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Notice

1. Allinformation 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 in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

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

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

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

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

signal has stabilized.

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

Differences between Products

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

— The characteristics of MPU/MCU in the same group but having different type numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different type numbers, implement a system-evaluation test for
each of the products.
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1.

How to Use This Manual

Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this
LSI to the target users, i.e. those who will be using this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic
circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations

The following documents have been prepared for the SH7670 Group. Before using any of the
documents, please visit our web site to verify that you have the most up-to-date available
version of the document.

Document Type Contents Document Title Document No.

Data Sheet Overview of hardware and electrical — —
characteristics

User's manual for Hardware specifications (pin SH7670 Group This User's

Hardware

assignments, memory maps,
peripheral specifications, electrical
characteristics, and timing charts)
and descriptions of operation

User's Manual: Hardware manual

User's manual for
Software

Detailed descriptions of the CPU
and instruction set

SH-2A, SH2A-FPU REJ09B0051
Software Manual

Application Note

Examples of applications and
sample programs

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.

The latest versions are available from our
web site.
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2. Description of Numbers and Symbols
Aspects of the notations for register names, bit names, numbers, and symbolic names in this

manual are explained below.

(1) Overall notation
In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

(2) Register notation
The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.
[Example] CMCSR_0: Indicates the CMCSR register for the compare-match timer of channel 0.
(3) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.
[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAO or OXxEFAO
Decimal: 1234
(4) Notation for active-low

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

4) @

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

ables interrupts, and selects the counter
itializes the TCNT value to 0.

CMCSR indicates compar

14.3.1 Interval Count Operation

When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When values in

CMCNT and the compare match constant register (CMCOR) match, CMCNT i{ cleared to H'0000)
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tim€,
a f/4 clock is selected.

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

)
Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers
Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Bit Chart]
Bit:(_15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — — @2|AS|D1|A® — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE|
Initial value: 0 0 0 0 1 0 0 0 0 0 0 0 0 0
RW: RW | RW RW R R/W ’@ RW RW RW RW RW RW RW RW RW
[Table of Bits] (1) @ © ) )
Bit Bit Name Initial Value IJKNV Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13to 11 ASID2 to Al O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

W
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.
(1) Bit
Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

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

)

g
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.
e Abbreviations specific to this product

Abbreviation  Description

BSC Bus controller

CPG Clock pulse generator
DTC Data transfer controller
INTC Interrupt controller

e Abbreviations other than those listed above

Abbreviation  Description

ACIA Asynchronous communications interface adapter
bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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SH7670 Group Section 1 Overview

Section 1 Overview

1.1 Features

This LSI is a CMOS single-chip microcontroller that integrates a Renesas original RISC (Reduced
Instruction Set Computer) CPU core with peripheral functions required for an Ethernet system.

The CPU incorporated in this LSI is the SH-2A CPU, which features upward compatibility on the
object code level with the SH-1 and SH-2 microcomputers. The CPU has a RISC-type instruction
set and employs a superscalar architecture and the Harvard architecture, which greatly improves
instruction execution speed. In addition, the 32-bit internal-bus architecture enhances data
processing power. This CPU realizes low-cost, high-performance, and high-functioning systems
for applications such as high-speed realtime control, which was previously impossible with the
conventional microcomputers.

This LSI includes an Ethernet controller (EtherC) that incorporates a media access controller
(MAC) conforming to the IEEE802.3u standard, which offers the LAN connection in the rate of
10 or 100 Mbps.

In addition, this LSI includes on-chip peripheral functions required for systems, such as, cache
memory, RAM, a direct memory access controller (DMAC), a host interface (HIF), an USB2.0
host/function module (USB), an SD host interface (SDHI), an interrupt controller (INTC), a
compare match timer (CMT), a serial communication interface with FIFO (SCIF), and I/O ports.
Moreover, this LSI includes encryption functions (AES, DES and 3DES), message authentication
code generating functions (HMAC-SHA-1, HMAC-SHA-224, and HMAC-SHA-256), an AV
stream interface (STIF), and a serial sound interface (SSI), which can be applied to digital AV
equipment with network features.

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

RO1UH0234EJ0300 Rev. 3.00 /z
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Section 1 Overview

SH7670 Group

1.2 Applications

Main applications: Network application equipment, consumer equipment, digital AV equipment

1.3 Overview of Specifications

Table 1.1 shows the overview of the specifications of this LSI.

Table 1.1  Overview of SH7670 Group Specifications

Classification Module/Function Description

Memory On-chip RAM o

RAM size: 32 Kbytes (four 8-Kbyte banks)

Cache memory o

Instruction cache: 8 Kbytes

Operand cache: 8 Kbytes

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

Write-back, write-through and LRU replacement algorithm
Cache locking function available (only for operand cache);
ways 2 and 3 can be locked
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SH7670 Group

Section 1 Overview

Classification Module/Function Description

CPU CPU .

Renesas original SuperH architecture

Compatible with SH-1, SH-2, and SH-2E at object code
level

32-bit internal data bus

General-register architecture

Sixteen 32-bit general registers

Four 32-bit control registers

Four 32-bit system registers

Register bank for high-speed response to interrupts

RISC-type instruction set
(upward compatible with SH series)

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

Load/store architecture
Delayed branch instructions
Instruction set based on C language

Superscalar architecture to execute two instructions at
one time including FPU

Instruction execution time: Up to two instructions/cycle
Address space: 4 Gbytes

Internal multiplier

Five-stage pipeline

Harvard architecture

RO1UH0234EJ0300 Rev. 3.00
Jun 21, 2011
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SH7670 Group

Classification Module/Function Description

CPU Floating-point unit e  Floating-point co-processor included
(FPU) e Supports single-precision (32-bit) and double-precision
(64-bit)
e Supports data type and exceptions that conform to
|IEEE754 standard
¢ Two rounding modes: Round to nearest and round to zero
e Denormalization modes: Flush to zero
¢ Floating-point registers
e Sixteen 32-bit floating-point registers (single-precision x
16 words or double-precision x 8 words)
e Two 32-bit floating-point system registers
e Supports FMAC (multiplication and accumulation)
instructions
e Supports FDIV (division) and FSQRT (square root)
instructions
e Supports FLDIO/FLDI1 (load constant 0/1) instructions
¢ Instruction execution time
Latency (FMAC/FADD/FSUB/FMUL): Three cycles
(single-precision), eight cycles (double-precision)
Pitch (FMAC/FADD/FSUB/FMUL): One cycle (single-
precision), six cycles (double-precision)
Note: FMAC only supports single-precision.
o Five-stage pipeline
Interrupts Interrupt controller e Nine external interrupt pins (NMI and IRQ7 to IRQO)
(sources) (INTC)

On-chip peripheral interrupts: Priority level set for each
module

Sixteen priority levels available

Register bank enabling fast register saving and restoring
in interrupt handling
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SH7670 Group

Section 1 Overview

Classification Module/Function Description

External bus Bus state
extension controller (BSC)

Address space for five areas (64 Mbytes each) and 32-bit
external bus

The following features settable independently for each
area:

— Bus size: 8, 16, or 32 bits (depending on area)

— Access wait cycle count

— Idle wait cycle setting (same area/different area)

— Supports SRAM, SRAM with byte selection, and
SDRAM by specifying memory to be connected for
each area

— Supports the PCMCIA interface

— Chip select signal output to an applicable area
(Timings of CS asserting and negating are selectable
by programming)

SDRAM refreshing function

— Supports auto-refreshing mode and self-refreshing
mode

SDRAM burst access function

For area 0, only big endian is supported

DMA Direct memory
access controller
(DMAC)

Eight channels (External DMA requests available for two
of them)

Can be activated by on-chip peripheral modules
Burst mode and cycle steal mode

Supports intermittent mode (16 or 64 cycles)
Auto-reloading of transfer information

RO1UH0234EJ0300 Rev. 3.00
Jun 21, 2011
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SH7670 Group

Classification Module/Function Description

Clock Clock pulse
generator (CPG)

Clock mode: Input clock can be selected from external
input (EXTAL or CKIO) or crystal resonator (EXTAL/XTAL
or USB_X1/USB_X2).

Three types of clocks generated
— CPU clock:
200 MHz (maximum) (regular specifications)
133 MHz (maximum) (wide temperature
specifications)
— Bus clock:
100 MHz (maximum) (regular specifications)
66 MHz (maximum) (wide temperature specifications)
— Peripheral clock:
50 MHz (maximum) (regular specifications)
33 MHz (maximum) (wide temperature specifications)

Power-down
modes

Three power-down modes provided to reduce the current
consumption in this LSI

— Sleep mode
— Software standby mode
— Module standby mode

Timer Compare match
timer (CMT)

Two-channel 16-bit counter

Four types of clocks selectable (P¢/8, P¢/32, P¢/128, or
P/512)
Generates a compare match interrupt

Watchdog timer
(WDT)

One-channel watchdog timer

A counter overflow can reset this LSI
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Classification Module/Function Description

Advanced Ethernet controller ¢ MAC (Media Access Control) function
communication  (EtherC)

— Data frame assembly/deassembly (frame format
conforming to IEEE802.3)

— CSMA/CD link management (for collision avoidance
and processing in case of collision)

— CRC processing

— On-chip FIFOs (512 bytes for transmission and
reception each)

— Supports full-duplex data transmission and reception
— Sends and receives short and long packets

e Conforms to the MIl (Media Independent Interface)
standard

— Converts an 8-bit data stream from the MAC layer to a
4-bit MIl nibble stream

— Station management (STA feature)
— Eighteen TTL-level signals
— Transfer rate: 10 or 100 Mbps
e Magic Packet™ with WOL (Wake On LAN) output

DMAC for e Reduces CPU load using the descriptor management
Ethernet controller system
(E-DMAC)

One channel for transfer from the EtherC receive FIFO to
the receive buffer

e One channel for transfer from the transmit buffer to the
EtherC transmit FIFO

e Allows 16-byte burst transfer for efficient use of the
system bus

e Supports single frame and multibuffer
e Calculates receive data checksum

RO1UH0234EJ0300 Rev. 3.00
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SH7670 Group

Classification

Module/Function

Description

Advanced
interface

Stream interface
(STIF)

Two-channel port in conjunction with A-DMAC

Serial mode or parallel mode selectable for each channel
Supports MPEG2-TS and MPEG-PS transfer modes
Supports push-type transfer and pull-type transfer to each
device

External VCO control PWM timer and its output provided
for each channel

Stream clock output common to all channels and stream
clock input for each channel

Serial sound
interface (SSI)

Two-channel bidirectional serial transfer

Supports various serial audio formats

Supports master and slave functions

Generates programmable word clock and bit clock
Multichannel formats

Supports 8-, 16-, 18-, 20-, 22-, 24-, and 32-bit data
formats

USB2.0
host/function
module (USB)

Conforms to USB version 2.0

Supports three transfer rates: 480 Mbps, 12 Mbps, and
1.5 Mbps

Software and functions switchable

Connectable to multiple peripheral devices through one-
stage hub while the software is running

Software settable
On-chip 8-Kbyte RAM as a communication buffer

SD host interface
(SDHI)

(Not supported in
SH7672 and
SH7670)

SD memory/IO card interface (1-bit/4-bit SD bus)

Error check functions: CRC7 (for commands) and CRC16
(for data)

Interrupt requests: Card access interrupt, SDIO access
interrupt, and card detect interrupt

DMAC transfer requests: SD_BUF write and SD_BUF
read

Supports card detection and write protection functions

I’C bus interface 3
(IlC3)

One channel
On-chip master mode and slave mode
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SH7670 Group

Section 1 Overview

Classification Module/Function

Description

Advanced Host interface ¢ On-chip 4-Kbyte buffer RAM (two 2-Kbyte banks)
interface (HIF) ¢ Parallel connection of buffer RAM and external device
with sixteen data pins
e Parallel connection of buffer RAM and the CPU of this LSI
with the internal bus
e A connected external device can access desired register
after the register index was specified (However,
addresses can be automatically updated during
continuous buffer RAM access)
¢ Endian switchable
e Aninterrupt can be requested to a connected external
device
¢ Aninternal interrupt can be requested to the CPU of this
LSI
¢ Allows booting from the buffer RAM by storing the
instruction code beforehand from the external device in
the buffer RAM
Serial e Three channels

communication
interface with
FIFO (SCIF)

Clock synchronous mode or asynchronous mode
selectable

e Supports simultaneous transmission and reception (full-
duplex communication)

e Dedicated baud rate generator

e Separate 16-byte FIFO registers for transmission and
reception

¢ Modem control function (asynchronous mode)

RO1UH0234EJ0300 Rev. 3.00
Jun 21, 2011
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SH7670 Group

Classification Module/Function Description
Encryption, Encryption e Encryption/decryption engine can be activated by 2-
hash, and error  functions (AES, channel dedicated DMAC (A-DMAC) or CPU
correction DES and 3DES) By reading the descriptor using the A-DMAC, continuous
éSHH77667701s?Jr;:>ort encryption/decryption available by switching the source
only DMAC address (unprocessed data pointer), destination address
function. They do (processed data storage address), and various settings
not support (including encryption/decryption algorithm,
encryption encryption/decryption, ECB/CBC/OFB, keys, and V) in
function.) real time
e Block-by-block encryption and decryption enabled by
activation from the CPU
Message e By reading the descriptor using the A-DMAC, generation
authentication of message authentication codes and checksum
ff:;gﬁge(ﬁam\%- calculati'on in conju'nction with encryption/decryption
SHA-1, HMAC- processing are available
SHA-224, and
HMAC-SHA-256)
(Not supported in
SH7671 and
SH7670)
Forward error ¢ By reading the descriptor using the dedicated F-DMAC,
correction (FEC) missing packets can be restored quickly by switching the
source address (read packet pointer), destination address
(restoration packet storage address), and packet size in
real time
e Arbitrary values can be used for the read packet pointer,
read packet count, restoration packet storage address,
and packet size
Debugging User break e Two break channels
function controller (UBC) Addresses, data values, type of access, and data size
can be set as break conditions
User debugging e Supports E10A emulator
interface (H-UDI) JTAG-standard pin assignment
e Supports boundary scan
I/0 ports ¢ Eighty-six general input/output pins and eight general

input pins
Input or output of 1/0 ports can be selected for each bit
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SH7670 Group Section 1 Overview

Classification Module/Function Description

Package e P-FBGA1717-256 (0.8 pitch)
Power supply voltage e 1/0:3.31(0.2)V,internal: 1.2+ (0.1) V
Operating temperature (°C) e -20to +70°C (regular specifications)

e -40to +85°C (wide temperature specifications)

Notes: * Magic Packet™ is a registered trademark of Advanced Micro Devices, Inc.

RO1UH0234EJ0300 Rev. 3.00 ,2
Jun 21,2011 [ ] ENESAS
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14 Product Lineup
Table 1.2 lists the products and figure 1.1 shows how to read their type names.

