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Notice

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

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

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

4.  Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

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

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

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

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

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

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

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

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

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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General Precautions 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 LSI, 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.

2. 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.
3. 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 LSl is not guaranteed if they are
accessed.

4. 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.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm

that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.
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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 SH7239 and SH7237 Groups. 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: Hardware specifications (pin SH7239 Group, This user’s

Hardware assignments, memory maps, SH7237 Group manual

peripheral specifications, electrical User’s Manual: Hardware
characteristics, and timing charts)
and descriptions of operation

User’s Manual: Detailed descriptions of the CPU SH-2A, SH2A-FPU REJ09B0086

Software and instruction set Software Manual

Application Note Examples of applications and The latest versions are available from our
sample programs web site.

Renesas Technical
Update

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

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

t clock. Generation ofla WDTOVF i itializes the TCNT value to 0. r
W

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 ghe 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 CKSO bits are set '01 at this tipa€,
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 12 10 2 1 0
| — — @2|ASID1 AS Do) — | — | — | — | — | — | |ACMP2|ACMP1|ACMPO| IFE |
Initial value: 0 0
RW: RW [ RW RW R S) RW RW RW RW RW RW RW RW RW
r l_
[Table of Bits] ) ) (5)
Bit| Bit Name Initial Value R/W Description
15 - i Reserved
14 - R ( These bits are always read as 0. )
13to 11 ASID2to AllO 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.

e
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.
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) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

@

—

(3

=

(5

=
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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

SCI Serial communication interface
WDT Watchdog timer

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

IEBus Inter Equipment Bus

1/0 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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SH7239 Group, SH7237 Group Section 1 Overview

Section 1 Overview

1.1 Features

SH7239 Group and SH7237 Group are single-chip RISC (Reduced Instruction Set Computer)
microprocessors that integrate a Renesas original RISC CPU core with peripheral functions
required for system configuration.

The CPU in the SH7239 and SH7237 Groups has a RISC-type instruction set and uses a
superscalar architecture and a Harvard architecture, which greatly improves instruction execution
speed. In addition, the 32-bit internal-bus architecture enhances data processing power. With this
CPU, it has become possible to assemble low-cost, high-performance, and high-functioning
systems, even for applications that were previously impossible with microprocessors, such as
realtime control, which demands high speeds. The SH7239 Group also includes the floating-point
unit (FPU).

In addition, the SH7239 and SH7237 Groups include on-chip peripheral functions necessary for
system configuration, such as a large-capacity ROM, a ROM cache, a RAM, a direct memory
access controller (DMAC), a data transfer controller (DTC), multi-function timer pulse units 2
(MTU2 and MTU2S), a serial communication interface with FIFO (SCIF), a serial communication
interface (SCI), a Renesas serial peripheral interface (RSPI), an A/D converter, an interrupt
controller (INTC), I/O ports, a controller area network (RCAN-ET), and data flash (FLD).

The SH7239 and SH7237 Groups also provide an external memory access support function to
enable direct connection to various memory devices or peripheral LSIs.

These on-chip functions significantly reduce costs of designing and manufacturing application
systems.

The features of this LSI are listed in table 1.1.
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Section 1 Overview SH7239 Group, SH7237 Group

Table 1.1 Features

Items Specification

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

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

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

RO1UHO0086EJ0200 Rev. 2.00
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SH7239 Group, SH7237 Group Section 1 Overview

Items Specification

FPU e On-chip floating-point coprocessor
(SH7239 Group only) Supports single-precision (32 bits) and double-precision (64 bits)
e Supports IEEE 754-compliant data types and exceptions

¢ Rounding mode: Round to Nearest and Round to Zero

e Handling of denormalize numbers: Truncation to Zero

e Floating-point registers

Sixteen 32-bit floating-point registers (single-precision x 16 words or
double-precision x 8 words)

Two 32-bit floating-point system registers
e Supports FMAC (multiply and accumulate) instruction
e Supports FDIV (division) and FSQRT (square root) instructions
e Supports FLDIO/FLDI1 (load constant 0/1) instructions
¢ Instruction execution times

Latency (FMAC/FADD/FSUB/FMUL): 3 cycles (single-precision), 8
cycles (double-precision)

Pitch (FMAC/FADD/FSUB/FMUL): 1 cycle (single-precision), 6 cycles
(double-precision)

Note: FMAC is supported for single-precision only.
e Five-stage pipeline

Operating modes e Operating modes

MCU extension mode 2 (SH7239A and SH7237A only)
Single-chip mode

e Processing states
Program execution state
Exception handling state
Bus mastership release state

e Power-down modes
Sleep mode
Software standby mode
Module standby mode

RO1UHO0086EJ0200 Rev. 2.00
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Section 1 Overview

SH7239 Group, SH7237 Group

Items

Specification

ROM cache

Instruction/data separation system

Instruction prefetch cache: Full/set associative
Instruction prefetch miss cache: Full/set associative
Data cache: Full/set associative

Line size: 16 bytes

Hardware prefetch function (continuous/branch prefetch)

Interrupt controller
(INTC)

Eight external interrupt pins (NMI and IRQ6 to IRQO)
On-chip peripheral interrupts: Priority level set for each module
16 priority levels available

Register bank enabling fast register saving and restoring in interrupt
processing

Bus state controller
(BSC)

(SH7239A and
SH7237A only)

Address space divided into six areas (0, 1, 3 to 6), each a maximum of
2 Mbytes

External bus: 8 or 16 bits

The following features settable for each area independently

Supports both big endian and little endian for data access

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

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

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

Direct memory access
controller (DMAC)

Eight channels; external request available for four channels of them
Can be activated by on-chip peripheral modules

Burst mode and cycle steal mode

Intermittent mode available (16 and 64 cycles supported)

Transfer information can be automatically reloaded

Page 4 of 1472
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SH7239 Group, SH7237 Group

Section 1 Overview

Items

Specification

Data transfer
controller (DTC)

Data transfer activated by an on-chip peripheral module interrupt can
be done independently of the CPU transfer.

Transfer mode selectable for each interrupt source (transfer mode is
specified in memory)

Multiple data transfer enabled for one activation source

Various transfer modes

Normal mode, repeat mode, or block transfer mode can be selected.
Data transfer size can be specified as byte, word, or longword

The interrupt that activated the DTC can be issued to the CPU.

A CPU interrupt can be requested after one data transfer completion.

A CPU interrupt can be requested after all specified data transfer
completion.

Clock pulse
generator (CPG)

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

Input clock can be multiplied by 16 by the internal PLL circuit
Five types of clocks generated:
SH7239A, SH7237A:
CPU clock: Maximum 160 MHz
Bus clock: Maximum 40 MHz
Peripheral clock: Maximum 40 MHz
AD clock: Maximum 40 MHz
MTU clock: Maximum 80 MHz
SH7239B, SH7237B:
CPU clock: Maximum 100 MHz
Bus clock: Maximum 50 MHz
Peripheral clock: Maximum 50 MHz
AD clock: Maximum 50 MHz
MTU clock: Maximum 100 MHz

Watchdog timer
(WDT)

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

Power-down modes

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

Sleep mode
Software standby mode
Module standby mode

RO1UHO0086EJ0200 Rev. 2.00
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Section 1 Overview

SH7239 Group, SH7237 Group

ltems Specification

Multi-function timer .
pulse unit 2 (MTU2)

Maximum 16 lines of pulse input/output and 3 lines of pulse input
based on six channels of 16-bit timers

21 output compare and input capture registers

Input capture function

Pulse output modes

Toggle, PWM, and complementary PWM

Synchronization of multiple counters

Complementary PWM output mode

Non-overlapping waveforms output for 3-phase inverter control
Automatic dead time setting

0% to 100% PWM duty value specifiable

A/D conversion delaying function

Interrupt skipping at crest or trough

Reset-synchronized PWM mode

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

Phase counting mode

Two-phase encoder pulse counting available
Operating frequency

Operating at 100 MHz max: SH7239B, SH7237B
Operating at 80 MHz max: SH7239A, SH7237A

Multi-function timer .
pulse unit 28 (MTU2S) |

Subset of MTU2, included in channels 3to 5
Operating frequency

Operating at 100 MHz max: SH7239B, SH7237B
Operating at 80 MHz max: SH7239A, SH7237A

Port output enable 2 o
(POE2)

High-impedance control of high-current pins at a falling edge or low-
level input on the POE pin

High-impedance control of multiple groups of high-current pins with a
single POE pin

Compare match timer
(CMT)

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

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

Page 6 of 1472
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SH7239 Group, SH7237 Group

Section 1 Overview

ltems Specification

Serial communication e
interface (SCI)

Three channels
Clocked synchronous or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication)
supported

Dedicated baud rate generator

Noise canceller (for asynchronous communication only)

Serial communication
interface with FIFO
(SCIF)

One channel
Clocked synchronous or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication)
supported

Dedicated baud rate generator
Separate 16-byte FIFO registers for transmission and reception
Used as the SCI during boot mode

Renesas serial .
peripheral interface
(RSPI)

Clock synchronous mode serial communications

Master mode or slave mode selectable

Modifiable bit length, clock polarity, and clock phase

A transfer can be executed in sequential loops

Switchable MSB first/LSB first

Maximum transfer rate:

10 Mbps (SH7239A, SH7237A) or 12.5 Mbps (SH7239B, SH7237B)
Up to four slaves can be controlled in single master mode (depends on
the PFC setting)

Up to three slaves can be controlled in multi-master mode (depends on
the PFC setting)

Controller area .
network (RCAN-ET)

CAN version: Bosch 2.0B active is supported

Buffer size: 15 buffers for transmission/reception and one buffer for
reception only

One channel

I/O ports .

Input or output can be selected for each bit

RO1UHO0086EJ0200 Rev. 2.00
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Section 1 Overview

SH7239 Group, SH7237 Group

Items

Specification

A/D converter

Three modules

12-bit resolution

16 input channels

Sampling can be carried out simultaneously on three channels.
A/D conversion request by the external trigger or timer trigger

ASE break controller
(ABC)

Ten break channels
The cycle of the internal bus can be set as break conditions

User break controller
(UBC)

Four break channels

Addresses, data values, type of access, and data size can all be set as
break conditions

User debugging
interface (H-UDI)

E10A emulator support
JTAG-standard pin assignment

Advanced user
debugger (AUD)

Six output pins

Branch source address/destination address trace
Window data trace

Full trace

All trace data can be output by interrupting CPU operation
Realtime trace

Trace data can be output within the range where CPU operation is not
interrupted

On-chip ROM

512 or 256 Kbytes

On-chip RAM

64 or 32 Kbytes

Number of pages:

Products with 64-Kbyte RAM: Four pages (pages 0, 1, 4, and 5)
Products with 32-Kbyte RAM: Two pages (pages 0 and 1)

Data flash (FLD)

32 Kbytes (2 Kbytes x 16 blocks)
Programmed in 8-byte units

Power supply voltage

VCC: 4.5t0 5.5V (SH7239B, SH7237B)
3.0t0 3.6 V (SH7239A, SH7237A)

AVCC:45t055V

Packages

LQFP1616-120 (0.5 pitch): SH7239A, SH7239B, SH7237A, SH7237B
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SH7239 Group, SH7237 Group

Section 1 Overview

1.2 List of Products

Table 1.2 lists the products.

Table 1.2 Product Code Lineup

Power Supply Voltage

ROM RAM VvCC, FPU Extended
Group Product Part Name Capacity Capacity PLLVCC AVCC Package Function Function
SH7239 SH7239B R5F72395BDFP 512 Kbytes 64 Kbytes 45t055V 45t055V LQFP1616-120 Available Unavailable
Group
R5F72394BDFP 256 Kbytes 32 Kbytes
SH7239A  R5F72395ADFP 512 Kbytes 64 Kbytes 3.0t03.6V Available
R5F72394ADFP 256 Kbytes 32 Kbytes
SH7237 SH7237B  R5F72375BDFP 512 Kbytes 64 Kbytes 45t055V 45t055V LQFP1616-120 Unavailable Unavailable
Group
R5F72374BDFP 256 Kbytes 32 Kbytes
SH7237A  R5F72375ADFP 512 Kbytes 64 Kbytes 3.0t0 3.6V Available
R5F72374ADFP 256 Kbytes 32 Kbytes

RO1UHO0086EJ0200 Rev. 2.00
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Section 1 Overview SH7239 Group, SH7237 Group

1.3 Block Diagram

SH-2A SH-2A
CPU core FPU core*'
1 I CPU instruction fetch bus (F bus)
< > CPU bus
C by
CPU memory access bus (M bus) }I clc;jcslz)
T I l ”
. . User break
On-chip ROM On-chip RAM controller (UBC)
I I I Internal bus (B clock)
! ! I ! ”
Bus state . Data transfer Direct memory
controller btf,sezr:lg:tergellller controller access controller
(BSC)*? (DTC) (DMAC)
Peripheral bus (P clock)
) I P P
Pin function Multi-function Multi-function Watchdog | | 12-bit A/D | | Port output Compare Serial
110 timer pulse timer pulse N match communication Data flash
controller ports unit 28 unit 2 timer converter enable 2 timer interface (FLD)
(PFO) (MTU2S) (MTU2) (WD) (ADC) (POE2) (CMT) (SCI)
<
R ial Serial
Controller User debugging Interrupt Clock pulse Power-down| enesas seria communication
. peripheral .
area network interface controller generator mode interface interface
(RCAN-ET) (H-UDI) (INTC) (CPG) control RSP with FIFO
( (SCIF)

Notes: 1.The FPU function is only supported by the SH7239 Group (SH7239A and SH7239B).
2. SH7239A and SH7237A only.

Figure 1.1 Block Diagram
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SH7239 Group, SH7237 Group

Section 1 Overview

14 Pin Assignment

EXTAL
Vss
XTAL

PA6/IRQ6/TCLKA/CS6/RSPCK/SCK1

PA7/IRQ5/TCLKB/CS5/MOSI/TXD1

PA8/IRQ4/TCLKC/CS4/MISO/RXD1

PA9/IRQ3/TCLKD/CS3/SSLO/SCKO

vce
VSS

OC4BS/AUDCK
OC4AS/AUDSYNC
OC3DS/AUDATA3
OC3BS/AUDATA2

OC4DS
OC4CS

PAO/RXD0/CS0/CRx0/IRQ4
PD9/D9/TIOC3CS/AUDATA1
PD8/D8/TIOC3AS/AUDATAQ

PA1/TXD0/CS1/CTx0/IRQ5
PD15/D15/T

PD14/D14/Ti

PD13/D13/Tl

PD12/D12/Ti

PD11/D11/Ti

PD10/D10/T
PB21/AUDATA1
PB20/AUDATAO

PD7/D7/TIC5WS
PD6/D6/TIC5VS
PD5/D5/TIC5US

PB18/AUDATA2
PB19/AUDATA3
Vss
FWE/ASEBRKAK/ASEBRK
ASEMDO
AVREFVSS
AVSS

PFO/ANO
PF1/AN1
PF2/AN2
PF3/AN3

AvVCC

AVREF

AVREF

AVCC

PF4/AN4
PF5/AN5
PF6/AN6
PF7/AN7

AVSS
AVREFVSS
PF8/AN8
PF9/AN9
PF10/AN10
PF11/AN11
PF12/AN12
PF13/AN13
PF14/AN14
PF15/AN15
MDO

LQFP-120 Pin
(Top perspective view)

Vss

VvCC
PB16/AUDSYNC

WDTOVF

PE7/TIOC2B/UBCTRG/RXD2/SSL1
PB17/AUDCK

PE8/TIOC3A/SCK2/DREQ2/SSL2
PE10/TIOC3C/TXD2/DREQ3/SSL3

Note: *

Vss
PA17/RD

PEO/TIOCOA/TIOC4AS/DREQO
PE1/TIOCOB/TIOC4BS/TENDO

PE2/TIOCOC/TIOC4CS/DREQ1
VCL

Vss
PA18/CK

PA16/WRL

PE12/TIOC4A
PE4/TIOC1A/SCK3/POE8/IRQ4

PE9/TIOC3B/DACK2
PE11/TIOC3D/DACK3
PE13/TIOC4B/MRES
PE14/DACKO/TIOC4C
PE15/DACK1/TIOC4D/IRQOUT

PE3/TIOCOD/TIOC4DS/TEND1
PE5/TIOC1B/TIOC3BS/TXD3
PE6/TIOC2A/TIOC3DS/RXD3

PA15/WRH

PCO0/A0/POEO/IRQ4

PC1/A1/ADTRG

[ PD4/D4/TIC5W/SCK2

[J PD3/D3/TIC5V/TXD2

[] PD2/D2/TIC5U/RXD2

PD1/D1

PDO/DO

Vss

VCL -
PB4/A20/IRQ4/SCK3/TIOCOD/WAIT/BACK/BS/TCK*
PB3/A19/IRQ3/TXD3/TIOCOC/BREQ/AH/TDO*
PB2/A18/IRQ2/RXD3/TIOCOB/BACK/TDI*
VsS

vece
PB1/A17/[RQOUT/ADTRG/TIOCOA/IRQ1/TRST*
PBO/A16/IRQO/TIOC2A/TMS*
PC15/A15/IRQ2/TCLKD
PC14/A14/IRQ1/TCLKC
PC13/A13/IRQO/TCLKB

PC12/A12/TCLKA
PC11/A11/TIOC1B/CTx0/TXDO
PC10/A10/TIOC1A/CRX0/RXDO
PC9/A9/CTX0/TXDO/SCKO
PC8/A8/CRx0/RXDO/POE4

vece

VsS

PC7/A7

PC6/A6

PC5/A5

PC4/A4

O PC3/A3

1 PC2/A2

When ASEMDO = 0 (E10A-USB emulator function enabled), pins 47, 48, and 51 to 53 are only used for the H-UDI.

