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Notice

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.

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.

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.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“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 etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). 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 for which it is not intended. 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 which the product is not intended by Renesas
Electronics.

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.

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 systems manufactured by
you.

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

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. You should not use
Renesas Electronics products or 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. When exporting the Renesas
Electronics 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.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

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

Please contact a Renesas Electronics 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.

(2012.4)




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

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 a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity
to noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.
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How to Use This Manual

1. Purpose and Target Readers
This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic

knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur within
the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer to the
text of the manual for details.

The following documents apply to the SH7457 Group and SH7459 Group. Make sure to refer to the latest versions
of these documents. The newest versions of the documents listed may be obtained from the Renesas Electronics

Web site.

Document

Type Description Document Title |Document No.
Data Sheet Hardware overview and electrical characteristics — —

User’s manual
for Hardware

Hardware specifications (pin assignments, memory maps,
peripheral function specifications, electrical characteristics,
timing charts) and operation description

Note: Refer to the application notes for details on using
peripheral functions.

SH7457 Group,
SH7459 Group
User's Manual:
Hardware

This User's manual

User’s manual
for Software

Description of CPU instruction set

SH-4A Extended
Functions
Software Manual

RO1US0060EJ0200

Application Note

Information on using peripheral functions and application
examples

Sample programs
Information on writing programs in assembly language and C

Renesas
Technical
Update

Product specifications, updates on documents, etc.

Available from Renesas Electronics

Web site.

Page vii of xxxiv




2. Notation of Numbers and Symbols

The notational conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. These symbols are followed by the word "register",
"bit", or "pin" to distinguish the three categories.
Examples: the CS# pin, the Vcc pin,
the ICRO register

(2) Notation of Numbers
Binary numbers are notated as B'nnnn (However, the "B" may be omitted when it is clear that the number is binary),
hexadecimal numbers are notated as H'nnnn, and decimal numbers are notated as nnnn.
Examples - Binary: B'11 or 11
Hexadecimal: H'EFAO
Decimal: 1234

(3) Notation for "L" Active (Active-Low) Signals
A sharp sign (#) is appended to the names of signals and pins which are "L" active.
Example: the CS0# pin
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3. Register Configuration

Each section in this manual provides a table listing all the registers used by the corresponding module before the
register descriptions in the section. The symbols and terms used in these tables are described below.

[Register Table]
@ 2 ()] 4 (5) (6)
Channel Register Name Abbreviation After Reset P4 Address Size Page
- - L — —
Common ( TM start register ) ( TMSTR > (H'OO ) ( H'FFFF D004 ) ( 8 ) ( 22-4)
0 TMO constant register TMOCOR H'FFFF FFFF H'FFFF D008 32 22-5
TMO counter TMOCNT H'FFFF FFFF H'FFFF DOOC 32 22-6
TMO control register TMOCR H'0000 H'FFFF D010 16 22-7

constant register 'EFFF D014

Note: = The bit names and text in the figure above are examples that are unrelated to the content of this manual.

(1) Register Name
The register name are shown for each register.

(2) Abbreviation
Gives the name of the register.

(3) After Reset
Indicates the values of each bit after a hardware reset in hexadecimal.

(4) P4 Address
Indicates the P4 address of each register.
The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of the 32-bit P4 area
address are cleared to "0", the result is an area 7 address. This address is used when accessing area 7 of the physical address
space using the TLB.

(5) Access Size

8-bit access is indicated as "8", 16-bit access as "16", and 32-bit access as "32", respectively.

For registers that allow multiple accesses, each access size is indicated with a slash (/).

If an access size is indicated without a slash (/), only the indicated size is allowed.

* For 32-bit registers that can be accessed using 32-bit and 16-bit accesses
The access size is indicated as "16/32".

* For 8-bit registers that can be accessed using 8-bit access, and also using 16-bit access at the same time with the next
aligned 8-bit register
The access size is indicated as "8/16".

(6) Page
Indicates the page on which the functions and bit settings of the register are described. If the description runs to multiple pages,
only the first page is indicated. For example, if the description starts on page 12-9 and continues to page 12-10, page 12-9 is indicated.
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4. Register Notation
Each register description includes both a bit figure that shows the bit sequence and a bit table that describes the content
set with each bit. The symbols and terms used are described below.

[Bit Figure]

<P4 address: location H'FFFF D010>
<P4 address: location H'FFFF DO1C> %)
<P4 address: location H'FFFF D028>

TMO Control Register (TMOCR)
TM1 Control Register (TM1CR)
TM2 Control Register (TM2CR)

(€]

BI[:C 15 14 13 12 11 10 9 8 7 6 0
e o] [~ Juwe] S sc
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

| g

T

) ®) ) ®) (6) @)
[Bit Table] ‘ ‘ ‘
<After Reset: H'0000>
Bit Abbreviation After Reset R W  Description
| | |
@ — AllO ofo Reserved Bits
These bits are always read as "0". The write value should always be "0".

Underflow flag

Status flag that indicates the occurrence of a TMNCNT counter underflow.
0: A TMNCNT counter underflow has not occurred.

1: ATMNnCNT counter underflow has occurred.

[Condition for clearing to "0"]

* When "0" is written to the UNF bit

[Condition for setting to "1"]

* When a TMnCNT counter underflow occurs

8 UNF LO_J R *t

Note: = The bit names and text in the figure above are examples that are unrelated to the content of this manual.

(1) Register Name
Indicates the name and abbreviation of each register.

(2) Register Address
Indicates the P4 address of each register.
The P4 address applies when the P4 area of the virtual address space is used.
When the upper three bits of the 32-bit P4 area address are cleared to "0", the result is an area 7 address.
This address is used when accessing area 7 of the physical address space using the TLB.

(3) Bit
Indicates the bit number.
The bits are shown in order from 31 to 0 for 32-bit registers and from 15 to 0 for 32-bit registers.

(4) Abbreviation
Indicates the name of the bit or field.
Reserved bits are indicated with a dash ("-") and are shaded in the bit figure.
Note that there are cases, such as time counters, where no bit names are indicated and the field is left blank.

(5) After Reset
Indicates the value of each bit after a hardware reset. The value is shown in binary unless specified otherwise.
0: Indicates that the value is "0" after a reset.
1: Indicates that the value is "1" after a reset.
Undefined: Indicates that the value is undefined after a reset.

(6) Rand W
Indicates whether the bit(s) can be read, written to, or neither read nor written to.
The notations used are listed below. When a register contains bits with the notation N (write prohibited) in the write (W)
column, the entire register is read-only, regardless of the notations for the other bits.

* R column notations

R: Readable

?: Value undefined when read

0: Value "0" when read

1: Value "1" when read

*1: Other (Refers to a note below the bit description table.)

* W column notations

W: Writable

0:  Always write "0"

1:  Always write "1"

—: Write prohibited

*1: Other (Refers to a note below the bit description table.)

(7) Description
Describes the function of the bit or field.
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5. Abbreviations and Symbols
The table below describes the abbreviations and symbols used in this document.

Abbreviation Full Name

FPU Floating-Point Unit

MMU Memory Management Unit
SHwyRAM Super Hyway RAM

CPG Clock Pulse Generator

INTC Interrupt Controller

WDT Watchdog Timer

BSC Bus State Controller

DMAC Direct Memory Access Controller
ATU-IIIS Advanced Timer Unit IS

T™MU Timer Unit

SCIF Serial Communication Interface
RSPI Renesas Serial Peripheral Interface
IIC3 I2C Bus Interface 3

CAN Controller Area Network

ADC A/D Converter

DRI Direct RAM Input Interface
DRO Direct RAM Output Interface
PDAC Parallel DAC Controller

PSEL Parallel Selector

UBC User Break Controller

AUDR AUD RAM Monitor

H-UDI User Debugging Interface
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6. Trademarks and Registered Trademarks
All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 Features

The SH7457 Group and SH7459 Group are a single-chip RISC (reduced instruction set computer) microcontroller
based on a Renesas original RISC CPU core. It provides an extensive set of peripheral functions necessary for
implementing application systems integrated on the same chip.

The CPU used in the SH7457 Group and SH7459 Group features a RISC instruction set and adopts a superscalar
architecture to radically increase instruction execution speed. It uses the Renesas SH-4A as the CPU core and can
implement high-performance/high-functionality systems at low cost, even for real-time control and other applications
that require high-speed performance and could not be implemented with earlier microcontrollers.

The SH7457 Group and SH7459 Group include 32 Kbytes of instruction cache and 32 Kbytes of operand cache. Either
copy-back or write-through can be selected for the operand cache. It furthermore includes a memory management unit
(MMU) that can access a 4 GB address space. It includes a 4-entry fully associative TLB for instructions and a 64-entry
fully associative TLB for both instruction and operands.

The SH7457 Group and SH7459 Group also include 8 Kbytes of IL memory, 16 Kbytes of OL memory and 512 Kbytes
of SuperHyway RAM (SHwWyRAM) as internal SRAM. The IL and OL memory units are capable of high-speed access
and can be used as system stack required high performance.

The SH7457 Group and SH7459 Group provide a direct RAM interface function (DRI) that transfers parallel data
directly to internal SHwyRAM and can transfer data input from, for example, an image sensor, to internal SHWyRAM.

The SH7457 Group and SH7459 Group integrate on the same chip a wide range of peripheral functions necessary for
system construction. These include a floating point unit (FPU), large-capacity ROM and RAM blocks, a direct memory
access controller (DMAC), several types of timer, the Renesas serial peripheral interface (RSPI), a user break controller
(UBC), a RAM monitor function, a serial communication interface with FIFO (SCIF), a controller area network (CAN),
AJ/D converters (ADC), a DAC interface function, an interrupt controller (INTC), and 1/O ports.

Programs of a ROM (F-ZTAT™ version flash memory) can be downloaded or erased either using a ROM programmer
or with software. This means that the user can reload software with the SH7457 Group and SH7459 Group mounted on
a board.

Note: e F-ZTAT is atrademark of Renesas Electronics Corp.

111 Applications

Automobile equipment control (driver-assist systems, etc.) and industrial equipment system control.
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Section 1 Overview

112 Specifications Overview
Table 1.1 lists an overview of the SH7457 Group and SH7459 Group specifications.

Table 1.1  Specifications Overview

Item Description

CPU e Renesas original Super-H architecture

e Compatibility at the object code level between the SH-1, SH-2, SH-3, and SH-4.

e 32-bit internal data bus

e General-purpose register file
16 32-bit general-purpose registers (and 8 32-bit shadow registers)
7 32-bit control registers
4 32-bit system registers
Register banks for rapid interrupt response

e RISC type instruction set (upwards compatible with the SH series)
Instruction length: fixed 16-bit length for improved code efficiency
Load/store architecture
Delayed branch instructions
Conditional execution
Instruction set based on the C programming language

e Two-instruction simultaneous execution superscalar architecture, including FPU
¢ Instruction execution time: a maximum of two instructions per cycle

e Address space: 4 GB

e Address space identifier (ASID): 8 bits for 256 virtual address spaces

e Built-in multiplier

e Eight stage pipeline

e Harvard architecture
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Item Description

FPU .
L]

Built-in floating point coprocessor (FPU)

Single precision (32 bits) and double precision (64 bits) support

Supports IEEE 754 standard data formats and exceptions

Rounding mode: round to nearest and round toward zero

Handling unnormalized numbers: truncating towards zero, generating an interrupt to conform
to the IEEE 754 standard

Floating point registers: 32 bits X 16 registers X 2 banks

(16 standard precision or 8 double precision) X 2 banks

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

Supports an FMAC (multiply and accumulate) instruction

Supports the FDIV (division) and FSQRT (square root) instructions

Supports the FLDIO/FLDI1 (load the constants O or 1) instructions

Instruction execution times

Latency (FADD/FSUB): 3 cycles (single precision), 5 cycles (double precision)
Latency (FMAC/FMUL): 5 cycles (single precision), 7 cycles (double precision)
Pitch (FADD/FSUB): 1 cycle (single precision), 1 cycle (double precision)
Pitch (FMAC/FMUL): 1 cycle (single precision), 3 cycles (double precision)

Note: e« FMAC is only supported for single precision.

3D graphics instructions (single precision only)

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

Four-dimensional vector inner product (FIPR): 1 cycle (pitch), 5 cycles (latency)
11-stage pipeline

Memory .
management unit
(MMU)

4 GB address space, 256 address space identifiers (ASID: 8 bits)
Single virtual memory mode and multiple virtual memory mode

Supports multiple page sizes: 1 Kbyte, 4 Kbytes, 8 Kbytes, 64 Kbytes, 256 Kbytes, 1 Mbyte,
4 Mbytes, and 64 Mbytes.

Four-entry fully associative TLB for instructions
64-entry fully associative TLB for instructions and operands

Supports both software based replacement methods and random counter based replacement
algorithms

The TLB content can be accessed directly with address mapping
Access rights check function

Cache memory .

Instruction cache (IC)

32 Kbytes, 4-way set associative

256 entries/way, 32-byte block length

Low-power function (way prediction structure)

Operand cache (OC)

32 Kbytes, 4-way set associative

256 entries/way, 32-byte block length

Single stage copy-back buffer, single stage write-through buffer
Store queue (32 bytes x 2 entries)
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Item Description
IL memory e 8-Kbyte high-speed access RAM
e Two-page structure
e Allows read/write access from following three ports.
SuperHyway bus
Cache/RAM internal bus
Instruction bus
e Allows CPU access to 8, 16, 32, and 64-bit operands
e Allows accesses in 8, 16, 32, and 64-bit, as well as 16 and 32-byte, units by external requests
OL memory ¢ 16-Kbyte high-speed access RAM
e 4-page structure
e Allows read/write access from following three ports.
SuperHyway bus
Cache/RAM internal bus
Operand bus
e Allows CPU access to 8, 16, 32, and 64-bit operands
e Allows accesses in 8, 16, 32, and 64-bit, as well as 16 and 32-byte, units by external requests
ROM e 1-Mbyte flash memory: SH74572
e 1.5-Mbyte flash memory: SH74593
RAM e 256-Kbyte SRAM: SH74572

512-Kbyte SRAM: SH74593

Operating modes

Operating mode

Single-chip mode

On-board programming modes
User mode

Boot mode

User boot mode

Processing states

Reset state

Instruction execution state

User break controller
(UBC)

Supports debugging with a user break interrupt
Two break channels
The address, data value, access type, and data size can all be used as break conditions.

Supports a sequential break function

Clock generator
(CPG)

Internal clocks

CPU clock (Ick): 240 MHz maximum

SHwy clock (SHck): 80 MHz maximum
Peripheral clock (Pck): 40 MHz maximum
Peripheral A clock (PAck): 80 MHz maximum
FlexRay clock (FRck): 80 MHz maximum

Input clock frequency: 20 MHz maximum

Bus state controller
(BSC)

The SH7457 Group and SH7459 Group do not include a BSC function
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Item

Description

Watchdog timer
(WDT)

One channel

In watchdog timer mode, a reset is issued internally by a counter overflow and the WDTOVF#
signal is output.

In interval timer mode, the interval timer interrupt is generated by a counter overflow.

Interrupt controller
(INTC)

Interrupt priority
IRQ interrupt (IRQO to IRQ2 and IRQ5 to IRQ7): 15 levels
On-chip peripheral module interrupt: 30 levels

Direct memory
access controller
(DMAC)

6 channels (DMAO to DMAS5) + 6 channels (DMA6 to DMA11)

Transfer data size: 1 byte, 2 bytes (word), 4 bytes (long word), 16 bytes, 32 bytes

Maximum number of transfers: 16,777,216

Transfer address method: dual address

Transfer modes: cycle stealing mode 1, cycle stealing mode 2, or burst mode

Transfer request sources: automatic request (software request),

on-chip peripheral module request (SCIF, RSPI, IIC3, ATU-IIIS, ADC, DRI),

and external request (DMAO, DMA2, and DMA3 only)

Priority between modules

The priority between the DMACO module (DMAO to DMA5) and the DMAC1 module (DMAG to
DMA11) is round robin.

Channel priority within a module

Either a fixed priority (DMAO > DMA1 > DMA2 > DMA3 > DMA4 > DMAJ5) or round robin can
be selected for DMAO to DMAG.

Either a fixed priority (DMA6 > DMA7 > DMA8 > DMA9 > DMA10 > DMAL11) or round robin
can be selected for DMA6 to DMA11.

Advanced timer unit
IS (ATU-INIS)

59 channels

Provides timer A (5 channels x 2 systems), timer F (3 channels), timer G (6 channels), and
timer TOU (8 channels x 5 systems)

Timer unit (TMU)

Three auto-reload 32-bit timer channels

Each channel can select one of five counter input clocks: one of 5 peripheral clocks (Pck/4,
Pck/16, Pck/64, Pck/256, or Pck/1024)
(Note: Pck is the peripheral clock)

Serial
communication
interface with FIFO
(SCIF)

Four channels

Transmit and receive FIFOs each with 16 bytes
Supports both asynchronous and synchronous modes
Supports full-duplex communication

The transfer clock can be selected from either an internal clock from a baud rate generator or
an external clock input to the SCK pin

Maximum transfer rate in clock synchronous mode: 3.3 Mbps
Maximum transfer rate in asynchronous mode: 5 Mbps

Renesas serial
peripheral interface
(RSPI)

Three channels

Synchronous serial communication

Supports both master and slave modes

Programmable bit length, clock polarity, and clock phase
Supports sequential iterative execution of transfer operations
Supports both MSB first and LSB first transfer

Maximum transfer rate: 10 Mbps
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Item

Description

I°C interface (IIC)

One channel
Supports the Philips proposed I°C bus (Inter IC Bus) interface standard
Master and slave functions

Controller area
network (CAN)

Four channels
64 mailboxes

A/D converter (ADC)

Two modules

12 bits, 16 channels (ADO: 12 channels, AD1: 4 channels)
Provides three conversion modes

Continuous scan mode

Single cycle scan mode

A/D conversion value summation mode (performs an A/D conversion of the same channel 2
to 4 times and adds the converted values)

Conversion times

When AVcc =5 V: 1.25 ps

When AVcec = 3.3 V: 1.25 us

Absolute error

When AVcc =5 V and high-speed conversion: +16LSB
When AVcc = 3.3 V and high-speed conversion: £32LSB

Parallel DAC control
(PDAC)

One channel

10-bit parallel output

This is a parallel DAC control circuit that controls a 10-bit D/A converter
Generates modulation A, modulation B, and modulation C output waveforms.

Direct RAM input
interface (DRI)

Three channels

Two pin groups

Acquisition timing adjustment function
Decimation control function

Minimum acquisition period: 25 ns (special mode enabled)

Direct RAM output
interface (DRO)

One channel
Reads SHwyRAM and outputs parallel data to off-chip circuits
Data width: 8 or 16 bits

Maximum transfer speed: 20 Mbytes/s (when 16 bits is selected and, a 10 MHz of DRO
transfer clock is specified by a register setting)

Parallel selector
(PSEL)

One channel
This is a parallel selector circuit that periodically changes the external selector outputs

This module is activated by an activation event and stopped by either a stop command or a
termination event

4-bit selector output

Two clock output and one clear signal output

FlexRay

Two channels

AUD RAM monitor
function (AUDR)

Functions for reading/writing memory mapped modules connected to an internal or external
bus

Parallel 4-bit data input and output
Transfer frequency: 12.5 MHz maximum
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Item Description

1/0 ports e Number of ports: 108
e Built-in input threshold value switching function (0.35, 0.5, or 0.7 x Vcc)

Module stop function e Supports the module stop function for the PDAC, PSEL, DRI, and DRO modules.

User debugging e H-UDI (User Debugging Interface)

interface

Supply voltage ¢ Internal logic voltage: 1.5V +0.15V, -0.1V
e 1/O voltage: 3.3V +0.3Vor5.0V 0.5V

Operating e Ta=-40to +105°C

temperature

Package e PRBGO0176GA-A (0.8 mm pitch)

1.2 Product Line Overview
Table 1.2 lists the products.

Table1.2 Products

Product Model ROM Capacity = RAM Capacity Package FlexRay

SH74572 R5F74572LBG 1 Mbyte IL memory: 8 Kbytes, PRBGO176GA-A Yes
OL memory: 16 Kbytes, and
SHwyRAM: 256 Kbytes
SH74593 R5F74593LBG 1.5 Mbytes IL memory: 8 Kbytes,
OL memory: 16 Kbytes, and
SHwyRAM: 512 Kbytes

Rev.1.20 Oct 25, 2013 1-7
RO1UH0420EJ0120 RENESAS



Section 1 Overview

1.3 Block Diagram

Figure 1.1 shows the block diagram.

SH-4A core (240 MHz maximum)
Debugging
IL memory | | OL memory -
CPU FPU
(8 Kbytes) | | (16 Kbytes) functions
H-UDI
MMU
Instruction Operand >
cache cache UTLB ITLB
(32 Kbytes) (32 Kbytes) (x64) (x4) UBC AUD RAM
monitor DMAC
A A A
\/ \ \
< SuperHyway bus (80 MHz maximum) >
A A A A
 J Y Y
Bridge Bridge
A A
ROM SHWYyRAM  |<—» Arbiter
(SH74572: 1 Mbyte) (SH74572:
(SH74593: 1.5 Mbytes) 256 Khytes) 4
(SH74593:
512 Kbytes) A
FCU DRO DRI FlexRay
A A A A
A/ A \
< Peripheral A bus (80 MHz maximum) >
PSEL PDAC ATU-IIS T™MU
A A A A
/ \ Y Y Y \ \
< Peripheral bus (40 MHz maximum) >
A A A A A A A A A
Y y \ Y Y Y \ Y A4
CAN RSPI SCIF IIC3 ADC 1/0 Port WDT CPG INTC
Legend:
CPU: Central processing unit CAN: Controller area network
FPU: Floating point unit TMU:  Timer unit
MMU: Memory management unit ATU-IIIS: Advanced timer unit - 1S
UTLB: Shared TLB PDAC: Parallel DAC controller
ITLB: Instruction TLB PSEL: Parallel selector
H-UDI: User debugging interface ADC: A/D converter
UBC: User break controller RSPI:  Renesas serial peripheral interface
DMAC: Direct memory access controller SCIF:  Serial communication interface with FIFO
DRI:  Direct RAM input interface IIC3: I2C bus interface 3
DRO: Direct RAM output interface WDT:.  Watchdog timer
FCU: ROM write sequencer CPG:  Clock generator

INTC: Interrupt controller

Figure 1.1 Block Diagram
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Section 1 Overview

1.4 Pin Arrangement

Figure 1.2 shows the pin arrangement.

Position of pin Al

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vss (N.C.) | PGO/ PF5/ PF1/ DET30R5 | Vss PL8/ PL6/ PH15/ PH13/ PHY/ H5/ H2/ PHO/ Vss (N.C.)
MOsI0/ ScL/ CTX0 TIAL4/ TIA12/ DROD7/ DROD5/ DROD1/ DROD13/ DROD10/ DRODg/
A TO40 (CTX3) IRQ7/ (TIF1A) TO37/ (TO35)/ (TO31)/ TO25/ TO22/ TO20/
DREQ3 DDC15 DDC13 DDC09/ DDCO5/ DDC02/ DDCO00/
CTS2# TIA0L TIF1A TIFOA
PG1/ PG2/ PG3/ PF4/ PFO/ ASEBRK#/ | PL9/ PL5/ PL2/ PH12/ PH8/ PH4/ H1/ H3/ PK14/
MISO0/ RSPCKO/ TO43/ SDA/ CRX0 BRKACK TIA15/ TIALL/ DROWR DROD4/ DRODO/ DROD12/ DRODY/ DROD11/ JAUDRSYN#
B j TO41 TO42 SSLO0/ (CRX3) AUDREVT#| (TIFOB) TO34/ (TO30)/ TO24/ TO21/ TO23/
(IRQ7) DDC12 DDCO08/ DDC04/ DDCO01/ DDCO3/
RTS2# TIA0O TIFOB TIF1B
PG4/ Vss WDTOVF# | vdd vdd vdd PL4/ Vss Vee PH14/ PH10/ H6/ PK12/ PK13/ PK11/
IRQ2/ TIA10/ DROD6/ DROD2/ DROD14/ AUDRD3 AUDRCLK | AUDRD2
C | Toa4 (TIFOA) (TO36), (TO32)/ TO26/
SsLo1 DDC14/ DDC10 DDCO6/
IRQL TIAO2
FWE RESET# Vss Vss vdd vdd PL3/ Vss Vee PH11/ PH7/ K8/ K9/ PK10/ PK6/
IRQ6 DROD3/ DROD15/ |DREQ2 AUDRDO/ AUDRD1/ | TXD3
D (TO33)/ (TO27)/ RTS3# TS3#
DC: DDCO7/
TIAO3
MD1 NMmI Vss Vss Vss Ko/ PKS5/ PJ14/
IRQS5/ DINC4/ TXD1/
E SSL10 RXD3 MOSI1
XTAL EXTAL Vss Vss Vee PJ10/ PJ15/ PJ13/
RXDO/ SCK1/ RXD1/
F PWMOFF4/ | PSPCK1 MISO1
ADOTRG#
MPMD PJ1/ PJ7/ PJ12/ PJ11/
PLLVsS PLLVce MDO CTxoy  |cTx3 SCKO/ TXDO/
G FTXA TIF2B/ TCLKB/ ADOEND
TXD2 (IRQO)
TCK T™MS MD2 TRST# PJ4/ PJ6/ PJ5/
(CRXO0)/ CRX2/ CRX3/ CTX2/
H FRXA FTXENA/ TIF2A/ FTXENB/
CTSo# RXD2/ SCK2
TIA04
PD1/ TDO TDI Vss PN1/ PNO/ PJ3/ PJ2/
PDIDATAL AD1IN1 AD1INO CTX1/ CRX1/
J FTXB/ FRXB
RTS0#
PD4/ PD3/ Vss Vss PN4/ PN5/ AVss Avee
PDIDATA4 | PDIDATA3 AD1IN4 AD1INS
K
PD8/ PD7/ Vee Vee PMO/ AVss AVREFL AVREFH
PDIDATA8 | PDIDATA7 ADOINO
L
PDY/ PD6/ PDO/ Vss Vss Vss Vdd vdd PCé/ Vee Vss AVss PM4/ AVREFL AVREFH
PDIDATAS | PDIDATA6 | PDIDATAO CLKOUT/ ADOIN4
M TO36
PD10/ PD5/ PA4/ PA7/ PA10/ PA11/ vdd vdd PC1/ Vee Vss PM2/ PM6/ PMY/ AVss
PDIWR PDIDATAS | TO04/ TOO07/ TO12/ TO13/ TO31/ ADOIN2 ADOIN6 ADOIN9
N DDBO04 DDBO7 DDB10/ DDB11/ MISO2
PSLDATAO | PSLDATAL
PD2/ PA3/ PA0/ PA2/ PA6/ PA9/ PAL13/ PB1/ CO/ PC3/ PM15/ PM13/ PM11/ PM8/ Avce
PDIDATA2 | TO03/ TO00/ T002/ TOO06/ TO11/ TO15/ PWMOFF1/| TO30/ TO33/ ADOIN15 | ADOIN13 | ADOIN11 | ADOIN8
P DDB03 DDBO00 DDB02 DDBO06 DDBO09/ DDB13/ DINB1 MOSI2/ SSL20/
PSLCLKA | PSLDATA3 (IRQ6) IRQO
Vss (N.C.) | PE15/ PAL/ PA5/ PA8/ PA12/ PBO/ PB3/ PC2/ PCS5/ PC14 PM14/ PM12/ PM10/ Avce (N.C.)
TO27/ TOOL/ TOO0S/ TO10/ TO14/ PWMOFFO/ | PWMOFF3/| TO32/ TO35 ADOIN14 ADOIN12 ADOIN10
R PSLCLR DDBO1 DDBO05 DDBO8/ DpDB12/ DINBO DINB3 RSPCK2/
PSLCLKB | PSLDATA2 EQO
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 1.2 Pin Arrangement (Top Transparent View)
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Section 1 Overview

1.5 Pin Functions
Table 1.3 lists the pin functions.

Table 1.3  Pin Functions

User Pin Pin State after a Reset
Power Supply Output Input

Pin Name in Driving Enabled/

No. Pin Name Function 1 Function 2 Function 3 Function 4 Function 5§ Function 6 Circuit Input Buffer Type Ability Function o Pin State*! Disabled

G4 MPMD Vee Schmitt — MPMD Input Hiz (pull-up)  Enabled

H3 MD2 Vee Schmitt — MD2 Input Hiz (pull-down) Enabled

E1 MD1 Vee Schmitt — MD1 Input Hiz (pull-down) Enabled

G3 MDO Vee Schmitt — MDO Input Hiz (pull-down) Enabled

D1 FWE Vee Schmitt - FWE Input Hiz (pull-down) Enabled

D2 RESET# Vee Schmitt — RESET# Input Hiz Enabled

E2 NMI Vee Schmitt - NMI Input Hiz Enabled

F2 EXTAL Vee CMOos — EXTAL Input — Enabled

F1 XTAL Vee — XTAL Output XTAL —

c3 WDTOVF# Vee No WDTOVF# Output WDTOVF# —

Ha4 TRST# Vee Schmitt — TRST# Input Hiz Enabled

H1 TCK Vee TTL - TCK Input Hiz Enabled

H2 ™S Vee Schmitt — ™S Input Hiz Enabled

] oI Vee Schmitt — TDI Input Hiz Enabled

J2 TDO Vee — TDO Output Hiz —

B6 ASEBRK#BRKACK Vee Schmitt No ASEBRK#  Input Hiz Enabled

BRKACK

A5 DET30R5 Vee Schmitt — DET30RS Input Hiz (pull-up) Enabled

P3 PAO/TO00/DDB00 PAO TO00 DDBOO Vee Threshold value Yes PAO Input Hiz Disabled
switching

R3 PA1/TO01/DDBO1 PAL TOO01 DDBO1 Vee Threshold value Yes PAl Input Hiz Disabled
switching

P4 PA2/TO02/DDB02 PA2 TO02 DDB02 Vee Threshold value Yes PA2 Input Hiz Disabled
switching

P2 PA3/TO03/DDB03 PA3 TO03 DDBO3 Vee Threshold value Yes PA3 Input Hiz Disabled
switching

N3 PA4/TO04/DDB04 PA4 TO04 DDB04 Vee Threshold value Yes PA4 Input Hiz Disabled
switching

R4 PA5/TO05/DDB05 PAS TOO05 DDBO5 Vee Threshold value Yes PAS5 Input Hiz Disabled
switching

P5 PAB/TO06/DDB06 PA6 TO06 DDBO6 Vee Threshold value Yes PA6 Input Hiz Disabled
switching

N4 PA7/TO07/DDBO7 PA7 TO07 DDBO7 Vee Threshold value Yes PA7 Input Hiz Disabled
switching

RS PA8/TO10/DDBO08/PSLCLKB PA8 TO10 DDBO8 PSLCLKB Vee Threshold value Yes PA8 Input Hiz Disabled
switching

P6 PA9/TO11/DDB0O9/PSLCLKA PA9 TO11 DDB09 PSLCLKA Vee Threshold value Yes PA9 Input Hiz Disabled
switching

Rev.1.20 Oct 25, 2013 1-10
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Section 1 Overview

User Pin Pin State after a Reset
Power Supply Output Input

Pin Name in Driving Enabled/

No. Pin Name Function1  Function 2 Function 3 Function 4  Function 5 Function 6  Circuit Input Buffer Type  Ability Function o Pin State*'  Disabled

NS PA10/TO12/DDB10/PSLDATAQ PA10 TO12 DDB10 PSLDATAQ Vee Threshold value Yes PA10 Input Hiz Disabled
switching

N6 PA11/TO13/DDB11/PSLDATAL PA1l TO13 DDB11 PSLDATAL Vee Threshold value Yes PA11 Input Hiz Disabled
switching

R6 PA12/TO14/DDB12/PSLDATA2 PA12 TO14 DDB12 PSLDATA2 Vee Threshold value Yes PA12 Input Hiz Disabled
switching

P7 PA13/TO15/DDB13/PSLDATA3 PA13 TO15 DDB13 PSLDATA3 Vee Threshold value Yes PA13 Input Hiz Disabled
switching

R7 PBO/PWMOFFO/DINBO PBO PWMOFFO DINBO Vee Threshold value Yes PBO Input Hiz Disabled
switching

P8 PB1/PWMOFF1/DINBL PB1 PWMOFFL DINBL Vee Threshold value Yes PB1 Input Hiz Disabled
switching

R8 PB3/PWMOFF3/DINB3 PB3 PWMOFF3 DINB3 Vee Threshold value Yes PB3 Input Hiz Disabled
switching

P9 PCO/TO30/MOSI2/(IRQ6) PCO TO30 MOSI2 (IRQB) Vee Threshold value Yes PCO Input Hiz Disabled
switching

N9 PC1/TO31/MISO2 PC1 TO31 MISO2 Vee Threshold value Yes PC1 Input Hiz Disabled
switching

R9 PC2/TO32/RSPCK2/DREQO pc2 TO32 RSPCK2 DREQO Vee Threshold value Yes pPC2 Input Hiz Disabled
switching

P10 PC3/TO33/SSL20/IRQ0 PC3 T033 SSL20 IRQO Vee Threshold value Yes PC3 Input Hiz Disabled
switching

R10 PCS/TO35 PCs5 TO35 Vee Threshold value Yes PCs Input Hiz Disabled
switching

M9 PC6/CLKOUT/TO36 PC6 CLKOUT TO36 Vee Threshold value Yes PC6 Input Hiz Disabled
switching

R11 PC14 PC14 Vee Threshold value Yes PC14 Input Hiz Disabled
switching

M3 PDO/PDIDATAQ PDO PDIDATAO Vee Threshold value Yes PDO Input Hiz Disabled
switching

a1 PD1/PDIDATAL PD1 PDIDATAL Vee Threshold value Yes PD1 Input Hiz Disabled
switching

P1 PD2/PDIDATA2 PD2 PDIDATA2 Vee Threshold value Yes PD2 Input Hiz Disabled
switching

K2 PD3/PDIDATA3 PD3 PDIDATA3 Vee Threshold value Yes PD3 Input Hiz Disabled
switching

K1 PD4/PDIDATA4 PD4 PDIDATA4 Vee Threshold value Yes PD4 Input Hiz Disabled
switching

N2 PDS/PDIDATAS PDS PDIDATAS Vee Threshold value Yes PDS Input Hiz Disabled
switching

M2 PD6/PDIDATA6 PD6 PDIDATA6 Vee Threshold value Yes PD6 Input Hiz Disabled
switching

L2 PD7/PDIDATA7 PD7 PDIDATA7 Vee Threshold value Yes PD7 Input Hiz Disabled
switching

L1 PD8/PDIDATAS PD8 PDIDATAS Vee Threshold value Yes PD8 Input Hiz Disabled
switching
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User Pin Pin State after a Reset
Power Supply Output Input

Pin Name in Driving Enabled/

No. Pin Name Function1  Function 2 Function 3 Function 4  Function 5 Function 6  Circuit Input Buffer Type  Ability Function o Pin State*'  Disabled

M1 PDO/PDIDATAY PDY PDIDATA9 Vee Threshold value Yes PD9 Input Hiz Disabled
switching

N1 PD10/PDIWR PD10 PDIWR Vee Threshold value Yes PD10 Input Hiz Disabled
switching

R2 PE15/TO27/PSLCLR PE15 TO27 PSLCLR Vee Threshold value Yes PE15 Input Hiz Disabled
switching

B5 PFO/CRX0 PFO CRX0 Vee Threshold value Yes PFO Input Hiz Disabled
switching

A4 PF1/CTX0 PF1 CTX0 Vee Threshold value Yes PF1 Input Hiz Disabled
switching

B4 PF4/SDA/(CRX3) PF4 SDA (CRX3) Vee Threshold value Yes PF4 Input Hiz Disabled
switching

A3 PF5/SCL/(CTX3) PF5 scL (CTX3) Vee Threshold value Yes PF5 Input Hiz Disabled
switching

A2 PGO/MOSIOITO40 PGO MOSsI0 TO40 Vee CMOs Yes PGO Input Hiz Enabled

B1 PG1/MISO0/TO41 PG1 MISO0 TO41 Vee Cmos Yes PG1 Input Hiz Enabled

B2 PG2/RSPCKO/TO42 PG2 RSPCKO TO42 Vee cMos Yes PG2 Input Hiz Enabled

B3 PG3/TO43/SSLO0/(IRQ7) PG3 TO43 SSLoo (IRQT7) Vee CMOs Yes PG3 Input Hiz Enabled

c1 PG4/IRQ2/TO44/SSLOL PG4 IRQ2 TO44 ssLo1 Vee Threshold value Yes PG4 Input Hiz Disabled
switching

Al4 PHO/DROD8/TO20/DDCOO/TIFOA PHO DROD8 TO20 DDCO00 TIFOA Vee Threshold value Yes PHO Input Hiz Disabled
switching

B13 PH1/DRODY/TO21/DDCOL/TIFOB PHL DROD9 TO21 DDCO1 TIFOB Vee Threshold value Yes PH1 Input Hiz Disabled
switching

A13 PH2/DROD10/TO22/DDCO2/TIF1A PH2 DROD10 TO22 DDC02 TIF1A Vee Threshold value Yes PH2 Input Hiz Disabled
switching

B14 PH3/DROD11/TO23/DDCO3/TIF1B PH3 DROD11 TO23 DDCO03 TIF1B Vee Threshold value Yes PH3 Input Hiz Disabled
switching

B12 PH4/DROD12/TO24/DDCO4/TIA0C0 PH4 DROD12 TO24 DDCO04 TIA0O Vee Threshold value Yes PH4 Input Hiz Disabled
switching

A12 PHS5/DROD13/TO25/DDCOS/TIA0L PHS5 DROD13 TO25 DDCO5 TIA0L Vee Threshold value Yes PHS Input Hiz Disabled
switching

C12  PHB/DROD14/TO26/DDCO6/TIA02 PH6 DROD14 T026 DDCO6 TIA02 Vee Threshold value Yes PH6 Input Hiz Disabled
switching

D11 PH7/DROD15/(TO27)/DDCO7/TIA03 PH7 DROD15 (TO27) DDCO7 TIA03 Vee Threshold value Yes PH7 Input Hiz Disabled
switching

B11 PH8/DRODO/(TO30)/DDCO8/RTS2# PH8 DRODO (TO30) DDC08 RTS2# Vee Threshold value Yes PH8 Input Hiz Disabled
switching

All PH9/DROD1/(TO31)/DDCO9/CTS2# PHO DROD1 (TO31) DDC09 CTs2# Vee Threshold value Yes PH9 Input Hiz Disabled
switching

c11 PH10/DROD2/(T032)/DDC10 PH10 DROD2 (TO32) DDC10 Vee Threshold value Yes PH10 Input Hiz Disabled
switching

D11 PH11/DROD3/(TO33)/DDC11 PHI11 DROD3 (TO33) DDC11 Vee Threshold value Yes PH11 Input Hiz Disabled
switching

B10 PH12/DROD4/TO34/DDC12 PH12 DROD4 TO34 DDC12 Vee Threshold value Yes PH12 Input Hiz Disabled

switching
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User Pin Pin State after a Reset
Power Supply Output Input

Pin Name in Driving Enabled/

No. Pin Name Function1  Function 2 Function 3 Function 4  Function 5 Function 6  Circuit Input Buffer Type  Ability Function o Pin State*'  Disabled

A10 PH13/DRODS/(TO35)/DDC13 PH13 DRODS (TO35) DDC13 Vee Threshold value Yes PH13 Input Hiz Disabled
switching

C10 PH14/DROD6/(TO36)/DDC14/IRQ1L PH14 DROD6 (TO36) DDC14 IRQ1 Vee Threshold value Yes PH14 Input Hiz Disabled
switching

A9 PH15/DROD7/TO37/DDC15 PH15 DROD7 TO37 DDC15 Vee Threshold value Yes PH15 Input Hiz Disabled
switching

H12  PJO/(CRXO)/FRXA PJO (CRX0) FRXA Vee Threshold value Yes PJO Input Hiz Disabled
switching

G12 PJ1/(CTX0)/IFTXA PJ1 (CTX0) FTXA Vee CMOs Yes PJ1 Input Hiz Enabled

15 PJ2/CRX1/FRXB PJ2 CRX1 FRXB Vee Threshold value Yes P32 Input Hiz Disabled
switching

Ji4 PJ3/CTXUFTXB/RTSO# PJ3 CTX1 FTXB RTSO0# Vee CMOs Yes PJ3 Input Hiz Enabled

H13  PJ4/CRX2/FTXENA/CTSO# PJ4 CRX2 FTXENA CTs0# Vee cMos Yes P4 Input Hiz Enabled

H15 PJS/ICTX2/FTXENB/SCK2 PJ5 CTX2 FTXENB SCK2 Vee CMOs Yes PJ5 Input Hiz Enabled

H14 PJ6/CRX3/TIF2A/RXD2/TIA04 PJ6 CRX3 TIF2A RXD2 TIA04 Vee Threshold value Yes PJ6 Input Hiz Disabled
switching

G13 PJ7/CTX3/TIF2B/TXD2 PJ7 CTX3 TIF2B TXD2 Vee Threshold value Yes PJ7 Input Hiz Disabled
switching

F13 PJ10/RXDO/PWMOFF4/ADOTRG# PJ10 RXDO PWMOFF4 ADOTRG# Vee Threshold value Yes PJ10 Input Hiz Disabled
switching

G15 PJ11/TXDO/ADOEND PJ11 TXDO ADOEND Vee Threshold value Yes PJ11 Input Hiz Disabled
switching

Gl4  PJ12/SCKO/TCLKB/(IRQO) PJ12 SCKO TCLKB (IRQO) Vee Threshold value Yes PJ12 Input Hiz Disabled
switching

F15 PJ13/RXD1/MISOL PJ13 RXD1 MISO1 Vee Threshold value Yes PJ13 Input Hiz Disabled
switching

E15 PJ14/TXD1/MOSI1 PJ14 TXD1 MOSI1 Vee Threshold value Yes PJ14 Input Hiz Disabled
switching

Fl14 PJ15/SCK1/RSPCK1 PJ15 SCK1 RSPCK1 Vee Threshold value Yes PJ15 Input Hiz Disabled
switching

E13 PKO/IRQ5/SSL10 PKO IRQ5 SSL10 Vee Threshold value Yes PKO Input Hiz Enabled
switching

El4 PK5/DINC4/RXD3 PK5 DINC4 RXD3 Vee Threshold value Yes PK5 Input Hiz Enabled
switching

D15 PK6/TXD3 PK6 TXD3 Vee Threshold value Yes PK6 Input Hiz Enabled
switching

D12 PK8/DREQ2 PK8 DREQ2 Vee Threshold value Yes PK8 Input Hiz Enabled
switching

D13 PK9/AUDRDO/RTS3# PK9 AUDRDO RTS3# Vee Threshold value Yes PK9 Input Hiz Enabled
switching