Table 1.2  Product Lineup

Type Name ROM

(Abbreviation) Size RAM Size Package Encryption  SDHI Remarks
R5S76700 - 32 Kbytes P-FBGA256 —17 x 17 0.8 Not mounted Not mounted SH7670
R5S76710 - 32 Kbytes P-FBGA256 —17 x 17 —0.8 Not mounted Mounted SH7671
R5S76720 - 32 Kbytes P-FBGA256 —17 x 17 —0.8 Mounted Not mounted SH7672
R5S76730 - 32 Kbytes P-FBGA256 —17 x 17 —0.8 Mounted Mounted SH7673

Type Name R 5 S 76730 B 200 BG

Package type
BG: BGA

Maximum operating frequency
200: 200MHz
133: 133MHz

Characteristic code
B: -20°Cto +70°C
C: -40°Cto +85°C

Product code

ROM device type
S: ROMless

Classification
5: Microcontroller

R: Renesas semiconductor Family

Figure 1.1 How to Read Type Names

e Small package
Package Code Body Size Pin Pitch

P-FBGA256 —17 x 17 -0.8  PRBG0256GA-A 17 x 17 mm 0.8 mm

RO1UHO0234EJ0300 Rev. 3.00
RENESAS Jun 21, 2011
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Section 1 Overview

1.5 Block Diagram

Floating-
Sgé%A point unit
(FPU)

i i

i P i

Instruction cache’ Operand cache " User break
CaChT memory memory On-chip RAM controller
controller 8Kbytes 8Kbytes 32Kbytes (UBC)
< # Internal bus  32-bit width, synchronized B-clock (100MHz max.) # >
—
Bus state DMAC for Ethernet Encryption, Stream Direct memory h U(?'BQ’[:/ Peripheral bus
controller Ethernet [+*{ controller hash,and  lepl  interface access controller ostlunction
(BSC) controller (EtherC) erfor correction (STIF)! DMAC) #2 module controller
(E-DMAC) (ADMAC) ( ) (USB)

f 1

> CPU Instruction fetch bus (F-bus) 32-bit width, synchronized I-clock (200MHz max.)

D CcPU memory access bus (M-bus)  32-bit width, synchronized I-clock (200MHz max.)

Ports Ports

<K Peripheral bus __32-bit width, synchronized P-clock (5S0MHz max.)

Interrupt Clock pulse Watchdog Low Power Serial sound SD host _IZC bus
controller generator timer mode module interface interface interface
(INTC) (CPG) (WDT) (Ss)+3 (SDHI) 4 (IIC3)

! t

@

Peripheral bus _32-bit width, synchronized P-clock (50MHz max.)

High-performance Pin function Serial [Compare match|
userdebugging 1/0 ports controller e timer H°5‘(;_'“I‘§)'face
pre (PFC) (SCIF)*6 (CMT)=5

Notes: 1. 2 channels

8 channels

2 channels

Only for SH7673, SH7671. N/A to SH7672, SH7670.

2 channels

3 channels

The modules, having bold segment, can be an initiator on the bus which is facing to the bold segment.

N

oo a0

Ports Ports Ports

Figure 1.2 Block Diagram

RO1UH0234EJ0300 Rev. 3.00 /z
Jun 21,2011 [ ] ENESAS
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Section 1 Overview SH7670 Group

1.6 Pin Assignments

' « Location of index
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Al P17 A Geawy | P00 | peer | W pos | pi2 | b Do! po2 | ate | a1z | ato | Ao aos | a0t | mAS cas | vssa
A17 0| roz | WAT/ | Gsz [pamLu ! 18 5 7
packi | SDA WE
PA19/ PBOS/CSS/| pRO2/ o PBO7/
B| PA1Y | Pat8/f cera | &5 | RD | PBY | pos | 1o | D14 | pos | pos | poo | Ata | At1 | Acs | Aos | Aoz | css | vssa | cke
a19 | a8 | iraw BS
JEND1 1IRQO
C| Pazz | PRt/ | Pa20/ [ceve |g:330116// 50 | WEO' | 11 | p13 | por | poa | ot | ats | a1z | Ao | e | mos | vssa | mowr | ckio
a2z | A2t | A20 | wmav DQMLL
preg | SCL
HIFMD/ WEz | WE
D| pazs/ P:s:’ P:gg/ s50_14| Vss_07 [veeQ_14f Vee_07 [vssQ_13Jveca_13fveca_12] VssQ |vssa_12f vee_06 | vss_06 [veca_t11fvssa_11|vssa_10fpomuus | oamur| D25
A25 ICIOWR | ICIORD
pcis/ | oty | PC20/
E [ kema| enour| o [Vssa-00 VssQ_oo| D24 | D26 D28
F TZC(‘:SL’K :A‘:D‘Ig/ ”,‘%é’ VeeQ_00| veea_10| D27 | D29 D30
G M::I‘C'IE];I/JS T”f‘éé Pot Jvss oo VeeQ_o9| D3t D23 | D22
pcoa/ | pcos/ | PCos!
H [y o b, ot rxpe] Vee-00 VeeQ_o8|veea_07| D21 | D20
pcior | Poi4/ | pots/
J rx_cLk| coL CRS 'ssQ_01 VssQ_08|VssQ_07| D19 D18
K MI’TC:%Z :f“s\// ;foé’é ccQ_01 veo 05 | vssa | D17 | Die
- ’ ’ SH7673/SH7672/SH7671/SH7670
Top view PFos/ | Pros/ | PFO7/
L [ o oot o002 Vss_05 |70 05/ | s70.08/ | STO D7/
_ _ _ RTSO | SSIDATAO | SSIWs0
PDO7/ PF02/ PFO3/ PF04/
M |TESTMD| ASEMD| |rq7/ | VssQ VssQ |sTo_D2/ | STO_D3/ | STO_D4/
SDCLK RxDO SCKO CTso
PD04/ | PDO5/ | PDO6/ PFO1/ PF10/ PFOO/
N| ira#/ | 1Ras/ | 1RQe/ [VssQ-02 VeeQ_06| sT0_D1/ | sT0_5YC/ | 570 DO
sowp | sbco |spemp Do | DAcko -
PDO1/ | PDO/ | PDO3/ PF11/ PFo9/
PFo8/
P| rav | 1raz/ | 1Rqa/ | Vee-01 VssQ_06[sTo_PWW/| 1y “meq STOVLD/
SDDAT1 | SDDAT2| SDDAT3 TENDO - DREQO
PDOO/ sto_ | sTo_
R| o1 ::Eé?/s \RQo/ | veo02 Vee_04 |[WoToVE | cian | veo
SDDATO SSISCKO | CLKIN
pa11/ | pa1z | Pa1a/ FEBRK/
T tror1 | HiForz [ riFprs | Vos-01 Vss. 04 | VssQ MDD BW |7or ik
U :‘Sggg :Ig;% VssQ | vss 02 |vssQ 03fveca 03| Vss@ | pai2 | pviz | uviz | aviz | vec 03 | vss 03 ecQ 04fvecq osjvssa o04fvssa_os{mp okt | NMI | PLivee
PEO7/ PE08/ PEO1/ PE03/ |ST1_VCO_
V| PGO7/ | vssq | PGO4/ | PGOV | PG22/ | PG17/ | vssq | vssQ | vssQ | ugtz | agiz2 |sT1_07| stioer |sT1 ot/ |stipa| cow | Tek | TDI | Mp_cko | ExTAL
HIFDO7 HIFD04 | HIFDO1 | HIFRS |HIFRDY aswet | ssommi| o1 | seir oo e
PGoe/ | PGo3/ | Paoos | PG21/ | Pats | PG1e/ PE0s/ | PEO2/ | pEt0/ | PETY | STI_ |
W/| VvssQ |iFpos | HiFDos | HiFpoo | FiFwR [HiForeal HiFeBL | DG33 | VBUS | AG33 | VssQ JUSB.X1[sT1 ps/|ST1_D2/ BTt _svor fsTi_pwiw| CLKIN | RES TDO | XTAL
RTst | RxD1 | cts2 | mrse | SSiscki
PE04/ PEO09/ PE0O/ PE08/
PG08/ | PGos/ | PGo2/ | PG23/ | PG20/ | PG19/ ST_ | RsT
reme | v | o2 | DV33 DM AV REFRIN JUSB_X2 | ST1_D4/ |ST1_VLD/|ST1_D0/ |ST1_REQ/ TRST T™S PLLVss
Y| tirpos | viroos | rirooz | FiFes | firro | e oP 33 2 [Pk [Prna | oz - [etkouT

Figure 1.3 Pin Assignments

RO1UHO0234EJ0300 Rev. 3.00
RENESAS Jun 21, 2011
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SH7670 Group

Section 1 Overview

1.7 Pin Functions

Table 1.3  Pin Functions

Classification Symbol

I/0 Name

Function

Power supply Vcc

| Power supply

Power supply pin for the internal logic
circuit. All the Vcc pins must be
connected to the system power
supply. This LSI does not operate
correctly if there is a pin left open.

Vss

| Ground

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

VeeQ

I Power supply

Power supply pin for I/O pins. All the
VeeQ pins must be connected to the
system power supply. This LSI does
not operate correctly if there is a pin
left open.

VssQ

I Ground

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

PLLVcc

| Power supply

Power supply pin for the PLL circuit.
This pin must be connected to the
system power supply.

PLLVss

| Ground

Ground pin for the PLL circuit. This pin
must be connected to the system
power supply (0 V).

Clock EXTAL

| External clock

Pin connected to a crystal resonator.
An external clock signal may also be
input to the EXTAL pin.

XTAL

O Crystal resonator

Pin connected to a crystal resonator

CKIO

I/O System clock

Pin to supply the system clock to
external devices

Operating MD_BW
mode control

| Mode set

Pin to set the operating mode. Do not
change signal levels on this pin during
operation.

MD_CK1,
MD_CKO

| Clock mode set

Pins to set the clock operating mode.
Do not change signal levels on these
pins during operation.

RO1UH0234EJ0300 Rev. 3.00
Jun 21, 2011

RENESAS
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SH7670 Group

Classification Symbol

/10

Name

Function

System control RES

Power-on reset

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

WDTOVF O Watchdog timer  An overflow signal from the WDT is
overflow output on this pin.
Interrupts NMI I Non-maskable Non-maskable interrupt request pin.
interrupt Fix it high when not in use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pins

7100 Level-input or edge-input detection
can be selected. When the edge-input
detection is selected, the rising edge
or falling edge can also be selected.

Address bus  A25 to AOO O Address bus Addresses are output on these pins.
Data bus D31 to DOO /0 Data bus Bidirectional data bus pins
Bus control CS0,CS3t0o CS6 O  Chip select 0, 3 to Chip-select signal pins for external

6 memory or devices

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

RD/WR O Read/write Read/write signal pin

BS O Bus start Bus cycle start signal pin

WE3 O Most significant  Indicates that data is written to data

byte write bits 31 to 24 of the external memory or
device.

WE2 O Second byte write Indicates that data is written to data
bits 23 to 16 of the external memory or
device.

WE1 O Third byte write  Indicates that data is written to data
bits 15 to 8 of the external memory or
device.

WEO O Least significant Indicates that data is written to data

byte write bits 7 to 0 of the external memory or
device.

WAIT I Wait Input pin to insert a wait cycle into bus
cycles during access to the external
space

RAS O RAS Pin connected to the RAS pin of
SDRAM

CAS O CAS Pin connected to the CAS pin of

SDRAM

Page 16 of 1278
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Classification Symbol I/0 Name Function
Bus control CKE O Clock enable Pin connected to the CKE pin of
SDRAM
DQMUU O Most significant  Selects data bus bits 31 to 24 of
byte select SDRAM.
DQMUL O Second byte Selects data bus bits 23 to 16 of
select SDRAM.
DQMLU O Third byte select Selects data bus bits 15 to 8 of
SDRAM.
DQMLL O Least significant  Selects data bus bits 7 to 0 of
byte select SDRAM.
CE1A O PCMCIA card Chip enable signal pin for PCMCIA
select (lower) connected to area 5
CE1B O PCMCIA card Chip enable signal pin for PCMCIA
select (lower) connected to area 6
CE2A O PCMCIA card Chip enable signal pin for PCMCIA
select (upper) connected to area 5
CE2B O PCMCIA card Chip enable signal pin for PCMCIA
select (upper) connected to area 6
ICIOWR O PCMCIA I/O write Pin connected to the PCMCIA 1/O
strobe write strobe
ICIORD O PCMCIA /O read Pin connected to the PCMCIA 1/O
strobe read strobe
WE O PCMCIA memory Pin connected to the PCMCIA
write strobe memory write strobe
I01S16 I PCMCIA dynamic Indicates the 16-bit I/O of PCMCIA in
bus sizing little-endian mode. Fix this pin low in
big-endian mode.
Direct memory DREQO, DREQ1 | DMA-transfer Input pins to receive external requests
access request for DMA transfer
cgrlcﬂtfger DACKO, DACK1 O DMA-transfer Output pins for signals indicating
( ) request acknowledge of external requests
acknowledge from external devices
TENDO, TEND1 O DMA-transfer end Output pins for DMA transfer end
output
Ethernet CRS I Carrier sense Carrier sensing pin
?Em;?ge)r COL I Collision Collision detecting pin
MII_TXD3 to O Transmit data 4-bit transmit data pins
MII_TXDO

RO1UH0234EJ0300 Rev. 3.00 fz
Jun 21,2011 [ ] ENESAS
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SH7670 Group

Classification Symbol /0 Name Function
Ethernet TX_EN O Transmit enable Indicates that transmit data is ready
controller on the MII_TXDS3 to MII_TXDO pins.
(EtherC) TX_CLK I Transmit clock Input reference timing signal of
TX_EN, TX_ER, and MII_TXD3 to
MII_TXDO
TX_ER O Transmit error Pin to notify the PHY-LSI of an error
detected during transmission
MII_RXD3 to | Receive data 4-bit receive data pins
MII_RXD0
RX_DV I Receive data Indicates that valid receive data is
valid present on the MII_RXD3 to
MII_RXDO pins
RX_CLK I Receive clock Input reference timing signal of
RX_DV, RX_ER, and MII_RXDS3 to
MII_RXD0
RX_ER | Receive error Pin to recognize the state of an error
detected during reception
MDC O Clock for Input reference timing signal of
management transfer data on the MDIO pin
MDIO I/lO Management data Bidirectional pin to exchange
I/0 management data
WOL O MAGIC packet Indicates that a Magic Packet™* was
reception received.
LNKSTA | Link status Input pin to receive the link status
signal from the PHY-LSI
EXOUT O General output External output pin
Stream ST_CLKOUT (0] Data clock output pin
|rét_(la_:‘lf:ace ST1_CLKIN, | Data clock input pins
(STIF) STO_CLKIN
ST1_SYC, I/0 Synchronizing signal pins
STO_SYC
ST1_REQ, I/0 Request signal pins
STO_REQ
ST1_VLD, /10 Data enable pins
STO_VLD
ST1_DI[7:0], I/0 Data pins (The value 0 is used in
STO_D[7:0] serial mode)

Page 18 of 1278
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Section 1 Overview

Classification Symbol /0 Name Function
Stream ST1_VCO_CLKIN, | VCXO clock pins
interface STO_VCO_CLKIN
(STIF) ST1_PWM, ) PWM output pins
STO_PWM
Serial sound  SSIDATAT1, I/O SSl data I/O Serial data 1/O pins
interface (SSI) SSIDATAO
SSISCK1, I/O SSI clock I/O Serial clock 1/O pins
SSISCKO
SSIWS1, SSIWS0 1/0 SSlclock LRI/0  Word select I/O pins
AUDIO_CLK | External clock for The external clock for audio is input to
SSI audio this pin.
USB2.0 DP /0 USB D+ data USB bus D+ data pin
host/function -
M | B D- dat B D- dat
module (USB) /O US data USB bus D- data pin
VBUS I VBUS input Connect this pin to VBUS of the USB
bus.
REFRIN I Reference input  Connect this pin to AG33 through a
resistor of 5.6 kQ +1%.
USB_X1 I Crystal Pins connected to the crystal
USB X2 0 resonator/external resonator for USB. When an external
- clock input for clock is used, connect it to the USB_1
uSB pin with the USB_2 pin open.
AV33 I Analog power Power supply pin for the core (3.3 V
supply for (Typ.) supplied)
transceiver
AG33 I Analog ground for Ground pin for the core
transceiver
AV12 I Analog power Power supply pin for the core (1.2 V
supply for (Typ.) supplied)
transceiver
AG12 I Analog ground for Ground pin for the core
transceiver
DV33 I Power supply for Power supply pin for pins (3.3 V (Typ.)
transceiver pins  supplied)
DG33 I Ground for Ground pin for transceiver pins
transceiver pins
DV12 | Power supply for Power supply pin for transceiver pins

transceiver pins

(1.2 V (Typ.) supplied)