Figure 1.2 Pin Assignment of SH7239A and SH7237A (120 Pins) (Top Perspective View)
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Section 1 Overview

SH7239 Group, SH7237 Group

PB18/AUDATA2
PB19/AUDATA3
VSS
FWE/ASEBRKAK/ASEBRK
ASEMDO
AVREFVSS
AVSS

PFO/ANO
PF1/AN1
PF2/AN2
PF3/AN3

AVCC

AVREF

AVREF

AVCC

PF4/AN4
PF5/AN5
PF6/AN6
PF7/AN7

AVSS
AVREFVSS
PF8/AN8
PF9/AN9
PF10/AN10
PF11/AN11
PF12/AN12
PF13/AN13
PF14/AN14
PF15/AN15
MDO

Note: *

112
118

117
118

120

Y o
988%
QED\:Q %22—0
OFAS XSERE<<
835823 QREELE
FECL=30 555533
TrL==2 Sg
55329¢2 T=sx22 o
EE3533 8882883358
0PLOO I¥ISSsamOocE Dpw
SSEEEE 2= 2
So COO000ORASF =335
AYWVLID 000000 QO [CRGRT]
O0Ggogocg =2EE2P2Y 22
37 2Rgogacgo 00 Q00
e 2 _EEEEEC GS5ESSSEESS EEE
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JIdWSXNE<c<<<<<0O0N0000000000N000n
oorZwWw>Xoooooo>>0000000000>>000
QNN OUTONANTONDONOTONTONON O T MN
COOOWOWOWMWMMOVMMWMOVWMOWMOWONNMNNNNNNNNOOOOOOOOO
LQFP-120 pin
(Top perspective view)
Or-rANMTNDONODDOT-ANNTODONDODDO
FANNOTODONODD A NNNNANNNNN O
I (%)) Yoo oM (2] FNOO =S MMNJU OO
S B3RS ARe30e585685038853322 23]
owm>>>gw000moo>mzuzmxxl>>&l&m._
=L 0wOPLLL0Z00 TWaW=IET =
288 [BI85StaElk Shoblige o<
=23 D,\LUmDE¢o< GRRBEB A S =
e S-—FRQ-0xQ <202 8] o Q
= SOITOQWREY SXIIXS5RQRO sa
o) ~—0Q000a=gQ oOoOQQo 8
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@ FEow gy 683200
o< o a o0 3080500
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[] PD4/TIC5W/SCK2

] PD3/TIC5V/TXD2

] PD2/TIC5U/RXD2

PD1

PDO

VSsSs

VCL
PB4/IRQ4/SCK3/TIOCOD/TCK*
PB3/IRQ3/TXD3/TIOCOC/TDO*
PB2/IRQ2/RXD3/TIOCOB/TDI*
Vss

VvCC
PB1/IRQOUT/ADTRG/TIOCOA/IRQ1/TRST*
PBO0/IRQO/TIOC2A/TMS*
PC15/IRQ2/TCLKD
PC14/IRQ1/TCLKC
PC13/IRQO/TCLKB
PC12/TCLKA
PC11/TIOC1B/CTx0/TXDO
PC10/TIOC1A/CRx0/RXD0O
PC9/CTx0/TXD0/SCKO
PC8/CRx0/RXD0/POE4

VCC

Vss

PC7

PCé

PC5

PC4

] PC3

1 PC2

When ASEMDO = 0 (E10A-USB emulator function enabled), pins 47, 48, and 51 to 53 are only used for the H-UDI.

Figure 1.3 Pin Assignment of SH7239B and SH7237B (120 Pins) (Top Perspective View)
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SH7239 Group, SH7237 Group

Section 1 Overview

1.5 Pin Functions

Table 1.3 lists functions of each pin.

Table 1.3  Pin Functions

Classification Symbol 110 Name Function
Power supply VCL Output Internal External capacitance pins for internal
step-down step-down power supply. All the VCL
power supply  pins must be connected to the VSS
pins via a 0.1-uF capacitor (should be
placed close to the pins). The system
power supply must not be directly
connected to the VCL pins.
VSS Input  Ground Ground pins. All the VSS pins must be
connected to the system power supply
(0 V). This LSI does not operate
correctly if there is a pin left open.
VCC Input  Power supply  Power supply pins. All the VCC pins
must be connected to the system
power supply. This LSI does not
operate if there is a pin left open.
PLLVCC Input  PLL power Power supply for the on-chip PLL
supply oscillator. Apply the same electric
potential as that on the VCC pin.
PLLVSS Input  Ground for PLL Ground pin for the on-chip PLL
oscillator.
Clock EXTAL Input  External clock Connected to a crystal resonator.
An external clock signal may also be
input to the EXTAL pin.
XTAL Output Crystal Connected to a crystal resonator.
CK*® Output System clock  Supplies the system clock to external

devices.

RO1UHO0086EJ0200 Rev. 2.00
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Section 1 Overview

SH7239 Group, SH7237 Group

Classification Symbol /0 Name Function
Operating mode MDO Input  Mode set Sets the operating mode. Do not
control change the signal levels during
operation.
ASEMDO Input  Debugging Enables the E10A-USB emulator
mode functions.
Input a high level to operate the LSl in
normal mode (not in debugging
mode). To operate it in debugging
mode, apply a low level to this pin on
the user system board.
FWE Input Flash memory  Pin for flash memory. Flash memory
write enable can be protected against writing or
erasure through this pin.
System control RES Input Power-on reset This LSI enters the power-on reset
state when this signal goes low.
MRES Input  Manual reset This LS| enters the manual reset state
when this signal goes low.
WDTOVF  Output Watchdog timer Outputs an overflow signal from the
overflow WDT.
Use a resistor with a value of at least
1 MQ to pull this pin down.
BREQ***° Input Bus-mastership A low level is input to this pin when an
request external device requests the release
of the bus mastership.
BACK****  Qutput Bus-mastership Indicates that the bus mastership has

request
acknowledge

been released to an external device.
Reception of the BACK signal informs
the device which has output the
BREQ signal that it has acquired the
bus.
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SH7239 Group, SH7237 Group

Section 1 Overview

Classification = Symbol /10 Name Function
Interrupts NMI Input  Non-maskable Non-maskable interrupt request pin.
interrupt Fix it high when not in use.

IRQ6, IRQ5, Input Interrupt Maskable interrupt request pins.

IRQ4 to requests 6to 0 Level-input or edge-input detection

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

IRQOUT*' Output Interrupt request Indicates that an interrupt has

output occurred, enabling external devices to

be informed of an interrupt occurrence
even while the bus mastership is
released.

Address bus*®  A20to A16*°, Output Address bus Outputs addresses.

A15to A0

Data bus*’ D15 to DO I/0 Data bus Bidirectional data bus.

Bus control*® CSo0, CSH1, Output Chip select 0, 1, Chip-select signals for external

CS3to CS6 3t06 memory or devices.

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

BS** Output Bus start Bus-cycle start signal.

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

WAIT*2 Input  Wait Input signal for inserting a wait cycle
into the bus cycles during access to
the external space.

RH Output  Write to upper Indicates a write access to bits 15to 8
byte of data of external memory or device.
RL Output  Write to lower  Indicates a write access to bits 7 to 0
byte of data of external memory or device.
Direct memory DREQO to Input DMA-transfer  Input pins to receive external requests
access controller DREQ3 request for DMA transfer.
(DMAC) DACKO to Output DMA-transfer  Output pins for signals indicating

DACKS request accept acceptance of external requests from
external devices.

TEND1, Output DMA-transfer  Output pins for DMA transfer end.

TENDO end output

RO1UHO0086EJ0200 Rev. 2.00
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SH7239 Group, SH7237 Group

Classification = Symbol /O Name Function
Multi-function TCLKA, Input MTUZ2 timer clock External clock input pins for the
timer pulse TCLKB, input timer.
unit 2 (MTU2) TCLKC,
TCLKD
TIOCOA*', /O MTUZ2 input The TGRA_0 to TGRD_O input
TIOCOB*', capture/output capture input/output compare
TIOCOC*', compare output/PWM output pins.
TIOCOD*' (channel 0)
TIOC1A, /O MTUZ2 input The TGRA_1 and TGRB_1 input
TIOC1B capture/output capture input/output compare
compare output/PWM output pins.
(channel 1)
TIOC2A*, /O MTUZ2 input The TGRA_2 and TGRB_2 input
TIOC2B capture/output capture input/output compare
compare output/PWM output pins.
(channel 2)
TIOC3A, /O MTUZ2 input The TGRA_3 to TGRD_3 input
TIOCSB, capture/output capture input/output compare
TIOCSC, compare output/PWM output pins.
TIOC3D (channel 3)
TIOCA4A, /O MTUZ2 input The TGRA_4 and TGRD_4 input
TIOC4B, capture/output capture input/output compare
TIOCA4C, compare output/PWM output pins.
TIOC4D (channel 4)
TIC5U, Input MTU2 input The TGRU_5, TGRV_5, and
TIC5V, capture TGRW_5 input capture input/dead
TIC5W (channel 5) time compensation input pins.
Port output POES, POEA4, Input Port output Request signal input to place the

enable 2 (POE2) POEO

control

MTU2 and MTU2S waveform output
pin in the high impedance state.
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SH7239 Group, SH7237 Group

Section 1 Overview

Classification = Symbol /0 Name Function

Multi-function TIOCSBAS, 1/0 MTU2S input The TGRA_3S to TGRD_3S input

timer pulse TIOCSBS, capture/output  capture input/output compare

unit 2S (MTU2S) TIOC3CS, compare output/PWM output pins.
TIOC3DS (channel 3)
TIOCA4AS, I/0 MTU2S input The TGRA_4S and TGRD_4S input
TIOC4BS, capture/output  capture input/output compare
TIOCA4CS, compare output/PWM output pins.
TIOC4DS (channel 4)
TIOC5US, Input  MTU2S input The TGRU_5S, TGRV_5S, and
TIOC5VS, capture TGRW_5S input capture input/dead
TIOC5WS (channel 5) time compensation input pins.

Serial TXD2to TXDO Output Transmit data Data output pins.

iﬁg?;ﬁg'?gg‘?; RXD2 to RXDO Input Receive data Data input pins.
SCK2to SCKO I/O0 Serial clock Clock input/output pins.

Serial TXD3*' Output Transmit data Data output pin.

f:ommunlca}tlon RXD3*' Input Receive data Data input pin.

interface with

FIFO (SCIF) SCK3*' I/0 Serial clock Clock input/output pin.

Renesas serial MOSI 1/0 Data Data input/output pin.

peripheral MISO /O Data Data input/output pin.

interface

(RSPI) RSPCK I/0 Clock Clock input/output pin.
SSLO 110 Chip select Chip select input/output pin.
SSL1to SSL3  Output

RO1UHO0086EJ0200 Rev. 2.00

Jun 21, 2013

RENESAS

Page 17 of 1472



Section 1 Overview SH7239 Group, SH7237 Group

Classification = Symbol 110 Name Function
Controllerarea  CTx0 Output Transmit data Transmit data pin for CAN bus.
?Igg\fl\rl‘fET) CRx0 Input  Receive data Receive data pin for CAN bus.
A/D converter AN15to ANO Input Analog input pins Analog input pins.
ADTRG*' Input  A/D conversion  External trigger input pin for starting
trigger input A/D conversion.
AVCC Input  Analog power Power supply pin for the A/D
supply converter. Connect this pin to the

system power supply (VCC) when
the A/D converter is not used.

AVREF Input  Analog reference Reference voltage pin for the A/D
power supply converter.
AVSS Input  Analog ground Ground pin for the A/D converter.

Connect this pin to the system
power supply (VSS) when the A/D
converter is not used.

AVREFVSS Input  Analog reference Reference ground pin for the A/D
ground converter. Connect this pin to the
system power supply (VSS) when

the A/D converter is not used.
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Section 1 Overview

Classification = Symbol 110 Name Function
I/0O ports PA18 to PA15, 1/O General port Ten general input/output port pins.
PA9 to PAG,
PA1, PAO
PB21 to PB16, I/O General port Eleven general input/output port
PB4 to PB0** pins.
PC15to PCO 1/O General port Sixteen general input/output port
pins.
PD15to PDO I/O General port Sixteen general input/output port
pins.
PE15to PEO 1/O General port Sixteen general input/output port
pins.
PF15to PFO  Input General port Sixteen general input port pins.
User debugging TCK Input  Test clock Test-clock input pin.
I(EGSS(I:)G TMS Input  Test mode select Test-mode select signal input pin.
TDI Input  Test data input Serial input pin for instructions and
data.
TDO Output Test data output  Serial output pin for instructions and
data.
TRST Input  Test reset Initialization-signal input pin. Input a
low level when not using the H-UDI.
Advanced user AUDATA3to  Output AUD data Branch destination/source address
debugger (AUD) AUDATAO output pin
AUDCK Output AUD clock Sync clock output pin
AUDSYNC Output AUD sync signal Data start-position acknowledge-

signal output pin
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Classification = Symbol 110 Name Function
Emulator ASEBRKAK Output Break mode Indicates that the E10A-USB
interface acknowledge emulator has entered its break
mode.
ASEBRK Input  Break request E10A-USB emulator break input pin.
User break UBCTRG Output User break trigger Trigger output pin for UBC condition

controller (UBC)

output match.

Notes: 1. The pins which are function-multiplexed with the H-UDI function are used as the H-UDI
dedicated pins when ASEMDO = 0 (E10A-USB emulator function enabled).

2. These pins are function-multiplexed with the H-UDI function and are used as the H-UDI
dedicated pins when ASEMDO = 0 (E10A-USB emulator function enabled).

3. The external extension pins are only available for SH7239A and SH7237A.
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Section 2 CPU

2.1 Data Format

Figure 2.1 shows the data format supported by the SH-2A/SH2A-FPU. The SH2A-FPU is only
supported by the SH7239 Group.

7 0
Byte (8 bits)
15 0
Word (16 bits)
31 0
Longword (32 bits)
3130 22 0
Single-precision floating-point (32 bits)* s| exp fraction
63 62 51 0
Double-precision floating-point (64 bits)* |[s| exp fraction

Note: * Only supported by the SH7239 group.

Figure 2.1 Data Format
2.2 Register Descriptions

221 General Registers
Figure 2.2 shows the general registers.

The general registers consist of 16 registers, numbered RO to R15, and 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.
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31 0
RO *1
R1
R2
R3
R4

R Notes: 1. RO functions as an indexed register in the indexed
R6 register indirect and indexed GBR indirect addressing
R7 modes. Several instructions have RO fixed as their
R8 source or destination register.

2. R15is used as a hardware stack pointer (SP) in
R9 exception handling.
R10

R11
R12
R13
R14
R15, SP (hardware stack pointer)*2

Figure 2.2 General Registers

222 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.
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31 1413 9876543210

| BOCS---M Q 13:0] -- 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)

(1) Status Register (SR)

Figure 2.3 Control Registers

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CTeoles[-T-[-[wlol  wa ] =]
Initial value: 0 0 0 0 0 0 - - 1 1 1 1 0 0 - -
RW: R RW RW R R R RW RW RW RW RW RW R R RW RW
Initial
Bit Bit Name Value R/W Description
31to15 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
14 BO 0 R/W BO Bit
Indicates the register bank has overflowed.
13 (O] 0 R/W CS Bit
Indicates, in CLIP instruction execution, the value
has exceeded the saturation upper-limit value or
fallen below the saturation lower-limit value.
12to 10 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value R/W Description
9 M — R/W M Bit
8 Q — R/W Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.
7t04 I[3:0] 1111 R/W Interrupt Mask Level
3,2 — 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 T Bit

True/false condition or carry/borrow bit

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

VBR is referenced as the branch destination base address when an exception or an interrupt
occurs.

(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.

223 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.
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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 0 Program counter (PC):
| PC | Indicates the four bytes ahead of the current instruction.

Figure 2.4 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 four bytes farther from that of the instruction being executed.

2.2.4 Floating-Point Registers (SH7239 Group Only)

Figure 2.5 shows the floating-point registers. There are sixteen 32-bit floating-point registers,
FPRO to FPR15. These sixteen registers are referenced as FRO to FR15, DR0O, DR2, DR4, DR6,
DR8, DR10, DR12, and DR14. The correspondence between FPRn and the referenced name is
determined by the PR and SZ bits in FPSCR (see figure 2.5).

(1) Floating-Point Registers (FPRn: 16 registers)

FPRO, FPR1, FPR2, FPR3, FPR4, FPRS, FPR6, FPR7, FPRE, FPR9, FPR10, FPR11, FPR12,
FPR13, FPR14, and FPR15

(2) Single-Precision Floating-Point Registers (FRi: 16 registers)

FRO to FR15 are allocated to FPRO to FPR15.
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(3) Double-Precision Floating-Point Registers or Single-Precision Floating-Point Register
Pairs (DRi: 8 registers)

A DR register is composed of two FR registers.

