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Notice

All information included in this document is current as of the date this document isissued. 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 atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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.

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

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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 lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

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. Y ou 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 devel opment 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.

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 errorsin or omissions from the information included herein.

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. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
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 bein 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica 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.

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 aresult of your noncompliance with
applicable laws and regulations.

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

Please contact a Renesas Electronics sdes 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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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

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

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

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

3. Processing before Initialization

Note:

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

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

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

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

This manual comprises the following items:

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

3. Preface

4. Contents

5. Overview

6.

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

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

i) Feature

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

v) Usage Note

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

7. List of Registers
8. Electrical Characteristics
9. Appendix

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

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

11. Index
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Preface

The SH7619 Group RISC (Reduced Instruction Set Computer) microcomputers include a Renesas
Technology-original RISC CPU as its core, and the peripheral functions required to configure a
system.

Target Users: This manual was written for users who will be using the SH7619 in the design of
application systems. Target users are expected to understand the fundamentals of
electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the SH7619 to the target users.
Refer to the SH-1/SH-2/SH-DSP Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the SH-1/SH-2/SH-DSP Software Manual.

e In order to understand the details of a register when its name is known

The addresses, bits, and initial values of the registers are summarized in section 24, List of

Registers.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication interface, is implemented on more than one
channel:

XXX_N (XXX is the register name and N is the channel
number)
Bit order: The MSB is on the left and the LSB is on the right.
Number notation: ~ Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxxx.

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

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/
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SH7619 Group manuals:

Document Title Document No.
SH7619 Group Hardware Manual This manual
SH-1/SH-2/SH-DSP Software Manual REJ09B0171

User's manuals for development tools:

Document Title Document No.
SuperH™ RISC engine C/C++ Compiler, Assembler, Optimizing REJ10B0152
Linkage Editor User's Manual

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

SuperH RISC engine High-Performance Embedded Workshop 3 REJ10B0023
Tutorial

Application note:

Document Title Document No.

SuperH RISC engine C/C++ Compiler Package Application Note REJ05B0463

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

Section 1 Overview

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

The CPU of this LSI has a RISC (Reduced Instruction Set Computer) type instruction set. The
CPU basically operates at a rate of one instruction per cycle, offering a great improvement in
instruction execution speed. In addition, the 32-bit internal architecture provides improved data
processing power. With this CPU, it has become possible to assemble low-cost and high-
performance/high-functionality systems even for applications such as realtime control, which
could not previously be handled by microcontrollers because of their high-speed processing
requirements.

This LSI is equipped with an Ethernet controller that includes a media access controller (MAC)
conforming to the IEEE802.3u standard and a physical layer transceiver (PHY), enabling 10/100
Mbps LAN connection. As the equipped Ethernet controller also includes a media independent
interface (MII) standard unit, a PHY LSI can be externally connected.

In addition, this LSI provides on-chip peripheral functions necessary for system configuration,
such as cache memory, RAM, a direct memory access controller (DMAC), timers, a serial
communication interface with FIFO (SCIF), a serial IO with FIFO (SIOF), a host interface (HFI),
an interrupt controller (INTC), and I/O ports.

The external memory access support function of this LSI enables direct connection to various
types of memory, such as standard memory, SDRAM, and PCMCIA. This greatly reduces system
cost.
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Section 1 Overview

11 Features

The features of this LSI are listed in table 1.1.

Tablel.1 Featuresof SH7619

Items Specification

CPU o

Central processing unit with an internal 32-bit RISC (Reduced
Instruction Set Computer) architecture

Instruction length: 16-bit fixed length for improved code efficiency
Load-store architecture (basic operations are executed between
registers)

Sixteen 32-bit general registers

Five-stage pipeline

On-chip multiplier: Multiplication operations (32 bits x 32 bits — 64 bits)
executed in two to five cycles

C language-oriented 62 basic instructions

Note: Some specifications on the slot illegal instruction differ from the

conventional SH2 core. For details, see section 5.8, Usage
Notes in section 5, Exception Handling.

User break controller o
(UBC)

Address, data value, access type, and data size are available for
setting as break conditions

Supports the sequential break function
Two break channels

U memory .

16 kbytes

Cache memory .

Unified cache, mixture of instructions and data
4-way set associative type

Selection of write-back or write-through mode
16 kbytes
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Items

Specification

Bus state controller
(BSC)

Address space is divided into five areas: three areas 0, 3, and 4; each
a maximum of 64 Mbytes, and two areas 5B and 6B; each a maximum
of 32 Mbytes (address map 1 mode).

Address space is divided into five areas, 0, 3, 4, 5, and 6; each a
maximum of 64 Mbytes (address map 2 mode).

32-bit external bus (max.)
The following features are settable for each area.

— Bus size (8, 16, or 32 bits) (Area 0 does not support the bus size of
32 bits.)

— Number of access wait cycles
— Setting of idle wait cycles

— Specifying the memory to be connected to each area enables direct
connection to SRAM, SDRAM, and PCMCIA.

— OQutputs chip select signals (CS0, CS3, CS4, CS5B, and CS6B) for
corresponding area

SDRAM refresh function

— Supports auto-refresh and self-refresh modes
SDRAM burst access function

PCMCIA access function

— Conforms to the JEIDA Ver. 4.2 standard, two slots

Selection of big or little endian mode (The mode of all the areas is
switched collectively by a mode pin.)

Direct memory access
controller (DMAC)

Four channels; external request available for two of them
Burst mode and cycle steal mode

Outputs a transfer end signal of the channel handling an external
request
Intermittent mode available (16 and 64 cycles supported)

Interrupt controller
(INTC)

Supports nine external interrupt pins (NMI, IRQ7 to IRQO)

On-chip peripheral interrupt: Priority level is independently selected for
each module

Vector address: Specified vector address for each interrupt source

User debugging
interface (H-UDI)

Supports the JTAG interface emulator
JTAG standard pins arranged
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Items Specification

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

e Three types of clocks generated:

— CPU clock: 125 MHz (max.)

— Bus clock: 62.5 MHz (max.)