RO1UH0234EJ0300 Rev. 3.00
Jun 21, 2011

RENESAS
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SH7670 Group

Classification Symbol I/0 Name Function
USB2.0 DG12 I Ground for Ground pin for transceiver pins
host/function transceiver pins
module (USB) uvi2 | Digital power Power supply pin for the core (1.2V
supply for (Typ.) supplied)
transceiver
uGi2 | Digital ground for Ground pin for the core
transceiver
SD host SDCLK O SD clock SD clock output pin
|rggr:ﬁce SDCMD 1/0 SD command SD command output/response input
( ) signal pin
SDDATAS to /O SD data SD data bus signal pins
SDDATAO
SDCD | SD card detect SD card detection pin
SDWP I SD write protect  SD write protect signal pin
I’C bus SCL 1/0O Serial clock pin Serial clock I/O pin
'(Tltcegfce 3 SDA I/O Serial data pin Serial data 1/O pin

Host interface
(HIF)

HIFD15 to HIFDOO 1/O HIF data bus

HIF address, data, and command 1/O
pins

HIFCS I HIF chip select Input pin to receive the HIF chip select
signal
HIFRS I HIF register Pin for access type switching
select instruction to the HIF
HIFWR I HIF write Write strobe signal pin
HIFRD I HIF read Read strobe signal pin
HIFINT O HIF interrupt Pin to make an interrupt request from
the HIF to the external device
HIFMD I HIF mode Pin to specify HIF boot mode
HIFDREQ O HIFDMAC Pin to request the external device for
transfer request DMA transfer to the HIFRAM
HIFEBL | HIF pin enable A high-level input on this pin activates
all the HIF pins other than this pin.
HIFRDY O HIF boot ready Indicates that the HIF module reset

was canceled in this LS| and that
accesses to the HIF module from the
external device are acceptable.
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Section 1 Overview

Classification Symbol I/0 Name Function
Serial TXD2 to TXDO O Transmit data Transmit data pins
pommunlcgtlon RXD2 to RXDO | Receive data Receive data pins
interface with
FIFO (SCIF) SCK2 to SCKO I/O Serial clock Clock input pins
RTS2 to RTSO O Requestto send Modem control pins
CTS2 to CTSO I Clearto send Modem control pins
I/O ports PA25 to PA17 I/O General port 9-bit general I/O port pins
PBO07, PB05, PB04 1/0 General port 3-bit general 1/O port pins
PBO06, PBO3 to I General port 5-bit general input port pins
PB00
PC20 to PCO1 I/O General port 20-bit general 1/O port pins
PCO00 I General port 1-bit general input port pin
PDO07, PD06, PD03 I/0O General port 6-bit general 1/O port pins
to PD0OO
PDO5, PD04 | General port 2-bit general input port pins
PE11 to PEOO I/0 General port 12-bit general 1/O port pins
PF11 to PFOO /O General port 12-bit general 1/0O port pins
PG23 to PG00 I/O General port 24-bit general I/O port pins
User TCK I Test clock Test clock input pin
debugging : . . -
interface TMS | Test mode select Test mode selection signal input pin
(H-UDI) TDI | Testdata input Serial input pin for instructions and
data
TDO O Testdata output Serial output pin for instructions and
data
TRST | Testreset Initialization signal input pin
Emulator ASEMD I ASE mode Pin to set ASE mode
interface A low-level input on this pin enables
ASE mode, and a high-level input
enables normal mode. The emulator-
specific functions are available in ASE
mode.
Test mode TESTMD I Test mode Pin to set test mode.

A low-level input on this pin enables
test mode. Fix this input pin high.

Note: * Magic Packet™ is a registered trademark of Advanced Micro Devices, Inc.

RO1UH0234EJ0300 Rev. 3.00
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SH7670 Group

Table 1.4  List of I/O Attributes of Each Pin

Pin Number Function Name 1/0 Attribute
A1 PA17/A17 10/0
A2 A00 0

A3 PB04/CE2A/IRQ2/DACK1 10/0/1/O
A4 PBOO/WAIT/SDA 1110
A5 PB06/CS4 1/0

A6 WE1/DQMLU/WE 0/0/0
A7 D09 10

A8 D12 10

A9 D15 10
A10 D05 10
A1 D02 10
A12 A16 0

A13 A13 ¢}

A14 A10 o

A15 A07 o

A16 A04 o

A17 AO1 0

A18 RAS 0

A19 CAS 0

A20 VssQ Power
B1 PA19/A19 10/0
B2 PA18/A18 10/0
B3 PB05/CS5/CE1A/IRQ3/TEND1 10/0/0/1/0
B4 PB02/CE2B/IRQ0 1/0/1
B5 RD 0

B6 PB07/BS 10/0
B7 DO8 10

B8 D10 10

B9 D14 10
B10 D06 10

B11 D03 10
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Pin Number Function Name I/0 Attribute
B12 D00 10
B13 Al4 O

B14 A1 0]

B15 A08 o]

B16 A05 o}

B17 A02 O

B18 CS3 0

B19 V,,Q Power
B20 CKE O

C1 PA22/A22 I0/0
c2 PA21/A21 10/0
C3 PA20/A20 10/0
C4 PB03/CS6/CE1B/IRQ1/DREQ1 1/0/0/
C5 PB01/10IS16/SCL 1110
C6 CSo O

C7 WEO/DQMLL 0/0
C8 D11 10

C9 D13 10
C10 D07 10
C11 Do4 10
C12 DO1 10
C13 A15 o}

C14 Al12 o}

C15 A09 o}

C16 A06 o}

Cc17 A03 o}

Cc18 V. .Q Power
C19 RDWR o]

C20 CKIO 10

D1 HIFMD/PA25/A25 I/10/0
D2 PA24/A24 10/0
D3 PA23/A23 I0/0

RO1UH0234EJ0300 Rev. 3.00 /z
Jun21,2011 [ ] ENESAS
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SH7670 Group

Pin Number Function Name I/O Attribute
D4 V,,Q_14 Power
D5 V. 07 Power
D6 V. Q_14 Power
D7 V.. 07 Power
D8 V. Q_13 Power
D9 V. Q_13 Power
D10 V, Q_12 Power
D11 V. Q Power
D12 Vi Q_12 Power
D13 V.06 Power
D14 Vg 06 Power
D15 V Q_11 Power
D16 VQ_11 Power
D17 Vi Q_10 Power
D18 WES/DQMUU/ICIOWR 0O/0/0
D19 WE2/DQMUL/ICIORD 0/0/0
D20 D25 10

E1 PC18/LNKSTA 10/1
E2 PC19/EXOUT 10/0
E3 PC20/WOL 10/0
E4 VQ_00 Power
E17 V,,Q_09 Power
E18 D24 10
E19 D26 10
E20 D28 10

F1 PC13/TX_CLK 10/1
F2 PC16/MDIO 10/10
F3 PC17/MDC 10/1
F4 V.. Q_00 Power
F17 V,Q_10 Power
F18 D27 10
F19 D29 10

Page 24 of 1278

RENESAS

RO1UHO0234EJ0300 Rev. 3.00
Jun 21, 2011



SH7670 Group

Section 1 Overview

Pin Number Function Name I/0 Attribute
F20 D30 10

G1 PCO7/MII_TXD3 10/0
G2 PC11/TX_ER 10/0
G3 PC12/TX_EN 10/0
G4 V00 Power
G17 V. Q_09 Power
G18 D31 10
G19 D23 10
G20 D22 10

H1 PCO04/MII_TXDO 10/0
H2 PCO5/MILL_TXD1 10/0
H3 PC06/MII_TXD2 10/0
H4 V.00 Power
H17 V.. Q_08 Power
H18 V,.Q_07 Power
H19 D21 10
H20 D20 10

J1 PC10/RX_CLK 10/l
J2 PC14/COL 10/1

J3 PC15/CRS 10/l
J4 V. Q_01 Power
J17 V. Q_08 Power
J18 V,,Q_07 Power
J19 D19 10
J20 D18 10

K1 PCO3/MII_RXD3 10/1
K2 PC08/RX_DV 10/1
K3 PCO9/RX_ER 10/1
K4 V Q_01 Power
K17 V.05 Power
K18 V.Q Power
K19 D17 10

RO1UH0234EJ0300 Rev. 3.00
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SH7670 Group

Pin Number Function Name /O Attribute
K20 D16 10

L1 PCO0/MII_RXD0O I

L2 PCO01/MII_RXD1 10/1

L3 PC02/MII_RXD2 10/1

L4 V,Q_02 Power
L17 Vg 05 Power
L18 PF05/ST0_D5/RTSO 10/10/10
L19 PF06/STO_D6/SSIDATAO 10/10/10
L20 PF07/STO_D7/SSIWS0 10/10/10
M1 TESTMD [

M2 ASEMD |

M3 PD07/IRQ7/SDCLK 10/1/0
M4 vV, Q Power
M17 V.Q Power
M18 PF02/ST0_D2/RxD0 10/10/1
M19 PF03/ST0_D3/SCKO 10/10/10
M20 PF04/ST0_D4/CTSO 10/10/10
N1 PDO04/IRQ4/SDWP 111

N2 PD05/IRQ5/SDCD 111

N3 PD06/IRQ6/SDCMD 10/1110
N4 VQ_02 Power
N17 V.Q_06 Power
N18 PF01/ST0_D1/TxD0O 10/10/0
N19 PF10/STO_SYC/DACKO 10/0/0
N20 PF00/STO_DO 10/10

P1 PDO01/IRQ1/SDDAT1 10/1/

P2 PD02/IRQ2/SDDAT2 10/110
P3 PDO03/IRQ3/SDDAT3 10/1/10
P4 V. 01 Power
P17 V,Q_06 Power
P18 PF11/STO_PWM/TENDO 10/0/0
P19 PF08/STO_REQ 10/10
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Pin Number Function Name I/0 Attribute
P20 PF09_STO0_VLD/DREQO 10/10/1
R1 PG14/HIFD14 10/10
R2 PG15/HIFD15 10/10
R3 PDO00/IRQO/SDDATO 10/1/10
R4 V.02 Power
R17 V.04 Power
R18 WDTOVF o)
R19 STO_CLKIN/SSISCKO 110
R20 STO_VCO_CLKIN I

T1 PG11/HIFD11 10/10
T2 PG12/HIFD12 10/10
T3 PG13/HIFD13 10/10
T4 Vg 01 Power
T17 V. 04 Power
T18 V. .Q Power
T19 MD_BW I

T20 ASEBRK/ASEBRKAK I/0

U1 PGO9/HIFD09 10/10
u2 PG10/HIFD10 10/10
u3 V,,Q Power
U4 V. 02 Power
us V,,Q_03 Power
U6 V,.Q_03 Power
u7 V.Q Power
us DG12 Power
U9 DV12 Power
u1o uvi2 Power
Uit AV12 Power
ui2 V.03 Power
u13 V03 Power
ui4 V..Q_04 Power
u15 V.. Q_05 Power
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Pin Number Function Name I/O Attribute
u16 V,Q_04 Power
ut7z VQ _05 Power
u18 MD_CK1 I

u19 NMI I

u20 PLLV Power
Vi1 PGO7/HIFD0O7 10/10
V2 V.Q Power
V3 PGO04/HIFD04 10/10
V4 PGO1/HIFDO1 10/10
V5 PG22/HIFRS 10/1

V6 PG17/HIFRDY 10/0
V7 V.Q Power
V8 vV, Q Power
V9 V.Q Power
V10 uG12 Power
V11 AG12 Power
V12 PEO7/ST1_D7/SSIWS1 10/10/10
V13 PE06/ST1_D6/SSIDATA1 10/10/10
V14 PE01/ST1_D1/TxD1 10/10/0
V15 PEO03/ST1_D3/SCK1 10/0/10
V16 ST1_VCO_CLKIN/AUDIO_CLK I”1

V17 TCK I

V18 TDI I

V19 MD_CKO0 I

V20 EXTAL I

W1 V.Q Power
w2 PGO06/HIFD06 10/10
W3 PGO3/HIFDO3 10/10
W4 PGOO/HIFD0O 10/10
W5 PG21/HIFWR 10/1

W6 PG18/HIFDREQ 10/0
w7 PG16/HIFEBL 10/l
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Pin Number Function Name 1/0 Attribute
w8 DG33 Power
w9 VBUS I

W10 AG33 Power
W11 V.Q Power
w12 USB_X1 I

W13 PE05/ST1_D5/RTST 10/10/10
W14 PE02/ST1_D2/RxD1 10/10/1
W15 PE10/ST1_SYC/CTS2 10/10/10
W16 PE11/ST1_PWM/RTS2 10/0/10
W17 ST1_CLKIN/SSISCK1 1110
w18 RES I

W19 TDO o]

W20 XTAL 0

Y1 PGO8/HIFD08 10/10
Y2 PGO5/HIFD05 10/10
Y3 PGO02/HIFD0O2 10/10
Y4 PG23/HIFCS 10/1

Y5 PG20/HIFRD 10/1

Y6 PG19/HIFINT 10/0
Y7 DV33 Power
Y8 DM 10

Y9 DP 10

Y10 AV33 Power
Y11 REFRIN I

Y12 USB_X2 o]

Y13 PE04/ST1_D4/CTSH 10/10/10
Y14 PE09/ST1_VLD/SCK2 10/10/10
Y15 PE00/ST1_DO0/RxD2 10/10/1
Y16 PE08/ST1_REQ/TxD2 10/10/0
Y17 ST_CLKOUT 0

Y18 TRST I

Y19 ™S I

Y20 PLLV Power
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Section 2 CPU

2.1 Register Configuration

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

2.1.1 General Registers
Figure 2.1 shows the general registers.

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

31 0
RO"1
R1

R2

R3
R4
RS
R6
R7
R8
R9
R10
R11

R12

R13
R14
R15, SP (hardware stack pointer)*2

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

Figure 2.1 General Registers
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2.1.2 Control Registers

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

The status register indicates instruction processing states.

The global base register functions as a base address for the GBR indirect addressing mode to
transfer data to the registers of on-chip peripheral modules.

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

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

31 1413 9876543210

BOCS---M Q I3:0] -- S T| Status register (SR)

31 0

[ GBR | Global base register (GBR)

31 0

| VBR | Vector base register (VBR)

31 0

I TBR | Jump table base register (TBR)

Figure 2.2 Control Registers

(1) Status Register (SR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

N AN N N A N A A I R
Initial value: 0 0 0 0 0
RW. R R R R R R R R R R R R R R R R

o
o
o
o
o
o
o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
CTewlw] -1 T -Jwlol —wo T -] -Ts]]
Initial value: 0 0 0 0 0 0 - - 1 1 1 1 0 0 - -
R/W: R RW  R/W R R R RW RW RW RW RW RW R R RW  R/W
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Bit Bit Name Initial Value R/W Description

31to15 — AllO R Reserved

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

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

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

12t0 10 — AllO R Reserved

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

M — R/W M Bit
Q — R/W Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.
7t04 1[3:0] 1111 R/W Interrupt Mask Level
3,2 — AllO R Reserved

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

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

0 T — R/W  TBit

True/false condition or carry/borrow bit

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

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

(4) Jump Table Base Register (TBR)

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

RO1UHO0234EJ0300 Rev. 3.00
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2.1.3 System Registers

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

31 0 Multiply and accumulate register high (MACH) and multiply
MACH and accumulate register low (MACL):
MACL Store the results of multiply or multiply and accumulate operations.
31 0 Procedure register (PR):
[ PR | Stores the return address from a subroutine procedure.
31 O Program counter (PC):
| PC | Indicates the four bytes ahead of the current instruction.

