins for an OQutput For details, see the emulator's manual.
debugger emulator
(AUD) AUDCK Pins for an Output For details, see the emulator's manual.
emulator
AUDATA3to Pins for an Output For details, see the emulator's manual.
AUDATAO emulator

Note: Pins Test0_VcceQ, Test1_VceQ, Test2_VeeQ, Test3_VeeQ, and Test4_VssQ are used for
testing the chip prior to shipment from the factory. In ordinary use, they should be pulled up
or pulled down to fix their electric potential.
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14 Product Lineup

Table 1.4  Product Lineup

Abbreviation Parts No.

Power Supply Voltage

Operating

/0

Internal  Frequency

Operating
Temperature Package

R8A77301 R8A77301C266FPV 3.3+0.3V 1.2+0.1V 266.7 MHz

Standard 208 Pin Plastic
temperature  LQFP

RBA77301C200FPV 200 MHz range product (PLQP0208KB-A)
-20 0 75 °C
R8A77301D266FPV 266.7 MHz  Extended
R8A77301D200FPV 200 MHz  temperature
range product
-40to 85 °C
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Section 2 Programming Model

The programming model of the SH-4A is explained in this section. This SLI has registers and data

formats as shown below.

2.1 Data Formats

The data formats supported in this LSI are shown in figure 2.1.

Byte (8 bits)

Word (16 bits)

i

Ryl

31
Longword (32 bits) |

31 30 22
Single-precision floating-point (32 bits) |s| e | f |

63 62 51 0

Double-precision floating-point (64 bits) |s| e | f |
[Legend]
s :Sign field

e :Exponent field
f :Fraction field

Figure 2.1 Data Formats

RO1UHO346EJ0400 Rev. 4.00
Mar 19, 2012 RENESAS

Page 29 of 1162




Section 2 Programming Model SH7730 Group

2.2 Register Descriptions

2.2.1 Privileged Mode and Banks
(1) Processing Modes

This LSI has two processing modes, user mode and privileged mode. This LSI normally operates
in user mode, and switches to privileged mode when an exception occurs or an interrupt is
accepted. There are four kinds of registers—general registers, system registers, control registers,
and floating-point registers—and the registers that can be accessed differ in the two processing
modes.

(2) General Registers

There are 16 general registers, designated RO to R15. General registers RO to R7 are banked
registers which are switched by a processing mode change.

e Privileged mode

In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked
register set is accessed as general registers, and which set is accessed only through the load
control register (LDC) and store control register (STC) instructions.
When the RB bit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1
general registers RO_BANKI1 to R7_BANKI1 and non-banked general registers R8 to R15 can
be accessed as general registers RO to R15. In this case, the eight registers comprising bank 0
general registers RO_BANKAO to R7_BANKO are accessed by the LDC/STC instructions.
When the RB bit is O (that is, when bank O is selected), the 16 registers comprising bank 0
general registers RO_BANKO to R7_BANKO and non-banked general registers R8 to R15 can
be accessed as general registers RO to R15. In this case, the eight registers comprising bank 1
general registers RO_BANKI1 to R7_BANKI1 are accessed by the LDC/STC instructions.

e User mode
In user mode, the 16 registers comprising bank 0 general registers RO_BANKO to R7_BANKO
and non-banked general registers R8 to R15 can be accessed as general registers RO to R15.
The eight registers comprising bank 1 general registers RO_BANK1 to R7_BANKI cannot be
accessed.

Page 30 of 1162 RO1UHO346EJ0400 Rev. 4.00
RENESAS Mar 19, 2012



SH7730 Group Section 2 Programming Model

(3) Control Registers

Control registers comprise the global base register (GBR) and status register (SR), which can be
accessed in both processing modes, and the saved status register (SSR), saved program counter
(SPC), vector base register (VBR), saved general register 15 (SGR), and debug base register
(DBR), which can only be accessed in privileged mode. Some bits of the status register (such as
the RB bit) can only be accessed in privileged mode.

(4) System Registers

System registers comprise the multiply-and-accumulate registers (MACH/MACL), the procedure
register (PR), and the program counter (PC). Access to these registers does not depend on the
processing mode.

(5) Floating-Point Registers and System Registers Related to FPU

There are thirty-two floating-point registers, FRO-FR15 and XFO-XF15. FRO-FR15 and XFO-
XF15 can be assigned to either of two banks (FPRO_BANKO-FPR15_BANKO or FPRO_BANKI1-
FPR15_BANKI1).

FRO-FR15 can be used as the eight registers DR0/2/4/6/8/10/12/14 (double-precision floating-
point registers, or pair registers) or the four registers FV0/4/8/12 (register vectors), while XFO—
XF15 can be used as the eight registers XD0/2/4/6/8/10/12/14 (register pairs) or register matrix
XMTRX.

System registers related to the FPU comprise the floating-point communication register (FPUL)
and the floating-point status/control register (FPSCR). These registers are used for communication
between the FPU and the CPU, and the exception handling setting.

Register values after a reset are shown in table 2.1.
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Table 2.1 Initial Register Values
Type Registers Initial Value*
General registers RO_BANKO to R7_BANKO, Undefined

RO_BANK1 to R7_BANK1,
R8 to R15

Control registers SR

MD bit = 1, RB bit =1, BL bit =1, FD bit =0,
IMASK = B'1111, reserved bits = 0,
others = undefined

GBR, SSR, SPC, SGR, DBR Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000
Floating-point FRO to FR15, XF0 to XF15, Undefined
registers FPUL

FPSCR H'00040001
Note: * Initialized by a power-on reset and manual reset.

The CPU register configuration in each processing mode is shown in figure 2.2.

User mode and privileged mode are switched by the processing mode bit (MD) in the status

register.
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31 0 31 0 31 0
RO_BANKOQ*1%2 RO_BANK{*1#3 RO_BANKOQ*1#4
R1_BANKO*? R1_BANK1*3 R1_BANKO**
R2_BANKO*? R2_BANK1*3 R2_BANKO**
R3_BANKO*? R3_BANK1*3 R3_BANKO**
R4_BANKO*2 R4_BANK1*3 R4_BANKO**
R5_BANKO*2 R5_BANK1#3 R5_BANKO**
R6_BANKO*2 R6_BANK1 *3 R6_BANKO**
R7_BANKO*? R7_BANK1*3 R7_BANKO**

R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR | SR | | SR |
| SSR | SSR |
GBR GBR GBR
MACH MACH MACH
MACL ACL MACL
PR R R
VBR VBR
| PC ] | PC | | PC |
| SPC ] 1 SPC |
| SGR ] 1 SGR |
[ DBR 11 DBR |
RO_BANKOQ*1#4 RO_BANK{ *1:#3
R1_BANKO*4 R1_BANK1*3
R2_BANKO*4 R2_BANK1*3
R3_BANKO** R3_BANK1*3
R4_BANKO*4 R4_BANK1*3
R5_BANKO*+ R5_BANK1*3
R6_BANKO** R6_BANK1*3
R7_BANKO*+ R7_BANK1*3
(a) Register configuration (b) Register configuration in (c) Register configuration in
in user mode privileged mode (RB = 1) privileged mode (RB = 0)

Notes: 1. RO is used as the index register in indexed register-indirect addressing mode and

indexed GBR indirect addressing mode.

2. Banked registers

3. Banked registers
Accessed as general registers when the RB bit is set to 1 in SR. Accessed only by
LDC/STC instructions when the RB bit is cleared to 0.

4. Banked registers
Accessed as general registers when the RB bit is cleared to 0 in SR. Accessed only
by LDC/STC instructions when the RB bit is set to 1.

Figure 2.2 CPU Register Configuration in Each Processing Mode
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2.2.2 General Registers

Figure 2.3 shows the relationship between the processing modes and general registers. This LSI
has twenty-four 32-bit general registers (RO_BANKO to R7_BANKO, RO_BANKI1 to
R7_BANKI, and R8 to R15). However, only 16 of these can be accessed as general registers RO
to R15 in one processing mode. This LSI has two processing modes, user mode and privileged

mode.

e RO_BANKO to R7_BANKO

Allocated to RO to R7 in user mode (SR.MD = 0)
Allocated to RO to R7 when SR.RB =0 in privileged mode (SR.MD = 1).

e RO_BANKI to R7_BANKI1

Cannot be accessed in user mode.

Allocated to RO to R7 when SR.RB = 1 in privileged mode.

(SR.MD =1, SR.RB=1)

SR.MD =0 or
(SR.MD =1, SR.RB =0)

RO RO_BANKO
R1 R1_BANKO
R2 R2_BANKO
R3 R3_BANKO
R4 R4_BANKO
R5 R5_BANKO
R6 R6_BANKO
R7 R7_BANKO
RO-BANK1 RO_BANK1
R1_BANK1 R1_BANK1
R2_BANK1 R2_BANK1
R3-BANK1 R3_BANK1
R4_BANK1 R4_BANK1
R5-BANK1 R5_BANK1
R6-BANK1 R6_BANK1
R7-BANK1 R7_BANK1

R8 R8

R9 R9

R10 R10

R11 R11

R12 R12

R13 R13

R14 R14

R15 R15

RO-BANKO
R1-BANKO
R2_BANKO
R3-BANKO
R4_BANKO
R5-BANKO
R6-BANKO
R7-BANKO

RO
R1
R2
R3
R4
R5
R6
R7

R8
R9
R10
R11
R12
R13
R14
R15

Figure 2.3 General Registers
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Note on Programming: As the user's RO to R7 are assigned to RO_BANKO to R7_BANKO, and
after an exception or interrupt RO to R7 are assigned to RO_BANKI to
R7_BANKI, it is not necessary for the interrupt handler to save and
restore the user's RO to R7 (RO_BANKO to R7_BANKO).

2.2.3 Floating-Point Registers

Figure 2.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers, FPRO_BANKO to FPR15_BANKO, AND FPRO_BANKI1 to FPR15_BANKI1,
comprising two banks. These registers are referenced as FRO to FR15, DR0/2/4/6/8/10/12/14,
FV0/4/8/12, XFO to XF15, XD0/2/4/6/8/10/12/14, or XMTRX. Reference names of each register
are defined depending on the state of the FR bit in FPSCR (see figure 2.4).

1. Floating-point registers, FPRn_BANK]j (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANKI1 to FPR15_BANKI1

2. Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO to FR15 are assigned to FPRO_BANKO to FPR15_BANKO;
when FPSCR.FR = 1, FRO to FR15 are assigned to FPRO_BANKI1 to FPR15_BANKI.

3. Double-precision floating-point registers or single-precision floating-point registers, DRi (8
registers): A DR register comprises two FR registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

4. Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FR5, FR6, FR7},
FVS8 = {FR8, FRY9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

5. Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO0 to XF15 are assigned to FPRO_BANKI1 to FPR15_BANKI;
when FPSCR.FR = 1, XFO0 to XF15 are assigned to FPRO_BANKO to FPR15_BANKO.

6. Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprises two XF registers.
XDO0 = {XF0, XF1}, XD2 = {XF2, XF3}, XD4 = {XF4, XF5}, XD6 = {XF6, XF7},
XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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7. Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16

XF registers.
XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10 XF14
XF3 XF7 XF11 XF15
FPSCR.FR =0 EPSCR.FR=1
FVO DRO FRO FPRO_BANKO XFO XDO XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3
FVv4 DR4 FR4 FPR4_BANKO XF4 XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6 XD6
FR7 FPR7_BANKO XF7
Fv8 DR8 FR8 FPR8_BANKO XF8 XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FV12 DR12 FR12 FPR12_BANKO XF12 XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FvVo
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 Fv4
XF5 FPR5_BANK1 FR5
XD6 XF6 FPR6_BANK1 FR6 DR6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 FV8
XF9 FPR9_BANK1 FR9
XD10 XF10 FPR10_BANK1 FR10 DR10
XF11 FPR11_BANK1 FR11
XD12 XF12 FPR12_BANK1 FR12 DR12 FV12
XF13 FPR13_BANK1 FR13
XD14 XF14 FPR14_BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure 2.4 Floating-Point Registers
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2.24

Control Registers

(1) Status Register (SR)

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[—Imofmefoe| -] -[ - -J]-J-[-f-JT-JT-[-]-]
Initial value: 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
RW. R RW RW RW 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
lrof-[-J-]-fT-[m]al IMASK — | -Is|7]
Initial value: 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
RW. "W R R R R R RW RW RW RW RW RW R R RW RW
Initial
Bit Bit Name  Value R/W Description
31 — 0 R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
30 MD 1 R/W Processing Mode
Selects the processing mode.
0: User mode (Some instructions cannot be executed
and some resources cannot be accessed.)
1: Privileged mode
This bit is set to 1 by an exception or interrupt.
29 RB 1 R/W Privileged Mode General Register Bank Specification
Bit
0: RO_BANKO to R7_BANKO are accessed as general
registers RO to R7 and RO_BANK1 to R7_BANK1 can
be accessed using LDC/STC instructions
1: RO_BANK1 to R7_BANK1 are accessed as general
registers RO to R7 and RO_BANKO-R7_BANKO can
be accessed using LDC/STC instructions
This bit is set to 1 by an exception or interrupt.
28 BL 1 R/W Exception/Interrupt Block Bit

This bit is set to 1 by a reset, a general exception, or an

interrupt.

While this bit is set to 1, an interrupt request is masked.
In this case, this processor enters the reset state when
a general exception other than a user break occurs.

R0O1UHO0346EJ0400 Rev. 4.00
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Initial

Bit Bit Name Value R/W Description

27t016 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.

15 FD 0 R/W FPU Disable Bit
When this bit is set to 1 and an FPU instruction is not in
a delay slot, a general FPU disable exception occurs.
When this bit is set to 1 and an FPU instruction is in a
delay slot, a slot FPU disable exception occurs. (FPU
instructions: H'F*** instructions and LDS (.L)/STS(.L)
instructions using FPUL/FPSCR)

141010 — All O R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.

9 M 0 R/W M Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.

8 Q 0 R/W Q Bit
Used by the DIV0OS, DIVOU, and DIV1 instructions.

7t04 IMASK 1111 R/W Interrupt Mask Level Bits
An interrupt whose priority is equal to or less than the
value of the IMASK bits is masked. It can be chosen by
CPU operation mode register (CPUOPM) whether the
level of IMASK is changed to accept an interrupt or not
when an interrupt is occurred. For details, see appendix
A, CPU Operation Mode Register (CPUOPM).

3,2 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.

1 S 0 R/W S Bit
Used by the MAC instruction.

0 T 0 R/W T Bit

Indicates true/false condition, carry/borrow, or
overflow/underflow.

For details, see section 3, Instruction Set.
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(2) Saved Status Register (SSR) (32 bits, Privileged Mode, Initial Value = Undefined)
The contents of SR are saved to SSR in the event of an exception or interrupt.

(3) Saved Program Counter (SPC) (32 bits, Privileged Mode, Initial Value = Undefined)
The address of an instruction at which an interrupt or exception occurs is saved to SPC.

(4) Global Base Register (GBR) (32 bits, Initial Value = Undefined)

GBR is referenced as the base address of addressing @(disp,GBR) and @(R0,GBR).

(5) Vector Base Register (VBR) (32 bits, Privileged Mode, Initial Value = H'00000000)

VBR is referenced as the branch destination base address in the event of an exception or interrupt.
For details, see section 5, Exception Handling.

(6) Saved General Register 15 (SGR) (32 bits, Privileged Mode, Initial Value = Undefined)
The contents of R15 are saved to SGR in the event of an exception or interrupt.
(7) Debug Base Register (DBR) (32 bits, Privileged Mode, Initial Value = Undefined)

When the user break debugging function is enabled (CBCR.UBDE = 1), DBR is referenced as the
branch destination address of the user break handler instead of VBR.

2.2.5 System Registers

(1) Multiply-and-Accumulate Registers (MACH and MACL) (32 bits, Initial Value =
Undefined)

MACH and MACL are used for the added value in a MAC instruction, and to store the operation
result of a MAC or MUL instruction.

(2) Procedure Register (PR) (32 bits, Initial Value = Undefined)

The return address is stored in PR in a subroutine call using a BSR, BSRF, or JSR instruction. PR
is referenced by the subroutine return instruction (RTS).

(3) Program Counter (PC) (32 bits, Initial Value = H'A0000000)

PC indicates the address of the instruction currently being executed.
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(4) Floating-Point Status/Control Register (FPSCR)

Blt: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ I I B N

— | =] [ sz]Pr|DN| cause
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
R/W: R R R R R R R R R R RW RW RW RW RW RW
Blt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Cause Enable (EN) Flag RM
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
31to22 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
21 FR 0 R/W Floating-Point Register Bank
0: FPRO_BANKO to FPR15_BANKO are assigned to
FRO to FR15 and FPRO_BANK1 to FPR15_BANK1
are assigned to XFO to XF15
1: FPRO_BANKO to FPR15_BANKO are assigned to
XFO0 to XF15 and FPRO_BANK1 to FPR15_BANK1
are assigned to FRO to FR15
20 Sy4 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)
For relationship between the SZ bit, PR bit, and endian,
see figure 2.5.
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)
For relationship between the SZ bit, PR bit, and endian,
see figure 2.5
18 DN 1 R/W Denormalization Mode

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

R/W

Description

17 to 12 Cause 000000

R/W

11t07 Enable (EN) 00000

R/W

6to2 Flag 00000

R/W

FPU Exception Cause Field

FPU Exception Enable Field

FPU Exception Flag Field

Each time an FPU operation instruction is executed, the
FPU exception cause field is cleared to 0. When an
FPU exception occurs, the bits corresponding to FPU
exception cause field and flag field are setto 1. The
FPU exception flag field remains set to 1 until itis
cleared to 0 by software.

For bit allocations of each field, see table 2.2.

1,0 RM 01

R/W

Rounding Mode

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

01: Round to Zero

10: Reserved

11: Reserved

R0O1UHO0346EJ0400 Rev. 4.00
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<Big endian>

63 0
Floating-point register | DR (2i) |

63 0
| FR (2i) |FR(2i+1) |

63 32 31 0
Memory area | |

8n 8n+3 8n+4 8n+7

<Little endian>

63 0 63 0 63 0
Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |
x1, %2 *2

63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |

63 t 32 31 I 0 63 1 32 31 I 0 63 1 32 31 0
Memory area | | | | | | | | |

4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n

(1)Sz=0 (2)SZ=1,PR=0 (3)SZ2=1,PR=1

Notes: 1. In the case of SZ = 0 and PR = 0, DR register can not be used.

2.The bit-location of DR register is used for double precision format when PR = 1.
(In the case of (2), it is used when PR is changed from 0 to 1.)

Figure 2.5 Relationship between SZ bit and Endian

Table 2.2  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (Z) (O) V) ()]
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

(5) Floating-Point Communication Register (FPUL) (32 bits, Initial Value = Undefined)

Information is transferred between the FPU and CPU via FPUL.
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23 Memory-Mapped Registers

Some control registers are mapped to the following memory areas. Each of the mapped registers
has two addresses.

H'1C00 0000 to H'1FFF FFFF
H'FC00 0000 to H'FFFF FFFF

These two areas are used as follows.

e H'1C00 0000 to H'1FFF FFFF
This area must be accessed using the address translation function of the MMU.
Setting the page number of this area to the corresponding field of the TLB enables access to a
memory-mapped register.
The operation of an access to this area without using the address translation function of the
MMU is not guaranteed.

e H'FCO00 0000 to H'FFFF FFFF
Access to area H'FC00 0000 to HFFFF FFFF in user mode will cause an address error.
Memory-mapped registers can be referenced in user mode by means of access that involves
address translation.

Note: Do not access addresses to which registers are not mapped in either area. The operation of
an access to an address with no register mapped is undefined. Also, memory-mapped
registers must be accessed using a fixed data size. The operation of an access using an
invalid data size is undefined.

RO1UHO346EJ0400 Rev. 4.00 Page 43 of 1162
Mar 19, 2012 RENESAS



Section 2 Programming Model SH7730 Group

24 Data Formats in Registers

Register operands are always longwords (32 bits). When a memory operand is only a byte (8 bits)
or a word (16 bits), it is sign-extended into a longword when loaded into a register.

31

[s I |
1514 0
[s] |

31/1514 0

|3 .......................... Sl |

Figure 2.6 Formats of Byte Data and Word Data in Register

2.5 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
an 8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bits in length
is sign-extended before being loaded into a register.

A word operand must be accessed starting from a word boundary (even address of a 2-byte unit:
address 2n), and a longword operand starting from a longword boundary (even address of a 4-byte
unit: address 4n). An address error will result if this rule is not observed. A byte operand can be
accessed from any address.

Big endian or little endian byte order can be selected for the data format. The endian should be set
with the external pin after a power-on reset. The endian cannot be changed dynamically. Bit
positions are numbered left to right from most-significant to least-significant. Thus, in a 32-bit
longword, the leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is the least
significant bit.

The data format in memory is shown in figure 2.7.
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A A+1 A+2 A+3 A+11 A+10 A+9 A+8
31 23 15 7 0 31 23 15 7 0
7 0|7 o7 0|7 0 7 0[7 o7 0|7 0
Address A | Byte 0|Byte 1| Byte 2| Byte 3 Byte 3| Byte 2 | Byte 1| Byte 0| Address A + 8
15 0[15 0 15 0[15 0
Address A + 4 Word 0 Word 1 Word 1 Word 0 Address A + 4
31 0 31 0
Address A + 8 Longword Longword Address A
Big endian Little endian

Figure 2.7 Data Formats in Memory

For the 64-bit data format, see figure 2.5.

2.6 Processing States

This LSI has major three processing states: the reset state, instruction execution state, and power-
down state.

(1) Reset State

In this state the CPU is reset. The reset state is divided into the power-on reset state and the
manual reset.

In the power-on reset state, the internal state of the CPU and the on-chip peripheral module
registers are initialized. In the manual reset state, the internal state of the CPU and some registers
of on-chip peripheral modules are initialized. For details, see register descriptions for each section
of the hardware manual of the product.

(2) Instruction Execution State

In this state, the CPU executes program instructions in sequence. The Instruction execution state
has the normal program execution state and the exception handling state.

(3) Power-Down State

In a power-down state, CPU halts operation and power consumption is reduced. The power-down
state is entered by executing a SLEEP instruction. There are two modes in the power-down state:
sleep mode and standby mode. For details, see the Power-Down section of the hardware manual of
the product.
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From any state
when reset/manual
reset input 1
Reset state
Reset/manual

reset clearance

Reset/manual Reset/manual
reset input reset input

. ) Sleep instruction execution
Instruction execution state >
< Power-down state
Interrupt occurence

Figure 2.8 Processing State Transitions
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2.7 Usage Notes

2.7.1 Notes on Self-Modifying Code

To accelerate the processing speed, the instruction prefetching capability of this LSI has been
significantly enhanced from that of the SH-4. Therefore, in the case when a code in memory is
rewritten and attempted to be executed immediately, there is increased possibility that the code
before being modified, which has already been prefetched, is executed.

To ensure execution of the modified code, one of the following sequence of instructions should be
executed between the code rewriting instruction and execution of the modified code.

(1) When the Codes to be Modified are in Non-Cacheable Area

SYNCO
ICBI @Rn

The target for the ICBI instruction can be any address within the range where no address error
exception occurs.

(2) When the Codes to be Modified are in Cacheable Area (Write-Through)

SYNCO
ICBI @Rn

All instruction cache areas corresponding to the modified codes should be invalidated by the ICBI
instruction. The ICBI instruction should be issued to each cache line. One cache line is 32 bytes.

(3) When the Codes to be Modified are in Cacheable Area (Copy-Back)

OCBP @Rm or OCBWB @Rm
SYNCO
ICBI @Rn

All operand cache areas corresponding to the modified codes should be written back to the main
memory by the OCBP or OCBWB instruction. Then all instruction cache areas corresponding to
the modified codes should be invalidated by the ICBI instruction. The OCBP, OCBWB, and ICBI
instruction should be issued to each cache line. One cache line is 32 bytes.

Note: Self-modifying code is the processing which executes instructions while dynamically
rewriting the codes in memory.
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Section 3 Instruction Set

This LSI's instruction set is implemented with 16-bit fixed-length instructions. This LSI can use
byte (8-bit), word (16-bit), longword (32-bit), and quadword (64-bit) data sizes for memory
access. Single-precision floating-point data (32 bits) can be moved to and from memory using
longword or quadword size. Double-precision floating-point data (64 bits) can be moved to and
from memory using longword size. When this LSI moves byte-size or word-size data from
memory to a register, the data is sign-extended.

3.1 Execution Environment

1 PC

At the start of instruction execution, the PC indicates the address of the instruction itself.
(2) Load-Store Architecture

This LSI has a load-store architecture in which operations are basically executed using registers.
Except for bit-manipulation operations such as logical AND that are executed directly in memory,
operands in an operation that requires memory access are loaded into registers and the operation is
executed between the registers.

(3) Delayed Branches

Except for the two branch instructions BF and BT, this LSI's branch instructions and RTE are
delayed branches. In a delayed branch, the instruction following the branch is executed before the
branch destination instruction.

(4) Delay Slot

This execution slot following a delayed branch is called a delay slot. For example, the BRA
execution sequence is as follows:
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Table 3.1 Execution Order of Delayed Branch Instructions

Instructions Execution Order
BRA TARGET (Delayed branch instruction) BRA
ADD (Delay slot) 3
ADD
{
TARGET target-inst (Branch destination instruction)  target-inst

A slot illegal instruction exception may occur when a specific instruction is executed in a delay
slot. For details, see section 5, Exception Handling. The instruction following BF/S or BT/S for
which the branch is not taken is also a delay slot instruction.

(5) TBit

The T bit in SR is used to show the result of a compare operation, and is referenced by a
conditional branch instruction. An example of the use of a conditional branch instruction is shown
below.

ADD #1, RO ; T bit is not changed by ADD operation
CMP/EQ RI1,R0 ; IFRO =RI1, T bitis set to 1
BT TARGET ; Branches to TARGET if T bit= 1 (RO =R1)

In an RTE delay slot, the SR bits are referenced as follows. In instruction access, the MD bit is
used before modification, and in data access, the MD bit is accessed after modification. The other
bits—S, T, M, Q, FD, BL, and RB—after modification are used for delay slot instruction
execution. The STC and STC.L SR instructions access all SR bits after modification.

(6) Constant Values

An 8-bit constant value can be specified by the instruction code and an immediate value. 16-bit
and 32-bit constant values can be defined as literal constant values in memory, and can be
referenced by a PC-relative load instruction.

MOV.W @(disp, PC), Rn
MOV.L @(disp, PC), Rn

There are no PC-relative load instructions for floating-point operations. However, it is possible to
set 0.0 or 1.0 by using the FLDIO or FLDI1 instruction on a single-precision floating-point
register.
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3.2 Addressing Modes

Addressing modes and effective address calculation methods are shown in table 3.2. When a
location in virtual memory space is accessed (AT in MMUCR = 1), the effective address is
translated into a physical memory address. If multiple virtual memory space systems are selected
(SV in MMUCR = 0), the least significant bit of PTEH is also referenced as the access ASID. For
details, see section 7, Memory Management Unit (MMU).

Table 3.2  Addressing Modes and Effective Addresses

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn — EA
indirect (EA: effective
address)
Register @Rn+ Effective address is register Rn contents. Rn — EA
indirect A constant is added to Rn after instruction After instruction
with post- execution: 1 for a byte operand, 2 for a word execution
increment operand, 4 for a longword operand, 8 for a Byte:

quadword operand. Rn + 1 — Rn

Rn + 1/2/4 Rn+2—Rn
Longword:
A
1/2/4
Quadword:
Rn+8 — Rn
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @-Rn Effective address is register Rn contents, Byte:
indirect decremented by a constant beforehand: Rn—1—> Rn
with pre- 1 for a byte operand, 2 for a word operand, Word:
decrement 4 for a longword operand, 8 for a quadword Rn _'2 SRn
operand.
Longword:
Rn—-4 —> Rn
Quadword:
Rn — 1/2/4/8 Rn—8 —> Rn
1/2/4 Rn = EA
(Instruction
executed
with Rn after
calculation)
Register @(disp:4, Rn) Effective address is register Rn contents with Byte: Rn + disp
indirect with 4-bit displacement disp added. After disp is — EA

displacement

zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the operand
size.

disp
(zero-extended)

¥

©
T

Rn + disp x 1/2/4

Word: Rn + disp
x 2 —> EA

Longword:
Rn + disp x 4 —
EA

Indexed
register
indirect

@(RO, Rn)

Effective address is sum of register Rn and RO

contents.

Rn + RO —» EA
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
GBR indirect @(disp:8, Effective address is register GBR contents with Byte: GBR +
with displace- GBR) 8-bit displacement disp added. After disp is disp » EA
ment zero-extended, it is multiplied by 1 (byte), 2 (word), Word: GBR +
or 4 (longword), according to the operand size. disp >< 2 S, EA
GBR Longword:
GBR + disp x
disp o _GBR 4> EA
(zero-extended) + disp x 1/2/4
Indexed GBR @(RO, GBR)  Effective address is sum of register GBR and RO GBR + RO —
indirect contents. EA
GBR
(+) GBR + RO
PC-relative @ (disp:8, PC) Effective address is PC + 4 with 8-bit displacement Word: PC + 4
with disp added. After disp is zero-extended, it is +dispx2 —>
displacement multiplied by 2 (word), or 4 (longword), according EA
to the operand size. With a longword operand, Longword:
the lower 2 bits of PC are masked. PC & HFFFF
FFFC + 4 +
disp x4 —> EA

H'FFFF FFFC

PC + 4 + disp
x 2
orPC &
i H'FFFF FFFC
disp _
(zero-extended) +4 +disp x 4

2/4 * With longword operand
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative  disp:8 Effective address is PC + 4 with 8-bit displacement ~ PC + 4 + disp
disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target
_J’_L_ PG4T am
disp
(sign-extended)
disp:12 Effective address is PC + 4 with 12-bit displacement PC + 4 + disp
disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target
:}L_PC +4 +dispx 2
disp
(sign-extended)
Rn PC+4+Rn—>

Branch-Target

PC+4+Rn

©

B
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, or XOR —
instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or CMP/EQ —

instruction is sign-extended.

#imm:8 8-bit immediate data imm of TRAPA instruction is —
zero-extended and multiplied by 4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the LSI. Refer to the relevant
assembler notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, GBR) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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3.3 Instruction Set

Table 3.3 shows the notation used in the SH instruction lists shown in tables 3.4 to 3.13.

Table 3.3 Notation Used in Instruction List
Item Format Description
Instruction OP.Sz SRC, DEST OFP: Operation code
mnemonic Sz: Size
SRC: Source operand
DEST: Source and/or destination operand
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement
Operation -, Transfer direction
notation (xx) Memory operand
M/Q/T SR flag bits
& Logical AND of individual bits
| Logical OR of individual bits
A Logical exclusive-OR of individual bits
~ Logical NOT of individual bits
<<n, >>n n-bit shift
Instruction code MSB «> LSB mmmm: Register number (Rm, FRm)
nnnn: Register number (Rn, FRn)
0000: RO, FRO
0001: R1, FR1
1111: R15, FR15
mmm:  Register number (DRm, XDm, Rm_BANK)
nnn: Register number (DRn, XDn, Rn_BANK)
000: DRO, XD0, RO_BANK
001: DR2, XD2, R1_BANK
111: DR14, XD14, R7_BANK
mm: Register number (FVm)
nn: Register number (FVn)
00: FVO
01: Fv4
10: Fv8
11: Fv12
iiii: Immediate data
dddd: Displacement
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Iltem Format Description

Privileged mode "Privileged" means the instruction can only be executed

in privileged mode.

T bit Value of T bit after ~—: No change
instruction execution
Note: Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand.
Table 3.4  Fixed-Point Transfer Instructions
Instruction Operation Instruction Code Privileged T Bit
MOV #imm,Rn imm — sign extension — Rn 1110nnnniiiiiiii — —
MOV.W @(disp*,PC), Rn (disp x 2 + PC + 4) — sign 1001nnnndddddddd — —
extension — Rn
MOV.L @(disp*,PC), Rn (disp x4 + PC & HFFFF FFFC  1101nnnndddddddd — —
+4) - Rn
MOV Rm,Rn Rm — Rn 0l1l10nnnnmmmmO001l — —
MOV.B  Rm,@Rn Rm — (Rn) 0010nnnnmmmm0000 — —
MOV.W Rm,@Rn Rm — (Rn) 0010nnnnmmmm0001 — —
MOV.L RBm,@Rn Rm — (Rn) 0010nnnnmmmm0010 — —
MOV.B @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmm0000 — —
MOV.W @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmm000l — —
MOV.L @Rm,Rn (Rm) - Rn 0110nnnnmmmm0010 — —
MOV.B Rm,@-Rn Rn-1 — Rn, Rm — (Rn) 0010nnnnmmmm0100 — —
MOV.W Rm,@-Rn Rn-2 - Rn, Rm — (Rn) 0010nnnnmmmm0101 — —
MOV.L Rm,@-Rn Rn-4 — Rn, Rm — (Rn) 0010nnnnmmmm0110 — —
MOV.B @Rm+,Rn (Rm)— sign extension — Rn, 0110nnnnmmmm0100 — —
Rm+1—> Rm
MOV.W @Rm+,Rn (Rm) — sign extension — Rn, 0110nnnnmmmm0l10l — —
Rm +2 —> Rm
MOV.L @Rm+,Rn (Rm) - Rn, Rm + 4 - Rm 0110nnnnmmmm0110 — —
MOV.B RO,@(disp*,Rn) RO — (disp + Rn) 10000000nnnndddd  — —
MOV.W RO, @ (disp*,Rn) RO — (disp x 2 + Rn) 10000001nnnndddd — —
MOV.L Rm,@(disp*,Rn) Rm — (disp x 4 + Rn) 0001nnnnmmmmdddd — —
MOV.B @(disp*,Rm),R0O (disp + Rm) — sign extension - 10000100mmmmdddd — —
RO
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Instruction Operation Instruction Code Privileged T Bit
MOV.W @(disp*,Rm),R0 (disp x 2 + Rm) — sign 1000010 1lmmmmdddd — —
extension — RO
MOV.L @ (disp*,Rm),Rn (dISp x4 + Rm) — Rn 01 01nnnnmmmmdddd — —
MOV.B Rm, @ (R0,Rn) Rm — (RO + Rn) 0000nnnNmMmm0100 — —
MOV.W Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmmO101 — -
MOV.L Rm, @ (R0,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 — —
MOV.B @(R0,Rm),Rn (RO + Rm) > 0000nnNNMMmMm1100 — —
sign extension — Rn
MOV.W @(R0,Rm),Rn (RO + Rm) > 0000nnnNnmmmm1101 — —
sign extension — Rn
MOV.L @(R0,Rm),Rn (RO + Rm) — Rn 0000nnnnmmmml1110 — —
MOV.B RO, @(disp*,GBR) RO — (disp + GBR) 11000000dddddddd — —
MOV.W RO, @(disp*,GBR) RO — (disp x 2 + GBR) 11000001dddddddd — -
MOV.L RO,@(disp*,GBR) RO — (disp x 4 + GBR) 11000010dddddddd — —
MOV.B @(disp*,GBR),R0  (disp + GBR) — 11000100dddddddd — -
sign extension — RO
MOV.W @(disp*,GBR),R0  (disp x 2 + GBR) — 11000101dddddddd — —
sign extension — RO
MOV.L @(disp*,GBR),R0  (disp x 4 + GBR) — RO 11000110dddddddd — -
MOVA @ (disp*,PC),R0 disp x 4 + 11000111dddddddd — —
PC & HFFFF FFFC
+4 - R0
MOVCO.L RO,@Rn LDST > T 0000nnnn01110011 — LDST
If (T ==1) RO — (Rn)
0 > LDST
MOVLI.L @Rm,R0 1 — LDST 0000mmmm01100011 — —
(Rm) - RO
When interrupt/exception
occurred 0 — LDST
MOVUA.L @Rm,RO (Rm) - RO 0100mmmm10101001 — —
Load non-boundary alignment
data
MOVUA.L @Rm+,R0 (Rm) -> RO, Rm + 4 - Rm 0100mmmm11101001 — —
Load non-boundary alignment
data
MOVT Rn T—Rn 0000nnnn00101001 — —
SWAP.B Rm,Rn Rm — swap lower 2 bytes 0110nnnnmmmml1000 — —

— Rn

Page 58 of 1162

R0O1UHO0346EJ0400 Rev. 4.00

RENESAS

Mar 19, 2012



SH7730 Group Section 3 Instruction Set

Instruction Operation Instruction Code Privileged T Bit

SWAP.W Rm,Rn Rm — swap upper/lower 0110nnnnmmmml1 001 — —
words — Rn

XTRCT Rm,Rn Rm:Rn middle 32 bits — Rn 0010nnnnmmmml1101l — —

Note: * The assembler of Renesas uses the value after scaling (x1, x2, or x4) as the

displacement (disp).

Table 3.5  Arithmetic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit

ADD Rm,Rn Rn + Rm — Rn 001lnnnnmmmml100 — —

ADD #imm,Rn  Rn +imm — Rn 0lllnnnniiiiiiii — —

ADDC Rm,Rn Rn+Rm+ T — Rn, 0011lnnnnmmmml110 — Carry
carry > T

ADDV Rm,Rn Rn + Rm — Rn, 001lnnnnmmmmllll — Overflow
overflow -» T

CMP/EQ  #imm,RO When RO =imm,1 > T 100010004iiiiiiid — Comparison
Otherwise, 0 > T result

CMP/EQ Rm,Rn When Rn=Rm, 1 —>T 001 1nnnnmmmmO000 _ Comparison
Otherwise, 0 > T result

CMP/HS  Rm,Rn When Rn > Rm (unsigned), 0011nnnnmmmm0010 — Comparison
1->T result
Otherwise, 0 > T

CMP/GE  Rm,Rn  When Rn > Rm (signed), 0011lnnnnmmmmo011 — Comparison
1->T result
Otherwise, 0 > T

CMP/HI Rm,Rn When Rn > Rm (unsigned), 0011lnnnnmmmm0110 — Comparison
15T result
Otherwise, 0 > T

CMP/GT  Rm,Rn When Rn > Rm (signed), 001lnnnnmmmm0l1l — Comparison
15T result
Otherwise, 0 > T

CMP/PZ Rn WhenRn>0,1->T 0100nnnn00010001 _ Comparison
Otherwise, 0 > T result

CMP/PL Rn WhenRn>0,1->T 0100nnnn00010101 _ Comparison
Otherwise, 0 > T result

CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmml100 — Comparison
15T result
Otherwise, 0 > T

DIV1 Rm,Rn 1-step division (Rn = Rm) 001 1nnnnmmmmO100 _ Calculation

result
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Instruction Operation Instruction Code Privileged T Bit

DIVOS Rm,Rn MSB of Rn — Q, 0010nnnnmmmm0111 — Calculation
MSB of Rm - M, MA\Q > T result

DIVOU 0> M/QIT 0000000000011001 — 0

DMULS.L Rm,Rn Signed, 001lnnnnmmmml101l — —
Rn x Rm — MAC,
32 x 32 — 64 bits

DMULU.L Rm,Rn Unsigned, 001lnnnnmmmm0101l  — —
Rn x Rm — MAC,
32 x 32 — 64 bits

DT Rn Rn -1 — Rn; 0100nnnn00010000 — Comparison
whenRn=0,1—->T result
WhenRn#0,0>T

EXTS.B Rm,Rn Rm sign-extended from 0l1l0nnnnmmmmlll0 — —
byte - Rn

EXTS.W Rm,Rn Rm sign-extended from 0l1l0nnnnmmmmllll — —
word — Rn

EXTU.B Rm,Rn Rm zero-extended from 01l10nnnnmmmmll100 — —
byte - Rn

EXTUW  Rm,Rn Rm zero-extended from 01l0nnnnmmmmll0l — —
word — Rn

MAC.L @Rm+,@Rn+  Signed, 0000nnnnmmmm1lll — —
(Rn) x (Rm) + MAC — MAC
Rn+4 —- Rn, Rm +4 — BRm
32 x 32 + 64 — 64 bits

MAC.W @Rm+,@Rn+  Signed, 0100nnnnmmmml111l — —
(Rn) x (Rm) + MAC - MAC
Rn +2 — Rn,
Rm +2 — Rm
16 x 16 + 64 — 64 bits

MUL.L Rm,Rn Rn x Rm — MACL 0000nnnnmmmmO111 — —
32 x 32 — 32 bits

MULS.W  Rm,Rn Signed, 0010nnnnmmmmllll — —
Rn x Rm —» MACL
16 x 16 — 32 bits

MULU.W  Rm,Rn Unsigned, 0010nnnnmmmml1110 — —
Rn x Rm —- MACL
16 x 16 — 32 bits

NEG Rm,Rn 0—-Rm — Rn 0110nnnnmmmml1011 — —

NEGC Rm,Rn 0-Rm-T - Rn, 0110nnnnmmmml1010 — Borrow
borrow —» T

SuUB Rm,Rn Rn—Rm — Rn 001llnnnnmmmml000 — —
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SUBC Rm,Rn Rn-Rm-T — Rn, 0011nnnnmmmml010 — Borrow
borrow — T
SUBV Rm,Rn Rn - Rm — Rn, 0011nnnnmmmml011 — Underflow
underflow —» T
Table 3.6  Logic Operation Instructions
Instruction Operation Instruction Code Privileged T Bit
AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmm1 001 — —
AND #imm,RO RO & imm — RO 11001001iiiiiiid — —
AND.B #imm, @(R0,GBR) (RO + GBR) & imm 11001101iiidiiidii — —
— (RO + GBR)
NOT Rm,Rn ~Rm — Rn 0110nnnnmmmmO111 — —
OR Rm,Rn Rn | Rm — Rn 0010nnnnmmmm1011 — —
OR #imm,R0O RO | imm — RO 11001011iiiidididid — —
OR.B #imm, @ (R0,GBR) (RO + GBR) | imm 11001111iiiiiidii — —
— (RO + GBR)
TAS.B @Rn When (Rn)=0,1->T 0100nnnn00011011 — Test result
Otherwise, 0 > T
In both cases,
1 — MSB of (Rn)
TST Rm,Rn Rn & Rm; 0010nnnnmmmm1000 — Test result
whenresult=0,1—->T
Otherwise, 0 > T
TST #imm,R0O RO & imm; 11001000iiiiiiid — Test result
whenresult=0,1—->T
Otherwise, 0 > T
TST.B #imm, @(R0,GBR) (RO + GBR) & imm; 11001100iiiiididid — Test result
whenresult=0,1->T
Otherwise, 0 > T
XOR Rm,Rn Rn A Rm — Rn 0010nnnnmmmm1010 — —
XOR #imm,R0 RO A imm — RO 11001010iiiididiii — —
XOR.B #imm, @(R0,GBR) (RO + GBR) A imm — 11001110iiiiididii — —
(RO + GBR)
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Table 3.7  Shift Instructions

Instruction Operation Instruction Code Privileged T Bit
ROTL Rn T < Rn « MSB 0100nnnn00000100  — MSB
ROTR  Rn LSB—>Rn—>T 0100nNnn00000101  — LSB
ROTCL Rn T<Rn«T 0100nnnn00100100  — MSB
ROTCR Rn T>Rn>T 0100nnnn00100101  — LSB
SHAD Rm,Rn  When Rm >0, Rn << Rm — Rn 0100nnnnmmmm1100 — —

When Rm < 0, Rn >> Rm —» [MSB —

Rn]
SHAL Rn T« Rn«0 0100nnnn00100000  — MSB
SHAR Rn MSB>Rn—>T 0100nnnn00100001  — LSB
SHLD Rm,Rn  When Rm >0, Rn << Rm — Rn 0100nnnnmmmm1101 — —

When Rm < 0, Rnh >> Rm —

[0 — Rn]
SHLL Rn T«Rn«O0 0100nnnn00000000  — MSB
SHLR Rn 0->Rn->T 0100nnnn00000001  — LSB
SHLL2 Rn Rn <<2 — Rn 0100nnnn00001000  — —
SHLR2 Rn Rn>>2 — Rn 0100nnnn00001001  — —
SHLL8 Rn Rn <<8 — Rn 0100nnnn00011000  — —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — —
SHLL16 Rn Rn << 16 > Rn 0100nnnn00101000  — —
SHLR16 Rn Rn >> 16 — Rn 0100nnnn00101001 — —
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Table 3.8  Branch Instructions
Instruction Operation Instruction Code Privileged T Bit
BF label When T =0, dispx2+PC + 10001011dddddddd — —
4 —>PC
When T =1, nop
BF/S label Delayed branch; when T=0,disp x2+ 10001111dddddddd — —
PC+4—>PC
When T =1, nop
BT label WhenT=1,dispx2+PC+ 10001001dddddddd — —
4 - PC
When T =0, nop
BT/S label Delayed branch; when T=1,dispx2+ 10001101dddddddd — —
PC+4—>PC
When T =0, nop
BRA label Delayed branch, disp x 2 + 1010dddddddddddd  — —
PC+4—>PC
BRAF Rn Delayed branch, Rn + PC + 4 - PC 0000nnNnn00100011  — —
BSR label Delayed branch, PC + 4 — PR, 1011dddddddddddd — —
dispx2+PC+4—>PC
BSRF Rn Delayed branch, PC + 4 - PR, Rn + PC  0o000nnnnoo000011 — —
+4 > PC
JMP @Rn Delayed branch, Rn —» PC 0100nnnn00101011  — —
JSR @Rn Delayed branch, PC + 4 - PR, Rn > PC o0100nnnnoooo1011 — —
RTS Delayed branch, PR — PC 0000000000001011  — —
Table 3.9  System Control Instructions
Instruction Operation Instruction Code Privileged T Bit
CLRMAC 0 - MACH, MACL 0000000000101000 — —
CLRS 0->S 0000000001001000 — —
CLRT 0T 0000000000001000 — 0
ICBI @Rn Invalidates instruction cache block 0000nnnn11100011 — —
LDC Rm,SR Rm — SR 0100mmmm00001110 Privileged LSB
LDC Rm,GBR Rm — GBR 0100mmmm00011110 — —
LDC Rm,VBR Rm — VBR 0100mmmm00101110  Privileged —
LDC Rm,SGR Rm — SGR 0100mmmm00111010  Privileged —
LDC Rm,SSR Rm — SSR 0100mmmm00111110  Privileged —
LDC Rm,SPC Rm — SPC 0100mmmm01001110  Privileged —
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Instruction Operation Instruction Code Privileged T Bit
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privileged —
LDC Rm,Rn_BANK Rm — Rn_BANK (n=0to 7) 0l100mmmmlnnnlllo  Privleged —
LDC.L @Rm+,SR (Rm) - SR, Rm + 4 - Rm 0100mmmm00000111  Privileged LSB
LDC.L @Rm+,GBR (Rm) > GBR, Rm + 4 - Rm 0100mmmm00010111 — —
LDC.L @Rm+,VBR  (Rm) —» VBR, Rm +4 — Rm 0100mmmm00100111  Privleged —
LDC.L @Rm+,SGR  (Rm) » SGR, Rm +4 - Rm 0100mmmm00110110  Privleged —
LDC.L @Rm+,SSR (Rm) - SSR, Rm + 4 - Rm 0100mmmm00110111  Privleged —
LDC.L @Rm+,SPC (Rm) - SPC, Rm + 4 - Rm 0100mmmm01000111  Privleged —
LDC.L @Rm+,DBR (Rm) - DBR, Rm + 4 - Rm 0100mmmm11110110 Privleged —
LDC.L @Rm+,Rn_ (Rm) — Rn_BANK, 0100mmmmlnnn0111  Privleged —
BANK Rm +4 — Rm
LDS Rm,MACH Rm — MACH 0100mmmm00001010 — —
LDS Rm,MACL Rm — MACL 0100mmmm00011010 — —
LDS Rm,PR Rm — PR 0100mmmm00101010 — —
LDS.L @Rm+,MACH (Rm)—> MACH,Rm+4 —->RBRm 0100mmmm00000110 — —
LDS.L @Rm+,MACL (Rm) -» MACL, Rm +4 — Rm 0100mmmm00010110 — —
LDS.L @Rm+,PR (Rm) > PR, Rm +4 - Rm 0100mmmm00100110 — —
LDTLB PTEH/PTEL (/PTEA) —» TLB 0000000000111000 Privleged —
MOVCA.L RO,@Rn RO — (Rn) (without fetching 0000nnnnl1l1000011 — —
cache block)
NOP No operation 0000000000001001 — —
OCBI @Rn Invalidates operand cache block 0000nnnn10010011 — —
oCBP @Rn Writes back and invalidates 0000nnnnl10100011 — —
operand cache block
ocBwWB @Rn Writes back operand cache block 0000nnnn10110011 — —
PREF @Rn (Rn) — operand cache 0000nnnnl10000011 — —
PREFI @Rn Reads 32-byte instruction block 0000nnnn11010011 — —
into instruction cache
RTE Delayed branch, SSR/SPC — 0000000000101011  Privileged —
SR/PC
SETS 1-8S 0000000001011000 — —
SETT 15T 0000000000011000 — 1
SLEEP Sleep or standby 0000000000011011  Privleged —
STC SR,Rn SR — Rn 0000nnnn00000010  Privleged —
STC GBR,Rn GBR — Rn 0000nnnn00010010 — —
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Instruction Operation Instruction Code Privileged T Bit
STC VBR,Rn VBR — Rn 0000nnnn00100010 Privileged —
STC SSR,Rn SSR - Rn 0000nnnn00110010 Privileged —
STC SPC,Rn SPC —» Rn 0000nnnn01000010 Privileged —
STC SGR,Rn SGR — Rn 0000nnnn00111010 Privileged —
STC DBR,Rn DBR — Rn 0000nnnn11111010  Privileged —
STC Rm_BANK,Rn Rm_BANK — Rn 0000nNNN1mmmO010 Privileged —
(m=0to7)
STC.L SR,@-Rn Rn-4 — Rn, SR — (Rn) 0100nnnn00000011 Privileged —
STC.L GBR,@-Rn Rn-4 — Rn, GBR —» 0100nnnn00010011 — —
(Rn)
STC.L VBR,@-Rn Rn-4 — Rn, VBR —» 0100nnnn00100011 Privileged —
(Rn)
STC.L SSR,@-Rn Rn-4 — Rn, SSR —» 0100nnnn00110011 Privileged —
(Rn)
STC.L SPC,@-Rn Rn -4 — Rn, SPC — 0100nnnn01000011  Privileged —
(Rn)
STC.L SGR,@-Rn Rn-4 — Rn, SGR —» 0100nnnn00110010 Privileged —
(Rn)
STC.L DBR,@-Rn Rn-4 — Rn, DBR — 0100nnnn11110010 Privileged —
(Rn)
STC.L Rm_BANK,@- Rn-4 — Rn, 0100nnnnimmmo011  Privileged —
Rn Rm_BANK — (Rn)
(m=0to7)
STS MACH,Rn MACH — Rn 0000nnnNn00001010  — —
STS MACL,Rn MACL — Rn 0000nnnn00011010 — —
STS PR,Rn PR — Rn 0000nnnNn00101010  — —
STS.L MACH,@-Rn  Rn-4 —- Rn, MACH - 0100nnnn00000010 — —
(Rn)
STS.L MACL,@-Rn Rn—-4 —-Rn, MACL—>  0100nnnn00010010 — —
(Rn)
STS.L PR,@-Rn Rn-4 - Rn,PR— (Rn) 0100nnnn00100010 — —
SYNCO Data accesses invoked  0000000010101011  — —
by the following
instructions are not
executed until execution
of data accesses which
precede this instruction
has been completed.
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TRAPA #imm PC +2— SPC, 11000011iiiiiiii  — —

SR —» SSR, R15 - SGR,
1 — SR.MD/BL/RB,
#imm << 2 — TRA,
H'160 — EXPEVT,

VBR + H'0100 — PC

Table 3.10 Floating-Point Single-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit
FLDIO FRn H'0000 0000 — FRn 1111nnnnl0001101 — —
FLDI1 FRn H'3F80 0000 — FRn 1111nnnnl0011101 — —
FMOV FRm,FRn FRm — FRn 1lllnnnnmmmmll00 — —
FMOQOV.S @Rm,FRn (Rm) - FRn 1111lnnnnmmmml000 — —
FMOV.S @(R0,Rm),FRn (RO + Rm) — FRn 111lnnnnmmmm0110 — —
FMOV.S @Rm+,FRn (Rm) > FRn,Rm+4 - Rm 111innnnmmmml001 — —
FMOV.S FRm,@Rn FRm — (Rn) 1lllnnnnmmmml010 — —
FMOV.S FRm,@-Rn Rn-4 — Rn, FRm — (Rn) 111lnnnnmmmml011  — —
FMOV.S FRm,@(R0,Rn) FRm — (RO + Rn) 111llnnnnmmmm0111  — —
FMOV DRm,DRn DRm — DRn 1111nnnOmmm01100 — —
FMOV @Rm,DRn (Rm) —» DRn 1111nnnOmmmml1000 — —
FMOV @(R0,Rm),DRn (RO + Rm) —» DRn 1111lnnnOmmmm0110 — —
FMOV @Rm+,DRn (Rm) > DRn,RMm+8 > Rm 1111nnnOmmmm1001 — —
FMOV DRm,@Rn DRm — (Rn) 111lnnnnmmm01010 — —
FMOV DRm,@-Rn Rn-8 — Rn, DRm — (Rn) 1111nnnnmmm01011 — —
FMOV DRm,@(R0O,Rn) DRm — (RO + Rn) 111lnnnnmmm00111 — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101  — —
FABS FRn FRn & H7FFF FFFF - FRn  1111nnnn01011101 — —
FADD FRm,FRn FRn + FRm — FRn 11llnnnnmmmm0000 — —
FCMP/EQ FRm,FRn When FRn=FRm,1 > T 1111nnnnmmmm0100 — Comparison
Otherwise, 0 > T result
FCMP/GT FRm,FRn When FRn > FRm, 1 > T 111lnnnnmmmm0101 — Comparison
Otherwise, 0 > T result
FDIV FRm,FRn FRn/FRm — FRn 11llnnnnmmmm00ll  — —
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FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — —

FMAC FRO,FRm,FRn FRO*FRm + FRn — FRn 111lnnnnmmmmlll0  — —

FMUL FRm,FRn FRn*FRm — FRn 111llnnnnmmmm0010  — —

FNEG FRn FRn A H'8000 0000 > FRn  1111nnnn01001101 — —
FSQRT FRn JFRn - FRn 1111nnnn01101101  — —

FSUB FRm,FRn FRn — FRm — FRn 1111lnnnnmmmm0001l  — —

FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — —

Table 3.11 Floating-Point Double-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit
FABS DRn DRn & H'7FFF FFFF FFFF 1111nnn001011101 — —
FFFF — DRn
FADD DRm,DRn DRn + DRm — DRn 1111nnnOmmm00000 — —
FCMP/EQ DRm,DRn When DRn=DRm, 1 > T 1111nnnOmmm00100 — Comparison
Otherwise, 0 > T result
FCMP/GT DRm,DRn When DRn>DRm, 1> T 1111nnnOmmm00101 — Comparison
Otherwise, 0 > T result
FDIV DRm,DRn DRn/DRm — DRn 1111nnn0mmm00011 — —
FCNVDS DRm,FPUL double_to_ float(DRm) - FPUL 1111mmm010111101 — —
FCNVSD  FPUL,DRn float_to_ double (FPUL) > DRn 1111nnn010101101 — —
FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — —
FMUL DRm,DRn DRn *DRm — DRn 1111nnnOmmm00010 — —
FNEG DRn DRn A H'8000 0000 0000 0000  1111nnn001001101 — —
— DRn
FSQRT DRn VDRn — DRn 1111nnn001101101 — —
FSUB DRm,DRn DRn-DRm — DRn 1111nnn0mmm00001 — —
FTRC DRm,FPUL (long) DRm — FPUL 1111mmm000111101 — —
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Table 3.12 Floating-Point Control Instructions
Instruction Operation Instruction Code Privileged T Bit
LDS Rm,FPSCR Rm — FPSCR 0100mmmm01101010 — —
LDS Rm,FPUL Rm — FPUL 0100mmmm01011010 — —
LDS.L @Rm+,FPSCR (Rm) - FPSCR, Rm+4 — Rm 0100mmmm01100110 — —
LDS.L @Rm+,FPUL (Rm) —» FPUL, Rm+4 — Rm 0100mmmm01010110 — —
STS FPSCR,Rn FPSCR — Rn 0000nnnn01101010 — —
STS FPUL,Rn FPUL — Rn 0000nnnn01011010 — —
STS.L FPSCR,@-Rn Rn -4 — Rn, FPSCR — (Rn) 0100nnnn01100010 — —
STS.L FPUL,@-Rn Rn -4 — Rn, FPUL — (Rn) 0100nnnn01010010 — —
Table 3.13 Floating-Point Graphics Acceleration Instructions
Instruction Operation Instruction Code Privileged T Bit
FMOV  DRm,XDn DRm — XDn 111lnnnlmmm01100 — —
FMOV ~ XDm,DRn XDm — DRn 1111lnnnOmmml1100 — —
FMOV ~ XDm,XDn XDm — XDn 11llnnnlmmml1100 — —
FMOV @Rm,XDn (Rm) — XDn 1111lnnnlmmmml000 — —
FMOV @Rm+,XDn (Rm) - XDn, Rm + 8 - Rm 1111lnnnlmmmml001 — —
FMOV  @(RO,Rm),XDn (RO + Rm) — XDn 111lnnnlmmmm0110 — —
FMOV  XDm,@Rn XDm — (Rn) 11llnnnnmmml11010 — —
FMOV XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 1111nnnnmmml1011 — —
FMOV XDm,@(R0,Rn) XDm — (RO + Rn) 111lnnnnmmml0111 — —
FIPR FVm,FVn inner_product (FVm, FVn) —» 1111lnnmm11101101 — —
FR[n+3]
FTRV XMTRX,FVn transform_vector (XMTRX, FVn) > 1111nn0111111101 — —
FVn
FRCHG ~FPSCR.FR —» FPSCR.FR 1111101111111101 — —
FSCHG ~FPSCR.SZ — FPSCR.SZ 1111001111111101 — —
FPCHG ~FPSCR.PR — FPSCR.PR 1111011111111101 — —
FSRRA FRn 1/sqrt(FRn) - FRn 1111nnnn01111101 — —
FSCA FPUL,DRn sin(FPUL) — FRn 1111nnn011111101 — —

cos(FPUL) — FR[n + 1]

Note: * sqrt(FRn) is the square root of FRn.
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Section 4 Pipelining

This LSI is a 2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel.