— Peripheral clock: 31.25 MHz (max.)
e Supports power-down modes:

— Sleep mode

— Software standby mode

e Selection of four types of clock modes (PLL2 x2/x4 and clock/crystal
resonator are selectable)

Ethernet controller ¢ MAC (Media Access Control) function

(EtherC) — Data frame assembly/disassembly (frame format conforming to

IEEE802.3)

— CSMA/CD link management (collision prevention and collision
processing)

— CRC processing
— 512 bytes each for transmit/receive FIFO
— Full-duplex transmit/receive support
— Short frame/long frame detectable
e Conforms to the MIl (Media Independent Interface) standard

— Conversion from 8-bit stream data in MAC layer to MII nibble (4-bit)
stream

— Station management (STA function)
— 18 TTL-level signals
— 10/100 Mbps transfer rate adjustable
e Magic Packet™* (WOL (Wake-On-LAN) output)

Ethernet controller ¢ CPU load reduced with the descriptor management method
DMAC (EDMAC) For transferring from EtherC receive FIFO to receive buffer x 1 channel

e For transferring from transmit buffer to EtherC transmit FIFO x 1
channel

e 16-byte burst transfer improves the efficiency of system bus
e Supports single frame and multiple buffer
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Items Specification

Ethernet physical layer e
transceiver (PHY)

Conforms to the IEEE802.3u standard. 10Base-T and 100Base-TX
supported

Supports Auto-negotiation and manual-negotiation modes
Supports power-down modes
Outputs the status of Link, Activity, Duplex, and Speed

Selection of either on-chip clock oscillator output or dedicated clock
externally input

Host interface (HIF) .

1 kbyte x 2 banks: in total 2-kbyte buffer RAM

The buffer RAM and the external device are connected in parallel via
16 data pins

The buffer RAM and the CPU of this LSI are connected in parallel via
internal bus

The external device can access the desired register after the register
index has been specified. (However, when the buffer RAM is accessed
successively, the address is updated automatically.)

Selection of endian mode
Interrupt requested to the external device
Internal interrupt requested to the CPU of this LSI

Booting from the buffer RAM is enabled if the external device has
stored the instruction code in the buffer RAM

Compare match timer e
(CMT)

16-bit counter
Generates compare match interrupts
Two channels

Serial communication e
interface with FIFO
(SCIF)

Synchronous and asynchronous modes

16 bytes each for transmit/receive FIFO

High-speed UART

The UART supports FIFO stop and FIFO trigger
Flow control enabled (channel 0 and channel 1 only)
Three channels
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Items

Specification

Serial 10 with FIFO
(SIOF)

64 bytes each for transmit/receive FIFO
Supports 8-/16-/16-bit stereo sound input/output
Can operate together with the DMAC

Supports frame synchronous signals

e One channel
I/O ports e 78 general input/output pins

¢ Input or output can be set per bit within the input/output common port
Package e BP1313-176 (0.8 pitch)

Power supply voltage

1/0:3.0t0 3.6 V
Internal: 1.8+0.09 V (Two power sources are externally provided.)

Note: * Magic Packet™ is the registered trademark of Advance Micro Devices, Inc.
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12 Block Diagram

Figure 1.1 is a block diagram of this LSL.

SuperH User break|
CPU core controller
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¢ ¢ CPU bus (I clock)
Cache
access rr?:ni?)?y U memory
controller 16 kbytes
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Internal bus (B clock) i I
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: t
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Bus state Peripheral ransmit FIF Ethernet [ | Ethernet physical
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access controller for
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Figurel.1 Block Diagram
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14 Pin Functions

Tablel.2 Pin Functions

Classifi-

cation Abbr. I/0 Pin Name Description

Power Vce Input Power Supply Power supply for the internal logic of this LSI. All the Vcc pins

supply must be connected to the system power supply. This LSI
does not operate correctly if there is a pin left open.

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

VeeQ Input  Power Supply Power supply for input/output pins. All the VccQ pins must be
connected to the system power supply. This LS| does not
operate correctly if there is a pin left open.

VssQ Input  Ground Ground pins. 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.

Clock Vce (PLL1) Input Power Supply Power supply pin for the on-chip PLL1 oscillator
for PLL1

Vss (PLL1) Input Ground for Ground pin for the on-chip PLL1 oscillator

PLLA1

Vcc (PLL2) Input Power Supply Power supply pin for the on-chip PLL2 oscillator

for PLL2

Vss (PLL2) Input Ground for Ground pin for the on-chip PLL2 oscillator

PLL2

EXTAL Input  External Clock Connects to a crystal resonator. An external clock is also
input on this pin. For details on connection of an external
clock, see section 8, Clock Pulse Generator (CPG).

XTAL Qutput Crystal Connects to a crystal resonator.

CKIO Output System Clock Supplies the system clock to external devices.

Operating MD5, Input Mode Setting These pins set operating mode. The signal levels of these

mode MD3 to MDO pins must not be changed during operation.

control Pins MD2 to MDO are used for setting clock mode, pin MD3 is
for setting bus width mode for area 0, and pin MD5 is for
setting endian.

System RES Input  Power-On This LSI enters the power-on reset state when this signal

control Reset goes low.
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Classifi-

cation Abbr. I/0 Pin Name Description

Interrupt  NMI Input Non-Maskable Non-maskable interrupt request pin. This pin must be fixed
Interrupt high when not in use.

IRQ7 to Input  Interrupt Maskable interrupt request pins.

IRQO Request 7to 0 Level-input or edge-input detection can be selected. When
the edge-input detection is selected, the rising or falling edge
can also be selected.

Address A25to AO  Output Address Bus These pins output addresses.
bus
Databus D31toD0 Input/ DataBus 32-bit bidirectional bus
output
Bus CS0, CS3, Output Chip Select 0, Chip select signals for external memory and devices.
control CS4, CS5B 3,4, 5B, 6B
CSeB
RD Output Read Indicates that data is read from an external device.
RD/WR Output Read/Write  Read/write signal
BS Output Bus Cycle Indicates start of a bus cycle.
Start

WE3 Output Most Indicates that bits 31 to 24 of data of external memory or
Significant devices are written to.
Byte Write

WE2 Output Second Byte Indicates that bits 23 to 16 of data of external memory or
Write devices are written to.

WE1 Qutput Third Byte Indicates that bits 15 to 8 of data of external memory or
Write devices are written to.

WEO Output Least Indicates that bits 7 to 0 of data of external memory or
Significant devices are written to.
Byte Write

WAIT Input  Wait Input pin used to insert wait cycles into the bus cycle when
accessing the external space

RAS Output RAS Connects to the RAS pin of SDRAM.

CAS Output CAS Connects to the CAS pin of SDRAM.

CKE Output Clock Enable Connects to the CKE pin of SDRAM.

DQMUU Output Most Selects bits 31 to 24 of SDRAM data bus.