Figure 2.3 System Registers

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

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

(2) Procedure Register (PR)

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

(3) Program Counter (PC)

PC indicates the address of the instruction being executed.

RO1UHO0234EJ0300 Rev. 3.00
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2.14 Register Banks

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

This LSI has 15 banks. For details, see the SH-2A, SH2A-FPU Software Manual and section 6.8,
Register Banks.

2.1.5 Initial Values of Registers
Table 2.1 lists the values of the registers after a reset.

Table 2.1 Initial Values of Registers

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

address table
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2.2 Data Formats

2.2.1 Data Format in Registers

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

31 0
Longword

Figure 2.4 Data Format in Registers

2.2.2 Data Formats in Memory

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

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

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

Data formats in memory are shown in figure 2.5.

Address m + 1 Address m + 3
Address m Address m + 2
Ta1 l 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —» Word Word
Address 4n — Longword

Big endian

Figure 2.5 Data Formats in Memory
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2.2.3 Immediate Data Format

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

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

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

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

RO1UHO0234EJ0300 Rev. 3.00 /z
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23 Instruction Features

2.3.1 RISC-Type Instruction Set

Instructions are RISC type. This section details their functions.

(1) 16-Bit Fixed-Length Instructions

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

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

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

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

Table 2.2  Sign Extension of Word Data

SH2-A CPU Description Example of Other CPU
MOV .W @(disp, PC) ,R1 Datais sign-extendedto 32 ADD.W #H'1234,R0
ADD R1,R0O bits, and R1 becomes

H'00001234. It is next
""""" operated upon by an ADD
.DATA.W H'1234 instruction.

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

(5) Load-Store Architecture

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

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

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

Table 2.3  Delayed Branch Instructions

SH-2A CPU Description Example of Other CPU
BRA TRGET Executes the ADD before ADD.W R1,R0O
ADD R1, RO branching to TRGET. BRA TRGET

(7) Unconditional Branch Instructions with No Delay Slot

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

(8) Multiply/Multiply-and-Accumulate Operations

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

9) TBit

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

RO1UHO0234EJ0300 Rev. 3.00 /z
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Table2.4 T Bit

SH-2A CPU Description Example of Other CPU
CMP/GE  R1,RO T bit is set when RO > R1. CMP.W R1,R0O
BT TRGETO0 The program branches to TRGETO BGE TRGETO0
BF TRGET1 when RO > R1 and to TRGET1 BLT TRGET1
when RO < R1.
ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ  #0,RO0 T bit is set when RO = 0. BEQ TRGET
BT TRGET The program branches if RO = 0.

(10) Immediate Data

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

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

Table 2.5 Immediate Data Accessing

Classification SH-2A CPU Example of Other CPU

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

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

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

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

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

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

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

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

Table 2.6  Absolute Address Accessing

Classification SH-2A CPU Example of Other CPU

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

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

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

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

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

Table 2.7  Displacement Accessing

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

.DATA.W H'1234
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2.3.2 Addressing Modes

Addressing modes and effective address calculation are as follows:

Table 2.8  Addressing Modes and Effective Addresses
Addressing Instruction
Mode Format Effective Address Calculation Equation
Register direct Rn The effective address is register Rn. (The operand —
is the contents of register Rn.)
Register indirect @Rn The effective address is the contents of register Rn. Rn
| A |
Register indirect @Rn+ The effective address is the contents of register Rn. Rn
with post- A constant is added to the contents of Rn after the (After
increment instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a execution)
longword operation.
Byte:
Rn+1— Rn
Word:
Rn+2 — Rn
Longword:
Rn+4 — Rn
Register indirect @-RrRn The effective address is the value obtained by Byte:
with pre- subtracting a constant from Rn. 1 is subtracted for Rn—-1 — Rn
decrement a byte operation, 2 for a word operation, and 4 for Word:
a longword operation. Rh—2 — Rn
Longword:
Rn—-4 — Rn

(Instruction is
executed with
Rn after this
calculation)
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Register indirect @ (disp:4, The effective address is the sum of Rn and a 4-bit Byte:
with Rn) displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + disp x 2
quadrupled for a longword operation.
Longword:
Rn Rn + disp x 4
disp + Rn + disp x 1/2/4
(zero-extended)
X
1/2/4
Register indirect @ (disp:12, The effective address is the sum of Rn and a 12-  Byte:
with Rn) bit Rn + disp
displacement displacement (disp). The value of disp is zero- Word:
extended. Rn + disp
Longword:
Rn + disp
disp
(zero-extended)
Indexed register @ (R0, Rn) The effective address is the sum of Rn and RO. Rn + RO
indirect “
®
GBR indirect @(disp:8, The effective address is the sum of GBR value Byte:
with GBR) and an 8-bit displacement (disp). The value of GBR + disp
displacement disp is zero-extended, and remains unchanged for Word:
a byte operation, is doubled for a word operation, GBR + disp x 2
and is quadrupled for a longword operation.
Longword:
GBER GBR + disp x 4
disp GBR

(zero-extended)

1/2/4

+ disp x 1/2/4
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indexed GBR @ (RO, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.
TBR duplicate  c@ The effective address is the sum of TBR value Contents of
indirect with (disp:8, and an 8-bit displacement (disp). The value of address (TBR
displacement TBR) disp is zero-extended, and is multiplied by 4. + disp x 4)
disp TBR
(zero-extended) +disp x 4 —|
(TBR
+ disp x 4)
PC indirect with @ (disp:8, The effective address is the sum of PC value and Word:
displacement PC) an 8-bit displacement (disp). The value of dispis PC + disp x 2
zero-e.xtended, and is doubled for a word Longword:
operation, and quadrupled for a longword PC &
operation. For a longword operation, the lowest H'FFFFFFEC +
two bits of the PC value are masked. disp x 4

PC

HFFFFFFFC

for | d
2 (for longword)

disp
(zero-extended)

PC + disp x 2
or
PC & H'FFFFFFFC
+ disp x 4

2/4
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Addressing
Mode

Instruction
Format

Effective Address Calculation

Equation

PC relative

disp:8

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

extended 8-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

disp:12

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

extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

Rn

The effective address is the sum of PC value and

Rn.

PC +Rn
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Immediate #imm:20  The 20-bit immediate data (imm) for the MOVI20 —
instruction is sign-extended.
31 19 0

ign- [ . "
imm (20 bits)

The 20-bit immediate data (imm) for the MOVI20S —
instruction is shifted by eight bits to the left, the

upper bits are sign-extended, and the lower bits are
padded with zero.

3127 8 0

[z rowon]
1

Sign-extended

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

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

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

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

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

e xxxx: Instruction code

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

e dddd: Displacement

Table 2.9 Instruction Formats

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

indirect with post-
increment)

RO1UHO0234EJ0300 Rev. 3.00
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Instruction Formats

Source
Operand

Destination
Operand

Example

m format
15

mmmm: Register
direct

Control register or
system register

LDC Rm, SR

mmmm: Register
indirect with post-
increment

Control register or
system register

LDC.L @Rm+, SR

mmmm: Register
indirect

JMP @Rm

mmmm: Register
indirect with pre-
decrement

RO (Register direct)

MOV.L @-Rm,RO

mmmm: PC relative —

using Rm

BRAF Rm

nm format
15

mmmm: Register
direct

nnnn: Register
direct

ADD Rm, Rn

mmmm: Register
direct

nnnn: Register
indirect

MOV.L Rm, @Rn

mmmm: Register
indirect with post-

increment (multiply-

and-accumulate)
nnnn*: Register
indirect with post-

increment (multiply-

and-accumulate)

MACH, MACL

MAC.W @QRm+, @Rn+

mmmm: Register
indirect with post-
increment

nnnn: Register
direct

MOV.L @Rm+,Rn

mmmm: Register
direct

nnnn: Register
indirect with pre-
decrement

MOV.L Rm,@-Rn

mmmm: Register
direct

nnnn: Indexed
register indirect

MOV.L
Rm, @ (RO, Rn)

md format

15
XXXX xxxx| m.m.m.m| dddd |

mmmmdddd:
Register indirect
with displacement

RO (Register direct)

MOV.B
@(disp,Rm), RO
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Source Destination
Instruction Formats Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV .B
15 0 Register indirect RO, @(disp,Rn)
| XXXKX XXXX | nnnn | dddd | with displacement
nmd format mmmm: Register nnnndddd: Register MOV .L
15 direct indirect with Rm, @ (disp, Rn)

| KXXX | nnnn | mmmm | dddd |

displacement

mmmmdddd: nnnn: Register
Register indirect direct
with displacement

MOV.L
@(disp,Rm),Rn

nmd12 format
16

| XXXX| nnnn | mmmm | XXXX |

mmmm: Register nnnndddd: Register
direct indirect with
displacement

MOV.L
Rm, @ (displ2,Rn)

15 0
| xxxx| dddd dddd dddd |

mmmmdddd: nnnn: Register
Register indirect direct
with displacement

MOV.L
@(displ2,Rm),Rn

d format

15 0
| XXXX XXXX | dddd dddd |

dddddddd: GBR RO (Register direct)
indirect with
displacement

MOV.L
@ (disp,GBR),R0O

RO (Register direct) dddddddd: GBR

MOV.L

indirect with RO, @ (disp, GBR)
displacement
dddddddd: PC RO (Register direct) Mova
relative with @(disp,PC),RO
displacement
dddddddd: TBR — JSR/N
duplicate indirect @@ (disp8, TBR)
with displacement
dddddddd: PC — BF label
relative
d12 format dddddddddddd: PC  — BRA label
15 0 relative (label = disp +
|xxxx| dddd dddd dddd| PC)
nd8 format dddddddd: PC nnnn: Register MOV. T,
relative with direct @(disp, PC),Rn

15 0
| s00c | nnnn | dgda ddaa

displacement

RO1UHO0234EJ0300 Rev. 3.00
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Source Destination
Instruction Formats Operand Operand Example
i format iiiiiiii: Immediate Indexed GBR AND.B
15 0 indirect #imm, @ (RO, GBR)
[ooor_secec| 341 4444) i immediate RO (Register direct) AND #imm, RO
iiiiiiii: Immediate — TRAPA  #imm
ni format iiiiiiii: Immediate nnnn: Register direct ADD #imm, Rn
15
| plolotold | nnnn | iiii iidii |
ni3 format nnnn: Register direct — BLD #imm3, Rn
15 iii. Immediate
| XXXX XXXX | nnnn |x| iii| K . .
— nnnn: Register direct BST #imm3, Rn
iii: Immediate
ni20 format iiiiiiiiiiiiiiii: nnnn: Register direct MOVI20
32 Immediate #imm20, Rn
| xxxx| nnnnl iiid | KXXXK |
15 0
[ii1i 1183 i34 iidd |
nid format nnnndddddddddddd: — BLD.B
32 Register indirect with #imm3, @ (displ2,Rn

| xxxx| nnnnl xiii | XXKX |

15 0
| xxxx| dddd dddd dddd |

displacement
iii. Immediate

)

— nnnndddddddddddd: BST.B
Register indirect with #imm3, @ (displ2,Rn

displacement
ii: Immediate

)

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

24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table 2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62
Immediate data transfer
Peripheral module data transfer
Structure data transfer
Reverse stack transfer
MOVA Effective address transfer
MOVI20 20-bit immediate data transfer
MOVI20S 20-bit immediate data transfer
8-bit left-shit
MOVML RO-Rn register save/restore
MOVMU  Rn-R14 and PR register save/restore
MOVRT T bit inversion and transfer to Rn
MOVT T bit transfer
MOVU Unsigned data transfer
NOTT T bit inversion
PREF Prefetch to operand cache
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers connected

RO1UHO0234EJ0300 Rev. 3.00
Jun 21, 2011
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 26 ADD Binary addition 40
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

CLIPS Signed saturation value comparison

CLIPU Unsigned saturation value comparison

DIVS Signed division (32 + 32)

DIVU Unsigned division (32 + 32)

DIVA One-step division

DIVOS Initialization of signed one-step division

DIvVoU Initialization of unsigned one-step division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-precision

multiply-and-accumulate operation

MUL Double-precision multiply operation

MULR Signed multiplication with result storage in Rn

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation
ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit

SHAD Dynamic arithmetic shift

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLD Dynamic logical shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

Branch 10 BF Conditional branch, conditional delayed branch 15

(branch when T = 0)

BT Conditional branch, conditional delayed branch
(branch when T = 1)

BRA Unconditional delayed branch

BRAF Unconditional delayed branch

BSR Delayed branch to subroutine procedure

BSRF Delayed branch to subroutine procedure

JMP Unconditional delayed branch

JSR Branch to subroutine procedure

Delayed branch to subroutine procedure

RTS Return from subroutine procedure
Delayed return from subroutine procedure

RTV/N Return from subroutine procedure with Rm —
RO transfer

RO1UHO0234EJ0300 Rev. 3.00 /z
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Operation No. of
Classification Types Code Function Instructions
System 14 CLRT T bit clear 36
control CLRMAC MAC register clear
LDBANK  Register restoration from specified register
bank entry
LDC Load to control register
LDS Load to system register
NOP No operation
RESBANK Register restoration from register bank
RTE Return from exception handling
SETT T bit set
SLEEP Transition to power-down mode
STBANK  Register save to specified register bank entry
STC Store control register data
STS Store system register data
TRAPA Trap exception handling
Floating-point 19 FABS Floating-point absolute value 48
instructions FADD Floating-point addition
FCMP Floating-point comparison
FCNVDS Conversion from double-precision to single-
precision
FCNVSD Conversion from single-precision to double -
precision
FDIV Floating-point division
FLDIO Floating-point load immediate O
FLDH Floating-point load immediate 1
FLDS Floating-point load into system register FPUL
FLOAT Conversion from integer to floating-point
FMAC Floating-point multiply and accumulate
operation
FMOV Floating-point data transfer
FMUL Floating-point multiplication
FNEG Floating-point sign inversion
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Operation No. of
Classification Types Code Function Instructions
Floating-point 19 FSCHG SZ bit inversion 48
instructions FSQRT Floating-point square root

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to

integer

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

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR

BANDNOT Bit NOT AND

BORNOT Bit NOT OR

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

Instruction

Instruction Code

Execution

Operation States

T Bit

Indicated by mnemonic.

[Legend]

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

disp: Displacement**

Indicated in MSB «>
LSB order.

[Legend]
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iii: Immediate data

dddd: Displacement

Value when no
wait states are
inserted.*'

Indicates summary of
operation.

[Legend]

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

&: Logical AND of each bit

Memory operand

I: Logical OR of each bit

A: Exclusive logical OR of
each bit

~:  Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

Value of T bit after
instruction is
executed.