4.1 Pipelines

Figure 4.1 shows the basic pipelines. Normally, a pipeline consists of eight stages: instruction
fetch (I1/12/13), decode and register read (ID), execution (E1/E2/E3), and write-back (WB). An
instruction is executed as a combination of basic pipelines.

1. General Pipeline

I i I 2 I 3 I D I E1 I E2 I E3 I WB ]
! -Instruction fetch \-Predecode ;-Instruction ;-Forwarding ' -Operation 1 -Write-back '
i i 1 decode I i i i
' ' 1 -Issue ' ' ' '
! ! ! -Register read ! . . .
2. General Load/Store Pipeline
I [} I 2 I 3 I D I E1 I E2 I E3 I WB ]
! -Instruction fetch !-Predecode ! -Instruction ! -Address ! -Memory data access 1-Write-back H
! ! ! decode ! calculation ! ! !
' ' 1 -Issue ' ' ' '
H H | -Register read | i i i
3. Special Pipeline
I i I 2 I 3 I D I E1 I E2 I E3 I WB ]
! -Instruction fetch 1-Predecode ! -Instruction \-Forwarding | -Operation 1 -Write-back .
' ' i decode ' ' ' '
: : 1 -Issue : : : :
' ' | -Register read | , , ,
4. Special Load/Store Pipeline
I i I 2 I 13 I D I E1 I E2 I E3 I WB ]
wInstruction fetch j -Predecode I -Instruction |
' ' | decode '
. . | -Issue .
! ! ' -Register read !
5. Floating-Point Pipeline
[ 11 I 12 I 13 ] 1D [___Fst [ _Fsa T Fs3 T Fsa ] FS ]
! -Instruction fetch 1-Predecode 1 -Instruction '-Register read !-Operation ! -Operation ! -Operation ! -Operation '
i I 1 decode i-Forwarding I I 1 -Write-back 1
' ' | -Issue : ' ' ' ' '
6. Floating-Point Extended Pipeline
i I 2 I 13| 1D | FE1 | FE2 | FEs | FE4 | FE5 | FE6 | FS

-Instruction fetch
1 decode

]
'
'
. 1 -Issue

~Forwarding
] '
' '

-Predecodei-lnstrucnon E-Registerread?-Operation E-Operation E-Operation E-Operation E-Operatwon E-Operatwon

1-Write-back
!

Figure 4.1 Basic Pipelines
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Figure 4.2 shows the instruction execution patterns. Representations in figure 4.2 and their
descriptions are listed in table 4.1.

Table 4.1 Representations of Instruction Execution Patterns

Representation Description

[E1JE2[E3 JWB] CPU EX pipe is occupied

[s1]s2]s3[ws] CPU LS pipe is occupied (with memory access)
[s1]s2]s3]ws] CPU LS pipe is occupied (without memory access)
Either CPU EX pipe or CPU LS pipe is occupied

, Both CPU EX pipe and CPU LS pipe are occupied
CPU MULT operation unit is occupied
[FE1[FE2]FE3]FE4|FES]FE6] FS | FPU-EX pipe is occupied

[Fs1]Fs2]Fs3]Fs4] Fs | FPU-LS pipe is occupied

ID stage is locked

|_ Both CPU and FPU pipes are occupied
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(1-1) BF, BF/S, BT, BT/S, BRA, BSR:1 issue cycle + 0 to 3 branch cycles

Lt J 12 | 13 | ID |E1/S1]E2/s2] E3/s3] WB | Note: In branch instructions that are categorized
[ as (1-1), the number of branch cycles
i may be reduced by prefetching.

L1 121 (3 1 (D) | (Branch destination instruction)

(1-2) JSR, JMP, BRAF, BSRF: 1 issue cycle + 4 branch cycles

| 1 | 12 | 18 | ID [E1/STJE2/S2] E3/S3
|

I m 05 T (Branch destination instruction)

(1-3) RTS: 1 issue cycle + 0 to 4 branch cycles

L J 2 ] 1383 ] 1ID !E1/S1IE2/82IE3/S3I WB | Note: The number of branch cycles may be
' 0 by prefetching instruction.

O @=L (Branch destination instruction)

(1-4) RTE: 4 issue cycles + 2 branch cycles

[T 1T B 1T 10 i T s | s3 | ws]|
I ETsT] E2s2 [ E3s3] WB |
(.

[T (2T (3 T (ID)Y | (Branch destination instruction)

(1-5) TRAPA: 8 issue cycles + 5 cycles + 2 branch cycle

11 12 31D ST S2] S3| WB Note: Itis 15 cycles to the ID stage
LD | Fis1|E2s2|E3s3| WB | in the first instruction of exception handler

| ID_J E1s1lF2s2 |E3s3
LD JE1s1]|E2s2
D S1]E2s2|E3s3| WB
LD 151|E2s2| E3s3| WB
E2s2|E3s3] WB |
LD JE1s1|E2s2 [E3s3| WB
'

[ (D] (12)] (13) (D) |
(1-6) SLEEP: 2 issue cycles
11 12 13 D S1 S2 S3 WB Note: It is not constant cycles to
[ D N E1s1| E2s2 | E3s3| WB | the clock halted period.

Figure 4.2 Instruction Execution Patterns (1)
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SH7730 Group

(2-1) 1-step operation (EX type): 1 issue cycle

addressing mode

| 1| 2 | 13 | i [ E1t | E2 | E3 | wWB |
(2-2) 1-step operation (LS type): 1 issue cycle

MOVA

[T 12 [ 138 T 1D [ st | s2 | s3 [ wWB |

(2-3) 1-step operation (MT type): 1 issue cycle

MOV#, NOP

[T 12 T 13 T b [Et/S1E2/s2] E3/s3] WB ]
(2-4) MOV (MT type): 1 issue cycle

MOV

L1 T 12 T 183 1T b [Et/st]E2s2E3S3] WB |

EXT[SU].[BW], MOVT, SWAP, XTRCT, ADD*, CMP*, DIV*, DT, NEG*, SUB*, AND, AND#,
NOT, OR, OR#, TST, TST#, XOR, XOR#, ROT*, SHA*, SHL*, CLRS, CLRT, SETS, SETT

Note: Except for AND#, OR#, TST#, and XOR# instructions using GBR relative

Figure 4.2 Instruction Execution Patterns (2)
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(3-1) Load/store: 1 issue cycle
MOV.[BWL], MOV.[BWL] @ (d,GBR)
LT i e T 13 1 o] st]

s2 | s3 | ws |

(3-2) AND.B, OR.B, XOR.B, TST.B: 3 issue cycles

L1t [ 2] 13 ] 1ID]st s2 | s3 | ws |

LD

LD _JETST| E2S2 | E3S3| WB |
(3-3) TAS.B: 4 issue cycles

L it [ 2] 13 ] 1ID]Sst S2 s3 | wB |

L D BEisi| E2S2] E3S3| wB |

)
LD _JEiSi TE2S2[E3S3 [ WB ]

(3-4) PREF, OCBI, OCBP, OCBWB, MOVCA.L, SYNCO: 1 issue cycle

L1t [ 2 ] 13 1 mDJst | s2] s3] wsl]
(3-5) LDTLB: 1 issue cycle
L | 12 | 13 | D |E1st|E2s2]| E3s3]| WB |

(3-6) ICBI: 8 issue cycles + 5 cycles + 4 branch cycle

I 12 13 ID s1 s2 s3 | WB

ID_J| Eis1

mn

E2s2
Eis1

Ess3] wB
E2s2| E3s3 WB|
[ Eis1| E2s2| E3s3| WB

5 cycles (min.)

| ()] (2] (13) ] (D) |
(Branch to the next instruction of ICBI.)

(3-7) PREFI: 5 issue cycles + 5 cycles + 4 branch cycle

1 12 13 1D s1 | s2 s3 WB
ID_J E1si
""" T ) Eisi | £252] E3s3 | WB
5cycles (min.) | D] Eisi E2s2 | E3s3 | WB
D L Efsi |Eos2 Eassl WB_]
[T ® I o]
(3-8) MOVLI.L: 1 issue cycle (Branch to the next instruction of PREFI.)
L | e | 13 | b ]| st | s2] s3 | wB |
(3-9) MOVCO.L: 1 issue cycle
L | e | 13 | b | st | s2] s3 | wB|
(3-10) MOVUA.L: 2 issue cycles
L | 12 1 18 | b | s1 | s2 ] s3 | wB|
st ] s2 1 s3 | wB|
Figure 4.2 Instruction Execution Patterns (3)
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(4-1) LDC to Rp_BANK/SSR/SPC/VBR: 1 issue cycle
L J 12 ] 8 ] IDJ st | s2 ] s3 | WBJ|

(4-2) LDC to DBR/SGR: 4 issue cycles

[ T 12 T 138 [ 1D [ st s2 | s3 | wB |
| )

D
(4-3) LDC to GBR: 1 issue cycle

L1t 1 12 ] 18] D] st | s2] s3] WB]

(4-4) LDC to SR: 4 issue cycles + 4 branch cycles

[ T 12 T 18 T 1D JE1st [ E2s2] E3s3] WB |
| IS

% ______

(Branch to the
(4-5) LDC.L to Rp_BANK/SSR/SPC/VBR: 1 issue cycle next instruction.)

LT 2] 18 [ moJ]st ] s2] s3] ws]

(4-6) LDC.L to DBR/SGR: 4 issue cycles

LT 1217 138 ] b ]si S2 | S3 | wB ]
| B

(4-7) LDC.L to GBR: 1 issue cycle

Ll 2] 138 [ o ]st ] s2] s3] wsl]j

(4-8) LDC.L to SR: 6 issue cycles + 4 branch cycles

il 12 13 ID_|E1S1 | E2S2 | E3S3 | WB |

1D

(Branch to the next instruction.)

Figure 4.2 Instruction Execution Patterns (4)
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(4-9) STC from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle

Lt T2 T 138 1 D st | s2 ] s3 1 wWB]|

(4-10) STC from SR: 1 issue cycle

L1 | 12 |1 13 | D |Eist | E2s2 | E3s3 | WB |

(4-11) STC.L from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle
Lt T 12T 138 ] st ] s21] s3] ws]|

(4-12) STC.L from SR: 1 issue cycle

L1 | 12 | 13 | ID |E1S1 | E2s2 | E3S3| WB |

Lt T 27 138 | ] st | s2 ] s3] wWB]|

L [ 12 [ 13 J o ] st I's2 1 s3] wsB]|

(4-15) STS from PR: 1 issue cycle
Lt T 27 138 | D st | s2 | s3] wB]

(4-16) STS.L from PR: 1 issue cycle
L [ 2T 13 [ b ] st 1T s2 1 s3] wB]|

(4-17) BSRF, BSR, JSR delay slot instructions (PR set): 0 issue cycle
Lan | @2 | @3 | (D) | @21 |(222) | (223) | (WB) |

Notes: The value of PR is changed in the E3 stage of delay slot instruction.
When the STS and STS.L instructions from PR are used as delay slot instructions,
changed PR value is used.

Figure 4.2 Instruction Execution Patterns (5)
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(5-1) LDS to MACHY/L: 1 issue cycle
L1 | 12 | 138 | D | st | s2 s3 | wB |
LMS |
(5-2) LDS.L to MACHI/L: 1 issue cycle
L1 | 12 | 13 | i | s1 | s2 S3 | WB |
LMS |
(5-3) STS from MACH/L: 1 issue cycle
L1 | 12 | 38 | D | st | s2 s3 | wB |
LMS |
(5-4) STS.L from MACHY/L: 1 issue cycle
L1 | 12 [ 38 | i | s1t | s2 S3 | WB |
LMsS |
(5-5) MULS.W, MULU.W: 1 issue cycle
L1 [ 2 T i3] o J]Et ] wm] m3] wms |
(5-6) DMULS.L, DMULU.L, MUL.L: 1 issue cycle
| | 12 | 13 | 1D | E1 | M2 M3 |
M2 | M3 | MS ]
(5-7) CLRMAC: 1 issue cycle
[T 12 T 13 T b T E1l [ M2 [ M3 | MS |
(5-8) MAC.W: 2 issue cycle
[T T 12 T 1383 T D S1 S2 s3 [ wB
1D Si s2 | s3 | wB
M2 | M3 [ MmS ]
(5-9) MAC.L: 2 issue cycle
L[ 12 1 13 | ID S1 S2 S3 | WB
D S1 s2 | s3 | ws
M2 | M3 ]
M2 | M3 [ MS |

Figure 4.2 Instruction Execution Patterns (6)
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(6-1) LDS to FPUL: 1 issue cycle

[ T 12T 138 ] D | st [ s2 [ s3]
L FSt1 [ Fs2 | FS3 [ Fs4 | Fs |

(6-2) STS from FPUL: 1 issue cycle

L [ 12 T 138 | b [ Fs1 | Fs2 | Fs3 | Fs4 |
L s1 [ s2 [ s3 | wB |

(6-3) LDS.L to FPUL: 1 issue cycle

Lt [ 12 T 138 ] > ]st ] s2] s3] ws]|
L Fs1 | Fs2 | Fs3 | Fs4 | Fs |
(6-4) STS.L from FPUL: 1 issue cycle
[ T 12 T 13 ] 1D | FS1 | FS2 | FS3 | Fs4 |
L si | s2 1 s3 | wB|

(6-5) LDS to FPSCR: 1 issue cycle

[T 12 T 138 T D [ st [ s2 [ s3]
T FST | FS2 | FS3 | FS4 | _FS |

(6-6) STS from FPSCR: 1 issue cycle

L [ 12 T 138 T Db [ Fs1 | Fs2 | Fs3 | Fs4 |
L s1 | s2 | s3 | wB |

(6-7) LDS.L to FPSCR: 1 issue cycle

L2 | 13 ] b st | s2 ] s3] ws]|
T—FST | FS2 | FS3 | FS4 | FS |

(6-8) STS.L from FPSCR: 1 issue cycle

L | 12 | 13 | Db [ Fs1 | Fs2 | FS3 | Fs4 |
s | s2 [ s3 | wB |

(6-9) FPU load/store instruction FMOV: 1 issue cycle

[ T 12T 13 T D[St [ s2
L Fs1 [ Fs2

S3 | wB |
FS3 | FS4 | FS |

(6-10) FLDS: 1 issue cycle

L [ 2 T 18 [ o | st | s2 | s3 [ wB|
T—IFST | FS2 | FS3 | Fsa | FS |

(6-11) FSTS: 1 issue cycle

[ 2 [ 13 [ 1 52 3
FS1 | FS2 | FS3 | Fo4 | FS |

Figure 4.2 Instruction Execution Patterns (7)
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(6-12) Single-precision FABS, FNEG/double-precision FABS, FNEG: 1 issue cycle

| 12 | 138 ] b | st | s2 | s3 |
L[ Fs1 | Fs2 [ FS3 | Fs4 | _FS |

Ln

(6-13) FLDIO, FLDI1: 1 issue cycle
L. | 12 | 13 ] b | st | s2 | s3 |
L pFS1 | FS2 | FS3 | FS4 | FS |

(6-14) Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG, FPCHG
FS |

L 1 | 12 | 183 ] ID | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 |
(6-15) Single-precision FDIV/FSQRT: 1 issue cycle
L | 12 | 183 | ID | FEd FE2 | FE3 | FE4 | FE5 | FE6 | FS | (
FEDS (Divider occupied cycle) \

|LFE3 | FE4 | FE5 | FE6 | FS |

(6-16) Double-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FSUB, FTRC, FCNVSD, FCNVDS
| FE2 | FE3 | FE4 | FE5 | FE6 | FS |

[ [ 12 T 13 1 1D [FEl
(6-17) Double-precision floating-point computation: 1 issue cycle
FMUL
L1t | 12 | 13 1 b [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
L FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS

(6-18) Double-precision FDIV/FSQRT: 1 issue cycle
Fs 1 (

[ T 12 T 13 T ID [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 |
FEDS (Divider occupied cycle)

FE4 | FE5 | FE6 FS
FE3 | FE4 | FE5 | FE6 | FS |

[FE3

Figure 4.2 Instruction Execution Patterns (8)
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(6-19) FIPR: 1 issue cycle

[ T 12 T 13 ] 1D [ FE1 | FE2 ] FE3 | FE4 | FE5 | FE6 | FS
(6-20) FTRV: 1 issue cycle
[ [ 12 T 13 ] ID | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
(6-21) FSRRA: 1 issue cycle
[ T 12 T 13T 1D [ FE1 | FE2 ] FE3 | FE4 | FE5 | FE6 | FS
| FEPL ]
Function computing unit occupied cycle
(6-22) FSCA: 1 issue cycle
[ T 12 T 13 T 1D [ FE1T [ FE2 [ FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 [ FS |
| FEPL

Function computing unit occupied cycle

Figure 4.2 Instruction Execution Patterns (9)
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4.2 Parallel-Executability

Instructions are categorized into six groups according to the internal function blocks used, as
shown in table 4.2. Table 4.3 shows the parallel-executability of pairs of instructions in terms of
groups. For example, ADD in the EX group and BRA in the BR group can be executed in parallel.

Table 4.2  Instruction Groups

Instruction

Group Instruction

EX ADD DT ROTL SHLR8
ADDC EXTS ROTR SHLR16
ADDV EXTU SETS SuUB
AND #imm,R0 MOVT SETT SUBC
AND Rm,Rn MUL.L SHAD SUBV
CLRMAC MULS.W SHAL SWAP
CLRS MULU.W SHAR TST #imm,RO
CLRT NEG SHLD TST Rm,Rn
CMP NEGC SHLL XOR #imm,R0
DIVOS NOT SHLL2 XOR Rm,Rn
DIVOU OR #imm,R0 SHLL8 XTRCT
DIV1 OR Rm,Rn SHLL16
DMUS.L ROTCL SHLR
DMULU.L ROTCR SHLR2

MT MOV #imm,Rn MOV Rm,Rn NOP

BR BF BRAF BT JSR
BF/S BSR BT/S RTS
BRA BSRF JMP

LS FABS FMOV.S FR,@adr MOV.[BWL] @adr,R STC CR2,Rn
FNEG FSTS MOV.[BWL] R, @adr STC.L CR2,@-Rn
FLDIO LDC Rm,CR1 MOVA STS SR2,Rn
FLDI LDC.L @Rm+,CR1 MOVCA.L STS.L SR2,@-Rn
FLDS LDS Rm,SR1 MOVUA STS SR1,Rn
FMOV @adr,FR LDS Rm,SR2 ocsl STS.L SR1,@-Rn
FMOV FR,@adr LDS.L @adr,SR2 OCBP
FMOV FR,FR LDS.L @Rm+,SR1 OCBWB
FMOV.S @adr,FR LDS.L @Rm+,SR2 PREF

Page 80 of 1162

R0O1UHO0346EJ0400 Rev. 4.00

RENESAS

Mar 19, 2012



SH7730 Group Section 4 Pipelining
Instruction
Group Instruction
FE FADD FDIV FRCHG FSCA
FSUB FIPR FSCHG FSRRA
FCMP (S/D) FLOAT FSQRT FPCHG
FCNVDS FMAC FTRC
FCNVSD FMUL FTRV
co AND.B #imm,@(R0,GBR)  LDC.L @Rm+,SR PREFI TRAPA
ICBI LDTLB RTE TST.B #imm, @ (R0,GBR)
LDC Rm,DBR MAC.L SLEEP XOR.B #imm, @ (R0,GBR)
LDC Rm, SGR MAC.W STC SR,Rn
LDC Rm,SR MOVCO STC.L SR,@-Rn
LDC.L @Rm+,DBR MOVLI SYNCO
LDC.L @Rm+,SGR OR.B #imm, @ (R0,GBR) TAS.B
[Legend]
R: Rm/Rn

@adr: Address

SR1: MACH/MACL/PR
SR2: FPUL/FPSCR
CR1: GBR/Rp_BANK/SPC/SSR/VBR
CR2: CR1/DBR/SGR
FR: FRm/FRn/DRmM/DRn/XDm/XDn

The parallel execution of two instructions can be carried out under following conditions.

1. Both addr (preceding instruction) and addr+2 (following instruction) are specified within the
minimum page size (1 Kbyte).

2. The execution of these two instructions is supported in table 4.3, Combination of Preceding
and Following Instructions.

3. Data used by an instruction of addr does not conflict with data used by a previous instruction

4. Data used by an instruction of addr+2 does not conflict with data used by a previous

instruction

5. Both instructions are valid
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Table 4.3  Combination of Preceding and Following Instructions

Preceding Instruction (addr)

EX MT BR LS FE co
Following EX No Yes Yes Yes Yes
l(gztd”:f;')o n MT Yes Yes Yes Yes Yes
BR Yes Yes No Yes Yes
LS Yes Yes Yes No Yes
FE Yes Yes Yes Yes No
CO No
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4.3

Issue Rates and Execution Cycles

Instruction execution cycles are summarized in table 4.4. Instruction Group in the table 4.4
corresponds to the category in the table 4.2. Penalty cycles due to a pipeline stall are not
considered in the issue rates and execution cycles in this section.

1. Issue Rate

Issue rates indicates the issue period between one instruction and next instruction.

E.g. AND.B instruction

L 12 | 13 | ID S1 S2 | s3 | wB |
1D
1D E1S1]| E2S2 | E3S3| WB |
Issue rate: 3
Next instruction 1y T 2y 1 _(3) ) ]
E.g. MAC.W instruction
Lt [ 12 | 13 D S1 S2 S3 WB
1D S1 S2 S3 WB
M2 M3 [ wms |
Issue rate: 2
DE—
Next instruction [_(i1) @2 [ @3 | o) |

2. Execution Cycles

Execution cycles indicates the cycle counts an instruction occupied the pipeline based on the next rules.

CPU instruction
E.g. AND.B instruction

Execution Cycles: 3

L[ 2] 18] D S1 s2 1 s3 [ ws]
1D
ID | E1S1] E252 [ E3S3] wB
E.g. MAC.W instruction Execution Cycles: 4
| 1 | 12 | 13 [ ID S1 S2 S3 WB
1D S1 S2 S3 WB
M2 M3 [ MS
FPU instruction
E.g. FMUL instruction Execution Cycles: 3
L | 12 | 13 | D | Fe1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
_FE1 E2 E3 E4 | FE5 | FE6 | FS |
FE1 FE2 FE3 FE4 FE5 FE6 | FS

E.g. FDIV instruction

Execution Cycles: 14

I E|

13 | D | FE1[FE2

I
FE3 [FE4 [FE5 [FE6 | FS |((

[ FE’I FE4] FES[ FE6] FS

Divider occupation cycle  \\
))
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Table 4.4  Issue Rates and Execution Cycles
Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Data transfer 1 EXTS.B Rm,Rn EX 1 1 2-1
nstruetions T Ex TS W RmoRn EX 1 1 2-1

3 EXTU.B Rm,Rn EX 1 1 2-1

4 EXTU.W Rm,Rn EX 1 1 2-1

5 MOV Rm,Rn MT 1 1 2-4

6 MOV #imm,Rn MT 1 1 2-3

7  MOVA @(disp,PC),R0 LS 1 1 2-2

8 MOV.W @(disp,PC),Rn LS 1 1 3-1

9 MOV.L @(disp,PC),Rn LS 1 1 3-1

10 MOV.B @Rm,Rn LS 1 1 3-1

11 MOV.W @Rm,Rn LS 1 1 3-1

12 MOV.L @Rm,Rn LS 1 1 3-1

13 MOV.B @Rm+,Rn LS 1 1 3-1

14 MOV.W @Rm+,Rn LS 1 1 3-1

15 MOV.L @Rm+,Rn LS 1 1 3-1

16 MOV.B @ (disp,Rm),R0 LS 1 1 3-1

17 MOV.W @ (disp,Rm),R0 LS 1 1 3-1

18  MOV.L @ (disp,Rm),Rn LS 1 1 3-1

19 MOV.B @(R0,Rm),Rn LS 1 1 3-1

20 MOV.W @(R0,Rm),Rn LS 1 1 3-1

21 MOV.L @(R0,Rm),Rn LS 1 1 3-1

22 MOV.B @ (disp,GBR),R0 LS 1 1 3-1

23  MOV.W @ (disp, GBR),R0O LS 1 1 3-1

24 MOV.L @ (disp, GBR),R0 LS 1 1 3-1

25 MOV.B Rm,@Rn LS 1 1 3-1

26 MOV.W Rm,@Rn LS 1 1 3-1

27 MOV.L Rm,@Rn LS 1 1 3-1

28 MOV.B Rm,@-Rn LS 1 1 3-1

29 MOV.W Rm,@-Rn LS 1 1 3-1
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Data transfer 30 MOV.L Rm,@-Rn LS 1 1 3-1
instructions 31 MOV.B RO, @ (disp,Rn) LS 1 1 3-1

32 MOV.W RO, @ (disp,Rn) LS 1 1 3-1

33 MOV.L Rm, @ (disp,Rn) LS 1 1 3-1

34 MOV.B Rm, @ (RO,Rn) LS 1 1 3-1

35 MOV.W Rm, @ (RO,Rn) LS 1 1 3-1

36 MOV.L Rm, @ (R0,Rn) LS 1 1 3-1

37 MOV.B RO, @ (disp,GBR) LS 1 1 3-1

38 MOV.W RO, @ (disp,GBR) LS 1 1 3-1

39 MOV.L RO, @ (disp,GBR) LS 1 1 3-1

40 MOVCA.L RO0,@Rn LS 1 1 3-4

41 MOVCO.L R0,@Rn CO 1 1 3-9

42  MOVLIL @Rm,R0 CcO 1 1 3-8

43 MOVUAL @Rm,RO LS 2 2 3-10

44 MOVUAL @Rm+,R0 LS 2 2 3-10

45 MOVT Rn EX 1 1 2-1

46 OCBI @Rn LS 1 1 3-4

47 OCBP @Rn LS 1 1 3-4

48 0OCBWB @Rn LS 1 1 3-4

49 PREF @Rn LS 1 1 3-4

50 SWAP.B Rm,Rn EX 1 1 2-1

51 SWAP.W Rm,Rn EX 1 1 2-1

52 XTRCT Rm,Rn EX 1 1 2-1
Fixed-point 53 ADD Rm,Rn EX 1 1 2-1
;”Stttﬁiis 54 ADD #imm,Rn EX 1 1 2-1

55 ADDC Rm,Rn EX 1 1 2-1

56 ADDV Rm,Rn EX 1 1 2-1

57 CMP/EQ #imm,R0 EX 1 1 2-1

58 CMP/EQ Rm,Rn EX 1 1 2-1

59 CMP/GE Rm,Rn EX 1 1 2-1
RO1UH0346EJ0400 Rev. 4.00 Page 85 of 1162
Mar 19, 2012 RENESAS



Section 4 Pipelining SH7730 Group

Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Fixed-point 60 CMP/GT Rm,Rn EX 1 1 2-1
arthmetic g4 Gvp/HI Rm,Rn EX 1 1 2-1
instructions
62 CMP/HS Rm,Rn EX 1 1 2-1
63 CMP/PL Rn EX 1 1 2-1
64 CMP/PZ Rn EX 1 1 2-1
65 CMP/STR Rm,Rn EX 1 1 2-1
66 DIVOS Rm,Rn EX 1 1 2-1
67 DIVOU EX 1 1 2-1
68 DIV1 Rm,Rn EX 1 1 2-1
69 DMULS.L Rm,Rn EX 1 2 5-6
70 DMULU.L Rm,Rn EX 1 2 5-6
71 DT Rn EX 1 1 2-1
72 MAC.L @Rm+,@Rn+ CcO 2 5 5-9
73 MAC.W @Rm+,@Rn+ co 2 4 5-8
74  MUL.L Rm,Rn EX 1 2 5-6
75 MULS.W Rm,Rn EX 1 1 5-5
76 MULU.W Rm,Rn EX 1 1 5-5
77 NEG Rm,Rn EX 1 1 2-1
78 NEGC Rm,Rn EX 1 1 2-1
79 SUB Rm,Rn EX 1 1 2-1
80 SUBC Rm,Rn EX 1 1 2-1
81 SUBV Rm,Rn EX 1 1 2-1
Logical 82 AND Rm,Rn EX 1 1 2-1
nstructions “g3" AND #imm,RO EX 1 1 2-1
84 AND.B #imm, @ (R0,GBR) CO 3 3 3-2
85 NOT Rm,Rn EX 1 1 2-1
86 OR Rm,Rn EX 1 1 2-1
87 OR #imm,R0O EX 1 1 2-1
88 OR.B #imm, @ (R0,GBR) Cco 3 3 3-2
89 TASB @Rn CcO 4 4 3-3
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Logical 90 TST Rm,Rn EX 1 1 2-1
instructions  “g4 " g1 #imm,RO EX 1 1 2-1
92 TST.B #imm, @ (R0,GBR) CcO 3 3 3-2
93 XOR Rm,Rn EX 1 1 2-1
94 XOR #imm,R0O EX 1 1 2-1
95 XOR.B #imm, @ (RO,GBR) co 3 3 3-2
Shift 96 ROTL Rn EX 1 1 2-1
instructions g7 roTR Rn EX 1 1 2-1
98 ROTCL Rn EX 1 1 2-1
99 ROTCR Rn EX 1 1 2-1
100 SHAD Rm,Rn EX 1 1 2-1
101 SHAL Rn EX 1 1 2-1
102 SHAR Rn EX 1 1 2-1
103 SHLD Rm,Rn EX 1 1 2-1
104 SHLL Rn EX 1 1 2-1
105 SHLL2 Rn EX 1 1 2-1
106 SHLL8 Rn EX 1 1 2-1
107 SHLL16 Rn EX 1 1 2-1
108 SHLR Rn EX 1 1 2-1
109 SHLR2 Rn EX 1 1 2-1
110 SHLR8 Rn EX 1 1 2-1
111 SHLR16 Rn EX 1 1 2-1
Branch 112 BF disp BR 1+0to 2 1 1-1
instructions 445" BF/g disp BR 1+0t02 1 1-1
114 BT disp BR 1+0to 2 1 1-1
115 BT/S disp BR 1+0to 2 1 1-1
116 BRA disp BR 1+0to 2 1 1-1
117 BRAF Rm BR 1+3 1 1-2
118 BSR disp BR 1+0to 2 1 1-1
119 BSRF Rm BR 1+3 1 1-2
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Category No. Instruction Group Issue Rate Cycles Pattern
Branch 120 JMP @Rn BR 1+3 1 1-2
nstructions 451" ysR @Rn BR 143 1 1-2

122 RTS BR 1+0to0 3 1 1-3
System 123 NOP MT 1 1 2-3
control 124 CLRMAC EX 1 1 57
instruction

125 CLRS EX 1 1 2-1

126 CLRT EX 1 1 2-1

127 ICBI @Rn CcO 8+5+3 13 3-6

128 SETS EX 1 1 2-1

129 SETT EX 1 1 2-1

130 PREFI @Rn CO 5+5+3 10 3-7

131 SYNCO CcO Undefined Undefined 3-4

132 TRAPA #imm CcO 8+5+1 13 1-5

133 RTE CcO 4+1 4 1-4

134 SLEEP CO Undefined Undefined 1-6

135 LDTLB CcO 1 1 3-5

136 LDC Rm,DBR CcO 4 4 4-2

137 LDC Rm,SGR CO 4 4 4-2

138 LDC Rm,GBR LS 1 1 4-3

139 LDC Rm,Rp_BANK LS 1 1 4-1

140 LDC Rm,SR CcO 4+3 4 4-4

141 LDC Rm,SSR LS 1 1 4-1

142 LDC Rm,SPC LS 1 1 4-1

143 LDC Rm,VBR LS 1 1 4-1

144 LDC.L @Rm+,DBR CcO 4 4 4-6

145 LDC.L @Rm+,SGR CcO 4 4 4-6

146 LDC.L @Rm+,GBR LS 1 1 4-7

147 LDC.L @Rm+,Rp_BANK LS 1 1 4-5

148 LDC.L @Rm+,SR CcO 6+3 4 4-8

149 LDC.L @Rm+,SSR LS 1 1 4-5
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System 150 LDC.L @Rm+,SPC LS 1 1 4-5
control 151 LDC.L @Rm+,VBR LS 1 1 4-5
instructions
152 LDS Rm,MACH LS 1 1 5-1
153 LDS Rm,MACL LS 1 1 5-1
154 LDS Rm,PR LS 1 1 4-13
155 LDS.L @Rm+,MACH LS 1 1 5-2
156 LDS.L @Rm+,MACL LS 1 1 5-2
157 LDS.L @Rm+,PR LS 1 1 4-14
158 STC DBR,Rn LS 1 1 4-9
159 STC SGR,Rn LS 1 1 4-9
160 STC GBR,Rn LS 1 1 4-9
161 STC Rp_BANK,Rn LS 1 1 4-9
162 STC SR,Rn CO 1 1 4-10
163 STC SSR,Rn LS 1 1 4-9
164 STC SPC,Rn LS 1 1 4-9
165 STC VBR,Rn LS 1 1 4-9
166 STC.L DBR,@-Rn LS 1 1 4-11
167 STC.L SGR,@-Rn LS 1 1 4-11
168 STC.L GBR,@-Rn LS 1 1 4-11
169 STC.L Rp_BANK, @-Rn LS 1 1 4-11
170 STC.L SR,@-Rn CO 1 1 4-12
171 STC.L SSR,@-Rn LS 1 1 4-11
172 STC.L SPC,@-Rn LS 1 1 4-11
173 STC.L VBR,@-Rn LS 1 1 4-11
174 STS MACH,Rn LS 1 1 5-3
175 STS MACL,Rn LS 1 1 5-3
176 STS PR,Rn LS 1 1 4-15
177 STS.L MACH,@-Rn LS 1 1 5-4
178 STS.L MACL,@-Rn LS 1 1 5-4
179 STS.L PR,@-Rn LS 1 1 4-16
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Category No. Instruction Group Issue Rate Cycles Pattern
Single- 180 FLDIO FRn LS 1 1 6-13
f"l’:)‘z::;g’_’;oint 181 FLDI FRn LS 1 1 6-13
instructions 182 FMOV FRm,FRn LS 1 1 6-9

183 FMOV.S @Rm,FRn LS 1 1 6-9

184 FMOV.S @Rm+,FRn LS 1 1 6-9

185 FMOV.S @(R0,Rm),FRn LS 1 1 6-9

186 FMOV.S FRm,@Rn LS 1 1 6-9

187 FMOV.S FRm,@-Rn LS 1 1 6-9

188 FMOV.S FRm, @ (RO0,Rn) LS 1 1 6-9

189 FLDS FRm,FPUL LS 1 1 6-10

190 FSTS FPUL,FRn LS 1 1 6-11

191 FABS FRn LS 1 1 6-12

192 FADD FRm,FRn FE 1 1 6-14

193 FCMP/EQ FRm,FRn FE 1 1 6-14

194 FCMP/GT FRm,FRn FE 1 1 6-14

195 FDIV FRm,FRn FE 1 14 6-15

196 FLOAT FPUL,FRn FE 1 1 6-14

197 FMAC FRO,FRm,FRn FE 1 1 6-14

198 FMUL FRm,FRn FE 1 1 6-14

199 FNEG FRn LS 1 1 6-12

200 FSQRT FRn FE 1 14 6-15

201 FSUB FRm,FRn FE 1 1 6-14

202 FTRC FRm,FPUL FE 1 1 6-14

203 FMOV DRm,DRn LS 1 1 6-9

204 FMOV @Rm,DRn LS 1 1 6-9

205 FMOV @Rm+,DRn LS 1 1 6-9

206 FMOV @(R0,Rm),DRn LS 1 1 6-9

207 FMOV DRm,@Rn LS 1 1 6-9

208 FMOV DRm,@-Rn LS 1 1 6-9

209 FMOV DRm, @ (RO0,Rn) LS 1 1 6-9
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Double- 210 FABS DRn LS 1 1 6-12
f"l’z::i;’;oim 211 FADD DRm,DRn FE 1 1 616
instructions 212 FCMP/EQ  DRm,DRn FE 1 1 6-16
213 FCMP/GT DRm,DRn FE 1 1 6-16
214 FCNVDS DRm,FPUL FE 1 1 6-16
215 FCNVSD FPUL,DRn FE 1 1 6-16
216 FDIV DRm,DRn FE 1 30 6-18
217 FLOAT FPUL,DRn FE 1 1 6-16
218 FMUL DRm,DRn FE 1 3 6-17
219 FNEG DRn LS 1 1 6-12
220 FSQRT DRn FE 1 30 6-18
221 FSUB DRm,DRn FE 1 1 6-16
222 FTRC DRm,FPUL FE 1 1 6-16
FPU system 223 LDS Rm,FPUL LS 1 1 6-1
control 224 LDS Rm,FPSCR LS 1 1 6-5
instructions
225 LDS.L @Rm+,FPUL LS 1 1 6-3
226 LDS.L @Rm+,FPSCR LS 1 1 6-7
227 STS FPUL,Rn LS 1 1 6-2
228 STS FPSCR,Rn LS 1 1 6-6
229 STS.L FPUL,@-Rn LS 1 1 6-4
230 STS.L FPSCR,@-Rn LS 1 1 6-8
Graphics 231 FMOV DRm,XDn LS 1 1 6-9
acceleration 545 Epioy XDm,DRn LS 1 1 6-9
instructions
233 FMOV XDm,XDn LS 1 1 6-9
234 FMOV @Rm,XDn LS 1 1 6-9
235 FMOV @Rm+,XDn LS 1 1 6-9
236 FMOV @(R0,Rm),XDn LS 1 1 6-9
237 FMOV XDm,@Rn LS 1 1 6-9
238 FMOV XDm,@-Rn LS 1 1 6-9
239 FMOV XDm, @ (R0,Rn) LS 1 1 6-9
240 FIPR FVm,FVn FE 1 1 6-19
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Graphics 241 FRCHG FE 1 1 6-14
acceleration 1> FsCHG FE 1 1 6-14
instructions

243 FPCHG FE 1 1 6-14

244 FSRRA FRn FE 1 1 6-21

245 FSCA FPUL,DRn FE 1 3 6-22

246 FTRV XMTRX,FVn FE 1 4 6-20
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Section 5 Exception Handling

5.1 Summary of Exception Handling

Exception handling processing is handled by a special routine which is executed by a reset,

general exception handling, or interrupt. For example, if the executing instruction ends
abnormally, appropriate action must be taken in order to return to the original program sequence,
or report the abnormality before terminating the processing. The process of generating an
exception handling request in response to abnormal termination, and passing control to a user-
written exception handling routine, in order to support such functions, is given the generic name of
exception handling.

The exception handling in this LSI is of three kinds: resets, general exceptions, and interrupts.

5.2 Register Descriptions
Table 5.1 lists the configuration of registers related exception handling.

Table 5.1 Register Configuration

Register Name Abbr. R/W P4 Address* ::;':ss* Access Size
TRAPA exception register TRA R/W H'FF00 0020 H'1F00 0020 32
Exception event register EXPEVT R/W H'FF00 0024 H'1F00 0024 32
Interrupt event register INTEVT R/W H'FF00 0028 H'1F00 0028 32

Non-support detection exception EXPMASK R/W H'FF2F 0004 H'1F2F 0004 32
register

Note: * P4 isthe address when virtual address space P4 area is used. Area 7 is the address
when physical address space area 7 is accessed by using the TLB.
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Table 5.2  States of Register in Each Operating Mode
Power-on

Register Name Abbr. Reset Manual Reset  Sleep Standby
TRAPA exception register TRA Undefined Undefined Retained Retained
Exception event register EXPEVT H'0000 0000 H'0000 0020 Retained Retained
Interrupt event register INTEVT Undefined Undefined Retained Retained
Non-support detection exception EXPMASK H'0000 001F H'0000 001F Retained Retained

register

5.2.1 TRAPA Exception Register (TRA)

The TRAPA exception register (TRA) consists of 8-bit immediate data (imm) for the TRAPA
instruction. TRA is set automatically by hardware when a TRAPA instruction is executed. TRA

can also be modified by software.

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 0
RW: 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
I I N N
Initial value: 0 0 0 0 0 0 — — — — — — — — 0 0
RW: R R R R R R RW RW RW RW RW RW RW RW R R
Bit Bit Name Initial Value R/W Description
31to10 — AllO R Reserved

For details on reading/writing this bit, see General

Precautions on Handling of Product.

9to2 TRACODE Undefined

R/W  TRAPA Code
8-bit immediate data of TRAPA instruction is set

1,0 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
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5.2.2 Exception Event Register (EXPEVT)

The exception event register (EXPEVT) consists of a 12-bit exception code. The exception code
set in EXPEVT is that for a reset or general exception event. The exception code is set
automatically by hardware when an exception occurs. EXPEVT can also be modified by software.

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 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
| — | — | — | — | EXPCODE |
Initial value: 0 0 0 0 0 0 0 0 0 0 01 0 0 0 0 0

R/W: R R

R R RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
31to12 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
11to0 EXPCODE H000or R/W Exception Code
H'020

The exception code for a reset or general exception is

set. For details, see table 5.3.
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5.2.3 Interrupt Event Register INTEVT)

The interrupt event register (INTEVT) consists of a 14-bit exception code. The exception code is

set automatically by hardware when an exception occurs. INTEVT can also be modified by

software.

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 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
| — | — | INTCODE

Initial value: 0 0 — — —
RW: R R

RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
31to14 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
13to0 INTCODE Undefined R/W  Exception Code

The exception code for an interrupt is set. For details,
see table 5.3.
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524 Non-Support Detection Exception Register (EXPMASK)

The non-support detection exception register (EXPMASK) is used to enable or disable the
generation of exceptions in response to the use of any of functions 1 to 3 listed below. The
functions of 1 to 3 are planned not to be supported in the future SuperH-family products. The
exception generation functions of EXPMASK can be used in advance of execution; the detection
function then checks for the use of these functions in the software. This will ease the transfer of
software to the future SuperH-family products that do not support the respective functions.

1. Handling of an instruction other than the NOP instruction in the delay slot of the RTE
instruction.
Handling of the SLEEP instruction in the delay slot of the branch instruction.

Performance of IC/OC memory-mapped associative write operations.

According to the value of EXPMASK, functions 1 and 2 can generate a slot illegal instruction
exception, and 3 can generate a data address error exception.

Generation of each exception can be disabled by writing 1 to the corresponding bit in EXPMASK.
However, it is recommended that the above functions should not be used when making a program
to maintain the compatibility with the future products.

Use the store instruction of the CPU to update EXPMASK. After updating the register and then
reading the register once, execute either of the following instructions. Executing either instruction
guarantees the operation with the updated register value.

e Execute the RTE instruction.

e Execute the ICBI instruction for any address (including non-cacheable area).

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

Initial value: 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

L-l-r-1-1-T-[-[T-[T-7T-7-J&@l -1- %]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
RW: R R R R R R R R R R R R/W R R RW R/W
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Bit Bit Name

Initial
Value

R/W

Description

31to5 —

AllO

Reserved

For details on reading/writing these bits, see General
Precautions on Handling of Product.

4 MMCAW

R/W

Memory-Mapped Cache Associative Write

0: Memory-mapped cache associative write is disabled.
(A data address error exception will occur.)

1: Memory-mapped cache associative write is enabled.

For further details, refer to section 8.6.5, Memory-
Mapped Cache Associative Write Operation.

3,2 —

All1

Reserved

For details on reading/writing these bits, see General
Precautions on Handling of Product.

1 BRDSSLP

R/W

Delay Slot SLEEP Instruction

0: The SLEEP instruction in the delay slot is disabled.
(The SLEEP instruction is taken as a slot illegal
instruction.)

1: The SLEEP instruction in the delay slot is enabled.

0 RTEDS

R/W

RTE Delay Slot

0: An instruction other than the NOP instruction in the
delay slot of the RTE instruction is disabled. (An
instruction other than the NOP instruction is taken as
a slot illegal instruction).

1: An instruction other than the NOP instruction in the
delay slot of the RTE instruction is enabled.

Note: The initial values of bits 4, 1, and 0 depend on the product. See the manual of the product

for details.
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53 Exception Handling Functions

5.3.1 Exception Handling Flow

In exception handling, the contents of the program counter (PC), status register (SR), and R15 are
saved in the saved program counter (SPC), saved status register (SSR), and saved general
register15 (SGR), and the CPU starts execution of the appropriate exception handling routine
according to the vector address. An exception handling routine is a program written by the user to
handle a specific exception. The exception handling routine is terminated and control returned to
the original program by executing a return-from-exception instruction (RTE). This instruction
restores the PC and SR contents and returns control to the normal processing routine at the point at
which the exception occurred. The SGR contents are not written back to R15 with an RTE
instruction.

The basic processing flow is as follows. For the meaning of the SR bits, see section 2,
Programming Model.

The PC, SR, and R15 contents are saved in SPC, SSR, and SGR, respectively.

The block bit (BL) in SR is set to 1.

The mode bit (MD) in SR is set to 1.

The register bank bit (RB) in SR is set to 1.

In a reset, the FPU disable bit (FD) in SR is cleared to 0.

The exception code is written to bits 11 to 0 of the exception event register (EXPEVT) or

interrupt event register (INTEVT).

7. When the interrupt mode switch bit INTMU) in CPUOPM has been 1, the interrupt mask
level bit (IMASK) in SR is changed to accepted interrupt level.

8. The CPU branches to the determined exception handling vector address, and the exception

handling routine begins.

AN o e

5.3.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A0000000. Exception and interrupt vector addresses are
determined by adding the offset for the specific event to the vector base address, which is set by
software in the vector base register (VBR). In the case of the TLB miss exception, for example,
the offset is H'00000400, so if H'9C080000 is set in VBR, the exception handling vector address
will be H'9C080400. If a further exception occurs at the exception handling vector address, a
duplicate exception will result, and recovery will be difficult; therefore, addresses that are not to
be converted (in P1 and P2 areas) should be specified for vector addresses.
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54

Exception Types and Priorities

Table 5.3 shows the types of exceptions, with their relative priorities, vector addresses, and
exception/interrupt codes.

Table 5.3  Exceptions
Exception Transition
Direction*’
Exception Execution Priority Priority Vector Exception
Category Mode Exception Level** Order** Address Offset  Code**
Reset Abort type  Power-on reset 1 1 H'A000 0000 — H'000
Manual reset 1 2 H'A000 0000 — H'020
H-UDI reset 1 1 H'A000 0000 — H'000
Instruction TLB multiple-hit 1 3 H'A000 0000 — H'140
exception
Data TLB multiple-hit exception 1 4 H'A000 0000 — H'140
General Re- User break before instruction 2 0 (VBR/DBR) H'100/— H1EO
exception execution  execution*'
type Instruction address error 2 1 (VBR) H'100 H'OEO
Instruction TLB miss exception 2 2 (VBR) H'400 H'040
Instruction TLB protection 2 3 (VBR) H'100 H'0AO0
violation exception
General illegal instruction 2 4 (VBR) H'100 H'180
exception
Slot illegal instruction exception 2 4 (VBR) H'100 H'1A0
General FPU disable exception 2 4 (VBR) H'100 H'800
Slot FPU disable exception 2 4 (VBR) H'100 H'820
Data address error (read) 2 5 (VBR) H'100 H'OEO
Data address error (write) 2 5 (VBR) H'100 H'100
Data TLB miss exception (read) 2 6 (VBR) H'400 H'040
Data TLB miss exception (write) 2 6 (VBR) H'400 H'060
Data TLB protection 2 7 (VBR) H'100 H'0AO
violation exception (read)
Data TLB protection 2 7 (VBR) H'100 H'0CO
violation exception (write)
FPU exception 2 8 (VBR) H100  H120
Initial page write exception 2 9 (VBR) H'100 H'080
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Exception Transition

Direction**
Exception Execution Priority Priority Vector Exception
Category Mode Exception Level** Order** Address  Offset Code**
General Completion  Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
exception  type User break after instruction 2 10 (VBRDBR) H100/— H1EO
execution*'
Interrupt Completion Nonmaskable interrupt 3 — (VBR) H'600 H1CO0
type General interrupt request 4 (VBR) H'600
Note: 1. When UBDE in CBCR = 1, PC = DBR. In other cases, PC = VBR + H'100.
2. Priority is first assigned by priority level, then by priority order within each level (the
lowest number represents the highest priority).
3. Control passes to H'/A000 0000 in a reset, and to [VBR + offset] in other cases.
4.

Stored in EXPEVT for a reset or general exception, and in INTEVT for an interrupt.
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5.5 Exception Flow

5.5.1 Exception Flow

Figure 5.1 shows an outline flowchart of the basic operations in instruction execution and
exception handling. For the sake of clarity, the following description assumes that instructions are
executed sequentially, one by one. Figure 5.1 shows the relative priority order of the different
kinds of exceptions (reset, general exception, and interrupt). Register settings in the event of an
exception are shown only for SSR, SPC, SGR, EXPEVT/INTEVT, SR, and PC. However, other
registers may be set automatically by hardware, depending on the exception. For details, see
section 5.6, Description of Exceptions. Also, see section 5.6.4, Priority Order with Multiple
Exceptions, for exception handling during execution of a delayed branch instruction and a delay
slot instruction, or in the case of instructions in which two data accesses are performed.
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Reset Yes

requested?

Execute next instruction

Is highest-
priority exception
re-exception

General
exception requested?

type?

Cancel instruction execution
No result

Interrupt Yes
requested?

]

\

SSR « SR
No SPG « PC
SGR « R15
EXPEVT/INTEVT « exception code
SR.{MD,RB,BL} « 111
SR.IMASK « received interuupt level (*)
PC « (CBCR.UBDE=1 && User_Break?

DBR: (VBR + Offset))

EXPEVT « exception code
SR. {MD, RB, BL, FD, IMASK} « 11101111
PC « H'A000 0000

Y Y

Note: * When the exception of the highest priority is an interrupt.
Whether IMASK is updated or not can be set by software.
"Accepted interrupt level" is B'1111 for NMI.

Figure 5.1 Instruction Execution and Exception Handling
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55.2 Exception Source Acceptance

A priority ranking is provided for all exceptions for use in determining which of two or more
simultaneously generated exceptions should be accepted. Five of the general exceptions—general
illegal instruction exception, slot illegal instruction exception, general FPU disable exception, slot
FPU disable exception, and unconditional trap exception—are detected in the process of
instruction decoding, and do not occur simultaneously in the instruction pipeline. These
exceptions therefore all have the same priority. General exceptions are detected in the order of
instruction execution. However, exception handling is performed in the order of instruction flow
(program order). Thus, an exception for an earlier instruction is accepted before that for a later
instruction. An example of the order of acceptance for general exceptions is shown in figure 5.2.

Pipeline flow: Vv TLB miss (data access) [Legend]
Instruction n M ]12|13|ID|E1|E2|E3|WB 11,12,13:  Instruction fetch
Instruction n + 1 11 ] 12|13 |ID|E1|E2| E3|WB ID: Instruction decode
A General illegal instruction exception E1, E2, E3: Instruction execution
l v TLB miss (instruction access) WB \(lsﬁt :Sa'\élf mory access)
Instruction n + 2 |1 l12]13[mD]|E1][E2]|E3|wWB]
Instruction n + 3 | 1213 ]ID]|E1|E2[E3 [wB]

Order of detection:

General illegal instruction exception (instruction n + 1) and
TLB miss (instruction n + 2) are detected simultaneously

TLB miss (instruction n)

Order of exception handling: Program order

TLB miss (instruction n)
1

Re-execution of instruction n

General illegal instruction exception
(instruction n + 1)

2
Re-execution of instruction n + 1
TLB miss (instruction n + 2)

3
Re-execution of instruction n + 2
Execution of instruction n + 3 4

Figure 5.2 Example of General Exception Acceptance Order
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553 Exception Requests and BL Bit
When the BL bit in SR is 0, general exceptions and interrupts are accepted.

When the BL bit in SR is 1 and an general exception other than a user break is generated, the
CPU's internal registers and the registers of the other modules are set to their states following a
manual reset, and the CPU branches to the same address as in a reset (H'A0000000). For the
operation in the event of a user break, see section 30, User Break Controller (UBC). If an ordinary
interrupt occurs, the interrupt request is held pending and is accepted after the BL bit has been
cleared to O by software. If a nonmaskable interrupt (NMI) occurs, it can be held pending or
accepted according to the setting made by software. For further details, refer to the hardware
manual of the product.

Thus, normally, SPC and SSR are saved and then the BL bit in SR is cleared to 0, to enable
multiple exception state acceptance.

554 Return from Exception Handling

The RTE instruction is used to return from exception handling. When the RTE instruction is
executed, the SPC contents are restored to PC and the SSR contents to SR, and the CPU returns
from the exception handling routine by branching to the SPC address. If SPC and SSR were saved
to external memory, set the BL bit in SR to 1 before restoring the SPC and SSR contents and
issuing the RTE instruction.
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5.6 Description of Exceptions

The various exception handling operations explained here are exception sources, transition address
on the occurrence of exception, and processor operation when a transition is made.

5.6.1 Resets
(1) Power-On Reset

e Condition:
Power-on reset request
e Operations:

Exception code H'000 is set in EXPEVT, initialization of the CPU and on-chip peripheral
module is carried out, and then a branch is made to the reset vector (H'A0000000). For details,
see the section 14, Reset and Power-Down Modes, and the register descriptions in the relevant
sections. A power-on reset should be executed when power is supplied.

(2) Manual Reset

e Condition:
Manual reset request

e Operations:
Exception code H'020 is set in EXPEVT, initialization of the CPU and on-chip peripheral
module is carried out, and then a branch is made to the branch vector (H'A0000000). The
registers initialized by a power-on reset and manual reset are different. For details, see the
section 14, Reset and Power-Down Modes, and the register descriptions in the relevant
sections. In cases where the register descriptions in the relevant sections do not include the
descriptions of manual reset, the same states as those of the power-on reset are applied.

(3) H-UDI Reset

o Source: SDIR.TI[7:4] = B'0110 (negation) or B'0111 (assertion)
e Transition address: H'A0000000
e Transition operations:

Exception code H'000 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral module initialization is performed. For details, see section 31,
User Debugging Interface (H-UDI), and the register descriptions in the relevant sections.
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(4) Instruction TLB Multiple Hit Exception

C))

Source: Multiple ITLB address matches
Transition address: H'A0000000
Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral module initialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.

Data TLB Multiple-Hit Exception

Source: Multiple UTLB address matches

Transition address: H'A0000000

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral module initialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.
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5.6.2

1)

General Exceptions

Data TLB Miss Exception

Source: Address mismatch in UTLB address comparison
Transition address: VBR + H'00000400
Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'040 (for a read access) or H'060 (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0400.

To speed up TLB miss processing, the offset is separate from that of other exceptions.

