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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the description
in the body of the manual takes precedence.

1. Handling of Unused Pins

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

— The input pins of CMOS products are generally in the high-impedance state. In operation with an unused pin in
the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an associated shoot-through
current flows internally, and malfunctions may occur due to the false recognition of the pin state as an input
signal. 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 LS| 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 LSI is not guaranteed if they are accessed.

4. Clock Signals

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

switching the clock signal during program execution, wait until the target clock signal has stabilized.

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

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number, confirm that the change will

not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ because of the
differences in internal memory capacity and layout pattern. When changing to products of different type
numbers, implement a system-evaluation test for each of the products.
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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
understanding of electrical circuits, logic circuits, and microcontrollers is required to use this manual.

This manual includes an overview of the product; descriptions of the CPU, system control functions, peripheral

functions, and the electrical characteristics; and usage notes.

Particular attention must be paid to the precautionary notes included in this manual. These notes appear in

the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the main places that have been revised and added since the first edition. It

does not list all revisions. Refer to the text of the manual for details.

Renesas provides the following documents for the SH7455 Group and SH7456 Group. Be sure to refer to the latest
versions of these documents. The most recent versions of these documents can be obtained from the Renesas

Electronics web site.

Document Type Description Document Title Document No.
Datasheet Hardware overview and electrical —— —
characteristics
User's manual for hardware Hardware specifications (pin SH7455 Group, This user's manual
assignments, memory maps, SH7456 Group

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

User's manual for software  Descriptions of the CPU and SH-4A Extended Function REJ09B0224
instruction set Software Manual
Application note Sample application programs and  —

other materials

Renesas technical update  Product specifications, the latest
updates on documents, and other
information
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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 CSO0# 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]
Q) (@) (©) (4) (6) (6)
Channel  Register Name Abbreviation After Reset P4 Address Size Page
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

1_constant register 'FFFF 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)

(W]

Bil:( 15 14 13 12 11 10 9 8 7 6 0
BT Fi-—f-T—Juw[-[—Jue[-T-T sc
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

| | i
[ { {

) ) 4) (6) (6) 7)
[Bit Table] ‘ ‘ ‘

<After Reset: H'0000>
Bit Abbreviation After Reset R W  Description

o

15t09] — Al 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".

8 UNF U R

Underflow flag

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

1: A TMnCNT 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

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 IlIS

T™MU Timer Unit

SCIF Serial Communication Interface
RSPI Renesas Serial Peripheral Interface
lIC3 12C 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

RENESAS
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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 SH7455 Group and SH7456 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 SH7455 Group and SH7456 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 SH7455 Group and SH7456 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 SH7455 Group and SH7456 Group also include 8 Kbytes of IL memory, 16 Kbytes of OL memory and 256 Kbytes
of SuperHyway RAM (SHwyRAM) 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 SH7455 Group and SH7456 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 SH7455 Group and SH7456 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),
A/D converters (ADC), a DAC interface function, an interrupt controller (INTC), and I/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 SH7455 Group and SH7456 Group mounted on
a board.

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

1.1.1 Applications

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

1.1.2 Specifications Overview
Table 1.1 lists an overview of the SH7455 Group and SH7456 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
¢ 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
e 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
o Eight stage pipeline
e Harvard architecture
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Section 1 Overview

Item

Description

FPU

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 0 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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Section 1 Overview

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 e 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
o Allows accesses in 8, 16, 32, and 64-bit, as well as 16 and 32-byte, units by external requests

ROM ¢ 1-Mbyte flash memory

RAM e 256-Kbyte SRAM

Operating modes e Operating mode

Single-chip mode

e On-board programming modes
User mode
Boot mode
User boot mode

e Processing states
Reset state
Instruction execution state

User break controller e Supports debugging with a user break interrupt

(UBC) e Two break channels
e The address, data value, access type, and data size can all be used as break conditions.
e Supports a sequential break function

Clock generator e Internal clocks

(CPG) CPU clock (Ick): 160 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 e The SH7455 Group and SH7456 Group do not include a BSC function
(BSC)

Rev.1.10 2011.09.22 1-4
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Section 1 Overview

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 DMA5) + 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 DMAS only)

Priority between modules

The priority between the DMACO module (DMAO to DMAS5) and the DMAC1 module (DMAS to
DMA11) is round robin.

Channel priority within a module

Either a fixed priority (DMAO > DMA1 > DMA2 > DMA3 > DMA4 > DMAS5) or round robin can
be selected for DMAO to DMAGS.

Either a fixed priority (DMA6 > DMA7 > DMA8 > DMA9 > DMA10 > DMA11) 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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Section 1 Overview

Item

Description

I’C interface (lIC)

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 us

When AVcc = 3.3 V: 1.25 ps

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: SH7455 Group
None: SH7456 Group

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

Rev.1.10 2011.09.22 1-6
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Section 1 Overview

Item Description

1/0O ports .

Number of ports: 108
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 e Internal logic voltage: 1.5V +0.15V, -0.1V
e |/O voltage: 3.3V +0.3Vor50V +0.5V

Operating e Ta=-40to +125°C

temperature

Package e PRBGO0176GA-A (0.8 mm pitch)

1.2 Product Line Overview

Table 1.2 lists the products.

Table 1.2  Products

Product Model ROM Capacity RAM Capacity Package FlexRay
SH74552 R5F74552KBG 1 Mbyte IL memory: 8 Kbytes, PRBGO0176GA-A Yes
SH74562 R5F74562KBG OL memory: 16 Kbytes, and No

SHwyRAM: 256 Kbytes

Rev.1.10 2011.09.22 1-7
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Section 1 Overview

1.3

Block Diagram

Figure 1.1 shows the block diagram.

SH-4A core (160 MHz maximum)
Debugging
IL memory | | OL memory -
P FP
CcPU v (8 Kbytes) | | (16 Kbytes) functions
VMU H-UDI
Instruction Operand <>
cache cache UTLB ITLB
(32 Kbytes) | | (32 Kbytes) (x64) (x4) UBC AUD RAM
. DMAC
monitor
A A
\ \
< SuperHyway bus (80 MHz maximum) >
A A A A
\ A4 A4
Bridge Bridge
A A
ROM > Arbiter
1 Mbyte
(1 Moyte) SHwWyRAM ‘
(256 Kbytes)
\
FCU DRO DRI FlexRay
A A A /
\ \ \
< Peripheral A bus (80 MHz maximum) >
PSEL PDAC ATU-IIIS T™MU
/ A A A
Y \/ \ Y Y Y \
< Peripheral bus (40 MHz maximum) >
A A A A A A A A A
\ Y Y \ Y Y Y Y Y
CAN RSPI SCIF 1IC3 ADC 1/0 Port WDT CPG INTC

Legend:

CPU:
FPU:
MMU:
UTLB:
ITLB:
H-UDI:
UBC:
DMAC:
DRI:
DRO:
FCU:

Central processing unit
Floating point unit

Memory management unit
Shared TLB

Instruction TLB

User debugging interface
User break controller

Direct memory access controller
Direct RAM input interface
Direct RAM output interface
ROM write sequencer

CAN:
TMU:

ATU-IIIS:

PDAC:
PSEL:
ADC:
RSPI:
SCIF:
IIC3:
WDT:
CPG:
INTC:

Controller area network

Timer unit

Advanced timer unit - llIS

Parallel DAC controller

Parallel selector

A/D converter

Renesas serial peripheral interface
Serial communication interface with FIFO
12C bus interface 3

Watchdog timer

Clock generator

Interrupt controller

Figure 1.1 Block Diagram
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Section 1 Overview

14 Pin Arrangement

Figure 1.2 shows the pin arrangement.

Position of pin A1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vss (N.C.) | PGO/ PF5/ PF1/ DET30R5 | Vce PL8/ PL6/ PH15/ PH13/ PHY/ PH5/ H2/ HO/ Vss (N.C.)
MOsIo/ SCLU/ CTX0 TIA14/ TIA12/ DROD7/ DRODS5/ DROD1/ DROD13/ | DROD10/ | DRODS8/
A TO40 (CTX3) IRQ7/ (TIF1A) TO37/ (TO35)/ (TOo31)/ TO25/ TO22/ TO20/ A
DREQ3 DDC15 DDC13 DDCO09/ DDCO5/ DDC02/ DDCoo/
CTS2# TIAO1 TIF1A TIFOA
PG1/ PG2/ PG3/ PF4/ PFO/ ASEBRK#/ | PL9/ PL5/ PL2/ PH12/ PH8/ PH4/ PH1/ PH3/ PK14/
MISO0/ RSPCK0/ | TO43/ SDA/ CRX0 BRKACK TIA15/ TIA11/ DROWR DROD4/ DRODO/ DROD12/ | DRODY/ DROD11/ |AUDRSYN#
B 41 TO42 SSL00/ (CRX3) AUDREVT# | (TIFOB) TO34/ (TO30)/ TO24/ TO21/ TO23/ B
(IRQ7) DDC12 DDCO08/ DDCO04/ DDCO1/ DDC03/
RTS2# TIA0O TIFOB TIF1B
PG4/ Vss WDTOVF# | Vdd Vdd Vdd PL4/ Vss Vee PH14/ H10/ PHeé/ PK12/ PK13/ PK11/
IRQ2/ TIA10/ DRODE6 DROD2/ DROD14/ AUDRD3 AUDRCLK | AUDRD2
C | o4/ (TIFOA) (TO36)/ (Tos2) | TO26/ C
SSLo1 DDC14/ DDC10 DDCo6/
IRQ1 TIAO2
FWE RESET# Vss Vss Vdd Vdd PL3/ Vss Vee PH11/ PH7/ PK8/ PKo/ PK10/ PK6/
IRQ6 DROD3/ DROD15/ | DREQ2 AUDRDO/ | AUDRD1/ | TXD3
D (TO33), (TO27)/ RTS3# CTS3# D
DDC11 DCO7/
TIAO3
MD1 NMI Vss Vss Vss PKo/ PK5/ PJ14/
IRQ5/ DINC4/ TXD1/
E ssL10 RXD3 MOSI1 E
XTAL EXTAL Vss Vss Vee PJ10/ PJ15/ PJ13/
RXDO/ SCK1/ RXD1/
F PWMOFF4/ | PSPCK1 MISO1 F
ADOTRG#
PJ1/ J7/ PJ12/ PJ11/
PLLVss PLLVce MDO MPMD (STxoy CTX3/ SCKO/ TXDO/
G FTXA TIF2B/ TCLKB/ ADOEND G
TXD2 (IRQO)
TCK ™S MD2 TRST# PJO/ PJ4/ PJ6/ PJ5/
(CRX0)/ CRX2/ CRX3/ CTX2/
H FRXA FTXENA/ | TIF2A/ FTXENB/ H
CTS0# RXD2/ SCK2
TIAO4
PD1/ TDO TDI Vss PN1/ PNO/ PJ3/ PJ2/
PDIDATA1 AD1IN1 AD1INO CTX1/ CRX1/
J FTXB/ FRXB J
RTS0#
PD4/ PD3/ Vss Vss PN4/ PN5/ AVss AVce
PDIDATA4 | PDIDATA3 AD1IN4 AD1IN5
K K
PD8/ PD7/ Vee Vee PMO/ AVss AVREFL AVREFH
PDIDATA8 | PDIDATA7 ADOINO
L L
PDY/ PD6/ PDO/ Vss Vss Vss vdd vdd PC6/ Vee Vss AVss PM4/ AVREFL | AVREFH
PDIDATA9 | PDIDATA6 | PDIDATAO CLKOUT/ ADOIN4
M TO36 M
PD10/ PD5/ PA4/ PA7/ PA10/ PA11/ Vdd Vvdd PC1/ Vee Vss PM2/ PM6/ PMY/ AVss
PDIWR PDIDATAS | TO04/ TOO07/ TO12/ TO13/ TO31/ ADOIN2 ADOIN6 ADOIN9
N DDB04 DDBO07 DDB10/ DDB11/ MISO2 N
PSLDATAO | PSLDATA1
PD2/ PA3/ PAO/ PA2/ PA6/ PA9/ PA13/ PB1/ PCO/ PC3/ PM15/ PM13/ PM11/ PM8/ AVce
PDIDATA2 | TOO03/ TO00/ TO02/ TO06/ TO11/ TO15/ PWMOFF1/| TO30/ TO33/ ADOIN15 ADOIN13 ADOIN11 ADOIN8
P DDB03 DDB00 DDBO02 DDBO06 DDB09/ DDB13/ DINB1 MOsI2/ SSL20/ P
PSLCLKA | PSLDATA3 (IRQ6) IRQO
Vss (N.C.) | PE15/ PA1/ PAS5/ PA8/ PA12/ B0/ PB3/ pc2/ PC5/ PC14 PM14/ PM12/ PM10/ AVce (N.C)
TO27/ TOO1/ TOO0S5/ TO10/ TO14/ PWMOFFO0/ | PWMOFF3/| TO32/ TO35 ADOIN14 ADOIN12 ADOIN10
R PSLCLR DDBO1 DDBO05 DDBO8/ DDB12/ DINBO DINB3 RSPCK2/ R
PSLCLKB | PSLDATA2 DREQO
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

Table 1.3 lists the pin functions.

Table 1.3

Pin Functions

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 Function4  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 CMOS — EXTAL Input — Enabled

F1 XTAL Vee — XTAL Output XTAL —

C3 WDTOVF# Vee No WDTOVF# Output WDTOVF# —

H4 TRST# Vee Schmitt — TRST# Input Hiz Enabled

H1 TCK Vee TTL — TCK Input Hiz Enabled

H2 ™S Vee Schmitt — ™S Input Hiz Enabled

J3 TDI 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 — DET30R5 Input Hiz (pull-up)  Enabled

P3 PAO/TO00/DDB00 PAO TO00 DDB0O Vee Threshold value Yes PAO Input Hiz Disabled
switching

R3 PA1/TO01/DDBO1 PA1 TOOo1 DDBO1 Vee Threshold value Yes PA1 Input Hiz Disabled
switching

P4 PA2/T002/DDB02 PA2 TO02 DDB02 Vee Threshold value Yes PA2 Input Hiz Disabled
switching

P2 PA3/TO03/DDB03 PA3 TO03 DDB03 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 PAS/TO05/DDB05 PA5 TO05 DDB05 Vee Threshold value Yes PAS Input Hiz Disabled
switching

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

N4 PA7/TO07/DDB07 PA7 TO07 DDBO7 Vee Threshold value Yes PA7 Input Hiz Disabled
switching

R5 PA8/TO10/DDB08/PSLCLKB PA8 TO10 DDB08 PSLCLKB Vee Threshold value Yes PA8 Input Hiz Disabled
switching

P6 PA9/TO11/DDB09/PSLCLKA PA9 TO11 DDB09 PSLCLKA Vee Threshold value Yes PA9 Input Hiz Disabled
switching
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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 Function 1 Function 2 Function 3 Function4  Function 5 Function6  Circuit Input Buffer Type Ability Function o Pin State*' Disabled

N5 PA10/TO12/DDB10/PSLDATAQ PA10 TO12 DDB10 PSLDATAQ Vee Threshold value Yes PA10 Input Hiz Disabled
switching

N6 PA11/TO13/DDB11/PSLDATA1 PA11 TO13 DDB11 PSLDATA1 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/DINB1 PB1 PWMOFF1 DINB1 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 PC2 Input Hiz Disabled
switching

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

R10 PC5/TO35 PC5 TO35 Vee Threshold value Yes PC5 Input Hiz Disabled
switching

M9 PC6/CLKOUT/TO36 PCé CLKOUuT TO36 Vee Threshold value Yes PCé6 Input Hiz Disabled
switching

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

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

J1 PD1/PDIDATA1 PD1 PDIDATA1 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 PD5/PDIDATAS PD5 PDIDATAS Vee Threshold value Yes PD5 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/PDIDATA8 PD8 PDIDATA8 Vee Threshold value Yes PD8 Input Hiz Disabled

switching

RENESAS
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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 Function 1 Function 2 Function 3 Function4  Function 5 Function6  Circuit Input Buffer Type Ability Function o Pin State*' Disabled

M1 PD9/PDIDATA9 PD9 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/MOSI0/TO40 PGO MOsIo TO40 Vee CMOSs Yes PGO Input Hiz Enabled

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

B2 PG2/RSPCK0/TO42 PG2 RSPCKO TO42 Vee CMOS Yes PG2 Input Hiz Enabled

B3 PG3/TO43/SSL00/(IRQ7) PG3 TO43 SSLo0 (IRQ7) Vee CMOS Yes PG3 Input Hiz Enabled

C1 PG4/IRQ2/TO44/SSLO1 PG4 IRQ2 TO44 SsLo1 Vee Threshold value Yes PG4 Input Hiz Disabled
switching

A4 PH0/DROD8/TO20/DDCO0/TIFOA PHO DROD8 TO20 DDCO00 TIFOA Vee Threshold value Yes PHO Input Hiz Disabled
switching

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

A13 PH2/DROD10/TO22/DDCO2/TIF1A PH2 DROD10 TO22 DDCO02 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/TIA00 PH4 DROD12 TO24 DDCo4 TIACO Vee Threshold value Yes PH4 Input Hiz Disabled
switching

A12 PH5/DROD13/TO25/DDCO5/TIA01 PH5 DROD13 TO25 DDCO05 TIAO1 Vee Threshold value Yes PH5 Input Hiz Disabled
switching

c12 PH6/DROD14/TO26/DDCO6/TIA02 PH6 DROD14 TO26 DDCO06 TIA02 Vee Threshold value Yes PH6 Input Hiz Disabled
switching

D11 PH7/DROD15/(T0O27)/DDCO7/TIA03 PH7 DROD15 (TO27) DDCO7 TIAO3 Vee Threshold value Yes PH7 Input Hiz Disabled
switching

B11 PH8/DROD0/(TO30)/DDCO8/RTS2# PH8 DRODO (TO30) DDC08 RTS2# Vee Threshold value Yes PH8 Input Hiz Disabled
switching

A1 PH9/DROD1/(TO31)/DDCO9/CTS2# PH9 DROD1 (TO31) DDCO09 CcTs2# Vee Threshold value Yes PH9 Input Hiz Disabled
switching

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

D11 PH11/DROD3/(TO33)/DDC11 PH11 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 Function 1 Function 2 Function 3 Function4  Function 5 Function6  Circuit Input Buffer Type Ability Function o Pin State*' Disabled

A10 PH13/DROD5/(TO35)/DDC13 PH13 DROD5 (TO35) DDC13 Vee Threshold value Yes PH13 Input Hiz Disabled
switching

c10 PH14/DROD6/(TO36)/DDC14/IRQ1 PH14 DROD& (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/(CRX0)/FRXA PJO (CRX0) FRXA Vee Threshold value Yes PJO Input Hiz Disabled
switching

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

J1s PJ2/CRX1/FRXB PJ2 CRX1 FRXB Vee Threshold value Yes PJ2 Input Hiz Disabled
switching

J14 PJ3/CTX1/FTXB/RTSO# PJ3 CTX1 FTXB RTSO# Vee CMOS Yes PJ3 Input Hiz Enabled

H13 PJ4/CRX2/FTXENA/CTSO0# PJ4 CRX2 FTXENA CTS0# Vee CMOS Yes PJ4 Input Hiz Enabled

H15 PJ5/CTX2/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

G14 PJ12/SCKO/TCLKB/(IRQO) PJ12 SCKo TCLKB (IRQO) Vee Threshold value Yes PJ12 Input Hiz Disabled
switching

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

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

F14 PJ15/SCK1/RSPCK1 PJ15 SCK1 RSPCK1 Vee Threshold value Yes PJ15 Input Hiz Disabled
switching

E13 PKO0/IRQ5/SSL10 PKO IRQ5 SsL10 Vee Threshold value Yes PKO Input Hiz Enabled
switching

E14 PK5/DINC4/RXD3 PKs DINC4 RXD3 Vee Threshold value Yes PK5 Input Hiz Enabled
switching

D15 PK6/TXD3 PK6 TXD3 Vee Threshold value Yes PKé 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

RENESAS
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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 5 Function6  Circuit Input Buffer Type Ability Function o Pin State*' Disabled

C14 PK13/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 PL4/TIA10/(TIFOA) PL4 TIA10 (TIFOA) Vee Threshold value Yes PL4 Input Hiz Disabled
switching

B8 PLS/TIA11/(TIFOB) PLS TIA11 (TIFOB) Vee Threshold value Yes PL5 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 PLO/TIA15/AUDREVT# PL9 TIA15 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 (function 1) — 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 AVee CMOS (function 1) — ADOIN6 Input Hiz Enabled
Analog (function 2)

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

N14 PM9/ADOIN9 PM9 ADOIN9 AVee CMOS (function 1) — ADOIN9 Input Hiz Enabled
Analog (function 2)

R14 PM10/ADOIN10 PM10 ADOIN10 AVee CMOS (function 1) — ADOIN10 Input Hiz Enabled
Analog (function 2)

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

R13 PM12/ADOIN12 PM12 ADOIN12 AVee CMOS (function 1) — ADOIN12 Input Hiz Enabled
Analog (function 2)

P12 PM13/ADOIN13 PM13 ADOIN13 AVee 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 AVee 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 PN1 AD1IN1 AVee CMOS (function 1) — AD1IN1 Input Hiz Enabled

Analog (function 2)
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User Pin Pin State after a Reset
Power Supply Output Input
Pin Name in Driving Enabled/
No. Pin Name Function 1 Function 2 Function4  Function 5 Function6  Circuit Input Buffer Type Ability Function o Pin State*' Disabled
K12 PN4/AD1IN4 PN4 AD1IN4 AVee CMOS (function 1) — AD1IN4 Input Hiz Enabled
Analog (function 2)
K13 PN5/AD1INS PN5 AD1INS AVee CMOS (function 1) — AD1INS Input Hiz Enabled
Analog (function 2)

P15 AVce — AVce — — —
N15 AVss — AVss — — —
K15 AVce — AVce — — —
K14 AVss — AVss — — —
M15 AVREFH — AVREFH - — —
M14 AVREFL — AVREFL — — —
L5 AVREFH — AVREFH — — —
L14 AVREFL — AVREFL — — —
G2 PLLVce — PLLVce — — —

G1 PLLVss — PLLVsS _ _ _
C4 Vdd — Vdd — — —
c5 vdd _ Vdd _ _ _
c6 Vdd — Vdd — — —
D5 Vdd — Vdd — — —
Dé Vdd — Vdd — — —
M7 Vdd — Vdd — — —
M8 Vdd — Vdd — - -
N7 Vdd — Vdd — — —
N8 Vdd — Vdd — — —
Ja Vss — Vss — — —
F4 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 Vee — Vee — — —
L3 Vee — Vee — — —
L4 Vee — Vee — — —
M10 Vee — Vee — — —
N10 Vee — Vee — — —
K3 Vss — Vss — - -

RENESAS

Rev.1.10 2011.09.22 1-15

R01UHO030EJ0110



Section 1 Overview

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 Function4  Function 5 Function6  Circuit Input Buffer Type Ability Function o Pin State*' Disabled

K4 Vss — Vss — — —

M11 Vss — Vss — — —
N11 Vss — Vss — — —
c9 Vee — Vee — — —
D9 Vee — Vee — — —
F12 Vee — Vee — — —
cs Vss — Vss — — —
D8 Vss — Vss — — —
E12 Vss — Vss — — —
Al Vss(N.C.) — Vss — — —
A15 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 There is no FlexRay module (FRXA, FTXA, FRXB, FTXB, FTXENA, and FTXENB) in the SH7456 Group.
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.
o AVREFL [the M14 pin] is connected to AVREFL of the ADO module.
e 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.

 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.
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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 /0 Functions
Power supply Vce | 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 | 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 /0 14-pin general input/output ports.
PBO, PB1, PB3 110 3-pin general input/output ports.
PCO0 to PC3, PC5, PC6, 1/0 7-pin general input/output ports.
PC14
PDO to PD10 110 11-pin general input/output ports.
PE15 /10 1-pin general input/output ports.
PFO, PF1, PF4, PF5 /0 4-pin general input/output ports.
PGO to PG4 I/0 5-pin general input/output ports.
PHO to PH15 110 16-pin general input/output ports.
PJO to PJ7, PJ10 to /10 14-pin general input/output ports.
PJ15
PKO, PK5, PK®, I/0 10-pin general input/output ports.
PK8 to PK14
PL2 to PL6, PL8, PL9 I/0O 7-pin general input/output ports.

Rev.1.10 2011.09.22 1-17

RENESAS RO1UHO030EJ0110



Section 1 Overview

Classification Pins Name /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, DREQ2, | DMA transfer request input pins.
controller (DMAC) DREQ3
Advanced timer unit IS TCLKB | External clock input to clock bus 5.
(ATU-NIIS) 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
TOO00 to TOO7, (0] Pulse/PWM outputs for timer TOU channels.
TO10 to TO15,
TO20 to TO27,
TO30 to TO37,
TO40 to TO44
Serial communication SCKO to SCK2 /10 Clock input/output pins.
|(nstgrlfFa)ce with FIFO RXDO0 to RXD3 | Receive data input pins.
TXDO to TXD3 O Transmit data output pins.
RTSO0#, RTS2#, RTS3# /0 Request to send.
CTSO#, CTS2#, CTS3# /O Clear to send.
Renesas serial RSPCKO to RSPCK2 IO RSPI0 to RSPI2 clock input/output pins.
E);gp;tlw)eral interface MOSI0, MOSI1, MOSI2 I/O RSPIO0 to RSPI2 master transmit data input/output pins.
MISOO0, MISO1, MISO2 1/0 RSPIO0 to RSPI2 slave transmit data input/output pins.
SSL00, SSL10, SSL20 I/O RSPIO to RSPI2 slave select data input/output pins.
SSLO1 o RSPIO slave select data output pin.
I’C bus interface 3 (IIC3) SCL I/O I’C serial clock input/output pin.
SDA I/O I’C serial data input/output pin.
CAN module CRXO0 to CRX3 I Pins for receiving data.
CTXO0 to CTX3 0] Pins for transmitting data.
A/D converter (ADC) AVce | 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, ADOINS,
ADOINS8 to ADOIN15
AD1INO, AD1INA1, | 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.
Rev.1.10 2011.09.22 1-18
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Classification Pins Name /0 Functions
Direct RAM input DDBO00 to DDB13 I Input pins of DRI input data.
interface (DRI) DDCO0 to DDC15 | Input pins of DRI input data.
DINBO, DINB1, DINB3 | Input pins of DRI event input.
DINC4 | Input pin of DRI event input.
Direct RAM output DRODO to DROD15 O DRO output data bus.
interface (DRO) DROWR (0] DRO output data strobe.
Parallel DAC controller ~ PDIDATAO to (0] Setting data output to the D/A converter.
(PDAC) PDIDATA9
PDIWR (0] Write signal output to the D/A converter.
Parallel selector (PSEL) PSLCLKA o PSEL clock A output pin.

PSLCLKB 0] PSEL clock B output pin.

PSLDATAO to (0] PSEL select data output pins.

PSLDATA3

PSLCLR 0] PSEL clear pulse output pin.

FlexRay module FRXA | Channel A receive data input pin.

FTXA Channel A transmit data output pin.

FTXENA o] 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 | Channel B receive data input pin.

FTXB o] 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  1/O Command, address, and data input/output pins.

AUDREVT# 0] Event output pin.

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

TRST# | H-UDI reset input pin.

TDI | Data input pin.

TDO (0] Data output pin.

ASEBRK#/BRKACK I/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)

Word (16 bits)

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) | Sl e | f |

Legend:

s: Sign field

e: Exponent field
f: Fraction field

Figure 2.1 Data Formats

RENESAS
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2.2 Register Descriptions

2.2.1 Privileged Mode and Banks

ey

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.

@)

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.

©)

Privileged mode

In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked register set is
accessed as general registers, and which set is accessed only through the load control register (LDC) and store
control register (STC) instructions.

When the RB bit is "1" (that is, when bank 1 is selected), the 16 registers comprising bank 1 general registers
RO_BANKI1 to R7_BANKI1 and non-banked general registers R8 to R15 can be accessed as general registers RO to
R15. In this case, the eight registers comprising bank O 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 O 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_BANKI to R7_BANKI1 are accessed
by the LDC/STC instructions.

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_BANKI1 to R7_BANKI1 cannot be accessed.

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.

@

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 XFO-XF15. FRO-FR15 and XF0-XF15 can be assigned to
either of two banks (FPRO_BANKO-FPR15_BANKO or FPRO_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 FV0/4/8/12 (register vectors), while XFO—XF15 can be used as the eight registers
XD0/2/4/6/8/10/12/14 (register pairs) or register matrix XMTRX.

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

Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers After Reset*'
General registers RO_BANKO to R7_BANKaO, 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_BANKOQ*1:#2 0_BANK1#1#3 RO_BANKQ*1#4
R1_BANKOQ*2 BANK1*3 R1_BANKO**
R2_BANKO*2 BANK1*#3 R2_BANKO**
R3_BANKO*2 BANK1*3 R3_BANKO**
R4_BANKO*2 BANK1*3 R4_BANKO**
R5_BANKO*? BANK1*3 R5_BANKO**
R6_BANKO*? BANK{*3 R6_BANKO**
R7_BANKO*? BANK{*3 R7_BANKO**
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
Ri4 R14 R14
R15 R15 R15
| SR | SR 1 | SR |
| SSR 1 1 SSR ]
GBR GBR GBR
MACH MACH MACH
MACL ACL ACL
PR R R
VBR VBR
| PC ] | PC | | PC |
| SPC ] 1 SPC ]
[ SGR 11 SGR ]
| DBR 11 DBR ]
RO_BANKQ*1:#4 RO_BANK1*1:43
R1_BANKOQ** R1_BANK1*S
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 (RO_BANKO to R7_BANKO, RO_BANKI1 to R7_BANKI, and R8 to R15). However, only 16 of
these can be accessed as general registers RO to R15 in one processing mode. The SH-4A has two processing modes,

user mode and privileged mode.

e RO_BANKO to R7_BANKO

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

non)

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

e RO_BANKI to R7_BANKI1

Cannot be accessed in user mode.

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

(SR.MD = "1"

', SR.RB ="1")

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

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

R8 R8

R9 R9

R10 R10

R11 R11

R12 R12

R13 R13

R14 R14

R15 R15

RO-BANKO
R1-BANKO
R2-BANKO
R3-BANKO
R4_BANKO
R5-BANKO
R6-BANKO
R7-BANKO

RO
R1
R2
R3
R4
R5
R6
R7

R8
R9
R10
R11
R12
R13
R14
R15

Figure 2.3 General Registers

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_BANKI1 to R7_BANKI1, it is not necessary for the
interrupt handler to save and restore the user's RO to R7 (RO_BANKO to R7_BANKO).

RENESAS
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223 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_BANKO0, AND FPRO_BANKI1 to FPR15_BANKI, comprising two banks. These registers
are referenced as FRO to FR15, DR0/2/4/6/8/10/12/14, FV0/4/8/12, XFO0 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_BANKi (32 registers)

FPRO_BANKO, FPR I_BANKO, FPR2_BANKO, FPR3_BANKO,
FPR4_BANKO, FPR5_BANKO, FPR6_BANKO, FPR7_BANKO,
FPRS_BANKO, FPR9_BANKO, FPR10_BANKO, FPR11_BANKQO,
FPR12_BANKO, FPR13_BANKO, FPR14_BANKO, FPR15_BANKO
FPRO_BANKI, FPR1_BANKI, FPR2_BANKI, FPR3_BANKI,
FPR4_BANKI1, FPR5_BANKI1, FPR6_BANKI1, FPR7_BANKI,
FPRS_BANKI, FPR9_BANKI, FPR10_BANKI1, FPR11_BANKI,
FPR12_BANKI, FPR13_BANKI1, FPR14_BANKI1, FPR15_BANKI1

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

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},
DRS = {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.
FV0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FRS5, 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", XFO0 to XF15 are assigned to FPRO_BANKI1 to FPR15_BANKI;
when FPSCR.FR = "1", XFO 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 FPSCR.FR =1
FVO DRO FRO FPRO_BANKO XFO XDO XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3
Fv4 DR4 FR4 FPR4_BANKO XF4 XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6 XD6
FR7 FPR7_BANKO XF7
FV8 DR8 FR8 FPR8_BANKO XF8 XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FVi2 DR12 FR12 FPR12_BANKO XF12 XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FVO
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 FVv4
XF5 FPR5_BANK1 FR5
XD6 XF6 FPR6_BANK1 FR6 DR6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 Fv8
XF9 FPR9_BANK1 FR9
XD10 XF10 FPR10_BANK1 FR10 DR10
XF11 FPR11_BANK1 FR11
XD12  XF12 FPR12_BANK1 FR12 DR12 FV12
XF13 FPR13_BANK1 FR13
XD14 XF14 FPR14_BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure 2.4 Floating-Point Registers
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224 Control Registers

(1) Status Register (SR)

Startus Register (SR)

Bltt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[—fwolmfo -] - -] -] -f-T-(-T-07T-7]-1]
After Reset: 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Blt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o[ -T-J-T-JT-Im]al IMASK [—-[-Ts[7]
After Reset: 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
<After Reset: H'7000 00F0>
Bit Abbreviation After Reset R W Description
31 — 0 0 0 Reserved Bit
This bit is always read as "0". The write value should always be "0".
30 MD 1 R W Processing Mode
Selects the processing mode.
0: User mode (Some instructions cannot be executed and some
resources cannot be accessed.)
1: Privileged mode
This bit is set to "1" by an exception or interrupt.
29 RB 1 R W Privileged Mode General Register Bank Specification Bit
0: RO_BANKO to R7_BANKO are accessed as general registers RO to
R7 and RO_BANK1 to R7_BANK1 can be accessed using LDC/STC
instructions
1: RO_BANK1 to R7_BANK?1 are accessed as general registers RO to
R7 and RO_BANKO0-R7_BANKO can be accessed using LDC/STC
instructions
This bit is set to "1" by an exception or interrupt.
28 BL 1 R W Exception/Interrupt Block Bit
This bit is set to "1" by a reset, a general exception, or an interrupt.
While this bit is set to "1", an interrupt request is masked. In this case,
this processor enters the reset state when a general exception other
than a user break occurs.
27to 16 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
15 FD 0 R W FPU Disable Bit
When this bit is set to "1" and an FPU instruction is not in a delay slot, a
general FPU disable exception occurs. When this bit is set to "1" and an
FPU instruction is in a delay slot, a slot FPU disable exception occurs.
(FPU instructions: H'F*#* instructions and LDS (.L)/STS(.L) instructions
using FPUL/FPSCR)
14t010 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
9 M 0 R W MBit
Used by the DIVOS, DIVOU, and DIV1 instructions.
8 Q 0 R W QBit

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

7104 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 — All O 0 0 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 T Bit

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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2.2.5 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)
22 21 20 19 18 17 16

[Fr | sz | Pr[DON]| cause |
0o 0o o o 1 0 o

Blt: 31 30 29 28 27 26 25 24 23
[ [-[-[-(-0T-0T-[=-0T=-1
After Reset: 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
| Cause [ Enable (EN) [ Flag [ ”vm |
AfterReset 0 0 ©0 0 0 0 0 0 0 o0 o0 o0 0 0 0 1

<After Reset: H'0004 0001>
Bit Abbreviation After Reset R W Description

31t022 — AllO

o
o

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 XF0 to XF15
1: FPRO_BANKO to FPR15_BANKO are assigned to XFO to XF15 and
FPRO_BANK1 to FPR15_BANKT1 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 R W Description

17to 12 Cause AllO R W FPU Exception Cause Field

11to7 Enable (EN)  AllO R w FPU Exception Enable Field

6102 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 2.2.

1,0 RM 01 R W Rounding Mode

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

01: Round to Zero

10: Reserved

11: Reserved

<Big endian>
63 0

Floating-point register | DR (2i) |

63 0
[ Fre) | 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) |
w1, %2 #2
63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |
63 32 31 0 63 32 31 0 63 32 31 0
Memory area | | | | | | | | |
4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n
(1y8Z=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 (Z) (O) (%)) ()]
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.

RENESAS
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23 Memory-Mapped Registers
Some control registers are mapped to the following memory areas. Each of the mapped registers has two addresses.

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

These two areas are used as follows.

e H'1C00 0000 to H'1FFF FFFF
This area must be accessed using the address translation function of the MMU.
Setting the page number of this area to the corresponding field of the TLB enables access to a memory-mapped
register.
The operation of an access to this area without using the address translation function of the MMU is not guaranteed.
e H'FCO00 0000 to H'FFFF FFFF

Access to area H'FC00 0000 to 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: o 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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24 Data Formats in Registers

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

31

R — | |
1514 0
[s] |

31/1514 0

|S .......................... 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 0|7 0|7 0 7 0|7 of7 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 0f15 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
ICBI @Rn

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

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

SYNCO
ICBI @Rn

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

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

OCBP E@Rm or OCBWB ERm

SYNCO

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

Note: 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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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) l
ADD
\2
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) TBit

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

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

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

(6) Constant Values

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

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

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

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

Table 3.2  Addressing Modes and Effective Addresses

Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula

Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register indirect @Rn Effective address is register Rn contents. Rn — EA
sy

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 fora 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 + 1/2/4/8 Rno:_ 2 5 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
An - 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 Rn + disp x 1/2/4
(zero-extended)j
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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

(— An+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 °

|

1/2/4

Byte: GBR + disp —
EA

Word: GBR + disp x
2> EA

Longword: GBR +
disp x4 — EA

Indexed GBR
indirect

@ (R0, GBR)

Effective address is sum of register GBR and RO contents.

GBR

—[aonme ]

GBR + RO — EA

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

displacement

Effective address is PC + 4 with 8-bit displacement disp
added. After disp is zero-extended, it is multiplied by 2 (word),
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
: x2

or PC &
H'FFFF FFFC
+4 +dispx4

disp
(zero-extended)

Word: PC + 4 + disp
x2 — EA

Longword:
PC & H'FFFF FFFC
+4 +dispx4 — EA
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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.

C

II

(+)}—|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.

C

II

° PC + 4 + disp x 2

disp
(sign-extended)

Rn Effective address is sum of PC + 4 and Rn. PC+4+Rn—
Branch-Target

! O]

Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, or XOR —
instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or CMP/EQ —
instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA instruction is zero- —
extended and multiplied by 4.
Note: e Forthe 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) ; PC-relative with displacement
disp:8, disp:12  ; PC-relative
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3.3 Instruction Set
Table 3.3 shows the notation used in the SH instruction lists shown in tables 3.4 to 3.13.

Table 3.3  Notation Used in Instruction List

Item Format Description
Instruction OP.Sz SRC, DEST 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, XD0, RO_BANK

001: DR2, XD2, R1_BANK

111: DR14, XD14, R7_BANK

mm: Register number (FVm)

nn: Register number (FVn)

00: FVO

01: FVv4

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 T Bit New
MOV #imm,Rn imm — sign extension — Rn 1110nnnniiiiiiii — — —
MOV.W @(disp*',PC), Rn (disp x 2 + PC + 4) — sign extension 1001nnnndddddddd — — —
— Rn
MOV.L @(disp*',PC), Rn (disp x4 + PC & HFFFF FFFC +4)  1101nnnndadddddda — — —
— Rn
MOV Rm,Rn Rm — Rn 0110nnnnmmmm0011 — — —
MOV.B Rm,@Rn Rm — (Rn) 001 0nnnnmmmm0000 — — —
MOV.W Rm,@Rn Rm — (Rn) 001 0nnnnmmmm0001 — — —
MOV.L Rm,@Rn Rm — (Rn) 001 0nnnnmmmm0010 — — —
MOV.B @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmm0000 — — —
MOV.W @Rm,Rn (Rm) — sign extension — Rn 01 10nnnnmmmm0001 — — —
MOV.L @Rm,Rn (Rm) — Rn 0110nnnnmmmm0010 — - —
MOV.B Rm,@-Rn Rn-1 — Rn, Rm — (Rn) 0010nnnnmmmm0100 — - —
MOV.W  Rm,@-Rn Rn-2 — Rn, Rm — (Rn) 0010nnnnmmmm0101 — — —
MOV.L Rm,@-Rn Rn-4 — Rn, Rm — (Rn) 001 0nnnnmmmm0110 — — —
MOV.B @Rm+,Rn (Rm)— sign extension — Rn, 0110nnnnmmmm0100 — — —
Rm+1 — Rm
MOV.W @Rm+,Rn (Rm) — sign extension — Rn, 0110nnnnmmmm0101 — — —
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) 000 1nnnnmmmmdddd — — —
MOV.B @ (disp*',Rm),R0 (disp + Rm) — sign extension - R0 100001 00mmmmdddd — — —
MOV.W @ (disp*',Rm),R0 (disp x 2 + Rm) — sign extension 1000010 1lmmmmdddd — — —
— RO
MOV.L @(disp*',Rm),Rn (disp x 4 + Rm) — Rn 0101nnnnmmmmdddd — - —
MOV.B Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 — — —
MOV.W Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0101 — — —
MOV.L Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 — — —
MOV.B @(R0,Rm),Rn (RO + Rm) — 0000nnnnmmmm1100 — — —
sign extension — Rn
MOV.W @(R0,Rm),Rn (RO + Rm) — 0000nnnnmmmm1101 — — —
sign extension — Rn
MOV.L @(R0,Rm),Rn (RO + Rm) = Rn 0000nnnnmmmm1110 — — —
MOV.B RO, @(disp*',GBR) RO — (disp + GBR) 11000000d4ddddadad — — —
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) — 11000100dddddadd — R —
sign extension — RO
MOV.W  @(disp*',GBR),R0  (disp x 2 + GBR) — 11000101dddddadd — R —
sign extension — RO
MOV.L @(disp*',GBR),R0  (disp x 4 + GBR) — R0 11000110dddddddd — —_ -
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Instruction Operation Instruction Code Privileged T Bit New
MOVA @(disp*',PC),R0 disp x 4 + 11000111ddddddad — — —
PC & H'FFFF FFFC
+4 — R0
MOVCO.L RO,@Rn LDST > T 0000nnnn01110011 — LDST New
If (T == 1) RO — (Rn)
0 - LDST
MOVLIL @Rm,R0O 1 - LDST 0000mmmm01100011 — — New
(Rm) - RO
When interrupt/exception occurred 0
— LDST
MOVUA.L @Rm,R0 (Rm) — RO 0100mmmm10101001 — — New
Load non-boundary alignment data
MOVUA.L @Rm+,R0 (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 0110nnnnmmmml 000 — — —
SWAP.W Rm,Rn Rm — swap upper/lower words — Rn 011 0nnnnmmmm1001 — — —
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 0011nnnnmmmml1100 — — —
ADD #imm,Rn Rn +imm — Rn 011lnnnniiiiiiii — — —
ADDC Rm,Rn Rn+Rm+T - Rn,carry > T 0011nnnnmmmm1110 — Carry —
ADDV Rm,Rn Rn + BRm — Rn, overflow — T 0011lnnnnmmmml1111 — Overflow —
CMP/EQ #imm,RO When RO=imm,1 > T 1000100011iiiiid — Comparison ~ —
Otherwise, 0 > T result
CMP/EQ Rm,Rn WhenRn=Rm,1 > T 0011nnnnmmmm0000 — Comparison  —
Otherwise, 0 > T result
CMP/HS Rm,Rn When Rn = Rm (unsigned), 0011nnnnmmmm0010 — Comparison ~ —
1T result
Otherwise, 0 > T
CMP/GE Rm,Rn When Rn > Rm (signed), 0011nnnnmmmm0011 — Comparison  —
1T result
Otherwise, 0 > T
CMP/HI Rm,Rn When Rn > Rm (unsigned), 0011lnnnnmmmm0110 — Comparison  —
1T result
Otherwise, 0 > T
CMP/GT Rm,Rn When Rn > Rm (signed), 0011lnnnnmmmm0111 — Comparison ~ —
1T result
Otherwise, 0 > T
CMP/PZ Rn WhenRn>0,1—>T 0100nnnn00010001 — Comparison —
Otherwise, 0 > T result
CMP/PL Rn WhenRn>0,1—->T 0100nnnn00010101 — Comparison —
Otherwise, 0 > T result
CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmm1100 — Comparison ~ —
1->T result
Otherwise, 0 > T
DIV1 Rm,Rn 1-step division (Rn + Rm) 0011nnnnmmmm0100 — Calculation —
result
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Instruction Operation Instruction Code Privileged T Bit New
DIVOS Rm,Rn MSB of Rn — Q, 0010nnnnmmmmO0111 — Calculation —
MSB of Rm - M, MN\Q - T result
DIvou 0 — M/Q/T 0000000000011001 — 0 -
DMULS.L Rm,Rn Signed, 0011nnnnmmmm1101 — — —
Rn x Rm — MAC,
32 x 32 — 64 bits
DMULU.L Rm,Rn Unsigned, 001 1lnnnnmmmm0101 — — —
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, 0000nnnnmmmm1111 — — —
(Rn) x (Rm) + MAC — MAC
Rn+4 — Rn, Rm + 4 - Rm
32 x 32 + 64 — 64 bits
MAC.W @Rm+,@Rn+  Signed, 0100nnnnmmmm1111 — — —
(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 0000nnnnmmmm0111 — — —
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, 0010nnnnmmmm1110 — — —
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 001 1lnnnnmmmml 000 — — —
SUBC Rm,Rn Rn—Rm—T — Rn, borrow —» T 0011nnnnmmmml010 — Borrow —
SuBvV Rm,Rn Rn — Rm — Rn, underflow — T 0011nnnnmmmml 011 — Underflow —

RENESAS
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Table 3.6  Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New
AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmm1 001 — — —
AND #imm,RO RO & imm — RO 11001001iiiiiiid — — —
AND.B  #imm, @(R0,GBR) (RO + GBR) & imm — (RO + GBR)  11001101iiiiiiii — — —

NOT Rm,Rn

~Rm — Rn

0110nnnnmmmmO0111

OR Rm,Rn RnIRm — Rn 0010nnnnmmmm1011 — — —

OR #imm,R0O RO | imm — RO 110010114iididiiidd — — —

OR.B #imm, @ (R0,GBR) (RO + GBR) | imm — (RO + GBR) 11001111i4i4i4iididid — — —

TAS.B @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,R0 RO & imm; 11001000iiiiiiid — Test —
whenresult=0,1->T result
Otherwise, 0 > T

TST.B  #imm, @(R0,GBR) (RO + GBR) & imm; 11001100iiiiiiid — Test —
whenresult=0,1->T result

Otherwise, 0 - T

XOR Rm,Rn

Rn A BRm — Rn

XOR #imm,R0O RO A imm — RO 11001010iiiiiiid —_ —_ —_
XOR.B  #imm, @(R0,GBR) (RO + GBR) A imm — (RO+ GBR)  11001110iiiiiiii — — —
Rev.1.10 2011.09.22 3-10