DRO = {FPRO, FPR1}, DR2 = {FPR2, FPR3}, DR4 = {FPR4, FPR5}, DR6 = {FPR4, FPR5},
DRS = {FPRS, FPR9}, DR10 = {FPR10, FPR11}, DR12 = {FPR12, FPR13}, and DR14 =
{FPR14, FPR15)

Referenced Name Register Name

Transfer instruction: FPSCR.SZ=0 FPSCR.SZ=1
Arithmetic/logical instruction: FPSCR.PR=0 FPSCR.PR =1

FRO FPRO
FR1 DRO { FPR1
FR2 FPR2
FR3 bR2 { FPR3
FR4 FPR4
FR5 DRa { FPR5
FR6 FPR6
FR7 DR6 { FPR7
FR8 FPR8
FR9 DR8 { FPR9
FR10 FPR10
FR11 DRI { FPR11
FR12 FPR12
FR13 PR12 { FPR13
FR14 FPR14
FR15 DR14 { FPR15

Figure 2.5 Floating-Point Registers

Programming Note: The values of FPRO to FPR15 are undefined after a reset.

2.2.5 Floating-Point System Registers (SH7239 Group Only)
(1) Floating-Point Communication Register (FPUL)

Data is transferred between an FPU register and a CPU register via FPUL.
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(2) Floating Point Status/Control Register (FPSCR)

Initial value: 0 0 0

Bit: 31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
| - | - | | | | - | - | Qls | - | Sz | PR | DN | Cause
0 0 0 0 0 0 0 0 0 1 0 0
R/W: R R R R R R R R R/W R RW R/W RW R/W R/W
Bit: 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
Cause Enable Flag RM[1:0]
0 0 0 0 0 0 0 0 0 0 0 1

Initial value: 0 0 0

RW: RW RW RW RW RW RW RW RW RWRW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31to283 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
22 QIS 0 R/W sNaN is treated as gNaN or +. Valid only when the
V bit in the FPU exception enable field (Enable) is
setto 1.
0: Processed as gNaN or +
1: Exception generated (processed same as sNaN)
21 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
20 Sz 0 R/W Transfer Size Mode
0: Sets the size of an FMQOV instruction to 32 bits.
1: Sets the size of an FMOV instruction to 32-bit pair
(64 bits).
19 PR 0 R/W Precision Mode

0: Executes floating-point instructions in single
precision.

1: Executes floating-point instructions in double
precision (the result of an instruction with no
support for double-precision is undefined).
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Initial

Bit Bit Name Value R/W Description

18 DN 1 R/W Denormalization Mode
This bit is always set to 1.
1: A denormalized number is treated as zero.

17to12  Cause All O R/W FPU exception cause field

11to7 Enable All 0 R/W FPU exception enable field

6102 Flag All O R/W FPU exception flag field
When an FPU operation instruction is first executed,
the FPU exception cause field is set to 0; when an
FPU exception next occurs, the corresponding bit in
the FPU exception cause field and FPU exception
flag field is set to 1.
The FPU exception flag field retains the status of an
exception generated after that field was last cleared.
For bit allocation for each field, see table 2.1.

1,0 RM[1:0] 01 R/W Round Mode

00: Round to nearest
01: Round to zero
10: Reserved

11: Reserved

Table 2.1  Bit Allocation for FPU Exception Handling

Invalid
FPU Error Operation Division Overflow Underflow Incorrect
(E) (V) byo(2) (0) () M
Cause FPU Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
exception
cause field
Enable FPU None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
exception
enable field
Flag FPU None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
exception flag
field

Note: The operation cannot be guaranteed in the SH7237 Group.
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2.2.6 Register Bank

Using a register bank, high-speed register saving and restoration can be achieved for the 19 32-bit
registers: general registers RO to R14, control register GBR, and system registers MACH, MACL,
and PR. The register contents are automatically saved in the bank after the CPU accepts an
interrupt that uses the bank. Restoration from the bank is executed by a RESBANK instruction
issued in an interrupt processing routine. This LSI has fifteen banks.

For details, refer to the SH-2A, SH2A-FPU Software Manual.

2.2.7 Initial Values of Registers
Table 2.2 lists the values of the registers after a reset.

Table 2.2  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 I[3:0] are 1111 (H'F), BO and CS are
0, reserved bits are 0, and others 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
Floating-point registers* FPRO to FPR15 Undefined
Floating-point system registers* FPUL Undefined
FPSCR H'00040001

Note: * These registers are only provided by the SH7239 Group. The operation cannot be
guaranteed in the SH7237 Group.
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2.3 Data Formats

2.3.1 Data Format in Registers

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

31 0

Longword

Figure 2.6 Data Format in Registers

2.3.2 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 2.7.

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

1

Address 4n —» Longword

Big endian

Figure 2.7 Data Formats in Memory
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2.33 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 2.4.1 (10), Immediate Data.
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24 Instruction Features

24.1 RISC-Type Instruction Set

The CPU has a RISC-type instruction set, which features following 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/SH2A-FPU additionally features 32-bit fixed-length instructions, improving
performance and ease of use.

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

The standard data length for all operations is a longword. 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 2.3  Sign Extension of Word Data

SH2-A/SH2A-FPU CPU Description Example of Other CPU
MOV .W @(disp,PC),R1 Data is sign-extended to 32 bits, and ADD.W #H'1234,R0
ADD R1, RO R1 becomes H'00001234. It is next

operated upon by an ADD instruction.

.DATA.W H'1234

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 2.4  Delayed Branch Instructions

SH2-A/SH2A-FPU CPU Description Example of Other CPU
BRA TRGET Executes the ADD before branchingto ADD.W  R1,RO0
ADD R1,R0O TRGET. BRA TRGET

(7) Unconditional Branch Instructions with No Delay Slot

The SH-2A/SH2A-FPU additionally features unconditional branch instructions in which a delay
slot instruction is not executed. This eliminates unnecessary NOP instructions, and so reduces the
code size.

(8) Multiply/Multiply-and-Accumulate Operations

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

) TBit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a
conditional branch is taken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.
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Table 2.5 T Bit

SH2-A/SH2A-FPU CPU Description Example of Other CPU
CMP/GE R1,R0O T bit is set when RO > R1. CMP.W R1,RO
BT TRGETO The program branches to TRGETO BGE TRGETO
BF TRGET1 when RO > R1 and to TRGET1 BLT TRGET1
when RO < R1.
ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ #0,RO T bit is set when RO = 0. BEQ TRGET
BT TRGET The program branches if RO = 0.

(10) Immediate Data

Byte immediate data is located in an instruction code. Word or longword immediate data is not

located in instruction codes but in a memory table. The memory table is accessed by an immediate
data transfer instruction (MOV) using the PC relative addressing mode with displacement.

With the SH-2A/SH2A-FPU, 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 2.6 Immediate

Data Accessing

Classification SH-2A/SH2A-FPU 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/SH2A-FPU, 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 2.7  Absolute Address Accessing

Classification SH-2A/SH2A-FPU CPU Example of Other CPU

Up to 20 bits MOVIZ20 #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.
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Table 2.8  Displacement Accessing

Classification SH-2A/SH2A-FPU CPU Example of Other CPU
16-bit displacement MOV . W @(disp, PC),RO MOV.W @(H'1234,R1),R2
MOV . W @(rRO,R1),R2

.DATA.W H'1234

2.4.2 Addressing Modes
The addressing modes and effective address calculation methods are listed below.

Table 2.9  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 @RrRn The effective address is the contents of register Rn
Rn.
Register indirect @RrRn+ The effective address is the contents of register Rn
with post- Rn. (After
increment A constant is added to the contents of Rn after the instruction
mstruc_tlon is executed. 1 is agded for a byte execution)
operation, 2 for a word operation, and 4 for a
longword operation. Byte:
Rn+1—Rn
Word:
Rn+2 — Rn
Longword:

Rn +4 — Rn
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Addressing Instruction

Mode Format Effective Address Calculation Equation

Register indirect @-Rn 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. Rn—2 — Rn

Longword:
Rn—-4 — Rn

Rn —1/2/4

(Instruction is
executed with
Rn after this

calculation)
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)
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 @ (RO,Rn) The effective address is the sum of Rn and RO. Rn + RO

indirect

RO1UHO0086EJ0200 Rev. 2.00
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Addressing Instruction
Mode Format Effective Address Calculation Equation
GBR indirect with @ (disp:8, The effective address is the sum of GBR value and Byte:

displacement GBR) an 8-bit displacement (disp). The value of dispis  GBR + disp
zero-extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is GBR + disp x
quadrupled for a longword operation. 2
Longword:
(zero-extended) + disp x 1/2/4 4
Indexed GBR @ (RO, The effective address is the sum of GBR value and GBR + RO
indirect GBR) RO.
TBR duplicate el The effective address is the sum of TBR value and Contents of
indirect with (disp:8, an 8-bit displacement (disp). The value of dispis  address (TBR
displacement TBR) zero-extended, and is multiplied by 4. + disp x 4)

TBR

+ disp x 4 —|
(TBR

+ disp x 4)

disp
(zero-extended)
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Addressing Instruction
Mode Format Effective Address Calculation Equation
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?dended, and is doubled for a word Longword:

operation, and quadrupled for a longword PC &

operation. For a longword operation, the lowest H'FFEFFEFEC

two bits of the PC value are masked. + disp x 4

e (for longword)
PC + disp x 2
o
PC & HFFFFFFFC
disp +disp x 4

(zero-extended)
PC relative disp:8 The effective address is the sum of PC value and PC + disp x 2

the value that is obtained by doubling the sign-

extended 8-bit displacement (disp).

disp i
(sign-extended)
disp:12 The effective address is the sum of PC value and PC + disp x 2

the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2
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Addressing
Mode

Instruction
Format

Effective Address Calculation Equation

PC relative

Rn

The effective address is the sum of PC value and PC + Rn
Rn.

Immediate

#imm:20

The 20-bit immediate data (imm) for the MOVI20 —
instruction is sign-extended.
31 19 0

— )

oot | imm (20 vits

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
)

f

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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243 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 2.10 Instruction Formats

Destination
Instruction Formats Source Operand Operand Example
0 format — — NOP
15 0
| KXXXX XXXX XXXX XXXX |
n format — nnnn: Register direct  MOVT Rn

15

| KXKXX | nnnn | XXXX XXXXl

Control register or nnnn: Register direct STS MACH,Rn
system register

RO (Register direct) nnnn: Register direct DIVU RO,Rn

Control register or nnnn: Register indirect STC.L SR, @-Rn
system register with pre-decrement

mmmm: Register direct R15 (Register indirect MOVMU.L Rm, @-R15
with pre-decrement)

R15 (Register indirect nnnn: Register direct MOVMU.L @R15+,Rn
with post-increment)

RO (Register direct) nnnn: (Register indirect MOV.L. RO, @Rn+
with post-increment)

RO1UHO086EJ0200 Rev. 2.00
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Instruction Formats

Source Operand

Destination
Operand

Example

m format

15
| XXXX | mm.mml KXXX XXXX

mmm: 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

| XXXX | nnnn | mmmm | KXXX |

mmmm: Register direct

nnnn: Register direct

ADD Rm,Rn

mmm: 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 @Rm+, @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 MOvV.L
indirect Rm, @ (RO, Rn)
md format mmmmdddd: Register RO (Register direct) MOV.B
15 indirect with @(disp,Rm), RO

|xxxx xxxx|mmmm|dddd|

displacement

Page 42 of 1472

RENESAS

RO1UHO0086EJ0200 Rev. 2.00
Jun 21, 2013



SH7239 Group, SH7237 Group

Section2 CPU

Destination
Instruction Formats Source Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV . B
15 Register indirect with RO, @ (disp,Rn)

| XXXX XXXX | nnnn | dddd |

displacement

nmd format

| plololord | nnnn | mmmm | dddd |

mmmm: Register direct

nnnndddd: Register
indirect with
displacement

MOV.L
Rm, @ (disp,Rn)

mmmmdddd: Register
indirect with
displacement

nnnn: Register direct

MOV.L
@(disp,Rm),Rn

nmd12 format
32 16

mmmm: Register direct

nnnndddd: Register
indirect with
displacement

MOV.L
Rm, @ (displ2,Rn)

15 0
|XXXX| dddd dddd dddd

mmmmdddd: Register
indirect with
displacement

nnnn: Register direct

MOV.L
@(displ2,Rm),Rn

d format

15 0
| XXXX XXXX | dddd dddd |

dddddddd: GBR
indirect with
displacement

RO (Register direct)

MOV.L
@ (disp,GBR),RO

RO (Register direct)

ddddddaa: GBR
indirect with
displacement

MOV.L
RO, @(disp,GBR)

dddddddad: PC
relative with
displacement

RO (Register direct)

MOVA
@(disp,PC),RO

dddddddad: TBR
duplicate indirect with
displacement

JSR/N
@@ (disp8, TBR)

dddddddd: PC
relative

BF label

d12 format

15 0
| XXXX | dddd dddd dddd |

dddddddddddd: PC
relative

BRA label

(label = disp +
PC)

nd8 format

15 0
| XXXX | nnnnl dddd ddddl

dddddada: PC
relative with
displacement

nnnn: Register direct

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

Instruction Formats Source Operand Operand Example

i format iiiiididii: Indexed GBR indirect  AND.B

15 Immediate #imm, @ (RO, GBR)

S W 1iiiiiii: RO (Register direct) AND #imm,RO

Immediate
iiiiiidii: — TRAPA #imm
Immediate

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

| XXXX | nnnn | iiii iidi |

ni3 format
15

| XXXX XXXX | nnnn |x| iii|

nnnn: Register direct —

iii: Immediate

BLD #imm3,Rn

nnnn: Register direct

iii: Immediate

BST #imm3,Rn

ni20 format iiiiiiiiiiii nnnn: Register direct  MOVI20
iidiiidiid: #1imm20, Rn

| xxxx| nnnn| iiii | XXXK | Immediate

15 0

|iiii iiii iiii didi |

nid format nnnndddddddd — BLD.B #imm3,

32 16 dddd: Register @(displ2,Rn)

| XXKK xxxx| nnnn | XXXK | indirect with

15 0
| xiii | dddd dddd dddd |

displacement

iii: Immediate

nnnndddddddddddd:
Register indirect with
displacement

iii: Immediate

BST.B #imm3,
@(displ2,Rn)

Note: *

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

Page 44 of 1472

RENESAS

RO1UHO0086EJ0200 Rev. 2.00
Jun 21, 2013



SH7239 Group, SH7237 Group

Section2 CPU

2.5 Instruction Set

25.1 Instruction Set by Classification

Table 2.11 lists the instructions according to their classification.

Table 2.11 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
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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)

DIV1 One-step division

DIV0OS Initialization of signed one-step division

DIVoU Initialization of unsigned one-step division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-precision

multiply-and-accumulate operation
MUL Double-precision multiply operation
MULR Signed multiplication with result storage in
Rn

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuUB Binary subtraction

SUBC Binary subtraction with borrow

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

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

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

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAD Dynamic arithmetic shift

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLD Dynamic logical shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
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Operation No. of
Classification Types Code Function Instructions
Branch 10 BF Conditional branch, conditional delayed 15
branch (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
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
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Operation No. of
Classification Types Code Function Instructions
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 0
FLDI1 Floating-point load immediate 1
FLDS Floating-point load into system register
FPUL
FLOAT Conversion from integer to floating-point
FMAC Floating-point multiply and accumulate
operation
FMOV Floating-point data transfer
FMUL Floating-point multiplication
FNEG Floating-point sign inversion
FSCHG SZ bit inversion
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
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Operation No. of
Classification Types Code Function Instructions
FPU-related 2 LDS Load into floating-point system register 8
&:tLrJuctions " STS Store from floating-point system register
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

Note: These registers are only provided by the SH7239 Group. The operation cannot be
guaranteed in the SH7237 Group.
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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 Cycles

T Bit

Indicated by mnemonic.

[Legend]

OP.Sz SRC, DEST
OP:  Operation code
Sz: Size
SRC: Source
DEST: Destination

Rm: Source register

Rn:  Destination register

Indicated in MSB <>
LSB order.

[Legend]
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15

iiii: Immediate data

Value when no
wait states are
inserted.*'

Indicates summary of
operation.

[Legend]

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

&: Logical AND of each
bit

I: Logical OR of each bit

Value of T bit after
instruction is
executed.