D14 PK10/AUDRD1/CTS3# PK10 AUDRD1 CTS3# Vee Threshold value Yes PK10 Input Hiz Enabled
switching

C15  PK11/AUDRD2 PK11 AUDRD2 Vee Threshold value Yes PK11 Input Hiz Enabled
switching

C13 PK12/AUDRD3 PK12 AUDRD3 Vee Threshold value Yes PK12 Input Hiz Enabled
switching
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User Pin Pin State after a Reset
Power Supply Output Input

Pin Name in Driving Enabled/

No. Pin Name Function1  Function 2 Function 3 Function 4  Function 5 Function 6  Circuit Input Buffer Type  Ability Function o Pin State*'  Disabled

Cl4  PKI3/AUDRCLK PK13 AUDRCLK Vee Threshold value Yes PK13 Input Hiz Enabled
switching

B15 PK14/AUDRSYN# PK14 AUDRSYN# Vee Threshold value Yes PK14 Input Hiz Enabled
switching

B9 PL2/DROWR PL2 DROWR Vee Threshold value Yes PL2 Input Hiz Disabled
switching

D7 PL3/IRQ6 PL3 IRQ6 Vee Threshold value Yes PL3 Input Hiz Disabled
switching

c7 PLA/TIA10/(TIFOA) PL4 TIA10 (TIFOA) Vee Threshold value Yes PL4 Input Hiz Disabled
switching

B8 PL5/TIA11/(TIFOB) PLS TIALL (TIFOB) Vee Threshold value Yes PLS Input Hiz Disabled
switching

A8 PL6/TIA12/(TIF1A) PL6 TIA12 (TIF1A) Vee Threshold value Yes PL6 Input Hiz Disabled
switching

A7 PL8/TIA14/IRQ7/DREQ3 PL8 TIA14 IRQ7 DREQ3 Vee Threshold value Yes PL8 Input Hiz Disabled
switching

B7 PLY/TIA15/AUDREVT# PL9 TIA1S AUDREVT#  Vcc Threshold value Yes PL9 Input Hiz Disabled
switching

L12 PMO/ADOINO PMO ADOINO Avee CMOS (function 1) — ADOINO Input Hiz Enabled
Analog (function 2)

N12  PM2/ADOIN2 PM2 ADOIN2 AVee CMOS (function1) ~ — ADOIN2 Input Hiz Enabled
Analog (function 2)

M13 PM4/ADOIN4 PM4 ADOIN4 Avee CMOS (function 1) — ADOIN4 Input Hiz Enabled
Analog (function 2)

N13 PM6/ADOING PM6 ADOIN6 AVce CMOS (function 1) - ADOING Input Hiz Enabled
Analog (function 2)

P14 PM8/ADOIN8 PM8 ADOIN8 Avce CMOS (function 1) — ADOIN8 Input Hiz Enabled
Analog (function 2)

N14 PM9/ADOIN9 PM9 ADOIN9 AVce CMOS (function 1) - ADOIN9 Input Hiz Enabled
Analog (function 2)

R14  PMI10/ADOIN1O PM10 ADOIN10 AVee CMOS (function1)  — ADOIN10 Input Hiz Enabled
Analog (function 2)

P13 PM11/ADOIN11 PM11 ADOIN11 Avee CMOS (function 1) — ADOIN11 Input Hiz Enabled
Analog (function 2)

R13  PMI12/ADOIN12 PM12 ADOIN12 AVee CMOS (function1)  — ADOIN12 Input Hiz Enabled
Analog (function 2)

P12 PM13/ADOIN13 PM13 ADOIN13 Avce CMOS (function 1) — ADOIN13 Input Hiz Enabled
Analog (function 2)

R12 PM14/ADOIN14 PM14 ADOIN14 Avee CMOS (function 1) - ADOIN14 Input Hiz Enabled
Analog (function 2)

P11 PM15/ADOIN15 PM15 ADOIN15 Avce CMOS (function 1) — ADOIN15 Input Hiz Enabled
Analog (function 2)

J13 PNO/AD1INO PNO AD1INO Avee CMOS (function 1) — AD1INO Input Hiz Enabled
Analog (function 2)

J12 PN1/AD1IN1 PNL ADLIN1 AVee CMOS (function1) ~ — AD1IN1 Input Hiz Enabled

Analog (function 2)

RENESAS
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User Pin Pin State after a Reset
Power Supply output Input
Pin Name in Driving Enabled/
No.  PinName Function1  Function2  Function3  Function4  Function 5 Function 6  Circuit Input Buffer Type  Ability Function 110 Pin State*!  Disabled
K12 PN4/AD1IN4 PN4 AD1IN4 Avce CMOS (function 1) —_ AD1IN4 Input Hiz Enabled
Analog (function 2)
K13 PNS/AD1INS PN5 AD1INS Avee CMOS (function1) ~ — ADLINS Input Hiz Enabled
Analog (function 2)

P15 Avce — Avee — — —
NI5  AVss - AVss — — —
KI5 Avee — Avee — — —
Kla  Avss — AVss — — —
M15 AVREFH —_ AVREFH —_ —_ —_
M14  AVREFL — AVREFL — — —
L15  AVREFH - AVREFH — — —
L14  AVREFL — AVREFL — — —
G2 PLLVce - PLLVcC — — -
G1 PLLVss —_ PLLVss —_ —_ —_
c4 vdd — vdd — — —
cs vdd — vdd — — —
[e] vdd — vdd — — —
D5 vdd - vdd — — -
D6 vdd — vdd — — —
M7 vdd — vdd — — —
M8 vdd — vdd — — —
N7 vdd — vdd — — —
Ng vdd - vdd — — -
a4 Vss — Vss — — —
Fa Vss - Vss — — —
c2 Vss —_ Vss —_ —_ —_
D3 Vss — Vss — — —
D4 Vss —_ Vss —_ —_ —_
E3 Vss — Vss — — —
E4 Vss - Vss — — -
F3 Vss — Vss — — —
M4 Vss — Vss — — —
M5 Vss —_ Vss —_ —_ —_
M6 Vss — Vss — — —
A6 Vss — Vss — — —
L3 Vee — Vee — — —
L4 vee - Vee — — —
M10 Vee —_ Vee — —_ _
NIO Voo — vee — — _
K3 Vss —_ Vss —_ —_ —_
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User Pin Pin State after a Reset

Power Supply output Input
Name in Driving Enabled/

Pin Name Function1  Function2  Function3  Function4  Function 5 Function 6  Circuit Input Buffer Type  Ability Function 110 Pin State*!  Disabled

Vss — Vss — — —

Vss — Vss — — —

Vss — Vss — — —

c9

D9

F12

c8

D8

AL Vss(N.C.) — Vss — — —
Al5  Vss(N.C) — Vss — — —
R1 Vss(N.C.) — Vss — — —
R15 AVce(N.C.) - Avce - - -
L13 AVss — AVss — — —
M12  AVss — AVss — — —

Notes: *1 The meanings of the notations "pull up” and "pull down" are as follows. See section 38, Electrical

Characteristics, for the MOS pull-up and pull-down transistor current drains.
Pull up: A pull-up function is provided for the pin.
Pull down: A pull-down function is provided for the pin.

e All'Vss and Vss (N.C.) pins are connected.

e AVcc (N.C.) [the R15 pin] and AVcc [the P15 pin] are connected to AVcc of the ADO module.

e AVss [the N15 pin] and AVss [the M12 and L13 pins] are connected to AVss of the ADO module.

e AVREFH [the M15 pin] is connected to AVREFH of the ADO module.

e AVREFH [the L15 pin] is connected to AVREFH of the AD1 module.

e AVREFL [the M14 pin] is connected to AVREFL of the ADO module.

o AVREFL [the L14 pin] is connected to AVREFL of the AD1 module.

e Although the power supply pins marked "(N.C.)" may be left open without affecting microcontroller operation,
we recommend connecting them for power supply stabilization.

o When the same pin function is assigned to two pin locations, descriptions are separately given to the pin
location not represented in parentheses and the one represented in parentheses. Here, the pin function of the
two pin locations is identical. For details on the pin function assignment, refer to table 18.15.

Rev.1.20 Oct 25, 2013 1-16
RENESAS RO1UH0420EJ0120



Section 1 Overview

1.6 Descriptions of Pin Functions

Table 1.4 lists the descriptions of pin functions.

Table 1.4  Descriptions of Pin Functions
Classification Pins Name I/0 Functions
Power supply Vce I System and I/O port power supply. All these pins must be
connected.
Vss | Ground pins. All these pins must be connected to ground
(GND).
vdd IC internal logic circuit power supply. All these pins must
be connected.
DET30R5 | Vcc voltage level specification pin.
PLLVcc | PLL frequency multiplier power supply
PLLVss | PLL frequency multiplier ground
Clock EXTAL I Crystal resonator or external clock input
XTAL (0] Crystal resonator connection
CLKOUT (0] System clock output pin
System control MDO to MD2 | Operating mode setting pins. Do not change the signal
levels on these pins during operation.
FWE | This pin enables or disables ROM programming.
MPMD | Operating mode setting pins. Do not change the signal
levels on these pins during operation.
RESET# | Reset input pin. This MCU goes to the hardware reset
state when the RESET# pin is set "L" level.
Interrupt NMI | Nonmaskable interrupt request signal pin.
IRQO to IRQ2, | External interrupt request signal input pin.
IRQ5 to IRQ7
Watchdog timer (WDT) WDTOVF# (0] Counter overflow output pin.
I/O ports PAO to PA13 I/O 14-pin general input/output ports.
PBO, PB1, PB3 I/0 3-pin general input/output ports.
PCO to PC3, PC5, PC6, 1/0 7-pin general input/output ports.
PC14
PDO to PD10 110 11-pin general input/output ports.
PE15 I/0 1-pin general input/output ports.
PFO, PF1, PF4, PF5 110 4-pin general input/output ports.
PGO to PG4 110 5-pin general input/output ports.
PHO to PH15 110 16-pin general input/output ports.
PJO to PJ7, PJ10 to /0 14-pin general input/output ports.
PJ15
PKO, PK5, PKS6, 110 10-pin general input/output ports.
PK8 to PK14

PL2 to PL6, PL8, PL9  1/O 7-pin general input/output ports.
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Classification Pins Name I/0 Functions
I/O ports PMO, PM2, PM4, PM6, | 12-pin general input ports.
PM8 to PM15
PNO, PN1, PN4, PN5 | 4-pin general input ports.
Direct memory access DREQO, DREQ?2, | DMA transfer request input pins.
controller (DMAC) DREQ3
Advanced timer unit I1IS  TCLKB | External clock input to clock bus 5.
(ATU-IS) TIAOO to TIAO4, TIA10 | Input-capture triggers for timer A channels.
to TIA12, TIA14, TIA15
TIFOA, TIFOB, TIF1A, | Event inputs for timer F channels.
TIF1B, TIF2A, TIF2B
PWMOFFO, PWMOFF1, | Timer TOU PWM output-prohibit control signal inputs.
PWMOFF3, PWMOFF4
TOO0O0 to TOO7, (@) Pulse/PWM outputs for timer TOU channels.
TO10 to TO15,
TO20 to TO27,
TO30 to TO37,
TO40 to TO44
Serial communication SCKO to SCK2 110 Clock input/output pins.
|(r;t§:r|1;:a)ce with FIFO RXDO to RXD3 | Receive data input pins.
TXDO to TXD3 (0] Transmit data output pins.
RTSO#, RTS2#, RTS3# 1/0 Request to send.
CTSO#, CTS2#, CTS3# 1/0 Clear to send.
Renesas serial RSPCKO to RSPCK2 I/O RSPI0 to RSPI2 clock input/output pins.
?sggl‘fra' interface MOSI0, MOSI1, MOSI2 1/0 RSPIO to RSPI2 master transmit data input/output pins.
MISOO0, MISO1, MISO2 1/0 RSPIO to RSPI2 slave transmit data input/output pins.
SSLOO, SSL10, SSL20  I/O RSPIO to RSPI2 slave select data input/output pins.
SSLO1 (0] RSPIO0 slave select data output pin.
I°C bus interface 3 (IIC3) SCL 110 I°C serial clock input/output pin.
SDA 110 I°C serial data input/output pin.
CAN module CRX0 to CRX3 I Pins for receiving data.
CTX0to CTX3 (0] Pins for transmitting data.
A/D converter (ADC) AVcc | A/D converter power supply. All these pins must be
connected.
AVss | Analog ground pin. All these pins must be connected.
AVREFL | Input pin for analog reference voltage. All these pins must
be connected.
AVREFH | Input pin for analog reference voltage. All these pins must
be connected.
ADOINO, ADOIN2, | Analog input pins for ADO module.
ADOIN4, ADOINSG,
ADOINS to ADOIN15
AD1INO, AD1IN1, | Analog input pins for AD1 module.
AD1IN4, AD1IN5
ADOTRG# | Input pin for scan conversion trigger of A/D module.
ADOEND (0] Output pin for monitoring ADO module conversion timing of

ADOINO.
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Classification Pins Name 110 Functions
Direct RAM input DDBO0O0 to DDB13 I Input pins of DRI input data.
interface (DRI) DDCOO to DDC15 | Input pins of DRI input data.
DINBO, DINB1, DINB3 | Input pins of DRI event input.
DINC4 I Input pin of DRI event input.
Direct RAM output DRODO to DROD15 (0] DRO output data bus.
interface (DRO) DROWR @) DRO output data strobe.
Parallel DAC controller  PDIDATAO to (@) Setting data output to the D/A converter.
(PDAC) PDIDATA9
PDIWR (@) Write signal output to the D/A converter.
Parallel selector (PSEL) PSLCLKA (0] PSEL clock A output pin.

PSLCLKB (0] PSEL clock B output pin.

PSLDATAO to (@) PSEL select data output pins.

PSLDATA3

PSLCLR (@) PSEL clear pulse output pin.

FlexRay module FRXA I Channel A receive data input pin.

FTXA (0] Channel A transmit data output pin.

FTXENA (0] Channel A transmit enable pin. Data transmission is
disabled when this pin is "H" level. Data transmission is
enabled when this pin is "L" level.

FRXB I Channel B receive data input pin.

FTXB (0] Channel B transmit data output pin.

FTXENB (0] Channel B transmit enable pin. Data transmission is
disabled when this pin is "H" level. Data transmission is
enabled when this pin is "L" level.

AUD RAM monitor AUDRCLK | Synchronization clock input pin. Input the clock to be used
(AUDR) for debugging to this pin. Frequencies up to 12.5 MHz can
be used.

AUDRSYN# | Data start position recognition signal input.

AUDRDO to AUDRD3 I/0 Command, address, and data input/output pins.

AUDREVT# (0] Event output pin.

User debugging interface TCK | JTAG serial clock input pin.
(H-UDI) ™S I Mode select input pin.

TRST# I H-UDI reset input pin.

TDI | Data input pin.

TDO (@) Data output pin.

ASEBRK#/BRKACK /0 Pins for an emulator.
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Section 2 Programming Model

The programming model of the SH-4A is explained in this section. The SH-4A has registers and data formats as shown
below.

2.1 Data Formats

The data formats supported by the SH-4A are shown in figure 2.1.

Byte (8 bits) |:|
0
Word (16 bits) :l
0
|
0

31
Longword (32 bits) |

31 30 22
Single-precision floating-point (32 bits) | sl e | f |
63 62 51 0
Double-precision floating-point (64 bits) |S| e | f |
Legend:
s: Sign field

e: Exponent field
f: Fraction field

Figure 2.1 Data Formats

Rev.1.20 Oct 25, 2013 2-1
RO1UH0420EJ0120 RENESAS



Section 2 Programming Model

2.2 Register Descriptions
221 Privileged Mode and Banks

(1) Processing Modes

The SH-4A has two processing modes, user mode, and privileged mode. The SH-4A normally operates in user mode,
and switches to privileged mode when an exception occurs or an interrupt is accepted. There are four kinds of
registers—general registers, system registers, control registers, and floating-point registers—and the registers that can
be accessed differ in the two processing modes.

(2) General Registers

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

e Privileged mode
In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked register set is
accessed as general registers, and which set is accessed only through the load control register (LDC) and store
control register (STC) instructions.
When the RB bit is "1" (that is, when bank 1 is selected), the 16 registers comprising bank 1 general registers
RO_BANK1 to R7_BANK1 and non-banked general registers R8 to R15 can be accessed as general registers RO to
R15. In this case, the eight registers comprising bank 0 general registers RO_BANKO to R7_BANKO are accessed
by the LDC/STC instructions.
When the RB bit is "0" (that is, when bank 0 is selected), the 16 registers comprising bank 0 general registers
RO_BANKO to R7_BANKO and non-banked general registers R8 to R15 can be accessed as general registers RO to
R15. In this case, the eight registers comprising bank 1 general registers RO_BANK1 to R7_BANK?1 are accessed
by the LDC/STC instructions.

e User mode

In user mode, the 16 registers comprising bank 0 general registers RO_BANKO to R7_BANKO and non-banked
general registers R8 to R15 can be accessed as general registers RO to R15. The eight registers comprising bank 1
general registers RO_BANK1 to R7_BANKZ1 cannot be accessed.

(3) Control Registers

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

(4) System Registers

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

There are thirty-two floating-point registers, FRO-FR15 and XF0-XF15. FRO-FR15 and XF0-XF15 can be assigned to
either of two banks (FPRO_BANKO-FPR15_BANKO or FPR0O_BANK1-FPR15_BANK1).

FRO-FR15 can be used as the eight registers DR0/2/4/6/8/10/12/14 (double-precision floating-point registers, or pair
registers) or the four registers F\VV0/4/8/12 (register vectors), while XFO—XF15 can be used as the eight registers
XDO0/2/4/6/8/10/12/14 (register pairs) or register matrix XMTRX.

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

Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers After Reset*!
General registers RO_BANKO to R7_BANKO, Undefined
RO_BANK1 to R7_BANK1,
R8 to R15
Control registers SR MD bit ="1", RB bit ="1", BL bit ="1", IMASK = "B'1111",
others including reserved bits = "0"
GBR, SSR, SPC, SGR, DBR Undefined
VBR H'0000 0000
System registers MACH, MACL, PR Undefined
PC H'A000 0000
Floating-point FRO to FR15, XFO to XF15, FPUL  Undefined
registers FPSCR H'0004 0001

Note: *1 Initialized by a hardware reset.

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

User mode and privileged mode are switched by the processing mode bit (MD) in the status register.
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31 0 31 0 31 0
RO_BANKQ*1*2 RO_BANKZ1*1.*3 RO_BANKOQ*1*4
R1_BANKO*? R1_BA *3 R1_BANKO**
R2_BANKO0*? R2_BANK1*3 R2_BANKO**
R3_BANKO*? R3_BA *3 R3_BANKO**
R4_BANKOQ*? R4_BA *3 R4_BANKO**
R5_BANKOQ*2 R5_BANK1*3 R5_BANKO**
R6_BANKO0*? R6_BANK1*3 R6_BANKO**
R7_BANKO0*? R7_BANK1*3 R7_BANKO**

R8 R8 R8
R9 R9 R9
R10 R10 R10
RIL R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR | SR | | SR |
| SSR ] | SSR ]
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
[ PC ] PC ] | PC |
| SPC ] | SPC ]
[ SGR ] | SGR ]
| DBR | | DBR |
RO_BANKQ*1*4 RO_BANK1*1*3
R1_BANKO** R1_BANK1*3
R2_BANKO** R2_BANK1*3
R3_BANKO** R3_BANK1*3
R4_BANKO** R4_BANK1*3
R5_BANKO** R5_BANK1*3
R6_BANKO** R6_BANK1*3
R7_BANKO** R7_BANK1*3
(a) Register configuration (b) Register configuration in (c) Register configuration in
in user mode privileged mode (RB = "1") privileged mode (RB = "0")

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

indexed GBR indirect addressing mode.
*2 Banked registers

*3 Banked registers
Accessed as general registers when the RB bit is set to "1" in SR. Accessed only by

LDC/STC instructions when the RB bit is cleared to "0".

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

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

Figure 2.3 shows the relationship between the processing modes and general registers. The SH-4A has twenty-four 32-
bit general registers (R0_BANKO to R7_BANKO, RO_BANK1 to R7_BANK1, and R8 to R15). However, only 16 of
these can be accessed as general registers RO to R15 in one processing mode. The SH-4A has two processing modes,
user mode and privileged mode.

¢ RO _BANKO to R7_BANKO

Allocated to RO to R7 in user mode (SR.MD ="0")

Allocated to RO to R7 when SR.RB ="0" in privileged mode (SR.MD = "1").
e RO_BANK1 to R7_BANK1

Cannot be accessed in user mode.

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

SR.MD ="0" or

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

RO RO_BANKO RO_BANKO

R1 R1 BANKO R1_BANKO

R2 R2_BANKO R2_BANKO

R3 R3_BANKO R3_BANKO

R4 R4 _BANKO R4_BANKO

R5 R5_BANKO R5_BANKO

R6 R6_BANKO R6_BANKO

R7 R7_BANKO R7_BANKO
RO_BANK1 RO_BANK1 RO
R1_BANK1 R1 BANK1 R1
R2_BANK1 R2_BANK1 R2
R3_BANK1 R3 BANK1 R3
R4_BANK1 R4 _BANK1 R4
R5_BANK1 R5 BANK1 R5
R6_BANK1 R6_BANK1 R6
R7_BANK1 R7_BANK1 R7

R8 R8 R8

R9 R9 R9

R10 R10 R10

R11 R11 R11

R12 R12 R12

R13 R13 R13

R14 R14 R14

R15 R15 R15

Figure 2.3 General Registers

Note on Programming: As the user's RO to R7 are assigned to RO_BANKO to R7_BANKO, and after an exception
or interrupt RO to R7 are assigned to RO_BANK1 to R7_BANKZ1, it is not necessary for the
interrupt handler to save and restore the user's RO to R7 (RO_BANKO to R7_BANKO).

Rev.1.20 Oct 25, 2013 2-5
RO1UH0420EJ0120 RENESAS




Section 2 Programming Model

2.2.3 Floating-Point Registers

Figure 2.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-point registers,
FPRO_BANKO to FPR15 BANKO, AND FPRO_BANK1 to FPR15 BANKZ1, comprising two banks. These registers
are referenced as FRO to FR15, DR0/2/4/6/8/10/12/14, FV0/4/8/12, XFO to XF15, XD0/2/4/6/8/10/12/14, or XMTRX.
Reference names of each register are defined depending on the state of the FR bit in FPSCR (see figure 2.4).

1.

Floating-point registers, FPRn_BANK:i (32 registers)

FPRO_BANKO, FPR I_BANKO, FPR2_BANKO, FPR3_BANKO,
FPR4_BANKO, FPR5_BANKO, FPR6_BANKO, FPR7_BANKO,
FPR8_BANKO, FPR9_BANKO, FPR10_BANKO0, FPR11_BANKO,
FPR12_BANKO, FPR13_BANKO, FPR14 BANKO, FPR15 BANKO
FPRO_BANKY, FPR1_BANK1, FPR2_BANK1, FPR3_BANKI1,
FPR4_BANK1, FPR5_BANKI1, FPR6_BANK1, FPR7_BANK1,
FPR8_BANKI1, FPR9_BANK1, FPR10_BANK1, FPR11_BANK1,
FPR12_BANKY, FPR13_BANK1, FPR14 BANK1, FPR15_BANK1

Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR ="0", FRO to FR15 are assigned to FPRO_BANKO to FPR15 BANKO;
when FPSCR.FR ="1", FRO to FR15 are assigned to FPRO_BANK1 to FPR15 BANKI1.

Double-precision floating-point registers or single-precision floating-point registers, DRi (8 registers): A DR
register comprises two FR registers.

DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises four FR registers.
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FR5, FR6, FR7},
FV8 = {FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = "0", XFO to XF15 are assigned to FPRO_BANK1 to FPR15_BANK1,;
when FPSCR.FR ="1", XF0 to XF15 are assigned to FPRO_BANKO to FPR15 BANKO.

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

Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16 XF registers.
XMTRX = | XFO XF4 XF8 XF12

XF1 XF5 XF9 XF13

XF2 XF6 XF10  XF14

XF3 XF7 XF11  XF15
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FPSCR.FR =0
FVO DRO
DR2
Fv4 DR4
DR6
Fv8 DR8
DR10
FV12 DR12

DR14

XMTRX XDO

XD2

XD4

XD6

XD8

XD10

XD12

XD14

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

XFO
XF1
XF2
XF3
XF4
XF5
XF6
XF7
XF8
XF9
XF10
XF11
XF12
XF13
XF14
XF15

FPRO_BANKO

FPR1_BANKO

FPR2_BANKO

FPR3_BANKO

FPR4_BANKO

FPR5_BANKO

FPR6_BANKO

FPR7_BANKO

FPR8_BANKO

FPR9_BANKO

FPR10_BANKO

FPR11_BANKO

FPR12_BANKO

FPR13_BANKO

FPR14_BANKO

FPR15_BANKO

FPRO_BANK1

FPR1_BANK1

FPR2_BANK1

FPR3_BANK1

FPR4_BANK1

FPR5_BANK1

FPR6_BANK1

FPR7_BANK1

FPR8_BANK1

FPR9_BANK1

FPR10_BANK1

FPR11_BANK1

FPR12_BANK1

FPR13_BANK1

FPR14_BANK1

FPR15_BANK1

FPSCR.FR=1
XFO XDO
XF1
XF2 XD2
XF3
XF4 XD4
XF5
XF6 XD6
XF7
XF8 XD8
XF9
XF10 XD10
XF11
XF12 XD12
XF13
XF14 XD14
XF15
FRO DRO
FR1
FR2 DR2
FR3
FR4 DR4
FR5
FR6 DR6
FR7
FR8 DR8
FR9
FR10 DR10
FR11
FR12 DR12
FR13
FR14 DR14
FR15

XMTRX

FVO

FV4

Fv8

FV12

Figure 2.4 Floating-Point Registers
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224

Control Registers

(1) Status Register (SR)

Bit

Startus Register (SR)

Bit:

31

30

[ wo |

After Reset:

Blt:

0

15

1

23 22 21
I B I B B N
0 0 0

o
o
o

=
o
©
[ee]

7 6 5 4 3 2 1 0

FD

[ =l wm]ol IMASK [=T=Is[7]

After Reset:

0

Abbreviation

14
[ - |
0

After Reset R

w

0 0 0 1 1 1 1 0 0 0 0

<After Reset: H'7000 00F0>
Description

31

0

0

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

30

MD

w

Processing Mode

Selects the processing mode.

0: User mode (Some instructions cannot be executed and some
resources cannot be accessed.)

1: Privileged mode

This bit is set to "1" by an exception or interrupt.

29

RB

Privileged Mode General Register Bank Specification Bit

0: RO_BANKO to R7_BANKO are accessed as general registers RO to
R7 and RO_BANK1 to R7_BANK1 can be accessed using LDC/STC
instructions

1: RO_BANK1 to R7_BANK1 are accessed as general registers RO to
R7 and RO_BANKO-R7_BANKO can be accessed using LDC/STC
instructions

This bit is set to "1" by an exception or interrupt.

28

BL

Exception/Interrupt Block Bit
This bit is set to "1" by a reset, a general exception, or an interrupt.

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

27to 16

All 0

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

15

FD

FPU Disable Bit

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

14to 10

All 0

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

M Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.

Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.
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Bit Abbreviation After Reset R W Description

7t04 IMASK All'1 R W Interrupt Mask Level Bits

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

3,2 — AllO 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
1 S 0 R W SBit

Used by the MAC instruction.
0 T 0 R W TBit

Indicates true/false condition, carry/borrow, or overflow/underflow.
For details, see section 3, Instruction Set.

(2) Saved Status Register (SSR) (32 bits, Privileged Mode, After Reset = Undefined)
The contents of SR are saved to SSR in the event of an exception or interrupt.

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

(4) Global Base Register (GBR) (32 bits, After Reset = Undefined)

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

(5) Vector Base Register (VBR) (32 bits, Privileged Mode, After Reset = H'0000 0000)

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

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

When the user break debugging function is enabled (CBCR.UBDE = 1), DBR is referenced as the branch destination
address of the user break handler instead of VBR.
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225 System Registers
(1) Multiply-and-Accumulate Registers (MACH and MACL) (32 bits, After Reset = Undefined)

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

(2) Procedure Register (PR) (32 bits, After Reset = Undefined)

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

(3) Program Counter (PC) (32 bits, After Reset = H'A000 0000)
PC indicates the address of the instruction currently being executed.

(4) Floating-Point Status/Control Register (FPSCR)

Floating-Point Status/Control Register (FPSCR)

— [ =] =-1=1=-1=-1-1rr[sz]rr]on]| cause |
0o 0 o o0 o0 o o0 o0 o o0 1 o0 o

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0

After Reset: 0 0

BIt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Cause | Enable (EN) | Flag | RM |
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

<After Reset: H'0004 0001>

Bit Abbreviation After Reset R W Description
31to22 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
21 FR 0 R W Floating-Point Register Bank

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

1: FPRO_BANKO to FPR15_BANKO are assigned to XF0 to XF15 and
FPRO_BANK1 to FPR15_BANK1 are assigned to FRO to FR15
20 Sz 0 R W Transfer Size Mode
0: Data size of FMOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register pair (64 bits)
For relationship between the SZ bit, PR bit, and endian, see figure 2.5.
19 PR 0 R W Precision Mode
0: Floating-point instructions are executed as single-precision
operations

1: Floating-point instructions are executed as double-precision
operations (graphics support instructions are undefined)
For relationship between the SZ bit, PR bit, and endian, see figure 2.5.

18 DN 1 R W Denormalization Mode

0: Denormalized number is treated as such
1. Denormalized number is treated as zero
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Bit Abbreviation After Reset

Description

17to 12 Cause AllO

FPU Exception Cause Field

11to7 Enable (EN) AllO

FPU Exception Enable Field

6to 2 Flag AllO

FPU Exception Flag Field

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

For bit allocations of each field, see table 2.2.

T oD
g5

1,0 RM 01

R W Rounding Mode
These bits select the rounding mode.

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

11: Reserved

<Big endian>

63 0

Floating-point register | DR (2i) |

63 0
[ rre) | FRei |

63 32 31 0
Memory area | |
8n 8n+3 8n+4 8n+7
<Little endian>*3
63 0 63 0 63 0
Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |
*1, %2 *2
63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |
63 3231 0 63 32 31 0 63 I 32 31 I 0
Memory area | I | | I | | I |
4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n
(1)sz=0 (2)Sz=1,PR=0 (3)Sz=1,PR=1

Notes: *1 Inthe case of SZ =0 and PR = 0, DR register can not be used.
*2 The bit-location of DR register is used for double precision format when PR = 1.
(In the case of (2), it is used when PR is changed from 0 to 1.)
*3 Little endian cannot be selected in this MCU.

Figure 2.5 Relationship between SZ Bit and Endian

Table 2.2  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (Z2) (O) V) ()
Cause FPU exception cause field Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
Enable FPU exception enable field None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
Flag FPU exception flag field None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

(5) Floating-Point Communication Register (FPUL) (32 bits, After Reset = Undefined)

Information is transferred between the FPU and CPU via FPUL.
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2.3 Memory-Mapped Registers
Some control registers are mapped to the following memory areas. Each of the mapped registers has two addresses.

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

These two areas are used as follows.

e H'1C00 0000 to H'1FFF FFFF
This area must be accessed using the address translation function of the MMU.
Setting the page number of this area to the corresponding field of the TLB enables access to a memory-mapped
register.
The operation of an access to this area without using the address translation function of the MMU is not guaranteed.
e H'FC00 0000 to H'FFFF FFFF

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

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

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

76 0
s |
31/7 6 0
|5 ........................................ Sl |
1514 0

[s] |
31/1514 0
|5 .......................... sl |

Figure 2.6 Formats of Byte Data and Word Data in Register
2.5 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in an 8-bit byte, 16-bit

word, or 32-bit longword form. A memory operand less than 32 bits in length is sign-extended before being loaded into
a register.

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

Big endian can be selected for the data format. Bit positions are numbered left to right from most-significant to least-
significant. Thus, in a 32-bit longword, the leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is
the least significant bit.

The data format in memory is shown in figure 2.7.

A A+1 A+2 A+3 A+11 A+10 A+9 A+8
31 23 15 7 0 31 23 15 7 0
7 0|7 o7 of7 0 7 of7 0[7 0|7 0
Address A | Byte 0 Byte 1 | Byte 2 | Byte 3 Byte 3| Byte 2 | Byte 1 | Byte 0| Address A +8
15 0[15 0 15 0|15 0
Address A + 4 Word 0 Word 1 Word 1 Word 0 Address A + 4
31 0 31 0
Address A + 8 Longword Longword Address A
Big endian Little endian*1

Note: *1 Little endian cannot be selected in this MCU.

Figure 2.7 Data Formats in Memory

For the 64-bit data format, see figure 2.5.
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2.6 Processing States
The SH-4A has major two processing states: the reset state and instruction execution state.
(1) Reset State

In this state the CPU is reset.
The internal state of the CPU and the on-chip peripheral module registers are initialized. For details, see register
descriptions for each section.

(2) Instruction Execution State

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

From any state
when reset input

'

Reset state

A

Reset clearance Reset input

\

Instruction execution state

Figure 2.8 Processing State Transitions
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2.7 Usage Notes

2.7.1 Notes on Self-Modifying Code

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

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

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

SYNCO
I CBI @n
The target for the ICBI instruction can be any address within the range where no address error exception occurs.

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

SYNCO
I CBI @n

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

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

OCBP @m or OCBWB @Rm

SYNCO

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

Note: e Self-modifying code is code that dynamically rewrites itself while the instructions that make up the code are
being executed.
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This page is blank for reasons of layout.

Rev.1.20 Oct 25, 2013 2-16
RENESAS RO1UH0420EJ0120



Section 3 Instruction Set

Section 3 Instruction Set

The SH-4A's instruction set is implemented with 16-bit fixed-length instructions. The SH-4A can use byte (8-bit), word
(16-bit), longword (32-bit), and quadword (64-bit) data sizes for memory access. Single-precision floating-point data
(32 bits) can be moved to and from memory using longword or quadword size. Double-precision floating-point data (64
bits) can be moved to and from memory using longword size. When the SH-4A moves byte-size or word-size data from
memory to a register, the data is sign-extended.

3.1 Execution Environment

(1) PC

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

The SH-4A has a load-store architecture in which operations are basically executed using registers. Except for bit-
manipulation operations such as logical AND that are executed directly in memory, operands in an operation that
requires memory access are loaded into registers and the operation is executed between the registers.

(3) Delayed Branches

Except for the two branch instructions BF and BT, the SH-4A's branch instructions and RTE are delayed branches. In a
delayed branch, the instruction following the branch is executed before the branch destination instruction.

(4) Delay Slot

This execution slot following a delayed branch is called a delay slot. For example, the BRA execution sequence is as
follows:

Table 3.1  Execution Order of Delayed Branch Instructions

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

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

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

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

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

(6) Constant Values

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

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

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

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

Table 3.2  Addressing Modes and Effective Addresses

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register indirect @Rn Effective address is register Rn contents. Rn — EA
s
n n address)
Register indirect @Rn+ Effective address is register Rn contents. Rn —» EA
with post- A constant is added to Rn after instruction execution: 1 for a  After instruction
increment byte operand, 2 for a word operand, 4 for a longword execution
operand, 8 for a quadword operand. Byte:
Rn+1— Rn
Word:
Rn+2 —>Rn
Longword:
1/2/4/8 Rn+4 — Rn
Quadword:
Rn +8 —» Rn
Register indirect @-Rn Effective address is register Rn contents, decremented by a  Byte:
with pre- constant beforehand: Rn—-1— Rn
decrement 1 for a byte operand, 2 for a word operand, Word:
4 for a longword operand, 8 for a quadword operand. Rn—2 - RN
Rn—-4 —» Rn
Rn = 1/2/4/8 Rn — 1/2/4/8 Quadword:
Rn—-8 - Rn
1/2/4/8 RN — EA
(Instruction
executed
with Rn after
calculation)
Register indirect @(disp:4, Rn) Effective address is register Rn contents with Byte: Rn + disp —
with 4-bit displacement disp added. After disp is EA
displacement zero-extended, it is multiplied by 1 (byte), 2 (word), or 4 Word: Rn + disp x 2
(longword), according to the operand size. S EA

_ Rn + disp x 4 - EA
disp j @—»l Rn + disp x 1/2/4

(zero-extended)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Indexed register @(RO, Rn) Effective address is sum of register Rn and RO contents. Rn + RO —» EA

indirect

Rn

([ Rn+Ro_|

GBR indirect with @(disp:8, GBR)

displacement

Effective address is register GBR contents with

8-bit displacement disp added. After disp is
zero-extended, it is multiplied by 1 (byte), 2 (word), or 4
(longword), according to the operand size.

GBR

GBR

disp )
+ disp x 1/2/4

(zero-extended)_l e

1/2/4

|

Byte: GBR + disp —
EA

Word: GBR + disp x
2> EA

Longword: GBR +
disp x 4 > EA

Indexed GBR
indirect

@(RO, GBR)

Effective address is sum of register GBR and RO contents.

GBR

S —[onrmo ]

GBR + RO —» EA

PC-relative with  @(disp:8, PC)

displacement

Effective address is PC + 4 with 8-bit displacement disp

Word: PC + 4 + disp

added. After disp is zero-extended, it is multiplied by 2 (word), x 2 —» EA

or 4 (longword), according
to the operand size. With a longword operand,
the lower 2 bits of PC are masked.

* With longword operand

H'FFFF FFFC

PC + 4 + disp
x 2

(+*)+| orPce
i H'FFFF FFFC
disp :
(zero-extended) + 4 +disp x 4

Longword:
PC & H'FFFF FFFC
+ 4 + disp x 4 —» EA

RENESAS
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative disp:8 Effective address is PC + 4 with 8-bit displacement disp PC+4+dispx2—
added after being sign-extended and Branch-Target
multiplied by 2.
n ° PC + 4 +disp x 2
disp
(sign-extended)
disp:12 Effective address is PC + 4 with 12-bit displacement disp PC+4 +dispx2—
added after being sign-extended and Branch-Target
multiplied by 2.
(+)y—{PC + 4 + disp x 2
disp
(sign-extended)
Rn Effective address is sum of PC + 4 and Rn. PC+4+Rn—
Branch-Target
’
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, or XOR —
instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or CMP/EQ —
instruction is sign-extended.
#mm:8 8-bit immediate data imm of TRAPA instruction is zero- —

extended and multiplied by 4.

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

descriptions.
@ (disp:4, Rn)

; Register indirect with displacement

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

@ (disp:8, PC)
disp:8, disp:12

; PC-relative with displacement
: PC-relative
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3.3 Instruction Set
Table 3.3 shows the notation used in the SH instruction lists shown in tables 3.4 to 3.13.

Table 3.3  Notation Used in Instruction List

Item Format Description
Instruction OP.Sz SRC, DEST OP: Operation code
mnemonic Sz: Size
SRC: Source operand
DEST: Source and/or destination operand
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement
Operation notation -, Transfer direction
(xx) Memory operand
M/Q/T SR flag bits
& Logical AND of individual bits
| Logical OR of individual bits
A Logical exclusive-OR of individual bits

Logical NOT of individual bits
<<n, >>n n-bit shift

Instruction code MSB < LSB mmmm: Register number (Rm, FRm)
nnnn: Register number (Rn, FRn)
0000: RO, FRO
0001: R1, FR1

1111: R15, FR15
mmm:  Register number (DRm, XDm, Rm_BANK)

nnn: Register number (DRn, XDn, Rn_BANK)
000: DRO, XDO0, RO_BANK

001: DR2, XD2, R1_BANK

111: DR14, XD14, R7_BANK

mm: Register number (FVm)

nn: Register number (FVn)

00: FVO

01: Fv4

10: FVv8

11: FV12

iiii: Immediate data
dddd: Displacement

Privileged mode — "Privileged" means the instruction can only be executed in privileged
mode.
T bit Value of T bit after —: No change

instruction execution

New — "New" means that the instruction was newly added to the SH-4A
version in which the value of the VER field in the processor version
register (PVR) is H'20.