Explanation of
Symbols

—: No change

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

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

Page 56 of 1278

RENESAS

RO1UHO0234EJ0300 Rev. 3.00

Jun 21, 2011



SH7670 Group

Section2 CPU

24.2

Table 2.11 Data Transfer Instructions

Data Transfer Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV #imm,Rn 1110nnnniiiiiiii imm — sign extension - Rn 1 — Yes Yes Yes
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2 + PC) — sign 1 — Yes Yes Yes
extension — Rn
MOV.L @(disp,PC),Rn 1101nnnndddddddd (disp x 4 + PC) — Rn 1 — Yes Yes Yes
MoV Rm,Rn 0110nnnnmmmm0011  Rm — Rn 1 — Yes Yes Yes
MOV.B Rm,@Rn 001 0nnnnmmmm0000  Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@Rn 0010nnnnmmmm0001  Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@Rn 001 0nnnnmmmm0010  Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm,Rn 0110nnnnmmmm0000 (Rm) — sign extension - Rn 1 — Yes Yes Yes
MOV.W  @Rm,Rn 0110nnnnmmmm0001  (Rm) — sign extension - Rn 1 — Yes Yes Yes
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) — Rn 1 — Yes Yes Yes
MOV.B Rm,@-Rn 0010nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@-Rn 0010nnnnmmmm0101 Rn-2 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — sign extension — Rn, 1 — Yes Yes Yes
Rm+1 — Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101  (Rm) — sign extension — Rn, 1 — Yes Yes Yes
Rm +2 — Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) — Rn, Rm + 4 — Rm 1 — Yes Yes Yes
MOV.B RO, @ (disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes Yes
MOV.W RO, @ (disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes Yes
MOV.L Rm,@(disp,Rn)  0001lnnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes Yes
MOV.B @(disp,Rm),R0  10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes Yes
— RO
MOV.W  @(disp,Rm),RO  10000101lmmmmdddd (disp x 2+ Rm) — 1 — Yes Yes Yes
sign extension — RO
MOV.L @(disp,Rm),Rn 01 0lnnnnmmmmdddd (disp x 4 + Rm) — Rn 1 — Yes Yes Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.W  Rm,@(R0,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 — Yes Yes Yes
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L Rm, @ (R0,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.B @(R0,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.W  @(R0,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.L @(R0,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) — Rn 1 — Yes Yes Yes
MOV.B RO, @ (disp,GBR) 11000000dddddddd RO — (disp + GBR) 1 — Yes Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes Yes Yes
MOV.L RO, @(disp,GBR) 11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes Yes
MOV.B @(disp,GBR),R0 11000100dddddddd (disp + GBR) — 1 — Yes Yes Yes
sign extension — RO
MOV.W  @(disp,GBR),R0 11000101dddddddd (disp x 2 + GBR) — 1 — Yes Yes Yes
sign extension — RO
MOV.L @(disp,GBR),R0 11000110dddddddd (disp x 4 + GBR) — RO 1 — Yes Yes Yes
MOV.B RO,@Rn+ 0100nnnn10001011 RO — (Rn), Rn+1 — Rn 1 — Yes
MOV.W  RO,@Rn+ 0100nnnn10011011 RO — (Rn), Rn +2 — Rn 1 —_ Yes
MOV.L RO,@Rn+ 0100nnnn10101011 RO — Rn), Rn +4 — Rn 1 — Yes
MOV.B @-Rm,R0O 0100mmmm11001011 Rm-1 - Rm, (Rm) — 1 — Yes
sign extension — RO
MOV.W @-Rm,R0 0100mmmm11011011 Rm-2 - Rm, (Rm) — 1 — Yes
sign extension — RO
MOV.L @-Rm,R0 0100mmmm11101011 Rm-4 — Rm, (Rm) — RO 1 —_ Yes
MOV.B Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001dddddddddddd
MOV.L Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12,RAm),Rn 001 1lnnnnmmmm0001 (disp + Rm) — 1 — Yes
0100ddddddddaddg S'9n extension — Rn
MOV.W  @(disp12,Rm),Rn 0011nnnnmmmm0001 (disp X2+ Rm) — 1 — Yes

0101dddddddddddd

sign extension — Rn
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Instruction

Instruction Code

Operation

Execu-

Compatibility

tion SH2,
Cycles TBit SH2E SH4

SH-2A

MOV.L

@(disp12,Rm),Rn

0011nnnnmmmm0001

0110dddddddddddd

(disp x 4 + Rm) — Rn

1 _

Yes

MOVA  @(disp,PC),R0

11000111dddddddd

disp x4 + PC - RO

Yes Yes

Yes

MOVI20  #imm20,Rn

0000nnnniiii0000

1111111111111111

imm — sign extension — Rn

1 _

Yes

MOVI20S #imm20,Rn

0000nnnniiiio0nol

1111111111111111

imm << 8 — sign extension
— Rn

Yes

MOVML.L Rm,@-R15

0100mmmm11110001

R15-4 — R15, Rm — (R15)
R15-4 — R15, Rm-1 — (R15)

R15-4 — R15, R0 — (R15)

Note: When Rm = R15, read
Rm as PR

1to16 —

Yes

MOVML.L @R15+,Rn

0100nnnn11110101

(R15) > RO, R15 + 4 > R15
(R15) - R1, R15 + 4 — R15

(R15) - Rn

Note: When Rn = R15, read
Rn as PR

1to16 —

Yes

MOVMU.L Rm,@-R15

0100mmmm11110000

R15-4 — R15, PR — (R15)
R15-4 — R15, R14 — (R15)

R15-4 — R15, Rm — (R15)

Note: When Rm = R15, read
Rm as PR

1to16 —

Yes

MOVMU.L @R15+,Rn

0100nnnn11110100

(R15) - Rn, R15 +4 —» R15
(R15) >Rn+1,R15+4 >
R15

(R15) > R14, R15 + 4 - R15
(R15) — PR

Note: When Rn = R15, read
Rn as PR

1to16 —

Yes

MOVRT Rn

0000nnnn00111001

~T—>Rn

Yes

MOVT Rn

0000nnnn00101001

T—-Rn

Yes Yes

Yes
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mpatibilit
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOVU.B @(disp12,Rm),Rn 0011nnnnmmmm0001 (disp + Rm) — 1 — Yes
1000dddddddddddd zero extension — Rn
MOVU.W  @(disp12,Rm),Rn 0011nnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
1001dddddddddddd zero extension — Rn
NOTT 0000000001101000 ~T—>T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnn10000011 (Rn) — operand cache 1 — Yes Yes
SWAP.B Rm,Rn 0110nnnnmmmm1000 Rm — swap lower 2 bytes » 1 — Yes Yes Yes
Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm — swap upper and lower 1 — Yes Yes Yes
words — Rn
XTRCT Rm,Rn 0010nnnnmmmm1101  Middle 32 bits of Rm:Rn — Rn 1 — Yes Yes Yes
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Arithmetic Operation Instructions

Table 2.12 Arithmetic Operation Instructions

ompatibilit
Execu- Comp v
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 0011nnnnmmmm1100 Rn+ Rm — Rn 1 — Yes Yes Yes
ADD #imm,Rn 011lnnnniiiiiiii  Rn+imm — Rn 1 — Yes Yes Yes
ADDC Rm,Rn 0011lnnnnmmmml1110  Rn+Rm+T —>Rn,carry > T 1 Carry Yes Yes Yes
ADDV Rm,Rn 0011nnnnmmmm1111  Rn+ Rm — Rn, overflow - T 1 Over- Yes Yes Yes
flow
CMP/EQ #imm,R0 100010001iiiiiii  WhenRO=imm,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/EQ Rm,Rn 0011nnnnmmmm0000 WhenRn=Rm,1 > T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 0011nnnnmmmm0010  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1-T parison
Otherwise, 0 > T result
CMP/GE Rm,Rn 0011lnnnnmmmm0011  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/HI Rm,Rn 0011nnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/GT Rm,Rn 0011nnnnmmmm0111  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/PL  Rn 0100nnnn00010101  WhenRn>0,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/PZ Rn 0100nnnn00010001 WhenRn2>0,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100  When any bytes are equal, 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLIPS.B Rn 0100nnnn10010001  When Rn > (H'0000007F), 1 — Yes
(H'0000007F) — Rn, 1 - CS
when Rn < (H'FFFFFF80),
(H'FFFFFF80) — Rn, 1 —» CS
CLIPS.W Rn 0100nnnn10010101  When Rn > (H'00007FFF), 1 — Yes
(H'00007FFF) — Rn, 1 - CS
When Rn < (H'FFFF8000),
(H'FFFF8000) — Rn, 1 —» CS
CLIPU.B Rn 0100nnnn10000001  When Rn > (H'000000FF), 1 — Yes
(H'000000FF) — Rn, 1 —» CS
CLIPUW Rn 0100nnnn10000101  When Rn > (H'0000FFFF), 1 — Yes
(H'0000FFFF) — Rn, 1 —» CS
DIV1 Rm,Rn 0011nnnnmmmm0100  1-step division (Rn + Rm) 1 Calcu- Yes Yes Yes
lation
result
DIVOS Rm,Rn 0010nnnnmmmm0111  MSB of Rn — Q, 1 Calcu- Yes Yes Yes
MSB of Rm —-M,MAQ—>T lation
result
DIVoU 0000000000011001 0 — M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnn10010100  Signed operation of Rn + RO 36 — Yes
— Rn 32 + 32 — 32 bits
DIVU RO,Rn 0100nnnn10000100  Unsigned operation of Rn + RO 34 — Yes

— Rn 32 + 32 — 32 bits

DMULS.L Rm,Rn

001lnnnnmmmml101

Signed operation of Rn x Rm
— MACH, MACL
32 x 32 — 64 bits

— Yes Yes Yes

DMULU.L Rm,Rn

001Innnnmmmm0101

Unsigned operation of Rn x
Rm — MACH, MACL
32 x 32 — 64 bits

— Yes Yes Yes

DT Rn 0100nnnn00010000 Rn-1-—Rn 1 Compa- Yes Yes Yes
WhenRnis0,1—>T rison
When Rnisnot0,0 > T result

EXTS.B Rm,Rn 0110nnnnmmmm1110  Byte in Rmis 1 — Yes Yes Yes
sign-extended — Rn

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

sign-extended — Rn
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tibilit
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
EXTU.B  Rm,Rn 0110nnnnmmmm1100  Byte in Rmis 1 — Yes Yes Yes
zero-extended — Rn
EXTUW Rm,Rn 0110nnnnmmmm1101  Word in Rm is 1 — Yes Yes Yes
zero-extended — Rn
MAC.L @Rm+,@Rn+  0000nnnnmmmm1111  Signed operation of (Rn) x 4 — Yes Yes Yes
(Rm) + MAC - MAC
32 x 32 + 64 — 64 bits
MACW  @Rm+,@Rn+ 0100nnnnmmmml1111  Signed operation of (Rn) x 3 — Yes Yes Yes
(Rm) + MAC - MAC
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn 0000nnnnmmmm0111  Rn x Rm — MACL 2 — Yes Yes Yes
32 x 32 — 32 bits
MULR RO,Rn 0100nnnn10000000 RO xRn — Rn 2 Yes
32 x 32 — 32 bits
MULS.W Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn x Rm 1 — Yes Yes Yes
— MACL
16 x 16 — 32 bits
MULU.W Rm,Rn 0010nnnnmmmm1110  Unsigned operation of Rn x 1 — Yes Yes Yes
Rm — MACL
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011  0-Rm — Rn 1 — Yes Yes Yes
NEGC Rm,Rn 0110nnnnmmmm1010  0-Bm-T — Rn, borrow — T 1 Borrow Yes Yes Yes
SuUB Rm,Rn 0011nnnnmmmm1000  Rn-Rm — Rn 1 — Yes Yes Yes
SUBC Rm,Rn 0011nnnnmmmm1010  Rn-Rm-T — Rn, borrow - T 1 Borrow Yes Yes Yes
SUBV Rm,Rn 0011lnnnnmmmm1011  Rn-Rm — Rn, underflow - T 1 Over- Yes Yes Yes
flow
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Table 2.13 Logic Operation Instructions

Logic Operation Instructions

ompatibilit
Execu- Comp v
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
AND Rm,Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 — Yes Yes Yes
AND #imm,R0 11001001iiiiiiii RO & imm — RO 1 — Yes Yes Yes
AND.B #imm,@(RO,GBR) 11001101iiiiiiii (RO + GBR) & imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnmmmm0111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmmmm1011 Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0 11001011iiiiiiii RO limm — RO 1 — Yes Yes Yes
OR.B #imm,@(R0O,GBR) 11001111iiiiiiii (RO + GBR)|imm — 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011  When (Rn)is 0,1 > T 3 Test Yes Yes Yes
Otherwise, 0 —» T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnmmmm1000 Rn & Rm 1 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
TST #imm,R0 11001000iiiiiiii RO & imm 1 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 - T
TST.B #imm,@(R0O,GBR) 11001100iiiiiiii (RO + GBR) & imm 3 Test Yes Yes Yes
When the resultis 0, 1 > T result
Otherwise, 0 > T
XOR Rm,Rn 0010nnnnmmmm1010 Rn”~ARm — Rn 1 — Yes Yes Yes
XOR #imm,R0 11001010iiiiiiii RO~ imm — RO 1 — Yes Yes Yes
XOR.B #imm,@(RO,GBR) 11001110iiiiiiii (RO + GBR)/Aimm — 3 — Yes Yes Yes

(RO + GBR)
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Shift Instructions

Table 2.14 Shift Instructions

ompatibilit
Execu- Comp v
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ROTL Rn 0100nnnn00000100 T« Rn « MSB 1 MSB Yes Yes Yes
ROTR Rn 0100nnnn00000101 LSB—->Rn—>T 1 LSB Yes Yes Yes
ROTCL Rn 0100nnnn00100100 T—RneT 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T->Rn->T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnnnmmmm1100 When Rm >0, Rn<<Rm - Rn 1 — Yes Yes
When Rm < 0, Rn >> [Rm| —
[MSB — Rn]
SHAL Rn 0100nnnn00100000 T«Rn«0 1 MSB Yes Yes Yes
SHAR Rn 0100nnnn00100001 MSB—->Rn—>T 1 LSB Yes Yes Yes
SHLD Rm,Rn 0100nnnnmmmm1101 When Rm >0, Rn<<Rm —= Rn 1 — Yes Yes
When Rm < 0, Rn >> IRm| —
[0 — Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB Yes Yes Yes
SHLR Rn 0100nnnn00000001 0->Rn—>T 1 LSB Yes Yes Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 — Rn 1 — Yes Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn <<8 — Rn 1 — Yes Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn >>8 — Rn 1 — Yes Yes Yes
SHLL16 Rn 0100nnnn00101000 Rn << 16 - Rn 1 — Yes Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>> 16 — Rn 1 — Yes Yes Yes
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2.4.6

Branch Instructions

Table 2.15 Branch Instructions

Compatibilit
Execu- patibfy
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BF label 10001011dddddddd  WhenT=0,dispx2+PC— 3/1* — Yes Yes Yes
PC,
When T =1, nop
BF/S label 10001111dddddddd  Delayed branch 2/1* — Yes Yes Yes
When T =0, dispx2 + PC -
PC,
When T =1, nop
BT label 10001001dddddddd  WhenT=1,dispx2+PC— 3/1* — Yes Yes Yes
PC,
When T =0, nop
BT/S label 10001101dddddddd  Delayed branch 2/1* — Yes Yes Yes
When T =1, dispx2 + PC -
PC,
When T =0, nop
BRA label 1010dddddddddddd  Delayed branch, 2 — Yes Yes Yes
dispx 2+ PC — PC
BRAF Rm 0000mmmm00100011 Delayed branch, 2 — Yes Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd  Delayed branch, PC — PR, 2 — Yes Yes Yes
dispx2+ PC — PC
BSRF Rm 0000mmmm00000011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm + PC — PC
JMP @Rm 0100mmmm00101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mmmm00001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm — PC
JSR/N @Rm 0100mmmm01001011  PC-2 - PR, Rm —» PC 3 — Yes
JSR/N @@(disp8,TBR) 10000011dddddddd PC-2 — PR, 5 — Yes
(disp x4 + TBR) —» PC
RTS 0000000000001011  Delayed branch, PR — PC 2 — Yes Yes Yes
RTS/N 0000000001101011 PR —>PC 3 — Yes
RTV/N Rm 0000mmmm01111011  Rm — RO, PR - PC 3 — Yes
Note: * One cycle when the program does not branch.
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24.7 System Control Instructions