RO1UHO030EJ0110 RENESAS



Section 3 Instruction Set

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 0100nnnn00000101 — LSB —
ROTCL Rn T—RneT 0100nnnn00100100 — MSB —
ROTCR Rn ToRn>T 0100nnnn00100101 — LSB —
SHAD Rm,Rn When Rm >0, Rn << Rm — Rn 0100nnnnmmmm1 100 — —
When Rm < 0, Rn >> Rm — [MSB — Rn]
SHAL Rn T<Rn«O 0100nnnn00100000 — MSB —
SHAR Rn MSB —-Rn—T 0100nnnn00100001 — LSB —
SHLD Rm,Rn When Rm >0, Rn << Rm — Rn 0100nnnnmmmm1101 — —
When Rm < 0, Rn >> Rm — [0 — Rn]
SHLL Rn T<Rn«oO 0100nnnn00000000 — MSB —
SHLR Rn 0—->Rn->T 0100nnNnn00000001 — LSB —
SHLL2 Rn Rn<<2 — Rn 0100nnnn00001000 — —
SHLR2 Rn Rn>>2 — Rn 0100nnnn00001001 — —
SHLL8 Rn Rn<<8 — Rn 0100nnnn00011000 — —
SHLR8 Rn Rn>>8 — Rn 0100nnnn00011001 — —
SHLL16 Rn Rn << 16 — Rn 0100nnnn00101000 — —
SHLR16 Rn Rn>>16 — Rn 0100nnnn00101001 — —
Table 3.8  Branch Instructions
Instruction Operation Instruction Code Privileged T Bit New
BF label When T=0,dispx2+PC+4— PC 10001011dadddddd — —
When T =1, nop
BF/S label Delayed branch; when T = 0, 10001111ddddaddd — —
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 0000nnnn00100011 — —
BSR label Delayed branch, PC + 4 — PR, 1011dddddddddddd — —
dispx2+PC+4—-PC
BSRF Rn Delayed branch, PC + 4 — PR, 0000nnnn00000011 — —
Rn+PC+4 — PC
JMP @Rn Delayed branch, Rn — PC 0100nnnn00101011 — —
JSR @Rn Delayed branch, PC + 4 - PR, Rn - PC 0100nnnn00001011 — —
RTS Delayed branch, PR — PC 0000000000001011 — —
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Table 3.9  System Control Instructions
Instruction Operation Instruction Code Privileged T Bit New
CLRMAC 0 - MACH, MACL 0000000000101000 — — —
CLRS 0->S 0000000001001000 — - -
CLRT 0T 0000000000001000 — 0 —
ICBI @Rn Invalidates instruction cache block 0000nnnnl11100011 — — 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 Privieged ~ — —
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privileged — —
LDC Rm,Rn_BANK Rm — Rn_BANK (n=0to 7) 0100mmmmlnnnl110 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, 0100mmmmlnnn0111 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 0100mmmm00000110 — — —
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 — — —
ocCBlI @Rn Invalidates operand cache block 0000nnnn10010011 — — —
OCBP @Rn Writes back and invalidates 0000nnnnl10100011 — — —
operand cache block
OCBWB @Rn Writes back operand cache block 0000nnnn10110011 — — —
PREF @Rn (Rn) — operand cache 0000nnnn10000011 — — —
PREFI @Rn Reads 32-byte instruction block into 0000nnnn11010011 — — New
instruction cache
RTE Delayed branch, SSR/SPC — SR/PC 0000000000101011 Privileged — —
SETS 1-S8 0000000001011000 — — —
SETT 15T 0000000000011000 — 1 —
SLEEP*' Sleep 0000000000011011 Privileged — —
STC SR,Rn SR — Rn 0000nnnn00000010 Privileged — —
STC GBR,Rn GBR — Rn 0000nnnn00010010 — — —
STC VBR,Rn VBR — Rn 0000nnnn00100010 Privileged — —
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Instruction Operation Instruction Code Privileged T Bit New
STC SSR,Rn SSR — Rn 0000nnnn00110010 Privileged — —
STC SPC,Rn SPC — Rn 0000nnnn01000010 Privileged — —
STC SGR,Rn SGR — Rn 0000nnnn00111010 Privileged — —
STC DBR,Rn DBR — Rn 0000nnnNn11111010 Privileged ~ — —
STC Rm_BANK,Rn  Rm_BANK — Rn 0000nnnnlmmm0010 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) 0100nnnn00110011 Privileged — —
STC.L SPC,@-Rn Rn -4 — Rn, SPC — (Rn) 0100nnnn01000011 Privileged ~ — —
STC.L SGR,@-Rn Rn -4 — Rn, SGR — (Rn) 0100nnnn00110010 Privileged — —
STC.L DBR,@-Rn Rn -4 — Rn, DBR — (Rn) 0100nnnn11110010 Privileged — —
STC.L Rm_BANK,@- Rn-4 — Rn, 0100nnnnlmmmO011 Privileged — —

Rn Rm_BANK — (Rn)

(m=0to7)
STS MACH,Rn MACH — Rn 0000nnnn00001010 — — —
STS MACL,Rn MACL — Rn 0000nnNNn00011010 — — —
STS PR,Rn PR — Rn 0000nnnn00101010 — — —
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, 11000011iidiididid — — —

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 1111nnnnl10001101 — — —
FLDI1 FRn H'3F80 0000 — FRn 1111nnnn10011101 — — —
FMOV FRm,FRn FRm — FRn 1111lnnnnmmmml100 — — —
FMOV.S @Rm,FRn (Rm) - FRn 1111lnnnnmmmml000 — — —
FMOV.S @(R0,Rm),FRn (RO + Rm) — FRn 1111nnnnmmmm0110 — — —
FMOV.S @Rm+,FRn (Rm) - FRn, Rm + 4 - Rm 1111nnnnmmmm1 001 — — —
FMOV.S FRm,@Rn FRm — (Rn) 1111nnnnmmmm1010 — — —
FMQOV.S FRm,@-Rn Rn-4 — Rn, FRm — (Rn) 1111nnnnmmmml 011 — — —
FMOV.S FRm, @ (RO,Rn) FRm — (RO + Rn) 111 1nnnnmmmm0111 — — —
FMOV DRm,DRn DRm — DRn 1111nnn0mmm01100 — — —
FMOV @Rm,DRn (Rm) — DRn 1111nnnOmmmm1000 — — —
FMOV @(R0,Rm),DRn (RO + Rm) — DRn 1111nnn0mmmm0110 — — —
FMQOV @Rm+,DRn (Rm) — DRn, Rm + 8 - Rm 1111nnnOmmmm1 001 — — —
FMOV DRm,@Rn DRm — (Rn) 1111nnnnmmm01010 — — —
FMOV DRm,@-Rn Rn-8 — Rn, DRm — (Rn) 1111nnnnmmm01011 — — —
FMOV DRm, @ (RO,Rn) DRm — (RO + Rn) 1111nnnnmmm00111 — — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101 — — —
FABS FRn FRn & H'7FFF FFFF — FRn 1111nnnn01011101 — — —
FADD FRm,FRn FRn + FRm — FRn 111 1nnnnmmmm0000 — — —
FCMP/EQ FRm,FRn When FRn=FRm, 1 > T 111 1nnnnmmmm0100 — Comparison —
Otherwise, 0 »> T result
FCMP/GT FRm,FRn When FRn > FRm, 1 > T 1111nnnnmomm0101 — Comparison —
Otherwise, 0 > T result
FDIV FRm,FRn FRn/FRm — FRn 111 1nnnnmmmm0011 — — —
FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — — —
FMAC FRO,FRm,FRn FRO x FRm + FRn — FRn 1111nnnnmmmm1110 — — —
FMUL FRm,FRn FRn x FRm — FRn 1111nnnnmmmm0010 — — —
FNEG FRn FRn A H'8000 0000 — FRn 1111nnnn01001101 — — —
FSQRT FRn sqrt (FRn) — FRn*' 1111nnnn01101101 — — —
FSUB FRm,FRn FRn — FRm — FRn 1111nnnnmmmm0001 — — —
FTRC FRm,FPUL (long) FRm — FPUL 111 1mmmm00111101 — — —
Note:  *1 sqrt (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 1111nnn0mmm00000 — — —
FCMP/EQ DRm,DRn When DRn=DRm, 1 > T 1111nnn0mmm00100 — Comparison —
Otherwise, 0 > T result
FCMP/GT DRm,DRn When DRn >DRm, 1 - T 1111nnn0mmm00101 — Comparison ~ —
Otherwise, 0 > T result
FDIV DRm,DRn DRn /DRm — DRn 1111nnn0mmm00011 — — —
FCNVDS DRm,FPUL double_to_ float (DRm) — FPUL 1111mmm010111101 — — —
FCNVSD FPUL,DRn float_to_ double (FPUL) — DRn 1111nnn010101101 — — —
FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — — —
FMUL DRm,DRn DRn x DRm — DRn 1111nnn0mmm00010 — — —
FNEG DRn DRn A H'8000 0000 0000 0000 - 1111nnn001001101 — — —
DRn
FSQRT DRn sqrt (FRn) — FRn*' 1111nnn001101101 — — —
FSUB DRm,DRn DRn - DRm — DRn 1111nnn0mmm00001 — — —
FTRC DRm,FPUL  (long) DRm — FPUL 1111mmm000111101 — — —
Note:  *1 sqrt (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 0000nnnn01101010 — — —
STS FPUL,Rn FPUL — Rn 0000nnnn01011010 — — —
STS.L FPSCR,@-Rn Rn -4 — Rn, FPSCR — (Rn) 0100nnnn01100010 — — —
STS.L FPUL,@-Rn Rn -4 — Rn, FPUL — (Rn) 0100nnnn01010010 — — —
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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 1111nnnlmmm01100 — — —
FMOV XDm,DRn XDm — DRn 1111nnnOmmm11100 — — —
FMOV XDm,XDn XDm — XDn 1111nnnlmmm11100 — — —
FMOV @Rm,XDn (Rm) — XDn 1111nnnlmmmml 000 — — —
FMQV @Rm+,XDn (Rm) —» XDn, Rm + 8 - Rm 1111lnnnlmmmml 001 — — —
FMOV @ (R0,Rm),XDn (RO + Rm) — XDn 1111nnnlmmmm0110 — — —
FMOV XDm,@Rn XDm — (Rn) 1111nnnnmmml1 1010 — — —
FMQOV XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 111Innnnmmml11011 — — —
FMOV XDm, @ (RO,Rn) XDm — (RO + Rn) 1111nnnnmmml 0111 — — —
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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34 Usage Notes

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

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

[ T I A I 3 I D I = I E2 I E3 I WB ]
! -Instruction fetch \-Predecode + -Instruction 1-Forwarding ! -Operation 1-Write-back !
' ' +decode ' ' ' '
: : 1 -lssue : ' ' '
. . ! -Register read ! . . .
2. General Load/Store Pipeline
I T I 2 I 3 I D I = I E2 I E3 I WB ]
! -Instruction fetch \-Predecode | -Instruction ! -Address ! -Memory data access 1 -Write-back !
' ' ! decode ! calculation ' ' '
. . 1 -Issue i i . .
' ' | -Register read | ' ' :
3. Special Pipeline
[ K | 12 | 13 | ID | E1 | E2 | E3 | WB |
! -Instruction fetch 1-Predecode  !-Instruction -Forwarding ! -Operation 1 -Write-back '
' ' i decode ' ' ' '
' ' 1 -Issue ' ' ' '
' ' | -Register read | ' ' '
4. Special Load/Store Pipeline
I T I 2 I 3 I D I E1 I E2 I E3 I WB ]
:-Instruct\on fetch ! -Predecode ! -Instruction !
i i 1 decode i
' ' | -Issue .
! ! ' -Register read !
5. Floating-Point Pipeline
[ 11 I 12 I 13 ] 1D [ _Fst T Fs2 ] Fs3 [ Fs4 ] ES ]
! -Instruction fetch :-Predecude ! -Instruction '-Register read !-Operation ! -Operation ! -Operation ! -Operation !
! i 1 decode i-Forwarding I I 1 -Write-back 1
' ' | -Issue : : ' ' ' '
6. Floating-Point Extended Pipeline
2 I 3] D [ Fei | Fes | Fes [ Fe4 [ Fe5 ] Fe6

[ I

1 -Instruction fetch
'
'
'

1 decode
1 -Issue

:-Fonmardmg '
i i
.

+ + T + + t +
-Predecode | -Instruction !-Register read;-Operation :-Operation | -Operation ! -Operation :-Operation }-Operation

1-Write-back
'

[ Fs 1]
i

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

| s1]s2]s3|ws]|

CPU LS pipe is occupied (with memory access)

| st |s2]s3|wB]

CPU LS pipe is occupied (without memory access)

Either CPU EX pipe or CPU LS pipe is occupied
, Both CPU EX pipe and CPU LS pipe are occupied
CPU MULT operation unit is occupied

| FE1|FE2 | FE3| FE4| FE5| FE6| FS |

FPU-EX pipe is occupied

| FS1|FS2|FS3|FS4] FS |

FPU-LS pipe is occupied

ID stage is locked

| I—

Both CPU and FPU pipes are occupied

Rev.1.10 2011.09.22 4-2
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(1-1) BF, BF/S, BT, BT/S, BRA, BSR:1 issue cycle + 0 to 3 branch cycles

L1t | 12 | 13 | ID |E1/S1|E2/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.

L1 (21 (13) 1 (D) | (Branch destination instruction)

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

L | 12 ] 138 | ID JE1/ST]E2/S2JES/S3] WB |
T

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

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

L1 12 | 18 | 1D JE1/S1JE/S2]ES/S3] WB | Note: e The number of branch cycles may be
! 0 by prefetching instruction.

Lan T @21 a3 | (D) ]  (Branch destination instruction)

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

L1t {2 13 | DI st s2 s3 | WB |
LD _REisi ] E2s2 | E3s3| WB |
1D

YT (2 T (3 T (IDY | (Branch destination instruction)

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

11 12 13 1D S1 ] S2 | S3 | WB Note: e Itis 15 cycles to the ID stage
LD I F1s1|F2s2|E3s3| WB | in the first instruction of exception handler
'
ID_J E1s1|E2s2 |E3s3
E1s1|E2s2|E!
1s1|E WB
E3s3|WB
E2s2|E3s3| WB
1s1|E2s2 |E3s3 | WB
|
Lo
[ (D] (12)] (13) [ (D) |
(1-6) SLEEP: 2 issue cycles
11 12 13 1D S S2 S3 WB Note: e It is not constant cycles to
1D N E1s1]|E2s2 | 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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(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 1 2 | 138 [ o[ el | E2] E3 ] wB]|
(2-2) 1-step operation (LS type): 1 issue cycle

MOVA

L 2 T 138 1 D [ st | s2 | s3 | WB |

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

L | 12 | 138 | D |E1/S1]E2/s2] E3/s3] WB |

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

[ T 12 T 13 T D JEt/st]E2s2]E3/S3] wWB |

Figure 4.2 Instruction Execution Patterns (2)
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Section 4 Pipelining

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

L it [ 2] 13 ] mDJ]st | s2

] s3 | wB |

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

L1t [ 2] 13 1] 1ID]Sst S2

| s3 | wB |

| )

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

L it [ i 2] 13 ] 1D ]St S2

ETST] E2S2 [ E3S3
S3 | wB |

LD E1S1

E2S2 | E3S3| WB |

1D

ID_JE1S1 | E2S2 | E3S3 | WB

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

Lt 1 12 1 1383 1 b st ] s2

| s3 | wB |

(3-5) LDTLB: 1 issue cycle

L | 12 | 13 | ID |Eist | E2s2

[E3sa | ws |

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

I 12 13 ID 1 s2 s3 | WB

ID_J E1s1lE2s2 [E3s3| WB

LD _JE1s1[E2s2] E3s3 WB|
5 cycles (min.) D) Eisil E2s2| £353] WB

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

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

11 12 13 1D s s2 s3 WB
Tt SR
""" D] Eist | Eos2 | E3s3 | WB
5 cycles (min.) LD _JEisi | E2s2 [E3s3] WB |
: 1D ¥ Eis1 | E2s2 | E3s3| WB |
_____ o
Lan 2 J a3 | (D) |
(3-8) MOVLI.L: 1 issue cycle (Branch to the next instruction of PREFI.)
Lt 1 12 1 13 1 b ] s1 | s2 ] s3 | ws]
(3-9) MOVCO.L: 1 issue cycle
L f 2 T 138 T o st | s2] s3 [ ws]
(3-10) MOVUA.L: 2 issue cycles
[ s3 |

L it T2 3 ] i J]st ] s2
st

WB_|
| s2 1 s3 1 wBl

Figure 4.2 Instruction Execution Patterns (3)
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(4-1) LDC to Rp_BANK/SSR/SPC/VBR: 1 issue cycle
L | 12§ 138 [ D] st | s2 ] s3] wB]

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

[T 12 T 13 T 1D | st s2 | s3 | wB |
| 1)

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

Ll 12 ] 8 ] IDJ] st | s2] s3 | WBJ|

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

[ T 12 T 13 T 1D JEist [ E2s2] E3s3] WB |
| L)

% ______

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

Lt [ 12 T 18] DJst ] s2] s3] wB]

(4-6) LDC.L to DBR/SGR: 4 issue cycles
LT 2T 18T b Ist s2 | s3 | wB |

| I

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

L[ 2] 18 ] DJst ] s2] s3] ws]

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

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

L 2§ a3) | (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 13 T b [ st | s2 [ s3 [ wB]|

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

Lt [ 12 | 13 | b [E1s1 | E2s2 | E3s3 | WB |

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

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

[T [ 12 | 13 | ID [EIST[E2S2]E3S3[ WB |

L [ 21 138 1 o[ st | s2 ] s3] w]|

(4-14) LDS.L to PR: 1 issue cycle
L 12T 13 | b st | s2 | s3 ws]|

(4-15) STS from PR: 1 issue cycle
L] 2] 18 [ D] st | s2 | s3] wB]|

(4-16) STS.L from PR: 1 issue cycle
Lt I 2] 138 [ o[ s1 | s2 1 s3] w]|

(4-17) BSRF, BSR, JSR delay slot instructions (PR set): 0 issue cycle
Lan 1 @2 | 03) | o) [221) |(272) | (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 MACH/L: 1 issue cycle

L1 | 12 | 138 | ib | st | s2 | s3 | WB |
ms ]
(5-2) LDS.L to MACHI/L: 1 issue cycle
[ T 12 T 138 T b [ st [ s2 ] s3] wB |
ms ]
(5-3) STS from MACHY/L: 1 issue cycle
L1 | 12 | 138 | 1D | st | s2 | s3 | WB |
ms ]
(5-4) STS.L from MACH/L: 1 issue cycle
L1 | 12 | 138 | i ] s1 | s2 ] sS3 | wB |
ms ]
(5-5) MULS.W, MULU.W: 1 issue cycle
[ T 12 T 138 T D [ E1t [ M2] M3 ] MS |
(5-6) DMULS.L, DMULU.L, MUL.L: 1 issue cycle
[T 2T B8 T o JET T ™M2T m3]
| M2 | M3 | MS |
(5-7) CLRMAC: 1 issue cycle
[ T 2T 138 T D [E1 [ M2 [ m3 [ MS |
(5-8) MAC.W: 2 issue cycle
L | 12 | 138 ] ID S1 s2 | s3 | wB
) st | s2 | s3 | ws |
M2 | M3 | mS ]
(5-9) MAC.L: 2 issue cycle
L1 | 12 | 138 | ID S1 S2 | s3 | wB
1D st [ s2 | s3 | ws
M2 M3 _|
M2 | M3 | MS |

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

Lt T2 T B8 [ b | st | s2 1 s3 |
FS1 | Fs2 | Fs3 | Fs4 | FS
(6-2) STS from FPUL: 1 issue cycle
L1t [ 12 T 138 | b [ Fst | Fs2] Fs3 | Fsa |
L s1 [ s2 1 s3 1 wB|
(6-3) LDS.L to FPUL: 1 issue cycle
Lt T 12 ] 138 1 b st | s2] s3] ws]|
L Fs1 | FS2 | FS3 | FS4 | FS
(6-4) STS.L from FPUL: 1 issue cycle
[ T 12 T 1B T 1D JFSt [ Fs2] Fs3 | Fs4 ]
S1 | s2 | s3 | wB |
(6-5) LDS to FPSCR: 1 issue cycle
[ T 12T 138 T > [ st [ s2 [ s3 |
L] FS1 | FS2 | FS3 | FS4 | FS
(6-6) STS from FPSCR: 1 issue cycle
L1t T 12 T 18 1 D [Fs1 | Fs2] Fs3 | Fs4 |
si | s2 | s3 | wB |
(6-7) LDS.L to FPSCR: 1 issue cycle
[ T 2 T B T o] st [ s271 s3] ws]
L— FS1 | FS2 | FS3 | FS4 | FS
(6-8) STS.L from FPSCR: 1 issue cycle
L1t [ 12 T 138 ] D [Fs1 | Fs2] FsS3 | Fs4 |
s1 | s2 | s3 | wB |
(6-9) FPU load/store instruction FMOV: 1 issue cycle
[T 2 T B T o] st [ s27] s3] ws]
L FS1 | FS2 | FS3 | FS4 | FS
(6-10) FLDS: 1 issue cycle
[T 2 T 1B T D] st s2 1 s3] wB]
T FS1 | FS2 | FS3 | FS4 | FS
(6-11) FSTS: 1 issue cycle
[ 1T 12 T 13 T D | st | s2 | s3]
L FS1 | FS2 | FS3 [ FS4 [ 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 12 T 13 T D [ st | s2 ] s3]
T FS1T | Fs2 | FS3 | FS4 | _FS |

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

[ T 12 T 13T D [ st | s2 ] s3]
FS1 | Fs2 | Fs3 | Fs4 | Fs |

(6-14) Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG, FPCHG
L [ 12 | 183 | b [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |

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

L [ 12 T 13 T b [FEl 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 [ 13 ] D [ FE1l | FE2 | FE3 | FE4 | FE5 | FE6 |__FS |

(6-17) Double-precision floating-point computation: 1 issue cycle
FMUL
L] 12 | 13 | D |Fe1 |FE2 |FE3 | FE4 ]| FES | FE6 | FS

|_EE1 FE2 FE3 | FE4 FE5 | FE6 FS
FE1 FE2 | FE3 FE4 | FE5 FE6 FS

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

L 1 12 | 13 | ID | FEd FE2 | FE3 | FE4 | FE5 | FE6 | FS | (
FEDS (Divider occupied cycle)

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

Figure 4.2 Instruction Execution Patterns (8)

(6-19) FIPR: 1 issue cycle

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

[ [ 12 [ 3 ] 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 |

FS |

[ T 2 T 13 ] 1D [ FE1 ] FE2 | FE3 | FE4 | FE5 | FE6
| FEPL ]

Function computing unit occupied cycle

(6-22) FSCA: 1 issue cycle
T e T 8]

D | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
| FEPL

Function computing unit occupied cycle

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

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

Table 4.2  Instruction Groups

Instruction Group Instruction

EX ADD DT ROTL SHLR8
ADDC EXTS ROTR SHLR16
ADDV EXTU SETS SUB
AND #imm,R0 MOVT SETT SUBC
AND Rm,Rn MUL.L SHAD SuBv
CLRMAC MULS.W SHAL SWAP
CLRS MULU.W SHAR TST #imm,R0O
CLRT NEG SHLD TST Rm,Rn
CMP NEGC SHLL XOR #imm,R0
DIVOS NOT SHLL2 XOR Rm,Rn
DIVoU OR #imm,R0 SHLL8 XTRCT
DIV1 OR Rm,Rn SHLL16
DMUS.L ROTCL SHLR
DMULU.L ROTCR SHLR2

MT MOV #imm,Rn MOV Rm,Rn NOP

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

LS FABS FMOV.S FR,@adr MOV.[BWL] @adr,R STC CR2,Rn
FNEG FSTS MOV.[BWL] R, @adr STC.L CR2,@-Rn
FLDIO LDC Rm,CR1 MOVA STS SR2,Rn
FLDI LDC.L @Rm+,CR1 MOVCA.L STS.L SR2,@-Rn
FLDS LDS Rm,SR1 MOVUA STS SR1,Rn
FMOV @adr,FR LDS Rm,SR2 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 #imm, @ (R0,GBR) LDC.L @Rm+,SR PREFI TRAPA
ICBI LDTLB RTE TST.B #imm, @ (R0,GBR)
LDC Rm,DBR MAC.L SLEEP*' XOR.B #imm, @ (R0,GBR)
LDC Rm, SGR MAC.W STC SR,Rn
LDC Rm,SR MOVCO STC.L SR,@-Rn
LDC.L @Rm+,DBR MOVLI SYNCO
LDC.L @Rm+,SGR OR.B #imm, @ (R0,GBR) TAS.B

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/FRn/DRmM/DRn/XDm/XDn

RENESAS
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Section 4 Pipelining

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 co
Following EX No Yes Yes Yes Yes
I(zztc:lrf;';) n MT Yes Yes Yes Yes Yes
BR Yes Yes No Yes Yes
LS Yes Yes Yes No Yes
FE Yes Yes Yes Yes No
CcO No

Rev.1.10 2011.09.22 4-12
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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 2] 13 ] 1D S1 s2 | s3 | wB |
1D
ID_J E1ST] E2S2 [ E3S3] WB |
Issue rate: 3
Next instruction [ 1 2 1 03 ) |
E.g. MAC.W instruction
LT 12 ] 13 1D S1 S2 S3_|_WB
1D S S2 S3 | wB
M2 M3 | MS |
Issue rate: 2
D
Next instruction [ (1) 12 1 @3 | (D) |

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 12T 131 1D S1 s2 | s3 | wB ]
1D
ID | E1S1| E2S2 | E3S3| wB

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

L T 12 T 1381 1D S1 S2 S3 | wWB
D S1 52 s3 | wB
M2 M3 | MS

FPU instruction
E.g. FMUL instruction Execution Cycles: 3

L1t [ 12 1 13 | b [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 E3 | FE4 | FE5 | FE6 | FS |
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS

E.g. FDIV instruction | Execution Cycles: 14

1
[T 12 T 18 T b [FE1]FE2 [FE3 [FE4 [FE5 JFE6 [ FS 1((
Divider occupation cycle  \\ | FE3| FE4| FE5| FE6 | FS
))

Rev.1.10 2011.09.22 4-13
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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 21
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),R0 LS 1 1 2-2
8 MOV.W @ (disp,PC),Rn LS 1 1 3-1
9 MOV.L @ (disp,PC),Rn LS 1 1 3-1
10 MOV.B @Rm,Rn LS 1 1 3-1
11 MOV.W @Rm,Rn LS 1 1 3-1
12 MOV.L @Rm,Rn LS 1 1 3-1
13  MOV.B @Rm+,Rn LS 1 1 3-1
14  MOV.W @Rm+,Rn LS 1 1 3-1
15  MOV.L @Rm+,Rn LS 1 1 3-1
16 MOV.B @ (disp,Rm),RO LS 1 1 3-1
17 MOV.W @ (disp,Rm),RO LS 1 1 3-1
18 MOV.L @ (disp,Rm),Rn LS 1 1 3-1
19 MOV.B @(RO,Rm),R LS 1 1 3-1
20  MOV.W @ (RO,Rm),Rn LS 1 1 3-1
21 MOV.L @ (RO,Rm),R LS 1 1 3-1
22 MOV.B @ (disp,GBR),R0 LS 1 1 3-1
23  MOV.W @ (disp, GBR),R0 LS 1 1 3-1
24  MOV.L @ (disp, GBR),R0 LS 1 1 3-1
25 MOV.B Rm,@Rn LS 1 1 3-1
26 MOV.W Rm,@Rn LS 1 1 3-1
27  MOV.L Rm,@Rn LS 1 1 3-1
28 MOV.B Rm,@-Rn LS 1 1 3-1
29 MOV.W Rm,@-Rn LS 1 1 3-1
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 3-1
35 MOV.W Rm, @ (RO,Rn) LS 1 1 3-1
36 MOV.L Rm, @ (RO,Rn) LS 1 1 3-1
37 MOV.B RO, @ (disp,GBR) LS 1 1 3-1
38 MOV.W RO, @ (disp,GBR) LS 1 1 3-1
39 MOV.L RO, @ (disp,GBR) LS 1 1 3-1
40 MOVCA.L 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 CcO 1 1 3-9
instructions 42 MOVLIL @Rm,R0 co 1 1 3-8
43 MOVUA.L @Rm,R0 LS 2 2 3-10
44 MOVUA.L @Rm+,R0 LS 2 2 3-10
45 MOVT Rn EX 1 1 21
46 OCBI @Rn LS 1 1 3-4
47 OCBP @Rn LS 1 1 3-4
48 OCBWB @Rn LS 1 1 3-4
49 PREF @Rn LS 1 1 3-4
50 SWAP.B Rm,Rn EX 1 1 2-1
51 SWAP.W Rm,Rn EX 1 1 2-1
52 XTRCT Rm,Rn EX 1 1 21
Fixed-point 53 ADD Rm,Rn EX 1 1 21
arithmetic 54  ADD #imm,Rn EX 1 1 21
instructions
55 ADDC Rm,Rn EX 1 1 21
56 ADDV Rm,Rn EX 1 1 2-1
57 CMP/EQ #imm,R0 EX 1 1 2-1
58 CMP/EQ Rm,Rn EX 1 1 2-1
59 CMP/GE Rm,Rn EX 1 1 21
60 CMP/GT Rm,Rn EX 1 1 21
61 CMP/HI Rm,Rn EX 1 1 21
62 CMP/HS Rm,Rn EX 1 1 21
63 CMP/PL Rn EX 1 1 2-1
64 CMP/PZ Rn EX 1 1 21
65 CMP/STR Rm,Rn EX 1 1 2-1
66 DIVOS Rm,Rn EX 1 1 21
67 DIVOU EX 1 1 2-1
68 DIVA 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+ CO 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 SuUB Rm,Rn EX 1 1 2-1
80 SUBC Rm,Rn EX 1 1 2-1
81 SuBv Rm,Rn EX 1 1 21
Rev.1.10 2011.09.22 4-15
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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,R0 EX 1 1 2-1
84 AND.B #imm, @ (R0,GBR) CO 3 3 3-2
85 NOT Rm,Rn EX 1 1 2-1
86 OR Rm,Rn EX 1 1 21
87 OR #imm,R0 EX 1 1 2-1
88 OR.B #imm, @ (R0,GBR) CcO 3 3 3-2
89 TAS.B @Rn CcO 4 4 3-3
90 TST Rm,Rn EX 1 1 21
91 TST #imm,R0 EX 1 1 2-1
92 TST.B #imm, @ (R0,GBR) CcO 3 3 3-2
93 XOR Rm,Rn EX 1 1 21
94 XOR #imm,R0 EX 1 1 2-1
95 XOR.B #imm, @ (R0O,GBR) CcO 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 21
99 ROTCR Rn EX 1 1 2-1
100 SHAD Rm,Rn EX 1 1 21
101 SHAL Rn EX 1 1 2-1
102 SHAR Rn EX 1 1 21
103 SHLD Rm,Rn EX 1 1 21
104 SHLL Rn EX 1 1 2-1
105 SHLL2 Rn EX 1 1 2-1
106 SHLL8 Rn EX 1 1 2-1
107 SHLL16 Rn EX 1 1 2-1
108 SHLR Rn EX 1 1 21
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 1-1
114 BT disp BR 1+0to 2 1 1-1
115 BT/S disp BR 1+0to 2 1 1-1
116 BRA disp BR 1+0to 2 1 1-1
117 BRAF Rm BR 1+3 1 1-2
118 BSR disp BR 1+0to 2 1 1-1
119 BSRF Rm BR 1+3 1 1-2
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 (e]6] 8+5+3 13 3-6
128 SETS EX 1 1 2-1
129 SETT EX 1 1 2-1
130 PREFI CcO 5+5+3 10 3-7
131 SYNCO @Rn (6]0) Undefined Undefined 3-4
132 TRAPA #imm CcO 8+5+1 13 1-5
133 RTE CcO 4+1 4 1-4
134 SLEEP* (e]6] Undefined Undefined 1-6
135 LDTLB CcO 1 1 3-5
136 LDC Rm,DBR cO 4 4 4-2
137 LDC Rm,SGR CcO 4 4 4-2
138 LDC Rm,GBR LS 1 1 4-3
139 LDC Rm,Rp_BANK LS 1 1 4-1
140 LDC Rm,SR CcO 4+3 4 4-4
141 LDC Rm,SSR LS 1 1 4-1
142 LDC Rm,SPC LS 1 1 4-1
143 LDC Rm,VBR LS 1 1 4-1
144 LDC.L @Rm+,DBR CcO 4 4 4-6
145 LDC.L @Rm+,SGR CcO 4 4 4-6
146 LDC.L @Rm+,GBR LS 1 1 4-7
147 LDC.L @Rm+,Rp_BANK LS 1 1 4-5
148 LDC.L @Rm+,SR CcO 6+3 4 4-8
149 LDC.L @Rm+,SSR LS 1 1 4-5
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
floating-point 181 FLDI1 FRn LS 1 1 6-13
instructions
182 FMOV FRm,FRn LS 1 1 6-9
183 FMOV.S @Rm,FRn LS 1 1 6-9
184 FMOV.S @Rm+,FRn LS 1 1 6-9
185 FMOV.S @ (R0O,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 FRm,FRn FE 1 1 6-14
202 FTRC FRm,FPUL FE 1 1 6-14
203 FMOV DRm,DRn LS 1 1 6-9
204 FMOV @Rm,DRn LS 1 1 6-9
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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 @(R0,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, @ (RO0,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 STS.L FPUL,@-Rn LS 1 1 6-4
230 STS.L FPSCR,@-Rn LS 1 1 6-8
Graphics 231 FMOV DRm,XDn LS 1 1 6-9
acceleration 232 FMOV XDm,DRn LS 1 1 6-9
instructions
233 FMOV XDm,XDn LS 1 1 6-9
234 FMOV @Rm,XDn LS 1 1 6-9
235 FMOV @Rm-+,XDn LS 1 1 6-9
236 FMOV @(R0,Rm),XDn LS 1 1 6-9
237 FMOV XDm,@Rn LS 1 1 6-9
238 FMOV XDm,@-Rn LS 1 1 6-9
239 FMOV XDm, @ (RO0,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
Rev.1.10 2011.09.22 4-19
RENESAS RO1UHO030EJ0110



Section 4 Pipelining

Functional Instruction Execution
Category No. Instruction Group Issue Rate Pattern
Graphics 244 FSRRA FE 1 6-21
.acceler_atlon 245 FSCA FPUL,DRn FE 1 6-22
instructions

246 FTRV XMTRX,FVn FE 1 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

5.1 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.

Table 5.1 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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5.21 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
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

-1 -1-1-1-1-1 TRACODE | -1-1
After Reset: 0 0 0 0 0 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Q) 0

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31to10 — All O 0 0 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".

5.2.2 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
-r-r-r-{r-r-{-1-7-7-7-7T-7T-7-7-7-]
0 0 0 0 0 0 0

After Reset: 0 0 0 0

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|—|—|—|—| EXPCODE |
AfterReset 0 o0 0 0 0 0 o0 0 o0 0 o0 0 o0 o0 0 o

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31to12 — AllO 0 O 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.
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5.2.3 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
0 0 0 0 0 0 0 0 0

After Reset: 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
31to14 — 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.

5.24 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.

o Execute the RTE instruction.

¢ 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:loo0O|O|0|0|0|0|0|0|0|0|O|O|0|
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
= [-T-[-T-J-T-T-[-T-J- 8 -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
31to5 — 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 0 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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53 Exception Handling Functions
5.3.1 Exception Handling Flow

In exception handling, the contents of the program counter (PC), status register (SR), and R15 are saved in the saved
program counter (SPC), saved status register (SSR), and saved general 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.

A e

53.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'AOOO 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.
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54 Exception Types and Priorities
Table 5.2 shows the types of exceptions, with their relative priorities, vector addresses, and exception/interrupt codes.

Table 5.2  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) H100/— H'1EO
exception*2 type execution*'
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) H100/— H'1EO
Interrupt Completion type  Nonmaskable interrupt 3 — (VBR) H'600 H'1CO
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".
o 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'A000 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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5.5 Exception Flow
5.5.1 Exception Flow

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

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: Vv TLB miss (data access)
Instruction n 1 | 12|13 |ID|E1|E2|E3|WB
Instruction n + 1 11 | 12|13 |ID|E1|[E2| E3|WB
A General illegal instruction exception
l v TLB miss (instruction access)
Instruction n + 2 |12 13[D]|E1][E2][E3|[wB]
Instruction n + 3 |n 213 [mD]|E1[E2[E3 |[wWB]

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:
TLB miss (instruction n)

Re-execution of instruction n

General illegal instruction exception
(instruction n + 1)

Re-execution of instruction n + 1

TLB miss (instruction n + 2)

Re-execution of instruction n + 2

Execution of instruction n + 3

Program order

1

Legend:
1,12, 13: Instruction fetch
ID: Instruction decode

E1, E2, E3: Instruction execution
(E2, E3 Memory access)
WB: Write-back

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

When the BL bit in SR is "1" and an general exception other than a user break is generated, the CPU's internal registers
and the registers of the other modules are set to their states following a 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.

554 Return from Exception Handling

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

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

5.6.1 Resets
(1) 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;

Rev.1.10 2011.09.22 5-12
RO1UH0030EJ0110 RENESAS



Section 5 Exception Handling

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

Data_TLB_protection_violation_exception()
{

TEA = EXCEPTION_ADDRESS;

PTEH.VPN = PAGE_NUMBER;

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

EXPEVT = read_access ? H'0000 00AO0 : H'0000 00CO;

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

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

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

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 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.

ITLB_protection_violation_exception ()
{

TEA = EXCEPTION_ADDRESS;

PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 O0OAOQ;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(6) Data Address Error

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

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

— Access to area H'8000 0000 to H'FFFF FFFF in user mode

Areas H'E000 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.
e Transition address: VBR + H'0000100
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'OEO (for a read access) or H'100 (for a write access) is set in EXPEVT. The BL, MD, and RB bits
are set to "1" in SR, and a branch is made to PC = VBR + H'0100. For details, see section 7, Memory Management
Unit (MMU).

Data_address_error ()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access? H'0000 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

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 HE500 0000 to HESFF FFFF can be accessed in user mode. For details, see section 9, IL Memory/OL
Memory.
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 the SPC and SSR. The R15
contents at this time are saved in SGR.
Exception code H'OEOQ is set in EXPEVT. The BL, MD, and RB bits are set to "1" in SR, and a branch is made to PC
= VBR + H'0100. For details, see section 7, Memory Management Unit (MMU).

Instruction_address_error ()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 OOEO;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

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

e Source: Execution of TRAPA instruction

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

General_illegal_instruction_exception ()

{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0180;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

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

e Sources:
— Decoding of an undefined instruction in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: HFFFD
— 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'1AOQ is set in EXPEVT. The BL, MD, and RB bits are set to "1" in SR, and a branch is made to PC
= VBR + H'0100. Operation is not guaranteed if an undefined code other than H'FFFD is decoded.

Slot_illegal_instruction_exception()
{
SPC = PC - 2;

SSR = SR;
SGR = R15;
EXPEVT = H'0000 O01A0;
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 = 1;

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"

e 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;
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(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 O01EOQ;

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

FPU_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0120;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

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

e Source: NMI pin edge detection

e Transition address: VBR + H'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).

NMTI ()

{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'0000 01CO;
SR.MD =
SR.RB =
SR.BL =
If (cond
PC = VBR + H'0000 0600;

7
7
7

SR.IMASK = B'1111;

- B =
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(2) General Interrupt Request

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

e Transition address: VBR + H'0000 0600

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

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

Module_interruption ()

{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'0000 0400 ~ H'0000 3FEOQ;
SR.MD = 1;
SR.RB = 1;
SR.BL 1

7

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

© NN R DD =

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

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

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

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

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

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

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

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

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

1

Usage Notes

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.

. 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

C))

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.

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.

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

B.

(C))

A.

Note:

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.

The user break is not accepted by the instruction in the delay slot of the RTE instruction.

Changing the SR Register Value and Accepting Exception

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.

*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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6.1

Section 6 Floating-Point Unit (FPU)

Overview

The FPU has the following features.

Conforms to IEEE754 standard

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

Two rounding modes: Round to Nearest and Round to Zero

Two denormalization modes: Flush to Zero and Treat Denormalized Number

Six exception sources: FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow, and Inexact
Comprehensive instructions: Single-precision, double-precision, graphics support, and system control

In the 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 (e)
e 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

] o | 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 EisE , —1to E _+ 1. The two valuesE , —1and E  + 1 are distinguished as
follows. E , — 1 indicates zero (both positive and negative sign) and a denormalized number, and E _+ 1 indicates
positive or negative infinity or a non-number (NaN). 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 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E.. +127 +1023

E -126 -1022

Floating-point number value v is determined as follows:

IfE=E__+1andf#0,visanon-number (NaN) irrespective of sign s
IfE=E,__ +1andf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E__,v=(-1)2"(1.f) [normalized number]

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

IfE=E_ - 1andf=0,v=(-1)0 [positive or negative zero]

‘max °
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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'7FF0 0000 0000 0001

Positive infinity

H'7F80 0000

H'7FFO0 0000 0000 0000

Positive normalized number

H'7F7F FFFF to H'0080 0000

H'7FEF FFFF FFFF FFFF to

H'0010 0000 0000 0000
Positive denormalized number H'007F FFFF to H'0000 0001 H'000F FFFF FFFF FFFF to

H'0000 0000 0000 0001
Positive zero H'0000 0000 H'0000 0000 0000 0000
Negative zero H'8000 0000 H'8000 0000 0000 0000

Negative denormalized number

H'8000 0001 to H'807F FFFF

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

Negative normalized number H'8080 0000 to H'FF7F FFFF H'8010 0000 0000 0000 to
H'FFEF FFFF FFFF FFFF
Negative infinity H'FF80 0000 H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

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

Signaling non-number

H'FFCO 0000 to HFFFF FFFF

H'FFF8 0000 0000 0000 to
H'FFFF FFFF FFFF FFFF

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 bitis "1"

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

31 30 23 22 0

X 11111111 INXXXXXXXXXXXXXXXXXXXXXX

N =1:sNaN
N =0:gNaN

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

The gNAN values as operation results are as follows:

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

See 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_BANKO0, and FPRO_BANKI1 to FPR15_BANKI. 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_BANKI1 to FPR15_BANKI are determined
according to the FR bit of FPSCR.

1.

Floating-point registers, FPRn_BANK:i (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANKI to FPR15_BANKI1

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

Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS8 = {FRS, 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, FRS, 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, XF0 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  XFI15
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FPSCR.FR =0

FVO  DRO FRO
FR1

DR2 FR2

FR3

FV4 DR4 FR4
FR5

DR6 FR6

FR7

Fv8 DR8 FR8
FR9
DR10 FR10

FR11
FVi2 DR12 FRi2
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

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 XMTRX
XF1

XF2  XD2

XF3

XF4  XD4

XF5

XF6  XD6
XF7
XF8  XD8
XF9
XF10  XD10
XF11
XFi2  XD12
XF13
XF14  XD14
XF15

FRO DRO  FVO
FRA

FR2  DR2

FR3

FR4 DR4 FV4
FRS5

FR6  DR6

FR7

FR8 DR8 Fv8
FR9

FR10 DR10

FR11

FR12 DRi2 FV12
FR13

FR14 DRi4

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)

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L=l -T-T-T-T-F-T-f[-]-frm]szfepr]on] cause ]
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| Cause [ Enable (EN) [ Flag HEY
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 — AllO 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_BANKT1 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 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
17to 12 Cause AllO R W FPU Exception Cause Field
11to7 Enable AllO R w FPU Exception Enable Field
6102 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>**
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 32 31 0 63 32 31 0 63 32 31 0
Memory area | | | | | | | | |
4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n
(1)SZ2=0 (2)SZ2=1,PR=0 (3)SZ=1,PR=1

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

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

*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) ) )
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 Bit7
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
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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.

Emax

If the unrounded value is 2°™ (2 — 2°) or more, the result will be infinity with the same sign as the unrounded value.
The values of Emax and P, respectively, are 127 and 24 for single-precision, and 1023 and 53 for double-precision.

(2) Round to Zero
The digits below the round bit of the unrounded value are discarded.

If the unrounded value is larger than the maximum expressible absolute value, the value will become the maximum
expressible absolute value with the same sign as unrounded value.
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6.5 Floating-Point Exceptions
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
e Invalid operation (V): In case of an invalid operation, such as NaN input

e Division by zero (Z): Division with a zero divisor

e Overflow (O): When the operation result overflows

e Underflow (U): When the operation result underflows

e Inexact exception (I): When overflow, underflow, or rounding occurs

The FPU exception cause field in FPSCR contains bits corresponding to all of above sources E, V, Z, 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

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

e Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor or the input of FSRRA is zero
e Overflow (O): FPSCR.Enable.O = 1 and possibility of operation result overflow

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

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

Please refer section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual about the FPU
exception case in detail.

All exception events that originate in the FPU are assigned as the same exception event. The meaning of an exception is
determined by software by reading from FPSCR and interpreting the information it contains. Also, the destination
register is not changed by any FPU exception handling operation.

If the FPU exception sources except for above are generated, the bit corresponding to source V, Z, O, U, or I is set to
"1", and a default value is generated as the operation result.

e Invalid operation (V): gNaN is generated as the result.

e Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
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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.

o Underflow (U):
When FPSCR.DN = 0, a denormalized number with the same sign as the unrounded value, or zero with the same
sign as the unrounded value, is generated.
When FPSCR.DN = 1, zero with the same sign as the unrounded value, is generated.

e Inexact exception (I): An inexact result is generated.
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6.6 Graphics Support Functions

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 slgmﬁcamd\gils—w) + MAX (I’eSUH Value % 2—23, 2—149)

The number of significant digits is 24 for a normalized number and 23 for a denormalized number (number of leading
zeros in the fractional part).

In a future version of the SH Series, the above error is guaranteed, but the same result between different processor cores
is not guaranteed.

(1) FIPRFVm, FVn (m,n: 0,4, 8, 12)
This instruction is basically used for the following purposes:

e Inner product (m # n):
This operation is generally used for surface/rear surface determination for polygon surfaces.
e Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since an inexact exception is not detected by an FIPR instruction, the inexact exception (I) bit in both the FPU
exception cause field and flag field are always set to "1" when an FIPR instruction is executed. Therefore, if the I bit is
set in the FPU exception enable field, FPU exception handling will be executed.

(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.

e  Matrix (4 X 4) X matrix (4 X 4):

This operation requires the execution of four FTRV instructions.

Since an inexact exception is not detected by an FIRV instruction, the inexact exception (I) bit in both the FPU
exception cause field and flag field are always set to "1" when an FTRV instruction is executed. Therefore, if the I bit is
set in the FPU exception enable field, FPU exception handling will be executed. It is not possible to check all data types
in the registers beforehand when executing an 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 bitis "1", the SH-4A can perform data transfer by means of pair single-precision data transfer instructions.

e FMOV DRm/XDm, DRn/XDRn (m, n: 0, 2, 4, 6, 8, 10, 12, 14)
e FMOV DRm/XDm, @Rn (m: 0, 2, 4, 6, 8, 10, 12, 14; n: 0 to 15)

These instructions enable two single-precision (2 x 32-bit) data items to be transferred; that is, the transfer performance
of these instructions is doubled.

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 number of virtual memory areas onto
physical memory in an efficient manner. It is also provided with memory protection functions to prevent a process from
inadvertently accessing another process's physical memory.

When address translation from virtual memory to physical memory is performed using the MMU, it may happen that
the translation information has not been recorded in the MMU, or the virtual memory of a different process is accessed
by mistake. In such cases, the MMU will generate an exception, change the physical memory mapping, and record the
new address translation information.

Although the functions of the MMU could be implemented by software alone, having address translation performed by
software each time a process accessed physical memory would be very inefficient. For this reason, a buffer for address
translation (the translation lookaside buffer: TLB) is provided by hardware, and frequently used address translation
information is placed here. The TLB can be described as a cache for address translation information. However, unlike a
cache, if address translation fails—that is, if an exception occurs—switching of the address translation information is
normally performed by software. Thus memory management can be performed in a flexible manner by software.

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
7.1.1 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 UQ area can be accessed. When the SQMD bit in
the MMU control register (MMUCR) is "0", a 64-Mbyte space in the store queue area can be accessed. When the RMD
bit in the on-chip memory control register (RAMCR) is "1", a 16-Mbyte space in on-chip memory area can be accessed.
Accessing areas other than the UQ area, store queue area, and on-chip memory area in user mode will cause an address
error.

When the AT bit in MMUCR is set to "1" and the MMU is enabled, the PO, P3, and UQ areas can be mapped onto any
physical address space in 1-, 4-, 64-Kbyte, or 1-Mbyte page units in TLB compatible mode and in 1-, 4-, 8-, 64-, 256-
Kbyte, 1-, 4-, or 64-Mbyte page units in TLB extended mode. By using an 8-bit address space identifier, the PO, P3, and
UO areas can be increased to a maximum of 256. Mapping from the virtual address space to the 29-bit physical address
space is carried out using the TLB.
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Figure 7.2 Virtual Address Space (AT in MMUCR = 0)
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(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) P1 Area

The P1 area does not allow address translation using the TLB but can be accessed using the cache.

Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address to "0" gives the
corresponding physical address. Whether or not the cache is used is determined by the CCR setting. When the cache
is used, switching between the copy-back method and the write-through method for write accesses is specified by
the CB bit in CCR.

(¢) P2 Area

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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H'E000 0000
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Reserved area
HF000 0000 Instruction cache address array
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H'F500 0000 Operand cache data array
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H'F700 0000 Unified TLB data array
H'F800 0000
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H'FC00 0000

Control register area

H'FFFF FFFF

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'ES00 EO00 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 HFOFF 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 HFAFF 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 HFSFF 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 HF6FF 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 HFFFF 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 Arca 4
H'1400 0000 Area 5
H'1800 0000 Area 6
:1 ICZ;ISIS 2[0:?:?: 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'FFO00 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'FFO0 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.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the PO, P3, or UO area.
2. Execute the ICBI instruction for any address (including non-cacheable area).
3. 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'FFO0 0000>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| VPN |

Aﬁer 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 |

Aﬁer Reset: Undefined Undefined Undefined Undefined Undefined Undefined 0 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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<After Reset: Undefined>

Bit Abbreviation After Reset R W Description
31to 10 VPN Undefined R W Virtual Page Number
9,8 — All 0 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'FFO0 0004>

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

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

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
PPN [ = | v [sz1|Pri|Pro|szo]| c | D | sH|wr]

After Reset: yndefined ndefined Undefined Undefined Undefined Undefined O Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description

31t029 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".

28to 10 PPN Undefined R W Physical Page Number
9 — 0 0 0 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 commonTLB (UTLB).

- For details, see section 7.3, TLB Functions (TLB Compatible Mode) and
5 PRO Undefined R W gaction 7.4, TLB Functions (TLB Extended Mode).
4 SZ0 Undefined R W Note: « 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>

Bitt 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>

Bitt 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

Btt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEA |

After Reset: yndefined ndefined 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, UO, or store queue area is performed.

Execute a branch using the RTE instruction. In this case, the branch destination may be the PO, P3, or U0 area.
. Execute the ICBI instruction for any address (including non-cacheable area).
3. If the R2 bit in 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>

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LRUI [ - -] URB [ - [ -]
AfterResst 0 o0 O O 0 O O O o0 ©O0 o0 o0 0 0 o0 o0
Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
URC paud svve] —J [ - J-[n[—far|
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
31to26 LRUI All O 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 O 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".
23t0 18 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 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 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 Tl 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 Tl bit to "1" to
invalidate the contents of ITLB and UTLB.
6to3 — All O 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'FF00 0034>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I N N 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 1110 9 8 7 6 5 4 3 2 1 0
= EPR | ES? [—[-[-T-1
o 0 o

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

<After Reset: Undefined>

Bit Abbreviation After Reset R W Description

31to14 — All O 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

7to 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 -l-1-fT-[-1T-{-[-T-[-[-1T-1T-7-]
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
“T-T-T-T-T-T-1
After Reset: 0 0 0 0 0 0

|
c
@

o
o
o
o
o
o
o
o
o
o

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31to8 — All O 0 O 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)

UB[7]: Corresponding to the control register area

UB[6]: Corresponding to area 6

UB[5]: Corresponding to area 5

UB[4]: Corresponding to area 4

UB[3]: Corresponding to area 3

UB[2]: Corresponding to area 2

UB[1]: Corresponding to area 1

UBI0]: Corresponding to area 0

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>
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
|- [-T-JT-T-JT-T-T-T-fT-Jrfm|ufm]u]
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
31to5 — All O 0 0 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 bitin MMUCR is
set to "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 a table of address translation information to be recorded in the ITLB in the event of an ITLB miss

The UTLB is so called because of its use for the above two purposes. Information in the address translation table
located in external memory is cached into the UTLB. The address translation table contains virtual page numbers and
address space identifiers, and corresponding physical page numbers and page management information. Figure 7.6
shows the UTLB configuration. The UTLB consists of 64 fully-associative type entries. Figure 7.7 shows the
relationship between the page size and address format.

Entry 0 [ASID[7:0] |VPN[31:10] [V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0] [D|WT
Entry 1 [ASID[7:0] |VPN[31:10] [V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0] [D|WT
Entry2 [ASID[7:0] |VPN[31:10] |V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0]| D |WT

Entry 63 |ASID[7:O] |V.PN[31:10] |v | |PPN[28:10] |SZ[1:O] |SH.|C|PR[1:0] |D|WT|

Figure 7.6 UTLB Configuration (TLB Compatible Mode)
Legend:

e ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is "0", this
identifier is compared with the ASID in PTEH when address comparison is performed.

e VPN: Virtual page number
For 1-Kbyte page: Upper 22 bits of virtual address
For 4-Kbyte page: Upper 20 bits of virtual address
For 64-Kbyte page: Upper 16 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address
e V: Validity bit
Indicates whether the entry is valid.
0: Invalid
1: Valid
Cleared to "0" by a hardware reset.
e PPN: Physical page number
Upper 22 bits of the physical address of the physical page number.
With a 1-Kbyte page, PPN[28:10] are valid.
With a 4-Kbyte page, PPN[28:12] are valid.
With a 64-Kbyte page, PPN[28:16] are valid.
With a 1-Mbyte page, PPN[28:20] are valid.
The synonym problem must be taken into account when setting the PPN (see section 7.5.5, Avoiding Synonym
Problems).
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e SZ[1:0]: Page size bits
Specify the page size.
00: 1-Kbyte page
01: 4-Kbyte page
10: 64-Kbyte page
11: 1-Mbyte page
e 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 PRJ[1:0]: Protection key data
2-bit data expressing the page access right as a code.
00: Can be read from only in privileged mode
01: Can be read from and written to in privileged mode

10: Can be read from only in privileged or user mode

11: Can be read from and written to in privileged mode or user mode

e D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed
1: Write has been performed
e  WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode

1-Kbyte page

Virtual address
31 10 9 0 28

Physical address
10 9 0

VPN Offset | memp |

PPN Offset

4-Kbyte page
Virtual address
31 1211 0 28

Physical address
12 11 0

| VPN | offset | = |

PPN | offset |

64-Kbyte page
Virtual address

Physical address

31 16 15 0 28 0
| VPN | Offset | — | PPN | Offset |
* 1-Mbyte page
Virtual address Physical address
31 20 19 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 ITLB 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) )

VAis VA'is

in P4 area in P2 area

VAis VA s in PO, UO,
in P1 area or P3 area

< CCR.OCE?

CCR.OCE?

CCR.CB?
0 0

CCR.WT?

No

VPNs match,
ASIDs match, and

<

\/

Data TLB miss
exception
Data TLB multiple
hit exception

B'00 or B'10
B'01 w

0

A

Initial page write
exception

V * | ' \ Y

Memory access Cache access Cache access
(Non-cacheable) in copy-back mode in write-through mode

Internal resource access

Figure 7.9 Flowchart of Memory Access Using UTLB (TLB Compatible Mode)
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Figure 7.10 shows a flowchart of a memory access using the ITLB.

(

Instruction access to virtual address (VA)

VAis VA s VA is
in P4 area |in P2 area in P1 area

VA'is in PO, UOQ,

A\

?
0 CCRI.ICE?
1

MMUCR.AT = 1

Hardware ITLB
miss handling

Record in ITLB

Instruction TLB protection
violation exception No

No

:

L

Y \

VPNs match,
ASIDs match, and
V —

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
v PPN[28:10] |ESZ[3:0] | SH | C |EPR[5:0] | D | WT

Entry 2 ASID[7:0] | VPN[31:10]

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:

e ASID: Address space identifier

Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is "0", this

identifier is compared with the ASID in PTEH when address comparison is performed.

e VPN: Virtual page number

For 1-Kbyte page: Upper 22 bits of virtual address
For 4-Kbyte page: Upper 20 bits of virtual address
For 8-Kbyte page: Upper 19 bits of virtual address
For 64-Kbyte page: Upper 16 bits of virtual address
For 256-Kbyte page: Upper 14 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address
For 4-Mbyte page: Upper 10 bits of virtual address
For 64-Mbyte page: Upper 6 bits of virtual address

e V: Validity bit
Indicates whether the entry is valid.
0: Invalid
1: Valid
Cleared to "0" by a hardware reset.

e PPN: Physical page number
Upper 19 bits of the physical address.
With a 1-Kbyte page, PPN[28:10] are valid.
With a 4-Kbyte page, PPN[28:12] are valid.
With 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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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.

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".
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)

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
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1-Kbyte page

4-Kbyte page

8-Kbyte page

64-Kbyte page

256-Kbyte page

1-Mbyte page

4-Mbyte page

64-Mbyte page

Virtual address

31 10 9 0
VPN | Offset | —)

31 12 11 0
VPN | Offset | —

31 13 12 0
VPN Offset | —

31 16 15 0
VPN Offset | —)

31 18 17 0
VPN Offset | —

31 2019 0
VPN Offset | —)

31 22 21 0
VPN | Offset | —)

31 26 25 0
VPN| Offset | —)

Physical address

28 10 9 0
PPN | Offset |

28 12 11 0
PPN Offset |

28 1312 0
PPN Offset |

28 16 15 0
PPN Offset |

28 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 0
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[O]
ASID[7:0] | VPN[31:10] | V | |PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPRI3] | EPR[2] | EPRI[O]
ASID[7:0] | VPN[31:10] | V | |PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPRI3] | EPR[2] | EPRIO]
ASID[7:0] | VPN[31:10] |V | |PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[O]

Note: o Bits EPR[4], EPR[1], D, and WT are not supported.

Figure 7.13 ITLB Configuration (TLB Extended Mode)
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74.3

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 VAis in PO, UO,
in P4 area in P2 area in P1 area or P3 area
o CCR.OCE?

CCR.OCE?

VPNs match,

ASIDs match, and

1 (Privileged)

[ | RIW? [

R

@ 0 EPRBEIS

1

Data TLB protection
violation exception

0
] CCR.CB?
0 0
< CCR.WT?
No
Data TLB miss
exception
No
0 (User)
| R/W?
R W
O <FrPRi2p2
1
\ 4 \ 4

y

ata TLB protection
violation exception
y

I

¢ A 4

A 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 VAis VA'is in PO, UO,
in P4 area in P2 area in P1 area or P3 area

/A

CCR.ICE?

VPNs match,
ASIDs match, and
V —

Hardware ITLB
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Figure 7.15 Flowchart of Memory Access Using ITLB (TLB Extended Mode)
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7.5 MMU Functions

7.5.1 MMU Hardware Management
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.

7.5.2 MMU Software Management
Software processing for the MMU consists of the following:

1. Setting of MMU-related registers. Some registers are also partially updated by hardware automatically.

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).

3. 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 SQmb
PTEH PTEL
31 109 8 7 0 31 2928 109876543210
VPN — ASID — PPN —| v [sz1|PRr1:0]jsz0 C | D [SH|WT|
Y
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
Entry 2 ASID [7:0] |VPN[31:10] |V PPN [28:10] [SZ[1:0] |SH|C |PR[1:0] |D | WT
i i
1 1
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 = ll —IATI
1
T
Entry specification SaMb
PTEH PTEL PTEA
VPN | - | ASID || = | PPN |— vi=|[c|oD|sH WT|| = | EPR | ESZ | - |
\4 lN
Entry O ASID[7:0] |VPNI[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[5:0] | D |WT|

Figure 7.17 Operation of LDTLB Instruction (TLB Extended Mode)
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7.5.4 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.

7.5.5 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-4 A, 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 VPN[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.

Rev.1.10 2011.09.22 7-29
RENESAS RO1UHO030EJ0110



Section 7 Memory Management Unit (MMU)

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 bitin 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.

B

A
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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'0AO 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 bitin 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.

S

R

(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, 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 bitin 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.

A SR
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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'OAOQ in the case of a read, or H'OCO in the case of a write in EXPEVT (OCBP, OCBWB: read;
OCBI, MOVCA . L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred in SPC. If the exception
occurred at a delay slot, sets the PC value indicating the address of the delayed branch instruction in SPC.

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 bitin 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.

A

(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.

(eY)

Hardware Processing

In the event of an initial page write exception, hardware carries out the following processing:

Lo

A

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 bitin 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.

(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.

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.

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.

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.

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
1struction.
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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 HF2FF 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.

Rev.1.10 2011.09.22 7-35
RENESAS RO1UHO030EJ0110



Section 7 Memory Management Unit (MMU)

31 2423 10987 210
Addressfield|1|1|1|1|0|o|10* s o% ok ok ok % % % % % %k x| E [ ow % % % %0 0|
31 10987 0
Data field | VPN Hv| 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 HF300 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|0|O|1 1|O|* ® % ok % %k ok ok % k% *| E|*vv)r>k* 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 O 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 23 22 1098 7 210
Addressfield|1|1|1|1|0|o|1|1|0* k ok % ok ok ok % k % % % x| E |% % % % % % 0|0|
31 2928 1098 7 43210
Data field | ...... | PPN ||V| ........ |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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2 109 8 7 210
Addressfield|1|1|1|1|0|0|1|1|1 * ok % ok % %k % % % % x % x| E 1<d<~<v>«>»0|0|
31 14131211109 8 7 4 3 0
Data field [+ [ TTTH] esz [ |
1 Il \
| \
EPR[5] | EPR[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)

*2 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 HF600 0000 to HFOFF 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
Addressfield|1|1|1|1|0|1|1|0|0|0|0|0* ok ok ok E |A* * ***0|0|
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 .-+ 1 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

7.7.5

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|0|1|1|1|0|0|0 o| w ko ox | E e s ok o w o|o|
31 2928 109876543210
Datafieldl ...... | PPN ||V| PR |C|D| | |
1 1

T
SH |
8z wT

Legend:

PPN: Physical page number

Vi Validity bit

E: Entry

SZ:  Page size bits
D: Dirty bit

*: Don't care

PR: Protection key data

C:  Cacheability bit

SH: Share status bit

WT: Write-through bit

... Reserved bits

(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 O as the write value for these bits.

2 210
Addressfield|1|1|1|1|0|1|1|1|o|0|o|o****** E |k***><><o|o|
312928 109 8 7 43210
Data field | ...... | 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 HF780 0000 to HF7FF 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.
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2 8 7 210
Addressfield|1|1|1|1|0|1|1|1|1|o|o|o****** E **44**0|0|
31 13 8 7 4 3 0
Datafieldl ............................................. | EPR | ESZ | ........ |
Legend:
E: Entry --: Reserved bits

EPR: Protection key data
ESZ: Page size bits

Don't care

(write value should be 0,
and read value is undefined)

Figure 7.25 Memory-Mapped UTLB Data Array 2 (TLB Extended Mode)
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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'E000 0000 to H'E3FF FFFF

Write Store instruction (1-cycle write)

Write-back Prefetch instruction (PREF instruction)

Access right When MMU is disabled: Determined by SQMD bit in MMUCR

When MMU is enabled: Determined by PR for each page

The operand cache of 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
\ A /
\ 7
Entry selection [12:5] Longword (LW) selection
22 Address array Data array
8 (way 0 to way 3) 3 (way 0 to way3) LRU

0 Tag [V LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7

MMU
L
19
255 19 bits 1 bit[1 bitI_ 32 bits|32 bits|32 bits| 32 bits|32 bits|32 bits|32 bits|32 bits | |- 6 bits
3 A A \ A A
* 17 wt wt 1t 17 wt wt 1t
A >
Comparison l
Read data Write data
(Way 0 to way 3)
Hit signal
Figure 8.1 Configuration of Operand Cache (Cache size = 32 Kbytes)
Virtual address
31 1210 5 4 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 \Y
MMU
L
19
255 19 bits 1 bit|| 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits 6 bits
A A A A A A A A
* Y Y Y VY VY VvV 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) Data array
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 QACRH1 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.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the cacheable area.
2. Execute the ICBI instruction for any address (including non-cacheable area).

3. 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
I I I I I I B
0 0 0 0

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

1 10 9 8 7 6 5 4 3 2 1 0
|ICI|—|—|ICE|—|—|—|—|OCI|CB|WT|OCE|
o o0 0 0 0 0 0 o0 0o 0o o o

Bit: 15 14 13 12

After Reset: 0 0 0 0

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31to12 — All O 0 0 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

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

7t04

AllO

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

OcCl

OC Invalidation Bit

When "1" is written to this bit, the V and U bits of all OC entries are
cleared to "0". This bit is always read as "0".

CB

Copy-Back Bit

Indicates the P1 area cache write mode.
0: Write-through mode

1: Copy-back mode

WT

Write-Through Mode

Indicates the PO, U0, and P3 area cache write mode. When address
translation is performed, the value of the WT bit in the page
management information has priority.

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

OCE

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 (SQO) is mapped when the MMU is disabled.

Queue Address Control Register 0 (QACRO0)

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-1T-01-T-[T-1-T-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-[-T-0T-[-T-[-1 o [-]-]
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 AREAO Undefined R W When the MMU is disabled, these bits generate physical address bits
[28:26] for SQO.
1,0 — All O 0 O 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 QACRI 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
e i e e s

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
1 I =Y e

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 — AllO 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 bit in 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
AfterReset:looo|0|o|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
(-] - -] -1 -1 - |»wo] re [icow|ocowpowenf — | — | — | — | — |
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
31to10 — All O 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
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 ocaw 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 — AllO 0 O 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.

The tag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

2. The tags read from the each way is compared with bits [28:10] of the physical address resulting from virtual address

translation by the MMU:

— 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 bitis "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.

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.

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.

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. The tag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

The tag, read from each way, is compared with bits [28:10] of the physical address resulting from virtual address
translation by the MMU:

— If there is a way whose tag matches and its V bitis "1", see No. 3.

— If there is no way whose tag matches and the V bitis "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 bitis "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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3. Cache hit
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. 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.

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. 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 bitis "1", see No. 3 for copy-back and No. 4 for write-through.

— 1 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.

3. Cache hit (copy-back)

A data write in accordance with the access size is performed for the data field on the hit way which is indexed by
virtual address bits [4:0]. Then "1" is written to the U bit. The LRU bits are updated to indicate the way is the latest
one.

4. Cache hit (write-through)

A data write in accordance with the access size is performed for the data field on the hit way which is indexed by
virtual address bits [4:0]. A write is also performed to external memory corresponding to the virtual address. Then
the LRU bits are updated to indicate the way is the latest one. In this case, the U bit isn't updated.

5. Cache miss (copy-back, no write-back)

A data write in accordance with the access size is performed for the data field on the hit way which is indexed by
virtual address bits [4:0]. Then, the data, excluding the cache-missed data which is written already, is read into the
cache line on the way which is selected to replace from the physical address space corresponding to the virtual
address.

Data reading is performed, using the wraparound method, in order from the quad-word data (8 bytes) including the
cache-missed data. While the remaining data on the cache line is being read, the CPU can execute the next
processing. When reading of one line of data is completed, the tag corresponding to the physical address is recorded
in the cache, "1" is written to the V bit and the U bit on the way. Then the LRU bit is updated to indicate the way is
latest one.
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6. Cache miss (copy-back, with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the write-back buffer.
Then a data write in accordance with the access size is performed for the data field on the hit way which is indexed
by virtual address bits [4:0]. Then, the data, excluding the cache-missed data which is written already, is read into
the cache line on the way which is selected to replace from the physical address space corresponding to the virtual
address. Data reading is performed, using the wraparound method, in order from the quad-word data (8 bytes)
including the cache-missed data. While the remaining data on the cache line is being read, the CPU can execute the
next processing. When reading of one line of data is completed, the tag corresponding to the physical address is
recorded in the cache, "1" is written to the V bit and the U bit on the way. Then the LRU bit is updated to indicate
the way is latest one. Then the data in the write-back buffer is then written back to external memory.

7. Cache miss (write-through)

A write of the specified access size is performed to the external memory corresponding to the virtual address. In this
case, a write to cache is not performed.

8.34 Write-Back Buffer

In order to give priority to data reads to the cache and improve performance, 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 | LWH1 | LW2 | LW3 | LW4 | LW5 | LW6 | LwW7 |

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 | LWA1 |

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. The tag, V bit, U bit and LRU bits on each way are read from the cache line indexed by virtual address bits [12:5].

The tag, read from each way, is compared with bits [28:10] of the physical address resulting from virtual address
translation by the MMU:

— If there is a way whose tag matches and the V bitis "1", see No. 3.
— If there is no way whose tag matches and the V bitis "1", see No. 4.
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.

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 bitis "1", see No. 3.
— If there is no way whose tag matches and the V bitis "1", see No. 4.
Cache hit

The LRU bits is updated to indicate the way is the latest one.

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 IC should be invalid before modifying the
IC2W bit.

8.44 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 IC 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

8.5.1 Coherency between Cache and External Memory

ey

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.

2

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 HF3, 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, HF5 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 HF3, HF5 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.

e Prefetch instruction (OC) : PREF @Rn
e Prefetch instruction (IC) : PREFI @Rn
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8.6 Memory-Mapped Cache Configuration

The IC and OC can be managed by software. The contents of IC data array can be read from or written to by a program
in the P2 area by means of a MOV instruction in privileged mode. The contents of IC address array can also be read
from or written to in privileged mode by a program in the P2 area or the IL. memory area by means of a MOV
instruction. Operation is not guaranteed if access is made from a program in another area. In this case, execute one of
the following three methods for executing a branch to the PO, UO, P1, or P3 area.

1. Execute a branch using the RTE instruction.

2. Execute a branch to the PO, UQ, 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'FOO0 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 15141312 543210
Addressfield|1|1|1|1|o|o|o Of % # % % % % % % x | Entry |O|A|0|O|O|
|
1
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.

2. IC data array write
The longword data specified in the data field is written for the data specified by the longword specification bits in
the address field in the IC entry corresponding to the way and entry set in the address field.
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31 2423 15141312 5 4 210
Addressfield|1|1|1|1|0|o|o 1% % % % % % * ><>~| | Entry | L |O|O|
|
Wa
31 d 0
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 OCBWRB instruction should be used to operate the OC
definitely by reporting data TLB miss exception.
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31 2423 15141312 543210
Addressfield|1|1|1|1|0|1|o Of* % = % % % % % = | | Entry |0|A|0|0|0|
31 Way 109 210

Data fieldl Tag | .................... |U|V|

R

Legend:
V:
U:
A:
-+ Reserved bits (write value should be 0 and read value is undefined )

Validity bit
Dirty bit
Association bit

Don't care

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'FSFF 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|0|1|o e e e v wnsn | 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
setto "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, SQO and SQ1, as shown in figure 8.9. These two store queues can be set
independently.

SQo | SQO[0] | SQO[1] | SQO[2] | SQO[3] | SQO[4] | SQO[5] |SQO[6] |SQO[7] |

sa1 | sa1o] | saip] | sai[2] | sQ1[3] | sQi4] | sQ1[5] | sQ1[6] | sQ1[7]

4byte 4byte 4byte 4 byte 4byte 4byte 4byte 4byte

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'EO00 0000 to H'E3FF FFFC in the P4
area. A longword or quadword access size can be used. The meanings of the address bits are as follows:

[31:26] : 111000 Store queue specification
[25:6] : Don't care Used for external memory transfer/access right
[5] 1 0/1 0: SQO specification
1: SQI 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'EOOO 0000 to H'E3FF FFFC in the P4 area starts a transfer from the SQs to external
memory. The transfer length is fixed at 32 bytes, and the start address is always at a 32-byte boundary. While the
contents of one SQ are being transferred to external memory, the other SQ can be written to without a penalty cycle.
However, writing to the SQ involved in the transfer to external memory is kept waiting until the transfer is completed.

The physical address bits [28:0] of the SQ transfer destination are specified as shown below, according to whether the
MMU is enabled or disabled.

e When MMU is enabled (AT = 1 in MMUCR)
The SQ area (H'E00O 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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8.7.

‘When MMU is disabled (AT =0 in MMUCR)

The SQ area (H'E00O 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] :0/1 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 QACRO0 and
QACRI.

QACRO[4:2] : Physical address bits [28:26] corresponding to SQO
QACRI[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.

4 Determination of SQ Access Exception

Determination of an exception in a write to an SQ or transfer to external memory (PREF instruction) is performed as
follows according to whether the MMU is enabled or disabled. If an exception occurs during a write to an SQ, the SQ
contents before the write are retained. If an exception occurs in a data transfer from an SQ to external memory, the
transfer to external memory will be aborted.

8.7.

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.

When MMU is disabled (AT = 0 in MMUCR)

Operation is in accordance with the SQMD bit in MMUCR.
0: Privileged/user mode access possible

1: Privileged mode access possible

If the SQ area is accessed in user mode when the SQMD bit in MMUCR is set to "1", an address error will occur.

5 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 HFF0OO 103C in the P4 area. Only longword access is possible.

[31:6] : H'FF00 1000 Store queue specification
[5] :0/1 0: SQO specification
1: SQI specification
[4:2] : LW specification Specifies longword position in SQ0/SQI
[1:0] 100 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

(Y]

OL Memory

Capacity

The OL memory in the SH-4A is 16 Kbytes.

Page

The OL memory is divided into four pages (pages OA, 0B, 1A and 1B).
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 EO00 to H'E500 EFFF
Page 0B H'E500 FO00 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.

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

Capacity

The IL memory in the SH-4A is 8 Kbytes.

Page

The IL memory is divided into two pages (pages 0 and 1).
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.
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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'FFO0 0050 32 9-5
register O

OL memory transfer source address LSA1 Undefined H'FFO0 0054 32 9-6
register 1

OL memory transfer destination LDAO Undefined H'FFO0 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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9.2.1 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
[ I I I I I I I I e I I I I
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
[= ] =1-=-1-=1-1- [rwo] rp |icowfocowficwee| — | — | — | — | — |
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
31to10 — 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
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 ocaw 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 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
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9.2.2 OL memory Transfer Source Address Register 0 (LSA0)

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 (LSA0) <P4 address: location H'FF00 0050>

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

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
| LOSADR [ -] [ -] =1 LOSSZ |
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".
28to 10 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 OA or 0B in the OL

memory.
9to6 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
5t00 LOSSZ 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 OB 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

Rev.1.10 2011.09.22 9-5
RENESAS RO1UHO030EJ0110



Section 9 IL Memory/OL Memory

9.2.3 OL memory Transfer Source Address Register 1 (LSA1)

When MMUCR.AT = "0" or RAMCR.RP = "0", the LSAI 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'FFO0 0054>

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

L1SADR |
After Reset: 0 0 O Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| L1SADR EEEE L1SSZ [
Aﬂel’ ReSet:Undeﬁned Undefined Undefined Undefined Undefined Undefined O 0 0 0 Undefined Undefined Undefined Undefined Undefined Undefined
<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31t029 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
28to 10 L1SADR Undefined R W OL memory Page 1 Block Transfer Source Address Bits
When MMUCR.AT = 0 or RAMCR.RP = 0, these bits specify transfer
source physical address for block transfer to page 1A or 1B in the OL
memory.
9to6 — All O 0 0 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 L1SADR 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 (LDAO)

When MMUCR.AT = "0" or RAMCR.RP = "0", the LDAO 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 29 28 27 26 25 24 23 22 21 20 19 18 17 16
=1=1-1

LODADR |

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

| LODADR | -] =] -1 =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 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
28to 10 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.
9to6 — 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 0A or 0B
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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9.2.5 OL memory Transfer Destination Address Register 1 (LDA1)

When MMUCR.AT = "0" or RAMCR.RP = "0", the LDA1 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 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ = 1-=1=1 L1DADR [

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
| L1DADR [ —[-[-=1| =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".
28to 10 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.
9to6 — All O 0 0 Reserved Bits

These bits are always read as "0". The write value should always be "0".
5t00 L1DSZ 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 LIDADR 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.

9.3.3 Access from the SuperHyway Bus Master Module

On-chip memory is always accessed by the SuperHyway bus master module, such as DMAC, via the SuperHyway bus
which is a physical address bus. The same addresses as for the virtual addresses must be used.

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 Os. 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 OCBWB 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 OCBWB 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 OB 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 OA or OB in the OL memory is set in the LODADR
bits of the LDAO register. And the LODSZ bits in the LDAO register choose either the virtual addresses specified
through the OCBWB 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 LDAT1 as with page OA or OB 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 LSAQ 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 OCBWB instruction is issued to the OL memory area, the physical address bits [28:10] are generated in
accordance with the LDAO or LDA1 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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9.3.5 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 - —
1 X — —
1 0 0 0 Address error exception —
1 - —
1 X — —
1 0 0 Address error exception —
1 — MMU exception
1 X — MMU exception
Legend:
X: Don't care
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94 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.

94.2 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.

94.3 IL Memory Coherency

In order to allocate instructions in the IL memory, write an instruction to the IL memory, execute the following
sequence, then branch to the rewritten instruction.

e SYNCO
e ICBI @Rn

In this case, the target for the ICBI instruction can be any address (IL memory address may be possible) within the
range where no address error exception occurs, and cache hit/miss is possible.
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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 mode 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" “L" "L "L" "L/H"
Mode1 mode Boot mode "H" "L "H" "L "H"
Mode 2 User boot mode "H" "H" "L "L "H"
Mode 3 Emulation support Single-chip mode  User mode "L "L" "Lt "L" "L/H"
Mode 4 mode Boot mode T
Mode 5 User boot mode L HT L L R
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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
DET3O0RS 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
RESETH# pin is asserted with the timing of the negation of the RESET# pin. Note, however, that for the DET30RS pin,
the value of the pin after a reset is cleared is not latched, and that therefore the level on the DET30RS 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| — | FwemPmD| — | mD2 | MD1 | MDo |

51 1 31 1 51
After Reset: Undefined O  Undefined™ Undefined O  Undefined™ Undefined™ " Undefined

<After Reset: Undefined>

Bit Abbreviation After Reset R W Description
7 DET30R5 Undefined R — DET3O0RS Input Level Bit
Indicates the level input to the DET30RS5 pin.
6 — 0 0 O ReservedBit
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.

Rev.1.10 2011.09.22 10-3
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Bit Abbreviation After ResetR 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.
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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 (SHwyRAM) are mapped onto the lowest 512 Mbytes (H'0000 0000 to H'1 FFF 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/UO area to the P4 area, see figures 11.2 to 11.6.

32-bit virtual address space

H'0000 0000

H'1FFF FFFF
H'2000 0000

H'7FFF FFFF
H'8000 0000

H'OFFF FFFF
H'A000 0000

H'BFFF FFFF
H'C000 0000

H'DFFF FFFF
H'E000 0000

via CPU

HFFFF FFFF

H'0000 0000
PO/UO area 512M bytes
s H'1FFF FFFF
H'2000 0000
Reserved =
P1 area 512M bytes
P2 area 512M bytes
P3 area 512M bytes
| H'DFFF FFFF
H'E000 0000
P4 area 512M bytes
€1 H'FFFF FFFF

Note: e The CPU, DMAC, AUDR, and other modules cannot access a reserved area.

32-bit physical address space
via DMAC, AUDR other

PO/UO area

= Reserved

((

P4 area

512M bytes

512M bytes

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
L N [ I (1 Mbyte)
H'0010 0000
Area 0
Reserved
__HOSFEFFFE} )} o
H'0400 0000
Area 1
__HO7FEFFFEY 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
JHASFEFFFEY L.
H'1400 0000
Area 5
CHATEERFFEL o\ o}y
H'1800 0000 SHwWyRAM
__H1803 FFFF ] (256 Kbytes)
H'1804 0000
Area 6
Reserved
__HABFFFFFEL Lt 1
H'1C00 0000
Area 7 Reserved
JRAWFRRREFERL o |

Note: ¢ 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/U0 Area)
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32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
H'8000 0000 Internal ROM
JHBQORFREESL L ||l (1 Mbyte)
H'8010 0000
Area 0
Reserved
__H83FEFFFEL o\ ____} |
H'8400 0000
Area 1
__HerFEFFFEL |l
H'8800 0000
Area 2
_ _HB8BFF FFFF
H'8C00 0000
Reserved
Area 3
__ H'8FFF FFFF | PlLarea
H'9000 0000 (512 Mbytes)
Area 4
JH9SEEFFFE) L.
H'9400 0000
Area 5
B L R ——
H'9800 0000 SHwWYRAM
__H9803FFFF | | (256 Kbytes)
H'9804 0000
Area 6
Reserved
__HOBFFFFFF} o\
H'9C00 0000
Area 7 Reserved
_HOFFEFRRFY 0 o

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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32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
H'A000 0000 Internal ROM
LHAQEFRFEEL V] e (1 Mbyte)
H'A010 0000
Area 0
Reserved
__HASFFFFFF} |\ ___________} | .
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
__HBSFEFFFFY .
H'B400 0000
Area 5
JHBTREEEERL |
H'B800 0000 SHwWYRAM
__HB8O3FFFF} | (256 Kbytes)
H'B804 0000
Area 6
Reserved
__HeerFFFEFRy .}y .
H'BCO0 0000
Area 7 Reserved
_HBREEFREF) Vo

Note: e The CPU, DMAC, AUDR, and other modules cannot access a reserved area.

Figure 11.4 Address Space (P2 Area)
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32-bit virtual address space

29-bit physical address space

via CPU . .
Single chip
H'C000 0000 Internal ROM
__HCOOFFFFE} (1 Mbyte)
H'C010 0000
Area 0
Reserved
__HCSFFFFFF} | )} | ..
H'C400 0000
Area 1
__HC7FEFFFFL L.
H'C800 0000
Area 2
- _HCBFF FEFH
H'CCO00 0000
Reserved
Area 3
. HCFFFFFFFR Plarea | .
H'DO00 0000 (512 Mbytes)
Area 4
__HDSFEFFFF} .
H'D400 0000
Area 5
HDTRREERRL | .
H'D800 0000 SHwWyRAM
__HD8O3 FFFF ] (256 Kbytes)
H'D804 0000
Area 6
Reserved
__HDBFFFFFFL o\ .
H'DCO00 0000
Area 7 Reserved
_HOEFEFRRR) 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

32-bit virtual address space 32-bit physical address space
via CPU via DMAC, AUDR other
“"WEoocoO0000 [ | HEOOOOOOO [ |
Store queue
(64 Mbytes)
_HESFF FFFF RS
H'E400 0000 = .
_ HES500 DFFF. S
H'E500 E000 OL memory OL memory
~ !—|_'|_E_5(_);I__]__F_EE (16Kbytes) | (16 Kbytes)
H'E501 2000
H'E51F FFEF Reserved Reserved
} i—l-'l-EééE)-O-O-O-O- Lmemory | IL memory
H'E520 1FFF (8 Kbytes) (8 Kbytes)
H'E520 2000
= Reserved — = —
. HEFFF FFFF
H'FO00 0000 IC address array
P4 area _ H'FOFF FFFF (16 Mbytes)
(512 Mbytes) H'F100 0000 IC data array
_HFIFF FPFF (16 Mbytes)
H'F200 0000 ITLB address array
_HEFEEEEE|  (oMbyes
H'F300 0000 ITLB data array Reserved
_HESFEFEFF|  (6Mbyes
H'F400 0000 OC address array
_HEAFEFEEE| (16 Mbyes
H'F500 0000 OC data array
_ HFSFFFFFF (16 Mbytes)
H'F600 0000 UTLB address array
_HESFFFEEE| (16 Mbyes
H'F700 0000 UTLB data array
_HETFEEFEEE| (10 Mbyes
H'F800 0000 5 p
_HFBFF FFFF R I
H'FC00 0000
Control register area Control register area
4 M 4 M
_HFFFF FEFE. o werERERE | OV e

Note: e 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

The SH74552 and SH74562 each have 1 MB of on-chip flash memory (ROM) for storing program code.

12.1 Overview

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 MATSs can be switched by the start-up mode or bank switching through the control register. When the user boot
MAT is selected, the area from H'0000 8000 to H'000F FFFF has an undefined value when read and both writing

and erasing are disabled.

User MAT: 1 Mbyte

User boot MAT: 32 Kbytes

<Read>
Address H'0000 0000

Address H'000F FFFF
1 Mbyte

User MAT

<Program/erase>
Address H'FD80 0000

Address H'FD8F FFFF

<Read>
Address H'0000 0000

Address H'0000 7FFF

User boot MAT
(32 Kbytes)

<Program/erase>
Address H'FD80 0000

Address H'FD80 7FFF

Figure 12.1 Memory MAT Configuration in ROM

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.

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.

RENESAS
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Section 12 ROM

Figure 12.2 shows the ROM block diagram.

N[I:C\)/(\jls gilr?s —P Operating mode
5 PN
FCU
FPMON
i FASTAT
i ROMMAT
: FSTATRO —
i FSTATR1
; FENTRYR —
FPROTR —
E FRESETR
FPESTAT 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

User boot MAT: 32 Kbytes

Figure 12.2 Block Diagram of ROM
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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.
Figure12.3 shows the block allocation of the user MAT.
SH74552/SH74562: 8-Kbyte (eight blocks), 64-Kbyte (nine blocks), 128-Kbyte (three blocks)

H'0000 0000 H'FD80 0000 ' .
H'0000 1FFF EBOO (8-Kbyte) H'FD80 1FFF ; :
H0000 2000 = HFD80 2000 ; <Read> <Program/erase> :
i%%%% i';zg y :Eg:g jggg . Block start ] Block start i
.
Hoooo sFFF | EBO2 (8-Kbyte) [ rpgo sFFF ! Blockend | DlooKname (Size) | bk end :
H'0000 6000 H'FD80 6000 : i
H'0000 7FFF EBO3 (8-Kbyte) | HFD8o 7FFF : !
H'0000 8000 HFD80 8000 ~  TTTTTTTTTmTTmmsmssmsmmsossossossossossssosooooes
Hoooo oFFF | EBO4 (8-Kbyte) | rpgo oFFF
H'0000 AOOO H'FD80 A000
H'0000 BFFF EBOS (8-Kbyte) | HFD80 BFFF
H'0000 C000 H'FD80 C000
Ho000 DFFF | EBO6 (8-Kbyte) | iepgg pFFr
H'0000 E000 H'FD80 E000
Hoooo FFFF | EBO7 (8-Kbyte) | hrpgo FFFF
H0001 0000 H'FD81 0000
EBO08 (64-Kbyte)
H0001 FFFF HFD81 FFFF
H'0002 0000 H'FD82 0000
EBO9 (64-Kbyte)
H0002 FFFF HFD82 FFFF
H'0003 0000 H'FD83 0000
EB10 (64-Kbyte)
H'0003 FFFF H'FD83 FFFF
H'0004 0000 H'FD84 0000
EB11 (64-Kbyte)
H'0004 FFFF H'FD84 FFFF
H'0005 0000 H'FD85 0000
EB12 (64-Kbyte)
H'0005 FFFF HFD85 FFFF
H'0006 0000 H'FD86 0000
EB13 (64-Kbyte)
H'0006 FFFF HFD86 FFFF
H'0007 0000 H'FD87 0000
EB14 (64-Kbyte)
H0007 FFFF HFD87 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 H'FD8A 0000
EB17 (128-Kbyte)
H'000B FFFF H'FD8B FFFF
H'000C 0000 H'FD8C 0000
EB18 (128-Kbyte)
H'000D FFFF H'FD8D FFFF
H'000E 0000 H'FDSE 0000
EB19 (128-Kbyte)
H'000F FFFF H'FD8F FFFF

Figure 12.3 User MAT and Block Allocation
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e 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.

e 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 FENTRYO bit or lock bit settings. The FENTRYO0

bit enables or disables 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.

e 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, I/O Ports and
Pin Function Unit.

Table 12.1 Pin Configuration

Pin Name /0 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/TXD0O Output SCIFO transmit data (for host transmission)

Rev.1.10 2011.09.22 12-4
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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 12-6
H'80
Flash access status register FASTAT H'00 H'FDFF A810 8 12-7
ROM MAT select register ROMMAT H'0000 H'FDFF A820 8,16 12-8

H'0001
Flash status register 0 FSTATRO H'80*' H'FDFF A900 8,16 12-9
Flash status register 1 FSTATR1 Undefined*’ H'FDFF A901 8, 16 12-11
Flash P/E mode entry register FENTRYR H'0000%' H'FDFF A902 8,16 12-12
Flash protect register FPROTR H'0000*' H'FDFF A904 8,16 12-14
Flash reset register FRESETR H'0000 H'FDFF A906 8,16 12-15
Flash P/E status register FPESTAT H'0000%' H'FDFF A91C 8,16 12-16

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.

Rev.1.10 2011.09.22 125
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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
[wef - [ [-T-[-[-[-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 — All O 0 O Reserved Bits

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

Rev.1.10 2011.09.22 12-6
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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>
Bit: 7 6 5 4 3 2 1 0
ROM CMD
AE _ _ LK — _ _ _
I BB

After Reset: 0 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'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'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'000F FFFF while the FENTRYR register value is not
H'0000.

e Ablock 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'FD8F FFFF when the
user boot MAT is selected.

6,5 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
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After
Bit Abbreviation Reset R W Description
4 CMDLK 0 R — 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.

3to0 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".

Note: *1 Writing a "0" after reading a "1" is only allowed in order to clear the flag.

12.3.3 ROM MAT Select Register (ROMMAT)

The ROMMAT register switches memory MATSs 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>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ROM
KEY EEEREEEEE
After Reset: 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/

<After Reset: H'0000, H'0001>

After
Bit Abbreviation Reset R W Description
15t0 8 KEY All O 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.
7to01 — AllO 0 O ReservedBits
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 (FSTATRO0)

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

|Frov | IS | ERS |BRS frousa] — | — [ — |

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.

¢ 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.

Rev.1.10 2011.09.22 12-9
RENESAS RO1UHO030EJ0110



Section 12 ROM

After

Bit Abbreviation Reset R W Description

4 PRGERR 0 R — 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 R — 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 — All O 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
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12.3.5 Flash Status Register 1 (FSTATR1)

The FSTATRI1 register indicates the FCU status. The FSTATRI1 register is initialized by a hardware reset, or setting the
FRESET bit of the FRESETR register to "1".

Flash Status Register 1 (FSTATR1) <P4 address: location H'FDFF A901>
Bit: 7 6 5 4 3 2 1 0
FCU| _ | _ |FLO| _ | _ |FRD| _ |
ERR CKST TCT
After Reset: 0 0 0 0 0 0 0 Undefined

<After Reset: Undefined>

After
Bit Abbreviation Reset R W Description
7 FCUERR 0 R — FCU Error Bit
Indicates an error has occurred in the FCU.
If the FCUERR bit is set to "1", initialize this MCU by applying a
hardware reset.
0: No error has occurred in the FCU
1: An error has occurred in the FCU
[Condition for clearing to "0"]
e The FRESET bit in the FRESETR register is set to "1".
6,5 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
4 FLOCKST 0 R — Lock Bit Status Bit
Reflects the lock bit data read through lock bit read command execution.
When the FRDY bit becomes "1" after the lock bit read command is
issued, valid data is stored in this bit. This bit value is retained until the
next lock bit read command is completed.
0: Protected state
1: Non-protected state
3,2 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
1 FRDTCT 0 R — FCU Data Access Error Bit

Indicates that an error has occurred during an FCU internal data access.
If the FRDTCT bit is set to "1", initialize this MCU by applying a hardware
reset.

0: No FCU data access error has occurred.
1: An FCU data access error has occurred.
0 — Undefined R — Reserved Bit

The value read from this bit is undefined. Applications should always
mask this bit when reading the FSTATR1 register.
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12.3.6  Flash P/E Mode Entry Register (FENTRYR)

The FENTRYR register specifies the P/E mode for the ROM. Writing to the FENTRYR register is enabled only when a
specified value is written to the high-order byte. Writing any other value initializes this register. To specify the P/E
mode for the ROM so that the FCU can accept commands, set the FENTRYO bit to "1". Note that if this register is set to
a value other than H'0001 or H'0002, the ILGLERR bit in the FSTATRO register will be set to "1" and the FCU will
switch to the command-locked state.

The FENTRYR register can be initialized by a hardware reset, or setting the FRESET bit in the FRESETR register to
" 1 " .

Flash P/E Mode Entry Register (FENTRYR) <P4 address: location H'FDFF A902>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FENT | FENT
FEKEY e S S R
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<After Reset: H'0000>

After
Bit Abbreviation Reset R W Description
15t0 8 FEKEY All O 0 W FENTRYR Register Write Key Code Bits
These bits enable or disable FENTRYO bit modification. The data written
to these bits are not retained. These bits are always read as "0".
H'AA: Enable FENTRYO bit modification.
Other than H'AA: Disable FENTRYO bit modification.
7to2 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
1 FENTRY1 0 0 0 ROM P/E Mode Entry Bit 1

This bit is not supported by the MCU. Always write "0" to FENTRY1.

Rev.1.10 2011.09.22 12-12
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After
Bit Abbreviation Reset R W Description
0 FENTRYO 0 R W ROM P/E Mode Entry Bit 0

These bits specify the P/E mode for the EBO0 to EB19 blocks of ROM
(read addresses: H'0000 0000 to H'000F FFFF; program/erase
addresses: H'FD80 0000 to H'FD8F FFFF).

0: The block of ROM from EB0OO to EB19 (1 Mbyte) is in read mode

1: The block of ROM from EB0OO to EB19 (1 Mbyte) is in P/E mode

Programming is enabled when the following conditions are all satisfied:

e The FWE bit in the FPMON register is "1".

e The FRDY bit in the FSTATRO register is "1".

e H'AA is written to the FEKEY bit in word access.

[Conditions for clearing to "0"]

e The FRDY bit in the FSTATRO register becomes "1" and the FWE bit
in the FPMON register becomes "0".

e This register is written to in byte access.

e A value other than H'AA is written to the FEKEY bit in word access.

e "0"is written to the FENTRYO bit while the write enabling conditions
are satisfied.

e The FENTRYR register is written to while the FENTRYR register is
not H'0000 and the write enabling conditions are satisfied.

[Condition for setting to "1"]

e "1"is written to FENTRYO while the write enabling conditions are
satisfied and the FENTRYR register is H'0000.
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12.3.7

Flash Protect Register (FPROTR)

The FPROTR register enables or disables the protection function through the lock bits against programming and
erasure. Writing to the FPROTR register is enabled only when a specified value is written to the high-order byte in
word access. Writing any other value initializes this register.

The FPROTR register is initialized by a hardware reset, or setting the FRESET bit in the FRESETR register to "1".

Flash Protect Register (FPROTR)

<P4 address: location H'FDFF A904>

Bitt 15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
FPKEY === -T-[- &
After Reset: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: H'0000>
After
Bit Abbreviation Reset R W Description
15t0 8 FPKEY All O 0 W FPROTR Register Write Key Code Bits
These bits enable or disable FPROTCN bit modification. The data written
to these bits are not retained. These bits are always read as "0".
H'55: Enable FPROTCN bit modification.
Other than H'55: Disable FPROTCN bit modification.
7101 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
0 FPROTCN 0 R W Lock Bit Protect Cancel Bit

Enables or disables protection through the lock bits against programming
and erasure.

0: Enables protection through the lock bits

1: Disables protection through the lock bits

[Conditions for clearing to "0"]

e This register is written to in byte access.

e A value other than H'55 is written to the FPKEY bit in word access.

e H'55 is written to the FPKEY bit and "0" is written to the FPROTCN
bit in word access.

e The FENTRYR register value is H'0000.

[Condition for setting to "1"]

e H'55 is written to FPKEY and "1" is written to the FPROTCN bit in
word access while the FENTRYR register value is not H'0000.
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12.3.8  Flash Reset Register (FRESETR)

The FRESETR register is used for the initialization of the FCU and ROM. Writing to the FRESETR register is enabled
only when a specified value is written to the high-order byte in word access.