[Legend]

—: No change

imm: Immediate data dddd: Displacement A Exclusive logical OR
disp: Displacement** of cach bit
~:  Logical NOT of each
bit
<<n: n-bit left shift
>>n: n-bit right shift
Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states will be increased in cases such as
the following:

a. When there is a conflict between an instruction fetch and a data access
b. When the destination register of a load instruction (memory — register) is the same
as the register used by the next instruction.
2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For details,
refer to the SH-2A, SH2A-FPU Software Manual.
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2.5.2

Data Transfer Instructions

Table 2.12 Data Transfer Instructions

Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOV #imm, Rn 1110nnnniiiiiiii imm — sign extension 1 — Yes Yes

— Rn
MOV.W  @(disp, PC),Rn 1001nnnndddddddad (dispx2+PC) —»sign 1 — Yes Yes

extension — Rn
MOV.L @(disp, PC),Rn 1101nnnndddddddd (disp x 4 + PC) - Rn 1 — Yes Yes
MOV Rm, Rn 0110nnnnmmmm0011 Rm — Rn 1 — Yes Yes
MOV.B Rm, @Rn 0010nnnnmmmm0000 Rm — (Rn) 1 — Yes Yes
MOV.W  Rm, @Rn 001 0nnnnmmmm0001 Rm — (Rn) 1 — Yes Yes
MOV.L Rm, @Rn 001 0nnnnmmmm0010 Rm — (Rn) 1 — Yes Yes
MOV.B @Rm, Rn 011 0nnnnmmmm0000 (Rm) — sign extension 1 — Yes Yes

— Rn
MOV.W  @Rm, Rn 011 0nnnnmmmm0001 (Rm) — sign extension 1 — Yes Yes

— Rn
MOV.L @Rm, Rn 011 0nnnnmmmm0010 (Rm) — Rn 1 — Yes Yes
MOV.B Rm, @-Rn 001 0nnnnmmmm0100 Rn-1 - Rn, Rm — (Rn) 1 — Yes Yes
MOV.W  Rm, @-Rn 001 0nnnnmmmm0101 Rn-2 - Rn, Rm — (Rn) 1 — Yes Yes
MOV.L Rm, @-Rn 001 0nnnnmmmm0110 Rn-4 - Rn, Rm — (Rn) 1 — Yes Yes
MOV.B @Rm+, Rn 011 0nnnnmmmm0100 (Rm) — sign extension 1 — Yes Yes

— Rn, Bm +1 - Rm
MOV.W  @Rm+, Rn 0110nnnnmmmm0101 (Rm) — sign extension 1 — Yes Yes

— Rn, Rm +2 — Rm
MOV.L @Rm+, Rn 0110nnnnmmmm0110 (Rm) > Rn,Rm+4 —» 1 — Yes Yes

Rm
MOV.B RO, @(disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes
MOV.L Rm, @ (disp,Rn) 0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes
MOV.B @ (disp, Rm),R0 1000010 0mmmmdddd (disp + Rm) — sign 1 — Yes Yes

extension — RO
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOV.W  @(disp, Rm),R0 1000010 1mmmmdddd (disp x 2 + Rm) — 1 — Yes Yes
sign extension — RO
MOV.L @ (disp, Rm),Rn 0101nnnnmmmmdddd (disp x4 + Rm) — Rn 1 — Yes Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes
MOV.W  Rm,@(RO0,Rn) 0000nnnnmmmm0101 Rm — (RO + Rn) 1 — Yes Yes
MOV.L Rm, @ (RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes
MOV.B @(R0O,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) — 1 — Yes Yes
sign extension — Rn
MOV.W  @(R0,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — 1 — Yes Yes
sign extension — Rn
MOV.L @(R0,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) —» Rn 1 — Yes Yes
MOV.B RO, @(disp,GBR)  11000000dddddddd RO — (disp + GBR) 1 — Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (dispx 2 + GBR) 1 — Yes Yes
MOV.L RO, @(disp,GBR)  11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes
MOV.B @(disp,GBR),R0  11000100dddddddd (disp + GBR) — 1 — Yes Yes
sign extension — RO
MOV.W  @(disp,GBR),RO  11000101dddddddad (disp x 2 + GBR) — 1 — Yes Yes
sign extension — RO
MOV.L @(disp,GBR),RO  11000110dddddddd (dispx4+GBR) - R0 1 — Yes Yes
MOV.B RO,@Rn+ 0100nnnn10001011 RO — (Rn), Rn + 1 > 1 — Yes
Rn
MOV.W  RO,@Rn+ 0100nnnn10011011 RO — (Rn), Rn +2 — 1 — Yes
Rn
MOV.L RO,@Rn+ 0100nnnn10101011 RO — Rn),Rn+4 - Rn 1 — Yes
MOV.B @-Rm,R0 0100mmmm11001011 Rm-1 — Rm, (Rm) — 1 — Yes
sign extension — RO
MOV.W  @-Rm,RO 0100mmmm11011011 Rm-2 — Rm, (Rm) — 1 — Yes
sign extension — RO
MOV.L @-Rm,R0 0100mmmm11101011 Rm-4 — Rm, (Rm) — 1 — Yes
RO
MOV.B Rm,@(disp12,Rn) 001 1lnnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  Rm,@(disp12,Rn) 001lnnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes

0001dddddddddddd
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOV.L Rm,@(disp12,Rn) 001 1nnnnmmmm0001 Rm — (disp x 4 + Rn) 1 Yes
0010dddddddddddd
MOV.B @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp + Rm) — 1 Yes
0100ddddddddadad S9N extension — Rn
MOV.W  @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp x 2 + Rm) — 1 Yes
0101ddddddddaddd S9N extension — Rn
MOV.L @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp x4 + Rm) — Rn 1 Yes
0110dddddddddddd
MOVA @ (disp,PC),R0 11000111ddddddda disp x 4 + PC — RO 1 Yes Yes
MOVI20 #imm20, Rn 0000nnnniiii0n000 imm — sign extension 1 Yes
................ — Rn
1111111111111111
MOVI20S #imm20, Rn 0000nnnniiiiononol imm << 8 — sign 1 Yes
................ extension — Rn
1111111111111111
MOVML.L Rm, @-R15 0100mmmm11110001 R15-4 — R15, Rm —» 1t0 16 Yes
(R15)
R15-4 - R15, Rm-1 —»
(R15)
R15-4 — R15, R0 —
(R15)
Note: When Rm = R15,
read Rm as PR
MOVML.L @R15+, Rn 0100nnnn11110101 (R15) > RO, R15+4 > 1t016 — Yes

R15

(R15) - R1, R15+4 —

R15

(R15) - Rn

Note: When Rn = R15,
read Rm as PR
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOVMU.L Rm, @-R15 0100mmmm11110000 R15-4 —» R15, PR - 1to16 — Yes
(R15)
R15-4 — R15, R14 —
(R15)
R15-4 —» R15, Rm —»
(R15)
Note: When Rm = R15,
read Rm as PR
MOVMU.L @R15+, Rn 0100nnnnl11110100 (R15) > Rn,R15+4 > 1to16 — Yes
R15
(R15) > Rn+ 1, R15 +
4 - R15
(R15) > R14, R15 + 4
— R15
(R15) - PR
Note: When Rn = R15,
read Rm as PR
MOVRT Rn 0000nnnn00111001 ~T - Rn 1 — Yes
MOVT Rn 0000nnnn00101001 T—Rn 1 — Yes Yes
MOVU.B @(disp12, Rm), Rn 0011nnnnmmmm0001 (disp + Rm) — 1 — Yes
1000ddddddddddda zero extension — Rn
MOVU.W  @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
1001ddddddaddddda zero extension — Rn
NOTT 0000000001101000 ~T>T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnnl10000011 (Rn) — operand cache 1 — Yes
SWAP.B  Rm, Rn 0110nnnnmmmm1000 Rm — swap lower 2 1 — Yes Yes
bytes — Rn
SWAP.W Rm, Rn 0110nnnnmmmm1 001 Rm — swap upperand 1 — Yes Yes
lower words — Rn
XTRCT Rm, Rn 0010nnnnmmmm1101 Middle 32 bits of Rm:Rn 1 — Yes Yes

— Rn
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253

Arithmetic Operation Instructions

Table 2.13 Arithmetic Operation Instructions

Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
ADD Rm, Rn 001 1nnnnmmmm1100 Rn + Rm — Rn 1 — Yes Yes
ADD #imm, Rn 0111nnnniiiiiiii Rn +imm — Rn 1 — Yes Yes
ADDC Rm, Rn 0011nnnnmmmm1110 Rn+Rm+ T — Rn, 1 Carry Yes Yes
carry » T
ADDV Rm, Rn 0011nnnnmmmml111 Rn + Rm — Rn, 1 Over- Yes Yes
overflow - T flow
CMP/EQ #imm, RO 10001000iiiiiiii When RO =imm, 1> T 1 Com- Yes Yes
Otherwise, 0 > T parison
result
CMP/EQ Rm, Rn 001 1nnnnmmmm0000 WhenRn=Rm,1->T 1 Com- Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 001 1nnnnmmmm0010 When Rn > Rm 1 Com- Yes Yes
(unsigned), parison
1-T result
Otherwise, 0 > T
CMP/GE Rm, Rn 0011nnnnmmmm0011 When Rn > Rm (signed), 1 Com- Yes Yes
1T parison
Otherwise, 0 > T result
CMP/HI Rm, Rn 0011nnnnmmmm0110 When Rn > Rm 1 Com- Yes Yes
(unsigned), parison
1-T result
Otherwise, 0 > T
CMP/GT Rm,Rn 0011nnnnmmmmO0111 When Rn > Rm (signed), 1 Com- Yes Yes
1-T parison
Otherwise, 0 = T result
CMP/PL  Rn 0100nnnn00010101 WhenRn>0,1->T 1 Com- Yes Yes
Otherwise, 0 > T parison
result
CMP/PZ Rn 0100nnnn00010001 WhenRn>0,1->T 1 Com- Yes Yes
Otherwise, 0 > T parison
result
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Instruction

Instruction Code

Operation

Execu-
tion
Cycles

Compatibility

SH-2A/
SH2A-
TBit SH2E SH4 FPU

CMP/STR Rm, Rn

0010nnnnmmmm1100

When any bytes are
equal,

15T

Otherwise, 0 > T

1

Com- Yes Yes
parison
result

CLIPS.B  Rn

0100nnnnl10010001

When Rn >
(H'0000007F),
(H'0000007F) — Rn, 1
- CS

when Rn <
(H'FFFFFF80),
(H'FFFFFF80) — Rn, 1
- CS

— Yes

CLIPSW Rn

0100nnnnl10010101

When Rn >
(H'00007FFF),
(H'00007FFF) — Rn, 1
- CS

When Rn <
(H'FFFF8000),
(H'FFFF8000) — Rn, 1
—CS

— Yes

CLIPU.B  Rn

0100nnnn10000001

When Rn >
(H'000000FF),
(H'000000FF) — Rn, 1
— CS

— Yes

CLIPUW Rn

0100nnnnl10000101

When Rn >
(H'0000FFFF),
(H'0000FFFF) — Rn, 1
— CS

— Yes

DIV1 Rm, Rn

001 1nnnnmmmm0100

1-step division (Rn +
Rm)

Calcu- Yes Yes
lation
result

DIVOS Rm, Rn

0010nnnnmmmm0111

MSB of Rn — Q,

MSB of Rm - M, MAQ

->T

Calcu- Yes Yes
lation
result

DIVOU

0000000000011001

0 — M/Q/T

1

0 Yes Yes

DIVS RO, Rn

0100nnnn10010100

Signed operation of Rn + 36

RO — Rn 32 +32 — 32

bits

— Yes
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
DIVU RO, Rn 0100nnnn10000100 Unsigned operation of 34 — Yes
Rn + R0 — Rn 32 = 32
— 32 bits
DMULS.L Rm, Rn 0011nnnnmmmml101 Signed operation of Rn x 2 — Yes Yes

Rm — MACH, MACL
32 x 32 — 64 bits

DMULU.L Rm, Rn

001 Innnnmmmm0101

Unsigned operation of 2 — Yes Yes
Rn x Rm — MACH,

MACL

32 x 32 — 64 bits

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

EXTS.B Rm, Rn 0110nnnnmmmm1110 Byte in Rm is 1 — Yes Yes

sign-extended — Rn

EXTS.W Rm, Rn

0110nnnnmmmml111

Word in Rm is 1 — Yes Yes
sign-extended — Rn

EXTU.B Rm, Rn

011 0nnnnmmmm1100

Byte in Rm is 1 — Yes Yes
zero-extended — Rn

EXTUW Rm, Rn

0110nnnnmmmml1101

Word in Rm is 1 — Yes Yes
zero-extended — Rn

MAC.L @Rm+, @Rn+

0000nnnnmmmm1111

Signed operation of (Rn) 4 — Yes Yes
x (Rm) + MAC — MAC
32 x 32 + 64 — 64 bits

MACW  @Rm+, @Rn+

0100nnnnmmmm1111

Signed operation of (Rn) 3 — Yes Yes
x (Rm) + MAC - MAC
16 x 16 + 64 — 64 bits

MUL.L Rm, Rn

0000nnnnmmmm0111

MULR RO, Rn

0100nnnnl10000000

MULS.W Rm, Rn

0010nnnnmmmm1111

Rn x Rm — MACL 2 — Yes Yes

32 x 32 — 32 bits

RO x Rn — Rn 2 Yes
32 x 32 — 32 bits

Signed operation of Rn x 1 — Yes Yes

Rm — MACL
16 x 16 — 32 bits
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MULU.W Rm, Rn 0010nnnnmmmm1110 Unsigned operation of 1 — Yes Yes
Rn x Rm — MACL
16 x 16 — 32 bits
NEG Rm, Rn 0110nnnnmmmm1011 0-Rm — Rn 1 — Yes Yes
NEGC Rm, Rn 0110nnnnmmmm1010 0-Bm-T — Rn, borrow 1 Borrow Yes Yes
->T
SUB Rm, Rn 001 1nnnnmmmml000 Rn-BRm — Rn 1 — Yes Yes
SUBC Rm, Rn 001 1nnnnmmmm1010 Rn-Bm-T — Rn, borrow 1 Borrow Yes Yes
->T
SuUBvV Rm, Rn 0011nnnnmmmml011 Rn-Bm — Rn, underflow 1 Over- Yes Yes
>T flow
254 Logic Operation Instructions
Table 2.14 Logic Operation Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
AND Rm, Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 — Yes Yes
AND #imm, RO 11001001iiiiiiii RO & imm — RO 1 — Yes Yes
AND.B #imm, @(RO, GBR) 11001101iiiiiiii (RO + GBR) & imm — 3 — Yes Yes
(RO + GBR)
NOT Rm, Rn 0110nnnnmmmm0111 ~Rm — Rn 1 — Yes Yes
OR Rm, Rn 0010nnnnmmmm1011 RnIBRm — Rn 1 — Yes Yes
OR #imm, RO 11001011iiiiiiii RO | imm — RO 1 — Yes Yes
OR.B #imm, @(RO, GBR) 11001111iiiiiiii (RO + GBR) | imm — 3 — Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)is0,1—>T 3 Test  Yes Yes
Otherwise, 0 > T, result

1 — MSB of(Rn)
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
TST Rm, Rn 0010nnnnmmmm1000 Rn & Rm 1 Test Yes Yes
When the resultis 0, 1 result
>T
Otherwise, 0 > T
TST #imm, RO 110010004iiiiiiii RO & imm 1 Test Yes Yes
When the resultis 0, 1 result
—-T
Otherwise, 0 > T
TST.B #imm, @(RO, GBR) 11001100iiiiiiii (RO + GBR) & imm 3 Test Yes Yes
When the resultis 0, 1 result
->T
Otherwise, 0 > T
XOR Rm, Rn 0010nnnnmmmm1010 Rn~Rm — Rn 1 — Yes Yes
XOR #imm, RO 11001010iiiiiiii RO A imm — RO 1 — Yes Yes
XOR.B #imm, @(RO, GBR) 11001110iiiiiiii (RO + GBR) Aimm — 3 — Yes Yes
(RO + GBR)
2.55 Shift Instructions
Table 2.15 Shift Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
ROTL Rn 0100nnnn00000100 T < Rn « MSB 1 MSB  Yes Yes
ROTR Rn 0100nnnn00000101 LSB—->Rn—>T 1 LSB Yes Yes
ROTCL Rn 0100nnnn00100100 T«RneT 1 MSB  Yes Yes
ROTCR Rn 0100nnnn00100101 T->Rn->T 1 LSB Yes Yes
SHAD Rm, Rn 0100nnnnmmmm1100 When Rm >0, Rn << 1 — Yes

Rm — Rn

When Rm < 0, Rn >>
IRml —

[MSB — Rn]
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB  Yes Yes
SHAR Rn 0100nnnn00100001 MSB—->Rn—>T 1 LSB Yes Yes
SHLD Rm, Rn 0100nnnnmmmm1101 When Rm >0, Rn << 1 — Yes
Rm — Rn
When Rm < 0, Rn >>
IRml —»
[0 —» Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB  Yes Yes
SHLR Rn 0100nnnn00000001 0->Rn->T 1 LSB Yes Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 — Rn 1 — Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn<<8 — Rn 1 — Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 — Yes Yes
SHLL16 Rn 0100nnnn00101000 Rn << 16 = Rn 1 — Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>>16 — Rn 1 — Yes Yes
2.5.6 Branch Instructions
Table 2.16 Branch Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BF label 10001011dddddddd When T =0, dispx2+ 3/1* — Yes Yes
PC — PC,
When T =1, nop
BF/S label 10001111dddddddd Delayed branch 2/1% — Yes Yes
When T =0, disp x 2 +
PC — PC,
When T =1, nop
BT label 10001001dddddddd WhenT=1,dispx2+ 3/1* — Yes Yes
PC — PC,
When T =0, nop
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BT/S label 10001101dddddddd Delayed branch 2/1* — Yes Yes
When T =1, disp x2 +
PC — PC,
When T =0, nop
BRA label 1010dddddddddddd Delayed branch, 2 — Yes Yes
dispx 2+ PC — PC
BRAF Rm 0000mmmm00100011 Delayed branch, 2 — Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd Delayed branch, PC —» 2 — Yes Yes
PR, dispx 2 + PC —» PC
BSRF Rm 0000mmmm00000011 Delayed branch, PC —» 2 — Yes Yes
PR, Rm + PC - PC
JMP @Rm 0100mmmm00101011 Delayed branch, Rm —» 2 — Yes Yes
PC
JSR @Rm 0100mmmm00001011 Delayed branch, PC —» 2 — Yes Yes
PR, 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 —» 2 — Yes Yes
PC
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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2.5.7