Table 2.16 System Control Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLRT 0000000000001000 0T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 — MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,R0 0100mmmm11100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100mmmm00001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm,TBR 0100mmmm01001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mmmm00011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100mmmm00101110 Rm — VBR 1 — Yes Yes Yes
LDC.L @Rm+,SR 0100mmmm00000111  (Rm) —» SR, Rm + 4 — Rm 5 LSB Yes Yes Yes
LDC.L @Rm+,GBR 0100mmmm00010111  (Rm) - GBR,Rm+4 - Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmmm00100111  (Rm) - VBR,BRm+4 - Rm 1 —_ Yes Yes Yes
LDS Rm,MACH 0100mmmm00001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mmmm00011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmmm00101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH  0100mmmm00000110  (Rm) -» MACH, Rm +4 — Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL 0100mmmm00010110  (Rm) - MACL, Rm +4 — Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100mmmm00100110  (Rm) —» PR, Rm +4 — Rm 1 — Yes Yes Yes
NOP 0000000000001001  No operation 1 — Yes Yes Yes
RESBANK 0000000001011011  Bank — RO to R14, GBR, 9% — Yes
MACH, MACL, PR
RTE 0000000000101011  Delayed branch, 6 — Yes Yes Yes
stack area — PC/SR
SETT 0000000000011000 1T 1 1 Yes Yes Yes
SLEEP 0000000000011011  Sleep 5 — Yes Yes Yes
STBANK RO,@Rn 0100nnnnl11100001 RO —> 7 — Yes
(specified register bank entry)
STC SR,Rn 0000nnnn00000010 SR — Rn 2 — Yes Yes Yes
STC TBR,Rn 0000nnnn01001010 TBR — Rn 1 — Yes
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Execu- Compatibility

tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
STC GBR,Rn 0000nnnn00010010 GBR — Rn 1 — Yes Yes Yes
STC VBR,Rn 0000nnnn00100010 VBR — Rn 1 —_ Yes Yes Yes
STC.L SR,@-Rn 0100nnnn00000011  Rn-4 — Rn, SR — (Rn) 2 — Yes Yes Yes
STC.L GBR,@-Rn 0100nnnn00010011  Rn-4 — Rn, GBR — (Rn) 1 —_ Yes Yes Yes
STC.L VBR,@-Rn 0100nnnn00100011  Rn-4 — Rn, VBR — (Rn) 1 — Yes Yes Yes
STS MACH,Rn 0000nnnn00001010 MACH — Rn 1 — Yes Yes Yes
STS MACL,Rn 0000nnnn00011010 MACL — Rn 1 — Yes Yes Yes
STS PR,Rn 0000nnnn00101010 PR — Rn 1 — Yes Yes Yes
STS.L MACH, @-Rn 0100nnnn00000010  Rn-4 — Rn, MACH — (Rn) 1 —_ Yes Yes Yes
STS.L MACL,@-Rn 0100nnnn00010010  Rn-4 — Rn, MACL — (Rn) 1 — Yes Yes Yes
STS.L PR,@-Rn 0100nnnn00100010 Rn-4 —» Rn, PR — (Rn) 1 — Yes Yes Yes
TRAPA #imm 11000011iiiiiiii  PC/SR — stack area, 5 — Yes Yes Yes

(imm x 4 + VBR) — PC

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In
practice, the number of instruction execution states in cases such as the following:

a. When there is a conflict between an instruction fetch and a data access

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

* |n the event of bank overflow, the number of cycles is 19.
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248 Floating-Point Operation Instructions
Table 2.17 Floating-Point Operation Instructions
Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FABS FRn 1111nnnn01011101 IFRnl — FRn 1 — Yes Yes Yes
FABS DRn 1111nnn001011101 IDRnl — DRn 1 — Yes Yes
FADD FRm, FRn 1111nnnnmmmm0000 FRn + FRm — FRn 1 — Yes Yes Yes
FADD DRm, DRn 1111nnnOmmm00000 DRn + DRm — DRn 6 — Yes Yes
FCMP/EQ FRm, FRn 1111nnnnmmmm0100 (FRn=FRm)? 1.0 > T 1 Compa- Yes Yes Yes

rison

result
FCMP/EQ DRm, DRn 1111nnnOmmm00100 (DRn=DRmM)?1:0 > T 2 Compa- Yes Yes

rison

result
FCMP/GT FRm, FRn 1111nnnnmmmm0101 (FRn>FRm)? 1:0 > T 1 Compa Yes Yes Yes

-rison

result
FCMP/GT DRm, DRn 1111nnn0mmm00101 (DRn>DRmM)?1:0 > T 2 Compa- Yes Yes

rison

result
FCNVDS DRm, FPUL 1111mmm010111101 (float) DRm — FPUL 2 — Yes Yes
FCNVSD FPUL, DRn 1111nnn010101101 (double) FPUL - DRn 2 — Yes Yes
FDIV FRm, FRn 1111nnnnmmmm0011 FRn/FRm — FRn 10 — Yes Yes Yes
FDIV DRm, DRn 1111nnnOmmm00011 DRn/DRm — DRn 23 — Yes Yes
FLDIO FRn 1111nnnnl10001101 0 x 00000000 — FRn 1 — Yes Yes Yes
FLDI1 FRn 1111nnnnl10011101 0 x 3F800000 — FRn 1 — Yes Yes Yes
FLDS FRm, FPUL 1111mmmm00011101 FRm — FPUL 1 — Yes Yes Yes
FLOAT FPUL,FRn 1111nnnn00101101 (float)FPUL — FRn 1 — Yes Yes Yes
FLOAT FPUL,DRn 1111nnn000101101 (double)FPUL - DRn 2 — Yes Yes
FMAC FRO,FRm,FRn 1111lnnnnmmmml110 FRO x FRm+FRn — 1 — Yes Yes Yes

FRn

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

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FMOV.S @(RO,Rm), FRn  111lnnnnmmmm0110 (RO + Rm) - FRn 1 — Yes Yes Yes
FMOV.D @(R0O,Rm),DRn  1111nnnOmmmm0110 (RO + Rm) —» DRn 2 — Yes Yes
FMOV.S @Rm+, FRn 1111lnnnnmmmml001 (Rm) — FRn, Rm+=4 1 — Yes Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmmm1001 (Rm) - DRn,Rm +=8 2 — Yes Yes
FMOV.S @Rm, FRn 1111nnnnmmmml1000 (Rm) — FRn 1 — Yes Yes Yes
FMOV.D @Rm, DRn 1111nnnOmmmml1000 (Rm) - DRn 2 — Yes Yes
FMOV.S @(disp12,Rm),FRn 0011nnnnmmmm0001 (dispx4 +Rm) > FRn 1 — Yes

0l11ldddddddddddd
FMOV.D @(disp12,Rm),DRn 0011nnnOmmmm0001 (dispx8+Rm) ->DRn 2 — Yes

0l11ldddddddddddd
FMOV.S FRm, @(RO,Rn) 1111nnnnmmmm0111 FRm — (RO + Rn) 1 — Yes Yes Yes
FMOV.D DRm, @(RO,Rn) 1111nnnnmmm00111 DRm — (RO + Rn) 2 — Yes Yes
FMOV.S FRm, @-Rn 1111nnnnmmmm1011 Rn-=4, FRm — (Rn) 1 —_ Yes Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmmm01011 Rn-=8, DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, @Rn 1111nnnnmmmml010 FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @Rn 1111nnnnmmm01010 DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, 0011lnnnnmmmm0001 FRm — (disp x4 + Rn) 1 — Yes
@(disp12,Rn) 0011dddddddddddd
FMOV.D DRm, 0011nnnnmmm00001 DRm — (dispx8 + Rn) 2 — Yes
@(disp12,Rn) 0011dddddddddddd
FMUL FRm, FRn 1111nnnnmmmm0010 FRn x FRm — FRn 1 — Yes Yes Yes
FMUL DRm, DRn 1111nnnOmmm00010 DRn x DRm — DRn 6 — Yes Yes
FNEG FRn 1111nnnn01001101 -FRn — FRn 1 — Yes Yes Yes
FNEG DRn 1111nnn001001101 -DRn — DRn 1 — Yes Yes
FSCHG 1111001111111101 FPSCR.SZ=~FPSCR.S 1 — Yes Yes

z

FSQRT  FRn 1111nnnn01101101  VFRn — FRn 9 — Yes  Yes
FSQRT DRn 1111nnn001101101 \VDRn — DRn 22 — Yes Yes
FSTS FPUL,FRn 1111nnnn00001101 FPUL — FRn 1 —_ Yes Yes Yes
FSUB FRm, FRn 1111nnnnmmmm0001 FRn-FRm — FRn 1 — Yes Yes Yes
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Compatibility

Execu- SH-2A/

tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FSUB DRm, DRn 1111nnnOmmm00001 DRn-DRmM — DRn 6 — Yes Yes
FTRC FRm, FPUL 1111mmmm00111101 (long)FRm — FPUL 1 — Yes Yes Yes
FTRC DRm, FPUL 1111mmm000111101 (long)DRm — FPUL 2 — Yes Yes
249 FPU-Related CPU Instructions
Table 2.18 FPU-Related CPU Instructions

Compatibility

Execu- SH-2A/

tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
LDS Rm,FPSCR 0100mmmm01101010 Rm — FPSCR 1 — Yes Yes Yes
LDS Rm,FPUL 0100mmmm01011010 Rm — FPUL 1 — Yes Yes Yes
LDS.L @Rm+, FPSCR 0100mmmm01100110 (Rm) - FPSCR, Rm+=4 1 — Yes Yes Yes
LDS.L @Rm-+, FPUL 0100mmmm01010110 (Rm) —» FPUL, Rm+=4 1 — Yes Yes Yes
STS FPSCR, Rn 0000nnnn01101010 FPSCR — Rn 1 — Yes Yes Yes
STS FPUL,Rn 0000nnnn01011010 FPUL — Rn 1 — Yes Yes Yes
STS.L FPSCR,@-Rn 0100nnnn01100010 Rn-=4, FPCSR — (Rn) 1 — Yes Yes Yes
STS.L FPUL,@-Rn 0100nnnn01010010 Rn-=4, FPUL — (Rn) 1 — Yes Yes Yes
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24.10 Bit Manipulation Instructions

Table 2.19 Bit Manipulation Instructions

tibilit:
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles T Bit SH2E SH4 SH-2A
BAND.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 (immof(disp+Rn))&T—> 3 Ope- Yes
0100dddddddddddd ration
result
BANDNOT.B #mm3,@(disp12,Rn) 0011nnnn0iiil001 ~(imm of (disp+Rn)) & T —>T 3 Ope- Yes
1100dddddddddddd ration
result
BCLR.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 O — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnn0iii O — imm of Rn 1 — Yes
BLD.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 (imm of (disp + Rn)) — 3 Ope- Yes
0011dddddddddddd ration
result
BLD #imm3,Rn 10000111nnnnliii immofRn—T 1 Ope- Yes
ration
result
BLDNOT.B  #imm3,@(disp12,Rn) 0011nnnn0iiil001 ~(imm of (disp + Rn)) 3 Ope- Yes
1011dddddddddddd | ration
result
BOR.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 (immof (disp+Rn))IT—>T 3 Ope- Yes
0101dddddddddddd ration
result
BORNOT.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 ~(immof (disp+Rn))IT—>T 3 Ope- Yes
1101dddddddddddd ration
result
BSET.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnnliii 1 — imm of Rn 1 — Yes
BST.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnn0iii T — imm of Rn 1 — Yes
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles T Bit SH2E SH4 SH-2A
BXOR.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 (immof (disp+RN)AT—>T 3 Ope- Yes
0110dddddddddddd ration
result
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2.5

Processing States

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

Power-on reset from any state

Power-on reset state

Manual reset from any state

Manual reset state E

Reset state !

Interrupt source or

DMA address error occurs

Bus-released state

Bus request
generated

Reset canceled

Exception
handling state

Bus request Exception

cleared . Exception
handling handli

Bus request  gource anding
generated  occurs ends

Bus request

Wﬁd \
Bus request .
Program execution state

generated
Blus reg“eSt STBY bit cleared
cleare for SLEEP
instruction

2]
)
o)
©
3
5]
a
@

NMI interrupt or
IRQ interrupt occurs

STBY and DEEP bits set
for SLEEP
instruction

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

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

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

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

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

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

(5) Bus-Released State

In the bus-released state, the CPU releases bus to a device that has requested it.
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Section 3 Floating-Point Unit (FPU)

3.1 Features
The FPU has the following features.

o Conforms to IEEE754 standard

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

e Two rounding modes: Round to nearest and round to zero
e Denormalization modes: Flush to zero
e Five exception sources: Invalid operation, divide by zero, overflow, underflow, and inexact

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

RO1UH0234EJ0300 Rev. 3.00 /z
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3.2 Data Formats

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

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

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

31 30 23 22 0

Figure 3.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

Figure 3.2 Format of Double-Precision Floating-Point Number

The exponent is expressed in biased form, as follows:
e = E + bias

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

distinguished as follows. E_. — 1 indicates zero (both positive and negative sign) and a

denormalized number, and E__ + 1 indicates positive or negative infinity or a non-number (NaN).

‘max

Table 3.1 shows E . and E__ values.

‘min ‘max

RO1UHO0234EJ0300 Rev. 3.00
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Table 3.1  Floating-Point Number Formats and Parameters

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

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E.. +127 +1023

E_ -126 -1022

Floating-point number value v is determined as follows:

IfE=E__+1andf=0, visanon-number (NaN) irrespective of sign s

IfE=E_ +1andf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E__,v=(-1)2"(1.f) [normalized number]

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

‘min
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Table 3.2 shows the ranges of the various numbers in hexadecimal notation.

Table 3.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H'7FCO 0000

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

Quiet non-number

H'7FBF FFFF to H'7F80 0001

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

Positive infinity

H'7F80 0000

H'7FFO0 0000 0000 0000

Positive normalized
number

H'7F7F FFFF to H'0080 0000

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

Positive denormalized
number

H'007F FFFF to H'0000 0001

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

Positive zero

H'0000 0000

H'0000 0000 0000 0000

Negative zero

H'8000 0000

H'8000 0000 0000 0000

Negative denormalized
number

H'8000 0001 to H'807F FFFF

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

Negative normalized
number

H'8080 0000 to H'FF7F FFFF

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

Negative infinity

H'FF80 0000

H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

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

Signaling non-number

H'FFCO 0000 to HFFFF FFFF

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

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

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

31 30 23 22 0

X 11111111 INXXXXXXXXXXXXXXXXXXXXXX

N = 1: sNaN
N = 0: gNaN

Figure 3.3 Single-Precision NaN Bit Pattern

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

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

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

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

The gNAN values as operation results are as follows:

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

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

RO1UH0234EJ0300 Rev. 3.00 /z
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3.2.3 Denormalized Numbers

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

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

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

RO1UHO0234EJ0300 Rev. 3.00
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33 Register Descriptions

331 Floating-Point Registers

Figure 3.4 shows the floating-point register configuration. There are sixteen 32-bit floating-point
registers FPRO to FPR15, referenced by specifying FRO to FR15, DR0/2/4/6/8/10/12/14. The
correspondence between FRPn and the reference name is determined by the PR and SZ bits in

FPSCR. Refer figure 3.4.

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

FPRO to FPR15

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

FRO to FR15 indicate FPRO to FPR15

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

pairs, DR (8 registers)

A DR register comprises two FR registers.

DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Reference name

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

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

DRO

DR2

DR4

DR6

DR8

DR10

DR12

DR14

Register name

FPRO

FPR1

FPR2

FPR3

FPR4

FPR5

FPR6

FPR7

FPR8

FPR9

FPR10

FPR11

FPR12

FPR13

FPR14

FPR15

Figure 3.4 Floating-Point Registers
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3.3.2

Floating-Point Status/Control Register (FPSCR)

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

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

L[ -1-] [ - [ -1 -[-Joas|-[se[enfon] ocme

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

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

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

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit

Bit Name

Initial
Value

R/W

Description

31t023

AllO

R

Reserved

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

22

QIS

R/W

Nonnunerical Processing Mode
0: Processes qNaN or te as such

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

21

Reserved

This bit is always read as 0. The write value should
always be 0.

20

SZ

R/W

Transfer Size Mode
0: Data size of FMOV instruction is 32-bits

1: Data size of FMOV instruction is a 32-bit register pair
(64 bits)

19

PR

R/W

Precision Mode

0: Floating-point instructions are executed as single-
precision operations

1: Floating-point instructions are executed as double-
precision operations (graphics support instructions
are undefined)

18

DN

Denormalization Mode (Always fixed to 1 in SH2A-
FPU)

1: Denormalized number is treated as zero
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Initial

Bit Bit Name Value R/W  Description

17to12 Cause AllO R/W FPU Exception Cause Field

11t0 7 Enable AllO R/W FPU Exception Enable Field

610 2 Flag AllO R/W FPU Exception Flag Field
When an FPU exception occurs, the bits corresponding
to the FPU exception cause field and FPU exception
flag field are set to 1. Each time an FPU operation
instruction is executed, the FPU exception cause field
is cleared to 0. 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 3.3.

1 RM1 0 R/W Rounding Mode
0 RMO 1 R/W These bits select the rounding mode.

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

11: Reserved

Table 3.3  Bit Allocation for FPU Exception Handling

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

Note: No FPU error occurs in the SH2A-FPU.

333 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

RO1UH0234EJ0300 Rev. 3.00 fz
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34 Rounding

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

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

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

(1) Round to Nearest

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

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

1023 and 53 for double-precision.
(2) Round to Zero
The digits below the round bit of the unrounded value are discarded.

If the unrounded value is larger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value.
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3.5 Floating-Point Exceptions

351 FPU Exception Sources

The exception sources are as follows:

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

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

Overflow (O): When the operation result overflows

Underflow (U): When the operation result underflows

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 O, but the
corresponding bit in the FPU exception flag field remains unchanged.
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3.5.2 FPU Exception Handling
FPU exception handling is initiated in the following cases:

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

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

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

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

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

e Inexact exception (I): FPSCR.Enable.I = 1 and instruction with possibility of inexact operation
result

These possibilities are shown in the individual instruction descriptions. 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. If no
bits are set in the FPU exception cause field of FPSCR when one or more of bits O, U, I, and V are
set in the FPU exception enable field, this indicates that an actual exception source is not
generated. Also, the destination register is not changed by any FPU exception handling operation.

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

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):
Zero with the same sign as the unrounded value is generated.

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

4.1 Features

e (Capacity
Instruction cache: 8 Kbytes
Operand cache: 8 Kbytes
e Structure: Instructions/data separated, 4-way set associative
e Cache lock function (only for operand cache): Way 2 and way 3 are lockable
e Line size: 16 bytes
e Number of entries: 128 entries/way
e  Write system: Write-back/write-through selectable
e Replacement method: Least-recently-used (LRU) algorithm

4.1.1 Cache Structure

The cache separates data and instructions and uses a 4-way set associative system. It is composed
of four ways (banks), each of which is divided into an address section and a data section.

Each of the address and data sections is divided into 128 entries. The data section of the entry is
called a line. Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 2 Kbytes
(16 bytes x 128 entries), with a total of 8 Kbytes in the cache as a whole (4 ways). Figure 4.1
shows the operand cache structure. The instruction cache structure is the same as the operand
cache structure except for not having the U bit.
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Address array (ways 0 to 3) Data array (ways 0 to 3) LRU
| I
l_I— 1
1
Entry 0 | vV | U | Tag address 0 LWo LW1 Lw2 LW3 0
Entry 1 1 1
Entry 127 I 127 | 127
23 (1 +1 + 21) bits 128 (32 x 4) bits 6 bits
—— ~—

LWO to LW3: Longword data 0 to 3

Figure 4.1 Operand Cache Structure
(1) Address Array

The V bit indicates whether the entry data is valid. When the V bit is 1, data is valid; when 0, data
is not valid.

The U bit (only for operand cache) indicates whether the entry has been written to in write-back
mode. When the U bit is 1, the entry has been written to; when 0, it has not.

The tag address holds the physical address used in the external memory access. It consists of 21

bits (address bits 31 to 11) used for comparison during cache searches. In this LSI, the addresses
of the cache-enabled space are H'00000000 to H'I FFFFFFF (see section 7, Bus State Controller

(BSC)), and therefore the upper three bits of the tag address are cleared to 0.

The V and U bits are initialized to 0 by a power-on reset but not initialized by a manual reset or in
software standby mode. The tag address is not initialized by a power-on reset or manual reset or in
software standby mode.

(2) Data Array
Holds a 16-byte instruction or data. Entries are registered in the cache in line units (16 bytes).

The data array is not initialized by a power-on reset or manual reset or in software standby mode.
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(3) LRU

With the 4-way set associative system, up to four instructions or data with the same entry address
can be registered in the cache. When an entry is registered, LRU shows which of the four ways it
is recorded in. There are six LRU bits, controlled by hardware. A least-recently-used (LRU)
algorithm is used to select the way that has been least recently accessed.

Six LRU bits indicate the way to be replaced in case of a cache miss. The relationship between
LRU and way replacement is shown in table 4.1 when the cache lock function (only for operand
cache) is not used (concerning the case where the cache lock function is used, see section 4.2.2,
Cache Control Register 2 (CCR2)). If a bit pattern other than those listed in table 4.1 is set in the
LRU bits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patterns listed in table 4.1.

The LRU bits are initialized to B'000000 by a power-on reset but not initialized by a manual reset
or in software standby mode.

Table 4.1 LRU and Way Replacement (Cache Lock Function Not Used)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0
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4.2 Register Descriptions
The cache has the following registers.

Table 4.2  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Cache control register 1 CCR1 R/W  H'00000000 HFFFC1000 32
Cache control register 2 CCR2 R/W  H'00000000 HFFFC1004 32

4.2.1 Cache Control Register 1 (CCR1)

The instruction cache is enabled or disabled using the ICE bit. The ICF bit controls disabling of all
instruction cache entries. The operand cache is enabled or disabled using the OCE bit. The OCF
bit controls disabling of all operand cache entries. The WT bit selects either write-through mode or

write-back mode for operand cache.

Programs that change the contents of CCR1 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR1.

CCR1 is initialized to H'00000000 by a power-on reset but not initialized by a manual reset or in

software standby mode.

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

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

C T T T Tel T T [ Towr [ Toi[ox]

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/W R R R/W R R R R R/W R R/W R/W
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Bit

Bit Name

Initial
Value

R/W

Description

31to 12

AllO

Reserved

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

11

ICF

R/W

Instruction Cache Flush

Writing 1 flushes all instruction cache entries (clears the
V and LRU bits of all instruction cache entries to 0).
Always reads 0. Write-back to external memory is not
performed when the instruction cache is flushed.

10,9

AllO

Reserved

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

ICE

R/W

Instruction Cache Enable

Indicates whether the instruction cache function is
enabled/disabled.

0: Instruction cache disable
1: Instruction cache enable

7t04

AllO

Reserved

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

OCF

R/W

Operand Cache Flush

Writing 1 flushes all operand cache entries (clears the
V, U, and LRU bits of all operand cache entries to 0).

Always reads 0. Write-back to external memory is not
performed when the operand cache is flushed.

Reserved

This bit is always read as 0. The write value should
always be 0.

WT

R/W

Write Through
Selects write-back mode or write-through mode.

0: Write-back mode
1: Write-through mode

OCE

R/W

Operand Cache Enable

Indicates whether the operand cache function is
enabled/disabled.

0: Operand cache disable
1: Operand cache enable

RO1UH0234EJ0300 Rev. 3.00
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4.2.2 Cache Control Register 2 (CCR2)

CCR2 is used to enable or disable the cache locking function for operand cache and is valid in
cache locking mode only. In cache locking mode, the lock enable bit (the LE bit) in CCR2 is set to
1. In non-cache-locking mode, the cache locking function is invalid.

When a cache miss occurs in cache locking mode by executing the prefetch instruction (PREF
@Rn), the line of data pointed to by Rn is loaded into the cache according to bits 9 and 8 (the
W3LOAD and W3LOCK bits) and bits 1 and 0 (the W2LOAD and W2LOCK bits) in CCR2. The
relationship between the setting of each bit and a way, to be replaced when the prefetch instruction
is executed, are listed in table 4.3. On the other hand, when the prefetch instruction is executed
and a cache hit occurs, new data is not fetched and the entry which is already enabled is held. For
example, when the prefetch instruction is executed with W3LOAD =1 and W3LOCK =1
specified in cache locking mode while one-line data already exists in way 0 which is specified by
Rn, a cache hit occurs and data is not fetched to way 3.

In the cache access other than the prefetch instruction in cache locking mode, ways to be replaced
by bits W3LOCK and W2LOCK are restricted. The relationship between the setting of each bit in
CCR?2 and ways to be replaced are listed in table 4.4.

Programs that change the contents of CCR2 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR2.

CCR?2 is initialized to H'00000000 by a power-on reset but not initialized by a manual reset or in
software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

-r-r-r-r-frefre et el je

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

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

W3 W3 w2 w2
L[ - TP -1 -1 [l - -1 [ -] -] L3&]&]

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

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Initial
Bit Bit Name Value

R/W

Description

31to17 — AllO

Reserved

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

16 LE 0

R/W

Lock Enable

Controls the cache locking function.
0: Not cache locking mode

1: Cache locking mode

15t010 — AllO

Reserved

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

W3LOAD*
8 W3LOCK

R/W
R/W

Way 3 Load
Way 3 Lock

When a cache miss occurs by the prefetch instruction
while W3LOAD = 1 and W3LOCK = 1 in cache locking
mode, the data is always loaded into way 3. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

7t02 — AllO

Reserved

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

W2LOAD* 0
0 W2LOCK

R/W
R/W

Way 2 Load
Way 2 Lock

When a cache miss occurs by the prefetch instruction
while W2LOAD = 1 and W2LOCK =1 in cache locking
mode, the data is always loaded into way 2. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Table 4.3 Way to be Replaced when a Cache Miss Occurs in PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD* W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 4.1)
1 X 0 X 0 Decided by LRU (table 4.1)
1 X 0 0 1 Decided by LRU (table 4.5)
1 0 1 X 0 Decided by LRU (table 4.6)
1 0 1 0 1 Decided by LRU (table 4.7)
1 0 X 1 1 Way 2

1 1 1 0 X Way 3

[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table 4.4  Way to be Replaced when a Cache Miss Occurs in Other than PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 4.1)
1 X 0 X 0 Decided by LRU (table 4.1)
1 X 0 X 1 Decided by LRU (table 4.5)
1 X 1 X 0 Decided by LRU (table 4.6)
1 X 1 X 1 Decided by LRU (table 4.7)
[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table 4.5 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=0)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 4.6 LRU and Way Replacement (when W2LOCK=0 and W3LOCK-=1)

LRU (Bits 5 to 0) Way to be Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table 4.7 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)
LRU (Bits 5 to 0)

Way to be Replaced
000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111
100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0

111011, 111100, 111110, 111111
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4.3 Operation

Operations for the operand cache are described here. Operations for the instruction cache are
similar to those for the operand cache except for the address array not having the U bit, and there
being no prefetch operation or write operation, or a write-back buffer.

4.3.1 Searching Cache

If the operand cache is enabled (OCE bit in CCR1 is 1), whenever data in a cache-enabled area is
accessed, the cache will be searched to see if the desired data is in the cache. Figure 4.2 illustrates
the method by which the cache is searched.

Entries are selected using bits 10 to 4 of the address used to access memory and the tag address of
that entry is read. At this time, the upper three bits of the tag address are always cleared to 0. Bits
31 to 11 of the address used to access memory are compared with the read tag address. The
address comparison uses all four ways. When the comparison shows a match and the selected
entry is valid (V = 1), a cache hit occurs. When the comparison does not show a match or the
selected entry is not valid (V = 0), a cache miss occurs. Figure 4.2 shows a hit on way 1.
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Access address

31 11 10

4 3210

Entry selection | Longword (LW) selection
Address array Data array
(ways 0 to 3) (ways 0 to 3)
|
|
Entry0 | v | U | Tag address Entry0 | LWO LW1 Lw2 LwW3
Entry 1 Entry 1
—
Entry 127 I Entry 127 _—_
CMPO|CMP1|CMP2(CMP3|
Hit signal (way 1)
[Legend]

CMPO to CMP3: Comparison circuits 0 to 3

Figure 4.2 Cache Search Scheme
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4.3.2 Read Access
(1) Read Hit

In a read access, data is transferred from the cache to the CPU. LRU is updated so that the hit way
is the latest.

(2) Read Miss

An external bus cycle starts and the entry is updated. The way replaced follows table 4.4. Entries
are updated in 16-byte units. When the desired data that caused the miss is loaded from external
memory to the cache, the data is transferred to the CPU in parallel with being loaded to the cache.
When it is loaded in the cache, the V bit is set to 1, and LRU is updated so that the replaced way
becomes the latest. In operand cache, the U bit is additionally cleared to 0. When the U bit of the
entry to be replaced by updating the entry in write-back mode is 1, the cache update cycle starts
after the entry is transferred to the write-back buffer. After the cache completes its update cycle,
the write-back buffer writes the entry back to the memory. The write-back unit is 16 bytes.

4.3.3 Prefetch Operation (Only for Operand Cache)
(1) Prefetch Hit

LRU is updated so that the hit way becomes the latest. The contents in other caches are not
modified. No data is transferred to the CPU.

(2) Prefetch Miss

No data is transferred to the CPU. The way to be replaced follows table 4.3. Other operations are
the same in case of read miss.
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434 Write Operation (Only for Operand Cache)
(1) Write Hit

In a write access in write-back mode, the data is written to the cache and no external memory
write cycle is issued. The U bit of the entry written is set to 1 and LRU is updated so that the hit
way becomes the latest.

In write-through mode, the data is written to the cache and an external memory write cycle is
issued. The U bit of the written entry is not updated and LRU is updated so that the replaced way
becomes the latest.

(2) Write Miss

In write-back mode, an external bus cycle starts when a write miss occurs, and the entry is
updated. The way to be replaced follows table 4.4. When the U bit of the entry to be replaced is 1,
the cache update cycle starts after the entry is transferred to the write-back buffer. Data is written
to the cache, the U bit is set to 1, and the V bit is set to 1. LRU is updated so that the replaced way
becomes the latest. After the cache completes its update cycle, the write-back buffer writes the
entry back to the memory. The write-back unit is 16 bytes.

In write-through mode, no write to cache occurs in a write miss; the write is only to the external
memory.

4.3.5 Write-Back Buffer (Only for Operand Cache)

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. After the cache completes to fetch the new entry, the write-back buffer writes
the entry back to external memory. During the write-back cycles, the cache can be accessed. The
write-back buffer can hold one line of cache data (16 bytes) and its physical address. Figure 4.3
shows the configuration of the write-back buffer.