Flash Reset Register (FRESETR) <P4 address: location H'FDFF A906>

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

After Reset: O 0 0 0 0 0 0

<After Reset: H'0000>

After
Bit Abbreviation Reset R W Description
15t0 8 FRKEY AllO 0 W FRESETR Register Write Key Code Bits
These bits enable or disable FRESET bit modification. The data written
to these bits are not retained. These bits are always read as "0".
H'CC: Enable FRESET bit modification.
Other than H'CC: Disable FRESET bit modification.
7to1 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
0 FRESET 0 R W Flash Reset Bit

Setting this bit to "1" forcibly terminates programming/erasure of ROM
and initializes the FCU. A high voltage is applied to the ROM memory
units during programming and erasure. To ensure sufficient time for the
voltage applied to the memory unit to drop, keep the value of the
FRESET bit at "1" for a period of t__,, (see section 38, Electrical
Characteristics) when the FCU is initialized. Do not read from the ROM
units while the value of the FRESET bit is kept at "1". The FCU
commands are unavailable for use while the FRESET bit is set to "1",
since this initializes the FENTRYR register. This bit can be written only
when H'CC is written to the FRKEY bit in word access.

0: Issue no reset to the FCU.
1: Issues a reset to the FCU.
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12.3.9  Flash P/E Status Register (FPESTAT)

The FPESTAT register indicates the result of programming/erasure of the ROM. The FPESTAT register is initialized
by a hardware reset, or setting the FRESET bit in the FRESETR register to "1".

Flash P/E Status Register (FPESTAT)

<P4 address: location H'FDFF A91C>

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

<After Reset: H'0000>

After
Bit Abbreviation Reset R W Description
15t0 8 — All O 0 0 Reserved Bits

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

7t00 PEERRST H'00 R —

P/E Error Status Bits

Indicates the source of an error that occurs during programming/erasure
of the ROM. This bit value is only valid if the PRGERR or ERSERR bit
value in the FSTATRO register is "1"; otherwise the bit retains the value
to indicate the source of an error that previously occurred.

H'01: A write attempt made to an area protected by the lock bits
H'02: A write error caused by other source than the above

H'11: An erase attempt made to an area protected by the lock bits
H'12: An erase error caused by other source than the above
Other than above: Reserved
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124 Overview of ROM-Related Modes

Figure 12.4 shows the ROM-related mode transition in this MCU. For the relationship between the MCU operating
modes and the MDO to MD2 and FWE pin settings, refer to section 10, Operating Modes.

Reset state

A
S )
. %
s/ /S g %
g L D =3 < %
o4 ¢| |2 %\ \%
o o o Qe %
& 2 %
T RPPPPPEPPET] TEE P T
...... N & ST VAN
........... N =
...... E:
""""" « "--....
User mode A 4 Boot mode

Figure 12.4 ROM-Related Mode Transition

e Although ROM can be read when the FWE pin is at the "L" level, the program (write) and erase operations cannot
be used.

e ROM can be read, written, and erased if the FWE pin is at the "H" level.

Table 12.3 compares programming- and erasure-related items for the boot mode, user mode, and user boot mode.

Table 12.3 Comparison of Programming Modes

Item Boot Mode User Mode User Boot Mode

Programming/erasure On-board programming

environment

Programming/erasure enabled User MAT and user boot User MAT User MAT

MAT MAT

Programming/erasure control Host FCU FCU

Entire area erasure Available Available Available

Block erasure Available Available Available

Programming data transfer From host via SCIF From any device via RAM From any device via RAM

Reset-start MAT Embedded program stored User MAT User boot MAT
MAT

e The user boot MAT can be programmed or erased only in boot mode.

¢ In boot mode, the user MAT and user boot MAT can be programmed from the host via the SCIF after the key code
is authenticated.

e In user boot mode, a boot operation with a desired interface can be implemented through mode pin settings different
from those in boot mode.
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12.5 Boot Mode

12.5.1 System Configuration

To program or erase the user MAT and user boot MAT in boot mode, send control commands and programming data
from the host. The on-chip SCIF of this MCU is used in asynchronous mode for communications between the host and
this MCU. The tool for sending control commands and programming data must be prepared in the host. When this
MCU is started in boot mode, the program in the embedded program stored MAT is executed. This program
automatically adjusts the SCIF bit rate and performs communications between the host and this MCU by means of the
control command method.

Figure 12.5 shows the system configuration in boot mode. The NMI, IRQ7 to IRQS, and IRQ2 to IRQO interrupts are
ignored in this mode, but these pins must be fixed to non-active state.

This MCU
Embedded
control command ROM
Host analysis software
Boot programming tool Control command
and programming data i
prog J¢] and programming data PJ10/RXDO
SCIF SHwyRAM
PJ11/TXD0O
Return response

Figure 12.5 System Configuration in Boot Mode
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12.6 User Mode and User Boot Mode

12.6.1 FCU Command List

To program or erase the user MAT in user mode and user boot mode, issue FCU commands to the FCU. Table 12.4 is a
list of FCU commands for ROM programming and erasure.

Table 12.4 FCU Command List (ROM-Related Commands)

Command Function

Program Programs ROM (in 256-byte units)

Block erase Erases ROM (in block units; erasing the lock bit)

Status register clear Clears bits ILGLERR, ERSERR, and PRGERR in the FSTATRO register and cancels the
command-locked state

Lock bit read Reads the lock bit of a specified erasure block (updates the FLOCKST bit in the FSTATR1

register to reflect the lock bit state)

Lock bit program Writes to the lock bit of a specified erasure block

To issue a command to the FCU, write to a ROM program/erase address through the peripheral bus. Table 12.5 shows
the FCU command format. Performing peripheral-bus write access as shown in table 12.5 under specified conditions
starts each command processing in the FCU. For the conditions for FCU command acceptance, refer to section 12.6.2,
Conditions for FCU Command Acceptance. For details of each FCU command, refer to section 12.6.3, FCU Command
Usage.

Table 12.5 FCU Command Format

232:?;“(: First Cycle Second Cycle Third Cycle |1: ;:t:hc?cles 131st Cycle
Command Cycles*' Address Data Address Data Address Data Address Data Address Data
Program 131 RA HE8 RA H'80 WA WD1 RA WDn RA H'DO
Block erase 2 RA H20 BA HDO — — — — _ _
Status register clear 1 RA H50 — — — — — — — _
Lock bit read 2 RA H71 BA HDO — — = - — —
Lock bit program 2 RA H'77 BA HDO — R — - — —_

Note: *1 The number of command cycles is the number of issued times of peripheral bus write access to the
program/erasure address.

Legend:
RA:  ROM program/erase address

When the FENTRYO bit is "1": An address in the range from H'FD80 0000 to H'FD8F FFFF
WA: ROM program address

Start address of 256-byte programming data
BA: ROM erasure block address

An address in the target erasure block (specified by the ROM program/erase address)
WDn: n-th word of programming data (n = 2 to 128)
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12.6.2  Conditions for FCU Command Acceptance

The FCU determines whether to accept a command depending on the FCU mode or status. Figure 12.6 is an FCU mode
transition diagram.

FENTRYR = H'0000

ROM read mode ; g ROM P/E mode

FENTRYR = H'0001

Figure 12.6 FCU Mode Transition Diagram (ROM-Related Modes)
(1) ROM read mode

In this mode, ROM can be read out at high speed over the SHwy bus. FCU commands are not accepted. This MCU
switches to this mode when the FENTRYO bit in the FENTRYR register is set to "0".

(2) ROM P/E mode

The FCU enters this mode when the FENTRYO bit is set to "1". Table 12.6 lists the commands that the FCU accepts.
The high-speed ROM readout operation cannot be used in this mode. Although read access to locations HFD80 0000 to
H'FDSF FFFF is illegal, undefined values will be returned. To read the ROM data, the FCU must switched to ROM
read mode. If a peripheral-bus read access to a location from H'FD80 0000 to HFDSF FFFF is issued in the state where
the FENTRYO bit is "1", a ROM access error will occur and the FCU will switch to the command-locked state. (See
section 12.8.3, Error Protection.)

The FCU switches to the command-locked state whenever a command that cannot be accepted is issued. (See section
12.8.3, Error Protection.)

To assure that the FCU accepts a command, applications must switch the FCU to a mode in which the command can be
accepted and, after verifying the values of bits FRDY, ILGLERR, ESERR, and PRGERR in the FSTATRO register and
the values of bits FCUERR and FRDTCT in the FSTATRI1 register, only then issue the FCU command. Note that the
value of the CMDLK bit in the FASTAT register is the logical OR of the values of bits ILGLERR, ERSERR, and
PRGERR in the FSTATRO register and the FCUERR bit in the FSTATRI1 register. Therefore, the FCU error occurrence
status can also be verified by checking the CMDLK bit. In table 12.6, the CMDLK bit is used as a bit that indicates the
error occurrence status. The FRDY bit in the FSTATRO register will be "0" during program/erase processing and during
lock bit read processing.
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Table 12.6 FCU Modes/States and Acceptable Commands

Programming/

Programming/  Erasure
Erasure Suspension Lock Bit Read Command-
Item Other State Processing Processing Processing Locked
FRDY bit in FSTATRO 1 0 0 0 01
CMDLK bit in FASTAT 0 0 0 0 1
Program e X X X X
Block erase O X X X X
Status register clear O X X X O
Lock bit read O X X X X
Lock bit program O X X X X

Legend:
O: Acceptable
x: Not acceptable

RENESAS

Rev.1.10 2011.09.22 12-21
R01UHO030EJ0110



Section 12 ROM

C

ROM read mode

)

|
FENTRY = H'0001

When set from
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Command

locked
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Command miss
FENTRY = H'0000 or

e

H'50
Status register

Normal
operation

ROM P/E mode (command input wait)

clear

H'20
Erase

) 4

H'DO
Verify erase

Erase
operation

H'E8
Program

H'77
Lock bit
program

H'80
Data width

Program
data input
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Input of 128 data
items complete

H'DO
Verify program

H'DO
Verify lock bit
program

y

H'71
Lock bit read

)4
H'DO
Verify lock bit
read

Program
operation

Lock bit
] program
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Error
termination

Figure 12.7 Command State Transitions in ROM Read Mode and P/E Mode
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12.6.3 FCU Command Usage
This section presents an example of the user processing when issuing FCU commands.

The procedure presented here uses bits FRDY, ILGLERR, ERSERR, and PRGERR in the FSTATRO register and bits
FCUERR and FRDTCT in the FSTATRI1 register to verify the FCU command processing status and the error
occurrence status. Since registers FSTATRO and FSTATRI1 can be read at the same time with a word access, the FCU
status can be verified with a single register access. When the method that verifies the FCU status with the FRDY bit in
the FSTATRO register and the CMDLK bit in the FASTAT register is used, while two register access are required,
whether the error is occurred or not can be confirmed with just the CMDLK bit.

If, during FCU command processing, the FCU switches to the command-locked state due to the FCUERR bit or the
FRDTCT bit being set to "1", the FRDY bit will retain the "0" value. Since FCU command processing is stopped in the
command-locked state, the FRDY bit will not be set from "0" to "1". If the FRDY bit is held in the "0" state for a period
longer than the program/erase time (see section 38, Electrical Characteristics), it is possible that abnormal operation
such as FCU processing stopping in the command-locked state may occur. Thus the FCU should be reinitialized if that
occurs. If FCU command processing completes and the FRDY bit is set to "1", the FCUERR bit and the FRDTCT bit
will, in all cases, be in the "0" state. Therefore, the error occurrence status after command processing termination can be
determined from the states of bits ILGLERR, ERSERR, and PRGERR.

(1) Methods for switching to ROM P/E mode

For an application to execute ROM related FCU commands, it is necessary to set the FCU to ROM P/E mode by setting
the FENTRYO bit in the FENTRYR register. (See section 12.6.2, Conditions for FCU Command Acceptance.) To use
ROM related FCU commands, set the FENTRYO bit to "1". See section 12.3.6, Flash P/E Mode Entry Register
(FENTRYR) for the conditions for setting the FENTRYO bit.

{ Start }

Specifies ROM P/E mode.
Write to FENTRYR To set FENTRYO to 1: Write H'AA01.

End

Figure 12.8 Procedure for Transition to ROM P/E Mode
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(2) Entering ROM Read Mode

To enable high-speed ROM read access over the SuperHyway bus, it is necessary to set the FCU to ROM read mode by
clearing the FENTRYO bit in the FENTRYR register. (See section 12.6.2, Conditions for FCU Command Acceptance.)
The transition from ROM P/E mode to ROM read mode should only be executed in the state where FCU command
processing has completed and the FCU has not detected any errors.

{ Start )

Check the
FRDY bit "o"
ILGLERR, PRGERR, or ERSERR = "1" Timeout
Check errors (teqogk X 1.1) No
Yes
Check the S
ILGLERR ="0" ILGLERR bit [ . FCU initialization
PRGERR ="0" , |
ERSERR = "0" - \ !
' | Write "1" to FRESET | !
Read FASTAT ! in FRESETR !
Yes . Wait (tgeswe) E
No E i
I i | write "0" to FRESET |
Write H'10 to FASTAT : in FRESETR |
Issue a status register
clear command
Write H'AA00
to FENTRYR
End

Notes: o t-;,g¢ : Time required to erase a 128-kbyte block (see section 38, Electrical Characteristics).
o treswo: Reset pulse width during programming and erasure (see section 38, Electrical Characteristics).

Figure 12.9 Procedure for Transition to ROM Read Mode
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(3) Programming

To program the ROM, use the program command. Write byte H'E8 to a ROM program/erase address in the first cycle of
the program command and byte H'80 in the second cycle. Access the peripheral bus in words from the third to 130th
cycles of the command. In the third cycle, write the programming data to the start address of the target programming
area. Here, the start address must be a 256-byte boundary address. After writing words to ROM program/erase
addresses 127 times, write byte H'DO to a ROM program/erase address in the 131st cycle; the FCU then starts ROM
programming. Read the FRDY bit in the FSTATRO register to confirm that ROM programming is completed.

The addresses that can be specified in the first to 131st cycles depend on the setting of the FENTRYO bit in the
FENTRYR register. An address in the range from H'FD80 0000 to H'FD8F FFFF is can be specified when the
FENTRYO bit is set to "1". If a command is issued while an illegal combination of the FENTRYO bit value and
addresses is specified, the FCU detects an error and enters command-locked state (see section 12.8.3, Error Protection).

If the area accessed in the third to 130th cycles includes addresses that do not need to be written, use H'FFFF as the data
to be written to those addresses. To disable the lock bit protection during writing, set the FPROTCN bit in the FPROTR
register before performing the write operation.
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Write byte H'E8 to a ROM
program/erase address

!

Write byte H'80 to a ROM
program/erase address

!

Write a programming data word to
the start address of the programming
area

Write a programming data word

to a ROM program address n=n+1

Write byte H'DO to a ROM
program address

Timeout
(tposg < 1.1)

Check the
FRDY bit

No
Yes
FCU initialization

Write "1" to FRESET
in FRESETR

!

Check bits ILGLERR and PRGERR ; Wait (tresy)

!

Write "0" to FRESET
in FRESETR

End

Notes: e tpys6:  Time required to write 256-byte data (see section 38, Electrical Characteristics).
* treswo: Reset pulse width during programming and erasure (see section 38, Electrical Characteristics).

Figure 12.10 Procedure for ROM Programming
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(4) Erasure

To erase the ROM, use the block erase command. Write byte H20 to a ROM program/erase address in the first cycle of
the block erase command. Write byte H'DO to an address in the target erasure block in the second cycle; the FCU then
starts ROM erasure. Read the FRDY bit in the FSTATRO register to confirm that ROM erasure is completed.

To ignore the protection provided by the lock bit during erasure, set the FPROTCN bit in the FPROTR register to 1

before starting erasure.

Write byte H'20 to a ROM
program/erase address

!

Write byte H'DO to an address Use a ROM program/erase address
in the erasure block (do not use a read address)

Check the
FRDY bit

Timeout
(te1oek % 1.1)

Yes

FCU initialization

Write "1" to FRESET
in FRESETR

!

Wait (tgeswo)

!

Write "0" to FRESET
in FRESETR

Y

Check bits ILGLERR and ERSERR

End

Notes: e ;54 : Time required to erase a 128-kbyte block (see section 38, Electrical Characteristics).
* tmeqwo: Reset pulse width during programming and erasure (see section 38, Electrical Characteristics).

Figure 12.11 Procedure for ROM Erasure
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(5) Clearing Status Register 0 (FSTATRO0)

To clear bits ILGLERR, PRGERR, and ERSERR in the FSTATRO register, use the status register clear command.
When any one of bits ILGLERR, PRGER, and ERSERR is "1", the FCU is in command-locked state, in which the FCU
only accepts the status register clear command and does not accept other commands. When the ILGLERR bit is "1",
check also the value of the ROMAE bit in the FASTAT register. If a status register clear command is issued without
clearing these bits, the ILGLERR bit is not cleared.

Check the
ILGLERR bit

" \

Read FASTAT

No

Write H'10 to FASTAT

A

Write byte H'50 to a ROM
program/erase address

A

End

Figure 12.12 Procedure for Clearing Status Register 0
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(6)

Reading Lock Bit

Each erasure block in the user MAT has a lock bit. While the FPROTCN bit in the FPROTR register is "0", the erasure
block whose lock bit is set to "0" cannot be programmed or erased.

To check the lock bit status, issue a lock bit read command. The specified erase block lock bit will be indicated by the
FLOCKST bit in the FSTATRI1 register.

Write byte H'71 to a ROM

program/erase address

!

Write byte H'DO to an address

in the erasure block

Issues a lock bit read command.
Use a ROM program/erase address
(do not use a read address).

Check the FRDY bit

A

Check the ILGLERR bit

!

Check the FLOCKST bit

FCU initialization

Timeout
(10 ps)

Write "1" to the FRESET
bit in FRESETR

!

Wait (tgeswo)

!

Write "0" to the FRESET
bit in FRESETR

End

Note: e tgegw, - Reset pulse width during programming and erasure (see section 38, Electrical Characteristics).

Figure 12.13 Procedure for Reading Lock Bit in Register Read Mode
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(7) Writing to Lock Bit

Each erasure block in the user MAT has a lock bit. To write to a lock bit, use the lock bit program command. Write byte
H'77 to a ROM program/erase address in the first cycle of the lock bit program command. Write byte H'DO to an
address in the target erasure block whose lock bit is to be written to in the second cycle; the FCU then starts writing to
the lock bit. Read the FRDY bit in the FSTATRO register to confirm that writing is completed.

Write byte H'77 to a ROM
program/erase address

v

Write byte H'DO to an address Use a ROM program/erase address
in the erasure block (do not use a read address).

Timeout

Check the FRDY bit (tppeg  1-1)

Yes

FCU initialization

Write "1" to FRESET
in FRESETR

!

Wait (tgeswo)

!

Write "0" to FRESET
in FRESETR

Y

Check bits ILGLERR and PRGERR

Notes: e tpy55: Time required to write 256-byte data (see section 38, Electrical Characteristics).
o theswo: Reset pulse width during programming and erasure (see section 38, Electrical Characteristics).

Figure 12.14 Procedure for Writing to the Lock Bit

To erase a lock bit, use the block erase command. While the FPROTCN bit in the FPROTR register is "0", the erasure
block whose lock bit is set to "0" cannot be erased. Set the FPROTCN bit to "1", and then issue a block erase command
to erase a lock bit. The block erase command erases all data in the specified erasure block; it is not possible to erase
only the lock bit.
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12.7 User Boot Mode

To program or erase the user MAT in user boot mode, issue FCU commands to the FCU. A custom boot environment
can be implemented by writing a routine for programming/erasing ROM using the desired communications interface
and then starting in user boot mode. Note that the user boot MAT must be written in boot mode.

12.7.1 Switching between User MAT and User Boot MAT

Although this MCU starts up from the user boot MAT in user boot mode, since the user MAT is also allocated to the
same address area, it is necessary to switch from the user boot MAT to the user MAT to write the user MAT. Note that
it will not be possible to access the user boot MAT after switching to the user MAT. Furthermore, if the cache function
is enabled, since there will still be pre-switching data stored in the cache after switching MATs, it is possible that a
cache hit will occur when accessing different MATs with the same address. The following processing is necessary to
avoid these problems.

(1) Mask all interrupts

To prevent accesses to the ROM area due to interrupts after MAT switching, mask all interrupts. Since it is not possible
to mask NMI interrupts, configure the system so that NMI interrupts will not occur during MAT switching.

(2) Copy the ROM writing program to internal RAM

Copy the programs that perform MAT switching, acquisition of the data to be written, the ROM programming itself,
and other functions.

(3) Jump to RAM
After all the programs have been copied to RAM, jump to the program in RAM.
(4) Set the ROMMAT register

Execute the MAT switching processing in the internal RAM area so that CPU instruction fetches to the ROM area do
not occur during MAT switching.

(5) Read the ROMMAT register

Perform a dummy read of the ROMMAT register after writing to the ROMMAT register to switch MATs. This is
necessary to confirm that the register value changed.

(6) Invalidate the cache

Invalidate all cache lines after switching MATs. (See section 8, Caches.)
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12.7.2  Programming the User MAT

After switching MATS, run a ROM write program created according to section 12.6, User Mode and User Boot Mode.
This will acquire the write data sequentially using the desired communication protocol.

__________ Start up in user mode

|
1

'_
<
E Mask all interrupt processing (1) Mask NMl interrupts in the system design.
9]
(o]
e}
5 v
3
2 Copy write programs to internal RAM (2) The MAT switching, communication, ROM programming,
*é and other procedures
o
g v
Jump to RAM (3) After copying the programs, execute the programs
from RAM.

Set ROMMAT register to switch to user MAT (4) MAT switching

v

Read ROMMAT register to verify that
user MAT is selected (dummy read)

v

(5) Dummy read

Invalidate the cache (6) See section 8, Caches, for details on this procedure.
N
Enter ROM P/E mode (7) See the description of user mode/user boot mode

for details on this procedure.

v

Wait 1 ps . "
(Use either a hardware or software timer.) (8) Wait for the mode transition.
<§( Acquire write data over user-specified (9) Buffer the received data in RAM and refer to it later
% communications interface as the expected read values.
S
£ v

Issue FCU commands for block erase and
writing received data to the user MAT

v

(10) See the description of user mode/user boot mode
for details on issuing commands.

Enter ROM read mode (11) Enter read mode to perform this read operation.
See the description of user mode/user boot mode
* for details on this procedure.
Wait 1 ps . -
(Use either a hardware or software timer.) (12) Wait for the mode transition.

(13) Verify that the data in ROM matches the received data.
Verify by reading data written to ROM If this is performed collectively in larger units
(such as block units), performing the mode entry
operations of items (7) and (11) every time
can be avoided.

Figure 12.15 User MAT Programming Example
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12.8  Protection
There are three types of ROM programming/erasure protection: hardware, software, and error protection.
12.8.1 Hardware Protection

The hardware protection function disables ROM programming and erasure according to the MCU pin settings.
(1) Protection through FWE Pin

When an "L" level signal is being input on the FWE pin, the FWE bit in the FPMON register becomes "0". In this state,
"1" cannot be written to the FENTRYO bit in the FENTRYR register; that is, ROM P/E mode cannot be entered, which
prevents the ROM from being programmed or erased.

When the FRDY bit is set to "1" and the FWE pin is "L" level, the FCU clears the FENTRYO bit to disable ROM
programming and erasure.

If an attempt is made to issue a programming or erasing command to the ROM against the protection through the FWE
pin, the FCU detects an error and enters command-locked state.

(2) Protection through Mode Pins

For the operating modes set through the mode pins of this MCU, refer to section 10, Operating Modes. In user boot
mode or user mode, the user boot MAT cannot be programmed or erased.

12.8.2  Software Protection

The software protection function disables ROM programming and erasure according to the control register settings or
the lock bit settings in the user MAT. If an attempt is made to issue a programming or erasing command to the ROM
against software protection, the FCU detects an error and enters command-locked state.

(1) FENTRYR protection

When the FENTRYO bit is "0", the EBOO to EB19 blocks of ROM (read addresses: H'0000 0000 to H'O0OF FFFF,
program/erase addresses: H'FD80 0000 to HFDSF FFFF) goes to ROM read mode. Since FCU commands are not
accepted in ROM read mode, ROM goes to the program/erase disabled mode. If an FCU command is issued in ROM
read mode, the FCU will detect an illegal command error and go to the command-locked state. (See section 12.8.3,
Error Protection.)

(2) Protection through Lock Bits

Each erasure block in the user MAT has a lock bit. When the FPROTCN bit in the FPROTR register is "0", the erasure
block whose lock bit is set to "0" cannot be programmed or erased. To program or erase the erasure block whose lock
bit is "0", set the FPROTCN bit to "1". If an attempt is made to issue a programming or erasing command against
protection by lock bits, the FCU detects an programming/erasure error and enters command-locked state (see section
12.8.3, Error Protection).

12.8.3  Error Protection

Error protection is a state (the command-locked state) in which an FCU command error, an illegal access, or incorrect
FCU operation was detected and FCU command acceptance is disabled. Setting the FCU to the command-locked state
disables ROM program/erase operations. To clear the command-locked state, a status register clear command must be
issued in the state where the FASTAT register is H'10.
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Table 12.7 shows the relationship between the ROM related error protection types and the post-error detection values of
the status bits (bits ILGLERR, ERSERR, and PRGERR in the FSTATRO register, bits FCUERR and FRDTCT in the
FSTATRI register, and the ROMAE bit in the FASTST register).

Table 12.7 Error Protection Types

ILGLERR bit
ERSERR bit
PRGERR bit
FCUERR bit
FRDTCT bit
ROMAE bit

Error Description

FENTRYR setting error  The key code (H'AA) has been supplied as the upper 8 bits 1
of the FENTRYR register but the value of the lower 8 bits is
other than H'01 or H'02.

o
o
o
o
o

lllegal command error An undefined code has been specified in the first cycle of an 1 0 0 0 0 0
FCU command.

The value specified in the last of the multiple cycles of an 1 0 0 0 0 0
FCU command is not H'DO.

The value specified in the second cycle of a program 1 0 0 0 0 0

command is not H'80.

A command has been issued in command-locked state. 1 0/1 01 01 01 0N
Erasure error An error has occurred during erasure processing. 0 1 0 0 0 0

A block erase command has been issued for the erasure 0 1 0 0 0 0

block whose lock bit is set to "0" while the FPROTCN bit in
the FPROTR register is "0".

Programming error An error has occurred during programming processing.

o
o
-
o
o
o

A program or lock bit program command has been issued 0 0 1 0 0 0
for the erasure block whose lock bit is set to "0" while the
FPROTCN bit in the FPROTR register is "0".

FCU error An error has occurred during CPU processing in the FCU. 0 0 0 1 0 0

ROM access error A read access command has been issued to addresses 1 0 0 0 0 1
H'FD80 0000 to H'FD8F FFFF while FENTRYO = "1" in ROM
P/E normal mode.

An access command has been issued to addresses H'FD90 1 0 0 0 0 1
0000 to H'FD9F FFFF while FENTRY1 = "0".

An access command has been issued to addresses H'FD80 1 0 0 0 0 1
0000 to H'FD8F FFFF while FENTRYO = "0".

A read access command has been issued to addresses 1 0 0 0 0 1
H'0000 0000 to H'000F FFFF while the FENTRYR register
value is not H'0000.

A ROM programming or erasing command (program, lock bit 1 0 0 0 O 1
program, or block erase command) has been issued while
the user boot MAT is selected.

An access command has been issued to an address other 1 0 0 0 0 1
than the addresses for ROM programming/erasure H'FD80
0000 to H'FD80 7FFF while the user boot MAT is selected.
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12.9  Usage Notes

12.9.1 Key Code Stored Area

Addresses H'0000 00F0 to H'0000 0O0F7 in the user MAT store the key code for debugging function authentication to be
used with the on-chip debugger. To restrict the debugging functions, write a key code in this area. After a key code is
specified through the debugger, the code is stored in this area, which should be noted during checksum verification.

Note that key codes beginning with a byte B9 are prohibited.

12.9.2 Compatibility with Programming/Erasing Program of Conventional F-ZTAT SH Microcomputers
MCUs)

The flash memory programming/erasing program used for conventional F-ZTAT SH MCUs does not work with this
MCU.

12.9.3 FWE Pin State

To program or erase ROM by driving the FWE pin to "H" level after powering on the chip with the FWE pin at "L"
level, ensure that the FWE pin value does not change during reprogramming. If the FWE pin value changes during
reprogramming, the FCU will detect a protection violation, and enters command-locked state after forcibly stopping the
reprogram operation. As stopping reprogramming forcibly can cause a malfunction, ensure that the FWE pin does not
change during reprogramming.

12.9.4 Reset during Programming or Erasure

To reset the FCU by setting the FRESET bit in the FRESETR register during programming or erasure, hold the FCU in
the reset state for a period of t,.,, (see section 38, Electrical Characteristics). Since a high voltage is applied to the
ROM during programming and erasure, the FCU has to be held in the reset state long enough to ensure that the voltage
applied to the memory unit has dropped. Do not read from the ROM while the FCU is in the reset state.

When a hardware reset is triggered by inputting an "L" level signal to the RESET# pin during programming or erasure
of the flash memory, hold the reset state for a period of t,,, (see section 38, Electrical Characteristics). In a hardware
reset, not only does the voltage applied to the memory unit have to drop, but the power supply for the ROM and its
internal circuitry also have to be initialized. Thus, the reset state must be maintained over a longer period than in the
case of resetting the FCU.

While programming or erasure is performed, do not generate an internal reset caused by WDT counter overflow. A
reset caused by WDT cannot ensure a sufficient time required for voltage drop for the memory unit, initialization of the
power supply for the ROM, or initialization of its internal circuit.

12.9.5 Prohibition of Additional Programming

One area cannot be programmed twice in succession. To program an area that has already been programmed, be sure to
erase the area before reprogramming.

12.9.6  Power Supply Control during Reprogramming

Ensure that the supply voltage is provided stably during ROM reprogramming. If the supply voltage is provided
unstably, ROM may not be rewritten correctly or data may not be read correctly. An instantaneous interruption in the
supply voltage during reprogramming will add an unintended stress to the MCU, causing malfunctions. Provide the
supply voltage carefully.
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12.9.7  Accessing ROM-Related Registers

It is not necessary to make settings to the ROM-related registers after a reset is canceled for normal program execution
(reading data from ROM). When programming or erasing ROM, however, it is necessary to access the ROM-related
registers. Since programming or erasing of ROM must be performed by a program executed from outside the ROM
area, write to the ROM-related registers by means of a program executed from the SHwyRAM or IL. memory.
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Section 13 SuperHyway RAM (SHwyRAM)

13.1 Overview

The SuperHyway RAM (SHwyRAM) is connected to the SuperHyway bus and to the DRI/DRO dedicated bus, and its
different areas are 64-Kbytes units (pages 0 to 3) that can be accessed independently from both. Figure 13.1 is a block

diagram of the SHwyRAM module.

As shown in figure 13.2, the SHwyRAM is allocated to the upper 256 Kbytes of area 6 (H'1800 0000 to H'1803 FFFF in

the 29-bit physical address space).

Note that the SHwyRAM is located in an area that can be cached and to which address translation can be applied
(MMU), so it can be accessed from the PO/UO, P1, P2, and P3 areas.

Dedicated DRI/DRO bus
32 bits/Max. 80 MHz

< SuperHyway bus: 64 bits/Max. 80 MHz >

M

SHwyRAM

U

SuperHyway bus I/F

U 64 bits

)

32 bits
[31:0]

32 bits
[63:32]

32 bits 32 bits
[31:0] [63:32]

32 bits U 32 bitsU
N N

32 bits U 32 bitsU
N N

Memory I/F| [Memory lI/F| e e o

Memory I/F| |Memory I/F

Low-order High-order
32 bits 32 bits

Low-order High-order
32 bits 32 bits
[32 KB] [32 KB]

Page 0 [64 KB]

Page 3 [64 KB]

1
1
1
1
1
1
1
1
1
1
' [382 KB] [382 KB]
1
1
1
1
1
1
1
1
1

Memory block

Figure 13.1 Block Diagram of SHwyRAM
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32-bit virtual address space 29-bit physical address space
(area 6)
1 1
' H'1800 0000
H1800 0000 Area 6 of PO/UO area
(64 MB) SHwWyRAM
H1BFF FFFF (256 KB)
A 1 H'1803 FFFF
T T H'1804 0000
H9800 0000 Area 6 of P1 area
(64 MB)
H'9BFF FFFF
L — Reserved
(Access not allowed)
H'B800 0000 Area 6 of P2 area
(64 MB)
H'BBFF FFFF
, H'1BFF FFFF
HD800 0000 Area 6 of P3 area
(64 MB)
H'DBFF FFFF
Page Address (29-bit physical address)
Page 0 H'1800 0000 to H'1800 FFFF
Page 1 H'1801 0000 to H'1801 FFFF
Page 2 H'1802 0000 to H'1802 FFFF
Page 3 H'1803 0000 to H'1803 FFFF

Figure 13.2 Address Space
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(1) Access

The CPU and DMAC can access SHWyRAM in 8, 16, 32 or 64-bit units. The H-UDI and AUDR can access
SHwyRAM in 8, 16 or 32-bit units. The DRI/DRO can access SHwyRAM in 32-bit units.

SHwyRAM is appropriate for program areas that require high-speed access as well as for stack and data areas.
(2) Ports

Each page has two read/write ports that are connected to the SuperHyway bus and the DRI/DRO dedicated bus.
(3) Priority

If access requests to the same page occur at the same time from different busses, the accesses are processed in
priority order. The SuperHyway bus has higher priority than the DRI/DRO dedicated bus.
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This page is blank for reasons of layout.
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Section 14 Clock Generator (CPQG)

14.1 Overview

The clock generator module (CPG) supplies clock pulses to internal and external devices in this MCU. The CPG
module consists of an oscillator circuit and a PLL frequency multiplier circuit. The CPG module can be used to
generate clock signals in one of two ways: with a crystal resonator connected or with an external clock input.

The oscillator circuit oscillates at the same frequency as the input clock.

The CPG module supplies the following five clock signals to this MCU internal circuits: the CPU clock (Ick), the SHwy
clock (SHck), the peripheral clock (Pck), the peripheral A clock (PAck), and the FlexRay clock (FRck).

The CPU clock (Ick) is supplied to the CPU, the FPU, the cache, and other modules. The SHwy clock (SHck) is
supplied to the SHwyRAM, ROM, and other modules. The CPU clock (Ick) frequency is eight times the frequency
input to the EXTAL pin.

Table 14.1 lists the relation between input frequency and input clock.

Table 14.1 Relation between Input Frequency and Input Clock

PLL frequency
Input frequency multiplier CPU clock SHwy clock Peripheral Peripheral A FlexRay clock
(MHz) (input to CPU) (MHz) (MHz) clock (MHz) clock (MHz) (MHz)
20 %8 160 80 40 80 80

The peripheral clock (Pck) is supplied mainly to the internal peripheral modules, and has a frequency 2 times the
frequency input to the EXTAL pin. The peripheral clock (Pck) is also output as the system clock from the CLKOUT
pin. The peripheral A clock (PAck) is supplied to the direct RAM input interface (DRI). The FlexRay clock (FRck) is
supplied to the FlexRay module.

Figure 14.1 shows the CPG module block diagram.

EXTAL O—+—+—— ; :
Oscillator : :
XTAL O ' ' circuit ' .
: : PLL frequency '
o multiplier circuit . :

H H x8 x4 x4 x4 x2 i E -|/- 6 -F;C; r-t-s-i E
. H v 1 |control] !t (system clock)

CPU SHwy FlexRay Peripheral A Peripheral '
clock clock clock clock clock
H (Ick) (SHck)  (FRck) (PAck) (Pck)

Figure 14.1 Block Diagram of CPG
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14.2  Input/Output Pins

Table 14.2 lists the CPG module related pins.

Pin switching is required for pins which are multiplexed with other functions. For details, see section 18, I/O Ports and

Pin Function Unit.

Table 14.2 Pin Configuration

Pin Name /0 Function

EXTAL Input Crystal resonator or external clock input
XTAL Output Crystal resonator connection

CLKOUT Output System clock output

PLLVcc Input PLL frequency multiplier power supply
PLLVss Input PLL frequency multiplier ground

14.3  Register Descriptions
Table 14.3 lists the CPG module registers.

Table 14.3 Register Configuration

Register Name Abbreviation  After Reset P4 Address Size Page
Oscillator status register OSCSR H'00 H'FFFF 2810 8 14-3
Oscillator control register OSCCR H'00 HFFFF 2814 8 14-3

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.
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14.3.1  Oscillator Status Register (OSCSR)

The OSCSR register is a read-only register that holds the oscillator stop detection flag.

Oscillator status register (OSCSR) <P4 address: location H'FFFF 2810>
Bit: 7 6 5 4 3 2 1 0
0SC
— | — | — | — | — | — | — |sTOP
HEEE R
After Reset: 0 0 0 0 0 0 0 0
<After Reset: H'00>
Bit Abbreviation After Reset R W Description
7to1 — AllO 0 N Reserved Bits
These bits are always read as "0".
0 OSCSTOP 0 R N Oscillator Stop Detection Flag

OSCSTORP is a read-only bit and cannot be written.

Once the OSCSTORP bit is set to "1" it retains its value thereafter. It can
only be cleared to "0" by a hardware reset.

0: The oscillator is in the normal operating state

1: Oscillator stop detected/internal oscillator circuit clock supply*'
[Clearing condition]

e Hardware reset

[Setting condition]

e When the oscillator circuit output is stuck in the "1" or "0" state when
INOSCE ="1".

Note: *1 When EXTAL input is stopped, the frequency unique to the PLL circuit is used for oscillation.

14.3.2  Oscillator Control Register (OSCCR)

The OSCCR register controls the enabled/disabled state of the oscillator stop detection function.

Oscillator control register (OSCCR) <P4 address: location H'FFFF 2814>
Bit: 7 6 5 4 3 2 1 0
(=== 1= = [= [ = |noscef
After Reset: 0 0 0 0 0 0 0 0

<After Reset: H'00>

Bit Abbreviation After Reset R W Description
7to1 — All O 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
0 INOSCE 0 R W Oscillator Stop Detection Function Enable Bit

0: Disables the oscillator stop detection function
1: Enables the oscillator stop detection function
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144 Clock Sources

Applications can select either a crystal resonator or an external clock as the clock source.

14.4.1  Crystal Resonator Connection
(1) Circuit structure

Figure 14.2 shows the method for connecting a crystal resonator. For the crystal resonator, use an AT-cut fundamental
frequency crystal resonator. Note that the load capacitors (CL1 and CL2) shown in figure 14.2 must be used.

The clock pulse signal generated by the crystal resonator and the internal oscillator is multiplied by the PLL frequency
multiplier circuit, and supplied to this MCU internal and external devices.

Consult with the crystal resonator's manufacturer regarding its compatibility with this MCU.

cL2
EXTAL T F—
=

cLi
XTAL J\/\/\,ﬂ»—| ——o
77

Rd 7

Figure 14.2 Crystal Resonator Connection Example
(2) Crystal resonator

Figure 14.3 shows the equivalent circuit for the crystal resonator.

P AW

EXTAL —¢ ¢——— XTAL

Figure 14.3 Crystal Resonator Equivalent Circuit
14.4.2 External Clock Input

Figure 14.4 shows an external clock input connection example.

Even when providing an external clock input, applications must wait the oscillator stabilization time after power is first
applied to assure that the PLL circuit has time to stabilize.

XTAL [——X Open

EXTAL f+=—— | | | | | | | | External clock input

Figure 14.4 External Clock Input
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14.5  Usage Notes

14.5.1 Board Design Notes

Locate the crystal resonator and the load capacitors as close as possible to the EXTAL and XTAL pins. To assure that
the circuit is not influenced by noise and operates correctly, do not allow the EXTAL pin and XTAL pin lines to cross
any other signal lines.

Crossed signal lines are forbidden

EXTAL P -I ||
XTAL - | ——o0

Figure 14.5 Board Design Notes

14.5.2 PLL Frequency Multiplier Circuit Power Supply Connection Notes

The PLLVcc and PLLVss pins must be isolated from other Vcc and Vss pins from the board power supply source. Also,
the bypass capacitors C,, and C, must be inserted as close as possible to the pins.

Rp
PLLVcc T/\/\/\li
CrB

PLLVss

Vce

1T 1
Vss T T
777

Figure 14.6 PLL Frequency Multiplier Circuit Power Supply Connection Notes
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Section 15 Interrupt Controller (INTC)

Section 15 Interrupt Controller (INTC)

15.1 Overview

The interrupt controller (INTC) determines the priority of interrupt sources and controls interrupt requests to the CPU.
The INTC has a register that sets the priority of each interrupt and interrupt requests are processed according to the
priority set in this register by the user. Table 15.1 lists the overview of the INTC.

Table 15.1 Overview of INTC

Item

Description

Interrupt priority

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

NMI request hold function

Whether to hold NMI requests can be selected when the BL bit in the
SR register is set to "1".

NMI pin input-level monitor function

An NMI level bit indicates the the NMI pin state.
By reading this bit in the interrupt exception handling routine, the pin
state can be checked, enabling it to be used as a noise canceller.

NMI detection

Rising or falling edge can be selected.

IRQnN detection

"H" or "L" level and rising or falling edge can be selected.

IMASK update selection function

Automatically updates the IMASK bits in the SR register according to
the accepted interrupt level
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Interrupt Controller (INTC)

Figure 15.1 shows a block diagram of the INTC.

™

p‘mor

USERIMASK.UIMASK |

A
\

NMI request

General interrupt
request

Bus interface <

NMI >
O Input
control
IRQOto IRQ2, O > IRQ= Interrupt
IRQ5 to IRQ7 priority
A determination
15 levels:
] levels 1 to 15
A
INTPRI
ICRO, ICR1
— %1
On-chip
WDT Interrupt request - peripdh@iral
module
H-UDI Interrupt request - interrupt
DMAC Interrupt request pri0|_'ity )
. ’ determination
On-chip peripheral _| Interrupt request | [ 550 0/c:
module o :
levels 2 to 31

A

\/
INT2PRIO to

INTC

INT2PRI12

Note: *1 For notification of the priority of on-chip peripheral module interrupts,
the lowest bit is discarded and the value is converted to 4 bits.

e The following modules csn issue on-chip peripheral module interrupts:
TMU, ATU-IIIS, SCIF, RSP, 1IC, DRI, CAN, PDAC, ADC, DRO, FlexRay

Legend:

ICRO, ICR1:
INTPRI:
INT2PRIO to 12:
SR.IMASK:

Interrupt Control Register 0,1

Interrupt Priority Level Setting Register
Interrupt Priority Regiter

Status Register. IMASK bits
USERIMASK.UIMASK: User interrupt mask level register UIMASK bits

Peripheral bus

Figure 15.1 Block Diagram of INTC
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Section 15 Interrupt Controller (INTC)

15.1.1 Interrupt Request Sources in INTC

The INTC manages non-maskable interrupt (NMI interrupt) and general interrupt (IRQ interrupt and on-chip peripheral
module interrupt) requests in exceptional handling. Tables 15.2 and 15.3 lists interrupt request sources, respectively.

Table 15.2 Interrupt Request Sources (NMI and IRQ Interrupts)

Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*' Source (Exception Code) Configurable Priority**
INTC (NMI Interrupt) — NMIFL H'1C0 High
INTC (IRQ Interrupt)  IRQO IRQO H'240 4

IRQ1 IRQ1 H'280

IRQ2 IRQ2 H'2C0

Reserved Reserved H'300

Reserved Reserved H'340

IRQ5 IRQ5 H'380

IRQ6 IRQ6 H'3CO v

IRQ7 IRQ7 H'200 Low

Notes *1 By setting the INTPRI register, the priority can be selected from 0 to 15 level (setting 0 disables interrupts).
*2 The hardware-configurable priority is: NMI interrupt > IRQ interrupt > on-chip peripheral module interrupt.

Table 15.3 Interrupt Request Sources (On-Chip Peripheral Module Interrupts)

Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*' Sources** (Exception Code)  Configurable Priority*°
WDT WDT WDT H'560 High
T™MU TUNIO TUNIO H'580 *
TUNI1 TUNN H'5A0
TUNI2 TUNI2 H'5C0
H-UDI HUDI HUDI H'600
DMAC DMACOT3 DMINTO H'700
DMINTA H'720
DMINT2 H'740
DMINT3 H'760
DMAEO (DMAO to 5) H'780
DMAE1 (DMA6to 11)  H'7A0
DMACA4T5 DMINT4 H'7CO
DMINT5 H'840
DMAC6T11 DMINT6 H'860
DMINT?7 H'880
DMINT8 H'8A0
DMINT9 H'8CO J,
DMINT10 H'8EO0 Low
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Section 15 Interrupt Controller (INTC)

Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*’ Sources** (Exception Code)  Configurable Priority*’
DMAC DMAC6T11 DMINT11 H'900 High
ATU-IIIS TA ICIA0O H'A00 ‘r
Timer A ICIAO1 H'A20
ICIA02 H'A40
ICIAO3 H'A60
ICIA04 H'A80
Reserved H'AAOQ
OVIAO H'ACO
ATU-IIS TF ICIFO H'BOO
Timer F ICIF1 H'B20
ICIF2 H'B40
Reserved H'B60
OVIFO H'B80
OVIF1 H'BAO
QOVIF2 H'BCO
Reserved H'BEO
ATU-IIIS CMIGO CMIGO H'C00
Timer G CMIGT CMIGT H'C20
CMIG2 CMIG2 H'C40
CMIGS3 CMIG3 H'C60
CMIG4 CMIG4 H'C80
CMIG5 CMIG5 H'CAO0
ATU-IIS TOUOO TOUOOUDF H'D00
Timer TOU TOUO1UDF H'D20
TOUO2UDF H'D40
TOUO3UDF H'D60
TOUO04 TOUO04UDF H'D80
TOUO5UDF H'DAO
TOUOBUDF H'DCO
TOUO7UDF H'DEO
TOU10 TOU10UDF H'EOO
TOU11UDF H'E20
TOU12UDF H'E40
TOU13UDF H'E60
TOU14 TOU14UDF H'E80
TOU15UDF H'EAO
TOU16UDF H'ECO JV
TOU17UDF H'EEO Low
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Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*’ Sources** (Exception Code)  Configurable Priority*’
ATU-IIIS TOU20 TOU20UDF H'FOO High
Timer TOU TOU21UDF H'F20 4

TOU22UDF H'F40
TOU23UDF H'F60
TOU24 TOU24UDF H'F80
TOU25UDF H'FAO
TOU26UDF H'FCO
TOU27UDF H'FEO
TOU30 TOU30UDF H'1000
TOU31UDF H'1020
TOU32UDF H'1040
TOU33UDF H'1060
TOU34 TOU34UDF H'1080
TOU35UDF H'10A0
TOU36UDF H'10CO
TOU37UDF H'10EOQ
TOU40 TOU40UDF H'1100
TOU41UDF H'1120
TOU42UDF H'1140
TOU43UDF H'1160
TOU44 TOU44UDF H'1180
TOU45UDF H'11A0
TOU46UDF H'11CO
TOU47UDF H11EQ
SCIF SCIFO ERIO H'1200
RXIO H'1220
BRIO H'1240
TXI0 H'1260
SCIF1 ERI1 H'1280
RXI1 H'12A0
BRI1 H'12C0
X1 H'12E0
SCIF2 ERI2 H'1300
RXI2 H'1320
BRI2 H'1340
TXI2 H'1360
SCIF3 ERI3 H'1380
RXI3 H'13A0
BRI3 H'13C0 v
TXI3 H'13E0 Low
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Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*’ Sources** (Exception Code)  Configurable Priority*’
RSPI RSPIO SPEIO H'1400 High
SPRIO H'1420 4
SPTIO H'1440
RSPI1 SPEN H'1460
SPRH H'1480
SPTH H'14A0
RSPI2 SPEI2 H'14C0
SPRI2 H'14E0
SPTI2 H'1500
lIC3 IICI IICI H'1600
DRI DRIO DRIOEVENT H'1700
DRIODEC H'1720
DRIOTRM H'1740
DRI DRIMEVENT H'1760
DRI1DEC H'1780
DRIHTRM H'17A0
DRI2 DRI2EVENT H'17C0
DRI2DEC H'17E0
DRI2TRM H'1800
DRO DRO DRO H'1820
FlexRay** FRINT FRINTO H'1900
FRINT1 H'1920
FRTINT FRTINTO H'1940
FRTINT1 H'1960
CAN CANO ERSO H'1A00
RXFO H'1A20
TXFO H'1A40
RXMO00 H'1A80
RXM10 H'1AAQ
TXMO H'1ACO
CAN1 ERS1 H'1B00
RXF1 H'1B20
TXF1 H'1B40
RXMO1 H'1B80
RXM11 H'1BAO v
TXM1 H'1BCO Low
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Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*’ Sources** (Exception Code)  Configurable Priority*’
CAN CAN2 ERS2 H'1C00 High

RXF2 H'1C20 4
TXF2 H'1C40
RXMO02 H'1C80
RXM12 H'1CAO0
TXM2 H'1CCO
CAN3 ERS3 H'1D00
RXF3 H'1D20
TXF3 H'1D40
RXMO03 H'1D80
RXM13 H'1DAO
TXM3 H'1DCO
ADC ADC ADOI H1EO00
AD1I H'1E20
ADOIDO H'1E40
Reserved H'1E60
ADOID2 H'1E80
Reserved H'1EAO
ADOID4 H'1ECO
Reserved H'1EEO
ADOID6 H'1F00
Reserved H'1F20
ADOID8 H'1F40
ADOID9 H'1F60
ADOID10 H'1F80
ADOID11 H'1FAO
ADOID12 H'1FCO
ADOID13 H'1FEO
ADOID14 H'2000
ADOID15 H'2020
AD1ID0O H'2040
AD1ID1 H'2060
Reserved H'2080
Reserved H'20A0
AD1ID4 H'20C0
AD1ID5 H'20E0
Reserved H'2100

Reserved H'2120 v

PDAC PDAC PDIINT H'2200 Low
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Source Settable with

Software-Configurable Interrupt Request INTEVT Hardware-
Module Name Interrupt Priority*’ Sources** (Exception Code)  Configurable Priority*’
ATU-IIIS TA ICIA10 H'2300 High
Timer A ICIAT1 H'2320
ICIA12 H'2340
Reserved H'2360
ICIA14 H'2380
ICIA15 H'23A0
OVIA1 H'23C0 Low

Notes *1 By setting the INT2PRIn register (n = 0 to 12), the priorities of on-chip peripheral module interrupts can be
selected from 0 to 31 levels (setting 0 or 1 disables interrupts).