Note: e Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand.
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Table 3.4  Fixed-Point Transfer Instructions

Instruction Operation Instruction Code Privileged TBit New

MOV #imm,Rn imm — sign extension — Rn 1110nnnnidiiiiii — — —

MOV.W  @(disp*',PC), Rn (disp x 2 + PC + 4) - sign extension 1001nnnndddddddd — - —
—>Rn

MOV.L @(disp**,PC), Rn (disp x 4 + PC & HFFFF FFFC + 4)  1101nnnndddddddd — — —
—>Rn

MOV Rm,Rn Rm — Rn 0110nnnnmmmmO011 — — —

MOV.B Rm,@Rn Rm — (Rn) 0010NnNNNmmmmO000 — — —

MOV.W Rm,@Rn Rm — (Rn) 0010nnNnmmmmO001 — — —

MOV.L Rm,@Rn Rm — (Rn) 0010nnNNmmmmO010 — — —

MOV.B @Rm,Rn (Rm) — sign extension — Rn 0110nnNNnmmmmO000 — — —

MOV.W @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmmO001 — — —

MOV.L @Rm,Rn (Rm) > Rn 0110nnNNmmmmO010 — - =

MOV.B Rm,@-Rn Rn-1 — Rn, Rm — (Rn) 0010nNnnmmmm0100 — — —

MOV.W  Rm,@-Rn Rn-2 — Rn, Rm — (Rn) 0010nnnNnmmmm0O101 — — —

MOV.L Rm,@-Rn Rn-4 — Rn, Rm — (Rn) 0010nnnNnmmmm0110 — — —

MOV.B @Rm+,Rn (Rm)— sign extension — Rn, 0110nnnnmmmm0100 — — —
Rm+1— Rm

MOV.W @Rm+,Rn (Rm) — sign extension — Rn, 0110nnnnmmmmO0101 — — —
Rm+2 — Rm

MOV.L @Rm+,Rn (Rm) > Rn, Rm +4 — Rm 0110nnnnmmmm0110 — — —

MOV.B RO,@(disp**,Rn) RO — (disp + Rn) 10000000nnnndddd — — —

MOV.W  RO,@(disp**,Rn) RO — (disp x 2 + Rn) 10000001nnnndddd — - —

MOV.L Rm,@(disp**,Rn) Rm — (disp x 4 + Rn) 0001nnnnmmmmdddd — - —

MOV.B @(disp*l,Rm),RO (disp + Rm) — sign extension -» RO 10000100mmmmdddd — — —

MOV.W  @(disp*!,Rm),R0 (disp x 2 + Rm) — sign extension 10000101mmmmdddd — - —
— RO

MOV.L @(disp*l,Rm),Rn (disp x 4 + Rm) - Rn 0101nnnnmmmmdddd — — —

MOV.B Rm,@(RO,Rn) Rm — (RO + Rn) 0000NNNNMMMMO100 — — —

MOV.W Rm,@(R0,Rn) Rm — (RO + Rn) 0000NNNNMMmmO101 — — —

MOV.L Rm,@(RO,Rn) Rm — (RO + Rn) 0000NNNNMmmMMO110 — — —

MOV.B @(RO,Rm),Rn (RO + Rm) —> 0000NNNNMMmm1100 — — —
sign extension — Rn

MOV.W @(RO,Rm),Rn (RO + Rm) - 0000NNNNmmmm1101 — — —
sign extension — Rn

MOV.L @(RO,Rm),Rn (RO + Rm) - Rn 0000NNNNMmMMm1110 — — —

MOV.B RO,@(disp*",GBR) RO — (disp + GBR) 11000000dddddddd — — —

MOV.W  RO,@(disp**,GBR) RO — (disp x 2 + GBR) 11000001dddddddd — - —

MOV.L RO,@(disp*",GBR) RO — (disp x 4 + GBR) 11000010dddddddd — — —

MOV.B @(disp*,GBR),R0  (disp + GBR) — 11000100dddddddd — — —
sign extension — RO

MOV.W  @(disp*",GBR),R0  (disp x 2 + GBR) — 11000101dddddddd — — —
sign extension — RO

MOV.L @(disp*',GBR),R0  (disp x 4 + GBR) — RO 11000110dddddddd — - —
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Instruction Operation Instruction Code Privileged T Bit New
MOVA @(disp*",PC),R0 disp x 4 + 11000111dddddddd — S —
PC & HFFFF FFFC
+4 R0
MOVCO.L RO,@Rn LDST > T 0000nnnn01110011 — LDST New
If (T==1) RO — (Rn)
0 — LDST
MOVLIL @Rm,RO 1> LDST 0000mmmm01100011 — — New
(Rm) - RO
When interrupt/exception occurred 0
— LDST
MOVUA.L @Rm,RO (Rm) - RO 0100mmmm10101001 — — New
Load non-boundary alignment data
MOVUA.L @Rm+,R0O (Rm) - RO, Rm +4 — Rm 0100mmmm11101001 — — New
Load non-boundary alignment data
MOVT Rn T—Rn 0000nnnn00101001 — — —
SWAP.B Rm,Rn Rm — swap lower 2 bytes - Rn 0110nnNnNmmmm1000 — — —
SWAP.W Rm,Rn Rm — swap upper/lower words — Rn  0110nnnnmmmm1001 — — —
XTRCT Rm,Rn Rm:Rn middle 32 bits - Rn 0010nnnnmmmm1101 — — —
Note: *1 The assembler of Renesas uses the value after scaling (x1, x2, or x4) as the displacement (disp).
Table 3.5  Arithmetic Operation Instructions
Instruction Operation Instruction Code Privileged T Bit New
ADD Rm,Rn Rn +Rm — Rn 0011nnnnmmmm1100 — — —
ADD #imm,Rn Rn +imm — Rn Olllnnnniiiiiiii — — —
ADDC Rm,Rn Rn+Rm+T—> Rn,carry > T 0011nnnnmmmm1110 — Carry —
ADDV Rm,Rn Rn + Rm — Rn, overflow —» T 0011nnnnmmmm1111 — Overflow —
CMP/EQ #imm,R0O When RO =imm, 1> T 10001000iiiiiiii — Comparison  —
Otherwise, 0 > T result
CMP/EQ Rm,Rn WhenRn=Rm, 1> T 0011nNNNmmmmO000 — Comparison ~ —
Otherwise, 0 > T result
CMP/HS Rm,Rn When Rn > Rm (unsigned), 0011nnnnmmmmO0010 — Comparison  —
15T result
Otherwise, 0 > T
CMP/GE Rm,Rn When Rn > Rm (signed), 0011nnnnmmmmO0011 — Comparison ~ —
1->T result
Otherwise, 0 > T
CMP/HI Rm,Rn When Rn > Rm (unsigned), 0011nnnnmmmmO110 — Comparison —
1->T result
Otherwise, 0 > T
CMP/GT Rm,Rn When Rn > Rm (signed), 0011nnnnmmmmO0111 — Comparison ~ —
15T result
Otherwise, 0 > T
CMP/PZ Rn WhenRnN>0,1->T 0100nnnn00010001 — Comparison ~ —
Otherwise, 0 > T result
CMP/PL Rn When RN >0,1->T 0100nnnn00010101 — Comparison ~ —
Otherwise, 0 > T result
CMP/STR Rm,Rn When any bytes are equal, 0010nnnnNmmmm1100 — Comparison ~ —
15T result
Otherwise, 0 > T
DIV1 Rm,Rn 1-step division (Rn + Rm) 0011nnnnmmmm0100 — Calculation —
result
Rev.1.20 Oct 25, 2013 3-8
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Section 3 Instruction Set

Instruction Operation Instruction Code Privileged T Bit New
DIVOS Rm,Rn MSB of Rn — Q, 0010nnnnmmmmO111 — Calculation —
MSB of Rm - M, M*\Q - T result
DIVOU 0 - M/IQIT 0000000000011001 — 0 —
DMULS.L Rm,Rn Signed, 0011nnnnmmmm1101 — — —
Rn x Rm — MAC,
32 x 32 — 64 bits
DMULU.L Rm,Rn Unsigned, 0011nnnnmmmmO101 — — -
Rn x Rm - MAC,
32 x 32 — 64 bits
DT Rn Rn-1— Rn; 0100nnNn00010000 — Comparison —
whenRn=0,1->T result
When Rn=0,0>T
EXTS.B Rm,Rn Rm sign-extended from byte - Rn  0110nnnnmmmm1110 — — —
EXTS.W Rm,Rn Rm sign-extended from word - Rn 0110nnnnmmmm1111 — — —
EXTU.B Rm,Rn Rm zero-extended from byte - Rn  0110nnnnmmmm1100 — — —
EXTU.W Rm,Rn Rm zero-extended from word - Rn  0110nnnnmmmm1101 — — —
MAC.L @Rm+@Rn+  Signed, 0000nNNnNmmmm1111 — — —
(Rn) x (Rm) + MAC —» MAC
Rn+4 — Rn,Rm+4 —> Rm
32 x 32 + 64 — 64 bits
MAC.W @Rm+@Rn+ Signed, 0100nnnNnmmmm1111 — — —
(Rn) x (Rm) + MAC — MAC
Rn+2 — Rn,
Rm+ 2 —> Rm
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn Rn x Rm - MACL 0000NnNNNmMmMmmO111 — — —
32 x 32 — 32 bits
MULS.W Rm,Rn Signed, 0010nnnnmmmm1111 — — —
Rn x Rm — MACL
16 x 16 — 32 bits
MULU.W Rm,Rn Unsigned, 0010nnnNnmmmm1110 — — —
Rn x Rm - MACL
16 x 16 — 32 bits
NEG Rm,Rn 0—Rm — Rn 0110nnnnmmmm1011 — — —
NEGC Rm,Rn 0—-Rm-T — Rn, borrow - T 0110nnnnmmmm1010 — Borrow —
SuB Rm,Rn Rn—Rm — Rn 0011nnnnmmmm1000 — — —
SUBC Rm,Rn Rn—Rm—-T — Rn, borrow — T 0011nnnnmmmm1010 — Borrow —
SUBV Rm,Rn Rn — Rm — Rn, underflow —» T 0011nnnnmmmm1011 — Underflow —
Rev.1.20 Oct 25, 2013 3-9
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Table 3.6 Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New

AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmm1001 — — —

AND #imm,R0O RO & imm — RO 11001001iiiiiiii — — —

AND.B  #imm, @(R0O,GBR) (RO + GBR) & imm — (RO + GBR) 11001101iuiuiiii — — —

NOT Rm,Rn ~Rm - Rn 0110nnnnmmmmO111 — — —

OR Rm,Rn Rn|Rm — Rn 0010nnnnmmmm1011 — — —

OR #imm,R0O RO | imm — RO 11001011iiiiiiii — — —

OR.B #imm, @(RO,GBR) (RO + GBR) | imm — (RO + GBR) 11001111iuiiiiii — — —

TASB @Rn When (Rn)=0,1->T 0100nnnn00011011 — Test —
Otherwise, 0 > T result
In both cases, 1 —» MSB of (Rn)

TST Rm,Rn Rn & Rm; 0010nNNnmmmm1000 — Test —
whenresult=0,1—>T result
Otherwise, 0 > T

TST #imm,R0O RO & imm; 11001000iiiiiiii — Test —
whenresult=0,1—>T result
Otherwise, 0 > T

TST.B  #imm, @(RO,GBR) (RO + GBR) & imm; 11001100iiiiiiii — Test —
whenresult=0,1—>T result
Otherwise, 0 > T

XOR Rm,Rn Rn ARmM — Rn 0010nnnnmmmm1010 — — —

XOR #imm,R0O RO A imm — RO 11001010iiiiiiii — — —

XOR.B  #imm, @(RO,GBR) (RO + GBR) A imm — (RO + GBR) 11001110iwiuiiii — — —

RENESAS
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Table 3.7  Shift Instructions
Instruction Operation Instruction Code Privileged T Bit New
ROTL RN T < Rn « MSB 0100nNNN00000100 — MSB —
ROTR Rn LSB—>Rn—>T 0100nnnNn00000101 — LSB —
ROTCL RN T<RneT 0100nNNNN00100100 — MSB —
ROTCR Rn T>Rn—>T 0100nnnn00100101 — LSB —
SHAD Rm,Rn When Rm >0, Rn << Rm — Rn 0100nnNNmmmm1100 — — —
When Rm < 0, Rn >>Rm — [MSB — Rn]
SHAL Rn T« Rn«0 0100nNNN00100000 — MSB —
SHAR Rn MSB > Rn > T 0100nnNn00100001 — LSB —
SHLD Rm,Rn When Rm >0, Rn << Rm — Rn 0100nnNnnNmmmm1101 — — —
When Rm <0, Rn>>Rm — [0 - Rn]
SHLL RN T« Rn«0 0100nNNN00000000 — MSB —
SHLR RN 0->RN>T 0100nNNN00000001 — LSB —
SHLL2 Rn Rn<<2 —>Rn 0100nnNN00001000 — — —
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 — — —
SHLL8 Rn Rn<<8 - Rn 0100nnNn00011000 — — —
SHLR8 Rn Rn>>8 — Rn 0100nnnn00011001 — — —
SHLL16 Rn Rn << 16 — Rn 0100nnNn00101000 — — —
SHLR16 Rn Rn>>16 - Rn 0100nnnNn00101001 — — —
Table 3.8 Branch Instructions
Instruction Operation Instruction Code Privileged T Bit New
BF label When T =0, dispx2+PC+4 — PC 10001011dddddddd — — —
When T =1, nop
BF/S label Delayed branch; when T =0, 10001111dddddddd — — —
dispx2+PC+4—PC
When T =1, nop
BT label When T =1, dispx2+PC+ 10001001dddddddd — — —
4 - PC
When T =0, nop
BT/S label Delayed branch; when T =1, 10001101dddddddd — — —
dispx2+PC+4—>PC
When T =0, nop
BRA label Delayed branch, disp x 2 + 1010dddddddddddd — — —
PC+4 - PC
BRAF Rn Delayed branch, Rn + PC + 4 —» PC 0000NnNNN00100011 — — —
BSR label Delayed branch, PC + 4 — PR, 1011dddddddddddd — — —
dispx2+PC+4—>PC
BSRF Rn Delayed branch, PC + 4 —» PR, 0000NnNNN0O0000011 — — —
Rn+PC+4—PC
JMP @Rn Delayed branch, Rn —» PC 0100nnnn00101011 — — —
JSR @RnN Delayed branch, PC + 4 - PR, Rn - PC 0100nnnn00001011 — — —
RTS Delayed branch, PR — PC 0000000000001011 — — -
Rev.1.20 Oct 25,2013 3-11
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Instruction Set

Table 3.9  System Control Instructions

Instruction Operation Instruction Code Privileged T Bit New
CLRMAC 0 - MACH, MACL 0000000000101000 — — —
CLRS 0->S 0000000001001000 — — —
CLRT 0->T 0000000000001000 — 0 —
ICBI @Rn Invalidates instruction cache block 0000nNNN11100011 — — New
LDC Rm,SR Rm — SR 0100mmmm00001110 Privileged LSB —
LDC Rm,GBR Rm — GBR 0100mmmm00011110 — — —
LDC Rm,VBR Rm — VBR 0100mmmm00101110 Privileged ~ — —
LDC Rm,SGR Rm — SGR 0100mmmm00111010 Privileged — New
LDC Rm,SSR Rm — SSR 0100mmmm00111110 Privileged ~ — —
LDC Rm,SPC Rm — SPC 0100mmmm01001110 Privileged ~ — —
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privileged ~ — —
LDC Rm,Rn_BANK Rm — Rn_BANK (n=0t0 7) 0100mmmm1nnn1110 Privileged — —
LDC.L @Rm+,SR (Rm) »> SR, Rm +4 —» Rm 0100mmmm00000111 Privileged LSB —
LDC.L @Rm+,GBR  (Rm) -» GBR,Rm +4 - Rm 0100mmmm00010111 — — —
LDC.L @Rm+,VBR  (Rm) » VBR,Rm+4 — Rm 0100mmmm00100111 Privileged — —
LDC.L @Rm+,SGR  (Rm) - SGR, Rm +4 —» Rm 0100mmmm00110110 Privileged — New
LDC.L @Rm+,SSR  (Rm) > SSR, Rm +4 - Rm 0100mmmm00110111 Privileged — —
LDC.L @Rm+,SPC  (Rm) > SPC,Rm +4 — Rm 0100mmmm01000111 Privileged — —
LDC.L @Rm+,DBR  (Rm) - DBR,Rm +4 —» Rm 0100mmmm11110110 Privileged — —
LDC.L @Rm+,Rn_ (Rm) - Rn_BANK, 0100mmmm1nnn0111 Privileged — —

BANK Rm+4 — Rm
LDS Rm,MACH Rm — MACH 0100mmmm00001010 — — —
LDS Rm,MACL Rm — MACL 0100mmmm00011010 — — —
LDS Rm,PR Rm —» PR 0100mmmm00101010 — — —
LDS.L @Rm+,MACH (Rm) -»> MACH, Rm +4 — Rm 0100mmmmO0000110 — — —
LDS.L @Rm+,MACL (Rm) - MACL, Rm +4 — Rm 0100mmmm00010110 — — —
LDS.L @Rm+,PR (Rm) > PR,Rm +4 - Rm 0100mmmm00100110 — — —
LDTLB PTEH/PTEL — TLB 0000000000111000 Privileged — —
MOVCA.L RO,@Rn RO — (Rn) (without fetching cache block) 0000nnnn11000011 — — —
NOP No operation 0000000000001001 — — —
ocBI @RnN Invalidates operand cache block 0000nnnn10010011 — — —
OCBP @Rn Writes back and invalidates 0000nnNNn10100011 — — —
operand cache block
OCBWB @Rn Writes back operand cache block 0000nnNNn10110011 — — —
PREF @Rn (Rn) — operand cache 0000nnnNn10000011 — — —
PREFI @Rn Reads 32-byte instruction block into 0000nnNNn11010011 — — New
instruction cache

RTE Delayed branch, SSR/SPC — SR/PC 0000000000101011 Privileged — —
SETS 1-S 0000000001011000 — — —
SETT 15T 0000000000011000 — 1 —
SLEEP*! Sleep 0000000000011011 Privileged — —
STC SR,Rn SR > Rn 0000NnnNN00000010 Privileged — —
STC GBR,Rn GBR — Rn 0000nnNNN00010010 — — —
STC VBR,Rn VBR — Rn 0000nnnNn00100010 Privileged — —

RENESAS
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Instruction Set

Instruction Operation Instruction Code Privileged T Bit New
STC SSR,Rn SSR - Rn 0000NnnNNN00110010 Privileged — —
STC SPC,Rn SPC - Rn 0000nnnNn01000010 Privileged — —
STC SGR,Rn SGR - Rn 0000nnnn00111010 Privileged — —
STC DBR,Rn DBR — Rn 0000nNNN11111010 Privileged ~ — —
STC Rm_BANK,Rn  Rm_BANK — Rn 0000NNNN1mmm0010 Privileged — —

(m=0to7)
STC.L SR,@-Rn Rn -4 — Rn, SR - (Rn) 0100nnNn00000011 Privileged ~ — —
STC.L GBR,@-Rn Rn -4 — Rn, GBR — (Rn) 0100nNNN00010011 — — —
STC.L VBR,@-Rn Rn—4 — Rn, VBR — (Rn) 0100nNNn00100011 Privileged ~ — —
STC.L SSR,@-Rn Rn -4 — Rn, SSR — (Rn) 0100nnnNn00110011 Privileged — —
STC.L SPC,@-Rn Rn—4 — Rn, SPC - (Rn) 0100nnNn01000011 Privileged ~ — —
STC.L SGR,@-Rn Rn-4 - Rn, SGR — (Rn) 0100nnNNn00110010 Privileged ~ — —
STC.L DBR,@-Rn Rn -4 — Rn, DBR — (Rn) 0100nnnNn11110010 Privileged ~ — —
STC.L Rm_BANK,@- Rn-4 — Rn, 0100nnNn1mmm0011 Privileged ~ — —

Rn Rm_BANK — (Rn)

(m=0to7)
STS MACH,Rn MACH — Rn 0000NnnnNN00001010 — — -
STS MACL,Rn MACL — Rn 0000nnNNN00011010 — — —
STS PR,Rn PR - Rn 0000nnnNn00101010 — — —
STS.L MACH,@-Rn Rn—-4 — Rn, MACH — (Rn) 0100nnNn00000010 — — —
STS.L MACL,@-Rn  Rn-4 — Rn, MACL — (Rn) 0100nnnn00010010 — — —
STS.L PR,@-Rn Rn -4 — Rn, PR - (Rn) 0100nnNn00100010 — — —
SYNCO Data accesses invoked by the following  0000000010101011 — — New

instructions are not executed until

execution of data accesses which

precede this instruction has been

completed.
TRAPA #imm #imm << 2 > TRA, 11000011imidiiii — — —

PC +2 — SPC,

SR — SSR,

R15 — SGR,

1 —» SR.MD/BL/RB,
H'160 — EXPEVT,
VBR + H'0100 — PC

Note:

*1 Do not use the SLEEP instruction because sleep mode is not available in this MCU.
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Table 3.10 Floating-Point Single-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit New
FLDIO FRn H'0000 0000 — FRn 1111nnnn10001101 — — —
FLDI1 FRn H'3F80 0000 — FRn 1111nnnn10011101 — — —
FMOV FRm,FRn FRm — FRn 1111nnnnmmmm1100 — — —
FMOV.S @Rm,FRn (Rm) —» FRn 1112nnnnmmmm1000 — — —
FMOV.S @(R0O,Rm),FRn (RO + Rm) —» FRn 1111nnnnmmmm0110 — — —
FMOV.S @Rm+,FRn (Rm) - FRn, Rm + 4 - Rm 1111nnnnmmmm1001 — — —
FMOV.S FRm,@Rn FRm — (Rn) 1111nnnnmmmm1010 — — —
FMOV.S FRmM,@-Rn Rn-4 — Rn, FRm — (Rn) 1111nnnnmmmm1011 — — —
FMOV.S FRm,@(RO,Rn) FRm — (RO + Rn) 1111nnnnmmmmO111 — — —
FMOV DRm,DRn DRm — DRn 1111nnnOmmm01100 — — —
FMOV @Rm,DRn (Rm) —» DRn 1112nnnOmmmm1000 — — —
FMOV @(RO,Rm),DRn (RO + Rm) —» DRn 1111nnnOmmmm0110 — — —
FMOV @Rm+,DRn (Rm) - DRn, Rm + 8 > Rm 1111nnnOmmmm1001 — — —
FMOV DRm,@Rn DRm — (Rn) 1111nnnnmmm01010 — — —
FMOV DRm,@-Rn Rn-8 - Rn, DRmM — (Rn) 1111nnnnmmm01011 — — —
FMOV DRm,@(RO,Rn) DRm — (RO + Rn) 1111nnnnmmm00111 — — —
FLDS FRm,FPUL FRm — FPUL 1112mmmm00011101 — — —_
FSTS FPUL,FRNn FPUL — FRn 1111nnnn00001101 — — —
FABS FRn FRn & H'7FFF FFFF — FRn 1111nnnn01011101 — — —
FADD FRm,FRn FRn + FRm — FRn 1112nnnnmmmmO000 — — —
FCMP/EQ FRm,FRn When FRNn=FRm, 1 > T 1111nnnnmmmm0O100 — Comparison —
Otherwise, 0 > T result
FCMP/GT FRm,FRn When FRn >FRm, 1 > T 1111nnnnmmmm0101 — Comparison —
Otherwise, 0 > T result
FDIV FRm,FRn FRn/FRmM — FRn 1111nnnnmmmmO011 — — —
FLOAT FPUL,FRN (float) FPUL — FRn 1111nnnn00101101 — — —
FMAC FRO,FRm,FRn FRO x FRm + FRn — FRn 1111nnnnmmmm1110 — — —
FMUL FRmM,FRn FRn x FRm — FRn 1111nnnnmmmmO010 — — —
FNEG FRn FRn A H'8000 0000 — FRn 1111nnnn01001101 — — —_
FSQRT FRn sqgrt (FRn) - FRn** 1111nnnn01101101 — — —
FSUB FRmM,FRn FRn - FRm — FRn 1111nnnnmmmmO001 — — —
FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — — —
Note:  *1 sqgrt (FRn) is the square root of FRn.
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Table 3.11 Floating-Point Double-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit New
FABS DRn DRn & H'7FFF FFFF FFFF FFFF 1111nnn001011101 — — —
— DRn
FADD DRm,DRn DRn + DRm — DRn 1112nnnOmmmO0000 — — —
FCMP/EQ DRm,DRn When DRn=DRm, 1 - T 1111nnnOmmm0O0100 — Comparison ~ —
Otherwise, 0 > T result
FCMP/GT DRm,DRn When DRn>DRm, 1 > T 1112nnnOmmm00101 — Comparison ~ —
Otherwise, 0 > T result
FDIV DRm,DRn DRn /DRm — DRn 1111nnnOmmmO0011 — — —
FCNVDS DRm,FPUL double_to_ float (DRm) - FPUL 1111mmm010111101 — — —
FCNVSD FPUL,DRn float_to_ double (FPUL) — DRn 1111nnn010101101 — — —
FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — — —
FMUL DRm,DRn DRn x DRm — DRn 1112nnnOmmmMO0010 — — —
FNEG DRn DRn ~ H'8000 0000 0000 0000 -  1111nNN001001101 — — —
DRn
FSQRT DRn sqrt (FRn) — FRn** 1111nnn001101101 — — —
FSUB DRm,DRn DRn - DRm — DRn 1111nnnOmmmO0001 — — —
FTRC DRm,FPUL (long) DRm — FPUL 1111mmm000111101 — — —
Note:  *1 sqgrt (FRn) is the square root of FRn.
Table 3.12 Floating-Point Control Instructions
Instruction Operation Instruction Code Privileged T Bit New
LDS Rm,FPSCR Rm — FPSCR 0100mmmm01101010 — — —
LDS Rm,FPUL Rm — FPUL 0100mmmm01011010 — — —
LDS.L @Rm+,FPSCR (Rm) » FPSCR, Rm+4 — Rm 0100mmmm01100110 — — —
LDS.L @Rm+,FPUL (Rm) - FPUL, Rm+4 — Rm 0100mmmm01010110 — — —
STS FPSCR,Rn FPSCR — Rn 0000nnnNn01101010 — — —
STS FPUL,Rn FPUL —» Rn 0000nnnNn01011010 — — -
STS.L FPSCR,@-Rn Rn -4 - Rn, FPSCR — (Rn) 0100nnnNn01100010 — — —
STS.L FPUL,@-Rn Rn -4 — Rn, FPUL — (Rn) 0100nnnn01010010 — — -
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Table 3.13 Floating-Point Graphics Acceleration Instructions

Instruction Operation Instruction Code Privileged T Bit New
FMOV DRm,XDn DRm — XDn 1112nnn1mmm01100 — — —
FMOV XDm,DRn XDm — DRn 1112nnnOmmm11100 — — —
FMOV XDm,XDn XDm — XDn 1112nnn1mmm11100 — — —
FMOV @Rm,XDn (Rm) - XDn 11121nnn1mmmm1000 — — —
FMOV @Rm+,XDn (Rm) - XDn, Rm + 8 - Rm 1111nnn1mmmm1001 — — —
FMOV @(R0O,Rm),XDn (RO + Rm) — XDn 1111nnn1mmmm0110 — — —
FMOV XDm,@Rn XDm — (Rn) 1111nnnnmmm11010 — — —
FMOV XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 1111nnnnmmm11011 — — —
FMOV XDm,@(R0O,Rn) XDm — (RO + Rn) 1111nnnnmmm10111 — — —
FIPR FVm,FVn inner_product (FVm, FVn) - FR[n+3] 1111nnmm11101101 — — —
FTRV XMTRX,FVn transform_vector (XMTRX, FVn) - 1111nn0111111101 — — —
Fvn
FRCHG ~FPSCR.FR —» FPSCR.FR 1111101111111101 — — —
FSCHG ~FPSCR.SZ — FPSCR.SZ 1111001111111101 — — —
FPCHG ~FPSCR.PR —» FPSCR.PR 1111011111111101 — — New
FSRRA FRn 1/sqrt(FRn) — FRn*! 1111nnnn01111101 — — New
FSCA FPUL,DRn sin(FPUL) — FRn 1111nnn011111101 — — New
cos(FPUL) - FR[n + 1]
Note:  *1 sqrt(FRn) is the square root of FRn.
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3.4 Usage Notes

Do not use the SLEEP instruction because sleep mode is not available in this MCU.
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Section 4 Pipelining

The SH-4A is a 2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor. Instruction execution is
pipelined, and two instructions can be executed in parallel.

4.1 Pipelines

Figure 4.1 shows the basic pipelines. Normally, a pipeline consists of eight stages: instruction fetch (11/12/13), decode
and register read (ID), execution (E1/E2/E3), and write-back (WB). An instruction is executed as a combination of
basic pipelines.

1. General Pipeline

I [ I 12 I 13 I D I EL I E2 I E3 I WB ]
! -Instruction fetch \-Predecode + -Instruction 1-Forwarding -Operation -Write-back !
! ' 1 decode ' '
: : 1 -Issue : :
. . | -Register read | !

2. General Load/Store Pipeline

[ [ | 12 | 13 | D | EL | E2 | E3 | WE |
! -Instruction fetch \-Predecode | -Instruction ! -Address ! -Memory data access 1-Write-back !
! ! | decode 1 calculation ! ! !
' ' 1 -Issue ' ' ' '
! ! | -Register read | ! ! '
3. Special Pipeline
[ [ | 12 | 13 | D | EL | E2 | E3 | WE |
1 -Instruction fetch ! -Predecode 1 -Instruction \-Forwarding | -Operation 1 -Write-back :
' ' i decode ' ' ' '
' ' 1 -Issue ' ' ' '
' ' | -Register read | ' ' '
4. Special Load/Store Pipeline
[ 11 [ 12 [ 13 [ 1D [ E1l [ E2 [ E3 [ WB |
:-Instrucl\on fetch ! -Predecode ! -Instruction !
! ! 1 decode !
. . | -Issue .
! ! '-Register read !
5. Floating-Point Pipeline
[ 11 | 12 | 13 | D | FS1 | FS2 | FS3 | FS4 | FS |
! -Instruction fetch :-Predecode ! -Instruction I-Register read !-Operation ! -Operation ! -Operation ! -Operation !
' ' 1 decode i-Forwarding 1 ' ' 1 -Write-back
' ' | -Issue : : ' ' ' '
6. Floating-Point Extended Pipeline
[ [ | 12 | 13 [ D | FE1_ | FE2 | FE3 | FE4 | FE5 | FE6_ | |
L + + + + t + + + + 1
1 -Instruction fetch | -Predecode | -Instruction !-Register read}-Operation ;-Operatlon 1 -Operation | -Operation ;-Operatlon i-Operation !
' ' 1 decode -Forwarding ' -Write-back 1
' ' '
'

! ! ! !
i i i i i i
' 1 Issue ' ' ' ' ' ' ' '

Figure 4.1 Basic Pipelines
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Section 4 Pipelining

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

Table 4.1  Representations of Instruction Execution Patterns

Representation Description

|E1[E2]E3[wB] CPU EX pipe is occupied

|Lsi]s2]s3|ws] CPU LS pipe is occupied (with memory access)
ILsi|s2|s3|ws] CPU LS pipe is occupied (without memory access)
Either CPU EX pipe or CPU LS pipe is occupied

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

| FS1|FS2|Fs3|Fs4] Fs | FPU-LS pipe is occupied

ID stage is locked

|_ Both CPU and FPU pipes are occupied

Rev.1.20 Oct 25, 2013 4-2
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Section 4 Pipelining

(1-1) BF, BF/S, BT, BT/S, BRA, BSR:1 issue cycle + 0 to 3 branch cycles

L1 | 12 | 13 | ID |EL/S1JE2/s2]E3/s3] WB | Note: e In branch instructions that are categorized
[ as (1-1), the number of branch cycles

| may be reduced by prefetching.

Ly 1 (2] (13) 1 (D) | (Branch destination instruction)

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

11 12 13 ID_JE1/S1]|E2/S2] E3/S3] WB

Lan ] 2§ (3) | (D) |  (Branch destination instruction)

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

11 12 13 ID_|E1/S1]E2/S2| E3/S3] WB Note: » The number of branch cycles may be
! 0 by prefetching instruction.

Lan T a2 ] a3) [ (D) ]  (Branch destination instruction)

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

L2 2 131 1b]s1 s2 s3 | wB |
LD _TEIsi1E2s2 | E3s3| WB ]
D

DT (2T (13 [ (D) ] (Branch destination instruction)

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

11 12 13 1D S1 | S2 | S3 | wB Note: « Itis 15 cycles to the ID stage
LD _JFi1s1|E2s2|E3s3| WB | in the first instruction of exception handler

WB

E3s3|WB
E2s2|E3s3| WB |
1s1|E2s2 [E3s3|WB
'
L
| (1D ] (121 (13) J(ID) |
(1-6) SLEEP: 2 issue cycles
11 12 13 1D S1 S2 S3 WB Note: ¢ It is not constant cycles to
LD N FisiJE2s2] F3s3] wB | the clock halted period.

Do not use the SLEEP instruction
because sleep mode is not available
in this MCU.

Figure 4.2 Instruction Execution Patterns (1)
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Section 4 Pipelining

(2-1) 1-step operation (EX type): 1 issue cycle
EXT[SU].[BW], MOVT, SWAP, XTRCT, ADD*, CMP*, DIV*, DT, NEG*, SUB*, AND, AND#,
NOT, OR, OR#, TST, TST#, XOR, XOR#, ROT*, SHA*, SHL*, CLRS, CLRT, SETS, SETT
Note: « Except for AND#, OR#, TST#, and XOR# instructions that use GBR relative
addressing mode.

L | 2 [ 13 [ o | e1 ] e2 ] e3 | ws]
(2-2) 1-step operation (LS type): 1 issue cycle

MOVA

L | 12 | 13 1 b | s1 | s2 | s3 | wB |

(2-3) 1-step operation (MT type): 1 issue cycle
MOV#, NOP

L | 2 | 13 | b Jeusi|E2/s2] E3/s3] wWB |

(2-4) MOV (MT type): 1 issue cycle
MOV

[ T 2 T 13 T o Jewst[E2s2]E3/s3] wB ]

Figure 4.2 Instruction Execution Patterns (2)

RENESAS
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Section 4 Pipelining

(3-1) Load/store: 1 issue cycle
MOV.[BWL], MOV.[BWL] @(d,GBR)

L | 2 | 13 | b | st | s2] s3 | ws|
(3-2) AND.B, OR.B, XOR.B, TST.B: 3 issue cycles

L2 | 2 13 ] i]s1 s2 | s3 | ws|

| )
. E1SI| E252 | E3S3 | WB

(3-3) TAS.B: 4 issue cycles

L2 | 2 13 ] i]s1 S2 s3 | ws |

D | E1s1| E2S2| E3S3| WB |
1D

ID_JEI1IS1

(3-4) PREF, OCBI, OCBP, OCBWB, MOVCA.L, SYNCO: 1 issue cycle
L2 T 2 1T 13 1T b [ s1 ] s21 s3 | ws]

(3-5) LDTLB: 1 issue cycle
LT 2 T 37

ID | E1sl | E2s2 | E3s3 | WB |

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

E2S2 | E3S3 | WB

1 ] 12 13D 1] s2] s3 | ws
D |
| D
1D
HDH
T I X Esde2ss [e3s3] we
LR JE1s1 |E2s2  E3s3| WB |
5 cycles (min.) E1sT E2s2|E3s3] WB ]
| (0] 2] (13) ] (D) |
(Branch to the next instruction of ICBI.)
(3-7) PREFI: 5 issue cycles + 5 cycles + 4 branch cycles
LT 21 13 | 1D s1 | s2 s3 WB
1D
""" D JEisi | e2s2] E3s3 [ we
5 cycles (min.) Elsl | F2s2 | E3s3]| wB |
: D J Eisi | E2s2 | E3s3] WB |
[T ™I o]
(3-8) MOVLI.L: 1 issue cycle (Branch to the next instruction of PREFI.)
L2 | 2 1 13 1 b ] s1 | s2 ] s3 | ws]
(3-9) MOVCO.L: 1 issue cycle
L2 | 12 1 13 1 b ] st | s2 ] s3] ws]
(3-10) MOVUA.L: 2 issue cycles
L iz 2 3] mJ]si]|s2 S3 | wB |
—si 1 s2 1 s3 T we]
Figure 4.2 Instruction Execution Patterns (3)

Rev.1.20 Oct 25, 2013 4-5

RO1UH0420EJ0120 RENESAS




Section 4 Pipelining

(4-1) LDC to Rp_BANK/SSR/SPC/VBR: 1 issue cycle

Lz 2 | 13 1 b | s1 | s2 | s3 | wB |

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

L2 | 2 13 ] 1D ] sl s2 s3 WB

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

L | 12 J i3 | D] st | s2] s3 | WBJ|

(4-4) LDC to SR: 4 issue cycles + 4 branch cycles
[ T 12 T 13 T D JeisiJE2s2] E3s3] WB |

LD

% ______

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

L2 2 13 1T DJsi]s2] s3] ws]

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

|I1|I2|I3|IDISl S2 S3 wWB

(4-7) LDC.L to GBR: 1 issue cycle
L [ 2] 138 | oJsi ] s2] ss | wsl]

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

11 12 13 ID_JE1S1 | E2S2 | E3S3| WB |

1D

LD 1 @21 @3) ] (D) |
(Branch to the next instruction.)

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

L [ 2 T B3 T b [ s1 | s2 [ s3 [ ws]

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

L1 [ 2 | 13 | 1D |Elsl | E2s2 | E3s3 | WB |

(4-11) STC.L from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle
L T 2 T 13 T o [ s1 ] s2 1] s3 | ws|

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

L1 [ 2 | 13 | 1D |Eis1 | E2S2 | E3S3| WB

(4-14) LDS.L to PR: 1 issue cycle
[ T 2T 13 T o st T s2 T s3] ws]

(4-15) STS from PR: 1 issue cycle
L | 2] 138 [ ] s1 | s2 | s3] ws]|

(4-16) STS.L from PR: 1 issue cycle
L | 2 [ 13 [ o] s1 [ s2 1 s3] ws]|

(4-17) BSRF, BSR, JSR delay slot instructions (PR set): 0 issue cycle
Lan 1 @2 | 03) | o) [(221) | (222) | (223) | (wB) |

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

Figure 4.2 Instruction Execution Patterns (5)
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(5-1) LDS to MACHY/L: 1 issue cycle

L [ 2 T B3 [T m [ st | s2 | s3 [ wB|
ms ]
(5-2) LDS.L to MACHY/L: 1 issue cycle
Lz [ 12 T 13 1 o[ st ] s2] s3] ws|
ms ]
(5-3) STS from MACHI/L: 1 issue cycle
L [ 2 T B3 [T o [ st | s2 | s3 [ wB|
ms ]
(5-4) STS.L from MACHI/L: 1 issue cycle
L [ 2 [ B3 [ m [ s1 | s2 ] s3 [ ws]|
ms ]
(5-5) MULS.W, MULU.W: 1 issue cycle
L [ 2 T 13 1 o [ E1 | m2] M3 ] ms |
(5-6) DMULS.L, DMULU.L, MUL.L: 1 issue cycle
[ T 2 T 3 T o JEr [ M2 m3]
| M2 | M3 | MS |
(5-7) CLRMAC: 1 issue cycle
[ T 2 T B3 T o JTE1r [ M2 M3 wms |
(5-8) MAC.W: 2 issue cycle
L | 2 | 13 ] D S1 Ss2 | s3 | wB
1D s1 | s2 | s3 | ws|
M2 [ m3 T mMS ]
(5-9) MAC.L: 2 issue cycle
[T 2 1T 138 T D S1 s2 | s3 | ws
1D s1 | s2 ] s3] ws
M2 M3 |
M2 | M3 | MS |

Figure 4.2 Instruction Execution Patterns (6)

RENESAS
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(6-1) LDS to FPUL: 1 issue cycle

[ T 2 T 13 T 1> [ st [ s2 [ s3]
L FS1 | Fs2 | FS3 | FS4 | FsS
(6-2) STS from FPUL: 1 issue cycle
L1 [ 12 T 13 | D [Fs1 | Fs2] Fs3 | Fs4 |
L s1 [ s2 1 s3 1 w|
(6-3) LDS.L to FPUL: 1 issue cycle
L | 12 | 13 ] b | s1 | s2] s3] ws|
L FS1 | Fs2 | FS3 | FS4 | FS
(6-4) STS.L from FPUL: 1 issue cycle
[ T 2 T 13 T 1D JFs1 [ Fs2] Fs3 ] Fs4]
S1 | s2 | s3 | wB |
(6-5) LDS to FPSCR: 1 issue cycle
[ T 2 T 183 T 1> [ st [ s2 | s3]
L FS1 [ FS2 [ FS3 | Fs4 | Fs
(6-6) STS from FPSCR: 1 issue cycle
L T 12 T 13 | 1> [ Fs1 | Fs2] Fs3 | Fsa |
L s1 | s2 | s3 | wB |
(6-7) LDS.L to FPSCR: 1 issue cycle
L | 2 | 3 | b | s1 | s2 | s3 | ws|
L— FS1 | FS2 | FS3 | FS4 | FS
(6-8) STS.L from FPSCR: 1 issue cycle
L | 12 | 13 | 1D |Fs1| Fs2] FS3 | Fsa |
L s1 | s2 | s3 | wB |
(6-9) FPU load/store instruction FMQOV: 1 issue cycle
L [ 2 [ 3 ] o [ s1 | s2 ] s3 | ws]|
L] FS1 | FS2 | FS3 | FS4 | FS
(6-10) FLDS: 1 issue cycle
[ T 12 T 13 ] D | st | s2 | s3 | wB |
T FS1 | FS2 | FS3 | FS4 | FS
(6-11) FSTS: 1 issue cycle
L | 2 | 3 | i | s1 | s2 | s3 |
L Fs1 | Fs2| FS3 [ Fsa | FS

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

[ T 2 T 13 T o [ st | s2 | s3]
L FS1 | FS2 | FS3 | FS4 | _FS |

(6-13) FLDIO, FLDI1: 1 issue cycle

[ T 2 T 13T > [ st | s2 [ s3]
L Fs1 | Fs2 | Fs3 | Fsa | Fs |

(6-14) Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG, FPCHG
[ T 2 T 13 T 1o [ FEL [ FE2 | FE3 | FE4 | FE5 | FE6 | FS |

(6-15) Single-precision FDIV/FSQRT: 1 issue cycle

L | 2 T 13 1 b ['FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS | (
FEDS (Divider occupied cycle) \

|LFE3 | FE4 | FE5 | FE6 | FS |

(6-16) Double-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FSUB, FTRC, FCNVSD, FCNVDS

| 12 | 12 | 13 | i | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
(6-17) Double-precision floating-point computation: 1 issue cycle

FMUL

L2 | 2 | 13 1 > [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS

FE1 FE2 FE3 | FE4 FES | FE6 ES_|
FE1 FE2 | FE3 FE4 | FES5 FE6 | FS |

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

L2 | 12 | 13 |1 1D | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS 1 (

FEDS (Divider occupied cycle)

[ FE3 T FE4 | FE5 [ FE6 | FS |
| FE3 | FE4 | FE5 | FE6 | FS |

Figure 4.2 Instruction Execution Patterns (8)

(6-19) FIPR: 1 issue cycle

[ 12 T 12 T 13 ] 1D JFEL ] FE2] FE3 | FE4 [ FE5 | FE6 | FS ]

| 12 | 12 | 13 ] 1D | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS |

[ T 2 T 13 T > [FEL] FE2 | FE3 | FE4 | FE5 | FE6 | FS ]
| FEPL |
Function computing unit occupied cycle
(6-22) FSCA: 1 issue cycle
L | 2 | 13 | o | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS

FEL | FE2 | FE3 | FE4 | FE5 [ FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS ]
| FEPL

Function computing unit occupied cycle

Figure 4.2 Instruction Execution Patterns (9)
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Section 4 Pipelining

4.2 Parallel-Executability

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

Table 4.2  Instruction Groups

Instruction Group Instruction

EX ADD DT ROTL SHLRS8
ADDC EXTS ROTR SHLR16
ADDV EXTU SETS SUB
AND #mm,R0 MOVT SETT SUBC
AND Rm,Rn MUL.L SHAD SUBV
CLRMAC MULS.W SHAL SWAP
CLRS MULU.W SHAR TST #imm,RO
CLRT NEG SHLD TST Rm,Rn
CMP NEGC SHLL XOR #imm,RO
DIVOS NOT SHLL2 XOR Rm,Rn
DIVOU OR #imm,R0O SHLLS XTRCT
DIV1 OR Rm,Rn SHLL16
DMUS.L ROTCL SHLR
DMULU.L ROTCR SHLR2

MT MOV #imm,Rn MOV Rm,Rn NOP

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

LS FABS FMOV.S FR,@adr MOV.[BWL] @adr,R STC CR2,Rn
FNEG FSTS MOV.[BWL] R,@adr STC.L CR2,@-Rn
FLDIO LDC Rm,CR1 MOVA STS SR2,Rn
FLDI1 LDC.L @Rm+,CR1 MOVCA.L STS.L SR2,@-Rn
FLDS LDS Rm,SR1 MOVUA STS SR1,Rn
FMOV @adr,FR LDS Rm,SR2 OCBI STS.L SR1,@-Rn
FMOV FR,@adr LDS.L @adr,SR2 OCBP
FMOV FR,FR LDS.L @Rm+,SR1 OCBWB
FMOV.S @adr,FR LDS.L @Rm+,SR2 PREF

FE FADD FDIV FRCHG FSCA
FSUB FIPR FSCHG FSRRA
FCMP (S/D) FLOAT FSQRT FPCHG
FCNVDS FMAC FTRC
FCNVSD FMUL FTRV

co AND.B #mm,@(R0,GBR) LDC.L @Rm+,SR PREFI TRAPA
ICBI LDTLB RTE TST.B #imm,@(RO,GBR)
LDC Rm,DBR MAC.L SLEEP*' XOR.B #imm,@(R0,GBR)
LDC Rm, SGR MAC.W STC SR,Rn
LDC Rm,SR MOVCO STC.L SR,@-Rn
LDC.L @Rm+,DBR MOVLI SYNCO
LDC.L @Rm+,SGR OR.B #imm,@(R0O,GBR) TAS.B

Note: *1 Do not use the SLEEP instruction because sleep mode is not available in this MCU.