Data TLB miss_exception/()

{

TEA = EXCEPTION ADDRESS;

PTEH.VPN = PAGE NUMBER;

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = read access ? H'0000 0040 : H'0000 0060;
SR.MD

1;

SR.RB 1;

SR.BL

1;
PC = VBR + H'0000 0400;
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(2) Imstruction TLB Miss Exception

Source: Address mismatch in ITLB address comparison
Transition address: VBR + H'00000400

Transition operations:

ITLB miss exception()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 0040;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0400;

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'40 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0400.

To speed up TLB miss processing, the offset is separate from that of other exceptions.
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(3) Initial Page Write Exception

e Source: TLB is hit in a store access, but dirty bit D =0
e Transition address: VBR + H'00000100
e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'080 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.

Initial write exception()
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 0080;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(4) Data TLB Protection Violation Exception

e Source: The access does not accord with the UTLB protection information (PR bits or EPR
bits) shown in table 5.4 and table 5.5.

Table 5.4 UTLB Protection Information (TLB Compatible Mode)

PR Privileged Mode User Mode

00 Only read access possible Access not possible

01 Read/write access possible Access not possible

10 Only read access possible Only read access possible
11 Read/write access possible Read/write access possible

Table 5.5 UTLB Protection Information (TLB Extended Mode)

EPR [5] Read Permission in Privileged Mode
0 Read access possible

1 Read access not possible

EPR [4] Write Permission in Privileged Mode
0 Write access possible

1 Write access not possible

EPR [2] Read Permission in User Mode

0 Read access possible

1 Read access not possible

EPR [1] Write Permission in User Mode

0 Write access possible

1 Write access not possible

e Transition address: VBR + H'00000100
e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
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The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'0AO (for a read access) or H'OCO (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0100.

Data TLB protection violation exception()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_ NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = read access ? H'0000 O0AO0 : H'0000 00CO;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(5) Instruction TLB Protection Violation Exception

e Source: The access does not accord with the ITLB protection information (PR bits or EPR bits)
shown in table 5.6 and table5.7.

Table 5.6 ITLB Protection Information (TLB Compatible Mode)

PR Privileged Mode User Mode
0 Access possible Access not possible
Access possible Access possible

Table 5.7 ITLB Protection Information (TLB Extended Mode)

EPR [5], EPR[3] Execution Permission in Privileged Mode

11 Execution of instructions possible

10 Instruction fetch not possible
Execution of Rn access by ICBI possible

00 Execution of instructions not possible

EPR [2], EPR[0] Execution Permission in User Mode

11, 01 Execution of instructions possible

10 Instruction fetch not possible

Execution of Rn access by ICBI possible

00 Execution of instructions not possible

e Transition address: VBR + H'00000100
e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'0AO is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.
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ITLB protection violation exception ()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_ NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 OOAOQ;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;

}

(6) Data Address Error

e Sources:
— Word data access from other than a word boundary (2n +1)
— Longword data access from other than a longword data boundary (4n +1, 4n + 2, or 4n +3)
(Except MOVLIA)
— Quadword data access from other than a quadword data boundary (8n +1, 8n + 2, 8n +3, 8n
+4,8n+5,8n+6,0r 8n+7)
— Access to area H'80000000 to H'FFFFFFFF in user mode

Areas HE0000000 to HE3FFFFFF and HE5000000 to H'ESFFFFFF can be accessed in
user mode. For details, see section 7, Memory Management Unit (MMU) and section 9,
On-Chip Memory.

— The MMCAW bit in EXPMASK is 0, and the IC/OC memory mapped associative write is
performed. For details of memory mapped associative write, see section 8.6.5, Memory-
Mapped Cache Associative Write Operation.

e Transition address: VBR + H'0000100
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e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'0OEO (for a read access) or H'100 (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0100. For
details, see section 7, Memory Management Unit (MMU).

Data address_error()

{

TEA = EXCEPTION_ ADDRESS;
PTEH.VPN = PAGE NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = read access? H'0000 O0EO: H'0000 0100;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(7) Instruction Address Error

e Sources:
— Instruction fetch from other than a word boundary (2n +1)
— Instruction fetch from area H'80000000 to H'FFFFFFFF in user mode
Area H'E5000000 to H'ESFFFFFF can be accessed in user mode. For details, see section 9,
On-Chip Memory.
e Transition address: VBR + H'00000100
e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in the
SPC and SSR. The R15 contents at this time are saved in SGR.

Exception code H'OEOQ is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. For details, see section 7, Memory Management Unit
(MMU).

Instruction_address_error()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_ NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 OOEO;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(8) Unconditional Trap

e Source: Execution of TRAPA instruction
e Transition address: VBR + H'00000100
e Transition operations:

As this is a processing-completion-type exception, the PC contents for the instruction
following the TRAPA instruction are saved in SPC. The value of SR and R15 when the
TRAPA instruction is executed are saved in SSR and SGR. The 8-bit immediate value in the
TRAPA instruction is multiplied by 4, and the result is set in TRA [9:0]. Exception code H'160
is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC =
VBR + H'0100.

TRAPA exception()
{
SPC = PC + 2;
SSR = SR;
SGR = R15;
TRA = imm << 2;
EXPEVT = H'0000 0160;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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9

General Illegal Instruction Exception

Sources:

— Decoding of an undefined instruction not in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD

— Decoding in user mode of a privileged instruction not in a delay slot

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

Transition address: VBR + H'00000100

Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'180 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is not guaranteed if an undefined code other
than H'FFFD is decoded.

General illegal instruction exception()

{

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 0180;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(10) Slot Illegal Instruction Exception

e Sources:
— Decoding of an undefined instruction in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD
— Decoding of an instruction that modifies PC in a delay slot

Instructions that modify PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm,SR, LDC.L @Rm+,SR, ICBI, PREFI

— Decoding in user mode of a privileged instruction in a delay slot

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

— Decoding of a PC-relative MOV instruction or MOVA instruction in a delay slot

— The BRDSSLP bit in EXPMASK is 0, and the SLEEP instruction in the delay slot is
executed.

— The RTEDS bit in EXPMASK is 0, and an instruction other than the NOP instruction in the
delay slot is executed.

e Transition address: VBR + H'000 0100
e Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'1AOQ is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is not guaranteed if an undefined code other
than H'FFFD is decoded.

Slot_illegal instruction exception()
{

SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 O01AO0;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(11) General FPU Disable Exception

o Source: Decoding of an FPU instruction* not in a delay slot with SR.FD =1
e Transition address: VBR + H'00000100
e Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'800 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.

Note: * FPU instructions are instructions in which the first 4 bits of the instruction code are F
(but excluding undefined instruction H'FFFD), and the LDS, STS, LDS.L, and STS.L
instructions corresponding to FPUL and FPSCR.

General fpu disable exception()

{

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 0800;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(12) Slot FPU Disable Exception

e Source: Decoding of an FPU instruction in a delay slot with SR.FD =1
e Transition address: VBR + H'00000100
o Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'820 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.

Slot fpu disable exception()
{

SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0820;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(13) Pre-Execution User Break/Post-Execution User Break

User break exception()

{

SPC = (pre execution break? PC
SSR = SR;
SGR = R15;

EXPEVT = H'0000 Ol1EOQ;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = (BRCR.UBDE==1 ? DBR : VBR + H'0000 0100) ;

Source: Fulfilling of a break condition set in the user break controller
Transition address: VBR + H'00000100, or DBR
Transition operations:

In the case of a post-execution break, the PC contents for the instruction following the
instruction at which the breakpoint is set are set in SPC. In the case of a pre-execution break,
the PC contents for the instruction at which the breakpoint is set are set in SPC.

The SR and R15 contents when the break occurred are saved in SSR and SGR. Exception code
H'1EQ is set in EXPEVT.

The BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0100. It is
also possible to branch to PC = DBR.

For details of PC, etc., when a data break is set, see section 30, User Break Controller (UBC).
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(14) FPU Exception

o Source: Exception due to execution of a floating-point operation
e Transition address: VBR + H'00000100
o Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR . The R15 contents at this time are saved in SGR. Exception code H'120 is set in
EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR +
H'0100.

FPU exception()

{

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'0000 0120;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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5.6.3 Interrupts
(1) NMI (Nonmaskable Interrupt)

e Source: NMI pin edge detection

e Transition address: VBR + H'00000600

e Transition operations:
The PC and SR contents for the instruction immediately after this exception is accepted are
saved in SPC and SSR. The R15 contents at this time are saved in SGR.
Exception code H'1CO is set in INTEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0600. When the BL bit in SR is 0, this interrupt is not
masked by the interrupt mask bits in SR, and is accepted at the highest priority level. When the
BL bit in SR is 1, a software setting can specify whether this interrupt is to be masked or
accepted. When the INTMU bit in CPUOPM is 1 and the NMI interrupt is accessed, B'1111 is
set to IMASK bit in SR. For details, see section 10, Interrupt Controller (INTC).

NMI ()

{
SPC = PC;
SSR = SR;
SGR = R15;

INTEVT = H'0000 01CO;
SR.MD =

1;
SR.RB = 1;
1

7

SR.BL =
If (cond) SR.IMASK = B'1111;
PC = VBR + H'0000 0600;

}

(2) General Interrupt Request

e Source: The interrupt mask level bits setting in SR is smaller than the interrupt level of
interrupt request, and the BL bit in SR is 0 (accepted at instruction boundary).

e Transition address: VBR + H'00000600
e Transition operations:

The PC contents immediately after the instruction at which the interrupt is accepted are set in
SPC. The SR and R15 contents at the time of acceptance are set in SSR and SGR.
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The code corresponding to the each interrupt source is set in INTEVT. The BL, MD, and RB
bits are set to 1 in SR, and a branch is made to VBR + H'0600. When the INTMU bit in
CPUOPM is 1, IMASK bit in SR is changed to accepted interrupt level. For details, see section
10, Interrupt Controller INTC).

Module interruption()

{

SPC = PC;
SSR = SR;
SGR = R15;

INTEVT = H'0000 0400 ~ H'0000 3FEOQ;

7

SR.MD = 1
SR.RB = 1;
SR.BL =1

7

if (cond) SR.IMASK = level of accepted interrupt ();
PC = VBR + H'0000 0600;

5.6.4 Priority Order with Multiple Exceptions

With some instructions, such as instructions that make two accesses to memory, and the
indivisible pair comprising a delayed branch instruction and delay slot instruction, multiple
exceptions occur. Care is required in these cases, as the exception priority order differs from the
normal order.

(1) Instructions that Make Two Accesses to Memory

With MAC instructions, memory-to-memory arithmetic/logic instructions, TAS instructions, and
MOVUA instructions, two data transfers are performed by a single instruction, and an exception
will be detected for each of these data transfers. In these cases, therefore, the following order is
used to determine priority.

Data address error in first data transfer

TLB miss in first data transfer

TLB protection violation in first data transfer
Initial page write exception in first data transfer

Data address error in second data transfer

A e e

TLB miss in second data transfer
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7. TLB protection violation in second data transfer

8. Initial page write exception in second data transfer
(2) Indivisible Delayed Branch Instruction and Delay Slot Instruction

As a delayed branch instruction and its associated delay slot instruction are indivisible, they are

treated as a single instruction. Consequently, the priority order for exceptions that occur in these
instructions differs from the usual priority order. The priority order shown below is for the case

where the delay slot instruction has only one data transfer.

1. A check is performed for the interrupt type and re-execution type exceptions of priority levels
1 and 2 in the delayed branch instruction.

2. A check is performed for the interrupt type and re-execution type exceptions of priority levels
1 and 2 in the delay slot instruction.

3. A check is performed for the completion type exception of priority level 2 in the delayed
branch instruction.

4. A check is performed for the completion type exception of priority level 2 in the delay slot
instruction.

5. A check is performed for priority level 3 in the delayed branch instruction and priority level 3
in the delay slot instruction. (There is no priority ranking between these two.)

6. A check is performed for priority level 4 in the delayed branch instruction and priority level 4
in the delay slot instruction. (There is no priority ranking between these two.)

If the delay slot instruction has a second data transfer, two checks are performed in step 2, as in
the above case (Instructions that make two accesses to memory).

If the accepted exception (the highest-priority exception) is a delay slot instruction re-execution
type exception, the branch instruction PR register write operation (PC — PR operation performed
in a BSR, BSRF, or JSR instruction) is not disabled. Note that in this case, the contents of PR
register are not guaranteed.
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5.7 Usage Notes
(1) Return from Exception Handling

A. Check the BL bit in SR with software. If SPC and SSR have been saved to memory, set
the BL bit in SR to 1 before restoring them.

B. Issue an RTE instruction. When RTE is executed, the SPC contents are saved in PC, the
SSR contents are saved in SR, and branch is made to the SPC address to return from the
exception handling routine.

(2) 1If a General Exception or Interrupt Occurs When BL Bitin SR =1

A. General exception
When a general exception other than a user break occurs, the PC value for the instruction at
which the exception occurred in SPC, and a manual reset is executed. The value in
EXPEVT at this time is H'00000020; the SSR contents are undefined.

B. Interrupt
If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after
the BL bit in SR has been cleared to 0 by software. If a nonmaskable interrupt (NMI)
occurs, it can be held pending or accepted according to the setting made by software.
In sleep or standby mode, however, an interrupt is accepted even if the BL bit in SR is set
to 1.

(3) SPC when an Exception Occurs

A. Re-execution type general exception

The PC value for the instruction at which the exception occurred is set in SPC, and the
instruction is re-executed after returning from the exception handling routine. If an
exception occurs in a delay slot instruction, however, the PC value for the delayed branch
instruction is saved in SPC regardless of whether or not the preceding delay slot instruction
condition is satisfied.

B. Completion type general exception or interrupt

The PC value for the instruction following that at which the exception occurred is set in
SPC. If an exception occurs in a branch instruction with delay slot, however, the PC value
for the branch destination is saved in SPC.
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(4) RTE Instruction Delay Slot

A. The instruction in the delay slot of the RTE instruction is executed only after the value
saved in SSR has been restored to SR. The acceptance of the exception related to the
instruction access is determined depending on SR before restoring, while the acceptance of
other exceptions is determined depending on the processing mode by SR after restoring or
the BL bit. The completion type exception is accepted before branching to the destination
of RTE instruction. However, if the re-execution type exception is occurred, the operation
cannot be guaranteed.

B. The user break is not accepted by the instruction in the delay slot of the RTE instruction.
(5) Changing the SR Register Value and Accepting Exception

A. When the MD or BL bit in the SR register is changed by the LDC instruction, the
acceptance of the exception is determined by the changed SR value, starting from the next
instruction.* In the completion type exception, an exception is accepted after the next
instruction has been executed. However, an interrupt of completion type exception is
accepted before the next instruction is executed.

Note: * When the LDC instruction for SR is executed, following instructions are fetched again
and the instruction fetch exception is evaluated again by the changed SR.
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6.1

Section 6 Floating-Point Unit (FPU)

Features

The FPU has the following features.

Conforms to IEEE754 standard

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

Two rounding modes: Round to Nearest and Round to Zero

Two denormalization modes: Flush to Zero and Treat Denormalized Number

Six exception sources: FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow,
and Inexact

Comprehensive instructions: Single-precision, double-precision, graphics support, and system
control

In this LSI, the following three instructions are added on to the instruction set of the SH-4
FSRRA, FSCA, and FPCHG

When the FD bit in SR is set to 1, the FPU cannot be used, and an attempt to execute an FPU
instruction will cause an FPU disable exception (general FPU disable exception or slot FPU
disable exception).
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6.2 Data Formats

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

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

This LSI can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 6.1 and 6.2.

31 30 23 22 0

] o | f

Figure 6.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

Figure 6.2 Format of Double-Precision Floating-Point Number

The exponent is expressed in biased form, as follows:

e = E + bias

—1toE +1.ThetwovaluesE —1andE + 1 are

‘min max ‘min max

The range of unbiased exponent E is E
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).

Table 6.1 shows floating-point formats and parameters.
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Table 6.1 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 583 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

‘max

IfE=E_+1andf=0,v=(-1) (infinity) [positive or negative infinity]
, v =(=1)2% (1.f) [normalized number]
IfE=E_ —landf#0,v=(-1)2""(0.f) [denormalized number]
IfE=E_ - 1landf=0,v=(-1)0 [positive or negative zero]

‘max

IfE <E<E

‘min

Table 6.2 shows the ranges of the various numbers in hexadecimal notation. For the signaling non-
number and quiet non-number, see section 6.2.2, Non-Numbers (NaN). For the denormalized
number, see section 6.2.3, Denormalized Numbers.
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Table 6.2  Floating-Point Ranges
Type Single-Precision Double-Precision
Signaling non-number H'7FFF FFFF to H'7FC0 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'7FFO 0000 0000 0000
Positive normalized H'7F7F FFFF to H'0080 0000 H'7FEF FFFF FFFF FFFF to
number H'0010 0000 0000 0000
Positive denormalized H'007F FFFF to H'0000 0001  H'000F FFFF FFFF FFFF to
number 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 H'8080 0000 to H'FF7F FFFF  H'8010 0000 0000 0000 to
number 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
HFFFF FFFF FFFF FFFF
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6.2.2 Non-Numbers (NaN)
Figure 6.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care
o 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 (gNaN)
if the MSB is 0.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0:gNaN

Figure 6.3 Single-Precision NaN Bit Pattern

An sNaN is assumed to be the input data in an operation, except the transfer instructions between
registers, 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 be generated. In this
case, the contents of the operation destination register are unchanged.

Following three instructions are used as transfer instructions between registers.

¢ FMOV FRm,FRn
e FLDS FRm,FPUL
e FSTS FPUL,FRn

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 qNAN values as operation results are as follows:

e Single-precision qNaN: H'7FBF FFFF
e Double-precision qNaN: H'7FF7 FFFF FFFF FFFF
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See section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual for
details of floating-point operations when a non-number (NaN) is input.

6.2.3 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.

When the DN bit in FPSCR of the FPU is 1, a denormalized number (source operand or operation
result) is always positive or negative zero in a floating-point operation that generates a value (an
operation other than transfer instructions between registers, 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 section 11, Instruction Descriptions of the SH-4A Extended Functions
Software Manual for details of floating-point operations when a denormalized number is input.
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6.3 Register Descriptions

6.3.1 Floating-Point Registers

Figure 6.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers comprised with two banks: FPRO_BANKO to FPR15_BANKO, and FPRO_BANK1
to FPR15_BANKI. These thirty-two registers are referenced as FRO to FR15,
DRO0/2/4/6/8/10/12/14, FV0/4/8/12, XF0 to XF15, XD0/2/4/6/8/10/12/14, and XMTRX.
Corresponding registers to FPRO_BANKO to FPR15_BANKO, and FPRO_BANKI to
FPR15_BANKI are determined according to the FR bit of FPSCR.

1. Floating-point registers, FPRi_BANK]j (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANKI1 to FPR15_BANKI1

2. Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO to FR15 are allocated to FPRO_BANKO to FPR15_BANKO;
when FPSCR.FR = 1, FRO to FR15 are allocated to FPRO_BANK1 to FPR15_BANKI.

3. Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR
registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

4. Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FR5, FR6, FR7},
FVS8 = {FR8, FRY9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

5. Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO to XF15 are allocated to FPRO_BANKI1 to FPR15_BANKI;
when FPSCR.FR = 1, XF0 to XF15 are allocated to FPRO_BANKO to FPR15_BANKO.

6. Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprises two XF registers.
XDO0 = {XFO0, XF1}, XD2 = {XF2, XF3}, XD4 = {XF4, XF5}, XD6 = {XF6, XF7},
XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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7. Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16

XF registers.
XMTRX = | XF0 XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10  XF14
XF3 XF7 XF11 XF15
FPSCR.FR =0 FPSCR.FR = 1
FVO DRO FRO FPRO BANKO XFO  XDO XMTRX
FR1 FPR1 BANKO XF1
DR2 FR2 FPR2 BANKO XF2  XD2
FR3 FPR3 BANKO XF3
FV4 DR4 FR4 FPR4 BANKO XF4  XD4
FR5 FPR5 BANKO XF5
DR6 FR6 FPR6 BANKO XF6  XD6
FR7 FPR7 BANKO XF7
FV8 DR8 FR8 FPR8 BANKO XF8  XD8
FR9 FPR9 BANKO XF9
DR10 FR10 FPR10 BANKO XF10  XD10
FR11 FPR11 BANKO XF11
FVi2 DR12 FR12 FPR12 BANKO XF12  XD12
FR13 FPR13 BANKO XF13
DR14 FR14 FPR14 BANKO XF14  XD14
FR15 FPR15 BANKO XF15
XMTRX XDO  XFO FPRO BANK1 FRO DRO  FVO
XF1 FPR1 BANK1 FR1
XD2  XF2 FPR2 BANK FR2  DR2
XF3 FPR3 BANKI FR3
XD4  XF4 FPR4 BANK1 FR4 DR4  Fv4
XF5 FPR5 BANK1 FR5
XD6  XF6 FPR6 BANK1 FR6  DR6
XF7 FPR7 BANKI FR7
XD8  XF8 FPR8 BANK FR8 DR8 FVv8
XF9 FPR9 BANK1 FR9
XD10 XF10 FPR10 BANK1 FR10 DR10
XF11 FPR11 BANK FR11
XD12 XF12 FPR12 BANK FR12 DR12 FV12
XF13 FPR13 BANK FR13
XD14 XF14 FPR14 BANK FR14 DR14
XF15 FPR15 BANK1 FR15

Figure 6.4 Floating-Point Registers
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6.3.2 Floating-Point Status/Control Register (FPSCR)

bit_31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
(=l -T-T-T-T-JT-J-]-[-Jr]sz|rr]on] cause
o o o 1 0 o0
RW RW RW RW RW RW

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

T ol |
I o

bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Cause Enable (EN) Flag RM
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
31to22 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
21 FR 0 R/W  Floating-Point Register Bank

0: FPRO_BANKO to FPR15_BANKO are assigned to
FRO to FR15 and FPRO_BANK1 to FPR15_BANK1
are assigned to XFO to XF15

1: FPRO_BANKO to FPR15_BANKO are assigned to
XFO0 to XF15 and FPRO_BANK1 to FPR15_BANK1
are assigned to FRO to FR15

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)

For relations between endian and the SZ and PR bits,

see figure 6.5.

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)

For relations between endian and the SZ and PR bits,
see figure 6.5.

18 DN 1 R/W  Denormalization Mode

0: Denormalized number is treated as such
1: Denormalized number is treated as zero
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Bit Bit Name  Value R/W  Description

17to 12 Cause AllO R/W  FPU Exception Cause Field

11to7 Enable AllO R/W  FPU Exception Enable Field

6102 Flag All O r/w FPU Exception Flag Field
Each time an FPU operation instruction is executed, the
FPU exception cause field is cleared to 0. When an
FPU exception occurs, the bits corresponding to FPU
exception cause field and flag field are setto 1. The
FPU exception flag field remains set to 1 until it is
cleared to 0 by software.
For bit allocations of each field, see table 6.3.

RM1 0 R/W  Rounding Mode
0 RMO R/W  These bits select the rounding mode.

00: Round to Nearest
01: Round to Zero
10: Reserved

11: Reserved
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<Big endian>
63 0
Floating-point register | DR (2i) |
63 0
| FR (2i) | FR (2i+1) |
63 I 32 31 I 0
Memory area | | |
8n 8n+3 8n+4 8n+7
<Little endian>
63 0 63 0 63 0
Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |

*1’ %2 *2
63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |

P! !

63 32 31 0 63 32 31 0 63 32 31 0
womaea [ ] 1 [ [ ][ ]

4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n

(1)Sz=0 (2)SZ2=1,PR=0 (3)SZ=1,PR=1
Notes: 1. In the case of SZ = 0 and PR = 0, DR register can not be used.

2. The bit-location of DR register is used for double precision format when PR = 1.
(In the case of (2), it is used when PR is changed from 0 to 1.)

Figure 6.5 Relation between SZ Bit and Endian
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Table 6.3  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflo Inexact
Field Name Error (E) Operation (V) by Zero (2) (0) w (V) ()]
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 None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

flag field

6.3.3 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

Page 140 of 1162

RENESAS

R0O1UHO0346EJ0400 Rev. 4.00
Mar 19, 2012



SH7730 Group Section 6 Floating-Point Unit (FPU)

6.4 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,
FTRYV, and FIPR 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 with the same sign as unrounded value.
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6.5 Floating-Point Exceptions

6.5.1 General FPU Disable Exceptions and Slot FPU Disable Exceptions

FPU-related exceptions are occurred when an FPU instruction is executed with SR.FD set to 1.
When the FPU instruction is in other than delayed slot, the general FPU disable exception is
occurred. When the FPU instruction is in the delay slot, the slot FPU disable exception is
occurred.

6.5.2 FPU Exception Sources
The exception sources are as follows:

e FPU error (E): When FPSCR.DN = 0 and a denormalized number is input
e 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

e 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.
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6.5.3 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
o Invalid operation (V): FPSCR.Enable.V = 1 and (instruction = FTRV or invalid operation)

e Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor or the input of
FSRRA is zero

e Overflow (O): FPSCR.Enable.O = 1 and possibility of operation result overflow
e Underflow (U): FPSCR.Enable.U = 1 and possibility of operation result underflow

o Inexact exception (I): FPSCR.Enable.l = 1 and instruction with possibility of inexact operation
result

Please refer section 11, Instruction Descriptions of the SH-4A Extended Functions Software
Manual about the FPU exception case in detail.

All exception events that originate in the FPU are assigned as the same exception event. The
meaning of an exception is determined by software by reading from FPSCR and interpreting the
information it contains. Also, the destination register is not changed by any FPU exception
handling operation.

If the FPU exception sources except for above are generated, the bit corresponding to source V, Z,
O, U, or I is set to 1, and a default value is generated as the operation result.

e 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):
When FPSCR.DN = 0, a denormalized number with the same sign as the unrounded value, or
zero with the same sign as the unrounded value, is generated.
When FPSCR.DN = 1, zero with the same sign as the unrounded value, is generated.

e Inexact exception (I): An inexact result is generated.
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6.6 Graphics Support Functions

This LSI supports two kinds of graphics functions: new instructions for geometric operations, and
pair single-precision transfer instructions that enable high-speed data transfer.

6.6.1 Geometric Operation Instructions

Geometric operation instructions perform approximate-value computations. To enable high-speed
computation with a minimum of hardware, this LSI ignores comparatively small values in the
partial computation results of four multiplications. Consequently, the error shown below is
produced in the result of the computation:

Maximum error = MAX (individual multiplication result x

2—MIN (number of multiplier significant digits—1, number of multiplicand significant d\gits—1)) + MAX (reSU|t Value x 2—23 2—149)
’

The number of significant digits is 24 for a normalized number and 23 for a denormalized number
(number of leading zeros in the fractional part).

In a future version of the SH Series, the above error is guaranteed, but the same result between
different processor cores is not guaranteed.

(1) FIPRFVm, FVn (m,n: 0,4,8, 12)
This instruction is basically used for the following purposes:

e Inner product (m # n):
This operation is generally used for surface/rear surface determination for polygon surfaces.
e Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since an inexact exception is not detected by an FIPR instruction, the inexact exception (I) bit in
both the FPU exception cause field and flag field are always set to 1 when an FIPR instruction is
executed. Therefore, if the I bit is set in the FPU exception enable field, FPU exception handling
will be executed.
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(2) FTRV XMTRX, FVn (n: 0,4, 8,12)
This instruction is basically used for the following purposes:

e Matrix (4 x 4) - vector (4):
This operation is generally used for viewpoint changes, angle changes, or movements called
vector transformations (4-dimensional). Since affine transformation processing for angle +
parallel movement basically requires a 4 x 4 matrix, this LSI supports 4-dimensional
operations.

e Matrix (4 x 4) x matrix (4 x 4):

This operation requires the execution of four FTRV instructions.

Since an inexact exception is not detected by an FIRV instruction, the inexact exception (I) bit in
both the FPU exception cause field and flag field are always set to 1 when an FTRV instruction is
executed. Therefore, if the I bit is set in the FPU exception enable field, FPU exception handling
will be executed. It is not possible to check all data types in the registers beforehand when
executing an FTRYV instruction. If the V bit is set in the FPU exception enable field, FPU
exception handling will be executed.

(3) FRCHG

This instruction modifies banked registers. For example, when the FTRV instruction is executed,
matrix elements must be set in an array in the background bank. However, to create the actual
elements of a translation matrix, it is easier to use registers in the foreground bank. When the LDS
instruction is used on FPSCR, this instruction takes four to five cycles in order to maintain the
FPU state. With the FRCHG instruction, the FR bit in FPSCR can be changed in one cycle.

6.6.2 Pair Single-Precision Data Transfer

In addition to the powerful new geometric operation instructions, this LSI also supports high-
speed data transfer instructions.

When the SZ bit is 1, this LSI can perform data transfer by means of pair single-precision data
transfer instructions.

e FMOV DRm/XDm, DRn/XDRn (m, n: 0, 2, 4, 6, 8, 10, 12, 14)
e FMOV DRm/XDm, @Rn (m: 0, 2, 4, 6, 8, 10, 12, 14; n: 0 to 15)

These instructions enable two single-precision (2 x 32-bit) data items to be transferred; that is, the
transfer performance of these instructions is doubled.
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e FSCHG

This instruction changes the value of the SZ bit in FPSCR, enabling fast switching between use
and non-use of pair single-precision data transfer.

6.7 Notes on Use of FPU Operation Instructions
Care should be taken regarding the following when using FPU operation instructions.
Description

During execution of a double-precision FDIV instruction or double-precision FSQRT instruction
(during cycles occupied by the divider), when an exception or interrupt other than an FPU
exception prevents execution of a subsequent FPU instruction, and when an FPU operation
instruction is executed within a fixed cycle duration following the start of the exception handler
routine, the value of CAUSE in FPSCR may be incorrect.

Conditions

The value of CAUSE in FPSCR may be incorrect when all of conditions 1) to 6) below are met:
1) The FPU is set to double-precision mode (FPSCR.PR=1).

2) A double-precision FDIV instruction or double-precision FSQRT instruction is being executed.

This instruction is referred to below as “instruction 1.”

3) During execution of a double-precision FDIV instruction or double-precision FSQRT
instruction (during cycles occupied by the divider), an exception or interrupt other than an FPU
exception prevents execution of a subsequent FPU instruction.

Note that the exceptions referred to here include both completion type exceptions and re-
execution type exceptions. In the case in question the SPC points to the FPU operation
instruction concerned, or the FPU operation instruction concerned is the next instruction after a
branch instruction with delay slot (the next instruction after the delay slot instruction) and the
SPC points to the branch instruction two addresses before the FPU operation instruction
concerned.

This unexecuted instruction is referred to below as “instruction 2.”

4) Another FPU operation instruction is executed after the start of the exception handler routine.

This instruction is referred to as “instruction 3.” “Instruction 3”” may be within the exception
handler routine or it may be one of a sequence of instructions after returning from the
exception handler routine by using RTE.
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5) When the number of instructions executed up to instruction 3, counting from the start of the
exception handler routine, is within one of the following ranges:

(5-1) Within 26 instructions (including the RTE delay slot) when instruction 3 comes before
the return from the exception handler routine by using RTE.

(5-2) Within 13 instructions when instruction 3 comes after the return from the exception
handler routine by using RTE and the number of instructions executed by the exception
handler routine is odd.

(5-3) Within 14 instructions when instruction 3 comes after the return from the exception
handler routine by using RTE and the number of instructions executed by the exception
handler routine is even.

6) When the number of instructions executed up to instruction 3, counting from instruction 1, is
within one of the following ranges:

(6-1) Within 29 instructions (including the RTE delay slot) when instruction 3 comes before
the return from the exception handler routine by using RTE.

(6-2) Within 16 instructions when instruction 3 comes after the return from the exception
handler routine by using RTE and the number of instructions executed by the exception
handler routine is odd.

(6-3) Within 17 instructions when instruction 3 comes after the return from the exception
handler routine by using RTE and the number of instructions executed by the exception
handler routine is even.

Note that instruction 2 is not executed, so it is not included in the count of executed

instructions.

Note: The FPU operation instructions referred to above (instruction 2 and instruction 3) can be any
of the following: FADD, FSUB, FMUL, FMAC, FCMP, FIPR, FTRV, FSCA, FSRRA,
FCNVDS, FCNVSD, FTRC, and FLOAT. Note that when the FPCHG instruction does not
occur in the interval from instruction 1 to instruction 3 and instructions 2 and 3 are double-
precision instructions, instruction 2 and instruction 3 may be double-precision FADD,
double-precision FSUB, double-precision FMUL, double-precision FCMP, FCNVDS,
FCNVSD, double-precision FTRC, or double-precision FLOAT.

Workarounds

When using the value of the CAUSE bit field, item 1 or 2 below may be used as a workaround.
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In the following discussion, the term “FPU operation instruction” refers to any of the following:
FADD, FSUB, FMUL, FMAC, FCMP, FIPR, FTRV, FSCA, FSRRA, FCNVDS, FCNVSD,
FTRC, and FLOAT. “Exception handler routine” refers to the exception handler routine of an
exception (exception or interrupt) other than an FPU exception.

1. Ensure that both 1.1 and 1.2 are satisfied.

1.1 When an FPU operation instruction is executed within an exception handler routine (from
the exception occurrence to the RTE delay slot instruction), ensure that it is the 27th or
later instruction from the start of the exception handler routine.

1.2 When an FPU operation instruction is executed in a sequence of instructions in the original
program returned to from an exception handler routine, ensure that 13 or more instructions
(counting from the start of the exception handler routine) are executed within the exception
handler routine before returning to the original program.

2. When a FPU operation instruction occurs within the range from the start of the exception
handler routine specified in conditions 5 and 6 above, execute the LDS, LDS.L, STS or STS.L
instruction on FPSCR before executing the FPU operation instruction.
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Section 7 Memory Management Unit (MMU)

This LSI supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit or
32-bit physical address space. Address translation from virtual addresses to physical addresses is
enabled by the memory management unit (MMU) in this LSI. The MMU performs high-speed
address translation by caching user-created address translation table information in an address
translation buffer (translation lookaside buffer: TLB).

This LSI has four instruction TLB (ITLB) entries and 64 unified TLB (UTLB) entries. UTLB
copies are stored in the ITLB by hardware. A paging system is used for address translation. It is
possible to set the virtual address space access right and implement memory protection
independently for privileged mode and user mode.

The MMU of this LSI runs in several operating modes. In view of physical address mapping
ranges, 29-bit address mode and 32-bit address extended mode are provided. In view of flag
functions of the MMU, TLB compatible mode (four paging sizes with four protection bits) and
TLB extended mode (eight paging sizes with six protection bits) are provided.

Selection between TLB compatible mode and TLB extended mode is made by setting the relevant
control register (bit ME in the MMUCR register) by software.

The flag functions of the MMU are explained in parallel for both TLB compatible mode and TLB
extended mode.
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7.1 Overview of MMU

The MMU was conceived as a means of making efficient use of physical memory. As shown in
(0) in figure 7.1, when a process is smaller in size than the physical memory, the entire process
can be mapped onto physical memory, but if the process increases in size to the point where it
does not fit into physical memory, it becomes necessary to divide the process into smaller parts,
and map the parts requiring execution onto physical memory as occasion arises ((1) in figure 7.1).
Having this mapping onto physical memory executed consciously by the process itself imposes a
heavy burden on the process. The virtual memory system was devised as a means of handling all
physical memory mapping to reduce this burden ((2) in figure 7.1). With a virtual memory system,
the size of the available virtual memory is much larger than the actual physical memory, and
processes are mapped onto this virtual memory. Thus processes only have to consider their
operation in virtual memory, and mapping from virtual memory to physical memory is handled by
the MMU. The MMU is normally managed by the OS, and physical memory switching is carried
out so as to enable the virtual memory required by a process to be mapped smoothly onto physical
memory. Physical memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in a time sharing
system (TSS) that allows a number of processes to run simultaneously ((3) in figure 7.1). Running
a number of processes in a TSS did not increase efficiency since each process had to take account
of physical memory mapping. Efficiency is improved and the load on each process reduced by the
use of a virtual memory system ((4) in figure 7.1). In this virtual memory system, virtual memory
is allocated to each process. The task of the MMU is to map a number of virtual memory areas
onto physical memory in an efficient manner. It is also provided with memory protection functions
to prevent a process from inadvertently accessing another process's physical memory.

When address translation from virtual memory to physical memory is performed using the MMU,
it may happen that the translation information has not been recorded in the MMU, or the virtual
memory of a different process is accessed by mistake. In such cases, the MMU will generate an
exception, change the physical memory mapping, and record the new address translation
information.

Although the functions of the MMU could be implemented by software alone, having address
translation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address translation (the translation lookaside buffer: TLB)
is provided by hardware, and frequently used address translation information is placed here. The
TLB can be described as a cache for address translation information. However, unlike a cache, if
address translation fails—that is, if an exception occurs—switching of the address translation
information is normally performed by software. Thus memory management can be performed in a
flexible manner by software.
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There are two methods by which the MMU can perform mapping from virtual memory to physical
memory: the paging method, using fixed-length address translation, and the segment method,
using variable-length address translation. With the paging method, the unit of translation is a
fixed-size address space called a page.

In the following descriptions, the address space in virtual memory in this LSI is referred to as
virtual address space, and the address space in physical memory as physical address space.
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Figure 7.1 Role of MMU
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7.1.1 Address Spaces
(1) Virtual Address Space

This LSI supports a 32-bit virtual address space, and can access a 4-Gbyte address space. The
virtual address space is divided into a number of areas, as shown in figures 7.2 and 7.3. In
privileged mode, the 4-Gbyte space from the PO area to the P4 area can be accessed. In user mode,
a 2-Gbyte space in the UQ area can be accessed. When the SQMD bit in the MMU control register
(MMUCR) is 0, a 64-Mbyte space in the store queue area can be accessed. When the RMD bit in
the on-chip memory control register (RAMCR) is 1, a 16-Mbyte space in on-chip memory area
can be accessed. Accessing areas other than the UO area, store queue area, and on-chip memory
area in user mode will cause an address error.

When the AT bit in MMUCR is set to 1 and the MMU is enabled, the PO, P3, and UQ areas can be
mapped onto any physical address space in 1-, 4-, 64-Kbyte, or 1-Mbyte page units in TLB
compatible mode and in 1-, 4-, 8-, 64-, 256-Kbyte, 1-, 4-, or 64-Mbyte page units in TLB extended
mode. By using an 8-bit address space identifier, the PO, P3, and UO areas can be increased to a
maximum of 256. Mapping from the virtual address space to the 29-bit physical address space is
carried out using the TLB.

Physical
. _address space
H'0000 0000 Area 0 H'0000 0000
| Areal |\
/| Area2 |\
| _Aread |
PO area 1| _Aread |} U0 area
Cacheable /| Areas5 |\ Cacheable
i | Area6 |\
! Area 7 !
Lo e
1 : ‘\ \s\
H'8000 0000 ra—" i - H'8000 0000
Cacheable i I
H'A000 0000 P2 area ! ’:;' “\ ' Address error
Non-cacheable |/ I
H'C000 0000 P3 area ",',I" \| store queue area | H'E000 0000
HE000 0000 |— ek Adress erior_| (2200 0000
----- P4area ____J| On-chip memory area | \ =600 0000
HFFFF FRFF|_Non-cacheable Address eror | {FFFF FFFF
Privileged mode User mode

Figure 7.2 Virtual Address Space (AT in MMUCR= 0)
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256, N Physical 256 =7
ﬁ “\address space. - ‘/(
H'0000 0000 I« . Epy H'0000 0000
Area 0
Area 1
Area 2
PO area Area 3 U0 area
Cacheable Area 4 Cacheable
Address transiation possible Area 5 Address translation possible
Area 6
Area 7
i ‘ ) i
H'8000 0000 » ,, N H'8000 0000
P1 area /,:'
Cacheable ‘,',,
H'A000 0000 | Address translation not possible ‘,' ‘,'
P2 area . Address error
Non-cacheable !
Address translation not possible ,
H'C000 0000 ]
P3 area !
Cachea_ble ‘ Store queue area H'E000 0000
H'E000 0000 | Address translation possible |}/ Address orror H'E400 0000
.......... P4area . ________] - H'E500 0000
Non-cacheable On-chip memory area H'E600 0000
H'FFFF FFFF| Address translation not possible Address error H'FFFF FFFF
Privileged mode User mode
Figure 7.3 Virtual Address Space (AT in MMUCR= 1)
(a) PO, P3, and U0 Areas

The PO, P3, and UO areas allow address translation using the TLB and access using the cache.
When the MMU is disabled, replacing the upper 3 bits of an address with Os gives the
corresponding physical address. Whether or not the cache is used is determined by the CCR
setting. When the cache is used, switching between the copy-back method and the write-

through method for write accesses is specified by the WT bit in CCR.

When the MMU is enabled, these areas can be mapped onto any physical address space in 1-,
4-, 64-Kbyte, or 1-Mbyte page units in TLB compatible mode and in 1-, 4-, 8-, 64, 256-Kbyte,
1-, 4-, or 64-Mbyte page units in TLB extended mode using the TLB. When CCR is in the
cache enabled state and the C bit for the corresponding page of the TLB entry is 1, accesses
can be performed using the cache. When the cache is used, switching between the copy-back
method and the write-through method for write accesses is specified by the WT bit of the TLB

entry.
When the PO, P3, and U0 areas are mapped onto the control register area which is allocated in

the area 7 in physical address space by means of the TLB, the C bit for the corresponding page

must be cleared to 0.
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(b) P1 Area

The P1 area does not allow address translation using the TLB but can be accessed using the
cache.

Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address
to 0 gives the corresponding physical address. Whether or not the cache is used is determined
by the CCR setting. When the cache is used, switching between the copy-back method and the
write-through method for write accesses is specified by the CB bit in CCR.

(¢c) P2Area

The P2 area does not allow address translation using the TLB and access using the cache.
Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address
to 0 gives the corresponding physical address.

(d) P4 Area

The P4 area is mapped onto the internal resource of this LSI. This area except the store queue
and on-chip memory areas does not allow address translation using the TLB. This area cannot
be accessed using the cache. The P4 area is shown in detail in figure 7.4.

H'E000 0000
Store queue

E:Eggg 8888 Reserved area
H'E600 0000 On-chip memory area

Reserved area
HF000 0000 Instruction cache address array
HF100 0000 Instruction cache data array
H'F200 0000 Instruction TLB address array
HF300 0000 Instruction TLB data array
HF400 0000 Operand cache address array
HF500 0000 Operand cache data array
H'F600 0000 Unified TLB address array
H'F700 0000 Unified TLB data array
H'F800 0000

Reserved area
H'FC00 0000

Control register area
H'FFFF FFFF
Figure 7.4 P4 Area
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The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues
(SQs). In user mode, the access right is specified by the SQMD bit in MMUCR. For details, see
section 8.7, Store Queues.

The area from H'ES00 0000 to H'ESFF FFFF comprises addresses for accessing the on-chip
memory. In user mode, the access right is specified by the RMD bit in RAMCR. For details, see
section 9, On-Chip Memory.

The area from H'FOOO 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 8.6.1, IC Address Array.

The area from H'F100 0000 to H'F1FF FFFF is used for direct access to the instruction cache data
array. For details, see section 8.6.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct access to the instruction TLB
address array. For details, see section 7.7.1, ITLB Address Array.

The area from H'F300 0000 to H'F37F FFFF is used for direct access to instruction TLB data
array. For details, see section 7.7.2, ITLB Data Array (TLB Compatible Mode) and section 7.7.3,
ITLB Data Array (TLB Extended Mode).

The area from H'F400 0000 to H'F4FF FFFF is used for direct access to the operand cache address
array. For details, see section 8.6.3, OC Address Array.

The area from H'F500 0000 to H'FSFF FFFF is used for direct access to the operand cache data
array. For details, see section 8.6.4, OC Data Array.

The area from H'F600 0000 to H'F60F FFFF is used for direct access to the unified TLB address
array. For details, see section 7.7.4, UTLB Address Array.

The area from H'F700 0000 to H'F70F FFFF is used for direct access to unified TLB data array.
For details, see section 7.7.5, UTLB Data Array (TLB Compatible Mode) and section 7.7.6,
UTLB Data Array (TLB Extended Mode).

The area from H'FC00 0000 to H'FFFF FFFF is the on-chip peripheral module control register
area. For details, see register descriptions in each section.
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(2) Physical Address Space

This LSI supports a 29-bit physical address space. The physical address space is divided into eight
areas as shown in figure 7.5. Area 7 is a reserved area. For details, see section 11, Bus State
Controller (BSC).

Only when area 7 in the physical address space is accessed using the TLB, addresses H'1C00 0000
to H'IFFF FFFF of area 7 are not designated as a reserved area, but are equivalent to the control
register area in the P4 area, in the virtual address space.

H'0000 0000 Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0C00 0000 Area 3
H'1000 0000 Area 4
H'1400 0000 Area 5
H'1800 0000 Area 6
:'1 (F:'Sg 2'2?:?: Area 7 (reserved area)

Figure 7.5 Physical Address Space
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(3) Address Translation

When the MMU is used, the virtual address space is divided into units called pages, and
translation to physical addresses is carried out in these page units. The address translation table in
external memory contains the physical addresses corresponding to virtual addresses and additional
information such as memory protection codes. Fast address translation is achieved by caching the
contents of the address translation table located in external memory into the TLB. In this LSI
basically, the ITLB is used for instruction accesses and the UTLB for data accesses. In the event
of an access to an area other than the P4 area, the accessed virtual address is translated to a
physical address. If the virtual address belongs to the P1 or P2 area, the physical address is
uniquely determined without accessing the TLB. If the virtual address belongs to the PO, UO, or P3
area, the TLB is searched using the virtual address, and if the virtual address is recorded in the
TLB, a TLB hit is made and the corresponding physical address is read from the TLB. If the
accessed virtual address is not recorded in the TLB, a TLB miss exception is generated and
processing switches to the TLB miss exception handling routine. In the TLB miss exception
handling routine, the address translation table in external memory is searched, and the
corresponding physical address and page management information are recorded in the TLB. After
the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.

(4) Single Virtual Memory Mode and Multiple Virtual Memory Mode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either
of which can be selected with the SV bit in MMUCR. In the single virtual memory system, a
number of processes run simultaneously, using virtual address space on an exclusive basis, and the
physical address corresponding to a particular virtual address is uniquely determined. In the
multiple virtual memory system, a number of processes run while sharing the virtual address
space, and particular virtual addresses may be translated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systems in terms of operation is in the TLB address comparison method (see
section 7.3.3, Address Translation Method).

(5) Address Space Identifier (ASID)

In multiple virtual memory mode, an 8-bit address space identifier (ASID) is used to distinguish
between multiple processes running simultaneously while sharing the virtual address space.
Software can set the 8-bit ASID of the currently executing process in PTEH in the MMU. The
TLB does not have to be purged when processes are switched by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for multiple processes
running simultaneously while using the virtual address space on an exclusive basis.
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Note: Two or more entries with the same virtual page number (VPN) but different ASID must
not be set in the TLB simultaneously in single virtual memory mode.
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7.2 Register Descriptions

The following registers are related to MMU processing.

Table 7.1 Register Configuration

Register Name Abbreviation R/W P4 Address* zgili:ss* Size
Page table entry high register PTEH R/W  H'FF00 0000 H'1F00 0000 32
Page table entry low register PTEL R/W  H'FFO0 0004 H'1F00 0004 32
Translation table base register TTB R/W  H'FFO0 0008 H'1F00 0008 32
TLB exception address register TEA R/W  H'FF00 000C H'1F00 000C 32
MMU control register MMUCR R/W  H'FFO0 0010 H'1F00 0010 32
Page table entry assistance PTEA R/W  H'FF00 0034 H'1F00 0034 32
register

Physical address space control PASCR R/W  H'FF00 0070 H'1F00 0070 32
register

Instruction re-fetch inhibit control  IRMCR R/W  H'FF00 0078 H'1F00 0078 32

register

Note: * These P4 addresses are for the P4 area in the virtual address space. These area 7
addresses are accessed from area 7 in the physical address space by means of the

TLB.

Table 7.2  Register States in Each Processing State

Power-on Manual

Register Name Abbreviation Reset Reset Sleep Standby
Page table entry high register PTEH Undefined Undefined Retained Retained
Page table entry low register PTEL Undefined Undefined Retained Retained
Translation table base register TTB Undefined Undefined Retained Retained
TLB exception address register TEA Undefined Retained Retained Retained
MMU control register MMUCR H'0000 0000 H'0000 0000 Retained Retained
Page table entry assistance PTEA H'0000 xxx0 H'0000 xxx0 Retained Retained
register

Physical address space control PASCR H'0000 0000 H'0000 xxxO Retained Retained
register
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Power-on Manual

Register Name Abbreviation Reset Reset Sleep Standby
Instruction re-fetch inhibit control  IRMCR H'0000 0000 H'0000 0000 Retained Retained
register

7.2.1 Page Table Entry High Register (PTEH)

PTEH consists of the virtual page number (VPN) and address space identifier (ASID). When an
MMU exception or address error exception occurs, the VPN of the virtual address at which the
exception occurred is set in the VPN bit by hardware. VPN varies according to the page size, but
the VPN set by hardware when an exception occurs consists of the upper 22 bits of the virtual
address which caused the exception. VPN setting can also be carried out by software. The number
of the currently executing process is set in the ASID bit by software. ASID is not updated by
hardware. VPN and ASID are recorded in the UTLB by means of the LDTLB instruction.

After the ASID field in PTEH has been updated, execute one of the following three methods
before an access (including an instruction fetch) to the PO, P3, or UO area that uses the updated
ASID value is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the PO,
P3, or UQ area.

2. Execute the ICBI instruction for any address (including non-cacheable area).

If the R2 bit in IRMCR is O (initial value) before updating the ASID field, the specific
instruction does not need to be executed. However, note that the CPU processing performance
will be lowered because the instruction fetch is performed again for the next instruction after
the ASID field has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
VPN |

Initial value: — — — - — — — — — — — — — — — —
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
VPN [ -] -] ASID |

Initial value: — - — — — — 0 0 — — — — — — —
R/W: RW RW RW RW RW R/W R R RW RW RW RW RW RW RW RW
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Initial

Bit Bit Name Value R/W Description

31to 10 VPN Undefined R/W  Virtual Page Number

9,8 — All O R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

7t00 ASID Undefined R/W  Address Space Identifier

7.2.2 Page Table Entry Low Register (PTEL)

PTEL is used to hold the physical page number and page management information to be recorded
in the UTLB by means of the LDTLB instruction. The contents of this register are not changed
unless a software directive is issued.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I = |
Initial value: 0 0 0 — — — - — — — — - — — — —
RW: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10
PPN | - | \% |SZ1 |PR1|PRO|SZO| C | D | SH |WT |
Initial value:  — — — 0 — — — —

RW: RW RW RW RW RW RW R RW RW RW RW RW RW RW RW RW

Initial

Bit Bit Name  Value R/W  Description

31t029 — All0 R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

28t0 10 PPN Undefined R/W  Physical Page Number

9 — 0 R Reserved
For details on reading from or writing to this bit, see
description in General Precautions on Handling of
Product.
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Initial
Bit Bit Name  Value R/W  Description
8 \ Undefined R/W Page Management Information
7 SZ1 Undefined R/W  The meaning of each bit is same as that of
6 PR1 Undefined R/W corresponding bit in Common TLB (UTLB).
S PRD Unaoinea AL seeseeon 7 D Fotins (10
4 SZ0 Undefined R/W  TLB Functions (TLB Extended Mode; MMUCR.ME = 1).
3 C Undefined R/W Note: SZ1, PR1, SZ0, and PRO bits are valid only in
> D Undefined R/W TLB compatible mode.
1 SH Undefined R/W
0 WT Undefined R/W

7.2.3 Translation Table Base Register (TTB)

TTB is used to store the base address of the currently used page table, and so on. The contents of
TTB are not changed unless a software directive is issued. This register can be used freely by

software.

Bit: _ 31

30

29 28

27

26 25 24 23 22 21 20 19 18 17 16

TTB |

Initial value:  —

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

TTB |

Initial value:  —

RW: RW RW R

/W RW RW RW RW RW RW RW RW RW RW RW RW RW
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7.2.4 TLB Exception Address Register (TEA)

After an MMU exception or address error exception occurs, the virtual address at which the
exception occurred is stored. The contents of this register can be changed by software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

TEA Virtual address at which MMU exception or address error occurred |
Initial value: — — — — — — — — — — — — — — — —
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

TEA Virtual address at which MMU exception or address error occurred |
Initial value: — - - - - - - - - - - - - - — —
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

7.2.5 MMU Control Register (MMUCR)

The individual bits perform MMU settings as shown below. Therefore, MMUCR rewriting should
be performed by a program in the P1 or P2 area.

After MMUCR has been updated, execute one of the following three methods before an access
(including an instruction fetch) to the PO, P3, U0, or store queue area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the PO,
P3, or UO area.

Execute the ICBI instruction for any address (including non-cacheable area).
3. If the R2 bit in IRMCR is O (initial value) before updating MMUCR, the specific instruction
does not need to be executed. However, note that the CPU processing performance will be

lowered because the instruction fetch is performed again for the next instruction after
MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

MMUCR contents can be changed by software. However, the LRUI and URC bits may also be
updated by hardware.
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Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

LRUI |—|—| URB |—|—|
Initial value: 0 0 0 ©0 O GO0 0 0 0 0 0 0 0 0 0 o0
RW: RW RW RW RW RW RW R R RW RW RW RW RW RW R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
URG pavdsvmve] [ - [ -] -[mn]—Jar]

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

Initial

Bit Bit Name Value R/W  Description

311026 LRUI 000000 R/W Least Recently Used ITLB
These bits indicate the ITLB entry to be replaced. The
LRU (least recently used) method is used to decide the
ITLB entry to be replaced in the event of an ITLB miss.
The entry to be purged from the ITLB can be confirmed
using the LRUI bits.
LRUI is updated by means of the algorithm shown below.
x means that updating is not performed.
000xxx: ITLB entry 0 is used
1xx00x: ITLB entry 1 is used
x1x1x0: ITLB entry 2 is used
xx1x11: ITLB entry 3 is used
xxxxxx: Other than above
When the LRUI bit settings are as shown below, the
corresponding ITLB entry is updated by an ITLB miss.
Ensure that values for which "Setting prohibited" is
indicated below are not set at the discretion of software.
After a power-on or manual reset, the LRUI bits are
initialized to 0, and therefore a prohibited setting is never
made by a hardware update.
X means "don't care".
111xxx: ITLB entry 0 is updated
Oxx11x: ITLB entry 1 is updated
x0x0x1: ITLB entry 2 is updated
xx0x00: ITLB entry 3 is updated
Other than above: Setting prohibited
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Initial

Bit Bit Name Value R/W  Description

25,24 — AllO R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

23t018 URB 000000 R/W  UTLB Replace Boundary
These bits indicate the UTLB entry boundary at which
replacement is to be performed. Valid only when URB =
0.

17, 16 — AllO R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

15t0 10 URC 000000 R/W  UTLB Replace Counter
These bits serve as a random counter for indicating the
UTLB entry for which replacement is to be performed
with an LDTLB instruction. This bit is incremented each
time the UTLB is accessed. If URB > 0, URC is cleared
to 0 when the condition URC = URB is satisfied. Also
note that if a value is written to URC by software which
results in the condition of URC > URB, incrementing is
first performed in excess of URB until URC = H'3F.
URC is not incremented by an LDTLB instruction.

9 SQMD 0 R/W  Store Queue Mode
Specifies the right of access to the store queues.
0: User/privileged access possible
1: Privileged access possible (address error exception

in case of user access)

8 SV 0 R/W  Single Virtual Memory Mode/Multiple Virtual Memory
Mode Switching
When this bit is changed, ensure that 1 is also written
to the TI bit.
0: Multiple virtual memory mode
1: Single virtual memory mode
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Bit

Initial
Bit Name Value

R/W

Description

ME

0

R/W

TLB Extended Mode Switching
0: TLB compatible mode
1: TLB extended mode

For modifying the ME bit value, always set the Tl bit to
1 to invalidate the contents of ITLB and UTLB.

6t03

AllO

Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

Tl

R/W

TLB Invalidate Bit

Writing 1 to this bit invalidates (clears to 0) all valid
UTLB/ITLB bits. This bit is always read as 0.

Reserved

For details on reading from or writing to this bit, see
description in General Precautions on Handling of
Product.

AT

R/W

Address Translation Enable Bit
These bits enable or disable the MMU.