*2 By setting the INT2Bm register (m = 0 to 10 and 12), the interrupt request sources can be checked.

*3 The hardware-configurable priority is: NMI interrupt > IRQ interrupt > on-chip peripheral module interrupt.
In addition, the lower INTEVT (exception code) value has the higher hardware-configurable priority.

*4 The SH7456 Group does not include the FlexRay module.

15.2  Input/Output Pins
Table 15.4 shows the INTC pin configuration.

Pin switching is required for pins which are multiplexed with other functions. For details, see section 18, I/O Ports and
Pin Function Unit.

Table 15.4 Pin Configuration

Pin Name /0 Function

NMI Input Nonmaskable interrupt request signal input
IRQO to IRQ2 and Input External interrupt request signal input
IRQ5 to IRQ7
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15.3

Table 15.5 shows the INTC register configuration.

Register Descriptions

Table 15.5 Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
Interrupt control register 0 ICRO Undefined H'FFFF FO00 32 15-11
Interrupt control register 1 ICR1 H'0000 0000 HFFFF FO1C 32 15-13
Interrupt priority register INTPRI H'0000 0000 H'FFFF FO10 32 15-14
Interrupt source register INTREQ H'0000 0000 H'FFFF FO24 32 15-15
Interrupt mask register INTMSK H'FF00 0000 H'FFFF FO44 32 15-16
Interrupt mask clear register  INTMSKCLR H'0000 0000 H'FFFF FO64 32 15-17
NMI flag control register NMIFCR Undefined H'FFFF FOCO 32 15-18
User interrupt mask level USERIMASK H'0000 0000 H'FFFF F300 32 15-19
register
Interrupt priority setting INT2PRIO H'0000 0000 H'FFFF F400 32 15-21
register O
Interrupt priority setting INT2PRI H'0000 0000 H'FFFF F404 32 15-21
register 1
Interrupt priority setting INT2PRI2 H'0000 0000 H'FFFF F408 32 15-21
register 2
Interrupt priority setting INT2PRI3 H'0000 0000 H'FFFF F40C 32 15-21
register 3
Interrupt priority setting INT2PRI4 H'0000 0000 H'FFFF F410 32 15-21
register 4
Interrupt priority setting INT2PRI5 H'0000 0000 H'FFFF F414 32 15-21
register 5
Interrupt priority setting INT2PRI6 H'0000 0000 H'FFFF F418 32 15-21
register 6
Interrupt priority setting INT2PRI7 H'0000 0000 H'FFFF F41C 32 15-21
register 7
Interrupt priority setting INT2PRI8 H'0000 0000 H'FFFF F4A0 32 15-21
register 8
Interrupt priority setting INT2PRI9 H'0000 0000 H'FFFF F4A4 32 15-21
register 9
Interrupt priority setting INT2PRI10 H'0000 0000 H'FFFF F4AA8 32 15-21
register 10
Interrupt priority setting INT2PRI11 H'0000 0000 H'FFFF F4AAC 32 15-21
register 11
Interrupt priority setting INT2PRI12 H'0000 0000 H'FFFF F4BO 32 15-21
register 12
Interrupt source register 00 INT2A00 H'0000 0000 H'FFFF F430 32 15-23
(mask state is not affected)
Interrupt source register 01 INT2A01 H'0000 0000 H'FFFF FACO 32 15-25
(mask state is not affected)
Interrupt source register 10 INT2A10 H'0000 0000 H'FFFF F434 32 15-27
(mask state is affected)
Interrupt source register 11 INT2A11 H'0000 0000 H'FFFF FAC4 32 15-29
(mask state is affected)
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Register Name Abbreviation After Reset P4 Address Size Page
Interrupt mask register 0 INT2MSKR H'FFFF FFFF H'FFFF F438 32 15-30
Interrupt mask register 1 INT2MSKR1 H'FFFF FFFF HFFFF F4ADO 32 15-32
Interrupt mask clear register 0 INT2MSKCR H'0000 0000 H'FFFF F43C 32 15-33
Interrupt mask clear register 1 INT2MSKCRH1 H'0000 0000 H'FFFF F4D4 32 15-35
Per-module interrupt source  INT2B0 H'0000 0000 H'FFFF F440 32 15-36
register O

Per-module interrupt source  INT2B1 H'0000 0000 H'FFFF F444 32 15-37
register 1

Per-module interrupt source  INT2B2 H'0000 0000 H'FFFF F448 32 15-38
register 2

Per-module interrupt source  INT2B3 H'0000 0000 H'FFFF F44C 32 15-39
register 3

Per-module interrupt source  INT2B4 H'0000 0000 H'FFFF F450 32 15-41
register 4

Per-module interrupt source  INT2B5 H'0000 0000 H'FFFF F454 32 15-42
register 5

Per-module interrupt source  INT2B6 H'0000 0000 H'FFFF F458 32 15-43
register 6

Per-module interrupt source  INT2B7 H'0000 0000 H'FFFF F45C 32 15-44
register 7

Per-module interrupt source  INT2B8 H'0000 0000 H'FFFF F460 32 15-45
register 8

Per-module interrupt source  INT2B10 H'0000 0000 H'FFFF F468 32 15-47
register 10

Per-module interrupt source  INT2B11 H'0000 0000 H'FFFF F46C 32 15-49
register 11

Per-module interrupt source  INT2B12 H'0000 0000 H'FFFF F494 32 15-50

register 12

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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15.3.1

Interrupt Control Register 0 (ICRO0)

The ICRO register sets the input signal detection mode of NMI pin, and indicates the input level to the NMI pin.

Interrupt Control Register 0 (ICRO)

<P4 address: location H'FFFF FO00>

Bit: 29 28 27 25 24 23 22 21 20 19 18 17 16
[ fwa | — ] — [ — [~ nwefame] — J— ] [ [-[-[- ]|
After Reset: Undefined 0 0 0 0 0 1 0 0 0 0 0 0 0
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: Undefined>
Bit Abbreviation After Reset R Description
31 NMIL Undefined R NMI Input Level Bit

This bit is set to the signal level input to the NMI pin.

Applications can determine the NMI pin signal level by reading the

NMIL bit.

0: "L" level is input to the NMI pin

1: "H" level is input to the NMI pin

30 MAI 0 R NMI Interrupt Mask Bit

CPU Specifies whether all interrupts are masked during the "L"

level period of the NMI pin level regardless of the SR/BL bit. For

details, see table 15.6.

0: Interrupts are enabled even if the NMI pin goes "L" level

1: Interrupts are disabled if the NMI pin goes "L" level

29t026 — All O 0 Reserved Bits
These bits are always read as "0". The write value should always
be "0".

25 NMIB 0 R NMI Block Mode Bit

CPU Specifies whether an NMI interrupt is held until the BL bit is

cleared to "0" or detected immediately when the SR/BL bit is set to

II1 II.

0: NMl interrupts will be deferred when BL is "1"

1: NMI interrupts will not be deferred when BL is "1"

Note: If interrupts are accepted when BL is "1", the previously
saved exception information (SSR, SPC, SGR, and INTEVT)
will be lost.

24 NMIE 0 R NMI Edge Select Bit

Selects whether an interrupt request signal input to the NMI pin is

detected at the rising or the falling edge. When this bit is modified,

the NMI interrupt is not detected for a period of up to 6 Pck cycles
after the value of the bit is changed.

0: An interrupt request is detected at the falling edge of NMI input

1: An interrupt request is detected at the rising edge of NMI input

23 — 1 1 Reserved Bit
This bit is always read as "1". The write value should always be "1"
22100 — All O 0 Reserved Bits

These bits are always read as "0". The write value should always
be IIOII.
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Table 15.6 Combinations of BL Bit and MAI Bit Settings

BL Bit in SR MAI Bit in ICRO NMI Pin Level Interrupt Enabled/Disabled
"0" "0" "L Enabled
"H" Enabled
" "L Disabled
"H" Enabled
" "0" "L" Disabled
"H" Disabled
" "L Disabled
"H" Disabled
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15.3.2

Interrupt Control Register 1 (ICR1)

The ICRI register specifies the detection mode for IRQ interrupts (IRQO to IRQ2 and IRQ5 to IRQ7).

Interrupt Control Register 1 (ICR1)

<P4 address: location H'FFFF FO1C>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ maos | wmais | mazs | — [ —| —| — | moss | raes | imars |
AfterResst 0 0 O ©0O O O ©O0O ©O0O ©O0O 0 0 0 0 0 0 0
13

After Reset: 0 0 0

Bit

Bit: 15 14
|

12 11 10
[—1-—1-]
0 0 0

Abbreviation After Reset R

9 8 7 6 5 4 3 2 1 0
— -0l 0=-]-1-]
0 0 0 0 0 0 0 0 0 0

<After Reset: H'0000 0000>
Description

31, 30

IRQOS

AllO

R

29, 28

IRQ1S

AllO

R

27, 26

IRQ2S

AllO

R

w
w
W
w

IRQnN Sense Select Bits

These bits select whether an interrupt request signal input to the
corresponding IRQ pin (IRQO to IRQ2 and IRQ5 to IRQ7) is
detected at the rising edge, falling edge, "L" level, or "H" level. The
IRQOS bits correspond to the IRQO pin and the IRQ7S bits
correspond to the IRQ7.

00: Interrupt requests are detected on an IRQn falling edge.
01: Interrupt requests are detected on an IRQn rising edge.
10: Interrupt requests are detected on an IRQn "L" level.
11: Interrupt requests are detected on an IRQn "H" level.

251022

AllO

Reserved Bits

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

21,20

IRQ5S

AllO

19, 18

IRQ6S

All O

=

17,16

IRQ7S

AllO

IRQnN Sense Select Bits

These bits select whether an interrupt request signal input to the
corresponding IRQ pin (IRQO to IRQ2 and IRQ5 to IRQ7) is
detected at the rising edge, falling edge, "L" level, or "H" level. The
IRQOS bits correspond to the IRQO pin and the IRQ7S bits
correspond to the IRQ7.

00: Interrupt requests are detected on an IRQn falling edge.
01: Interrupt requests are detected on an IRQn rising edge.
10: Interrupt requests are detected on an IRQn "L" level.
11: Interrupt requests are detected on an IRQn "H" level.

15t00

AllO

Reserved Bits

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

Legend:

n=0to2,5t07
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15.3.3

Interrupt Priority Register (INTPRI)

The INTPRI register sets the IRQ interrupt (IRQO to IRQ2 and IRQS to IRQ7) priorities (levels 15 to 0).

Interrupt Priority Register (INTPRI)

<P4 address: location H'FFFF FO10>

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| IRQO | IRQ1 | IRQ2 | T -1-1-]
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[— [ — [ —[ -] IRQ5 | IRQ6 | IRQ7 |
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
31t028 IRQO AllO R W IRQn Interrupt Priority Level Bits
27t024 IRQ1 AllO R W These bits are used to set the interrupt priority of the
corresponding IRQn to a value from H'F to H'1 (level 15 and level
231020 IRQ2 All0 RW 1). The higher the value, the higher the priority. Setting a field to a
value of H'O (level 0) causes the corresponding interrupt to be
masked.
19to12 — AllO 0O O Reserved Bits
These bits are always read as "0". The write value should always
be IIOII.
11t08 IRQ5 All O R W IRQn Interrupt Priority Level Bits
7to 4 IRQ6 AllO R W These bits are used to set the interrupt priority of the
corresponding IRQn to a value from H'F to H'1 (level 15 and level
1). The higher the value, the higher the priority. Setting a field to a
value of H'O (level 0) causes the corresponding interrupt to be
3t00 IRQ7 AllO R w masked.
Legend: n=0t02,5t07
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15.3.4 Interrupt Source Register (INTREQ)

The INTREQ register indicates which of the IRQO to IRQ2 and IRQS5 to IRQ7 interrupts has been requested to the
INTC. The bits in this register are not influenced by interrupt masking with the INTPRI and INTMSK registers.

Interrupt Source Register (INTREQ) <P4 address: location H'FFFF F024>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|IRQO|IRQ1 |IR02| — | — |IRIRO|IROG|IRO7| = | — | - | — | = | = | = | = |
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
R I N N N N N N

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
31 IRQO 0 R * IRQn Interrupt Source Bits
30 IRQ1 0 R *' Each bit indicates whether or not an interrupt request has been input
29 IRQ2 0 R+ to the pin corresponding to IRQn.
* Edge detection (IRQnS in ICR1 set to "00" or "01")
¢ L evel detection (IRQnS in ICR1 set to "10" or "11")
Writing to these bits has no effect. For the method of clearing these
bits, see section 15.7.2, To Clear IRQ Interrupt Requests When Level
Detection is Selected.
0: No interrupt request detected
1: Interrupt request detected
28,27 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be
"o,
26 IRQ5 0 R * IRQn Interrupt Source Bits
25 IRQ6 0 R *' Each bit indicates whether or not an interrupt request has been input
oa IRQ7 0 FE— to the pin corresponding to IRQn.
* Edge detection (IRQnNS in ICR1 set to "00" or "01")
* Level detection (IRQnS in ICR1 set to "10" or "11")
Writing to these bits has no effect. For the method of clearing these
bits, see section 15.7.2, To Clear IRQ Interrupt Requests When Level
Detection Is Selected.
0: No interrupt request detected
1: Interrupt request detected
23to0 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be
IIOII.

Note: *1 To clear a flag when edge detection is enabled, read the register and then write "0" to the flag bit only if its
value was read as "1". Write "1" to the bits whose value was read as "0". Always write "1" to flag bits not to
clear.

Legend: n=0to2,5t07
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15.3.5 Interrupt Mask Register INTMSK)

The INTMSK register indicates whether or not each of the IRQO to IRQ2 and IRQ5 to IRQ7 interrupt requests are
masked. To clear the interrupt masking, write "1" to the corresponding bit in the INTMASKCLR register. Writing "0"
to each bit in this register does not change the value.

Interrupt Mask Register (INTMSK) <P4 address: location H'FFFF FO44>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| IRQO | IRQ1 | IRQ2 | — | — | IRQ5 | IRQ6| IRQ7| — | — | — | — | = | = | = | — |
After Reset: 1 1 1 1 1 1 1 1 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
N N S N SN N

After Reset: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<After Reset: H'FFO0 0000>

Bit Abbreviation After Reset R W Description
31 IRQO 1 R W IRQn Interrupt Request Mask Setting Bits
30 IRQ1 1 R W Each bit specifies whether or not interrupt requests corresponding
29 IRQ2 1 R W to IRQn are masked. Writing "0" to these bits has no effect. For the
method of clearing these bits, see section 15.3.6, Interrupt Mask
Clear Register (INTMSKCLR).
0: Masking disabled
1: Masking enabled
28, 27 — All 1 1 1 Reserved Bits
These bits are always read as "1". The write value should always
be "1".
26 IRQ5 1 R W IRQn Interrupt Request Mask Setting Bits
25 IRQ6 1 R W Each bit specifies whether or not interrupt requests corresponding
o4 IRQ7 1 R W to IRQn are masked. Writing "0" to these bits has no effect. For the
method of clearing these bits, see section 15.3.6, Interrupt Mask
Clear Register (INTMSKCLR).
0: Masking disabled
1: Masking enabled
23100 — All O 0o ©O Reserved Bits
These bits are always read as "0". The write value should always
be "0".

Legend: n=0t02,5t07
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15.3.6  Interrupt Mask Clear Register INTMSKCLR)

The INTMSKCLR register is used to clear masking of IRQO to IRQ2 and IRQS5 to IRQ7 interrupt requests set in the
INTMSK register. Setting a bit in the INTMSKCLR register to "1" clears masking of the corresponding interrupt
source. The value of the bits when read is undefined.

Interrupt Mask Clear Register (INTMSKCLR) <P4 address: location H'FFFF F064>

Bt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
[irao | irat [1Ro2| — | — |iRas|imas|imar| — | — | — [ — | — | = | — | — |
AfterReset 0 o o O 0 o0 0 0 ©O0O O O O 0 0 0 O

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

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
31 IRQO 0 ? W IRQn Interrupt Request Mask Clear Bits
30 IRQ1 0 ? w  Each bit specifies whether or not the interrupt request mask setting
29 IRQ2 0 PRRYY of the corresponding IRQn is cleared. These bits return an
’ undefined value when read. Writing "0" to these bits has no effect.
0: Mask setting not cleared
1: Mask setting cleared
28, 27 — All 0 ? 0 ReservedBits
These bits are always read as "0". The write value should always be
"0".
26 IRQ5 0 ? W IRQn Interrupt Request Mask Clear Bits
25 IRQ6 0 ? w  Each bit specifies whether or not the interrupt request mask setting
oa IRQ7 0 P W of the corresponding IRQn is cleared. These bits return an
’ undefined value when read. Writing "0" to these bits has no effect.
0: Mask setting not cleared
1: Mask setting cleared
23100 — AllO 0 0 Reserved Bits
These bits are always read as "0". The write value should always be
"o

Legend: n=0to2,5t07
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15.3.7 NMI Flag Control Register NMIFCR)

The NMIFCR register indicates whether or not an NMI interrupt has been detected by the INTC. The NMIFL bit is
automatically set to "1" by hardware when an NMI interrupt is detected by the INTC. To clear the NMIFL bit, write "0"
to the bit by software.

The NMIFL bit value does not affect NMI acceptance by the CPU. Although the NMI request detected by the INTC is
cleared by CPU acceptance, the NMIFL bit is not cleared automatically. Even if "0" is written to the NMIFL bit before
the NMI request is accepted by the CPU, the NMI request is not canceled.

NMI Flag Control Register (NMIFCR) <P4 address: location H'FFFF FOCO>

6
] — [ — [ — [ = | = — nwir
After Reset: Undefined 0 0 0 0 0 0 0

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1
I N N N N
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
]

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

<After Reset: Undefined>
Bit Abbreviation After Reset R W Description
31 NMIL Undefined R — NMI Input Level Bit
This bit indicates the level of input to the NMI pin.
0: "L" level is input to the NMI pin
1: "H" level is input to the NMI pin

30to17 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always
be "0".

16 NMIFL 0 R W NMI Flag (NMI interrupt request signal detection) Bit

This bit indicates whether or not an NMI interrupt has been detected
by the INTC. Always write "0" to this bit to clear. Writing "1" to this
bit has no effect.

0: No NMl interrupt detected
1: NMI interrupt request detected
15t0 0 — AllO 0 O Reserved Bits

These bits are always read as "0". The write value should always
be "0".
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15.3.8

The USERIMASK register sets the interrupt level.

User Interrupt Mask Level Register (USERIMASK)

Interrupts whose priority levels are lower than the level set in the UIMASK bits are masked. If the value of "H'F" is set
to the UIMASK bits, all interrupts other than the NMI are masked.

The CPU only accepts interrupts with an interrupt level setting higher than the setting values of the UIMASK bits and
the IMASK bits in the SR register.

Even if interrupts are accepted by the CPU, the UIMASK bit value is not changed.

This register is initialized to H'0000 0000 (all interrupts are enabled) when returning from a hardware reset.

To prevent incorrect writing, this register can only be written to with USERIMASKKEY bit (bits 31 to 24) set to H'AS.

User Interrupt Mask Level Register (USERIMASK)

<P4 address: location H'FFFF F300>

Bitt_81 30 29 28 27 26 25 24 23 22 2120 19 18 17 16
| USERIMASKKEY [T -T=-T=-T=-T=-7T=-1
o o o0 o ©0 ©0 0O O0O 0 0 0 0 0 0

After Reset: 0 0

Bit: 15 14 13 12 11
[=l-1-1-]=

10 9 8 7 6 5 4 3 2 1 0
[ = =T=] umasx -]

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: H'0000 0000>
After

Bit Abbreviation Reset R W Description

31to24 USERIMASKKEY AllO 0 W USERINASK Register Write Key Code Bits
These bits enable or disable UIMASK bit modification. The data
written to these bits are not retained. These bits are always read as
IIOII-
H'A5: Enable UIMASK bit modification.
Other than H'A5: Disable UIMASK bit modification.

23108 — AllO 0 O Reserved Bits
These bits are always read as "0". The write value should always
be "0".

7to4 UIMASK All O R W Interrupt Mask Level Bits
Masks interrupts whose priority levels are lower than the level set in
the UIMASK bits.

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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(1) Procedure for Using User Interrupt Mask Level Register

When accessing this register in user mode, translate the address through the MMU. In the system that uses a
multitasking OS, processes that can access the USERIMASK register must be controlled by using memory protection
functions of the MMU. When terminating the task or switching to another task, be sure to clear the UIMASK bits to
"H'0" before quitting the task. If the UIMASK bits are left set to a non-zero value, interrupts which are not higher in
priority than the UIMASK level are held disabled, and correct operation may not be performed (for example, the OS

cannot switch tasks).

An example of the usage procedure is shown below.

1.

SN

Classify interrupts to A and B as described below and set the A priority higher than the B priority.

A. Interrupts to be accepted in the device driver (interrupts to be used by the operating system: a timer interrupt
etc.)

B. Interrupts to be disabled in the device driver

Make the MMU settings so that the address space including the USERIMASK register can only be accessed by the
device driver in which interrupts should be disabled.

Branch to the device driver.

Set the UIMASK bits to mask B interrupts in the device driver that is operating in user mode.
Process interrupts with high priority in the device driver.

Clear the UIMASK bits to "H'0" to return from processing in the device driver.
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15.3.9

Interrupt Priority Setting Registers 0 to 12 (INT2PRIO to INT2PRI12)

The INT2PRIO to INT2PRI12 registers set the priorities (as levels 0 to 31) of the on-chip peripheral module interrupts.
The higher the setting value, the higher the priority. Each interrupt source can be given one of 30 priority levels by
assigning one of 32 5-bit values. (Specifying a value of H’00 or H’01 has the same effect as masking interrupt requests

for the corresponding source)

Interrupt Priority Setting Register 0 (INT2PRIO)
Interrupt Priority Setting Register 1 (INT2PRI1)
Interrupt Priority Setting Register 2 (INT2PRI2)
Interrupt Priority Setting Register 3 (INT2PRI3)
Interrupt Priority Setting Register 4 (INT2PRI4)
Interrupt Priority Setting Register 5 (INT2PRI5)
Interrupt Priority Setting Register 6 (INT2PRI6)
Interrupt Priority Setting Register 7 (INT2PRI7)
Interrupt Priority Setting Register 8 (INT2PRI8)
Interrupt Priority Setting Register 9 (INT2PRI9)
Interrupt Priority Setting Register 10 (INT2PRI10)
Interrupt Priority Setting Register 11 (INT2PRI11)
Interrupt Priority Setting Register 12 (INT2PRI12)

Bit: 31 30 29 28 27 26

<P4 address: location H'FFFF F400>
<P4 address: location H'FFFF F404>
<P4 address: location H'FFFF F408>
<P4 address: location H'FFFF F40C>
<P4 address: location H'FFFF F410>
<P4 address: location H'FFFF F414>
<P4 address: location H'FFFF F418>
<P4 address: location H'FFFF F41C>
<P4 address: location H'FFFF F4A0>
<P4 address: location H'FFFF F4A4>
<P4 address: location H'FFFF F4A8>
<P4 address: location H'FFFF FAAC>
<P4 address: location H'FFFF F4B0>

See table 15.7

25 24 23 22 21 20 19 18 17 16
| — | — | — | See table 15.7 |

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
| — | — | — | See table 15.7 | — | — | — | See table 15.7 |
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
31to29 — All O 0O O Reserved Bits
These bits are always read as "0". The write value should always
be "0".
28t0 24 See table All O R W These bits are allocated to the module that is the interrupt request
15.7 origin for this on-chip peripheral module interrupt. See table 15.7 for
the correspondence between these registers and the interrupt
request origins.
23 to 21 — All O 0O O Reserved Bits
These bits are always read as "0". The write value should always
be "0".
20to 16 See table AllO R W These bits are allocated to the module that is the interrupt request
15.7 origin for this on-chip peripheral module interrupt. See table 15.7 for
the correspondence between these registers and the interrupt
request origins.
15013 — All O 0O O Reserved Bits
These bits are always read as "0". The write value should always
be "0".
12t0 8 See table AllO R W These bits are allocated to the module that is the interrupt request
15.7 origin for this on-chip peripheral module interrupt. See table 15.7 for
the correspondence between these registers and the interrupt
request origins.
7t05 — All O 0 O Reserved Bits

These bits are always read as "0". The write value should always
be IIOII.
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Bit Abbreviation After Reset R

W  Description

4100
15.7

See table

AllO

W  These bits are allocated to the module that is the interrupt request
origin for this on-chip peripheral module interrupt. See table 15.7 for
the correspondence between these registers and the interrupt
request origins.

Table 15.7 shows the correspondence between interrupt request sources and bits in the INT2PRIO to INT2PRI12

registers.

Table 15.7 Interrupt Request Sources and INT2PRIO to INT2PRI12 Registers

Bit

Register 28to 24 20to 16 12to 8 4t00
INT2PRIO TUNIO (TMU) TUNI1 (TMU) TUNI2 (TMU) Reserved
INT2PRIH WDT (WDT) DMACOT3 (DMAC) DMACA4T5 (DMAC) DMAC6T11 (DMAC)
INT2PRI2 SCIFO0 (SCIF) SCIF1 (SCIF) SCIF2 (SCIF) SCIF3 (SCIF)
INT2PRI3 RSPI0 (RSPI) RSPI1 (RSPI) RSPI2 (RSPI) HUDI (H-UDI)
INT2PRI4 DRIO (DRI) DRI1 (DRI) DRI2 (DRI) DRO (DRO)
INT2PRI5 IICI (1C3) ADC (ADC) TA (ATU-IIIS timer A)  TF (ATU-IIIS timer F)
INT2PRI6 CMIGO CMIGH1 CMIG2 CMIG3

(ATU-IIIS timer G) (ATU-IIIS timer G) (ATU-IIIS timer G) (ATU-IIIS timer G)
INT2PRI7 CMIG4 CMIG5 TOUOO TOUO4

(ATU-INIS timer G) (ATU-IIS timer G) (ATU-IIIS timer TOU)  (ATU-IIIS timer TOU)
INT2PRI8 TOU10 TOU14 TOU20 TOU24

(ATU-IIIS timer TOU)  (ATU-IIS timer TOU)  (ATU-IIIS timer TOU)  (ATU-IIIS timer TOU)
INT2PRI9 TOU30 TOU34 TOU40 TOU44

(ATU-IIIS timer TOU)  (ATU-IIIS timer TOU)  (ATU-IIIS timer TOU)  (ATU-IIIS timer TOU)
INT2PRI10 CANO (CAN) CAN1 (CAN) CAN2 (CAN) CANS3 (CAN)
INT2PRI11 Reserved Reserved FRINT*' (FlexRay) FRTINT*' (FlexRay)
INT2PRI12 PDAC (PDAC) Reserved Reserved Reserved
Note: *1 Reserved bits in the SH7456 Group. These bits are always read as "0". The write value should always be "0".
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15.3.10 Interrupt Source Register 00 (INT2A00) (Mask State is not affected)

The INT2AO00 register indicates interrupt sources generated by peripheral modules. Even if an interrupt is masked by
the INT2MSKR register, the INT2A00 register still indicates the source by setting the corresponding bit. For interrupt
source indications according to the setting of the INT2MSKR register (such that sources are not indicated for masked
interrupts), use the INT2A 10 register. Clearing of the interrupt source matching a particular bit must be performed in
the corresponding peripheral module. It is also possible to identify interrupt sources by directly reading the INTEVT
(exception code) sent to the CPU.

Interrupt Source Register 00 (INT2A00) (Mask State is not affected) <P4 address: location H'FFFF F430>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| = | = |CMIGS|CMIG4|CMIG3|CMIG2|CMIG1|CMIGO| TF | TA |ADC| IICI |DRO|DRI2|DRI1 |DRIO|

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

.|HUDI|RSPI2|RSPI1|RSPIO|SCIF3|SCIF2|SCIF1|SCIFO| DMAC | DMAC Dg’-lr%C|WDT| — |TUNI2|TUNI1|TUNIO|

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

31,30 — AllO 0 — Reserved Bits Indicates interrupt sources
These bits are always read as "0". for each on-chip peripheral

29 CMIG5 0 R — Timer G5 interrupt source indication bit zo:slﬁ'terrupts

28 CMIG4 0 R — Timer G4 interrupt source indication bit 1: Interrupts are generated

27 CMIG3 0 R — Timer G3 interrupt source indication bit

26 CMIG2 0 R — Timer G2 interrupt source indication bit

25 CMIG1 0 R — Timer G1 interrupt source indication bit

24 CMIGO 0 R — Timer GO interrupt source indication bit

23 TF 0 R — Timer F interrupt source indication bit

22 TA 0 R — Timer A interrupt source indication bit

21 ADC 0 R — ADC interrupt source indication bit

20 IICI 0 R — IIC3 interrupt source indication bit

19 DRO 0 R — DRO interrupt source indication bit

18 DRI2 0 R — DRI2 interrupt source indication bit

17 DRI 0 R — DRI interrupt source indication bit

16 DRIO 0 R — DRIOQ interrupt source indication bit

15 HUDI 0 R — H-UDI interrupt source indication bit

14 RSPI2 0 R — RSPI2 interrupt source indication bit

13 RSPI1 0 R — RSPI1 interrupt source indication bit

12 RSPIO 0 R — RSPIO interrupt source indication bit

11 SCIF3 0 R — SCIF3 interrupt source indication bit

10 SCIF2 0 R — SCIF2 interrupt source indication bit

9 SCIF1 0 R — SCIF1 interrupt source indication bit

8 SCIFO 0 R — SCIFO interrupt source indication bit

7 DMAC6T11 0 R — DMAG6 to DMA11 interrupt source

indication bit
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Bit Abbreviation After Reset R W

Description

6 DMACA4T5 0

R —

DMAA4 to DMA4 interrupt source
indication bit

5 DMACOTS3 0 R — DMAO to DMAS interrupt source
indication bit
WDT R — WODT interrupt source indication bit
— 0 — Reserved Bit
This bit is always read as "0".
2 TUNI2 R — TMU2 interrupt source indication bit
1 TUNN R — TMU1 interrupt source indication bit
0 TUNIO R — TMUO interrupt source indication bit

Indicates interrupt sources
for each on-chip peripheral
module.

0: No interrupts
1: Interrupts are generated
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15.3.11 Interrupt Source Register 01 (INT2A01) (Mask State is not affected)

The INT2AO01 register indicates interrupt sources generated by on-chip peripheral modules. Even if an interrupt is
masked by the INT2MSKRI register, the INT2AO01 register still indicates the source by setting the corresponding bit.
For interrupt source indications according to the setting of the INT2MSKRI1 register (such that sources are not indicated
for masked interrupts), use the INT2A11 register. Clearing of the interrupt source matching a particular bit must be
performed in the corresponding on-chip peripheral module. It is also possible to identify interrupt sources by directly
reading the INTEVT (exception code) sent to the CPU.

Interrupt Source Register 01 (INT2A01) (Mask State is not affected)

<P4 address: location H'FFFF F4CO>

After Reset: 0 0

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

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

— | CAN3 | CAN2 | CAN1 | CANO |TOU44|TOU40|TOU34|TOU30|TOU24|TOU20|TOU14|TOU10|TOU04|TOUOO|

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
31t019 — All O 0 — Reserved Bits Indicates interrupt sources for
These bits are always read as "0". eac(;1 I"”'Ch'p peripheral
module.
18 PDAC 0 R — PDAC interrupt source indication ] .
bit 0: No interrupts
17 FRTINT 0 R _ Indicates FlexRay timer interrupt |+ I"erTupts are generated
source indication bit
Reserved bit in the SH7456 Group.
This bit is always read as "0".
16 FRINT 0 R Indicates FlexRay interrupt source
indication bit
Reserved bit in the SH7456 Group.
This bit is always read as "0".
15, 14 — AllO 0 Reserved Bits
These bits are always read as "0".
13 CAN3 0 R CANS3 interrupt source indication bit
12 CAN2 0 R CAN2 interrupt source indication bit
11 CAN1 0 R CAN?1 interrupt source indication bit
10 CANO 0 R CANQO interrupt source indication bit
9 TOU44 0 R Timer TOU4_4 to TOU4_7 interrupt
source indication bit
8 TOU40 0 R Timer TOU4_0 to TOU4_3 interrupt
source indication bit
7 TOU34 0 R Timer TOU3_4 to TOUB_7 interrupt
source indication bit
6 TOUS30 0 R Timer TOU3_0 to TOUS3_3 interrupt
source indication bit
5 TOU24 0 R Timer TOU2_4 to TOU2_7 interrupt

source indication bit

RENESAS
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Bit Abbreviation After Reset R W Description

4 TOU20 0 R — Timer TOU2_0 to TOU2_3 interrupt Indicates interrupt sources for
source indication bit each on-chip peripheral

3 TOU14 0 R — Timer TOU1_4 to TOU1_7 interrupt Module-
source indication bit 0: No interrupts

2 TOU10 0 R — Timer TOU1_0 to TOU1_3 interrupt 1: Interrupts are generated
source indication bit

1 TOUO4 0 R — Timer TOUQ_4 to TOUQ_7 interrupt
source indication bit

0 TOUO00 0 R — Timer TOUO_O to TOUO_3 interrupt

source indication bit
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15.3.12 Interrupt Source Register 10 (INT2A10) (Mask State is affected)

The INT2A10 register indicates interrupt sources generated by peripheral modules. However, if an interrupt is masked
by the INT2MSKR register, the INT2A 10 register does not indicate the source (the corresponding bit in this register is
not set to "1"). To confirm interrupt occurrence with indications not affected by the setting of the INT2MSKR register,
use the INT2A00 register. Clearing of the interrupt source matching a particular bit must be performed in the
corresponding peripheral module. It is also possible to identify interrupt sources by directly reading the INTEVT
(exception code) sent to the CPU.

Interrupt Source Register 10 (INT2A10) (Mask State is affected) <P4 address: location H'FFFF F434>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| — | — |CMIG5|CMIG4|CMIG3|CMIG2|CMIG1|CMIGO| TF | TA |ADC| IICI |DRO|DRI2|DRI1|DRIO|

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

Bitt 15 14 13 12 1110
|HUDI |RSPI2|RSPI1|RSPIO|SCIF3|SCIF2|SCIF1 |SCIFO| %"#‘F | DJ}"T‘;C | Dg’}’*sc | WDT | = |TUNI2|TUNI1|TUNIO|

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

31,30 — All O 0 — Reserved Bits Indicates interrupt sources
These bits are always read as "0". for each on-chip peripheral

29 CMIG5 0 R — Timer G5 interrupt source indication bit Eolssliiterrupts

28 CMIG4 0 R — Timer G4 interrupt source indication bit 1: Interrupts are generated

27 CMIG3 0 R — Timer G3 interrupt source indication bit

26 CMIG2 0 R — Timer G2 interrupt source indication bit

25 CMIGH1 0 R — Timer G1 interrupt source indication bit

24 CMIGO 0 R — Timer GO interrupt source indication bit

23 TF 0 R — Timer F interrupt source indication bit

22 TA 0 R — Timer A interrupt source indication bit

21 ADC 0 R — ADC interrupt source indication bit

20 lICI 0 R — I1ICS8 interrupt source indication bit

19 DRO 0 R — DRO interrupt source indication bit

18 DRI2 0 R — DRI2 interrupt source indication bit

17 DRI1 0 R — DRI interrupt source indication bit

16 DRIO 0 R — DRIO interrupt source indication bit

15 HUDI 0 R — H-UDI interrupt source indication bit

14 RSPI2 0 R — RSPI2 interrupt source indication bit

13 RSPI1 0 R — RSP interrupt source indication bit

12 RSPIO 0 R — RSPIO interrupt source indication bit

11 SCIF3 0 R — SCIF3 interrupt source indication bit

10 SCIF2 0 R — SCIF2 interrupt source indication bit

9 SCIF1 0 R — SCIF1 interrupt source indication bit
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Bit Abbreviation After Reset R W Description
8 SCIF0 0 R — SCIFO interrupt source indication bit Indicates interrupt sources
7 DMAC6T11 0 R — DMA6 to DMATT interrupt source forgalch on-chip peripheral
indication bit moadu .e.
6 DMAC4T5 0 R — DMA4 to DMA4 interrupt source 0: No interrupts
indication bit 1: Interrupts are generated
5 DMACOT3 0 R — DMAO to DMAS3 interrupt source
indication bit
4 WDT 0 R — Indicates WDT interrupt source
indication bit
3 — 0 0 — Reserved Bit
This bit is always read as "0".
2 TUNI2 R — TMU2 interrupt source indication bit
TUNIA R — TMU1 interrupt source indication bit
0 TUNIO R — TMUO interrupt source indication bit
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15.3.13 Interrupt Source Register 11 (INT2A11) (Mask State is affected)

The INT2A11 register indicates interrupt sources generated by on-chip peripheral modules. However, if an interrupt is
masked by the INT2MSKRI1 register, the INT2A11 register does not indicate the source (by setting the corresponding
bit to "1"). To confirm interrupt occurrence with indications not affected by the setting of the INT2MSKRI1 register, use
the INT2AO0L1 register. Clearing of the interrupt source matching a particular bit must be performed in the corresponding
on-chip peripheral module. It is also possible to identify interrupt sources by directly reading the INTEVT (exception
code) sent to the CPU.

Interrupt Source Register 11 (INT2A11) (Mask State is affected) <P4 address: location H'FFFF F4C4>

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

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
| _ | — |CAN3|CAN2|CAN1|CANO |TOU44|TOU40|TOU34|TOU30|TOU24|TOU20|TOU14|TOU10|TOU04|TOU00|

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

31019 — AllO 0 — Reserved Bits Indicates interrupt sources for
These bits are always read as "0". eaCcT IOn-chlp peripheral

module.
18 PDAC 0 R — PDAC interrupt source indication bit .
. ; 0: No interrupts

17 FRTINT 0 R — .FIe.xRa}y tlmer interrupt source 1: Interrupts are generated

indication bit

Reserved bit in the SH7456 Group.
This bit is always read as "0".

16 FRINT 0 R — FlexRay interrupt source indication
bit
Reserved bit in the SH7456 Group.
This bit is always read as "0".

15, 14 — All O 0 — Reserved Bits
These bits are always read as "0".

13 CAN3 0 R — CANBS interrupt source indication bit

12 CAN2 0 R — CAN2 interrupt source indication bit

11 CAN1 0 R — CANT1 interrupt source indication bit

10 CANO 0 R — CANO interrupt source indication bit

9 TOU44 0 R — Timer TOU4_4 to TOU4_7 interrupt
source indication bit

8 TOU40 0 R — Timer TOU4_0 to TOU4_3 interrupt
source indication bit

7 TOU34 0 R — Timer TOU3_4 to TOU3_7 interrupt
source indication bit

6 TOU30 0 R — Timer TOU3_0 to TOU3_3 interrupt
source indication bit

5 TOU24 0 R — Timer TOU2_4 to TOU2_7 interrupt

source indication bit
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Bit Abbreviation After Reset R W Description

4 TOU20 0 R — Timer TOU2_0 to TOU2_3 interrupt Indicates interrupt sources for
source indication bit each on-chip peripheral

3 TOU14 0 R — Timer TOU1_4to TOU1_7 interrupt  MOdule:
source indication bit 0: No interrupts

2 TOU10 0 R — Timer TOU1_0to TOU1 3 interrupt - Interrupts are generated
source indication bit

1 TOU0O4 0 R — Timer TOUOQ_4 to TOUO_7 interrupt
source indication bit

0 TOUO00 0 R — Timer TOUO_O to TOUO_3 interrupt

source indication bit

15.3.14 Interrupt Mask Register 0 (INT2MSKR)

The INT2MSKR register sets masking for each source indicated in the INT2A 10 register. Interrupts whose
corresponding bits in INT2MSKR register are set to "1" are not notified to the CPU.

Interrupt Mask Register 0 (INT2MSKRO) <P4 address: location H'FFFF F438>

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| — | — |omics|omicd/cmiagiomazlomatlomeo] TF | 1A | Aabc| nici | pro |pRi2| DRIt | DRI

After Reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bit 15 14 13 12 11109 4 3 2 1
[Hup! |RsPI2|RsPi1|RsPIo|sciFs|sciF2|sciFt |SCIFO| %“-"rff | Dﬂéc | Dgf'r’gc |woT| — [runizlTuni|TuNio|

After Reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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<Atfter Reset: H'FFFF FFFF>

Bit Abbreviation After Reset R W Description

31, 30 — All1 1 1 Reserved Bits Masks interrupts for
These bits are always read as "1". each on-chip peripheral
The write value should always be "1". g?o_du_le. Writing to this

it is invalid.

29 CMIG5 1 R W Timer G5 interrupts mask setting bit 0: No mask setting

28 CMIG4 1 R W Timer G4 interrupts mask setting bit 1: Mask setting

27 CMIG3 1 R W Timer G3 interrupts mask setting bit

26 CMIG2 1 R W Timer G2 interrupts mask setting bit

25 CMIG1 1 R W Timer G1 interrupts mask setting bit

24 CMIGO 1 R W Timer GO interrupts mask setting bit

23 TF 1 R W Timer F interrupts mask setting bit

22 TA 1 R W Timer A interrupts mask setting bit

21 ADC 1 R W ADC interrupts mask setting bit

20 IICI 1 R W IIC8 interrupts mask setting bit

19 DRO 1 R W DRO interrupts mask setting bit

18 DRI2 1 R W DRI2 interrupts mask setting bit

17 DRI 1 R W DRI1 interrupts mask setting bit

16 DRIO 1 R W DRIO interrupts mask setting bit

15 HUDI 1 R W H-UDI interrupts mask setting bit

14 RSPI2 1 R W RSPI2 interrupts mask setting bit

13 RSPI1 1 R W RSPI1 interrupts mask setting bit

12 RSPIO 1 R W RSPIO interrupts mask setting bit

11 SCIF3 1 R W SCIF3 interrupts mask setting bit

10 SCIF2 1 R W SCIF2 interrupts mask setting bit

9 SCIF1 1 R W SCIF1 interrupts mask setting bit

8 SCIFO0 1 R W SCIFO interrupts mask setting bit

7 DMAC6T11 1 R W DMAG6 to DMA11 interrupts mask setting bit

6 DMACA4T5 1 R W DMA4 to DMA4 interrupts mask setting bit

5 DMACOT3 1 R W DMAO to DMAS interrupts mask setting bit

4 WDT 1 R W WDT interrupts mask setting bit

3 — 1 1 1 Reserved Bit
This bit is always read as "1".
The write value should always be "1".

2 TUNI2 1 R W TMU2 interrupts mask setting bit

1 TUNN 1 R W TMU1 interrupts mask setting bit

0 TUNIO 1 R W TMUO interrupts mask setting bit
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15.3.15 Interrupt Mask Register 1 INT2MSKR1)

The INT2MSKRI1 register sets masking for each source indicated in the INT2A11 register. Interrupts whose
corresponding bits in INT2MSKRI are set to 1 are not notified to the CPU.

Interrupt Mask Register 1 (INT2MSKR1) <P4 address: location H'FFFF F4D0>

Bitt 31 30 29 28 27 26 25 24 23 22 2120 19 18 17 16
I I I Y

After Reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
[ — | — |cana|canz|cant|cano [rouss|Touso|rouss|rouso|Touzs|rouzoltouta|touto|Touos|rouod|

After Reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

<After Reset: H'FFFF FFFF>

Bit Abbreviation After Reset R W Description
31to19 — All 1 1 1 Reserved Bits Masks interrupts for each
These bits are always read as "1". on-chip peripheral
. wan module. Writing to this bit
The write value should always be "1". L .
is invalid.

18 PDAC 1 R W PDAC interrupts mask setting bit
17 FRTINT

0: No mask setting
FlexRay timer interrupt mask setting bit 1. Mmask setting

Reserved bit in the SH7456 Group.

This bit is always read as "1".

The write value should always be "1".
16 FRINT 1 R W FlexRay interrupt mask setting bit

Reserved bit in the SH7456 Group.

This bit is always read as "1".

The write value should always be "1".

o
=

15, 14 — All 1 1 1 Reserved Bits
These bits are always read as "1".
The write value should always be "1".

13 CAN3 1 R W CANS interrupts mask setting bit

12 CAN2 1 R W CAN2 interrupts mask setting bit

11 CAN1 1 R W CANT1 interrupts mask setting bit

10 CANO 1 R W CANO interrupts mask setting bit

9 TOU44 1 R W Timer TOU4_4 to TOU4_7 interrupts
mask setting bit

8 TOU40 1 R W Timer TOU4_0 to TOU4_3 interrupts
mask setting bit

7 TOU34 1 R W Timer TOU3_4 to TOU3_7 interrupts
mask setting bit

6 TOUS30 1 R W Timer TOU3_0 to TOU3_3 interrupts
mask setting bit

5 TOU24 1 R W Timer TOU2_4 to TOU2_7 interrupts

mask setting bit
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Bit Abbreviation After Reset R W Description

4 TOU20 1 R W Timer TOU2_0 to TOU2_3 interrupts Masks interrupts for each
mask setting bit on-chip peripheral

3 TOU14 1 R W Timer TOU1_4 to TOU1_7 interrupts module. Writing to this bit
mask setting bit is invalid.

2 TOU10 1 R W Timer TOU1_0 to TOU1_3 interrupts 0: No mask setting
mask setting bit 1: Mask setting

1 TOUO4 1 R W Timer TOUO_4 to TOUO_7 interrupts
mask setting bit

0 TOUO0 1 R W Timer TOUO_O to TOUO_3 interrupts

mask setting bit

15.3.16 Interrupt Mask Clear Register 0 (INT2MSKCR)

The INT2MSKCR register can clear any masking set in the INT2MSKR register. Setting bits in this register to "1"
clears the masking of the corresponding interrupt sources. Reading bits in this register is always "0".