Significant
Byte Select
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Classifi-
cation Abbr. I/0 Pin Name Description
Bus DQMUL Output Second Byte Selects bits 23 to 16 of SDRAM data bus.
control Select
DQMLU Output Third Byte Selects bits 15 to 8 of SDRAM data bus.
Select
DQMLL Output Least Selects bits 7 to 0 of SDRAM data bus.
Significant
Byte Select
CE1A Output PCMCIA Card Chip enable for PCMCIA allocated to area 5
Select Lower
Side
CE1B Output PCMCIA Card Chip enable for PCMCIA allocated to area 6
Select Lower
Side
CE2A Output PCMCIA Card Chip enable for PCMCIA allocated to area 5
Select Upper
Side
CE2B Output PCMCIA Card Chip enable for PCMCIA allocated to area 6
Select Upper
Side
ICIOWR Output PCMCIA1/O  Connects to the PCMCIA I/O write strobe pin.
Write Strobe
ICIORD Output PCMCIA1/O  Connects to the PCMCIA 1/O read strobe pin.
Read Strobe
WE Output PCMCIA Connects to the PCMCIA memory write strobe.
Memory Write
Strobe
10IS16 Input PCMCIA In little endian mode, this signal indicates 16-bit bus width of
Dynamic Bus PCMCIA. In big endian mode, fix this pin low.
Sizing
Ethernet CRS Input Carrier Sense Carrier sense pin
controller CcOoL Input  Collision Collision detect pin

MII_TXD3 to Output Transmit Data 4-bit transmit data pins
MII_TXDO

TX_EN Output Transmit Indicates that transmit data is on pins MII_TXD3 to
Enable MII_TXDO.
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Classifi-
cation Abbr.

110 Pin Name

Description

Ethernet TX_CLK
controller

Input  Transmit
Clock

Timing reference input for the TX_EN, TX_ER, and MII_TXD3
to MII_TXDO pins

TX_ER Output Transmit Error Informs PHY LSI of an error during transmission.
MII_RXD3 Input Receive Data 4-bit receive data pins
to
MII_RXDO
RX_DV Input Receive Data Indicates that valid receive data is on pins MII_RXD3 to
Valid MII_RXDO.
RX_CLK Input  Receive Clock Timing reference input for the RX_DV, RX_ER, and
MII_RXD3 to MII_RXDO pins
RX_ER Input  Receive Error Pin for detection of an error during reception
MDC Output Management Timing reference input for transfer information on the MDIO
Clock pin
MDIO Input/ Management Bidirectional pin for management information transfer
output Data I/O
WOL Output MAGIC Indicates that a Magic Packet™* has received.
Packet
Receive
LNKSTA Input Link Status Input pin for a link state from a PHY LSI.
EXOUT Output General Output pin to external devices
Output
Direct DREQ1, Input DMA transfer Input pins for external DMA transfer request
memory  DREQO request
access DACK1, Output DMA transfer Request receive output pins for external DMA transfer
controller
DACKO request request
receive
TEND1, Output DMA transfer Output pins for DMA transfer end signal
TENDO end
Serial TXD2 to Output Transmit Data Transmit data pins
communi- TXDO
f:anon RXD2 to Input Receive Data Receive data pins
|n.terface RXDO
with FIFO
SCK2 to Input/ Serial Clock  Clock input pins
SCKo output
RTS1and  Output Transmit Modem control pins. Supported only by SCIFO and SCIF1.
RTS0O Request
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Section 1 Overview

Classifi-
cation Abbr. I/0 Pin Name Description
Serial CTS1and Input Transmit Modem control pins. Supported only by SCIFO and SCIF1.
Communi- CTS0 Enable
cation
interface
with FIFO
Serial I/0  SIOMCLKO Input SIOFO clock  Master clock input pin
with FIFO input
SCK_SIO0 Input/ SIOFO Input/output pin for communication clock common to
output communication transmit/receive
clock
SIOFSYNCO Input/ SIOFO frame Input/output pin for frame synchronization signal common to
output sync transmit/receive
TXD_SIO0 Output SIOFO Transmit data
transmit data
RXD_SIO0 Input SIOFO receive Receive data
data
Host HIFD15to Input/ HIF Data Bus Address, data, and command input/output pins for the HIF.
interface  HIFDOO output

HIFCS Input  HIF Chip Chip select input for the HIF.
Select

HIFRS Input HIF Register Controls the access type switching for the HIF.
Select

HIFWR Input  HIF Write Write strobe signal

HIFRD Input HIF Read Read strobe signal

HIFINT Output HIF Interrupt  Interrupt request to external devices by the HIF.

HIFMD Input  HIF Mode Specifies HIF boot mode.

HIFDREQ  Output HIF DMAC Requests DMAC transfer for the HIFRAM to external devices.
Transfer
Request

HIFRDY Output HIF Boot Indicates that a reset of the HIF has been cleared in this LSI
Ready and the HIF is ready for accesses to it.

HIFEBL Input  HIF Pin HIF pins other than this pin are enabled by driving this pin
Enable high.
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Section 1 Overview

Classifi-
cation Abbr. I/0 Pin Name Description
User TCK Input  Test Clock Test clock input pin
erugg|ng TMS Input Test Mode Input pin for test mode select signal
interface
Select
(H-UDI)
TDI Input Test Data Serial input pin for an instruction and data
Input
TDO Output Test Data Serial output pin for an instruction and data
Output
TRST Input Test Reset Input pin for initialization
/0 ports  PA25 to Input/  General Port  Pins for 10-bit general input/output port
PA16 output
PB13 to Input/ General Port  Pins for 14-bit general input/output port
PB00O output
PC20 to Input/  General Port  Pins for 21-bit general input/output port
PCO00 output
PDO07 to Input/  General Port  Pins for 8-bit general input/output port
PDO0O output
PE24 to Input/ General Port  Pins for 25-bit general input/output port
PEOO output
Emulator ASEMD Input ASE Mode Specifies ASE mode.
interface

This LS| enters ASE mode when this signal goes low and
normal mode when this pin goes high. In ASE mode,
functions for the emulator are available.

Test mode TESTMD Input Test Mode Specifies test mode.

This LSI enters test mode when this signal goes low. Fix this
signal high.

TESTOUT  Output Test Output  Output pin for testing. This pin should be open.