Legend:

R: Rm/Rn

@adr: Address

SR1: MACH/MACL/PR

SR2: FPUL/FPSCR

CR1: GBR/Rp_BANK/SPC/SSR/VBR
CR2: CR1/DBR/SGR
FR: FRmM/FRnN/DRmM/DRn/XDm/XDn
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The parallel execution of two instructions can be carried out under following conditions.

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

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

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

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

5. Both instructions are valid.

Table 4.3 Combination of Preceding and Following Instructions

Preceding Instruction (addr)

EX MT BR LS FE Cco

Following EX No Yes Yes Yes Yes
Instruction MT Yes Yes Yes Yes Yes
(addr+2)

BR Yes Yes No Yes Yes

LS Yes Yes Yes No Yes

FE Yes Yes Yes Yes No

CcO No
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4.3 Issue Rates and Execution Cycles

Instruction execution cycles are summarized in table 4.4. Instruction Group in the table 4.4 corresponds to the category

in the table 4.2. Penalty cycles due to a pipeline stall are not considered in the issue rates and execution cycles in this
section.

1. Issue Rate

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

E.g. AND.B instruction

LT 21T 13 | b S1 s2 | s3 [ wB |

1D
ID_| EIST] E2S2 [ E3S3] WB |
Issue rate: 3
Nextinstruction [ [ (2) [ _(3) D) |
E.g. MAC.W instruction

L1 | 2 | 13 1D S1 S2 S3 WB

ID S1 S2 s3 | we

M2 M3 | wms |

Issue rate: 2
[————

|
Next instruction [ (1) 12 1 @3 | (o) |

2. Execution Cycles

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

CPU instruction

E.g. AND.B instruction Execution Cycles: 3
L T 2 T 131 D S1 s2 | s3 | wB ]
1D
ID | E1S1| E2s2 | E3s3| wB

E.g. MAC.W instruction Execution Cycles: 4

L1 | 12 | 13 ] b S1 S2 S3 WB
1D S1 S2 s3 | ws
M2 M3 | MS

FPU instruction

E.g. FMUL instruction Execution Cycles: 3

L2 [ 2 | 13 | b [ FEx | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FEL | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS

E.g. FDIV instruction | Execution Cycles: 14

1

Ll 12 131 o] rFeilrFe2|rFe3[FE4[FES [FE6 | FS |((

Divider occupationcycle  \\ | FE3| FE4| FES| FE6] FS
))
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Table 4.4  Issue Rates and Execution Cycles

Functional Instruction Execution Execution

Category No. Instruction Group Issue Rate  Cycles Pattern

Data transfer 1 EXTS.B Rm,Rn EX 1 1 2-1

instructions 2 EXTSW Rm,RN EX 1 1 2-1
3 EXTU.B Rm,Rn EX 1 1 2-1
4 EXTU.W Rm,Rn EX 1 1 2-1
5 MOV Rm,Rn MT 1 1 2-4
6 MOV #imm,Rn MT 1 1 2-3
7 MOVA @(disp,PC),RO LS 1 1 2-2
8 MOV.W @(disp,PC),Rn LS 1 1 3-1
9 MOV.L @(disp,PC),Rn LS 1 1 3-1
10 MOV.B @Rm,Rn LS 1 1 3-1
11 MOV.W @RmM,Rn LS 1 1 3-1
12 MOV.L @Rm,Rn LS 1 1 3-1
13 MOV.B @RmM+,Rn LS 1 1 3-1
14 MOV.W @Rm+,Rn LS 1 1 3-1
15 MOV.L @RmM+,Rn LS 1 1 3-1
16 MOV.B @(disp,Rm),R0O LS 1 1 3-1
17 MOV.W @(disp,Rm),R0O LS 1 1 31
18 MOV.L @(disp,Rm),Rn LS 1 1 3-1
19 MOV.B @(RO,Rm),Rn LS 1 1 31
20 MOV.W @(RO,Rm),Rn LS 1 1 3-1
21 MOV.L @(RO,Rm),Rn LS 1 1 31
22  MOV.B @(disp,GBR),R0 LS 1 1 31
23 MOV.W @(disp, GBR),R0 LS 1 1 3-1
24  MOV.L @(disp, GBR),R0 LS 1 1 31
25 MOV.B Rm,@Rn LS 1 1 3-1
26 MOV.W Rm,@Rn LS 1 1 3-1
27 MOV.L Rm,@Rn LS 1 1 3-1
28 MOV.B Rm,@-Rn LS 1 1 3-1
29 MOV.W Rm,@-Rn LS 1 1 3-1
30 MOV.L Rm,@-Rn LS 1 1 3-1
31 MOV.B RO,@(disp,Rn) LS 1 1 3-1
32 MOV.W RO,@(disp,Rn) LS 1 1 3-1
33 MOV.L Rm,@(disp,Rn) LS 1 1 3-1
34 MOV.B Rm,@(RO,Rn) LS 1 1 31
35 MOV.W Rm,@(RO,Rn) LS 1 1 3-1
36 MOV.L Rm,@(RO,Rn) LS 1 1 31
37 MOV.B RO,@(disp,GBR) LS 1 1 3-1
38 MOV.W RO,@(disp,GBR) LS 1 1 3-1
39 MOV.L RO,@(disp,GBR) LS 1 1 3-1
40 MOVCA.L RO,@Rn LS 1 1 3-4
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate  Cycles Pattern
Data transfer 41 MOVCO.L RO,@Rn ({0 1 1 3-9
instructions 42 MOVLIL @Rm,RO co 1 1 38
43 MOVUA.L @RmM,RO LS 2 2 3-10
44 MOVUA.L @Rm+,R0 LS 2 2 3-10
45 MOVT RN EX 1 1 2-1
46 OCBI @Rn LS 1 1 3-4
47 OCBP @RnN LS 1 1 3-4
48 OCBWB @Rn LS 1 1 3-4
49 PREF @RnN LS 1 1 3-4
50 SWAP.B Rm,Rn EX 1 1 2-1
51 SWAP.W Rm,Rn EX 1 1 2-1
52 XTRCT Rm,Rn EX 1 1 2-1
Fixed-point 53 ADD Rm,Rn EX 1 1 2-1
arithmetic 54 ADD #imm,Rn EX 1 1 2.1
instructions
55 ADDC Rm,Rn EX 1 1 2-1
56 ADDV Rm,Rn EX 1 1 2-1
57 CMP/EQ #imm,RO EX 1 1 2-1
58 CMP/EQ Rm,Rn EX 1 1 2-1
59 CMP/GE Rm,Rn EX 1 1 2-1
60 CMP/GT Rm,Rn EX 1 1 2-1
61 CMP/HI Rm,Rn EX 1 1 2-1
62 CMP/HS Rm,Rn EX 1 1 2-1
63 CMP/PL Rn EX 1 1 2-1
64 CMP/PZ RN EX 1 1 2-1
65 CMP/STR Rm,Rn EX 1 1 2-1
66 DIVOS Rm,Rn EX 1 1 2-1
67 DIVOU EX 1 1 2-1
68 DIVl Rm,Rn EX 1 1 2-1
69 DMULS.L Rm,Rn EX 1 2 5-6
70 DMULU.L Rm,Rn EX 1 2 5-6
71 DT RN EX 1 1 2-1
72 MAC.L @Rm+,@Rn+ CcO 2 5 5-9
73 MAC.W @Rm+,@Rn+ CO 2 4 5-8
74 MUL.L Rm,Rn EX 1 2 5-6
75 MULS.W Rm,Rn EX 1 1 5-5
76 MULU.W Rm,Rn EX 1 1 5-5
77 NEG Rm,Rn EX 1 1 2-1
78 NEGC Rm,Rn EX 1 1 2-1
79 SUB Rm,Rn EX 1 1 2-1
80 SUBC Rm,Rn EX 1 1 2-1
81 SUBV Rm,Rn EX 1 1 2-1
Rev.1.20 Oct 25, 2013 4-15
RO1UH0420EJ0120 RENESAS



Section 4 Pipelining

Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate  Cycles Pattern
Logical 82 AND Rm,Rn EX 1 1 2-1
instructions 83 AND #imm,RO EX 1 1 21
84 AND.B #imm,@(R0,GBR) CcO 3 3 3-2
85 NOT Rm,Rn EX 1 1 2-1
86 OR Rm,Rn EX 1 1 2-1
87 OR #imm,RO EX 1 1 2-1
88 OR.B #imm,@(RO,GBR) co 3 3 3-2
89 TAS.B @Rn CcO 4 4 3-3
90 TST Rm,Rn EX 1 1 2-1
91 TST #imm,RO EX 1 1 2-1
92 TST.B #mm,@(RO,GBR) co 3 3 3-2
93 XOR Rm,Rn EX 1 1 2-1
94 XOR #imm,RO EX 1 1 2-1
95 XOR.B #imm,@(R0,GBR) co 3 3 3-2
Shift 96 ROTL Rn EX 1 1 2-1
instructions 97 ROTR Rn EX 1 1 2-1
98 ROTCL Rn EX 1 1 2-1
99 ROTCR Rn EX 1 1 2-1
100 SHAD Rm,Rn EX 1 1 2-1
101 SHAL Rn EX 1 1 2-1
102 SHAR RN EX 1 1 2-1
103 SHLD Rm,Rn EX 1 1 2-1
104 SHLL Rn EX 1 1 2-1
105 SHLL2 RN EX 1 1 2-1
106 SHLLS Rn EX 1 1 2-1
107 SHLL16 RN EX 1 1 2-1
108 SHLR RN EX 1 1 2-1
109 SHLR2 Rn EX 1 1 2-1
110 SHLR8 RN EX 1 1 2-1
111 SHLR16 Rn EX 1 1 2-1
Branch 112 BF disp BR 1+0to 2 1 1-1
instructions 113 BF/S disp BR 14010 2 1 11
114 BT disp BR 1+0to 2 1 1-1
115 BT/S disp BR 1+0to 2 1 1-1
116 BRA disp BR 1+0to 2 1 1-1
117 BRAF Rm BR 1+3 1 1-2
118 BSR disp BR 1+0to 2 1 1-1
119 BSRF Rm BR 1+3 1 1-2
120 JMP @Rn BR 1+3 1 1-2
121 JSR @Rn BR 1+3 1 1-2
122 RTS BR 1+0to 3 1 1-3
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Functional Instruction Execution Execution

Category No. Instruction Group Issue Rate  Cycles Pattern

System control 123 NOP MT 1 1 2-3

instructions 124 CLRMAC EX 1 1 57
125 CLRS EX 1 1 2-1
126 CLRT EX 1 1 2-1
127 ICBI @Rn Cco 8+5+3 13 3-6
128 SETS EX 1 1 2-1
129 SETT EX 1 1 2-1
130 PREFI CO 5+5+3 10 3-7
131 SYNCO @Rn ({0 Undefined Undefined 3-4
132 TRAPA #imm CcO 8+5+1 13 1-5
133 RTE CO 4+1 4 1-4
134 SLEEP* (o) Undefined Undefined 1-6
135 LDTLB CO 1 1 3-5
136 LDC Rm,DBR CcO 4 4 4-2
137 LDC Rm,SGR CO 4 4 4-2
138 LDC Rm,GBR LS 1 1 4-3
139 LDC Rm,Rp_BANK LS 1 1 4-1
140 LDC Rm,SR CO 4+3 4 4-4
141 LDC Rm,SSR LS 1 1 4-1
142 LDC Rm,SPC LS 1 1 4-1
143 LDC Rm,VBR LS 1 1 4-1
144 LDC.L @Rm+,DBR CcO 4 4 4-6
145 LDC.L @Rm+,SGR Cco 4 4 4-6
146 LDC.L @Rm+,GBR LS 1 1 4-7
147 LDC.L @Rm+,Rp_BANK LS 1 1 4-5
148 LDC.L @RmM+,SR co 6+3 4 4-8
149 LDC.L @Rm+,SSR LS 1 1 4-5
150 LDC.L @Rm+,SPC LS 1 1 4-5
151 LDC.L @Rm+,VBR LS 1 1 4-5
152 LDS Rm,MACH LS 1 1 5-1
153 LDS Rm,MACL LS 1 1 5-1
154 LDS Rm,PR LS 1 1 4-13
155 LDS.L @Rm+,MACH LS 1 1 5-2
156 LDS.L @Rm+,MACL LS 1 1 5-2
157 LDS.L @Rm+,PR LS 1 1 4-14
158 STC DBR,Rn LS 1 1 4-9
159 STC SGR,Rn LS 1 1 4-9
160 STC GBR,Rn LS 1 1 4-9
161 STC Rp_BANK,Rn LS 1 1 4-9
162 STC SR,Rn Cco 1 1 4-10
163 STC SSR,Rn LS 1 1 4-9
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate  Cycles Pattern
System control 164 STC SPC,Rn LS 1 1 4-9
instructions 165 STC VBR,Rn LS 1 1 49
166 STC.L DBR,@-Rn LS 1 1 4-11
167 STC.L SGR,@-Rn LS 1 1 4-11
168 STC.L GBR,@-Rn LS 1 1 4-11
169 STC.L Rp_BANK,@-Rn LS 1 1 4-11
170 STC.L SR,@-Rn CcOo 1 1 4-12
171 STC.L SSR,@-Rn LS 1 1 4-11
172 STC.L SPC,@-Rn LS 1 1 4-11
173 STC.L VBR,@-Rn LS 1 1 4-11
174 STS MACH,Rn LS 1 1 5-3
175 STS MACL,Rn LS 1 1 5-3
176 STS PR,Rn LS 1 1 4-15
177 STS.L MACH,@-Rn LS 1 1 5-4
178 STS.L MACL,@-Rn LS 1 1 5-4
179 STS.L PR,@-Rn LS 1 1 4-16
Single-precision 180 FLDIO FRn LS 1 1 6-13
TL‘;‘::L”(?tlgg'sm 181 FLDIL FRN LS 1 1 6-13
182 FMOV FRmM,FRn LS 1 1 6-9
183 FMOV.S @Rm,FRnN LS 1 1 6-9
184 FMOV.S @Rm+,FRn LS 1 1 6-9
185 FMOV.S @(RO,Rm),FRn LS 1 1 6-9
186 FMOV.S FRm,@Rn LS 1 1 6-9
187 FMOV.S FRm,@-Rn LS 1 1 6-9
188 FMOV.S FRm,@(RO,Rn) LS 1 1 6-9
189 FLDS FRm,FPUL LS 1 1 6-10
190 FSTS FPUL,FRn LS 1 1 6-11
191 FABS FRn LS 1 1 6-12
192 FADD FRm,FRn FE 1 1 6-14
193 FCMP/EQ FRm,FRn FE 1 1 6-14
194 FCMP/GT FRm,FRn FE 1 1 6-14
195 FDIV FRm,FRn FE 1 14 6-15
196 FLOAT FPUL,FRn FE 1 1 6-14
197 FMAC FRO,FRm,FRn FE 1 1 6-14
198 FMUL FRm,FRn FE 1 1 6-14
199 FNEG FRn LS 1 1 6-12
200 FSQRT FRn FE 1 14 6-15
201 FSUB FRmM,FRn FE 1 1 6-14
202 FTRC FRm,FPUL FE 1 1 6-14
203 FMOV DRm,DRn LS 1 1 6-9
204 FMOV @Rm,DRnN LS 1 1 6-9
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate  Cycles Pattern
Single-precision 205 FMOV @Rm+,DRn LS 1 1 6-9
floating-point 206 FMOV @(RO,Rm),DRN LS 1 1 6-9
instructions
207 FMOV DRm,@Rn LS 1 1 6-9
208 FMOV DRm,@-Rn LS 1 1 6-9
209 FMOV DRm,@(RO,Rn) LS 1 1 6-9
Double-precision 210 FABS DRn LS 1 1 6-12
floating-point 211 FADD DRm,DRn FE 1 1 6-16
instructions
212 FCMP/EQ DRm,DRn FE 1 1 6-16
213 FCMP/GT DRm,DRn FE 1 1 6-16
214 FCNVDS DRm,FPUL FE 1 1 6-16
215 FCNVSD FPUL,DRn FE 1 1 6-16
216 FDIV DRm,DRn FE 1 30 6-18
217 FLOAT FPUL,DRn FE 1 1 6-16
218 FMUL DRm,DRn FE 1 3 6-17
219 FNEG DRn LS 1 1 6-12
220 FSQRT DRn FE 1 30 6-18
221 FSUB DRm,DRn FE 1 1 6-16
222 FTRC DRm,FPUL FE 1 1 6-16
FPU system control 223 LDS Rm,FPUL LS 1 1 6-1
instructions 224 LDS Rm,FPSCR LS 1 1 65
225 LDS.L @Rm+,FPUL LS 1 1 6-3
226 LDS.L @Rm+,FPSCR LS 1 1 6-7
227 STS FPUL,Rn LS 1 1 6-2
228 STS FPSCR,Rn LS 1 1 6-6
229 STSL FPUL,@-Rn LS 1 1 6-4
230 STS.L FPSCR,@-Rn LS 1 1 6-8
Graphics 231 FMOV DRm,XDn LS 1 1 6-9
fr‘]‘:sct‘:izf‘;::’s" 232 FMOV XDm,DRn LS 1 1 6-9
233 FMOV XDm,XDn LS 1 1 6-9
234 FMOV @Rm,XDn LS 1 1 6-9
235 FMOV @Rm+,XDn LS 1 1 6-9
236 FMOV @(RO,Rm),XDn LS 1 1 6-9
237 FMOV XDm,@Rn LS 1 1 6-9
238 FMOV XDm,@-Rn LS 1 1 6-9
239 FMOV XDm,@(RO,Rn) LS 1 1 6-9
240 FIPR FVm,FVn FE 1 1 6-19
241 FRCHG FE 1 1 6-14
242 FSCHG FE 1 1 6-14
243 FPCHG FE 1 1 6-14
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate  Cycles Pattern
Graphics 244 FSRRA FRn FE 1 1 6-21
acceleration 245 FSCA FPUL,DRn FE 1 3 6-22
instructions

246 FTRV XMTRX,FVn FE 1 4 6-20

Note: *1 Do not use the SLEEP instruction because sleep mode is not available in this MCU.
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Section 5 Exception Handling

51 Overview

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

The exception handling in the SH-4A is of three kinds: resets, general exceptions, and interrupts.
5.2 Register Descriptions
Table 5.1 lists the configuration of registers related to exception handling.

Table5.1  Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
TRAPA exception register TRA Undefined H'FF00 0020 32 5-2
Exception event register EXPEVT H'0000 0000 H'FFO0 0024 32 5-2
Interrupt event register INTEVT Undefined H'FFO00 0028 32 5-3
Unsupported function detection exception EXPMASK H'0000 0013 H'FF2F 0004 32 5-3
register

Note: e The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of
the 32-bit P4 area address are cleared to "0", the result is an area 7 address. This address is used when
accessing area 7 of the physical address space using the TLB.
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521 TRAPA Exception Register (TRA)

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

TRAPA Exception Register (TRA) <P4 address: location H'FF00 0020>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- (-T-[-T-1-] TRACODE [ -1 -]

After Reset: 0 0 0 0 0 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 0 0

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31to 10 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
9to 2 TRACODE Undefined R W TRAPA Code
8-bit immediate data of TRAPA instruction is set

1,0 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".

522 Exception Event Register (EXPEVT)

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

Exception Event Register (EXPEVT) <P4 address: location H'FF00 0024>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
0 0 0 0 0 0 0

After Reset: 0 0 0 0 0 0 0 0

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | — | EXPCODE |
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31to 12 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
11to0 EXPCODE AllO R W Exception Code
The exception code for a reset or general exception is set. For details,
see table 5.2.

Rev.1.20 Oct 25, 2013 5-2
RENESAS RO1UH0420EJ0120



Section 5 Exception Handling

523 Interrupt Event Register (INTEVT)

The INTEVT register consists of a 14-bit exception code. The exception code is set automatically by hardware when an
exception occurs. INTEVT can also be modified by software.

Interrupt Event Register (INTEVT) <P4 address: location H'FF00 0028>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

After Reset: 0 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
3l1to 14 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".

13to 0 INTCODE Undefined R W Exception Code
The exception code for an interrupt is set. For details, see table 5.2.

524 Unsupported Function Detection Exception Register (EXPMASK)

The EXPMASK register is used to enable or disable the generation of exceptions in response to the use of any of
functions 1 and 2 listed below. The functions of 1 and 2 are planned not to be supported in the future SuperH-family
products. The exception generation functions of EXPMASK can be used in advance of execution; the detection function
then checks for the use of these functions in the software. This will ease the transfer of software to the future SuperH-
family products that do not support the respective functions.

1. Handling of an instruction other than the NOP instruction in the delay slot of the RTE instruction.
2. Performance of IC/OC memory-mapped associative write operations.

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

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

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

e Execute the RTE instruction.
e Execute the ICBI instruction for any address (including non-cacheable area).
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Unsupported Function Detection Exception Register (EXPMASK)

<P4 address: location H'FF2F 0004>

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AfterReset:looOO|O|0|0|0|0|0|0|0|0|O|O|O|
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
=l =TT J=-T=-[-J=-T=-J- T8 [=-T=-T=-[%
After Reset: 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1
<After Reset: H'0000 0013>
Bit Abbreviation After Reset R W Description
3lto5 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
4 MMCAW 1 R W Memory-Mapped Cache Associative Write
0: Memory-mapped cache associative write is disabled. (A data address
error exception will occur.)
1: Memory-mapped cache associative write is enabled.
3,2 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
1 — 1 1 1 Reserved Bit
This bit is always read as "1". The write value should always be "1".
0 RTEDS 1 R W RTE Delay Slot

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

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

53.1 Exception Handling Flow

In exception handling, the contents of the program counter (PC), status register (SR), and R15 are saved in the saved
program counter (SPC), saved status register (SSR), and saved general registerl5 (SGR), and the CPU starts execution
of the appropriate exception handling routine according to the vector address. An exception handling routine is a
program written by the user to handle a specific exception. The exception handling routine is terminated and control
returned to the original program by executing a return-from-exception instruction (RTE). This instruction restores the
PC and SR contents and returns control to the normal processing routine at the point at which the exception occurred.
The SGR contents are not written back to R15 with an RTE instruction.

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

The PC, SR, and R15 contents are saved in SPC, SSR, and SGR, respectively.
The block bit (BL) in SR is set to "1".

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

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

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

The exception code is written to bits 13 to 0 of the exception event register (EXPEVT) or interrupt event register
(INTEVT).

7. The CPU branches to the determined exception handling vector address, and the exception handling routine begins.

I e o

5.3.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A000 0000. Exception and interrupt vector addresses are determined by adding
the offset for the specific event to the vector base address, which is set by software in the vector base register (VBR). In
the case of the TLB miss exception, for example, the offset is H'0000 0400, so if H'9C08 0000 is set in VBR, the
exception handling vector address will be H'9C08 0400. If a further exception occurs at the exception handling vector
address, a duplicate exception will result, and recovery will be difficult; therefore, addresses that are not to be converted
(in P1 and P2 areas) should be specified for vector addresses using the MMU.

Rev.1.20 Oct 25, 2013 5-5
RO1UH0420EJ0120 RENESAS



Section 5 Exception Handling

5.4 Exception Types and Priorities
Table 5.2 shows the types of exceptions, with their relative priorities, vector addresses, and exception/interrupt codes.

Table5.2  Exceptions

Exception Transition

Direction
Exception Priority  Priority  Vector Exception
Category Execution Mode Exception Level Order Address Offset Code
Reset Abort type Hardware reset 1 1 H'A000 0000 — H'000
H-UDI reset 1 1 H'A000 0000 — H'000
Instruction TLB multiple-hit exception 1 3 H'A000 0000 — H'000
Data TLB multiple-hit exception 1 4 H'A000 0000 — H'000
General Re-execution User break before instruction 2 0 (VBR/DBR) H'100/— H'1EO
exception*2 type execution*1
Instruction address error 2 1 (VBR) H'100 H'OEO
Instruction TLB miss exception 2 2 (VBR) H'400 H'040
Instruction TLB protection violation 2 3 (VBR) H'100 H'0AO
exception
General illegal instruction exception 2 4 (VBR) H'100 H'180
Slot illegal instruction exception 2 4 (VBR) H'100 H'1A0
General FPU disable exception 2 4 (VBR) H'100 H'800
Slot FPU disable exception 2 4 (VBR) H'100 H'820
Data address error (read) 2 5 (VBR) H'100 H'OEO
Data address error (write) 2 5 (VBR) H'100 H'100
Data TLB miss exception (read) 2 6 (VBR) H'400 H'040
Data TLB miss exception (write) 2 6 (VBR) H'400 H'060
Data TLB protection 2 7 (VBR) H'100 H'0AO
violation exception (read)
Data TLB protection 2 7 (VBR) H'100 H'0CO
violation exception (write)
FPU exception 2 8 (VBR) H'100 H'120
Initial page write exception 2 9 (VBR) H'100 H'080
Completion type Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
User break after instruction execution** 2 10 (VBR/DBR) H'100/— H'1EO
Interrupt Completion type  Nonmaskable interrupt 3 — (VBR) H'600 H'1CO0
General interrupt request 4 — (VBR) H'600 —

Notes: *1 When UBDE in CBCR = "1", PC = DBR. In other cases, PC = VBR + H'100.
*2 A reset occurs when a general exception other than a user break is generated while SR.BL = "1".
e Priority is first assigned by priority level, then by priority order within each level (the lowest number represents
the highest priority).
e Control passes to H'/AO00 0000 in a reset, and to [VBR + offset] in other cases.
e Stored in EXPEVT for a reset or general exception, and in INTEVT for an interrupt.
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55 Exception Flow

55.1 Exception Flow

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

Reset Yes

requested?

Execute next instruction

Y

General
exception requested?

Is highest-
priority exception
re-exception
type?

Yes

Cancel instruction execution

No result
Interrupt
requested?
Y
No SSR « SR EXPEVT « exception code
SPC « PC SR. {MD, RB, BL, FD, IMASK} « 11101111
SGR « R15 PC « H'A000 0000

EXPEVT/INTEVT « exception code

SR{MD,RB,BL} « 111

SR.IMASK « received interrupt level *1

PC « (CBCR.UBDE=1 && User_Break?
DBR: (VBR + Offset))

Y Y

Note: *1 When the exception of the highest priority is an interrupt.
Whether IMASK is updated or not can be set by software.

Figure 5.1 Instruction Execution and Exception Handling
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55.2 Exception Source Acceptance

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

Pipeline flow: VvV TLB miss (data access) Legend:
Instruction n 1 ] 12|13 |ID|ELl|E2|E3|WB 11,12,13:  Instruction fetch
Instruction n + 1 11 | 12|13 |ID|El1|E2| E3 |WB ID: Instruction decode
A General illegal instruction exception E1, E2, E3: Instruction execution
L . E2, E3 Memory access
l v TLB miss (instruction access) WB: \(Nrite-back Y )
Instruction n + 2 il 2] 3] m0]|E1[E2[E3[wB]
Instruction n + 3 limli2]i3]ib|E1]E2][E3 [wB]

Order of detection:

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

TLB miss (instruction n)

Order of exception handling: Program order
TLB miss (instruction n)
+ 1
Re-execution of instruction n
General illegal instruction exception
(instruction n + 1)

2
Re-execution of instruction n + 1
TLB miss (instruction n + 2)
; 3
Re-execution of instruction n + 2
Execution of instruction n + 3 4

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

When the BL bit in SR is "1" and an general exception other than a user break is generated, the CPU's internal registers
and the registers of the other modules are set to their states following a hardware reset, and the CPU branches to the
same address as in a reset (H'/A000 0000). For the operation in the event of a user break, see section 35, User Break
Controller (UBC). If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after the BL bit
has been cleared to "0" by software. If a nonmaskable interrupt (NMI) occurs, it can be held pending or accepted
according to the setting made by software. For further details, refer to the hardware manual of the product.

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

55.4 Return from Exception Handling

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

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

5.6.1 Resets
(1) Hardware Reset

e Condition:
Hardware reset request
e Operations:

Exception code H'000 is set in EXPEVT, initialization of the CPU and on-chip peripheral module is carried out, and
then a branch is made to the reset vector (H'A000 0000). For details, see the register descriptions in the relevant
sections. A hardware reset should be executed when power is supplied.

(2) H-UDI Reset

e Source: SDIR.TI[7:4] = B'0110 (negation) or B'0111 (assertion)
e Transition address: H'A000 0000
e Transition operations:

Exception code H'000 is set in EXPEVT, initialization of VBR and SR is performed, and a branch is made to PC =
H'A000 0000.

CPU and on-chip peripheral module initialization is performed. For details, see the register descriptions in the
relevant sections.

(3) Instruction TLB Multiple Hit Exception

e Source: Multiple ITLB address matches
e Transition address: H'A000 0000
e Transition operations:

Exception code H'000 is set in EXPEVT, initialization of VBR and SR is performed, and a branch is made to PC =
H'A000 0000.

CPU and on-chip peripheral module initialization is performed. For details, see the register descriptions in the
relevant sections.

(4) Data TLB Multiple-Hit Exception

e Source: Multiple UTLB address matches
e Transition address: H'A000 0000
e Transition operations:

Exception code H'000 is set in EXPEVT, initialization of VBR and SR is performed, and a branch is made to PC =
H'A000 0000.

CPU and on-chip peripheral module initialization. For details, see the register descriptions in the relevant sections.
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5.6.2 General Exceptions
(1) Data TLB Miss Exception

e Source: Address mismatch in UTLB address comparison
e Transition address: VBR + H'0000 0400
e Transition operations:

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

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

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

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

Data_TLB miss_exception()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access ? H"0000 0040 : H"0000 0060;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H"0000 0400;
}
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(2) Instruction TLB Miss Exception

e Source: Address mismatch in ITLB address comparison
e Transition address: VBR + H'0000 0400
e Transition operations:

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

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

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

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

ITLB_miss_exception()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H"0000 0040;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H"0000 0400;
}
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(3) Initial Page Write Exception

e Source: TLB is hit in a store access, but dirty bit D =0

e Transition address: VBR + H'0000 0100

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

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

Initial_write_exception()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H"0000 0080;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H"0000 0100;
}

(4) Data TLB Protection Violation Exception

e Source: The access does not accord with the UTLB protection information (PR bits or EPR bits) shown in table 5.3
and table 5.4.

Table 5.3 UTLB Protection Information (TLB Compatible Mode)

PR Privileged Mode User Mode

00 Only read access possible Access not possible

01 Read/write access possible Access not possible

10 Only read access possible Only read access possible
11 Read/write access possible Read/write access possible
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Table 5.4  UTLB Protection Information (TLB Extended Mode)

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

1 Read access not possible

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

1 Write access not possible

EPR [2] Read Permission in User Mode

0 Read access possible

1 Read access not possible

EPR [1] Write Permission in User Mode

0 Write access possible

1 Write access not possible

e Transition address: VBR + H'0000 0100
e Transition operations:

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

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

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

Data_TLB_ protection_violation_exception()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access ? H"0000 OOAO : H"0000 00CO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H"0000 0100;
}
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()

Instruction TLB Protection Violation Exception

Source: The access does not accord with the ITLB protection information (PR bits or EPR bits) shown in table 5.5
and table 5.6.

Table 5.5 ITLB Protection Information (TLB Compatible Mode)

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

Table 5.6  ITLB Protection Information (TLB Extended Mode)

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

11,01 Possible

10 Instruction fetch not possible, Rn access of ICBI instruction possible
00 Not possible

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

11,01 Possible

10 Instruction fetch not possible, Rn access of ICBI instruction possible
00 Not possible

1
{

Transition address: VBR + H'0000 0100

Transition operations:

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

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

Exception code H'0AQ is set in EXPEVT. The BL, MD, and RB bits are set to "1" in SR, and a branch is made to PC
=VBR + H'0100.

TLB_protection_violation_exception()

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H"0000 OOAO;
SR.MD 1;

SR.RB 1;

SR.BL = 1;

PC = VBR + H"0000 0100;
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(6)

D
{

Data Address Error

Sources:
— Word data access from other than a word boundary (2n +1)
— Longword data access from other than a longword data boundary (4n +1, 4n + 2, or 4n +3)

— Quadword data access from other than a quadword data boundary (8n +1, 8n + 2, 8n +3, 8n + 4, 8n + 5, 8n + 6,
or8n+7)

— Access to area H'8000 0000 to H'FFFF FFFF in user mode
Areas H'EO00 0000 to H'E3FF FFFF and H'E500 0000 to H'ESFF FFFF can be accessed in user mode. For
details, see section 7, Memory Management Unit (MMU) and section 9, IL Memory/OL Memory.
— The MMCAW bit in EXPMASK is "0", and the IC/OC memory mapped associative write is performed.
Transition address: VBR + H'0000100
Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the corresponding virtual page
number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates the ASID when this exception occurred.

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

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

ata_address_error()

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access? H"0000 OOEO: H"0000 0100;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

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

e Sources:
— Instruction fetch from other than a word boundary (2n +1)
— Instruction fetch from area H'8000 0000 to H'FFFF FFFF in user mode

Area H'E500 0000 to H'E5FF FFFF can be accessed in user mode. For details, see section 9, IL Memory/OL
Memory.

e Transition address: VBR + H'0000 0100

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

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

Instruction_address_error()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H"0000 OOEO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H"0000 0100;
}

Rev.1.20 Oct 25, 2013 5-17
RO1UH0420EJ0120 RENESAS



Section 5 Exception Handling

(8) Unconditional Trap

e Source: Execution of TRAPA instruction

e Transition address: VBR + H'0000 0100

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

TRAPA_exception()

{
SPC = PC + 2;
SSR = SR;
SGR = R15;
TRA = imm << 2;
EXPEVT = H"0000 0160;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H"0000 0100;
}
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(9) General lllegal Instruction Exception

e Sources:
— Decoding of an undefined instruction not in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD
— Decoding in user mode of a privileged instruction not in a delay slot
Privileged instructions: LDC, STC, RTE, LDTLB, but excluding LDC/STC instructions that access GBR
o Transition address: VBR + H'0000 0100
e Transition operations:
The PC and SR contents for the instruction at which this exception occurred are saved in SPC and SSR. The R15
contents at this time are saved in SGR.

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

General_illegal_instruction_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H"0000 0180;

SR.MD = 1;

SR.RB = 1;

SR.BL 1;

PC = VBR + H"0000 0100;
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(10) Slot lllegal Instruction Exception

e Sources:
— Decoding of an undefined instruction in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD
— Decoding of an instruction that modifies PC in a delay slot
Instructions that modify PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF, BT/S, BF/S, TRAPA,
LDC Rm,SR, LDC.L @Rm+,SR, ICBI, PREFI
— Decoding in user mode of a privileged instruction in a delay slot
Privileged instructions: LDC, STC, RTE, LDTLB, but excluding LDC/STC instructions that access GBR
— Decoding of a PC-relative MOV instruction or MOVA instruction in a delay slot
— The RTEDS bit in EXPMASK is "0", and an instruction other than the NOP instruction in the delay slot is
executed.
e Transition address: VBR + H'000 0100
e Transition operations:
The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and R15 contents when this
exception occurred are saved in SSR and SGR.

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

Slot_illegal_instruction_exception()
{

SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H"0000 01AO0;

SR.MD = 1;

SR.RB 1;

SR.BL = 1;

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

e Source: Decoding of an FPU instruction** not in a delay slot with SR.FD = "1"

e Transition address: VBR + H'0000 0100

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

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

General_fpu_disable_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H"0000 0800;

SR.MD 1;

SR.RB ;

SR.BL 1;

PC = VBR + H"0000 0100;

}

Note: *1 FPU instructions are instructions in which the first 4 bits of the instruction code are F (but excluding
undefined instruction H'FFFD), and the LDS, STS, LDS.L, and STS.L instructions corresponding to FPUL
and FPSCR.

(12) Slot FPU Disable Exception

e Source: Decoding of an FPU instruction in a delay slot with SR.FD = "1"

o Transition address: VBR + H'0000 0100

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

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

Slot_fpu_disable_exception()
{

SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H"0000 0820;

SR.MD = 1;

SR_RB 1;

SR.BL = 1;

PC = VBR + H"0000 0100;

Rev.1.20 Oct 25, 2013 5-21
RO1UH0420EJ0120 RENESAS



Section 5 Exception Handling

(13) Pre-Execution User Break/Post-Execution User Break

e Source: Fulfilling of a break condition set in the user break controller

e Transition address: VBR + H'0000 0100, or DBR

e Transition operations:
In the case of a post-execution break, the PC contents for the instruction following the instruction at which the
breakpoint is set are set in SPC. In the case of a pre-execution break, the PC contents for the instruction at which the
breakpoint is set are set in SPC.
The SR and R15 contents when the break occurred are saved in SSR and SGR. Exception code H'1EOQ is set in
EXPEVT.
The BL, MD, and RB bits are set to "1" in SR, and a branch is made to PC = VBR + H'0100. It is also possible to
branch to PC = DBR.
For details of PC, etc., when a data break is set, see section 35, User Break Controller (UBC).

User_break_exception()
{
SPC (pre_execution break? PC : PC + 2);
SSR = SR;
SGR = R15;
EXPEVT = H"0000 O1EO;
SR.MD 1;
SR.RB = 1;
SR.BL = 1;
PC = (BRCR.UBDE==1 ? DBR : VBR + H'0000 0100);

}

(14) FPU Exception

e Source: Exception due to execution of a floating-point operation
o Transition address: VBR + H'0000 0100
e Transition operations:
The PC and SR contents for the instruction at which this exception occurred are saved in SPC and SSR . The R15

contents at this time are saved in SGR. Exception code H'120 is set in EXPEVT. The BL, MD, and RB bits are set
to "1" in SR, and a branch is made to PC = VBR + H'0100.

FPU_exception()
{
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H"0000 0120;
SR.MD 1;
SR.RB ;
SR.BL = 1;
PC = VBR + H"0000 0100;
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5.6.3 Interrupts
(1) NMI (Nonmaskable Interrupt)

e Source: NMI pin edge detection

o Transition address: VBR + H'0000 0600

e Transition operations:
The PC and SR contents for the instruction immediately after this exception is accepted are saved in SPC and SSR.
The R15 contents at this time are saved in SGR.
Exception code H'1CO is set in INTEVT. The BL, MD, and RB bits are set to "1" in SR, and a branch is made to PC
= VBR + H'0600. When the BL bit in SR is "0", this interrupt is not masked by the interrupt mask bits in SR, and is
accepted at the highest priority level. When the BL bit in SR is "1", a software setting can specify whether this
interrupt is to be masked or accepted. For details, see section 15, Interrupt Controller (INTC).

NMIEQO
{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H"0000 01CO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

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

M
{

General Interrupt Request

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

Transition address: VBR + H'0000 0600

Transition operations:

The PC contents immediately after the instruction at which the interrupt is accepted are set in SPC. The SR and R15
contents at the time of acceptance are set in SSR and SGR.

The code corresponding to the each interrupt source is set in INTEVT. The BL, MD, and RB bhits are setto "1" in
SR, and a branch is made to VBR + H'0600. For details, see section 15, Interrupt Controller (INTC).

odule_interruption()

SPC = PC;

SSR = SR;

SGR = R15;

INTEVT = H"0000 0400 ~ H"0000 3FEO;

SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

if (cond) SR.IMASK = level_of accepted_interrupt ();
PC = VBR + H"0000 0600;
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5.6.4 Priority Order with Multiple Exceptions

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

(1) Instructions that Make Two Accesses to Memory

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

Data address error in first data transfer

TLB miss in first data transfer

TLB protection violation in first data transfer
Initial page write exception in first data transfer
Data address error in second data transfer

TLB miss in second data transfer

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

© N O M LDNPE

(2) Indivisible Delayed Branch Instruction and Delay Slot Instruction

As a delayed branch instruction and its associated delay slot instruction are indivisible, they are treated as a single
instruction. Consequently, the priority order for exceptions that occur in these instructions differs from the usual priority
order. The priority order shown below is for the case where the delay slot instruction has only one data transfer.

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

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

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

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

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

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

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

Rev.1.20 Oct 25, 2013 5-25
RO1UH0420EJ0120 RENESAS



Section 5 Exception Handling

5.7 Usage Notes
(1) Return from Exception Handling

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

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

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

A. General exception

When an exception other than a user break occurs, the PC value for the instruction at which the exception occurs
is copied to SPC and a hardware reset is generated. The value in EXPEVT at this time is H'0000 0000; the SSR
contents are undefined.

B. Interrupt

If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after the BL bit in SR has
been cleared to "0" by software. If a nonmaskable interrupt (NMI) occurs, it can be held pending or accepted
according to the setting made by software.

(3) SPC when an Exception Occurs

A. Re-execution type general exception

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

B. Completion type general exception or interrupt

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

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

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

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

Note: *1 When the LDC instruction for SR is executed, following instructions are fetched again and the instruction
fetch exception is evaluated again by the changed SR.
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Section 6 Floating-Point Unit (FPU)

6.1 Overview
The FPU has the following features.

e Conforms to IEEE754 standard
e 32 single-precision floating-point registers (can also be referenced as 16 double-precision registers)
e Two rounding modes: Round to Nearest and Round to Zero
e Two denormalization modes: Flush to Zero and Treat Denormalized Number
e Six exception sources: FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow, and Inexact
o Comprehensive instructions: Single-precision, double-precision, graphics support, and system control
o Inthe SH-4A, the following three instructions are added on to the instruction set of the SH-4
FSRRA, FSCA, and FPCHG

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

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

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

The SH-4A can handle single-precision and double-precision floating-point numbers, using the formats shown in
figures 6.1 and 6.2.

31 30 23 22 0

]« | f

Figure 6.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

|s| e f

Figure 6.2 Format of Double-Precision Floating-Point Number
The exponent is expressed in biased form, as follows:
e = E + bias

The range of unbiased exponent E is Epn — 1 t0 Eqax + 1. The two values Eyin — 1 and Epax + 1 are distinguished as
follows. Enin — 1 indicates zero (both positive and negative sign) and a denormalized number, and E.x + 1 indicates
positive or negative infinity or a non-number (NaN). Table 6.1 shows floating-point formats and parameters.