Interrupt Mask Clear Register 0 (INT2MSKCR) <P4 address: location H'FFFF F43C>

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| = | = |CMIG5|CMIG4|CMIGS|CMIGZ|CMIG1|CMIGO| TF | TA |ADC| IICI |DRO|DRI2|DRI1|DRIO|

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

[HuD! |RsPI2|RsPI1|RsPIo|sCIFs|SCIF2|sCIF1|sCIF0| QYRS | PMAC | DMAC [ wor | — | runiz|Tunit|Tunio

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31, 30 — AllO 0 O Reserved Bits Each of these bits clears
The write value should always be "0". interrupt masking for the
- - - —— corresponding on-chip
29 CMIG5 0 0 W Timer G5 interrupt mask clear setting bit peripheral module. These
28 CMIG4 0 0 W Timer G4 interrupt mask clear setting bit ~ bits are always read as “0".
27 CMIG3 0 0 W Timer G3 interrupt mask clear setting bit x\g;tl:g ;(;;t;these bits
26 CMIG2 0 0 W Timer G2 interrupt mask clear setting bit . \1ask setting not cleared
25 CMIG1 0 0 W Timer G1 interrupt mask clear setting bit 1. Mask setting cleared
24 CMIGO 0 0 W Timer GO interrupt mask clear setting bit
23 TF 0 0 W Timer F interrupt mask clear setting bit
22 TA 0 0 W Timer A interrupt mask clear setting bit
21 ADC 0 0 W ADC interrupt mask clear setting bit
20 IICI 0 0 W IICS interrupt mask clear setting bit
19 DRO 0 0 W DRO interrupt mask clear setting bit
18 DRI2 0 0 W DRI2interrupt mask clear setting bit
17 DRI 0 0 W DRI interrupt mask clear setting bit
16 DRIO 0 0 W DRIO interrupt mask clear setting bit
15 HUDI 0 0 W H-UDI interrupt mask clear setting bit
14 RSPI2 0 0 W RSPI2 interrupt mask clear setting bit
13 RSPI1 0 0 W RSPI1 interrupt mask clear setting bit
12 RSPIO 0 0 W RSPIO interrupt mask clear setting bit
11 SCIF3 0 0 W SCIF3 interrupt mask clear setting bit
10 SCIF2 0 0 W SCIF2 interrupt mask clear setting bit
9 SCIF1 0 0 W SCIF1 interrupt mask clear setting bit
8 SCIFO 0 0 W SCIFO interrupt mask clear setting bit
7 DMAC6T11 0 0 W DMAG6 to DMA11 interrupt mask clear
setting bit
6 DMACA4T5 0 0 W DMA4 to DMA4 interrupt mask clear
setting bit
5 DMACOTS3 0 0 W DMAO to DMAS3 interrupt mask clear
setting bit
WDT 0 W WDT interrupt mask clear setting bit
— 0 Reserved Bit
The write value should always be "0".
2 TUNI2 0 W TMU2 interrupt mask clear setting bit
1 TUNN 0 W TMU1 interrupt mask clear setting bit
0 TUNIO 0 W TMUO interrupt mask clear setting bit
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15.3.17 Interrupt Mask Clear Register 1 (INT2MSKCR1)

The INT2MSKCRI1 register can clear any masking set in the INT2MSKRI register. Setting bits in this register to "1"
clears the masking of the corresponding interrupt sources. Reading bits in this register is always "0".

Interrupt Mask Clear Register 1 (INT2MSKCR1)

<P4 address: location H'FFFF F4D4>

Bit: 31 30 18 17 16
I N I I I Y
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bitt 15 14 13 10
[ — | — |cans|canz|cant | cano|touss|touso|touss|rouso|touss|touzo|touta|touto|ouos|ouo|
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
31to 19 — All O 0 0 Reserved Bits Each of these bits clears
The write value should always be "0". interrupt masking for the
; - — corresponding on-chip
18 PDAC 0 0 W PDAC interrupt mask clear setting bit peripheral module. These
17 FRTINT 0 0 W FlexRay timer interrupt mask clear bits are always read as “0”.
setting bit Writing “0” to these bits has
Reserved bit in the SH7456 Group.  no effect.
The write value should always be "0". 0: Mask setting not cleared
16 FRINT 0 0 W FlexRay interrupt mask clear setting  1: Mask setting cleared
bit
Reserved bit in the SH7456 Group.
The write value should always be "0".
15,14 — All O 0 0 Reserved Bits
The write value should always be "0"
13 CAN3 0 0 W CANBS interrupt mask clear setting bit
12 CAN2 0 0 W CAN2 interrupt mask clear setting bit
11 CANA1 0 0 W CANT1 interrupt mask clear setting bit
10 CANO 0 0 W CANO interrupt mask clear setting bit
9 TOU44 0 0 W TimerTOU4_4 to TOU4_7 interrupt
mask clear setting bit
8 TOU40 0 0 W Timer TOU4_0 to TOU4_3 interrupt
mask clear setting bit
7 TOU34 0 0 W Timer TOU3_4 to TOU3_7 interrupt
mask clear setting bit
6 TOU30 0 0 W Timer TOU3_0 to TOU3_3 interrupt
mask clear setting bit
5 TOU24 0 0 W Timer TOU2_4 to TOU2_7 interrupt
mask clear setting bit
4 TOU20 0 0 W Timer TOU2_0 to TOU2_3 interrupt
mask clear setting bit
3 TOU14 0 0 W Timer TOU1_4 to TOU1_7 interrupt

mask clear setting bit
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Bit Abbreviation After Reset R W Description
2 TOU10 0 0 W Timer TOU1_0to TOU1_3interrupt  Each of these bits clears
mask clear setting bit interrupt masking for the
- - corresponding on-chip
1 TOUO4 0 0o w Tlmir T|OUO_‘t1rt'to TthUO_? interrupt peripheral module. These
mask clear setting bi bits are always read as "0".
0 TOUO00 0 0 W Timer TOUO_0to TOUO_3interrupt  Writing "0" to these bits has

mask clear setting bit

no effect.
0: Mask setting not cleared

1: Mask setting cleared

15.3.18 Per-Module Interrupt Source Registers 0 to 12 (INT2B0 to INT2B12)

In contrast to registers INT2A00, INT2A01, INT2A10, and INT2A11, which indicate interrupt sources by on-chip
peripheral module, registers INT2BO to INT2B12 indicate specific individual interrupt sources within their
corresponding modules. Registers INT2B0 to INT2B12 are not affected by the mask settings of registers INT2ZMSKR
and INT2MSKR1. To mask these specific individual interrupt sources, it is necessary to make masking settings in the

corresponding on-chip peripheral module.

(1) INT2BO register: TMU module interrupt detailed sources

Per-module interrupt source register 0 (INT2B0)

<P4 address: location H'FFFF F440>

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 0
Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[— === =] =1=1=1=1=1—=1—=1]—= [runi[runit[runio|
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
31t03 — AllO R — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding TMU
- interrupt source. The
2 TUNI2 0 R — TMU2 underflow interrupt indications provided by this
1 TUNI 0 R — TMU1 underflow interrupt register are not cleared even
. if the TMU module is
0 TUNIO 0 R — TMUO underflow interrupt masked with the interrupt
mask register.
0: No interrupts
1: Interrupts are generated
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@

INT2B1 register: DMAC module detailed sources

Per-module interrupt source register 1 (INT2B1) <P4 address: location H'FFFF F444>

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

| DMINTDMINTDMINTDMIN PMIN DMINTDMINTDMINT| DMAE | DMAE DMINTDMINTDMIN DMINl
— _ 11 10 9 8 7 6 5 4 1 0 3 2 1 0

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
31to14 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©of the corresponding DMA
- interrupt source. The
13 DMINT11 0 R — DMA11 transfer complete interrupt indications provided by this
12 DMINT10 0 R — DMAT10 transfer complete interrupt  register are not cleared even
11 DMINT9 0 R — DMAO9 transfer complete/half end if the DMA.C mod.ule 1S
interrupt masked with the interrupt
mask register.
10 DMINT8 0 R — !:)MA8 transfer complete/half end 0: No interrupts
interrupt
1: Interrupts are generated
9 DMINT7 0 R — DMAZY transfer complete/half end
interrupt
8 DMINT6 0 R — DMAG transfer complete/half end
interrupt
DMINT5 0 R — DMAS transfer complete interrupt
DMINT4 0 R — DMAA4 transfer complete interrupt
DMAE1 0 R — DMAC1 (DMAG6 to DMA11) address
error interrupt
4 DMAEO 0 R — DMACO (DMAOQ to DMAS5) address
error interrupt
3 DMINT3 0 R — DMAS3 transfer complete/half end
interrupt
2 DMINT2 0 R — DMA?2 transfer complete/half end
interrupt
1 DMINTA 0 R — DMAT1 transfer complete/half end
interrupt
0 DMINTO 0 R — DMAO transfer complete/half end
interrupt
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(3) INT2B2 register: ATU-IIIS module detailed sources

Per-module interrupt source register 2 (INT2B2)

<P4 address: location H'FFFF F448>

Bitt_31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

[ — | — lemiesomicdomagemcaemaiomad — |ovirloviFtjoviro] — |icirz|iciFt [iciFo|
AfterReset 0 0 0 0 O 0 0 O O O 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

After Reset: 0 0

loviatficiats|CIAte —

Iciatzjciatijciatd — Joviao] — |ciao4jiciacgciaoziciaoificiaog]

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
31,30 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding ATU-
- - IS interrupt source. The
29 CMIG5 0 R — Timer G5 compare-match interrupt ;- gications provided by this
28 CMIG4 0 R — Timer G4 compare-match interrupt  register are not cleared even
27 CMIG3 0 R — Timer G3 compare-match interrupt Irzg]sekg;-u;tl:?hrg?r?tglr‘itj:t
26 CMIG2 0 R — Timer G2 compare-match interrupt mask register.
25 CMIG1 0 R — Timer G1 compare-match interrupt ~ 0: No interrupts
24 CMIGO 0 R — Timer GO compare-match interrupt ~ 1: Interrupts are generated
23 — 0 0 — Reserved Bit
This bit is always read as "0".
22 OVIF2 0 R — Timer F2 overflow interrupt
21 OVIF1 0 R — Timer F1 overflow interrupt
20 OVIFO 0 R — Timer FO overflow interrupt
19 — 0 0 — Reserved Bit
This bit is always read as "0".
18 ICIF2 0 R — Timer F2 input capture interrupt
17 ICIF1 0 R — Timer F1 input capture interrupt
16 ICIFO 0 R — Timer FO input capture interrupt
15 — 0 0 — Reserved Bit
This bit is always read as "0".
14 OVIA1 0 R — Timer A1 overflow interrupt
13 ICIA15 0 R — Timer A1 channel 5 capture interrupt
12 ICIA14 0 R — Timer A1 channel 4 capture interrupt
11 — 0 0 — Reserved Bit
This bit is always read as "0".
10 ICIA12 0 R — Timer A1 channel 2 capture interrupt
ICIA11 R — Timer A1 channel 1 capture interrupt
ICIA10 R — Timer A1 channel O capture interrupt
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Bit Abbreviation After Reset R W Description
7 — 0 0 — Reserved Bit These bits indicate the state
This bit is always read as "0". of the corresponding ATU-
- - IIIS interrupt source. The
OVIAO 0 R — Timer AO overflow interrupt indications provided by this
5 — 0 0 — Reserved Bit register are not cleared even
This bit is always read as "0". if the ATUTIIIS mgdule is
masked with the interrupt
4 ICIAO4 0 R — Timer AO channel 4 capture interrupt mgask register.
3 ICIA03 0 R — Timer AO channel 3 capture interrupt 0: No interrupts
2 ICIA02 0 R — Timer AO channel 2 capture interrupt 1: Interrupts are generated
1 ICIAO1 0 R — Timer AO channel 1 capture interrupt
0 ICIA00 0 R — Timer AO channel O capture interrupt
(4) INT2B3 register: ATU-IIIS module detailed sources

Per-module interrupt source register 3 (INT2B3) <P4 address: location H'FFFF F44C>

19
OU27|TOU26|TOU25|TOU24|TOU23|TOU22TOU21 OU2
UDF | UDF | UDF | UDF | UDF | UDF | UDF | UDF

0 0 0 0 0 0 0

Bit: 31 30 29 28 27 26 25 24 23 17
I -
After Reset: 0 0 0 0 0 0 0 0

Bit:

T e T R R R G ST

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
31t024 — AllO 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding ATU-
- IS interrupt source. The
23 TOU27UDF 0 R — Tlmer TOU2_7 counter underflow indications provided by this
interrupt register are not cleared even
22 TOU26UDF 0 R — Timer TOU2_6 counter underflow if the ATU-IIIS module is
interrupt masked with the interrupt
21 TOU25UDF 0 R — Timer TOU2 5 counter underflow Mook fegister.
interrupt 0: No interrupts
20 TOU24UDF 0 R — Timer TOU2_4 counter underflow - INterrupts are generated
interrupt
19 TOU23UDF 0 R — Timer TOU2_3 counter underflow
interrupt
18 TOU22UDF 0 R — Timer TOU2_2 counter underflow
interrupt
17 TOU21UDF 0 R — Timer TOU2_1 counter underflow
interrupt
16 TOU20UDF 0 R — Timer TOU2_0 counter underflow
interrupt
15 TOU17UDF 0 R — Timer TOU1_7 counter underflow
interrupt
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Bit Abbreviation After Reset R W Description
14 TOU16UDF 0 R — Timer TOU1_6 counter underflow These bits indicate the state
interrupt of the corresponding ATU-
13 TOU15UDF 0 R — Timer TOU1_5 counter underflow _“IS_ mt_errupt source. The )
interrupt indications provided by this
register are not cleared even
12 TOU14UDF 0 R — Timer TOU1_4 counter underflow if the ATU-IIIS module is
interrupt masked with the interrupt
11 TOU13UDF 0 R — Timer TOU1_3 counter underflow ~ Mmask register.
interrupt 0: No interrupts
10 TOU12UDF 0 R — Timer TOU1_2 counter underflow 1: Interrupts are generated
interrupt
9 TOU11UDF 0 R — Timer TOU1_1 counter underflow
interrupt
8 TOU10UDF 0 R — Timer TOU1_0 counter underflow
interrupt
7 TOUO7UDF 0 R — Timer TOUO_7 counter underflow
interrupt
6 TOUO6UDF 0 R — Timer TOUO_6 counter underflow
interrupt
5 TOUO5UDF 0 R — Timer TOUO_5 counter underflow
interrupt
4 TOUO04UDF 0 R — Timer TOUQ_4 counter underflow
interrupt
3 TOUO3UDF 0 R — Timer TOUO_3 counter underflow
interrupt
2 TOUO2UDF 0 R — Timer TOUO_2 counter underflow
interrupt
1 TOUO1UDF 0 R — Timer TOUO_1 counter underflow
interrupt
0 TOUOOUDF 0 R — Timer TOUO_O counter underflow

interrupt
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(5

INT2B4 register: ATU-IIIS module detailed sources

Per-module interrupt source register 4 (INT2B4) <P4 address: location H'FFFF F450>

16
— |
0

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
I N N N S N S N S N
After Reset: 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
O5e T O e 1 e e e | e e | e e OB | OBe U Be |

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

0
i
0

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31t016 — AllO 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding ATU-
- IS interrupt source. The
15 TOU47UDF 0 R — Tlmer TOU4_7 counter underflow indications provided by this
interrupt register are not cleared even
14 TOU46UDF 0 R — Timer TOU4_6 counter underflow if the ATU-1IIS module is
interrupt masked with the interrupt
13 TOU45UDF 0 R — Timer TOU4 5 counter underflow Mook fegister.
interrupt 0: No interrupts
12 TOU44UDF 0 R — Timer TOU4_4 counter underflow - Interrupts are generated
interrupt
11 TOU43UDF 0 R — Timer TOU4_3 counter underflow
interrupt
10 TOU42UDF 0 R — Timer TOU4_2 counter underflow
interrupt
9 TOU41UDF 0 R — Timer TOU4_1 counter underflow
interrupt
8 TOU40UDF 0 R — Timer TOU4_0 counter underflow
interrupt
7 TOU37UDF 0 R — Timer TOU3_7 counter underflow
interrupt
6 TOU36UDF 0 R — Timer TOU3_6 counter underflow
interrupt
5 TOU35UDF 0 R — Timer TOU3_5 counter underflow
interrupt
4 TOU34UDF 0 R — Timer TOU3_4 counter underflow
interrupt
3 TOUS33UDF 0 R — Timer TOU3_3 counter underflow
interrupt
2 TOU32UDF 0 R — Timer TOU3_2 counter underflow
interrupt
1 TOU31UDF 0 R — Timer TOU3_1 counter underflow
interrupt
0 TOU30UDF 0 R — Timer TOU3_0 counter underflow
interrupt
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(6) INT2BS5 register: SCIF module detailed sources

Per-module interrupt source register 5 (INT2B5) <P4 address: location H'FFFF F454>

16
— |
0

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
After Reset: 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 A 0
| >3 | BRI3 | RXI3 | ERI3 | TXI2 | BRI2 | RXI2 | ERI2 | I | BRI | RXI1 | ERI1 | TXIO | BRIO | RXIO | ERIO |

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
31to16 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding SCIF
- interrupt source. The
15 TXI3 0 R — SCIFS transmit FIFO data empty indications provided by this
interrupt register are not cleared even
14 BRI3 0 R — SCIF3 break or overrun error if the SCIF module is
interrupt masked with the interrupt
13 RXI3 0 R — SCIF3 receive FIFO data full or mask register.
receive data ready interrupt 0: No interrupts
12 ERI3 0 R — SCIF3 receive error interrupt 1: Interrupts are generated
11 TXI2 0 R — SCIF2 transmit FIFO data empty
interrupt
10 BRI2 0 R — SCIF2 break or overrun error
interrupt
9 RXI2 0 R — SCIF2 receive FIFO data full or
receive data ready interrupt
ERI2 0 R — SCIF2 receive error interrupt
XN 0 R — SCIF1 transmit FIFO data empty
interrupt
6 BRI 0 R — SCIF1 break or overrun error
interrupt
5 RXI1 0 R — SCIF1 receive FIFO data full or
receive data ready interrupt
ERI1 0 R — SCIF1 receive error interrupt
TXIO 0 R — SCIFO0 transmit FIFO data empty
interrupt
2 BRIO 0 R — SCIFO0 break or overrun error
interrupt
1 RXI0 0 R — SCIFO0 receive FIFO data full or
receive data ready interrupt
0 ERIO 0 R — SCIFO receive error interrupt
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(7) INT2B6 register: RSPI module detailed sources
Per-module interrupt source register 6 (INT2B6) <P4 address: location H'FFFF F458>
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
[ — | — | — | — | — | — | — [sPTizspriz|sPEi2|sPTi|sPRi1|sPEI1|sPTI0|sPRI0|sPEI|
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
31t09 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding RSP
— interrupt source. The
8 SPTI2 0 R — RSPI2 transmit interrupt indications provided by this
7 SPRI2 0 R — RSPI2 receive interrupt register are not cleared even
- if the RSPl module is
6 SPEI2 0 R — RSPI2 error interrupt masked with the interrupt
5 SPTH 0 R — RSP transmit interrupt mask register.
4 SPRI1 0 R — RSPI1 receive interrupt 0: No interrupts
3 SPEI 0 R — RSPl error interrupt 1: Interrupts are generated
2 SPTIO 0 R — RSPIO transmit interrupt
1 SPRIO 0 R — RSPIO receive interrupt
0 SPEIO 0 R — RSPIO error interrupt

RENESAS
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(8) INT2B7 register: DRI module detailed sources

Per-module interrupt source register 7 (INT2B7) <P4 address: location H'FFFF F45C>

16
— |
0

After Reset: 0 0 0 0 0 0

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

— |
0 0 0

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

| . | . | _ | _ | _ | _ | _ |DRI2|DF7§I2|DRI2 DRI1 [ DRIT [ DRI1_| DRIO | DRIO | DRIO
TRM | DEC [EVENT| TRM | DEC [EVENT| TRM | DEC [EVEN
0

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
31to9 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding DRI
- interrupt source. The
8 DRI2TRM 0 R — DRI2 transfer interrupt indications provided by this
7 DRI2DEC 0 R — DRI2 counter interrupt register are not cleared even
6 DRI2EVENT 0 R — DRI2 event detection interrupt i .the DR.I module is masked
with the interrupt mask
5 DRITRM 0 R — DRI transfer interrupt register.
4 DRI1DEC 0 R — DRI1 counter interrupt 0: No interrupts
3 DRHEVENT 0 R — DRI1 event detection interrupt 1: Interrupts are generated
2 DRIOTRM 0 R — DRIO transfer interrupt
1 DRIODEC 0 R — DRIO counter interrupt
0 DRIOEVENT 0 R — DRIO event detection interrupt
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9)

INT2BS register: CAN module detailed sources

Per-module interrupt source register 8 (INT2B8) <P4 address: location H'FFFF F460>
Bit 31 30 29 28 27 26 25 24 23 22 19 18 17
[ — |oxvs| XM RXMT [ 1xr3|rxFs|erss| — |TXM2|RXM|RXM| — | xF2|RxF2|ERS?)|
AfterResett 0 0 O O O O 0 O 0O 0 O 0 0 0 0
Bit 15 14 11 10 9 8 7 2 1 0
[ — |TXM1|RXM|RXM — | 7xF1|RxF1[ERS1]| — |TXMO|RXM|RXM| — |TXFO|RXFO|ERSO|

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
31 — 0 0 — Reserved Bit These bits indicate the state
This bit is always read as "0". of the corresponding CAN
- - interrupt source. The
30 TXM3 0 R — _CAN3 mailbox 0 to 63 transmit indications provided by this
interrupt register are not cleared even
29 RXM13 0 R — CANB3 mailbox 1 to 63 receive if the CAN module is
interrupt masked with the interrupt
28 RXMO03 0 R — CANS mailbox O receive interrupt MoK register.
- 0: No interrupts
27 — 0 0 — Reserved Bit
o 1: Interrupts are generated
This bit is always read as "0".
26 TXF3 0 R — CANB3 transmit FIFO interrupt
25 RXF3 0 R — CANB3 receive FIFO interrupt
24 ERS3 0 R — CANS3 error interrupt
23 — 0 0 — Reserved Bit
This bit is always read as "0".
22 TXM2 0 R — CAN2 mailbox 0 to 63 transmit
interrupt
21 RXM12 0 R — CAN2 mailbox 1 to 63 receive
interrupt
20 RXM02 0 R — CAN2 mailbox O receive interrupt
19 — 0 0 — Reserved Bit
This bit is always read as "0".
18 TXF2 0 R — CAN2 transmit FIFO interrupt
17 RXF2 0 R — CAN2 receive FIFO interrupt
16 ERS2 0 R — CAN2 errorinterrupt
15 — 0 0 — Reserved Bit
This bit is always read as "0".
14 TXM1 0 R — CAN1 mailbox 0 to 63 transmit
interrupt
13 RXM11 0 R — CANT1 mailbox 1 to 63 receive
interrupt
12 RXMO01 0 R — CAN1 mailbox O receive interrupt
11 — 0 0 — Reserved Bit

This bit is always read as "0".
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Bit Abbreviation After Reset R W Description
10 TXF1 0 R — CAN?1 transmit FIFO interrupt These bits indicate the state
9 RXF1 0 R — CAN1 receive FIFO interrupt of the corresponding CAN
. interrupt source. The
8 ERSH1 0 R — CAN1 error interrupt indications provided by this
7 - 0 0 — Reserved Bit register are not cleared even
o wn if the CAN module is
This bit is always read as "0". masked with the interrupt
6 TXMO 0 R — CANO mailbox 0 to 63 transmit mask register.
interrupt 0: No interrupts
5 RXM1O 0 R —_— CANO mai|bOX 1 to 63 receive 1: |nterrupts are generated
interrupt
RXMO00 — CANO mailbox 0 receive interrupt
— 0 — Reserved Bit
This bit is always read as "0".
2 TXFO R — CANO transmit FIFO interrupt
1 RXFO R — CANO receive FIFO interrupt
0 ERSO R — CANO error interrupt
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(10) INT2B10 register: ADC module detailed sources

Per-module interrupt source register 10 (INT2B10)

<P4 address: location H'FFFF F468>

) e g S B B 1 N R o R A
| | | | | | | | |ID5 D4 | ID1 | IDO | ID15] ID14

After Reset: 0 0

0 0 0 0 0

0 0 0 0

14 13 12
ADO ADO | ADO | ADO ADO ADO ADO ADO ADO ADO
ID13 | ID12 | ID11 | ID10| ID9 | D8 | — | ID6 | — | D4 | — | D2 | — | IDO | AD1I | ADO'l
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0
<After Reset: H'0000 0000>
Bit Abbreviation After Reset R W Description
31to24 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  Of the corresponding ADC
- - interrupt source. The
23 AD1ID5 0 R — AD1ID5 |qterrupt conversion indications provided by this
complete interrupt register are not cleared even
22 AD1ID4 0 R — AD1ID4 interrupt conversion if the ADC module is
complete interrupt masked with the interrupt
21,20 — All 0 0 — Reserved Bits mask register.
These bits are always read as "0". 0:Nointerrupts
- - 1: Interrupts are generated
19 AD11DA1 0 R — AD1ID1 interrupt conversion
complete interrupt
18 AD1IDO 0 R — AD1IDO interrupt conversion
complete interrupt
17 ADOID15 0 R — ADOID15 interrupt conversion
complete interrupt
16 ADOID14 0 R — ADO0ID14 interrupt conversion
complete interrupt
15 ADOID13 0 R — ADOID13 interrupt conversion
complete interrupt
14 ADOID12 0 R — ADOID12 interrupt conversion
complete interrupt
13 ADOID11 0 R — ADOID11 interrupt conversion
complete interrupt
12 ADOID10 0 R — ADOID10 interrupt conversion
complete interrupt
11 ADOID9 0 R — ADOID9 interrupt conversion
complete interrupt
10 ADOID8 0 R — ADOIDS8 interrupt conversion
complete interrupt
9 — 0 0 — Reserved Bit
This bit is always read as "0".
8 ADOID6 0 R — ADOIDG6 interrupt conversion

complete interrupt

RENESAS
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Bit Abbreviation After Reset R W Description
7 — 0 0 — Reserved Bit These bits indicate the state

This bit is always read as "0". of the corresponding ADC

- - interrupt source. The

6 ADOID4 0 R — ADo0ID4 |n_terrupt conversion indications provided by this

complete interrupt register are not cleared even
5 — 0 0 — Reserved Bit if the ADC module is

This bit is always read as "0". masked with the interrupt

mask register.
4 ADOID2 0 R — ADOID2 interrupt conversion .
. 0: No interrupts
complete interrupt
- 1: Interrupts are generated

3 — 0 0 — Reserved Bit

This bit is always read as "0".
2 ADOIDO 0 R — ADOIDO interrupt conversion

complete interrupt
1 AD1I 0 R — AD1 scan conversion complete

interrupt
0 ADOI 0 R — ADO scan conversion complete

interrupt
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(11) INT2BI11 register: FlexRay module detailed sources

The SH7456 Group has no FlexRay module. In the SH7456 Group, the bits in the INT2B11 register are reserved. These
bits are always read as "0". Writing to these bits is invalid.

Per-module interrupt source register 11 (INT2B11)

<P4 address: location H'FFFF F46C>

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 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — 1 1 T _ T — | — | — | — | — | — | — | — |FRTINT|FRTINT| FRINT|FRINT|
1 0 1 0
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
31to4 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  ©f the corresponding
- - FlexRay interrupt source.
3 FRTINTA 0 R — FlexRay timer 1 interrupt The indications provided by
2 FRTINTO 0 R — FlexRay timer 0 interrupt this register are not cleared
. even if the FlexRay module
1 FRINT1 0 R — FlexRay interrupt 1 is masked with the interrupt
0 FRINTO 0 R — FlexRay interrupt O mask register.

0: No interrupts
1: Interrupts are generated
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(12) INT2B12 register: PDAC module detailed sources

Per-module interrupt source register 12 (INT2B12) <P4 address: location H'FFFF F494>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
HEERERERERREREREEREREEEE
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
I I S N
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
31to1 — All O 0 — Reserved Bits These bits indicate the state
These bits are always read as "0".  Of the corresponding PDAC
- - - interrupt source. The
0 PDINT 0 R — Final modulation complete interrupt

indications provided by this
register are not cleared even
if the PDAC module is
masked with the interrupt
mask register.

0: No interrupts

1: Interrupts are generated
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15.4  Operation

15.4.1 Interrupt Sources and Priorities

Interrupt sources fall into three categories: NMI, IRQ, and on-chip peripheral module interrupts. The priority of each
interrupt source is indicated by its interrupt priority level (level 15 to level 0), with level 15 being the highest priority
and level 1 the lowest. A priority level setting of level 0 causes the interrupt to be masked and associated interrupt
requests to be ignored.

The vector address of the interrupt source (NMI, IRQ, and on-chip peripheral module interrupts) is fixed at the VBR
register value + H'600. Individual sources are reflected in the interrupt event register (INTEVT), so the source can be
identified by using the INTEVT register value as an offset when branching in the exception processing routine. When
multiple interrupt sources are set to the same priority level, and more than one of these sources occurs simultaneously,
processing is based on the hardware priority as shown in tables 15.2 and 15.3.

Figure 15.2 shows examples of priority determination at interrupt request acceptance, and table 15.8 lists priorities and
the IMASK values at which they are accepted.

Handled by INTC Handled by CPU
On-chip peripheral Priority General interrupt Priority Comparison with Comparison with value
i determination P determinati i i
mwm:;:iermpt by fixed hardware| priority I b f?xgrdn:lzfdl\zgre*) value of UIMASK : IMASZm hSRY Imlerm’?
priority Y Tixed ha determination Y Tixed ha in USERIMASK accepted when value of
determination priority priority BLin SRis "0"

. Level 4 i
IRQO interrupt felfézueﬁ Yes s Interrupt canbe | Interrupt can be
(IRQO) : : accepted when | accepted when :
IRQ1 interrupt request _Yes . Level8 : UIMASK=0t07 : IMASK=0to7 >
(IRQ1) 3 : ' ' :
WDT interrupt request Yes 17 (Level 8) . 17 (Level 8) 17 (Level 8) -
: : : »
(wbT) : ! Fixed hardware
TMU interrupt request Yes : 12 (Level6) - priority
(TUNIO) : .
TOUO_0 to TOUO_3 interrupt request Yes : 8 (Level 4) ;‘
(TOU00) 3 j
SCIFO0 transmit interrupt request Yes ; 17 (Level ) 17 (Level §) |
(SCIF0) : :
DRO interrupt request L’
(DRO) .
ADC interrupt request —YeS . 16(Level§) »
(ADC) j

Note: Interrupt priority levels shown in parentheses indicate priority levels that have been converted into four-bit values by discarding the lowest bit.

Figure 15.2 Priority Determination at Interrupt Request Acceptance
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Table 15.8 Interrupt Priorities and IMASK Values at Which They Are Accepted

On-Chip Peripheral Module IMASK (UIMASK) Value at Which Interrupt Is
Interrupt Priority Priority of General Interrupts  Accepted

0,1 Level O Not accepted (interrupt disabled state)

2,3 Level 1 Accepted when IMASK (UIMASK) value is O

4,5 Level 2 Accepted when IMASK (UIMASK) value is 0 or 1
6,7 Level 3 Accepted when IMASK (UIMASK) value is 0 to 2
8,9 Level 4 Accepted when IMASK (UIMASK) value is 0 to 3
10, 11 Level 5 Accepted when IMASK (UIMASK) value is 0 to 4
12,13 Level 6 Accepted when IMASK (UIMASK) value is 0 to 5
14,15 Level 7 Accepted when IMASK (UIMASK) value is 0 to 6
16, 17 Level 8 Accepted when IMASK (UIMASK) value is 0 to 7
18,19 Level 9 Accepted when IMASK (UIMASK) value is 0 to 8
20, 21 Level 10 Accepted when IMASK (UIMASK) value is 0 to 9
22,23 Level 11 Accepted when IMASK (UIMASK) value is 0 to 10
24, 25 Level 12 Accepted when IMASK (UIMASK) value is 0 to 11
26, 27 Level 13 Accepted when IMASK (UIMASK) value is 0 to 12
28, 29 Level 14 Accepted when IMASK (UIMASK) value is 0 to 13
30, 31 Level 15 Accepted when IMASK (UIMASK) value is 0 to 14

(1) NMI Interrupt

The NMI interrupt has a higher priority than IRQ interrupts and on-chip peripheral module interrupts. When the NMIB
bit in ICRO is set to "1", an NMI interrupt is always accepted immediately by the CPU, regardless of the value of the BL
bit in SR. When the value of the NMIB bit in ICRO is "0", acceptance by the CPU of an NMI interrupt must wait until
the BL bit in SR is cleared to "0".

Input from the NMI pin is edge-detected. The NMIE bit in the ICRO register is used to select either the rising or the
falling edge as the detection edge. When the NMIE bit in the ICRO is modified, the NMI interrupts is not detected for a
period of up to 6 Pck cycles after the value of the bit is changed.

By setting the MAI bit in ICRO to "1", it is possible to mask all interrupts (NMI, IRQ, and on-chip peripheral module
interrupts) for as long as input to the NMI pin is "L" level, regardless of the values of the BL bit and IMASK bits in SR.
In this case only an NMI interrupt triggered by a change in the NMI pin state can be generated.

(2) IRQ Interrupts

The IRQnS bits (n =0 to 2, 5 to 7) in ICR1 are use to set the detection mode to falling edge, rising edge, "L" level, or
"H" level. Also, the interrupt priority is set in the INTPRI register.

When the IRQ interrupt request detection mode is "L" level or "H" level, the IRQ interrupt pin state should be
maintained for the period from when the interrupt is accepted until the start of interrupt handling.

Note that after an IRQ interrupt request is detected, the interrupt source is maintained in the INTREQ register even if
the IRQ interrupt pin state changes and the request is canceled before acceptance by the CPU. For details on the method
of clearing IRQ interrupt requests when level detection has been selected, see section 15.7.2, To Clear IRQ Interrupt
Requests When Level Detection is Selected.
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For details on the method of clearing IRQ interrupt requests when edge detection has been selected, see section 15.7.3,
To Clear IRQ Interrupt Requests When Edge Detection is Selected.

When the INTMU bit in the CPU operation mode (CPUOPM) register is set to "1", the SRIMASK bits are
automatically modified to the level of the accepted interrupt. When the CPUOPM.INTMU bit is cleared to "0", the
SR.IMASK bits are not affected by the accepted interrupt. For details on the CPUOPM register, see appendix A, CPU
Operation Mode Register (CPUOPM).

(3) On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the on-chip peripheral modules. When an on-chip peripheral
module interrupt occurs, an exception code is output to the CPU by the interrupt request as a unique identifier of the
interrupt source. When the CPU accepts the interrupt, the corresponding exception code is indicated in the INTEVT
register of the CPU. This enables the interrupt handler to determine the source by reading the INTEVT register, and
there is no need to read the source indication registers of the INTC. For the correspondences between the on-chip
peripheral module interrupt sources and the exception codes, see table 15.3.

As shown in figure 15.1, each on-chip peripheral module interrupt source can be given one of 30 priority levels by
assigning one of 32 5-bit values. (The higher the setting value, the higher the priority. Specifying a value of "H'00" or
"H'01" has the same effect as masking interrupt requests for the corresponding source.) The CPU determines the
interrupt priority on the basis of 15 levels expressed as 4-bit values (interrupt requests with a value of "H'0" are
effectively masked), so the lowest bit of the on-chip peripheral module interrupt priority setting is discarded, converting
it into a 4-bit value that is sent to the CPU. For example, interrupts for two sources with priority values of "H'1A" and
"H'IB", respectively, will both have the same 4-bit output value of "H'1A". The two interrupts both have the same
value, but when they are in contention, the exception code assigned to the one with the higher 5-bit priority setting of
"H'1B" is sent to the CPU. When a contention occurs between two interrupts with the same priority setting, the
exception code is sent to the CPU according to the listing of exception codes in table 15.3. Figure 15.3 shows the
handling of priority for on-chip peripheral module interrupts.

For the CPU, on-chip peripheral module interrupt with level H'D can be separated into interrupt request
with priority levels H'1A and H'1B internally in the INTC.

Priority level H'01 is

same as request mask. Priority in the INTC High Low
0 0 0 0 1 1 1 0 1 1 1 1 0 1 0
0 0 0 0 1 1 0 1 1 1 0 1
Priority level at the CPU The same

Since the interrupt level H'01 becomes H'0 When two on-chip peripheral module interrupt requests conflict,
when the low-order bit is discarded, an the exception code corresponding to the 5-bit priority value of H'1B is sent to the CPU.
interrupt with this level will not be reported Note that when an on-chip peripheral module interrupt request occurs simultaneously
to the CPU if it occurs. with an IRQ interrupt request, the IRQ interrupt request may be given priority in some cases.
Set the interrupt priority setting register to e When an NMI interrupt request occurs
values in the range H'02 to H'1F (30 levels). * When an IRQ interrupt with the same or higher priority level occurs

(In the example shown in the figure, H'D or higher )

Figure 15.3 On-Chip Peripheral Module Interrupt Priority
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15.4.2  General Interrupt Sequence

(1) General Interrupt Operation Sequence 1 (Clearing the Interrupt Request When the BL Bit in SR Has Been
Set to ''1'")

The sequence of operations when a general interrupt occurs for clearing the interrupt request when the value of the BL
bitin SR is "1" is described below, considering the possibility of multiple interrupts occurring. When the interrupt
handler is configured as described below and multiple interrupts occur, an interrupt with a higher priority level can be
accepted immediately after step 14. This ensures a short interrupt response time for very urgent processing tasks. Steps
1 to 8 cover hardware pre-processing and step 21 covers hardware post-processing.

Note that steps 9, 12, 14, 17, and 19 may be omitted if multiple simultaneous interrupts will not be used.

1. Interrupt request sources send interrupt request signals to the INTC.

2. The INTC selects the highest-priority interrupt from the interrupt requests sent, according to the priority level
settings in the INTPRI register and registers INT2PRIO to INT2PRI12, and the lower-priority interrupts are held
pending. If two interrupts have the same priority setting or if multiple interrupts occur within a single module, the
interrupt with the highest priority according to tables 15.2 and 15.3 is selected.

3. The CPU compares the priority level of the interrupt selected by the INTC with the IMASK bits in SR. When the
value of the BL bit in SR is "0", the CPU accepts the interrupt at the next gap between instructions only if its
priority is higher than the level indicated by the IMASK bits in SR.

4. The contents of the status register (SR) and program counter (PC) are stored in the SSR register and SPC counter,
respectively. The contents of R15 is saved to the SGR register at this time.

5. The exception code (interrupt source code) is set in the interrupt event register INTEVT).

6. The BL, MD, and RB bits in SR are set to "1".

7. 1If the INTMU bit in CPUOPM has been set to "1", the IMASK bits in SR are automatically set to the level of the
interrupt that was accepted. This ensures that interrupts with a lower priority level than the accepted interrupt will
not be accepted. However, if the INTMU bit in CPUOPM has been cleared to "0", the IMASK bits in SR are not
affected when an interrupt is accepted.

8. Execution jumps to the start address of the interrupt handler (the sum of the value set in the vector base register
(VBR) and H'0000 0600).

9. The values of the SPC counter and SSR register are saved on the stack.

10. If necessary, the contents of the PR register, general registers, and floating point registers are saved on the stack.

11. The value of the INTEVT register is read to determine the source of the interrupt accepted by the CPU.

12. If the INTMU bit in CPUOPM has been cleared to "0", the IMASK bits in SR must be set to the level of the
interrupt that was accepted by software. This ensures that interrupts with a lower priority level than the accepted
interrupt will not be accepted. However, if the INTMU bit in CPUOPM has been set to "1", the IMASK bits in SR
will have automatically been set to the level of the accepted interrupt in step 7, above.

13. The corresponding interrupt request is cleared within the interrupt routine for the accepted interrupt. After this, it is
necessary to ensure that the priority determination time shown in table 15.9 elapses before the BL bit in SR is
cleared (step 14, below). This will prevent the interrupt request that was supposed to be cleared from being
reaccepted erroneously.

14. The BL bit in the SR register is cleared to "0".

15. The value of the INTEVT register read in step 11 is used as an offset to branch to the interrupt routine for the
interrupt source.

16. The next lines of code specify the actual processing to be performed.

17. The BL bit in the SR register is set to "1".

18. The values of the PR register, general registers, and floating point registers saved in step 10 are restored from the
stack.
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19. The values of the SSR register and SPC counter are restored from the stack.
20. The RTE instruction is executed.

21. Execution of the RTE instruction causes the contents of the status register (SR) and program counter (PC) stored,

respectively, in the SSR register and SPC counter in step 4 to be restored automatically.

Note: e

The IRQ and on-chip peripheral module interrupts are initialized to the interrupt masked state by a hardware

reset. To disable masking of an interrupt, write "0" to the corresponding bit in the INTMSKCLR,

INT2MSKCR, or INT2MSKCRI1 register.

Program currently running
(BLin SR ="0")

Notes *1

*2
*3

*4

[4]

(5]

[6]

17

(8]

Hardware
pre-processing

\ 4

Store register values
SPC =PC

SSR = SR

SGR = R15

Set exception code of
accepted interrupt
in INTEVT register

Update settings
MD in SR ="1"
RBin SR ="1"
BLin SR="1"

[When INTMU in
CPUOPM = "1"]
Set IMASK bits in SR to

level of accegted interrugt

Set vector address in PC
PC = VBR register + H'600

Exception
event occurs

*1

[21]

Hardware
post-processing

Restore register values
PC =SPC
SR =SSR

Interrupt handler

9]

Store SPC on stack
Store SSR on stack

[10]

If necessary, store PR register,
general registers, and floating

point registers on stack
I

(1]

Read INTEVT

[12]

[When INTMU in
CPUOPM = "0"]
Determine accepted interrupt
and set interrupt level
in IMASK bits in SR

[13]

Clear interrupt request of
accepted interrupt and wait
for priority determination time

(141

BLin SR="0"

|*2

[15] Branch to interrupt routine
for accepted interrupt

Interrupt Controller (INTC)

[17]

BLin SR="1"
1

[18]

If necessary, restore PR register,
general registers, and floating
point registers from stack

[19]

Restore SSR from stack
Restore SPC from stack

[20]

RTE instruction

\
I;1dividual interrupt
routi
[16] Actual processing
A
|*2

The interrupt is accepted at the next gap between instructions when its priority as reported to the CPU

by the INTC is higher than the level indicated by the IMASK bits in SR and the value of the BL bit in SR is "0".
Necessary only if multiple interrupts may occur simultaneously.
When level detection is selected for IRQ interrupts, the following steps are required before clearing the request:
a. Clear the request source of the IRQ level interrupt.

b. Wait (8 Pck) for the request of the IRQ level interrupt to clear.
After the corresponding interrupt request is cleared, allow the priority determination time shown in table 15.9

to elapse before clearing the BL bit in SR. This will prevent the interrupt request that was supposed to be cleared
from being reaccepted erroneously.

Figure 15.4 General Interrupt Operation Example 1
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(2) General Interrupt Operation Sequence 2 (Clearing the Interrupt Request When the BL Bit in SR Has Been
Cleared to "'0'")

The sequence of operations when a general interrupt occurs for clearing the interrupt request when the value of the BL
bit in SR is "0" is described below, considering the possibility of multiple interrupts occurring. When the interrupt
handler is configured as described below and multiple interrupts occur, an interrupt with a higher priority level can be
accepted immediately after step 13. This ensures a short interrupt response time for very urgent processing tasks. Steps
1 to 8 cover hardware pre-processing and step 21 covers hardware post-processing.

Note that steps 9, 12, 13, 17, and 19 may be omitted if multiple simultaneous interrupts will not be used.

1. Interrupt request sources send interrupt request signals to the INTC.

2. The INTC selects the highest-priority interrupt from the interrupt requests sent, according to the priority level
settings in the INTPRI register and registers INT2PRIO to INT2PRI12, and the lower-priority interrupts are held
pending. If two interrupts have the same priority setting or if multiple interrupts occur within a single module, the
interrupt with the highest priority according to tables 15.2 and 15.3 is selected.

3. The CPU compares the priority level of the interrupt selected by the INTC with the IMASK bits in SR. When the
value of the BL bit in SR is "0", the CPU accepts the interrupt at the next gap between instructions only if its
priority is higher than the level indicated by the IMASK bits in SR.

4. The contents of the status register (SR) and program counter (PC) are stored in the SSR register and SPC counter,
respectively. The contents of R15 is saved to the SGR register at this time.

5. The exception code (interrupt source code) is set in the interrupt event register INTEVT).

6. The block (BL), mode (MD), and register bank (RB) bits in the SR register are set to "1".

7. If the INTMU bit in CPUOPM has been set to "1", the IMASK bits in SR are automatically set to the level of the
interrupt that was accepted. This ensures that interrupts with a lower priority level than the accepted interrupt will
not be accepted. However, if the INTMU bit in CPUOPM has been cleared to "0", the IMASK bits in SR are not
affected when an interrupt is accepted.

8. Execution jumps to the start address of the interrupt handler (the sum of the value set in the vector base register
(VBR) and H'0000 0600).

9. The values of the SPC counter and SSR register are saved on the stack.

10. If necessary, the contents of the PR register, general registers, and floating point registers are saved on the stack.

11. The value of the INTEVT register is read to determine the source of the interrupt accepted by the CPU.

12. If the INTMU bit in CPUOPM has been cleared to "0", the IMASK bits in SR must be set equal to or the value
higher than the level of the interrupt that was accepted by software. This ensures that interrupts with a lower priority
level than the accepted interrupt will not be accepted. However, if the INTMU bit in CPUOPM has been set to "1",
the IMASK bits in SR will have automatically been set to the level of the accepted interrupt in step 7, above.

13. The BL bit in the SR register is cleared to "0".

14. The value of the INTEVT register read in step 11 is used as an offset to branch to the interrupt routine for the
interrupt source.

15. The corresponding interrupt request is cleared within the interrupt routine for the accepted interrupt. After this, it is
necessary to ensure that the priority determination time shown in table 15.9 elapses before the RTE instruction is
executed (step 20, below). This will prevent the interrupt request that was supposed to be cleared from being
reaccepted erroneously.

16. The next lines of code specify the actual processing to be performed.

17. The BL bit in the SR register is set to "1".

18. The values of the PR register, general registers, and floating point registers saved in step 10 are restored from the
stack.

19. The values of the SSR register and SPC counter are restored from the stack.

20. The RTE instruction is executed.
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21. Execution of the RTE instruction causes the contents of the status register (SR) and program counter (PC) stored,
respectively, in the SSR register and SPC counter in step 4 to be restored automatically.

Note: e The IRQ and on-chip peripheral module interrupts are initialized to the interrupt masked state by a hardware
reset. To disable masking of an interrupt, write "0" to the corresponding bit in the INTMSKCLR,
INT2MSKCR, or INT2MSKCRI1 register.

Hardware

. Interrupt handler
pre-processing v

9] Store SPC on stack "
Store SSR on stack

Store register values
SPC =PC

[4]
SSR = SR

SGR = R15 If necessary, store PR register,

[10]| general registers, and floating
point registers on stack

Set exception code of
(5] accepted interrupt

in INTEVT register [11] Read INTEVT
(6] MD in SR ="1" CPUOPM ="0"]
[12]| Determine accepted interrupt | »2
BLin SR ="1" and set interrupt level *5
- in IMASK bits in SR
When INTMU -

in CPUOPM = "1"]

Update settings [When INTMU in

H RBin SR ="1"

7] [13] BLin SR="0" *2
Set IMASK bits in SR to T
|_level of accepted interrupt | [14] Branch to interrupt routine
for accepted interrupt
8] Set vector address in PC
: PC = VBR register + H'600 #
Program currently running
(BLin SR="0") T I
| I
. L Individual interrupt
routi
Clear interrupt request of
o [15] accepted interrupt *3
© (1] Exception (Wait for priority determination | =4
""" - 4—[2] event occurs 1 time before executing RTE
(3] instruction)
,4- SN N [16] | Actual processing | |
o i T B
, [17] BLinSR="1" |*2
1 1
' If necessary, restore PR register,
i [18] | general registers, and floating
I point registers from stack
' I
: [19]| Restore SSR from stack )
;‘ :;?_ w?or:essin g ! Restore SPC from stack *

Restore register values
[21] PC = SPC

SR =SSR (0]

RTE instruction

Notes *1 The interrupt is accepted at the next gap between instructions when its priority as reported to the CPU

by the INTC is higher than the level indicated by the IMASK bits in SR and the value of the BL bit in SR is "0".