Physical  Vccl1A Input  Analog Power Analog power supply pin for the PHY
layer Supply 1 for
trans- PHY
ceiver -
Vcc2A Input  Analog Power Analog power supply pin for the PHY
(PHY)
Supply 2 for
PHY
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Classifi-
cation Abbr. I/0 Pin Name Description
Physical  Vcc3A Input  Analog Power Analog power supply pin for the PHY
layer Supply 3 for
trans- PHY
celver Vss1A Input  Analog Analog ground pin for the PHY
(PHY) Ground 1 for
PHY
Vss2A Input  Analog Analog ground pin for the PHY
Ground 2 for
PHY
CK_PHY Input  PHY Clock This pins is used to externally supply clocks to the PHY.
When clocks are supplied to the on-chip PHY from the on-
chip clock pulse generator (CPG), this pins should be pulled
up to VeeQ or pulled down to VssQ.
TxP Output Differential Differential transmit output (+) for the Ethernet circuit by the
Transmit Data PHY.
(+)
M Output Differential Differential transmit output (-) for the Ethernet circuit by the
Transmit Data PHY.
)
RxP Input  Differential Differential receive input (+) for the PHY by the Ethernet
Receive Data circuit.
(+)
RxM Input  Differential Differential receive input (-) for the PHY by the Ethernet

Receive Data

)

circuit.
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Section 1 Overview

Classifi-
cation Abbr. I/0 Pin Name Description

Physical SPEED100 Output SPEED100 Monitor output pins indicating communication status
layer signal

trans- LINK Output LINK signal

ceiver CRS Output CRS signal

(PHY) ~ DUPLEX  Output DUPLEX
signal

EXRES1 Input  Reference Connect to the PHY analog ground through a 12.4-kQ

resistor (accuracy: 1%) resistor.
TSTBUSA Input/ Testl/O Input/output pin for testing the on-chip PHY. This pin should
output be open.

Notes Fix all unused pins that have no weak keeper circuit to high or low level. Unused pins that
internally have weak keeper circuit need not to be fixed to high or low level. The weak
keeper is a circuit that is included in I/O pins and fixes the input pins to high or low when 1/O
pins are not driven from outside.

* Magic Packet™ is the trademark of Advanced Micro Devices, Inc.
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Table1l3 Pin Features

Pin No. Pin Name I/0 Features
A1l VeeQ Power
A2 PA25/A25/SIOFSYNCO 10/0/10
A3 PA22/A22/SIOMCLKO 10/0/1
A4 PA18/A18 10/0
A5 PA16/A16 10/0
A6 PB09/CE2A 10/0
A7 Vce Power
A8 RD 0

A9 VeeQ Power
A10 A13 O

A1 A1 (0]

Al12 A07 o}

A13 A03 O

A14 AO1 (0]

A15 PB12/CS3 10/0
B1 VssQ Power
B2 PD7/IRQ7/SCK2 10/1110
B3 PA24/A24/TXD_SIO0 10/0/0
B4 PA20/A20 10/0
B5 PA17/A17 10/0
B6 PB07/CE2B 10/0
B7 Vss Power
B8 PBOO/WAIT 10/1
B9 VssQ Power
B10 A15 (0]

B11 A09 (0]

B12 A05 O

B13 A02 (0]

B14 VssQ Power
B15 VeeQ Power

RENESAS
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Pin No. Pin Name I/0 Features
Ct PD4/IRQ4/SCK1 10/1/10
c2 PD5/IRQ5/TxD2/DREQ1 10/1/O/1
Cs3 PD6/IRQ6/RxD2/DACK1 10/1///O
c4 PA21/A21/SCK_SIO0 10/0/10
C5 PB08/CS6B/CE1B 10/0/0
Cé PB10/CS5B/CET1A 10/0/0
(074 PB06/WE3 (BE3)/DQMUU/ICIOWR 10/0/0/0
Cs PB11/CS4 10/0
c9 PB13/BS 10/0
c10 A12 o}

C11 A08 ¢}

c12 A04 ¢}

C13 A00 ¢}

C14 PB04/RAS 10/0
C15 PBO02/CKE 10/0
D1 PDO/IRQO/-/TENDO 10/1/-/O
D2 PD2/IRQ2/TxD1/DREQO 10/1/0/1
D3 PD3/IRQ3/RxD1/DACKO 1O/I/O
D4 PA23/A23/RXD_SIO0 10/0/1
D5 PA19/A19 10/0
D6 PB01/10IS16 10/1

D7 PB05/WE2 (BE2)/DQMUL/ICIORD 10/0/0/0
D8 CSo 0

D9 A4 o}

D10 A10 ¢}

D11 A06 o}

D12 PB03/CAS 10/0
D13 RD/WR 0

D14 WE1/DQMLU/WE 0/0/0
D15 WEO/DQMLL 0/0

E1 Vss Power
E2 Vcc Power
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Pin No. Pin Name I/O Features
E3 PEO8/HIFCS 10/1

E4 PD1/IRQ1/-/TEND1 10/I/-/0
E12 Vss Power
E13 Vcce Power
E14 D09 10

E15 D08 10

F1 PE22/HIFD13/CTS0/D29 10/10/1110
F2 PE20/HIFD11/SCK1/D27 10/10/10/10
F3 PE23/HIFD14/RTS1/D30 10/10/0/10
F4 PE24/HIFD15/CTS1/D31 10/10/110
F12 D13 10

F13 D11 10

F14 D10 10

F15 D12 10

G1 PE18/HIFD09/TxD1/D25 10/10/0/10
G2 PE17/HIFD08/SCK0/D24 10/10/10/10
G3 PE19/HIFD10/RxD1/D26 10/10/1/10
G4 PE21/HIFD12/RTS0/D28 10/10/0/10
G12 D06 10

G13 D15 10

G14 D14 10

G15 D07 10

H1 PE16/HIFD07/RxD0/D23 10/10/110
H2 PE15/HIFD06/TxD0/D22 10/10/0/10
H3 Vss Power

H4 Vcce Power
H12 D03 10

H13 D05 10

H14 VeeQ Power
H15 VssQ Power

J1 PE13/HIFD04/-/D20 10/10/-110
J2 PE11/HIFD02/-/D18 10/10/-110
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Pin No. Pin Name I/0 Features
J3 PE12/HIFD03/-/D19 10/10/-/10
J4 PE14/HIFD05/-/D21 10/10/-/10
J12 MD2 |

J13 DO1 10

J14 D04 10

J15 D02 10

K1 VeeQ Power
K2 VssQ Power
K3 PEO9/HIFD00/-/D16 10/10/-110
K4 PE10/HIFDO1/-/D17 10/10/-110
K12 Vce Power
K13 Vss Power
K14 D00 10

K15 CKIO o}

L1 PE06/HIFWR/SIOFSYNCO 10/1/10
L2 PEO5/HIFRD 10/1

L3 PEO7/HIFRS 10/l

L4 PEO3/HIFMD 10/

L12 NMI |

L13 ASEMD I

L14 TESTMD [

L15 MD1 |

M1 PEO04/HIFINT/TXD_SIO0 I10/0/0
M2 PE02/HIFDREQ/RXD_SIO0 10/0/1
M3 PEO1/HIFRDY/SIOMCLKO 10/0/1
M4 PC17/MDC 10/0

M5 TSTBUSA 10

M6 PC09/RX_ER 10/1

M7 PCO1/MII_RXD1 10/1

M8 PC13/TX_CLK 10/1

M9 PCO5/MII_TXD1/-/LINK 10/0/-/0
M10 Vcce Power
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Pin No. Pin Name I/O Features
M11 MD5 I