Table 6.1 Floating-Point Number Formats and Parameters

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

Sign bit 1 bit 1 bit

Exponent field 8 hits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

Emax +127 +1023

Emin -126 -1022

Floating-point number value v is determined as follows:

If E=En + 1and f=0, visanon-number (NaN) irrespective of sign s
If E = Eqnax + 1 and f =0, v = (-1)° (infinity) [positive or negative infinity]
If Emin < E < Emax » V = (-1)°2 (1.f) [normalized number]

If E = Emin—1and f= 0, v = (=1)25™" (0.) [denormalized number]

If E = Enin— 1 and f = 0, v = (-1)°0 [positive or negative zero]
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Table 6.2 shows the ranges of the various numbers in hexadecimal notation. For the signaling non-number and quiet
non-number, see section 6.2.2, Non-Numbers (NaN). For the denormalized number, see section 6.2.3, Denormalized

Numbers.
Table 6.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H'7FCO 0000

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

Quiet non-number

H'7FBF FFFF to H'7F80 0001

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

Positive infinity

H'7F80 0000

H'7FFO 0000 0000 0000

Positive normalized number

H'7F7F FFFF to H'0080 0000

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

Positive denormalized number

H'007F FFFF to H'0000 0001

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

Positive zero

H'0000 0000

H'0000 0000 0000 0000

Negative zero

H'8000 0000

H'8000 0000 0000 0000

Negative denormalized number

H'8000 0001 to H'807F FFFF

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

Negative normalized number H'8080 0000 to H'FF7F FFFF H'8010 0000 0000 0000 to
H'FFEF FFFF FFFF FFFF
Negative infinity H'FF80 0000 H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

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

Signaling non-number

H'FFCO 0000 to H'FFFF FFFF

H'FFF8 0000 0000 0000 to
H'FFFF FFFF FFFF FFFF

6.2.2 Non-Numbers (NaN)

Figure 6.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care

e Exponent field: All bits are "1"

e Fraction field: At least one bit is "1"

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

31 30 23 22 0

X 11111111 INXXXXXXXXXXXXXXXXXXXXXX

N =1:sNaN
N =0:gNaN

Figure 6.3 Single-Precision NaN Bit Pattern

An sNaN is assumed to be the input data in an operation, except the transfer instructions between registers, FABS, and
FNEG, that generates a floating-point value.

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

e When the EN.V bit in FPSCR is "1", an invalid operation exception will be generated. In this case, the contents of
the operation destination register are unchanged.
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Following three instructions are used as transfer instructions between registers.

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

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

The gNAN values as operation results are as follows:

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

See section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual for details of floating-point
operations when a non-number (NaN) is input.

6.2.3 Denormalized Numbers

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

When the DN bit in FPSCR of the FPU is "1", a denormalized number (source operand or operation result) is always
positive or negative zero in a floating-point operation that generates a value (an operation other than transfer
instructions between registers, FNEG, or FABS).

When the DN bit in FPSCR is "0", a denormalized number (source operand or operation result) is processed as it is. See
section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual for details of floating-point
operations when a denormalized number is input.
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6.3 Register Descriptions

6.3.1 Floating-Point Registers

Figure 6.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-point registers comprised
with two banks: FPRO_BANKO to FPR15_BANKO, and FPRO_BANK1 to FPR15 BANKZ1. These thirty-two registers
are referenced as FRO to FR15, DR0/2/4/6/8/10/12/14, FV0/4/8/12, XF0 to XF15, XD0/2/4/6/8/10/12/14, and XMTRX.
Corresponding registers to FPRO_BANKO to FPR15 BANKO, and FPRO_BANK1 to FPR15 BANK1 are determined
according to the FR bit of FPSCR.

1.

Floating-point registers, FPRn_BANK:i (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANK1 to FPR15_BANK1

Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR =0, FRO to FR15 are allocated to FPRO_BANKO to FPR15_BANKO;
when FPSCR.FR =1, FRO to FR15 are allocated to FPRO_BANK1 to FPR15_BANK1.

Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DR8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises four FR registers.
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FR5, FR6, FR7},
FV8 = {FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XF0 to XF15 are allocated to FPRO_BANK1 to FPR15 BANKI;
when FPSCR.FR = 1, XFO0 to XF15 are allocated to FPRO_BANKO to FPR15_BANKO.

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

Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16 XF registers.
XMTRX = | XFO XF4 XF8 XF12

XF1 XF5 XF9 XF13

XF2 XF6 XF10  XF14

XF3 XF7 XF11  XF15

Rev.1.20 Oct 25, 2013 6-5
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FPSCR.FR = 0
FVO DRO FRO
FR1
DR2 FR2
FR3
FV4 DR4 FR4
FR5
DR6 FR6
FR7
FVv8 DR8 FR8
FR9
DR10 FR10
FR11
FV12 DR12 FRI12
FR13
DR14 FR14
FR15
XMTRX ~ XDO  XFO
XF1
XD2  XF2
XF3
XD4  XF4
XF5
XD6  XF6
XF7
XD8  XF8
XF9
XD10 XF10
XF11
XD12 XF12
XF13
XD14 XF14
XF15

FPRO BANKO

FPR1 BANKO

FPR2 BANKO

FPR3 BANKO

FPR4 BANKO

FPRS5 BANKO

FPR6 BANKO

FPR7 BANKO

FPR8 BANKO

FPR9 BANKO

FPR10 BANKO

FPR11 BANKO

FPR12 BANKO

FPR13 BANKO

FPR14 BANKO

FPR15 BANKO

FPRO BANK1

FPR1 BANK1

FPR2 BANK1

FPR3 BANK1

FPR4 BANK1

FPRS5 BANK1

FPR6 BANK1

FPR7 BANK1

FPR8 BANK1

FPR9 BANK1

FPR10 BANK1

FPR11 BANK1

FPR12 BANK1

FPR13 BANK1

FPR14 BANK1

FPR15 BANK1

FPSCR.FR=1
XFO XDO  XMTRX
XF1
XF2 XD2
XF3
XF4 XD4
XF5
XF6 XD6
XF7
XF8 XD8
XF9
XF10 XD10
XF11
XF12 XD12
XF13
XF14 XD14
XF15
FRO DRO FVO
FR1
FR2 DR2
FR3
FR4 DR4 Fv4
FR5
FR6 DR6
FR7
FR8 DR8 Fv8
FR9
FR10 DRI10
FR11
FR12 DR12 FVi12
FR13
FR14 DR14
FR15

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

Floating-Point Status/Control Register (FPSCR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
(=l -[-[-[-0{-[-[-[-[-ferr[sz[Pr]ON] case |
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Cause | Enable (EN) | Flag | RM |
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

<After Reset: H'0004 0001>

Bit Abbreviation After Reset R W Description
31to 22 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
21 FR 0 R W Floating-Point Register Bank

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

1: FPRO_BANKO to FPR15_BANKO are assigned to
XFO to XF15 and FPRO_BANK1 to FPR15_BANK1 are assigned to
FRO to FR15
20 Sz 0 R W Transfer Size Mode
0: Data size of FMQV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register pair (64 bits)
For relations between endian and the SZ and PR bits, see figure 6.5.
19 PR 0 R W Precision Mode
0: Floating-point instructions are executed as single-precision
operations
1. Floating-point instructions are executed as double-precision
operations (graphics support instructions are undefined)
For relations between endian and the SZ and PR bits, see figure 6.5.
18 DN 1 R W Denormalization Mode
0: Denormalized number is treated as such
1: Denormalized number is treated as zero
17 to 12 Cause AllO R W FPU Exception Cause Field
11to7 Enable AllO R FPU Exception Enable Field
610 2 Flag AllO R W FPU Exception Flag Field

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

For bit allocations of each field, see table 6.3.
1,0 RM 01 R W Rounding Mode

These bits select the rounding mode.

00: Round to Nearest

01: Round to Zero

10: Reserved (setting prohibited)

11: Reserved (setting prohibited)

=
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<Big endian>

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

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

63 32 31 0
Memory area | |
8n 8n+3 8n+4 8n+7
<Little endian>*3
63 0 63 0 63 0
Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |
*1 %2 *2
63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |
63 3231 0 63 32 31 0 63 1 32 31 0
vermor area | | | | | | | | |
4n+3 4n 4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n
1)sz=0 (2)Sz=1,PR=0 (3)Sz=1,PR=1

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

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

*3 Little endian cannot be selected in this MCU.

Figure 6.5 Relation between SZ Bit and Endian

Table 6.3  Bit Allocation for FPU Exception Handling

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

6.3.3 Floating-Point Communication Register (FPUL)

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

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

Rev.1.20 Oct 25, 2013 6-8
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6.4 Rounding

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

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

RM ="00": Round to Nearest
RM ="01": Round to Zero

(1) Round to Nearest

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

If the unrounded value is 25™ (2 — 27) or more, the result will be infinity with the same sign as the unrounded value.
The values of Emax and P, respectively, are 127 and 24 for single-precision, and 1023 and 53 for double-precision.

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

If the unrounded value is larger than the maximum expressible absolute value, the value will become the maximum
expressible absolute value with the same sign as unrounded value.
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6.5 Floating-Point Exceptions
The FPU-related exceptions are described below.
(1) General FPU Disable Exceptions and Slot FPU Disable Exceptions

FPU-related exceptions are occurred when an FPU instruction is executed with SR.FD set to "1". When the FPU
instruction is in other than delayed slot, the general FPU disable exception is occurred. When the FPU instruction is in
the delay slot, the slot FPU disable exception is occurred.

(2) FPU Exception Sources
The exception sources are as follows:

e FPU error (E): When FPSCR.DN ="0" and a denormalized number is input
o Invalid operation (V): In case of an invalid operation, such as NaN input

e Division by zero (2): Division with a zero divisor

o Overflow (O): When the operation result overflows

e Underflow (U): When the operation result underflows

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

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

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

(3) FPU Exception Handling
FPU exception handling is initiated in the following cases:

e FPU error (E): FPSCR.DN = 0 and a denormalized number is input

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

o Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor or the input of FSRRA is zero
e Overflow (O): FPSCR.Enable.O = 1 and possibility of operation result overflow

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

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

Please refer section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual about the FPU
exception case in detail.

All exception events that originate in the FPU are assigned as the same exception event. The meaning of an exception is
determined by software by reading from FPSCR and interpreting the information it contains. Also, the destination
register is not changed by any FPU exception handling operation.

If the FPU exception sources except for above are generated, the bit corresponding to source V, Z, O, U, or | is set to
"1", and a default value is generated as the operation result.

o Invalid operation (V): gNaN is generated as the result.
o Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
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o Overflow (O):
When rounding mode = RZ, the maximum normalized number, with the same sign as the unrounded value, is
generated.
When rounding mode = RN, infinity with the same sign as the unrounded value is generated.

e Underflow (U):
When FPSCR.DN = 0, a denormalized number with the same sign as the unrounded value, or zero with the same
sign as the unrounded value, is generated.
When FPSCR.DN = 1, zero with the same sign as the unrounded value, is generated.

o Inexact exception (I): An inexact result is generated.
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6.6 Graphics Support Functions

The SH-4A supports two kinds of graphics functions: new instructions for geometric operations, and pair single-
precision transfer instructions that enable high-speed data transfer.

6.6.1 Geometric Operation Instructions

Geometric operation instructions perform approximate-value computations. To enable high-speed computation with a
minimum of hardware, the SH-4A ignores comparatively small values in the partial computation results of four
multiplications. Consequently, the error shown below is produced in the result of the computation:

Maximum error = MAX (individual multiplication result x
2—MIN (number of multiplier significant digits—1, number of multiplicand significant digits—l)) + MAX (result value x 2—23 2—149)

The number of significant digits is 24 for a normalized number and 23 for a denormalized number (number of leading
zeros in the fractional part).

In a future version of the SH Series, the above error is guaranteed, but the same result between different processor cores
iS not guaranteed.

(1) FIPRFVmM,FVn(m,n:0,4,8,12)
This instruction is basically used for the following purposes:

e Inner product (m = n):

This operation is generally used for surface/rear surface determination for polygon surfaces.
e Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since an inexact exception is not detected by an FIPR instruction, the inexact exception (1) bit in both the FPU
exception cause field and flag field are always set to "1" when an FIPR instruction is executed. Therefore, if the | bit is
set in the FPU exception enable field, FPU exception handling will be executed.

(2) FTRV XMTRX, FVn (n: 0,4, 8, 12)
This instruction is basically used for the following purposes:

e Matrix (4 x 4) - vector (4):
This operation is generally used for viewpoint changes, angle changes, or movements called vector transformations
(4-dimensional). Since affine transformation processing for angle + parallel movement basically requires a 4 x 4
matrix, the SH-4A supports 4-dimensional operations.

o Matrix (4 x 4) x matrix (4 x 4):
This operation requires the execution of four FTRV instructions.

Since an inexact exception is not detected by an FIRV instruction, the inexact exception (l) bit in both the FPU
exception cause field and flag field are always set to "1" when an FTRV instruction is executed. Therefore, if the I bit is
set in the FPU exception enable field, FPU exception handling will be executed. It is not possible to check all data types
in the registers beforehand when executing an FTRV instruction. If the V bit is set in the FPU exception enable field,
FPU exception handling will be executed.
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(3) FRCHG

This instruction modifies banked registers. For example, when the FTRV instruction is executed, matrix elements must
be set in an array in the background bank. However, to create the actual elements of a translation matrix, it is easier to
use registers in the foreground bank. When the LDS instruction is used on FPSCR, this instruction takes four to five
cycles in order to maintain the FPU state. With the FRCHG instruction, the FR bit in FPSCR can be changed in one
cycle.

6.6.2 Pair Single-Precision Data Transfer

In addition to the powerful new geometric operation instructions, the SH-4A also supports high-speed data transfer
instructions.

When the SZ bit is "1", the SH-4A can perform data transfer by means of pair single-precision data transfer instructions.

o FMOV DRm/XDm, DRn/XDRn (m, n: 0, 2, 4, 6, 8, 10, 12, 14)
e FMOV DRm/XDm, @Rn (m: 0, 2, 4, 6, 8, 10, 12, 14; n: 0 to 15)

These instructions enable two single-precision (2 x 32-bit) data items to be transferred; that is, the transfer performance
of these instructions is doubled.

e FSCHG

This instruction changes the value of the SZ bit in FPSCR, enabling fast switching between use and non-use of pair
single-precision data transfer.
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Section 7 Memory Management Unit (MMU)

The SH-4A supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit physical address
space. Address translation from virtual addresses to physical addresses is enabled by the memory management unit
(MMU) in the SH-4A. The MMU performs high-speed address translation by caching user-created address translation
table information in an address translation buffer (translation lookaside buffer; TLB).

The SH-4A has four instruction TLB (ITLB) entries and 64 unified TLB (UTLB) entries. UTLB copies are stored in the
ITLB by hardware. A paging system is used for address translation. It is possible to set the virtual address space access
right and implement memory protection independently for privileged mode and user mode.

In the SH-4A MMU, both TLB compatible mode (four paging sizes with four protection bits) and TLB extended mode
(eight paging sizes with six protection bits) are provided for the MMU flag function.

Selection between TLB compatible mode and TLB extended mode is made by setting the relevant control register (bit
ME in the MMUCR register) in software.

The flag functions of the MMU are described together for both TLB compatible mode and TLB extended mode.
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7.1 Overview

The MMU was conceived as a means of making efficient use of physical memory. As shown in (0) in figure 7.1, when a
process is smaller in size than the physical memory, the entire process can be mapped onto physical memory, but if the
process increases in size to the point where it does not fit into physical memory, it becomes necessary to divide the
process into smaller parts, and map the parts requiring execution onto physical memory as occasion arises ((1) in figure
7.1). Having this mapping onto physical memory executed consciously by the process itself imposes a heavy burden on
the process. The virtual memory system was devised as a means of handling all physical memory mapping to reduce
this burden ((2) in figure 7.1). With a virtual memory system, the size of the available virtual memory is much larger
than the actual physical memory, and processes are mapped onto this virtual memory. Thus processes only have to
consider their operation in virtual memory, and mapping from virtual memory to physical memory is handled by the
MMU. The MMU is normally managed by the OS, and physical memory switching is carried out so as to enable the
virtual memory required by a process to be mapped smoothly onto physical memory. Physical memory switching is
performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in a time sharing system (TSS) that
allows a number of processes to run simultaneously ((3) in figure 7.1). Running a number of processes in a TSS did not
increase efficiency since each process had to take account of physical memory mapping. Efficiency is improved and the
load on each process reduced by the use of a virtual memory system ((4) in figure 7.1). In this virtual memory system,
virtual memory is allocated to each process. The task of the MMU is to map a humber of virtual memory areas onto
physical memory in an efficient manner. It is also provided with memory protection functions to prevent a process from
inadvertently accessing another process's physical memory.

When address translation from virtual memory to physical memory is performed using the MMU, it may happen that
the translation information has not been recorded in the MMU, or the virtual memory of a different process is accessed
by mistake. In such cases, the MMU will generate an exception, change the physical memory mapping, and record the
new address translation information.

Although the functions of the MMU could be implemented by software alone, having address translation performed by
software each time a process accessed physical memory would be very inefficient. For this reason, a buffer for address
translation (the translation lookaside buffer: TLB) is provided by hardware, and frequently used address translation
information is placed here. The TLB can be described as a cache for address translation information. However, unlike a
cache, if address translation fails—that is, if an exception occurs—switching of the address translation information is
normally performed by software. Thus memory management can be performed in a flexible manner by software.

There are two methods by which the MMU can perform mapping from virtual memory to physical memory: the paging
method, using fixed-length address translation, and the segment method, using variable-length address translation. With
the paging method, the unit of translation is a fixed-size address space called a page.

In the following descriptions, the address space in virtual memory in the SH-4A is referred to as virtual address space,
and the address space in physical memory as physical address space.
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Figure 7.1 Role of MMU
711 Address Spaces
(1) Virtual Address Space

The SH-4A supports a 32-bit virtual address space, and can access a 4-Gbyte address space. The virtual address space is
divided into a number of areas, as shown in figures 7.2 and 7.3. In privileged mode, the 4-Gbyte space from the PO area
to the P4 area can be accessed. In user mode, a 2-Gbyte space in the UO area can be accessed. When the SQMD bit in
the MMU control register (MMUCR) is "0", a 64-Mbyte space in the store queue area can be accessed. When the RMD
bit in the on-chip memory control register (RAMCR) is "1", a 16-Mbyte space in on-chip memory area can be accessed.
Accessing areas other than the U0 area, store queue area, and on-chip memory area in user mode will cause an address
error.

When the AT bit in MMUCR is set to "1" and the MMU is enabled, the PO, P3, and UO areas can be mapped onto any
physical address space in 1-, 4-, 64-Kbyte, or 1-Mbyte page units in TLB compatible mode and in 1-, 4-, 8-, 64-, 256-
Kbyte, 1-, 4-, or 64-Mbyte page units in TLB extended mode. By using an 8-bit address space identifier, the PO, P3, and
U0 areas can be increased to a maximum of 256. Mapping from the virtual address space to the 29-bit physical address
space is carried out using the TLB.
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Section 7 Memory Management Unit (MMU)

(a) PO, P3,and U0 Areas

The PO, P3, and UO areas allow address translation using the TLB and access using the cache.
When the MMU is disabled, replacing the upper 3 bits of an address with Os gives the corresponding physical
address. Whether or not the cache is used is determined by the CCR setting. When the cache is used, switching
between the copy-back method and the write-through method for write accesses is specified by the WT bit in CCR.
When the MMU is enabled, these areas can be mapped onto any physical address space in 1-, 4-, 64-Kbyte, or 1-
Mbyte page units in TLB compatible mode and in 1-, 4-, 8-, 64, 256-Kbyte, 1-, 4-, or 64-Mbyte page units in TLB
extended mode using the TLB. When CCR is in the cache enabled state and the C bit for the corresponding page of
the TLB entry is "1", accesses can be performed using the cache. When the cache is used, switching between the
copy-back method and the write-through method for write accesses is specified by the WT bit of the TLB entry.
When the PO, P3, and UO areas are mapped onto the control register area which is allocated in the area 7 in physical
address space by means of the TLB, the C bit for the corresponding page must be cleared to "0".

(b) P1Area

The P1 area does not allow address translation using the TLB but can be accessed using the cache.

Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address to "0" gives the
corresponding physical address. Whether or not the cache is used is determined by the CCR setting. When the cache
is used, switching between the copy-back method and the write-through method for write accesses is specified by
the CB bit in CCR.

(c) P2Area

The P2 area does not allow address translation using the TLB and access using the cache.
Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address to "0" gives the
corresponding physical address.

(d) P4 Area

The P4 area is mapped onto the internal resource of the SH-4A. This area except the store queue and on-chip
memory areas does not allow address translation using the TLB. This area cannot be accessed using the cache. The
P4 area is shown in detail in figure 7.4.
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Figure 7.4 P4 Area

The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues (SQs). In user mode,
the access right is specified by the SQMD bit in MMUCR. For details, see section 8.7, Store Queues.

The area from H'E500 E000 to H'E520 1FFF comprises addresses for accessing the on-chip memory. In user mode, the
access right is specified by the RMD bit in RAMCR. For details, see section 9, IL Memory/OL Memory.

The area from H'FO00 0000 to H'FOFF FFFF is used for direct access to the instruction cache address array. For details,
see section 8.6.1, IC Address Array.

The area from H'F100 0000 to H'F1FF FFFF is used for direct access to the instruction cache data array. For details, see
section 8.6.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct access to the instruction TLB address array. For details,
see section 7.7.1, ITLB Address Array.

The area from H'F300 0000 to H'F3FF FFFF is used for direct access to instruction TLB data array. For details, see
section 7.7.2, ITLB Data Array (TLB Compatible Mode) and section 7.7.3, ITLB Data Array (TLB Extended Mode).

The area from H'F400 0000 to H'FAFF FFFF is used for direct access to the operand cache address array. For details,
see section 8.6.3, OC Address Array.

The area from H'F500 0000 to H'F5FF FFFF is used for direct access to the operand cache data array. For details, see
section 8.6.4, OC Data Array.

The area from H'F600 0000 to H'F6FF FFFF is used for direct access to the unified TLB address array. For details, see
section 7.7.4, UTLB Address Array.

The area from H'F700 0000 to H'F7FF FFFF is used for direct access to unified TLB data array. For details, see section
7.7.5, UTLB Data Array (TLB Compatible Mode) and section 7.7.6, UTLB Data Array (TLB Extended Mode).

The area from H'FC00 0000 to H'FFFF FFFF is the on-chip peripheral module control register area. For details, see
register descriptions in each section of the hardware manual of the product.
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(2) Physical Address Space

The SH-4A supports a 29-bit physical address space. The physical address space is divided into eight areas as shown in
figure 7.5. Area 7 is a reserved area. For details, see section 11, Address Space of the hardware manual of the product.

Only when area 7 in the physical address space is accessed using the TLB, addresses H'1C00 0000 to H'1FFF FFFF of
area 7 are not designated as a reserved area, but are equivalent to the control register area in the P4 area, in the virtual
address space.

H'0000 0000 Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0C00 0000 Area 3
H'1000 0000 Area 4
H'1400 0000 Area 5
H'1800 0000 Area 6
:1;82 2(;?:?: Area 7 (reserved area)

Figure 7.5 Physical Address Space
(3) Address Translation

When the MMU is used, the virtual address space is divided into units called pages, and translation to physical
addresses is carried out in these page units. The address translation table in external memory contains the physical
addresses corresponding to virtual addresses and additional information such as memory protection codes. Fast address
translation is achieved by caching the contents of the address translation table located in external memory into the TLB.
In the SH-4A, basically, the ITLB is used for instruction accesses and the UTLB for data accesses. In the event of an
access to an area other than the P4 area, the accessed virtual address is translated to a physical address. If the virtual
address belongs to the P1 or P2 area, the physical address is uniquely determined without accessing the TLB. If the
virtual address belongs to the PO, UQ, or P3 area, the TLB is searched using the virtual address, and if the virtual
address is recorded in the TLB, a TLB hit is made and the corresponding physical address is read from the TLB. If the
accessed virtual address is not recorded in the TLB, a TLB miss exception is generated and processing switches to the
TLB miss exception handling routine. In the TLB miss exception handling routine, the address translation table in
external memory is searched, and the corresponding physical address and page management information are recorded in
the TLB. After the return from the exception handling routine, the instruction which caused the TLB miss exception is
re-executed.
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(4) Single Virtual Memory Mode and Multiple Virtual Memory Mode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either of which can be
selected with the SV bit in MMUCR. In the single virtual memory system, a number of processes run simultaneously,
using virtual address space on an exclusive basis, and the physical address corresponding to a particular virtual address
is uniquely determined. In the multiple virtual memory system, a number of processes run while sharing the virtual
address space, and particular virtual addresses may be translated into different physical addresses depending on the
process. The only difference between the single virtual memory and multiple virtual memory systems in terms of
operation is in the TLB address comparison method (see section 7.3.3, Address Translation Method).

(5) Address Space Identifier (ASID)

In multiple virtual memory mode, an 8-bit address space identifier (ASID) is used to distinguish between multiple
processes running simultaneously while sharing the virtual address space. Software can set the 8-bit ASID of the
currently executing process in PTEH in the MMU. The TLB does not have to be purged when processes are switched
by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for multiple processes running
simultaneously while using the virtual address space on an exclusive basis.

Note: e Two or more entries with the same virtual page number (VPN) but different ASID must not be set in the
TLB simultaneously in single virtual memory mode.
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7.2 Register Descriptions
The following registers are related to MMU processing.

Table 7.1  Register Configuration

Register Name Abbreviation  After Reset P4 Address Size Page
Page table entry high register PTEH Undefined H'FF00 0000 32 7-9
Page table entry low register PTEL Undefined H'FF00 0004 32 7-10
Translation table base register TTB Undefined H'FF00 0008 32 7-11
TLB exception address register TEA Undefined H'FF00 000C 32 7-11
MMU control register MMUCR H'0000 0000 H'FF00 0010 32 7-11
Page table entry assistance register PTEA Undefined H'FF00 0034 32 7-14
Physical address space control register PASCR H'0000 0000 H'FF00 0070 32 7-15
Instruction re-fetch inhibit control register IRMCR H'0000 0000 H'FF00 0078 32 7-15

Note: e The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of
the 32-bit P4 area address are cleared to "0", the result is an area 7 address. This address is used when
accessing area 7 of the physical address space using the TLB.

7.2.1 Page Table Entry High Register (PTEH)

The PTEH register consists of the virtual page number (VPN) and address space identifier (ASID). When an MMU
exception or address error exception occurs, the VPN of the virtual address at which the exception occurred is set in the
VPN bit by hardware. VPN varies according to the page size, but the VPN set by hardware when an exception occurs
consists of the upper 22 bits of the virtual address which caused the exception. VPN setting can also be carried out by
software. The number of the currently executing process is set in the ASID bit by software. ASID is not updated by
hardware. VPN and ASID are recorded in the UTLB by means of the LDTLB instruction.

After the ASID field in PTEH has been updated, execute one of the following three methods before an access (including
an instruction fetch) to the PO, P3, or UO area that uses the updated ASID value is performed.

Execute a branch using the RTE instruction. In this case, the branch destination may be the PO, P3, or UO area.
Execute the ICBI instruction for any address (including non-cacheable area).

If the R2 bit in IRMCR is set to "0" (the value after a reset) before updating the PTEH register, the specific
instruction does not need to be executed. However, note that the CPU processing performance will be lowered
because the instruction fetch is performed again for the next instruction after the ASID field has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.

Page Table Entry High Register (PTEH) <P4 address: location H'FF00 0000>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| VPN |

After Reset: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VPN [ - | - | ASID |

After Reset: undefined Undefined Undefined Undefined Undefined Undefined O O Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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<After Reset: Undefined>

Bit Abbreviation After Reset R W Description
31t010 VPN Undefined R W Virtual Page Number
9,8 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
7t00 ASID Undefined R W Address Space Identifier

7.2.2 Page Table Entry Low Register (PTEL)

The PTEL register is used to hold the physical page number and page management information to be recorded in the
UTLB by means of the LDTLB instruction. The contents of this register are not changed unless a software directive is
issued.

Page Table Entry Low Register (PTEL) <P4 address: location H'FF00 0004>

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

After Reset: 0 0 0 undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPN [ =] v |szi|prifPro|szo]| c [ b [ sn|wr]

After Reset: Undefined Undefined Undefined Undefined Undefined Undefined 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31to29 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".

28t010 PPN Undefined R W Physical Page Number
9 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".

8 \% Undefined R W Page Management Information
7 SZ1 Undefined R W The meaning of each bit is same as that of corresponding bit in
6 PR1 Undefined R w CommonTLE (UTLB).

- For details, see section 7.3, TLB Functions (TLB Compatible Mode) and
° PRO Undefined R W gection 7.4, TLB Functions (TLB Extended Mode).
4 Sz0 Undefined R W Note: e SZ1, PR1, SZ0, and PRO bits are valid only in TLB compatible
3 C Undefined R W mode.
2 D Undefined R W
1 SH Undefined R W
0 WT Undefined R W
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7.2.3 Translation Table Base Register (TTB)
The TTB register is used to store the base address of the currently used page table, and so on. The contents of the TTB
register are not changed unless a software directive is issued. This register can be used freely by software.

Translation Table Base Register (TTB) <P4 address: location H'FFO0 0008>

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

After Reset: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| TTB |

After Reset: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description

31to0 TTB Undefined R W TTB Bits
These bits are used to store values such as the base address of the
page table entry currently in use.

7.2.4 TLB Exception Address Register (TEA)
After an MMU exception or address error exception occurs, the virtual address at which the exception occurred is
stored. The contents of this register can be changed by software.

TLB Exception Address Register (TEA) <P4 address: location H'FFO0 000C>

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

After Reset: undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

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

After Reset: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description

31to0 TEA Undefined R W TEA Bits
These bits are used to store the virtual address that triggered an MMU
exception or address error.

7.2.5 MMU Control Register (MMUCR)

The individual bits perform MMU settings as shown below. Therefore, MMUCR register rewriting should be performed
by a program in the P1 or P2 area.

After MMUCR has been updated, execute one of the following three methods before an access (including an instruction
fetch) to the PO, P3, UOQ, or store queue area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the PO, P3, or UO area.

. Execute the ICBI instruction for any address (including non-cacheable area).
3. If the R2 bitin IRMCR is "0" (the value after a reset) before updating MMUCR, the specific instruction does not
need to be executed. However, note that the CPU processing performance will be lowered because the instruction
fetch is performed again for the next instruction after MMUCR has been updated.
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Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.

The MMUCR register contents can be changed by software. However, the LRUI and URC bits may also be updated by
hardware.

MMU Control Register (MMUCR) <P4 address: location H'FF00 0010>
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LRUI |—|—| URB |—|—|
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I Ure pougsvmve] [ [ -[-]n|—Jar|
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: H'0000 0000>
Bit Abbreviation After Reset R W Description
31to 26 LRUI AllO R W Least Recently Used ITLB Bits

These bits indicate the ITLB entry to be replaced. The LRU (least
recently used) method is used to decide the ITLB entry to be replaced in
the event of an ITLB miss. The entry to be purged from the ITLB can be
confirmed using the LRUI bits.

LRUI is updated by means of the algorithm shown below. x means that
updating is not performed.

000xxx: ITLB entry 0 is used

1xx00x: ITLB entry 1 is used

x1x1x0: ITLB entry 2 is used

xx1x11: ITLB entry 3 is used

xxxxxx: Other than above

When the LRUI bit settings are as shown below, the corresponding ITLB
entry is updated by an ITLB miss. Ensure that values for which "Setting
prohibited" is indicated below are not set at the discretion of software.
After a hardware reset, the LRUI bits are initialized to "0", and therefore
a prohibited setting is never made by a hardware update.

X means "don't care".

111xxx: ITLB entry O is updated
Oxx11x: ITLB entry 1 is updated
X0x0x1: ITLB entry 2 is updated
xx0x00: ITLB entry 3 is updated
Other than above: Setting prohibited

25,24 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
231018 URB AllO R W UTLB Replace Boundary Bits

These bits indicate the UTLB entry boundary at which replacement is to
be performed. Valid only when URB = 0.

17,16 — AllO 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
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Bit Abbreviation After Reset R Description
15t0 10 URC AllO R UTLB Replace Counter
These bits serve as a random counter for indicating the UTLB entry for
which replacement is to be performed with an LDTLB instruction. This
bit is incremented each time the UTLB is accessed. If URB > 0, URC is
cleared to "0" when the condition URC = URB is satisfied. Also note that
if a value is written to URC by software which results in the condition of
URC > URB, incrementing is first performed in excess of URB until URC
= H'3F. URC is not incremented by an LDTLB instruction.
9 SQMD 0 R Store Queue Mode Bit
Specifies the right of access to the store queues.
0: User/privileged access possible
1: Privileged access possible (address error exception in case of user
access)
8 SV 0 R Single Virtual Memory Mode/Multiple Virtual Memory Mode Switching
Bit
When this bit is changed, ensure that 1 is also written to the TI bit.
0: Multiple virtual memory mode
1: Single virtual memory mode
7 ME 0 R TLB Extended Mode Switching Bit
0: TLB compatible mode
1: TLB extended mode
When modifying the ME bit value, always set the TI bit to "1" to
invalidate the contents of ITLB and UTLB.
6to3 — AllO 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
2 TI 0 0 TLB Invalidate Bit
Writing "1" to this bit invalidates (clears to "0") all valid UTLB/ITLB bits.
This bit is always read as "0".
1 — 0 0 Reserved Bit
This bit is always read as "0". The write value should always be "0".
0 AT 0 R Address Translation Enable Bit

These bits enable or disable the MMU.
0: MMU disabled

1. MMU enabled

MMU exceptions are not generated when the AT bit is "0". In the case of
software that does not use the MMU, the AT bit should be cleared to "0".
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7.2.6 Page Table Entry Assistance Register (PTEA)

Page Table Entry Assistance Register (PTEA) <P4 address: location H'FFO0 0034>

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

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2
= EPR | ESZ [— ]|
0

After Reset: 0 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 0

1
— |

0
— |
0

0

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description

3l1to 14 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".

13to8 EPR Undefined R W Page Control Information

7t0 4 ESZ Undefined R W Each bit has the same function as the corresponding bit of the unified
TLB (UTLB). For details, see section 7.4, TLB Functions (TLB Extended
Mode).

3to0 — All O 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
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7.2.7 Physical Address Space Control Register (PASCR)

The PASCR register controls the operation in the physical address space.

Physical Address Space Control Register (PASCR) <P4 address: location H'FF00 0070>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-l-fr-r-r-fr-1-r-fr-f-7-f-{-7-1-7-1
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 8 7 6 5 4 3 2 1 0

Bit: 15 14 13 12 11 10
= i N
After Reset: 0 0 0 0 0 0

UB |
0 0 0 0 0 o0 0 0o 0 o

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31to8 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
7t00 uB AllO R W Buffered Write Control for Each Area (64 Mbytes)

When writing is performed without using the cache or in the cache write-
through mode, these bits specify whether the next bus access from the
CPU waits for the end of writing for each area.

0 : Buffered write (The CPU does not wait for the end of writing bus
access and starts the next bus access)

1: Unbuffered write (The CPU waits for the end of writing bus access
and starts the next bus access)

UBJ[7]: Corresponding to the control register area

UB[6]: Corresponding to area 6

UBI5]: Corresponding to area 5

UB[4]: Corresponding to area 4

UBJ[3]: Corresponding to area 3

UBJ[2]: Corresponding to area 2

UB[1]: Corresponding to area 1

UBJ[0]: Corresponding to area 0

7.2.8 Instruction Re-Fetch Inhibit Control Register (IRMCR)

When the specific resource is changed, the IRMCR register controls whether the instruction fetch is performed again for
the next instruction. The specific resource means the part of control registers, TLB, and cache.

In the initial state, the instruction fetch is performed again for the next instruction after changing the resource. However,
the CPU processing performance will be lowered because the instruction fetch is performed again for the next
instruction every time the resource is changed. Therefore, it is recommended that each bit in IRMCR is set to "1" and
the specific instruction should be executed after all necessary resources have been changed prior to execution of the
program which uses changed resources.

For details on the specific sequence, see descriptions in each resource.
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Instruction Re-Fetch Inhibit Control Register (IRMCR)

<P4 address: location H'FF00 0078>

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L-l-T-T-T-JT-T-T-F-JT-JT-Jrfrm]ujufuc]
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: H'0000 0000>
Bit Abbreviation After Reset R W Description
3lto5 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
4 R2 0 R W Re-Fetch Inhibit 2 after Register Change
When MMUCR, PASCR, CCR, PTEH, or RAMCR is changed, this bit
controls whether re-fetch is performed for the next instruction.
0: Re-fetch is performed
1. Re-fetch is not performed
3 R1 0 R W Re-Fetch Inhibit 1 after Register Change
When a register allocated in addresses H'FF20 0000 to H'FF2F FFFF is
changed, this bit controls whether re-fetch is performed for the next
instruction.
0: Re-fetch is performed
1. Re-fetch is not performed
2 LT 0 R W Re-Fetch Inhibit after LDTLB Execution
This bit controls whether re-fetch is performed for the next instruction
after the LDTLB instruction has been executed.
0: Re-fetch is performed
1: Re-fetch is not performed
1 MT 0 R W Re-Fetch Inhibit after Writing Memory-Mapped TLB
This bit controls whether re-fetch is performed for the next instruction
after writing memory-mapped ITLB/UTLB while the AT bit in MMUCR is
setto "1".
0: Re-fetch is performed
1: Re-fetch is not performed
0 MC 0 R W Re-Fetch Inhibit after Writing Memory-Mapped IC

This bit controls whether re-fetch is performed for the next instruction
after writing memory-mapped IC while the ICE bit in CCR is set to "1".

0: Re-fetch is performed
1: Re-fetch is not performed
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7.3

TLB Functions (TLB Compatible Mode)

7.3.1 Unified TLB (UTLB) Configuration

The UTLB is used for the following two purposes:

1. To translate a virtual address to a physical address in a data access
2. As atable of address translation information to be recorded in the ITLB in the event of an ITLB miss

The UTLB is so called because of its use for the above two purposes. Information in the address translation table
located in external memory is cached into the UTLB. The address translation table contains virtual page numbers and
address space identifiers, and corresponding physical page numbers and page management information. Figure 7.6
shows the UTLB configuration. The UTLB consists of 64 fully-associative type entries. Figure 7.7 shows the
relationship between the page size and address format.

Entry 0 [ASID[7:0] |VPN[31:10] |V | |PPN[28:10] |SZ[1:0] |SH |C [PR[1:0] |D [WT
Entry 1 [ASID[7:0] |VPN[31:10] |V | |PPN[28:10] |SZ[1:0] |SH |C |PR[1:0] |D |WT
Entry2 |ASID[7:0] [VPN[31:10] |V | |PPN[28:10] |SZ[1:0] |SH|C|PR[1:0]|D |WT

Entry 63 [ASID[7:0] |V.PN[31:10] [v| [PPNi2s:10[szi10] |sH|c |PrL:0] [D|wT]

Figure 7.6 UTLB Configuration (TLB Compatible Mode)

Legend:

ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is "0", this
identifier is compared with the ASID in PTEH when address comparison is performed.

VPN: Virtual page number

For 1-Kbyte page: Upper 22 bits of virtual address

For 4-Kbyte page: Upper 20 bits of virtual address

For 64-Kbyte page: Upper 16 bits of virtual address

For 1-Mbyte page: Upper 12 bits of virtual address

V: Validity bit

Indicates whether the entry is valid.

0: Invalid

1: Valid

Cleared to "0" by a hardware reset.

PPN: Physical page number

Upper 22 bits of the physical address of the physical page number.
With a 1-Kbyte page, PPN[28:10] are valid.

With a 4-Kbyte page, PPN[28:12] are valid.

With a 64-Kbyte page, PPN[28:16] are valid.

With a 1-Mbyte page, PPN[28:20] are valid.

The synonym problem must be taken into account when setting the PPN (see section 7.5.5, Avoiding Synonym
Problems).
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SZ[1:0]: Page size bits

Specify the page size.

00: 1-Kbyte page

01: 4-Kbyte page

10: 64-Kbyte page

11: 1-Mbyte page

SH: Share status bit

When 0, pages are not shared by processes.

When 1, pages are shared by processes.

C: Cacheability bit

Indicates whether a page is cacheable.

0: Not cacheable

1: Cacheable

When the control register area is mapped, this bit must be cleared to "0".
PR[1:0]: Protection key data

2-bit data expressing the page access right as a code.
00: Can be read from only in privileged mode

01: Can be read from and written to in privileged mode
10: Can be read from only in privileged or user mode
11: Can be read from and written to in privileged mode or user mode
D: Dirty bit

Indicates whether a write has been performed to a page.
0: Write has not been performed

1: Write has been performed

WT: Write-through bit

Specifies the cache write mode.

0: Copy-back mode

1: Write-through mode

* 1-Kbyte page

Virtual address Physical address
31 10 9 0 28 10 9 0

VPN Offset | memp | PPN Offset

* 4-Kbyte page
Virtual address Physical address
31 1211 0 28 1211 0

| VPN | Offset |—>| PPN | Offset |

* 64-Kbyte page
Virtual address Physical address
31 16 15

0 28
| VPN | Offset | — | PPN | Offset |

¢ 1-Mbyte page
Virtual address Physical address
31 2019 0 28 2019 0

[ ven | Offset | =—> [ PPN ] Offset |

Figure 7.7 Relationship between Page Size and Address Format (TLB Compatible Mode)
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7.3.2 Instruction TLB (ITLB) Configuration

The ITLB is used to translate a virtual address to a physical address in an instruction access. Information in the address
translation table located in the UTLB is cached into the ITLB. Figure 7.8 shows the ITLB configuration. The ITLB
consists of four fully-associative type entries.

Entry 0 |ASID[7:0] |VPN[31:10] [V| |PPN[28:10] [SZ[1:0] |SH|C|PR
Entry 1 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] |SZ[1:0] |SH|C|PR
Entry 2 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] |SZ[1:0] |SH|C|PR
Entry 3 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] |SZ[1:0] |SH|C|PR

Notes: e The D and WT bits are not supported.
e There is only one PR bit, corresponding to the upper bit of the PR bits in the UTLB.

Figure 7.8 1TLB Configuration (TLB Compatible Mode)
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7.3.3 Address Translation Method

Figure 7.9 shows a flowchart of a memory access using the UTLB.

( Data access to virtual address (VA) )
VA is VA is VA is VA is in PO, UO,
in P4 area in P2 area in P1 area or P3 area
< 0 CCR.OCE?
< 0 CCR.OCE?
?
T CCR.CB*
0

No

VPNs match,
ASIDs match, and

0 (User)
/

0
A

Initial page write
exception

Data TLB protection
violation exception

Y

; * A /
Internal resource access Memory access Cache access Cache access
(Non-cacheable) in copy-back mode in write-through mode

Figure 7.9 Flowchart of Memory Access Using UTLB (TLB Compatible Mode)
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Figure 7.10 shows a flowchart of a memory access using the ITLB.