*2 Necessary only if multiple interrupts may occur simultaneously.

*3 When level detection is selected for IRQ interrupts, the following steps are required before clearing the request:
a. Clear the request source of the IRQ level interrupt.
b. Wait (8 Pck) for the request of the IRQ level interrupt to clear.

*4 After the corresponding interrupt request is cleared, allow the priority determination time shown in table 15.9
to elapse before executing the RTE instruction. This will prevent the interrupt request that was supposed to be cleared
from being reaccepted erroneously.

*5 Set the value equal to or more than the accepted interrupt level to the IMASK bits in SR by software.

Figure 15.5 General Interrupt Operation Example 2
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15.4.3 NMI Interrupt Operation Sequence

NMI is an emergency interrupt request used in cases such as when a malfunction is detected in the power supply or an
external watchdog timer. Figures 15.6 and 15.7 show operation examples for the NMI interrupt.

Hardware '

Interrupt handler
pre-processing v P

Store register values If necessary, store PR register,

SPC = PC general registers, and floating
SSR = SR point registers on stack
SGR = R15 I

| Read INTEVT
|

INTEVT = H'000001CO |

Branch to interrupt routine

MDin SR ="1"
RBin SR ="1"
BLin SR ="1"

TWhen INTMU in

CPUOPM ="1"] NMI interrupt routine

A

Actual processing

Set vector address in PC
PC = VBR register + H'600

Program currently running
(BL in SR ="0" and NMIB
in ICRO = "0")

Update settings E for accepted interrupt

If necessary, restore PR register,
general registers, and floating
point registers from stack

Exception
----- - €] *1
event occurs

RTE instruction

‘ N 1
\f\ Hardware j
post-processing |

\
|
|
|
|
|
,

- \

Restore register values !
|
|
|
h
|
h
|
|
|

PC =SPC
SR =SSR

Note *1 The interrupt is accepted at the next gap between instructions when the value of the BL bit in SR is "0" and the active edge
has been detected on the NMI pin.

Figure 15.6 NMI Interrupt Operation Example (When Value of NMIB Bit in ICRO0 is ''0'")
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'
.
Hardware ,

) Interrupt handler
pre-processing v

Store register values | Read INTEVT

SPC =PC T

SSR = SR - -
Branch to interrupt routine

SGR =R15

for accepted interrupt

INTEVT=H'000001CO |

\
Update settings
MD in SR ="1" - '
RBinSR="1" NMI interrupt routine \
[When IN'II'MU i | Actual processing |
CPL.JO.PM "1"]
A

Set vector address in PC
PC = VBR register + H'600

CProgram end or system re39 *2

Program currently running
(NMIB in ICRO = "1")

! BLin SR="1"

_____ - Exception |,
event occurs

C>..

Note *1 The interrupt is accepted at the next gap between instructions when the active edge has been detected on the NMI pin.
*2 When an NMI interrupt is accepted while the value of BL in SR is "1", earlier exception data (SSR, SPC, SGR, and INTEVT)
may be lost. Control must therefore not be returned to the program that was running when the NMI interrupt occurred.

Figure 15.7 NMI Interrupt Operation Example (When Value of NMIB Bit in ICR0 is ''1'")
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15.5 Interrupt Response Time

Table 15.9 shows the interrupt response time, which is the interval from when an interrupt request occurs until the
interrupt exception handling is started and the start instruction of the interrupt handling is fetched.

Table 15.9 Interrupt Response Time

Number of State

Peripheral

Item NMI IRQ Module Remarks

Priority determination time 7 Pcyc 6 Pcyc 5Pcyc

Wait time until the CPU finishes the S-1(20) x Ieyc

current sequence

Interval from when interrupt exception 11lcyc + 1Scyc

handling begins (saving SR and PC) until

a SHwy bus request is issued to fetch the

start instruction of the interrupt handling

Response time Total (S +10) Icyc (S +10) Icyc (S +10) Icyc

+ 1Scyc + 7 Pcyc  + 1Scyc + 6 Pcyc  + 1Scyc + 5Pcyc
Minimum 40lcyc + SxIcyc 36lcyc + S xlcyc  32lcyc + S xlcyc  When

Icyc:Scyc:
Pcyc = 4:2:1

Legend:

Icyc: Period for one CPU clock cycle
Scyc: Period for one SHwy clock cycle
Pcyc: Period for one peripheral clock cycle
S: Number of instruction execution states
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15.6  Initial Setting Procedure Example

Figure 15.8 shows an example of the initial setting procedure of the INTC. Before enabling interrupts, it is necessary to
allow the priority determination time indicated in table 15.9 to elapse to ensure that the setting changes are updated in

the priority determination circuit.

Initial setting
procedure

Disable interrupts

Y

Set interrupt mask level in CPU

INTC settings Y

User interrupt mask setting

Y

NMI interrupt setting

Y

IRQ interrupt settings

Y

On-chip peripheral module
interrupt settings

y

Interrupt settings for individual
on-chip peripheral modules

Y

Allow priority determination
time to elapse

Y

Enable interrupts

End of initial settings

e Set BL bit in SR register to "1"

e Set IMASK bits in SR register

e Set UIMASK bits in USERIMASK register

e Set ICRO register

¢ Set ICR1 register

¢ Set IRQ interrupt priority (INTPRI)

e Clear IRQ request status (INTREQ)

e Set IRQ interrupt mask (INTMSK, INTMSKCLR)

e Set on-chip peripheral module interrupt priority (INT2PRIO to INT2PRI12)
e Set on-chip peripheral module interrupt mask
(INT2MSKR, INT2MSKR1, INT2MSKCR, INT2MSKCR1)

¢ Enable/disable individual on-chip peripheral module interrupts
o Clear request status of individual on-chip peripheral module interrupts

o Allow the priority determination time indicated in table 15.9 to elapse to ensure that
the setting changes are updated in the priority determination circuit.

e Clear BL bit in SR register to "0"

Figure 15.8 INTC Initial Setting Procedure Example
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15.7  Usage Notes

15.7.1 Notes on Setting IRQ Pin Function

Pins IRQO to IRQ2 and IRQ5 to IRQ7 are multiplexed, meaning that they can be set to other functions. As a result,
when these pins are switched to function as IRQO to IRQ2 and IRQ5 to IRQ7, interrupt requests may be detected
erroneously and maintained internally by the INTC. It is therefore necessary to mask IRQ interrupt requests before
switching the functions of the pins to IRQO to IRQ2 and IRQS5 to IRQ7 in the pin function unit.

Table 15.10 Switching Sequence of IRQ Pin Function

Sequence ltem Procedure

1 IRQ interrupt request masking Write "1" to all bits in the INTMSK register.

2 Setting the IRQO to IRQ2, and IRQ5 to IRQ7 Select the pins to be used with the corresponding
functions by the pin function unit port control register.

3 Starting IRQ interrupt request detection Write "1" to the corresponding bit or bits in the

INTMSKCLR register.

15.7.2  To Clear IRQ Interrupt Requests When Level Detection is Selected

To clear IRQ interrupt requests that are set up for level detection, write "1" to the INTMSK.IRQn (n =0 to 2, 5 to 7) bit
that correspond to the requests to be cleared. It is not possible to clear detected IRQ interrupt requests by writing "0" to
the corresponding bits in the INTPRI register. Which IRQ interrupt requests have been detected can be checked by
reading the INTREQ register. The clearing procedure of the IRQ interrupt request when level detection is as follows.

Start of IRQ level-sense
interrupt handling

| Interrupt handling |

Clear the request source for the IRQ level
interrupt
Report to the external device that the
interrupt was accepted, and wait until the
IRQn pin level is negated.

Wait for the clear of the IRQ level interrupt
request
The time (8 x Pcyc) is required from when
the IRQn pin level is negated until it is
detected by the INTC.

Clear the internally held interrupt request
Set the interrupt mask bit to "1" to clear
the interrupt request held in the INTC.

End of IRQ level-sense
interrupt handling

(1) Set the corresponding bit in INTMSK to "1".
(2) Set the corresponding bit in INTMSKCLR to "1".
(3) Read INTMSK

Figure 15.9 Example of Interrupt Handling Routine
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CLKOUT (ouput) | | | | | | | | | |

IRQO to IRQ2 and IRQ5 to IRQ7
pins input when IRQ interrupts are
set up

A
Y

taow™
IRQW

Note: *1 Refer to section 38, Electrical Characteristics.

Figure 15.10 Time Requested to Detect Interrupts from IRQ

15.7.3  To Clear IRQ Interrupt Requests When Edge Detection is Selected

To clear IRQ interrupt requests that are set up for edge detection, write "0" to the INTREQ.IRQn (n=0to 2, 5 to 7) bit
that correspond to the requests to be cleared after reading "1". Write "1" to the bits whose value was read as "0". It is
not possible to clear detected IRQ interrupt requests by writing "1" to the corresponding bits in the INTMSK register.
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Section 16 Reset

16.1  Reset Operation

When a "L" level pulse with a width greater than the noise cancel width (t,) is applied to the RESET# pin, this
MCU will accept the reset.

When a reset is accepted, each pin is switched to its reset state. After the reset is accepted and after a delay of 3 or 4 Pck
cycles, internal circuits including the CPU are reset. The width of the "L" level pulse input to the RESET# pin must be
longer than the RESET# pulse width (t,,,). After that, the internal circuit reset will be cleared 2150 Pck cycles after a
"H" level signal is input to the RESET# pin. CPU reset exception handling starts at that point.

The RESET# noise cancellation width is stipulated by t, . and the RESET# pulse width is stipulated by t
section 38, Electrical Characteristics, for details.

RESW* See

F/F Counter

RESET#O—| Noise canceller S

R OVF [— Internal circuit reset signal

|

» Pin reset signal

Figure 16.1 Reset Circuit
16.2  Input/Output Pins
Table 16.1 lists the configuration and functions of the RESET# pin.
This pin is not multiplexed with other functions.

Table 16.1 Pin Configuration

Pin Name |1/O Function

RESET# Input Reset input pin
This MCU switches to the reset state when a "L" level is input.
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16.3  Operation

16.3.1 Reset Request

This section describes the reset generation request and transition operation.

Unless specifically stated otherwise, the term "reset" is used to refer generally to any one of the reset factors occurring.

w N =

&

Sources

When a "L" level signal is input to the RESET# pin

When the WDTCNT register overflows in the state when the WTIT bit in the WDTCSR register is set to "1"
When a reset occurs due to an H-UDI command being issued

See section 37, User Debugging Interface (H-UDI), for details.

When an instruction TLB multiple hit exception occurs

When a data TLB multiple hit exception occurs

For details, see section 7, Memory Management Unit (MMU).

A general exception other than a user break is generated while SR.BL = "1".

A reset triggered by source 1. or 2. of the above is referred to as a hardware reset.
Transition target address: H'A000 0000

Transition operation

When a reset source occurs, the CPU starts reset exception handling.

For details, see section 5, Exception Handling.

16.3.2 Reset with the RESET# Pin

Always input a "L" level signal to the RESET# pin when the system is powered on. Also, it is necessary to input a "L"
level signal to the TRST# pin to initialize the H-UDI.

After the RESET# pin is changed from "L" to "H", the reset state continues internally to the IC until the reset hold time
has passed. The reset hold time is a period greater than or equal to 1075 cycles of the EXTAL pin input signal period.
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(1) Power On Reset

When power is first applied, a "L" level signal must be input to the RESET# pin during the total period of the
oscillation circuit and PLL oscillation stabilization time after the supply voltage rises within the limits. See section 34,
Power Supply Circuit, for details on the power on sequence. The oscillation stabilization time is specified as t,. For
details, see section 38, Electrical Characteristics. Also, a "L" level signal must be input to the TRST# pin to initialize

the H-UDI module.
EXTAL
input
Vee, Vdd, J (( ((
PLLVcc, AVce
RESET# (
input )a/
{

TRST#
input 1

)) )
warat TN e\ L oma

EXTAL input stabilization time Reset hold time
PLL stabilization time

Figure 16.2 Power On Reset
(2) Reset During MCU Operation

When generating a reset during normal operation, a "L" level with a width greater than the reset pulse width must be
applied to the RESET# pin. The reset pulse width is specified as .. For details, see section 38, Electrical

Characteristics.
EXTAL
input

Ve, Vdd, )) ))
PLLVce, AVee "H level (! (

)
RESET# (
input
/ —
Internal "L" (normal) "H" (reset) "L" (normal)
circuit reset

Figure 16.3 Reset During MCU Operation
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164  Usage Notes

16.4.1 Usage Notes Regarding Internal Reset

When the microcontroller is changing to reset status caused by an internal reset, there will be a period of one peripheral
clock (Pck), where I/0 ports will be undefined. Undefined state could be either high level output or low level output or
high impedance states. The microcontroller, including I/O ports, will correctly transfer to reset status after this period.

N T I
Internal reset /
1/0 pin state Operating XUndefinedX Reset

Figure 16.4 1/0 Pin Operations Caused by an Internal Reset

Internal resets can be caused by the following.

e Reset by watchdog timer (WDT) overflow
e H-UDI reset during debug

e Reset by exception
Reset by inputting a low signal to RESET# pin is not an internal reset.

Table 16.2 lists the affected input/output pins. For the other pins, when receiving internal reset, the pin output becomes
high-impedance simultaneously.
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Table 16.2 Corresponding Input/Output Pins

Corresponding Input/Output Pins

1/0 Pin Operations During a Reset by an Internal Source

Pin functions
The names of pins are

Pin state during operations
— pin state while the chip's
state is undefined

— pin state in the reset

Functions given within the brackets. state Descriptions
ATU-1I TOnm [PAO to PA13, PCOto "H" or "L" output — "L" output When receiving internal reset,
PC3, PC5, PCe6] — Hi-Z “L" level is output among
PSEL PSLCLKB [PA8], Max. of 1 Pck cycle.
PSLCLKA [PA9], The "L" level is initial value of
PSLDATAO [PA10], port data register.
PSLDATA1 [PA11],
PSLDATAZ2 [PA12],
PSLDATA3 [PA13]
ADC ADOEND [PJ11]
RCAN CTXi [PF1, PJ1, PJ3, PJ5, "H" or "L" output — "H" output When receiving internal reset,
PJ7] — Hi-Z "H" level is output among
AUDR AUDREVT# [PL9] Max. of 1 Pck cycle.
The "H" level is initial value of
port data register.
ATU-1II TOnm (m=0 to 5) (When Hi-Z — "L" output — Hi-Z When receiving internal reset,
PWM output-prohibit function "L" level is output among
is enable) Max. of 1 Pck cycle. The "L"
[PAO to PA5, PA8 to PA13, level is initial value of port
PCO to PC3, PC5] data register.
Notes: 1. If the corresponding function is not selected, the pin output becomes high-impedance simultaneously, when

receiving internal reset.
The symbols "H", "L", and "Hi-Z" in the table indicate the "H" level, the "L" level, and the high-impedance

state, respectively.
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Section 17 Watchdog Timer (WDT)

The watchdog timer module consists of a single timer channel that can be used as either a watchdog timer or an interval
timer.

17.1 Overview

e Implements a system runaway monitoring function using a timer that is incremented with a fixed period.

e Provides both a watchdog timer mode, in which a hardware reset is issued when a counter overflows, and a interval
timer mode that generates periodic interrupts.

¢ In watchdog timer mode, a hardware reset is issued when a counter overflows and the WDTOVF# signal is output.

e Ininterval timer mode, the interval timer interrupt is generated by counter overflow.

e A code value is stored in the upper 8 bits of the watchdog timer related registers so that they cannot be rewritten
easily.

e The maximum time until the counter overflows is about 27 seconds (when the peripheral clock Pck is 40 MHz).

Figure 17.1 shows the block diagram of the WDT module.

WDT
r}lnternal reset request | cpg
RESET# » ® -
s © ~ Reset
P> control circuit
B PO WDTOVF#
»
» Interrupt ~
s IRQ_WDT
control circuit » —
(2 4
[wotcsR J¢————+
WDTBST _WDTST
Clear
Pck \ 4
(peripheral clock) » [ WDTBCNT Overflow WDTCNT Comparator
> (18 bits) 12 bits]

Note: e IRQ_n indicates the interrupt number and the same number indicates the same group interrupt.

Legend:

WDTBCNT: Watchdog timer base counter
WDTBST:  Watchdog timer base stop time register
WDTCNT:  Watchdog timer counter

WDTCSR:  Watchdog timer control/status register
WDTST: Watchdog timer stop time register

Figure 17.1 Block Diagram of WDT
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17.2  Input/Output Pins
Table 17.1 lists the WDT module pins.
This pin is not multiplexed with other functions.

Table 17.1 Pin Configuration

Pin Name 1/0 Function

WDTOVF# Output Counter overflow output pin
Outputs the counter overflow signal in watchdog timer mode.

17.3  Register Descriptions
Table 17.2 lists the WDT module registers.

Table 17.2 Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
Watchdog timer stop time register WDTST H'0000 0000 H'FFFF 1000 32 17-3
Watchdog timer control/status register WDTCSR H'0000 0000 H'FFFF 1004 32 17-4
Watchdog timer base stop time register WDTBST H'0000 0000 H'FFFF 1008 32 17-5
Watchdog timer counter WDTCNT H'0000 0000 H'FFFF 1010 32 17-5
Watchdog timer base counter WDTBCNT H'0000 0000 H'FFFF 1018 32 17-6

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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Section 17 Watchdog Timer (WDT)

17.3.1 Watchdog Timer Stop Time Register (WDTST)

The WDTST register specifies the WDTCNT counter overflow value. Setting this register to H'0000 0001 sets the
shortest time until overflow, and setting it to H'0000 0000 sets the longest time until overflow.

When writing to the WDTST register, the WDTSTKEY field must be set to H'SA and the long word access size must be
used. The WDTSTKEY field always returns "0" when read.

The WDTST register is reset by the RESET# pin and initialized to H'0000 0000. Note, however, that the value set prior
to the reset will be retained for resets due to counter overflows in watchdog timer mode and resets due to H-UDI.

Watchdog timer stop time register (WDTST) <P4 address: location H'FFFF 1000>

| WDTSTKEY
After Reset: 0 0 0 0 0 0 0

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[l ===l =l=]=1=]
0 0 0 0 0 0 0 0 0

Bt _15 14 13 12 11 10 9 8 7 6 5 4 3 2 4 0
[=-1-1-] wotsT |

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

31to24 WDTSTKEY AllO 0 W WDTST Register Write Key Code Bits

These bits enable or disable WDTST bit modification. The data written to
these bits are not retained. These bits are always read as "0".

H'5A: Enable WDTST bit modification.
Other than H'5A: Disable WDTST bit modification.

23to12 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".
11to0 WDTST H'000 R W WDTCNT Counter Overflow Value
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Section 17 Watchdog Timer (WDT)

17.3.2 Watchdog Timer Control/Status Register (WDTCSR)

When writing to the WDTCSR register, the WDTCSRKEY field must be set to H'AS5 and the long word access size
must be used. The WDTSTKEY field always returns "0" when read. The WDTCSR register is reset by the RESET# pin
and initialized to "H'0000 0000". Although the value set prior to the reset will be retained for resets due to counter
overflows in watchdog timer mode, the WOVF bit is set to "1". The value set prior to the reset will be retained for resets
due to the H-UDI.

Watchdog timer control/status register (WDTCSR) <P4 address: location H'FFFF 1004>

Bit 31 30 29 28 27 26 25 24 23 22 2120 19 18 17 16
| WDTCSRKEY EHEEEE R
©o o o0 O0O o0 ©0 O 0 0

After Reset: 0 0 0 0 0 0 0

— | — | — | — |TME|WTIT| — |WOVF|IOVF| — | — | — |

Bit 15 14 13 12 11 10
[=l=1=1=1
0

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
31to24 WDTCSRKEY AllO 0 W WDTCSR Register Write Key Code Bits

These bits enable or disable lower bit modification. The data written to
these bits are not retained. These bits are always read as "0".

H'A5: Enable lower bit modification.
Other than H'A5: Disable lower bit modification.

23to8 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
7 TME 0 R W Timer Enable Bit

Starts or stops timer operation.

0: Stops the counting operation

1: Starts the counting operation
6 WTIT 0 R W Timer Mode Select Bit

Specifies whether this module is used as a watchdog timer or as an
interval timer. Note that writing the WTIT bit is not allowed during
watchdog timer operation.

0: Interval timer mode
1: Watchdog timer mode

5 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
4 WOVF 0 R *' Watchdog Timer Overflow Flag

Indicates whether or not the WDTCNT counter has overflowed in
watchdog timer mode. This bit is not set in interval timer mode.

0: No overflow has occurred
1: The WDTCNT counter overflowed in watchdog timer mode
3 IOVF 0 R *' Interval Timer Overflow Flag

Indicates whether or not the WDTCNT counter has overflowed in interval
timer mode. This bit is not set in watchdog timer mode.

0: No overflow has occurred
1: The WDTCNT counter overflowed in interval timer mode
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Section 17 Watchdog Timer (WDT)

Bit Abbreviation After Reset R W Description

2to0 — All O 0 0 Reserved Bits
These bits are always read as "0". The write value should always be "0".

Note: *1 Only "0" is valid on write. The previous value is retained if a "1" is written.

17.3.3 Watchdog Timer Base Stop Time Register (WDTBST)

When clearing the WDTBST register, the WDTCSRKEY field must be set to H'S5 and the long word access size must
be used. When read, the WDTBST register always returns H'0000 0000.

Watchdog Timer base stop time register (WDTBST) <P4 address: location H'FFFF 1008>
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

I WDTBSTKEY EHEEREE R
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
HEERERERRERERRRERREREE
0 0 0 0 0 0 0 0 0 0 0 0 0

After Reset: 0 0 0

<After Reset: H'0000 0000>
Bit Abbreviation After Reset R W Description

31to24 WDTBSTKEY AllO 0 W WDTBST Register Write Key Code Bits

These bits clear the WDTBCNT counter. The data written to these bits
are not retained. These bits are always read as "0".

H'55: Clear the WDTBCNT counter.
Other than H'55: Data write is invalid.

23to0 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".

17.3.4 Watchdog Timer Counter (WDTCNT)

The WDTCNT counter is incremented by the overflow of the WDTBCNT counter. When the WDTCNT counter itself
overflows, in watchdog timer mode the reset will be issued or in interval timer mode an interrupt will be generated.
Note that the WDTCNT counter is a read-only register and that writing this register is invalid.

The WDTCNT counter is reset by the RESET# pin and initialized to H'0000 0000. Note, however, that although the
counter is reset by resets due to counter overflows in watchdog timer mode and resets due to H-UDI, after these resets
are cleared, the increment operation will restart.

Watchdog Timer Counter (WDTCNT) <P4 address: location H'FFFF 1010>

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
===l === ]=]=]
AfterResst 0 0 0O O O O O O 0O O O0O O 0 0 0 0

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

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Section 17 Watchdog Timer (WDT)

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description

31to12 — All O 0 — Reserved Bits
These bits are always read as "0".

11to0 WDTCNT AllO R — WDTCNT Count Value

17.3.5 Watchdog Timer Base Counter (WDTBCNT)

The WDTBCNT counter is incremented by the peripheral clock (Pck). When the WDTBCNT counter overflows, the
WDTCNT counter is incremented and the WDTBCNT counter is cleared to H'0000 0000. Note that the WDTBCNT
counter is a read-only register and that writing this register is invalid.

The WDTBCNT counter is reset by the RESET# pin and initialized to H'0000 0000. Note, however, that although the
counter is reset by resets due to counter overflows in watchdog timer mode and resets due to H-UDI, after these resets

are cleared, the increment operation will restart.

Watchdog timer base counter (WDTBCNT) <P4 address: location H'FFFF 1018>

Bit_31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
N N N S S S S S S N

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
| WDTBCNT |

0 0 0 0 0 0 0 0 0

After Reset: 0 0 0 0 0 0 0

<After Reset: H'0000 0000>

Bit Abbreviation After Reset R W Description
31to 18 — All O 0 — Reserved Bits
These bits are always read as "0".

17to0 WDTBCNT  AllO R — WDTBCNT Count Value
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Section 17 Watchdog Timer (WDT)

17.4  Operation

17.4.1 Using Watchdog Timer Mode

1. Set the WDTCNT counter overflow time in the WDTST register.

2. Set the WDTCSR register WTIT bit to "1".

3.

4. In watchdog timer mode, the application must periodically clear the WDTCNT or the WDTBCNT counter so that

Set the WDTCSR register TME bit to "1": this starts the WDT counter count operation.

the WDTCNT counter does not overflow. See section 17.4.4, Clearing the WDT Counter, for the procedure for
clearing this counter.

If the WDTCNT counter overflows, the WDTCSR register WOVF flag will be set to "1" and a hardware reset will
be issued.

17.4.2  Using Interval Timer Mode

In interval timer mode, the interval timer interrupt is generated each time the counter overflows. Thus an interrupt is
generated once every fixed period.

1. Set the WDTCNT counter overflow time in the WDTST register.

2. Set the WDTCSR register WTIT bit to "0".

3.

4. When the WDTCNT counter overflows, the WDTCSR register IOVF flag will be set to "1" and an interval timer

Set the WDTCSR register TME bit to "1": this starts the WDT counter count operation.

interrupt request will be generated. The WDTCNT counter and the WDTBCNT counter count operation will
continue at this time.

17.4.3 Time Until a WDT Overflow Occurs

Figure 17.2 shows the relationship between WDTCNT counter and the WDTBCNT counter.

The figure presents an example of operation in interval timer mode, and counting operation continues after the
WDTCNT counter overflows. In watchdog timer mode, after the reset due to the counter overflow is cleared, the
WDTCNT counter and the WDTBCNT counter are cleared to "0" and the counting operation is restarted.

Rev.1.10 2011.09.22 17-7
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WDTCNT counter value

A Cleared to "0" when
o an overflow occurs

WDTST bit| T et
s ]

The increment period is the WDTBCNT
counter overflow period

)

H'0000 0000 [ (« [,
i 1 ) I I
| | i Time
' ' ! '

: : i :

WDTBCNT counter value : : : :

I 1 Cleared to "0" when ! I
A E E an overflow occurs E\ E
H'0003 FFFF |~ 7777777 T o

The increment period is
the Pck (peripheral clock)
period

H'0000 0000

7 >
/,Incrementing starts I'.IThe flag is set Time
TMEbit | 9 1
WOVF flag
IOVF flag

Figure 17.2 WDT Increment Operations (in interval timer mode)

The WDTBCNT counter is an 18-bit counter that counts (is incremented) every cycle of the peripheral clock (Pck).
Writing H'5500 0000 to the WDTBST register clears the WDTBCNT counter. When the peripheral clock frequency is
40 MHz, the duration from when the WDTBCNT counter value is "0" until overflow is as follows:

2718 [bits] x 1 /40 [MHz] = approx. 6.554 [ms]

The WDTCNT counter is a 12-bit counter that counts (is incremented by) WDTBCNT counter overflow events. The
WDTCNT counter is cleared by writing an overflow value to the WDTST register.

Overflow occurs when the WDTCNT counter value matches the overflow value set in the WDTST bits. The duration
until WDTCNT counter overflow is calculated as follows:

Setting value of WDTST bits x approx. 6.554 [ms]

Note that setting the WDTST bits to "H'000" sets the counter value to "H'1000".

Therefore, the maximum duration until overflow is when the WDTST bits in the WDTST register are set to "H'000":
2712 [bits] X 6.554 [ms] = approx. 26.84 [s]

The minimum duration until overflow is when the WDTST bits in the WDTST register are set to "H'001":

210 [bits] x 6.554 [ms] = approx. 6.554 [ms]
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1744 Clearing the WDT Counter
The WDTBCNT and WDTCNT counters can be cleared in the following ways:
(1) WDTBCNT counter clearing conditions

e Write H'5500 0000 to the WDTBST register in a longword unit
e Reset by the RESET# pin

e Reset by a counter overflow in watchdog timer mode

e Reset by using the H-UDI

(2) WDTCNT counter clearing conditions

e Write the WDTST bits in the WDTST register (The counter is not cleared if the wrong key code is written.)

e Reset by the RESET# pin
e Reset by a counter overflow in watchdog timer mode
e Reset by using the H-UDI

17.4.5 Hardware Reset due to WDT Overflow

The hardware reset period (WDT reset period) due to a WDT overflow is a range from 9 to 18 of EXTAL pin input
cycles. Also, the time from a WDT overflow to the point this MCU has transitioned to the hardware reset state (the

WDT reset request period) is at least | EXTAL pin input cycle.

EXTAL input M ﬂ N\I

(C ((
)) ))

WDTOVF# output \ /

(C

) )
Internal circuit reset "L" (normal state) ( / "H" (reset state) \"L" (normal state)
)

WDT reset request time WDT reset time

Figure 17.3 WDT Overflow Hardware Reset During Normal Operation
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Section 18 1/0 Ports and Pin Function Unit

Section 18 1/0 Ports and Pin Function Unit

18.1  Overview
This MCU provides 108 I/O port pins, designated as A, B, C, D, E, F, G, H, J, K, L, M, and N.

Each port can be used as input or output by setting the respective port 1O registers. Each port also functions as a
multiplexed pin shared with on-chip peripheral module signals. The function of each multiplexed pin function is
selected by using the corresponding control register.

Other port functions, including an output driving ability setting function, input threshold value switching function are
also incorporated.

Table 18.1 lists the overview of I/O ports and the pin function unit.

Table 18.1 Overview of I/O Ports and Pin Function Unit

Item Overview

Number of ports Total 108 pins
Port A: PAO to PA13 (14 pins)
Port B: PBO, PB1, and PB3 (3 pins)
Port C: PCO to PC3, PC5, PC6, and PC14 (7 pins)
Port D: PDO to PD10 (11 pins)
Port E: PE15 (1 pin)
Port F: PFO, PF1, PF4, and PF5 (4 pins)
Port G: PGO to PG4 (5 pins)
Port H: PHO to PH15 (16 pins)
Port J: PJO to PJ7 and PJ10 to PJ15 (14 pins)
Port K: PKO, PK5, PK6, and PK8 to PK14 (10 pins)
Port L: PL2 to PL6, PL8, and PL9 (7 pins)
Port M: PMO, PM2, PM4, PM6, and PM8 to PM15 (12 pins)
Port N: PNO, PN1, PN4, and PN5 (4 pins)

Port function Input or output can be set in port units by using the port 10 register (port M and port N
are input-only).

Driving ability setting function The output driving ability of the corresponding port can be increased by using the
driving ability setting register (except for port M and port N).

Input threshold value switching The input threshold value can be specified to three voltage levels (0.35 Vcc, 0.5 Vcc,

function or 0.7 Vcc) in port group units. Note that the ports that the input threshold value can
be specified are ports except for PGO to PG3, PJ1, PJ3 to PJ5, PMO, PM2, PM4,
PM6, PM8 to PM15, PNO, PN1, PN4, and PN5.

Rev.1.10 2011.09.22 18-1
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18.2  Multiplex Pin Functions

Each port pin functions as a multiplexed pin shared with general input/output and another function. The function of

each multiplexed pin functions are is selected by the corresponding control register.

Tables 18.2 to 18.14 list the multiplexed pin functions for each port. Table 18.15 lists the pin functions allowed for

input/output at two pins and pin assignments.

Table 18.2 Multiplexed Pin Functions for Port A

Function 1

(Related Module)

Function 2

(Related Module)

Function 3

(Related Module)

Function 4

(Related Module)

Function 5

(Related Module)

Function 6

(Related Module)

PAO (port) — TOO00 (ATU-IIIS)  DDBOO (DRI) — —
PA1 (port) — TOO1 (ATU-IIIS)  DDBO1 (DRI) — —
PA2 (port) — TO02 (ATU-IIIS)  DDBO2 (DRI) — —
PA3 (port) — TOO03 (ATU-IIIS)  DDBO3 (DRI) — —
PA4 (port) — TOO04 (ATU-IIIS)  DDBO04 (DRI) — —
PA5 (port) — TOO5 (ATU-IIIS)  DDBOS5 (DRI) — —
PA6 (port) — TOO06 (ATU-IIIS)  DDBO6 (DRI) — —
PA7 (port) — TOO07 (ATU-IIIS)  DDBO7 (DRI) — —
PA8 (port) — TO10 (ATU-IIS)  DDBO8 (DRI) PSLCLKB (PSEL) —
PA9 (port) — TO11 (ATU-IIIS)  DDBO9 (DRI) PSLCLKA (PSEL) —
PA10 (port) — TO12 (ATU-IIIS)  DDB10 (DRI) PSLDATAO (PSEL) —
PA11 (port) — TO13 (ATU-IIIS)  DDB11 (DRI) PSLDATA1 (PSEL) —
PA12 (port) — TO14 (ATU-IIIS)  DDB12 (DRI) PSLDATA2 (PSEL) —
PA13 (port) — TO15 (ATU-IIIS)  DDB13 (DRI) PSLDATA3 (PSEL) —
Table 18.3 Multiplexed Pin Functions for Port B
Function 1 Function 2 Function 3 Function 4 Function 5 Function 6
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
PBO (port) — PWMOFFO DINBO (DRI) — —
(ATU-1IIS)
PB1 (port) — PWMOFF1 DINB1 (DRI) — —
(ATU-IIIS)
PB3 (port) — PWMOFF3 DINB3 (DRI) — —
(ATU-IIIS)
Rev.1.10 2011.09.22 18-2
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Table 18.4 Multiplexed Pin Functions for Port C

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
PCO (port) — TO30 (ATU-IIIS) — MOSI2 (RSPI) (IRQ6) (INTC)
PC1 (port) — TO31 (ATU-IIIS) — MISO2 (RSPI) —

PC2 (port) — TO32 (ATU-IIIS) — RSPCK2 (RSPI) DREQO (DMAC)
PC3 (port) — TO33 (ATU-IIIS) — SSL20 (RSPI) IRQO (INTC)
PCS5 (port) — TO35 (ATU-IIIS) — — —

PC6 (port) CLKOUT (CPG) TO36 (ATU-IIIS) — — —

PC14 (port) — — — — —

Table 18.5 Multiplexed Pin Functions for Port D

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
PDO (port) — PDIDATAO (PDAC) — — —

PD1 (port) — PDIDATA1 (PDAC) — — —

PD2 (port) — PDIDATA2 (PDAC) — — —

PD3 (port) — PDIDATA3 (PDAC) — — —

PD4 (port) — PDIDATA4 (PDAC) — — —

PD5 (port) — PDIDATAS5 (PDAC) — — —

PD6 (port) — PDIDATA6 (PDAC) — — —

PD7 (port) — PDIDATA7 (PDAC) — — —

PD8 (port) — PDIDATAS8 (PDAC) — — —

PD9 (port) — PDIDATA9 (PDAC) — — —

PD10 (port)

PDIWR (PDAC)

Table 18.6 Multiplexed Pin Functions for Port E

Function 1

Function 2

Function 3

(Related Module) (Related Module) (Related Module)

Function 4
(Related Module)

Function 5

(Related Module)

Function 6
(Related Module)

PE15 (port)

TO27 (ATU-IIIS)

PSLCLR (PSEL)

Table 18.7 Multiplexed Pin Functions for Port F

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
PFO (port) CRXO0 (CAN) — — — —

PF1 (port) CTXO0 (CAN) — — — —

PF4 (port) SDA (lIC3) — — — (CRX3) (CAN)
PF5 (port) SCL (lIC3) — — — (CTX3) (CAN)

RENESAS
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Table 18.8 Multiplexed Pin Functions for Port G

Function 1

(Related Module) (Related Module)

Function 2

Function 3
(Related Module)

Function 4
(Related Module)

Function 5
(Related Module)

Function 6
(Related Module)

PGO (port) MOSIO (RSPl)  TO40 (ATU-IIS) — — —
PG1 (port) MISOO (RSPl)  TO41 (ATU-IIS) — — —
PG2 (port) RSPCKO (RSPl)  TO42 (ATU-IIS) — — —
PG3 (port) — TO43 (ATU-IIS)  SSLOO (RSPI) — (IRQ7) (INTC)
PG4 (port) IRQ2 (INTC) TO44 (ATU-IIS)  SSLO1 (RSPI) — —

Table 18.9 Multiplexed Pin Functions for Port H

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
PHO (port) DROD8 (DRO)  TO20 (ATU-IIIS)  DDCOO (DRI) TIFOA (ATU-IIS) —

PH1 (port) DROD9 (DRO) TO21 (ATU-IIIS) DDCO1 (DRI) TIFOB (ATU-IIIS) —

PH2 (port) DROD10 (DRO)  TO22 (ATU-IIIS)  DDCO2 (DRI) TIF1A (ATU-IIS) —

PH3 (port) DROD11 (DRO) TO23 (ATU-IIIS)  DDCO3 (DRI) TIF1B (ATU-IIS) —

PH4 (port) DROD12 (DRO)  TO24 (ATU-IIIS)  DDCO04 (DRI) TIA0O (ATU-IIS) —

PH5 (port) DROD13 (DRO)  TO25 (ATU-IIIS)  DDCO5 (DRI) TIAO1 (ATU-IIS) —

PH6 (port) DROD14 (DRO) TO26 (ATU-1IIS) DDCO06 (DRI) TIAO2 (ATU-IIS) —

PH7 (port) DROD15 (DRO)  (TO27) (ATU-IIS) DDCO7 (DRI) TIAO3 (ATU-IIS)  —

PH8 (port) DRODO (DRO) (TO30) (ATU-1IIS) DDCO08 (DRI) RTS2# (SCIF) —

PH9 (port) DROD1 (DRO)  (TO31) (ATU-IIS) DDCO09 (DRI) CTS2# (SCIF) —

PH10 (port) DROD2 (DRO) (TO32) (ATU-1IIS) DDC10 (DRI) — —

PH11 (port) DROD3 (DRO)  (TO33) (ATU-IIS) DDC11 (DRI) — —

PH12 (port) DROD4 (DRO)  TO34 (ATU-IIIS)  DDC12 (DRI) — —

PH13 (port) DROD5 (DRO)  (TO35) (ATU-IIIS) DDC13 (DRI) — —

PH14 (port) DROD6 (DRO)  (TO36) (ATU-IIS) DDC14 (DRI) — IRQ1 (INTC)
PH15 (port) DROD7 (DRO)  TO37 (ATU-IIS) DDC15 (DRI) — —
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Table 18.10 Multiplexed Pin Functions for Port J

Function 1

(Related Module)

Function 2

(Related Module)

Function 3

(Related Module)

Function 4

Function 5

Function 6

(Related Module) (Related Module) (Related Module)

PJO (port) (CRX0) (CAN) FRXA (FlexRay) — — —

PJ1 (port) (CTX0) (CAN) FTXA (FlexRay) — — —

PJ2 (port) CRX1 (CAN) FRXB (FlexRay) — — —

PJ3 (port) CTX1 (CAN) FTXB (FlexRay) — RTSO# (SCIF) —

PJ4 (port) CRX2 (CAN) FTXENA (FlexRay) — CTSO# (SCIF) —

PJ5 (port) CTX2 (CAN) FTXENB (FlexRay) — SCK2 (SCIF) —

PJ6 (port) CRX3 (CAN) TIF2A (ATU-NIS) — RXD2 (SCIF) TIAO4 (ATU-IIIS)
PJ7 (port) CTX3 (CAN) TIF2B (ATU-IIS) — TXD2 (SCIF) —

PJ10 (port) RXDO (SCIF) PWMOFF4 — ADOTRG# (ADC) —

(ATU-IIIS)

PJ11 (port) TXDO (SCIF) — — ADOEND (ADC) —

PJ12 (port) SCKO (SCIF) TCLKB (ATU-llIS) — — (IRQO) (INTC)
PJ13 (port) RXD1 (SCIF) MISO1 (RSPI) — — —

PJ14 (port) TXD1 (SCIF) MOSI1 (RSPI) — — —

PJ15 (port) SCK1 (SCIF) PSPCK1 (RSPI) — — —

Table 18.11 Multiplexed Pin Functions for Port K

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
PKO (port) IRQ5 (INTC) SSL10 (RSPI) — — —
PK5 (port) — — DINC4 (DRI) RXD3 (SCIF) —
PK®6 (port) — — — TXD3 (SCIF) —
PK8 (port) DREQ2 (DMAC) — — — —
PK9 (port) AUDRDO (AUDR) — — RTS3# (SCIF) —
PK10 (port) AUDRD1 (AUDR) — — CTS3# (SCIF) —
PK11 (port) AUDRD2 (AUDR) — — — —
PK12 (port) AUDRDS (AUDR) — — — —
PK13 (port) AUDRCLK — — — —
(AUDR)
PK14 (port) AUDRSYN# — — — —
(AUDR)

RENESAS
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Table 18.12 Multiplexed Pin Functions for Port L

Function 1

(Related Module)

Function 2

Function 3
(Related Module) (Related Module)

Function 4
(Related Module)

Function 5
(Related Module)

Function 6
(Related Module)

PL2 (port) DROWR (DRO) — — — —

PL3 (port) — IRQ6 (INTC) — — —

PL4 (port) TIA10 (ATU-IIIS)  (TIFOA) (ATU-IIIS) — — —

PL5 (port) TIA11 (ATU-IIS)  (TIFOB) (ATU-NIIS) — — —

PL6 (port) TIA12 (ATU-IIS)  (TIF1A) (ATU-IIIS) — — —

PL8 (port) TIA14 (ATU-IIS)  IRQ7 (INTC) — DREQ3 (DMAC) —

PL9 (port) TIA15 (ATU-IIS) — — — AUDREVT#

(AUDR)

Table 18.13 Multiplexed Pin Functions for Port M

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6

(Related Module)

(Related Module)

(Related Module)

(Related Module)

(Related Module)

(Related Module)

PMO (port) ADOINO (ADC) ~ — — — —
PM2 (port) ADOIN2 (ADC)  — — — —
PM4 (port) ADOIN4 (ADC)  — — — —
PM6 (port) ADOIN6 (ADC) ~ — — — —
PMS8 (port) ADOINS (ADC)  — — — —
PM9 (port) ADOIN9 (ADC) ~ — — — —

PM10 (port)

ADOIN10 (ADC

PM11 (port)

ADOIN11 (ADC

PM12 (port)

ADOIN12 (ADC

PM13 (port)

PM14 (port)

ADOIN14 (ADC

PM15 (port)

)
)
)
ADOIN13 (ADC)
)
)

ADOIN15 (ADC

Table 18.14 Multiplexed Pin Functions for Port N

Function 1

(Related Module)

Function 2

(Related Module)

Function 3
(Related Module)

Function 4
(Related Module)

Function 5
(Related Module)

Function 6
(Related Module)

PNO (port) AD1INO (ADC) — — — —
PN1 (port) AD1IN1 (ADC) — — — —
PN4 (port) AD1IN4 (ADC) — — — —
PNS5 (port) AD1IN5 (ADC) — — — —
Note: e The same function can be assigned to two separate pins. See table 18.15 for details.
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Table 18.15 Pin Functions Allowed for Input/Output at Two Pins and Pin Assignments

Module Signal Name Pin Group A Pin Group B Notes
INTC IRQO PC3/TO33/SSL20/IRQ0 PJ12/SCKO/TCLKB/IRQO *!
IRQ1 — PH14/DROD6/TO36/DDC14/IRQ1
IRQ2 PG4/IRQ2/TO44/SSLO1 —
IRQ5 PKO/IRQ5/SSL10 —
IRQ6 PL3/IRQ6 PCO/TO30/MOSI2/IRQ6
IRQ7 PL8/TIA14/IRQ7/DREQ3 PG3/TO43/SSL00/IRQ7
PSEL PSLCLKB PA8/TO10/DDB08/PSLCLKB — *2
PSLCLKA PA9/TO11/DDB09/PSLCLKA —
PSLDATAO PA10/TO12/DDB10/PSLDATAO —
PSLDATA1 PA11/TO13/DDB11/PSLDATA1 —
PSLDATA2 PA12/TO14/DDB12/PSLDATA2 —
PSLDATA3 PA13/TO15/DDB13/PSLDATA3 —
PSLCLR — PE15/TO27/PSLCLR
CAN CRX0 PFO/CRX0 PJO/CRX0/FRXA #!
CTX0 PF1/CTX0 PJ1/CTX0/FTXA *2
CRX1 — PJ2/CRX1/FRXB *!
CTX1 — PJ3/CTX1/FTXB/RTSO0# 2
CRX2 — PJ4/CRX2/FTXENA/CTSO# *!
CTX2 — PJ5/CTX2/FTXENB/SCK2 *2
CRX3 PJ6/CRX3/TIF2A/RXD2/TIA04 PF4/SDA/CRX3 #!
CTX3 PJ7/CTX3/TIF2B/TXD2 PF5/SCL/CTX3 #

RENESAS
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Module Signal Name Pin Group A Pin Group B Notes
ATU-IS  TO20 — PHO/DROD8/TO20/DDCOO0/TIFOA #

TO21 — PH1/DROD9/TO21/DDCO1/TIFOB

TO22 — PH2/DROD10/TO22/DDCO02/TIF1A

TO23 — PH3/DROD11/TO23/DDCO3/TIF1B

TO24 — PH4/DROD12/TO24/DDCO04/TIA00

TO25 — PH5/DROD13/TO25/DDCO05/TIA01

TO26 — PH6/DROD14/TO26/DDC06/TIA02

TO27 PE15/TO27/PSLCLR PH7/DROD15/TO27/DDCO07/TIA03

TO30 PC0/TO30/MOSI2/IRQ6 PH8/DRODO0/TO30/DDCO8/RTS2#

TO31 PC1/TO31/MISO2 PH9/DROD1/TO31/DDCO09/CTS2#

TO32 PC2/TO32/RSPCK2/DREQO PH10/DROD2/TO32/DDC10

TOS33 PC3/TO33/SSL20/IRQ0 PH11/DROD3/TO33/DDC11

TO34 — PH12/DROD4/TO34/DDC12

TO35 PC5/TO35 PH13/DROD5/TO35/DDC13

TO36 PC6/CLKOUT/TO36 PH14/DROD6/TO36/DDC14/IRQ1

TO37 — PH15/DROD7/TO37/DDC15

TIFOA PHO/DRO08/TO20/DDCO0/TIFOA PL4/TIA10/TIFOA #!

TIFOB PH1/DR0O09/TO21/DDCO01/TIFOB PL5/TIA11/TIFOB

TIF1A PH2/DRO10/TO22/DDCO2/TIF1A PL6/TIA12/TIF1A

TIF1B PH3/DRO11/TO23/DDCO3/TIF1B —

Notes: *1 If pin group A and pin group B have the same input function set, the setting for pin group A comes into effect
so that input from Pin group A is accepted as input for the relevant input function.

*2 If pin group A and pin group B have the same output function set, the signal is output from both pins.

Rev.1.10 2011.09.22 18-8
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18.3  Register Descriptions
The I/O port registers are listed in table 18.16.