M12 TDI I

M13 T™MS I

M14 TRST |

M15 RES [

N1 PEOO/HIFEBL/SCK_SIO0 10/1110
N2 PC16/MDIO 10/10
N3 Vss1A Power
N4 VcclA Power
N5 EXRES1 I

N6 PC08/RX_DV 10/1
N7 PC03/MII_RXD3 10/1
N8 PC11/TX_ER 10/0
N9 PC07/MII_TXD3/-/DUPLEX 10/0/-/0
N10 Vss Power
N11 PC19/EXOUT 10/0
N12 TDO o}

N13 MDO I

N14 Vss (PLL1) Power
N15 Vcc (PLL1) Power
P1 PC15/CRS 10/1
P2 PC18/LNKSTA 10/1

P3 Vss1A Power
P4 Vcc2A Power
P5 Vss2A Power
P6 PC02/MII_RXD2 10/1
P7 VssQ Power
P8 PC04/MII_TXD0/-/SPEED100 10/O/-/O
P9 PC12/TX_EN 10/0
P10 PC20/WOL 10/0
P11 CK_PHY I

P12 TCK I

RENESAS
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Pin No. Pin Name I/O Features
P13 VeeQ Power
P14 VssQ Power
P15 Vss (PLL2) Power
R1 XM O

R2 TxP o}

R3 RxM I

R4 RxP I

R5 Vce3A Power
R6 PCO00/MII_RXDO 10/1

R7 VeeQ Power
R8 PC10/RX_CLK 10/l

R9 PC06/MII_TXD2/-/CRS 10/O/-/O
R10 PC14/COL 10/l

R11 TESTOUT 0

R12 MD3 I

R13 EXTAL I

R14 XTAL o}

R15 Vcc (PLL2) Power
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Section2 CPU

Section 2 CPU

2.1 Features

o General registers: 32-bit register x 16
e Basic instructions: 62
e Addressing modes: 11
Register direct (Rn)
Register indirect (@Rn)
Post-increment register indirect (@Rn+)
Pre-decrement register indirect (@-Rn)
Register indirect with displacement (@disp:4, Rn)
Index register indirect (@R0, Rn)
GBR indirect with displacement (@disp:8, GBR)
Index GBR indirect (@R0O, GBR)
PC relative with displacement (@disp:8, PC)
PC relative (disp:8/disp:12/Rn)

Immediate (#imm:8)

2.2 Register Configuration

There are three types of registers: general registers (32-bit x 16), control registers (32-bit x 3), and
system registers (32-bit x 4).
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General register (Rn)
31 0

RO*1

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12
R13
R14

R15, SP (hardware stack pointer)0+2

Status register (SR)
31 9876543210
[---moeeee MQI3I2110 -~ S T|
Global base register (GBR)
31 0
[ GBR |
Vector base register (VBR)
31 0
[ VBR [
Multiply and accumulate register (MAC)
31 0
MACH
MACL
Procedure register (PR)
31 0
I PR |
Program counter (PC)
31 0
I PC |

Notes: 1. RO can be used as an index register in index register indirect or index GBR
indirect addressing mode. For some instructions, only RO is used as the
source or destination register.

2. R15is used as a hardware stack pointer during exception handling.

Figure2.1 CPU Internal Register Configuration
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221 General Registers (Rn)

There are sixteen 32-bit general registers (Rn), designated RO to R15. The general registers are
used for data processing and address calculation. RO is also used as an index register. With a
number of instructions, RO is the only register that can be used. R15 is used as a hardware stack
pointer (SP). In exception handling, R15 is used for accessing the stack to save or restore the
status register (SR) and program counter (PC) values.

222 Control Registers

There are three 32-bit control registers, designated status register (SR), global base register
(GBR), and vector base register (VBR). SR indicates a processing state. GBR is used as a base
address in GBR indirect addressing mode for data transfer of on-chip peripheral module registers.
VBR is used as a base address of the exception handling (including interrupts) vector table.

e Status register (SR)

Bit Read/

Bit name Default Write  Description

31to10 — AllO R/W Reserved
These bits are always read as 0. The write value
should always be 0.

9 M Undefined R/W Used by the DIVOU, DIV0S, and DIV1 instructions.

8 Q Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.

7 13 1 R/W Interrupt Mask

6 12 1 R/W

5 1 1 R/W

4 10 1 R/W

3,2 — AllO R/W Reserved

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

1 S Undefined R/W S
Used by the multiply and accumulate instruction.
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Bit Read/
Bit name Default Write  Description
0 T Undefined R/W T

Indicates true (1) or false (0) in the following
instructions: MOVT, CMP/cond, TAS, TST, BT (BT/S),
BF (BF/S), SETT, CLRT

Indicates carry, borrow, overflow, or underflow in the
following instructions: ADDV, ADDC, SUBV, SUBC,
NEGC, DIVOU, DIV0S, DIV1, SHAR, SHAL, SHLR,

SHLL, ROTR, ROTL, ROTCR, ROTCL

2.2.

Global-base register (GBR)

This register indicates a base address in GBR indirect addressing mode. The GBR indirect
addressing mode is used for data transfer of the on-chip peripheral module registers and logic
operations.

Vector-base register (VBR)

This register indicates the base address of the exception handling vector table.

3 System Registers

There are four 32-bit system registers, designated two multiply and accumulate registers (MACH
and MACL), a procedure register (PR), and program counter (PC).

Multiply and accumulate registers (MAC)

This register stores the results of multiplication and multiply-and-accumulate operation.
Procedure register (PR)

This register stores the return-destination address from subroutine procedures.

Program counter (PC)

The PC indicates the point which is four bytes (two instructions) after the current execution
instruction.
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224 Initial Values of Registers
Table 2.1 lists the initial values of registers after a reset.

Table2.1 |Initial Valuesof Registers

Type of register Register Default
General register RO to R14 Undefined

R15 (SP) SP value set in the exception handling vector table
Control register SR I3to 10: 1111 (H'F)

Reserved bits: 0
Other bits: Undefined
GBR Undefined
VBR H'00000000
System register MACH, MACL, PR Undefined

PC PC value set in the exception handling vector table
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2.3 Data Formats

231 Register Data For mat

The size of register operands is always longwords (32 bits). When loading byte (8 bits) or word
(16 bits) data in memory into a register, the data is sign-extended to longword and stored in the
register.

| Longword |

Figure2.2 Register Data Format

232 Memory Data For mats
Memory data formats are classified into byte, word, and longword.

Byte data can be accessed from any address. If word data starting from boundary other than 2n or
longword data starting from a boundary other than 4n is accessed, an address error will occur. In
such cases, the data accessed cannot be guaranteed. See figure 2.3.