(

Instruction access to virtual address (VA)

)

VAis
in P4 area

VAis
in P2 area

VAis
in P1 area

VAis in PO, UO,
or P3 area

A\

s
0 CCR.ICE?
1

MMUCR.AT =1

Hardware ITLB
miss handling

Record in ITLB

Instruction TLB protection
violation exception No

No

and (MMUCR.SV =0 or]

Yes

No VPNs match,

:

L

Y \

ASIDs match, and
=1

No
entry matches,

Yes

1 (Privileged)

Internal resource access

Memory access
(Non-cacheable)

Cache access

Figure 7.10 Flowchart of Memory Access Using ITLB (TLB Compatible Mode)
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7.4

TLB Functions (TLB Extended Mode)

7.4.1 Unified TLB (UTLB) Configuration

Figure 7.11 shows the configuration of the UTLB in TLB extended mode. Figure 7.12 shows the relationship between
the page size and address format.

Entry 0 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] |SH |C |EPR[5:0] |D [ WT
Entry 1 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] |SH | C |EPR[5:0] |D | WT
Entry 2 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] |SH |C |EPR[5:0] |D | WT

Entry 63 |ASID[7:0] |VPN[31:10] |v| |PPN[28:10] |ESZ[3:0] |SH |c |EPR[5:O] |D|WT|

Figure 7.11 UTLB Configuration (TLB Extended Mode)

Legend:

ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is "0", this
identifier is compared with the ASID in PTEH when address comparison is performed.

VPN: Virtual page number

For 1-Kbyte page: Upper 22 bits of virtual address
For 4-Kbyte page: Upper 20 bits of virtual address
For 8-Kbyte page: Upper 19 bits of virtual address
For 64-Kbyte page: Upper 16 bits of virtual address
For 256-Kbyte page: Upper 14 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address
For 4-Mbyte page: Upper 10 bits of virtual address
For 64-Mbyte page: Upper 6 bits of virtual address
V: Validity bit

Indicates whether the entry is valid.

0: Invalid

1: Valid

Cleared to "0" by a hardware reset.

PPN: Physical page number

Upper 19 bits of the physical address.

With a 1-Kbyte page, PPN[28:10] are valid.

With a 4-Kbyte page, PPN[28:12] are valid.

With a 8-Kbyte page, PPN[28:13] are valid.

With a 64-Kbyte page, PPN[28:16] are valid.

With a 256-Kbyte page, PPN[28:18] are valid.
With a 1-Mbyte page, PPN[28:20] are valid.

With a 4-Mbyte page, PPN[28:22] are valid.

With a 64-Mbyte page, PPN[28:26] are valid.

The synonym problem must be taken into account when setting the PPN (see section 7.5.5, Avoiding Synonym

Problems).
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e ESZ: Page size bits

Specify the page size.

0000: 1-Kbyte page

0001: 4-Kbyte page

0010: 8-Kbyte page

0100: 64-Kbyte page

0101: 256-Kbyte page

0111: 1-Mbyte page

1000: 4-Mbyte page

1100: 64-Mbyte page
Note: e When a value other than those listed above is recorded, operation is not guaranteed.
e SH: Share status bit

When 0, pages are not shared by processes.

When 1, pages are shared by processes.
e C: Cacheability bit

Indicates whether a page is cacheable.

0: Not cacheable

1: Cacheable

When the control register area is mapped, this bit must be cleared to "0".
e EPR: Protection key data

6-bit data expressing the page access right as a code.

Reading, writing, and execution (instruction fetch) in privileged mode and reading, writing, and execution
(instruction fetch) in user mode can be set independently. Each bit is disabled by "0" and enabled by "1".

EPR[5]: Reading in privileged mode
EPR[4]: Writing in privileged mode
EPR[3]: Execution in privileged mode (instruction fetch)
EPR[2]: Reading in user mode
EPR[1]: Writing in user mode
EPR[0]: Execution in user mode (instruction fetch)
e D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed.
1: Write has been performed.
o WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode
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1-Kbyte page

4-Kbyte page

8-Kbyte page

64-Kbyte page

256-Kbyte page

1-Mbyte page

4-Mbyte page

64-Mbyte page

Virtual address

31 10 9 0
VPN | Offset | —)

31 12 11 0
VPN | Offset | —

31 1312 0
VPN Offset | —)

31 16 15 0
VPN Offset | —)

31 18 17 0
VPN Offset | —

31 2019 0
VPN Offset | —)

31 2221 0
VPN | Offset | —)

31 26 25 0
VPN| Offset | —_—)

Physical address

28 10 9 0
PPN | Offset |

28 12 11 0
PPN Offset |

28 1312 0
PPN | Offset |

28 16 15 0
PPN | Offset |

28 18 17 0
PPN | Offset |

28 2019 0
PPN | Offset |

28 22 21 0
PPN | Offset |

28 26 25 0
|PPN| Offset |

Figure 7.12

Relationship between Page Size and Address Format (TLB Extended Mode)

7.4.2 Instruction TLB (ITLB) Configuration

Figure 7.13 shows the configuration of the ITLB in TLB extended mode.

Entry O
Entry 1
Entry 2

Entry 3

ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]

Note: e Bits EPR[4], EPR[1], D, and WT are not supported.

Figure 7.13 ITLB Configuration (TLB Extended Mode)
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7.4.3

Address Translation Method

Figure 7.14 is a flowchart of memory access using the UTLB in TLB extended mode.

(

Data access to virtual address (VA)

VAis VAis VAis VA s in PO, UO,
in P4 area in P2 area in P1 area or P3 area
o CCR.OCE?
< ?
0 CCR.OCE?
5
T CCR.CB~
0 0
No
VPNs match,
ASIDs match, and
No
0 (User) 1 (Privileged)
| RIW? RIW? |
R R
0 PR[2]2
1 1
\ 4 \ 4 y
Dz'ata TLB protec'tion Data TLB protection
violation exception violation exception
y

. v

Y Y A

Internal resource access

Memory access
(Non-cacheable)

Cache access
in write-through mode

Cache access
in copy-back mode

Figure 7.14 Flowchart of Memory Access Using UTLB (TLB Extended Mode)
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Figure 7.15 is a flowchart of memory access using the ITLB in TLB extended mode.

(

Instruction access to virtual address (VA) )
VAis VAis VA s VA'is in PO, UO,
in P4 area in P2 area in P1 area or P3 area

<

-

CCR.ICE?
0
1

VPNs match,
ASIDs match, and
V=1

1 Hardware ITLB
'+ miss handling

Record in ITLB

Instruction TLB Instruction TLB
miss exception multiple hit exception

y 0 (User)

y

|ICBI or normal instruction access?l |ICBI or normal instruction access?l

Normal instruction access Normal instruction access

PR[2] = 0 and

EPRI0]?
EPR[0] = Q

+ Y V*

Instruction TLB protection
violation exception

C=1and
CCRICE=1

! vy ,

Memory access
(Non-cacheable)

Internal resource access Cache access

Figure 7.15 Flowchart of Memory Access Using ITLB (TLB Extended Mode)
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7.5 MMU Functions

751 MMU Hardware Management
The SH-4A supports the following MMU functions.

1. The MMU decodes the virtual address to be accessed by software, and performs address translation by controlling
the UTLB/ITLB in accordance with the MMUCR settings.

2. The MMU determines the cache access status on the basis of the page management information read during address
translation (C and WT bits).

3. If address translation cannot be performed normally in a data access or instruction access, the MMU notifies
software by means of an MMU exception.

4. If address translation information is not recorded in the ITLB in an instruction access, the MMU searches the
UTLB. If the necessary address translation information is recorded in the UTLB, the MMU copies this information
into the ITLB in accordance with the LRUI bit setting in MMUCR.

75.2 MMU Software Management
Software processing for the MMU consists of the following:

1. Setting of MMU-related registers. Some registers are also partially updated by hardware automatically.

2. Recording, deletion, and reading of TLB entries. There are two methods of recording UTLB entries: by using the
LDTLB instruction, or by writing directly to the memory-mapped UTLB. ITLB entries can only be recorded by
writing directly to the memory-mapped ITLB. Deleting or reading UTLB/ITLB entries is enabled by accessing the
memory-mapped UTLB/ITLB.

3. MMU exception handling. When an MMU exception occurs, processing is performed based on information set by
hardware.

753 MMU Instruction (LDTLB)

A TLB load instruction (LDTLB) is provided for recording UTLB entries. When an LDTLB instruction is issued, the
SH-4A copies the contents of the PTEH and PTEL registers (as well as the contents of PTEA in TLB extended mode) to
the UTLB entry indicated by the URC bit in MMUCR. ITLB entries are not updated by the LDTLB instruction, and
therefore address translation information purged from the UTLB entry may still remain in the ITLB entry. As the
LDTLB instruction changes address translation information, ensure that it is issued by a program in the P1 or P2 area.

After the LDTLB instruction has been executed, execute one of the following three methods before an access (include
an instruction fetch) the area where TLB is used to translate the address is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the area where TLB is used
to translate the address.

2. Execute the ICBI instruction for any address (including non-cacheable area).
If the LT bit in IRMCR is "0" (the value after a reset) before executing the LDTLB instruction, the specific
instruction does not need to be executed. However, note that the CPU processing performance will be lowered
because the instruction fetch is performed again for the next instruction after MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.
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The operation of the LDTLB instruction is shown in figures 7.16 and 7.17.

MMUCR
31 26252423 18171615 109 8 7 3210
LRUI — URB — URC | S — TIH—I|AT
— |
Entry specification SQMD
PTEH PTEL
31 109 8 7 0 31 2928 109876543210
VPN = ASID — PPN —| v [szafpri1:0)jszd C | D [sH|wr}

Entry O ASID [7:0] |VPN[31:10] |V PPN [28:10] [SZ[1:0] |SH|C |PR[1:0] |D [WT

Entry 1 ASID [7:0] |VPN[31:10] |V PPN [28:10] [SZ[1:0] |SH|C |PR[1:0] |D [WT

Entry 2 ASID [7:0] | VPN [31:10] |V PPN [28:10] |Sz[1:0] |SH|C |PR[1:0] |D |WT

Entry 63 |ASID[7:0] |VPN[31:10] |V PPN [28:10] |Sz[1:0] |SH|C |PR[1:0] |D |WT

uTLB

Figure 7.16 Operation of LDTLB Instruction (TLB Compatible Mode)

MMUCR
| LRUI | - | URB | - | URC SVMEI - Tl fIATI
1
T
Entry specification SQub
PTEH PTEL PTEA
VPN | - | ASID || - | PPN |— v|=|c|o|sH w‘r” - | EPR | ESZ | - |
\4 lN
Entry O ASID[7:0] [VPN[31:10] |V PPN[28:10] | ESZ[3:0] [SH| C|EPR[5:0] | D [WT
Entry 1 ASID[7:0] |VPN[31:10] |V PPN[28:10] |ESZ[3:0] [SH| C|EPR[5:0] | D |WT
Entry 2 ASID[7:0] |VPN[31:10] |V PPN[28:10] | ESZ[3:0] |[SH| C |EPR[5:0] | D |WT
Entry 63 |ASID[7:O] |VPN[31:10] |v| | PPN[28:10] |ESZ[3:O] |SH| c | EPR[5:0] | D |WT|

Figure 7.17 Operation of LDTLB Instruction (TLB Extended Mode)
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754 Hardware ITLB Miss Handling

In an instruction access, the SH-4A searches the ITLB. If it cannot find the necessary address translation information
(ITLB miss occurred), the UTLB is searched by hardware, and if the necessary address translation information is
present, it is recorded in the ITLB. This procedure is known as hardware ITLB miss handling. If the necessary address
translation information is not found in the UTLB search, an instruction TLB miss exception is generated and processing
passes to software.

755 Avoiding Synonym Problems

When information on 1- or 4-Kbyte pages is written as TLB entries, a synonym problem may arise. The problem is that,
when a number of virtual addresses are mapped onto a single physical address, the same physical address data is written
to a number of cache entries, and it becomes impossible to guarantee data integrity. This problem does not occur with
the instruction TLB and instruction cache because only data is read in these cases. In the SH-4A, entry specification is
performed using bits 12 to 5 of the virtual address in order to achieve fast operand cache operation. However, bits 12 to
10 of the virtual address in the case of a 1-Kbyte page, and bit 12 of the virtual address in the case of a 4-Kbyte page,
are subject to address translation. As a result, bits 12 to 10 of the physical address after translation may differ from bits
12 to 10 of the virtual address.

Consequently, the following restrictions apply to the writing of address translation information as UTLB entries.

1. When address translation information whereby a number of 1-Kbyte page UTLB entries are translated into the same
physical address is written to the UTLB, ensure that the VPN[12:10] values are the same.

2. When address translation information whereby a number of 4-Kbyte page UTLB entries are translated into the same
physical address is written to the UTLB, ensure that the VPN[12] value is the same.

3. Do not use 1-Kbyte page UTLB entry physical addresses with UTLB entries of a different page size.
4. Do not use 4-Kbyte page UTLB entry physical addresses with UTLB entries of a different page size.

The above restrictions apply only when performing accesses using the cache.

When the cache size is changed from 32 Kbytes to some other size, both the page sizes for which the synonym problem
can occur and the VPN bit positions that are required to be made the same will differ from the above description. Table
7.2 lists the page sizes for which the synonym problem may occur for cache sizes from 8 Kbytes to 64 Kbytes.

Table 7.2 Cache Size and Synonym Problem Avoidance Measures

Page Sizes for which the Synonym

Cache Size Problem may Occur VPN Bit Positions that are Recorded so as to be Equal
8 Kbytes 1-Kbyte pages VPNI[10]
16 Kbytes 1-Kbyte pages VPN[11:10]
32 Kbytes 1-Kbyte pages VPN[12:10]
4-Kbyte pages VPN[12]
64 Kbytes 1-Kbyte pages VPNI[13:10]
4-Kbyte pages VPN[13:12]

Note: e For the future expansion of the SuperH RISC engine family, when the same physical memory is used for the
address translation information of a number of addresses, ensure that VPN[20:10] values are the same. Do
not use the same physical address with the address translation information of a different page size.
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7.6 MMU Exceptions

There are seven MMU exceptions: instruction TLB multiple hit exception, instruction TLB miss exception, instruction
TLB protection violation exception, data TLB multiple hit exception, data TLB miss exception, data TLB protection
violation exception, and initial page write exception. Refer to figures 7.9, 7.10, 7.14, 7.15, and section 5, Exception
Handling for the conditions under which each of these exceptions occurs.

7.6.1 Instruction TLB Multiple Hit Exception

An instruction TLB multiple hit exception occurs when more than one ITLB entry matches the virtual address to which
an instruction access has been made. If multiple hits occur when the UTLB is searched by hardware in hardware ITLB
miss handling, an instruction TLB multiple hit exception will result.

When an instruction TLB multiple hit exception occurs, a reset is executed and cache coherency is not guaranteed.
(1) Hardware Processing
In the event of an instruction TLB multiple hit exception, hardware carries out the following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'000 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

(2) Software Processing (Reset Routine)

The ITLB entries which caused the multiple hit exception are checked in the reset handling routine. This exception is
intended for use in program debugging, and should not normally be generated.

7.6.2 Instruction TLB Miss Exception

An instruction TLB miss exception occurs when address translation information for the virtual address to which an
instruction access is made is not found in the UTLB entries by the hardware ITLB miss handling routine. The
instruction TLB miss exception processing carried out by hardware and software is shown below. This is the same as
the processing for a data TLB miss exception.

(1) Hardware Processing
In the event of an instruction TLB miss exception, hardware carries out the following processing:

Sets the VPN of the virtual address at which the exception occurred in PTEH.
Sets the virtual address at which the exception occurred in TEA.
Sets exception code H'040 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in SPC. If the exception
occurred at a delay slot, sets the PC value indicating the address of the delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are saved in SGR.
Sets the MD bit in SR to "1", and switches to privileged mode.

Sets the BL bit in SR to "1", and masks subsequent exception requests.

Sets the RB bit in SR to "1".

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and starts the instruction
TLB miss exception handling routine.

Hw DN
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(2) Software Processing (Instruction TLB Miss Exception Handling Routine)

Software is responsible for searching the external memory page table and assigning the necessary page table entry.
Software should carry out the following processing in order to find and assign the necessary page table entry.

1. In TLB compatible mode, write to the PTEL register the values of the PPN, PR, SZ, C, D, SH, V, and WT bits in the
page table entry stored in the address translation table for external memory. In TLB extended mode, write to the
PTEL and PTEA registers the values of the PPN, EPR, ESZ, C, D, SH, V, and WT bits in the page table entry stored
in the address translation table for external memory.

2. When the entry to be replaced in entry replacement is specified by software, write the value to the URC bits in
MMUCR. If URC is greater than URB at this time, the value should be changed to an appropriate value after issuing
an LDTLB instruction.

3. In TLB compatible mode, execute the LDTLB instruction and write the contents of the PTEH and PTEL registers to
the TLB.
In TLB extended mode, execute the LDTLB instruction and write the contents of the PTEH, PTEL, and PTEA
registers to the UTLB.

4. Finally, execute the exception handling return instruction (RTE) to terminate the exception handling routine and
return control to the normal flow. The RTE instruction should be issued at least one instruction after the LDTLB
instruction.

7.6.3 Instruction TLB Protection Violation Exception

An instruction TLB protection violation exception occurs when, even though an ITLB entry contains address translation
information matching the virtual address to which an instruction access is made, the actual access type is not permitted
by the access right specified by the PR or EPR bit. The instruction TLB protection violation exception processing
carried out by hardware and software is shown below.

(1) Hardware Processing
In the event of an instruction TLB protection violation exception, hardware carries out the following processing:

Sets the VPN of the virtual address at which the exception occurred in PTEH.

Sets the virtual address at which the exception occurred in TEA.

Sets exception code H'0OAQ in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in SPC. If the exception
occurred at a delay slot, sets the PC value indicating the address of the delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are saved in SGR.

Sets the MD bit in SR to "1", and switches to privileged mode.

Sets the BL bit in SR to "1", and masks subsequent exception requests.

Sets the RB bit in SR to "1".

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and starts the instruction
TLB protection violation exception handling routine.

oD E
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(2) Software Processing (Instruction TLB Protection Violation Exception Handling Routine)

Resolve the instruction TLB protection violation, execute the exception handling return instruction (RTE), terminate the
exception handling routine, and return control to the normal flow. The RTE instruction should be issued at least one
instruction after the LDTLB instruction.
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7.6.4 Data TLB Multiple Hit Exception

A data TLB multiple hit exception occurs when more than one UTLB entry matches the virtual address to which a data
access has been made.

When a data TLB multiple hit exception occurs, a reset is executed, and cache coherency is not guaranteed. The
contents of PPN in the UTLB prior to the exception may also be corrupted.

(1) Hardware Processing
In the event of a data TLB multiple hit exception, hardware carries out the following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'000 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

(2) Software Processing (Reset Routine)

The UTLB entries which caused the multiple hit exception are checked in the reset handling routine. This exception is
intended for use in program debugging, and should not normally be generated.

7.6.5 Data TLB Miss Exception

A data TLB miss exception occurs when address translation information for the virtual address to which a data access is
made is not found in the UTLB entries. The data TLB miss exception processing carried out by hardware and software
is shown below.

(1) Hardware Processing
In the event of a data TLB miss exception, hardware carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'040 in the case of a read, or H'060 in the case of a write in EXPEVT (OCBP, OCBWAB: read;
OCBI, MOVCA.L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred in SPC. If the exception
occurred at a delay slot, sets the PC value indicating the address of the delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are saved in SGR.
Sets the MD bit in SR to "1", and switches to privileged mode.

Sets the BL bit in SR to "1", and masks subsequent exception requests.

Sets the RB bit in SR to "1".

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and starts the data TLB miss
exception handling routine.

© © N o a
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(2) Software Processing (Data TLB Miss Exception Handling Routine)

Software is responsible for searching the external memory page table and assigning the necessary page table entry.
Software should carry out the following processing in order to find and assign the necessary page table entry.

1. In TLB compatible mode, write to the PTEL register the values of the PPN, PR, SZ, C, D, SH, V, and WT bits in the
page table entry stored in the address translation table for external memory.
In TLB extended mode, write to the PTEL and PTEA registers the values of the PPN, EPR, ESZ, C, D, SH, V, and
WT bits in the page table entry stored in the address translation table for external memory.

2. When the entry to be replaced in entry replacement is specified by software, write the value to the URC bits in
MMUCR. If URC is greater than URB at this time, the value should be changed to an appropriate value after issuing
an LDTLB instruction.

3. In TLB compatible mode, execute the LDTLB instruction and write the contents of the PTEH and PTEL registers to
the TLB.
In TLB extended mode, execute the LDTLB instruction and write the contents of the PTEH, PTEL, and PTEA
registers to the UTLB.

4. Finally, execute the exception handling return instruction (RTE), terminate the exception handling routine, and
return control to the normal flow. The RTE instruction should be issued at least one instruction after the LDTLB
instruction.

7.6.6 Data TLB Protection Violation Exception

A data TLB protection violation exception occurs when, even though a UTLB entry contains address translation
information matching the virtual address to which a data access is made, the actual access type is not permitted by the
access right specified by the PR or EPR bit. The data TLB protection violation exception processing carried out by
hardware and software is shown below.

(1) Hardware Processing
In the event of a data TLB protection violation exception, hardware carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'0AO in the case of a read, or H'0CO in the case of a write in EXPEVT (OCBP, OCBWB: read;
OCBI, MOVCA.L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred in SPC. If the exception
occurred at a delay slot, sets the PC value indicating the address of the delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are saved in SGR.
Sets the MD bit in SR to "1", and switches to privileged mode.

Sets the BL bit in SR to "1", and masks subsequent exception requests.

Sets the RB bit in SR to "1".

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and starts the data TLB
protection violation exception handling routine.

© © N o g

(2) Software Processing (Data TLB Protection Violation Exception Handling Routine)

Resolve the data TLB protection violation, execute the exception handling return instruction (RTE), terminate the
exception handling routine, and return control to the normal flow. The RTE instruction should be issued at least one
instruction after the LDTLB instruction.
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7.6.7 Initial Page Write Exception

An initial page write exception occurs when the D bit is "0" even though a UTLB entry contains address translation
information matching the virtual address to which a data access (write) is made, and the access is permitted. The initial
page write exception processing carried out by hardware and software is shown below.

(1) Hardware Processing
In the event of an initial page write exception, hardware carries out the following processing:

Sets the VPN of the virtual address at which the exception occurred in PTEH.
Sets the virtual address at which the exception occurred in TEA.
Sets exception code H'080 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in SPC. If the exception
occurred at a delay slot, sets the PC value indicating the address of the delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are saved in SGR.
Sets the MD bit in SR to "1", and switches to privileged mode.

Sets the BL bit in SR to "1", and masks subsequent exception requests.

Sets the RB bit in SR to "1".

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and starts the initial page
write exception handling routine.

oD E

© © N o g

(2) Software Processing (Initial Page Write Exception Handling Routine)
Software is responsible for the following processing:

1. Retrieve the necessary page table entry from external memory.

2. Write "1" to the D bit in the external memory page table entry.

In TLB compatible mode, write to the PTEL register the values of the PPN, PR, Sz, C, D, SH, V, and WT bits in the
page table entry stored in the address translation table for external memory.

In TLB extended mode, write to the PTEL and PTEA registers the values of the PPN, EPR, ESZ, C, D, SH, V, and
WT bits in the page table entry stored in the address translation table for external memory.

4. When the entry to be replaced in entry replacement is specified by software, write that value to the URC bits in
MMUCR. If URC is greater than URB at this time, the value should be changed to an appropriate value after issuing
an LDTLB instruction.

5. In TLB compatible mode, execute the LDTLB instruction and write the contents of the PTEH and PTEL registers to
the TLB.

In TLB extended mode, execute the LDTLB instruction and write the contents of the PTEH, PTEL, and PTEA
registers to the UTLB.

6. Finally, execute the exception handling return instruction (RTE), terminate the exception handling routine, and
return control to the normal flow. The RTE instruction should be issued at least one instruction after the LDTLB
instruction.
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7.7 Memory-Mapped TLB Configuration

To enable the ITLB and UTLB to be managed by software, their contents are allowed to be read from and written to by
a program in the P1/P2 area with a MOV instruction in privileged mode. Operation is not guaranteed if access is made
from a program in another area.

After the memory-mapped TLB has been accessed, execute one of the following three methods before an access
(including an instruction fetch) to an area other than the P1/P2 area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be an area other than the P1/P2
area.

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

3. If the MT bit in IRMCR is "0" (the value after a reset) before accessing the memory-mapped TLB, the specific
instruction does not need to be executed. However, note that the CPU processing performance will be lowered
because the instruction fetch is performed again for the next instruction after MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.

The ITLB and UTLB are allocated to the P4 area in the virtual address space.

In TLB compatible mode, VPN, V, and ASID in the ITLB can be accessed as an address array, PPN, V, SZ, PR, C, and
SH as a data array. VPN, D, V, and ASID in the UTLB can be accessed as an address array, PPN, V, SZ, PR, C, D, WT,
and SH as a data array. V and D can be accessed from both the address array side and the data array side.

In TLB extended mode, VPN, V, and ASID in the ITLB can be accessed as an address array, PPN, V, ESZ, EPR, C,
and SH as a data array. VPN, D, V, and ASID in the UTLB can be accessed as an address array, PPN, V, ESZ, EPR, C,
D, WT, and SH as a data array. V and D can be accessed from both the address array side and the data array side.

In both TLB compatible mode and TLB extended mode, only longword access is possible. Instruction fetches cannot be
performed in these areas. For reserved bits, a write value of "0" should be specified; their read value is undefined.

7.7.1 ITLB Address Array

The ITLB address array is allocated to addresses H'F200 0000 to H'F2FF FFFF in the P4 area. An address array access
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification (when
writing). Information for selecting the entry to be accessed is specified in the address field, and VPN, V, and ASID to
be written to the address array are specified in the data field.

In the address field, bits [31:24] have the value H'F2 indicating the ITLB address array and the entry is specified by bits
[9:8]. As only longword access is used, "0" should be specified for address field bits [1:0].

In the data field, bits [31:10] indicate VPN, bit [8] indicates V, and bits [7:0] indicate ASID.
The following two kinds of operation can be used on the ITLB address array:

1. ITLB address array read

VPN, V, and ASID are read into the data field from the ITLB entry corresponding to the entry set in the address
field.

2. ITLB address array write

VPN, V, and ASID specified in the data field are written to the ITLB entry corresponding to the entry set in the
address field.
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31 2423 109 87 210
Addressfleld|1|1|1|1|0|0|10* * K ok ok *k *x x x x *x *x x| E [ * * x * *0|0|
31 109 87 0
Data field | VPN |. ,I\/| ASID |
Legend:
VPN: Virtual page number ASID: Address space identifier
V: Validity bit -..:  Reserved bits (write value should be 0,
E: Entry and read value is undefined )
*: Don't care

Figure 7.18 Memory-Mapped ITLB Address Array
7.7.2 ITLB Data Array (TLB Compatible Mode)

The ITLB data array is allocated to addresses H'F300 0000 to H'F37F FFFF in the P4 area. A data array access requires
a 32-bit address field specification (when reading or writing) and a 32-bit data field specification (when writing).
Information for selecting the entry to be accessed is specified in the address field, and PPN, V, SZ, PR, C, and SH to be
written to the data array are specified in the data field.

In the address field, bits [31:23] have the value H'F30 indicating ITLB data array and the entry is specified by bits [9:8].

In the data field, bits [28:10] indicate PPN, bit [8] indicates V, bits [7] and [4] indicate SZ, bit [6] indicates PR, bit [3]
indicates C, and bit [1] indicates SH.

The following two kinds of operation can be used on ITLB data array:

1. ITLB data array read

PPN, V, SZ, PR, C, and SH are read into the data field from the ITLB entry corresponding to the entry set in the
address field.

2. ITLB data array write

PPN, V, SZ, PR, C, and SH specified in the data field are written to the ITLB entry corresponding to the entry set in
the address field.

31 2423 109 8 7 210
Addressfield|1|1|1|1|o|o|1 1|0* X ok x k Kk % % x x x x| E [ % % x % * x o|o|
31302928 109876543210
Datafieldl ...... | PPN |1v|\| }| |c|| ||
1 1 1
I
PR SH
Legend: Sz
PPN: Physical page number PR: Protection key data
V: Validity bit C: Cacheability bit
E: Entry SH: Share status bit
SZ: Page size bits --+: Reserved bits (write value should be 0,
*: Don't care and read value is undefined )

Figure 7.19 Memory-Mapped ITLB Data Array (TLB Compatible Mode)
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7.7.3 ITLB Data Array (TLB Extended Mode)

In TLB extended mode the names of the data arrays have been changed from ITLB data array to ITLB data array 1,

ITLB data array 2 is added, and the EPR and ESZ bits are accessible. In TLB extended mode, the PR and SZ bits of
ITLB data array 1 are reserved and 0 should be specified as the write value for these bits. In addition, after a write to
ITLB data array 1 is performed, a write to ITLB data array 2 of the same entry should always be performed.

In TLB compatible mode (MMUCR.ME = 0), ITLB data array 2 cannot be accessed. Operation if it is accessed is not
guaranteed.

(1) ITLB Data Array 1

In TLB extended mode, bits 7, 6, and 4 in the data field, which correspond to the PR and SZ bits in compatible mode,
are reserved. Specify 0 as the write value for these bits.

31 2 109 8 7 210
Addressfield|1|1|1|1|o|o|1|1|0 Kok ok ok ko x k ko x ko x % x| E [* x % % x 0|0|
31 2928 109 8 7 43210
Data field | ...... | PPN | |\/| ........ |C|| |
Legend: SH
PPN: Physical page number C: Cacheability bit
V:  Validity bit SH: Share status bit
E:  Entry -+ : Reserved bits
*: Don't care (write value should be 0,

and read value is undefined)

Figure 7.20 Memory-Mapped ITLB Data Array 1 (TLB Extended Mode)
(2) ITLB Data Array 2

The ITLB data array is allocated to addresses H'F380 0000 to H'F3FF FFFF in the P4 area. Access to data array 2
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification (when
writing). Information for selecting the entry to be accessed is specified in the address field, and EPR and ESZ to be
written to data array 2 are specified in the data field.

In the address field, bits [31:23] have the value H'F38 indicating ITLB data array 2 and the entry is specified by bits
[9:8].

In the data field, bits [13], [11], [10], and [8] indicate EPR[5], [3], [2], and [0], and bits [7:4] indicate ESZ, respectively.
The following two kinds of operation can be applied to ITLB data array 2:

1. ITLB data array 2 read
EPR and ESZ are read into the data field from the ITLB entry corresponding to the entry set in the address field.
2. ITLB data array 2 write

EPR and ESZ specified in the data field are written to the ITLB entry corresponding to the entry set in the address
field.
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2 10987 210
Addressfield|1|1|1|1|0|0|1|1|1 Kok ok ok ko k k ok %k x % x| E [* x % % x 0|0|
31 14131211109 8 7 4 3 0
Data field | ............................................ be | o | | ESZ | ........ |
1 Il \

T \
EPR[5] | EPRI[2]

EPRI[3] EPR[0]
Legend:
E:  Entry ... Reserved bits
EPR: Protection key data (write value should be 0,
ESZ: Page size bits and read value is undefined)
*: Don't care

Figure 7.21 Memory-Mapped ITLB Data Array 2 (TLB Extended Mode)

7.7.4 UTLB Address Array

The UTLB address array is allocated to addresses H'F600 0000 to H'F6FF FFFF in the P4 area. An address array access
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification (when
writing). Information for selecting the entry to be accessed is specified in the address field, and VPN, D, V, and ASID
to be written to the address array are specified in the data field.

In the address field, bits [31:20] have the value H'F60 indicating the UTLB address array and the entry is specified by
bits [13:8]. Bit [7] that is the association bit (A bit) in the address field specifies whether address comparison is
performed in a write to the UTLB address array.

In the data field, bits [31:10] indicate VPN, bit [9] indicates D, bit [8] indicates V, and bits [7:0] indicate ASID.
The following three kinds of operation can be used on the UTLB address array:

1. UTLB address array read
VPN, D, V, and ASID are read into the data field from the UTLB entry corresponding to the entry set in the address
field. In a read, associative operation is not performed regardless of whether the association bit specified in the
address field is "1" or "0".

2. UTLB address array write (non-associative)
VPN, D, V, and ASID specified in the data field are written to the UTLB entry corresponding to the entry set in the
address field. The A bit in the address field should be cleared to "0".

3. UTLB address array write (associative)
When a write is performed with the A bit in the address field set to "1", comparison of all the UTLB entries is
carried out using the VPN specified in the data field and ASID in PTEH. The usual address comparison rules are
followed, but if a UTLB miss occurs, the result is no operation, and an exception is not generated. If the comparison
identifies a UTLB entry corresponding to the VPN specified in the data field, D and V specified in the data field are
written to that entry. This associative operation is simultaneously carried out on the ITLB, and if a matching entry is
found in the ITLB, V is written to that entry. Even if the UTLB comparison results in no operation, a write to the
ITLB is performed as long as a matching entry is found in the ITLB. If there is a match in both the UTLB and ITLB,
the UTLB information is also written to the ITLB.
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2| 8 7 210
Address field [1]1[1[1]o[1]1]o]ofoo]o]« » » « + + E [a]r + + <]o[o]
31 10987 0
Data field | VPN |D|V| ASID |
Legend:
VPN: Virtual page number ASID: Address space identifier
V: Validity bit A: Association bit
E: Entry .-+ Reserved bits
D: Dirty bit (write value should be 0,
*: Don't care and read value is undefined)

Figure 7.22 Memory-Mapped UTLB Address Array
7.75 UTLB Data Array (TLB Compatible Mode)

The UTLB data array is allocated to addresses H'F700 0000 to H'F7FF FFFF in the P4 area. A data array access
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification (when
writing). Information for selecting the entry to be accessed is specified in the address field, and PPN, V, SZ, PR, C, D,
SH, and WT to be written to data array are specified in the data field.

In the address field, bits [31:20] have the value H'F70 indicating UTLB data array and the entry is specified by bits
[13:8].

In the data field, bits [28:10] indicate PPN, bit [8] indicates V, bits [7] and [4] indicate SZ, bits [6:5] indicate PR, bit [3]
indicates C, bit [2] indicates D, bit [1] indicates SH, and bit [0] indicates WT.

The following two kinds of operation can be used on UTLB data array:

1. UTLB data array read

PPN, V, SZ, PR, C, D, SH, and WT are read into the data field from the UTLB entry corresponding to the entry set
in the address field.

2. UTLB data array write

PPN, V, SZ, PR, C, D, SH, and WT specified in the data field are written to the UTLB entry corresponding to the
entry set in the address field.

31 2019 1413 8 7 210
Addressfield|1|1|1|1|O|1|1|1|0|0|0 O« * & « « E N o|o|
31 2928 109876543210
Datafieldl ...... | PPN ||V| PR |C|D| | |
1 1
1
SH |
sz wT
Legend:
PPN: Physical page number  PR: Protection key data
V: Validity bit C:  Cacheability bit
E: Entry SH: Share status bit
SZ:  Page size bits WT: Write-through bit
D: Dirty bit ... Reserved bits
*: Don't care (write value should be 0,

and read value is undefined)

Figure 7.23 Memory-Mapped UTLB Data Array (TLB Compatible Mode)
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7.7.6 UTLB Data Array (TLB Extended Mode)

In TLB extended mode, the names of the data arrays have been changed from UTLB data array to UTLB data array 1,
UTLB data array 2 is added, and the EPR and ESZ bits are accessible. In TLB extended mode, the PR and SZ bits of
UTLB data array 1 are reserved and 0 should be specified as the write value for these bits. In addition, when a write to
UTLB data array 1 is performed, a write to UTLB data array 2 of the same entry should always be performed after that.

In TLB compatible mode (MMUCR.ME = 0), UTLB data array 2 cannot be accessed. Operation if they are accessed is
not guaranteed.

(1) UTLB Data Array 1

In TLB extended mode, bits 7 to 4 in the data field, which correspond to the PR and SZ bits in compatible mode, are
reserved. Specify 0 as the write value for these bits.

2 210
Addressfield|1|1|1|1|o|1|1|1|0|0|o|o X ok ox x % % E X ox % ox % % 0|0|
31 2928 109 8 7 43210
Datafieldl ...... | PPN ||V| ........ |C|D| |
L
Legend: SH Wt
PPN: Physical page number C: Cacheability bit
V:  Validity bit SH: Share status bit
E:  Entry WT: Write-through bit
D:  Dirty bit ... Reserved bits
*: Don't care (write value should be 0,

and read value is undefined)

Figure 7.24 Memory-Mapped UTLB Data Array 1 (TLB Extended Mode)
(2) UTLB Data Array 2

The UTLB data array is allocated to addresses H'F780 0000 to H'F7FF FFFF in the P4 area. Access to data array 2
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification (when
writing). Information for selecting the entry to be accessed is specified in the address field, and EPR and ESZ to be
written to data array 2 are specified in the data field.

In the address field, bits [31:20] have the value H'F78 indicating UTLB data array 2 and the entry is specified by bits
[13:8].

In the data field, bits [13:8] indicate EPR, and bits [7:4] indicate ESZ, respectively.
The following two kinds of operation can be applied to UTLB data array 2:

1. UTLB data array 2 read
EPR and ESZ are read into the data field from the UTLB entry corresponding to the entry set in the address field.
2. UTLB data array 2 write

EPR and ESZ specified in the data field are written to the UTLB entry corresponding to the entry set in the address
field.

Rev.1.20 Oct 25, 2013 7-40
RENESAS RO1UH0420EJ0120




Section 7 Memory Management Unit (MMU)

2 210
Addressfield|1|1|1|1|o|1|1|1|1|0|o|o K ok K K Kk ok E X ok k% K K O|O|
31 13 8 7 4 3 0
Data fieldl ............................................. | EPR | ESz | ........ |
Legend:
E:  Entry --.: Reserved bits
EPR: Protection key data (write value should be 0,
ESZ: Page size bits and read value is undefined)

*: Don't care

Figure 7.25 Memory-Mapped UTLB Data Array 2 (TLB Extended Mode)
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This page is blank for reasons of layout.
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Section 8 Caches

The SH-4A has an on-chip 32-Kbyte instruction cache (IC) for instructions and an on-chip 32-Kbyte operand cache
(OC) for data.

8.1 Overview
Table 8.1 shows the overview of caches.

The SH-4A supports two 32-byte store queues (SQs) to perform high-speed writes to external memory. The overview of
the store queues is given in table 8.2.

Table 8.1  Overview of Cache

Item Instruction Cache Operand Cache

Capacity 32-Kbyte cache 32-Kbyte cache

Type 4-way set-associative, virtual address 4-way set-associative, virtual address
index/physical address tag index/physical address tag

Line size 32 bytes 32 bytes

Entries 256 entries/way 256 entries/way

Write method — Copy-back/write-through selectable

Replacement method LRU (least-recently-used) algorithm LRU (least-recently-used) algorithm

Table 8.2 Overview of Store Queue

Item Store Queues

Capacity 32 bytes x 2

Addresses H'EO00 0000 to H'E3FF FFFF

Write Store instruction (1-cycle write)

Write-back Prefetch instruction (PREF instruction)

Access right When MMU is disabled: Determined by SQMD bit in MMUCR

When MMU is enabled: Determined by PR for each page

The operand cache of the SH-4A is 4-way set associative, each may comprising 256 cache lines. Figure 8.1 shows the
configuration of the operand cache.

The instruction cache is 4-way set-associative, each way comprising 256 cache lines. Figure 8.2 shows the
configuration of the instruction cache.

The SH-4A has an IC way prediction scheme to reduce power consumption. In addition, memory-mapped associative
writing, which is detectable as an exception, can be enabled by using the unsupported function detection exception
register (EXPMASK). For details, see section 5, Exception Handling.
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Virtual address

31 12 10 5 4 2 0
\ /\ /
\ 7
Entry selection [12:5] Longword (LW) selection
22 Address array Data array
8 (way 0 to way 3) 3 (way 0 to way3) LRU

0 Tag U |V LWO | LW1 | LW2 [ LW3 | LW4 | LW5 | LW6 | LW7

MMU
L
19
255 19 bits L bit|1 bitl_ 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits| }* 6 bits
A A A \ A A
_ 17 Vt Vt 1t 17 Vt Vt 1t
Comparison l
Read data Write data
l (Way 0 to way 3)
Hit signal
Figure 8.1 Configuration of Operand Cache (Cache size = 32 Khytes)
Virtual address
31 12 10 54 2 0
\ A\ /
\ /
[12:5] Longword (LW) selection

Entry selection
22 Address array Data array

8

(way 0 to way 3) 3 (way 0 to way3) LRU
0 Tag \%
MMU
L
19
255 19 bits L bit|| 32 bits|32 bits|32 bits|32 hits|32 bits|32 bits|32 bits|32 bits 6 bits
A A A A A A A A
* Y Y Y VY VY YV VYV VY
Y >
Comparison

Read data

l (Way 0 to way 3)

Hit signal

Figure 8.2 Configuration of Instruction Cache (Cache size = 32 Kbytes)
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(1) Tag

Stores the upper 19 bits of the 29-bit physical address of the data line to be cached. The tag is not initialized by a
hardware reset.

(2) V bit (validity bit)

Indicates that valid data is stored in the cache line. When this bit is 1", the cache line data is valid. The V bit is
initialized to "0" by a hardware reset, but retains its value in a manual reset.

(3) U bit (dirty bit)

The U bit is set to "1" if data is written to the cache line while the cache is being used in copy-back mode. That is, the U
bit indicates a mismatch between the data in the cache line and the data in external memory. The U bit is never set to
"1" while the cache is being used in write-through mode, unless it is modified by accessing the memory-mapped cache
(see section 8.6, Memory-Mapped Cache Configuration). The U bit is initialized to "0" by a hardware reset.

(4) Dataarray
The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized by a hardware reset.
(5) LRU

In a 4-way set-associative method, up to 4 items of data can be registered in the cache at each entry address. When an
entry is registered, the LRU bit indicates which of the 4 ways it is to be registered in. The LRU mechanism uses 6 bits
of each entry, and its usage is controlled by hardware. The LRU (least-recently-used) algorithm is used for way
selection, and selects the less recently accessed way. The LRU bits are initialized to "0" by a hardware reset. The LRU
bits cannot be read from or written to by software.
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8.2 Register Descriptions
The following registers are related to cache.

Table 8.3  Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
Cache control register CCR H'0000 0000 H'FF00 001C 32 8-4
Queue address control register 0 QACRO Undefined H'FF00 0038 32 8-6
Queue address control register 1 QACR1 Undefined H'FF00 003C 32 8-6
On-chip memory control register RAMCR H'0000 0000 H'FF00 0074 32 8-7

Note: e The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of
the 32-bit P4 area address are cleared to "0", the result is an area 7 address. This address is used when
accessing area 7 of the physical address space using the TLB.