0: MMU disabled
1: MMU enabled

MMU exceptions are not generated when the AT bit is
0. In the case of software that does not use the MMU,
the AT bit should be cleared to 0.
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7.2.6 Page Table Entry Assistance Register (PTEA)

Initial value: 0

RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
-1 -] EPR 52 [-1-1-[-]
Initial value: 0 0 - - - - - - - - - - 0 0 0 0
RW: R R RW RW RW RW RW RW RW RW RW RW R R R R
Initial
Bit Bit Name Value R/W  Description
31to14 — AllO R Reserved
For details on reading/writing these bits, see General
Precautions on Handling of Product.
13t0 8 EPR Undefined R/W  Page Control Information
7to4 ESZ Undefined R/W  Each bit has the same function as the corresponding
bit of the unified TLB (UTLB). For details, see section
7.4, TLB Functions (TLB Extended Mode; MMUCR.ME
3to0 — All0 R Reserved
For details on reading/writing these bits, see General
Precautions on Handling of Product.
7.2.7 Physical Address Space Control Register (PASCR)

PASCR controls the operation in the physical address space.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LTI T-T-T-T-T-[-T-T-T-T-]
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 10 9 8 7 6 5 4 3 2 1 0
) = i e e e I uB |
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
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Initial
Bit Bit Name  Value R/W  Description

31to8 — AllO R Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

7t00 uB H'00 R/W  Buffered Write Control for Each Area (64 Mbytes)

When writing is performed without using the cache or in
the cache write-through mode, these bits specify
whether the next bus access from the CPU waits for the
end of writing for each area.

0 : Buffered write (The CPU does not wait for the end of
writing bus access and starts the next bus access)

1 : Unbuffered write (The CPU waits for the end of
writing bus access and starts the next bus access)

UB[7]: Corresponding to the control register area
UB[6]: Corresponding to area 6
UB[5]: Corresponding to area 5
UB[4]: Corresponding to area 4
UB[3]: Corresponding to area 3
UB[2]: Corresponding to area 2
UB[1]: Corresponding to area 1
UBI0]: Corresponding to area 0
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7.2.8 Instruction Re-Fetch Inhibit Control Register IRMCR)

When the specific resource is changed, IRMCR controls whether the instruction fetch is
performed again for the next instruction. The specific resource means the part of control registers,
TLB, and cache.

In the initial state, the instruction fetch is performed again for the next instruction after changing
the resource. However, the CPU processing performance will be lowered because the instruction
fetch is performed again for the next instruction every time the resource is changed. Therefore, it
is recommended that each bit in IRMCR is set to 1 and the specific instruction should be executed
after all necessary resources have been changed prior to execution of the program which uses
changed resources.

For details on the specific sequence, see descriptions in each resource.
20 19 18 17 16
0 0 0 0 0

R R R R R

Bit: 31 30 29 28 27 26 25 24 23 22 21

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

© TO| |
o To|l
N Tol |
o JTol |
o TOo| |

Bt 15 14 13 12 11 10 4 3 2 1 0
|R2|R1|LT|MT|MC|
0 0 0 0
RW RW RW RW RW

o
o
o
o

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

T o
D o
D o
os)

Initial

Bit Bit Name  Value R/W  Description

31to5 — AllO R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

4 R2 0 R/W  Re-Fetch Inhibit 2 after Register Change
When MMUCR, PASCR, CCR, PTEH, or RAMCR is
changed, this bit controls whether re-fetch is performed
for the next instruction.
0: Re-fetch is performed
1: Re-fetch is not performed
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Initial
Bit Bit Name Value R/W

Description

3 R1 0 R/W

Re-Fetch Inhibit 1 after Register Change

When a register allocated in addresses H'FF200000 to
H'FF2FFFFF is changed, this bit controls whether re-
fetch is performed for the next instruction.

0: Re-fetch is performed

1: Re-fetch is not performed

2 LT 0 R/W

Re-Fetch Inhibit after LDTLB Execution

This bit controls whether re-fetch is performed for the
next instruction after the LDTLB instruction has been
executed.

0: Re-fetch is performed

1: Re-fetch is not performed

Re-Fetch Inhibit after Writing Memory-Mapped TLB

This bit controls whether re-fetch is performed for the
next instruction after writing memory-mapped
ITLB/UTLB while the AT bitin MMUCR is set to 1.

0: Re-fetch is performed

1: Re-fetch is not performed

Re-Fetch Inhibit after Writing Memory-Mapped IC

This bit controls whether re-fetch is performed for the
next instruction after writing memory-mapped IC while
the ICE bitin CCR is set to 1.

0: Re-fetch is performed
1: Re-fetch is not performed
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7.3 TLB Functions (TLB Compatible Mode; MMUCR.ME = 0)

7.3.1 Unified TLB (UTLB) Configuration
The UTLB is used for the following two purposes:

1. To translate a virtual address to a physical address in a data access

2. As a table of address translation information to be recorded in the ITLB in the event of an
ITLB miss

The UTLB is so called because of its use for the above two purposes. Information in the address
translation table located in external memory is cached into the UTLB. The address translation
table contains virtual page numbers and address space identifiers, and corresponding physical page
numbers and page management information. Figure 7.6 shows the UTLB configuration. The
UTLB consists of 64 fully-associative type entries. Figure 7.7 shows the relationship between the
page size and address format.

Entry 0 [ASID[7:0] |VPN[31:10] [V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0] [D|WT
Entry 1 |ASID[7:0] |VPN[31:10] |V | |PPN[28:10]|SZ[1:0] |SH|C |PR[1:0] |D |WT
Entry2 [ASID[7:0] |VPN[31:10] [V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0]| D |WT

Entry 63 [ASID[7:0] |V.PN[31:10] [v| [PPNi28:10][sZ(1:0) |SI—;|C|PR[1:0] [D]wT]

Figure 7.6 UTLB Configuration (TLB Compatible Mode)
[Legend]

e VPN: Virtual page number
For 1-Kbyte page: Upper 22 bits of virtual address
For 4-Kbyte page: Upper 20 bits of virtual address
For 64-Kbyte page: Upper 16 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address

e ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bit is 0, this identifier is compared with the ASID in PTEH when address comparison is
performed.
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e SH: Share status bit
When 0, pages are not shared by processes.

When 1, pages are shared by processes.

o SZ[1:0]: Page size bits
Specify the page size.
00: 1-Kbyte page
01: 4-Kbyte page
10: 64-Kbyte page
11: 1-Mbyte page

e V: Validity bit
Indicates whether the entry is valid.
0: Invalid
1: Valid
Cleared to 0 by a power-on reset.

Not affected by a manual reset.

e PPN: Physical page number
Upper 22 bits of the physical address of the physical page number.
With a 1-Kbyte page, PPN[28:10] are valid.
With a 4-Kbyte page, PPN[28:12] are valid.
With a 64-Kbyte page, PPN[28:16] are valid.
With a 1-Mbyte page, PPN[28:20] are valid.
The synonym problem must be taken into account when setting the PPN (see section 7.5.5,
Avoiding Synonym Problems).

e PR[1:0]: Protection key data
2-bit data expressing the page access right as a code.
00: Can be read from only in privileged mode
01: Can be read from and written to in privileged mode
10: Can be read from only in privileged or user mode

11: Can be read from and written to in privileged mode or user mode

e C: Cacheability bit
Indicates whether a page is cacheable.
0: Not cacheable
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1: Cacheable

When the control register area is mapped, this bit must be cleared to 0.

e D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed

1: Write has been performed

e  WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode

* 1-Kbyte page

Virtual address Physical address
31 109 0 28 109 0
VPN Offset | memp | PPN Offset
¢ 4-Kbyte page
Virtual address Physical address
31 12 11 0 28 12 11 0
| VPN | offset | = | PPN | offset |
¢ 64-Kbyte page
Virtual address Physical address
31 16 15 0 28 16 15 0
[ wvwn | offset | ==>| PeNn | Ofset |
* 1-Mbyte page
Virtual address Physical address
31 2019 0 28 2019 0
[ ven | Offset | =——> | PPN | Offset |

Figure 7.7 Relationship between Page Size and Address Format (TLB Compatible Mode)
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7.3.2 Instruction TLB (ITLB) Configuration

The ITLB is used to translate a virtual address to a physical address in an instruction access.
Information in the address translation table located in the UTLB is cached into the ITLB. Figure
7.8 shows the ITLB configuration. The ITLB consists of four fully-associative type entries.

Entry O
Entry 1
Entry 2
Entry 3

ASID[7:0] |VPN[31:10] |V| |PPN[28:10] [SZ[1:0] |SH|C|PR
ASID[7:0] |VPN[31:10] |V| |PPN[28:10] |SZ[1:0] |SH|C|PR
ASID[7:0] |VPN[31:10] |V| [PPN[28:10] |SZ[1:0] |SH|C|PR
ASID[7:0] |VPN[31:10] |V| [PPN[28:10] |SZ[1:0] [SH|C|PR

Notes: 1.The D and WT bits are not supported.
2.There is only one PR bit, corresponding to the upper bit of the PR bits in the UTLB.

Figure 7.8 ITLB Configuration (TLB Compatible Mode)

7.3.3 Address Translation Method

Figure 7.9 shows a flowchart of a memory access using the UTLB.
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( Data access to virtual address (VA) )
VAis VAis VAis VAis in PO, UO,
in P4 area in P2 area in P1 area or P3 area

CCR.OCE?

CCR.OCE?

CCR.CB?
0

CCR.WT?

No

PNs match,
ASIDs match, and

No

Y

Data TLB miss
exception

| I
01or11

A

page write
exception

Data TLB protection
violation exception

/ \
Cache access

— 3 1 y
Memory access Cache access
(Non-cacheable) in copy-back mode in write-through mode

Internal resource access

Figure 7.9 Flowchart of Memory Access Using UTLB (TLB Compatible Mode)
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Figure 7.10 shows a flowchart of a memory access using the ITLB.

(

Instruction access to virtual address (VA)

VAis
in P4 area

VAis

in P2 area

o
0 CCRI.ICE?
1

VAis
in P1 area

VAis in PO, UO,
or P3 area

Y

MMUCR.AT =1

No

VPNs match,

Hardware ITLB
miss handling

Record in ITLB

:

nstruction TLB protecti

(

on
violation exception No

L

A\ \

ASIDs match, and

1 (Privileged)

Internal resource access

Memory access
(Non-cacheable)

Cache access

Figure 7.10 Flowchart of Memory Access Using ITLB (TLB Compatible Mode)
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7.4 TLB Functions (TLB Extended Mode; MMUCR.ME =1)

7.4.1 Unified TLB (UTLB) Configuration

Figure 7.11 shows the configuration of the UTLB in TLB extended mode. Figure 7.12 shows the
relationship between the page size and address format.

Entry 0 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] | SH | C |EPR[5:0] | D | WT

Entry 1 ASID[7:0] | VPN[31:10] |V PPN[28:10] | ESZ[3:0] | SH | C |EPR[5:0] |[D |WT

Entry 2 ASID[7:0] | VPN[31:10] |V PPN[28:10] [ESZ[3:0] | SH | C [EPR[5:0] |D | WT

Entry 63 |ASID[7:O] |VPN[31:10] |v| |PPN[28:10] |ESZ[3:O] |SH |c |EPR[5:0] |D |WT|

Figure 7.11 UTLB Configuration (TLB Extended Mode)
[Legend]

e VPN: Virtual page number
For 1-Kbyte page: Upper 22 bits of virtual address
For 4-Kbyte page: Upper 20 bits of virtual address
For 8-Kbyte page: Upper 19 bits of virtual address
For 64-Kbyte page: Upper 16 bits of virtual address
For 256-Kbyte page: Upper 14 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address
For 4-Mbyte page: Upper 10 bits of virtual address
For 64-Mbyte page: Upper 6 bits of virtual address
e ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bit is 0, this identifier is compared with the ASID in PTEH when address comparison is
performed.

e SH: Share status bit
When 0, pages are not shared by processes.
When 1, pages are shared by processes.

e ESZ: Page size bits
Specify the page size.
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0000: 1-Kbyte page

0001: 4-Kbyte page

0010: 8-Kbyte page

0100: 64-Kbyte page

0101: 256-Kbyte page
0111: 1-Mbyte page

1000: 4-Mbyte page

1100: 64-Mbyte page

Note: When a value other than those listed above is recorded, operation is not guaranteed.

e V: Validity bit
Indicates whether the entry is valid.
0: Invalid
1: Valid
Cleared to 0 by a power-on reset.
Not affected by a manual reset.
e PPN: Physical page number
Upper 19 bits of the physical address.
With a 1-Kbyte page, PPN[28:10] are valid.
With a 4-Kbyte page, PPN[28:12] are valid.
With an 8-Kbyte page, PPN[28:13] are valid.
With a 64-Kbyte page, PPN[28:16] are valid.
With a 256-Kbyte page, PPN[28:18] are valid.
With a 1-Mbyte page, PPN[28:20] are valid.
With a 4-Mbyte page, PPN[28:22] are valid.
With a 64-Mbyte page, PPN[28:26] are valid.
The synonym problem must be taken into account when setting the PPN (see section 7.5.5,
Avoiding Synonym Problems).
e EPR: Protection key data
6-bit data expressing the page access right as a code.

Reading, writing, and execution (instruction fetch) in privileged mode and reading, writing,
and execution (instruction fetch) in user mode can be set independently. Each bit is disabled by
0 and enabled by 1.

EPR[5]: Reading in privileged mode
EPR[4]: Writing in privileged mode
EPR[3]: Execution in privileged mode (instruction fetch)
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EPR[2]: Reading in user mode
EPR[1]: Writing in user mode
EPR[0]: Execution in user mode (instruction fetch)
e (: Cacheability bit
Indicates whether a page is cacheable.
0: Not cacheable
1: Cacheable
When the control register area is mapped, this bit must be cleared to 0.
e D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed.
1: Write has been performed.
e  WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode
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1-Kbyte page

4-Kbyte page

8-Kbyte page

64-Kbyte page

256-Kbyte page

1-Mbyte page

4-Mbyte page

64-Mbyte page

Virtual address

31 10 9 0
VPN | Offset | —)

31 12 11 0
VPN Offset | —)

31 13 12 0
VPN Offset | —

31 16 15 0
VPN | Offset | —

31 18 17 0
VPN Offset | —)

31 20 19 0
VPN Offset | —)

31 22 21 0
VPN | Offset | —)

31 26 25 0
VPN| Offset | —

Physical address

28 10 9 0
PPN | Offset |

28 12 11 0
PPN Offset |

28 1312 0
PPN Offset |

28 16 15 0
PPN | Offset |

28 1817 0
PPN Offset |

28 20 19 0
PPN Offset |

28 22 21 0
PPN | Offset |

28 26 25 (0]
PPN| Offset |

Figure 7.12

7.4.2

Relationship between Page Size and Address Format (TLB Extended Mode)

Instruction TLB (ITLB) Configuration

Figure 7.13 shows the configuration of the ITLB in TLB extended mode.

Entry 0
Entry 1
Entry 2

Entry 3

Note: Bits EPR[4], EPR[1], D, and WT are not supported.

ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] |V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPRI3] | EPRI2] | EPR[O]
ASID[7:0] | VPN[31:10] |V | |PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[O]

Figure 7.13 ITLB Configuration (TLB Extended Mode)
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7.4.3 Address Translation Method

Figure 7.14 is a flowchart of memory access using the UTLB in TLB extended mode.

C Data access to virtual address (VA) )

VAis VAis VAis VA'is in PO, UO,
in P4 area in P2 area in P1 area or P3 area

<
<

CCR.OCE?

CCR.OCE?

CCR.CB?
0 0

<

A

Data TLB miss
exception

A4 y

Data TLB protection Data TLB protection
violation exception violation exception
y

— I T T
Internal resource access Memory access Cache access Cache access
(Non-cacheable) in copy-back mode in write-through mode

Figure 7.14 Flowchart of Memory Access Using UTLB (TLB Extended Mode)
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Figure 7.15 is a flowchart of memory access using t

he ITLB in TLB extended mode.

(

Instruction access to virtual address (VA)

)

VA is
in P4 area

VAis
in P2 area

VAis
in P1 area

VA'is in PO, UO,
or P3 area

<
<

-

CCR.ICE?

SH=0

No%nd (MMUCR.SV = 0 of

VPNs match,

Hardware ITLB
miss handling

ASIDs match, and

Record in ITLB

Instruction TLB Instruction TLB
miss exception multiple hit exception

0 (User)

A\

|ICBI or normal instruction access?l

Normal instruction access

PR[2] = 0 and

(Privileged)

Normal instruction access

EPRI0] = O,

Y VY

Instruction TLB protectio
violation exception

),

C=1and
CCR.CE =1

1 '

A

Internal resource access

Memory access
(Non-cacheable)

Cache access

Figure 7.15 Flowchart of Memory Access Using ITLB (TLB Extended Mode)
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7.5 MMU Functions

7.5.1 MMU Hardware Management

This LSI supports the following MMU functions.

1.

The MMU decodes the virtual address to be accessed by software, and performs address
translation by controlling the UTLB/ITLB in accordance with the MMUCR settings.

The MMU determines the cache access status on the basis of the page management
information read during address translation (C and WT bits).

If address translation cannot be performed normally in a data access or instruction access, the
MMU notifies software by means of an MMU exception.

If address translation information is not recorded in the ITLB in an instruction access, the
MMU searches the UTLB. If the necessary address translation information is recorded in the
UTLB, the MMU copies this information into the ITLB in accordance with the LRUI bit
setting in MMUCR.

7.5.2 MMU Software Management

Software processing for the MMU consists of the following:

1.

Setting of MMU-related registers. Some registers are also partially updated by hardware
automatically.

Recording, deletion, and reading of TLB entries. There are two methods of recording UTLB
entries: by using the LDTLB instruction, or by writing directly to the memory-mapped UTLB.
ITLB entries can only be recorded by writing directly to the memory-mapped ITLB. Deleting
or reading UTLB/ITLB entries is enabled by accessing the memory-mapped UTLB/ITLB.
MMU exception handling. When an MMU exception occurs, processing is performed based on
information set by hardware.
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7.5.3 MMU Instruction (LDTLB)

A TLB load instruction (LDTLB) is provided for recording UTLB entries. When an LDTLB
instruction is issued, this LSI copies the contents of PTEH and PTEL (also the contents of PTEA
in TLB extended mode) to the UTLB entry indicated by the URC bit in MMUCR. ITLB entries
are not updated by the LDTLB instruction, and therefore address translation information purged
from the UTLB entry may still remain in the ITLB entry. As the LDTLB instruction changes
address translation information, ensure that it is issued by a program in the P1 or P2 area.

After the LDTLB instruction has been executed, execute one of the following three methods
before an access (include an instruction fetch) the area where TLB is used to translate the address
is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the
area where TLB is used to translate the address.

2. Execute the ICBI instruction for any address (including non-cacheable area).
3. If the LT bit in IRMCR is O (initial value) before executing the LDTLB instruction, the
specific instruction does not need to be executed. However, note that the CPU processing

performance will be lowered because the instruction fetch is performed again for the next
instruction after MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.
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The operation of the LDTLB instruction is shown in figure 7.16 and 7.17.

MMUCR
31 26252423 18171615 109 8 7 3210
LRUI — URB — URC | IS TI—I|AT|
|
Entry specification SQMD
PTEH PTEL
31 109 8 7 0 31 2928 109876543210
VPN — ASID — PPN — | V |szi|PR{1:01[s20| C | D [SH|WT|
Y
Entry 0 ASID[7:0] |VPNI[31:10] |V PPN [28:10] |SZ[1:0] |SH PR[1:0] |D |WT
Entry 1 ASID[7:0] |VPNI[31:10] |V PPN [28:10] |SZ[1:0] |SH PR[1:0] |D [WT
Entry 2 ASID [7:0] |VPN[31:10] |V PPN [28:10] |SZ[1:0] | SH PR[1:0] |D |WT
1 1
1 1
1 1
! !
Entry 63 |ASID[7:0] | VPN [31:10] |V PPN [28:10] |SZ[1:0] |SH PR[1:0] |D |WT

UTLB

Figure 7.16 Operation of LDTLB Instruction (TLB Compatible Mode)
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MMUCR
| LRUI | - | URB | - | URC | SV|ME| - |TI|—|AT|
1
Entry specification SaMb
PTEH PTEL PTEA
VPN | - | ASID || - | PPN |7 v|-|c|o|sH w‘r” - | EPR | ESZ | - |
v .w
Entry 0 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] |SH| C | EPR[5:0] wT
Entry 1 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] |SH| C | EPR[5:0] wWT
Entry 2 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] |SH| C | EPR[5:0] wWT
Entry 63 |ASID[7:O] |VPN[31:10] |v| | PPN[28:10] |ESZ[3:0] |SH| C|EPR[5:0] | D |WT|

Figure 7.17 Operation of LDTLB Instruction (TLB Extended Mode)

7.5.4 Hardware ITLB Miss Handling

In an instruction access, this LSI searches the ITLB. If it cannot find the necessary address
translation information (ITLB miss occurred), the UTLB is searched by hardware, and if the
necessary address translation information is present, it is recorded in the ITLB. This procedure is
known as hardware ITLB miss handling. If the necessary address translation information is not
found in the UTLB search, an instruction TLB miss exception is generated and processing passes

to software.
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7.5.5 Avoiding Synonym Problems
The following explanation is for the case with 32-Kbyte operand cache.

When information on 1- or 4-Kbyte pages is written as TLB entries, a synonym problem may
arise. The problem is that, when a number of virtual addresses are mapped onto a single physical
address, the same physical address data is written to a number of cache entries, and it becomes
impossible to guarantee data integrity. This problem does not occur with the instruction TLB and
instruction cache because only data is read in these cases. In this LSI, entry specification is
performed using bits 12 to 5 of the virtual address in order to achieve fast operand cache
operation. However, bits 12 to 10 of the virtual address in the case of a 1-Kbyte page, and bit 12 of
the virtual address in the case of a 4-Kbyte page, are subject to address translation. As a result, bits
12 to 10 of the physical address after translation may differ from bits 12 to 10 of the virtual
address.

Consequently, the following restrictions apply to the writing of address translation information as
UTLB entries.

e  When address translation information whereby a number of 1-Kbyte page UTLB entries are
translated into the same physical address is written to the UTLB, ensure that the VPN[12:10]
values are the same.

e When address translation information whereby a number of 4-Kbyte page UTLB entries are
translated into the same physical address is written to the UTLB, ensure that the VPN[12]
value is the same.

e Do not use 1-Kbyte page UTLB entry physical addresses with UTLB entries of a different
page size.

¢ Do not use 4-Kbyte page UTLB entry physical addresses with UTLB entries of a different
page size.

The above restrictions apply only when performing accesses using the cache.

For cache sizes other than 32 Kbytes, the page sizes that can lead to synonym problems and the
bits in VPN the value of which should be matched at the time of writing entries to the UTBL are
different from those shown in the above explanation. The page sizes that can lead to synonym
problems are shown in table 7.3 for cache sizes of 8 Kbytes to 64 Kbytes.
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Table 7.3  Cache Size and Countermeasure for Avoiding Synonym Problems

Page Size that can Lead to Synonym  Bits in VPN that should be Matched

Cache Size Problems when Writing to UTLB
8 Kbytes 1 Kbyte VPN[1:0]
16 Kbytes 1 Kbyte VPN[11:10]
32 Kbytes 1 Kbyte VPN[12:10]
4 Kbytes VPN[12]
64 Kbytes 1 Kbyte VPN[13:10]
4 Kbytes VPN[13:12]

Note: When multiple items of address translation information use the same physical memory to
provide for future expansion of the SuperH RISC engine family, ensure that the
VPN[20:10] values are the same. Also, do not use the same physical address for address
translation information of different page sizes.
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7.6 MMU Exceptions

There are seven MMU exceptions: instruction TLB multiple hit exception, instruction TLB miss
exception, instruction TLB protection violation exception, data TLB multiple hit exception, data
TLB miss exception, data TLB protection violation exception, and initial page write exception.
Refer to figures 7.9, 7.10, 7.14, 7.15, and section 5, Exception Handling for the conditions under
which each of these exceptions occurs.

7.6.1 Instruction TLB Multiple Hit Exception

An instruction TLB multiple hit exception occurs when more than one ITLB entry matches the
virtual address to which an instruction access has been made. If multiple hits occur when the
UTLB is searched by hardware in hardware ITLB miss handling, an instruction TLB multiple hit
exception will result.

When an instruction TLB multiple hit exception occurs, a reset is executed and cache coherency is
not guaranteed.

(1) Hardware Processing

In the event of an instruction TLB multiple hit exception, hardware carries out the following
processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'140 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

(2) Software Processing (Reset Routine)

The ITLB entries which caused the multiple hit exception are checked in the reset handling
routine. This exception is intended for use in program debugging, and should not normally be
generated.
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7.6.2 Instruction TLB Miss Exception

An instruction TLB miss exception occurs when address translation information for the virtual
address to which an instruction access is made is not found in the UTLB entries by the hardware
ITLB miss handling routine. The instruction TLB miss exception processing carried out by
hardware and software is shown below. This is the same as the processing for a data TLB miss
exception.

(1) Hardware Processing
In the event of an instruction TLB miss exception, hardware carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'040 in EXPEVT.
4

. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the instruction TLB miss exception handling routine.

o 2 =N

(2) Software Processing (Instruction TLB Miss Exception Handling Routine)

Software is responsible for searching the external memory page table and assigning the necessary
page table entry. Software should carry out the following processing in order to find and assign the
necessary page table entry.

1. In TLB compatible mode, write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT
bits in the page table entry stored in the address translation table for external memory.
In TLB extended mode, write to PTEL and PTEA the values of the PPN, EPR, ESZ, C, D, SH,
V, and WT bits in the page table entry stored in the address translation table for external
memory.

2. When the entry to be replaced in entry replacement is specified by software, write the value to
the URC bits in MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.
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3. In TLB compatible mode, execute the LDTLB instruction and write the contents of PTEH and
PTEL to the TLB.
In TLB extended mode, execute the LDTLB instruction and write the contents of PTEH,
PTEL, PTEA to the UTLB.

4. Finally, execute the exception handling return instruction (RTE) to terminate the exception
handling routine and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

For the execution of the LDTLB instruction, see section 7.8.1, Note on Using LDTLB Instruction.

7.6.3 Instruction TLB Protection Violation Exception

An instruction TLB protection violation exception occurs when, even though an ITLB entry
contains address translation information matching the virtual address to which an instruction
access is made, the actual access type is not permitted by the access right specified by the PR or
EPR bit. The instruction TLB protection violation exception processing carried out by hardware
and software is shown below.

(1) Hardware Processing

In the event of an instruction TLB protection violation exception, hardware carries out the
following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'OAO in EXPEVT.
4

. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the instruction TLB protection violation exception handling routine.

O X SR
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(2) Software Processing (Instruction TLB Protection Violation Exception Handling
Routine)

Resolve the instruction TLB protection violation, execute the exception handling return instruction
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.

7.6.4 Data TLB Multiple Hit Exception

A data TLB multiple hit exception occurs when more than one UTLB entry matches the virtual
address to which a data access has been made.

When a data TLB multiple hit exception occurs, a reset is executed, and cache coherency is not
guaranteed. The contents of PPN in the UTLB prior to the exception may also be corrupted.

(1) Hardware Processing
In the event of a data TLB multiple hit exception, hardware carries out the following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'140 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

(2) Software Processing (Reset Routine)

The UTLB entries which caused the multiple hit exception are checked in the reset handling
routine. This exception is intended for use in program debugging, and should not normally be
generated.

7.6.5 Data TLB Miss Exception

A data TLB miss exception occurs when address translation information for the virtual address to
which a data access is made is not found in the UTLB entries. The data TLB miss exception
processing carried out by hardware and software is shown below.

(1) Hardware Processing
In the event of a data TLB miss exception, hardware carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.
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3. Sets exception code H'040 in the case of a read, or H'060 in the case of a write in EXPEVT
(OCBP, OCBWRB: read; OCBI, MOVCA.L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the data TLB miss exception handling routine.

RS Y

(2) Software Processing (Data TLB Miss Exception Handling Routine)

Software is responsible for searching the external memory page table and assigning the necessary
page table entry. Software should carry out the following processing in order to find and assign the
necessary page table entry.

1. In TLB compatible mode, write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT
bits in the page table entry stored in the address translation table for external memory.

In TLB extended mode, write to PTEL and PTEA the values of the PPN, EPR, ESZ, C, D, SH,
V, and WT bits in the page table entry stored in the address translation table for external
memory.

2. When the entry to be replaced in entry replacement is specified by software, write the value to
the URC bits in MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

3. In TLB compatible mode, execute the LDTLB instruction and write the contents of PTEH and
PTEL to the TLB.

In TLB extended mode, execute the LDTLB instruction and write the contents of PTEH,
PTEL, PTEA to the UTLB.

4. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

For the execution of the LDTLB instruction, see section 7.8.1, Note on Using LDTLB Instruction.
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7.6.6 Data TLB Protection Violation Exception

A data TLB protection violation exception occurs when, even though a UTLB entry contains
address translation information matching the virtual address to which a data access is made, the
actual access type is not permitted by the access right specified by the PR or EPR bit. The data
TLB protection violation exception processing carried out by hardware and software is shown
below.

(1) Hardware Processing

In the event of a data TLB protection violation exception, hardware carries out the following
processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'OAOQ in the case of a read, or H'OCO in the case of a write in EXPEVT
(OCBP, OCBWB: read; OCBI, MOVCA L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the data TLB protection violation exception handling routine.

O XS

(2) Software Processing (Data TLB Protection Violation Exception Handling Routine)

Resolve the data TLB protection violation, execute the exception handling return instruction
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.
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7.6.7 Initial Page Write Exception

An initial page write exception occurs when the D bit is O even though a UTLB entry contains
address translation information matching the virtual address to which a data access (write) is
made, and the access is permitted. The initial page write exception processing carried out by
hardware and software is shown below.

(1) Hardware Processing
In the event of an initial page write exception, hardware carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'080 in EXPEVT.
4

. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the initial page write exception handling routine.

Y

(2) Software Processing (Initial Page Write Exception Handling Routine)
Software is responsible for the following processing:

1. Retrieve the necessary page table entry from external memory.

2. Write 1 to the D bit in the external memory page table entry.

3. In TLB compatible mode, write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT
bits in the page table entry stored in the address translation table for external memory.
In TLB extended mode, write to PTEL and PTEA the values of the PPN, EPR, ESZ, C, D, SH,
V, and WT bits in the page table entry stored in the address translation table for external
memory.

4. When the entry to be replaced in entry replacement is specified by software, write that value to
the URC bits in MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.
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5. In TLB compatible mode, execute the LDTLB instruction and write the contents of PTEH and
PTEL to the TLB.
In TLB extended mode, execute the LDTLB instruction and write the contents of PTEH,
PTEL, PTEA to the UTLB.

6. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.
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7.7 Memory-Mapped TLB Configuration

To enable the ITLB and UTLB to be managed by software, their contents are allowed to be read
from and written to by a program in the P1/P2 area with a MOV instruction in privileged mode.
Operation is not guaranteed if access is made from a program in another area.

After the memory-mapped TLB has been accessed, execute one of the following three methods
before an access (including an instruction fetch) to an area other than the P1/P2 area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be an area
other than the P1/P2 area.

2. Execute the ICBI instruction for any address (including non-cacheable area).

3. If the MT bit in IRMCR is O (initial value) before accessing the memory-mapped TLB, the
specific instruction does not need to be executed. However, note that the CPU processing
performance will be lowered because the instruction fetch is performed again for the next
instruction after MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

The ITLB and UTLB are allocated to the P4 area in the virtual address space.

In TLB compatible mode, VPN, V, and ASID in the ITLB can be accessed as an address array,
PPN, V, SZ, PR, C, and SH as a data array. VPN, D, V, and ASID in the UTLB can be accessed as
an address array, PPN, V, SZ, PR, C, D, WT, and SH as a data array. V and D can be accessed
from both the address array side and the data array side.

In TLB extended mode, VPN, V, and ASID in the ITLB can be accessed as an address array, PPN,
V, ESZ, EPR, C, and SH as a data array. VPN, D, V, and ASID in the UTLB can be accessed as
an address array, PPN, V, ESZ, EPR, C, D, WT, and SH as a data array. V and D can be accessed
from both the address array side and the data array side.

In both TLB compatible mode and TLB extended mode, only longword access is possible.
Instruction fetches cannot be performed in these areas. For reserved bits, a write value of 0 should
be specified; their read value is undefined.
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7.7.1 ITLB Address Array

The ITLB address array is allocated to addresses H'F200 0000 to H'F2FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, V, and ASID to be written to the address array are
specified in the data field.

In the address field, bits [31:24] have the value H'F2 indicating the ITLB address array and the
entry is specified by bits [9:8]. As only longword access is used, 0 should be specified for address
field bits [1:0].

In the data field, bits [31:10] indicate VPN, bit [8] indicates V, and bits [7:0] indicate ASID.
The following two kinds of operation can be used on the ITLB address array:

1. ITLB address array read
VPN, V, and ASID are read into the data field from the ITLB entry corresponding to the entry
set in the address field.

2. ITLB address array write
VPN, V, and ASID specified in the data field are written to the ITLB entry corresponding to
the entry set in the address field.

31 2423 109 8 7 210
Addressfield|1|1|1|1|o|o|1 O * % % % % % % % % % 3k >1:| E [« = % % % %0 O|
31 109 8 7 0
Data field | VPN Hv| ASID |
VPN: Virtual page number ASID: Address space identifier
V: Validity bit ---: Reserved bits (write value should be 0,
E: Entry and read value is undefined )
*: Don't care
Figure 7.18 Memory-Mapped ITLB Address Array
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7.7.2 ITLB Data Array (TLB Compatible Mode)

The ITLB data array is allocated to addresses H'F300 0000 to H'F37F FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, and SH to be written to the data array are
specified in the data field.

In the address field, bits [31:23] have the value H'F30 indicating ITLB data array and the entry is
specified by bits [9:8].

In the data field, bits [28:10] indicate PPN, bit [8] indicates V, bits [7] and [4] indicate SZ, bit [6]
indicates PR, bit [3] indicates C, and bit [1] indicates SH.

The following two kinds of operation can be used on ITLB data array:

1. ITLB data array read
PPN, V, SZ, PR, C, and SH are read into the data field from the ITLB entry corresponding to
the entry set in the address field.

2. ITLB data array write
PPN, V, SZ, PR, C, and SH specified in the data field are written to the ITLB entry
corresponding to the entry set in the address field.

2423 109 8 7 210
AddreSSﬁeld|1|1|1|1|0|0|1 1|0|* S % ok % % sk k% % %k % E|»<»<><><>~>~|O|0|
31302928 987654321
Datafieldl ...... | PPN H|||||H||
SZ1| ZO
PPN: Physical page number PR: Protection key data PR SH
V: Validity bit C: Cacheability bit
E: Entry SH: Share status bit
SZ[1:0]: Page size bits -+- : Reserved bits (write value should be 0,
*: Don't care and read value is undefined )

Figure 7.19 Memory-Mapped ITLB Data Array (TLB Compatible Mode)
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7.7.3 ITLB Data Array (TLB Extended Mode)

In TLB extended mode the names of the data arrays have been changed from ITLB data array to
ITLB data array 1, ITLB data array 2 is added, and the EPR and ESZ bits are accessible. In TLB
extended mode, the PR and SZ bits of ITLB data array 1 are reserved and O should be specified as
the write value for these bits. In addition, when a write to ITLB data array 1 is performed, a write
to ITLB data array 2 of the same entry should always be performed.

In TLB compatible mode (MMUCR.ME = 0), ITLB data array 2 cannot be accessed. Operation if
they are accessed is not guaranteed.

(1) ITLB Data Array 1

In TLB extended mode, bits 7, 6, and 4 in the data field, which correspond to the PR and SZ bits
in compatible mode, are reserved. Specify 0 as the write value for these bits.

31 23 22 109 8 7 210
Addressfield|1|1|1|1|0|0|1|1|0|;;< ok ok % %k ok % ko k % %k x| E [ ok x k k % 0|0|
31 2928 109 8 7 43210
Datafieldl ...... | PPN ||\/| ........ |C|| |
[Legend] SH
PPN: Physical page number C: Cacheability bit
V:  Validity bit SH: Share status bit
E: Entry -+-: Reserved bits
*1 Don't care (write value should be 0,

and read value is undefined)

Figure 7.20 Memory-Mapped ITLB Data Array 1 (TLB Extended Mode)
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(2) ITLB Data Array 2

The ITLB data array is allocated to addresses H'F380 0000 to H'F3FF FFFF in the P4 area. Access
to data array 2 requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and EPR and ESZ to be written to data array 2 are specified in the
data field.

In the address field, bits [31:23] have the value H'F38 indicating ITLB data array 2 and the entry is
specified by bits [9:8].

In the data field, bits [13], [11], [10], and [8] indicate EPR][5], [3], [2], and [0], and bits [7:4]
indicate ESZ, respectively.

The following two kinds of operation can be applied to ITLB data array 2:

1. ITLB data array 2 read

EPR and ESZ are read into the data field from the ITLB entry corresponding to the entry set in
the address field.

2. ITLB data array 2 write

EPR and ESZ specified in the data field are written to the ITLB entry corresponding to the
entry set in the address field.

109 8 7 210
Addressf|e|d|||||||||~k~1<*><><*>y>11<**><><E|J.»>(»****0|O|
31 14131211109 8 7 4 3 0
Datafieldl ............................................ | | | | | | | ESZ | ........ |
EPR[S] | EPR[2]
EPRI[3] EPRI[0]
[Legend]
E: Entry --. - Reserved bits
EPR: Protection key data (write value should be 0,
ESZ: Page size bits and read value is undefined)

#: Don't care

Figure 7.21 Memory-Mapped ITLB Data Array 2 (TLB Extended Mode)
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7.7.4 UTLB Address Array

The UTLB address array is allocated to addresses H'F600 0000 to HF60F FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, D, V, and ASID to be written to the address array are
specified in the data field.

In the address field, bits [31:20] have the value H'F60 indicating the UTLB address array and the
entry is specified by bits [13:8]. Bit [7] that is the association bit (A bit) in the address field
specifies whether address comparison is performed in a write to the UTLB address array.

In the data field, bits [31:10] indicate VPN, bit [9] indicates D, bit [8] indicates V, and bits [7:0]
indicate ASID.

The following three kinds of operation can be used on the UTLB address array:

1. UTLB address array read
VPN, D, V, and ASID are read into the data field from the UTLB entry corresponding to the
entry set in the address field. In a read, associative operation is not performed regardless of
whether the association bit specified in the address field is 1 or 0.

2. UTLB address array write (non-associative)

VPN, D, V, and ASID specified in the data field are written to the UTLB entry corresponding
to the entry set in the address field. The A bit in the address field should be cleared to 0.

3. UTLB address array write (associative)

When a write is performed with the A bit in the address field set to 1, comparison of all the
UTLB entries is carried out using the VPN specified in the data field and ASID in PTEH. The
usual address comparison rules are followed, but if a UTLB miss occurs, the result is no
operation, and an exception is not generated. If the comparison identifies a UTLB entry
corresponding to the VPN specified in the data field, D and V specified in the data field are
written to that entry. This associative operation is simultaneously carried out on the ITLB, and
if a matching entry is found in the ITLB, V is written to that entry. Even if the UTLB
comparison results in no operation, a write to the ITLB is performed as long as a matching
entry is found in the ITLB. If there is a match in both the UTLB and ITLB, the UTLB
information is also written to the ITLB.

Page 202 of 1162 RO1UHO346EJ0400 Rev. 4.00
RENESAS Mar 19, 2012



SH7730 Group Section 7 Memory Management Unit (MMU)

2l 8 7 210
Address field |1|1|1|1|0|1|1|0|0|0|0|0 o ko R E |A w ok ok O|O|
31 109 8 7 0
Data field | VPN |D|V| ASID |
VPN: Virtual page number ASID: Address space identifier
V: Validity bit A: Association bit
E: Entry ---: Reserved bits (write value should be 0
D: Dirty bit and read value is undefined )
*: Don't care

Figure 7.22 Memory-Mapped UTLB Address Array

7.7.5 UTLB Data Array (TLB Compatible Mode)

The UTLB data array is allocated to addresses H'F700 0000 to H'F70F FFFF in the P4 area. A
data array access requires a 32-bit address field specification (when reading or writing) and a 32-
bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, D, SH, and WT to be written to data array
are specified in the data field.

In the address field, bits [31:20] have the value H'F70 indicating UTLB data array and the entry is
specified by bits [13:8].

In the data field, bits [28:10] indicate PPN, bit [8] indicates V, bits [7] and [4] indicate SZ, bits
[6:5] indicate PR, bit [3] indicates C, bit [2] indicates D, bit [1] indicates SH, and bit [0] indicates
WT.

The following two kinds of operation can be used on UTLB data array:

1. UTLB data array read

PPN, V, SZ, PR, C, D, SH, and WT are read into the data field from the UTLB entry
corresponding to the entry set in the address field.

2. UTLB data array write

PPN, V, SZ, PR, C, D, SH, and WT specified in the data field are written to the UTLB entry
corresponding to the entry set in the address field.
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2019 1413 8 7 210
Addressfield|1|1|1|1|O|1|1|1|O|0|0 0% % # % % # E e e 0|o|
31 2928 109876543210
Datafieldl ...... | PPN ||V| |PR |C|D| | |
1 1

1
A SH |
PPN: Physical page number PR: Protection key data (V4 WT

V: Validity bit C: Cacheability bit

E: Entry SH: Share status bit

SZ: Page size bits WT: Write-through bit
D: Dirty bit ... . Reserved bits (write value should be 0
*: Don't care and read value is undefined )

Figure 7.23 Memory-Mapped UTLB Data Array (TLB Compatible Mode)

7.7.6 UTLB Data Array (TLB Extended Mode)

In TLB extended mode, the names of the data arrays have been changed from UTLB data array to
UTLB data array 1, UTLB data array 2 is added, and the EPR and ESZ bits are accessible. In TLB
extended mode, the PR and SZ bits of UTLB data array 1 are reserved and 0 should be specified
as the write value for these bits. In addition, when a write to UTLB data array 1 is performed, a
write to UTLB data array 2 of the same entry should always be performed after that.

In TLB compatible mode (MMUCR.ME = 0), UTLB data array 2 cannot be accessed. Operation if
they are accessed is not guaranteed.

(1) UTLB Data Array 1

In TLB extended mode, bits 7 to 4 in the data field, which correspond to the PR and SZ bits in
compatible mode, are reserved. Specify O as the write value for these bits.

2! 210
roaes s [P FPlo]: -] & [~ o]
31 2928 109 8 7 43210
Datafieldl ...... | PPN ||V| ........ C|D| |
L
[Legend] SH WT
Physical page number C: Cacheability bit

PPN:

V:  Validity bit SH: Share status bit

E: Entry WT: Write-through bit

D:  Dirty bit : Reserved bits

#: Don't care (write value should be 0,

and read value is undefined)

Figure 7.24 Memory-Mapped UTLB Data Array 1 (TLB Extended Mode)
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(2) UTLB Data Array 2

The UTLB data array is allocated to addresses H'F780 0000 to H'F78F FFFF in the P4 area.
Access to data array 2 requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and EPR and ESZ to be written to data array 2 are specified in the
data field.

In the address field, bits [31:20] have the value H'F78 indicating UTLB data array 2 and the entry
is specified by bits [13:8].

In the data field, bits [13:8] indicate EPR, and bits [7:4] indicate ESZ, respectively.
The following two kinds of operation can be applied to UTLB data array 2:

1. UTLB data array 2 read

EPR and ESZ are read into the data field from the UTLB entry corresponding to the entry set
in the address field.

2. UTLB data array 2 write

EPR and ESZ specified in the data field are written to the UTLB entry corresponding to the
entry set in the address field.

2 210
Addressfield|1|1|1|1|o|1|1|1|1|0|0|o Wk ow ok E % E | P 0|0|
31 13 8 7 4 3 0
Data fieldl ............................................. | EPR | ESZ | ........ |
[Legend]
E: Entry -..: Reserved bits
EPR: Protection key data (write value should be 0,
ESZ: Page size bits and read value is undefined)

*: Don't care

Figure 7.25 Memory-Mapped UTLB Data Array 2 (TLB Extended Mode)
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7.8 Usage Notes

7.8.1 Note on Using LDTLB Instruction

When using an LDTLB instruction instead of software to a value to the MMUCR. URC, execute 1
or 2 below.

1. Place the TLB miss exception handling routine*' only in the P1, P2 area ,or the on-chip
memory so that all the instruction accesses*’ in the TLB miss exception handling routine
should occur solely in the P1, P2 area, or the on-chip memory. Clear the RP bit in the RAMCR
register to O (initial value), when the TLB miss exception handling routine is placed in the on-
chip memory.

Do not make an attempt to execute the FDIV or FSQRT instruction in the TLB miss exception
handling routine.

2. If a TLB miss exception occurs, add 1 to MMUCR.URC before executing an LDTLB
instruction.

Notes: 1. An exception handling routine is an entire set of instructions that are executed from the
address (VBR + offset) upon occurrence of an exception to the RTE for returning to the
original program or to the RTE delay slot.

2. Instruction accesses include the PREFI and ICBI instructions.

7.8.2 Notes on the Unbuffered Write Setting

The setting of the UB bit in the memory management unit (MMU) is used for buffered write
control, but in some cases the CPU may not wait for the end of writing bus access before starting
the next bus access even when UB is set to 1 (unbuffered write).

When the MMU’s UB bit (in the physical address space control register (PASCR)) is cleared to 0
(buffered write), the CPU does not wait for the end of writing bus access before starting the next
bus access, and when UB is set to 1 (unbuffered write), the CPU waits for the end of writing bus
access before starting the next bus access.

Nevertheless, under the following frequency setting conditions the CPU may not wait for the end
of writing bus access before starting the next bus access, even when UB is set to 1.

e When the ratio of the CPU clock frequency to the SuperHyway bus clock frequency is N:1 (N
>4)
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Under these circumstances, there may be cases in which software does not operate as intended if it
uses the unbuffered write setting to maintain the sequential relationship between an unbuffered
write and the read or write that follows it.

As a workaround, ensure that the conditions described in (1) or (2) below are satisfied.

(1) Set the CPU clock frequency and SuperHyway bus clock frequency to a ratio of N:1 (N < 3).
(2) Limiting use of the unbuffered write setting
When the ratio of the CPU clock frequency to the SuperHyway bus clock frequency is N:1 (N

>4), do not set the UB[n] (n =7 to 0) bits in PASCR to unbuffered write (UB = 1). Instead,
use the buffered write setting (UB = 0).

Note that when the buffered write setting is used, there may be cases in which software does not
operate as intended if it assumes that the sequential relationship between a write and the read or
write that follows it will always be maintained. To guarantee the sequential relationship, either
insert a SYNCO instruction or execute an instruction that reads the immediately preceding write
destination address after the initial write instruction in the sequence to be maintained.
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Section 8 Caches

This LSI has an on-chip 32-Kbyte instruction cache (IC) for instructions and an on-chip 32-Kbyte
operand cache (OC) for data.

Note: For the size of instruction cache and operand cache, see the hardware manual of the
product. This manual describes the 32-Kbyte case for each cache memory.
For different cache sizes, bit positions different from those shown in figures 8.1, 8.2, and
8.5 to 8.8 apply. The bit positions in ways and entries for various cache sizes are given in
the table below. The bit positions in ways apply to figures 8.5 to 8.8, and those in entries
apply to figures 8.1, 8.2, 8.5, 8.7, and 8.8.

Cache size Way Entry

8 Kbytes bit[12:11] bit[10:5]
16 Kbytes bit[13:12] bit[11:5]
32 Kbytes bit[14:13] bit[12:5]
64 Kbytes bit[15:14] bit[13:5]
8.1 Features

The features of the cache are given in table 8.1.

This LSI supports two 32-byte store queues (SQs) to perform high-speed writes to external
memory. The features of the store queues are given in table 8.2.

Table 8.1 Cache Features

ltem Instruction Cache Operand Cache

Capacity 32-Kbyte cache 32-Kbyte cache

Type 4-way set-associative, virtual 4-way set-associative, virtual
address index/physical address tag address index/physical address tag

Line size 32 bytes 32 bytes

Entries 256 entries/way 256 entries/way

Write method — Copy-back/write-through selectable

Replacement method  LRU (least-recently-used) algorithm LRU (least-recently-used) algorithm
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Table 8.2  Store Queue Features

Item Store Queues

Capacity 32 bytes x 2

Addresses H'E000 0000 to H'E3FF FFFF

Write Store instruction (1-cycle write)

Write-back Prefetch instruction (PREF instruction)

Access right When MMU is disabled: Determined by SQMD bit in MMUCR

When MMU is enabled: Determined by PR for each page

The operand cache of this LSI is 4-way set associative, each way comprising 256 cache lines.
Figure 8.1 shows the configuration of the operand cache.

The instruction cache is 4-way set-associative, each way comprising 256 cache lines. Figure 8.2
shows the configuration of the instruction cache.

This LSI has an IC way prediction scheme to reduce power consumption. In addition, memory-
mapped associative writing, which is detectable as an exception, can be enabled by using the non-
support detection exception register (EXPMASK). For details, see section 5, Exception Handling.
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Virtual address

31 1210 5 4 2 0
\ A\ /
\ 7
Entry selection [12:5] Longword (LW) selection
22 Address array Data array
8 (way 0 to way 3) 3 . (way 0 to way3) LRU
0 Tag u|vVv LWO | LW1 |LW2 | LW3 | LW4 | LW5 [ LW6 | LW7
MMU
e
19
255 19 bits 1 bit[1 bitl_ 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits |32 bits|32 bits |1 6 bits
A \ A A \ A
¢ _ wt 1t 17 17 wt 1t 17 wt
Comparison
Read data Write data
l (Way 0 to way 3)
Hit signal
Figure 8.1 Configuration of Operand Cache
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Virtual address

31 1312 10 5 4 2 0
N\
[12:5] Longword (LW) selection
Entry selection
22 Address array Data array
8
(way 0 to way 3) 3 (way 0 to way3) LRU
0 Tag \Y
MMU
—
19
2551 19bits i bit|| 32 bits(32 bits|32 bits 32 bits{32 bits|32 bits (32 bits|32 bits|[| |6 bits
Y & 1 L+t Lt & T 1
u Yy Y Y Y Y Y ¥V Y
A
Comparison 1 dl
Read data
l (Way 0 to way 3)
Hit signal
Figure 8.2 Configuration of Instruction Cache
e Tag

Stores the upper 19 bits of the 29-bit physical address of the data line to be cached. The tag is
not initialized by a power-on or manual reset.
e V bit (validity bit)
Indicates that valid data is stored in the cache line. When this bit is 1, the cache line data is
valid. The V bit is initialized to 0 by a power-on reset, but retains its value in a manual reset.
e U bit (dirty bit)
The U bit is set to 1 if data is written to the cache line while the cache is being used in copy-
back mode. That is, the U bit indicates a mismatch between the data in the cache line and the
data in external memory. The U bit is never set to 1 while the cache is being used in write-
through mode, unless it is modified by accessing the memory-mapped cache (see section 8.6,
Memory-Mapped Cache Configuration). The U bit is initialized to O by a power-on reset, but
retains its value in a manual reset.
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e Data array

The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized
by a power-on or manual reset.

e [RU

In a 4-way set-associative method, up to 4 items of data can be registered in the cache at each
entry address. When an entry is registered, the LRU bit indicates which of the 4 ways it is to be
registered in. The LRU mechanism uses 6 bits of each entry, and its usage is controlled by
hardware. The LRU (least-recently-used) algorithm is used for way selection, and selects the
less recently accessed way. The LRU bits are initialized to 0 by a power-on reset but not by a
manual reset. The LRU bits cannot be read from or written to by software.
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8.2 Register Descriptions
The following registers are related to cache.

Table 8.3  Register Configuration

Register Name Abbreviation R/W P4 Address* Area 7 Address* Size
Cache control register CCR R/W H'FF00 001C H'1F00 001C 32
Queue address control register 0  QACRO R/W H'FF00 0038 H'1F00 0038 32
Queue address control register 1 QACR1 R/W H'FF0O0 003C H'1F00 003C 32
On-chip memory control register ~ RAMCR R/W H'FF00 0074 H'1F00 0074 32

Note: * These P4 addresses are for the P4 area in the virtual address space. These area 7
addresses are accessed from area 7 in the physical address space by means of the
TLB.

Table 8.4  Register States in Each Processing State

Register Name Abbreviation Power-on Reset Manual Reset Sleep Standby
Cache control register CCR H'0000 0000 H'0000 0000 Retained  Retained
Queue address control register 0 QACRO Undefined Undefined Retained Retained
Queue address control register 1 QACR1 Undefined Undefined Retained  Retained
On-chip memory control register RAMCR H'0000 0000 H'0000 0000 Retained  Retained
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8.2.1 Cache Control Register (CCR)

CCR controls the cache operating mode, the cache write mode, and invalidation of all cache
entries.

CCR modifications must only be made by a program in the non-cacheable P2 area or IL memory.
After CCR has been updated, execute one of the following three methods before an access
(including an instruction fetch) to the cacheable area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the
cacheable area.

2. Execute the ICBI instruction for any address (including non-cacheable area).
If the R2 bit in IRMCR is O (initial value) before updating CCR, the specific instruction does
not need to be executed. However, note that the CPU processing performance will be lowered
because the instruction fetch is performed again for the next instruction after CCR has been
updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19

18 17 16
i i
0 0 0

Initial value: 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 10 9 8 7 6 5 4 3 2 1 0
- -[-[-Jw]-[-Jee]-[-]-]-Joofcs]wr]oce]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R RW R R RW R R R R RW RW RW RW
Initial
Bit Bit Name  Value R/W  Description
31to12 — AllO R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.
11 ICI 0 R/W IC Invalidation Bit
When 1 is written to this bit, the V bits of all IC entries
are cleared to 0. This bit is always read as 0.
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Bit

Bit Name

Initial
Value

R/W

Description

10,9

AllO

Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

ICE

R/W

IC Enable Bit

Selects whether the IC is used. Note however when
address translation is performed, the IC cannot be used
unless the C bit in the page management information is
also 1.

0: IC not used
1:1C used

7t04

All0

Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

OClI

R/W

OC Invalidation Bit

When 1 is written to this bit, the V and U bits of all OC
entries are cleared to 0. This bit is always read as 0.

CB

R/W

Copy-Back Bit

Indicates the P1 area cache write mode.
0: Write-through mode

1: Copy-back mode

WT

R/W

Write-Through Mode

Indicates the PO, U0, and P3 area cache write mode.
When address translation is performed, the value of the
WT bit in the page management information has
priority.

0: Copy-back mode
1: Write-through mode

OCE

R/W

OC Enable Bit

Selects whether the OC is used. Note however when
address translation is performed, the OC cannot be
used unless the C bit in the page management
information is also 1.

0: OC not used
1: OC used
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8.2.2 Queue Address Control Register 0 (QACRO)

QACRO specifies the area onto which store queue 0 (SQO) is mapped when the MMU is disabled.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-l-fr-{-J1-1-{-1-1-7T-7-JT-7-7T-7T-7-]
Initial value: o 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 10 9 8 7 6 5 4 3 2 1 0
I N S T I
Initial value: 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 RW RW R R
Initial
Bit Bit Name Value R/W  Description
31to5 — AllO R Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of

Product.

4to2 AREAO Undefined R/W

When the MMU is disabled, these bits generate
physical address bits [28:26] for SQO.

1,0 — All0 R

Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of

Product.
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8.2.3 Queue Address Control Register 1 (QACR1)

QACRI specifies the area onto which store queue 1 (SQ1) is mapped when the MMU is disabled.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-l-fr-{-J7-1-{-1-7-7T-7-JT-7-7T-7T-7-]
Initial value: o 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 10 9 8 7 6 5 4 3 2 1 0
-1 -[-T-J-[-T-T-7T-7-] aeem [-]-]
Initial value: 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 RW RW R R
Initial
Bit Bit Name Value R/W  Description
31to5 — AllO R Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

4102 AREA1 Undefined R/W  When the MMU is disabled, these bits generate
physical address bits [28:26] for SQ1.

1,0 — AllO R Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.
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8.24 On-Chip Memory Control Register (RAMCR)
RAMCR controls the number of ways in the IC and OC and prediction of the IC way.

RAMCR modifications must only be made by a program in the non-cacheable P2 area. After
RAMCR has been updated, execute one of the following three methods before an access
(including an instruction fetch) to the cacheable area or the on-chip memory area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the
cacheable area, or the on-chip memory.