Address A + 1 Address A + 3 Address A+ 10  Address A+ 8
Address A \ Address A + 2 \ Address A + 11 \ Address A + 9 J
31y 23 15y 7 0 314 23 151 7 0
Address A —| Byte 0 | Byte 1 | Byte 2 | Byte 3 Byte 3 | Byte 2 | Byte 1 | Byte 0 |«~—Address A + 8
Address A + 4 —| Word 0 Word 1 Word 1 Word 0 [«~—Address A + 4
Address A + 8 — Longword Longword l«<—Address A
Big endian Little endian

Figure2.3 Memory Data Format

Either big endian and little endian formats can be selected according to the mode pin setting at a
reset. For details on mode pin settings, see section 7, Bus State Controller (BSC).
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233 Immediate Data Formats
Immediate data of eight bits is placed in the instruction code.

For the MOV, ADD, and CMP/EQ instructions, the immediate data is sign-extended to longword
and then calculated. For the TST, AND, OR, and XOR instructions, the immediate data is zero-
extended to longword and then calculated. Thus, if the immediate data is used for the AND
instruction, the upper 24 bits in the destination register are always cleared.

The immediate data of word or longword is not placed in the instruction code. It is placed in a
table in memory. The table in memory is accessed by the MOV immediate data instruction in PC
relative addressing mode with displacement.

24 Features of | nstructions

241 RISC Type
The instructions are RISC-type instructions with the following features:

Fixed 16-Bit Length: All instructions have a fixed length of 16 bits. This improves program code
efficiency.

Onelnstruction per Cycle: Since pipelining is used, basic instructions can be executed in one
cycle. One cycle is 25ns with 40 MHz operation.

Data Size: The basic data size for operations is longword. Byte, word, or longword can be
selected as the memory access size. Byte or word data in memory is sign-extended to longword
and then calculated. Immediate data is sign-extended to longword for arithmetic operations or
zero-extended to longword size for logical operations.

Table2.2 Word Data Sign Extension

CPU in this LSI Description Example of Other CPUs
MOV.W  @(disp,PC),R1 Sign-extended to 32 bits, R1 ADD.W #H'1234,R0
ADD R1,RO becomes H'00001234, and is
then operated on by the ADD
-------- instruction.

.DATA.W H'1234
Note: * Immediate data is accessed by @ (disp,PC).
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L oad/Store Ar chitecture: Basic operations are executed between registers. In operations
involving memory, data is first loaded into a register (load/store architecture). However, bit
manipulation instructions such as AND are executed directly in memory.

Delayed Branching: Unconditional branch instructions mean the delayed branch instructions.
With a delayed branch instruction, the branch is made after execution of the instruction
immediately following the delayed branch instruction. This minimizes disruption of the pipeline
when a branch is made. The conditional branch instructions have two types of instructions:
conditional branch instructions and delayed branch instructions.

Table2.3 Delayed Branch Instructions

CPU in this LSI Description Example of Other CPUs
BRA TRGET ADD is executed before branch to TRGET. ADD.W R1,R0O
ADD Ri1,R0 BRA TRGET

Multiply/M ultiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in one to two cycles, and a 16 x 16 + 64 — 64 multiply-and-accumulate operation in two
to three cycles. A 32 x 32 — 64 multiply operation and a 32 x 32 + 64 — 64 multiply-and-
accumulate operation are each executed in two to four cycles.

T Bit: The result of a comparison is indicated by the T bit in SR, and a conditional branch is
performed according to whether the result is True or False. Processing speed has been improved
by keeping the number of instructions that modify the T bit to a minimum.

Table2.4 T Bit

CPU in this LSI Description Example of Other CPUs
CMP/GE R1,R0 When RO > R1, the T bit is set. CMP.W R1,R0

BT TRGETO When RO > R1, a branch is made to TRGET0. BGE TRGETO

BF TRGETH1 When RO < R1, a branch is made to TRGET1. BLT TRGET1

ADD #-1,R0 The T bit is not changed by ADD. SUB.W #1,R0

CMP/EQ #0,R0 When RO = 0, the T bit is set. BEQ TRGET

BT TRGET A branch is made when RO = 0.
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Immediate Data: 8-bit immediate data is placed in the instruction code. Word and longword
immediate data is not placed in the instruction code. It is placed in a table in memory. The table in
memory is accessed with the MOV immediate data instruction using PC relative addressing mode
with displacement.

Table2.5 Accessto | mmediate Data

Type This LSI's CPU Example of Other CPU
8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0
16-bit immediate MOV.W @(disp,PC),R0 MOV.W  #H'1234,R0

DATA.W H'1234
32-bit immediate MOV.L  @(disp,PC),RO MOV.L

#H'12345678,R

.DATA.L H'12345678
Note: * Immediate data is accessed by @ (disp,PC).

0

Absolute Addresses: When data is accessed by absolute address, place the absolute address value
in a table in memory beforehand. The absolute address value is transferred to a register using the
method whereby immediate data is loaded when an instruction is executed, and the data is
accessed using the register indirect addressing mode.

Table2.6  Accessto Absolute Address

Type CPU in this LSI Example of Other CPUs

Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,R0

.DATA.L H'12345678
Note: * Immediate data is referenced by @ (disp,PC).

16-Bit/32-Bit Displacement: When data is accessed using the 16- or 32-bit displacement
addressing mode, the displacement value is placed in a table in memory beforehand. Using the
method whereby immediate data is loaded when an instruction is executed, this value is
transferred to a register and the data is accessed using index register indirect addressing mode.
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Table2.7 Accesswith Displacement

Type CPU in this LSI Example of Other CPUs
16-bit displacement MOV.W @(disp,PC),R0 MOV.W
MOV.W @(RO,R1),R2 ) @(H'1234,R1).R

.DATA.W H'1234

Note: * Immediate data is referenced by @ (disp,PC).