Table 2.17 System Control Instructions

System Control Instructions

Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
CLRT 0000000000001000 0T 1 0 Yes Yes
CLRMAC 0000000000101000 0 —» MACH,MACL 1 — Yes Yes
LDBANK @Rm,R0 0100mmmm11100101 (Specified register bank 6 — Yes
entry) - RO
LDC Rm,SR 0100mmmm00001110 Rm — SR 3 LSB Yes Yes
LDC Rm,TBR 0100mmmm01001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mmmm00011110 Rm — GBR 1 — Yes Yes
LDC Rm,VBR 0100mmmm00101110 Rm — VBR 1 — Yes Yes
LDC.L @Rm+,SR 0100mmmm00000111 (Rm) > SR,Rm+4—> 5 LSB Yes Yes
Rm
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm) - GBR,Rm +4 — 1 — Yes Yes
Rm
LDC.L @Rm+,VBR 0100mmmm00100111 (Rm) - VBR,Rm +4 — 1 — Yes Yes
Rm
LDS Rm,MACH 0100mmmm00001010 Rm — MACH 1 — Yes Yes
LDS Rm,MACL 0100mmmm00011010 Rm — MACL 1 — Yes Yes
LDS Rm,PR 0100mmmm00101010 Rm — PR 1 — Yes Yes
LDS.L @Rm+,MACH 0100mmmm00000110 (Rm) - MACH, Rm +4 1 — Yes Yes
— Rm
LDS.L @Rm+,MACL 0100mmmm00010110 (Rm) - MACL, Rm +4 1 — Yes Yes
— Rm
LDS.L @Rm+,PR 0100mmmm00100110 (Rm) > PR,Rm+4—> 1 — Yes Yes
Rm
NOP 0000000000001001 No operation 1 — Yes Yes
RESBANK 0000000001011011 Bank — RO to R14, 9 — Yes
GBR,
MACH, MACL, PR
RTE 0000000000101011 Delayed branch, 6 — Yes Yes

stack area — PC/SR
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
SETT 0000000000011000 15T 1 1 Yes Yes
SLEEP 0000000000011011 Sleep 5 — Yes Yes
STBANK RO0,@Rn 0100nnnn11100001 RO — 7 — Yes
(specified register bank
entry)
STC SR,Rn 0000nnnn00000010 SR — Rn 2 — Yes Yes
STC TBR,Rn 0000nnnn01001010 TBR — Rn 1 — Yes
STC GBR,Rn 0000nnnn00010010 GBR - Rn 1 — Yes Yes
STC VBR,Rn 0000nnnn00100010 VBR — Rn 1 — Yes Yes
STC.L SR,@-Rn 0100nnnn00000011 Rn-4 - Rn, SR — (Rn) 2 — Yes Yes
STC.L GBR,@-Rn 0100nnnn00010011 Rn-4 — Rn, GBR — 1 — Yes Yes
(Rn)
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, VBR — 1 — Yes Yes
(Rn)
STS MACH,Rn 0000nnnn00001010 MACH — Rn 1 — Yes Yes
STS MACL,Rn 0000nnnn00011010 MACL — Rn 1 — Yes Yes
STS PR,Rn 0000nnnn00101010 PR — Rn 1 — Yes Yes
STS.L MACH, @-Rn 0100nnnn00000010 Rn-4 - Rn, MACH —» 1 — Yes Yes
(Rn)
STS.L MACL,@-Rn 0100nnnn00010010 Rn-4 — Rn, MACL — 1 — Yes Yes
(Rn)
STS.L PR,@-Rn 0100nnnn00100010 Rn-4 - Rn, PR — (Rn) 1 — Yes Yes
TRAPA #imm 11000011iiidididiii PC/SR — stack area, 5 — Yes Yes
(imm x 4 + VBR) —» PC
Notes: Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states in cases such as the following:

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

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

* In the event of bank overflow, the number of cycles is 19.
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2.5.8

Floating-Point Operation Instructions (SH7239 Group Only)

Table 2.18 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
FABS DRn 1111nnn001011101 IDRnl — DRn 1 — Yes
FADD FRm, FRn 1111nnnnmmmm0000 FRn + FRm — FRn 1 — Yes Yes
FADD DRm, DRn 1111nnnOmmm00000 DRn + DRm — DRn 6 — Yes
FCMP/EQ FRm, FRn 1111nnnnmmmm0100 (FRn=FRm)?1:0 > T 1 Compa- Yes Yes

rison

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

rison

result
FCMP/GT FRm, FRn 1111nnnnmmmm0101 (FRn>FRm)?1.0>T 1 Compa Yes Yes

-rison

result
FCMP/GT DRm, DRn 1111nnnOmmm00101 (DRn>DRM)?1:0>T 2 Compa- Yes

rison

result
FCNVDS DRm, FPUL 1111mmm010111101 (float) DRm — FPUL 2 — Yes
FCNVSD FPUL, DRn 1111nnn010101101 (double) FPUL - DRn 2 — Yes
FDIV FRm, FRn 1111nnnnmmmm0011 FRn/FRm — FRn 10 — Yes Yes
FDIV DRm, DRn 1111nnnOmmm00011 DRn/DRm — DRn 23 — Yes
FLDIO FRn 1111nnnn10001101 0 x 00000000 — FRn 1 — Yes Yes
FLDH FRn 1111nnnnl10011101 0 x 3F800000 — FRn 1 — Yes Yes
FLDS FRm, FPUL 1111mmmm00011101 FRm — FPUL 1 — Yes Yes
FLOAT FPUL,FRn 1111nnnn00101101 (float)FPUL — FRn 1 — Yes Yes
FLOAT FPUL,DRn 1111nnn000101101 (double)FPUL - DRn 2 — Yes
FMAC FRO,FRm,FRn 111Innnnmmmml1 110 FRO x FRm+FRn — 1 — Yes Yes

FRn

FMOV FRm, FRn 1111nnnnmmmml1 100 FRm — FRn 1 — Yes Yes
FMOV DRm, DRn 1111nnnOmmm01100 DRm — DRn 2 — Yes
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Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FMOV.S @(RO,Rm), FRn  1111nnnnmmmm0110 (RO + Rm) - FRn 1 — Yes Yes
FMOV.D @(RO,Rm),DRn  1111nnnOmmmm0110 (RO + Rm) - DRn 2 — Yes
FMOV.S @Rm+, FRn 1111lnnnnmmmml001 (Rm) — FRn, Rm+=4 1 — Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmmm1001 (Rm) - DRn, Rm+=8 2 — Yes
FMOV.S @Rm, FRn 1111nnnnmmmml 000 (Rm) — FRn 1 — Yes Yes
FMOV.D @Rm, DRn 1111nnnOmmmm1000 (Rm) — DRn 2 — Yes
FMOV.S @(disp12,Rm),FRn 0011nnnnmmmm0001 (disp x4 + Rm) > FRn 1 — Yes

0111dddddddddddd
FMOV.D @(disp12,Rm),DRn 0011nnnOmmmm0001 (disp x8 + Rm) - DRn 2 — Yes

0111dddddddddddd
FMOV.S FRm, @(RO,Rn) 1111nnnnmmmm0111 FRm — (RO + Rn) 1 — Yes Yes
FMOV.D DRm, @(R0,Rn) 1111nnnnmmm00111 DRm — (RO + Rn) 2 — Yes
FMOV.S FRm, @-Rn 1111lnnnnmmmm1011 Rn-=4, FRm — (Rn) 1 — Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmmm01011 Rn-=8, DRm — (Rn) 2 — Yes
FMOV.S FRm, @Rn 1111nnnnmmmm1010 FRm — (Rn) 1 — Yes Yes
FMOV.D DRm, @Rn 1111nnnnmmm01010 DRm — (Rn) 2 — Yes
FMOV.S FRm, 0011nnnnmmmm0001 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
FMUL DRm, DRn 1111nnnOmmm00010 DRn x DRm — DRn 6 — Yes
FNEG FRn 1111nnnn01001101 -FRn - FRn 1 — Yes Yes
FNEG DRn 1111nnn001001101 -DRn — DRn 1 — Yes
FSCHG 1111001111111101 FPSCR.SZ=~FPSCR.S 1 — Yes

z

FSQRT  FRn 1111nnnn01101101  YFRn — FRn 9 — Yes
FSQRT DRn 1111nnn001101101 \YDRn — DRn 22 — Yes
FSTS FPUL,FRn 1111nnnn00001101 FPUL — FRn 1 — Yes Yes
FSUB FRm, FRn 1111nnnnmmmm0001 FRn-FRm — FRn 1 — 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-DRm — DRn 6 — Yes
FTRC FRm, FPUL 1111mmmm00111101 (long)FRm — FPUL 1 — Yes Yes
FTRC DRm, FPUL 1111mmm000111101 (long)DRm — FPUL 2 — Yes
2.5.9 FPU-Related CPU Instructions (SH7239 Group Only)
Table 2.19 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
LDS Rm,FPUL 0100mmmm01011010 Rm — FPUL 1 — Yes Yes
LDS.L @Rm+, FPSCR 0100mmmm01100110 (Rm) — FPSCR, Rm+=4 1 — Yes Yes
LDS.L @Rm+, FPUL 0100mmmm01010110 (Rm) — FPUL, Rm+=4 1 — Yes Yes
STS FPSCR, Rn 0000nnnn01101010 FPSCR — Rn 1 — Yes Yes
STS FPUL,Rn 0000nnnn01011010 FPUL — Rn 1 — Yes Yes
STS.L FPSCR,@-Rn 0100nnnn01100010 Rn-=4, FFCSR — (Rn) 1 — Yes Yes
STS.L FPUL,@-Rn 0100nnnn01010010 Rn-=4, FPUL — (Rn) 1 — Yes Yes
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2.5.10 Bit Manipulation Instructions

Table 2.20 Bit Manipulation Instructions

Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BAND.B#imm3,@(disp12,Rn) 0011nnnn0iiil001 (imm of (disp + Rn)) & T 3 Ope- Yes
0100dddddddddddd T ration
result
BANDNOT.B 0011nnnn0iii1001 ~(imm of (disp + Rn)) & 3 Ope- Yes
#imm3, @ (disp12,Rn) 1100dddddddddddd T->T ration
result
BCLR.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnn0iii 0 — 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 immof Rn > T 1 Ope- Yes
ration
result
BLDNOT.B 0011nnnn0iiil001 ~(imm of (disp + Rn)) 3 Ope- Yes
#imm3, @ (disp12,Rn) 1011dddddddddddd ->T ration
result
BOR.B #imm3,@(disp12,Rn) 0011nnnn0iiil001 (imm of (disp+Rn)) IT 3 Ope- Yes
0101ddddddddddad T ration
result
BORNOT.B 0011nnnn0iii1001 ~(imm of (disp + Rn)) | 3 Ope- Yes
#imm3, @ (disp12,Rn) 1101dddddddddddd T->T ration
result
BSET.B 0011nnnn0iii1001 1 — (imm of (disp + 3 — Yes
#mm3, @(disp12,Rn) ;01 y4adddddaaaa ")
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  #mm3,Rn 10000111nnnn0iii T — imm of Rn 1 — Yes
BXOR.B 0011nnnn0iii1001 (imm of (disp+ Rn)) AT 3 Ope- Yes
#imm3, @ (disp12,Rn) 0110dddddddddddd >T ratlolrt\
resu
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2.6

Processing States

The CPU has four processing states: reset, exception handling, program execution, and power-
down. Figure 2.8 shows the transitions between the states.

Interrupt source or
DMA address error occurs

Bus-released state

Bus request

generated cleared STBY bit cleared
for SLEEP
instruction

Power-on reset from any state

Power-on reset state

Reset canceled

Exception
handling state
A
Bus request
Bus request, Generated
cleared )
Exception| | Exception
handling|  |handling
source ends
occurs
Bus request
cleared v
Bus request
generated Program execution state

Bus request

12}
@

o)
°

3

IS)

o3
)

Manual reset from any state

Manual reset state

Reset state

NMI or IRQ interrupt
source occurs

STBY bit set

for SLEEP
instruction

Power-down state

Figure 2.8 Transitions between Processing States
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(1) Reset State
In this 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 alters 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 the sleep mode or the software standby mode.
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Section 3 MCU Operating Modes

3.1 Selection of Operating Modes

This LSI has two MCU operating modes and three on-chip flash memory programming modes.
The operating mode is determined by the setting of FWE and MDO pins. Table 3.1 shows the
allowable combinations of these pin settings; do not set these pins in the other way than the shown
combinations.

When power is applied to the system, be sure to conduct power-on reset.

The MCU operating mode can be selected from MCU extension mode 2 and single chip mode. For
the on-chip flash memory programming mode, boot mode, user boot mode, and user program
mode which are on-chip programming modes are available.

Table 3.1 Operating Modes and Pin Settings

Pin Setting

Mode No. FWE MDO Mode Name On-Chip ROM Bus Width of CS0 Space
Mode 2+° 0 0 MCU extension mode 2 Active Set by CSOBCR in BSC
Mode 3 0 1 Single chip mode Active —

Mode 4+'+* 1 0 Boot mode Active —

Mode 4+'+* 1 0 User program mode Active Set by CSOBCR in BSC
Mode 6+'+* 1 1 User boot mode Active —

Mode 6+'+* 1 1 User program mode Active —

Notes: 1. Flash memory programming mode.

2. When always FWE = 1, after the power has been on.

3. If FWE = 0 when power-on reset has been released, and if FWE is set to 1 after the
MCU operation has been set to MCU extension mode 2, transition is made to the user
program mode in an MCU extension mode 2 state.

4. If FWE = 0 when power-on reset has been released, and if FWE is set 1 after the MCU
operation has been set to single chip mode, transition to the user program mode is
executed in a single chip mode state.

5. Mode 2 (MCU extension mode 2) and mode 4 (user program mode) are only available
for the SH7239A and SH7237A.
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3.2 Input/Output Pins

Table 3.2 describes the configuration of operating mode related pin.

Table 3.2  Pin Configuration

Pin Name Input/Output Function

MDO Input Designates operating mode through the level applied to this pin
FWE Input Enables, by hardware, programming/erasing of the on-chip flash
memory

33 Operating Modes

3.3.1 Mode 2 (MCU Extension Mode 2)

The on-chip ROM is active and CS space can be used in this mode. This mode is only available
for the SH7239A and SH7237A.

3.3.2 Mode 3 (Single Chip Mode)

All ports can be used in this mode, however the external address cannot be used.
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34 Address Map

The address map for the operating modes is shown in figures 3.1 and 3.2.

ode 2%
[On-chip flash memory enabled mode]
H'0000 0000
On-chip flash memory
H0007 FFFF (512 Kbytes)
H'0008 0000
Reserved area
H'0040 1FFF
H'0040 2000
FCU firmware area (8 Kbytes)
H'0040 3FFF
H'0040 4000
Reserved area
HO1FF FFFF
H'0200 0000
©S0 space (2 Mbytes)
HO21F FFFF
H'0220 0000
Reserved area
HO3FF FFFF
H'0400 0000
CS1 space (2 Mbytes)
HO041F FFFF
H'0420 0000
Reserved area
HOBFF FFFF
H'0C00 0000
CS3 space (2 Mbytes)
HOC1F FFFF
H'0C20 0000
Reserved area
HOFFF FFFF
H'1000 0000
CS4 space (2 Mbytes)
H101F FFFF
H'1020 0000
Reserved area
H'13FF FFFF
H'1400 0000
CS5 space (2 Mbytes)
H141F FFFF
H'1420 0000
Reserved area
H'17FF FFFF
H'1800 0000
CS6 space (2 Mbytes)
H'181F FFFF
H'1820 0000
Reserved area
H'800F FFFF
H'8010 0000
Data flash (32 Kbytes)
H'8010 7FFF
H'8010 8000
Reserved area
H'8OFF 7FFF
H'80FF 8000
FCURAM (8 Kbytes)
H'8OFF 9FFF
H'80FF A000
Reserved area
HFFF7 FFFF
H'FFF8 0000
On-chip RAM (32 Kbytes)
H'FFF8 7FFF
H'FFF8 8000
Reserved area
HFFF8 FFFF
H'FFF9 0000
On-chip RAM (32 Kbytes)
H'FFF9 7FFF
H'FFF9 8000
Reserved area
HFFFD FFFF
HFFFE 0000 On-chip peripheral
EFEF FEFF 1/0 registers

Note: * This mode is only available for the SH7239A and SH7237A.