2. Execute the ICBI instruction for any address (including non-cacheable area).

3. If the R2 bit in IRMCR is O (initial value) before updating RAMCR, the specific instruction
does not need to be executed. However, note that the CPU processing performance will be
lowered because the instruction fetch is performed again for the next instruction after RAMCR
has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

Bit: 31 30 29 28 27 26 25

24 23 22 21 20 19 18 17 16
I N N I I B A B N
0 0 0 0

Initial value: 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
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

- |- -1 -1-1 - [rwo] rp |icow|ocawfowew]
Initial value: 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R RW RW RW RW RW

I o
T o
T o
T o
I o

Initial
Bit Bit Name  Value R/W  Description
31010 — AllO R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.
9 RMD 0 R/W  On-Chip Memory Access Mode Bit
For details, see section 9.4, On-Chip Memory
Protective Functions.
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Bit

Bit Name

Initial
Value

R/W

Description

RP

0

R/W

On-Chip Memory Protection Enable Bit

For details, see section 9.4, On-Chip Memory
Protective Functions.

IC2w

R/W

IC Two-Way Mode bit

0: IC is a four-way operation

1: IC is a two-way operation

For details, see section 8.4.3, IC Two-Way Mode.

oc2w

R/W

OC Two-Way Mode bit

0: OC is a four-way operation

1: OC is a two-way operation

For details, see section 8.3.6, OC Two-Way Mode.

ICWPD

R/W

IC Way Prediction Stop

Selects whether the IC way prediction is used.

0: Instruction cache performs way prediction.

1: Instruction cache does not perform way prediction.

4100

All0

Reserved

For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.
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8.3 Operand Cache Operation

8.3.1 Read Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and data is read from a cacheable
area, the cache operates as follows:

1. The tag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. The tags read from the each way is compared with bits [28:10] of the physical address
resulting from virtual address translation by the MMU:

o If there is a way whose tag matches and its V bit is 1, see No. 3.

e If there is no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bits is 0, see No. 4.

o If there is no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bits is 1, see No. 5.

3. Cache hit

The data indexed by virtual address bits [4:0] is read from the data field of the cache line on
the hitted way in accordance with the access size. Then the LRU bits are updated to indicate
the hitted way is the latest one.

4. Cache miss (no write-back)

Data is read into the cache line on the way, which is selected to replace, from the physical
address space corresponding to the virtual address. When reading data, the read data is
returned to the CPU at the point in time when that data arrives in the cache. While the
remaining data on the cache line is being read, the CPU can execute the next processing. When
reading of one line of data is completed, the tag corresponding to the physical address is
recorded in the cache, 1 is written to the V bit and 0 is written to the U bit on the way. Then
the LRU bit is updated to indicate the way is latest one.

5. Cache miss (with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the
write-back buffer. Then data is read into the cache line on the way which is selected to replace
from the physical address space corresponding to the virtual address. When reading data, the
read data is returned to the CPU at the point in time when that data arrives in the cache. While
the remaining one cache line of data is being read, the CPU can execute the next processing.
When reading of one line of data is completed, the tag corresponding to the physical address is
recorded in the cache, 1 is written to the V bit, and O to the U bit. And the LRU bits are
updated to indicate the way is latest one. The data in the write-back buffer is then written back
to external memory.
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8.3.2 Prefetch Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and data is prefetched from a
cacheable area, the cache operates as follows:

1.

The tag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

The tag, read from each way, is compared with bits [28:10] of the physical address resulting
from virtual address translation by the MMU:

If there is a way whose tag matches and its V bit is 1, see No. 3.

If there is no way whose tag matches and the V bit is 1, and the U bit of the way which is
selected to replace using the LRU bits is 0, see No. 4.

If there is no way whose tag matches and the V bit is 1, and the U bit of the way which is
selected to replace using the LRU bits is 1, see No. 5.

Cache hit
Then the LRU bits are updated to indicate the hitted way is the latest one.
Cache miss (no write-back)

Data is read into the cache line on the way, which is selected to replace, from the physical
address space corresponding to the virtual address. Data reading is performed, using the
wraparound method, in order from the quad-word data (8 bytes) including the cache-missed
data. In the prefetch operation the CPU doesn't wait the data arrives. While the one cache line
of data is being read, the CPU can execute the next processing. When reading of one line of
data is completed, the tag corresponding to the physical address is recorded in the cache, 1 is
written to the V bit and 0 is written to the U bit on the way. And the LRU bit is updated to
indicate the way is latest one.

Cache miss (with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the
write-back buffer. Then data is read into the cache line on the way which is selected to replace
from the physical address space corresponding to the virtual address. Data reading is
performed, using the wraparound method, in order from the quad-word data (8 bytes)
including the cache-missed data. In the prefetch operation the CPU doesn't wait the data
arrives. While the one cache line of data is being read, the CPU can execute the next
processing. And the LRU bits are updated to indicate the way is latest one. The data in the
write-back buffer is then written back to external memory.
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8.3.3 Write Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and data is written to a cacheable
area, the cache operates as follows:

1. The tag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting
from virtual address translation by the MMU:

o If there is a way whose tag matches and its V bit is 1, see No. 3 for copy-back and No. 4 for
write-through.

e [ If there is no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bits is 0, see No. 5 for copy-back and No. 7 for write-
through.

e If there is no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bits is 1, see No. 6 for copy-back and No. 7 for write-
through.

3. Cache hit (copy-back)

A data write in accordance with the access size is performed for the data field on the hit way
which is indexed by virtual address bits [4:0]. Then 1 is written to the U bit. The LRU bits are
updated to indicate the way is the latest one.

4. Cache hit (write-through)

A data write in accordance with the access size is performed for the data field on the hit way
which is indexed by virtual address bits [4:0]. A write is also performed to external memory
corresponding to the virtual address. Then the LRU bits are updated to indicate the way is the
latest one. In this case, the U bit isn't updated.

5. Cache miss (copy-back, no write-back)

A data write in accordance with the access size is performed for the data field on the hit way
which is indexed by virtual address bits [4:0]. Then, the data, excluding the cache-missed data
which is written already, is read into the cache line on the way which is selected to replace
from the physical address space corresponding to the virtual address.

Data reading is performed, using the wraparound method, in order from the quad-word data (8
bytes) including the cache-missed data. While the remaining data on the cache line is being
read, the CPU can execute the next processing. When reading of one line of data is completed,
the tag corresponding to the physical address is recorded in the cache, 1 is written to the V bit
and the U bit on the way. Then the LRU bit is updated to indicate the way is latest one.
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6. Cache miss (copy-back, with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the
write-back buffer. Then a data write in accordance with the access size is performed for the
data field on the hit way which is indexed by virtual address bits [4:0]. Then, the data,
excluding the cache-missed data which is written already, is read into the cache line on the
way which is selected to replace from the physical address space corresponding to the virtual
address. Data reading is performed, using the wraparound method, in order from the quad-
word data (8 bytes) including the cache-missed data. While the remaining data on the cache
line is being read, the CPU can execute the next processing. When reading of one line of data
is completed, the tag corresponding to the physical address is recorded in the cache, 1 is
written to the V bit and the U bit on the way. Then the LRU bit is updated to indicate the way
is latest one. Then the data in the write-back buffer is then written back to external memory.
7. Cache miss (write-through)

A write of the specified access size is performed to the external memory corresponding to the
virtual address. In this case, a write to cache is not performed.

8.34 Write-Back Buffer

In order to give priority to data reads to the cache and improve performance, this LSI has a write-
back buffer which holds the relevant cache entry when it becomes necessary to purge a dirty cache
entry into external memory as the result of a cache miss. The write-back buffer contains one cache
line of data and the physical address of the purge destination.

Physical address bits [28:5] | LWOo | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LwW7 |

Figure 8.3 Configuration of Write-Back Buffer

8.3.5 Write-Through Buffer

This LSI has a 64-bit buffer for holding write data when writing data in write-through mode or
writing to a non-cacheable area. This allows the CPU to proceed to the next operation as soon as
the write to the write-through buffer is completed, without waiting for completion of the write to
external memory.

Physical address bits[28:0] | LWO | LW1 |

Figure 8.4 Configuration of Write-Through Buffer
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8.3.6 OC Two-Way Mode

When the OC2W bit in RAMCR is set to 1, OC two-way mode which only uses way 0 and way 1
in the OC is entered. Thus, power consumption can be reduced. In this mode, only way 0 and way
1 are used even if a memory-mapped OC access is made.

The OC2W bit should be modified by a program in the P2 area. At that time, if the valid line has
already been recorded in the OC, data should be written back by software, if necessary, 1 should
be written to the OCI bit in CCR, and all entries in the OC should be invalid before modifying the
OC2W bit.
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8.4 Instruction Cache Operation

8.4.1 Read Operation

When the IC is enabled (ICE = 1 in CCR) and instruction fetches are performed from a cacheable
area, the instruction cache operates as follows:

1. The tag, V bit, U bit and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting
from virtual address translation by the MMU:

o If there is a way whose tag matches and the V bit is 1, see No. 3.

e If there is no way whose tag matches and the V bit is 1, see No. 4.

3. Cache hit
The data indexed by virtual address bits [4:2] is read as an instruction from the data field on
the hit way. The LRU bits are updated to indicate the way is the latest one.

4. Cache miss
Data is read into the cache line on the way which selected using LRU bits to replace from the
physical address space corresponding to the virtual address. Data reading is performed, using
the wraparound method, in order from the quad-word data (8 bytes) including the cache-
missed data, and when the corresponding data arrives in the cache, the read data is returned to
the CPU as an instruction. While the remaining one cache line of data is being read, the CPU
can execute the next processing. When reading of one line of data is completed, the tag
corresponding to the physical address is recorded in the cache, and 1 is written to the V bit, the
LRU bits are updated to indicate the way is the latest one.

8.4.2 Prefetch Operation

When the IC is enabled (ICE = 1 in CCR) and instruction prefetches are performed from a
cacheable area, the instruction cache operates as follows:

1. The tag, V bit, Ubit and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting
from virtual address translation by the MMU:

o If there is a way whose tag matches and the V bit is 1, see No. 3.

e If there is no way whose tag matches and the V bit is 1, see No. 4.
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3. Cache hit
The LRU bits is updated to indicate the way is the latest one.
4. Cache miss

Data is read into the cache line on a way which selected using the LRU bits to replace from the
physical address space corresponding to the virtual address. Data reading is performed, using
the wraparound method, in order from the quad-word data (8 bytes) including the cache-
missed data. In the prefetch operation, the CPU doesn't wait the data arrived. While the one
cache line of data is being read, the CPU can execute the next processing. When reading of one
line of data is completed, the tag corresponding to the physical address is recorded in the
cache, and 1 is written to the V bit, the LRU bits is updated to indicate the way is the latest
one.

8.4.3 IC Two-Way Mode

When the IC2W bit in RAMCR is set to 1, IC two-way mode which only uses way 0 and way 1 in
the IC is entered. Thus, power consumption can be reduced. In this mode, only way 0 and way 1
are used even if a memory-mapped IC access is made.

The IC2W bit should be modified by a program in the P2 area. At that time, if the valid line has
already been recorded in the IC, 1 should be written to the ICI bit in CCR and all entries in the IC
should be invalid before modifying the IC2W bit.

8.44 Instruction Cache Way Prediction Operation

This LSI incorporates an instruction cache (IC) way prediction scheme to reduce power
consumption. This is achieved by activating only the data array that corresponds to a predicted
way. When way prediction misses occur, data must be re-read from the right way, which may lead
to lower performance in instruction fetching. Setting the ICWPD bit to 1 disables the IC way
prediction scheme. Since way prediction misses do not occur in this mode, there is no loss of
performance in instruction fetching but the IC consumes more power. The ICWPD bit should be
modified by a program in the non-cacheable P2 area. If a valid line has already been recorded in
the IC at this time, invalidate all entries in the IC by writing 1 to the ICI bit in CCR before
modifying the ICWPD bit.
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8.5 Cache Operation Instruction

8.5.1 Coherency between Cache and External Memory
(1) Cache Operation Instruction

Coherency between cache and external memory should be assured by software. In this LSI, the
following six instructions are supported for cache operations. Details of these instructions are
given in section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual.

e Operand cache invalidate instruction: OCBI @Rn

Operand cache invalidation (no write-back)

e Operand cache purge instruction: OCBP @Rn
Operand cache invalidation (with write-back)

e Operand cache write-back instruction: OCBWB @Rn

Operand cache write-back

e Operand cache allocate instruction: MOVCA.L RO,@Rn

Operand cache allocation

e Instruction cache invalidate instruction: ICBI @Rn

Instruction cache invalidation

e Operand access synchronization instruction: SYNCO

Wait for data transfer completion

(2) Coherency Control

The operand cache can receive "PURGE" and "FLUSH" transaction from SuperHyway bus to
control the cache coherency. Since the address used by the PURGE and FLUSH transaction is a
physical address, do not use the 1 Kbyte page size to avoid cache synonym problem in MMU
enable mode.

e PURGE transaction

When the operand cache is enabled, the PURGE transaction checks the operand cache and
invalidates the hit entry. If the invalidated entry is dirty, the data is written back to the external
memory. If the transaction is not hit to the cache, it is no-operation.
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FLUSH transaction

When the operand cache is enabled, the FLUSH transaction checks the operand cache and if
the hit line is dirty, then the data is written back to the external memory. If the transaction is
not hit to the cache or the hit entry is not dirty, it is no-operation.

(3) Changes in Instruction Specifications Regarding Coherency Control

Of the operand cache operating instructions, the coherency control-related specifications of OCBI,
OCBP, and OCBWB have been changed from those of the SH-4A with H'20-valued VER bits in
the processor version register (PVR).

Changes in the invalidate instruction OCBI@Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as
NOP in the SH-4A with H'20-valued VER bits in the processor version register (PVR). In the
SH-4A with extended functions, this instruction invalidates the operand cache line designated
by way = Rn[14:13] and entry = Rn[12:5] provided that Rn[31:24] = H'F4 (OC address array
area). In this process, writing back of the line does not take place even if the line to be
invalidated is dirty. This operation is only executable in privileged mode, and an address error
exception occurs in user mode. TLB-related exceptions do not occur.

Do not execute this instruction to invalidate the memory-mapped array areas and control
register areas for which Rn[31:24] is not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to
H'FF).

Changes in the purge instruction OCBP@Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as
NOP in the SH-4A with H20-valued VER bits in the processor version register (PVR). In the
SH-4A with extended functions, this instruction invalidates the operand cache line designated
by way = Rn[14:13] and entry = Rn[12:5] provided that Rn[31:24] = H'F4 (OC address array
area). In this process, writing back of the line takes place when the line to be invalidated is
dirty. This operation is only executable in privileged mode, and an address error exception
occurs in user mode. TLB-related exceptions do not occur.

Do not execute this instruction to invalidate the memory-mapped array areas and control

register areas for which Rn[31:24] is not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to
H'FF).
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e Changes in the write-back instruction OCBWB @Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as
NOP in the SH-4A with H20-valued VER bits in the processor version register (PVR). In the
SH-4A with extended functions, provided that Rn[31:24] = H'F4 (OC address array area), this
instruction writes back the operand cache line designated by way = Rn[14:13] and entry =
Rn[12:5] if it is dirty and clears the dirty bit to 0. This operation is only executable in
privileged mode, and an address error exception occurs in user mode. TLB-related exceptions
do not occur.

Do not execute this instruction to invalidate the memory-mapped array areas and control
register areas for which Rn[31:24] is not H'F4, and their reserved areas (H'FO to H'F3, HFS to
H'FF).

8.5.2 Prefetch Operation

This LSI supports a prefetch instruction to reduce the cache fill penalty incurred as the result of a
cache miss. If it is known that a cache miss will result from a read or write operation, it is possible
to fill the cache with data beforehand by means of the prefetch instruction to prevent a cache miss
due to the read or write operation, and so improve software performance. If a prefetch instruction
is executed for data already held in the cache, or if the prefetch address results in a UTLB miss or
a protection violation, the result is no operation, and an exception is not generated. Details of the
prefetch instruction are given in section 11, Instruction Descriptions of the SH-4A Extended
Functions Software Manual.

e Prefetch instruction (OC) : PREF @Rn
e Prefetch instruction (IC) : PREFI @Rn
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8.6 Memory-Mapped Cache Configuration

The IC and OC can be managed by software. The contents of IC data array can be read from or
written to by a program in the P2 area by means of a MOV instruction in privileged mode. The
contents of IC address array can also be read from or written to in privileged mode by a program
in the P2 area or the IL. memory area by means of a MOV instruction. Operation is not guaranteed
if access is made from a program in another area. In this case, execute one of the following three
methods for executing a branch to the PO, UO, P1, or P3 area.

1. Execute a branch using the RTE instruction.

2. Execute a branch to the PO, U0, P1, or P3 area after executing the ICBI instruction for any
address (including non-cacheable area).

3. If the MC bit in IRMCR is O (initial value) before making an access to the memory-mapped
IC, the specific instruction does not need to be executed. However, note that the CPU
processing performance will be lowered because the instruction fetch is performed again for
the next instruction after making an access to the memory-mapped IC.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

In privileged mode, the OC contents can be read from or written to by a program in the P1 or P2
area by means of a MOV instruction. Operation is not guaranteed if access is made from a
program in another area. The IC and OC are allocated to the P4 area in the virtual address space.
Only data accesses can be used on both the IC address array and data array and the OC address
array and data array, and accesses are always longword-size. Instruction fetches cannot be
performed in these areas. For reserved bits, a write value of 0 should be specified and the read
value is undefined.

8.6.1 IC Address Array

The IC address array is allocated to addresses H'FOOO 0000 to H'FOFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'FO indicating the IC address array, and the way
is specified by bits [14:13] and the entry by bits [12:5]. The association bit (A bit) [3] in the
address field specifies whether or not association is performed when writing to the IC address
array. As only longword access is used, 0 should be specified for address field bits [1:0].
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In the data field, the tag is indicated by bits [31:10], and the V bit by bit [0]. As the IC address
array tag is 19 bits in length, data field bits [31:29] are not used in the case of a write in which
association is not performed. Data field bits [31:29] are used for the virtual address specification
only in the case of a write in which association is performed.

The following three kinds of operation can be used on the IC address array:

1. IC address array read

The tag and V bit are read into the data field from the IC entry corresponding to the way and
entry set in the address field. In a read, associative operation is not performed regardless of
whether the association bit specified in the address field is 1 or 0.

2. IC address array write (non-associative)

The tag and V bit specified in the data field are written to the IC entry corresponding to the
way and entry set in the address field. The A bit in the address field should be cleared to 0.

3. IC address array write (associative)

When a write is performed with the A bit in the address field set to 1, the tag in each way
stored in the entry specified in the address field is compared with the tag specified in the data
field. The way numbers of bits [14:13] in the address field are not used. If the MMU is enabled
at this time, comparison is performed after the virtual address specified by data field bits
[31:10] has been translated to a physical address using the ITLB. If the addresses match and
the V bit in the way is 1, the V bit specified in the data field is written into the IC entry. In
other cases, no operation is performed. This operation is used to invalidate a specific IC entry.
If an ITLB miss occurs during address translation, or the comparison shows a mismatch, an
exception is not generated, no operation is performed, and the write is not executed.

Note: IC address array associative writing function may not be supported in the future SuperH
Series. Therefore, it is recommended that the ICBI instruction should be used to operate
the IC definitely by handling ITLB miss and reporting ITLB miss exception.

31 2423 15141312 543210
Addressfield|1|1|1|1|0|o|o Of* * % % %= % % % = | Entry |O|A|0|0|O|
|
1
Way
31 109 10
Data field | Tag | ...................... |v|

V : Validity bit
A : Association bit

: Reserved bits (write value should be 0 and read value is undefined )
* : Don't care

Figure 8.5 Memory-Mapped IC Address Array
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8.6.2 IC Data Array

The IC data array is allocated to addresses HF100 0000 to H'F1FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F1 indicating the IC data array, and the way is
specified by bits [14:13] and the entry by bits [12:5]. Address field bits [4:2] are used for the
longword data specification in the entry. As only longword access is used, O should be specified
for address field bits [1:0].

The data field is used for the longword data specification.
The following two kinds of operation can be used on the IC data array:

1. IC data array read
Longword data is read into the data field from the data specified by the longword specification
bits in the address field in the IC entry corresponding to the way and entry set in the address
field.

2. IC data array write
The longword data specified in the data field is written for the data specified by the longword
specification bits in the address field in the IC entry corresponding to the way and entry set in
the address field.

2423 15141312 54 210
Addressfield|1|1|1|1|o|o|o IEREE R ~| | Entry | L |0|0|
|
Wa
31 Y 0
Data field | Longword data |

L : Longword specification bits
* : Don't care

Figure 8.6 Memory-Mapped IC Data Array
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8.6.3 OC Address Array

The OC address array is allocated to addresses H'F400 0000 to HF4FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag, U bit, and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'F4 indicating the OC address array, and the way
is specified by bits [14:13] and the entry by bits [12:5]. The association bit (A bit) [3] in the
address field specifies whether or not association is performed when writing to the OC address
array. As only longword access is used, 0 should be specified for address field bits [1:0].

In the data field, the tag is indicated by bits [31:10], the U bit by bit [1], and the V bit by bit [0].
As the OC address array tag is 19 bits in length, data field bits [31:29] are not used in the case of a
write in which association is not performed. Data field bits [31:29] are used for the virtual address
specification only in the case of a write in which association is performed.

The following three kinds of operation can be used on the OC address array:

1. OC address array read

The tag, U bit, and V bit are read into the data field from the OC entry corresponding to the
way and entry set in the address field. In a read, associative operation is not performed
regardless of whether the association bit specified in the address field is 1 or 0.

2. OC address array write (non-associative)

The tag, U bit, and V bit specified in the data field are written to the OC entry corresponding to
the way and entry set in the address field. The A bit in the address field should be cleared to 0.

When a write is performed to a cache line for which the U bit and V bit are both 1, after write-
back of that cache line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)

When a write is performed with the A bit in the address field set to 1, the tag in each way
stored in the entry specified in the address field is compared with the tag specified in the data
field. The way numbers of bits [14:13] in the address field are not used. If the MMU is enabled
at this time, comparison is performed after the virtual address specified by data field bits
[31:10] has been translated to a physical address using the UTLB. If the addresses match and
the V bit in the way is 1, the U bit and V bit specified in the data field are written into the OC
entry. In other cases, no operation is performed. This operation is used to invalidate a specific
OC entry. If the OC entry U bit is 1, and O is written to the V bit or to the U bit, write-back is
performed. If a UTLB miss occurs during address translation, or the comparison shows a
mismatch, an exception is not generated, no operation is performed, and the write is not
executed.
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Note: OC address array associative writing function may not be supported in the future SuperH
Series. Therefore, it is recommended that the OCBI, OCBP, or OCBWB instruction
should be used to operate the OC definitely by reporting data TLB miss exception.

2423 15141312 543210
Addressfield|1|1|1|1|o|1|o Of % s x ww x x5 x| | Entry |O|A|0|0|0|
31 Way 109 210
Data field | Tag | .................... |u |v|
V : Validity bit
U : Dirty bit
A : Association bit

-: Reserved bits (write value should be 0 and read value is undefined )
+ :Don't care

Figure 8.7 Memory-Mapped OC Address Array

8.6.4 OC Data Array

The OC data array is allocated to addresses H'F500 0000 to H'F5SFF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'FS indicating the OC data array, and the way is
specified by bits [14:13] and the entry by bits [12:5]. Address field bits [4:2] are used for the
longword data specification in the entry. As only longword access is used, O should be specified
for address field bits [1:0].

The data field is used for the longword data specification.
The following two kinds of operation can be used on the OC data array:

1. OC data array read
Longword data is read into the data field from the data specified by the longword specification
bits in the address field in the OC entry corresponding to the way and entry set in the address
field.

2. OC data array write
The longword data specified in the data field is written for the data specified by the longword
specification bits in the address field in the OC entry corresponding to the way and entry set in
the address field. This write does not set the U bit to 1 on the address array side.
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2423 15141312 543210

wosestea[\ LTI [, | e [ [q
31 Way 0

Data field | Longword data |

L : Longword specification bits
* : Don't care

Figure 8.8 Memory-Mapped OC Data Array

8.6.5 Memory-Mapped Cache Associative Write Operation

Associative writing to the IC and OC address arrays may not be supported in future SuperH-
family products. The use of instructions ICBI, OCBI, OCBP, and OCBWB is recommended.
These instructions handle ITLB misses, and notify instruction TLB miss exceptions and data TLB
miss exceptions, thus providing a sure way of controlling the IC and OC. As a transitional
measure, this LSI generates address errors when this function is used. If compatibility with
previous products is a crucial consideration, on the other hand, the MMCAW bit in EXPMASK
(H'FF2F 0004) can be set to 1 to enable this function. However, instructions ICBI, OCBI, OCBP,
and OCBWRB should be used to guarantee compatibility with future SuperH-family products.
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8.7 Store Queues

This LSI supports two 32-byte store queues (SQs) to perform high-speed writes to external
memory.

8.7.1 SQ Configuration

There are two 32-byte store queues, SQO and SQI, as shown in figure 8.9. These two store queues
can be set independently.

SQo | SQO[0] | SQO[1] | SQO[2] | SQo[3] | sQo[4] | sQois] |SQO[6] |SQO[7] |

SQi1 | SQ1[0] | SQ1[1] | SQ1[2] | SQ1[3] | SQ1[4] | SQ1[5] | SQ1[6] | SQ1[7]

4 byte 4 byte 4byte 4byte 4byte 4byte 4 byte 4 byte

Figure 8.9 Store Queue Configuration

8.7.2 Writing to SQ

A write to the SQs can be performed using a store instruction for addresses H'E0O0O 0000 to
H'E3FF FFFC in the P4 area. A longword or quadword access size can be used. The meanings of
the address bits are as follows:

[31:26] : 111000 Store queue specification
[25:6] : Don't care Used for external memory transfer/access right
[5] 1 0/1 0: SQO specification
1: SQ1 specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] : 00 Fixed at 0
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8.7.3 Transfer to External Memory

Transfer from the SQs to external memory can be performed with a prefetch instruction (PREF).
Issuing a PREF instruction for addresses H'EOOO 0000 to H'E3FF FFFC in the P4 area starts a
transfer from the SQs to external memory. The transfer length is fixed at 32 bytes, and the start
address is always at a 32-byte boundary. While the contents of one SQ are being transferred to
external memory, the other SQ can be written to without a penalty cycle. However, writing to the
SQ involved in the transfer to external memory is kept waiting until the transfer is completed.

The physical address bits [28:0] of the SQ transfer destination are specified as shown below,
according to whether the MMU is enabled or disabled.

e When MMU is enabled (AT =1 in MMUCR)

The SQ area (H'E000 0000 to H'E3FF FFFF) is set in VPN of the UTLB, and the transfer
destination physical address in PPN. The ASID, V, SZ, SH, PR, and D bits have the same
meaning as for normal address translation, but the C and WT bits have no meaning with regard
to this page. When a prefetch instruction is issued for the SQ area, address translation is
performed and physical address bits [28:10] are generated in accordance with the SZ bit
specification. For physical address bits [9:5], the address prior to address translation is
generated in the same way as when the MMU is disabled. Physical address bits [4:0] are fixed
at 0. Transfer from the SQs to external memory is performed to this address.

e When MMU is disabled (AT = 0 in MMUCR)

The SQ area (H'E000 0000 to HE3FF FFFF) is specified as the address at which a PREF
instruction is issued. The meanings of address bits [31:0] are as follows:

[31:26]  : 111000 Store queue specification
[25:6] : Address Transfer destination physical address bits [25:6]
[5] 1 0/1 0: SQO specification
1: SQI specification and transfer destination physical
address bit [5]
[4:2] : Don't care No meaning in a prefetch
[1:0] : 00 Fixed at 0

Physical address bits [28:26], which cannot be generated from the above address, are generated
from QACRO and QACRI.

QACRO[4:2] : Physical address bits [28:26] corresponding to SQO
QACRI[4:2] : Physical address bits [28:26] corresponding to SQ1
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Physical address bits [4:0] are always fixed at O since burst transfer starts at a 32-byte
boundary.

8.7.4 Determination of SQ Access Exception

Determination of an exception in a write to an SQ or transfer to external memory (PREF
instruction) is performed as follows according to whether the MMU is enabled or disabled. If an
exception occurs during a write to an SQ, the SQ contents before the write are retained. If an
exception occurs in a data transfer from an SQ to external memory, the transfer to external
memory will be aborted.

e When MMU is enabled (AT = 1 in MMUCR)

Operation is in accordance with the address translation information recorded in the UTLB, and
the SQMD bit in MMUCR. Write type exception judgment is performed for writes to the SQs,
and read type exception judgment for transfer from the SQs to external memory (using a PREF
instruction). As a result, a TLB miss exception or protection violation exception is generated
as required. However, if SQ access is enabled in privileged mode only by the SQMD bit in
MMUCR, an address error will occur even if address translation is successful in user mode.

e When MMU is disabled (AT = 0 in MMUCR)
Operation is in accordance with the SQMD bit in MMUCR.
0: Privileged/user mode access possible
1: Privileged mode access possible

If the SQ area is accessed in user mode when the SQMD bit in MMUCR is set to 1, an address
error will occur.

8.7.5 Reading from SQ

In privileged mode in this LSI, reading the contents of the SQs may be performed by means of a
load instruction for addresses H'FFO0O 1000 to H'FFOO 103C in the P4 area. Only longword access
is possible.

[31:6] : H'FF0O0 1000 Store queue specification
[5] 1 0/1 0: SQO specification
1: SQI specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] : 00 Fixed at 0
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Section 9 On-Chip Memory
This LSI includes the IL memory which is suitable for instruction storage.

9.1 Features

(1) IL Memory

e Capacity
The IL memory in this LSI is 16 Kbytes.
e Page

The IL memory is divided into four pages (pages 0, 1, 2, and 3).
e Memory map

The IL memory is allocated to the addresses shown in table 9.1 in both the virtual address
space and the physical address space.

Table 9.1 IL Memory Addresses

Memory Size

Page 16 Kbytes

Page 0 H'E520 0000 to H'E520 OFFF
Page 1 H'E520 1000 to H'E520 1FFF
Page 2 H'E520 2000 to H'E520 2FFF
Page 3 H'E520 3000 to H'E520 3FFF
e Ports

The page has three independent read/write ports and is connected to the SuperHyway bus, the
cache/RAM internal bus, and the instruction bus. The instruction bus is used when the IL
memory is accessed through instruction fetch. The cache/RAM internal bus is used when the
IL memory is accessed through operand access. The SuperHyway bus is used for IL memory
access from the SuperHyway bus master module.

e Priority
In the event of simultaneous accesses to the same page from different buses, the access
requests are processed according to priority. The priority order is: SuperHyway bus >
cache/RAM internal bus > instruction bus.
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9.2 Register Descriptions
The following register is related to the on-chip memory.

Table 9.2  Register Configuration

Area 7
Name Abbreviation R/W P4 Address* Address* Access Size
On-chip memory control RAMCR R/W H'FF00 0074 H'1F00 0074 32

register

Note: * The P4 address is the address used when using P4 area in the virtual address space.
The area 7 address is the address used when accessing from area 7 in the physical
address space using the TLB.

Table 9.3  Register States in Each Processing Mode

Name Abbreviation Power-On Reset Sleep Standby
On-chip memory control register RAMCR H'0000 0000 Retained  Retained

9.2.1 On-Chip Memory Control Register (RAMCR)
RAMCR controls the protective functions in the on-chip memory.

When updating RAMCR, please follow limitation described at section 8.2.4, On-Chip Memory
Control Register (RAMCR).

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 0
RW: 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
[—= ] -=T-1-=1-=1- [rwp] rp [icoaw|ocow]ewer] — | — | — [ — [ — |
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 RW RW RW RW RW R R R R R
Initial
Bit Bit Name  Value R/W  Description
31to10 — AllO R Reserved
For read/write in these bits, refer to General
Precautions on Handling of Product.
Page 242 of 1162 RO1UHO0346EJ0400 Rev. 4.00

RENESAS Mar 19, 2012



SH7730 Group

Section 9 On-Chip Memory

Bit Bit Name

Initial
Value

R/W

Description

9 RMD

0

R/W

On-Chip Memory Access Mode

Specifies the right of access to the on-chip memory
from the virtual address space.

0: An access in privileged mode is allowed.
(An address error exception occurs in user mode.)

1: An access in user/ privileged mode is allowed.

R/W

On-Chip Memory Protection Enable

Selects whether or not to use the protective functions
using ITLB and UTLB for accessing the on-chip
memory from the virtual address space.

0: Protective functions are not used.
1: Protective functions are used.

For further details, refer to section 9.4, On-Chip
Memory Protective Functions.

7 IC2w

R/W

IC Two-Way Mode

For further details, refer to section 8.4.3, IC Two-Way
Mode.

6 oc2w

R/W

OC Two-Way Mode

For further details, refer to section 8.3.6, OC Two-Way
Mode.

5 ICWPD

R/W

IC Way Prediction Disable

For further details, refer to section 8.4.4, Instruction
Cache Way Prediction Operation.

4100 —

All0

Reserved

For read/write in these bits, refer to General
Precautions on Handling of Product.
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9.3 Operation

9.3.1 Instruction Fetch Access from the CPU

Instruction fetch access from the CPU is performed directly via the instruction bus for a given
virtual address. In the case of successive accesses to the same page of IL memory and as long as
no page conflict occurs, the access takes one cycle.

9.3.2 Operand Access from the CPU and Access from the FPU
Note: Operand access is applied for PC relative access (@(disp,pc)).

Operand access from the CPU and access from the FPU are performed via the cache/RAM internal
bus. Access via the cache/RAM internal bus takes more than one cycle.

9.3.3 Access from the SuperHyway Bus Master Module

On-chip memory is always accessed by the SuperHyway bus master module, such as DMAC, via
the SuperHyway bus which is a physical address bus. The same addresses as for the virtual
addresses must be used.
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94 On-Chip Memory Protective Functions

This LSI implements the following protective functions to the on-chip memory by using the on-
chip memory access mode bit (RMD) and the on-chip memory protection enable bit (RP) in the
on-chip memory control register (RAMCR).

e Protective functions for access from the CPU and FPU

When RAMCR.RMD = 0, and the on-chip memory is accessed in user mode, it is determined
to be an address error exception.

When MMUCR.AT = 1 and RAMCR.RP = 1, MMU exception and address error exception are
checked in the on-chip memory area which is a part of area P4 as with the area PO/P3/U0.

The above descriptions are summarized in table 9.4.

Table 9.4  Protective Function Exceptions to Access On-Chip Memory

Always Occurring Possibly Occurring

MMUCR.AT RAMCR.RP SR.MD RAMCR.RMD Exceptions Exceptions
0 X 0 0 Address error —
exception
1 — —
1 X — —
1 0 0 0 Address error —
exception
1 _ _
1 X — —
1 0 0 Address error —
exception
1 — MMU exception
1 X — MMU exception

[Legend] x: Don't care
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9.5 Usage Notes

9.5.1 Page Conflict

In the event of simultaneous access to the same page from different buses, page conflict occurs.
Although each access is completed correctly, this kind of conflict tends to lower On-chip memory
accessibility. Therefore it is advisable to provide all possible preventative software measures. For
example, conflicts will not occur if each bus accesses different pages.

9.5.2 Access Across Different Pages

Access from the instruction bus is performed in one cycle when the access is made successively to
the same page but takes multiple cycles (a maximum of two wait cycles may be required) when
the access is made across pages or the previous access was made to memory other than IL
memory. For this reason, from the viewpoint of performance optimization, it is recommended to
design the software such that the target page does not change so often in access from the
instruction bus. For example, allocating a separate program for each page will deliver better
efficiency.

9.5.3 On-Chip Memory Coherency

In order to allocate instructions in the IL. memory, write an instruction to the IL. memory, execute
the following sequence, then branch to the rewritten instruction.

e SYNCO
e ICBI @Rn

In this case, the target for the ICBI instruction can be any address (IL memory address may be
possible) within the range where no address error exception occurs, and cache hit/miss is possible.

9.54 Sleep Mode

The SuperHyway bus master module, such as DMAC, cannot access OL memory and IL. memory
in sleep mode.
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Section 10 Interrupt Controller (INTC)

The interrupt controller (INTC) determines the priority of interrupt sources and controls interrupt
requests to the CPU. Some INTC registers set the priority of each interrupt and interrupt requests
are processed according to the user-set priority.

10.1  Features
The INTC has the following features.

o Fifteen levels of interrupt priority can be set.
By setting the interrupt priority registers, the priorities of on-chip peripheral module interrupts
can be selected from 15 levels for individual 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 handling routine, the pin state can be checked, enabling it to be used as a noise
canceler.

e NMI request masking when the block bit (BL) in the status register (SR) is set to 1
Whether to mask NMI requests when the BL bit in SR is set to 1 can be selected.
e User-mode interrupt disabling function

Specifying an interrupt mask level in the user interrupt mask level register (USERIMASK)
disables interrupts which are not higher in priority than the specified mask level in user mode.
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SH7730 Group

Figure 10.1 shows a block diagram of the INTC.

INTC
IRQOUT =
CPU
NMI > NMI
TRL3 to IRLO* ,{1 > request | NMI acceptance
/ 5 Input Interrupt | Interrupt
IRQ7 to IR > p p p
Q710 1RQ0—17 control [ Compa-] request | acceptance
PINTA7 to s rator 74 .
PINTAO 78 74
PINTB3 to A
PINTBO 4 7\ Priority L
determination 4
(Interrupt request) _
. (Interrupt request) -
Peripheral (Interrupt request) _
modules >
(Interrupt request)
A
Y
INTPRIOO
IPRA to IPRK
ICRO p— USERIMASK|
(Rt ] [ wrrecoo | UIMASK_|
NMIFCR INTMSKO00
IMRO to IMR12
——————— |
INTMSKCLROO 1
IMCRO to IMCR12
p—
A A
(2]
a
- Y Y \ N Bus _ s
- ~| interface [T e
2
£
[Legend]
ICRO, ICR1: Interrupt control registers 0, 1
NMIFCR: NMI flag control register

INTPRIOO, IPRA to IPRK:

INTREQOO:

INTMSKOO0, IMRO to IMR12:

INTMSKCLROO, IMCRO to IMCR12:

USERIMASK:

Interrupt priority registers
Interrupt request register
Interrupt mask registers

Interrupt mask clear registers

User interrupt mask level register

Note: * IRQ3 to IRQO and IRL3 to IRLO pin functions are multiplexed on the same pins,
so the functions cannot be used at the same time.

Figure 10.1 Block Diagram of INTC
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10.2  Input/Output Pins
Table 10.1 shows the INTC pin configuration.

Table 10.1 Pin Configuration

Pin Name Function /0 Description

NMI Non maskable interrupt  Input Interrupt request signal that is not
input pin maskable

IRQ7 to IRQO, External interrupt input  Input Inputs of interrupt request signals

IRL3 to IRLO*? pins

IRQOUT*2 Interrupt request output  Output  Signal indicating that an interrupt
pin request has been generated.

PINTA7 to PINTAO, Port-interrupt input pins  Input Inputs of port interrupt request signals

PINTB3 to PINTBO

Notes: 1. IRQ3 to IRQO and IRL3 to IRLO pin functions are multiplexed on the same pins, so the
functions cannot be used at the same time.

2. IRQOUT is multiplexed with REFOUT (refresh request signal on bus release).

10.3  Register Descriptions

Table 10.2 shows the INTC register configuration. Table 10.3 shows the register states in each
operating mode.

Table 10.2 Register Configuration

Register Abbreviation R/W Address Access Size
Interrupt control register 0 ICRO R/W H'A414 0000 16

Interrupt control register 1 ICR1 R/W H'A414 001C 16

Interrupt priority register 00 INTPRIOO R/W H'A414 0010 32

Interrupt request register 00 INTREQOO R/W H'A414 0024 8

Interrupt mask register 00 INTMSKO0 R/W H'A414 0044 8

Interrupt mask clear register 00 INTMSKCLROO W H'A414 0064 8

NMI flag control register NMIFCR R/W H'A414 00CO 16

User interrupt mask level register USERIMSK R/W H'A470 0000 32

Interrupt priority register A IPRA R/W H'A408 0000 16

Interrupt priority register B IPRB R/W H'A408 0004 16

Interrupt priority register C IPRC R/W H'A408 0008 16
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Register Abbreviation R/W Address Access Size
Interrupt priority register D IPRD R/W H'A408 000C 16
Interrupt priority register E IPRE R/W H'A408 0010 16
Interrupt priority register F IPRF R/W H'A408 0014 16
Interrupt priority register G IPRG R/W H'A408 0018 16
Interrupt priority register H IPRH R/W H'A408 001C 16
Interrupt priority register | IPRI R/W H'A408 0020 16
Interrupt priority register J IPRJ R/W H'A408 0024 16
Interrupt priority register K IPRK R/W H'A408 0028 16
Interrupt mask register O IMRO R/W H'A408 0080 8
Interrupt mask register 1 IMR1 R/W H'A408 0084 8
Interrupt mask register 2 IMR2 R/W H'A408 0088 8
Interrupt mask register 3 IMR3 R/W H'A408 008C 8
Interrupt mask register 4 IMR4 R/W H'A408 0090 8
Interrupt mask register 5 IMR5 R/W H'A408 0094 8
Interrupt mask register 6 IMR6 R/W H'A408 0098 8
Interrupt mask register 7 IMR7 R/W H'A408 009C 8
Interrupt mask register 8 IMR8 R/W H'A408 00A0 8
Interrupt mask register 9 IMR9 R/W H'A408 00A4 8
Interrupt mask register 10 IMR10 R/W H'A408 00A8 8
Interrupt mask register 11 IMR11 R/W H'A408 00AC 8
Interrupt mask register 12 IMR12 R/W H'A408 00BO 8
Interrupt mask clear register 0 IMCRO W H'A408 00CO 8
Interrupt mask clear register 1 IMCR1 w H'A408 00C4 8
Interrupt mask clear register 2 IMCR2 w H'A408 00C8 8
Interrupt mask clear register 3 IMCR3 W H'A408 00CC 8
Interrupt mask clear register 4 IMCR4 w H'A408 00D0 8
Interrupt mask clear register 5 IMCR5 W H'A408 00D4 8
Interrupt mask clear register 6 IMCR6 w H'A408 00D8 8
Interrupt mask clear register 7 IMCR7 W H'A408 00DC 8
Interrupt mask clear register 8 IMCRS8 W H'A408 00EO 8
Interrupt mask clear register 9 IMCR9 w H'A408 O0E4 8
Interrupt mask clear register 10 IMCR10 W H'A408 00E8 8
Interrupt mask clear register 11 IMCR11 w H'A408 00EC 8
Interrupt mask clear register 12 IMCR12 w H'A408 00FO0 8
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Table 10.3 Register States in Each Operating Mode

Register Abbreviation

Power-On Reset

Software Standby

Module Standby Sleep

ICRO Initialized Retained Retained Retained
ICR1 Initialized Retained Retained Retained
INTPRIOO Initialized Retained Retained Retained
INTREQOO Initialized Retained Retained Retained
INTMSKO00 Initialized Retained Retained Retained
INTMSKCLRO00 Initialized Retained Retained Retained
NMIFCR Initialized Retained Retained Retained
USERIMASK Initialized Retained Retained Retained
IPRA Initialized Retained Retained Retained
IPRB Initialized Retained Retained Retained
IPRC Initialized Retained Retained Retained
IPRD Initialized Retained Retained Retained
IPRE Initialized Retained Retained Retained
IPRF Initialized Retained Retained Retained
IPRG Initialized Retained Retained Retained
IPRH Initialized Retained Retained Retained
IPRI Initialized Retained Retained Retained
IPRJ Initialized Retained Retained Retained
IPRK Initialized Retained Retained Retained
IMRO Initialized Retained Retained Retained
IMRA1 Initialized Retained Retained Retained
IMR2 Initialized Retained Retained Retained
IMR3 Initialized Retained Retained Retained
IMR4 Initialized Retained Retained Retained
IMR5 Initialized Retained Retained Retained
IMR6 Initialized Retained Retained Retained
IMR7 Initialized Retained Retained Retained
IMR8 Initialized Retained Retained Retained
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Register Abbreviation

Power-On Reset

Software Standby

Module Standby Sleep

IMR9 Initialized Retained Retained Retained

IMR10 Initialized Retained Retained Retained

IMR11 Initialized Retained Retained Retained

IMR12 Initialized Retained Retained Retained

IMCRO Initialized Retained Retained Retained

IMCR1 Initialized Retained Retained Retained

IMCR2 Initialized Retained Retained Retained

IMCR3 Initialized Retained Retained Retained

IMCR4 Initialized Retained Retained Retained

IMCR5 Initialized Retained Retained Retained

IMCR6 Initialized Retained Retained Retained

IMCR7 Initialized Retained Retained Retained

IMCR8 Initialized Retained Retained Retained

IMCR9 Initialized Retained Retained Retained

IMCR10 Initialized Retained Retained Retained

IMCR11 Initialized Retained Retained Retained

IMCR12 Initialized Retained Retained Retained
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10.3.1 Interrupt Control Register 0 (ICRO0)

ICRO sets the input signal detection mode for the external interrupt input pin NMI, IRQ, IRL, and
PINT, and indicates the input signal level at the NMI pin.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ war | — | — | — | — [nws[nmief i fmove s | — | — [ — [ — | — |
Initial value: 0/1* 0 0 0 0 0 0 0 0 0 0 0 0 0

o
o

RW: R RW R R R R RW RW RW RW RW R R R R R
Initial
Bit Bit Name Value R/W Description
15 NMIL 0/1* R NMI Input Level

Indicates the level of the signal input at the NMI pin.
This bit can be read to determine the NMI pin level. This
bit cannot be modified.

0: NMI input level is low
1: NMl input level is high
14 MAI 0 R/W NMI Interrupt Mask

Selects whether to mask all interrupts while the NMI
input level is low regardless of the BL bit setting in SR.

0: Enables interrupts while the NMI input level is low
1: Disables interrupts while the NMI input level is low

13to 10 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

9 NMIB 0 R/W NMI Block Mode

Selects whether to detect the NMI interrupt immediately
or keep it pending until the BL bit in SR is cleared to O if
the NMI interrupt is input while the BL bit is set to 1.

0: Keeps the NMI interrupt pending while the BL bit in
SRis setto 1

1: Detects the NMI interrupt even while the BL bit in SR
is setto 1

8 NMIE 0 R/W NMI Edge Select

Selects whether the falling or rising edge of the interrupt
request signal at 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
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Initial

Bit Bit Name Value R/W Description

7 IRLM 0 R/W IRL Pin Mode
Selects whether IRQS3/IRL3 to IRQ0/IRLO are used as
four independent interrupts (IRQ3 to IRQO) or as 15-
level encoded interrupt requests (levels of IRL3 to IRLO
are encoded as H'F to H'1).
0: Used as pins for 15-level encoded interrupts, i.e.IRL3

to IRLO.
1: Used as pins for 4 independent interrupt requests,
i.e. IRQ3 to IRQO.

6 IRLM2 0 R/W IRL Pin Mode2
This bit sets the IRQ7 to IRQ4 interrupts.
0: Initial value
1: The IRQ7 to IRQ4 interrupts are in use.
When the IRQ7 to IRQ4 interrupts are in use, set this bit
to 1. When this bit is set to 0, IRQ7 to IRQ4 pin
functions should not be selected by setting the Pin
Function Controller (PFC). If not, an interrupt that is not
intended may occur.
These 4 pins, IRQ7 to IRQ4, cannot be used as pins for
15-level encoded interrupts.

5 LSH 0 R/W Holding function in level detection
In level-detection of the IRQ, IRL or PINT interrupts,
selects whether or not the interrupt requests are held by
the detection circuit.
0: Held
1: Not held
When the IRQ interrupt are in use with level sensing
and when IRL or PINT interrupts are in use, ordinarily
set the LSH bit to 1.
Setting the LSH bit to 0 means that even if the external
interrupt signal is negated, generation of the interrupt
will still indicated within the LSI.

4100 — AllO — Reserved

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

Note: * This bit is set to 1 when the NMI input is at the high level and cleared to 0 when it is at
the low level.
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10.3.2 Interrupt Control Register 1 (ICR1)

ICR1 specifies the detection mode for the external interrupt input pins IRQ7 to IRQO individually:
rising edge, falling edge, low level, or high level.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| IRQOS | IRQ1S | IRQ2S | IRQ3S | IRQ4S | IRQ5S | IRQ6S | IRQ7S |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

15, 14 IRQO0S 00 R/W IRQnN Sense Select

These bits select whether interrupt request signals
13,12 IRQ1S 00 R/W corresponding to pins IRQ7 to IRQO are detected by a
rising edge, falling edge, low level, or high level.

11,10 IRQ2S 00 R/W
IRQNS Detection Mode

9,8 IRQ3S 00 R/W 00 Interrupt request is detected on falling
edge of IRQn input

7,6 IRQ4S 00 R/W 01 Interrupt request is detected on rising
edge of IRQn input

5,4 IRQ5S 00 R/W 10 Interrupt request is detected on low
level of IRQn input

3,2 IRQ6S 00 R/W 11 Interrupt request is detected on high
level of IRQn input

1,0 IRQ7S 00 R/W [Legend]n=0to 7
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10.3.3 Interrupt Priority Register 00 (INTPRI00)

INTPRIOO is a 32-bit register that specifies priority levels from 15 to O for the external interrupt
input pins IRQ7 to IRQO.

Each 4-bit group is set with a value from H'F (1111) to H'O (0000) to specify the interrupt priority
level for the corresponding interrupt. Setting H'F means priority level 15 (the highest level); H'O
means priority level O (masking is requested).

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| IRQO | IRQ1 | IRQ2 | IRQ3 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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
| IRQ4 | IRQ5 | IRQ6 | IRQ7 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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
311028 IRQO H'0 R/W These bits set the priority level for each interrupt source
271024 IRQ1 H'O Rw N 4-bitunits.
23t020 IRQ2 H'0 R/W
19to 16 IRQ3 H'0 R/W
15t012 IRQ4 H'0 R/W
11to8 IRQ5 H'0 R/W
7t04 IRQ6 H'0 R/W
3to0 IRQ7 H'0 R/W
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10.3.4 Interrupt Priority Registers A to K (IPRA to IPRK)

IPRA to IPRK are 16-bit registers that specify priority levels from 15 to O for on-chip peripheral
module interrupts.

On-chip peripheral module interrupts are assigned to four 4-bit groups in each register. These 4-bit
groups are set with values from H'F (1111) to H'0 (0000) to specify the interrupt priority level for
the corresponding interrupt. Setting H'F means priority level 15 (the highest level); H'0 means
priority level O (interrupt request is masked).

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| IPRON IPR1n | IPR2n | IPR3n

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R'W R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15t0 12 IPROn H'0 R/W These bits set the priority level for each interrupt source
11to8 IPR1n Ho RIW in 4-bit units. For details, see table 10.4.
7t04 IPR2n H'0 R/W
3to0 IPR3n H'0 R/W

Table 10.4 Interrupt Sources and IPRA to IPRK

Register IPRON IPR1n IPR2n IPR3n
IPRA TMUO TMUA1 TMU2 RTC
IPRB — — SIM —

IPRC — — — —

IPRD PINTAO to PINTA7 PINTBO to PINTB3  IrDAO IrDA1
IPRE DMAC (1) DMAC (2) — ADC
IPRF — — — CMT
IPRG SCIFO SCIF1 SCIF2 SCIF3
IPRH SCIF4 SCIF5 — lICo

IPRI SIOF — — lIC1

IPRJ — — — —

IPRK TPUO TPU1 — —

Note: —: Reserved. An undefined value will be read. The write value should always be 0.
RO1UHO0346EJ0400 Rev. 4.00 Page 257 of 1162

Mar 19, 2012 RENESAS



Section 10 Interrupt Controller (INTC) SH7730 Group

10.3.5 Interrupt Request Register 00 (INTREQ00)

INTREQOO is an 8-bit register that indicates interrupt requests from external input pins IRQ7 to
IRQO. This register value is not affected by interrupt mask with the INTPRIOO or INTMSKO00

settings.

When edge-detection mode is set for an IRQ pin (ICR1.IRQnS = B'00 or B'01), an interrupt
request is cleared by writing 0 to the corresponding IRQn bit after reading IRQn = 1.
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Bit: 7 6 5 4 3 2 1 0
|IRQO | IRQ1 | IRQ2 | IRQ3 | IRQ4 | IRQ5 | IRQ6 | IRQ7|

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 IRQO 0 R/W Edge detection (IRQnS in ICR1 set to B'00 or B'01)
6 IRQ1 0 R/W  Flag indicating detection of IRQn interrupt
5 IRQ2 0 RW '« When reading
4 IRQ3 0 R/W 0: No interrupt request detected
3 IRQ4 0 R/W 1: Interrupt request detected
2 IRQS5 0 R/W e When writing
! IRQ6 0 R/W 0: The bit is cleared to 0 only if it was previously
0 IRQ7 0 R/W read as 1.
1: Writing 1 is ignored. Write 1 to the bits other than
the bit to be cleared.
Note: Write 1 to all bits you do not wish to clear to 0.
Level detection (IRQnS in ICR1 setto B'10 or B'11)
[LSH in ICRO set to 1]
Indicates whether or not a valid interrupt request is
being input to the IRQnN pin.
¢ When writing
0: No interrupt request being input
1: Interrupt request being input
e Writing to these bits is ignored.
[LSH in ICRO cleared to 0]
Flag indicating detection of IRQn interrupt
e When reading
0: No interrupt request detected
1: Interrupt request detected
e Writing to these bits is ignored.
[Legend]
n=0to7
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The methods of clearing the bits in this register are as follows.

1. Edge detection
The interrupt source can be cleared by writing O to the corresponding bit after reading it as 1.
In this case, write 1 to the bits you do not wish to clear to 0.

2. Level detection (LSH in ICRO set to 1)
The corresponding bit is cleared to 0 automatically when the IRQ pin state changes and the
interrupt request is negated. It is not necessary to clear the bit in software.

3. Level detection (LSH in ICRO cleared to 0)

After the IRQ pin state changes and the interrupt request is negated, write 1 to the
corresponding bit in the INTMSKOO register.
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10.3.6  Interrupt Mask Register 00 (INTMSKO00)

INTMSKOO is an 8-bit register that masks interrupt requests from external interrupt input pins
IRQ7 to IRQO.

To clear an interrupt mask, write 1 to the corresponding bit in INTMSKCLRO0O. Writing O to the
corresponding bit in INTMSKO0O does not affect the bit value.

When IRL interrupts in IRL3 to IRLO pins are in use by setting ICRO.IRLM to 0, the interrupt
requests from IRQ3 to IRQO pins should be masked by setting IRQ3 to IRQO bits of this register
to 1.

Bit: 7 6 5 4 3 2 1 0
|IRQO | IRQ1 | IRQ2 | IRQ3 | IRQ4 | IRQ5 | IRQ6 | IRQ7|

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 IRQO 0 R/W IRQnN Interrupt Mask
6 IRQ1 0 R/W 0: The corresponding interrupt is not masked
5 IRQ2 0 R/W 1: The corresponding interrupt is masked
4 IRQ3 0 R/W
3 IRQ4 0 R/W
2 IRQ5 0 R/W
1 IRQ6 0 R/W
0 IRQ7 0 R/W
[Legend]
n=7t 0
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10.3.7 Interrupt Mask Clear Register 00 (INTMSKCLRO00)

INTMSKCLROO is an 8-bit write-only register that clears the mask settings for interrupts from
external interrupt input pins IRQ7 to IRQO.

Bit: 7 6 5 4 3 2 1 0
|IRQO | IRQ1 | IRQ2 | IRQ3 | IRQ4 | IRQ5 | IRQ6 | IRQ7|

Initial value: 0 0 0 0 0 0 0 0
R/W: W W W w w W W W

Initial
Bit Bit Name Value R/W Description
7 IRQO 0 w IRQn Interrupt Mask Clear
6 IRQ1 0 W 0: Writing 0 is ignored
5 IRQ2 0 w 1: Clears the corresponding interrupt mask
4 IRQ3 0 W
3 IRQ4 0 W
2 IRQ5 0 W
1 IRQ6 0 W
0 IRQ7 0 W
[Legend]
n=7t 0
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10.3.8 Interrupt Mask Registers 0 to 12 (IMRO0 to IMR12)

IMRO to IMR12 are 8-bit registers that mask on-chip peripheral module interrupts. To mask an
interrupt, write 1 to the corresponding bit in IMRO to IMR12.

To clear an interrupt mask, write 1 to the corresponding bit in IMCRO to IMCR12. Writing O to
the corresponding bit in IMRO to IMR12 does not affect the bit value.

Table 10.5 shows the relationship between IMRO to IMR12 and each interrupt source.