8.2.1 Cache Control Register (CCR)
The CCR register controls the cache operating mode, the cache write mode, and invalidation of all cache entries.

CCR modifications must only be made by a program in the non-cacheable P2 area or IL memory. After CCR has been
updated, execute one of the following three methods before an access (including an instruction fetch) to the cacheable
area is performed.

Execute a branch using the RTE instruction. In this case, the branch destination may be the cacheable area.
Execute the ICBI instruction for any address (including non-cacheable area).

If the R2 bit in IRMCR is "0" (the value after a reset) before updating CCR, the specific instruction does not need to
be executed. However, note that the CPU processing performance will be lowered because the instruction fetch is
performed again for the next instruction after CCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.

Cache Control Register (CCR) <P4 address: location H'FF00 001C>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20

19 18 17 16
0 0 0 0

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0

11 10 9 8 7 6 5 4 3 2 1 0
| ICI | — | — | ICE| — | — | — | — | OCI| CcB | WT|OCE|
0 0 0 0 0 0 0 0 0 0 0

Bit: 15 14 13 12

After Reset: 0 0 0 0

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
3l1to12 — AllO 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
11 ICI 0 0 W IC Invalidation Bit

When "1" is written to this bit, the V bits of all IC entries are cleared to
"0". This bit is always read as "0".

10,9 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
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Bit Abbreviation After Reset R W Description
8 ICE 0 R W IC Enable Bit
Selects whether the IC is used. Note however when address translation
is performed, the IC cannot be used unless the C bit in the page
management information is also "1".
0: IC not used
1: IC used
7to4 — AllO 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
3 OcCl 0 0 OC Invalidation Bit
When "1" is written to this bit, the V and U bits of all OC entries are
cleared to "0". This bit is always read as "0".
2 CB 0 R Copy-Back Bit
Indicates the P1 area cache write mode.
0: Write-through mode
1: Copy-back mode
1 WT 0 R Write-Through Mode
Indicates the PO, U0, and P3 area cache write mode. When address
translation is performed, the value of the WT bit in the page
management information has priority.
0: Copy-back mode
1. Write-through mode
0 OCE 0 R OC Enable Bit

Selects whether the OC is used. Note however when address
translation is performed, the OC cannot be used unless the C bit in the
page management information is also "1".

0: OC not used

1: OC used
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8.2.2 Queue Address Control Register 0 (QACRO0)

The QACRO register specifies the area onto which store queue 0 (SQO0) is mapped when the MMU is disabled.

Queue Address Control Register 0 (QACRO)

Bit: 31

<P4 address: location H'FF00 0038>

After Reset: 0

Bit: 15

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
=l -{-1-{-1-T-T-01-T-[T-1-1T-7T-1-1-]
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L=l -l -T-T-0T-T-0T-[-T=-[-1 seo [-]-]
0 0 0 0 0 0 0 0 0 O undefined Undefined Undefined O 0

After Reset: 0

<After Reset: Undefined>

Bit Abbreviation After Reset R W Description
3l1to5 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
4102 AREAO Undefined R W When the MMU is disabled, these bits generate physical address bits
[28:26] for SQO.
1,0 — All O 0 0 Reserved Bits

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

8.2.3 Queue Address Control Register 1 (QACR1)

The QACRL register specifies the area onto which store queue 1 (SQ1) is mapped when the MMU is disabled.

Queue Address Control Register 1 (QACR1)

Bit: 31

<P4 address: location H'FF00 003C>

After Reset: 0

Bit: 15

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-l -[-1-[-[-1-T-1-[T-[T-1-[-7T-1T-[-]
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L=l -[-T-0T-[-T-0T-T-[-0T-0] aem [-]-]
0 0 0 0 0 0 0 0 0 O undefined Undefined Undefined O 0

After Reset: 0

<After Reset: Undefined>

Bit Abbreviation After Reset R W Description
31to5 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
4102 AREA1 Undefined R W When the MMU is disabled, these bits generate physical address bits
[28:26] for SQ1.
1,0 — All O 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
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8.24 On-Chip Memory Control Register (RAMCR)

The RAMCR register controls the number of ways in the IC and OC and prediction of the IC way.

The RAMCR register modifications must only be made by a program in the non-cacheable P2 area. After RAMCR has
been updated, execute one of the following three methods before an access (including an instruction fetch) to the
cacheable area, the IL memory area or the OL memory area is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the cacheable area, the IL
memory area or the OL memory area.

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

3. If the R2 bitin IRMCR is "0" (the value after a reset) before updating RAMCR, the specific instruction does not
need to be executed. However, note that the CPU processing performance will be lowered because the instruction
fetch is performed again for the next instruction after RAMCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.

On-Chip Memory Control Register (RAMCR)

<P4 address: location H'FF00 0074>

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Y
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[=[-T-[-T-]-rwo] e |cowjoconjowes] — | — [ -] - | — |
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: H'0000 0000>
Bit Abbreviation After Reset R W Description
31to 10 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
9 RMD 0 R W On-Chip Memory Access Mode Bit
For details, see section 9.3.5, On-Chip Memory Protection Functions.
8 RP 0 R W On-Chip Memory Protection Enable Bit
For details, see section 9.3.5, On-Chip Memory Protection Functions.
7 IC2W 0 R W IC Two-Way Mode Bit
0: IC is a four-way operation
1: IC is a two-way operation
For details, see section 8.4.3, IC Two-Way Mode.
6 oca2w 0 R W OC Two-Way Mode Bit
0: OC is a four-way operation
1: OC is a two-way operation
For details, see section 8.3.6, OC Two-Way Mode.
5 ICWPD 0 R W IC Way Prediction Stop Bit
Selects whether the IC way prediction is used.
0: Instruction cache performs way prediction
1: Instruction cache does not perform way prediction
4100 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
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8.3 Operand Cache Operation

8.3.1 Read Operation

When the Operand Cache (OC) is enabled (OCE =1 in CCR) and data is read from a cacheable area, the cache operates
as follows:

1. Thetag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

2. The tags read from the each way is compared with bits [28:10] of the physical address resulting from virtual address
translation by the MMU:
— If there is a way whose tag matches and its V bit is "1", see No. 3.
— If there is no way whose tag matches and its V bit is "1" and the U bit of the way which is selected to replace

using the LRU bits is "0", see No. 4.
— If there is no way whose tag matches and its V bit is "1" and the U bit of the way which is selected to replace
using the LRU bits is "1", see No. 5.

3. Cache hit
The data indexed by virtual address bits [4:0] is read from the data field of the cache line on the hitted way in
accordance with the access size. Then the LRU bits are updated to indicate the hitted way is the latest one.

4. Cache miss (no write-back)
Data is read into the cache line on the way, which is selected to replace, from the physical address space
corresponding to the virtual address. Data reading is performed, using the wraparound method, in order from the
quad-word data (8 bytes) including the cache-missed data. When the corresponding data arrives in the cache, the
read data is returned to the CPU. While the remaining data on the cache line is being read, the CPU can execute the
next processing. When reading of one line of data is completed, the tag corresponding to the physical address is
recorded in the cache, "1" is written to the V bit and "0" is written to the U bit on the way. Then the LRU bit is
updated to indicate the way is latest one.

5. Cache miss (with write-back)
The tag and data field of the cache line on the way which is selected to replace are saved in the write-back buffer.
Then data is read into the cache line on the way which is selected to replace from the physical address space
corresponding to the virtual address. Data reading is performed, using the wraparound method, in order from the
quad-word data (8 bytes) including the cache-missed data, and when the corresponding data arrives in the cache, the
read data is returned to the CPU. While the remaining one cache line of data is being read, the CPU can execute the
next processing. When reading of one line of data is completed, the tag corresponding to the physical address is
recorded in the cache, "1" is written to the V bit, and "0" to the U bit. And the LRU bits are updated to indicate the
way is latest one. The data in the write-back buffer is then written back to external memory.

8.3.2 Prefetch Operation

When the Operand Cache (OC) is enabled (OCE =1 in CCR) and data is prefetched from a cacheable area, the cache
operates as follows:

1. Thetag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting from virtual address
translation by the MMU:

— If there is a way whose tag matches and its V bit is "1", see No. 3.

— If there is no way whose tag matches and the V bit is "1", and the U bit of the way which is selected to replace
using the LRU bits is "0", see No. 4.

— If there is no way whose tag matches and the V bit is "1", and the U bit of the way which is selected to replace
using the LRU bits is "1", see No. 5.
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Cache hit
Then the LRU bits are updated to indicate the hitted way is the latest one.
Cache miss (no write-back)

Data is read into the cache line on the way, which is selected to replace, from the physical address space
corresponding to the virtual address. Data reading is performed, using the wraparound method, in order from the
quad-word data (8 bytes) including the cache-missed data. In the prefetch operation the CPU doesn't wait the data
arrives. While the one cache line of data is being read, the CPU can execute the next processing. When reading of
one line of data is completed, the tag corresponding to the physical address is recorded in the cache, "1" is written to
the V bit and "0" is written to the U bit on the way. And the LRU bit is updated to indicate the way is latest one.

Cache miss (with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the write-back buffer.
Then data is read into the cache line on the way which is selected to replace from the physical address space
corresponding to the virtual address. Data reading is performed, using the wraparound method, in order from the
quad-word data (8 bytes) including the cache-missed data. In the prefetch operation the CPU doesn't wait the data
arrives. While the one cache line of data is being read, the CPU can execute the next processing. And the LRU bits
are updated to indicate the way is latest one. The data in the write-back buffer is then written back to external
memory.

8.3.3 Write Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and data is written to a cacheable area, the cache operates
as follows:

1.

The tag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting from virtual address

translation by the MMU:

— If there is a way whose tag matches and its V bit is "1", see No. 3 for copy-back and No. 4 for write-through.

— | If there is no way whose tag matches and its V bit is "1" and the U bit of the way which is selected to replace
using the LRU bits is "0", see No. 5 for copy-back and No. 7 for write-through.

— If there is no way whose tag matches and its V bit is "1" and the U bit of the way which is selected to replace
using the LRU bits is "1", see No. 6 for copy-back and No. 7 for write-through.

Cache hit (copy-back)

A data write in accordance with the access size is performed for the data field on the hit way which is indexed by
virtual address bits [4:0]. Then "1" is written to the U bit. The LRU bits are updated to indicate the way is the latest
one.

Cache hit (write-through)

A data write in accordance with the access size is performed for the data field on the hit way which is indexed by
virtual address bits [4:0]. A write is also performed to external memory corresponding to the virtual address. Then
the LRU bits are updated to indicate the way is the latest one. In this case, the U bit isn't updated.

Cache miss (copy-back, no write-back)

A data write in accordance with the access size is performed for the data field on the hit way which is indexed by
virtual address bits [4:0]. Then, the data, excluding the cache-missed data which is written already, is read into the
cache line on the way which is selected to replace from the physical address space corresponding to the virtual
address.

Data reading is performed, using the wraparound method, in order from the quad-word data (8 bytes) including the
cache-missed data. While the remaining data on the cache line is being read, the CPU can execute the next
processing. When reading of one line of data is completed, the tag corresponding to the physical address is recorded
in the cache, "1" is written to the V bit and the U bit on the way. Then the LRU bit is updated to indicate the way is
latest one.
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6. Cache miss (copy-back, with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the write-back buffer.
Then a data write in accordance with the access size is performed for the data field on the hit way which is indexed
by virtual address bits [4:0]. Then, the data, excluding the cache-missed data which is written already, is read into
the cache line on the way which is selected to replace from the physical address space corresponding to the virtual
address. Data reading is performed, using the wraparound method, in order from the quad-word data (8 bytes)
including the cache-missed data. While the remaining data on the cache line is being read, the CPU can execute the
next processing. When reading of one line of data is completed, the tag corresponding to the physical address is
recorded in the cache, "1" is written to the V bit and the U bit on the way. Then the LRU bit is updated to indicate
the way is latest one. Then the data in the write-back buffer is then written back to external memory.

7. Cache miss (write-through)

A write of the specified access size is performed to the external memory corresponding to the virtual address. In this
case, a write to cache is not performed.

8.34 Write-Back Buffer

In order to give priority to data reads to the cache and improve performance, the SH-4A has a write-back buffer which
holds the relevant cache entry when it becomes necessary to purge a dirty cache entry into external memory as the result
of a cache miss. The write-back buffer contains one cache line of data and the physical address of the purge destination.

Physical address bits [28:5] | LWo | Lwi | LW2 | LW3 | Lw4 | LW5 | LW6 | LW7 |

Figure 8.3 Configuration of Write-Back Buffer

8.3.5 Write-Through Buffer

The SH-4A has a 64-bit buffer for holding write data when writing data in write-through mode or writing to a non-
cacheable area. This allows the CPU to proceed to the next operation as soon as the write to the write-through buffer is
completed, without waiting for completion of the write to external memory.

Physical address bits[28:0] | LWo | LwW1 |

Figure 8.4 Configuration of Write-Through Buffer

8.3.6 OC Two-Way Mode

When the OC2W bit in RAMCR is set to "1", OC two-way mode which only uses way 0 and way 1 in the OC is
entered. Thus, power consumption can be reduced. In this mode, only way 0 and way 1 are used even if a memory-
mapped OC access is made.

The OC2W bit should be modified by a program in the P2 area. At that time, if the valid line has already been recorded
in the OC, data should be written back by software, if necessary, "1" should be written to the OCI bit in CCR, and all
entries in the OC should be invalid before modifying the OC2W bit.
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8.4 Instruction Cache Operation

8.4.1 Read Operation

When the IC is enabled (ICE = 1 in CCR) and instruction fetches are performed from a cacheable area, the instruction
cache operates as follows:

1. Thetag, V bit, U bit and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting from virtual address
translation by the MMU:
— If there is a way whose tag matches and the V bit is "1", see No. 3.
— If there is no way whose tag matches and the V bit is "1", see No. 4.

3. Cache hit
The data indexed by virtual address bits [4:2] is read as an instruction from the data field on the hit way. The LRU
bits are updated to indicate the way is the latest one.

4. Cache miss
Data is read into the cache line on the way which selected using LRU bits to replace from the physical address space
corresponding to the virtual address. Data reading is performed, using the wraparound method, in order from the
quad-word data (8 bytes) including the cache-missed data, and when the corresponding data arrives in the cache, the
read data is returned to the CPU as an instruction. While the remaining one cache line of data is being read, the CPU
can execute the next processing. When reading of one line of data is completed, the tag corresponding to the
physical address is recorded in the cache, and "1" is written to the V bit, the LRU bits are updated to indicate the
way is the latest one.

8.4.2 Prefetch Operation

When the IC is enabled (ICE = 1 in CCR) and instruction prefetches are performed from a cacheable area, the
instruction cache operates as follows:

1. The tag, V bit, Ubit and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

2. The tag, read from each way, is compared with bits [28:10] of the physical address resulting from virtual address
translation by the MMU:
— If there is a way whose tag matches and the V bit is "1", see No. 3.
— If there is no way whose tag matches and the V bit is "1", see No. 4.

3. Cache hit
The LRU bits is updated to indicate the way is the latest one.

4. Cache miss
Data is read into the cache line on a way which selected using the LRU bits to replace from the physical address
space corresponding to the virtual address. Data reading is performed, using the wraparound method, in order from
the quad-word data (8 bytes) including the cache-missed data. In the prefetch operation, the CPU doesn't wait the
data arrived. While the one cache line of data is being read, the CPU can execute the next processing. When reading
of one line of data is completed, the tag corresponding to the physical address is recorded in the cache, and "1" is
written to the V bit, the LRU bits is updated to indicate the way is the latest one.
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8.4.3 IC Two-Way Mode

When the IC2W bit in RAMCR is set to "1", IC two-way mode which only uses way 0 and way 1 in the IC is entered.
Thus, power consumption can be reduced. In this mode, only way 0 and way 1 are used even if a memory-mapped IC
access is made.

The IC2W bit should be modified by a program in the P2 area. At that time, if the valid line has already been recorded
in the IC, "1" should be written to the ICI bit in CCR and all entries in the 1C should be invalid before modifying the
IC2W bit.

8.4.4 Instruction Cache Way Prediction Operation

The SH-4A incorporates an instruction cache (IC) way prediction scheme to reduce power consumption. This is
achieved by activating only the data array that corresponds to a predicted way. When way prediction misses occur, data
must be re-read from the correct way, which may lead to lower performance in instruction fetching. Setting the ICWPD
bit to "1" disables the IC way prediction scheme. Since way prediction misses do not occur in this mode, there is no loss
of performance in instruction fetching but the IC consumes more power. The ICWPD bit should be modified by a
program in the non-cacheable P2 area. If a valid line has already been recorded in the IC at this time, invalidate all
entries in the I1C by writing "1" to the ICI bit in the CCR register before modifying the ICWPD bit.
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8.5 Cache Operation Instruction

85.1 Coherency between Cache and External Memory

1)

Cache Operation Instruction

Coherency between cache and external memory should be assured by software. In the SH-4A, the following six
instructions are supported for cache operations. Details of these instructions are given in section 11, Instruction
Descriptions of the SH-4A Extended Functions Software Manual.

)

Operand cache invalidate instruction: OCBI @Rn
Operand cache invalidation (no write-back)

Operand cache purge instruction: OCBP @Rn
Operand cache invalidation (with write-back)

Operand cache write-back instruction: OCBWB @Rn
Operand cache write-back

Operand cache allocate instruction: MOVCA.L RO,@Rn
Operand cache allocation

Instruction cache invalidate instruction: ICBI @Rn
Instruction cache invalidation

Operand access synchronization instruction: SYNCO
Wait for data transfer completion

Changes in Instruction Specifications Regarding Coherency Control

Of the operand cache operating instructions, the coherency control-related specifications of OCBI, OCBP, and OCBWB
have been changed from those of the SH-4A with H'20-valued VER bits in the processor version register (PVR).

Changes in the invalidate instruction OCBI@Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as NOP in the SH-4A with
H'20-valued VER bits in the processor version register (PVR). In versions of the SH-4A with extended functions,
this instruction invalidates the operand cache line designated by way = Rn[14:13] and entry = Rn[12:5] provided
that Rn[31:24] = H'F4 (OC address array area). In this process, writing back of the line does not take place even if
the line to be invalidated is dirty. This operation is only executable in privileged mode, and an address error
exception occurs in user mode. TLB-related exceptions do not occur.

Do not execute this instruction for the memory-mapped array areas and control register areas for which Rn[31:24] is
not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to H'FF).

Changes in the purge instruction OCBP@Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as NOP in the SH-4A with
H'20-valued VER bits in the processor version register (PVR). In versions of the SH-4A with extended functions,
this instruction invalidates the operand cache line designated by way = Rn[14:13] and entry = Rn[12:5] provided
that Rn[31:24] = H'F4 (OC address array area). In this process, writing back of the line takes place when the line to
be invalidated is dirty. This operation is only executable in privileged mode, and an address error exception occurs
in user mode. TLB-related exceptions do not occur.

Do not execute this instruction for the memory-mapped array areas and control register areas for which Rn[31:24] is
not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to H'FF).
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e Changes in the write-back instruction OCBWB@Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as NOP in the SH-4A with
H'20-valued VER bits in the processor version register (PVR). In versions of the SH-4A with extended functions,
provided that Rn[31:24] = H'F4 (OC address array area), this instruction writes back the operand cache line
designated by way = Rn[14:13] and entry = Rn[12:5] if it is dirty and clears the dirty bit to "0". This operation is
only executable in privileged mode, and an address error exception occurs in user mode. TLB-related exceptions do
not occur.

Do not execute this instruction for the memory-mapped array areas and control register areas for which Rn[31:24] is
not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to H'FF).

8.5.2 Prefetch Operation

The SH-4A supports a prefetch instruction to reduce the cache fill penalty incurred as the result of a cache miss. If it is
known that a cache miss will result from a read or write operation, it is possible to fill the cache with data beforehand
by means of the prefetch instruction to prevent a cache miss due to the read or write operation, and so improve software
performance. If a prefetch instruction is executed for data already held in the cache, or if the prefetch address results in
a UTLB miss or a protection violation, the result is no operation, and an exception is not generated. Details of the
prefetch instruction are given in section 11, Instruction Descriptions of the SH-4A Extended Functions Software
Manual.

o Prefetch instruction (OC) : PREF @Rn
e Prefetch instruction (IC) :PREFI @Rn
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8.6 Memory-Mapped Cache Configuration

The IC and OC can be managed by software. The contents of IC data array can be read from or written to by a program
in the P2 area by means of a MOV instruction in privileged mode. The contents of IC address array can also be read
from or written to in privileged mode by a program in the P2 area or the IL memory area by means of a MOV
instruction. Operation is not guaranteed if access is made from a program in another area. In this case, execute one of
the following three methods for executing a branch to the PO, U0, P1, or P3 area.

1. Execute a branch using the RTE instruction.

2. Execute a branch to the PO, U0, P1, or P3 area after executing the ICBI instruction for any address (including non-
cacheable area).

3. If the MC bit in IRMCR is "0" (the value after a reset) before making an access to the memory-mapped IC, the
specific instruction does not need to be executed. However, note that the CPU processing performance will be
lowered because the instruction fetch is performed again for the next instruction after making an access to the
memory-mapped IC.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is recommended that the
method 1 or 2 should be used for being compatible with the future SuperH Series.

In privileged mode, the OC contents can be read from or written to by a program in the P1 or P2 area by means of a
MOV instruction. Operation is not guaranteed if access is made from a program in another area. The IC and OC are
allocated to the P4 area in the virtual address space. Only data accesses can be used on both the IC address array and
data array and the OC address array and data array, and accesses are always longword-size. Instruction fetches cannot
be performed in these areas. For reserved bits, a write value of "0" should be specified and the read value is undefined.

8.6.1 IC Address Array

The IC address array is allocated to addresses H'FO00 0000 to H'FOFF FFFF in the P4 area. An address array access
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification. The way and
entry to be accessed are specified in the address field, and the write tag and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'FO indicating the IC address array, and the way is specified by bits
[14:13] and the entry by bits [12:5]. The association bit (A bit) [3] in the address field specifies whether or not
association is performed when writing to the IC address array. As only longword access is used, "0" should be specified
for address field bits [1:0].

In the data field, the tag is indicated by bits [31:10], and the V bit by bit [0]. As the IC address array tag is 19 bits in
length, data field bits [31:29] are not used in the case of a write in which association is not performed. Data field bits
[31:29] are used for the virtual address specification only in the case of a write in which association is performed.

The following three kinds of operation can be used on the IC address array:

1. IC address array read

The tag and V bit are read into the data field from the IC entry corresponding to the way and entry set in the address
field. In a read, associative operation is not performed regardless of whether the association bit specified in the
address field is "1" or "0".

2. IC address array write (non-associative)

The tag and V bit specified in the data field are written to the IC entry corresponding to the way and entry set in the
address field. The A bit in the address field should be cleared to "0".

3. IC address array write (associative)

When a write is performed with the A bit in the address field set to "1", the tag in each way stored in the entry
specified in the address field is compared with the tag specified in the data field. The way numbers of bits [14:13] in
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the address field are not used. If the MMU is enabled at this time, comparison is performed after the virtual address
specified by data field bits [31:10] has been translated to a physical address using the ITLB. If the addresses match
and the V bit in the way is "1", the V bit specified in the data field is written into the IC entry. In other cases, no
operation is performed. This operation is used to invalidate a specific IC entry. If an ITLB miss occurs during
address translation, or the comparison shows a mismatch, an exception is not generated, no operation is performed,
and the write is not executed.

Note: e IC address array associative writing function may not be supported in the future SuperH Series. Therefore, it

is recommended that the ICBI instruction should be used to operate the IC definitely by handling ITLB miss
and reporting ITLB miss exception.

31 2423 151413 12 543210
Addressfield|1|1|1|1|0|0|0 Of* * * % % % % % * Entry |O|A|O|O|O|
|
I
Way
31 109 10
Data field | Tag | ...................... |v|
Legend:
V: Validity bit

A: Association bit
-+ Reserved bits (write value should be 0, and read value is undefined )
*- Don't care

Figure 8.5 Memory-Mapped IC Address Array (Cache size = 32 Kbytes)

8.6.2 IC Data Array

The IC data array is allocated to addresses H'F100 0000 to H'F1FF FFFF in the P4 area. A data array access requires a
32-bit address field specification (when reading or writing) and a 32-bit data field specification. The way and entry to
be accessed are specified in the address field, and the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F1 indicating the IC data array, and the way is specified by bits
[14:13] and the entry by bits [12:5]. Address field bits [4:2] are used for the longword data specification in the entry. As
only longword access is used, "0" should be specified for address field bits [1:0].

The data field is used for the longword data specification.

The following two kinds of operation can be used on the IC data array:

1.

IC data array read

Longword data is read into the data field from the data specified by the longword specification bits in the address
field in the IC entry corresponding to the way and entry set in the address field.

IC data array write

The longword data specified in the data field is written for the data specified by the longword specification bits in
the address field in the IC entry corresponding to the way and entry set in the address field.
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31 2423 151413 12 54 210
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Data field | Longword data |

Legend:
L: Longword specification bits
*: Don't care

Figure 8.6 Memory-Mapped IC Data Array (Cache size = 32 Kbytes)
8.6.3 OC Address Array

The OC address array is allocated to addresses H'F400 0000 to H'FAFF FFFF in the P4 area. An address array access
requires a 32-bit address field specification (when reading or writing) and a 32-bit data field specification. The way and
entry to be accessed are specified in the address field, and the write tag, U bit, and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'F4 indicating the OC address array, and the way is specified by bits
[14:13] and the entry by bits [12:5]. The association bit (A bit) [3] in the address field specifies whether or not
association is performed when writing to the OC address array. As only longword access is used, "0" should be
specified for address field bits [1:0].

In the data field, the tag is indicated by bits [31:10], the U bit by bit [1], and the V bit by bit [0]. As the OC address
array tag is 19 bits in length, data field bits [31:29] are not used in the case of a write in which association is not
performed. Data field bits [31:29] are used for the virtual address specification only in the case of a write in which
association is performed.

The following three kinds of operation can be used on the OC address array:

1. OC address array read
The tag, U bit, and V bit are read into the data field from the OC entry corresponding to the way and entry set in the
address field. In a read, associative operation is not performed regardless of whether the association bit specified in
the address field is "1" or "0".

2. OC address array write (non-associative)
The tag, U bit, and V bit specified in the data field are written to the OC entry corresponding to the way and entry
set in the address field. The A bit in the address field should be cleared to "0".
When a write is performed to a cache line for which the U bit and V bit are both "1", after write-back of that cache
line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)
When a write is performed with the A bit in the address field set to "1", the tag in each way stored in the entry
specified in the address field is compared with the tag specified in the data field. The way numbers of bits [14:13] in
the address field are not used. If the MMU is enabled at this time, comparison is performed after the virtual address
specified by data field bits [31:10] has been translated to a physical address using the UTLB. If the addresses match
and the V bit in the way is "1", the U bit and V bit specified in the data field are written into the OC entry. In other
cases, no operation is performed. This operation is used to invalidate a specific OC entry. If the OC entry U bit is
"1", and "0" is written to the V bit or to the U bit, write-back is performed. If a UTLB miss occurs during address
translation, or the comparison shows a mismatch, an exception is not generated, no operation is performed, and the
write is not executed.

Note: e OC address array associative writing function may not be supported in the future SuperH Series. Therefore,
it is recommended that the OCBI, OCBP, or OCBWB instruction should be used to operate the OC
definitely by reporting data TLB miss exception.
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31 2423 15141312 543210
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Figure 8.7 Memory-Mapped OC Address Array (Cache size = 32 Kbytes)
8.6.4 OC Data Array

The OC data array is allocated to addresses H'F500 0000 to H'F5FF FFFF in the P4 area. A data array access requires a
32-bit address field specification (when reading or writing) and a 32-bit data field specification. The way and entry to
be accessed are specified in the address field, and the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F5 indicating the OC data array, and the way is specified by bits
[14:13] and the entry by bits [12:5]. Address field bits [4:2] are used for the longword data specification in the entry. As
only longword access is used, 0" should be specified for address field bits [1:0].

The data field is used for the longword data specification.
The following two kinds of operation can be used on the OC data array:

1. OC data array read

Longword data is read into the data field from the data specified by the longword specification bits in the address
field in the OC entry corresponding to the way and entry set in the address field.

2. OC data array write
The longword data specified in the data field is written for the data specified by the longword specification bits in
the address field in the OC entry corresponding to the way and entry set in the address field. This write does not set
the U bit to "1" on the address array side.

31 2423 15141312 543210

Addressfield|1|1|1|1|o|1|o 1|* X ok ok ok K ok * *| Entry | L |o|o|
|
31 Way 0
Data field | Longword data |

Legend:
L: Longword specification bits
*: Don't care

Figure 8.8 Memory-Mapped OC Data Array (Cache size = 32 Kbytes)
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8.6.5 Memory Allocation Associative Write Operation

Associative writing to the IC and OC address arrays may not be supported in future SuperH-family products. The use of
instructions ICBI, OCBI, OCBP, and OCBWB is recommended. These instructions handle ITLB misses, and notify
instruction TLB miss exceptions and data TLB miss exceptions, thus providing a sure way of controlling the IC and
OC. As a transitional measure, the SH-4A generates address errors when this function is used. If compatibility with
previous products is a crucial consideration, on the other hand, the MMCAW bit in EXPMASK (H'FF2F 0004) can be
set to "1" to enable this function. However, instructions ICBI, OCBI, OCBP, and OCBWB should be used to guarantee
compatibility with future SuperH-family products.
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8.7 Store Queues
The SH-4A supports two 32-byte store queues (SQs) to perform high-speed writes to external memory.
8.7.1 SQ Configuration

There are two 32-byte store queues, SQ0 and SQ1, as shown in figure 8.9. These two store queues can be set
independently.

sQo | SQoio] | sQoit | Qo) | soi3) | seoral | sors) | seotel | s |

SQ1 | SQ1[0] | SQ1[1] | SQ1[2] | SQ1[3] | SQ1[4] | SQL[5] | SQ1[6] | SQ1[7]

4byte 4byte 4byte 4 byte 4byte 4byte 4byte 4 byte

Figure 8.9 Store Queue Configuration
8.7.2 Writing to SQ

A write to the SQs can be performed using a store instruction for addresses H'E000 0000 to H'E3FF FFFC in the P4
area. A longword or quadword access size can be used. The meanings of the address bits are as follows:

[31:26] : 111000 Store queue specification
[25:6] : Don't care Used for external memory transfer/access right
[5] 101 0: SQO specification
1: SQ1 specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] : 00 Fixed at "0"

8.7.3 Transfer to External Memory

Transfer from the SQs to external memory can be performed with a prefetch instruction (PREF). Issuing a PREF
instruction for addresses H'E000 0000 to H'E3FF FFFC in the P4 area starts a transfer from the SQs to external
memory. The transfer length is fixed at 32 bytes, and the start address is always at a 32-byte boundary. While the
contents of one SQ are being transferred to external memory, the other SQ can be written to without a penalty cycle.
However, writing to the SQ involved in the transfer to external memory is kept waiting until the transfer is completed.

The physical address bits [28:0] of the SQ transfer destination are specified as shown below, according to whether the
MMU is enabled or disabled.

e When MMU is enabled (AT =1 in MMUCR)

The SQ area (H'EO00 0000 to H'E3FF FFFF) is set in VPN of the UTLB, and the transfer destination physical
address in PPN. The ASID, V, SZ, SH, PR, and D bits have the same meaning as for normal address translation, but
the C and WT bits have no meaning with regard to this page. When a prefetch instruction is issued for the SQ area,
address translation is performed and physical address bits [28:10] are generated in accordance with the SZ bit
specification. For physical address bits [9:5], the address prior to address translation is generated in the same way as
when the MMU is disabled. Physical address bits [4:0] are fixed at "0". Transfer from the SQs to external memory is
performed to this address.
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e When MMU is disabled (AT = 0 in MMUCR)

The SQ area (H'EO00 0000 to H'E3FF FFFF) is specified as the address at which a PREF instruction is issued. The
meanings of address bits [31:0] are as follows:

[31:26] :111000 Store queue specification
[25:6] . Address Transfer destination physical address bits [25:6]
[5] 101 0: SQO specification
1: SQ1 specification and transfer destination physical
address bit [5]
[4:2] : Don't care No meaning in a prefetch
[1:0] : 00 Fixed at "0"

Physical address bits [28:26], which cannot be generated from the above address, are generated from QACRO and
QACRL.

QACRO[4:2] : Physical address bits [28:26] corresponding to SQO
QACR1[4:2] :Physical address bits [28:26] corresponding to SQ1

Physical address bits [4:0] are always fixed at "0" since burst transfer starts at a 32-byte boundary.

8.74 Determination of SQ Access Exception

Determination of an exception in a write to an SQ or transfer to external memory (PREF instruction) is performed as
follows according to whether the MMU is enabled or disabled. If an exception occurs during a write to an SQ, the SQ
contents before the write are retained. If an exception occurs in a data transfer from an SQ to external memory, the
transfer to external memory will be aborted.

e When MMU is enabled (AT =1 in MMUCR)

Operation is in accordance with the address translation information recorded in the UTLB, and the SQMD bit in
MMUCR. Write type exception judgment is performed for writes to the SQs, and read type exception judgment for
transfer from the SQs to external memory (using a PREF instruction). As a result, a TLB miss exception or
protection violation exception is generated as required. However, if SQ access is enabled in privileged mode only by
the SQMD bit in MMUCR, an address error will occur even if address translation is successful in user mode.

e When MMU is disabled (AT = 0 in MMUCR)
Operation is in accordance with the SQMD bit in MMUCR.
0: Privileged/user mode access possible
1: Privileged mode access possible
If the SQ area is accessed in user mode when the SQMD bit in MMUCR s set to 1", an address error will occur.

8.75 Reading from SQ

In privileged mode in the SH-4A, reading the contents of the SQs may be performed by means of a load instruction for
addresses H'FF00 1000 to H'FFO0 103C in the P4 area. Only longword access is possible.

[31:6] : H'FF00 1000 Store queue specification
[5] 101 0: SQO specification
1: SQ1 specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] : 00 Fixed at "0"
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Section 9 IL Memory/OL Memory

The SH-4A includes two types of memory modules for storage of instructions and data: OL memory and IL memory.
The OL memory is suitable for data storage while the IL memory is suitable for instruction storage.

9.1 Overview
(1) OL Memory

o Capacity
The OL memory in the SH-4A is 16 Kbytes.
e Page
The OL memory is divided into four pages (pages OA, 0B, 1A and 1B).
e Memory map
The OL memory is allocated in the addresses shown in table 9.1 in both the virtual address space and the physical
address space.

Table 9.1 OL memory Addresses

Page Address

Page OA H'E500 EOO0O to H'E500 EFFF
Page 0B H'E500 FO0O0 to H'E500 FFFF
Page 1A H'E501 0000 to H'E501 OFFF
Page 1B H'E501 1000 to H'E501 1FFF
e Ports

Each page has three independent read/write ports and is connected to the SuperHyway bus, the cache/RAM internal
bus, and operand bus. The operand bus is used when the OL memory is accessed through operand access. The
cache/RAM internal bus is used when the OL memory is accessed through instruction fetch. The SuperHyway bus is
used for OL memory access from the SuperHyway bus master module.

e Priority
In the event of simultaneous accesses to the same page from different buses, the access requests are processed
according to priority. The priority order is: SuperHyway bus > Cache/RAM internal bus > operand bus.

(2) IL Memory

e Capacity
The IL memory in the SH-4A is 8 Kbytes.
e Page
The IL memory is divided into two pages (pages 0 and 1).
e Memory map
The IL memory is allocated to the addresses shown in table 9.2 in both the virtual address space and the physical
address space.
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Table 9.2 IL Memory Addresses

Page Address

Page 0 H'E520 0000 to H'E520 OFFF
Page 1 H'E520 1000 to H'E520 1FFF
e Ports

The page has three independent read/write ports and is connected to the SuperHyway bus, the cache/RAM internal
bus, and the instruction bus. The instruction bus is used when the IL memory is accessed through instruction fetch.
The cache/RAM internal bus is used when the IL memory is accessed through operand access. The SuperHyway bus
is used for IL memory access from the SuperHyway bus master module.

e Priority
In the event of simultaneous accesses to the same page from different buses, the access requests are processed
according to priority. The priority order is: SuperHyway bus > cache/RAM internal bus > instruction bus.

Rev.1.20 Oct 25, 2013 9-2
RENESAS RO1UH0420EJ0120



Section 9 IL Memory/OL Memory

9.2 Register Descriptions
The following registers are related to the on-chip memory.

Table 9.3  Register Configuration

Name Abbreviation After Reset P4 Address Size Page
On-chip memory control register RAMCR H'0000 0000 H'FF00 0074 32 9-4
OL memory transfer source address LSAO Undefined H'FF00 0050 32 9-5
register 0

OL memory transfer source address LSA1l Undefined H'FFO0 0054 32 9-6
register 1

OL memory transfer destination LDAO Undefined H'FF00 0058 32 9-7
address register 0

OL memory transfer destination LDA1 Undefined H'FF00 005C 32 9-8

address register 1

Note: e The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of
the 32-bit P4 area address are cleared to "0", the result is an area 7 address. This address is used when
accessing area 7 of the physical address space using the TLB.
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9.21

On-Chip Memory Control Register (RAMCR)

The RAMCR register controls the protection functions in the on-chip memory.

On-Chip Memory Control Register (RAMCR)

<P4 address: location H'FF00 0074>

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

(= l-1-1-1-(T=-1=-0=01=-0T=-01T=-0T=-01T=-0T=-7T=-1=-1
AfterReset 0 0 0 0 0 0 0 0 0 0 o0 o0 o0 o0 o0 o
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[= ] =1-=-1-=1-1— [rwo] rp |icowlocowficwee] — | — | — | — | — |
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31tol0 — All 0 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
9 RMD 0 R W On-Chip Memory Access Mode Bit
Specifies the right of access to the on-chip memory from the virtual
address space.
0: An access in privileged mode is allowed
(An address error exception occurs in user mode)
1: An access in user/ privileged mode is allowed
8 RP 0 R W On-Chip Memory Protection Enable Bit
Selects whether or not to use the protection functions using ITLB and
UTLB for accessing the on-chip memory from the virtual address space.
0: Protection functions are not used
1: Protection functions are used
For further details, refer to section 9.3.5, On-Chip Memory Protection
Functions.
7 IC2W 0 R W IC Two-Way Mode Bit
For further details, refer to section 8.4.3, IC Two-Way Mode.
6 oc2w 0 R W OC Two-Way Mode Bit
For further details, refer to section 8.3.6, OC Two-Way Mode.
5 ICWPD 0 R W IC Way Prediction Disable Bit
For further details, refer to section 8.4.4, Instruction Cache Way
Prediction Operation.
4100 — AllO 0 O Reserved Bits

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

Rev.1.20 Oct 25, 2013 9-4

RENESAS RO1UH0420EJ0120



Section 9 IL Memory/OL Memory

9.2.2 OL memory Transfer Source Address Register 0 (LSAQ)

When MMUCR.AT ="0" or RAMCR.RP ="0", the LSAO register specifies the transfer source physical address for
block transfer to page OA or 0B of the OL memory.

OL memory Transfer Source Address Register 0 (LSAO) <P4 address: location H'FF00 0050>

Bit: 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
(= 1-=-1-1 LOSADR [

After Reset: 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| LOSADR R L0SSZ |
After Reset:undefined Undefined Undefined Undefined Undefined Undefined O 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined
<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
3lto 29 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
28t010 LOSADR Undefined R W OL memory Page 0 Block Transfer Source Address Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits specify the transfer
source physical address for block transfer to page 0A or 0B in the OL

memory.
9to 6 — AllO 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
5t00 LOSSZz Undefined R W OL memory Page 0 Block Transfer Source Address Select Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits select whether the
operand addresses or LOSADR values are used as bits 15 to 10 of the
transfer source physical address for block transfer to page OA or 0B in
the OL memory. LOSSZ[5:0] correspond to the transfer source physical
addresses [15:10].

0: The operand address is used as the transfer source physical address
1: The LOSADR value is used as the transfer source physical address
Settable values:

111111: Transfer source physical address is specified in 1-Kbyte units
111110: Transfer source physical address is specified in 2-Kbyte units
111100: Transfer source physical address is specified in 4-Kbyte units
111000: Transfer source physical address is specified in 8-Kbyte units
110000: Transfer source physical address is specified in 16-Kbyte units
100000: Transfer source physical address is specified in 32-Kbyte units
000000: Transfer source physical address is specified in 64-Kbyte units
Settings other than the ones given above are prohibited
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9.2.3 OL memory Transfer Source Address Register 1 (LSAL)

When MMUCR.AT ="0" or RAMCR.RP ="0", the LSAL register specifies the transfer source physical address for
block transfer to page 1A or 1B in the OL memory.

OL memory Transfer Source Address Register 1 (LSA1) <P4 address: location H'FF00 0054>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ [=[-1| L1SADR |

After Reset: 0 0 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| L1SADR EEEE L1SSZ [
After Reset:undefined Undefined Undefined Undefined Undefined Undefined O 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined
<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31to29 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
28t010 L1SADR Undefined R W OL memory Page 1 Block Transfer Source Address Bits
When MMUCR.AT = 0 or RAMCR.RP = 0, these hits specify transfer
source physical address for block transfer to page 1A or 1B in the OL
memory.
9to 6 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
5t00 L1SSz Undefined R W OL memory Page 1 Block Transfer Source Address Select Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits select whether the
operand addresses or LLSADR values are used as bits 15 to 10 of the
transfer source physical address for block transfer to page 1A or 1B in
the OL memory. L1SSZ bits [5:0] correspond to the transfer source
physical addresses [15:10].

0: The operand address is used as the transfer source physical address
1: The L1SADR value is used as the transfer source physical address
Settable values:

111111: Transfer source physical address is specified in 1-Kbyte units
111110: Transfer source physical address is specified in 2-Kbyte units
111100: Transfer source physical address is specified in 4-Kbyte units
111000: Transfer source physical address is specified in 8-Kbyte units
110000: Transfer source physical address is specified in 16-Kbyte units
100000: Transfer source physical address is specified in 32-Kbyte units
000000: Transfer source physical address is specified in 64-Kbyte units
Settings other than the ones given above are prohibited
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9.24 OL memory Transfer Destination Address Register 0 (LDAOQ)

When MMUCR.AT ="0" or RAMCR.RP ="0", the LDAGO register specifies the transfer destination physical address
for block transfer to page OA or OB of the OL memory.

OL memory Transfer Destination Address Register 0 (LDAO) <P4 address: location H'FF00 0058>

Bit: 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
(= 1-=-1-=1 LODADR [

After Reset: 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| LODADR [ -] =] =] =1 LODSZ |
After Reset: undefined Undefined Undefined Undefined Undefined Undefined O 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined
<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31t029 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
28t010 LODADR Undefined R W OL memory Page 0 Block Transfer Destination Address Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits specify transfer
destination physical address for block transfer to page OA or OB in the

OL memory.
9to 6 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
5t00 LODSz Undefined R W OL memory Page 0 Block Transfer Destination Address Select Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits select whether the
operand addresses or LODADR values are used as bits 15 to 10 of the
transfer destination physical address for block transfer to page OA or OB
in the OL memory. LODSZ bits [5:0] correspond to the transfer
destination physical address bits [15:10].