H'0000 0000

H0007 FFFF
H0008 0000

H0040 1FFF
H0040 2000

H'0040 3FFF
H'0040 4000

H'800F FFFF
H'8010 0000

H'8010 7FFF
H'8010 8000

HBOFF 7FFF
H'80FF 8000

H8OFF OFFF
H8OFF A000

HFFF7 FFFF
HFFF8 0000

HFFF8 7FFF
H'FFF8 8000

HFFF8 FFFF
HFFF9 0000

HFFF9 7FFF
HFFF9 8000

HFFFD FFFF
H'FFFE 0000

HFFFF FFFF

Mode 3
[Single chip mode]

On-chip flash memory
(512 Kbytes)

Reserved area

FCU firmware area (8 Kbytes)

Reserved area

Data flash (32 Kbytes)

Reserved area

FCURAM (8 Kbytes)

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

On-chip peripheral
1/0 registers

Figure 3.1 Address Map of Product with 512-Kbyte ROM
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[On-chip flash memory enabled mode]

H'0000 0000

H'0003 FFFF
H'0004 0000

H'0040 1FFF
H'0040 2000

H'0040 3FFF
H'0040 4000

HO1FF FFFF
H'0200 0000

H021F FFFF
H0220 0000

HO3FF FFFF
H0400 0000

HO41F FFFF
H0420 0000

HOBFF FFFF
H'0C00 0000

HOC1F FFFF
H'0C20 0000

HOFFF FFFF
H'1000 0000

H101F FFFF
H'1020 0000

H'13FF FFFF
H'1400 0000

H141F FFFF
H'1420 0000

H17FF FFFF
H'1800 0000

H'181F FFFF
H'1820 0000

H'80OF FFFF
H8010 0000

H'8010 7FFF
H'8010 8000

H'BOFF 7FFF
H'8OFF 8000

H'BOFF 9FFF
H8OFF A000

HFFF7 FEFF
H'FFF8 0000

HFFF8 7FFF
HFFF8 8000

HFFFD FFFF
HFFFE 0000

HFFFF FFFF

Note: * This mode is only available for the SH7239A and SH7237A.

Mode 2*

On-chip flash memory
(256 Kbytes)

Reserved area

FCU firmware area (8 Kbytes)

Reserved area

CS0 space (2 Mbytes)

Reserved area

CS1 space (2 Mbytes)

Reserved area

CS3 space (2 Mbytes)

Reserved area

CS4 space (2 Mbytes)

Reserved area

CS5 space (2 Mbytes)

Reserved area

CS6 space (2 Mbytes)

Reserved area

Data flash (32 Kbytes)

Reserved area

FCURAM (8 Kbytes)

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

On-chip peripheral
1/O registers

H'0000 0000

H'0003 FFFF
H'0004 0000

H'0040 1FFF
H'0040 2000

H'0040 3FFF
H'0040 4000

H'80OF FFFF
H8010 0000

H'8010 7FFF
H'8010 8000

H'8OFF 7FFF
H'80FF 8000

H'8OFF 9FFF
H'80FF A000

HFFF7 FFFF
H'FFF8 0000

HFFF8 7FFF
HFFF8 8000

HFFFD FFFF
HFFFE 0000

HFFFF FFFF

Mode 3
[Single chip mode]

On-chip flash memory
(256 Kbytes)

Reserved area

FCU firmware area (8 Kbytes)

Reserved area

Data flash (32 Kbytes)

Reserved area

FCURAM (8 Kbytes)

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

On-chip peripheral
1/O registers

Figure 3.2 Address Map of Product with 256-Kbyte ROM
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3.5 Initial State in This LSI

In the initial state of this LSI, some of on-chip modules are set in module standby state for saving
power. When operating these modules, clear module standby state according to the procedure in
section 26, Power-Down Modes.

3.6 Note on Changing Operating Mode

When changing operating mode while power is applied to this LSI, make sure to do it in the
power-on reset state (that is, the low level is applied to the RES pin). However, this does not apply
when the mode change is from mode 2 (MCU extension mode 2) to mode 4 (user program mode)
or from mode 3 (single chip mode) to mode 6 (user program mode).

« JUULJUULITUL

MDO ><
tvps™
>

-
ES

Note: * See section 29.3.2, Control Signal Timing.

Figure 3.3 Reset Input Timing when Changing Operating Mode
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Section 4 Clock Pulse Generator (CPG)

This LSI has a clock pulse generator (CPG) that generates an internal clock (I¢), a peripheral clock
(Pd), a bus clock (B¢), an MTU clock (M¢), and an AD clock (A¢). The CPG consists of a crystal
oscillator, a PLL circuit, and a divider circuit.

4.1

Features

Five clocks generated independently

An internal clock (I¢) for the CPU and ROM cache, a peripheral clock (P¢) for the peripheral
modules, a bus clock (B¢ = CK) for the external bus interface, an MTU clock (M¢) for the
MTU2/MTU2S module, and an AD clock (A¢) for the A/D converter can be generated
independently.

Frequency change function

Internal and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuit and divider circuit within the CPG. Frequencies are changed by software
using frequency control register (FRQCR) settings.

Power-down mode control

The clock can be stopped for sleep mode and software standby mode, and specific modules can
be stopped using the module standby function. For details on clock control in the power-down
modes, see section 26, Power-Down Modes.
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Figure 4.1 shows a block diagram of the clock pulse generator.

On-chip oscillator

: Divider E
E x1 '
; x1/2 > E » Internal clock
' x1/4 ()
! x1/8 >
5 :
H > E Bus clock
> [T (BY)
' [ Crystal 1
i |_oscillator PLL circuit '
! (x16) »| 1|  Peripheral clock
' > (Po)
Oscillation stop Szg”lja;g;tion E
. - 1
detection ! oircuit '| MTU clock
' »| 1| (Mo)
: :
! >| 1| ADclock
> (Ag)
e E
1 ‘
CK E N
CPG control unit
e :
! :
: Clock frequency Standby control circuit i
' control circuit '
i '
= E
i
[ osccr || FRQCR | [ MCLKCR| [ ACLKCR| [ STBCR ||STBCR2 |[STBCRS3 |[STBCR4 ||STBCRS || STBCR6|
' :
| v i
' ‘
‘ |
! C Bus interface ) '
' |
: * :
........................................................................................ -
A
| HPB bus |
[Legend]

FRQCR: Frequency control register STBCR3: Standby control register 3
MCLKCR: MTU clock frequency control register STBCR4: Standby control register 4

. h STBCRS5: Standby control register 5
ACLKCR: AD clock frequency control register STBCR6: Standby control register 6

STBCR:  Standby control register OSCCR: Oscillation stop detection control register
STBCR2: Standby control register 2

Figure 4.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:
(1) PLL Circuit

The PLL circuit multiplies the input clock frequency from the crystal oscillator or EXTAL pin by
16.

(2) Crystal Oscillator

The crystal oscillator is an oscillation circuit in which a crystal resonator is connected to the
XTAL pin or EXTAL pin. This can be used according to the clock operating mode.

(3) Divider

The divider generates a clock signal at the operating frequency used by the internal clock (1), bus
clock (B¢), peripheral clock (P$), MTU clock (M), or AD clock (Ad). The operating frequency
can be 1, 1/2, 1/4, or 1/8 times the output frequency of the PLL circuit. The division ratio is set in
the frequency control register (FRQCR).

(4) Clock Frequency Control Circuit

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

(5) Standby Control Circuit

The standby control circuit controls the states of the clock pulse generator and other modules
during clock switching, or sleep or software standby mode.

(6) Frequency Control Register (FRQCR)

The frequency control register (FRQCR) has control bits assigned for the following functions:
the frequency division ratios of the internal clock (I¢), bus clock (B¢), and peripheral clock (Pd).

(7) MTU Clock Frequency Control Register (MCLKCR)

The MTU clock frequency control register (MCLKCR) has control bits assigned for the following
function: the frequency division ratio of the MTU clock (M0).
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(8) AD Clock Frequency Control Register (ACLKCR)

The AD clock frequency control register (ACLKCR) has control bits assigned for the following
functions: the frequency division ratio of the AD clock (A0).

(9) Standby Control Register

The standby control register has bits for controlling the power-down modes. See section 26,
Power-Down Modes, for more information.

(10) Oscillation Stop Detection Control Register (OSCCR)

The oscillation stop detection control register (OSCCR) has an oscillation stop detection flag and a
bit for selecting flag status output through an external pin.
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4.2 Input/Output Pins

Table 4.1 lists the clock pulse generator pins and their functions.

Table 4.1 Pin Configuration and Functions of the Clock Pulse Generator

Pin Name Symbol 110 Function

Crystal input/output XTAL Output Connected to the crystal resonator. (Leave this pin open when the

pins (clock input crystal resonator is not in use.)

pins) EXTAL Input  Connected to the crystal resonator or used to input an external
clock.

Clock output pin CK* Output Clock output pin. This pin can be placed in high-impedance state.

Note: * Can be used for the SH7239A and SH7237A only.

To use the clock output (CK) pin, appropriate settings may be needed in the pin function controller
(PFC) in some cases. For details, refer to section 21, Pin Function Controller (PFC).
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4.3 Clock Operating Modes

Table 4.2 shows the clock operating modes of this LSI.

Table 4.2  Clock Operating Modes

Clock I/0
Mode Source Output PLL Circuit Input to Divider
1 EXTAL input or CK* On (x 16) x 16

crystal resonator

Note: * To output the clock through the CK pin of the SH7237 Group, appropriate settings

should be made in the PFC. For details, refer to section 21, Pin Function Controller
(PFC).

The frequency of the external clock input from the EXTAL pin is multiplied by 16 in the PLL
circuit before it is supplied to the on-chip modules in this LSI, which eliminates the need to
generate a high-frequency clock outside the LSI. Since the input clock frequency ranging from 10
MHz to 12.5 MHz can be used, the internal clock (I$) frequency ranges from 40 MHz to 100 MHz
(160 MHz for the SH7239A and SH7237A).

Maximum operating frequencies differ depending on the products:

SH7239A and SH7237A:

10 = 160 MHz, B$ = 40 MHz, P = 40 MHz, A¢ = 40 MHz, M¢ = 80 MHz
SH7239B and SH7237B:

16 = 100 MHz, B$ = 50 MHz, P = 50 MHz, A¢ = 50 MHz, M¢ = 100 MHz

Table 4.3 shows an example of a range for the frequency division ratios that can be specified with
FRQCR. Table 4.4 indicates limits on the settings and gives notes on changing the frequencies for
the various clock signals.
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Table 4.3 Example of Relationship between Clock Operating Mode and Frequency Range

PLL FRQCR/MCLKCR/ACLKCR
Multipli- Division Ratio Setting Clock Ratio Clock Frequency (MHz)*
cation

Rato ¢ B¢ Po Mo Ap 16 By Pp Mo Ap InputClock 16 Bp Po Mo A¢p

x16 14 18 1/8 14 14 4 2 2 4 4 10 40 20 20 40 40
12 18 18 1/4 14 8 2 2 4 4 80 20 20 40 40
12 18 1/8 12 14 8 2 2 8 4 80 20 20 80 40
12 1/4 18 14 14 8 4 2 4 4 80 40 20 40 40
12 /4 18 12 14 8 4 2 8 4 80 40 20 80 40
12 14 14 14 14 8 4 4 4 4 80 40 40 40 40
12 /4 14 12 14 8 4 4 8 4 80 40 40 80 40
1M1 18 1/8 14 14 16 2 2 4 4 10 160 20 20 40 40
1M 18 18 12 14 16 2 2 8 4 (8:7239A 160 20 20 80 40
11 14 18 14 14 16 4 2 4 4 aSL7237A) 160 40 20 40 40
1M 14 18 12 14 16 4 2 8 4 160 40 20 80 40
11 14 14 1A 14 16 4 4 4 4 160 40 40 40 40
1M 14 14 12 14 16 4 4 8 4 160 40 40 80 40
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PLL FRQCR/MCLKCR/ACLKCR

Multipli- Division Ratio Setting Clock Ratio Clock Frequency (MHz)*

cation

Ratio ) Bd Pd¢6 Mo A 1o Bo¢ Pd Mo A¢ InputClock Ip Bo¢ Po¢ Mo Ad

x16 14 1/8 1/8 1/4 1/4 4 2 2 4 4 12.5 50 25 25 50 50
12 1/8 1/8 1/4 1/4 8 2 2 4 4 (8:7239B 100 25 25 50 50

an

12 1/8 1/8 12 1/4 8 2 2 8 4 SH7237B) 100 25 25 100 50
12 1/4 1/8 1/4 1/4 8 4 2 4 4 100 50 25 50 50
12 14 1/8 12 1/4 8 4 2 8 4 100 50 25 100 50
12 1/4 1/4 1/4 1/4 8 4 4 4 4 100 50 50 50 50
12 14 14 12 1/4 8 4 4 8 4 100 50 50 100 50

Notes: * Clock frequencies when the input clock frequency is assumed to be the shown value.

1.

The PLL multiplication ratio is fixed at x16. The division ratio can be selected from x1, x1/2, x1/4,
and x1/8 for each clock by the setting in the frequency control register.

The output frequency of the PLL circuit is obtained by multiplication of the frequency of the input
from the crystal resonator or EXTAL pin and the multiplication ratio (x16) of the PLL circuit. This
output frequency must be 160 MHz or less, or 100 MHz or less.
The input to the divider is always the output from the PLL circuit.

The internal clock (l¢) frequency is obtained by multiplication of the frequency of the input from the
crystal resonator or EXTAL pin, the multiplication ratio (x16) of the PLL circuit, and the division
ratio of the divider. The resultant frequency of the internal clock (l¢) must not exceed the maximum
operating frequency.
The bus clock (B¢) frequency is obtained by multiplication of the frequency of the input from the
crystal resonator or EXTAL pin, the multiplication ratio (x16) of the PLL circuit, and the division
ratio of the divider. The resultant frequency of the bus clock (B¢) must not exceed 50 MHz (or 40
MHz) or must be lower than the internal clock (1) frequency.
The peripheral clock (P¢) frequency is obtained by multiplication of the frequency of the input from
the crystal resonator or EXTAL pin, the multiplication ratio (x16) of the PLL circuit, and the division
ratio of the divider. The resultant frequency of the peripheral clock (P¢) must not exceed 50 MHz
(or 40 MHz) or the bus clock (B¢) frequency.
When using the MTU2S, the MTU clock (M¢) frequency must not exceed 100 MHz (or 80 MHz)
and exceed the P¢ and B¢ frequencies. The MTU clock (M¢) frequency is obtained by
multiplication of the frequency of the input from the crystal resonator or EXTAL pin, the
multiplication ratio (x16) of the PLL circuit, and the division ratio of the divider.
The frequency of the CK pin output is always equal to the bus clock (B¢) frequency.
When using the AD, the AD clock (A¢) frequency must be equal to or higher than the peripheral
clock (P¢) frequency.
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Table 4.4 Limits on Settings and Notes on Changing the Frequency of the Various Clocks

Limits on Settings for the

Clocks

Maximum Value

Selectable
SH7239A, SH7239B, Minimum Frequency Notes on Changes to the
Clock SH7237A SH7237B Value Ratios Frequency
Internal clock 160 MHz 100 MHz 40MHz 1,1/2,1/4  Settings must satisfy the following
(19) condition.
e The frequency is lower than the
maximum value.
Bus clock (B¢) 40 MHz 50 MHz 20 MHz 1, 1/2,1/4, Settings must satisfy both of the
1/8 following conditions.
e The frequency is lower than the
maximum value.
e The frequency is lower than that
of 1¢.
Peripheral 40 MHz 50 MHz 20 MHz  1,1/2,1/4, Settings must satisfy both of the
clock (P¢) 1/8 following conditions.
e The frequency is lower than the
maximum value.
e The frequency is lower than that
of B¢.
AD clock (A¢) 40MHz  50MHz 40MHz 1,1/2,1/4  Settings must satisfy both of the
MTU clock (Mo) 80 MHz 100 MHz 40 MHz 1, 1/2, 1/4  (ollowing conditions.

e The frequency is lower than the
maximum value.

e The frequency is lower than that
of 1¢.

e The frequency is higher than
that of P¢.

e The frequency is an integer
multiple of that of P¢.

Note: Other important notes on usage apply to changes to the frequency of the bus clock (B¢).

For details, refer to section 4.5, Changing the Frequency.
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4.4 Register Descriptions
The clock pulse generator has the following registers.

Table 4.5  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Frequency control register ~FRQCR R/W H'0535 H'FFFEO010 16

MTU clock frequency control MCLKCR R/W H'43 H'FFFEO410 8

register

AD clock frequency control  ACLKCR R/W H'43 H'FFFEO414 8

register

Oscillation stop detection OSCCR R/W H'00 H'FFFEO01C 8

control register

4.4.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the
CK pin in software standby mode, the frequency multiplication ratio of PLL circuit 1, and the
frequency division ratio of the internal clock (I¢) and peripheral clock (P¢). FRQCR can be
accessed only in word units. Execute the NOP instruction for 32P¢ clock after having confirmed
the set value by reading the FRQCR.

FRQCR is initialized to H'0535 only by a power-on reset. FRQCR retains its previous value by a
manual reset or in software standby mode. The previous value is also retained when an internal
reset is triggered by an overflow of the WDT.

When switching the division ratio of bus clock frequency, the CK pin is fixed at low level for a
cycle of an input clock so as to prevent a hazard of switching. To change the frequency, see
section 4.5, Changing the Frequency.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ; | ; | ; | } | - | STC[2:0] | - | IFC[2:0] | - | PFCI2:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 1

R/W: R R R R R RW RW R/W R RW RW R/W R RW RW R/W
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Bit Bit Name

Initial
Value

R/W

Description

15t0 11 —

AllO

R

Reserved

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

10to 8  STC[2:0]

101

R/W

Bus Clock (B¢) Frequency Division Ratio

These bits specify the frequency division ratio of the
bus clock. Settings must be such that the output clock
signal is at a frequency no higher than 40 MHz and no
higher than that of l¢ in the case of the SH7239A and
SH7237A, and no higher than 50 MHz and no higher
than that of 1¢ in the case of the SH7239B and
SH7237B.