A (31to4) Longword 0 Longword 1 Longword 2 Longword 3

A (31 to 4): Physical address written to external memory (upper three bits are 0)
Longword 0 to 3: One line of cache data to be written to external memory

Figure 4.3 Write-Back Buffer Configuration

R0O1UH0234EJ0300 Rev. 3.00

/z Page 101 of 1278
Jun21,2011 u ENESAS




Section 4 Cache

SH7670 Group

Operations in sections 4.3.2 to 4.3.5 are compiled in table 4.8.

Table 4.8 Cache Operations
External Memory
Hit/  Write-back mode/ Accession
Cache CPU Cycle miss write through mode U Bit (through internal bus) Cache Contents
Instructio Instruction  Hit — — Not generated Not renewed
ncache fetch
Miss — — Cache renewal cycle is Renewed to new values by
generated cache renewal cycle
Operand Prefetch/ Hit Either mode is X Not generated Not renewed
cache read available
Miss  Write-through mode — Cache renewal cycle is Renewed to new values by
generated cache renewal cycle
Write-back mode 0 Cache renewal cycle is Renewed to new values by
generated cache renewal cycle

1 Cache renewal cycle is Renewed to new values by
generated. Succeedingly cache renewal cycle
write-back cycle in write-back
buffer is generated.

Write Hit Write-through mode — Write cycle CPU issues is Renewed to new values by write
generated. cycle the CPU issues
Write-back mode X Not generated Renewed to new values by write
cycle the CPU issues
Miss  Write-through mode — Write cycle CPU issues is Not renewed*
generated.
Write-back mode 0 Cache renewal cycle is Renewed to new values by
generated cache renewal cycle.
Subsequently renewed again to
new values in write cycle CPU
issues.

1 Cache renewal cycle is Renewed to new values by
generated. Succeedingly cache renewal cycle.
write-back cycle in write-back Subsequently renewed again to
buffer is generated. new values in write cycle CPU

issues.
[Legend]
X: Don't care.
Note: Cache renewal cycle: 16-byte read access, write-back cycle in write-back buffer: 16-byte

write access

* Neither LRU renewed. LRU is renewed in all other cases.
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4.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LSI and another device is mapped in the cache-enabled space, operate the memory-
mapped cache to invalidate and write back as required.
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4.4 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructions. The instruction cache address array is mapped onto addresses H'FO000000 to
H'FO7FFFFF, and the data array onto addresses H'F1000000 to HF17FFFFF. The operand cache
address array is mapped onto addresses HF0800000 to H'FOFFFFFF, and the data array onto
addresses H'F1800000 to HFI1FFFFFF. Only longword can be used as the access size for the
address array and data array, and instruction fetches cannot be performed.

4.4.1 Address Array

To access an address array, the 32-bit address field (for read/write accesses) and 32-bit data field
(for write accesses) must be specified.

In the address field, specify the entry address selecting the entry, The W bit for selecting the way,
and the A bit for specifying the existence of associative operation. In the W bit, B'00 is way 0,
B'O1 is way 1, B'10 is way 2, and B'11 is way 3. Since the access size of the address array is fixed
at longword, specify B'00 for bits 1 and O of the address.

The tag address, LRU bits, U bit (only for operand cache), and V bit are specified as data. Always
specify O for the upper three bits (bits 31 to 29) of the tag address.

For the address and data formats, see figure 4.4.
The following three operations are possible for the address array.
(1) Address Array Read

The tag address, LRU bits, U bit (only for operand cache), and V bit are read from the entry
address specified by the address and the entry corresponding to the way. For the read operation,
associative operation is not performed regardless of whether the associative bit (A bit) specified by
the address is 1 or O.

(2) Address-Array Write (Non-Associative Operation)

When the associative bit (A bit) in the address field is cleared to 0, write the tag address, LRU bits,
U bit (only for operand cache), and V bit, specified by the data field, to the entry address specified
by the address and the entry corresponding to the way. When writing to a cache line for which the
U bit = 1 and the V bit =1 in the operand cache address array, write the contents of the cache line
back to memory, then write the tag address, LRU bits, U bit, and V bit specified by the data field.
When 0 is written to the V bit, 0 must also be written to the U bit of that entry.
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(3) Address-Array Write (Associative Operation)

When writing with the associative bit (A bit) of the address field set to 1, the addresses in the four
ways for the entry specified by the address field are compared with the tag address that is specified
by the data field. Write the U bit (only for operand cache) and the V bit specified by the data field
to the entry of the way that has a hit. However, the tag address and LRU bits remain unchanged.
When there is no way that has a hit, nothing is written and there is no operation.

This function is used to invalidate a specific entry in the cache. When the U bit of the entry that
has had a hit is 1 in the operand cache, writing back should be performed. However, when 0 is
written to the V bit, 0 must also be written to the U bit of that entry.

4.4.2 Data Array

To access a data array, the 32-bit address field (for read/write accesses) and 32-bit data field (for
write accesses) must be specified. The address field specifies information for selecting the entry to
be accessed; the data field specifies the longword data to be written to the data array.

Specify the entry address for selecting the entry, the L bit indicating the longword position within
the (16-byte) line, and the W bit for selecting the way. In the L bit, B'00 is longword 0, B'01 is
longword 1, B'10 is longword 2, and B'11 is longword 3. In the W bit, B'00 is way 0, B'01 is way
1, B'10is way 2, and B'l1 is way 3. Since the access size of the data array is fixed at longword,
specify B'00 for bits 1 and O of the address.

For the address and data formats, see figure 4.4.

The following two operations are possible for the data array. Information in the address array is
not modified by this operation.

(1) Data Array Read

The data specified by the L bit in the address is read from the entry address specified by the
address and the entry corresponding to the way.

(2) Data Array Write

The longword data specified by the data is written to the position specified by the L bit in the
address from the entry address specified by the address and the entry corresponding to the way.
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1. Instruction cache 2. Operand cache
1.1 Address array access 2.1 Address array access
(a) Address specification (a) Address specification
Read access Read access
31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0

| 111100000 * | W | Entyaddress [o] *[o]o]  [111100001] *-| W [ Entryaddress |[o| |0 ]o]

Write access Write access

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
1111100000/ #---errco- « | W | Entryaddress [A[ =] o[o|  |111100001] #errrrreees «| W | Entryaddress | A] =] o]o]
(b) Data specification (both read and write accesses) (b) Data specification (both read and write accesses)

31 29 28 1110 9 4 3 2 1 0 31 29 28 1110 9 4 3 2 1 0
|00 o0fTagaddress (28to1)] E| LRU [ X x X |[v| [0 0 0fTagaddress@8to1t)E] LRU [ x x[u]|v]|
1.2 Data array access (both read and write accesses) 2.2 Data array access (both read and write accesses)

(a) Address specification (a) Address specification

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
[111100010] #ooeeee +| W | Entryaddress | L [ o[o|  [111100011] fereerreees <[ w | Entyaddress | L Jo]o]
(b) Data specification (b) Data specification

31 0 31 0
I Longword data I I Longword data I

[Legend]

# Don't care

E: Bit 10 of entry address for read, don't care for write
X: 0 forread, don't care for write

Figure 4.4 Specifying Address and Data for Memory-Mapped Cache Access

RO1UH0234EJ0300 Rev. 3.00

Page 106 of 1278
9 RENESAS Jun 21, 2011




SH7670 Group Section 4 Cache

4.4.3 Usage Examples
(1) Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry's V bit in the memory mapping
cache access. When the A bit is 1, the tag address specified by the write data is compared to the
tag address within the cache selected by the entry address, and data is written to the bits V and U
specified by the write data when a match is found. If no match is found, there is no operation.
When the V bit of an entry in the address array is set to 0, the entry is written back if the entry's U
bitis 1.

An example when a write data is specified in RO and an address is specified in R1 is shown below.

; RO=H'0110 0010; tag address(28-11)=B'0 0001 0001 0000 0000 0, U=0, V=0
; R1I=H'F080 0088; operand cache address array access, entry=B'000 1000, A=1

MOV.L RO,@R1

(2) Reading the Data of a Specific Entry

The data section of a specific cache entry can be read by the memory mapping cache access. The
longword indicated in the data field of the data array in figure 4.4 is read into the register.

An example when an address is specified in RO and data is read in R1 is shown below.

; RO=H'F100 004C; instruction cache data array access, entry=B'000 0100,
; Way=0, longword address=3

7

MOV.L @RO,R1
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44.4 Notes

1. Programs that access memory-mapped operand cache should be placed in a cache-disabled
space. Programs that access memory-mapped instruction cache should also be placed in a
cache-disabled space and an on-chip peripheral module or an external address space (a cache-
disabled address) should be read at least twice each at the beginning and end of the programs.

2. Rewriting the address array contents so that two or more ways are hit simultaneously is
prohibited. Operation is not guaranteed if the address array contents are changed so that two or
more ways are hit simultaneously.

3. Memory-mapped cache can be accessed only by the CPU and not by the DMAC. Registers can
be accessed by the CPU and the DMAC.
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Section 5 Exception Handling

5.1 Overview

5.1.1 Types of Exception Handling and Priority

Exception handling is started by sources, such as resets, address errors, register bank errors,
interrupts, and instructions. Table 5.1 shows their priorities. When several exception handling
sources occur at once, they are processed according to the priority shown.

Table 5.1 Types of Exception Handling and Priority Order

Type Exception Handling Priority
Reset Power-on reset High
A

Manual reset
Address CPU address error
error DMAC address error

Instruction  FPU exception

Integer division exception (division by zero)

Integer division exception (overflow)

Register Bank underflow
bank error

Bank overflow
Interrupt NMI

User break

H-UDI

IRQ

On-chip peripheral modules  Direct memory access controller (DMAC)
USB2.0 host/function module (USB)
Compare match timer (CMT)
Bus state controller (BSC)
Watchdog timer (WDT)
Host interface (HIF)

Encryption/decryption and forward error
correction core conjunction DMAC (A- v
DMAC) Low
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Type Exception Handling Priority

Interrupt On-chip peripheral modules  Ethernet controller (EtherC) High
EC bus interface 3 (IIC3) 4
Stream interface (STIF)

Serial communication interface with FIFO
(SCIF)

Serial sound interface_0 (SSI_0)
Serial sound interface_1 (SSI_1)
SD host interface (SDHI)

Instruction  Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

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

DIVU instruction) v
Low
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF.

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

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

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

in table 5.2.

Table 5.2  Timing of Exception Source Detection and Start of Exception Handling

Exception Source

Timing of Source Detection and Start of Handling

Reset Power-on reset

Starts when the RES pin changes from low to high, when the
H-UDI reset negate command is set after the H-UDI reset
assert command has been set, or when the WDT overflows.

Manual reset

Starts when the WDT overflows.

Address error

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

Interrupts

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

Register bank Bank underflow
error

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

Bank overflow

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

Instructions Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal

Starts from the decoding of an undefined code (including an

instructions FPU instruction or FPU-related CPU instruction in FPU module
standby mode) anytime except immediately after a delayed
branch instruction (delay slot).

Slot illegal Starts from the decoding of an undefined code placed

instructions (including an FPU instruction or FPU-related CPU instruction in

FPU module standby mode) immediately after a delayed
branch instruction (delay slot), of instructions that rewrite the
PC, of 32-bit instructions, of the RESBANK instruction, of the
DIVS instruction, or of the DIVU instruction.

Integer division
instructions

Starts when detecting division-by-zero exception or overflow
exception caused by division of the negative maximum value
(H'80000000) by —1.
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When exception handling starts, the CPU operates as follows:
(1) Exception Handling Triggered by Reset

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception handling vector table (PC and SP are respectively the H'00000000 and H'00000004
addresses for power-on resets and the H'00000008 and H'0000000C addresses for manual resets).
See section 5.1.3, Exception Handling Vector Table, for more information. The vector base
register (VBR) is then initialized to H'00000000, the interrupt mask level bits (I3 to 10) of the
status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are initialized. The BN
bit in IBNR of the interrupt controller (INTC) is also initialized to 0. The program begins running
from the PC address fetched from the exception handling vector table.

(2) Exception Handling Triggered by Address Errors, Register Bank Errors, Interrupts,
and Instructions

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

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

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

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are calculated.

Table 5.3  Exception Handling Vector Table

Vector
Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000 to H'00000003
SP 1 H'00000004 to H'00000007
Manual reset PC 2 H'00000008 to H'0000000B
SP 3 H'0000000C to H'0000000F
General illegal instruction 4 H'00000010 to H'00000013
(Reserved by system) 5 H'00000014 to H'00000017
Slot illegal instruction 6 H'00000018 to H'0000001B
(Reserved by system) 7 H'0000001C to H'0000001F
8 H'00000020 to H'00000023
CPU address error 9 H'00000024 to H'00000027
DMAC address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033
FPU exception 13 H'00000034 to H'00000037
H-UDI 14 H'00000038 to H'0000003B
Bank overflow 15 H'0000003C to H'0000003F
Bank underflow 16 H'00000040 to H'00000043

R0O1UH0234EJ0300 Rev. 3.00
Jun 21, 2011

RENESAS

Page 113 of 1278



Section 5 Exception Handling SH7670 Group

Vector
Exception Sources Numbers Vector Table Address Offset
Integer division exception 17 H'00000044 to H'00000047
(division by zero)
Integer division exception (overflow) 18 H'00000048 to H'0000004B
(Reserved by system) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
External interrupts (IRQ), 64 H'00000100 to H'00000103
on-chip peripheral module interrupts* : :
511 H'000007FC to H'000007FF

Note: * The vector numbers and vector table address offsets for each external interrupt and on-
chip peripheral module interrupt are given in table 6.4 in section 6, Interrupt Controller
(INTC).

Table 5.4  Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

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

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

Notes: 1. Vector table address offset: See table 5.3.
2. Vector number: See table 5.3.
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5.2 Resets

5.2.1 Input/Output Pins
Table 5.5 shows the reset-related pin configuration.

Table 5.5 Pin Configuration

Pin Name Symbol /0 Function

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

5.2.2 Types of Reset

A reset is the highest-priority exception handling source. There are two kinds of reset, power-on
and manual. As shown in table 5.6, the CPU state is initialized in both a power-on reset and a
manual reset. The FPU state is initialized by a power-on reset, but not by a manual reset. On-chip
peripheral module registers are initialized by a power-on reset, but not by a manual reset.

Table 5.6 Reset States

Conditions for Transition to Reset State Internal States
On-Chip WRCSR of
WDT Peripheral WDT, FRQCR of
Type RES H-UDICommand MRES Overflow CPU Modules, I/0 Port CPG
Power-on Low — — — Initialized Initialized Initialized
reset High H-UDI reset assert — — Initialized Initialized Initialized
command is set
High Command other — Power-on Initialized Initialized Not initialized
than H-UDI reset reset
assert is set
Manual High Command other Low — Initialized Not initialized* Not initialized
reset than H-UDI reset
assert is set
High Command other High Manual Initialized Not initialized* Not initialized
than H-UDI reset reset
assert is set

Note: * The BN bit in IBNR of the INTC is initialized.
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523 Power-On Reset
(1) Power-On Reset by Means of RES Pin

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

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

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

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

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

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

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

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

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

In this case, WRCSR of the WDT and FRQCR of the CPG are not initialized by the reset signal
generated by the WDT.

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

R0O1UH0234EJ0300 Rev. 3.00 Page 117 of 1278

Jun 21, 2011 RENESAS



Section 5 Exception Handling SH7670 Group

524 Manual Reset
(1) Manual Reset by Means of WDT

When a manual reset is set to occur in the WDT’s watchdog timer mode, if the WDT’s WTCNT
overflows, the manual reset state is established. In the manual reset state, the internal state of the
CPU is initialized, but the registers in on-chip peripheral modules are not initialized.

When manual reset exception handling is started, the CPU operates as follows.

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

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

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