Bit: 7 6 5 4 3 2 1 0

|IMHnO IMRn1 | IMRNn2 | IMRNn3 | IMRNn4 [ IMRN5 | IMRn6 | IMRn7

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 IMRNnO 0 R/W Interrupt Mask
6 IMRNn1 0 R/W Masks the interrupt request corresponding to each bit.
5 IMRn2 0 R/W S:fht?:tfr:u%f;;:::: relationship between IMR and
4 IMRn3 0 R/W When writing:
3 IMRn4 0 R/W " 0: Writing 0 is ignored
2 IMRn5 0 R/W  1: Masks the corresponding interrupt request
1 IMRn6 0 R/W  When reading:
0 IMRn7 0 R/W 0: The corresponding interrupt request is not masked
1: The corresponding interrupt request is masked
[Legend]
n=0to 12
R0O1UHO0346EJ0400 Rev. 4.00 Page 263 of 1162

Mar 19, 2012 RENESAS



Section 10 Interrupt Controller (INTC) SH7730 Group

10.3.9 Interrupt Mask Clear Registers 0 to 12 (IMCRO0 to IMCR12)

IMCRO to IMCR12 are 8-bit write-only registers that clear the mask settings for the on-chip
peripheral module interrupts. Table 10.5 shows the correspondence between individual bits in
IMCRO to IMCR12 and interrupt sources.

Bit: 7 6 5 4 3 2 1 0

|IMCRn0

IMCRn1

IMCRn2

IMCRn3

IMCRn4

IMCRn5

IMCRn6

|MCRn7|

Initial value: 0 0 0 0 0 0 0 0
R/W: W W W w w W W W

Initial
Bit Bit Name Value R/W Description
7 IMCRNO 0 w Interrupt Mask Clear
6 IMCRn1 0 w Clears the mask setting for the interrupt corresponding
S WO 0w ook Se e 05 e ratonstipbeeen
4 IMCRn3 0 w When writing:
3 IMCRn4 0 W 0: Writing 0 is ignored
2 IMCRn5 0 w 1: Clears the corresponding interrupt mask
1 IMCRn6 0 W When reading:
0 IMCRn7 0 w An undefined value will be read
[Legend]
n=0to12
Page 264 of 1162 RO1UHO0346EJ0400 Rev. 4.00

RENESAS Mar 19, 2012



SH7730 Group Section 10 Interrupt Controller (INTC)

Table 10.5 Correspondence between On-Chip Peripheral Module Interrupt Sources and

IMRO to IMR12, IMCRO to IMCR12

Bit
[Bit Name]

7 6 5 4 3 2 1 (]
Register Name [IMR/CRn0] [IMR/CRn1] [IMR/CRn2] [IMR/CRn3] [IMR/CRn4] [IMR/CRn5] [IMR/CRn6] [IMR/CR n7]
IMRO/IMCRO ~ — — — — — — — —
IMR1/IMCR1 ~ — DADERR  DEI5 DEl4 DEI3 DEI2 DEN DEIO

(DMAC (2)) (DMAC (1))

IMR2/IMCR2 ~ — — — ADI — — — —

— — — (ADC) — — — —
IMR3/IMCR3  TEI TXI RXI ERI — — IrDAN IrDAIO

(SIM) — — (IrDA)

IMR4/IMCR4 ~ — TUNI2 TUNN TUNIO — — — —

— (TMU2) (TMU1) (TMUO) — — — —
IMR5/IMCR5 ~ — — SCIF5 SCIF4 SCIF3 SCIF2 SCIF1 SCIFO

— — (SCIFA) (SCIF)
IMR6/IMCR6 ~ — — — — — — — SIOFI

— — — — — — — (SIOF)
IMR7/IMCR7  1ICIO — — — — — — —

(Iiclo) — — — — — — —
IMR8/IMCR8 ~ — — — — — — — —
IMR9/IMCR9 ~ — — — CMTI — — — —

— — — (CMT) — — — —
IMR10/IMCR10 — — — — — cul PRI ATI

— — — — (RTC)
IMR11/IMCR11 1ICI1 — — — — — PINTBI3to PINTAI7 to

PINTBIO  PINTAIO

(uci) — — — — — (PINT)
IMR11/IMCR12 — — — — — — TPUI1 TPUIO

— — — — — — (TPU)
[Legend]
n=0to 12
Note: —: Reserved. An undefined value will be read. The write value should always be 0.

The corresponding module names are indicated by the entries in parentheses in the rows
under the bit names.
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10.3.10 User Interrupt Mask Level Register (USERIMASK)

USERIMASK is a 32-bit register that specifies the level of interrupts to be accepted. As this
register is allocated to a different 64-Kbyte page than where the other INTC registers are allocated,
it can be accessed in user mode by translating its address to the corresponding address in area 7
through the MMU.

When the level of an interrupt is not higher than the interrupt level specified in the UIMASK bit,
the interrupt is masked. Specifying H'F masks all interrupts except for NMI. The interrupt with a
higher level than that specified in the UIMASK bit is accepted only when the corresponding
interrupt mask bit in the interrupt mask register is O (interrupt enabled) and the IMASK bit setting
in SR is lower than the level of the interrupt. The UIMASK value does not change even after an
interrupt is accepted.

This register is initialized to H'0000 0000 (all interrupts enabled) by a power-on reset or manual
reset. To prevent unintentional modification, this register can only be written to with bits 31 to 24
set to H'AS.

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
RW: RR'W RW RW RW RW RW RW RW 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
I N I A TV I A = =
Initial value: 0 0 0 0o 0o o0 0 0o o0 o0 o0 0o o
RW.' R R R R R R R R RW RW RW RW R R R R

Initial
Bit Bit Name Value R/W Description
31t024 — All0 R/W Reserved
These bits are always read as 0. When writing to the
UIMASK bit, be sure to write H'A5 to these bits.
23t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

7t04 UIMASK 0000 R/W User Interrupt Mask Level

When the level of an interrupt is not higher than this
value, the interrupt is masked.

3to0 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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10.3.11 NMI Flag Control Register (NMIFCR)

NMIFCR is a 16-bit register that has an NMI flag (NMIFL bit) that can be read and cleared by
software. The NMIFL bit is automatically set to 1 by hardware when the INTC detects an NMI,
and can be cleared by writing O through software.

The NMIFL bit does not affect CPU processing with regard to NMI acceptance. The NMI request
detected by the INTC is cleared when the CPU accepts it, but the NMIFL bit is not cleared

automatically. Even if 0 is written to the NMIFL bit before the CPU accepts the NMI request, the
NMI request is not canceled.

Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
I I I I
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 RW
Initial
Bit Bit Name Value R/W Description
15 NMIL 0 R NMI Input Level
Indicates the level of the signal input at the NMI pin.
This bit can be read to determine the NMI pin level. This
bit cannot be modified.
This bit operates in the same way as the NMIL bit in
ICRO.
0: NMI input level is low
1: NMlI input level is high
14t01 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
0 NMIFL 0 R/W NMI Interrupt Request Detection
Indicates whether an NMI interrupt request signal has
been detected. This bit is automatically set to 1 when
the INTC detects an NMI interrupt request. Write 0 to
clear the bit. Writing 1 is ignored.
0: NMI interrupt request has not been detected
1: NMl interrupt request has been detected
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10.4  Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripheral modules.
Each interrupt has a priority level (16 to 0), with 1 the lowest and 16 the highest. Priority level 0
masks an interrupt, so the interrupt request is ignored.

10.4.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BL bit in SR of the CPU is 0,
NMI interrupts are always accepted. In sleep or software standby mode, NMI interrupts are
accepted regardless of the BL setting. In addition, NMI interrupts are accepted by setting the
NMIB bit in ICRO regardless of the BL setting.

The NMI signal is edge-detected. The NMIE bit in ICRO is used to select either rising or falling
edge detection. After the NMIE bit in ICRO is modified, NMI interrupts are not detected for a
maximum of six bus clock cycles.

When the INTMU bit in CPUOPM is set to 1, the SR interrupt mask level IMASK in SR) is set to
15 automatically when an NMI interrupt is accepted. The reception of an NMI interrupt has no
effect on IMASK in SR when the INTMU bit in CPUOPM has been cleared to 0.
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10.4.2 IRQ Interrupts

IRQ interrupts are input on pins IRQ7 to IRQO. Edge-sensing or level-sensing can be selected by
setting the IRQnS bits (n = 0 to 7) in ICR1. When level-sensing is selected, operation differs
according to the setting of the LSH bit in ICRO. The initial value of LSH in ICRO is 0, but it is
recommended that it be set to 1 before using the INTC.

1. LSHin ICRO setto 1
Interrupt requests are not held internally by the INTC. Maintain the state of the IRQ pin until
the interrupt is accepted by the CPU and interrupt handling starts.

2. LSH in ICRO cleared to 0

When the INTC detects an interrupt request from the state of the IRQ pin, it holds the interrupt
request in the INTREQOO register. The value is held in INTREQOO even if the interrupt request
is negated at the IRQ pin before the interrupt is accepted by the CPU. After the request is
negated at the IRQ pin, the value of INTREQOO is cleared either when the CPU accepts an
interrupt (which need not be an IRQ interrupt) or when the corresponding bit in the
INTMSKOO register is set to 1. Clear the INTREQOO flag before enabling interrupts by
clearing the BL bit or executing the RTE instruction.

When the INTMU bit in CPUOPM is set to 1, the interrupt mask level (IMASK) in SR is
automatically modified to the level of the accepted interrupt. When the INTMU bit is cleared to O,
the IMASK value in SR is not affected by the accepted interrupt.
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10.4.3 IRL Interrupts

IRL interrupts are input via the IRL3 to IRLO pins as level sense. When the values of the IRL3 to
IRLO pins are 0 (B'0000), the highest level interrupt request (interrupt priority level 15) is
indicated. When the values of the pins are 15 (B'1111), no interrupt is requested (interrupt priority
level 0). Figure10.2 shows an example of connection for an IRL interrupt.

The IRL interrupt scheme includes a noise canceller function and the interrupt is detected when
the signal levels sampled at each peripheral module clock cycle are the same for consecutive 2
cycles. This prevents sampling of erroneous levels at transitions on the IRL pins. In standby mode,
a noise canceler is driven by the clock for the RTC because the supply of peripheral module clock
is stopped. Therefore, when the RTC is not used, recovering from standby mode by the IRL
interrupt cannot be executed.

The priority level provided by the IRL interrupt signals should be held until the interrupt handling
starts after the interrupt request has been accepted. However, changing to a higher priority level
will cause no problem.

The interrupt mask bits (I3 to I0) in the status register (SR) are not affected by the IRL interrupt
handling.

When the LSH bit in ICRO is 0, the interrupt request will be retained inside the LSI even when the
interrupt request from outside has been negated. The LSH bit should normally be set to 1.

This LSI
—_—
, - 4
Interrupt request Png:g)ljevel 7 > IRL3 to IRLO
— IRL3 to IRLO
Figure 10.2 Example of IRL Interrupt Connection
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10.4.4  PINT Interrupt

PINT interrupts are input via pins PINTA7 to PINTAO, PINTB3 to PINTBO as level sense. The
priority level of PINTAO to PINTA7 (PINTA) and PINTB3 to PINTBO (PINTB) can be set by the
interrupt priority level register D (IPRD) in a range from O to 15. The PINT interrupt signal level
should be held until the interrupt handling starts after the interrupt request has been accepted.

The interrupt mask bits I3 to I0 in the status register (SR) are not affected by the PIN interrupt
processing routine.

When the LSH bit in ICRO is 0, there is a possibility that the interrupt request will be retained
inside the LSI even when the interrupt request from outside is negated. The LSH bit should
normally be set to 1.

10.4.5  On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the peripheral modules.

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event register INTEVT). It is easy to identify sources by using the value of INTEVT as
a branch offset in the exception handling routine.

A priority level (from 15 to 0) can be set for each module by writing to IPRA to IPRK.

When the INTMU bit in the CPUOPM is set to 1, the interrupt mask level IMASK) in SR is
automatically modified to the level of the accepted interrupt. When the INTMU bit in CPUOPM is
cleared to 0, the IMASK value in SR is not affected by the accepted interrupt.

The interrupt source flags and interrupt enable flags in each peripheral module must be updated
only while the BL bit in SR is set to 1 or corresponding interrupt request is masked by the IMASK
bit in SR, IMRs, or USERIMASK. To prevent accepting unintentional interrupts that should have
been updated, read the on-chip peripheral register with the corresponding flag, wait for the priority
determination time for peripheral modules shown in table 10.8 (e.g. a period required to read a
register in INTC once which are driven by the peripheral module clock), and then clear the BL bit
to 0 or clear the corresponding interrupt mask by changing the mask setting. Thus, the necessary
interval for internal processing is ensured. To update multiple flags, after updating the last flag,
read only the register that includes the last flag.
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If a flag is updated while the BL bit is 0, execution may branch to the interrupt handling routine
with INTEVT = 0; interrupt handling may start depending on the timing relationship between flag
updating and interrupt request detection in the LSI. In this case, operation can be continued
without causing any problems by executing the RTE instruction.

10.4.6  Interrupt Exception Handling and Priority

Tables 10.6 and 10.7 show the interrupt sources, the codes for the interrupt event register
(INTEVT), and the interrupt priority.

Each interrupt source is assigned to a unique INTEVT code. The start address of the exception
handling routine is common for all interrupt sources. This is why, for instance, the value of
INTEVT is used as an offset at the start of the exception handling routine to branch execution in
order to identify the interrupt source.

On-chip peripheral module interrupt priorities can be set freely between 15 and 0 for each module
by using IPRA to IPRK. A reset assigns priority level O to the 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, their priority is determined according to the default priority
indicated at the right in tables 10.6 and 10.7.

Interrupt priority registers and interrupt mask registers must be updated only while the BL bit in
SR is set to 1. To prevent accepting unintentional interrupts, read any interrupt priority register
and then clear the BL bit to 0, which ensures the necessary interval for internal processing.

Page 272 of 1162 RO1UHO346EJ0400 Rev. 4.00
RENESAS Mar 19, 2012



SH7730 Group

Section 10

Interrupt Controller (INTC)

Table 10.6 External Interrupt Sources and Priority

Priority
Interrupt within IPR
INTEVT Priority IPR Setting Default

Interrupt Source Code (Initial Value) (Bit Numbers) Range Priority
NMI H'1CO0 16 — — High
IRL IRL[3:0]=0 H'200 15 — — A

IRL[3:0] = 1 H'220 14 — —

IRL[3:0] =2 H'240 13 — —

IRL[3:0] = 3 H'260 12 — —

IRL[3:0] = 4 H'280 11 — —

IRL[3:0] =5 H'2A0 10 — —

IRL[3:0]=6  H2C0 9 — —

IRL[3:0] =7 H'2EOQ 8 — —

IRL[3:0] = 8 H'300 7 — —

IRL[3:0] =9 H'320 6 — —

IRL[3:0]=A  H'340 5 — —

IRL[3:0]=B  H'360 4 — —

IRL[3:0]=C H'380 3 — —

IRL[3:0]=D  H'3A0 2 — —

IRL[3:0]=E  H'3CO 1 — —
IRQ IRQO H'600 150 0 (0) INTPRIOO (31 to 28) —

IRQ1 H'620 1510 0 (0) INTPRIOO (27 to 24) —

IRQ2 H'640 1510 0 (0) INTPRIOO (23 t0 20) —

IRQ3 H'660 150 0 (0) INTPRIOO (19 to 16) —

IRQ4 H'680 1510 0 (0) INTPRIOO (15 to 12) —

IRQ5 H'6A0 1510 0 (0) INTPRIOO (11t08) —

IRQ6 H'6CO 150 0 (0) INTPRIOO (7to 4) —

IRQ7 H'6EO 1510 0 (0) INTPRIOO (3t0 0) — Low
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Table 10.7 On-Chip Peripheral Module Interrupt Sources and Priority

Interrupt Corresponding Priority
INTEVT Priority IPR (Bit within IPR Default

Interrupt Source Code (Initial Value)  Numbers) Setting Range  Priority
HUDI H'5E0 15 — — High
SIM ERI H'700 1510 0 (0) IPRB (7 to 4) High 4

RXI H'720 1510 0 (0)

TXI H'740 1510 0 (0) I

TEI H'760 15to 0 (0) Low
lIC1 lIci1 H'7EOQ 15 to 0 (0) IPRI (3 to 0) —
DMAC (1) DEIO H'800 1510 0 (0) IPRE (15to0 12) High

DEI H'820 1510 0 (0)

DEI2 H'840 15t0 0 (0) I

DEI3 H'860 1510 0 (0) Low
IrDA IrDAIO H'940 1510 0 (0) IPRD (7 to 4) —

IrDA H'960 1510 0 (0) IPRD (3 to 0) —
ADC ADI H'980 15to 0 (0) IPRE (3 to 0) —
TPU TPUIO H'9A0 15to0 0 (0) IPRK (15t0 12) —

TPUN H'9CO 1510 0 (0) IPRK (11t08) —
DMAC (2) DEI4 H'B80 15 to 0 (0) IPRE (11t08) High

DEI5 H'BAO 1510 0 (0) i

DADERR H'BCO 1510 0 (0) Low
SCIF SCIFIO H'C00 1510 0 (0) IPRG (15to 12) High

SCIFI1 H'C20 1510 0 (0) IPRG (11 to 8)

SCIFI2 H'C40 15to 0 (0) IPRG (7 to 4) I

SCIFI3 H'C60 15to 0 (0) IPRG (3 to 0) Low
SCIFA SCIFl4 H'C80 1510 0 (0) IPRH (15t0 12) —

SCIFI5 H'CAO 1510 0 (0) IPRH (11t08) —
[ICO IICIO H'E60 15 to 0 (0) IPRH (3 to 0) —
CMT CMTI H'FOO 1510 0 (0) IPRF (3 to 0) — v
SIOF SIOFI H'F20 1510 0 (0) IPRI (15t0 12) — Low
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Interrupt Priority
INTEVT Priority Corresponding within IPR Default

Interrupt Source Code (Initial Value)  IPR (Bit Numbers) Setting Range Priority
TMUO TUNIO H'400 15 to 0 (0) IPRA (15t012) — High
TMUA1 TUNN H'420 1510 0 (0) IPRA (11t08) — 4
TMU2 TUNI2 H'440 15to 0 (0) IPRA (7 to 4) —
RTC ATI H'480 1510 0 (0) IPRA (3t0 0) High

PRI H'4A0 15to0 0 (0) 1

Cul H'4CO 15 to 0 (0) Low
PINT PINTAI7to 0 H'4EO 1510 0 (0) IPRD (15t0 12) — v

PINTBI3to 0 H'500 15to 0 (0) IPRD (11t0 8) — Low

10.5 Operation

10.5.1 Interrupt Sequence

The sequence of interrupt operations is described below. Figures 10.3 and 10.4 are flowcharts of

the operations.

1. The interrupt request sources send interrupt request signals to the INTC.

. The INTC selects the highest-priority interrupt from the sent interrupt requests according to the
interrupt priority registers. Lower-priority interrupts are held pending. If two of these interrupts
have the same priority level or if multiple interrupts occur within a single module, the interrupt
with the highest priority is selected according to tables 10.6 and 10.7.

. The priority level of the interrupt selected by the INTC is compared with the interrupt mask
level IMASK) set in SR of the CPU. If the priority level is higher than the mask level, the
INTC accepts the interrupt and sends an interrupt request signal to the CPU.

4. The CPU accepts an interrupt at a break in instructions.

5. The interrupt source code is set in the interrupt event register INTEVT).

6. SR and program counter (PC) are saved to SSR and SPC, respectively. R15 is saved to SGR at

this time.

. The BL, MD, and RB bits in SR are set to 1.
8. Execution jumps to the start address of the interrupt exception handling routine (the sum of the

value set in the vector base register (VBR) and H'0000 0600).
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In the exception handling routine, execution may branch with the INTEVT value used as its offset
in order to identify the interrupt source. This enables execution to branch to the handling routine
for the individual interrupt source.

Notes: 1. When the INTMU bit in the CPU operating mode register (CPUOPM) is set to 1, the
interrupt mask level IMASK) in SR is automatically set to the level of the accepted
interrupt. When the INTMU bit is cleared to 0, the IMASK value in SR is not affected
by the accepted interrupt.

2. The interrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt source that should have been cleared is not inadvertently accepted again, read
the interrupt source flag, wait for the priority determination time for peripheral
modules shown in table 10.8 (e.g. a period required to read a register in INTC once
which is driven by the peripheral module clock), and then clear the BL bit or execute
an RTE instruction.
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Program execution state

Yes
ICRO.MAI =17

NMI input is

low?

Interrupt
generated?

Yes

SR.BL =0,
sleep mode,
or standby mode?

ICRO.NMIB = 1?

Yes

Yes

Level 15
interrupt?

SR.IMASK level
is 14 or lower?,

A
Set interrupt source code
in INTEVT

1

Save SR to SSR;
save PC to SPC

Y

Branch to
exception handling routine

Level 14
interrupt?

Level 1
interrupt?

SR.IMASK level
is 13 or lower?

SR.IMASK level
is 0?

No

Figure 10.3 Interrupt Operation Flowchart (when CPUOPM.INTMU = 0)
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SH7730 Group

Program execution state

ICRO.MAI = 1?

NMI input is Yes

low?

Interrupt
generated?

SR.BL=0,
sleep mode,
or standby mode?

Yes

ICRO.NMIB = 1?

Level 15
interrupt?

SR.IMASK level
is 14 or lower?

4

Set SR.IMASK to accepted
interrupt level

Y

Set interrupt source code
in INTEVT
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| Y

SR.IMASK level
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No

Figure 10.4 Interrupt Operation Flowchart (when CPUOPM.INTMU = 1)
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10.5.2  Multiple Interrupts

When handling multiple interrupts, an interrupt handling routine should include the following
procedures:

1. To identify the interrupt source, branch to a specific interrupt handling routine for the interrupt
source by using the INTEVT code as an offset.

2. Clear the interrupt source in each specific interrupt handling routine.
3. Save SSR and SPC to the stack.

4. Clear the BL bit in SR. When the INTMU bit in CPUOPM is set to 1, the interrupt mask level
(IMASK) in SR is automatically modified to the level of the accepted interrupt. When the
INTMU bit in CPUOPM is cleared to 0, set the IMASK bit in SR by software to the accepted
interrupt level.

Handle the interrupt as required.
Set the BL bitin SR to 1.
Restore SSR and SPC from memory.

® =N W

Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted if multiple interrupts occur after step 4. This reduces the interrupt
response time for urgent processing.

10.5.3  Interrupt Masking by MAI Bit

Setting the MAI bit in ICRO to 1 masks interrupts while the NMI signal is low regardless of the
BL and IMASK bit settings in SR.

e Normal operation or sleep mode
All interrupts are masked while the NMI signal is low. Note that only NMI interrupts due to
NMI signal input occur.

e Standby mode

All interrupts including NMI are masked while the NMI signal is low. While the MAI bit is set
to 1, the NMI interrupt cannot be used to clear standby mode.
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10.5.4 Interrupt Disabling Function in User Mode

Setting the interrupt mask level in USERIMASK disables interrupts having an equal or lower
priority level than the specified mask level. This function can disable less-urgent interrupts in a
task (such as device driver) operating in user mode to accelerate urgent processing.

USERIMASK is allocated to a different 64-Kbyte page than where the other INTC registers are
allocated. When accessing this register in user mode, translate the address through the MMU. In
the system that uses a multitasking OS, processes that can access USERIMASK must be
controlled by using memory protection functions of the MMU. When terminating the task or
switching to another task, be sure to clear USERIMASK to 0 before quitting the task. If the
UIMASK bits are left set to a non-zero value, interrupts which are not higher in priority than the
UIMASK level are held disabled, and correct operation may not be performed (for example, the
OS cannot switch tasks).

A sample sequence of user-mode interrupt disabling operation is described below.

1. Classify interrupts into A and B shown below, and assign higher interrupt levels to A than B.

A. Interrupts that should be accepted in the device driver
(interrupts used by the OS, such as timer interrupts)

B. Interrupts that should be disabled in the device driver

2. Make the MMU settings so that the address space including USERIMASK can only be
accessed by the device driver in which interrupts should be disabled.

3. Branch to the device driver.

4. Specify the UIMASK bits so that interrupts B are masked in the device driver operating in user

mode.
5. Perform urgent processing in the device driver.

6. Clear the UIMASK bits to O to return from the device driver processing.

Page 280 of 1162 R0O1UHO0346EJ0400 Rev. 4.00

RENESAS Mar 19, 2012



SH7730 Group

Section 10 Interrupt Controller (INTC)

10.6  Interrupt Response Time

Table 10.8 shows the interrupt response time, which is the interval from when an interrupt request
occurs until the interrupt exception handling is started and the start instruction of the exception

handling routine is fetched.

Table 10.8 Interrupt Response Time

Number of States

Item NMI

IRQ Peripheral Module Remarks

Priority determination time 5 Beyc + 2 Pcyc

4 Beyc + 2 Pcyc 5 Pcyc

Wait time until the CPU
finishes the current sequence

S-1(20)xlcyc

Interval from when interrupt
exception handling begins
(saving SR and PC) until an
SuperHyway bus request is
issued to fetch the start
instruction of the exception
handling routine

11 Icyc + 1 Scyc

Response time  Total (S +10) leyc +
1 Scyc + 5 Beyc +
2 Pcyc

Minimum 18 Icyc + S x Icyc

(S +10) leyc + (S+10) leyc +

1 Scyc + 4 Bcyc + 1 Scyc + 5 Pcyc

2 Pcyc

17 lcyc + S xlcyc  161lcyc + S xlcyc  When
Icyc:Scyc:Beyc:
Pcyc = 1:1:1:1

[Legend]

Icyc: Period for one CPU clock cycle
Scyc: Period for one SH clock cycle

Bceyc: Period for one bus clock cycle

Pcyc: Period for one peripheral clock cycle

S: Number of instruction execution states
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10.7  Usage Notes

10.7.1  Notes on Level Sensing Interrupt

When the IRQ interrupt are in use with level sensing and when IRL or PINT interrupts are in use,
ordinarily set the LSH bit in ICRO to 1.

Setting the LSH bit to 0 means that even if the external interrupt signal is negated, generation of
the interrupt will still indicated within the LSI.
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Section 11 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. The BSC functions enable this LSI
to connect with SRAM, SDRAM, and other memory storage devices, and external devices.

11.1 Features

The BSC has the following features:

1. External address space

¢ A maximum 32 or 64 Mbytes for each of areas 0, 2, 3, 4, 5A, 5B, 6A, and 6B, which makes a
total of up to 384 Mbytes of external address space (divided into eight areas). (Address map 1)

e A maximum 64 Mbytes for each of areas 0, 2, 3, 4, 5 and 6, which makes a total of up to 384
Mbytes of external address space (divided into six areas). (Address map 2)

e Areas 2 and 3 are merged to form a maximum of 128 Mbytes of area. (Address map 3)

e Each area can be specified as normal space or space of any memory type among byte-selection
SRAM, burst ROM (asynchronous), SDRAM, and PCMCIA.

e Data bus width (8, 16, or 32 bits) is selectable for each area.

For area 0, data bus width is either 16 or 32 bits.

e Controls insertion of wait cycles for each area.

o Controls insertion of wait cycles for each read access and write access.

o Idle cycles in continuous access can be set independently for five cases: read-write (in same
space/different space), read-read (in same space/different space), and the first cycle is a write
access.

2. Normal space interface

e Supports the interface that can directly connect to SRAM.

3. Burst ROM (clock asynchronous) interface

e High-speed access to the ROM that has the page mode function.
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4. SDRAM interface

e Can set the SDRAM in up to two areas.

e Multiplex output for row address/column address.
o Efficient access by single read/single write.

e High-speed access by bank-active mode.

e Supports an auto-refresh and self-refresh.

e Supports low-power function.

5. Byte-selection SRAM interface
e (Can connect directly to a byte-selection SRAM.

6. PCMCIA interface

e Supports IC memory cards and I/O card interfaces defined in the JEIDA specifications Ver. 4.2
(PCMCIA2.1).

e Controls the insertion of the wait state using software.

o Supports the bus sizing function of the I/O bus width (only in little endian mode).

7. Bus arbitration

e Outputs a bus acknowledge after receiving a bus request from an external device.

8. Refresh function
e Supports the auto-refresh and self-refresh functions.
o Specifies the refresh interval using the refresh counter and clock selection.

e (Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).

9. Interval timer using refresh counter

e Generates an interrupt request by a compare match.

Note: The PCMCIA interface provided by the BSC only supports the signals and bus protocols
shown in table 11.1.
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The block diagram of the BSC is shown in figure 11.1.

q :

BACK < Bus
BREQ | mastership [ CMNCR
controller
< I CSOWCR |<->
Wait : :

WAIT > controller | I CS6BWCR |<->
< I RBWTCNT |<->
CS5A, CS5B, controller |

{__CS0BCR ||
CS6A, CS6B < :
MD5, MD3 > - CS6BBCR

A25 to A0,
D31toDO
BS, RDWR, RD,
WES to WEQD,
RAS, CAS,
CKE, DQMxx,
CE2A, CE2B
CE1A, CE1B
ICIORD, ICIOWR
101S16 >

Cs0, Cs2,
CS3, CS4, Area [

Module bus

Memory
controller

REFOUT Refresh
controller

Interrupt
controller [«

[Legend]

CMNCR:  Common control register
CSnWCR: CSn space wait control register (n = 0, 2, 3, 4, 5A, 5B, 6A, 6B)
CSnBCR: CSn space bus control register (n =0, 2, 3, 4

SDCR: SDRAM control register

RTCSR: Refresh timer control/status register
RTCNT: Refresh timer counter
RTCOR:  Refresh time constant register

RBWTCNT: Reset bus wait counter

Internal bus

Internal master
module

<

Internal slave
module

Figure 11.1 Block Diagram of BSC
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11.2  Input/Output Pins
The configuration of pins in this module is shown in table 11.1.

Table 11.1 Pin Configuration

Name /0 Function

A25 to AO (0] Address bus
D31 to DO I/0 Data bus

BS 0 Bus cycle start

Asserted when a normal space, burst ROM (asynchronous), or
PCMCIA is accessed. Asserted by the same timing as CAS in
SDRAM access.

CSO0, CS2 to CS4 Chip select
CS5A/CE2A (0] Chip select

Active only for address maps 1 and 3

O

Corresponds to PCMCIA card select signals D15 to D8 when the
PCMCIA is used.

CS5B/CE1A (0] Chip select
Outputs the area 5 CS signal for address map 2.

Corresponds to PCMCIA card select signals D7 to DO when the
PCMCIA is used.

CS6A/CE2B o] Chip select
Active only for address maps 1 and 3

Corresponds to PCMCIA card select signals D15 to D8 when the
PCMCIA is used.

CS6B/CE1B (0] Chip select
Outputs the area 6 CS signal for address map 2.

Corresponds to PCMCIA card select signals D7 to DO when the
PCMCIA is used.

RDWR o] Read/write
Connects to WE pins when SDRAM or byte-selection SRAM is
connected.

RD o] Read pulse signal (read data output enable signal)

A strobe signal to indicate the memory read cycle when the
PCMCIA is used.
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Name /0 Function
WES/DQMUU/ O Indicates that D31 to D24 are being written to.
ICIOWR Connected to the byte select signal when a byte-selection SRAM is
connected.
Corresponds to signals D31 to D24 when SDRAM is connected.
Functions as the I/O write strobe signal when the PCMCIA is used.
WE2/DQMUL/ O Indicates that D23 to D16 are being written to.
ICIORD Connected to the byte select signal when a byte-selection SRAM is
connected.
Corresponds to signals D23 to D16 when the SDRAM is used.
Functions as the I/O read strobe signal when the PCMCIA is used.
WE1/DQMLUWE O Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
Corresponds to signals D15 to D8 when the SDRAM is used.
Functions as the memory write enable signal when the PCMCIA is
used.
WEO/DQMLL o Indicates that D7 to DO are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
Corresponds to select signals D7 to DO when the SDRAM is used.
RAS o Connects to RAS pin when SDRAM is connected.
CAS O Connects to CAS pin when SDRAM is connected.
CKE (0] Connects to CKE pin when SDRAM is connected.
I01S16 I PCMCIA 16-bit I/O signal
Valid only in little endian mode.
Pulled low in bit endian mode.
WAIT I External wait input
BREQ I Bus request input
BACK O Bus acknowledge output
MD5, MD3 I MD5: Selects data alignment (big endian or little endian)
MD3: Specifies area 0 bus width (16/32 bits)
REFOUT o] Refresh request output when a bus is released
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11.3  Area Overview

11.3.1 Area Division

In the architecture of this LSI, both virtual spaces and physical spaces have 32-bit address spaces.
The upper three bits divide into the PO to P4 areas, and specify the cache access method. For
details see section 8, Caches. The remaining 29 bits are used for division of the space into ten
areas (address map 1), nine areas (address map 3), or eight areas (address map 2) according to the
MAP bit in CMNCR setting. The BSC performs control for this 29-bit space.

As listed in tables 11.2 and 11.4, this LSI can be connected directly to eight, seven, or six physical
space areas of memory, and it outputs chip select signals (CSO, CS2 to CS4, CS5A, CS5B, CS6A,
and CS6B) for each of them. CSO is asserted during area 0 access; CS5A is asserted during area
5A access when address map 1 is selected; and CS5B is asserted when address map 2 is selected.

11.3.2 Shadow Area

Areas 0, 2 to 4, 5A, 5B, 6A, and 6B are decoded by physical addresses A28 to A25, which
correspond to areas 000 to 111. Address bits 31 to 29 are ignored. This means that the range of
area 0 addresses, for example, is H'00000000 to H'O3FFFFFF, and its corresponding shadow space
is the address space in P1 to P3 areas obtained by adding to it H20000000 x n (n = 1 to 6).

The address range for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 +
H'20000000 x n to H'I1FFFFFFF + H'20000000 x n (n = 0 to 6) corresponding to the area 7
shadow space is reserved, so do not use it.

Area P4 (H'E0000000 to HEFFFFFFF) is an I/O area and is assigned for internal register
addresses. Therefore, area P4 does not become shadow space.
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H'00000000 F

H'20000000

H'40000000

H'60000000

H'80000000

H'A0000000

H'C0000000

H'E0000000

Area 0 (CSO0)

Area 1 (Internal I/O)

Address space

Area 2 (CS2)

Area 3 (CS3)

Area 4 (CS4)

Area 5A (CS5A)

Area 5B (CS5B)

Area 6A (CS6A)

Area 6B (CS6B)

Area 7 (Reserved area)

Physical address space

Figure 11.2 Address Space
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11.3.3  Address Map

The external address space has a capacity of 384 Mbytes and is used by dividing eight partial
spaces (address map 1), seven partial spaces (address map 3), or six partial spaces (address map
2). 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 shown in tables 11.2 to 11.4.

Table 11.2 Address Space Map 1 (CMNCR.MAP[1:0] = B'00)

Physical Address Area Memory to be Connected Capacity
H'00000000 to H'03FFFFFF  Area O Normal memory 64 Mbytes
Burst ROM (Asynchronous)
H'04000000 to H'07FFFFFF  Area 1 Internal 1/O register area*? 64 Mbytes
H'08000000 to H'OBFFFFFF  Area 2 Normal memory 64 Mbytes
Byte-selection SRAM
SDRAM*®
H'0C000000 to H'OFFFFFFF Area 3 Normal memory 64 Mbytes
Byte-selection SRAM
SDRAM*®
H'10000000 to H'13FFFFFF  Area 4 Normal memory 64 Mbytes
Byte-selection SRAM
Burst ROM (Asynchronous)
H'14000000 to H'15FFFFFF  Area 5A Normal memory 32 Mbytes
H'16000000 to H'17FFFFFF  Area 5B Normal memory 32 Mbytes
Byte-selection SRAM
H'18000000 to H'19FFFFFF  Area 6A Normal memory 32 Mbytes
H'1A000000 to H'1BFFFFFF Area 6B Normal memory 32 Mbytes
Byte-selection SRAM
H'1C000000 to H'1FFFFFFF Area 7 Reserved area*' 64 Mbytes

Notes: 1.

Do not access the reserved area. If the reserved area is accessed, the correct
operation cannot be guaranteed.

2. Set the top three bits of the address to 101 to allocate in the P2 space.

3. If SDRAM is only connected to one of the two possible areas, connect the SDRAM in
area 3. In such cases, normal memory or byte-selection SRAM may be connected in

area 2.
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Table 11.3 Address Space Map 2 (CMNCR.MAP[1:0] = B'01)

Physical Address Area Memory to be Connected Capacity
H'00000000 to H'O3FFFFFF  Area 0 Normal memory 64 Mbytes
Burst ROM (Asynchronous)
H'04000000 to H'07FFFFFF  Area 1 Internal 1/O register area*® 64 Mbytes
H'08000000 to H'OBFFFFFF  Area 2 Normal memory 64 Mbytes
Byte-selection SRAM
SDRAM**
H'0C000000 to H'OFFFFFFF  Area 3 Normal memory 64 Mbytes
Byte-selection SRAM
SDRAM**
H'10000000 to H'13FFFFFF  Area 4 Normal memory 64 Mbytes

Byte-selection SRAM
Burst ROM (Asynchronous)

H'14000000 to H'17FFFFFF  Area 5% Normal memory 64 Mbytes
Byte-selection SRAM
PCMCIA

H'18000000 to H'1BFFFFFF  Area 6+° Normal memory 64 Mbytes
Byte-selection SRAM
PCMCIA

H'1C000000 to H'1FFFFFFF Area 7 Reserved area*' 64 Mbytes

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct

operation cannot be guaranteed.

2. For area 5, registers CS5BBCR and CS5BWCR are valid and CS5B is valid as the chip
select signal.
For area 6, registers CS6BBCR and CS6BWCR are valid and CS6B is valid as the chip
select signal.

3. Set the top three bits of the address to 101 to allocate in the P2 space.

4. If SDRAM is only connected to one of the two possible areas, connect the SDRAM in
area 3. In such cases, normal memory or byte-selection SRAM may be connected in
area 2.
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Table 11.4 Address Space Map 3 (CMNCR.MAP[1:0] =B'10)

Physical Address Area Memory to be Connected Capacity

H'00000000 to H'O3FFFFFF  Area 0 Normal memory 64 Mbytes
Burst ROM (Asynchronous)

H'04000000 to H'0O7FFFFFF  Area 1 Internal 1/O register area** 64 Mbytes

H'08000000 to H'OFFFFFFF  Area 2/3*° Normal memory 128 Mbytes
Byte-selection SRAM
SDRAM

H'10000000 to H'13FFFFFF  Area 4 Normal memory 64 Mbytes
Byte-selection SRAM
Burst ROM (Asynchronous)

H'14000000 to H'15FFFFFF  Area 5A  Normal memory 32 Mbytes

H'16000000 to H'17FFFFFF  Area 5B Normal memory 32 Mbytes
Byte-selection SRAM

H'18000000 to H'19FFFFFF  Area 6A Normal memory 32 Mbytes

H'1A000000 to H'1BFFFFFF  Area 6B Normal memory 32 Mbytes
Byte-selection SRAM

H'1C000000 to H'1FFFFFFF  Area 7 Reserved area*' 64 Mbytes

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct

operation cannot be guaranteed.

2. Set the top three bits of the address to 101 to allocate in the P2 space.

3. Areas 2 and 3 are merged into one area. In this case, registers CS3BCR and CS3WCR
are valid and CS3 is valid as the chip select signal.
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11.34 Area 0 Memory Type and Memory Bus Width

The memory bus width in this LSI can be set for each area. In area 0, external pins can be used to
select word (16 bits) or longword (32 bits) on power-on reset. The memory bus width of the other
area is set by the register. The correspondence between the memory type, external pins (MD3),
and bus width is listed in the table below.

Table 11.5 Correspondence between External Pins (MD3), Memory Type of CS0, and

Memory Bus Width
MD3 Memory Type Bus Width
0 Normal memory 16 bits
1 32 bits

11.3.5 Data Alignment

This LSI supports the big endian and little endian methods of data alignment. The data alignment
is specified using the external pin (MDS5) at power-on reset as shown in table 11.6.

Table 11.6 Correspondence between External Pin (MDS5) and Data Alignment

MD5 Data Alignment

0 Big endian

1 Little endian
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11.4  Register Descriptions

Table 11.7 shows the BSC register configuration. Table 11.8 shows the register states in each

operating mode.

Table 11.7 Register Configuration

Name Abbreviation R/W Address Access Size
Common control register CMNCR R/W H'FEC1 0000 32

Bus control register for CS0 CSO0BCR R/W H'FEC1 0004 32

Bus control register for CS2 CS2BCR R/W H'FEC1 0008 32

Bus control register for CS3 CS3BCR R/W H'FEC1000C 32

Bus control register for CS4 CS4BCR R/W H'FEC1 0010 32

Bus control register for CS5A CS5ABCR R/W H'FEC1 0014 32

Bus control register for CS5B CS5BBCR R/W H'FEC1 0018 32

Bus control register for CS6A CS6ABCR R/W HFEC1001C 32

Bus control register for CS6B CS6BBCR R/W H'FEC1 0020 32

Wait control register for CSO CSOWCR R/W H'FEC1 0024 32

Wait control register for CS2 CS2WCR R/W H'FEC1 0028 32

Wait control register for CS3 CS3WCR R/W HFEC1002C 32

Wait control register for CS4 CS4WCR R/W H'FEC1 0030 32

Wait control register for CS5A CS5AWCR R/W H'FEC1 0034 32

Wait control register for CS5B CS5BWCR R/W H'FEC1 0038 32

Wait control register for CS6A CS6AWCR R/W H'FEC1003C 32

Wait control register for CS6B CS6BWCR R/W H'FEC1 0040 32

SDRAM control register SDCR R/W H'FEC1 0044 32

Refresh timer control/status register RTCSR R/W H'FEC1 0048 32

Refresh timer counter RTCNT R/W H'FEC1 004C 32

Refresh time constant register RTCOR R/W H'FEC1 0050 32

SDRAM mode register SDMR2 w H'FEC1 4xxx —

SDRAM mode register SDMR3 w H'FEC1 5xxx —

Reset bus wait counter RBWTCNT — — —
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Table 11.8 Register States in Each Operating Mode

Power-On Software @ Module
Name Abbreviation Reset Standby Standby Sleep
Common control register CMNCR Initialized Retained — Retained
Bus control register for CS0 CSOBCR Initialized Retained — Retained
Bus control register for CS2 CS2BCR Initialized Retained — Retained
Bus control register for CS3 CS3BCR Initialized Retained — Retained
Bus control register for CS4 CS4BCR Initialized Retained — Retained
Bus control register for CS5A CS5ABCR Initialized  Retained  — Retained
Bus control register for CS5B CS5BBCR Initialized Retained — Retained
Bus control register for CS6A CS6ABCR Initialized  Retained  — Retained
Bus control register for CS6B CS6BBCR Initialized  Retained  — Retained
Wait control register for CSO CSOWCR Initialized Retained — Retained
Wait control register for CS2 CS2WCR Initialized  Retained — Retained
Wait control register for CS3 CS3WCR Initialized Retained — Retained
Wait control register for CS4 CS4WCR Initialized  Retained — Retained
Wait control register for CS5A ~ CS5AWCR Initialized Retained — Retained
Wait control register for CS5B ~ CS5BWCR Initialized Retained — Retained
Wait control register for CS6A CS6AWCR Initialized Retained — Retained
Wait control register for CS6B ~ CS6BWCR Initialized Retained — Retained
SDRAM control register SDCR Initialized  Retained — Retained
Refresh timer control/status RTCSR Initialized Retained — Retained
register
Refresh timer counter RTCNT Initialized  Retained — Retained
Refresh time constant register RTCOR Initialized Retained — Retained
SDRAM mode register SDMR2 — — — —
SDRAM mode register SDMR3 — o o —
Reset bus wait counter RBWTCNT Initialized Retained — Retained
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11.4.1 Common Control Register (CMNCR)

CMNCR is a 32-bit register that controls the common items for each area. Do not access external
memory other than area 0 until the CMNCR initialization is complete.

Bitt 31 30 29 28 27 26 23 22 21 20 19 18 17 16
_ _ _ _ _ _ STP | DRV _ _ _ _ _ _ _ gTP
I||||||CK°"K°||||||MI
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R/W R/W R R R R R R R RW
Bitt 15 14 13 12 1110 9 8 7 6 5 4 2 1 0
| — |BSD| MAP[1:0] |BLOCK| — | — | — | — | — | — | — 'fk‘,@ — |I\}I-|IIE%/I|(!:-KIZI'|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 1 01% 0 0 0
RW: R RW RW RW RW R R R R R R R R R RW RW
Initial
Bit Bit Name Value R/W Description
31to26 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
25 CKOSTP 0 R/W CKO Stop

0: Outputs CKO.

1: Stops CKO and outputs a low level.

Note: Just after the CKOSTP bit has been setto 1, an
invalid waveform may be output as the CKO
signal before it becomes stable at low level.

24 CKODRV 0 R/W CKO, CKE Drive Control

Controls the operation selected by bit 0 (HIZCNT)

setting. See bit 0 (HIZCNT) for details.

23t0o17 — 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

16 DMSTP 0 R/W Power-Down Mode

This bit controls a low-power-consumption mode setting

for the BSC. Clearing this bit to 0 stops the BSC's

internal circuit for control of external bus mastership

(BREQ/BACK), reducing power consumption. If control

of external bus mastership (BREQ/BACK) is to be used,

set this bit to 1.

0: The BSC enters power-down mode.

1: The BSC releases power-down mode.

15 — 0 R Reserved

This bit is always read as 0. The write value should

always be 0.

14 BSD 0 R/W Bus Access Start Timing Specification After Bus

Acknowledge

Specifies the bus access start timing after the external

bus acknowledge signal is received.

0: Starts the external access at the same timing as the
address drive start after the bus acknowledge signal
is received.

1: Starts the external access one cycle following the
address drive start after the bus acknowledge signal
is received.

13,12 MAP[1:0] 00 R/W Space Specification

Selects the address map for the external address

space. The address maps to be selected are shown in

tables 11.2t0 11.4.

00: Selects address map 1

01: Selects address map 2

10: Selects address map 3

11: Setting prohibited

11 BLOCK 0 R/W Bus Lock Bit

Specifies whether or not the BREQ signal is received.

0: Receives BREQ

1: Does not receive BREQ
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Initial

Bit Bit Name Value R/W Description

10to 5 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

4 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.

3 ENDIAN  0/1* R Endian Flag

Samples the external pin for specifying endian on

power-on reset (MD5). All address spaces are defined

by this bit. This is a read-only bit.

0: The external pin for specifying endian (MD5) was low
level on power-on reset. This LSl is being operated
as big endian.

1: The external pin for specifying endian (MD5) was
high level on power-on reset. This LSl is being
operated as little endian.

2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

1 HIZMEM O R/W High-Z Memory Control

Specifies the pin state in standby mode for A25 to AOQ,
BS, CSn, RDWR, WEn/DQMxx, and RD. When a bus is
released, these pins enter the high-impedance state
regardless of the setting of this bit.

0: High impedance in standby mode

1: Driven in standby mode
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Initial

Bit Bit Name Value R/W Description

0 HIZCNT 0 R/W High-Z Control

Specifies the states of CKO, CKE, RAS, and CAS in

standby mode and bus released state.

¢ When bit 24 (CKODRV) is 0

0: CKO, CKE, RAS, and CAS go high impedance in
standby mode and bus released state.

1: CKO, CKE, RAS, and CAS are driven in standby
mode and bus released state.

¢ When bit 24 (CKODRYV) is 1

0: CKO and CKE are driven; RAS, and CAS go high
impedance in standby mode and bus released state.

1: CKO, CKE, RAS, and CAS are driven in standby
mode and bus released state.

Note: * The external pin (MD5) for specifying endian is sampled on power-on reset. When big
endian is specified, this bit is read as 0 and when little endian is specified, this bit is

read as 1.
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11.4.2  CSn Space Bus Control Register (CSnBCR)

This register specifies the type of memory connected to each space, data-bus width of each space,
and the number of wait cycles between access cycles.

Do not access external memory other than area 0 until the CSnBCR initialization is completed.

(n=0,2,3,4,5A, 5B, 6A, 6B)

Bit: 31 30 29 28 27 26
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 RW RW RW

—|—|—|BAS|—| WW[2:0] |

25 24 23 22 21 20 19 18 17 16
0 0

ps)

Bit_ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|§E,§‘(| — | — | SW[1:0] | WR[3:0] |WM| — | — | — | — | HW[1:0] |

Initialvalue: © 0 ©0 ©0 o0 1 0 1 0 1 0 0 0 o0 o0 o0

RW.: RW R R RW RW RW RW RW RW RW R R R R RW RW

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.

30to28 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: Setting prohibited
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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Section 11 Bus State Controller (BSC)

Initial
Bit Bit Name Value

R/W

Description

27t025 |IWRWD 011
[2:0]

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 accesses switch between different spaces.

000: No idle cycle inserted
001: 1 idle cycles 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

24t022 IWRWS 011
[2:0]

R/W

Idle Cycles for Read-Write in 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 accesses are for the same space.

000: No idle cycle inserted
001: 1 idle cycles 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

R0O1UHO0346EJ0400 Rev. 4.00
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Bus State Controller (BSC)

SH7730 Group

Bit

Bit Name Value

Initial

R/W

Description

211019

IWRRD
[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 accesses switch between different spaces.

000: No idle cycle inserted
001: 1 idle cycles 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

18t0 16

IWRRS
[2:0]

011

R/W

Idle Cycles for Read-Read in 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 accesses are for the same space.

000: No idle cycle inserted
001: 1 idle cycles 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

Page 302 of 1162

RO1UHO346EJ0400 Rev. 4.00
RENESAS Mar 19, 2012



SH7730 Group Section 11 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description

15t0 12 TYPE[3:0] 0000 R/W Memory Type
Specify the type of memory connected to a space.

0000: Normal space

0001: Burst ROM (clock asynchronous)
0010: Setting prohibited
0011: Byte-selection SRAM
0100: SDRAM

0101: PCMCIA

0110: Setting prohibited
0111: Setting prohibited
1000: Setting prohibited
1001: Setting prohibited
1010: Setting prohibited
1011: Setting prohibited
1100: Setting prohibited
1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

Note: Memory type for area 0 immediately after reset is
normal space. Either normal space or burst ROM
(asynchronous) can be selected by these bits.

For details on memory type in each area, see tables

11.2t0 11.4.

11 — 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
10,9 BSZ[1:0] 11* R/W Data Bus Width
Specify the data bus width of spaces.
00: Setting prohibited
01: 8 bits
10: 16 bits
11: 32 bits

Notes: 1. The data bus width for area 0 is specified by
the external pin. The BSZ[1:0] bit setting in
CSOBCR is ignored.

2. If area 5 or area 6 is specified as PCMCIA
space, the bus width can be specified as
either 8 bits or 16 bits.

3. If area 2 or area 3 is specified as SDRAM

space, the bus width can be specified as
either 16 bits or 32 bits.

8t00 — AllO R Reserved

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

Note: * CSOBCR samples the external pins (MD3 and MD4) that specify the bus width at
power-on reset.
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11.4.3  CSn Space Wait Control Register (CSnWCR)

This register specifies various wait cycles for memory accesses. The bit configuration of this
register varies as shown below according to the memory type (TYPE3, TYPE2, TYPE]L, or
TYPEO) specified by the CSn space bus control register (CSnBCR). Specify CSnWCR before
accessing the target area. Specify CSnBCR first, then specify CSnWCR.

(n=0,2,3,4,5A, 5B, 6A, 6B)
(1) Normal Space and Byte-Selection SRAM

e CSOWCR, CS6AWCR, CS6BWCR

Bit: 31 30 29 28 27 26
Initial value: 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 RW R/W R/W

— |BAS| — | WWI[2:0] |

25 24 23 22 21 20 19 18 17 16
0 0 0 0

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|Q,E’|'§(| | SWI1:0] | WR[3:0] |WM| — | — | — | — | HWI1:0] |
Initialvalue: 0 0 0 0 0 1 0 1 0 1 0o 0 0 o0 o0 o

RW: RW 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.

20 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM
Specifies the WEn and RDWR signal timing when the
byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RDWR signal during the write access
cycle.

1: Asserts the WEnR signal during the read/write access
cycle and asserts the RDWR 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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Bus State Controller (BSC)

SH7730 Group

Bit

Bit Name Value

Initial

R/W

Description

181016  WW[2:0]

000

R/W

Number of Wait Cycles in Write Access

Specify the number of wait cycles necessary for write
access.

000: Same number of cycles set by WR[3:0] (read
access wait)

001: O cycle

010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15

ADRSFIX 0

R/W

Address Update Disable (valid only for CS6A)
0: Normal address output

1: Address is not updated for the second and
subsequent access cycles in burst access

14,13

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/CSn Assertion to
RD/WEn Assertion

Specify the number of delay cycles from address and
CSn assertion to RD or WEnN assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to7 WRI[3:0] 1010 R/W Number of Access Wait Cycles
Specify the number of wait cycles necessary for
read/write access. However, if WW[2:0] is set to a
nonzero value, the number of wait cycles for write
access is determined by the WW/[2:0] setting.
0000: 0 cycles
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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
6 WM 1 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 is valid
1: External wait is ignored
5t02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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SH7730 Group

Initial
Bit Bit Name Value R/W Description
1,0 HW[1:0] 00 R/W  Number of Delay Cycles from RD/WEn Negation to

Address/CSn Negation

Specify the number of delay cycles from RD or WEn
negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

e CS2WCR, CS3WCR

— | — | BW[1:0] |PMD|BAS| — | WW[2:0] |

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 0 0

Initial value: 0 0 0
R/W: R R R R R

Bit: 15 14 13 12 11

0 0 0 0 0 0 0 0 0 0

R R R RW RW RW RW R RW RW RW

10 9 8 7 6 5 4 3 2 1 0

[~T—]— T owa ]

WR[3:0] |WM| — | — | — | — | HWI1:0] |

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

31to24 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

23,22 BWI[1:0] 00 R/W Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted to the
second and subsequent access cycles in a burst
access.

Valid for byte-selection SRAM with page mode
specified (PMD bit = 1).

00: O cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

Note: Bit position is different from that of burst ROM
(asynchronous).
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Initial

Bit Bit Name Value R/W Description

21 PMD 0 R/W Page Mode Specification for Byte-Selection SRAM

Specifies the page mode for byte-selection SRAM.

0: Non-page mode access

1: Page mode access

20 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM

Specifies the WEn and RDWR signal timing when the

byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RDWR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RDWR 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 WW[2:0] 000 R/W Number of Wait Cycles in Write Access

Specify the number of wait cycles necessary for write

access.

000: Same number of cycles set by WR[3:0] (read

access wait)

001: O cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

151013 — AllO R Reserved

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

always be 0.
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SH7730 Group

Bit

Bit Name Value

Initial

R/W

Description

12, 11

SW[1:0]

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 or WEnN assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

10to 7

WRJ[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles necessary for
read/write access. However, if WW[2:0] is set to a non-
zero value, the number of wait cycles for write access is
determined by the WW[2:0] setting.

0000: 0 cycles

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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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Initial

Bit Bit Name Value R/W Description

6 WM 1 R/W External Wait Mask Specification
Specify 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 is valid
1: External wait is ignored

5t02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

1,0 HW[1:0] 00 R/W  Number of Delay Cycles from RD/WEn Negation to

Address/CSn Negation

Specify the number of delay cycles from RD or WEn
negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

e CS4WCR, CS5AWCR

Bit: 31 30 29 28

— |BAS| — | WW[2:0] |

27 26 25 24 23 22 21 20 19 18 17 16
0 0 0 0 0 0

Initial value: 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 RW RW R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | SWI[1:0] | WR[3:0] | WM | — | — | — | — | HWI1:0] |
Initial value: 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0

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

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

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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Bit

Bit Name Value

Initial

R/W

Description

20

BAS

0

R/W

Byte Access Selection for Byte-Selection SRAM

Specifies the WEn and RDWR signal timing when the
byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RDWR signal during the write access
cycle.

1: Asserts the WEnR signal during the read/write access
cycle and asserts the RDWR signal at the write
timing.

19

Reserved

This bit is always read as 0. The write value should
always be 0.

181016  WW[2:0]

000

R/W

Number of Wait Cycles in Write Access

Specify the number of wait cycles necessary for write
access.