000: x 1

001: x 1/2

010: Setting prohibited
011: x 1/4

100: Setting prohibited
101: x 1/8

Others: Setting prohibited

Reserved

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

6to4  IFC[2:0]

011

R/W

Internal Clock (I¢) Frequency Division Ratio

These bits specify the frequency division ratio of the
internal clock. Settings must be such that the output
clock signal is at a frequency no higher than 160 MHz
in the case of the SH7239A and SH7237A and no
higher than 100 MHz in the case of the SH7239B and
SH7237B.

000: x 1

001: x 1/2

010: Setting prohibited
011: x 1/4

100: Setting prohibited
101: Setting prohibited
Others: Setting prohibited
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Initial
Bit Bit Name Value R/W Description
3 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
2t00 PFC[2:0] 101 R/W Peripheral Clock (P¢) Frequency Division Ratio

These bits specify the frequency division ratio of the
peripheral clock. Settings must be such that the
output clock signal is at a frequency no higher than 40
MHz and no higher than that of B¢ in the case of the
SH7239A and SH7237A, and no higher than 50 MHz
and no higher than that of B¢ in the case of the
SH7239B and SH7237B.

000: x 1

001: x 1/2

010: Setting prohibited
011: x 1/4

100: Setting prohibited
101: x 1/8

Others: Setting prohibited
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4.4.2 MTU Clock Frequency Control Register (MCLKCR)
MCLKCR is an 8-bit readable/writable register. MCLKCR can be accessed only in byte units.

MCLKCR is initialized to H'43 only by a power-on reset. MCLKCR retains its previous value by
a manual reset or in software standby mode.

Bit: 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | MSDIVS[1:0]
Initial value: 0 1 0 0 0 0 1 1

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

Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
5t02 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
1,0 MSDIVS[1:0] 11 R/W Division Ratio Select

These bits specify the frequency division ratio of the
source clock. Set these bits so that frequency of the
MTU clock is no higher than 80 MHz in the case of
the SH7239A and SH7237A and no higher than 100
MHz in the case of the SH7239B and SH7237B, and
is an integer multiple of the peripheral clock frequency

(P9).
00: x 1
01:x1/2
10: Setting prohibited
11: x 1/4
Note: An MTU clock should be set in the range of the internal clock (1) > the MTU clock (M).
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4.4.3 AD Clock Frequency Control Register (ACLKCR)

ACLKCR is an 8-bit readable/writable register that can be accessed only in byte units. ACLKCR
is initialized to H'43 only by a power-on reset, but retains its previous value by a manual reset or
in software standby mode.

Bit: 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | ASDIVS[1:0]
Initial value: 0 1 0 0 0 0 1 1

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

Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
5t02 — AllO R Reserved

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

1,0 ASDIVS[1:0] 11 R/W Division Ratio Select

These bits specify the frequency division ratio of the
source clock. Set these bits so that frequency of the
AD clock is no higher than 40 MHz in the case of the
SH7239A and SH7237A and no higher than 50 MHz
in the case of the SH7239B and SH7237B, and is an
integer multiple of the peripheral clock frequency (Po).

00: x 1
01:x1/2
10: Setting prohibited
11:x1/4
Note: An AD clock (A¢) should be set in the range of the internal clock (1¢) > the AD clock (A¢).
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4.4.4 Oscillation Stop Detection Control Register (OSCCR)

OSCCR is an 8-bit readable/writable register that has an oscillation stop detection flag and selects
flag status output to an external pin. OSCCR can be accessed only in byte units.

Bt.: 7 6 5 4 3 2 1 0
L[ -1 -T-1- [g@l - I8

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

Initial
Bit Bit Name Value R/W Description
7t03 — AllO R Reserved

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

2 OSCSTOP 0 R Oscillation Stop Detection Flag
[Setting condition]

e When a stop in the clock input is detected during
normal operation
[Clearing condition]

e By a power-on reset input through the RES pin

1 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

0 OSCERS 0 R/W Oscillation Stop Detection Flag Output Select

Selects whether to output the oscillation stop
detection flag signal through the WDTOVF pin.

0: Outputs only the WDT overflow signal through the
WDTOVF pin

1: Outputs the WDT overflow signal and oscillation
stop detection flag signal through the WDTOVF
pin
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4.5 Changing the Frequency

Selecting division ratios for the frequency divider can change the frequencies of the internal clock,
bus clock, peripheral clock, MTU clock, and AD clock under the software control through the
frequency control register (FRQCR), MTU clock frequency control register (MCLKCR), and AD
clock frequency control register (ACLKCR). The following describes how to specify the
frequencies.

1. In the initial state, IFC2 to IFCO = B'011 (x1/4), STC2 to STCO = B'101 (x1/8), PFC2 to PFCO0
=B'101 (x1/8), MSDIVS1 and MSDIVSO0 = 11 (x1/4), and ASDIVS1 and ASDIVS 0 =11
(x1/4).

2. Stop all modules except the CPU, on-chip ROM, and on-chip RAM.

3. Set the desired values in bits IFC2 to IFCO, STC2 to STCO, PFC2 to PFC0, MSDIVSI,
MSDIVSO0, ASDIVS1, and ASDIVS 0. When specifying the frequencies, satisfy the following
condition: internal clock (I¢) = bus clock (B) = peripheral clock (P¢). When using the MTU
clock, specify the frequencies to satisfy the following condition: 80 MHz (SH7239A,
SH7237A) or 100 MHz (SH7239B, SH7237B) > MTU clock (MI¢) = peripheral clock (P¢).

4. The clock frequencies are immediately changed to the specified values after FRQCR setting is
completed.

5. When changing the frequency division ratio for B¢ after having set the ratios for B$ and P¢ to
1/4 or a higher value, follow the procedure below rather than simultaneously changing the
ratios for I, Bo, and P¢.

1. Change only the ratio of P¢ to 1/8 (PFC in FRQCR = B'101).

2. After switching the setting for P¢, set only the ratio for B¢ to the desired value.

3. Set the ratios for I and P¢ to the desired values.

The limitation only applies to changes to the ratio for B¢. No limitation applies to procedures
for changing I$ and P¢. Furthermore, no limitation applies to procedures for changing the
ratios for I, B¢, and P¢ from the initial values to desired values. Simultaneously changing
settings for 19, B¢, and P¢ is possible. Note that FRQCR values should be changed by program
code in the on-chip RAM.
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4.6 Oscillator

The source of click supply can be selected from a connected crystal resonator or an external clock
input through a pin.

4.6.1 Connecting Crystal Resonator

A crystal resonator can be connected as shown in figure 4.2. Use the damping resistance (R,)
shown in table 4.6. Use a crystal resonator that has a resonance frequency of 10 to 12.5 MHz.

It is recommended to consult the crystal resonator manufacturer concerning the compatibility of
the crystal resonator and the LSI.

CL1
EXTAL ﬁ_—l |—,,l,
=
XTAL %—T—l I—”|
—_— Ry Cio

C_1=C, = 18 to 22 pF (reference value)

Figure 4.2 Example of Crystal Resonator Connection

Table 4.6 Damping Resistance Values (Reference Values)

Frequency (MHz) 10 12.5

R, () (reference value) 0 0

Figure 4.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator with the
characteristics shown in table 4.7.

CL
L Rs
XTAL <— —> EXTAL
11
1
CO

Figure 4.3 Crystal Resonator Equivalent Circuit
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Table 4.7  Crystal Resonator Characteristics

Frequency (MHz) 10 12.5
R, max. (€2) (reference value) 60 50
C, max. (pF) (reference value) 7 7

4.6.2 External Clock Input Method

Figure 4.4 shows an example of an external clock input connection. Drive the external clock high
when it is stopped in software standby mode. During operation, input an external clock with a
frequency of 10 to 12.5 MHz. Make sure the parasitic capacitance of the XTAL pin is 10 pF or

less.

Even when inputting an external clock, be sure to wait at least for the oscillation settling time in
power-on sequence or in canceling software standby mode, in order to ensure the PLL settling

time.

EXTAL

XTAL

I | I | I | External clock input

Open state

Figure 4.4 Example of External Clock Connection
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4.7 Oscillation Stop Detection
The CPG detects a stop in the clock input if any system abnormality halts the clock supply.

When no change has been detected in the EXTAL input for a certain period, the OSCSTOP bit in
OSCCR is set to 1 and this state is retained until a power-on reset is input through the RES pin is
canceled. If the OSCERS bit is 1 at this time, an oscillation stop detection flag signal is output
through the WDTOVF pin. In addition, the high-current ports (multiplexed pins to which the
TIOC3B, TIOC3D, and TIOC4A to TIOC4D signals in the MTU2, the TIOC3BS, TIOC3DS, and
TIOC4AS to TIOC4DS in the MTU2S are assigned) can be placed in high-impedance state
regardless of settings of the OSCERS bit and PFC. For details, refer to appendix A, Pin States.

Even in software standby mode, these pins can be placed in high-impedance state. For details,
refer to appendix A, Pin States. Under an abnormal condition where oscillation stops while the
LSI is not in software standby mode, LSI operations other than the oscillation stop detection
function become unpredictable. In this case, even after oscillation is restarted, LSI operations
including the above high-current pins become unpredictable.

Even while no change is detected in the EXTAL input, the PLL circuit in this LSI continues
oscillating at a frequency range from 100 kHz to 10 MHz (depending on the temperature and
operating voltage).
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4.8 Notes on Board Design

4.8.1 Note on Using an External Crystal Resonator

Place the crystal resonator and capacitors CL1 and CL2 as close to the XTAL and EXTAL pins as
possible. In addition, to minimize induction and thus obtain oscillation at the correct frequency,
the capacitors to be attached to the resonator must be grounded to the same ground. Do not bring
wiring patterns close to these components.

Signal lines prohibited

et lcLe 747.

1

Reference value
CL1 =20 pF
CL2 =20 pF

Note: The values for CL1 and CL2
should be determined after
consultation with the crystal
resonator manufacturer.

EXTAL XTAL

This LSI

Figure 4.5 Note on Using a Crystal Resonator

A circuitry shown in figure 4.6 is recommended as an external circuitry around the PLL.
PLLVCC, PLLVSS, VCL, and VSS must be separated from the board power supply source to
avoid an influence from power supply noise. Be sure to insert bypass capacitors CB and CPB
close to the VCL and VSS pins. We recommend a 4-layer circuit board so that stable power-
supply and ground levels are supplied to the LSI.
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PLLVg

1
PLLVgg T

Z= CPB=0.1pF*

1

CB=0.1 pF*

CB=0.1 pF*
Ve 1 I
/4

(Recommended values are shown.)

Note: * CB and CPB are laminated ceramic capacitors.

Figure 4.6 Recommended External Circuitry around PLL
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Section 5 Exception Handling

5.1 Overview

51.1 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
Manual reset A

Address CPU address error

error DMAC, DTC 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

Memory error (flash memory, data flash)

On-chip peripheral modules  A/D converter (ADC)
Controller area network (RCAN-ET)

Direct memory access controller (DMAC)

Compare match timer (CMT)

Watchdog timer (WDT) v
Low

Multi-function timer pulse unit 2 (MTU2)
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Type Exception Handling Priority

Interrupt On-chip peripheral modules Port output enable 2 (POE2): OEI1 and High
OEI2 interrupts A

Multi-function timer pulse unit 2S (MTU2S)

Port output enable 2 (POE2): OEI3
interrupt

Renesas serial peripheral interface (RSPI)

Serial communication interface (SCI)

Serial communication interface with FIFO
(SCIF)

Instruction  Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

Slot illegal instructions (undefined code placed directly after a delayed

branch instruction*', instructions that rewrite the PC**, 32-bit v
instructions*°, RESBANK instruction, DIVS instruction, and DIVU Low
instruction)
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF.

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

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

4. These instructions are only provided by the SH7239 Group. The operation cannot be
guaranteed in the SH7237 Group.
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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 MRES pin changes from low to high or 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  Starts upon attempted execution of a RESBANK instruction

error 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 undefined code anytime except

instructions immediately after a delayed branch instruction (delay slot).

Slot illegal Starts from the decoding of undefined code placed immediately

instructions 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  Starts when detecting division-by-zero exception or overflow

instructions exception caused by division of the negative maximum value
(H'80000000) by —1.

Floating point Starts when detecting invalid operation exception defined by

operation IEEE standard 754, division-by-zero exception, overflow,

instructions* underflow, or inexact exception.
Also starts when gNAN or * is input to the source for a
floating point operation instruction when the QIS bit in FPSCR
is set.
Note: * These instructions are only provided by the SH7239 Group.
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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 UBC 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, UBC 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 start address is then fetched from the exception
handling vector table and the program begins running from that address.
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513 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
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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

Notes: 1. Only provided by the SH7239 Group.

2. 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 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 5.5, the CPU state is initialized in both a power-on reset and a
manual reset. On-chip peripheral module registers are initialized by a power-on reset, but not by a
manual reset.

Table 5.5 Exception Source Detection and Exception Handling Start Timing

Conditions for Transition to Reset State Internal States
On-Chip
RES or WDT CPU, Peripheral WRCSR of WDT,
Type MRES H-UDI Command Overflow FPU*' Modules, I/0 Port FRQCR of 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 Low — — Initialized Not initialized** Not initialized
reset High — Manual Initialized ~ Not initialized*? Not initialized
reset

Note: 1. Only provided by the SH7239 Group.
2. The BN bit in IBNR of the INTC is initialized.
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5.2.2 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 t,, 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 0.

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 (for details, refer to section 27, User
Debugging Interface (H-UDI).) 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.

523 Manual Reset
(1) Manual Reset by Means of MRES Pin

When the MRES pin is driven low, this LSI enters the manual reset state. To reset this LSI without
fail, the MRES pin should be kept at the low level for at least 20 t_.. In the manual reset state, the
CPU’s internal state is initialized, but all the on-chip peripheral module registers are not
initialized. In the manual reset state, manual reset exception handling starts when the MRES 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 0.

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

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

When manual reset exception processing is started by the WDT, the CPU operates in the same
way as when a manual reset was caused by the MRES pin.

When a manual reset is generated, the bus cycle is retained, but if a manual reset occurs while the
bus is released or during DMAC burst transfer, manual reset exception handling will be deferred
until the CPU acquires the bus.
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5.3 Address Errors

5.3.1 Address Error Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 5.6.

Table 5.6 Bus Cycles and Address Errors
Bus Cycle
Bus

Type Master Bus Cycle Description Address Errors

Instruction CPU Instruction fetched from even address None (normal)

fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip None (normal)
peripheral module space*
Instruction fetched from on-chip peripheral Address error occurs
module space*
Instruction fetched from external memory Address error occurs
space in single-chip mode

Data CPU, DMAC, Word data accessed from even address None (normal)

read/write  or DTC

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword
boundary

None (normal)

Longword data accessed from other than a
long-word boundary

Address error occurs

Byte or word data accessed in on-chip
peripheral module space*

None (normal)

Double longword data accessed from a
double longword boundary

None (normal)

Double Longword data accessed from other
than a double longword boundary

Address error occurs
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Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Data CPU, DMAC, Longword data accessed in 16-bit on-chip None (normal)
read/write  DTC or peripheral module space*
E-DMAC

Longword data accessed in 8-bit on-chip None (normal)
peripheral module space*

External memory space accessed when in Address error occurs
single chip mode

Note: * See section 9, Bus State Controller (BSC) (SH7239A and SH7237A only), for details of
the on-chip peripheral module space and on-chip RAM space.

5.3.2 Address Error Exception Handling

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

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

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

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

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

Note: * In the case of an address error caused by instruction fetching when data is read or
written, if the bus cycle on which the address error occurred is not completed by the
end of the operations described above operation 3, the CPU will recommence address
error exception processing until the end of that bus cycle.
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54 Register Bank Errors

54.1 Register Bank Error Sources
(1) Bank Overflow

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

(2) Bank Underflow

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

54.2 Register Bank Error Exception Handling

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

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

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

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a bank overflow, and the start
address of the executed RESBANK instruction for a bank underflow.

To prevent multiple interrupts from occurring at a bank overflow, the interrupt priority level
that caused the bank overflow is written to the interrupt mask level bits (I3 to I0) of the status
register (SR).

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

551 Interrupt Sources

Table 5.7 shows the sources that start up interrupt exception handling. These are divided into
NMLI, user breaks, H-UDI, IRQ, memory errors, and on-chip peripheral modules.

Table 5.7 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI User debugging interface (H-UDI) 1
IRQ IRQO to IRQS6 pins (external input) 7
Memory error Flash memory (ROM), data flash (FLD) 1
On-chip peripheral module  A/D converter (ADC) 3
Controller area network (RCAN-ET) 4
Direct memory access controller (DMAC) 16
Compare match timer (CMT) 2
Watchdog timer (WDT) 1
Multi-function timer pulse unit 2 (MTU2) 28
Multi-function timer pulse unit 2S (MTU2S) 13
Port output enable 2 (POE2) 3
Renesas serial peripheral interface (RSPI) 3
Serial communication interface (SCI) 12
Serial communication interface with FIFO (SCIF) 4

Each interrupt source is allocated a different vector number and vector table offset. See table 6.4
in section 6, Interrupt Controller (INTC), for more information on vector numbers and vector table

address offsets.
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5.5.2 Interrupt Priority Level

The interrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlap), the interrupt controller (INTC) determines their relative priorities and starts processing
according to the results.