242 Addressing M odes
Table 2.8 lists addressing modes and effective address calculation methods.

Table2.8 Addressing Modesand Effective Addresses

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

indirect

Register @Rn+ Effective address is register Rn contents. A Rn

|nd|re_ct with consta_nt is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word execution

operand, and 4 for a longword operand.
Byte: Rn +1 —> Rn

Word: Rn + 2 —» Rn
Longword: Rn + 4

— Rn
Register @-Rn Effective address is register Rn contents, Byte: Rn—1 — Rn
indirect with decremented by a constant beforehand: 1 for a Word: Rn — 2 — Rn
pre-decrement byte operand, 2 for a word operand, 4 for a '
longword operand. Lor;?word: Rn-4
— Rn

(Instruction
executed with Rn
after calculation)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @(disp:4, Effective address is register Rn contents with  Byte: Rn + disp
indirect with Rn) 4-bit displacement disp added. After disp is Word: Rn + disp x
displacement zero-extended, it is multiplied by 1 (byte), 2 2

(word), or 4 (longword), according to the

operand size. Longword: Rn +

disp x 4
disp Rn

(zero-extended) + disp x 1/2/4
Index @(RO0, Rn) Effective address is sum of register Rn and RO Rn + RO
register indirect contents.

®)

| R0 |
GBR indirect @(disp:8, Effective address is register GBR contents with Byte: GBR + disp
with GBR) 8-bit displacement disp added. After disp is Word: GBR + disp
displacement zero-extended, it is multiplied by 1 (byte), 2 %D

(word), or 4 (longword), according to the

operand size. Longword: GBR +

disp x 4
i GBR

(zero-:xst’;nded)
Index GBR @(Ro, Effective address is sum of register GBR and  GBR + RO
indirect GBR) RO contents.

GBR + RO
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Addressing
Mode

Instruction
Format

Calculation
Effective Address Calculation Method Formula

PC relative with @ (disp:8,

Effective address is PC with 8-bit displacement Word: PC + disp

displacement  PC) disp added. After disp is zero-extended, it is x 2
multiplied by 2 (word) or 4 (longword), Longword:
according to the operand size. With a longword  pce L'FFFFFFFC
operand, +disp x 4
the lower 2 bits of PC are masked.
*With longword operand
PC +disp x 2
o
C
HEFFRFFF
+ disp x 4
PC relative disp:8 Effective address is PC with 8-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2.
PC
(sign-glstgnded)
disp:12 Effective address is PC with 12-bit PC + disp x 2

displacement disp added after being sign-
extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC relative Rn Effective address is sum of PC and Rn. PC + Rn

Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.

#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.

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

24.3 Instruction Formats

This section describes the instruction formats, and the meaning of the source and destination
operands. The meaning of the operands depends on the instruction code. The following symbols
are used in the table.

XXXX: Instruction code
mmm  Source register
nnnn: Destination register
iiii: Immediate data

dddd: Displacement
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Table2.9 Instruction Formats

Destination
Instruction Format Source Operand Operand Sample Instruction
0 type — — NOP
15 0
n type — nnnn: register MOVT Rn
15 0 direct
Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type nmmm register Control register or LDC Rm,SR
15 0 direct system register
nmmm post- Control register or LDC.L @Rm+,SR
increment register system register
indirect
nmmm register — JMP @Rm
indirect
PC relative using — BRAF Rm
Rm
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Destination
Instruction Format Source Operand Operand Sample Instruction
nm type mmm register nnnn: register ADD Rm,Rn
15 0 direct direct
ook onmn e nmmm register nnnn: register MOV.L Rm,@Rn
direct indirect
nmmm post- MACH, MACL MAC.W @Rm+,@Rn+
increment register
indirect (multiply-
and-accumulate
operation)
nnnn: * post-
increment register
indirect (multiply-
and-accumulate
operation)
mmm post- nnnn: register MOV.L @Rm+,Rn
increment register direct
indirect
nmmm register nnnn: pre- MOV.L Rm,@-Rn
direct decrement register
indirect
mmmm register nnnn: index MOV.L Rm,@(RO,Rn)
direct register indirect
md type mmmdddd: RO (register direct) MOV.B @ (disp,Rm),R0
15 0 register indirect
[roocx o [rmmm ddad with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO, @(disp,Rn)
15 0 register indirect
dddd with displacement
nmd type nmmm register nnnndddd: MOV.L Rm, @ (disp,Rn)
15 0 direct register indirect
[xooxx[nnnn [mmm ddad with displacement
mmmdddd: nnnn: register MOV.L @(disp,Rm),Rn

register indirect direct
with displacement
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Instruction Format

Source Operand

Destination
Operand Sample Instruction

d type dddddddd: GBR RO (register direct) MOV.L @ (disp,GBR),R0
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR MOV.L RO, @ (disp,GBR)
indirect with
displacement
dddddddd: RO (register direct) MOVA @ (disp,PC),R0
PC relative with
displacement
— dddddddd: BF label
PC relative
d12 type — dddddddddddd: BRA label
e PC relative (label=disp+PC)
nd8 type dddddddd: PC nnnn: register MOV.L @ (disp,PC),Rn
15 0 relative with direct
displacement
i type Piiiiiii: Index GBR indirect AND.B #imm, @ (R0,GBR)
15 0 immediate
oo o1 i ] Piiiiiii: RO (register direct) AND #imm,R0
immediate
Piiiiiii: — TRAPA #imm
immediate
ni type piiiiiii: nnnn: register ADD #imm,Rn
15 0 immediate direct
ool 1]

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

251 Instruction Set by Type

Table 2.10 lists the instructions classified by type.

Table2.10 Instruction Types
Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Upper/lower swap
XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
operation ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow
CMP/cond Comparison
DIV1 Division
DIVOS Signed division initialization
DIVoU Unsigned division initialization
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
MUL Double-precision multiplication
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MULS Signed multiplication 33
operation MULU Unsigned multiplication
instructions

NEG Sign inversion

NEGC Sign inversion with borrow

SuB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
operation NOT Bit inversion
instructions

OR Logical OR

TAS Memory test and bit setting

TST T bit setting for logical AND

XOR Exclusive logical OR
Shift 10 ROTL 1-bit left shift 14
instructions ROTR 1-bit right shift

ROTCL 1-bit left shift with T bit

ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11
instructions branch (T = 0)

BT Conditional branch, delayed conditional

branch (T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 11 CLRT T bit clear 31
control CLRMAC _ MAC register clear
instructions

LDC Load into control register

LDS Load into system register

NOP No operation

RTE Return from exception handling

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 62 142
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The instruction code, operation, and execution cycles of the instructions are listed in the following
tables, classified by type.