000: Same number of cycles set by WR[3:0] (read
access wait)

001: 0 cycle

010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

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

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 or WEnN assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to7 WRI[3:0] 1010 R/W Number of Access Wait Cycles
Specify the number of wait cycles necessary for
read/write access. However, if WW[2:0] is set to a non-
zero value, the number of wait cycles for write access is
determined by the WW/[2:0] setting.
0000: 0 cycles
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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
6 WM 1 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 is valid
1: External wait is ignored
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Initial
Bit Bit Name Value R/W Description
5t02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1,0 HW[1:0] 00 R/W  Number of Delay Cycles from RD/WEn Negation to

Address/CSn Negation

Specify the number of delay cycles from RD or WEn
negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

e CS5BWCR

Bit: 31 30 29 28

—|—|—|BAS|—| WWI[2:0] |

Initial value: 0 0 0 0

27 26 25 24 23 22 21 20 19 18 17 16
0 0 0 0

R

10

0 0 0 0 0 0
R R R R R RW R RW RW RW

9 8 7 6 5 4 3 2 1 0

RW: R R R R R
Bitt_15 14 13 12 11
[— [ =] = | swio |

WR(3:0] |WM| — | — | — | — | HWI[1:0] |

Initial value: 0 0 0 0

R/W: R R R RW RW RW

0

1

0 1 0 1 0 0 0 0 0 0
RW RW RW RW R R R R R/W  R/W

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 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM

Specifies the WEn and RDWR signal timing when the
byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RDWR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RDWR signal at the write
timing.
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Initial
Bit Bit Name Value R/W Description
19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18to16 WWI[2:0] 000 R/W Number of Wait Cycles in Write Access

Specify the number of wait cycles necessary for write
access.

000: Same number of cycles set by WR[3:0] (read
access wait)

001: O cycle

010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t013 — AllO 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 or WEnN assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

RO1UHO346EJ0400 Rev. 4.00 Page 315 of 1162
Mar 19, 2012 RENESAS



Section 11
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SH7730 Group

Bit

Bit Name Value

Initial

R/W

Description

10to 7

WRJ[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles necessary for
read/write access. However, if WW[2:0] is set to a non-
zero value, the number of wait cycles for write access is
determined by the WW[2:0] setting.

0000: 0 cycles

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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

WM

R/W

External Wait Mask Specification

Specify 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 is valid
1: External wait is ignored

5to2

All0

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 HW[1:0] 00 R/W  Number of Delay Cycles from RD/WEn Negation to

Address/CSn Negation

Specify the number of delay cycles from RD or WEn
negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

(2) Burst ROM (Asynchronous)

e CSOWCR

[T Jowa ]

Bit: 31 30 29 28 27 26
0 0 0

25 24 23 22 21 20 19 18 17 16
0 0 0 0

Initial value: 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
Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
|—|—|—|SW[1:O]| W[3:0] |WM|—|—|—|—|HW[1:O]|
Initial value: 0 0 0 0 0 1 0 1 0 1 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
31to18 — AllO 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 to the
second and subsequent access cycles in a burst read
access.
00: O cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
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Initial
Bit Bit Name Value R/W Description
15013 — AllO 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 or WEnN assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

10t07  W[3:0] 1010 RW

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in write
access cycles and the first read access cycle.

0000: 0 cycles

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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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Initial
Bit Bit Name Value R/W Description
6 WM 1 R/W External Wait Mask Specification
Specify 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 is valid
1: External wait is ignored
5t02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1,0 HW[1:0] 00 R/W  Number of Delay Cycles from RD/WEn Negation to
Address/CSn Negation
Specify the number of delay cycles from RD or WEn
negation to address and CSn negation.
00: 0.5 cycle
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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e CS4WCR
Bitt_31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[CT-T-T-T-T-T-T-T-T-[-[-T-[Jewn]
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
Bitt_ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|—|—|—|SW[1:0]| W[3:0] |WM|—|—|—|—|HW[1:O]|
Initial value: 0 0 0 0 0 1 0 1 0 1 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
31to18 — AllO 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 to the
second and subsequent access cycles in a burst
access.
00: O cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
151013 — AllO 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 or WEnN assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Section 11 Bus State Controller (BSC)

Bit

Bit Name Value

Initial

R/W

Description

10to 7

WI[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in write
access cycles and the first read access cycle.

0000: 0 cycles

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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

WM

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 is valid
1: External wait is ignored

5to2

AllO

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/CSn Negation

Specify the number of delay cycles from RD or WEn
negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

R0O1UHO0346EJ0400 Rev. 4.00
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(3 SDRAM
e CS2WCR
Bitt_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 R
Bitt_ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I e I e e S
Initial value: 0 0 0 0 0 0 1 0 1 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 — AllO 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
6 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
5t00 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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e CS3WCR
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 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
| — | TRP[1:0] | — |TRCD[1:O]| — |A30L[1:0] | — | — |TRWL[1:0] | — | TRC[1:0] |
Initial value: 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0

RW: R RW RW R

Bit Bit Name

Initial
Value

RW RW R RW RW R R RW RW R RW RW

R/W

Description

31to15 —

All0

R

Reserved

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

14,13 TRP[1:0]

R/W

Number of Cycles from Auto-Precharge/PRE Command
to ACTV Command

Specify the number of minimum cycles from the start of
auto-precharge or issuing of PRE command to the
issuing of ACTV command for the same bank. The
setting for areas 2 and 3 is common.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles

Reserved

This bit is always read as 0. The write value should
always be 0.

11,10 TRCD[1:0] 01

R/W

Number of Cycles from ACTV Command to
READ(A)/WRIT(A) Command

Specify the number of minimum cycles from issuing
ACTV command to issuing READ(A)/WRIT(A)
command. The setting for areas 2 and 3 is common.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles

R0O1UHO0346EJ0400 Rev. 4.00

Mar 19, 2012

/{ Page 323 of 1162
KENESAS



Section 11 Bus State Controller (BSC) SH7730 Group
Initial

Bit Bit Name Value R/W Description

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
When connecting the SDRAM to area 2 and area 3, set
the CAS latency to the bits 8 and 7 in the CS2WCR
register and the SDMR2 and SDMR3 registers for
SDRAM mode setting. (See table 11.22.)

6 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.

5 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

4,3 TRWL[1:0] 00 R/W Number of Cycles from WRITA/WRIT Command to

Auto-Precharge/PRE Command

Specifies the number of cycles from issuing
WRITA/WRIT command to the start of auto-precharge
or to issuing PRE command. The setting for areas 2
and 3 is common.

00: 0 cycles
01: 1 cycle

10: 2 cycles
11: 3 cycles
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Initial
Bit Bit Name Value R/W Description
2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
1,0 TRC[1:0] 00 R/W Number of Cycles from REF Command/Self-Refresh

Release to ACTV Command

Specify the number of minimum cycles from issuing the
REF command or releasing self-refresh to issuing the
ACTV command. The setting for areas 2 and 3 is
common.

00: 3 cycles
01: 4 cycles
10: 6 cycles
11: 9 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, TRP1[1:0], TRCDI[1:0], TRWL[1:0], and
TRCI1:0] bit settings are common.
If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or byte-selection SRAM.
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(49 PCMCIA

e CS5BWCR, CS6BWCR

T [ [ Towo[-[-[-T]

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 0 0 0

Initial value: 0 0
R/W: R R R R

Bit: 15 14 13 12

R

11

R

10

0 0 0 0 0 0 0 0
R R R R RW RW R R R R

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

1

0 1 0 1 0 0 0 0 0 0

0
RW: R RW RW RW RW RW RW RW RW RW R R RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31to22 — 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
Specify memory card interface or I/O card interface
when the PCMCIA interface is selected.
SA[1]
0: Specifies memory card interface when A25 = 1
1: Specifies I/O card interface when A25 = 1
SA[0]
0: Specifies memory card interface when A25 =0
1: Specifies I/O card interface when 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
14to11 TED[3:0] 00 R/W  Delay from Address to RD or WE Assert

Specify the delay time from address output to RD or
WE assert in PCMCIA interface.

0000: 0.5 cycle
0001: 1.5 cycles
0010: 2.5 cycles
0011: 3.5 cycles
0100: 4.5 cycles
0101: 5.5 cycles
0110: 6.5 cycles
0111: 7.5 cycles
1000: 8.5 cycles
1001: 9.5 cycles
1010: 10.5 cycles
1011: 11.5 cycles
1100: 12.5 cycles
1101: 13.5 cycles
1110: 14.5 cycles
1111: 15.5 cycles
10to7 PCWI[3:0] 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
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Initial

Bit Bit Name Value R/W Description

6 WM 1 R/W External Wait Mask Specification
Specify 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 is valid
1: External wait is ignored

5,4 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

3t00 TEH[3:0] 0000 R/W  Delay from RD or WE Negate to Address

Specify the address hold time from RD or WE negate in
the PCMCIA interface.

0000: 0.5 cycle
0001: 1.5 cycles
0010: 2.5 cycles
0011: 3.5 cycles
0100: 4.5 cycles
0101: 5.5 cycles
0110: 6.5 cycles
0111: 7.5 cycles
1000: 8.5 cycles
1001: 9.5 cycles
1010: 10.5 cycles
1011: 11.5 cycles
1100: 12.5 cycles
1101: 13.5 cycles
1110: 14.5 cycles
1111: 15.5 cycles

11.44 Reset Bus Wait Counter (RBWTCNT)

RBWTCNT is a 7-bit counter. The counter is cleared to 0 by a power-on reset and it maintains the
0 state during the reset period. This counter starts to increment in synchronization with the CKO
pin after a power-on reset is cleared, and stops when the value reaches H'7F. External bus access is
suspended while the counter is operating. This counter is provided to assume the minimum time
from clearing a reset for flash memory and the like to the first access. This counter cannot be read

from or written to.
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11.4.5 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMSs to be

connected.
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[—T-T-T-T-T-T-T—T—T— T [roma] — Jracoura]
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 RW R RW RW
Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| — | — | — | — |RFSH|RMODE|PDOWN|BACTV| — | — | — |A3ROW[1:0]| — |A3COL[1:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R 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 A2ROW 00 R/W Number of Bits of Row Address for Area 2
[1:0] Specify the number of bits of row address for area 2.
00: 11 bits
01: 12 bits
10: 13 bits
11: Setting prohibited
18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
17,16 A2COL 00 R/W Number of Bits of Column Address for Area 2
[1:0] Specify the number of bits of column address for area
2.
00: 8 bits
01: 9 bits
10: 10 bits
11: Setting prohibited
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Initial

Bit Bit Name Value R/W Description

15t012 — AllO R Reserved
These bits are 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 RTCSR,
RTCNT, and RTCOR.
0: Auto-refresh is performed
1: Self-refresh is performed

9 PDOWN O R Power-Down Mode
Specifies whether the SDRAM is entered in power-
down mode or not after the access to SDRAM is
completed. If this bit is set to 1, the CKE pin is pulled to
low to place the SDRAM to power-down mode.
0: Does not place the SDRAM in power-down mode

after access completion.
1: Places the SDRAM in power-down mode after
access completion.
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 used only in area 3. In
this case, the bus width can be selected as 16 or 32
bits. When both areas 2 and 3 are set to SDRAM,
specify auto-precharge mode.
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Initial
Bit Bit Name Value

R/W

Description

7t05 — AllO

R

Reserved

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

4,3 A3ROW 00
[1:0]

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: Setting prohibited

Reserved

This bit is always read as 0. The write value should
always be 0.

1,0 A3COL 00
[1:0]

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: Setting prohibited

R0O1UHO0346EJ0400 Rev. 4.00
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11.4.6  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.

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

Bitt 15 14 13 12 1110 9 8 7 6 5 4 32 1 0
|—|—|—|—|—|—|—|—|CMF|—| CKS[2:0] | RRC[2:0] |

Initial value: 0 0 o0 0 0 o 0 0 o 0 0 o 0o o0 o0 0
RW: R R R R R R R R RW R 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. The write value should
always be H'A55A00.

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 — 0 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
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¢/4
010: B¢/16
011: B¢p/64
100: By/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: Once

001: Twice

010: 4 times

011: 6 times

100: 8 times

101: Setting prohibited
110: Setting prohibited
111: Setting prohibited
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11.4.7 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'A55A to cancel write protection.

Bitt_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 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
- l-l-[-[-[-T-1T-] ONTI70 |
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. The write value should
always be H'A55A00.
7100 CNT All O R/W 8-Bit Counter
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11.4.8 Refresh Time Constant Register (RTCOR)

RTCOR contains the value for comparison with that of the 8-bit counter. RTCOR matches
RTCNT, the CMF bit in RTCSR is 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.

Clearing the CMF bit does not clear refresh requests. When the 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 21 20 19 18 17 16

23 22
Initial value: 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

Bitt_15 14 13 12 11 10 7 6 5 4 3 2 1 0
= N N N N CoRlr0) |
Initial value: 0 0 0 0 0 0 o0 0 0 0 0 0 0o 0 0o 0

©
[e)

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 — All O R Reserved
These bits are always read as 0. The write value should
always be H'A55A00.
7100 COR AllO R/W Value for Comparison with That of the 8-Bit Counter

11.49 SDRAM Mode Registers 2, 3 (SDMR2 and SRMR3)

For the settings of SDRAM mode registers (SDMR2 and SDMR3), see table 11.23.
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11.5  Operation

11.5.1 Endian/Access Size and Data Alignment

This LSI supports big endian, in which the 0 address is the most significant byte (MSByte) in the
byte data and little endian, in which the 0 address is the least significant byte (LSByte) in the byte
data. Endian is specified on power-on reset by the external pin (MDS5). When MDS5 pin is low
level on power-on reset, the endian will become big endian and when MDS pin is high level on
power-on reset, the endian will become little endian.

Three data bus widths (8 bits, 16 bits, and 32 bits) are available for normal memory and byte-
selection SRAM. Two data bus widths (16 bits and 32 bits) are available for SDRAM. Two data
bus widths (8 bits and 16 bits) are available for PCMCIA interface. Data alignment is performed
in accordance with the data bus width of the device and endian. This also means that when
longword data is read from a byte-width device, the read operation must be done four times. In
this LSI, data alignment and conversion of data length is performed automatically between the
respective interfaces.

Tables 11.9 to 11.14 show the relationship between endian, device data width, and access unit.

Table 11.9 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals

D31to D23to Di5to D7to WES3/ WE2/ WE1/ WEO/
Operation D24 D16 D8 Do bDQMUU DQMUL DQMLU DQMLL
Byte access Data — — — Assert — — —
ato 7100
Byte access — Data — — — Assert — —
at 1 7t00
Byte access — — Data — — — Assert —
at2 7100
Byte access — — — Data — — — Assert
at3 7t00
Word Data Data — — Assert Assert — —
accessat0 15t08 7100
Word — — Data Data — — Assert Assert
access at 2 15t08 7100
Longword  Data Data Data  Data Assert Assert Assert Assert

accessat0 31to24 23to16 15t08 7to0

Page 336 of 1162 RO1UHO346EJ0400 Rev. 4.00
RENESAS Mar 19, 2012



SH7730 Group

Section 11

Bus State Controller (BSC)

Table 11.10 16-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to D7to WES3/ WE2 WET/ WEO/
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — — — Assert —
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — Data — — — Assert —
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word access at 0 — — Data Data — — Assert Assert
15t08 7to0
Word access at 2 — — Data Data — — Assert Assert
15t08 7to0
Longword  1st — — Data Data — — Assert Assert
access timeat 0 311024 23to 16
at0 2nd — — Data Data — — Assert Assert
time at 2 15t08 7100
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Table 11.11 8-Bit External Device/Big Endian Access and Data Alignment
Data Bus Strobe Signals
D31to D23to D15to D7to WES3/ WE2/ WE1/ WEO/
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data — — — Assert
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word 1sttime — — — Data — — — Assert
accessat0 atO 15t0 8
2nd time — — — Data — — — Assert
at 1 7t00
Word 1sttime — — — Data — — — Assert
accessat2 at2 15t08
2nd time — — — Data — — — Assert
at3 7t00
Longword 1sttime — — — Data — — — Assert
accessat0 atO 311024
2nd time — — — Data — — — Assert
at 1 2310 16
3rd time — — — Data — — — Assert
at2 15t0 8
4th time — — — Data — — — Assert
at3 7t00
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Table 11.12 32-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals

D31 to D23 to D15to D7to WE3/ WE2/ WE1/ WEO/
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access — — — Data — — Assert
ato0 7100
Byte access — — Data — — — Assert —
at 1 7t00
Byte access — Data — — — Assert — —
at2 7100
Byte access Data — — — Assert — — —
at3 7100
Word access — — Data Data — — Assert Assert
ato 15t0 8 7t00
Word access Data Data — — Assert Assert — —
at2 15t0 8 7100
Longword Data Data Data Data  Assert Assert Assert Assert
accessat0 31to24 23to 16 15t0 8 7t00
R0O1UHO0346EJ0400 Rev. 4.00 Page 339 of 1162
Mar 19, 2012 RENESAS



Section 11 Bus State Controller (BSC) SH7730 Group

Table 11.13 16-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
o i D31 to D23 to D15 to D7to  WE3/ WE2/ WE1/ WEO/
peration D24 D16 D8 DO DOGMUU DQMUL DQMLU  DQMLL
Byte access at 0 — — — Data — — — Assert
7t00

Byte access at 1 — — Data — — — Assert —
7t00

Byte access at 2 — — — Data — — — Assert

7t00

Byte access at 3 — — Data — — — Assert —
7t00

Word access at 0 — — Data Data — — Assert Assert
15t0 8 7t00

Word access at 2 — — Data Data — — Assert Assert
15t0 8 7t00

Longword  1st — — Data Data — — Assert Assert

access timeat 0 15108 7100

at0 2nd — — Data Data — — Assert Assert

time at 1 31t024 23to 16
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Table 11.14 8-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15 D7to  WES3/ WE2/ WE1/ WEO/
Operation D24 D16 toD8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data — — — Assert
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word 1sttime — — — Data — — — Assert
accessat0 atoO 7t00
2nd time — — — Data — — — Assert
at 1 15t0 8
Word 1sttime — — — Data — — — Assert
accessat2 at2 7t00
2nd time — — — Data — — — Assert
at3 15t0 8
Longword 1sttime — — — Data — — — Assert
accessat0 atoO 7t00
2nd time — — — Data — — — Assert
at 1 15t0 8
3rd time — — — Data — — — Assert
at 2 23to0 16
4th time — — — Data — — — Assert
at3 311024
RO1UHO0346EJ0400 Rev. 4.00 Page 341 of 1162
Mar 19, 2012 RENESAS



Section 11 Bus State Controller (BSC) SH7730 Group

11.5.2  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 connected. When using SRAM with a byte-selection pin, see section
11.5.7, Byte-Selection SRAM Interface. Figure 11.3 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.

Read <

Write

o
>
Q
Y
=)
%

Note: * The waveform for DACKn is when active low is specified.

Figure 11.3 Normal Space Basic Access Timing (Access Wait 0)
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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, 32 bits are always
read in case of a 32-bit device, and 16 bits 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 RDWR 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, to avoid collision.

Figures 11.4 and 11.5 show the basic timings of normal space accesses. If the WM bit of the
CSnWCR is cleared to 0, a Tnop cycle is inserted to evaluate the external wait (figure 11.4). If the
WM bit of the CSnWCR is set to 1, external waits are ignored and no Tnop cycle is inserted
(figure 11.5).
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Read

Write

Note: * The waveform for DACKn is when active low is specified.

Figure 11.4 Continuous Access for Normal Space 1, Bus Width = 16 bits, Longword Access,
CSnWCR.WM Bit = 0 (Access Wait = 0, Cycle Wait = 0)
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Note: * The waveform for DACKn is when active low is specified.

16 bits, Longword Access,

CSnWCR.WM Bit = 1 (Access Wait = 0, Cycle Wait = 0)

Figure 11.5 Continuous Access for Normal Space 2, Bus Width
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This LSI

A18

A2
CSn

D31
D24
WE3
D23
D16
WE2
D15

WE1

128 K x 8-bit
SRAM

A6

A0

cs

OE

/07

1/00

WE

A16

A0

cs

OE

1107

1/00

WE

Figure 11.6 Example of 32-Bit Data-Width SRAM Connection
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This LSI

A17
A
Csn
RD
D15
D8
WET
D7

DO
WEO

128 K x 8-bit
SRAM

A16

A0

cs

OE

1107

1/00

WE

A6

A0

cs

OE

1107

/00

WE

Figure 11.7 Example of 16-Bit Data-Width SRAM Connection

This LSI

A16

DO
WEO

128 K x 8 bits
SRAM

A16
A0
cs
OE
/07

1/00
WE

Figure 11.8 Example of 8-Bit Data-Width SRAM Connection
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11.5.3  Access Wait Control

Wait-cycle insertion on access to a normal space or byte-selection SRAM is controlled by the
settings of bits WR[3:0] and WW[2:0] in CSnWCR. Values for wait-cycle insertion in read access
and write access are independent of each other. In the case of access to a normal space or byte-
selection SRAM, the specified number of cycles is inserted as Tw, i.e. as the wait cycle, as shown

in figure 11.9.

Read

Write

T1

—
N

Tw

\

<

w AT

X

A25 to A0

( RDWR /

\ D31 to DO ' C:)—
( RDWR

\. D31 to DO

BS \ /
DACKn* \

Note: * The waveform for DACKn is when active low is specified.

Figure 11.9 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CSnWCR is cleared to 0, the external wait input WAIT signal is also
sampled. WAIT pin sampling is shown in figure 11.10. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CKO at the transition from the T1 or Tw
cycle to the T2 cycle.

Wait states inserted
by WAIT signal

wr TITTTTUVOOUNNR

S e
I\ S SO S S S S SV
ow 7 o
o TN

oo N

Note: * The waveform for DACKn is when active low is specified.

Figure 11.10 Wait State Timing for Normal Space Access
(Wait State Insertion using WAIT Signal)
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11.54  CSn Assert Period Expansion

The number of cycles from CSn assertion to RD and WEn assertion can be specified by setting
bits SW[1:0] in CSnWCR. The number of cycles from RD and WEn negation to CSn negation can
be specified by setting bits HW[1:0]. Therefore, a flexible interface to an external device can be
obtained. Figure 11.11 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.

Th o Ti - T2 Tf

wo NN

A25 to A0

Read RD

D31 to DO

RDWR

Write WEnRN

:X
e
RDWR_/

_%_\

= TN/
N

DACKn* P\
Note: * The waveform for DACKn is when active low is specified.

Figure 11.11 CSn Assert Period Expansion
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11.5.5 SDRAM Interface
(1) SDRAM 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 connection of SDRAM are RAS, CAS, RDWR, DQMUU, DQMUL,
DQMLU, DQMLL, CKE, CS2, and CS3. All the signals other than CS2 and CS3 are common to
all areas, and signals other than CKE are valid 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 can be set
to 32 or 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, RDWR, and specific address signals.
These commands are shown below.

e NOP

e Auto-refresh (REF)

o Self-refresh (SELF)

e All banks precharge (PALL)

e Specified bank precharge (PRE)
e Bank active (ACTV)

e Read (READ)

e Read with precharge (READA)
o  Write (WRIT)

e Write with precharge (WRITA)
e Write mode register (MRS)

The byte to be accessed is specified by DQOMUU, DQMUL, DQMLU, and DQMLL. Reading or
writing is performed for a byte whose corresponding DQMxx is low. For details on the
relationship between DQMxx and the byte to be accessed, refer to section 11.5.1, Endian/Access
Size and Data Alignment.

When connecting only one area to SDRAM, specify area 3 as the SDRAM space. With this
setting, specify area 2 as a normal memory area or byte-selection SRAM.
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Figures 11.12 and 11.13 show examples of the connection of the SDRAM with the LSI.

64-Mbit SDRAM

This LSI (1 M x 16 bits x 4 banks)
A15 A13
A2 A0
CKE CKE
CKO CLK
CSn CS
RAS RAS
CAS CAS
RDWR WE
D31 |/Q15
D16 1/00
DQMUU DQMU
DQMUL DQML
D15
; — A13
DO :
oo o
CKE
CLK
CS
RAS
CAS
WE
1/015
1/00
DQMU
DQML

Figure 11.12 Example of 32-Bit Data-Width SDRAM Connection
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64-Mbit SDRAM

This LSI (1 M x 16 bits x 4 banks)
A14 A13
Al A0
CKE CKE
CKO CLK
CSn CS
RAS RAS
CAS CAS
RDWR WE
D15 /015
DO 1100
DQMLU DQMU
DQMLL DQML

Figure 11.13 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, AxXROW[1:0] and
AxCOL[1:0] in SDCR. Tables 11.15 to 11.20 show the relationship between the settings of bits
BSZ[1:0], AXROWT[1:0], and AxCOL[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 (BSZ[1:0] =B'10), AO of SDRAM specifies a word address.
Therefore, connect this AO 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. When the data bus width is 32 bits (BSZ[1:0] =B'11), the A0 pin of
SDRAM specifies a longword address. Therefore, connect this AO pin of SDRAM to the A2 pin of
the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.
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Table 11.15 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (1)-1

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 00 (11 bits) 00 (8 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A25 A17 Unused

A16 A24 A16

A15 A23 A15

A14 A22# A22%* A12 (BA1) Specifies bank

A13 A21# A21# A11 (BAO)

A12 A20 L/H*' A10/AP Specifies
address/precharge

A11 A19 A11 A9 Address

A10 A18 A10 A8

A9 A17 A9 A7

A8 A16 A8 A6

A7 A15 A7 A5

A6 Al4 A6 A4

A5 A13 A5 A3

A4 A12 A4 A2

A3 A11 A3 A1l

A2 A10 A2 AO

Al A9 A1l Unused

AO A8 AO

Example of connected memory
64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2

Notes: 1. L/His 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 11.15 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (1)-2

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 00 (8 bits)

Output Pin of Row Address  Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A24 A17 Unused

A16 A23 A16

A15 A23# A23#* A13 (BA1) Specifies bank

A14 A22# A22%* A12 (BAO)

A13 A21 A13 A11 Address

A12 A20 L/H*' A10/AP Specifies
address/precharge

A11 A19 A11 A9 Address

A10 A18 A10 A8

A9 A17 A9 A7

A8 A16 A8 A6

A7 A15 A7 A5

A6 Al4 A6 A4

A5 A13 A5 A3

A4 A12 A4 A2

A3 A11 A3 A1l

A2 A10 A2 AO

Al A9 A1l Unused

AO A8 AO

Example of connected memory
128-Mbit product (1 Mword x 32 bits x 4 banks, column 8 bits product): 1
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification

RO1UHO346EJ0400 Rev. 4.00 Page 355 of 1162
Mar 19, 2012 RENESAS



Section 11 Bus State Controller (BSC) SH7730 Group

Table 11.16 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (2)-1

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 01 (9 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25 A16

A15 A24+# A24+* A13 (BA1) Specifies bank

A14 A23# A23** A12 (BAO)

A13 A22 A13 A11 Address

A12 A21 L/H*' A10/AP Specifies
address/precharge

A11 A20 A11 A9 Address

A10 A19 A10 A8

A9 A18 A9 A7

A8 A17 A8 A6

A7 A16 A7 A5

A6 A15 A6 A4

A5 Al4 A5 A3

A4 A13 A4 A2

A3 A12 A3 A1l

A2 A11 A2 AO

A1l A10 A1l Unused

AO A9 AO

Example of connected memory
256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Notes: 1. L/His 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 11.16 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (2)-2

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 10 (10 bits)

Output Pin of Row Address  Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25% A25%* A13 (BA1) Specifies bank

A14 A24+* A24%* A12 (BAO)

A13 A23 A13 A11 Address

A12 A22 L/H*' A10/AP Specifies
address/precharge

A11 A21 A11 A9 Address

A10 A20 A10 A8

A9 A19 A9 A7

A8 A18 A8 A6

A7 A17 A7 A5

A6 A16 A6 A4

A5 A15 A5 A3

A4 A14 A4 A2

A3 A13 A3 A1l

A2 A12 A2 AO

A1l Al A1l Unused

AO A10 AO

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 2

Notes: 1. L/His 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 11.17 Relationship between A2/3BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and
Address Multiplex Output (3)

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 10 (13 bits) 01 (9 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25+ A25%# A14 (BA1) Specifies bank

A15 A24+# A24+* A13 (BAO)

Al4 A23 Al4 A12 Address

A13 A22 A13 A11

A12 A21 L/H*' A10/AP Specifies
address/precharge

A11 A20 A11 A9 Address

A10 A19 A10 A8

A9 A18 A9 A7

A8 A17 A8 A6

A7 A16 A7 A5

A6 A15 A6 A4

A5 Al4 A5 A3

A4 A13 A4 A2

A3 A12 A3 A1l

A2 A11 A2 AO

A1l A10 A1l Unused

AO A9 AO

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Notes: 1. L/His 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 11.18 Relationship between A2/3BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and
Address Multiplex Output (4)-1

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

10 (16 bits) 00 (11 bits) 00 (8 bits)

Output Pin of Row Address  Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A25 A17 Unused

A16 A24 A16

A15 A23 A15

Al4 A22 Al4

A13 A21# A21# A12 (BA1) Specifies bank

A12 A20% A20* A11 (BAO)

A11 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 A12 A4 A3

A3 A1 A3 A2

A2 A10 A2 A1l

A1 A9 A1l A0

AO 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 low or high according to the
access mode.

2. Bank address specification
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Table 11.18 Relationship between A2/3BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and
Address Multiplex Output (4)-2

Setting
A2/3 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 Synchronous

This LSI Output Output DRAM 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 Al Address

A11 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 A12 A4 A3

A3 A1 A3 A2

A2 A10 A2 A1l

A1 A9 A1l A0

AO 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 low or high according to the
access mode.

2. Bank address specification
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Table 11.19 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (5)-1

Setting
A2/3 A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]

10 (16 bits) 01 (12 bits) 01 (9 bits)

Output Pin of Row Address  Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25 A16

A15 A24 A15

A14 A23# A23** A13 (BA1) Specifies bank

A13 A22# A22%* A12 (BAO)

A12 A21 A12 A1 Address

A11 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 Al A2 Al

Al 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 low or high according to the
access mode.

2. Bank address specification
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Table 11.19 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (5)-2

Setting
A2/3 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 Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25 A15

A14 A24+* A24%* A13 (BA1) Specifies bank

A13 A23# A23** A12 (BAO)

A12 A22 A12 Al Address

A11 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 A14 A4 A3

A3 A13 A3 A2

A2 A12 A2 A1l

Al 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 low or high according to the
access mode.

2. Bank address specification
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Table 11.20 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (6)-1

Setting
A2/3 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 Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25 A16

A15 A24+# A24+* A14 (BA1) Specifies bank

A14 A23# A23** A13 (BAO)

A13 A22 A13 A12 Address

A12 A21 A12 A11

A11 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 Al A2 Al

Al A10 Al A0

AO 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 11.20 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and
Address Multiplex Output (6)-2

Setting
A2/3 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 Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25% A25%* A14 (BA1) Specifies bank

Al14 A24+* A24%* A13 (BAO)

A13 A23 A13 A12 Address

A12 A22 A12 A11

A11 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 A14 A4 A3

A3 A13 A3 A2

A2 A12 A2 A1l

Al 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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Table 11.21 Relationship between A3BSZ[1:0], A3ROW[1:0], A3COL[1:0], and Address

Multiplex Output (7)
Setting
A3 A3 A3
BSZ ROW CcoL
[1:0] [1:0] [1:0]

11 (32 bits) 10 (13 bits) 10 (10 bits)

Output Pin of Row Address  Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26+ A26* A14 (BA1) Specifies bank

A15 A25+# A25%* A13 (BAO)

A14 A24+* Al14 A12 Address

A13 A23 A13 A11

A12 A22 L/H*' A10/AP Specifies
address/precharge

A11 A21 A11 A9 Address

A10 A20 A10 A8

A9 A19 A9 A7

A8 A18 A8 A6

A7 A17 A7 A5

A6 A16 A6 A4

A5 A15 A5 A3

A4 A14 A4 A2

A3 A13 A3 A1l

A2 A12 A2 AO

A1l Al A1l Unused

AO A10 AO

Example of connected memory
512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 2

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) Burst Read
A burst read occurs in the following cases with this LSI.

1. Access size in reading is larger than data bus width.
2. 32-byte transfer in cache miss.
3. 8/16/32-byte transfer in DMAC (access to non-cacheable area)

This LSI always accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively four times to read 16-byte continuous data from the SDRAM
that is connected to a 32-bit data bus.

Table 11.22 shows the relationship between the access size and the number of bursts.

Table 11.22 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts
16 bits 8 bits
16 bits
32 bits
8 bytes
16 bytes
32 bytes
32 bits 8 bits
16 bits
32 bits
8 bytes
16 bytes
32 bytes

NG I NG B ) Q) g g I e A N S Y
x
N

x
N

Figures 11.14 and 11.15 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 Tcl, 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 (CKO) in the Tdl to Td4 cycles. The Tap cycle is used to wait for the completion of an
auto-precharge induced by the READ 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 TRP1
and TRPO bits in CS3WCR.
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In this LSI, wait cycles can be inserted by specifying each bit in CSnWCR to connect the SDRAM
in variable frequencies. Figure 11.15 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 TRCD1 and TRCDO bits in CS3WCR. If
the TRCD1 and TRCDO bits specify two cycles or more, a Trw cycle where the NOT command is
issued is inserted between the Tr cycle and Tcl cycle. The number of cycles from the Tcl 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 A2CLO bits in
CS2WCR or the A3CL1 and A3CLO bits in CS3WCR and TRCDO bit in CS3WCR. The number
of cycles from Tcl to Td1 corresponds to the synchronous DRAM CAS latency. The CAS latency
for the synchronous DRAM 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 synchronous DRAM.

Td1 Td2 Td

CKO

A ::::E:E:EXE:
wone N LT T

>
&
153
>
o
>
>
><
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AN/ R B W

KA

rown ]
DQMxx _;\E

D31 to DO

X
X

DACKn*Z_E-\EEEEEEEEEEEE/EE\::

ﬁ—_’\/\

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.14 Burst Read Basic Timing (Auto-Precharge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 11.15 Burst Read Wait Specification Timing (Auto-Precharge)
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(4) Single Read

A read access ends in one cycle when data exists in non-cacheable region and the data bus width is
larger than or equal to access size. As the burst length is set to 1 in SDRAM burst read/single
write mode, only the required data is output. Consequently, no unnecessary bus cycles are
generated even when a cache-through area is accessed.

Figure 11.16 shows the single read basic timing.

A2510A0 A+ X
A12/A11 )( /
MmN/
CAS \ | |/

owR ] |
DQMxx _El\i

i

D31 to DO U )

DACKn*2 _\

BS '

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.16 Basic Timing for Single Read (Auto-Precharge)
(5) Burst Write
A burst write occurs in the following cases in this LSI.

1. Access size in writing is larger than data bus width.
2. Copyback of the cache
3. 16-byte transfer in DMAC (access to non-cacheable region)
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This LSI always accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 4 times to write 16-byte continuous data to the SDRAM that is
connected to a 32-bit data bus. The relationship between the access size and the number of bursts
is shown in table 11.22.

Figure 11.17 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. 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 Trw1
cycles is specified by the TRWL1 and TRWLO bits in CS3WCR. The number of Tap cycles is
specified by the TRP1 and TRPO bits in CS3WCR.

CKO

\-/\

D31 to DO —-—-—-—( Dad
8s oAb
e S W S S N S B

TR

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.17 Basic Timing for Burst Write (Auto-Precharge)

Page 370 of 1162 RO1UHO346EJ0400 Rev. 4.00
RENESAS Mar 19, 2012




SH7730 Group Section 11 Bus State Controller (BSC)

(6) Single Write

A write access ends in one cycle when data is written in non-cacheable region and the data bus
width is larger than or equal to access size.

Figure 11.18 shows the single write basic timing.

CKO j E :
A25 to A0 y EX ;X
A12/A11#1 :X / \

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.18 Basic Timing for Single Write (Auto-Precharge)
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(7) Bank Active

The SDRAM bank function is used to support high-speed accesses to the same row address. When
the BACTV bit in SDCR is 1, accesses are performed using commands without auto-precharge
(READ or WRIT). This function is called bank-active function. This function is valid only for
either the upper or lower bits of area 3. When area 3 is set to bank-active mode, area 2 should be
set to normal space or byte-selection SRAM. When areas 2 and 3 are both set to SDRAM, auto-
precharge mode must be set.

When a 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 TRP[1:0] bits in CSnWCR.

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 11.19, a burst read cycle for the same
row address in figure 11.20, and a burst read cycle for different row addresses in figure 11.21.
Similarly, a single write cycle without auto-precharge is shown in figure 11.22, a single write
cycle for the same row address in figure 11.23, and a single write cycle for different row addresses
in figure 11.24.

In figure 11.20, 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 accesses to the respective banks in the area 3 space are
considered, as long as accesses to the same row address continue, the operation starts with the
cycle in figure 11.19 or 9.22, followed by repetition of the cycle in figure 11.20 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, after this is detected the bus cycle in figure 11.21 or 9.24 is executed instead
of that in figure 11.20 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

CKO

A2510A0 _iX
AtA1e X \

A
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ROWR _if
DQMxx _L\

D31 to DO

a

N

E \ 1
DACKn*2 A\

,

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.19 Burst Read Timing (No Auto-Precharge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 11.20 Burst Read Timing (Bank Active, Same Row Address)
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DQMxx
D31 to DO
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1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Notes:

Figure 11.21 Burst Read Timing (Bank Active, Different Row Addresses)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.22 Single Write Timing (No Auto-Precharge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.
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Figure 11.23 Single Write Timing (Bank Active, Same Row Address)
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1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Notes:

Figure 11.24 Single Write Timing (Bank Active, Different Row Addresses)
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(8) Refreshing

This LSI 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 RRC[2:0] 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.

(@) Auto-refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS[2:0]
in RTCSR, and the value set by in RTCOR. The value of bits CKS[2:0] 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, then make the CKS[2:0] and
RRCJ[2:0] settings. When the clock is selected by bits CKS[2:0], 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 RRC[2:0]. At the same time, RTCNT is
cleared to 0 and the count-up is restarted. Figure 11.25 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 precharged state from active state when some bank is being precharged. Then REF
command is issued in the Trr cycle after inserting idle cycles of which number is specified by
the TRP[1:0]bits in CSnWCR. A new command is not issued for the duration of the number of
cycles specified by the TRC[1:0] bits in CSnWCR after the Trr cycle. The TRC[1:0] bits must
be set so as to satisfy the SDRAM refreshing cycle time stipulation (tRC). A NOP cycle is
inserted between the Tp cycle and Trr cycle when the setting value of the TRP[1:0] bits in
CSnWCR is longer than or equal to 2 cycles.
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1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Notes:

Figure 11.25 Auto-Refresh Timing
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(b) Self-refreshing

Self-refresh 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 TRP[1:0] bits in CSnWSR. 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 TRC[1:0] bits in CSnWCR.

Self-refresh timing is shown in figure 11.26. 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, or when exiting standby mode other than through a power-on reset, 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 by an interrupt.

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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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.26 Self-Refresh Timing
(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. This LSI supports
requests by the REFOUT pin for the bus mastership while waiting for the refresh request. The
REFOUT pin is asserted low until the bus mastership is acquired.

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 self-refresh is completed.
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(10) Power-Down Mode

If the PDOWN bit in SDCR s set to 1, the SDRAM is placed in the 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 that asserts the

CKE in order to cancel power-down mode is inserted.

Figure 11.27 shows the access timing in power-down mode.
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1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Notes:

Figure 11.27 Access Timing in Power-Down Mode
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(11) Power-On Sequence

In order to use SDRAM, mode setting must first be performed after powering on. To perform
SDRAM initialization correctly, the bus state controller registers 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 RDWR 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 write to address HFEC14000 + X for area 2 SDRAM, and to address
H'FEC15000 + 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, CAS latency 2 and 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 11.23. In this time O is output at the external address pins of A12
or later.
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Table 11.23 Access Address in SDRAM Mode Register Write

o Setting for Area 2 (SDMR2) RDWR
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FEC14440 H'0000440

3 H'FEC14460 H'0000460
32 bits 2 H'FEC14880 H'0000880

3 H'FEC148C0 H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FEC14040 H'0000040

3 H'FEC14060 H'0000060
32 bits 2 H'FEC14080 H'0000080

3 H'FEC140C0 H'00000C0

e Setting for Area 3 (SDMR3)
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FEC15440 H'0000440

3 H'FEC15460 H'0000460
32 bits 2 H'FEC15880 H'0000880

3 H'FEC158C0 H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FEC15040 H'0000040

3 H'FEC15060 H'0000060
32 bits 2 H'FEC15080 H'0000080

3 H'FEC150C0 H'00000CO0
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Mode register setting timing is shown in figure 11.28. A PALL command (all bank precharge
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 TRP[1:0] bits in CSanWCR, are inserted between the PALL and the first REF. Idle
cycles, of which number is specified by the TRC[1:0]bits in CSnWCR, are inserted between REF
and REF, and between the 8th REF and MRS. Idle cycles, of which number is one or more, 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 the manual of the SDRAM for the idle time to be needed. When the pulse width
of the reset signal is longer then 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 the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 11.28 Write Timing for SDRAM Mode Register (Based on JEDEC)
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11.5.6  Burst ROM (Clock Asynchronous) Interface

The burst ROM (clock 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
(clock asynchronous) interface, basically the same access as the normal space is performed, but
the 2nd and subsequent accesses are performed only by changing the address, without negating the
RD signal at the end of the 1st cycle. In the 2nd and subsequent accesses, addresses are changed at
the falling edge of the CKO.

For the 1st access cycle, the number of wait cycles specified by the W[3:0] bits in CSnWCR is
inserted. For the 2nd and subsequent access cycles, the number of wait cycles specified by the
BWT/1:0] bits in CSnWCR is inserted.

In the access to the burst ROM (clock 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 do not perform the burst operation in the burst ROM
(clock asynchronous) interface, access timing is same as a normal space.

Table 11.24 lists a relationship between bus width, access size, and the number of bursts. Figure
11.29 shows a timing chart.

Note: When using the CSO space as burst ROM, set CSOBCR and CSOWCR by using a program
in a space other than CSO (on-chip RAM, for example) before accessing the burst ROM.
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Table 11.24 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width Access Size Number of Bursts
8 bits 8 bits 1
16 bits 2
32 bits 4
8 bytes 8
16 bytes 16
32 bytes 16 x2
16 bits 8 bits 1
16 bits 1
32 bits 2
8 bytes 4
16 bytes 8
32 bytes 8x2
32 bits 8 bits 1
16 bits 1
32 bits 1
8 bytes 2
16 bytes 4
32 bytes 4x2
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Figure 11.29 Burst ROM (Clock Asynchronous) Access (Bus Width = 32 Bits,
16-byte Transfer (Number of Bursts = 4), Access Wait for First Time = 2,
Access Wait for 2nd Time and after = 1)

11.5.7  Byte-Selection SRAM Interface

The byte-selection SRAM interface is for access to an SRAM which has a byte-selection pin
(WEn). This interface has 16-bit data pins and accesses SRAMSs 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 byte-
selection SRAM interface 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
11.30. In write access, data is written to the memory according to the timing of the byte-selection
pin (WEn). For details, refer to the data sheet for the corresponding memory.

RO1UHO346EJ0400 Rev. 4.00 Page 389 of 1162
Mar 19, 2012 RENESAS




Section 11 Bus State Controller (BSC) SH7730 Group

If the BAS bit in CSnWCR is set to 1, the WEn pin and RDWR pin timings change. Figure 11.31
shows the basic access timing. In write access, data is written to the memory according to the
timing of the write enable pin (RDWR). The data hold timing from RDWR negation to data write
must be acquired by setting the HW[1:0] bits in CSnWCR. Figure 11.32 shows the access timing
when a software wait is specified.

| T | T2 |

- AT

X

A25to A0

Read < RD

D31 to DO - |
~ 1

’W_\ /_

Write < RD

D31 to DO

BS

DACKn* P\

Note: * The waveform for DACKn is when active low is specified.

Figure 11.30 Basic Access Timing for Byte-Selection SRAM (BAS = 0)
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Figure 11.31 Basic Access Timing for Byte-Selection SRAM (BAS
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Figure 11.32 Wait Timing for Byte-Selection SRAM (BAS
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64 K x 16 bits
This LSI SRAM
A17 A15
A2 A0
CSn CS
RD OE
RDWR WE
D31 I/Q15
D16 1/00
WE3 UB
WE2 LB
D15
: L at5
DO :
WET A0
WEO CS
OE
WE
11015
1/00
UB
B

Figure 11.33 Example of Connection with 32-Bit Data-Width Byte-Selection SRAM

64 K x 16 bit
This LSI SRAM
A16 A15
A1 AO
CSn Ccs
RD OE
RDWR WE
D15 1015

DO 1160
WE1 UB
WEO LB

Figure 11.34 Example of Connection with 16-Bit Data-Width Byte-Selection SRAM
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11.5.8 PCMCIA Interface

With this LSI, if address map (2) is selected using the MAP bit in CMNCR, the PCMCIA
interface can be specified in areas 5 and 6. Areas 5 and 6 in the physical space can be used for the
IC memory card and I/O card interface defined in the JEIDA specifications version 4.2
(PCMCIA2.1) by specifying the TYPE[3:0] bits of CSnBCR (n = 5B, 6B) to B'0101. In addition,
the SA[1:0] bits of CSnWCR (n = 5B, 6B) assign the upper or lower 32 Mbytes of each area to an
IC memory card or I/O card interface. For example, if the SA1 and SAO bits of the CSSBWCR are
set to 1 and cleared to 0, respectively, the upper 32 Mbytes and the lower 32 Mbytes of area 5B
are used as an IC memory card interface and I/O card interface, respectively.

When the PCMCIA interface is used, the bus size must be specified as 8 bits or 16 bits using the
BSZ[1:0] bits in CS5SBBCR or CS6BBCR.

Figure 11.35 shows an example of a connection between this LSI and the PCMCIA card. To
enable insertion and removal of the PCMCIA card during system power-on, a three-state buffer
must be connected between the LSI and the PCMCIA card.

In the JEIDA and PCMCIA standards, operation in the big endian mode is not clearly defined.
Consequently, an original definition is provided for the PCMCIA interface in big endian mode in
this LSI.
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RD OE
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Card
detection CD1, CD2
circuit

Figure 11.35 Example of PCMCIA Interface Connection
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(1) Basic Timing for Memory Card Interface

Figure 11.36 shows the basic timing of the PCMCIA IC memory card interface. If areas 5 and 6 in
the physical space are specified as the PCMCIA interface, accessing the common memory areas in
areas 5 and 6 automatically accesses the IC memory card interface. If the external bus frequency
(CKO) increases, the setup times and hold times for the address pins (A25 to A0Q) to RD and WE,
card enable signals (CE1A, CE2A, CE1B, CE2B), and write data (D15 to DO) become
insufficient. To prevent this error, the LSI can specify the setup times and hold times for areas 5
and 6 in the physical space independently, using CSSBWCR and CS6BWCR. In the PCMCIA
interface, as in the normal space interface, a software wait or hardware wait can be inserted using
the WAIT pin. Figure 11.37 shows the PCMCIA memory bus wait timing.

Tpem1 . Tpemiw  Tpemiw ~ Tpemiw Tpecm2

cmjg\a/m/\/\/\/

Read E E E ! '
D15 to DO T
we A | | i /
Write E E ' E ' E ' E ' E '
D15 to DO —-—< ! ; ' ! : ' :
55 ! ] ! ] ; 5 ! . ! 5 ;
Figure 11.36 Basic Access Timing for PCMCIA Memory Card Interface
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Figure 11.37 Wait Timing for PCMCIA Memory Card Interface
(TEDI[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait = 1, Hardware Wait = 1)

If all 32 Mbytes of the memory space are used as an IC memory card interface, the REG signal
that switches between the common memory and attribute memory can be generated by a port. If
the memory space used for the IC memory card interface is 16 Mbytes or less, the A24 pin can be
used as the REG signal by using the memory space as a 16-Mbyte common memory space and a
16-Mbyte attribute memory space.
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PCMCIA interface area is 32 Mbytes (An /O port is used as the REG)

Area 5 : H'14000000

Area 5 : H'16000000

Area 6 : H'18000000

Area 6 : H'1A000000

Attribute memory/common memory

I/O space

Attribute memory/common memory

I/O space

PCMCIA interface area is 16 Mbytes (A24 is used as the 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'1B0O00000

Attribute memory

Common memory

1/0 space

Attribute memory

Common memory

1/0 space

Figure 11.38 Example of PCMCIA Space Assignment (CSSBWCR.SA[1:0] = B'10,
CS6BWCR.SA[1:0] =B'10)
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(2) Basic Timing for I/0O Card Interface
Figures 11.39 and 11.40 show the basic timings for the PCMCIA I/O card interface.

The I/O card and IC memory card interfaces can be switched using an address to be accessed. If
area 5 of the physical space is specified as the PCMCIA, the I/O card interface can automatically
be accessed by accessing the physical addresses from H'16000000 to H'l 7FFFFFF. If area 6 of the
physical space is specified as the PCMCIA, the I/O card interface can automatically be accessed
by accessing the physical addresses from H'1 A000000 to H'I BFFFFFF.

Note that areas to be accessed as the PCMCIA I/O card must be non-cached if they are virtual
space (space P2 or P3) areas, or a non-cached area specified by the MMU.

If the PCMCIA card is accessed as an I/O card in little endian mode, dynamic bus sizing for the
I/0O bus can be achieved using the IOIS16 signal. If the IOIS16 signal is brought high in a word-
size I/O bus cycle while the bus width of area 6 is specified as 16 bits, the bus width is recognized
as 8 bits and data is accessed twice in 8-bit units in the I/O bus cycle to be executed.

The IOIS16 signal is sampled at the falling edge of CKO in the Tpci0, TpciOw, and Tpcil cycles
when the TED[3:0] bits are specified as 1.5 cycles or more, and is reflected in the CE2 signal 1.5
cycles after the CKO sampling point. The TED[3:0] bits must be specified appropriately to satisfy
the setup time from ICIORD and ICIOWR of the PC card to CEn.

Figure 11.41 shows the dynamic bus sizing basic timing.

Note that the IOIS16 signal is not supported in big endian mode. In the big endian mode, the
IOIS16 signal must be fixed low.
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Figure 11.39 Basic Timing for PCMCIA I/O Card Interface
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Figure 11.40 Wait Timing for PCMCIA I/O Card Interface
(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait = 1, Hardware Wait = 1)
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Figure 11.41 Timing for Dynamic Bus Sizing of PCMCIA I/O Card Interface
(TEDI[3:0] =B'0010, TEH[3:0] = B'0001, Software Waits = 3)
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11.59 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. This LST has a function that avoids data collisions by inserting wait cycles between
continuous access cycles.

The number of wait cycles between access cycles can be set by bits IWW[2:0], IWRWD[2:0],
IWRWS[2:0], IWRRD[2:0], and IWRRS[2:0] in CSnBCR. The conditions for setting the wait
cycles between access cycles (idle cycles) are shown below.

1. Continuous accesses are write-read or write-write

2. Continuous accesses are read-write for different spaces

3. Continuous accesses are read-write for the same space

4. Continuous accesses are read-read for different spaces

5. Continuous accesses are read-read for the same space
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11.5.10 Bus Arbitration

To prevent device malfunction while the bus mastership is transferred between master and slave,
the LSI negates all of the bus control signals before bus release. When the bus mastership is
received, all of the bus control signals are first negated and then driven appropriately. In this case,
output buffer contention can be prevented because the master and slave drive the same signals
with the same values. In addition, to prevent noise while the bus control signal is in the high
impedance state, pull-up resistors must be connected to these control signals.

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. 32-byte transfer because of a cache miss

2. During copyback 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 or 32-byte transfer by the DMAC

6. Setting the BLOCK bit in CMNCR to 1

Note that refresh requests and bus mastership requests are also accepted during DMA burst
transfers.

This 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 slave has released
the bus, it negates the BACK signal and resumes the bus usage.

The SDRAM issues an all bank precharge command (PALL) when active banks exist and releases
the bus 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 CKO. The bus mastership enable signal is asserted 0.5 cycles
after the above timing, synchronized with the falling edge of CKO. The bus control signals (BS,
CSn, RAS, CAS, DQMxx, WEn, RD, and RDWR) are placed in the high-impedance state at
subsequent rising edges of CKO. Bus request signals are sampled at the falling edge of CKO.

The sequence for reclaiming the bus mastership from a slave is described below. 1.5 cycles after
the negation of BREQ is detected at the falling edge of CKO, the bus control signals are driven
high. The BACK 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 CKO where
address and data signals are driven. Figure 11.42 shows the bus arbitration timing.

In an original slave device designed by the user, multiple bus accesses are generated continuously
to reduce the overhead caused by bus arbitration. In this case, to execute SDRAM refresh
correctly, the slave device must be designed to release the bus mastership within the refresh
interval time. To achieve this, the LSI instructs the REFOUT pin to request the bus mastership
while the SDRAM waits for the refresh. The LSI asserts the REFOUT pin until the bus mastership
is received. When one cycle has elapsed after de-assertion of the BACK signal, the REFOUT
signal is de-asserted. If the slave releases the bus, this LSI acquires bus mastership to execute an
SDRAM refresh.

The bus release by the BREQ and BACK signal handshaking requires some overhead. If the slave
has many tasks, multiple bus cycles should be executed in a bus mastership acquisition. Reducing
the cycles required for master to slave bus mastership transitions streamlines the system design.

CKO \_J/ AW AWAWEAWAWAWAWS
mea TR (4 T e
A 0 O 0 87

A25 to AO R Ny -

D31 to DO B oy e e AN B

Csn I N S S S S S N S

Other bus L N\

control signals™ I . e
Figure 11.42 Bus Arbitration Timing
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11.6  Usage Notes
(1) Reset

The bus state controller (BSC) can be initialized completely only at power-on reset. At power-on
reset, all signals are negated and output buffers are turned off regardless of the bus cycle state. All
control registers are initialized. In standby, sleep, and manual reset, control registers of the bus
state controller are not initialized. At manual reset, the current bus cycle being executed is
completed and then the access wait state is entered. If a 16-byte transfer is performed by a cache
or if another LSI on-chip bus master module is executed when a manual reset occurs, the current
access is cancelled in longword units because the access request is cancelled by the bus master at
manual reset. If a manual reset is requested during cache fill operations, the contents of the cache
cannot be guaranteed. Since the RTCNT continues counting up during manual reset signal
assertion, a refresh request occurs to initiate the refresh cycle. In addition, a bus arbitration request
by the BREQ signal can be accepted during manual reset signal assertion.

Some flash memories may specify a minimum time from reset release to the first access. To
ensure this minimum time, the bus state controller supports a 7-bit counter (RBWTCNT). The
counter is cleared to 0 by a power-on reset and it maintains the O state during the reset period.
After power-on reset, RBWTCNT is counted up synchronously together with CKO and an
external access will not be generated until RBWTCNT is counted up to H'O07F. At manual reset,
RBWTCNT is not cleared.

(2) Access from the CPU or FPU

In a read access to the cache from the CPU or FPU, the cache is searched. If the cache stores data,
the CPU or FPU latches the data and completes the read access. If the cache does not store data,
the CPU or FPU performs 32-byte read access 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 or FPU performs 32-byte access to perform a cache fill operation on the external
interface.

For a cache-through area, the CPU or FPU performs access according to the actual access
addresses. For an instruction fetch to an even word boundary (4n), the CPU or FPU performs
longword access. For an instruction fetch to an odd word boundary (4n + 2), the CPU or FPU
performs word access.

In a write access to the cache area from the CPU or FPU, the write cycle operation differs
according to the cache write methods.
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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, 32-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 32-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.

In read cycles, the CPU or FPU 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.

The write buffer of the BSC functions in the same way for an access by a bus master other than
the CPU such as the DMAC. 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 write cycle will
not be initiated until the previous write cycle is completed.

(3) Access from Internal Bus Masters other than the CPU and FPU

Internal bus masters such as DMAC other than the CPU and FPU cannot access the cache
memory. If an internal bus master such as DMAC writes data to an external memory, 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 internal bus master such as DMAC
other than the CPU and FPU, the corresponding cache memory should be purged by software.

(4) On-Chip Peripheral Module Access

To access an on-chip module register, two or more peripheral module clock (P¢) cycles are
required from the internal bus (SuperHyway bus). Care must be taken in estimation in the system
design process.
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(5) External Bus Priority Order
Access via an external bus is performed in the priority order below:
BREQ > Refresh > DMAC > CPU

Note that next transfer is not performed until current transfer (e.g. burst transfer) has completed.
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Section 12 Direct Memory Access Controller (DMAC)

This LSI includes the direct memory access controller (DMAC).

The DMAC 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.