The priority order of interrupts is expressed as priority levels O to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is
always accepted. The user break interrupt and H-UDI interrupt priority level is 15. Priority levels
of IRQ interrupts, and on-chip peripheral module interrupts can be set freely using the interrupt
priority registers 01, 02, and 05 to 18 (IPR0O1, IPR02, and IPROS5 to IPR18) of the INTC as shown
in table 5.8. The priority levels that can be set are O to 15. Level 16 cannot be set. See section
6.3.1, Interrupt Priority Registers 01, 02, 05 to 18 (IPRO1, IPR02, IPRO5 to IPR18), for details of
IPRO1, IPR02, and IPRO5 to IPR18.

Table 5.8  Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.
User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ Oto 15 Set with interrupt priority registers (IPR).
On-chip peripheral module

Memory error 15 Fixed priority level.
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553 Interrupt Exception Handling

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

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

5.6.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, slot illegal instructions, general illegal

instructions, integer division exceptions, and floating-point operation instructions, as shown in
table 5.9.

Table 5.9  Types of Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction ~ TRAPA

Slot illegal Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

branch instruction (delay slot), BRAF

instrl.,lcltions that rewrite the PC, | qtructions that rewrite the PC: JMP, JSR,
32-bit instructions, RESBANK  gpa 'BSR RTS, RTE, BT, BF, TRAPA,
instruction, DIVS instruction, and BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N

DIVU instruction
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,
FMOV.S@disp12*, FMOV.D@disp12*,
MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, MOVU.W.

General illegal Undefined code anywhere

instructions besides in a delay slot

Integer division Division by zero DIVU, DIVS

exceptions Negative maximum value + (-1) DIVS

Floating-point Starts when detecting invalid FADD, FSUB, FMUL, FDIV, FMAC,
operation operation exception defined by FCMP/EQ, FCMP/GT, FLOAT, FTRC,
instructions* IEEE754, division-by-zero FCNVDS, FCNVSD, FSQRT

exception, overflow, underflow, or
inexact exception.

Note: * These instructions are only provided by the SH7239 Group. The operation cannot be
guaranteed in the SH7237 Group.
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5.6.2 Trap Instructions

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

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

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

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

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

5.6.3 Slot Illegal Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in a delay
slot. When the instruction placed in the delay slot is undefined code, an instruction that rewrites
the PC, a 32-bit instruction, an RESBANK instruction, a DIVS instruction, or a DIVU instruction,
slot illegal exception handling starts when such kind of instruction is decoded. The CPU operates
as follows:

1. The exception service routine start address is fetched from the exception handling vector table.

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

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

4. After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.
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5.6.4 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., in a delay slot) is decoded, general illegal instruction exception handling starts. The CPU
handles general illegal instructions in the same way as slot illegal instructions. Unlike processing
of slot illegal instructions, however, the program counter value stored is the start address of the
undefined code.

5.6.5 Integer Division Instructions

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

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

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

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

4. After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.
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5.6.6 Floating Point Operation Instruction (SH7239 Group Only)

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

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

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

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

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

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

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

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

When an address error, register bank error (overflow), or interrupt is generated immediately after a
delayed branch instruction, it is sometimes not accepted immediately but stored instead, as shown
in table 5.10. When this happens, it will be accepted when an instruction that can accept the
exception is decoded.

Table 5.10 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Register Bank
FPU ) Error
Point of Occurrence Address Error Exception® (Overflow) Interrupt

Immediately after a delayed  Notaccepted Notaccepted Notaccepted Not accepted

branch instruction*

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

2. Only provided by the SH7239 Group. The operation cannot be guaranteed in the
SH7237 Group.
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5.8 Stack Status after Exception Handling Ends
The status of the stack after exception handling ends is as shown in table 5.11.

Table 5.11 Stack Status After Exception Handling Ends

Exception Type Stack Status
Address error T I
SP - Address of |nst!'uct|0n . 32 bits
after executed instruction
SR 32 bits
Interrupt E iy
SP - Address of |nst!'uct|0n . 32 bits
after executed instruction
SR 32 bits
Register bank error (overflow) E T
FPU exception Address of instruction .
P SP > Lfter executed instruction 32 bits
SR 32 bits
Register bank error (underflow) E T
Start address of relevant .
SP ™ RESBANK instruction 32 bits
SR 32 bits
Trap instruction F T
Address of instruction .
SP after TRAPA instruction 32 bits
SR 32 bits
Slot illegal instruction E iy
Jump destination address .
SP ! of delayed branch instruction 32 Pits
SR 32 bits
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Exception Type Stack Status
General illegal instruction F T
I
SR 32 bits
Integer division instruction F T
(division by zero, overflow) SP > f]ttaeg :rdg:ﬁss; r?flr:i!j:;?c:n 32 bits
SR 32 bits

Note: * Only provided by the SH7239 Group. The operation cannot be guaranteed in the

SH7237 Group.
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5.9 Usage Notes

59.1 Value of Stack Pointer (SP)

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

5.9.2 Value of Vector Base Register (VBR)

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

59.3 Address Errors Caused by Stacking of Address Error Exception Handling

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

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

594 Note on Modifying Interrupt Mask Level (IMASK) through Status Register (SR) in
CPU

Ensure that at least five instructions are placed between an interrupt-enabling instruction and
interrupt-disabling instruction when an LDC or LDC.L instruction is used to enable or disable
interrupts by manipulating the interrupt mask level through the status register (SR).
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Section 6 Interrupt Controller (INTC)

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

6.1 Features

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

e NMI noise canceler function

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

e Occurrence of interrupt can be reported externally IRQOUT pin)

For example, when this LSI has released the bus mastership, this LSI can inform the external
bus master of occurrence of an on-chip peripheral module interrupt and request for the bus
mastership.

e Register banks

This LST has register banks that enable register saving and restoration required in the interrupt
processing to be performed at high speed.

Figure 6.1 shows a block diagram of the INTC.
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Figure 6.1

Block Diagram of INTC
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6.2 Input/Output Pins
Table 6.1 shows the pin configuration of the INTC.

Table 6.1 Pin Configuration

Pin Name Symbol /0 Function

Nonmaskable interrupt input ~ NMI Input Input of nonmaskable interrupt

pin request signal

Interrupt request input pins IRQ6 to IRQO Input Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT Output  Output of signal to report occurrence

of interrupt source
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6.3 Register Descriptions

The INTC has the following registers. These registers are used to set the interrupt priorities and
control detection of the external interrupt input signal.

Table 6.2  Register Configuration

Initial Access
Register Name Abbreviation R/W Value Address Size
Interrupt control register 0 ICRO R/W ! H'FFFE0800 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFE0802 16
IRQ interrupt request register  IRQRR R/(W)**  H'0000 H'FFFE0806 16
Bank control register IBCR R/W H'0000 H'FFFEO80C 16, 32
Bank number register IBNR R/W H'0000 H'FFFEO80E 16
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFE0818 16, 32
Interrupt priority register 02 IPR02 R/W H'0000 H'FFFEO81A 16
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFE0820 16
Interrupt priority register 06 IPR0O6 R/W H'0000 H'FFFEOC00 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOC02 16
Interrupt priority register 08 IPR0O8 R/W H'0000 H'FFFEOC04 16, 32
Interrupt priority register 09 IPR0O9 R/W H'0000 H'FFFEOCO6 16
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFEOC08 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFEOCOA 16
Interrupt priority register 12 IPR12 R/W H'0000 H'FFFEOCOC 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFEOCOE 16
Interrupt priority register 14 IPR14 R/W H'0000 H'FFFEOC10 16, 32
Interrupt priority register 15 IPR15 R/W H'0000 H'FFFEOC12 16
Interrupt priority register 16 IPR16 R/W H'0000 H'FFFEOC14 16, 32
Interrupt priority register 17 IPR17 R/W H'0000 H'FFFEOC16 16
Interrupt priority register 18 IPR18 R/W H'0000 H'FFFEOC18 16, 32

Notes: Two access cycles are needed for word access, and four access cycles for longword

access.

1. When the NMI pin is high, becomes H'8000; when low, becomes H'0000.
2. Only 0 can be written after reading 1, to clear the flag.

Page 126 of 1472

RENESAS

RO1UHO0086EJ0200 Rev. 2.00

Jun 21, 2013



SH7239 Group, SH7237 Group Section 6 Interrupt Controller (INTC)

6.3.1 Interrupt Priority Registers 01, 02, 05 to 18 (IPR01, IPR02, IPRO0S5 to IPR18)

IPRO1, IPRO2, and IPROS to IPR18 are 16-bit readable/writable registers in which priority levels
from O to 15 are set for IRQ interrupts and on-chip peripheral module interrupts. Table 6.3 shows
the correspondence between the interrupt request sources and the bits in IPRO1, IPR02, and IPRO5
to IPR18.

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

Table 6.3 Interrupt Request Sources and IPR01, IPR02, and IPROS5 to IPR18

Register Name Bits 15 to 12 Bits 11 to 8 Bits 7 to 4 Bits 3to 0

Interrupt priority  IRQO IRQ1 IRQ2 IRQ3

register 01

Interrupt priority  IRQ4 IRQ5 IRQ6 Reserved

register 02

Interrupt priority Reserved Reserved ADIO ADI1

register 05

Interrupt priority ~ DMACO DMACH1 DMAC2 DMAC3

register 06

Interrupt priority DMAC4 DMAC5 DMAC6 DMAC7

register 07

Interrupt priority ~ CMTO CMTH1 Reserved WDT

register 08

Interrupt priority MTU2_0 MTU2_0 MTU2_1 MTU2_1

register 09 (TGIA_Oto TGID_0) (TCIV_0, TGIE_O, (TGIA_1, TGIB_1) (TCIV_1,
TGIF_0) TCIU_1)

Interrupt priority MTU2_2 MTU2_2 MTU2_3 MTU2_3

register 10 (TGIA_2, TGIB_2) (TCIV_2, TCIU_2) (TGIA_3to (TCIV_3)

TGID_3)
Interrupt priority MTU2_4 MTU2_4 MTU2_5 POE2
register 11 (TGIA_4to TGID_4) (TCIV_4) (TGIU_5, TGIV_5, (OEN, OEI2)
TGIW_5)
Interrupt priority MTU2S_3 MTU2S_3 MTU2S_4 MTU2S_4
register 12 (TGIA_3S to (TCIV_3S) (TGIA_4S to (TCIV_4S)
TGID_3S) TGID_4S)
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Register Name Bits 15 to 12 Bits 11to 8 Bits 7 to 4 Bits 3to 0
Interrupt priority ~ MTU2S_5 POE2 Reserved Reserved
register 13 (TGIU_5S, TGIV_5S, (OEI3)

TGIW_5S)
Interrupt priority Reserved Reserved Reserved SCIF3
register 14
Interrupt priority ~ Reserved Reserved Reserved Reserved
register 15
Interrupt priority ~ SCIO SCi1 SCl2 Reserved
register 16
Interrupt priority RSPI Reserved ADI2 Reserved
register 17
Interrupt priority ~ Reserved RCAN-ET Reserved Reserved

register 18

As shown in table 6.3, by setting the 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3
to 0) with values from H'0 (0000) to H'F (1111), the priority of each corresponding interrupt is set.
Setting of H'0 means priority level O (the lowest level) and H'F means priority level 15 (the

highest level).

IPRO1, IPR02, and IPRO5 to IPR18 are initialized to H'0000 by a power-on reset.

Page 128 of 1472

RENESAS

RO1UHO0086EJ0200 Rev. 2.00

Jun 21, 2013



SH7239 Group, SH7237 Group Section 6 Interrupt Controller (INTC)

6.3.2 Interrupt Control Register 0 (ICR0)

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

ICRO is initialized by a power-on reset.

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

fwa - | - [ -] -] [ Jowef - J-J-J-F]-J]-J]-7J]-]
Initialvalte: * 0 0 0 ©0 0 0 O O O 0 0 O0 0 0 0
RW. R R R R R R R RW R R R R R R R R

Note: * 1 when the NMI pin is high, and 0 when the NMI pin is low.

Initial
Bit Bit Name Value R/W Description

15 NMIL * R NMI Input Level

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

0: Low level is input to NMI pin
1: High level is input to NMI pin
14t09 — All O R Reserved

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

8 NMIE 0 R/W  NMI Edge Select

Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.

0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input
7t00 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.
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6.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQ6 to
IRQO individually: low level, falling edge, rising edge, or both edges.

ICR1 is initialized by a power-on reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I ] \ ; ‘IRQ61S‘IRQGOS‘IRQ51S‘IRQSOS‘IRQ41S‘IRQ4OS‘IHQ31S‘IRQSOS‘IR021S‘IRQZOS‘IHQ11S‘IRQ1OS‘IRQO1S‘IRQOOSI

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

Initial
Bit Bit Name Value R/W Description
15, 14 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
13 IRQ61S 0 R/W  IRQ Sense Select
12 IRQ60S 0 R/W  These bits select whether interrupt signals
11 IRQ51S 0 RIW corresponding to pins IRQ6 to IRQO are detected by a
low level, falling edge, rising edge, or both edges.
10 IRQ503 0 RW 00: Interrupt request is detected on low level of IRQn
9 IRQ41S 0 R/W input
8 IRQ40S 0 R/W  01: Interrupt request is detected on falling edge of IRQn
7 IRQ31S 0 R/W input
6 IRQ30S 0 RIW 10: ilrr:;irtrupt request is detected on rising edge of IRQn
5 IRG21S 0 R/W 11: Interrupt request is detected on both edges of IRQn
4 IRQ20S 0 R/W input
3 IRQ11S 0 R/W
2 IRQ10S 0 R/W
1 IRQO01S 0 R/W
0 IRQ00S 0 R/W
[Legend]
n=6t0
Note: When the detecting condition of the IRQn input is changed, the IRQnNF flag in IRQRR is
cleared to 0.
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6.3.4 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-bit register that indicates interrupt requests from external input pins IRQ6 to IRQO.
If edge detection is set for the IRQ6 to IRQO interrupts, writing O to the IRQ6F to IRQOF bits after
reading IRQ6F to IRQOF = 1 cancels the retained interrupts.

IRQRR is initialized by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | - | - | - | IRQGFl IRQSFl IHQ4F| IRQ3F | IRQ2F| IRQ1F| IRQOFl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R/AW)* R/W)* RIW)* RIW)* R/(W)* RI(W)* R/(W)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15t07 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
6 IRQ6F 0 R/(W)* IRQ Interrupt Request
5 IRQ5F 0 R/(W)* These bits indicate the status of the IRQ6 to IRQ0
4 IRQ4F 0 R/(W)* interrupt requests.
3 IRQ3F 0 RI(W)* Level detection:
> IRQ2F 0 RI(W)* 0: IRQn interrupt request has not occurred
" \RQF 0 RI(W)* 1: IRQn interrupt has occurred
0 \RQOF 0 RIW)* [Clearing condition]
¢ |RQn input is high
[Setting condition]
e [RQn inputis low
Edge detection:
0: IRQn interrupt request is not detected
1: IRQn interrupt request is detected
[Clearing conditions]
o Cleared by reading IRQnF while IRQnF = 1, then
writing 0 to IRQnF
o Cleared by executing IRQn interrupt exception
handling
e Cleared when DTC is activated by the IRQn
interrupt, then the DISEL bit in MRB of DTC is set
to 0.
e Cleared when the setting of IRQn1S or IRQNOS of
ICR1 is changed
[Setting condition]
e Edge corresponding to IRQn1S or IRQNOS of
ICR1 has occurred at IRQn pin
[Legend]
n=6to0
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6.3.5 Bank Control Register (IBCR)

IBCR is a 16-bit register that enables or disables use of register banks for each interrupt priority
level.

IBCR is initialized to H'0000 by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| E15 ‘ E14 ‘ E13 ‘ E12 ‘ E11 ‘ E10 ‘ E9 ‘ E8 ‘ E7 ‘ E6 ‘ E5 ‘ E4 ‘ E3 ‘ E2 ‘ E1 ‘ - |
Initialvalte: 0 0 o0 ©0 ©0 0 0 O O O 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name Value R/W  Description
15 E15 0 R/W  Enable
14 E14 0 R/W  These bits enable or disable use of register banks for
R R A e D i
12 E12 0 R/wW 0: Use of register banks is disabled
i B 0 R/W 1: Use of register banks is enabled
10 E10 0 R/W
9 E9 0 R/W
8 ES8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 E1 0 R/W
0 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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6.3.6 Bank Number Register (IBNR)

IBNR is a 16-bit register that enables or disables use of register banks and register bank overflow
exception. IBNR also indicates the bank number to which saving is performed next through the

BN[3:0] bits.

IBNR is initialized to H'0000 by a power-on reset.

Bit: 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
oo Jsove] - | - [ -] -1 -] -1 1 1 | BN )
Initial value: 0 0 o 0 0 0 0 0 0 0 0 0 0 0 o
RW: RW RW RW R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
15, 14 BE[1:0] 00 R/W  Register Bank Enable

These bits enable or disable use of register banks.

00: Use of register banks is disabled for all interrupts.
The setting of IBCR is ignored.

01: Use of register banks is enabled for all interrupts
except NMI and user break. The setting of IBCR is
ignored.

10: Reserved (setting prohibited)

11: Use of register banks is controlled by the setting of
IBCR.

13 BOVE 0 R/W  Register Bank Overflow Enable

Enables of disables register bank overflow exception.

0: Generation of register bank overflow exception is

disabled

1: Generation of register bank overflow exception is

enabled
12to4 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
3t00 BN[3:0] 0000 R Bank Number

These bits indicate the bank number to which saving is
performed next. When an interrupt using register banks
is accepted, saving is performed to the register bank
indicated by these bits, and BN is incremented b