Table 18.16 Register Configuration

Register Name Abbreviation After Reset P4 Address Size Page
Port A data register PADR H'0000 H'FFFF 5002 8, 16 18-12
Port A 1/O register PAIOR H'0000 H'FFFF 5006 8, 16 18-27
Port A driving ability setting register PADSR H'0000 H'FFFF 509A 8, 16 18-18
Port A control register 4 PACR4 H'0000 H'FFFF 5010 8, 16, 32 18-30
Port A control register 3 PACR3 H'0000 H'FFFF 5012 8, 16, 32 18-31
Port A control register 2 PACR2 H'0000 H'FFFF 5014 8, 16, 32 18-32
Port A control register 1 PACR1 H'0000 H'FFFF 5016 8, 16, 32 18-33
Port A port register PAPR Pin state H'FFFF 501E 8, 16 18-15
Port B data register PBDR H'0000 H'FFFF 5102 8, 16 18-12
Port B I/O register PBIOR H'0000 H'FFFF 5106 8, 16 18-27
Port B control register 2 PBCR2 H'0000 H'FFFF 5114 8, 16, 32 18-34
Port B control register 1 PBCR1 H'0000 H'FFFF 5116 8, 16, 32 18-35
Port B port register PBPR Pin state H'FFFF 511E 8, 16 18-15
Port B driving ability setting register PBDSR H'0000 H'FFFF 519A 8, 16 18-18
Port C data register PCDR H'0000 H'FFFF 5202 8, 16 18-12
Port C 1/O register PCIOR H'0000 H'FFFF 5206 8, 16 18-28
Port C control register 4 PCCR4 H'0000 H'FFFF 5210 8, 16, 32 18-36
Port C control register 3 PCCR3 H'0000 H'FFFF 5212 8, 16, 32 18-36
Port C control register 2 PCCR2 H'0000 H'FFFF 5214 8, 16, 32 18-37
Port C control register 1 PCCR1 H'0000 H'FFFF 5216 8, 16, 32 18-38
Port C port register PCPR Pin state H'FFFF 521E 8, 16 18-15
Port C driving ability setting register PCDSR H'0000 H'FFFF 529A 8, 16 18-18
Port ABC input threshold value switching PALVR H'0000 H'FFFF 5300 8, 16 18-21
register

Port DRI input channel switching register PDRIR H'0000 H'FFFF 5340 8 18-70
Port D data register PDDR H'0000 H'FFFF 5402 8, 16 18-12
Port D 1/O register PDIOR H'0000 H'FFFF 5406 8, 16 18-28
Port D control register 4 PDCR4 H'0000 H'FFFF 5410 8, 16, 32 18-39
Port D control register 3 PDCRS3 H'0000 H'FFFF 5412 8, 16, 32 18-40
Port D control register 2 PDCR2 H'0000 H'FFFF 5414 8, 16, 32 18-41
Port D control register 1 PDCR1 H'0000 H'FFFF 5416 8, 16, 32 18-42
Port D port register PDPR Pin state H'FFFF 541E 8, 16 18-15
Port D driving ability setting register PDDSR H'0000 H'FFFF 549A 8, 16 18-18
Port E data register PEDR H'0000 H'FFFF 5502 8, 16 18-12
Port E 1/O register PEIOR H'0000 H'FFFF 5506 8, 16 18-28
Port E control register 4 PECR4 H'0000 H'FFFF 5510 8, 16, 32 18-43
Port E control register 3 PECR3 H'0000 H'FFFF 5512 8, 16, 32 18-43
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Register Name Abbreviation After Reset P4 Address Size Page
Port E port register PEPR Pin state H'FFFF 551E 8, 16 18-15
Port E driving ability setting register PEDSR H'0000 H'FFFF 559A 8, 16 18-18
Port F data register PFDR H'0000 H'FFFF 5602 8, 16 18-12
Port F I/O register PFIOR H'0000 H'FFFF 5606 8, 16 18-28
Port F control register 2 PFCR2 H'0000 H'FFFF 5614 8, 16, 32 18-44
Port F control register 1 PFCR1 H'0000 H'FFFF 5616 8, 16, 32 18-45
Port F port register PFPR Pin state H'FFFF 561E 8, 16 18-15
Port F driving ability setting register PFDSR H'0000 H'FFFF 569A 8, 16 18-18
Port DEF input threshold value switching PDLVR H'0000 H'FFFF 5700 8, 16 18-23
register

Port G data register PGDR H'0000 H'FFFF 5802 8, 16 18-13
Port G I/O register PGIOR H'0000 H'FFFF 5806 8, 16 18-28
Port G control register 2 PGCR2 H'0000 H'FFFF 5814 8, 16, 32 18-46
Port G control register 1 PGCR1 H'0000 H'FFFF 5816 8, 16, 32 18-47
Port G port register PGPR Pin state H'FFFF 581E 8, 16 18-15
Port G driving ability setting register PGDSR H'0000 H'FFFF 589A 8, 16 18-18
Port H data register PHDR H'0000 H'FFFF 5902 8, 16 18-13
Port H 1/O register PHIOR H'0000 H'FFFF 5906 8, 16 18-28
Port H control register 4 PHCR4 H'0000 H'FFFF 5910 8, 16, 32 18-48
Port H control register 3 PHCRS3 H'0000 H'FFFF 5912 8, 16, 32 18-49
Port H control register 2 PHCR2 H'0000 H'FFFF 5914 8, 16, 32 18-50
Port H control register 1 PHCR1 H'0000 H'FFFF 5916 8, 16, 32 18-51
Port H port register PHPR Pin state H'FFFF 591E 8, 16 18-16
Port H driving ability setting register PHDSR H'0000 H'FFFF 599A 8, 16 18-19
Port J data register PJDR H'0000 H'FFFF 5A02 8, 16 18-13
Port J I/O register PJIOR H'0000 H'FFFF 5A06 8, 16 18-28
Port J control register 4 PJCR4 H'0000 H'FFFF 5A10 8, 16, 32 18-53
Port J control register 3 PJCR3 H'0000 H'FFFF 5A12 8, 16, 32 18-54
Port J control register 2 PJCR2 H'0000 H'FFFF 5A14 8, 16, 32 18-55
Port J control register 1 PJCR1 H'0000 H'FFFF 5A16 8, 16, 32 18-56
Port J port register PJPR Pin state H'FFFF 5A1E 8, 16 18-16
Port J driving ability setting register PJDSR H'0000 H'FFFF 5A9A 8, 16 18-19
Port GHJ input threshold value switching PGLVR H'0000 H'FFFF 5B00 8, 16 18-25
register

Port K data register PKDR H'0000 H'FFFF 5C02 8, 16 18-13
Port K I/0 register PKIOR H'0000 H'FFFF 5C06 8, 16 18-28
Port K control register 4 PKCR4 H'0000 H'FFFF 5C10 8, 16, 32 18-57
Port K control register 3 PKCR3 H'0000 H'FFFF 5C12 8, 16, 32 18-58
Port K control register 2 PKCR2 H'0000 H'FFFF 5C14 8, 16, 32 18-59
Port K control register 1 PKCR1 H'0000 H'FFFF 5C16 8, 16, 32 18-60
Port K port register PKPR Pin state H'FFFF 5C1E 8, 16 18-16
Port K driving ability setting register PKDSR H'0000 H'FFFF 5C9A 8, 16 18-19
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Register Name Abbreviation After Reset P4 Address Size Page
Port L data register PLDR H'0000 H'FFFF 5D02 8, 16 18-13
Port L I/O register PLIOR H'0000 H'FFFF 5D06 8, 16 18-29
Port L control register 3 PLCR3 H'0000 H'FFFF 5D12 8, 16 18-61
Port L control register 2 PLCR2 H'0000 H'FFFF 5D14 8, 16, 32 18-62
Port L control register 1 PLCR1 H'0000 H'FFFF 5D16 8, 16, 32 18-63
Port L port register PLPR Pin state H'FFFF 5D1E 8, 16 18-16
Port L driving ability setting register PLDSR H'0000 H'FFFF 5D9A 8, 16 18-19
Port KL input threshold value switching PKLVR H'0009 H'FFFF 5E00 8, 16 18-26
register

Port M control register 4 PMCR4 H'1111 H'FFFF 5E10 8, 16, 32 18-64
Port M control register 3 PMCR3 H'1111 H'FFFF 5E12 8, 16, 32 18-65
Port M control register 2 PMCR2 H'1111 H'FFFF 5E14 8, 16, 32 18-66
Port M control register 1 PMCR1 H'1111 H'FFFF 5E16 8, 16, 32 18-67
Port M port register PMPR H'0000 H'FFFF 5E1E 8, 16 18-16
Port N control register 2 PNCR2 H'1111 H'FFFF 5F14 8, 16, 32 18-68
Port N control register 1 PNCR1 H'1111 H'FFFF 5F16 8, 16, 32 18-69
Port N port register PNPR H'0000 H'FFFF 5F1E 8, 16 18-16

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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18.3.1 Port A to H and J to L Data Registers (PADR to PHDR and PJDR to PLDR)
The PADR to PHDR and PJDR to PLDR register store input and output data corresponding to each port.

When a pin functions as a general output, the value written to the corresponding register is output on the pin. The
register value can be read directly regardless of the pin state by reading the register.

When a pin functions as a general input, reading the corresponding register returns the pin state directly rather than the

register value. Also, a value can be written to the corresponding register but does not affect the pin state.

Table 18.17 lists the read and write operations.

Port A Data Regoster (PADR) <P4 address: location H'FFFF 5002>
Bit: 15 9 8 4 3 0
| | | PA13 PA12 | PA11 | PA10 PAQ IBARB PA7 | PA6 | PA5 PA4 PA3 PA2 | PA1 PAO

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

Port B Data Register (PBDR) <P4 address: location H'FFFF 5102>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HEEEEEEEEEEE S
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port C Data Register (PCDR) <P4 address: location H'FFFF 5202>
Bit: 15 14 13 12 11 10 9 8 2
| - |PEC))A4| . | _ | _ | _ | _ | _ | |PCG | PCS |PCS P02 PC1 | PCO

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

Port D Data Register (PDDR) <P4 address: location H'FFFF 5402>
Bit: 15 14 13 12 11 9 8 3 2
| _ | _ | _ | _ | _ |PD10 PD9 IBI?:{B PD7 | PD6 | PD5 | PD4 PD3 PD2 PD1 | PDO

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

Port E Data Register (PEDR) <P4 address: location H'FFFF 5502>

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

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

Port F Data Register (PFDR) <P4 address: location H'FFFF 5602>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3
= [--[-[-J-T-[-T-J- BRI -] IF’“IF’FO

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Port G Data Register (PGDR) <P4 address: location H'FFFF 5802>

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| . | . | - | - | - | . | . | . | _ | . | - | PG4 | PG3 | PG2 | PG1 | PGO
DR | DR | DR | DR | DR

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

Port H Data Register (PHDR) <P4 address: location H'FFFF 5902>
Bit: 15 14 9 8 7 6 5 4 3 2 1 0
|PH15|PH14|PH13|PH12|PH11|PH1O PH9| PH8 PH7 | PH6 | PH5 | PH4| PH3| PH2| PH1 | PHO
DR DR | DR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port J Data Register (PJDR) <P4 address: location H'FFFF 5A02>
Bit: 15 14 11 9 3 2
|PJ15 | PJ14 | PJ13 | PJ12 | PJ11 | PJ10 | | PJ7 | PJ6 | PJ4 PJ3 PJ2 PJ1 | PJO
DR | DR —

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

Port K Data Register (PKDR) <P4 address: location H'FFFF 5C02>
Bit: 15 14 13 10 9 8 5 4 3 2
| | PK14 | PK13 PK12 | PK11 PK10 PK9 PK8 | PK6 PK5 | | | | PKO
DR DR | — — — _
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port L Data Register (PLDR) <P4 address: location H'FFFF 5D02>
Bit: 15 14 13 12 11 7 6 2 1 0
| | | | | | | PL9 PL8 | PL6 | PL5 | PL4 PL3 PL2 | |
— — - - — | DR DR | — —

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15 Pm15DR 0 R W Referto table 18.17.
14 Pm14DR 0 R W
13 Pm13DR 0 R W
12 Pm12DR 0 R W
11 Pm11DR 0 R W
10 Pm10DR 0 R W
9 Pm9DR 0 R W
8 Pm8DR 0 R W
7 Pm7DR 0 R W
6 Pm6DR 0 R W
5 Pm5DR 0 R W
4 Pm4DR 0 R W
3 Pm3DR 0 R W
2 Pm2DR 0 R W
1 Pm1DR 0 R W
0 PmODR 0 R W
Note: e Following port bits are reserved and nothing is assigned. These bits are always read as "0". The write value
should always be "0".
Port A: Bits 15, 14
Port B: Bits 15to 4, and 2
Port C: Bits 15, 13to 7, and 4
Port D: Bits 15 to 11
Port E: Bits 14 to 0
Port F: Bits 15t0 6, 3, and 2
Port G: Bits 15t0 5
Port J: Bits 9, 8
Port K: Bits 15, 7, and 4 to 1
Port L: Bits 15t0 10, 7, 1, and O
Legend: m=AtoHandJtoL

Table 18.17 Read and Write Operations of Port A to H and J to L Data Registers (PADR to PHDR and PJDR to

PLDR)

PmIOR Register

Bit Value

Pin Function

Read

Write

0

General input

Pin state

Data can be written to the PmDR register but data does not
affect the pin state.

Other than general Pin state

input

Data can be written to the PmDR register but data does not
affect the pin state.

General output

PmDR register value Data written to the PmDR register is output on the pin.

Other than general PmDR register value Data can be written to the PmDR register but data does not

output

affect the pin state.

Legend: m=AtoHandJtoL
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18.3.2 Port A to H and J to N Port Registers (PAPR to PHPR and PJPR to PNPR)

The PAPR to PHPR and PJPR to PNPR register always store the port pin states, so it cannot be written to directly by
the CPU.

Ports M and N are input-only. When the analog input pin for the A/D converter is selected, these functions cannot be
used.

Port A Port Register (PAPR) <P4 address: location H'FFFF 501E>
Bit: 15 14 13 12 11 9 8 3 2
| _ | |PA13| PA12|PA11 | PA10 PA9 '?3’?;8 PA7 | PA6 | PA5 | PA4 PAS PA2 PA1 | PAO

After Reset: ? ? PA13 PA12 PA11 PA10 PA9 PA8 PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO

Port B Port Register (PBPR) <P4 address: location H'FFFF 511E>
Bit: 15 14 13 12 11 10 9 8 7 6 5

I—|—|—|—|—|—|—|—|—|—|—|—|PBs IF’B1|PBO

After Reset: 0 0 0 0 0 0 0 0 0 ? ? PB3 ? PB1 PBO

Port C Port Register (PCPR) <P4 address: location H'FFFF 521E>

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 14 0
MR RN RIS
PR PR _| PR PR | PR | PR | PR

After Reset: ? PC14 7 ? ? ? ? ? ? PC6 PC5 ? PC3 PC2 PC1 PCO

Port D Port Register (PDPR) <P4 address: location H'FFFF 541E>

Bit: 15 14 13 12 11 10 9
| . | o | . | . | . |PD10|PD9|PD8|PD7|PD6 PD5|PD4 PD3 PD2 PD1|PDO

After Reset: ? ? ? ? ? PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Port E Port Register (PEPR) <P4 address: location H'FFFF 551E>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PE15
el -l -[-[-]-T-J-T-T-T[-TJ-T-]-]-]
After Reset: PE15 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
Port F Port Register (PFPR) <P4 address: location H'FFFF 561E>

Bit: 15 14 13 12 11 10 9 8 7
e e e

After Reset: 0 0 0 0 0 0 0 0 0 0 PF5 PF4 ? ? PF1  PFO

Port G Port Register (PGPR) <P4 address: location H'FFFF 581E>

Bit: 15 14 13 12 11 10 9 8 7 6 4 0
e e e e e e A

After Reset: 0 0 0 0 0 0 0 0 ? ? ? PG4 PG3 PG2 PG1 PGO
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Port H Port Register (PHPR) <P4 address: location H'FFFF 591E>

Bitt 15 14 10 9 3 2
|PE|A5|P|§|A4|PH13|PH12|PH11|P§Ao PH PH8| PH7 [P PH6 [P PH5 [P PH4 PRSP PH1 TR PHO

After Reset: PH15 PH14 PH13 PH12 PH11 PH10 PH9 PH8 PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO

Port J Port Register (PJPR) <P4 address: location H'FFFF 5A1E>
Bit: 15

|PJ15|PJ14|PJ13|PJ12|PJ11|PJ10 . | | PJ7 | PJ6 | PJ5 | PJ4 PJS PJ2 PJ1 | PJO

After Reset: PJ15 PJ14 PJ13 PJ12 PJ11 PJ10 ? ? PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO

Port K Port Register (PKPR) <P4 address: location H'FFFF 5C1E>
Bit: 15 14 13 12 11 9 8 4 3 2
| |PK14|PK13| PK12|PK11 | PK1O PK9 PK8 | PK6 | PK5 | | | | PKO
— | PRIPR|IPR|PR —_ = —
After Reset: 0 PK14 PK13 PK12 PK11 PK10 PK9 PK8 ? PK6 PK5 ? ? ? PKO
Port L Port Register (PLPR) <P4 address: location H'FFFF 5D1E>
15 14 13 12 11 0

|_|_|_|_| | |PL9|PL8 |PL6|PL5|PL4|PL3|PL2 _|_|

After Reset: 0 0 0 0 0 0 PLO PL8 ? PL6 PL5 PL4 PL3 PL2 ? ?

Port M Port Register (PMPR) <P4 address: location H'FFFF 5E1E>
Bit: 15 14 13 12 11 10 9 8
|PM15|PM14|PM13|PM12|PM11|PM10 PPN|qu PM8 | PMG | PM4 | PM2 _ | PMO
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port N Port Register (PNPR) <P4 address: location H'FFFF 5F1E>
Bit: 15 14 13 12 11 10 9 8 7 3 2 0

R e e | IPNSIPN“—I IPN‘IPN"

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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<After Reset: Pin state>

Bit Abbreviation After Reset R W Description
15 Pm15PR Pin state R — When these bits are read, the pin states can be read.
14 Pm14PR Pin state R —
13 Pm13PR Pin state R —
12 Pm12PR Pin state R —
11 Pm11PR Pin state R —
10 Pm10PR Pin state R —
9 Pm9PR Pin state R —
8 Pm8PR Pin state R —
7 Pm7PR Pin state R —
6 Pm6PR Pin state R —
5 Pm5PR Pin state R —
4 Pm4PR Pin state R —
3 Pm3PR Pin state R —
2 Pm2PR Pin state R —
1 Pm1PR Pin state R —
0 PmOPR Pin state R —
Notes: e Following port bits are reserved and nothing is assigned.
Port A: Bits 15, 14
Port B: Bits 15to 4, and 2
Port C: Bits 15, 13to 7, and 4
Port D: Bits 15 to 11
Port E: Bits 14 to 0
Port F: Bits 15t0 6, 3, and 2
Port G: Bits 15t0 5
Port J: Bits 9, 8
Port K: Bits 15, 7, and 4 to 1
Port L: Bits 15t0 10, 7, 1, and O
e The value of ports M and N is set to "0" as the analog input pin for the A/D converter is selected after a reset.
Legend: m=AtoHandJtoN
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18.3.3  Port A to H and J to L Driving Ability Setting Registers (PADSR to PHDSR and PJDSR to PLDSR)

The PADSR to PHDSR and PJDSR to PLDSR register are used to specify the drive capacity of the port pins. The
settings of these registers are valid regardless of the selected pin functions.

However, the settings of the PFDSR register have no effect when the PF4 pin is set to SDA output (IIC3) or the PF5 pin
is set to SCL output (IIC3).

Port A Driving Ability Setting Register (PADSR) <P4 address: location H'FFFF 509A>

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

PA13(PA12 | PA11|PA10| PA9| PA8 | PA7 | PA6 | PA5 | PA4 | PA3| PA2 | PA1| PAO
_ — | DSRIDSR | DSR| DSR | DSR| DSR| DSR |DSR | DSR| DSR| DSR| DSR| DSR| DSR

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

Port B Driving Ability Setting Register (PBDSR) <P4 address: location H'FFFF 519A>
Bit: 15 14 13 12 11 10 9 8 7
PBG PB1 PBO
— — — —_— 1 — | — — 1 — — — | — |DSR DSR | DSR
e ey | =
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port C Driving Ability Setting Register (PCDSR) <P4 address: location H'FFFF 529A>

Bit: 15 14 13 12 11 10 9
[ 5]

6 5 4 3 2 A 0
EEEEE RN EIEEE

DSR | DSR DSR | DSR | DSR | DSR
AfterResett 0 ©0 O O O O O O O O O O O 0 0 ©

Port D Driving Ability Setting Register (PDDSR) <P4 address: location H'FFFF 549A>
Bit: 15 14 13 12 11 4 3 2 1
| | | | | | PD1O PD9 PD8 PD7 PD6 PD5 PD4 | PD3 | PD2 | PD1 | PDO
— — — — —_ IDSRIDSRIDSR|DSR|DSR | DSR | DSR| DSR| DSR | DSR | DSR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port E Driving Ability Setting Register (PEDSR) <P4 address: location H'FFFF 559A>
Bit: 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PE15
o e e
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port F Driving Ability Setting Register (PFDSR) <P4 address: location H'FFFF 569A>
Bit: 15 14 13 12 11 10 9 8 7 6 4 3
| | | | | | | | | | PF5 PF4 | PF1 PFO
— — — — —_— | — — —_— | — —_ IDSRIDSR| — DSR | DSR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port G Driving Ability Setting Register (PGDSR) <P4 address: location H'FFFF 589A>
Bit: 15 14 13 12 11 10 9 8 7 6 3 2 1 0

e S S A AR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Port H Driving Ability Setting Register (PHDSR) <P4 address: location H'FFFF 599A>

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

PH15 | PH14 | PH13|PH12 [PH11]PHI0| PHO | PH8 | PHZ | PHG | PH5 | PH4 | PH3 | PH2 | PH1 | PHO
DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR | DSR

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

Port J Driving Ability Setting Register (PJDSR) <P4 address: location H'FFFF 5A9A>

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PJ15| PJ14 | PJ13 | PJ12 [ PJ11 | PJ10 PJ7 | PJ6 | PJ5 | PJ4 | PJ3 | PJ2 | PJ1 | PJO
DSR [DSR IDSR | DSR [DSR I DSR | ——

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

Port K Driving Ability Setting Register (PKDSR) <P4 address: location H'FFFF 5C9A>
Bit: 15 14 9 8 S 4 3 2
| | PK14 PK13 PK12 PK11 PK10 PK9 | PK8 PK6 PK5 | | | PKO
—_ | DSR | DSR | DSR | DSR | DSR | DSR | DSR DSRIDSR| — | — DSR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Port L Driving Ability Setting Register (PLDSR) <P4 address: location H'FFFF 5D9A>
Bit: 15 14 13 12 11 8 5 4 1 0

| | | | | | PL9 PL8 PL6 PL5 [ PL4 PL3 PL2 | |
- - - - DSR [ DSR DSR[DSR|DSR| DSR[DSR| — -

After Reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
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<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15 Pm15DSR 0 R W When these bits are set to "1", the driving ability of the corresponding
14 Pm14DSR 0 R W pin is higher than normal.
13 Pm13DSR 0 R W 0: Normal output
12 Pm12DSR 0 R W 1: Drive capacity of output pin is increased
11 Pm11DSR 0 R W
10 Pm10DSR 0 R W
9 Pm9DSR 0 R W
8 Pm8DSR 0 R W
7 Pm7DSR 0 R W
6 Pm6DSR 0 R W
5 Pm5DSR 0 R W
4 Pm4DSR 0 R W
3 Pm3DSR 0 R W
2 Pm2DSR 0 R W
1 Pm1DSR 0 R W
0 PmODSR 0 R W
Note: e« Following port bits are reserved and nothing is assigned. These bits are always read as "0". The write value
should always be "0".
Port A: Bits 15, 14
Port B: Bits 15to 4, and 2
Port C: Bits 15, 13to 7, and 4
Port D: Bits 15 to 11
Port E: Bits 14 to 0
Port F: Bits 15t0 6, 3, and 2
Port G: Bits 15t0 5
Port J: Bits 9, 8
Port K: Bits 15, 7, and 4 to 1
Port L: Bits 15t0 10, 7, 1, and 0
Legend: m=AtoHandJtoL

Rev.1.10 2011.09.22 18-20
R0O1UHO030EJ0110

RENESAS



Section 18 1/0 Ports and Pin Function Unit

18.3.4  Port ABC Input Threshold Value Switching Register (PALVR)

The PALVR register is used to specify the input threshold values for ports A, B, and C, in port group units, from among
three voltage levels (and to enable or disable Schmitt input). Bits 11 to 8 in the PALVR register correspond to port C
pins; bits 7 to 4 correspond to port B pins; and bits 3 to 0 correspond to port A pins, respectively. The setting of the
PALVR register is valid regardless of the selected pin functions.

After a reset the pins are in the input prohibited state, so it is necessary to set the PmPIEN (port m input level setting)
bit to "1" to perform input processing. The PCPIEN bit corresponds to port C, the PBPIEN bit to port B, and the
PAPIEN bit to port A.

When the port input is disabled, the pins are in a state equivalent to when a "H" level signal is being input. If the
peripheral input function is selected by the port control register in the input prohibited state, the input of a "H" level
signal input may cause unintended operation. The setting sequence for selecting the peripheral input function is shown
below.

1. Enable the port input after the pin level has been set.

2. Select the pin function with the setting of the port control register.
Port ABC Input Threshold Value Switching Register (PALVR) <P4 address: location H'FFFF 5300>

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

PC | PC [ PC | PC | PB | PB | PB | PB | PA | PA | PA | PA
- — — — |PIEN ELISEL EL1| PIEN ELISEL EL1[ PIEN ELISEL EL1
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15t012 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
11 PCPIEN 0 R W Port C Input Level Setting Bits
10 PCSCSEL 0 R W Oxxx: Input prohibited state
9 PCSELO 0 R W 1000: CMOS input, 0.35 Vcc
8 PCSEL1 0 R w 1001: CMOS input, 0.50 Vcc

1010: Setting prohibited

1011: CMOS input, 0.70 Vcc

1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vce, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT-=0.50 Vcc
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Bit Abbreviation After Reset R W Description
7 PBPIEN 0 R W Port B Input Level Setting Bits
6 PBSCSEL 0 R W Oxxx: Input prohibited state
5 PBSELO 0 R W 1000: CMOS input, 0.35 Vcc
4 PBSEL1 0 R W 1001: CMOS input, 0.50 Vcc
1010: Setting prohibited
1011: CMOS input, 0.70 Vcc
1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited
1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT- = 0.50 Vcc
3 PAPIEN 0 R W Port A Input Level Setting Bits
2 PASCSEL 0 R W Oxxx: Input prohibited state
1 PASELO 0 R W 1000: CMOS input, 0.35 Vcc
0 PASEL1 0 R w 1001: CMOS input, 0.50 Vcc

1010: Setting prohibited

1011: CMOS input, 0.70 Vcc

1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT—= 0.50 Vcc
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18.3.5 Port DEF Input Threshold Value Switching Register (PDLVR)

The PDLVR register is used to specify the input threshold values for ports D, E, and F, in port group units, from among
three voltage levels (and to enable or disable Schmitt input). Bits 11 to 8 in the PDLVR register correspond to port F
pins; bits 7 to 4 correspond to port E pins; and bits 3 to O correspond to port D pins, respectively. The setting of the
PDLVR register is valid regardless of the selected pin functions.

After a reset the pins are in the input prohibited state, so it is necessary to set the PmPIEN (port m input level setting)
bitto "1" to perform input processing.

When the port input is disabled, the pins are in a state equivalent to when a "H" level signal is being input. If the
peripheral input function is selected by the port control register in the input prohibited state, the input of a "H" level
signal input may cause unintended operation. The setting sequence for selecting the peripheral input function is shown
below.

1. Enable the port input after the pin level has been set.

2. Select the pin function with the setting of the port control register.
Port DEF Input Threshold Value Switching Register (PDLVR) <P4 address: location H'FFFF 5700>

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PE | PF | PF | PE | PE | PE | PE | PE | PD | PD | PD | PD
— | — [ — | — |PIEN|SCSELISELO|SEL1]|PIEN [SCSEL|SELO|SEL1| PIEN |SCSEL|SELO| SEL1
AfterReset 0 0 0O ©0 O ©O0 O O O O 0O O 0 0 0 ©

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15t012 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
11 PFPIEN 0 R W Port F Input Level Setting Bits*'
10 PFSCSEL 0 R W Oxxx: Input prohibited state
9 PFSELO 0 R w 1000: CMOS input, 0.35 Vcc
8 PFSEL1 0 R w 1001: CMOS input, 0.50 Vcc

1010: Setting prohibited

1011: CMOS input, 0.70 Vcc

1100: Schmitt input, VT+ = 0.50 Vce, VT-=0.35 Vcc
1101: Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT-=0.50 Vcc

Note: *1 When SDA and SCL are selected as the pin functions of PF4
and PF5 in the PFCR2 register, the SDA and SCL input
threshold values are fixed at 0.7 Vcc and 0.3 Vce,
respectively. When PF4 and PF5 are used as SDA and SCL,
set these bits to a value of "1xxx" which is to say any value
other than an input prohibited setting.
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Bit Abbreviation After Reset R W Description
7 PEPIEN 0 R W Port E Input Level Setting Bits
6 PESCSEL 0 R W Oxxx: Input prohibited state
5 PESELO 0 R w 1000: CMOS input, 0.35 Vcc
4 PESEL1 0 R w 1001: CMOS input, 0.50 Vcc
1010: Setting prohibited
1011: CMOS input, 0.70 Vcc
1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited
1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT—= 0.50 Vcc
PDPIEN 0 R W Port D Input Level Setting Bits
PDSCSEL 0 R W Oxxx: Input prohibited state
1 PDSELO 0 R w 1000: CMOS input, 0.35 Vcc
0 PDSEL1 0 R w 1001: CMOS input, 0.50 Vcc

1010: Setting prohibited

1011: CMOS input, 0.70 Vcc

1100: Schmitt input, VT+ = 0.50 Vce, VT-=0.35 Vcc
1101: Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT—= 0.50 Vcc
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18.3.6  Port GHJ Input Threshold Value Switching Register (PGLVR)

The PGLVR register is used to specify the input threshold values for ports G, H, and J, in port group units, from among
three voltage levels (and to enable or disable Schmitt input). Bits 11 to 8 in the PGLVR register correspond to port J
pins; bits 7 to 4 correspond to port H pins; and bits 3 to O correspond to port G pins, respectively. No bits in this register
correspond to pins PGO, PG1, PG2, PG3, PJ1, PJ3, PJ4, and PJS5. The setting of the PGLVR register is valid regardless
of the selected pin functions.

After a reset the pins are in the input prohibited state, so it is necessary to set the PmPIEN (port m input level setting)
bit to "1" to perform input processing. Pins PGO, PG1, PG2, PG3, PJ1, PJ3, PJ4, and PJ5 can be used as inputs without
the need to make settings to the PGLVR register.

When the port input is disabled, the pins are in a state equivalent to when a "H" level signal is being input. If the
peripheral input function is selected by the port control register in the input prohibited state, the input of a "H" level
signal input may cause unintended operation. The setting sequence for selecting the peripheral input function is shown
below.

1. Enable the port input after the pin level has been set.

2. Select the pin function with the setting of the port control register.
Port GHJ Input Threshold Value Switching Register (PGLVR) <P4 address: location H'FFFF 5B00>

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

PJ | PJ | PJ | PJ | PH | PH | PH | PH | PG | PG | PG | PG
— | — | — | — |PIENISCSEL|SEIQ|SEL1|PIEN ISCSELISELO|SEL1| PIEN |SCSEL|SELQ| SEL
AfterResst 0 0 o0 0 O O O O 0 0 0 0 0 0 0 0

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15t012 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
11 PJPIEN 0 R W PortJ Input Level Setting Bits
10 PJSCSEL 0 R W Oxxx: Input prohibited state
9 PJSELO 0 R W 1000: CMOS input, 0.35 Vcc
8 PJSELA1 0 R w 1001: CMOS input, 0.50 Vcc

1010: Setting prohibited

1011: CMOS input, 0.70 Vcc

1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111:; Schmitt input, VT+ = 0.70 Vcc, VT- = 0.50 Vcc
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Bit Abbreviation After Reset R W Description
7 PHPIEN 0 R W Port H Input Level Setting Bits
6 PHSCSEL 0 R W Oxxx: Input prohibited state
5 PHSELO 0 R w 1000: CMOS input, 0.35 Vcc
4 PHSELA1 0 R w 1001: CMOS input, 0.50 Vcc
1010: Setting prohibited
1011: CMOS input, 0.70 Vcc
1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited
1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT—= 0.50 Vcc
3 PGPIEN 0 R W Port G Input Level Setting Bits
2 PGSCSEL 0 R W Oxxx: Input prohibited state
1 PGSELO 0 R W 1000: CMOS input, 0.35 Vcc
0 PGSEL1 0 R W 1001: CMOS input, 0.50 Vcc

1010: Setting prohibited

1011: CMOS input, 0.70 Vcc

1100: Schmitt input, VT+ = 0.50 Vcc, VT-=0.35 Vcc
1101: Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT—= 0.50 Vcc

18.3.7 Port KL Input Threshold Value Switching Register (PKLVR)

The PKLVR register is used to specify the input threshold values for ports K and L, in port group units, from among
three voltage levels (and to enable or disable Schmitt input). Bits 7 to 4 in the PKLVR register correspond to port L pins
and bits 3 to 0 correspond to port K pins. The setting of the PKLVR register is valid regardless of the selected pin
functions.

After a reset the port L pins are in the input prohibited state, so it is necessary to set the PmPIEN (port m input level
setting) bit to "1" to perform input processing. The port K pins, in contrast, are in the input enabled state (CMOS input,
0.50 Vcc) after a reset.

When the port input is disabled, the pins are in a state equivalent to when a "H" level signal is being input. If the
peripheral input function is selected by the port control register in the input prohibited state, the input of a "H" level
signal input may cause unintended operation. The setting sequence for selecting the peripheral input function is shown
below.

1. Enable the port input after the pin level has been set.

2. Select the pin function with the setting of the port control register.
Port KL Input Threshold Value Switching Register (PKLVR) <P4 address: location H'FFFF 5E00>

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

|_|_|_|_|_|_|_|_|PL|PL|PL PL PK|PKIJPK PK|
PIEN |[SCSELISELO| SEL1] PIEN|SCSEL SELO| SEL1

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
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Bit

Abbreviation

After Reset R

<After Reset: H'0009>

=

Description

15t0 8

AllO 0

Reserved Bits

o

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

PLPIEN

Port L Input Level Setting Bits

PLSCSEL

Oxxx: Input prohibited state

PLSELO

1000: CMOS input, 0.35 Vce

AlOO| N

PLSELA1

o|lo|o|o
|1V V| T

==

1001:
1010:
1011:
1100:
1101:

CMOS input, 0.50 Vcc

Setting prohibited

CMOS input, 0.70 Vcc

Schmitt input, VT+ = 0.50 Vce, VT-=0.35 Vce
Setting prohibited

1110: Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
1111: Schmitt input, VT+ = 0.70 Vcc, VT- = 0.50 Vcc

PKPIEN

Port K Input Level Setting Bits

PKSCSEL

Oxxx: Input prohibited state

PKSELO

1000: CMOS input, 0.35 Vce

oO|=[N| W

PKSEL1

alo|lof -
0| V|J/| D
2222

1001:
1010:
1011:
1100:
1101:

1110:
1111:

CMOS input, 0.50 Vcc

Setting prohibited

CMOS input, 0.70 Vcc

Schmitt input, VT+ = 0.50 Vce, VT-=0.35 Vcc
Setting prohibited

Schmitt input, VT+ = 0.70 Vcc, VT-=0.35 Vcc
Schmitt input, VT+ = 0.70 Vcc, VT- = 0.50 Vcc

18.3.8

Port A to H and J to L I/O Registers (PAIOR to PHIOR and PJIOR to PLIOR)

The PAIOR to PHIOR and PJIOR to PLIOR registers are used to set the I/O direction of the port pins.

These registers are enabled only when the port pins function as general I/O pins. Otherwise, the set values of these
registers have no effect on the pin status.

Port A I/O Register (PAIOR)

<P4 address: location H'FFFF 5006>

Port B I/O Register (PBIOR)

B

Bit: 9 8 2 1 0
|PA15 PA14 PA13 PA12 | PA11 PA10 PA9 | PA8 PA7 | PA6 PA5 PA4 PA3 PA2 | PA1| PAO
IOR |IOR | IOR | IOR | IOR | IOR | IOR] IOR | IOR | IOR | IOR | IOR | IOR| IOR | IOR| IOR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<P4 address: location H'FFFF 5106>

After Reset: 0

it: 11 6 5 4 3 2 1 0
|—|—|—|—|—|—|—|—|—||FE?F? o | for | 68| i6R | f5a] 168 |
0 0 0 0 0 0 0 0
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Port C I/0 Register (PCIOR) <P4 address: location H'FFFF 5206>

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

PC15[PC14 | PC13|PC12 | PC11|PC10| PC9| PC8 | PC7 | PC6 | PC5| PC4 | PC3| PC2 | PC1| PCO
IOR |IOR | IOR | IOR | IOR | IOR | IOR| IOR | IOR | IOR | IOR| IOR | IOR| IOR | IOR| IOR

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

Port D I/0 Register (PDIOR) <P4 address: location H'FFFF 5406>

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

PD15(PD14 | PD13|PD12 | PD11{PD10| PD9| PD8 | PD7 | PD6 | PD5| PD4 | PD3| PD2 | PD1| PDO
IOR |IOR | IOR [ IOR | IOR | IOR | IOR| IOR | IOR | IOR | IOR| IOR | IOR| IOR | IOR| IOR

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

Port E I/O Register (PEIOR) <P4 address: location H'FFFF 5506>

Bit:

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

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

Port F I/0 Register (PFIOR) <P4 address: location H'FFFF 5606>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|_|_|_|_|_|_|_|_|_|_|PF5|PF4|PF3|PF2|PF1 PFO
IOR [ IOR | IOR| IOR | IOR]| IOR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port G I/0 Register (PGIOR) <P4 address: location H'FFFF 5806>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|_|_|_|_|_|_|_|_|PG7|PG6|PG5|PG4|PG3|PG2|PG1|PGO|
IOR [ IOR [ IOR| IOR | IOR| IOR | IOR| IOR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port H I/0 Register (PHIOR) <P4 address: location H'FFFF 5906>
Bit: 15 9 8 4 3 2 1 0

PH15 PH14 PH13 PH12|PH11 PH10 PHO| PHB PH7|PH6 PH5 PH4 | PH3| PH2 | PH1| PHO
IOR | IOR | IOR | IOR | IOR | IOR| IOR| IOR| IOR | IOR | IOR | IOR | IOR| IOR | IOR| IOR

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

Port J I/0 Register (PJIOR) <P4 address: location H'FFFF 5A06>
Bit: 15 9 8 7 6 5 4
|PJ15 |PJ14 | PJ13 PJ12 | PJ11 | PJ1O PJ9 | PJ8 | PJ7 | PJ6 | PJ5 | PJ4 PJS PJ2 PJ1 PJO
IOR [IOR | IOR | IOR | IOR| IOR | IOR| IOR| IOR | IOR | IOR| IOR | IOR| IOR | IOR]| IOR
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Port K I/0O Register (PKIOR) <P4 address: location H'FFFF 5C06>

Bit: 15 14

11 6 5 4 3 2 1 0
| __ [PK14 PK13 PK12 | PK11 PK10 PKQ PK8 PK7 | PK6 | PK5 | PK4 | PK3| PK2 | PK1| PKO
IOR | IOR | IOR | IOR | IOR | IOR| IOR | IOR | IOR | IOR| IOR | IOR| IOR | IOR]| IOR

After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Port L I/O Register (PLIOR) <P4 address: location H'FFFF 5D06>

o |_|_|_|_|_|_| L9|PL8| L7|PL6|PL5 PL4| L3|P2L2 F:L1 P(I)_O
10 IOR | IOR | IOR | IOR| IOR | IOR| IOR | IOR| IOR

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

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15to0 Pm15I0Rto AllO R W The Pm15IOR to PmOIOR bits correspond to the Pm15 to PmO pins
PmOIOR respectively (the multiplex pin names other than the port names are
omitted from pin names). Setting these bits specifies the I/O direction of
the corresponding pins.
0: The corresponding pin is set to input.
1: The corresponding pin is set to output.
Note: e« After a reset is canceled, set the following reserved bits to "1". For details, see section 18.4, 1/0 Port Initial
Setting Procedure Examples.
Port A: Bits PA15I0R and PA14I0R
Port B: Bits PB6IOR to PB4IOR and PB2IOR
Port C: Bits PC15I0R, PC13IOR to PC7IOR, and PC4I0R
Port D: Bits PD15I0OR to PD1110R
Port E: Bits PE14I0R to PEOIOR
Port F: Bits PF3IOR and PF2IOR
Port G: Bits PG7IOR to PG5IOR
Port J: Bits PJ9IOR and PJ8IOR
Port K: Bits PK7IOR and PK4IOR to PK1IOR
Port L: Bits PL7IOR, PL1IOR, and PLOIOR
* Following port bits are reserved and nothing is assigned. These bits are always read as "0". The write value
should always be "0".
Port B: Bits 15to0 7
Port F: Bits 15t0 6
Port G: Bits 15t0 8
Port K: Bit 15
Port L: Bits 15t0 10
Legend: m=AtoHandJtolL
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18.3.9  Port A Control Registers 1 to 4 (PACR1 to PACR4)
The PACRI to PACRA4 registers are used to select the functions of the multiplexed pins of port A.

(1) Port A Control Register 4 (PACR4)

Port A Control Register 4 (PACR4) <P4 address: location H'FFFF 5010>
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I T-T-T-T-—T-—T—7] rwaw [—] eaaw
After Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15to7 — AllO 0 O Reserved Bits

These bits are always read as "0". The write value should always be "0".
6to4 PA13MD 000 R W PA13 Mode Bits

000: PA13 input/output (port)
001: Setting prohibited

010: TO15 output (ATU-IIIS)
011: DDB13 input (DRI)

100: PSLDATA3 output (PSEL)
101: Setting prohibited

11x: Setting prohibited

3 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
2t00 PA12MD 000 R W PA12 Mode Bits

000: PA12 input/output (port)
001: Setting prohibited

010: TO14 output (ATU-IIIS)
011: DDB12 input (DRI)

100: PSLDATAZ output (PSEL)
101: Setting prohibited

11x: Setting prohibited
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(2) Port A Control Register 3 (PACR3)
Port A Control Register 3 (PACR3) <P4 address: location H'FFFF 5012>

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 4 0
= pattmp | — | PatoMD | — | PA9MD | — | PASMD

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

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15 — 0 0 O Reserved Bit

This bit is always read as "0". The write value should always be "0".
14to 12 PA11MD 000 R W PA11 Mode Bits

000: PA11 input/output (port)
001: Setting prohibited

010: TO13 output (ATU-IIIS)
011: DDB11 input (DRI)

100: PSLDATA1 output (PSEL)
101: Setting prohibited

11x: Setting prohibited

11 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
10to8 PA10MD 000 R W PA10 Mode Bits

000: PA10 input/output (port)
001: Setting prohibited

010: TO12 output (ATU-IIIS)
011: DDB10 input (DRI)

100: PSLDATAO output (PSEL)
101: Setting prohibited

11x: Setting prohibited

7 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
6to4 PASMD 000 R W PA9 Mode Bits

000: PA9 input/output (port)
001: Setting prohibited
010: TO11 output (ATU-IIIS)
011: DDBO09 input (DRI)
100: PSLCLKA output (PSEL)
101: Setting prohibited
11x: Setting prohibited
3 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
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Bit Abbreviation After Reset R W Description

2100 PA8SMD 000 R W PA8 Mode Bits
000: PA8 input/output (port)
001: Setting prohibited
010: TO10 output (ATU-1IIS)
011: DDBO08 input (DRI)
100: PSLCLKB output (PSEL)
101: Setting prohibited
11x: Setting prohibited

(3) Port A Control Register 2 (PACR2)

Port A Control Register 2 (PACR2) <P4 address: location H'FFFF 5014>

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 0
= PA7MD | — | PA6MD | — | PASMD | — | PA4MD

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

<After Reset: H'0000>

Bit Abbreviation After Reset R W Description
15 — 0 0 O Reserved Bit

This bit is always read as "0". The write value should always be "0".
14t0 12 PA7MD 000 R W PA7 Mode Bits

000: PA7 input/output (port)
001: Setting prohibited

010: TOO07 output (ATU-IIIS)
011: DDBO7 input (DRI)
1xx: Setting prohibited

11 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
10to8 PA6MD 000 R W PA6 Mode Bits

000: PA6 input/output (port)
001: Setting prohibited

010: TO06 output (ATU-IIIS)
011: DDBO6 input (DRI)
1xx: Setting prohibited

7 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
6to4 PA5SMD 000 R W PA5 Mode Bits

000: PA5 input/output (port)
001: Setting prohibited
010: TO05 output (ATU-IIIS)
011: DDBO5 input (DRI)
1xx: Setting prohibited
3 — 0 0 O Reserved Bit
This bit is always read as "0". The write value should always be "0".
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Bit Abbreviation After Reset R W Description

PA4MD 000 R W PA4 Mode Bits
000: PA4 input/output (port)
001: Setting prohibited
010: TO04 output (ATU-1IIS)
011: DDBO04 input (DRI)
1xx: Setting prohibited

2100

(4) Port A Control Register 1 (PACR1)

Port A Control Register 1 (PACR1)

Bit: 15 14 13

<P4 address: location H'FFFF 5016>

PA3MD

After Reset: 0

Bit Abbreviation After Reset R W Description

<After Reset: H'0000>

o

0 Reserved Bit
This bit is always read as "0"

15 0

. The write value should always be "0".

W PA3 Mode Bits

000: PA3 input/output (port)
001: Setting prohibited

010: TO03 output (ATU-IIIS)
011: DDBO03 input (DRI)

1xx: Setting prohibited

14to 12 PA3MD 000

11 Reserved Bit

This bit is always read as "0"

. The write value should always be "0".

PA2 Mode Bits

000: PA2 input/output (port)
001: Setting prohibited

010: TO02 output (ATU-IIIS)
011: DDBO02 input (DRI)
1xx: Setting prohibited

10to 8 PA2MD 000

Reserved Bit
This bit is always read as "0"

. The write value should always be "0".

PA1 Mode Bits

000: PA1 input/output (port)
001: Setting prohibited

010: TOO01 output (ATU-IIIS)
011: DDBO1 input (DRI)
1xx: Setting prohibited

6to4 PATMD 000

Reserved Bit
This bit is always read as "0"

. The write value should always be "0".
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Bit Abbreviation After Reset R W Description

2100 PAOMD 000 R W PAO Mode Bits
000: PAOQ input/output (port)
001: Setting prohibited
010: TO0O output (ATU-IIIS)
011: DDBOO input (DRI)
1xx: Setting prohibited

18.3.10 Port B Control Registers 1 and 2 (PBCR1 and PBCR2)
The PBCR1 and PBCR2 registers are used to select the functions of the multiplexed pins of port B.

(1) Port B Control Register 2 (PBCR2)

Port B Control Register 2 (PBCR2) <P4 address: location H'FFFF 5114>

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

After Reset: 0 0

<After Reset: H'0000>
Bit Abbreviation After Reset R W Description

15to0 — All O 0 O Reserved Bits
These bits are always read as "0". The write value should always be "0".
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(2) Port B Control Register 1 (PBCR1)

Port B Control Register 1 (PBCR1)

Bit

Bit: 15

14 13

12

<P4 address: location H'FFFF 5116>

6 5 4 3 2 1 0

PB3MD

After Reset: 0

Abbreviation

After Reset

R

11 10 9 8 7
1 1] PBIMD | — | PBOMD
o 0o 0 0 o0

w

0 0 0 0 0 0 0

<After Reset: H'0000>
Description

15

0

o

0

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

14t0 12 PB3MD

000

W

PB3 Mode Bits

000: PB3 input/output (port)
001: Setting prohibited

010: PWMOFF3 input (ATU-IIIS)
011: DINB3 input (DRI)

1xx: Setting prohibited

11t07

AllO

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

6to4

PB1MD

000

PB1 Mode Bits

000: PB1 input/output (port)
001: Setting prohibited

010: PWMOFF1 input (ATU-IIIS)
011: DINB1 input (DRI)

1xx: Setting prohibited

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

2to0

PBOMD

000

PBO Mode Bits

000: PBO input/output (port)
001: Setting prohibited

010: PWMOFFO input (ATU-IIIS)
011: DIN