12.1 Features

e Six channels (two channels can receive external requests)
e 4-Gbyte physical address space

e Data transfer unit is selectable: Byte, word (2 bytes), longword (4 bytes), 8 bytes, 16 bytes, and
32 bytes

e Maximum transfer count: 16,777,216 transfers
e Address mode: Dual address mode
e Transfer requests:
External request, on-chip peripheral module request, or auto request can be selected.
The following modules can issue an on-chip peripheral module request.
— SCIF0/1/2/3/4/5, IrDAO0/1, SIOF, SIM, ADC, DAC, and CMT0/1/2/3/4
e Selectable bus modes:
Cycle steal mode (normal mode and intermittent mode) or burst mode can be selected.
e Selectable channel priority levels:
The channel priority levels are selectable between fixed mode and round-robin mode.

o Interrupt request: An interrupt request can be generated to the CPU after half of the transfers
ended, all transfers ended, or an address error occurred.

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

e Active level can be specified independently for the transfer request acknowledge signal
(DACK) and DMA transfer end signal (TEND).
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Figure 12.1 shows the block diagram of the DMAC.
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DREQO, DREQ1 CHCRm: DMA channel control register
) DMAOR: DMA operation register
DACKO, DACK1 = DMARSO to
- DMARS2: DMA extended resource selectors 0 to 2
TENDO, TEND1 DEIm: DMA transfer end/half-end interrupt request*
DADERR: Address error interrupt request
m: 0,1,2,8,4,5
n: 0,1,2,3

Note: * The half-end interrupt request is available
in channels 0 to 3.

Figure 12.1 Block Diagram of DMAC
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12.2  Input/Output Pins

The external pins for the DMAC are described below. Table 12.1 lists the configuration of the pins
that are connected to external bus. The DMAC has pins for two channels (channels 0 and 1) for

external bus use.

Table 12.1 Pin Configuration

Channel Function Pin Name /O Description
0 DMA transfer request DREQO*' Input  DMA transfer request input from external
device to channel 0
DMA transfer request DACKO** Output Strobe as a response to the DMA transfer
acknowledge request, which is output from channel 0 to
external device
DMA transfer end TENDO** Output DMA transfer end output from channel 0 to
notification external device
1 DMA transfer request DREQ1*' Input  DMA transfer request input from external
device to channel 1
DMA transfer request DACK1** Qutput Strobe as a response to the DMA transfer
acknowledge request, which is output from channel 1 to
external device
DMA transfer end TEND1#*  Output DMA transfer end output from channel 1 to
notification external device

Note: 1.
2. Active-low with the initial value.

Low-level detection with the initial value.
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SH7730 Group

12.3

Register Descriptions

Table 12.2 shows the configuration of registers of the DMAC. Table 12.3 shows the state of
registers in each processing mode. The SAR for channel 0 is expressed such as SAR_O.

Table 12.2 Register Configuration of DMAC

Access

Channel Name Abbreviation R/W  Address Size

0 DMA source address register_0 SAR_O R/W  H'FE008020 32
DMA destination address register_0 DAR_O R/W  H'FE008024 32
DMA transfer count register_0 TCR_O R/W  H'FE008028 32
DMA channel control register_0 CHCR_O R/W  H'FE00802C 32

1 DMA source address register_1 SAR_1 R/W  H'FE008030 32
DMA destination address register_1 DAR_1 R/W  H'FE008034 32
DMA transfer count register_1 TCR_1 R/W  H'FE008038 32
DMA channel control register_1 CHCR_1 R/W  H'FE00803C 32

2 DMA source address register_2 SAR_2 R/W  H'FE008040 32
DMA destination address register_2 DAR_2 R/W  H'FE008044 32
DMA transfer count register_2 TCR_2 R/W  H'FE008048 32
DMA channel control register_2 CHCR_2 R/W  H'FE00804C 32

3 DMA source address register_3 SAR_3 R/W  H'FE008050 32
DMA destination address register_3 DAR_3 R/W  H'FE008054 32
DMA transfer count register_3 TCR_3 R/W  H'FE008058 32
DMA channel control register_3 CHCR_3 R/W  H'FE00805C 32

Common DMA operation register DMAOR R/W  H'FE008060 16

4 DMA source address register_4 SAR_4 R/W  H'FE008070 32
DMA destination address register_4 DAR_4 R/W  H'FE008074 32
DMA transfer count register_4 TCR_4 R/W  H'FE008078 32
DMA channel control register_4 CHCR_4 R/W  H'FE00807C 32

5 DMA source address register_5 SAR_5 R/W  H'FE008080 32
DMA destination address register_5 DAR_5 R/W  H'FE008084 32
DMA transfer count register_5 TCR_5 R/W  H'FE008088 32
DMA channel control register_5 CHCR_5 R/W  H'FE00808C 32
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Access

Channel Name Abbreviation R/W  Address Size

0 DMA source address register_4 SARB_0 R/W  HFE008120 32
DMA destination address register_4 DARB_0O R/W  H'FE008124 32
DMA transfer count register_4 TCRB_0 R/W  HFE008128 32

1 DMA source address register B_0 SARB_1 R/W  H'FE008130 32
DMA destination address register B_.0O DARB_1 R/W  H'FE008134 32
DMA transfer count register B_0 TCRB_1 R/W  HFE008138 32

2 DMA source address register B_1 SARB_2 R/W  H'FE008140 32
DMA destination address register B_1 DARB_2 R/W  HFE008144 32
DMA transfer count register B_1 TCRB_2 R/W  HFE008148 32

3 DMA source address register B_2 SARB_3 R/W  H'FE008150 32
DMA destination address register B_2 DARB_3 R/W  H'FE008154 32
DMA transfer count register B_2 TCRB_3 R/W  HFE008158 32

0/1 DMA extended resource selector 0 DMARSO R/W  H'FE009000 16

2/3 DMA extended resource selector 1 DMARS1 R/W  H'FE009004 16

4/5 DMA extended resource selector 2 DMARS2 R/W  H'FE009008 16
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Table 12.3 State of Registers in Each Operating Mode
Power-on Software Module
Channel Abbreviation Reset Standby Standby Sleep
0 SAR_O Initialized Retained Retained Retained
DAR_O Initialized Retained Retained Retained
TCR_O Initialized Retained Retained Retained
CHCR_O Initialized Retained Retained Retained
1 SAR_1 Initialized Retained Retained Retained
DAR_1 Initialized Retained Retained Retained
TCR_1 Initialized Retained Retained Retained
CHCR_1 Initialized Retained Retained Retained
2 SAR_2 Initialized Retained Retained Retained
DAR_2 Initialized Retained Retained Retained
TCR_2 Initialized Retained Retained Retained
CHCR_2 Initialized Retained Retained Retained
3 SAR_3 Initialized Retained Retained Retained
DAR_3 Initialized Retained Retained Retained
TCR_3 Initialized Retained Retained Retained
CHCR_3 Initialized Retained Retained Retained
Common DMAOR Initialized Retained Retained Retained
4 SAR_4 Initialized Retained Retained Retained
DAR_4 Initialized Retained Retained Retained
TCR_4 Initialized Retained Retained Retained
CHCR_4 Initialized Retained Retained Retained
5 SAR_5 Initialized Retained Retained Retained
DAR_5 Initialized Retained Retained Retained
TCR_5 Initialized Retained Retained Retained
CHCR_5 Initialized Retained Retained Retained
0 SARB_0 Initialized Retained Retained Retained
DARB_0 Initialized Retained Retained Retained
TCRB_0 Initialized Retained Retained Retained
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Power-on Software Module
Channel Abbreviation Reset Standby Standby Sleep
1 SARB_1 Initialized Retained Retained Retained
DARB_1 Initialized Retained Retained Retained
TCRB_1 Initialized Retained Retained Retained
2 SARB_2 Initialized Retained Retained Retained
DARB_2 Initialized Retained Retained Retained
TCRB_2 Initialized Retained Retained Retained
3 SARB_3 Initialized Retained Retained Retained
DARB_3 Initialized Retained Retained Retained
TCRB_3 Initialized Retained Retained Retained
0/1 DMARSO Initialized Retained Retained Retained
2/3 DMARS1 Initialized Retained Retained Retained
4/5 DMARS2 Initialized Retained Retained Retained

12.3.1 DMA Source Address Registers (SAR_0 to SAR_5)

SARs 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.

To transfer data in word or in longword units, specify the address with word or longword address
boundary. When transferring data in 8-byte, 16-byte, or 32-byte units, an 8-byte, 16-byte, or 32-
byte boundary must be set for the source address value.

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 0
RW: RR\W 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
| o |

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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12.3.2 DMA Source Address Registers (SARB_0 to SARB_3)

SARB are 32-bit readable/writable registers that specify the source address of a DMA transfer that
is set in SAR again in repeat/reload mode. Data to be written from the CPU to SAR is also written
to SARB. To set SARB address that differs from SAR address, write data to SARB after SAR.

To transfer data in word or in longword units, specify the address with word or longword address
boundary. When transferring data in 8-byte, 16-byte, or 32-byte units, an 8-byte, 16-byte, or 32-
byte boundary must be set for the source address value.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| SARB |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: 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
| SARB |

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

12.3.3 DMA Destination Address Registers (DAR_0 to DAR_5)

DARs 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.

To transfer data in word or in longword units, specify the address with word or longword address
boundary. When transferring data in 8-byte, 16-byte, or 32-byte units, an 8-byte, 16-byte, or 32-
byte boundary must be set for the source address value.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| DAR |

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
| DAR |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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12.3.4 DMA Destination Address Registers (DARB_0 to DARB_3)

DARB are 32-bit readable/writable registers that specify the destination address of a DMA
transfer that is set in DAR again in repeat/reload mode. Data to be written from the CPU to DAR
is also written to DARB. To set DARB address that differs from DAR address, write data to
DARB after DAR.

To transfer data in word or in longword units, specify the address with word or longword address
boundary. When transferring data in 8-byte, 16-byte, or 32-byte units, an 8-byte, 16-byte, or 32-
byte boundary must be set for the source address value.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| DARB |

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
| DARB |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

12.3.5 DMA Transfer Count Registers (TCR_0 to TCR_5)

TCR are 32-bit readable/writable registers that specify the DMA transfer count. The number of
transfers is 1 when the setting is H'00000001, 16,777,215 when H'OOFFFFFF 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 TCR are always read as 0, and the write value should always be 0.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| TCR |
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 RW RW RW RW RW RW RW RW

s}

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| TCR |

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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12.3.6 DMA Transfer Count Registers (TCRB_0 to TCRB_3)

TCRB are 32-bit readable/writable registers. Data to be written from the CPU to TCR is also
written to TCRB. While the half end function is used, TCRB are used as the initial value hold
registers to detect a half end. Also, TCRB specify the number of DMA transfers which are set in
TCR in repeat mode. TCRB specify the number of DMA transfers and are used as transfer count
counters in reload mode.

In reload mode, the lower 16 bits operate as transfer count counters, values of SAR and DAR are
updated after the value of the lower 16 bits became 0, and then the value of the upper 16 bits of
TCRB are loaded to the lower 16 bits. In upper 16 bits, set the number of transfers which starts
reloading. In reload mode, the same number of transfers should be set in both upper and lower 16
bits. Also, set the HIE bit in CHCR to 0 and do not use the half end function.

For details on the half end function, see section 12.4.5, Repeat Mode Transfer.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| TCRB |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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
| TCRB |

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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12.3.7 DMA Channel Control Registers (CHCR_0 to CHCR_5)
CHCR are 32-bit readable/writable registers that control the DMA transfer mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| — |LCKN| — | — | RPT[2:0] | — | Do| — | TS[3:2] | HE | HIE | AM | AL |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R RW R R RW RW RW R RW R RW R/W R/(W)* RW R/W R/W

Bt: 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] | o |ps| 8| Tsmop | E | 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

Initial
Bit Bit Name Value R/W Descriptions
31 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

30 LCKN 0 R/W Bus Release Enable in Cycle Steal Mode
Specifies whether to release the bus to a bus master
other than the DMAC between reading and writing in
cycle steal mode.
With the initial setting, the DMAC retains the bus
mastership. Setting this bit to 1 allows acceptance of
bus requests from a bus master other than the DMAC,
which increases the bus usage rate of the overall
system.

This bit can be set in cycle steal mode. Do not set it to 1
in burst mode.

0: Bus release between reading and writing is disabled
1: Bus release between reading and writing is enabled
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Initial
Bit Bit Name Value R/W Descriptions
29, 28 — AllO R Reserved

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

271025 RPT[2:0] 000 R/W DMA Setting Renewal Specify
These bits are enabled in CHCR_0 to CHCR_S.
000: Normal mode (DMAC operation)

001: Repeat mode
SAR/DAR/TCR used as repeat area

010: Repeat mode
DAR/TCR used as repeat area

011: Repeat mode
SAR/TCR used as repeat mode

100: Reserved (setting prohibited)

101: Reload mode
SAR/DAR/TCR used as reload area

110: Reload mode
DAR/TCR used as reload area

111: Reload mode
SAR/TCR used as reload area

22 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

23 DO 0 R/W DMA Overrun

Selects whether detection takes place at overrun 0 or
overrun 1 when DREQ level detection is used. This bit
is valid only in CHCR_0 and CHCR_1.

0: Detects DREQ by overrun O
1: Detects DREQ by overrun 1
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Initial

Bit Bit Name Value R/W Descriptions

22 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

21,20 TS[3:2] 00 R/W DMA Transfer Size Specify
With TS[1:0], these bits specify the DMA transfer size.
When the transfer source or transfer destination is a
register of an on-chip peripheral module with a transfer
size set, a proper transfer size for the register should be
set. In 2-division transfer mode, 16/32-byte data is
halved and transferred in two operations. When 16-byte
data is transferred in a peripheral module, 16-byte 2-
division transfer should be selected.
For the transfer source or destination address specified
by SAR or DAR, an address boundary should be set
according to the transfer data size.
TS[3:0]
0000: Byte units transfer
0001: Word (2-byte) units transfer
0010: Longword (4-byte) units transfer
0011: 16-byte units transfer
0100: 32-byte units transfer
0111: 8-byte units transfer
1011: 16-byte 2-division (8-byte units x 2) transfer
1100: 32-byte 2-division (16-byte units x 2) transfer
Other than above: Setting prohibited
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Bit Bit Name Value

Initial

R/W

Descriptions

19 HE

0

R/(W

)*

Half End Flag

After HIE (bit 18) is set to 1 and the number of transfers
become half of TCR (1 bit shift to right) which is set
before transfer starts, HE becomes 1. The HE bit is not
set when transfers are ended by an NMI interrupt or
address error, or by clearing the DE bit and the DME bit
in DMAOR before the number of transfers is decreased
to half of the TCR value set preceding the transfer. The
HE bit is kept set when the transfer ends by an NMI
interrupt or address error, or clearing the DE bit (bit 0)
or the DME bit in DMAOR after the HE bit is setto 1. To
clear the HE bit, write 0 after reading 1 in the HE bit.
This bit is valid only in CHCR_0 to CHCR_S3.

0: During the DMA transfer or DMA transfer has been
interrupted
TCR > (TCR set before transfer)/2

[Clearing condition]
e Writing 0 after HE = 1 is read.
1: TCR < (TCR set before transfer)/2

18 HIE

R/W

Half End Interrupt Enable

Specifies whether an interrupt request is generated to
the CPU when the read cycle of the transfer that the
number of transfers is decreased to half of the TCR
value set before the transfer has ended. If the HIE bit is
set to 1, an interrupt request is generated to the CPU
when the HE bit is set. To confirm that the half of the
transfer has ended, execute a dummy read of the
destination space after issuing the SYNCO instruction.

Clear this bit to 0 while reload mode is set. This bit is
valid in CHCR_0 to CHCR_S3.

0: Half end interrupt disabled
1: Half end interrupt enabled

17 AM

R/W

Acknowledge Mode

Selects whether DACK is output in data read cycle or in
data write cycle.

This bit is valid only in CHCR_0 and CHCR_1.
0: DACK output in read cycle
1: DACK output in write cycle
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Initial
Bit Bit Name Value R/W  Descriptions
16 AL 0 R/W  Acknowledge Level
Specifies whether the DACK and TEND signals are
active-high or active-low.
This bit is valid only in CHCRO and CHCR_1.
0: DACK and TEND outputs are active -low
1: DACK and TEND outputs are active -high
15, 14 DM[1:0] 00 R/W Destination Address Mode
Specify whether the DMA destination address is
incremented, decremented, or left fixed.
00: Fixed destination address
Since the address set in DAR is not modified, the
same address is output in the second and
subsequent transfers. The address is incremented
at the first and second transfers in 16/32-byte
division transfer mode.
01: Destination address is incremented
+1 in byte units transfer
+2 in word units transfer
+4 in longword units transfer
+8 in 8-byte units transfer
+16 in 16-byte units transfer
+32 in 32-byte units transfer
10: Destination address is decremented
—1 in byte units transfer
—2 in word units transfer
—4 in longword units transfer
Setting prohibited in 8/16/32-byte units transfer
11: Fixed destination address
Set to prevent an address from being changed in the
objective modules. The address is not changed
even in 16/32-byte division transfer mode.
Example: When specifying FIFOs in the external
devices and peripheral modules.
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Bit

Bit Name Value

Initial

R/W

Descriptions

13,12

SM[1:0]

00

R/W

Source Address Mode

Specify whether the DMA source address is
incremented, decremented, or left fixed.

00: Fixed source address
Since the address set in SAR is not modified, the
same address is output in the second and
subsequent transfers. The address is incremented
at the first and second transfers in 16/32-byte
division transfer mode.

01: Source address is incremented
+1 in byte units transfer
+2 in word units transfer
+4 in longword units transfer
+8 in 8-byte units transfer
+16 in 16-byte units transfer
+32 in 32-byte units transfer

10: Source address is decremented
—1 in byte units transfer
—2 in word units transfer
—4 in longword units transfer
Setting prohibited in 8/16/32-byte units transfer

11: Fixed source address
Set to prevent an address from being changed in the
objective modules. The address is not changed
even in 16/32-byte division transfer mode.
Example: When specifying FIFOs in the external
devices and peripheral modules.

11108

RS[3:0]

0000

R/W

Resource Select

Specify which transfer requests will be sent to the
DMAC. The changing of transfer request source should
be done in the state that the DMA enable bit (DE) is set
to 0.

0000: External request
0100: Auto request

1000: Selected by DMA extended resource selector
(DMARS)
Other than above: Setting prohibited

Note: External request specification is valid only in
CHCR_0 and CHCR_1. External request cannot
be selected in CHCR_2 to CHCR_5.
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Initial

Bit Bit Name Value R/W  Descriptions

7 DL 0 R/W  DREQ Level and DREQ Edge Select

6 DS 0 R/W  Specify the detecting method of the DREQ pin input.
These bits are valid only in CHCR_0 and CHCR_1.
Even in channels 0 and 1, also, if the transfer request
source is specified as an on-chip peripheral module or if
an auto-request is specified, these bits are invalid.
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 B 0 R/W  Transfer Bus Mode
Specifies the bus mode when DMA transfers data.
0: Cycle steal mode
1: Burst mode

4,3 TS[1:0] 00 R/W DMA Transfer Size Specify
See the description of TS[3:2] (bits 21 and 20).

2 IE 0 R/W Interrupt Enable
Specifies whether an interrupt request is generated to
the CPU at the end of the final DMA transfer. Setting
this bit to 1 generates an interrupt request (DMINT) to
the CPU when the TE bit is set to 1 and a read cycle of
the final DMA transfer has ended. To confirm that the
final transfer has ended, execute a dummy read of the
destination space after issuing the SYNCO instruction.
0: Interrupt request disabled
1: Interrupt request enabled
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Bit Bit Name Value

Initial

R/W

Descriptions

1 TE

0

R/(W)*

Transfer End Flag

The TE bit is set to 1 when DMA transfer count register
(TCRY) is set to 0 (when the DMAC starts executing the
final DMA transfer). The TE bit is not set, if DMA
transfer ends due to an NMI interrupt or DMA address
error before TCR is cleared to 0, or if DMA transfer is
ended by clearing the DE bit and DME bit in DMA
operation register (DMAOR). To clear the TE bit, the TE
bit should be read as 1, and then, 0 is written to.

Even if the DE bit is set to 1 while this bit is set to 1,
transfer is not enabled.

0: When DMA transfer is being performed or DMA
transfer has been interrupted

[Clearing condition]: Write O after TE is read as 1

1: TCR = 0 (when the final DMA transfer is being
performed or the DMA transfer ends)

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 time, all of the bits TE,
NMIF, and AE in DMAOR 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. In this case, however, all of the bits TE,
NMIF, and AE must be 0, which is the same 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: * Writing O is possible to clear the flag.
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12.3.8 DMA Operation Register (DMAOR)

DMAOR is a 16-bit readable/writable register that specifies the priority level of channels in DMA
transfer. This register also shows the DMA transfer status and is common to channels 0 to 5.

Bit: 15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

CMS[3:0] | — | — | PR[1:0] |

—|—|—|—|—|AE|NMIF|DME|

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW R/W RW R R R/W R/W

Bit
Name

Initial

Bit Value R/W Description

0o 0 o0 0 0o 0 o0 0
R R R R R RI(W?*R/(W* RW

15to 12 CMS[3:0] 0000 R/W

Cycle Steal Mode Select 1, 0

Select either normal mode or intermittent mode in cycle

steal mode.

It is necessary that all channel's bus modes are set to
cycle steal mode to make valid intermittent mode.

0000: Normal mode
0010: Intermittent mode 16

Executes one DMA transfer in each of 16 clocks of
an external bus clock.

0011: Intermittent mode 64

Executes one DMA transfer in each of 64 clocks of
an external bus clock.

0100: Intermittent mode 256

Executes one DMA transfer in each of 256 clocks
of an external bus clock.

Other than above: Setting prohibited

11,10 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

9,8

PR[1:0]

00

R/W

Priority Mode

Select the priority level between channels when there are
transfer requests for multiple channels simultaneously.

00: CHO > CH1 > CH2 > CH3 > CH4 > CH5
01: CHO > CH2 > CH3 > CH1 > CH4 > CH5
10: Setting prohibited

11: Round-robin mode

7t03

AllO

R

Reserved

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

AE

0

R/(W)*

Address Error Flag

Indicates that an address error interrupt occurred during
DMA transfer.

This bit is set under following conditions:

e The value set in SAR or DAR does not match to the
transfer size boundary.

¢ The transfer source or transfer destination is invalid
space.

e The transfer source or transfer destination is in
module stop mode

If this bit is set, DMA transfer is disabled even if the DE
bit in CHCR and the DME bit in DMAOR are set to 1.

0: No DMAC address error interrupt
[Clearing condition]

e Writing AE = 0 after AE = 1 read

1: DMAC address error interrupt occurs
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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. If this bit is set,
DMA transfer is disabled even if the DE bit in CHCR and
the DME bit in DMAOR are set to 1.

When the NMI is input, the DMA transfer in progress can
be done in at least one transfer unit. When the DMAC is

not in operational, the NMIF bit is set to 1 even if the NMI
interrupt was input.

0: No NMI interrupt
[Clearing condition]
e Writing NMIF = 0 after NMIF = 1 read
1: NMI interrupt occurs
0 DME 0 R/W DMA Master Enable

Enables or disables DMA transfers on all channels. If the
DME bit and the DE bit in CHCR are set to 1, transfer is
enabled. In this time, all of the bits TE in CHCR, NMIF,
and AE in DMAOR must be 0. If this bit is cleared during
transfer, transfers in all channels are terminated.

0: Disables DMA transfers on all channels
1: Enables DMA transfers on all channels

Note: * Writing O is possible to clear the flag.

12.3.9 DMA Extended Resource Selectors (DMARSO to DMARS2)

DMARS are 16-bit readable/writable registers that specify the DMA transfer sources from
peripheral modules in each channel. DMARSO specifies for channels 0 and 1, DMARSI specifies
for channels 2 and 3, and DMARS?2 specifies for channels 4 and 5. This register can set the
transfer request of SCIF, SCIFA, SIOF, IrDA, SIM, ADC, and CMT.

When MID/RID other than the values listed in table 12.4 is set, the operation of this LSI is not
guaranteed. The transfer request from DMARS is valid only when the resource select bits RS[3:0]
has been set to B'1000 for CHCR_0 to CHCR_5 registers. Otherwise, even if DMARS has been
set, transfer request source is not accepted.
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e DMARSO

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
C1MID[5:0] C1RID[1:0] COMIDI[5:0] CORID[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

Initial
Bit Bit Name Value R/W Description
15t0 10 C1MID[5:0] 000000 R/W Transfer request module ID5 to IDO for DMA channel 1
(MID)
See table 12.4.
9,8 C1RID[1:0] 00 R/W Transfer request register ID1 and IDO for DMA channel 1
(RID)

See table 12.4.

7t02 COMID[5:0] 000000 R/W Transfer request module ID5 to IDO for DMA channel 0
(MID)

See table 12.4

1,0 CORID[1:0] 00 R/W Transfer request register ID1 and IDO for DMA channel O
(RID)

See table 12.4.

e DMARSI

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
C3MID[5:0] C3RID[1:0] C2MID[5:0] C2RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: 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 10 C3MID[5:0] 000000 R/W Transfer request module ID5 to IDO for DMA channel 3
(MID)
See table 12.4.
9,8 C3RID[1:0] 00 R/W Transfer request register ID1 and IDO for DMA channel 3
(RID)
See table 12.4.
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Initial
Bit Bit Name Value R/W Description
7to2 C2MID[5:0] 000000 R/W Transfer request module ID5 to IDO for DMA channel 2
(MID)
See table 12.4.
1,0 C2RID[1:0] 00 R/W Transfer request register ID1 and IDO for DMA channel 2
(RID)

See table 12.4.

e DMARS2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
C5MID[5:0] C5RID[1:0] C4MID[5:0] C4RID[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

Initial
Bit Bit Name Value R/W Description
15t0 10 C5MID[5:0] 000000 R/W Transfer request module ID5 to IDO for DMA channel 5
(MID)
See table 12.4.
9,8 C5RID[1:0] 00 R/W Transfer request register ID1 and IDO for DMA channel 5
(RID)

See table 12.4.

7t02 C4MID[5:0] 000000 R/W Transfer request module ID5 to IDO for DMA channel 4
(MID)

See table 12.4.

1,0 C4RID[1:0] 00 R/W Transfer request register ID1 and IDO for DMA channel 4
(RID)

See table 12.4.
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Table 12.4 Transfer Request Sources

Peripheral Setting Value for One

Module Channel (MID + RID) MID RID Function

CMTO H'03 B'000000 B'11 —

CMT1 H'07 B'000001 B'11 —

CMT2 H'0B B'000010 B'11 —

CMT3 H'OF B'000011 B'11 —

CMT4 H'13 B'000100 B'11 —

SCIFO H'21 B'001000 B'01 Transmission
H'22 B'10 Reception

SCIF1 H'25 B'001001 B'01 Transmission
H'26 B'10 Reception

SCIF2 H'29 B'001010 B'01 Transmission
H'2A B'10 Reception

SCIF3 H'2D B'001011 B'01 Transmission
H'2E B'10 Reception

SCIF4 H'31 B'001100 B'01 Transmission
H'32 B'10 Reception

SCIF5 H'35 B'001101 B'01 Transmission
H'36 B'10 Reception

IrDAO H'39 B'001110 B'01 Transmission
H'3A B'10 Reception

IrDA1 H'3D B'001111 B'01 Transmission
H'3E B'10 Reception

SIOF H'51 B'010100 B'01 Transmission
H'52 B'10 Reception

ADC H'6B B'011010 B'11 —

SIM H'A1 B'101000 B'01 Transmission
H'A2 B'10 Reception
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124  Operation

When there is a DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority; 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, burst mode or cycle steal mode can be selected.

12.4.1 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated by external devices or on-chip peripheral modules that are neither the
source nor the destination. Transfers can be requested in three modes: auto request, external
request, and on-chip peripheral module request. The request mode is selected in the bits RS[3:0] in
CHCR_0 to CHCR_3, and DMARS_O to DMARS_2.

(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, auto-request mode allows the DMAC to automatically generate a transfer request signal
internally. When the DE bits in CHCR_0 to CHCR_3 and the DME bit in DMAOR are set to 1,
the transfer begins so long as the AE and NMIF bits in DMAOR are all 0.

(2) External Request Mode

n this mode, a transfer is initiated by the transfer request signal (DREQO or DREQ1) from an
external device. This mode is available only in channels 0 and 1. When DMA transfer is enabled
(DE =1,DME =1, TE =0, AE = 0, NMIF = 0), transfer starts upon a DREQ input.

Choose to detect DREQ by either the edge or level of the signal input with the DL bit and DS bit
in CHCR_O or CHCR_1 as shown in table 12.5. The source of the transfer request does not have
to be the data transfer source or destination.
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Table 12.5 Selecting External Request Detection by DL and DS Bits

CHCR_0, CHCR_1

DL DS 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 becomes request accept disabled state. After issuing
acknowledge signal DACK for the accepted DREQ, the DREQ pin again becomes 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 O: Transfer is aborted after the same number of transfer has been performed as
requests.

e Overrun 1: Transfer is aborted 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 12.6 Selecting External Request Detection with DO Bit

CHCR_0, CHCR_1

DO External Request
0 Overrun 0
1 Overrun 1

(3) On-Chip Peripheral Module Request Mode

In this mode, a transfer is performed at the transfer request signal of an on-chip peripheral module.
Transfer request signals are the transmit data empty transfer request and receive data full transfer
request from the SCIF0/1/2/3/4/5, IrDAO/1, SIOF, and SIM and transfer requests from the ADC
and CMTO0/1/2/3/4, all of which are selected by DMARSO0/1/2.

When this mode is selected, if the DMA transfer is enabled (DE=1, DME=1,TE=0, AE=0,
NMIF = 0), a transfer is performed upon the input of a transfer request signal.
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When a transmit data empty transfer request of the SCIF is set as the transfer request, the transfer
destination must be the SCIF's transmit data register. Likewise, when receive data full transfer
request of the SCIF is set as the transfer request, the transfer source must be the SCIF's receive
data register. These conditions also apply to the SIOF, FLCTL, SIUA, and SIUB.

The number of the receive FIFO triggers can be set as a transfer request depending on an on-chip
peripheral module. Data needs to be read after the DMA transfer is ended, because data may be
remained in the receive FIFO when the receive FIFO trigger condition is not satisfied.

Table 12.7 Selecting On-Chip Peripheral Module Request Modes with Bits RS[3:0]

CHCR DMARS DMA
Transfer
Request DMA Transfer Bus
RS[3:0] MID RID Source Request Signal Source Destination Mode
1000 000000 11 CMTO Compare-match Any Any Cycle
transfer request steal
000001 11 CMT1 Compare-match Any Any Cycle
transfer request steal
000010 11 CMT2 Compare-match Any Any Cycle
transfer request steal
000011 11 CMT3 Compare-match Any Any Cycle
transfer request steal
000100 11 CMT4 Compare-match Any Any Cycle
transfer request steal
001000 01 SCIFO TXI (transmit FIFO Any SCFTDRO Cycle
transmitter  data empty) steal
10 SCIFO RXI (receive FIFO SCFRDRO Any Cycle
receiver data full) steal
001001 01 SCIF1 TXI (transmit FIFO Any SCFTDR1 Cycle
transmitter  data empty) steal
10 SCIF1 RXI (receive FIFO SCFRDR1 Any Cycle
receiver data full) steal
001010 01 SCIF2 TXI (transmit FIFO Any SCFTDR2 Cycle
transmitter  data empty) steal
10 SCIF2 RXI (receive FIFO data SCFRDR2 Any Cycle
receiver full) steal
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CHCR DMARS DMA
Transfer
Request DMA Transfer Bus
RS[3:0] MID RID Source Request Signal Source Destination Mode
1000 001011 01 SCIF3 TXI (transmit FIFO Any SCFTDR3 Cycle
transmitter  data empty) steal
10 SCIF3 RXI (receive FIFO SCFRDRS3 Any Cycle
receiver data full) steal
001100 01 SCIF4 TXI (transmit FIFO Any SCFATDR4 Cycle
transmitter  data empty) steal
10 SCIF4 RXI (receive FIFO SCAFRDR4 Any Cycle
receiver data full) steal
001101 01 SCIF5 TXI (transmit FIFO Any SCAFTDR5 Cycle
transmitter  data empty) steal
10 SCIF5 RXI (receive FIFO SCAFRDR5 Any Cycle
receiver data full) steal
001110 01 IrDAO Transmit empty Any IRIFO_UART3 Cycle
transmitter  transfer request steal
10 IrDAO Receive full IRIFO_UART4 Any Cycle
receiver transfer request steal
001111 01 IrDA1 Transmit empty Any IRIF1_UART3 Cycle
transmitter  transfer request steal
10 IrDA1 Receive full IRIF1_UART4 Any Cycle
receiver transfer request steal
010100 01 SIOF TXI (transmit FIFO Any SITDR Cycle
transmitter  data empty) steal
10 SIOF RXI (receive FIFO SIRDR Any Cycle
receiver data full) steal
011010 11 ADC ADI (A/D conversion ADDR Any Cycle
end) steal
101000 O1 SIM TXI (transmit FIFO Any SCTDR Cycle
transmitter  data empty) steal
10 SIM RXI (receive FIFO SCRDR Any Cycle
receiver data full) steal
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12.4.2  Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it transfers
data according to a predetermined priority. Two modes (fixed mode and round-robin mode) are
selected by the bits PR[1:0] in DMAOR.

(1) Fixed Mode

In this mode, the priority levels among the channels remain fixed. There are two kinds of fixed
modes as follows:

e (CHO > CHI1 > CH2 > CH3 > CH4 > CHS5
e CHO > CH2 > CH3 > CHI1 > CH4 > CH5

These are selected by the bits PR[1:0] in DMAOR.
(2) Round-Robin Mode

In round-robin mode each time data of one transfer unit (byte, word, longword, 8-byte, 16-byte,
or 32-byte unit) is transferred on one channel, the priority is rotated. The channel on which the
transfer was just finished rotates to the bottom of the priority. The round-robin mode operation is
shown in figure 12.2. The priority of round-robin mode is CHO > CH1 > CH2 > CH3 > CH4 >
CHS5 immediately after reset.

When round-robin mode is specified, do not mix the cycle steal mode and the burst mode in
multiple channels' bus modes.
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(1) When channel 0 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 Channel 0 becomes bottom
T priority

Priority order | CH1 > CH2 > CH3 > CH4 > CH5 > CHO |
after transfer

(2) When channel 1 transfers

o hannel 1

Inital priority order  f GH > CH1 > CH2 > CH3 > CH4 > CH5 | gri oty becomes bottom

i L The priority of channel 0, which

------------------------- 3 was higher than channel 1, is also
Y Y __ shifted.

| CH2 > CH3 > CH4 > CH5 > CHO > CH1 |

Priority order
after transfer

(3) When channel 2 transfers

Inital priority order [ CHO > CH1 > CH2 > CH3 > CH4 > CHs | Srfi‘:rri‘t;e' 2 becomes bottom

The priority of channels 0 and 1,

which were higher than channel 2,

are also shifted. If immediately

after there is a request to transfer

channel 5 only, channel 5 becomes
bottom priority and the priority of

L channels 3 and 4, which were

higher than channel 5, are also

Priority order
after transfer

Post-transfer priority order \
when there is an | CHO > CH1 > CH2 > CH3 > CH4 > CH5 |

immediate transfer shifted.
request to channel 5 only
(4) When channel 5 transfers
Initial priority order | CHO > CH1 >CH2 > CH3 > CH4 > CH5| Priority order does not change.

!

| CHO > CH1 > CH2 > CH3 > CH4 > CH5|

Priority order
after transfer

Figure 12.2 Round-Robin Mode
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Figure 12.3 shows how the priority changes when channel 0 and channel 3 transfers are requested
simultaneously and a channel 1 transfer is requested during the channel O transfer. The DMAC
operates as follows:

Transfer requests are generated simultaneously to channels 0 and 3.

2. Channel 0 has a higher priority, so the channel O transfer begins first (channel 3 waits for
transfer).

3. A channel 1 transfer request occurs during the channel O transfer (channels 1 and 3 are both
waiting)
When the channel O transfer ends, channel O becomes lowest priority.

5. At this point, channel 1 has a higher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

When the channel 1 transfer ends, channel 1 becomes lowest priority.
7. The channel 3 transfer begins.

When the channel 3 transfer ends, channels 3 and 2 shift downward in priority so that channel
3 becomes the lowest priority.

Transfer request Waiting channel(s) DMAC operation Channel priority

(1) Channels 0 and 3
A (2) Channel 0 transfer +———  0>1>2>3>4>5

(3) Channel 1~a —> start

Priority order
1,3 (4) Channel 0 transfer _changes 1525354550

ends /

(5) Channel 1 transfer

starts
Priority order
3 (6) Channel 1 transfer changes 2>3>4>5>0>1
ends /
[ (7) Channel 3 transfer
starts
None l Priority order
changes
— (8)Channel 3transfer ——————— > 4>5>0>1>2>3

ends

Figure 12.3 Changes in Channel Priority in Round-Robin Mode
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12.4.3 DMA Transfer Types

DMA transfer type is dual address mode transfer. They depend on the number of bus cycles of
access to source and destination. A data transfer timing depends on the bus mode, which has cycle
steal mode and burst mode. The DMAC supports the transfers shown in table 12.8.

Table 12.8 Supported DMA Transfers

Destination
Memory-
External Mapped On-Chip
Device with External External Peripheral
Source DACK Memory Device Module IL Memory
External device with DACK  Not Y Y Not Not
available available available
External memory Y Y Y Y Y
Memory-mapped external Y Y Y Y Y
device
On-chip peripheral module  Not Y Y Y Y
available
IL memory Not Y Y Y Y
available
[Legend]
Y: Transfer is enabled

Note: For on-chip peripheral modules, 16-byte transfer is available only by registers which can be
accessed in longword units.
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(1) Address Modes

(a) Dual Address Mode

In dual address mode, both the transfer source and destination are accessed by an address. The
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 the DMAC. In the transfer between external memories as shown in figure
12.4, data is read to the DMAC from one external memory in a data read cycle, and then that data
is written to the other external memory in a write cycle.

DMAC --

)
)

I“

Data buffer <

| module
TN ~———"

| \
, .

: i

H SA 7 Memory

: e

1 1 8

, DAR I -~

! H 4 " > Transfer source

! 'l 5 o module

: . Q

' ' << ©

h h S —
. | I , o] Transfer destination
h

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the DMAC.

First bus cycle
--  DMAC --

N T

SAR Memory

Al

Transfer source
module

Address bus
Data bus

\

Transfer destination

Data buffer module

1

~~—" >~

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.
Second bus cycle

Figure 12.4 Data Flow of Dual Address Mode

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. CHCR can
specify whether the DACK is output in read cycle or write cycle.
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Figure 12.5 shows an example of DMA transfer timing in dual address mode.

CKO | |

Transfer source
address

R ransfer destination
) address
D — —— ——

|

WEnRN

DACKn |
(Active-low) .

Data read cycle
(1st cycle)

Data write cycle
-
(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 12.5 Example of DMA Transfer Timing in Dual Mode
(Source: Ordinary Memory, Destination: Ordinary Memory)
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(2)

Bus Modes

There are two bus modes: cycle steal mode and burst mode. Select the mode in the TB bits in
CHCR.

(a) Cycle-Steal Mode

In cycle-steal mode, select either normal mode or intermittent mode by the CMS[3:0] bits in
DMAOR.

Normal mode

In cycle-steal normal mode, the bus mastership is given to another bus master after a one-
transfer-unit (byte, word, longword, 8-byte, 16-byte, or 32-byte unit) DMA transfer. When
another transfer request occurs, the bus mastership is obtained from the other bus master and a
transfer is performed for one transfer unit. When that transfer ends, the bus mastership is
passed to the other bus master. This is repeated until the transfer end conditions are satisfied.
In cycle-steal normal mode, transfer areas are not affected regardless of settings of the transfer
request source, transfer source, and transfer destination.

Figure 12.6 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—/&_\

Buscycle X cPU X_cPu X cpu XpmACXpMacK cPu Xpmack pmack cru X
Read/Write Read/Write

Figure 12.6 DMA Transfer Example in Cycle-Steal Normal Mode
(Dual Address, DREQ Low Level Detection)

Intermittent mode 16, intermittent mode 64, and intermittent mode 256

In intermittent mode of cycle steal, the DMAC returns the bus mastership to other bus master
whenever a unit of transfer (byte, word, longword, 8-byte, 16-byte, or 32-byte unit) is
complete. If the next transfer request occurs after that, the DMAC gets the bus mastership from
other bus master after waiting for 16, 64, or 256 clocks in B¢ count. The DMAC 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 cycle-steal normal mode.
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When the DMAC gets again the bus mastership, DMA transfer can be postponed in case of
entry updating due to cache miss.

This intermittent mode can be used for all transfer section; transfer request source, transfer
source, and transfer destination. The bus modes, however, must be cycle steal mode in all
channels.

Figure 12.7 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

oea T\ f /.

At least 16, 64, or 256 B¢
(change by the CPU's state of using bus)

Bus cycle :X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU K
Read/Write Read/Write

Figure 12.7 Example of DMA Transfer in Cycle Steal Intermittent Mode
(Dual Address, DREQ Low Level Detection)

(b) Burst Mode

In burst mode, once the DMAC obtains the bus mastership, the transfer is performed continuously
without releasing the bus mastership until the transfer end condition is satisfied. In external
request mode with level detection of the DREQ pin, however, when the DREQ pin is not active,
the bus mastership passes to the other bus master after the DMAC transfer request that has already
been accepted ends, even if the transfer end conditions have not been satisfied.

Burst mode cannot be used when the on-chip peripheral module is the transfer request source.

Figure 12.8 shows DMA transfer timing in burst mode.

DREQ _\ /

Bus cycle X CPU X_cPUX cPU XOMACKDMACKDMACKDMACKDMACKDMACK cPU X
Read Write Read Write Read Write

Figure 12.8 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 12.9 shows the relationship between request modes and bus modes by DMA transfer
category.

Table 12.9 Relationship between 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 1/2/4/8/16/32 0, 1
memory

External device with DACK and memory- External B/C 1/2/4/8/16/32 0, 1
mapped external device

External memory and external memory  External, B/C 1/2/4/8/16/32 0 to 5+°

auto
External memory and memory-mapped  External, B/C 1/2/4/8/16/32 0 to 5+°
external device auto
Memory-mapped external device and External, B/C 1/2/4/8/16/32 0 to 5+°
memory-mapped external device auto
External memory and on-chip peripheral  All*' C 1/2/4/8/16%* 0 to 5+°
module
Memory-mapped external device and All*’ C 1/2/4/8/16%* 0 to 5*°
on-chip peripheral module
On-chip peripheral module and on-chip ~ All*' C 1/2/4/8/16%* 0 to 5*°
peripheral module
IL memory and memory-mapped External, B/C 1/2/4/8/16/32 0 to 5*°
external device auto
IL memory and on-chip peripheral All*’ B/C 1/2/4/8/16%* 0 to 5*°
module
IL memory and external memory External, B/C 1/2/4/8/16/32 0 to 5+°
auto

[Legend]

B: Burst mode

C: Cycle steal mode

Notes: 1. External requests, auto requests, and on-chip peripheral module requests are all
available. However the request source register 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, channels 0 and 1 are only available.
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(4) Bus Mode and Channel Priority

When the priority is set in fixed mode (CHO > CH1) and channel 1 is transferring in burst mode, if
there is a transfer request to channel 0 with a higher priority, the transfer of channel 0 will begin
immediately.

At this time, if channel O is also operating in burst mode, the channel 1 transfer will continue after
the channel O transfer has completely finished.

When channel 0 is in cycle steal mode, channel 0 with a higher priority performs the transfer of
one transfer unit and the channel 1 transfer is continuously performed without releasing the bus
mastership. The bus mastership will then switch between the two in the order channel 0, channel
1, channel 0, and channel 1. Therefore, the bus state is such that the CPU cycle after the
completion of cycle steal mode transfer has been replaced with the channel 1 burst mode transfer.
(Hereinafter referred to as burst mode priority execution.)

This example is shown in figure 12.9. When multiple channels are operating in burst modes, the
channel with the highest priority is executed first.

When DMA transfer is executed in the multiple channels, the bus mastership will not be given to
the bus master until all competing burst transfers are complete.

X CPU ><DMA CH1 XDMA CH1 ><DMA CHOXDMA CH1 XDMA CHO)(DMA CH1 XDMA CH1 >< CPU ><

-< DMA CH1 sl DMA CHO and CH1 P DMA CH1
~ Burstmode Cycle steal mode |7 Burst mode

Y

CHO transfer
source

CH1 transfer
source

Priority: CHO > CH1
CHO:  Cycle steal mode
CH1:  Burst mode

Figure 12.9 Bus State when Multiple Channels are Operating

In round-robin mode, the priority changes according to the specification shown in figure 12.2.
However, the channel in cycle steal mode cannot be mixed with the channel in burst mode.
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1244 DMA 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), and DMA extended resource selectors (DMARS) are set, the DMAC transfers
data according to the following procedure:

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TE =0, AE = 0, NMIF = 0)

2. When a transfer request occurs while transfer is enabled, the DMAC transfers one transfer unit
of data (specified by TS[3:0] setting). In auto request mode, the transfer begins automatically
when the DE bit and DME bit are set to 1. The DMATCR value will be decremented for each
transfer. The actual transfer flows vary by address mode and bus mode.

3. When the specified number of transfer has been completed (when DMATCR reaches 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.

4. When an address error or an NMI interrupt is generated, the transfer is aborted. Transfers are
also aborted when the DE bit in CHCR or the DME bit in DMAOR is changed to O.

Figure 12.10 shows a flowchart of this procedure.
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Initial settings
(SAR, DAR, TCR, CHCR, DMAOR,
SARB,DARB, TCRB, DMARS)

DE, DME = 1 and
TE, AE, NMIF = 02

wd Bus mode,
DREQdetection system,
transfer request mode,

Transfer (1 transfer unit);
TCR -1 — TCR, SAR, and DAR updated |*6
Reload mode: TCRBL — 1 — TCRBL

Reload mode?

SARB/DARB load *5
TCRBH — TCRBL load #6

Y
TCR =07 No
Yes

| TE=1
|

DEl interrupt request
(IE=1)

NMIF =1o0rAE=1or
DE =0 or DME = 0?2,

SARB/DARB load *5
TCRB — TCR load

" L

(C Normalend ) ( Transferend )

Notes: 1. In repeat mode, a transfer request is acceptted with TE =1 when HIE = 1 and HE = 0.
2. In auto-request mode, transfer starts when bits NMIF, AE, and TE are all O or bits TE
and HIE are 1 and HE is O (in repeat mode), and bits DE and DME are set to 1.
. DREQ is level detection (external requesrt) in burst mode or cycle-steral mode.
. DREQ is edge detection (external request) or auto request in burst mode.
. Loading to SAR and DAR differs according to the operating conditions in each mode.
. TCRBH represents bits TCRB[13:16] and TCRBL represents bits TCRB [15 to 0].

oUW

Figure 12.10 DMA Transfer Flowchart
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12.4.5 Repeat Mode Transfer

In a repeat mode transfer, a DMA transfer is repeated without specifying the transfer settings
every time before executing a transfer.

Using a repeat mode transfer with the half end function allows a double buffer transfer executed
virtually. Following processings can be executed effectively by using a repeat mode transfer. As
an example, operation of receiving voice data from the VOICE CODEC and compressing it is
explained.

In the following example, processing of compressing 40-word voice data every data reception is
explained. In this case, it is assumed that voice data is received by means of SIOF.

1. DMAC settings
e Set address of the SIOF receive data register in SAR
e Set address of an internal memory data store area in DAR
e Set TCR to 80 (H'50)
o Satisfy the following settings of CHCR
Bits RPT[2:0] = B'010: Repeat mode (use DAR as a repeat area)
Bit HIE = B'l: TCR/2 interrupt generated
Bits DM[1:0] = B'01: DAR incremented
Bits SM[1:0] = B'00: SAR fixed
Bit IE = B'l: Interrupt enabled
Bit DE = B'l: DMA transfer enabled
e Set such as bits TB and TS[3:0] according to use conditions
e Set bits CMS[1:0] and PR[1:0] in DMAOR according to use conditions and set the DME bit to
B'l
2. Voice data is received and then transferred by SIOF/DMAC
3. TCR is decreased to half of its initial value and an interrupt is generated

Read CHCR to confirm that the HE bit is set to 1 by an interrupt processing, and compress 40-
word voice data from the address set in DAR.

4. TCRis cleared to 0 and an interrupt is generated
Read CHCR to confirm that the TE bit is set to 1 by an interrupt processing, and compress 40-
word voice data from the address set in DAR + 40. After this operation, the value of DARB is

copied to DAR in DMAC and initialized, and the value of TCRB is copied to TCR and
initialized to 80.

RO1UHO346EJ0400 Rev. 4.00 Page 449 of 1162
Mar 19, 2012 RENESAS



Section 12 Direct Memory Access Controller (DMAC) SH7730 Group

5. Hereafter, steps 2 and 3 are repeated until DME or DE is set to B'0, or an NMI interrupt is
generated.

As explained above, a repeat mode transfer enables sequential voice compression by changing
buffer for storing data received consequentially and a data buffer for processing signals
alternately.

12.4.6 Reload Mode Transfer

In a reload mode transfer, according to the settings of bits RPT[2:0] in CHCR, the value set in
SARB/DARB is set to SAR/DAR and the value of bits TCRB[31:16] is set in bits TCRB[15:0] at
each transfer set in the bits TCRB[15:0], and the transfer is repeated until TCR becomes 0 without
specifying the transfer settings again. A reload mode transfer is effective when repeating data
transfer with specific area. Figure 12.11 shows the operation of reload mode transfer.

DMA
C Bits RPT[2:0]
oo T CHCR
Transferrequest | L oo - TCR
1 1 (2]
i , Transfer counter a
: >
e l.....m] TCRB g
' ' :E‘
. | Reload counter 5
Y Y ) =3
Reload signal a
----------------------- e "> SARDAR D
Reload controller E
S »| SARB/DARB

Figure 12.11 Reload Mode Transfer

When a reload mode transfer is executed, TCRB is used as a reload counter. Set TCRB according
to section 12.3.6, DMA Transfer Count Registers (TCRB_0 to TCRB_3).
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12.4.7 DREQ Pin Sampling Timing
Figures 12.12 to 12.15 show the sample timing of the DREQ input in each bus mode, respectively.

DREQ detection (edge or level detection) sampling takes place at the rising edge of CKO for both
assertion and negation.

This means that assertion and negation are possible once every clock cycle, provided the necessary
DREQ setup/hold time is guaranteed.

However, there is a non-sensitive period in the case of assertion, and requests are not accepted
during this period.

Bus cycle { cru N cru Y omac f ceru X cru )
.1st acceptance ,2nd acceptance

DREQ [ W x|

(Rising edge) E

DACK | 1 I

High-acti b

(High-active) I—>Acceptance %: Non-sensitive

started period

Figure 12.12 Example of DREQ Input Detection in Cycle Steal Mode Edge Detection
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SH7730 Group

o Y oru Y owmac Y chu { cru X

| 1st acceptance 1 2nd acceptance

> o

Bus cycle

DREQ ©
(Overrun 0, _I\r //? M

high-level)

DACK | I :
(High-active) b

Bus cycle {_cru N cru owAc Y _cru_ N cru X
st acceptance . 2nd acceptance

DREQ

(Overrun 1, _| : 7 %&

high-level)

DACK | ' I

(High-active) \—Acceptance started

—»Acceptance started

% : Non-sensitive

period

Figure 12.13 Example of DREQ Input Detection in Cycle Steal Mode Level Detection

CKO

Bus cycle X CPU Y cPu ) DMAC

:Burst acceptance
DREQ |

(Rising edge)

DACK
(High-active)

period

% : Non-sensitive

Figure 12.14 Example of DREQ Input Detection in Burst Mode Edge Detection
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CKO

Bus cycle x CPU X

CPU

'

J_pomac f

DREQ

\\

2nd acceptance

é 1st acceptance

(Overrun 0,
high-level)

DACK

(High-active)

— Acceptance started

3rd acceptance

CKO
Bus cycle

. 1st acceptance
DREQ © -
©vern1,  _| T 7 Nonse
high-level)
DACK

(High-active)

—»Acceptance started

7 7,

—»Acceptance started

% : Non-sensitive

period

Figure 12.15 Example of DREQ Input Detection in Burst Mode Level Detection

CKO L LWL L W ort
Last DMA transfer

Bus cycle { ovac Y cpu X omac X cru N cru )

DREQ

DACK [ | [ |

TEND [ |

Figure 12.16 DMA Transfer End Signal Timing (Level Detection in Cycle Steal Mode)

When an 8-bit or 16-bit external device is accessed in longword units, or when an 8-bit external
device is accessed in word units, the DACK and TEND outputs are divided for data alignment.

This example is shown in figure 12.17.

R0O1UHO0346EJ0400 Rev. 4.00
Mar 19, 2012

RENESAS

Page 453 of 1162




Section 12 Direct Memory Access Controller (DMAC) SH7730 Group

CKO

Address

cs

RD

Data

WEn

DACKn
(Active-low)

TENDn
(Active-low)

T

WAIT

Note: TEND is asserted for the last transfer unit of the DMA transfer.
When the transfer unit is divided into several bus cycles and CS
is negated between bus cycles, TEND is also divided.

Figure 12.17 Example of BSC Ordinary Memory Access
(No Wait, Idle Cycle 1, Longword Access to 16-Bit Device)
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12.5  Usage Notes

Pay attentions to the following notes when the DMAC is used.

12.5.1 DMA Transfer for Peripheral Modules

When executing a 16-byte DMA transfer for peripheral modules, set the TS[3:0] bits in CHCR to
B'1011 and execute in 16-byte 2-division transfer mode. This DMA transfer can only be executed
when a 16-byte boundary can be set in SAR or DAR as a transfer source address or transfer
destination address. When a transfer source address or transfer destination address is not a 16-byte
boundary, data cannot be transferred successfully.

12.5.2 Module Stop

While DMAC is in operation, the DMAC should not be stopped by the module stop register
(MSTPCRO). When modules are stopped, transfer contents cannot be guaranteed.

12.5.3 Address Error

When a DMA address error is occurred, set registers of all channels again and then start a transfer.

12.5.4 Notes on Burst Mode Transfer

During a burst mode transfer, following operation should not be executed until the transfer of
corresponding channel has completed.

1. Frequency should not be changed.
2. Transition to sleep mode should not be made.

3. Transition to standby mode should not be made.

12.5.5 Notes on Setting of DMA Extended Resource Selectors

Do not set the same transfer requests to DMA extended resource selectors (DMAO_DMARSO to
DMAO_DMARS2, DMA1_DMARSO to DMA1_DMARS?2). When the same transfer requests are
set, transfer contents cannot be guaranteed.
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12.5.6 Notice on Use of the DMAC Flag Bits
The HE, TE, AE and NMIF flags have the following note.

As for the half end flag and transfer end flag in channel control register (CHCRm.HE and
CHCRn.TE, m= 0 to 3, n=0 to 5) and the address error flag and NMI flag in DMA operation
register (DMAOR.AE and DMAOR.NMIF), when reading these flags while they are just setting
to 1, the read out value of the corresponding flag is O, but the internal state of this operation may
become same as read out 1. If writing O to the corresponding flag after this case, it is equivalent to
write O after reading the corresponding flag is 1, as a result, the corresponding flag is cleared to O
unintentionally.

When using corresponding flag, not to clear the flag unintentionally, it is necessary to read and
write by the following procedure. When writing register that has the corresponding flags, write 1
to the flag bit except clearing the flag explicitly. Clearing the corresponding flag explicitly, write O
to the flag bit after reading out 1. Writing 1 to the corresponding bit does not affect the value of
the flag.

Note that, when not using corresponding flag, it is no problem to write always 0 (Clearing the
corresponding flag explicitly, write O to the flag bit after reading out 1).

12.5.7 Restarting a DMA Transfer After Interruption

Follow the procedure below to restart an interrupted DMA transfer in external request mode or on-
chip peripheral module request mode.

(1) External request mode

When a DMA transfer is interrupted by an address error, NMI assertion, clearing to 0 of DE in
CHCRn (n=0 to 5), or clearing to 0 of DME in DMAORO, start the DMA transfer after resetting
the registers of all the channels.

(2) On-chip peripheral module request mode
(a) Address error or NMI assertion

When a DMA transfer is interrupted by an address error or NMI assertion, after clearing the
transfer requests from the peripheral modules of all the channels clear the DME bit to O once to
disable DMA transfers. Then, after resetting the registers of all the channels, start the DMA
transfer.
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(b) Transfer interruption by clearing DE bit to 0
Either of the following methods may be used as workarounds.

e After the interruption, clear transfer requests from the peripheral modules of the channel
concerned and start the transfer after resetting the registers of the channel concerned.

e After the interruption, clear the DE bit when the transfer requests from the peripheral modules
of all channels have been cleared.

(c) Transfer interruption by cl