Summary of Execution
Instruction Instruction Code Operation Cycles T Bit
Indicated by mnemonic. Indicated in MSB «> Indicates summary of Value when no Value of T bit after
LSB order. operation. wait cycles are instruction is executed
. w1
inserted Explanation of
Symbols
Explanation of Symbols Explanation of Symbols Explanation of Symbols - No change
OP.Sz SRC, DEST mmmm: Source —, «: Transfer direction
OP: O.peratlon code register (x¥):  Memory operand
Sz:  Size

nnnn: Destination M/Q/T: Flag bits in SR

SRC: Source register

DEST: Destination 0000: RO &: Logical AND of each bit
Rm: Source register 0001: R1 | Logical OR of each bit
Rn: Destination 1111 R15 A Exclusive logical OR of
register ’ each bit
imm: Immediate data - Immediatedata - o NoT of each bit
disp: Displacement** dddd: Displacement <<n: n-bit left shift

>>n: n-bit right shift

Notes: 1. The table shows the minimum number of execution states. In practice, the number of
instruction execution states will be increased in cases such as the following:

¢ When there is contention between an instruction fetch and a data access
e When the destination register of a load instruction (memory — register) is also used
by the following instruction
2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
For details, see SH-1/SH-2/SH-DSP Software Manual.
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e Data Transfer Instructions

Execution

Instruction Operation Code Cycles T Bit

MoV #i mm Rn imm — Sign extension 1110nnnniiiiiiii 1 —
— Rn

MV. W @di sp, PC), Rn (dispx2+PC)— Sign  1001nnnndddddddd 1 —
extension - Rn

MWV.L @disp, PC), Rn (disp x4+ PC)— Rn 1101nnnndddddddd 1 —

MOV RmM Rn Rm — Rn 0110nnnnmmmm©0011 1 —

MOV. B Rm @Rn Rm — (Rn) 0010nnnnnmmmD000 1 —

MOV. W Rm @Rn Rm — (Rn) 0010nnnnmmmm0001 1 —

MOV.L Rm @n Rm — (Rn) 0010nnnnmmm0010 1 —

MOV. B @m Rn (Rm) — Sign extension ~ 0110nnnnnmmm®O000 1 —
— Rn

MOV. W @m Rn (Rm) — Sign extension ~ 0110nnnnnmmm®D001 1 —
— Rn

MOV.L @Rm Rn (Rm) - Rn 0110nnnnmmm0010 1 —

MOV. B Rm @Rn Rn-1 — Rn, Rm — (Rn)  0010nnnnnmmm®0100 1 —

MOV. W Rm @Rn Rn-2 - Rn, Rm — (Rn)  0010nnnnnmm®0101 1 —

MOV.L Rm @Rn Rn—-4 — Rn, Rm — (Rn) 0010nnnnnmm®0110 1 —

MOV. B @m+, Rn (Rm) — Sign extension ~ 0110nnnnnmmm®0100 1 —
— Rn,Rm+1 — Rm

MOV. W @mt, Rn (Rm) — Sign extension ~ 0110nnnnnmmm®0101 1 —
— Rn, Rm + 2 > Rm

MOV. L @Rmt+, Rn (Rm) —» Rn,Rm + 4 — Rm 0110nnnnmm©0110 1 —

MOV. B RO, @di sp, Rn) RO — (disp + Rn) 10000000nnnndddd 1 —

MV. W RO, @di sp, Rn) RO — (disp x 2 + Rn) 10000001nnnndddd 1 —

MOV.L Rm @disp, R1) Rm — (disp x4 + Rn) 0001nnnnnmmmdddd 1 —

MWV. B @disp, R, RO (disp + Rm) — Sign 10000100mmmdddd 1 —
extension — RO

MV. W @di sp, RM), RO (disp x2+Rm)— Sign  10000101mmmudddd 1 —
extension - RO

MWV.L @disp, R, Rn (disp x 4 + Rm) - Rn 0101nnnnnmmmdddd 1 —

MOV. B Rm @ RO, Rn) Rm — (RO + Rn) 0000nnnnmMMMO100 1 —

MOV. W Rm @ RO, Rn) Rm — (RO + Rn) 0000nnnnnMMMO101 1 —
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Execution

Instruction Operation Code Cycles T Bit

MOV.L Rm @ RO, Rn) Rm — (RO + Rn) 0000nnnnmmMmM0110 1 —

MOV.B @RO, Rm, Rn (RO + Rm) — Sign 0000nnNnMMML100 1 —
extension — Rn

MOV. W @ RO, Rm, Rn (RO + Rm) — Sign 0000nnnnnMMML101 1 —
extension - Rn

MV.L @RO, Rm, Rn (RO + Rm) — Rn 0000nnnnmMMmMML110 1 —

M. B RO, @disp, GBR) RO — (disp + GBR) 11000000dddddddd 1 —

MOV. W RO, @di sp, GBR) RO - (dispx2+GBR)  11000001dddddddd 1 —

MV.L RO, @disp, GBR) RO (dispx4+GBR) 11000010dddddddd 1 —

MOV.B @disp, GBBR), RO (disp + GBR) — Sign 11000100dddddddd 1 —
extension - RO

MOV. W @di sp, GBR), RO (disp x 2 + GBR) — 11000101dddddddd 1 —
Sign extension — RO

MV.L @disp, GBR), R0 (dispx4+GBR)—> R0 11000110dddddddd 1 —

MVA @di sp, PC), RO disp x 4 + PC — RO 11000111dddddddd 1 —

MOVT Rn T—-Rn 0000nnNnn00101001 1 —

SWAP. BRmM Rn Rm — Swap lowesttwo ~ 0110nnnnnmmi000 1 —
bytes - Rn

SVWAP. WRmM Rn Rm — Swap two 0110nnnnmmm1001 1 —
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmmml101 1 —
Rn — Rn
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o Arithmetic Operation Instructions

Execution
Instruction Operation Code Cycles T Bit
ADD Rm Rn Rn + Rm — Rn 001lnnnnmmmi100 1 —
ADD #i mMm Rn Rn + imm — Rn ollinnnniiiiiiii 1 —
ADDC Rm Rn Rn+Rm+T — Rn, 0011lnnnnmmmmil110 1 Carry
Carry > T
ADDV Rm Rn Rn + Rm — Rn, 0011lnnnnmmmil11l 1 Overflow
Overflow - T
CWP/ EQ #i mm RO IfRO=imm, 1 >T 10001000iiiiiiii 1 Comparison
result
CVP/ EQ Rm Rn IfRn=Rm,1 —>T 0011nnnnmmmD000 1 Comparison
result
CWP/ HS Rm Rn If Rn > Rm with 0011nnnnnmmmoO010 1 Comparison
unsigned data, 1 > T result
CWP/ GE Rm Rn If Rn > Rm with signed 0011nnnnmmmmo011 1 Comparison
data,1 > T result
CWP/H Rm Rn If Rn > Rm with 0011nnnnnmmmo110 1 Comparison
unsigned data, 1 > T result
CWP/ GT Rm Rn If Rn > Rm with signed 001innnnmmmmo111 1 Comparison
data,1 > T result
CMP/ 