0: The operand address is used as the transfer destination physical
address

1: The LODADR value is used as the transfer destination physical
address

Settable values:

111111: Transfer destination physical address is specified in 1-Kbyte
units

111110: Transfer destination physical address is specified in 2-Kbyte
units

111100: Transfer destination physical address is specified in 4-Kbyte
units

111000: Transfer destination physical address is specified in 8-Kbyte
units

110000: Transfer destination physical address is specified in 16-Kbyte
units

100000: Transfer destination physical address is specified in 32-Kbyte
units

000000: Transfer destination physical address is specified in 64-Kbyte
units

Settings other than the ones given above are prohibited.
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9.25 OL memory Transfer Destination Address Register 1 (LDA1)

When MMUCR.AT ="0" or RAMCR.RP ="0", the LDAL register specifies the transfer destination physical address
for block transfer to page 1A or 1B in the OL memory.

OL memory Transfer Destination Address Register 1 (LDA1) <P4 address: location H'FFO0 005C>

Bit: 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
[ = 1=1=1 L1DADR [

After Reset: 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| L1DADR [ —[ == =1 L1DSZ |
After Reset: undefined Undefined Undefined Undefined Undefined Undefined O 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined
<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31t029 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
28t010 L1DADR Undefined R W OL memory Page 1 Block Transfer Destination Address Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits specify transfer
destination physical address for block transfer to page 1A or 1B in the

OL memory.
9to 6 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
5t00 L1DSZz Undefined R W OL memory Page 1 Block Transfer Destination Address Select Bits

When MMUCR.AT = 0 or RAMCR.RP = 0, these bits select whether the
operand addresses or LLDADR values are used as bits 15 to 10 of the
transfer destination physical address for block transfer to page 1A or 1B
in the OL memory. L1DSZ bits [5:0] correspond to the transfer
destination physical addresses [15:10].

0: The operand address is used as the transfer destination physical
address

1: The L1DADR value is used as the transfer destination physical
address

Settable values:

111111: Transfer destination physical address is specified in 1-Kbyte
units

111110: Transfer destination physical address is specified in 2-Kbyte
units

111100: Transfer destination physical address is specified in 4-Kbyte
units

111000: Transfer destination physical address is specified in 8-Kbyte
units

110000: Transfer destination physical address is specified in 16-Kbyte
units

100000: Transfer destination physical address is specified in 32-Kbyte
units

000000: Transfer destination physical address is specified in 64-Kbyte
units

Settings other than the ones given above are prohibited.
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9.3 Operation
9.3.1 Instruction Fetch Access from the CPU
(1) OL Memory

Instruction fetch access from the CPU is performed via the cache/RAM internal bus. This access takes more than one
cycle.

(2) IL Memory

Instruction fetch access from the CPU is performed as a direct access from the instruction bus by a virtual address. In
the case of successive accesses to the same page of IL memory and as long as no page conflict occurs, the access takes
one cycle.

9.3.2 Operand Access from the CPU and Access from the FPU
(1) OL Memory

Access from the CPU or FPU is performed via the operand bus for a given virtual address. Read access from the
operand bus by virtual address takes one cycle if the access is made successively to the same page of OL memory and
as long as no page conflict occurs. Write access from the operand bus by virtual address takes one cycle as long as no
page conflict occurs.

(2) IL Memory

Operand access from the CPU and access from the FPU are performed via the cache/RAM internal bus. Access via the
cache/RAM internal bus takes more than one cycle.

9.33 Access from the SuperHyway Bus Master Module

On-chip memory is always accessed by the SuperHyway bus master module, such as DMAC, via the SuperHyway bus
which is a physical address bus. The same addresses as for the virtual addresses must be used.

9.34 OL Memory Block Transfer

High-speed data transfer can be performed through block transfer between the OL memory and external memory
without cache utilization.

Data can be transferred from the external memory to the OL memory through a prefetch instruction (PREF). Block
transfer from the external memory to the OL memory begins when the PREF instruction is issued to the address in the
OL memory area in the virtual address space.

Data can be transferred from the OL memory to the external memory through a write-back instruction (OCBWB).
Block transfer from the OL memory to the external memory begins when the OCBWB instruction is issued to the
address in the OL memory area in the virtual address space.

In either case, transfer size is fixed to 32 bytes. Since the start address is always limited to a 32-byte boundary, the
lower five bits of the address indicated by Rn are ignored, and are always dealt with as all 0s. In either case, other pages
and cache can be accessed during block transfer. If the page is accessed during data transfer, the CPU will stall until
block transfer ends.

The physical addresses [28:0] of the external memory performing data transfers with the OL memory are specified as
follows according to whether the MMU is enabled or disabled.
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(1) When MMU is Enabled (MMUCR.AT ="1") and RAMCR.RP = ""1"

An address of the OL memory area is specified to the UTLB VPN field, and to the physical address of the transfer
source (in the case of the PREF instruction) or the transfer destination (in the case of the OCBWAB instruction) to the
PPN field. The ASID, V, SZ, SH, PR, and D bits have the same meaning as normal address conversion; however, the C
and WT bits have no meaning in this page.

When the PREF instruction is issued to the OL memory area, address conversion is performed in order to generate the
physical address bits [28:10] in accordance with the SZ bit specification. The physical address bits [9:5] are generated
from the virtual address prior to address conversion. The physical address bits [4:0] are fixed to "0". Block transfer is

performed to the OL memory from the external memory which is specified by these physical addresses.

When the OCBWSB instruction is issued to the OL memory area, address conversion is performed in order to generate
the physical address bits [28:10] in accordance with the SZ bit specification. The physical address bits [9:5] are
generated from the virtual address prior to address conversion. The physical address bits [4:0] are fixed to "0". Block
transfer is performed from the OL memory to the external memory specified by these physical addresses.

In PREF or OCBWB instruction execution, an MMU exception is checked as read type. After the MMU execution
check, a TLB miss exception or protection error exception occurs if necessary. If an exception occurs, the block transfer
is inhibited.

(2) When MMU is Disabled (MMUCR.AT ="0"") or RAMCR.RP = ""0"

The transfer source physical address in block transfer to page OA or 0B in the OL memory is set in the LOSADR bits of
the LSAO register. And the LOSSZ bits in the LSAO register choose either the virtual addresses specified through the
PRFF instruction or the LOSADR values as bits 15 to 10 of the transfer source physical address. In other words, the
transfer source area can be specified in units of 1 Kbyte to 64 Kbytes.

The transfer destination physical address in block transfer from page 0OA or 0B in the OL memory is set in the LODADR
bits of the LDAQO register. And the LODSZ bits in the LDAO register choose either the virtual addresses specified
through the OCBWSB instruction or the LODADR values as bits 15 to 10 of the transfer destination physical address. In
other words, the transfer source area can be specified in units of 1 Kbyte to 64 Kbytes.

Block transfer to page 1A or 1B in the OL memory is set to LSA1 and LDA1 as with page 0A or 0B in the OL memory.

When the PREF instruction is issued to the OL memory area, the physical address bits [28:10] are generated in
accordance with the LSAO or LSA1 specification. The physical address bits [9:5] are generated from the virtual address.
The physical address bits [4:0] are fixed to "0". Block transfer is performed from the external memory specified by
these physical addresses to the OL memory.

When the OCBWSB instruction is issued to the OL memory area, the physical address bits [28:10] are generated in
accordance with the LDAO or LDALI specification. The physical address bits [9:5] are generated from the virtual
address. The physical address bits [4:0] are fixed to "0". Block transfer is performed from the OL memory to the
external memory specified by these physical addresses.
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9.35 On-Chip Memory Protection Functions

The SH-4A implements the following protection functions to the on-chip memory by using the on-chip memory access
mode bit (RMD) and the on-chip memory protection enable bit (RP) in the on-chip memory control register (RAMCR).

e Protection functions for access from the CPU and FPU

When RAMCR.RMD = 0, and the on-chip memory is accessed in user mode, it is determined to be an address error

exception.

When MMUCR.AT =1 and RAMCR.RP = 1, MMU exception and address error exception are checked in the on-

chip memory area which is a part of area P4 as with the area PO/P3/U0.
The above descriptions are summarized in table 9.4.

Table 9.4  Protection Function Exceptions to Access On-Chip Memory

Always Occurring

Possibly Occurring

MMUCR.AT RAMCR.RP SR.MD RAMCR. RMD Exceptions Exceptions
0 X 0 0 Address error exception —
1 J— -
1 X — —
1 0 0 0 Address error exception —
1 J— -
1 X — —
1 0 0 Address error exception —
1 — MMU exception
1 X — MMU exception
Legend:
X: Don't care
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9.4 Usage Notes

94.1 Page Conflict

In the event of simultaneous access to the same page from different buses, page conflict occurs. Although each access is
completed correctly, this kind of conflict tends to lower OL memory accessibility. Therefore it is advisable to provide
all possible preventative software measures. For example, conflicts will not occur if each bus accesses different pages.

9.4.2 Access Across Different Pages
(1) OL Memory

Read access from the operand bus is performed in one cycle when the access is made successively to the same page but
takes multiple cycles (a maximum of two wait cycles may be required) when the access is made across pages or the
previous access was made to memory other than OL memory. For this reason, from the viewpoint of performance
optimization, it is recommended to design the software such that the page corresponding to the address for read access
from the operand bus does not change so often.

(2) IL Memory

Access from the instruction bus is performed in one cycle when the access is made successively to the same page but
takes multiple cycles (a maximum of two wait cycles may be required) when the access is made across pages or the
previous access was made to memory other than IL memory. For this reason, from the viewpoint of performance
optimization, it is recommended to design the software such that the target page does not change so often in access from
the instruction bus. For example, allocating a separate program to each page will deliver better efficiency.

9.4.3 IL Memory Coherency

In order to allocate instructions in the IL memaory, write an instruction to the IL memory, execute the following
sequence, then branch to the rewritten instruction.

e SYNCO
e ICBI @Rn

In this case, the target for the ICBI instruction can be any address (IL memory address may be possible) within the
range where no address error exception occurs, and cache hit/miss is possible.
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Section 10 Operating Modes

10.1  Operating Modes

This MCU provides a total of six operation modes (modes 0 to 5). The operating mode is set with the MPMD, MDO to
MD2, and FWE pins. Do not change the states of these operating mode pins during the MCU operation.

10.1.1 MCU Operating Modes

(1) Normal operating modes (modes 0 to 2) and emulation support modes (modes 3 to 5)

The MPMD pin selects between the normal operating mode and the emulation support mode. This MCU operates by
inputting a "L" level to the MPMD pin.

The emulation support modes are used when an emulator is connected to the MCU pins. Operation is not guaranteed
if an emulation support mode is selected when no emulator is connected. The normal operating mode is used when
no emulator is connected to the MCU pins. In the normal operating mode, this MCU operates by inputting a "H"
level to the MPMD pin. When operating this device with no emulator connected, a "H" level must be applied to the
MPMD pin at reset to select a normal operating mode.

Note that in this manual, operation in a normal operating mode is assumed unless explicitly stated otherwise.
(2) Single chip modes (modes 0 to 2 and 3 to 5)

This MCU operates in the single chip mode by inputting "L" level to the MDO pin.

In single chip mode, only the internal ROM and RAM is used.

10.1.2 On-Board Programming Modes

The MD1, MD2, and FWE pins select the modes in which programs can be written to ROM. There are three such
modes: user mode, boot mode, and user boot mode.

(1) User modes (modes 0 and 3)
These are program modes in which user MAT data and programs can be rewritten using an arbitrary interface. The
user MAT can be rewritten when a "H" level is applied to the FWE pin. When a "L" level is applied to the FWE pin,
only readout is possible from ROM.

(2) Boot modes (modes 1 and 4)
These are program modes in which the user MAT and the user boot MAT data and programs can be rewritten using
the SCIF. The SCIF communication bit rate between the host and this MCU can be adjusted automatically.

(3) User boot modes (modes 2 and 5)
These are program modes in which the user MAT data and programs can be rewritten using an arbitrary interface. A
hardware reset restart is required to transition to user boot mode.

Table 10.1 lists the operating mode selections and table 10.2 lists the operating mode pin settings. Combinations of
values not listed in table 10.2 (modes other than modes 0 to 5) are prohibited.
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Table 10.1 Selection of Operating Modes

Operating Mode Name
mode On-Board Emulation  External ROM
number MCU Operating Mode Programming Mode Function Bus program
Mode 0 Normal operating Single-chip mode  User mode Disabled Disabled Possible
Mode 1 made Boot mode Disabled Disabled Possible
Mode 2 User boot mode Disabled Disabled Possible
Mode 3 Emulation support Single-chip mode User mode Enabled Disabled Possible
Mode 4 mode** Boot mode Enabled Disabled Possible
Mode 5 User boot mode Enabled Disabled Possible
Note: *1 Operation cannot be guaranteed if the MCU is set to emulation support mode when no emulator is
connected.

Table 10.2 Operating Mode Pin Settings

Operating Mode Name Pin Setting

mode On-Board

number MCU Operating Mode Programming Mode MPMD MD2 MD1 MDO FWE
Mode 0 Normal operating Single-chip mode  User mode "H" "Lt "L "L "L/H"
Mode1  mode Boot mode "H" "L "H" "L "H"
Mode2 User boot mode "H" "H" "L "L "H"
Mode 3 Emulation support Single-chip mode  User mode "L "Lt "L "L "L/H"
Mode 4 mode Boot mode "L "L "H" "L” "H"
Mode 5 User boot mode "L "H" "Lt L "H
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10.2  Register Descriptions
Table 10.3 lists the register configuration.

Table 10.3 Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
Mode control register MDCR Undefined H'FFFF 2001 8 10-3

Note: e The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of
the 32-bit P4 area address are cleared to "0", the result is an area 7 address. This address is used when
accessing area 7 of the physical address space using the TLB.

10.2.1  Mode Control Register (MDCR)

The MDCR register is provided for verifying the states of the mode pins (MDO to MD2, MPMD, and FWE) and the
DET3O0RS5 pin after a reset has been cleared.

The MDCR register acquires the states of the MPDMD, MDO to MD2, and FWE pins during the period when the
RESET# pin is asserted with the timing of the negation of the RESET# pin. Note, however, that for the DET30R5 pin,
the value of the pin after a reset is cleared is not latched, and that therefore the level on the DET3ORS pin can be read
out at any time.

Mode Control Register (MDCR) <P4 address: location H'FFFF 2001>
Bit: 7 6 5 4 3 2 1 0
DET3| __ _
OR5 | | FWE MPMD| | MD2 | MD1 MDO|

After Reset: Undefined O  Undefined* Undefined*® ()  Undefined** Undefined* * Undefined**

<After Reset: Undefined>

Bit Abbreviation After Reset R W Description
7 DET30R5 Undefined R — DET3ORS5 Input Level Bit
Indicates the level input to the DET30R5 pin.
6 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
5 FWE Undefined*'R — FWE Bit

Indicates the level input to the FWE pin during the period when the last

reset was cleared.

Note: e Verify the value of the FPMON register FWE bit for the ROM
write and erase control state (disabled/enabled).

4 MPMD Undefined** R — MPMD Bit
Indicates the level input to the MPMD pin when the last reset was
cleared.
3 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
2 MD2 Undefined*' R — MD2 Bit

Indicates the level input to the MD2 pin during the period when the last
reset was cleared.

1 MD1 Undefined**R — MD1 Bit

Indicates the level input to the MD1 pin during the period when the last
reset was cleared.
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Bit Abbreviation After Reset R W Description

0 MDO Undefined**R — MDO Bit

Indicates the level input to the MDO pin during the period when the last
reset was cleared.

Note: *1 The value is determined from the state of the pin when the reset is cleared.

Rev.1.20 Oct 25, 2013 10-4
RENESAS RO1UH0420EJ0120



Section 11 Address Space

Section 11 Address Space

Figures 11.1 to 11.6 show this MCU address space. This MCU has a 32-bit (4-Gbyte) physical address space. Internal
ROM and internal RAM (SHwWyRAM) are mapped onto the lowest 512 Mbytes (H'0000 0000 to H'LFFF FFFF). IL
memory, OL memory, and other internal resources are mapped onto the highest 512 Mbytes (H'E000 0000 to

H'FFFF FFFF). The CPU can handle the 29-bit physical address space from the 32-bit virtual address space. For details,
see section 7, Memory Management Unit (MMU). Specify the 32-bit physical address for the DMAC and AUDR
modules. For details on the PO/UQ area to the P4 area, see figures 11.2 to 11.6.

32-bit virtual address space 32-bit physical address space

via CPU via DMAC, AUDR other

H'0000 0000 H'0000 0000
PO/UO area 512M bytes PO/UO area 512M bytes
H'1FFF FFFF 1 H'1FFF FFFF 1
H'2000 0000 H'2000 0000
= Reserved e~
H'7FFF FFFF o
H'8000 0000
= Reserved e~

P1 area 512M bytes
H'OFFF FFFF
H'A000 0000 T

P2 area 512M bytes
H'BFFF FFFF
H'C000 0000 T

P3 area 512M bytes
H'DFFF FFFF | H'DFFF FFFF
H'EO000 0000 H'EO000 0000

P4 area 512M bytes P4 area 512M bytes
H'FFFF FFFF 1 H'FFFF FFFF

Note: « The CPU, DMAC, AUDR, and other modules cannot access a reserved area.

Figure 11.1 Address Space
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Section 11 Address Space

32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
H'0000 0000 Internal ROM
C_HOO17FFFE| | (Max. 1.5 Mbytes)
H'0018 0000
Area 0
Reserved
__HO3FEFFFE} \ .
H'0400 0000
Area 1
__HO7FEFFFE} L.
H'0800 0000
Area 2
- _HOBFF FFFF
H'0C00 0000
Reserved
Area 3
H'OFFF FFFF PO/UO area
H'1000 0000 (512 Mbytes)
Area 4
_JHASEEFFFEL .
H'1400 0000
Area 5
(HLPEFEFEL | )}
H'1800 0000 SHwWyRAM
. _H1807 FFFF | (Max. 512 Kbytes)
H'1808 0000
Area 6
Reserved
__HABFRFFFE} 4}
H'1C00 0000
Area 7 Reserved
L SRl I ISR I S

Note: e The CPU, DMAC, AUDR, and other modules cannot access a reserved area.
But the CPU can access area 7 as a control register area using the MMU.

Figure 11.2 Address Space (P0/UO Area)
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Section 11 Address Space

32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
e e Internal ROM
__H8017FFFE| | (Max. 1.5 Mbytes)
H'8018 0000
Area 0
Reserved
__H83FEFFFE} | |
H'8400 0000
Area 1
__HSTFEFFFEy L.
H'8800 0000
Area 2
- _HS8BFF FFFF
H'8C00 0000
Reserved
Area 3
__ H'8FFF FFFF | PlLarea |
H'9000 0000 (512 Mbytes)
Area 4
__HSSEEFFFE} .
H'9400 0000
Area 5
(H9rFEFFFEL L}
H'9800 0000 SHwyRAM
. _H'9807 FFFE | (Max. 512 Kbytes)
H'9808 0000
Area 6
Reserved
__HOBFFFFFE} o}
H'9C00 0000
Area 7 Reserved
_HopFEFRFF)

Note: e The CPU, DMAC, AUDR, and other modules cannot access a reserved area.

Figure 11.3 Address Space (P1 Area)
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Section 11 Address Space

32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
H'A000 0000 Internal ROM
__HAOL7FEFE( | (Max. 1.5 Mbytes)
H'A018 0000
Area 0
Reserved
__HASFFFFFEY | )} | .
H'A400 0000
Area 1
_HATFEFFFEL L.
H'A800 0000
Area 2
- _HABFF FFFF
H'AC00 0000
Reserved
Area 3
__ HAFFF FFFF| P2area |
H'BO0O 0000 (512 Mbytes)
Area 4
__HBSFFFFFE} .
H'B400 0000
Area 5
L HBTFFFEEEFL | e
H'B800 0000 SHWyRAM
__H'B8O7 FFFF | (Max. 512 Kbytes)
H'B808 0000
Area 6
Reserved
__HBBFEFFFFL o\ |
H'BCO0 0000
Area 7 Reserved
_HBREEFEEF) 0

Note: ¢ The CPU, DMAC, AUDR, and other modules cannot access a reserved area.

Figure 11.4 Address Space (P2 Area)
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Section 11 Address Space

32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
H'C000 0000 Internal ROM
__HcoizFFEF( (Max. 1.5 Mbytes)
H'C018 0000
Area 0
Reserved
__HC3FFFFFF} | )} | ..
H'C400 0000
Area 1
_HC7FEFFFFL L.
H'C800 0000
Area 2
- _HCBFF FEFH
H'CCO00 0000
Reserved
Area 3
. HCFFFFFFE Plarea | .
H'D000 0000 (512 Mbytes)
Area 4
__HDSFEFFFF} .
H'D400 0000
Area 5
HDTRREEERL | .
H'D800 0000 SHwWyRAM
..HDBOT FFEE | (Max. 512 Kbytes)
H'D808 0000
Area 6
Reserved
__HDBFFFFFFL o\ |
H'DCO00 0000
Area 7 Reserved
_HOEFEFERR) 0

Note: e The CPU, DMAC, AUDR, and other modules cannot access a reserved area.
But the CPU can access area 7 as a control register area using the MMU.

Figure 11.5 Address Space (P3 Area)
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Section 11 Address Space

H'EO000 0000

HFFFF FFFF

P4 area
(512 Mbytes)

32-bit virtual address space

via CPU

32-bit physical address space
via DMAC, AUDR other

H'EO000 0000
Store queue
(64 Mbytes)
_HESFF FFFF RS
H'E400 0000
_HESOODFFF|  Reseed
H'E500 E000 OL memory OL memory
~ !—|_'|_E_5(_);I__]__F_EE (16 Kbytes) o (16 Kbytes)
H'E501 2000
H'E51F FEEF Reserved Reserved
H'E520 0000 IL memory T IL memory
H'E520 1FFF (8 Kbytes) (8 Kbytes)
H'E520 2000
3 Reserved = = =
. HEFFF FFFF
H'FO00 0000 IC address array
. HFOFF FFFF (16 Mbytes)
H'F100 0000 IC data array
_HFIFFFFFF| a6 Mbytes
H'F200 0000 ITLB address array
_HEQEEEEEE|  (oMbyes
H'F300 0000 ITLB data array Reserved
_ H'F3FF FFFF (16 Mbytes)
H'F400 0000 OC address array
_HEAFFEFEF| (16 Moytes)
H'F500 0000 OC data array
_ HFSFFFFFF (16 Mbytes)
H'F600 0000 UTLB address array
_ H'F6FF FFFF (16 Mbytes)
H'F700 0000 UTLB data array
H'F7FF FFFF (16 Mbytes)
“"H'F800 0000~ meserved
_HFBFF FFFF
H'FC00 0000
Control register area Control register area
H'FEFE FEEF (64 Mbytes) (64 Mbytes)

Note: « The CPU, DMAC, AUDR, and other modules cannot access a reserved area.

Figure 11.6 Address Space (P4 Area)
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Section 12 ROM

Section 12 ROM

The SH74572 provides 1 Mbyte, and the SH74593 provides 1.5 Mbytes, of flash memory (ROM) for storing program
code.

12.1  Overview

e Two types of flash-memory MATSs

The ROM has two types of memory areas (hereafter referred to as memory MATS) in the same address space. These
two MATS can be switched by the start-up mode or bank switching through the control register. Addresses H'0000
8000 to H'000F FFFF in the SH74572 and H'0000 8000 to H'0017 FFFF in the SH74593 return undefined values
when read and cannot be written or erased.

User MAT: 1 Mbyte (SH74572), 1.5 Mbytes (SH74593)

User boot MAT: 32 Kbytes

<Read> <Program/erase> <Read> <Program/erase>
Address H'0000 0000 Address H'FD80 0000  Address H'0000 0000 Address H'FD80 0000

User boot MAT
(32 Kbytes)

Address H'0000 7FFF Address H'FD80 7FFF

User MAT

Address H'000F FFFF Address H'FDSF FFFF
1 Mbyte (SH74572)

Address H'0017 FFFF Address H'FD97 FFFF

1.5 Mbytes (SH74593)

Figure 12.1 Memory MAT Configuration in ROM

e High-speed readout over the SuperHyway bus
Both the user MAT and user boot MAT can be read at high speed over the SuperHyway bus.
e Programming and erasing methods

The ROM (flash memory) can be programmed or erased by issuing commands to the flash control unit (FCU) over
the peripheral bus. The CPU can execute programs stored in areas other than ROM while the FCU is programming
or erasing ROM.

Rev.1.20 Oct 25, 2013 12-1
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Section 12 ROM

Figure 12.2 shows the ROM block diagram.

NIT(\)/;/E Silr?s —P Operating mode
; A\
FCU
i FPMON
i FASTAT
i ROMMAT
E FSTATRO —
i FSTATR1
; FENTRYR —
FPROTR —
FRESETR
FPESTAT T N ROM
< Peripheral bus >
Legend:
FCU: Flash control unit
FPMON: Flash pin monitor register
FASTAT: Flash access status register
ROMMAT: ROM MAT select register
FSTATRO, 1: Flash status registers 0 and 1
FENTRYR: Flash P/E mode entry register
FPROTR:  Flash protect register
FRESETR: Flash reset register
FPESTAT:  Falsh P/E status register

SuperHyway bus >

ROM MAT

User MAT: 1 Mbyte (SH74572)

User boot MAT: 32 Kbytes

: 1.5 Mbytes (SH74593) I

Figure 12.2 Block Diagram of ROM

RENESAS
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Section 12 ROM

e Programming/erasing unit
The user MAT and user boot MAT are programmed in 256-byte units. The entire area of the user boot MAT is
always erased at one time. The user MAT can be erased in block units.

Figurel12.3 and 12.4 show the block allocation of the user MAT.
SH74572: 8-Kbyte (eight blocks), 64-Kbyte (nine blocks), 128-Kbyte (three blocks)
SH74593: 8-Kbyte (eight blocks), 64-Kbyte (nine blocks), 128-Kbyte (seven blocks)

H'0000 0000 H'FD80 0000 H

H'0000 1FFF EBOO (8-Kbyte) H'ED80 1FFF H '
H'0000 2000 H'FD80 2000 i <Read> <Program/erase> |
- EBO1 (8-Kbyte : - !
HO000 3P (EAbYe) | nrososrrE ! Block start — Block start :
.
Ho000 5FFF | EBO2 (8-Kbyte) [ Hrpgo sFrr ! Blockend | _Clockname (size) | ok end ;
H0000 6000 H'FD80 6000 - -
H'0000 7FFF EBO3 (8-Kbyte) | FD80 7FFF ' '
H0000 8000 HFD8O8000 ~ TTTTTTTTTTTTosmmssssmsosssmsoosssssososoooses
H0000 9FFF EBO4 (8-Kbyte) | 1rpgo oFFF
H'0000 AO0O H'FD80 A00O
H0000 BFFF EBOS (8-Kbyte) | D80 BFFF
H0000 CO00 H'FD80 C000
roo00 DFFF | EBOG (8-Kbyte) | {irpgo pFrF
H0000 E000 H'FD80 E000
H0000 FFFF EBO7 (8-Kbyte) | \1rpgo FFFF
H0001 0000 H'FD81 0000
EBO8 (64-Kbyte)
H0001 FFFF H'FD81 FFFF
H0002 0000 H'FD82 0000
EBO9 (64-Kbyte)
H0002 FFFF HFD82 FFFF
H0003 0000 H'FD83 0000
EB10 (64-Kbyte)
H0003 FFFF H'FD83 FFFF
H0004 0000 H'FD84 0000
EB11 (64-Kbyte)
H0004 FFFF H'FD84 FFFF
H0005 0000 H'FD85 0000
EB12 (64-Kbyte)
H0005 FFFF H'FD85 FFFF
H0006 0000 H'FD86 0000
EB13 (64-Kbyte)
H0006 FFFF H'FD86 FFFF
H0007 0000 H'FD87 0000
EB14 (64-Kbyte)
H0007 FFFF H'FD87 FFFF
H0008 0000 H'FD88 0000
EB15 (64-Kbyte)
H0008 FFFF HFD88 FFFF
H0009 0000 H'FD89 0000
EB16 (64-Kbyte)
H0009 FFFF H'FD89 FFFF
H'000A 0000 H'FDBA 0000
EB17 (128-Kbyte)
H0008B FFFF H'FD8B FFFF
H000C 0000 H'FDBC 0000
EB18 (128-Kbyte)
H000D FFFF H'FD8D FFFF
H'000E 0000 H'FDSE 0000
EB19 (128-Kbyte)
H'000F FFFF HFD8F FFFF

Figure 12.3 SH74572 User MAT and Block Allocation

Rev.1.20 Oct 25, 2013 12-3
RO1UH0420EJ0120 RENESAS




Section 12 ROM

H'0000 0000 H'FD80 0000 ' '
H'0000 1FFF EBOO (8-Kbyte) H'FD80 1FFF ; :
H'0000 2000 EB0L @ -Kby®) H'ED80 2000 ; <Read> <Program/erase> ;
';%%%% 3:1':)'(:)5 i Eiggg 3555 ' Block start ] Block start '
'
H'0000 SFFF EBO2 (8-Kbyte) [ Hrpgo sFFF ' Block end Block name (Size) | gk end :
H'0000 6000 H'FD80 6000 : :
H'0000 7FFF EBO3 (8-Kbyte) | FD80 7FFF ' '
H'0000 8000 HFD80 8000 ~  TTTTTTTTTTTTmTmssssossssssssososososososoosoooos
H'0000 OFFF EBO4 (8-Kbyte) [ irpgo oFFF
H'0000 AO0D H'FD80 A00O
H'0000 BFFF EBOS (8-Kbyte) | HrD80 BFFF
H'0000 CO00 H'FD80 C000 . .
H'0000 DFFF EBOG6 (8-Kbyte) | |1rpgg prFF H0010 0000 HFD90 0000
H'0000 E000 HFD80 E000
H'0000 FFFF EBO7 (8-Kbyte) | \1rpgo FFFF
H'0001 0000 H'FD81 0000 EB20 (128-Kbyte)
EBOS (64-Kbyte)
H'0001 FFFF HFD8L FFFF H'0011 FFFF HFDOL FFFF
H'0002 0000 HFD82 0000 H'0012 0000 H'FD92 0000
EBO9 (64-Kbyte)
H'0002 FFFF HFD82 FFFF
H'0003 0000 H'FD83 0000 EB21 (128-Kbyte)
EB10 (64-Kbyte)
H'0003 FFFF HFD83 FFFF H'0013 FFFF H'FD93 FFFF
H'0004 0000 H'FD84 0000 H'0014 0000 H'FD94 0000
EB11 (64-Kbyte)
H'0004 FFFF HFD84 FFFF
H'0005 0000 H'FD85 0000 EB22 (128-Kbyte)
EB12 (64-Kbyte)
H'0005 FFFF HFD85 FFFF H'0015 FFFF H'FD95 FFFF
H'0006 0000 HFD86 0000 H'0016 0000 H'FD96 0000
EB13 (64-Kbyte)
H'0006 FFFF HFD86 FFFF
H'0007 0000 H'FD87 0000 EB23 (128-Kbyte)
EB14 (64-Kbyte)
H'0007 FFFF HFD87 FFFF H'0017 FFFF HFD97 FFFF
H'0008 0000 H'FD88 0000
EB15 (64-Kbyte)
H'0008 FFFF HFD88 FFFF
H'0009 0000 H'FD89 0000
EB16 (64-Kbyte)
H'0009 FFFF HFD89 FFFF
H'000A 0000 HFD8A 0000
EB17 (128-Kbyte)
H'000B FFFF HFDSB FFFF
H'000C 0000 HFDSC 0000
EB18 (128-Kbyte)
H'000D FFFF HFD8D FFFF
H'000E 0000 HFDSE 0000
EB19 (128-Kbyte)
H'000F FFFF HFDSF FFFF

Figure 12.4 SH74593 User MAT and Block Allocation
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Section 12 ROM

Three types of on-board programming modes
— Boot mode

The user MAT and user boot MAT can be programmed using the SCIF. The bit rate for SCIF communications
between the host and this MCU can be automatically adjusted.

— User mode

The user MAT can be programmed with a desired interface. The user MAT can be rewritten by setting the FWE
pin to the "H" level in normal user mode.

— User boot mode

The user MAT can be programmed with a desired interface. To make a transition to this mode, a hardware reset
start operation is needed.

Protection modes

This MCU supports two modes to protect memory against programming or erasure: hardware protection by the
levels on the FWE and mode pins and software protection by the FENTRY1 and FENTRYO bits or lock bit settings.
The FENTRY1 and FENTRYO bits enable or disable ROM programming or erasure by the FCU. A lock bit is
included in each erasure block of the user MAT to protect memory against programming or erasure.

Programming and erasing, number of times for reprogramming and erasing
Refer to section 38, Electrical Characteristics.

12.2  Input/Output Pins

Table 12.1 shows the input/output pins used for the ROM. The combination of the MDO to MD?2 pin levels and the

FWE pin level determines the ROM programming mode (see section 12.4, Overview of ROM-Related Modes). In boot
mode, the ROM can be programmed or erased by the host connected via the PJ10/RXDO0 and PJ11/TXDO pins (see

section 12.5, Boot Mode).

Pin switching is required for pins which are multiplexed with other functions. For details, see section 18, 1/0 Ports and
Pin Function Unit.

Table 12.1 Pin Configuration

Pin Name I/10 Function

RESET# Input This MCU goes to the hardware reset state when this pin is set "L".
MDO to MD2 Input These pins specify the operating mode.

FWE Input This pin enables or disables ROM programming.

PJ10/RXDO0O Input SCIFO receive data (for host transmission)

PJ11/TXDO0O Output SCIFO0 transmit data (for host transmission)

Rev.1.20 Oct 25, 2013 12-5
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Section 12 ROM

12.3  Register Descriptions

Table 12.2 shows the ROM-related registers. The ROM-related registers are initialized by a hardware reset.

Table 12.2 Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
Flash pin monitor register FPMON H'00 H'FDFF A800 8 12-7
H'80
Flash access status register FASTAT H'00 H'FDFF A810 8 12-8
ROM MAT select register ROMMAT H'0000 H'FDFF A820 8, 16 12-9

H'0001
Flash status register 0 FSTATRO H'80** H'FDFF A900 8, 16 12-10
Flash status register 1 FSTATR1 Undefined** H'FDFF A901 8, 16 12-12
Flash P/E mode entry register FENTRYR H'0000* H'FDFF A902 8, 16 12-13
Flash protect register FPROTR H'0000** H'FDFF A904 8, 16 12-16
Flash reset register FRESETR H'0000 H'FDFF A906 8, 16 12-17
Flash P/E status register FPESTAT H'0000*" H'FDFF A91C 8,16 12-18

Notes: *1 Can be initialized either by a hardware reset or by writing "1" to the FRESET bit in the FRESETR register.
e The P4 address applies when the P4 area of the virtual address space is used. When the upper three bits of
the 32-bit P4 area address are cleared to "0", the result is an area 7 address. This address is used when
accessing area 7 of the physical address space using the TLB.

RENESAS
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Section 12 ROM

12.3.1  Flash Pin Monitor Register (FPMON)

The FPMON register monitors the FWE pin state.
Flash Pin Monitor Register (FPMON) <P4 address: location H'FDFF A800>

Bit: 7 6 5 4 3 2 1 0
el == l-]-]-1-1-]
After Reset:  1/0 0 0 0 0 0 0 0

<After Reset: H'00, H'80>

After
Bit Abbreviation Reset R W Description
7 FWE 1/0 R — Flash Write Enable Bit

This bit is provided to monitor the value of the FWE pin. Thus the initial
value changes depending on the FWE pin input level when the chip is
powered on. When the chip is powered on with the FWE pin at "L" level,
the FWE bit can be set to "1" by driving the FWE pin to "H" level during
the MCU operation. The FWE bit can be then set to "0" by driving the
FWE pin to "L" level.

When the chip is activated with the FWE pin at "H" level, the FWE bit
remains as "1" and will not be affected by the FWE pin. To enable
protection after reprogramming, drive the FWE pin to "L" level and power
on the chip again.

0: Disables ROM programming and erasure
1: Enables ROM programming and erasure
6t00 — AllO 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
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12.3.2  Flash Access Status Register (FASTAT)

The FASTAT register indicates the access error status for the ROM. If any bit in the FASTAT register is set to "1", the
FCU enters command-locked state (see section 12.8.3, Error Protection). To cancel a command-locked state, set the
FASTAT register to H'10, and then issue a status-clear command to the FCU.

Flash Access Status Register (FASTAT) <P4 address: location H'FDFF A810>

5 4 3 2 1 0
i vl I I

Bit: 7 6
| ROM | |

AE_ | —

0

After Reset: 0 0 0 0 0 0 0

<After Reset: H'00>

After
Bit Abbreviation Reset R W Description
7 ROMAE 0 R *' Access Error Bit

Indicates whether or not a ROM access error has been generated. If this
bit becomes "1", the ILGLERR bit in the FSTATRO register is set to "1"
and the FCU enters a command-locked state.

0: No ROM access error has occurred.

1: A ROM access error has occurred.

[Condition for clearing to "0"]

e When "0" is written after reading out ROMAE with the value "1".

[Conditions for setting to "1"]

e Aread access command is issued to ROM program/erase addresses
H'FD90 0000 to H'FD97 FFFF while the FENTRY1 bit in the
FENTRYR register is "1" in ROM P/E normal mode.

e Aread access command is issued to ROM program/erase addresses
H'FD80 0000 to H'FD8F FFFF while the FENTRYO bit in the
FENTRYR register is "1" in ROM P/E normal mode.

e An access command is issued to ROM program/erase addresses
H'FD90 0000 to H'FD97 FFFF while the FENTRY1 bit in the
FENTRYR register is "0".

e An access command is issued to ROM program/erase addresses
H'FD80 0000 to H'FD8F FFFF while the FENTRYO bit in the
FENTRYR register is "0".

e Aread access command is issued to ROM read addresses H'0000
0000 to H'0017 FFFF while the FENTRYR register value is not
H'0000.

e A block erase, program, or lock bit program command is issued to
ROM when the user boot MAT is selected.

e An access command is issued to an address other than ROM
program/erase addresses H'FD80 0000 to H'FD80 7FFF when the
user boot MAT is selected.

6,5 — All 0 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".

Rev.1.20 Oct 25, 2013 12-8
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After
Bit Abbreviation Reset R W

Description

4 CMDLK 0

FCU Command Lock Bit

Indicates whether the FCU is in command-locked state (see section
12.8.3, Error Protection).

0: The FCU is not in a command-locked state

1: The FCU is in a command-locked state

[Condition for clearing to "0"]

e The FCU completes the status-clear command processing while the
FASTAT register is H'10.

[Condition for setting to "1"]

e The FCU detects an error and enters command-locked state.

3t00 AllO 0 O

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

Note:

12.3.3

*1 Writing a "0" after reading a "1" is only allowed in order to clear the flag.

ROM MAT Select Register (ROMMAT)

The ROMMAT register switches memory MATS in the ROM. Writing to the ROMMAT register is enabled only when
a specified value is written to the high-order byte in word access.

ROM MAT Select Register (ROMMAT)

<P4 address: location H'FDFF A820>

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I e S
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o on
<After Reset: H'0000, H'0001>
After
Bit Abbreviation Reset R W Description
15t0 8 KEY AllO 0 W ROMMAT Register Write Key Code Bits
These bits enable or disable ROMSEL bit modification. The data written
to these bits are not retained. These bits are always read as "0".
H'3B: Enable ROMSEL bit modification.
Other than H'3B: Disable ROMSEL bit modification.
7t01 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
0 ROMSEL 0/1 R W ROM MAT Select Bit

Selects a memory MAT in the ROM. The initial value is "1" when the
MCU is started in user boot mode; otherwise, the initial value is "0".
Writing to this bit is enabled only when this register is accessed in word
size and H'3B is written to the KEY bits.

0: Selects the user MAT

1: Selects the user boot MAT
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12.3.4  Flash Status Register 0 (FSTATRO)

The FSTATRO register indicates the FCU status. The FRTATRO register is initialized by a hardware reset, or setting the
FRESET bit of the FRESETR register to "1".

Flash Status Register 0 (FSTATRO) <P4 address: location H'FDFF A900>

Bit: 7 6 5 4 3 2 1 0

ILGL |ERS | PRG
|FRDY|ERR ERR | ERR |FCUSQ| — | — | — |

After Reset: 1 0 0 0 0 0 0 0

<After Reset: H'80>

After
Bit Abbreviation Reset R W Description
7 FRDY 1 R — Flash Ready Bit

Indicates the processing state in the FCU.

0: Programming or erasure processing, or lock bit read command
processing.

1: None of the above is in progress.
6 ILGLERR 0 R — lllegal Command Error Bit

Indicates that the FCU has detected an illegal command or illegal ROM
access. When this bit is "1", the FCU is in command-locked state (see
section 12.8.3, Error Protection).

0: The FCU has not detected any illegal command or illegal ROM access

1: The FCU has detected an illegal command or illegal ROM access

[Condition for clearing to "0"]

e The FCU completes the status-clear command processing while the
FASTAT register is H'10.

[Conditions for setting to "1"]

e The FCU has detected an illegal command.

e The FCU has detected an illegal ROM access (the ROMAE bit in the
FASTAT register is "1").

e The FENTRYR register setting is illegal.

5 ERSERR 0 R — Erasure Error Bit

Indicates the result of ROM erasure by the FCU. When this bit is "1", the
FCU is in command-locked state (see section 12.8.3, Error Protection).

0: Erasure processing has been completed successfully

1: An error has occurred during erasure

[Condition for clearing to "0"]

e The FCU completes the status-clear command processing.
[Conditions for setting to "1"]

e An error has occurred during erasure.

e A block erase command has been issued for the area protected by a
lock bit.
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After

Bit Abbreviation Reset Description

4 PRGERR 0 Programming Error Bit
Indicates the result of ROM programming by the FCU. When this bit is
"1", the FCU is in command-locked state (see section 12.8.3, Error
Protection).
0: Programming has been completed successfully
1: An error has occurred during programming
[Condition for clearing to "0"]
e The FCU completes the status-clear command processing.
[Conditions for setting to "1"]
e An error has occurred during programming.
e A programming command has been issued for the area protected by

a lock bit.

3 FCUSQ 0 Sequence Operation Bit
Indicates the programming/erasure sequence has been entered. This bit
is set to "1" during programming/erasure. During that period, do not
specify the FCUSQ bit but only the FRDY bit for polling, and check if the
process is completed.
0: Sequence stopped
1: Sequence is in progress

2t00 — AllO Reserved Bits

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